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MERA Y SIERRA (ROBERTO), 2018.- FASCIOLIASIS HUMANA Y ANIMAL EN 

REGIONES ANDINAS DE ARGENTINA: LYMNAEIDOS VECTORES Y GANADO 

RESERVORIO: (DIRECTORES: M.D. BARGUES, P. ARTIGAS & S. MAS-COMA). 
 

La fascioliasis es una enfermedad parasitaria zoonótica causada en América por 

Fasciola hepatica. Produce serias pérdidas económicas a la ganadería y es un 

importante problema en salud pública a nivel mundial. Las más altas prevalencias en 

humanos se hallan en regiones andinas. La especie de lymnaeido vector involucrada 

condiciona el escenario epidemiológico. En Argentina existía gran controversia acerca 

de las especies de lymnaeidos vectores presentes. Además de los bovinos, escasos 

estudios han considerado el rol que cumplirían otras especies domésticas y silvestres 

como reservorios. La fascioliasis humana ha sido considerada una enfermedad de 

escasa relevancia. El objetivo del presente trabajo fue identificar y caracterizar las 

especies de lymnaeidos vectores en zonas andinas, su relación con la fascioliasis 

animal y humana y el rol como reservorio del ganado y animales silvestres. Se 

caracterizaron genética y fenotípicamente los lymnaeidos; se realizaron estudios 

parasitológicos en diversas especies de ganado y animales silvestres; se llevó a cabo 

una exhaustiva revisión y análisis bibliográfico de fascioliasis humana. Los lymnaeidos 

se identificaron en base a marcadores moleculares; genes 18S y 16S, espaciadores del 

ADN nuclear ribosomal ITS-1 e ITS-2, y gen cox1 del ADN mitocondrial. La revisión 

elevó los casos humanos para Argentina de 85 a 629, la mayoría en zonas 

montañosas. Se demostró la existencia de Galba truncatula y Lymnaea neotropica, 

esta última naturalmente infectada por F. hepatica, además de Lymnaea viator y 

asociadas a altas prevalencias en animales. La fascioliasis en bovinos demostró un 

gradiente altitudinal y se halló una elevada prevalencia en caprinos y en animales 

silvestres, que hasta la fecha no eran considerados como reservorios de relevancia. La 

variedad de lymnaeidos hallada, su extrema adaptación a diversos ambientes, la 

prevalencia en ganado y animales silvestres además de la subestimación histórica de 

la fascioliasis humana, alerta sobre la real situación de la fascioliasis en regiones 

andinas de Argentina. 

Palabras clave: Fascioliasis, Fasciola hepatica, humanos, ganado, Lymnaeidae, 

caracterización molecular, patrones epidemiológicos, Argentina, Cordillera de los 

Andes.   



  



MERA Y SIERRA (ROBERTO), 2018.- HUMAN AND ANIMAL FASCIOLIASIS IN 

ANDEAN REGIONS OF ARGENTINA: LYMNAEID VECTORS AND LIVESTOCK 

RESERVOIRS: (DIRECTORS: M.D. BARGUES, P. ARTIGAS & S. MAS-COMA). 

 

Fascioliasis is a zoonotic parasitic disease caused in the American continent by 

Fasciola hepatica. It is responsible for severe economic losses to the livestock industry 

and is an important public health problem worldwide. Andean regions have the highest 

prevalences in humans ever described. The epidemiological scenario differs according 

to the species of lymnaeid vector involved. In Argentina, there has been great confusion 

referred to the species of lymnaeid vectors present. Few studies have focused on the 

role as reservoirs of other species beside cattle and human fascioliasis has been 

considered a sporadic, infrequent disease. The aim of this study is to characterise the 

lymnaeid species involved in the transmission of fascioliasis in Andean regions of 

Argentina, their relation with human and animal fascioliasis and the role as reservoirs of 

livestock and wild species. Lymnaeid snails were genetically and phenotypically 

characterised and parasitological studies were performed in livestock and wild animals. 

A thorough bibliographical search and analysis of human fascioliasis was done. 

Molecular markers used in lymnaeids were the 18S and 16S genes, the ITS-1 and the 

ITS-2 spacers of the nuclear ribosomal DNA and the cox1 gene of the mitochondrial 

DNA. The bibliographical search elevated the cases described for Argentina in previous 

studies from 85 to 629, the majority in mountainous regions. Results demonstrated that 

in Andean regions, besides Lymnaea viator, there are two other species; Galba 

truncatula and Lymnaea neotropica, the latter naturally infected with F. hepatica and 

associated with a high prevalence in domestic animals. Cattle fascioliasis showed to 

increase with altitude and a high prevalence was found in goats and also in 

autochthonous as well as introduced wild species, which adds to the epidemiological 

complexity. The diverse species of lymnaeids found, their extreme adaptation to 

different environments, the high prevalence in domestic and wild animals and the 

historical underestimation of human fascioliasis alert us of the real situation of 

fascioliasis in Andean regions of Argentina. 

Key Words: Fascioliasis, Fasciola hepatica, humans, livestock, Lymnaeidae, molecular 

characterisation, epidemiological patterns, Argentina, Andes Mountains. 
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1.- FASCIOLIASIS BACKGROUND 
 
1.1.-FASCIOLIASIS: CURRENT SITUATION 
 
 Fascioliasis is a parasitic disease caused by trematodes of the Fasciola genus that 

affects humans and numerous species of domestic and wild animals and to complete its 

cycle needs small aquatic snails of the Lymnaeidae family. Even though it’s a disease 

that has been known for centuries, it is currently expanding and poses a serious threat 

to livestock production and human and animal health worldwide (TORGERSON & 

CLAXTON, 1999; BARGUES et al., 2001; KAPLAN, 2001; BARGUES & MAS-COMA, 

2005; MAS-COMA et al., 2009a; FAIRWEATHER et al., 2011a). Nowadays it is the 

vector transmitted disease with the greatest latitudinal, longitudinal and altitudinal 

distribution (MAS-COMA, 2004). This implies that it is present in totally different 

scenarios with diverse climatic, ecologic, productive and even social situations. It can 

affect impoverished populations in Andean regions in Bolivia and residents of 

industrialized countries such as France, the tropical rice fields of Vietnam and in the 

frigid altitudes of the Patagonian Andes, goats in subsistence economies and high yield 

dairy cattle in the Netherlands. Being a two host cycle as it is, one must resort to 

different factors to explain these adaptations, related to the parasite, to its definite hosts 

and to its intermediate hosts, the aquatic lymnaeid snails. And it is precisely in these 

small aquatic freshwater snails that lie the keys to understand great part of the current 

epidemiological scenarios and situations (MAS-COMA et al., 2009b). 

 Historically it has been considered a disease mainly of veterinary importance due to 

its effects on livestock and a cause of important economic losses to the animal industry 

worldwide (RANGUEL RUIZ & MARTINEZ DURAND, 1994; TORGERSON & 

CLAXTON, 1999; KITHUKA et al., 2002; SCHWEIZER et al., 2005; SARIOZKAN & 

YALCIN, 2011; FETENE & MEKONNEN, 2014). Yet, in recent decades it has shown 

beyond doubt to be an important disease in humans as well (MAS-COMA et al., 

1999a,b, 2005, 2009a). A literature review of human fascioliasis between 1970 and 

1990, detected only 2,000 cases worldwide (CHEN & MOTT, 1990). The passing years 

brought a drastical change, the amount of infected persons could surpass17 million and 

the exposed population 91 million (MAS-COMA et al., 2005; KEISER & UTZINGER, 

2005). 

 The most important endemic regions of human fascioliasis in the world are in South 

America, mainly in Andean regions of Bolivia and Peru (ESTEBAN et al., 1997a,b, 
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1999, 2002; MARCOS & TERASHIMA, 2007; GONZALEZ et al. ,2011) but endemic 

regions are also found in Chile (APT et al., 1992, 1993; ARTIGAS et al., 2011), Ecuador 

and Venezuela (BARGUES et al., 2011a,b). 

 The global and climate change taking place in recent years have contributed to the 

expansion of the disease. Man-made alterations of the environment, such as irrigation 

systems (ESTEBAN et al., 2002; AFSHAN et al, 2014), and construction of dams 

(MORIENA et al., 2008) can favour the colonization of the intermediate hosts. But in 

many regions of the world, climate change and global warming is an impotent factor 

behind the emergence of fascioliasis (MAS-COMA et al 2008, 2009a,b, 2010, 2014; 

AFSHAN et al., 2014; QURESHI et al., 2016) influencing the epidemiology of 

fascioliasis and favouring the transmission. Also , the introduction of lymnaeid vectors 

can dramatically increase the transmission of the disease, such as was the case with 

Galba truncatula in the Bolivian Altiplano or Pseudosuccinea columella in Venezuela 

(BARGUES et al., 2011b) and the Mesopotamia region of Argentina (MORIENA et al., 

2008).  

 In Argentina fascioliasis had been reported in cattle over 140 years ago (SAVOYAT, 

1867). The disease is present in the most varied climatic, geographic, ecological 

situations. It is well known in rural regions as an important disease in livestock, local 

farmers even have autochthonous names to describe it. In the Midwestern Andean 

regions it is known as “Corrocho”, in Northeastern wetland it is known as “Saguaypé”, in 

the Andean regions of the North as “Unca” in the central regions it is known as 

“Choncaco” and in the province of Buenos Aires it is known as “Palomilla del hígado” 

(MERA Y SIERRA, 2012). This reflects not only the cultural diversity but also the 

profound perception local inhabitants have of the disease in livestock. Yet in humans it 

has always been ignored and considered a sporadic, rare disease. Even in the endemic 

regions of Bolivia and Peru it was considered as such previous to the studies that were 

started two decades ago (ESTEBAN et al., 1997a,b,c, 2002; MAS-COMA et al, 

1999a,b,c; MARCOS & TERASHIMA, 2007; GONZALEZ et al., 2011). 

 Fascioliasis is distributed throughout great part of the vast territory in Argentina, and 

to date, the only region were the cycle has not been established is in extreme southern 

Patagonia, even though it is currently expanding in that region (AGUILAR & 

OLAECHEA, 2014) the presence of the lymnaeid snails has been reported up to Tierra 

del Fuego. Congruently to what happens at a global scale, lymnaeid snails have 

colonised and fascioliasis is present in totally different ecosystems in Argentina. The 

Andes have already been demonstrated to be suitable to establish fascioliasis endemic 
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regions (APT et al., 1993; MAS-COMA et al., 1999a,b; ESTEBAN et al., 2002). Yet, the 

situation in Argentina has only recently starting to be addressed. 

 Even though there is a long history of official records o fascioliasis in cattle and 

sheep particularly due to veterinary inspection at official slaughterhouses, the same is 

not true for human fascioliasis were it is not a disease that has to be officially reported 

(MERA Y SIERRA, 2012). With respect to the lymnaeid snails, there is a great 

confusion due to the taxonomy with different species according to different authors and 

their distribution in Andean regions is restricted to locality reports, many over a century 

old and without any further confirmation or revisions.  

 Most texts and publications usually refer as Lymnaea viator as almost the exclusive 

vector of fascioliasis in most of the territory of Argentina without a clear methodology, 

almost usually only morphological, if present at all, to back up the identification of the 

species of snail involved in the transmission (OLAECHEA, 1994). This reflects the great 

difficulties that are encountered in classifying snails of the Galba/Fossaria group. It is of 

great importance to know what is the species of snail involved, the epidemiological 

heterogeneities in the diverse endemic areas are in great part determined by the 

lymnaeid species involved (MAS-COMA, 2005; MAS-COMA et al., 2009a). The 

identification of the species of snail involved in the transmission is fundamental to 

determine the risk zones and to develop control measures since each species has 

different ecological characteristics. The great difficulty encountered when identifying the 

lymnaeid species is that there is great intraespecific variability in shell characteristics 

and great anatomic homogeneity in the different species with respect to their anatomy; 

thus the problems to identify the species of such controversial groups as 

Galba/Fossaria, Radix and stagnicolines (BARGUES et al., 2001, 2003, 2006a). The 

limitations that morphological studies have to identify species make it necessary the use 

of molecular markers for the correct identification of which nuclear ribosomal DNA and 

the mitochondrial DNA appear to be the most useful tools for specimen classification 

purposes (BARGUES & MAS-COMA, 2005). 

 Great changes have occurred, usually for the worse, in the epidemiology and impact 

of infectious diseases at a global level. Such is the denomination of neglected tropical 

diseases, which compromises 20 diseases as defined by the World Health Organization 

in which fascioliasis is included (WHO 2010, 2013, 2015). Argentina is not the exception 

in this global scenario.  
 The overall aim of the present research is to provide knowledge on the epidemiology 

of fascioliasis in Andean regions of Argentina in relation to its lymnaeid vectors. 
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The specific objectives are to: a) Describe the distribution and characteristics of human 

fascioliasis and relate it to the distribution of vectors; b) Determine the species of 

lymnaeids present in Andean regions of Argentina; c) The molecular and phenotypic 

characterisation of the lymnaeids involved in the transmission of fascioliasis, d) 

Describe animal fascioliasis in Andean regions, determine the role as reservoirs of 

livestock and wildlife and their relation with the lymnaeid vectors. 

 

 
1.2.-THE CAUSAL AGENT: SYSTEMATICS, PHENOTYPE, AND GENOTYPE 
 

 Liver flukes belonging to the genus Fasciola are amongst the causes of food-borne 

diseases of parasitic etiology. There are currently four species described: Fasciola 

hepatica, Fasciola gigantica, Fasciola nyanzae and Fasciola jacksoni (MAS-COMA et 

al., 2009). F. jacksoni infects exclusively Asiatic elephants, Elephas indicus and 

Elephas maximus (BHALERAO, 1933; YAMAGUTI, 1971) and F. nyanzae infects the 

hippopotamus, Hippopotamus amphibious, (DINNIK & DINNIK, 1961). F. hepatica and 

F. gigantica are the species with impact in human and animal health; F. hepatica is of 

cosmopolitan distribution, found in Europe, Africa, Asia and America, F. gigantica is 

distributed exclusively in Asia, Africa and Europe (MAS-COMA, 2005; MAS-COMA et 

al., 2009a).These flukes need aquatic snails of the Lymnaeidae family as intermediate 

host to complete their cycle (BARGUES et al., 2001).  

  F. hepatica is the only liver fluke in the American continent. It has a leaf shaped 

body, dorsoventrally flattened and a tegument covered by small spines. Its length varies 

between 20-30 mm and the width between 6-13 mm. Its anterior end has a conical 

structure followed by two shoulders. It has two suckers; the anterior or oral sucker is 

located at the tip of the cephalic cone and the ventral sucker is at the limit between the 

cephalic cone and the body. The anterior sucker is very muscular and is also the 

entrance to the digestive tube. These suckers are vital for the attachment and 

movement of the fluke. The oral sucker is continued by a muscular pharynx and a short 

esophagus that divides in to branches of the caecum which has many ramifications and 

is directed towards the posterior part of the fluke (BEAVER, 1986). 

 Between the two suckers is the genital pore, the opening to both the male and 

female reproductive system due to the fact that liver flukes are hermaphrodites. The 

gonads are much ramified; there are two testicles in the mid portion and one ovary 

anterior to the testicles. Each testicle has a vas deferens which unites to form the 
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seminal vesicle which is inside the cirrus sack. The seminal vesicle ends in the 

ejaculatory duct (surrounded by the prostate gland), and then a protractible cirrus which 

can reach the exterior via the genital pore. There is a short oviduct and two vitelline 

glands that converge to form the vitelline reservoir. The vitelline glands lie along the 

lateral margins of the body. A short oviduct leads into the midline, close to where the 

ducts from the right and left vitelline glands converge to form the vitelline reservoir. The 

vitelline glands are composed of numerous follicles and are extensive, lying along the 

lateral margins of the body. The vitelline reservoir joins the oviduct to form the common 

ovovitelline duct, which, in turn, leads to the ootype. The ootype leads into the 

convoluted uterus which ends in the common genital pore were the eggs are released 

(FAIRWEATHER, 1999). 

 F. gigantica is larger than F. hepatica; 24-76 mm long and 5-13 mm. wide. The 

length/width ratio also differs. In F. hepatica it is 1.88-2.32 whereas in F. gigantica it is 

4.39-5.20. F. gigantica has less pronounced marked shoulders, shorter cephalic cone, 

ovary with longer ramifications and a more ramified caecum (MAS-COMA & BARGUES, 

1997). There are areas, particularly in Asia and Africa, were both F. hepatica and F. 

gigantica are present and there, morphologically, intermediate forms can be found. 

(MAS-COMA et al., 2009a). 

 The eggs of F. hepatica and F. gigantica are oval in shape, with a yellowish brown 

colour, have an indistinct operculum and are not embryonated when passed in the 

faeces. Embryonation occurs outside the host. It is a large egg and its dimensions have 

been used to differentiate between F. gigantica and F. hepatica. In the first studies, only 

animals were considered and the size was for F. hepatica was 130-148/60-90 µm, and 

for F. gigantica150-196/90-100 µm (BORAY, 1982; DUWELL, 1982; ABROUS et al., 

1998). Yet, when human samples were also taken into account the size ranges differed, 

100.6-162.2/65.9-104.6 μm for F. hepatica and 150.9-182.2/85.1-106.2 μm for F. 

gigantica. Where both species, coexist, intermediate forms can be found (VALERO et 

al., 2009a). 

 

 

1.3.- PARASITES’ LIFE CYCLE AND DISEASE TRANSMISSION 

 
 The life cycle of the liver flukes is heteroxenous, thus, to be completed it needs a 

definite host, mainly herbivorous mammals, and an intermediate host, fresh water snails 
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of the Lymnaeidae family (BARGUES et al., 2001).The cycle can be divided in the 

following five phases (ANDREWS et al 1999): 

a) passage of the eggs from the definite host to the external environment and 

posterior development; 

b) hatching of miracidia and subsequent search and penetration of the intermediate 

host (aquatic gastropod snails of the Lymnaeidae family); 

c) development and reproduction inside the snail; 

d) emergence of the cercariae from the snail to the water and attachment and 

encystment; 

e) ingestion of the infective metacercariae by the definite host, migration to the liver 

and development to the adult worm in the bile ducts. 

 The adult flukes are in the bile ducts and the gall bladder, from where, the eggs travel 

with the bile towards the intestine and are deposited with faeces. In this moment the 

eggs have no embryo and it will develop exclusively if the egg is covered by water. Part 

of the development can occur in the faeces if they are wet but the development will not 

proceed inside the faeces since these have an inhibitory effect. 

 Embryonation occurs in 9-21 days if adequate conditions of temperature, pH, and 

oxygen tension are present (ANDREWS et al., 1999). Development is faster at a 

temperature range between 23-26ºC and stops below 10ºC and above 36ºC (SALIH et 

al, 1981). Regarding pH, it has to be in the 4-9 range but the optimum is 7. Regarding 

oxygen tension, embryonation is faster in aerobic conditions, up to 5 times faster 

compared to eggs in water with lower oxygen tension (ROWCLIFFE & 

OLLERENSHAW, 1960). When development terminates, hatching occurs, light is the 

main stimulus. (ROWAN, 1956). The miracidium which is approximately 130 µm long 

and 28 µm wide, starts swimming by means of its cilia and actively searches for its 

intermediate host, the lymnaeid snail. It swims toward the shallow parts due to its 

positive phototropism. It has to find a suitable snail in approximately 8 hours, if it doesn’t 

dies 24 hours post hatching. 

 F. hepatica and F. gigantica have different snail specificities. F. hepatica is mainly 

transmitted by species of small size belonging to the so called Galba/Fossaria group, 

(BARGUES & MAS-COMA, 2005, BARGUES et al., 2007a,b, 2011a,b,c) amongst 

which G. truncatula is the main transmitter and the only one in Europe but is also 

present in Africa, Asia, and South America; Lymnaea humilis, Lymnaea bulimoides, and 

Lymnaea cubensis in North America; L. cubensis in the Caribbean; Lymnaea 

neotropica, Lymnaea cousini, and L. viator in South America; and Lymnaea tomentosa 
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in Australia. F. gigantica is transmitted by species of the genus Radix, mainly Radix 

natalensis In Africa and varieties of R. auricularia and R. viridis in Asia (BARGUES et 

al., 2001). Pseudosuccinea is a monospecific genus including the species P. columella, 

which has colonised all continents and has been noted to be able to transmit both 

Fasciola species (BARGUES et al., 2011b). Finally, a few species have proven their F. 

hepatica transmission capacity under exceptional local natural conditions in a few 

areas. This is the case of amongst the lymnaeid group of the stagnicolines, of Lymnaea 

(Stagnicola) palustris and Lymnaea (Stagnicola) fuscus and closely related species, 

Omphiscola glabra, and amongst the Radix group, of Radix balthica (BARGUES et al., 

2003, NOVOBILSKÝ et al., 2013; RONDELAUD et al., 2014, 2015; VIGNOLES et al., 

2016). 

 The miracidium penetrates the snail, and once inside, there is a metamorphosis 

towards asexual reproduction stages. It loses its cilia and becomes the sporocyst in the 

digestive gland or hepato-pancreas of the snail. Inside the sporocyst there are bundles 

of germinal cells that give origin to the next stage, the redia. Eventually, due to the 

growth of the rediae, the sporocyst ruptures and liberates them. The redia develops a 

mouth and a pharynx which leads to an intestine. Inside the redia there are germinal 

cells that develop into the final stage, the cercaria, yet there may be a new generation 

of rediae before the cercariae develops (ANDREWS, 1999). 

 Around 4 to 7 weeks after the miracidium penetrated, the cercariae start to abandon 

the snail. They measure approximately 300 µm; have two suckers that correspond to 

those of the adult fluke and a long tail twice the length of the body. They swim during an 

hour with frequent direction changes but with a tendency to the surface of the water 

until they encyst, preferably on the leaves of aquatic plants. Some cercariae encyst in 

the surface of the water, forming the floating cercariae (ESCLAIRE et al., 1989). The 

cysts are initially white, and darken as it hardens. It is infective soon afterwards and can 

remain so, according to adequate environmental conditions, during many months. They 

remain infective during longer periods if it is cold and wet, they are susceptible to high 

temperatures and desiccation (TORGERSON & CLAXTON, 1999). 

 The definite host is infected when it consumes the metacercariae, either when it eats 

aquatic vegetation (most frequently), or when it drinks water with floating metacercariae. 

Excystation occurs in the small intestine previous activation in the stomach or rumen 

(SUKHDEO & METTRICK, 1986).Then larvae penetrate the intestine and through the 

peritoneum reach the liver, which can take 4 to 6 days. Once in the liver, they migrate 

through the parenchyma eating mainly hepatic cells and blood to a lesser extent. This 
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migration takes 5-6 weeks and which causes hemorrhage and fibrosis. Then the flukes 

reach the bile ducts and become adults, feeding on blood and hepatic cells. Eggs are 

found in the faeces two to four months after infections, depending on the species; 8-15 

weeks in sheep and cattle and 3-4 months in humans (MAS-COMA et al., 1999b). 

 
 
1.4.- THE ANIMAL RESERVOIRS 
 

 Many species of mammals, including humans, and some species of birds are the 

definite hosts of F. hepatica. The main animal reservoirs of F. hepatica are ruminants, 

sheep goats and cattle. Yet, in specific scenarios, other species can act as important 

reservoirs and even be the source of infection for humans, as it has been described 

with donkeys and swine in Bolivia (MAS-COMA et al., 1997) or the case of the black rat 

(Rattus rattus), which in the isle of Corsica proved to be the main reservoir for the 

infection in humans (MAS-COMA et al., 1988; VALERO et al, 2002). Fascioliasis has 

also been described in other domestic animals such as buffaloes, horses, camels 

llamas, alpacas and rabbits (SOULSBY, 1987, MAS-COMA et al., 1999b). 

 Wild animals can also be reservoirs of F. hepatica and their epidemiological role is 

being evaluated as well as the risk the disease poses to wild populations as a potential 

conservation threat (CUERVO et al., 2008). F. hepatica has been described in many 

wild species, particularly wild ruminants but also rodents, lagomorphs and camelids 

amongst others. Cervids are particularly affected and has been described in diverse 

species such as the European elk (Alces alces), Red deer (Cervus elaphus), White 

tailed deer (Odocoileus virginianus), and Fallow deer (Dama dama) (FOREYT & TODD, 

1977; MCKENNA, 1997; SHIMALOV & SHIMALOV, 2003). It also affects many rodents, 

it has been described in South America in capybara (Hidrochaeris hidrochaeris) 

(SANTAREM et al., 2002), coypus (Myocastor coypus) (EL-KHOUBA et al., 2009) and 

wild Guinea pig (Cavia aperea) (DITTMAR, 2002). 

 Amongst the rodents, particularly the coypus (Myocastor coypus) is worrisome since, 

being native of South America; it has expanded worldwide due to escapes from fur 

farms and effectively colonised many regions of the world. Currently it is a reservoir of 

fascioliasis in Corsica and the Loire-Atlantique, France (MENARD, 2001). 

 In Uruguay, F. hepatica was reported infecting coypus in a farm with an important 

fascioliasis problem in cattle and sheep. When parasitic burdens and total egg 

production, was compared, the total load of F. hepatica eggs in M. coypus (1.4 million 
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eggs) was surprisingly higher than that reported in naturally infected sheep, even 

though there were less adult liver flukes. Thus, M. coypus would have the capacity to 

disperse F. hepatica eggs, and due to the fact that they defecate in the water, it would 

be an important source of contamination thus increasing the exposure of lymnaeid 

snails to the miracidium of F. hepatica (GAYO et al., 2011). 

 In Holland, hares have been found with triclabendazol resistant F. hepatica 

haplotypes, the same found in cattle, which would add complexity to the control of the 

disease since these wild populations would escape most fascioliasis control measures 

(WALKER et al., 2011). 

 Birds have also been found to be definite hosts of F. hepatica; it has been reported in 

ratites. It has been reported in greater rheas (Rhea Americana) in Brazil (SOARES et 

al., 2007) in farmed emus (Dromaius novaehollandiae) in Australia (VAUGHAN et al., 

1997) and both in greater rhea (Rhea americana) and lesser rhea (Rhea pennata) in 

Argentina (MARTINEZ-DIAZ et al., 2013). 

 
 
1.5.- THE SNAIL VECTORS 
 

 It is accepted that the origin of F. hepatica is Eurasia linked to, G. truncatula, its 

favoured vector (MAS-COMA et al., 2009a). As mentioned, it needs temperate to cold 

climates to complete its life cycle (MAS-COMA & BARGUES, 1997). But it is not the 

sole potential vector and over 20 species of snails of the Galba/Fossaria group have 

been described as intermediate hosts of F. hepatica (TORGERSON &CLAXTON, 1999; 

BARGUES et al., 2001). In situations such as the absence of the main vectors, 

members of other lymnaeid groups such as stagnicolines (BARGUES et al., 2003) and 

P. columella (BARGUES et al., 2001) can suitable transmit the disease. 

 
 

1.5.1.- CLASSIFICATION OF LYMNAEID SNAILS 
 

 The correct classification of the lymnaeid snail species acting as vector is therefore of 

great importance, in order to both determine risk zones and to achieve the appropriate 

control measures to reduce transmission, according to the different ecological 

characteristics of each lymnaeid species. It is necessary to know what is/are the 

species involved to correctly evaluate the epidemiological situation, and thus, to be able 
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to develop control strategies due to the fact that different species have different 

capacities as vectors of F. hepatica due mainly to the magnitude of cercarial production. 

There is a relationship between a given epidemiological scenario, transmission pattern 

and the species of snail involved (MAS COMA et al., 2005, 2009a). 

 Unfortunately, the correct identification of the snail species involved in the 

transmission of fascioliasis is not an easy task. There is great confusion regarding the 

taxonomy of these snails (BARGUES et al., 1997). Lymnaeids are freshwater snails 

which show marked intraspecific variability in their shell characteristics and a surprising 

uniformity at the level of their anatomy. They have a remarkable morphological plasticity 

of the group with great intraespecific variation, particularly shell morphology. The same 

species can show very different shell morph types depending on the particular 

environmental conditions and different species can show similar shell morphology. 

Thus, very few species can be correctly identified solely on its phenotypic 

characteristics (SAMADI et al., 2000). In Latin America, the only species involved in 

fascioliasis transmission that can be accurately identified by shell morphology and 

anatomy is P. columella (PARAENSE, 1982a; MALEK, 1985). 

 These features explain the great problems to distinguish between species within 

given controversial groups such as Galba/Fossaria, Radix and stagnicolines 

(BARGUES et al., 2001, 2003, 2006a, 2007a,b, 2011a,b,c). Even expert malacologists 

have great difficulties in identifying species in these groups. In 1951 HUBENDINCK 

described 1,143 different species of lymnaeid snails, many of which were already 

considered synonyms. The taxonomical situation of the Galba/Fossaria group is very 

disconcerting and controversial (BARGUES et al., 2001). 
 
 
1.5.2.- MOLECULAR CHARACTERISATION 
 
 It is imperative to know what species of lymnaeid snails are present in a given site or 

region to be able to understand the transmission patterns and epidemiological situation. 

Sequences of molecular markers amongst the nuclear ribosomal DNA and the 

mitochondrial DNA appear to be the most useful tools for specimen classification 

purposes (BARGUES & MAS-COMA, 2005). For classification at a supra generic or 

generic level, 18S rRNA gene is useful, but it is too conserved to be used for 

classification at a species level. For this, the internal transcribed spacers of the rDNA, 

mainly ITS-2 and secondarily ITS-1, have proved most effective for lymnaeid species 
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and subspecies classification (BARGUES & MAS-COMA, 2005). Mitochondrial DNA 

can be used, but with caution in its interpretation (BARGUES et al., 2011c). It is of little 

value for the analysis at a supra specific level or between distant species. It is useful to: 

a) distinguish between very closely related species of the same genus; b) to study intra 

specific variation and to differentiate populations; c) analyse genetic exchange between 

different populations of the same species; d) genetic characterisation of laboratory 

strains; e) perform studies of the spread of populations of a species and the genetic 

exchange between populations (MAS COMA et al., 2009a; BARGUES, 2010). 

 
 
1.5.2.1.- DNA NUCLEAR RIBOSOMAL MARKERS 
 
 Eukaryotic nuclear ribosomal DNA is constituted by a tandem repeat of a unit 

segment called the operon localized in the nuclear chromosomes. Each repetition is 

composed of the genes that code for the ribosomal RNA (18S, 5.8 S, and 28S) plus 

three types of spacer, the internal transcribed spacers (ITS1 and ITS2), the external 

transcribed spacers that flank the genes (ETS) and the non transcribed spacers (NTS) 

that separate one repetition from the following. The genes of ITS and the ETS are 

transcribed without interruptions by the rRNA polymerase I. Although their function is 

not clear, it is believed that they have an important role in the maturation of the 

ribosomal RNA (MUSTERS et al., 1990; VAN DER SANDE et al., 1992). Each gene of 

the ribosomal DNA has a different substitution rate. In general ribosomal genes have a 

very low variability, are highly conserved and are therefore useful to establish ancient 

phylogenetic relationships. ITS evolve much faster so are useful to estimate more 

recent evolutionary relationships. Yet, the usefulness of each marker at a determined 

taxonomic level varies between the different organisms (BARGUES & MAS-COMA, 

1997; BARGUES et al., 2000; MAS-COMA & BARGUES, 2009). Also, ribosomal DNA 

is transmitted by mendeleyan heredity, evolves much slower and has a concerted 

evolution. This implies that with time ribosomal DNA of a determined population with 

time homogenizes all of its copies and eliminates all of its difference as much in 

homologous chromosomes as in non homologous chromosomes within the genome. 

This results in uniformity between all the individuals of a population. 

 Internal spacers have the presence of micro and mini satellites. Both are repetitive 

sequences of whose repetitive unity has a variable number of nucleotides, up to five in 

the case of the microsatellites and up to one hundred in the mini satellites. Yet their 
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presence add a great variability to lengthen too much the sequences which may lead to 

erroneous interpretations of the results obtained by methods based on the length of the 

sequences such as the raps. (Random Amplification of Polymorphic DNA) and PCR-

RFLP (Polymerase Chain - Reaction Restriction Fragment Length Polymorphism) 

(MAS-COMA & BARGUES, 2009). 

 Gene 18S of the nuclear ribosomal DNA is considered a useful marker for 

phylogenetic studies at the level of the greater taxons. It is the slower to evolve of all the 

types of rDNA and its conserved regions allow for the development of primers for its 

amplification by PCR. It allows for the identification of organisms that have diverged 

over more than 100 million years ago. It has been used for the earliest ramifications of 

life; and is useful for phylogenetic relations occurred during the Precambrian but is of 

little use for organism that have evolved since the Cretacic period. 

 In lymnaeid snails it has a length of approximately 1,800-2,000 nucleotides and has a 

balanced nucleotide composition of AT/GC of around 50% and is considered an 

excellent marker for the systematic classification of species. Yet, it cannot distinguish 

between very closely related species such as L. viator and L. neotropica. Thus, in 

lymnaeids this gene has to be used at a supraespecific level as is the case with other 

organisms (BARGUES & MAS-COMA, 1997; BARGUES et al., 1997, 2002, 2006b, 

2011a,b,c, 2012; MANGOLD et al., 1998; STOTHARD et al., 2000; ARTIGAS et al., 

2011). 

 The first internal transcribed spacer is located between18S and the 5.8S rRNA 

genes. Both ITS-1 and ITS-2 are the most variable of the operons of the nuclear 

ribosomal DNA (rDNA). They both can be easily amplified by PCR, primers can be 

designed from the conserved gene sequences that flank them. They are molecular 

markers useful to determine relationships between taxa that have diverged more 

recently, in the past 50 million years. Its nucleotide composition is slanted towards GC 

content (54-57%) The phylogeny of European stagnicolines has been determined using 

these genes and their complete sequence has been determined for American and 

European lymnaeids (BARGUES et al., 2011a,b,c). 

 ITS-2 is shorter than ITS-1 yet its length varies greatly due to the presence or not of 

microsatellites and its nucleotide composition has slightly greater content of GC (56-

58%). It is very useful to differentiate between problematic taxa such as cryptic species 

and particularly useful for inferior taxa such as at the species and subspecies level. It 

has been the most widely used marker for lymnaeids in different parts of the world. The 

complete sequence of ITS-2, used conjunctly with ITS-1, they have shown to be of 
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great merit for systematic and taxonomic studies of lymnaeids snails at the specific and 

supra-specific level (REMIGIO & BLAIR, 1997a; MAS-COMA et al., 2001; BARGUES et 

al., 2001, 2003, 2006a, 2007a,b, 2011a,b,c, 2012a,b, 2016, 2017; BARGUES & MAS-

COMA, 2005; ASHRAFI et al., 2007; JOUET et al., 2008; PUSLEDNICK et al., 2009; 

ARTIGAS et al.,2011). 

 The microsatellites of ITS-1 and ITS-2 furnish valuable information for the 

differentiation between populations, subspecies and species (BARGUES et al., 

2011a,b,c, 2012). 

 
 
1.5.2.2.- MITOCHONDRIAL DNA MARKERS 
 
 Mitochondrial DNA is a circular molecule consisting of 36-37 genes involved in 

mitochondrial translation apparatus, electron transport, and oxidative phosphorylation 

(BALLARD & RAND, 2005). Mitochondrial DNA evolves much faster than nuclear DNA 

and most of the changes that occur are single nucleotide substitutions. Thus they are 

excellent candidates to establish phylogenetic relationships at lower taxonomic levels, 

such as genus, species and populations. 

 Mitochondrial genes have great variability, which makes it very difficult to design 

primers for their amplification. Only a few have been used successfully in phylogenetic 

studies. The most conserved are rDNA 12S, rDNA 16S are the most conserved. 

Amongst the genes that code for cytochrome oxydase, cox1is the most conserved, 

followed by Cytb and then ND1. The choice of which to use depends on the organism 

under study. Their high level of saturation suggests that they should not be used to infer 

relationship between distant species (MORGAN & BLAIR 1998; MAS-COMA & 

BARGUES, 2009). 

 Mitochondrial DNA is maternally inherited, so the mutations that occur in one 

individual does not undergo recombination during sexual reproduction and will not be 

inherited by the offspring. In lymnaeids mtDNA have multiple substitutions in the same 

site, no uniformity in the nucleotide composition of its genes or certain substitutions may 

be favoured. Thus, this makes mtDNA in lymnaeids a molecular marker with very 

restricted applications when comparisons want to be made at a species or even 

superior level (BARGUES et al., 2011c). There may be a profound heterogeneity in 

substitution rates indifferent regions of the mtDNA and can influence phylogenetic 
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hypothesis (BALLARD, 2000a,b) thus the phylogenetic and population inferences 

should be independently assessed (DEAN & BALLARD, 2004). 

 In lymnaeid snails, the mitochondrial cox1 gene most commonly used has a 

longitude of 672 bp, and its nucleotide composition is AT biased (69.2-69.8%). This 

marker is very useful in lymnaeids for the analysis at a sub specific or population level if 

the nucleotide differences in the analysed fragments are numerous (BARGUES et al., 

2011a). Sequences have been determined in various species of lymnaeids and has 

been of use for the description of haplotypes (BARGUES et al., 2007a; 2011a,b,c, 

2012; ARTIGAS et al., 2011) and also for various species of stagnicolines and radicines 

(REMIGIO & HERBERT, 2003; WETHINGTON & LYDEARD, 2007).  

 Mitochondrial DNA of animals has only 2 ribosomal genes: small unit or 12S and 

large unit or 16S, they don’t have internal spacers and there is but one copy in each 

circular molecule. They have some very conserved regions intercalated with more 

variable regions; the first half is usually more varied than the second half (DE RIJK et 

al., 1992; GUTELL et al., 1992). In lymnaeids, the fragment of the gene 16S that is used 

has a length of 421-426 pb and its nucleotide composition is AT biased (69.5-70.7% 

biased). The sequence of this fragment was obtained in diverse species of lymnaeids 

and haplotypes have been described of G. truncatula, L. cubensis, L. humilis, Lymnaea 

diaphana, L. schirazensis, P. columella and L. neotropica (BARGUES et al., 2011a,c, 

2012, 2016). Yet, care must be taken when using this marker when studying species of 

lymnaeids from different genera and including distant species of the same genera due 

to the aforementioned effect of saturation of nucleotide positions and the limited 

information available when using partial sequences of both the cox1 mtDNA and the 

16S gene (BARGUES et al., 2011a). The use of mitochondrial markers should be 

restricted to: 

i) Phylogenetic analysis of only very closely related species within the same genus. 

ii) Intraespecific variability studies by comparing different individuals and populations. 

iii) Genetic characterisation of laboratory strains. 

iv) Dispersion studies of populations of a determined species. 

v) Gene flow studies between neighbouring populations (MAS-COMA et al., 2009a). 
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1.5.3.- LYMNAEID SNAILS DESCRIBED IN SOUTH AMERICA 
 
 There is a profuse history of description of lymnaeid species for South America, yet, 

three have been the malacologists that have done the most exhaustive and extensive 

work; B. Hubendick, L. Paraense and E. Malek. 

 According to HUBENDICK (1951), there are 7 valid species for South America. 

Lymnaea columella Say, 1817; Lymnaea viator D’Orbigny, 1835; Lymnaea cousini 

Jousseaume, 1887; L. cubensis Pfeiffer, 1839; Lymnaea diaphana King, 1830; 

Lymnaea pecularis Hubendick, 1951; Lymnaea pictonica Rochebrune et Mabile, 1888. 

According to PARAENSE (1976, 1982a,b, 1983, 1984) there are 6 valid species for 

South America: Lymnaea viatrix, L. columella, L. diaphana, L. cousini, Lymnaea 

rupestris Paraense, 1982 and L. plicata Scott, 1953. 

 According to MALEK (1985), there are 7 valid species: L. columella, L. viator, L. 

cousini, L. cubensis, L. diaphana, Lymnaea patagonica and Lymnaea pictonica. 

 In Argentina, 12 different lymnaeid species have been described in most of its vast 

territory, with rich species diversity mainly in the colder southern and mountainous 

regions (Table 1). These species are: L. viator D’Orbigny; 1835; L. diaphana King, 

1830; Lymnaea inelegans Pilsbry, 1911; Lymnaea andeana Pilsbry, 1911; L. 

patagonica Strebel, 1907; Lymnaea riochicoensis Pilsbry, 1911; L. columella Say, 1817; 

Lymnaea peculiaris Hubendick, 1951; Lymnaea pictonica Rochebrune et Mabile, 1885; 

L. plicata Scott, 1954; P. columella Baker, 1908; Lymnaea palustris Müller, 1774. 

 They can be found in sites with very extreme weather conditions, such as the Beagle 

Channel, and Andean regions of Patagonia (PILSBRY, 1911; HUBENDICK, 1951; 

CASTELLANOS & LANDONI, 1981). Coincidentally with what occurs worldwide, there 

is much confusion regarding the taxonomy of the lymnaeid snails of Argentina, and 

different authors have take into account different morpho-anatomical parameters to 

classify the lymnaeids. Thus, different authors consider different valid species (Table 1).  

 The French naturalist Alcide D’Orbigny was the first to describe L. viator in 

Patagonia, what is now the province of Rio Negro (D’ORBIGNY, 1835). 

 During the Princeton University 1896-1899 expeditions to Patagonia, the 

malacologist Henry Pilsbry from the USA described the following species L. viator, L. 

diaphana, Lymnaea diaphana inelegans, L. andeana, L. patagonica and Lymnaea 

patagonica riochicoensis (PILSBRY, 1911). 

 The Swedish malacologist Bengt Hubendick considers there are 5 species in 

Argentina: L. columella, L. viator; L. diaphana, Lymnaea peculiaris and Lymnaea 
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pictonica. This author had profound differences with Pilsbry: L. andeana probably is L. 

columella; L. diaphana inelegans he considers a synonym of L.; and the following 

species are considered synonyms of Lymnaea pictonica: L. patagonica; Lymnaea 

patagonica riochicoensis; and Lymnaea brunneoflavida (Hubendick, 1951). Hubendick 

is the sole author to describe Lymnaea peculiaris. 

 The renowned Brazilian malacologist Wladimir Lobato Paraense considered valid for 

Argentina: L. viator, L. columella, L. diaphana. He considered L. cubensis a synonym of 

L. viator and Lymnaea peregrina a synonym of L. columella (PARAENSE, 1982a,b, 

1984). 

 According to the malacologists from Argentina Castellanos & Landoni, the species 

valid for Argentina are L. plicata, L. diaphana, L. viator, Lymnaea pictonica and P. 

columella (CASTELLANOS & LANDONI, 1981). 

 According to MALEK (1985) the following species are valid for Argentina: L. 

columella; L. viator; L. diaphana, Lymnaea pictonica and L. patagonica. 

 L. plicata, has only been reported in Chubut province (SCOTT, 1953). 

 There is one sole report of the European stagnicoline, Lymnaea palustris in 

Corrientes province (LOMBARDERO et al., 1979b). This is the only report for a 

stagnicoline in Argentina. 

 F. hepatica has specificity to its snail vector, thus, the species of lymnaeids present 

in a region determines the distribution of animal and human fascioliasis (BARGUES et 

al., 2001). Due to the ecological characteristics that define the presence of a 

determined lymnaeid species, different species are associated with different 

transmission patterns (MAS-COMA et al., 2009a). Considering the lymnaeid fauna 

present in Argentina, it is important to determine their roles as vectors of F. hepatica. If 

we take into account the taxonomical confusion that still prevails in many of the species, 

care must be taken when determining a species as vector. The exception is P. 

columella which can be differentiated on shell morphology alone (PARAENSE, 1982a).  

 L. viator (many authors name it L. viatrix) is the most frequently cited lymnaeid as 

vector of F. hepatica in Argentina (BENGOLEA et al., 1927; BACIGALUPO et al., 1930, 

BACIGALUPO, 1932; VENTURINI, 1978; LOMBARDERO, 1979a; ROSSANIGO et al., 

1983; KLEIMAN et al., 2004; RUBEL et al., 2005; CUCHER et al., 2006). Yet, we must 

bear in mind that the majority of the studies are many decades old, prior to the 

development of molecular techniques, proven indispensable for the identification of 

most of lymnaeid snails of the Galba/Fossaria group (BARGUES et al., 2001, 2003, 

2006a). 
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 The first report describing a lymnaeid as a vector of F. hepatica was the pioneer work 

of BACIGALUPO et al. (1930), who experimentally infected L. viator collected from the 

site, were human cases had been reported in the province of San Luis (BENGOLEA et 

al., 1927). The snails were infected with miracidia obtained from eggs of sheep and 

human origin. Later, L. viator from the province of Buenos Aires, naturally infected with 

F. hepatica, was reported (BACIGALUPO, 1932).There are reports of snails identified 

as L. viator naturally infected with F. hepatica; in the province of Corrientes 

(LOMBARDERO et al, 1979a), province of San Luis (CUCHER et al., 2006) and a 

report from a Patagonian Andean region (RUBEL et al., 2005). In this report, lymnaeid 

snails identified as L. viator are found naturally infected in the same site were a human 

case of fascioliasis was diagnosed and a very high prevalence in livestock the 

proportion of lymnaeids with F. hepatica was 2%. 

 P. columella is the next most cited vector of F. hepatica in Argentina. All the reports 

are from the province of Corrientes, a flat and wet region with a subtropical to mild 

climate. In the first report of P. columella naturally infected with F. hepatica, a high 

proportion (8.8%) of infected snails was found (PREPELITCHI et al., 2003). In 

subsequent reports, very high proportion of infected snails was found: 51.3% (CUCHER 

et al., 2006) and 7.4% (MORIENA et al., 2008). 

 L. diaphana has been reported as a vector of F. hepatica in Perú (CORDOVA et al., 

1961; TANTALEAN et al., 1974; LARREA et al., 1994), yet there are no reports in 

Argentina as a vector of F. hepatica, even though there are many reports of the 

presence of this lymnaeid, in Argentina (PILSBRY, 1911; HUBENDICK, 1951; 

CASTELLANOS & LANDONI, 1981; PARAENSE, 1984). 

 Lymnaea palustris has been reported as a vector of F. hepatica in France 

(DREYFUSS et al., 1994) and in the United States (WILSON & SAMSON, 1971). There 

is only one report indicating the presence of this lymnaeid in Argentina (LOMBARDERO 

et al., 1979b) and it is not described as infected by F. hepatica.
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Table 1.- Lymnaeid species recognized for Argentina according to different malacologists. 

 

LYMNAEID SPECIES MALACOLOGISTS & REFERENCE 

Lymnaea viator D’Orbigny, 1835 Pilsbry (1911), Hubendick (1951), Paraense (1982a), Castellanos & 

Landoni (1981), Malek (1985) 

Lymnaea diaphana King, 1830 Pilsbry, (1911), Hubendick (1951), Castellanos & Landoni (1981), Malek 

(1985) 

Lymnaea inelegans Pilsbry, 1911 Pilsbry (1911) 

Lymnaea andeana Pilsbry, 1911 Pilsbry (1911) 

Lymnaea patagonica Strebel, 1907 Pilsbry (1911), Malek (1985) 

Lymnaea riochicoensis Pilsbry, 1911 Pilsbry (1911) 

Lymnaea columella Say, 1817 Hubendick (1951), Paraense (1982a), Malek (1985) 

Lymnaea peculiaris Hubendick, 1951 Hubendick (1951) 

Lymnaea pictonica Rochebrune et Mabile, 1885 Hubendick (1951), Castellanos & Landoni (1981), Malek (1985)  

Lymnaea plicata Scott, 1954 Scott (1954), Castellanos & Landoni (1981) 

Pseudosuccinea columella Baker, 1908 Scott (1954), Castellanos & Landoni (1981)  

Lymnaea palustris Muller, 1974 Lombardero (1979b) 
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1.6.- EPIDEMIOLOGY 
 
1.6.1.- WORLDWIDE GEOGRAPHICAL DISTRIBUTION 
 

 Whereas F. hepatica is cosmopolitan and found in all continents except Antarctica, F. 

gigantica is restricted to Africa and Asia. Due to its ample distribution, F. hepatica is 

considered more relevant than F. gigantica, yet, both are currently rapidly expanding. 

Thus far, F. hepatica has been considered more pathogenic than F. gigantica, but 

present-day studies in animal models and clinical observations are indicating that F. 

gigantica may have a higher pathogenic potential than previously supposed (VALERO 

et al., 2016). 

 Both Fasciola species share many of its main definite hosts, mainly herbivorous 

(particularly ruminants) and omnivorous mammals, including humans, thus the 

distribution of the disease, is dictated by the availability of its snail intermediate hosts. 

These can also be defined as vectors (in a sensu lato conception), although not 

arthropods as defined in a strict sense of the concept, but in fact share most of the 

characteristics that define a vector. For F. hepatica the vectors are snails of the 

Galba/Fossaria group; F. gigantica demands snails of the Radix genus to complete its 

cycle (BARGUES & MAS-COMA, 2005; MAS-COMA et al., 2009a). Both F. gigantica 

and the Radix genus requisite a warmer temperature range than F. hepatica for its 

development, thus explaining the absence of F. gigantica in colder regions (MALONE et 

al., 1998; YILMA & MALONE, 1998; BARGUES et al., 2001). 

 At present, the World Health Organization includes fascioliasis amongst the 

important diseases requiring global efforts for its control and is in the roadmap for the 

control of neglected tropical diseases (WHO 2010, 2013, 2015). Human reports are 

increasing in number and so are the description of human endemic areas, comprising 

hypo to hyper endemic situations in many countries of Latin America, Africa, Europe 

and Asia (MAS-COMA et al., 1999a,b, 2005, 2009a). The reasons for this emergence 

are varied, but climate change and global change surely can be accounted for (MAS-

COMA et al., 2008; 2009b, 2010). Climate change has recently been demonstrated to 

be associated to human fascioliasis in Pakistan (AFSHAN et al., 2014; QURESHI et al., 

2016). Increasingly important are the anthropogenic modifications of the environment 

and the boost of short and long distance travel and import/export facilities available 

nowadays, thus currently it should be also considered a disease of importance in Travel 

Medicine (ASHRAFI et al., 2014). Due to the aquatic and amphibious nature of the 
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intermediate hosts of fascioliasis, modifications on the distribution of surface water, 

such as manmade irrigation channels, have shown to increase the risk of transmission 

of fascioliasis in such diverse scenarios as Bolivia or Pakistan (ESTEBAN et al., 2002; 

AFSHAN et al., 2014). 

 In the American continent, fascioliasis is only caused by F. hepatica, at present there 

are no reports of ongoing transmission of F. gigantica due to the absence of its potential 

vectors, snails of the Radix group (MAS-COMA et al., 2009a). This disease affects 

livestock throughout all countries of South America, causing great economic losses in 

the animal husbandry industry (BUNDY et al., 1984; PIZZI et al., 1984; QUIJADA et al., 

2005; GONZALEZ et al., 2007; ESPINOZA et al., 2010; DAS CHAGAS et al., 2011; 

CEDEÑO et al., 2012). Moreover, human infection has been described in most of the 

South American countries (MAS-COMA et al., 1999a, 2005), with important human 

endemic areas in Andean areas of countries such as Chile, Bolivia and Perú (APT et 

al., 1993; MAS-COMA et al., 1999b,c; ESTEBAN et al., 2002; ARTIGAS et al., 2011; 

BARGUES et al., 2012). Human fascioliasis has also been reported in all the other 

Andean countries: Venezuela, Colombia, Ecuador (BARGUES et al., 2011a,b) and 

Argentina (CHEN & MOTT, 1990; ESTEBAN et al., 1998), albeit with much less cases 

than in the aforementioned countries. Nevertheless the doubt arises as to whether there 

may be a possibility of under diagnosis. Non Andean countries have few human cases 

even though the prevalence in cattle can be extremely high, such the case of Uruguay 

(BARGUES et al., 2017), that has a reported prevalence in cattle of over 57%, yet 

historically there are less than 100 human cases (LOPEZ LEMES et al., 1996). 

 As in all other vector-borne diseases, in fascioliasis the snails of the Lymnaeidae 

family are crucial with regards to the epidemiological situations and transmission 

patterns of the disease. Epidemiological and transmission heterogeneities in the 

different endemic areas are related to the lymnaeid vector species involved (MAS-

COMA, 2005; MAS-COMA et al., 2009a). 

 In Argentina, production of mostly cattle, but also sheep and goats, is a main national 

economic activity, with wide areas mainly or totally dedicated to livestock management. 

Therefore, animal fascioliasis has always been a target of major concern in this country, 

due to its high pathogenicity, losses it causes, and economic efforts which shall be 

made for its control (LOMBARDERO et al., 1979a; PIZZI et al., 1982; OLAECHEA, 

1994). In Andean regions, important prevalence in livestock has been described. In 

goats, a prevalence of 33% was described in the mountainous regions of the provinces 

of Mendoza, San Juan and La Rioja (CUERVO et al., 2013). In the province of 
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Mendoza, the Andean Valley region of Tupungato a prevalence of 67.5% was found in 

the slaughterhouse in cattle (MERA Y SIERRA et al., 2005a), and 32.7% prevalence in 

goats of the same region by coprological exams (DI CATALDO et al., 2015). Camelids, 

both domestic and wild, such as llamas (Lama glama) and guanacos (Lama guanicoe), 

have also been described in the Andean valleys of Mendoza (MERA Y SIERRA et al., 

2015). 

 The situation of human fascioliasis has never been the subject of an adequate 

analysis. Only short reports within large worldwide reviews may be specifically 

acknowledged (CHEN & MOTT, 1990; ESTEBAN et al., 1998). This is surprising when 

taking into account that: (i) neighboring countries such as Bolivia and Chile reported 

hyper endemic areas of human fascioliasis long ago (APT et al., 1992, 1993; ESTEBAN 

et al., 1997a,b, 1999, 2002); (ii) the country presents a very widely distributed veterinary 

problem of fascioliasis in livestock; (iii) it includes Andean environmental characteristics 

appropriate for fascioliasis transmission to humans (MAS-COMA et al., 2001). 

 Argentina is a country of high livestock production, where sheep and cattle but also 

equines constitute important economic sources. All these different domestic species are 

important reservoirs of fascioliasis and represent similar sources of infection for 

humans, given the results obtained in experimental studies which have demonstrated 

that snail-borne infective metacercarial stages originating from different animal species 

do not significantly differ in their infection capacity (VALERO & MAS-COMA, 2000; 

VALERO et al., 2001a). 

 
 
1.6.2.- TRANSMISSION PATTERNS OF FASCIOLIASIS 
 
 Regarding human fascioliasis, different transmission patterns can be clearly identified 

(MAS-COMA, 2005): 

a) A very-high-altitude pattern in South America exclusively in Andean countries with 

transmission of F. hepatica by imported G. truncatula. Two sub-patterns can be 

recognized. 

i) The altiplanic pattern in which transmission occurs continuously year round, such as 

in the Northern Bolivian and Peruvian Altiplano. 

ii) The valley pattern in which transmission has a seasonal variation such as in the 

Peruvian valley of Cajamarca. 
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b) The Caribbean insular pattern which occurs in permanent human hypo-endemic 

regions with epidemic episodes which affect not too many people (a few hundred at the 

most), as happens in Pinar del Rio, Cuba. The lymnaeid snail involved is L. cubensis. 

c) Afro-Mediterranean pattern in which both fasciolid species, F. hepatica and F. 

gigantica, are involved. The lymnaeid snails responsible for the transmission are mainly 

G. truncatula and Radix natalensis, secondarily P. columella. There is seasonality such 

as in the Nile delta of Egypt. 

d) Pattern surrounding the Caspian Sea, such as in the Gilan province of Iran, which is 

a hypo-endemic region but large epidemics occur, affecting up to 100,000 persons. 

Both fasciolid species are involved and the vectors are several Galba/Fossaria and 

Radix auricularia and other stagnicoline lymnaeids. 

e) South East Asia pattern, in Vietnam, in lowland areas but may originate large 

epidemics. Even though both fasciolid species may co-exist, it is related mostly to F. 

gigantica and Radix snails (DE et al., 2006; LE et al., 2008; NGUYEN et al., 2011). 

f) A new pattern has very recently described in Andean regions of the province of 

Catamarca, Argentina, were isolated foci were found in desert arid and semi arid 

conditions were there is a concentration of transmission factors and the seasonal 

transmission depends on the conjunction of appropriate temperature and river water 

availability (BARGUES et al., 2016). 

 The variety of the aforementioned transmission patterns clearly demonstrates the 

great adaptability of F. hepatica and F. gigantica. The enormous expansion they have 

experienced from its Eurasian and African origins, for F. hepatica and F. gigantica, 

respectively, would not have been possible if it were not also for the colonization 

capacity of the lymnaeid vectors that adapt both to the tropics of Cuba or Vietnam thrive 

even in such extreme situations as the ones experience in the Andean altitudes. 

 
 
1.6.3.- EPIDEMIOLOGICAL SITUATIONS OF HUMAN FASCIOLIASIS  

 

 Human fascioliasis can be characterized according to different epidemiological 

situations. The following classification proposed by MAS-COMA (1999a) to the WHO is 

still currently valid: 

a) Imported cases: Human cases that are diagnosed in a region where fascioliasis is 

absent in human and animals, yet the person has a history of travel to an area were 

fascioliasis transmission in known to occur. 
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b) Autochthonous, isolated, non-constant cases: cases that occur in an area were 

animal fascioliasis is present yet human cases are very sporadic.  

c) Endemic: there are three different distinct situations according to the prevalence in 

the population as diagnosed by coprological exams: 

 Hypo-endemic: the prevalence is less than 1%., the intensity, measured in mean 

eggs per gram (epg) shed is less than 50.There are usually acceptable sanitation 

procedures with adequate elimination of faeces by latrines or sewage. Humans would 

not participate in the transmission of the disease. 

 Meso-endemic: Prevalence ranges from 1% to 10%, although they may be higher in 

children 5-15 years of age. The mean intensity is 50-300 epg, although there may be 

individual cases shedding more. The hygienic sanitary situation is not optimal and there 

may be outdoor defecation.  

 Hyper-endemic: Prevalence exceeds 10% and higher values may be found in 

children 5-15 years of age (holo-endemic). The mean intensity in human communities 

exceeds 300 epg and there may be individuals shedding very large amounts, up to 

more than 1,000 epg. There are deficient sanitary conditions with absence of waste and 

sewage disposal and latrines, outdoor defecation is currently practiced. 

Epidemic: There are different situations according to the endemic or non endemic 

status of the region. 

 Epidemics in animal but not human endemic areas, in regions that human cases are 

very sporadic, the epidemic occurs as family or small group outbreaks that have 

ingested the same contamination source. 

 Epidemic in human endemic areas: the outbreaks concern a greater amount of 

subjects, usually associated with a climatic condition that favours the fluke and the snail 

lifecycles such as an increase in rains. 

 
 
1.6.4.- HUMAN INFECTION SOURCES 

 
 The infective form of F. hepatica and F. gigantica is the metacercaria, the result of 

the cercaria which is shed by the lymnaeid snail and swims briefly before contacting a 

solid support, mainly leaves of plants, just above or below the waterline, where they will 

lose their tails, and encyst. Some cercariae encyst at the waterline and become floating 

metacercariae (VAREILLE-MOREL et al., 1993). After 24-72 hours they become 

infective. Hence, fascioliasis is a disease that can be transmitted to humans both by the 
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ingestion of plants and of water. Additionally, even though it is not the usual infection 

source, humans can also become infected by the ingestion of fresh raw liver which may 

have early migrating flukes which pursue their migration and restart intraorganic 

migration (MAS-COMA et al., 2018). 

 Humans can become infected by a vast array of sources that reflects the diversity of 

the potentially affected populations; geographic, ethnic, religious, social and cultural 

factors determine the possible infections sources. Traditionally, the ingestion of 

watercress was considered as almost the sole source of infection (MAS-COMA, 2005) 

yet, the reality is far more complex and reflects the profound epidemiological 

heterogeneity of human fascioliasis (MAS-COMA et al., 2018). Infection can occur due 

to the ingestion of freshwater wild plants, freshwater cultivated plants, terrestrial plants, 

(both wild and cultivated), beverages and juices made from local plants due to the 

metacercaria attached to them and by drinking water with floating metacercariae. Many 

of these gastronomic activities have cultural and even religious roots, which means they 

are deeply incorporated behaviors. Floating metacercariae con infect humans not only 

drinking the water that contains them but also but by washing of vegetables, fruits, 

tubercles and kitchen utensils with contaminated water. 

 Plants that are not used for feeding can also be a source of infection, such is the 

case of khat, a plant native to the horn of Africa and the Arabian Peninsula that is 

chewed and used as a stimulant. The infectivity of the metacercariae is prolonged due 

to the fact that it is usually transported in damp conditions. Cases have been reported 

not only in the African countries where it is produced and consumed, but also in 

European countries due to the uncontrolled importation of khat to be used by 

immigrants (CATS et al., 2000; DE BREE et al., 2013). 

 The great diversity of potential infection sources for humans implies that 

generalizations cannot and should not be made and the situation has to be assessed in 

each site. Not doing so can result in simplifications of sometimes very complex 

situations winch need control strategies to be tailored to each particular situation (MAS-

COMA et al., 2009a). 

 
 
1.7.- DIAGNOSIS 
 
 Fascioliasis can be suspected based on epidemiological and clinical information, but 

since there are no pathognomonic symptoms the confirmation has to be done by 
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diverse laboratory exams. The epidemiological background that suggest the possibility 

of fascioliasis is if the patient lives in or even if it has travelled to an endemic region 

(ASHRAFI et al., 2014), the consumption of wild or commercial watercress (Nasturtium 

officinalis) (MAILLES et al., 2006) or other aquatic plants (MAS-COMA et al., 1995, 

2018). 

 Fascioliasis can be diagnosed either by observing the characteristics egg in faeces 

or visualization of mature or immature fluke in the liver or other organs (in erratic 

presentations). 

 Coprological exams have the advantage of being very low cost and do not require 

sophisticated equipment. The disadvantage is that it will only detect fascioliasis if eggs 

are being eliminated, so it is of no use in the acute phase since eggs are eliminated 

after a prepatent period of 2 to four months, depending on the species. 

 Direct examination of faeces has very low sensitivity. The WHO recommends the 

Kato-Katz technique, that, even though it has low sensitivity, it can be increased 

repeating the technique, but it allows for a quantification of the eggs per gram. 

 Different concentration techniques are used, mainly sedimentation since F. hepatica 

and F. gigantica are heavy eggs. A technique widely used in South America is 

Lumbreras rapid sedimentation that is on the sedimentation the sample in water during 

four minutes which allows for the rapid sedimentation of the F. hepatica eggs and not 

the rest (LUMBRERAS et al., 1962.). Originally designed for use in humans but it is 

currently also used for diagnosis of fascioliasis in ruminants (CUERVO et al., 2013). In 

cattle other sedimentation techniques are used, such as the Dennis, Stone, and 

Swanson technique (DENNIS et al., 1954), and some, to increase sensitivity, implement 

the use of fine (170 µ) sieves (SUAREZ et al., 1997). 

 In many regions of the world, there is a tradition of consuming raw liver, thus exists 

the possibility of consuming Fasciola spp. eggs that will be visualized in the coprological 

tests and give rise to the equivocal diagnosis of fascioliasis (MAS-COMA et al., 2018). 

To differentiate between the eggs in transit that are somewhat degenerated from the 

normal eggs, certain expertise is needed. To avoid this possible misdiagnosis, the 

patient must be placed on a liver free diet and perform repeated follow ups to verify if 

the eggs persist in the faeces (MAS-COMA et al., 2014). 

 Necropsy has the greatest sensitivity, but obviously it is used in animals mainly at the 

slaughterhouse. The liver has to be inspected, observing hemorrhage or fibrosis that 

may indicate the presence of the flukes. The biliary ducts and the gall bladder (except in 

the horse due to its inexistence) are opened and inspected in search of the flukes. The 
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liver parenchyma has to be inspected to identify juvenile forms (MERA Y SIERRA, 

2012). 

 Inmunodiagnosis has the great advantage of detecting fascioliasis when eggs not 

eliminated in faeces, particularly during the acute face of the disease during to the 

prepatent period (which can be from two to four months depending on the species) or of 

the sometimes irregular elimination of eggs. It is also very useful for surveys due to the 

greater ease of collecting blood samples rather than stools. Yet the disadvantages are a 

notorious lack of consensus as to what are the reference tests, uniformity between tests 

and scarcity of commercial kits available for routine diagnosis. Also, compared to 

coprological techniques, better equipped laboratories are necessary, many times not 

available in field situations. 

 Assays have been developed both for the detection of F. hepatica antigens or 

antibodies, the latter are the most widely used. High sensitivity and specificity have 

been achieved using as antigenexcretion/secretion (ES) products of live adult flukes 

incubated in culture media. Cysteine proteases secreted by juvenile and adult worms 

have shown great antigenicity in animals and humans and provide markers for the 

diagnosis of great sensitivity and specificity (MAS-COMA et al., 2007). Tests using 

cysteine proteases have been developed and successfully used for diagnosis, including 

mass surveys in Perú (O´NEIL et al., 1999; ESPINOZA et al., 2007). The test 

FASCIDIG® uses ES antigens and detects coproantigen in faeces and is also used to 

evaluate success in treatment (ESPINO & FINLAY 1994). Another test that detects 

coproantigen is MM3 COPRO ELISA, (MEZO et al., 2004) which has recently been 

enhanced and has greater sensitivity with the capacity to detect even if there is only one 

fluke in the cow´s liver (MEZO et al., 2016). This test has its serological counterpart, 

MM3 SERO ELISA (VALERO et al., 2009b). 

 
 
1.8.- TREATMENT 

 

1.8.1.- ANTIPARASITIC DRUGS AVAILABLE 
 
Up to now all trials to develop an effective vaccine have failed so chemotherapy is the 

main tool for treatment and prevention of fascioliasis. Even though there are multiple 

drugs that are used or have been used for the treatment of human and animal 

fascioliasis, the only single drug that is effective for early immature, immature and adult 
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flukes is triclabendazol. Other drugs, such as closantel, nitroxinil, clorsulon and 

albendazol are effective, with minor differences, to late immature or adult flukes 

(KELLEY et al., 2016). 

 In humans, triclabendazol (Egaten ®) is currently the only first line drug available and 

its efficacy has been demonstrated (MAS-COMA et al., 2001).The dosage is 10mg/kg 

administered orally (with food for a better absorption) two times separated by 12-24 

hours (total dose 20mg/kg). Some patients may require a third dose. There are no 

collateral effects of significance and it should not be used in pregnant women. In 

patients shedding more than 400 eggs per gram, a high fluke burden is suspected and 

they should not be administered the total dose of 20 mg/kg to prevent colic and possible 

biliary obstruction due to the dead flukes. Hospitalization, particularly in children, is 

recommended 7 days post-administration (MAS-COMA et al., 2007). 

 In the different animal species, triclabendazol is also the drug of choice, particularly 

for the treatment of acute fascioliasis due to the fact that it is the only drug that kills the 

immature flukes. The dosage is 12 mg/kg in cattle and equids, 10 mg/kg in sheep and 

goats orally. If chronic fascioliasis present and there are mainly adult flukes in the liver, 

other drugs can and should be used to deter the appearance of resistance. The most 

frequently used are closantel (cattle 3mg/kg, sheep 5mg/kg, goats 12 mg/kg), nitroxinil 

(cattle, sheep and goats 10 mg/kg), clorsulon (cattle and goats 7mg/kg), and albendazol 

(cattle 10mg/kg, sheep 7.5 mg/kg, goats 20 mg/kg) (MERA Y SIERRA, 2012). 

 Yet, due to the widespread and more often than not abusive use mainly in sheep and 

cattle, has lead to the appearance of resistance. Since its first report in sheep in 

Australia (OVEREND & BOWEN 1995), there have been multiple reports in South 

America, Europe, Australia, New Zealand and Turkey (KELLEY et al., 2016). In 

Argentina, resistance to triclabendazol has been reported in cattle in Andean regions of 

the province of Neuquén, in Patagonia (OLAECHEA et al., 2011). 

 With the threat of resistance in mind, other drugs are being evaluated for use in 

humans as alternative treatments. One of them is nitazoxanide which has already been 

used for the treatment of chronic fascioliasis, with varied but promising results. In 

Mexico an efficacy rate of 94% after one dose and 100% after two doses was reported 

(ZUMAQUERO et al., 2013); in Egypt a 97% efficacy was reported in children (KABIL et 

al., 2000). The first report of human fascioliasis in Nepal was successfully treated with 

nitazoxanide (SAH et al., 2017). Yet, in Cuba, no response to nitazoxanide treatment 

was found (DEL RISCO et al. 2005). There could exist regional differences due to 

geographical strains (ZUMAQUERO et al., 2013). 
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1.8.2.- RESISTANCE OF FASCIOLA HEPATICA TO ANTIPARASITIC DRUGS 
 
 Resistance to triclabendazole has also been reported in humans in The Netherlands 

(WINKELHAGEN et al., 2012), Chile (GIL et al., 2014), Turkey (GÜLHAN et al., 2015) 

and recently Perú (CABADA et al., 2016). The resistance found in Peru is particularly 

worrisome due to the hyper-endemicity of the area. If resistance to triclabendazol 

extends, it would be a very serious problem due to the lack of effective alternatives. 

 It should also be considered that there may be an overestimation of the resistance 

since there is a lack of consensus as to what method is used to determine resistance. 

Many instances of resistance are actually treatment failures due to other causes such 

as incorrect dosing, product failure, reduced metabolism of the drugs due to liver 

damage, etc. (FAIRWEATHER, 2011b). 

 One of the tests most widely used is the fecal egg count reduction test (FECRT) in 

which it is considered successful if there is a 95% reduction in fluke egg counts. Yet, 

results can be misleading, since F. hepatica eggs can be stored in the gall bladder for 

several weeks (CHOWANIEC & DARSKI, 1970), so the coprological exam can result 

positive even though there are no more flukes in the liver. 

 Another test that can be used when evaluating resistance to triclabendazol is the 

coproantigen reduction test (CRT) (GORDON et al., 2012). The problem with both 

FECRT and the CRT is when flukicides that affect only adults are evaluated, is that at 

the time of retesting (21 days post treatment), the younger flukes not targeted by the 

drug will have matured and release eggs or coproantigen and thus give false positive 

results even in susceptible populations. Another test that is being developed to evaluate 

resistance of F. hepatica to flukicides is the egg hatch assay (EHA). The EHA has been 

adapted to be used in F. hepatica, since flukicides can affect not only egg production 

and formation but also egg development and hatching (viability). Testing closantel, 

significative differences were found in egg morphometry, embryonation and hatching 36 

hours post treatment compared to untreated sheep. Even though closantel treated 

animals may eliminate eggs the first days after treatment, these are not viable, and 

thus, from an epidemiological point of view the treatment will have been effective even if 

eggs are being shed (SOLANAS et al., 2016). 
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1.9.- PREVENTION 
 
 To be able to control fascioliasis it is of utmost importance to know the epidemiology 

of each particular region. This is especially important in Argentina due to the great 

ecological and climatic diversity of the country. Too many control programs are based 

solely in the administration of triclabendazol on a routine basis, regardless of the 

characteristics that determine de dynamics of the disease. A protocol for administration 

to the drug in livestock that is in a subtropical region as can be in Northeast Argentina 

cannot be the same as the one used in southern Patagonia. The moment of infection 

depends on the emission of cercariae by the snails and these depend on the climate. 

The protocols will vary in the different regions and also in the same region depending of 

the climatic characteristics in any given period. Properly used, antiparasitic drugs can 

be centrally important in control and prevention of fascioliasis by preventing the 

infection of the snails and consequently the contamination of plants and water. 

 Other control methods are destined to prevent the ingestion of the metacercariae. In 

humans these are orientated towards the control of the consumption of aquatic plants 

that can be contaminated. Also, in many places the contamination is not by eating the 

plants with the metacercariae but by drinking water with the floating metacercariae. This 

can only be prevented by a correct treatment of the water to make it potable by filtering 

techniques (MAS-COMA, 2004). In the case of animals, were feasible, access should 

be limited to the sites were the snail populations and thus the metacercariae are 

present. For example, by fencing off springs were the snail populations thrive or the 

implementation of artificial water systems (KNUBBEN-SCHWEIZER & TORGERSON, 

2015). 

 With respect to the control of the snail populations, many systems and methods have 

been used with variable success. Incrementing the drainage of pastures will reduce the 

sites were the vectors can proliferate but this is usually a costly operation beyond the 

scope of most production systems (WILSON et al., 1982). Molluscicides have also been 

used, but due to the great reproduction capacity of lymnaeids the surviving snails very 

rapidly re colonise the site. Since the molluscicides, such as copper sulfate, are not 

selective and will affect much of the aquatic fauna of a given site including potential 

predators of the snails, so its use is being discontinued (MERA Y SIERRA, 2012). 
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CHAPTER II 
HUMAN FASCIOLIASIS IN ARGENTINA 
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2.- HUMAN FASCIOLIASIS IN ARGENTINA 
 
2.1.- RETROSPECTIVE OVERVIEW,CRITICAL ANALYSIS AND BASELINE FOR 

FUTURE RESEARCH 
 
 In Argentina, human fascioliasis has never been adequately analysed, although 

having a physiography, climate, animal prevalence and lymnaeids similar to those of 

countries where the disease is endemic such as Bolivia, Perú and Chile (APT et al., 

1993; ESTEBAN et al., 1998; MAS-COMA et al., 1999b).The purpose of the present 

ten-year research work is to provide an in-depth analysis of the results obtained in a 

thorough bibliographical search of human fascioliasis cases in Argentina. In that 

country, even though there are national data on animal fascioliasis, where 

slaughterhouse reports have been submitted to the authorities for practically a hundred 

years, there are, however, no official reports on human fascioliasis, because human 

infection by the liver fluke is not of obligatory declaration. Thus, published and 

unpublished written reports are the only source of information, whether they may be 

articles in scientific journals, books, university theses, communications at scientific 

meetings, or internal reports of agencies, ministries, hospitals, and health centres. 

 
 
2.2.- MATERIALS AND METHODS 
 
2.2.1.- INFORMATION SOURCES FOR CASE REPORTS 
 
 The literature review has been made from sources including databases, national and 

multinational web-entries and free collections, multititle packages or web platforms, 

libraries, and through personal e-mail requests when appropriate. 

 Human fascioliasis case reports were obtained from the following sources: a) local 

medical and veterinary articles published in Argentina: 38 references; b) local medical 

and biological publications from Uruguay: 2 references (BACIGALUPO et al., 1930; 

BACIGALUPO, 1942); c) a publication in a medical journal from Spain: 1 reference 

(CARENA et al., 1972); d) scientific communications in medical and veterinary 

congresses and meetings (abstract books): 7 references; e) a parasitology book 

published in Argentina: 1 reference (NIÑO, 1965); and f) doctoral theses made in 

universities from Argentina: 2 references (BOTO, 1939; SICILIANO, 1982). 
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 Permission to use and refer to the contents of the unpublished papers such as 

doctorate theses and certain meeting abstract books was previously obtained in all 

cases. In the very few cases in which permission was denied for different reasons, 

neither is the content reviewed nor is the paper included in the references. 

 Review methods: Different key words were used when searching in digital sources. 

Special efforts were made to obtain old references published in local journals or very 

secondary, non-digitalized journals, unpublished reports, abstracts of meetings, 

symposia, congresses or similar (usually produced by simple photocopying and in very 

reduced number of copies) and Master’s and PhD Theses. The scope on human 

fascioliasis was in need to be widened to non-medical journals, because this disease in 

humans was so neglected in the past that getting acceptance for a paper dealing with 

human reports in a medical journal was sometimes difficult time ago. 

 Due to the fact that most of the references are from local publications, the majority of 

them were not to be found in electronic databases. As an illustrative example, only two 

local articles (CARENA et al., 1972; RUBEL et al., 2005) could be retrieved from 

MEDLINE. 

 Therefore, manual searches had to be done in libraries in many instances. More than 

half of the references were more than 40 years old, giving rise to a long and difficult 

process to obtain them, since most are not kept at hand and thorough searches had to 

be performed. The difficulties encountered doing the bibliographical survey were 

numerous, principally due to the fact that most of the older material is outdated and the 

databases are still manual and in many instances incomplete. This is the main reason 

for the ten-year duration this overview and analysis have taken. 

 Quality assessment: In front of a bibliography of such characteristics, a great care 

had to be taken not to repeat the same case, since in many instances, duplications 

could be ascertained and the same patient accounted for in successive publications. 

Additionally, most of the old papers were published in local, non-peer-reviewed journals 

and several were made by non-specialists in fascioliasis. Consequently, data of such 

papers were originally not appropriately reviewed by referees and shall therefore be 

considered in many cases only at informative or suggestive level. This does not mean, 

however, that data contained in such literature may furnish more or less valuable 

information in one or another aspect. 

 Because of the peculiar nature of several of the papers analysed, some references of 

this article will be hardly available for the reader. Nevertheless, we consider that justice 

must be done to everybody who in one way or another contributed to the knowledge of 
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human fascioliasis in Argentina. Some references could never be found, such as for 

example the doctoral thesis that Andrada presented in 1970, and which could not be 

found even in the library of the university where it was made, presented and supposed 

to have been archived. Similarly, the abstract of the meeting communication by 

URRUTIA & FERRARIS (1962) could be obtained nowhere. 

 Owing to the impossibility to even know about the existence of internal reports in both 

private and official institutions, it cannot be assured that this review covers all studies 

carried out on human fascioliasis in Argentina. Anyway, the thorough search performed 

and the exhaustive information compiled is sufficient as to correctly estimate both 

history and present situation of knowledge on human fascioliasis in the country. 

 

 
2.2.2.- INFORMATION SOURCES FOR CLIMATIC DATA 
 

 For the analysis of the seasonal and yearly distributions of human cases with regard 

to the climatic characteristics, only the province of Córdoba was selected due to the 

relatively high number of human reports from that province. No other province 

presented a sufficient number of cases as to allow a significant comparative analysis. 

Apart from sporadic reports, specific information of the date the patients got infected, 

started with symptoms and were diagnosed that allows for the correlation with the 

climatic variables is available in a doctoral theses (SICILIANOS, 1982) that describes 

101 human cases in the province of Córdoba during the decades of 1960’s and 1970’s. 

 Mean monthly data of maximum and minimum temperatures, precipitation and 

humidity were obtained from the Servicio Nacional de Meteorología, Buenos Aires. Data 

analysed only concerned the decades of 1961-1970 and 1971-1980, during which the 

patients were infected as explained previously. The aforementioned climatic variables 

were furnished by ten different meteorological stations throughout the province of 

Córdoba, strategically selected according to the completeness of the data per station 

and the appropriate coverage of the geographical distribution of human cases. 

Geographical coordinates of the ten stations are as follows: Córdoba Aero (31º 19' S, 

64º 13' W); Córdoba Observatorio (31º 24' S, 64º 11' W); Dique Cruz del Eje (30º 45' S, 

64º 45' W); Dique La Viña (31º 53' S, 65º 02' W); Dique Pisco Huasi (30º 20' S, 64º 00' 

W); Embalse (32º 11' S, 64º 23' W); Huerta Grande (31º 05' S, 64º 29' W); Rio Cuarto 

Aero (33º 05' S, 64º 16' W); Rio Tercero (32º 10' S, 64º 08' W); and Villa Dolores Aero 

(31º 57' S, 65º 08 W). 
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 To investigate the correlation between the moment of diagnosis of the human cases 

in Córdoba province between the years 1961 and 1981, and different climatic 

parameters (precipitation, relative humidity, maximum temperature, and minimum 

temperature), Pearson’s correlation coefficient (r) was used by means of Infostat 2008 

software. The human cases where correlated with the climatic parameters on a month 

per month basis and considering time lags of 1, 2, 3, 4, and 5 months considering the 

incubation period of fascioliasis which can be of up to two to four months. A correlation 

analysis was also applied to assess the potential relationship between annual 

precipitation and the number of cases per year in the aforementioned years. 

 
 
2.3.- RESULTS 
 
2.3.1.- FIRST HUMAN CASES IN ARGENTINA  
 

 The first case published in Argentina concerned an Arab immigrant who had just 

arrived in Argentina (ROFFO, 1913). The onset of symptoms was upon arrival, 

indicating that the disease was most probably acquired in his homeland. The patient 

died and the diagnosis was made during autopsy when numerous flukes were found in 

the liver. Since this case was not autochthonous, it is not considered in this review. 

 This overview begins from the first autochthonous case in 1924 diagnosed by 

coprology (GREENWAY, 1924). More cases followed soon, such as a coprological 

diagnosed patient from San Luis province (BENGOLEA et al., 1927), another diagnosed 

during surgery (DEL VALLE & DONOVAN, 1928) and yet another one from San Luis 

province (BACIGALUPO et al., 1930). Fifty three cases had already been published 

prior to 1960. 

 The first WHO review (CHEN & MOTT, 1990) includes only 13 human reported 

cases in Argentina for the 1970-1990 period, namely only those reported by CARENA 

et al. (1972). This number of human cases was increased to 85 in the following 

extensive WHO initiative (MAS COMA et al., 1999a). The present review offers a 

completely new picture of human fascioliasis in Argentina, including a total of 619 

autochthonous cases in 58 reports of different kinds analysed up to 2010 (Table 2) 

which means that the number of human cases published is more than seven times 

greater than previously noted. Such a pronounced difference seems to be due to the 

great amount of overlooked local publications (and also communications at scientific 
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meetings with abstract books of restricted dissemination). When considering that 

human fascioliasis infection is in Argentina of non-obligatory declaration, similarly to the 

rest of the world, one may conclude that the number of infected patients should be even 

greater than that. Interestingly, the need for Argentinean health authorities to warn 

about this disease was already noted long ago when fascioliasis was cited in animals in 

the country for the first time (SAVOYAT, 1867). 

 Both report and case numbers follow a parallel evolution with quite important 

fluctuations (Figure 1). This result is most likely to be linked to particular circumstances 

encouraging physicians to publish their diagnosed cases rather than a real reflection of 

the annual evolution of the epidemiological situation. For instance, only two authors, C. 

Rodriguez and C. Siciliano (RODRIGUEZ, 1952, 1954, 1961; SICILIANO, 1982; 

SICILIANO et al., 1989) are responsible for 51% of the cases reported in Argentina, the 

decades when they were active publishing appearing as those decades with the 

greatest amount of cases (1960’s and 1980’s). 
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Fig. 1.- Reports on human fascioliasis in Argentina. Evolution of the number of reports on human fascioliasis and number of human 

infection cases in Argentina according to decades (MERA Y SIERRA et al., 2011). 
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2.3.2.- CHARACTERISTICS OF THE INFECTED POPULATION 
 
 In only 267 cases did the authors specify the gender of the patients: 120 (44.94%) 

were male and 147 (55.06%) were female. A somewhat higher preference for females 

(68.52% out of 54 subjects) was also found in the serological study performed with 

ELISA by MALANDRINI et al. (2009a) in the locality of Taton, Tinogasta, Catamarca, 

the only randomized survey carried out in Argentina so far. Unfortunately, no studies on 

eggs per gram of faeces (epg) have been performed in Argentinean patients, so that a 

gender relationship with intensity could not be assessed. Although that apparent prefer-

once for females is not statistically significant in Argentina, this trend is consistent with 

what has been described in human endemic areas: significantly higher intensities in 

females in Bolivia and Perú (ESTEBAN et al., 1997a, 1997b, 1999, 2002), and 

significantly higher prevalence in Chile (APT et al., 1993) and Egypt (ESTEBAN et al., 

2003). However, such a female preference rule does not always appear to be significant 

at prevalence level (ESTEBAN et al., 1997a,b, 1999, 2002; MOGHADDAM et al., 2004; 

ESPINOZA et al., 2007). 

 Age in years was specified in 219 (35.38%) patients and noted for guidance only 

(e.g., child, adult) in another 12. The range was from 3 (SICILIANO, 1982) to 95 years 

of age (MALANDRINI et al., 2009a) (average 37.09 ± 17.07 years) (Figure 2). In 

Argentina, the only random survey detected positivity from small children to old 

individuals, without age preference (MALANDRINI et al., 2009a). This study was 

performed in an Andean locality in the department of Tinogasta, province of Catamarca. 

This absence of age correlation contrasts with other countries, where prevalence and 

intensities peak in the 9-11 age group, although adults and old age groups may also 

show high infection rates, as is the case of Bolivia (ESTEBAN et al., 1997a,b, 1999) 

Perú (ESTEBAN et al., 2002) and Egypt (ESTEBAN et al., 2003). However, no 

differences between age groups were found in Chile (APT et al., 1993) or Iran 

(MOGHADDAM et al., 2004). 

 In Argentina, several outbreaks presenting typical food borne characteristics appear 

related to the most common risk factor: ingestion of watercress naturally growing along 

the river- and stream-beds picked during recreational, weekend or vacation activities. 

Many of these field excursions are undertaken by a family or as a group activity. This 

explains why family outbreaks have been noted to be common, whereas isolated cases 

seem to be rare in the country (NIETO SOSA et al., 2008). Outbreaks described in 

eleven families involving a total of 63 people (SICILIANO et al., 1989; NIETO SOSA et 
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al., 2008; SALOMON et al. 2006; OSSOLA et al., 1972; PEIRETTI & MORALES, 1973; 

MINOPRIO et al., 1995; BACIGALUPO, 1942), including a maximum of up to 15 family 

members affected at once (NIETO SOSA et al., 2008) are good examples. However, 

results obtained in a recent serological survey of a local resident population in 

Catamarca (MALANDRINI et al., 2009a) illustrate that not all situations including several 

infected subjects are in fact family outbreaks. 

 
 
2.3.3.- BIOGEOGRAPHICAL ASPECTS 
 
2.3.3.1.- GEOGRAPHICAL DISTRIBUTION ACCORDING TO PROVINCES 
 

 The geographical origin of the patients was specified in 587 patients (94.83%), 

whereas in 32 cases (5.17%) not even the province of origin was noted. Sometimes 

only the province where the infection occurred was mentioned, in other instances the 

specific locality was also added. 

 Human cases have been found in 13 out of the total of 23 provinces plus Buenos 

Aires capital, covering more than half (51.48%) of the total surface of continental 

Argentina. Córdoba, Catamarca, San Luis and Mendoza include the largest number of 

patients detected, the remaining provinces being only rarely affected (Table 3, Figure 

3). Human infection has most probably been completely overlooked in La Rioja and San 

Juan provinces, with no case reported despite being surrounded by the aforementioned 

provinces. Adequate studies are needed to assess whether human infection occurs in 

La Rioja and San Juan, given their physiographic and climatic characteristics, which 

suggest infection risks similar to those in the aforementioned neighbouring ones. 
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Fig. 2.- Age of fascioliasis patients. Age distribution in 219 patients in whom fascioliasis was diagnosed (MERA Y SIERRA et al., 2011). 
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 The pronounced concentration of cases in the Córdoba and Andean areas is worth 

mentioning, although not in absolute numbers, at least with regard to the proportion of 

human case distribution. Unfortunately, human community surveys (active detection) 

have not been undertaken. All reports concern symptomatic subjects who voluntarily 

seek medical assistance (passive detection), except the only survey performed 

(MALANDRINI et al., 2009a) whose results increased the human case number for 

Catamarca province from 9 to 73. 

 The very high case number in Córdoba results from patients diagnosed by different 

physicians throughout many decades (see Table 3), mainly at the end of the 50s and 

beginning of the 60s, as noted in the compilation, made by one active Cordobese 

author, of the many patients diagnosed by himself plus the 150 patients diagnosed by 

other Cordobese colleagues, and which he presented at the Primer Congreso Médico 

Sanitario de la Provincia de Córdoba, held in La Falda on August 1957 (RODRIGUEZ, 

1961). Although of course such a pronounced case number difference when comparing 

Córdoba with other provinces may in part be the consequence of a bias due to the 

absence of similarly actively publishing authors in the other provinces, the very high 

case number in Córdoba merits an analysis. The literature review suggests an 

explanation related to the very large number of villages and towns playing an important 

role in recreational, weekend or holiday activities. These recreational areas attended by 

thousands of tourists, campers or weekend visitors overlap with areas in which 

lymnaeids and animal fascioliasis are present (Figure 4) (NIETO SOSA et al., 2008). In 

such places, the infection risk for a large amount of people is greater than in scarcely 

inhabited Andean areas. Moreover, the social, cultural and economic level of people 

spending holidays in such areas is high and the likelihood for them to seek appropriate 

medical assistance and obtain a correct diagnosis is greater than for people living in 

rural areas. 

 This highlights that people may become infected in a place different, sometimes even 

far or very far away, from the place where they live. Several family outbreaks described 

in Córdoba province support this assumption: the first such outbreak in La Calera 

(BACIGALUPO, 1942), another family infected during a picnic, another during a few 

days camping, another family buying uninspected watercress sold by a street vendor 

(OSSOLA et al., 1972), and finally an eight-member family in La Punilla (NIETO SOSA 

et al., 2008). In San Luis province, an outbreak involved two families that camped 

together in El Volcán (PEIRETTI & MORALES, 1973), and another affected 15 family 

members in Merlo (NIETO SOSA et al., 2008). Similar family outbreaks occurred in 
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Mendoza province, one involving five members (MINOPRIO et al., 1995) and another 

with five members infected during a trip to the Andean region of San Carlos (SALOMON 

et al., 2006; LLORET et al., 2005). 

 

 
2.3.3.2.- DISTRIBUTION ACCORDING TO ALTITUDE 
 

 Even though human infection risk is present in many geographical regions of the 

country, data indicate higher probabilities in given high altitude areas. Indeed, the great 

majority of cases including information on infection place (574: 97.79%) are from hilly or 

mountainous areas. Human reports appear concentrated in: (i) the central mountainous 

areas of Córdoba and San Luis, and (ii) the Andes mountains, mainly in Andean 

valleys. 

 Córdoba, the province with the greatest amount of cases, is a good example, with 

practically all human cases coming from its western mountainous areas (Sierras de 

Córdoba), despite higher precipitation rates and livestock abundance in its eastern 

lowland plains. Nevertheless, a possible sample bias cannot be ruled out in this case 

concentration due to the extensive patient record publication by two local authors 

(RODRIGUEZ, 1952, 1954, 1961; SICILIANO, 1982; SICILIANO et al., 1989). Similar 

situations are found in San Luis and Mendoza provinces, both with all human cases 

from their western mountainous areas, instead from their eastern plains. 

 Only 13 cases (2.21%) originated from areas near sea level and flat terrain, namely 

from Buenos Aires province and city, Santa Fe, Chaco and Formosa. These few reports 

were all related to important rivers. One interesting case was a patient from Buenos 

Aires city who declared not having left the city in the previous 17 years (CACERES, 

1955). 

 Such a case concentration in mountainous areas is not unlike Bolivia, Perú and 

Chile, where human endemic areas are linked to altitude areas, as a consequence of 

both (i) geographical distribution of the main lymnaeid vectors involved in transmission 

to humans restricted to or preferring such altitude areas (MAS-COMA et al., 1999c), 

and (ii) the greater liver fluke transmission capacity in high altitude areas (MAS-COMA 

et al., 2001). This suggests the appropriateness of verifying whether human fascioliasis 

endemic situations may also exist in high altitude areas of Argentina. 
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2.3.3.3.- LINKS TO LIVESTOCK INFECTION 
 

 The distribution of human infection does not appear to fit the one of animal 

fascioliasis, which covers the whole country according to official slaughterhouse records 

(Figure 3). In this respect certain areas are worthy of note, such as Corrientes province 

with absolutely no human case reported in the literature but high prevalence in livestock 

(MORIENA et al., 2001, 2002; LOMBARDERO et al., 1979a,b), and Neuquén province 

with only two human cases reported (RUBEL et al., 2005; RIOS et al., 2008) despite a 

very high prevalence in cattle (KACZORKIEWICZ, 1983).  

 A similar lack of geographical fit between human and animal fascioliasis has already 

been seen in other countries (MAS-COMA et al., 2005, 2009a; BARGUES et al., 2017). 

Unfortunately, in Argentina it becomes impossible to ascertain whether this is the real 

situation or only a distorted picture due to incomplete data. Lack of appropriate human 

community surveys in areas with high prevalences in animals, absence of human-case 

reporting due to non-obligatory declaration, and overlooked human infection related to 

misdiagnosis or to inhabitants of rural areas not attending health centres for diagnosis 

may explain such situations. 

 However, the lack of geographical fit in question may also be due to an altitude 

factor, in its turn related to both (i) altitudinal selection of lymnaeid vector species with 

ecological characteristics adequate for transmission to humans and (ii) altitudinal 

climatic factors enhancing F. hepatica life cycle development, as already demonstrated 

in other Andean countries (MAS-COMA et al., 2001; ESPINOZA et al., 2007). 

Concentration of human cases in hilly or mountainous areas supports this altitude 

explanation. 

 
 
2.3.3.4.- SEASONALITY 
 

 Both fasciolid life cycle and lymnaeid population dynamics are markedly dependent 

on climate, mainly temperature and rainfall (FUENTES et al., 1999; MAS COMA et al., 

2008, 2009b; OLLERENSHAW, 1971). This climatic influence is evidenced by three 

different transmission patterns which define human and animal infection characteristics  

  



 

69 
 

  
Fig. 3.- Geographical distribution of fascioliasis in Argentina. A) country location in the southern cone of South America; B) distribution 

of human fascioliasis infection reports (number of cases), according to provinces where infection was presumed to have 
occurred; C) distribution of fascioliasis in livestock including province prevalences according to slaughterhouse condemnation 
data for the 2006-2009 period provided by the Servicio Nacional de Sanidad y Calidad Agroalimentaria (SENASA) (bov = 
bovines; ov = ovines) (MERA Y SIERRA et al., 2011). 
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(MAS-COMA, 2004; MAS-COMA et al., 2005) monoseasonal, biseasonal and annual, 

permanent depending on the existence of one rainfall concentration period per year, 

two of them, or appropriate water body availability throughout the year (FUENTES et 

al., 1999; MAS-COMA et al., 1999c). Sometimes seasonality is related to the ingestion 

of contaminated plants, with most human cases occurring during the watercress season 

(MAS-COMA et al., 1999b, 2018).  

 To estimate the moment when metacercariae were ingested, a prepatent period of 2-

4 months should be considered. This overlaps with the acute phase, egg appearance in 

faeces marking the beginning of the chronic phase (MAS-COMA, 2004). For instance, 

in Europe, human infection takes place in summer and autumn and symptoms appear 

in winter, and a prolonged and wet summer has often been followed by an outbreak 

(MAS-COMA et al., 1999b, 2018). 

 In Argentina, a total of 110 case reports were found in which the month of the first 

appearance of symptoms was noted. Most of them (97) corresponded to reports from 

Córdoba province, of which 93 had already been analysed from that point of view 

(SICILIANO, 1982). 

 A first pronounced January-April peak appears in the monthly distribution of these 

110 cases. Interesting results arise when comparing case distribution with the annual 

distributions of mean monthly of precipitation (m.m.p.) and humidity (m.m.h.) and with 

mean monthly data of maximum (m.m.max.temp.) and minimum temperatures 

(m.m.min.temp.) for Córdoba province. There is a significant correlation when a 2 

month time lag is applied between the presentation of the disease with m.m.p. 

(p=0.013) (Figure 4), m.m.max.temp. (p=0.008), and m.m.min.temp. (p=0.0069). These 

are even more significant when a 3 month time lag is applied (p values of 0.003, 0.0049 

and 0.0035, respectively). 

 
. 
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Fig. 4.- Human fascioliasis monthly incidence. Distribution of human fascioliasis incidence according to the month, in which symptoms 

appear, compared with the annual distributions of mean monthly data of precipitation, humidity, and maximum and minimum 
temperatures (MERA Y SIERRA et al., 2011). 
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 Data concerns the province of Córdoba in the 1960’s and 1970’s when the patients 

were infected and 4 months (p values of 0.0389, 0.0293 and 0.0358, respectively) were 

considered. This fits with the logical delay between infection moment and symptom 

appearance and diagnosis. However, this largest peak of January-April may not only be 

due to higher precipitation and temperature data. Many people enjoy summer holidays 

in January and February in Córdoba province, so that the increase of recreational field 

activities may also interact with rainfall and temperature increases in inducing this 

monthly January-April incidence peak. 

 There is a second peak in June which poses a question mark, as no such climatic 

correlation appears. Other factors may be involved, such as the second yearly increase 

of recreational field activities during the Easter holidays. Metacercariae are known to 

keep their infectivity for months (even up to two years) under adequate environmental 

conditions (VALERO & MAS-COMA, 2000) so that remaining metacercariae, namely 

those already available but not having been ingested from January, may be the cause 

of that delayed incidence peak. 

 Human infection, mainly during the first months of the year, is also suggested in 

another 15 case reports from Córdoba, in which the first month with symptoms was 

unfortunately not specified (therefore not included in the aforementioned statistical 

analysis) but the season of autumn (i.e., 21 March to 21 June) was noted (SICILIANO 

et al., 1989). 

 However, in Argentina other transmission patterns and human infection risk 

seasonality’s/periodicities may not be ruled out according to the large physiographical 

heterogeneity of the different endemic areas of such a vast country. 

 

 

2.3.3.5.- RELATIONSHIPS WITH ANNUAL CLIMATE CHANGES 
 
 The climatic dependence of fascioliasis is also known to modify the inter annual 

distribution of human case detection, with increases in years with heavy rainfall (MAS-

COMA et al., 1999b; MAS-COMA, 2004; AFSHAN et al., 2014). 

 When analyzing the evolution of the human case number in the whole country 

according to decades, one peak appears in the 1960s and another one in the 1980s 

(Figure 1). The annual human case number for a more detailed study was, however, 

only sufficient when restricted to Córdoba province during the 1960’s and 1970’s. The 

comparative analysis with annual precipitation (Figure 5) shows that the 1972 outbreak 
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may have been caused by the sudden increase of rainfall in that year in Córdoba 

province, as already highlighted a long time ago (SICILIANO, 1982). However, we could 

not find any significant correlation. 

 The most pronounced outbreak in 1977 does not appear to have any apparent 

climatic causal origin, although it was argued that this year was the one with the largest 

amount of precipitation during the 1973-1981 period (SICILIANO, 1982). We have 

confirmed that the rainiest year in the Córdoba area in question was 1978 and not 1977. 

Thus, this second human report increase may have been linked to a passing fad or 

temporary professional trend for reporting. 

 
 
2.3.4.- SOURCES OF HUMAN INFECTION  
 

 Humans become infected when ingesting the metacercariae that are attached to 

edible and chewable plants or the floating metacercaria, either directly from drinking 

water or when using contaminated water to wash food or kitchen utensils (MAS-COMA 

et al., 2018). The ingestion of freshwater plants carrying infective metacercariae, 

amongst which preferentially watercress (Nasturtium officinalis), is known to constitute 

one of the most frequent fascioliasis infection source in humans (MAS-COMA, 2005; 

ASHRAFI et al., 2006). The consumption of aquatic plants other than watercress, as 

described in the hyperendemic area of Bolivia (MAS-COMA et al., 1995) and other 

endemic regions of the world, such as the Guilan province in Iran or south-eastern 

Asian countries is not a common practice in Argentina (MAS-COMA et al., 2018). 

Watercress is almost the only aquatic wild plant regularly consumed. In this country, 

with the highest beef consumption in the world, it is traditional to accompany barbecue 

meat (“asado”) with salad. When camping or doing outdoor activities, it is very common 

to go to a stream and collect watercress to cover for the absence of salads. Physicians 

should ask if the person has visited recreational waters in endemic areas, since it is 

frequent that the patients come in contact with the infection sources during vacation or 

recreational activities. 

 Previous watercress ingestion has been described in 214 patients. A relationship 

between watercress and fascioliasis was described already long ago (BENGOLEA et 

al., 1927; BACIGALUPO et al., 1930) and has recently been highlighted again in an 

editorial article (BARCAT, 2005). Amongst a total of 101 cases reported from Córdoba, 

94 (93.07%) had a history of watercress consumption (SICILIANO, 1982). 
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 Besides watercress, there are a very few reports which relate fascioliasis to other 

plants. In two cases from Córdoba province, ingestion of dandelion (Taraxacum 

officinale) was noted as a possible infection source (SICILIANO, 1982). Two other 

patients aren’t mentioned to have chewed on grass that grew on a riverbank (BOTO, 

1939). 

 Water consumption has also been involved as a human infection source (MAS-

COMA, 2004). In Argentina, natural water was already presumed to be an infection 

source for livestock as early as two centuries ago (SAVOYAT, 1867). With regard to 

humans, contaminated water as a possible infection source was noted in only two 

patients who mentioned having drunk natural water from mountain streams (MINOPRIO 

et al., 1995; BOTO, 1939).  

 

 

2.3.5.- DIAGNOSTIC ASPECTS 
 
2.3.5.1.- METHODOLOGICAL AND TECHNICAL PROBLEMS 
 

 The diagnosis of human fascioliasis poses well-known methodological and technical 

problems (ESTEBAN et al., 1998; HILLYER, 1999; MAS-COMA et al., 2005). The 

different epidemiological and clinical situations imply that the diagnostic methods have 

to be decided upon the particular circumstances. Since the incubation phase (few days 

to 2-3 months) is inferior to the prepatent period (three to four months) there will be 

many weeks in which the patient may show clinical signs yet the coprological results will 

be negative. In such cases, the serological tests become essential, yet, the usual 

situation is that these tests are not available in the endemic areas and have to be done 

in reference centers that are usually very far away with all the complications that this 

implies. There are even regions of the world that apparently common procedures such 

as obtaining blood or faecal samples is sometimes not viable. In Aymara communities 

in Bolivia there were serious problems to obtain blood samples and in regions of 

Argentina, such as Catamarca, the same is true for faecal samples (MAS-COMA et al., 

2014). 
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Fig. 5.- Human fascioliasis annual incidence. Distribution of human fascioliasis incidence according to the year, in which symptoms 

appear, compared with annual precipitation data. Data concerns the province of Córdoba in the 1960-1982 period during which 
the patients were infected (MERA Y SIERRA et al., 2011). 
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In Argentina, the diagnostic method used was specified in the majority of the human 

patient reports analysed (454 cases: 73.34%) (Table 2). In several cases, even more 

than one method/technique was used. The diagnostic method was not specified when 

referring to 150 unpublished cases detected by other colleagues (RODRIGUEZ, 1961) 

and it was insufficiently clarified in 15 other cases mentioned in an endnote as “patients 

having been diagnosed while in press” (STRADA, 1961). 

 Fascioliasis diagnosis in Argentina has usually relied on traditional techniques, 

mainly egg detection (288 positive patients), followed by common serological 

techniques (82), intradermal reaction (63), fluke finding during surgery (45), and erratic 

fluke observation (6). Sensitivity and specificity of these techniques are far from the 

standards in more modern ones (O’NEILL et al., 1998; ESPINOZA et al., 2007; UBEIRA 

et al., 2009). Additionally, the absence of the use of quantitative methods, such as the 

standardized Kato-Katz technique to assess both pathogenicity and intensity for 

adequate treatment dose selection (WHO, 2007), is worth mentioning. 

 An historical account (see Table 2) shows that diagnosis by egg identification was 

the method used from the very beginning and, although still used in the last decade, 

surgical findings were common during the 1969-1989 period and serology from 2005 

onwards. The intradermal test appears to have been used only during the 60’s and at 

the beginning of the 70’s and abandoned after 1982. Other methods based on 

clinical/epidemiological observations, non-invasive techniques, and ectopic 

presentations have been only sporadically applied. 

 The long delay with which many patients were diagnosed should be emphasized. In 

given reports on 26 patients, the time elapsed between the appearance of symptoms 

and confirmation of infection by appropriate diagnosis is noted in days or sometimes 

years. Calculated delay average is very high, of 1,262 days, nearly three and a half 

years, and there are references about patients having suffered from symptoms for ten 

or more years without diagnosis (BENGOLEA et al., 1927; DEL VALLE & DONOVAN, 

1928; CAMES, 1940, 1947; CID, 1947; SOLARI & CANEPA, 1943; GIFFONIELLO et 

al., 1983;). This suggests either infected subjects not looking for professional diagnosis 

due to mild symptoms of low fluke burdens and/or misdiagnosis of patients due to the 

non-pathognomonic clinical picture, easily confused with other diseases when the 

patient attends a health centre not used to dealing with fascioliasis (LA POOK et al., 

2000). 
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2.3.5.2.- COPROLOGICAL ANALYSES  
 
 Coprological analyses were performed in 278 patients, including positive egg finding 

in 221 (79.50%). Details about the coprological technique used were very rarely 

described. Where noted, the Charles Barthelemy sedimentation technique, M.I.F., 

flotation, Baerman and multiple concentrations were mentioned, although with-out 

giving further specifications (RODRIGUEZ, 1961). Other techniques, such as the 

veterinary Lumbreras rapid sedimentation technique, (SICILIANO et al., 1989) and 

those of Faust and Sheather (SALOMON et al., 2006), have been also used in 

Argentina. 

 Duodenal sondage was performed in 90 patients, yielding egg detection in 67 

(74.44%). Interestingly, nine cases appeared negative in a coprological examination, 

while positive in duodenal sondage. 

 Despite egg finding still being the gold standard today, problematic situations giving 

rise to overlooking an infection may be taken into account, such as (i) absence of egg 

shedding during the acute phase, (ii) no egg production by given fluke strains when in 

humans, and (iii) lack of sufficient sensitivity in light infections. These are common in 

human sporadic infections in animal endemic areas, as appears to be the case in many 

reports from Argentina, e.g. in travelers, weekend family outings, and tourists. Thus, the 

widespread use of an egg finding technique as the single method for patient diagnosis 

may have been the reason for overlooking human infection in Argentina in the past. 

 Unfortunately, no study on egg size variability in human stools has been performed in 

the country. Consequently, given the absence of F. gigantica, the recently corrected 

egg size ranges to be henceforth used in Argentina for F. hepatica are 100.6-

162.2/65.9-104.6 μm in humans and 73.8-156.8/58.1-98.1 μm in animals (VALERO et 

al., 2009a) which are pronouncedly different from the range of 130-150/63-90 μm 

previously used both for humans and animals worldwide. 

 

 

2.3.5.3.- SEROLOGY 
 

 Its use in Argentina has been reported only recently, despite serological techniques 

having been available for this disease for a long time (HILLYER, 1999). However, an 

ELISA developed locally by means of recombinant procathepsin L cystein proteinase 

was successfully assayed in test serum samples from 16 coprological positive patients 
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(CARNEVALE et al., 2001a), and a Micro-ELISA method showed a sensitivity of 100% 

and a specificity of 97% when applied to 22 test serum samples from patients with 

fascioliasis infection previously verified by coprology, surgical observation or retrograde 

cholangiopancreatography, thus proving to be highly useful, mainly for the previous 

screening of a large amount of samples (CARNEVALE et al., 2001b).The technique 

specified was such an ELISA in 69 cases (RUBEL et al., 2005; SALOMON et al., 2006; 

RIOS et al., 2008; MALANDRINI et al., 2009a,b). In another case, an ELISA without 

further details specified was employed (CORTI et al., 2006).  
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Table 2.- Human fascioliasis reports in Argentina, arranged chronologically, including details on infection according to number of cases, 
gender, province, diagnostic method, treatment, and clinical data (MERA Y SIERRA et al., 2011). 

 

Year Author N° of 
cases 

Gender 
 Province Diagnostic 

 Method Treatment Clinical Data 

1924 Greenway 1 NS(1) NS(1) Ec(1) NS(1) NS(1) 
1927 Bengolea et al. 1 F(1) SL(1) Ec(1) Es(1) NS(1) AP(1) 

1928 Del Valle & 
Donovan 1 F(1) NS(1) Surg(1) NS(1) AP(1) Nau(1)Ic(1) HA(1) 

1930 Bacigalupo et al. 1 F(1) SL(1) Ec(1)Es(1) NS(1) NS(1) 
1933 Mascheroni 1 F(1) BA(1) Ec(1) Es(1) NS(1) NS(1) 

1933 
Scrimaglio (In 

Bacigalupo et al. 
1943) 

1 M(1) SFe(1) Ec(1) Es(1) NS(1) NS(1) 

1937 Castex & 
Greenway 1 M(1) Cba(1) Ec(1) Ect(1) NS(1) AP(1) Lks(1) 

1939 Boto 1 F(1) Tuc(1) Es(1) Em(1) Eo(1)AP(1)Fev(1)Lks(1)Urt(1) 
1940 Cames 2 M(2) Cba(1) SFe(1) Es(1) Surg(1) Em(2) MFE(1) Eo(1) AP(1) Fev(2) WL(1) Ic(1) 
1942 Bacigalupo 5(fo1) F(2) M(3) Cba(4) BA(1) Ec(2) Es(1) CE(2) Em(4) NS(1) Eo(4) AP(4) Fev(3) WL(1) 
1943 Solari & Canepa 1 F(1) Cba(1) Es(1) Em(1) AP(1) 
1943 Bacigalupo et al. 1 M(1) Cba(1) Ect(1) Em(1) Eo(1) AP(1) 

1944 Cuenya 3 F(1) M(2) Tuc(1) Ju(1) 
Sal(1) Ec(3) Es(1) NS(3) AP(1) 

1952 Rodríguez 16 F(3) M(1) 
NS(12) Cba(15) Cat(1) Ec(16) NS(16) Eo(5) Ap(1) Lks(4) Ic(1) 
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Table 2. Continuation 
Year Author N° of 

cases 
Gender 

 Province Diagnostic  
Method Treatment Clinical Data 

1953 Longo & Daraio 1 F(1) Sal(1) Surg(1) NI(1) Em(1) AP(1) Urt(1) Nau(1) Lith(1) Vo(1) 
1954 Petraglia 1 M(1) Cha(1) Ec(1) Em(1) AP(1) Eo(1) Fev(1) 

1954 Rodríguez 10 F(1) M(2) 
NS(7) 

Cba(9) Cat(1) Ec(10) NS(10) Eo(4) Lks(1) 

1955 Cáceres 1 F(1) BAcity(1) Surg(1) Em(1) AP(1) Fev(1) Ic(1) Lith(1) Vo(1) 
1955 Logaldo 1 F(1) Mza(1) Surg(1) Em(1) Ap(1) Nau(1) Lith(1) 

1961 Ahualli & Arias 1 F(1) Tuc(1) Es(1) Em(1) AP(1) WL(1) Nau(1) Vo(1) HA(1) 
Dia(1) 

1961 Rodriguez 23 NS(23) Cba(22) Cat(1) Ec(23) NS(23) NS 

1961 
“Other authors” 

cited in 
Rodriguez 1961 

150 NS(150) Cba(150) NS(150) NS(150) NS 

1961 Strada 19 F(1) M(1) 
NS(17) Cba(19) Ec(1) Es(2) Surg(1) 

NS(15) Em(2) NS(17) Eo(2) AP(3) Fev(3) Lks(1) WL(1) 
Vo(1) HA(1) 

1962 

Urrutia & 
Ferraris (in 
Correa et al 

1969  

1 NS(1) NS(1) Surg(1) NS(1) NS 

1964 Cornejo & 
Castillo 1 M(1) Sal(1) Ec(1) Es(1) Em(1) Eo(1) Lks(1) 

1964 Simon et al. 1 M(1) Mza(1) Es(1) ID(1) Em(1) 
Eo(1) AP(1) Fev(1) Lks(1) WL(1) 

Vo(1) 

1964 Cañas et al. 1 M(1) Ju (1) Es(1) Em(1) AP(1) Asth(1) Nau(1) Dia(1) Cst(1) 
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Table 2. Continuation 
Year Author N° of 

cases 
Gender 

 Province Diagnostic M 
ethod Treatment Clinical Data 

1965 Niño 4 NS(4) BAcity(2) NS(2) Ec(2) Es(2) NS(4) NS 

1967 Sosa & Romero 2 F(1) M(1) Cba(2) Es(2) Em(2) Eo(2) AP(1) Fev(2) WL(1) Nau(1) 
Vo(1) Dia(1) 

1969 Peiretti et al. 17 NS(17) Mza(15) SL(2) Es(5) ID(17) NS(17) NS 

1969 Trossero & 
Nocetti 1 F(1) SFe(1) Surg(1) Em(1) AP(1) Fev(1) Ic(1) Vo(1) 

1969 Correa et al. 1 F(1) Cba(1) Surg(1) Ect(1) NS(1) AP(1) Fev(1) Urt(1) Nau(1) Ic(1) 
Vo(1) HA(1) 

1970 Padilla Antoni et 
al. 1 NS(1) Tuc(1) Surg(1) NS(1) Eo(1) AP(1) Vo(1) HA(1) 

1972 Carena et al. 13 F(4)M(9) Cba(11) Cat(1) 
Tuc(1) Es(13) Em(13) Eo(13) AP(8) Fev(1) Asth(3) Urt(2) 

HA(2) Cst(1) Dia(1) 

1972 Ossola et al. 12(fo3) F(7) M(5) Cba(12) Ec(2) Es(2) ID(12) NS(12) Eo(11) AP(12) Fev(9) WL(8) Asth(10) 
Urt(4) Ic(3) Cst(3) Dia(2) 

1973 Sonzini Astudillo 
et al. 5 F(4) M(1) NS(5) Es(1) Surg(4) Em(1) NS(4) Eo(1) AP(4) Asth(1) Lith(3) Ic(4) 

HA(1) 

1973 Peiretti & 
Morales 4(fo1) F(1) M(3) SL(4) ID(4) Em(4) Eo(4) AP(4) Fev(2) Lks(2) WL(1)Ic(1) 

Cst(1) Vo(1) 
1981 Majul et al. 6 NS(6) NS (6) Es(2) Surg(6) Em(6) Eo(2) AP(6) Lith(6) 

1981 
Alaggia (in 

Andrada et al., 
1983 ) 

16 NS(16) NS(16) Surg(16) NS(16) SD 

1982 Pizzi et al. 54 NS(54) Cba(54) Ec(54) NS(54) NS(54) 
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Table 2. Continuation 
Year Author N° of 

cases 
Gender 

 Province Diagnostic M 
ethod Treatment Clinical Data 

1982 Siciliano 101 F(50) M(51) Cba(101) Ec (61) Es(16) ID(29) Em(97) Clq(4) Eo(87) AP(78) Fev(58) Lks(69) WL(56) 
Anrx(53) Asth(67) Urt(37) Nau(31) 

1983 Andrada et al. 5 F(5) Cat(5) Surg(4) NI(5) Em(5) Eo(3) AP(5) Urt(1) Ic(2) Lith(2) 

1983 Giffoniello et al. 2 F(1) M(1) Cba(2) Es(1) Surg(1) NI(1) Em(2) Eo(2) AP(2) Fev(2) WL(1) Asth(1) 
Lith(1) Vo(1) HA(1) 

1985 Miguel et al. 5 NS(5) BA(3) Mza(1) 
For(1) Es(5) Em(5) Eo(1) AP(5) Lks(4) Ic(2) 

 

1989 Siciliano et al. 15(fo2) F(9) M(5) 
NS(1) Cba(15) Ec(12) Es(1) 

Surg(2) Em(15) Eo(14) AP(15) Fev(15) Lks(10) Urt(8) 
Ic(2) 

1991 Melero et al. 1 M(1) SL(1) Es(1) NI(1) Tcl(1) Eo(1) AP(1) Fev(1) Lks(1) WL(1) 

1995 Minoprio et al. 5(fo1) F(3) M(2) Mza(5) Ect(1) CE(4) NI(3) Tcl(5) Pzq(1) Eo(3) AP(2) Fev(2) Lks(1) Asth(2) 
Urt(3) Ic(1) 

2000 Ale et al. 1 F(1) SL(1) Ec(1) NS(1) Eo(1) Lks(1) 

 

2005 Carnevale (in 
Rubel et al.  4 NS(4) SL(4) Ser(4) NS(4) NS 

2005 Rubel et al. 1 F(1) Neu(1) Ser(1) Tcl(1) Eo(1) AP(1) Fev(1) Lks(1) 

2006 Salomon et al. 5(fo1) NS(5) Mza(5) Ec(2) Es(1) Ser(2) 
CE(2) NS(5) Eo(5) Lks(5) 

2006 Corti et al. 1 F(1) Cba(1) Ser(1) NI(1) Tcl(1) Eo(1) Fev(1) 
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Abbreviations: F: female; M: male; NS: not specified; Fo: family/group outbreaks. 
Provinces: BA: Buenos Aires; BAcity: Buenos Aires city; Cat: Catamarca; Cha: Chaco; Cba: Córdoba; For: Formosa;  
Ju: Jujuy; Mza: Mendoza; Neu: Neuquén; Sal: Salta; SL: San Luís; SFe: Santa Fé; Tuc: Tucumán. 
Treatment: Em: emetine; Tcl: triclabendazole; Alb: albendazole; MFE: male fern extract; Pzq: praziquantel; Clq: Cloroquine. 
Diagnostic Method: Ec: egg observation in coprological sample; Es: egg observation in sample obtained by sondage; ID: intradermal test; 
Surg: surgical; CE: clinical/epidemiological; Ect: ectopic presentation; NI: non invasive image-based diagnosis; Ser: serology. 
Clinical Data: AP: abdominal pain; Anrx: anorexia; Asth: asthenia; Cst: Constipation; Dia: diarrhea; Eo: eosinophilia; Fev: fever; HA: 
headache; Ic: ictericia; Lks: leucocitosis; Lith: lithiasis; Nau: nausea; Urt: urticaria; Vo: vomiting; WL: weight loss. 
Note: number of cases noted in parenthesis. 
 

Table 2. Continuation 
Year Author N° of 

cases 
Gender 

 Province Diagnostic   
Method Treatment Clinical Data 

2008 Rios et al. 1 M(1) Neu(1) Ec(1) Ser(1) Alb(1) Eo(1) AP(1) Fev(1) Lks(1) Asth(1) 
Urt(1) 

2008 Nieto Sosa et al. 23(fo2) NS(23) Cba(8) SL(15) Ec(23) Ser(9) Em(15) Tcl(8) Eo(23) AP(23) Fev(23) Lks(23) 
2009 Malandrini et al. 54 F(37) M(17) Cat(54) Ser(54) NS(54) NS 
2009 Malandrini et al. 10 NS(10) Cat(10) Ser(10) NS(10) NS 
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 In 13 patients the serological technique applied was not mentioned (RIOS et al., 

2008; NIETO-SOSA et al., 2008). In three patients diagnosed by coprology or duodenal 

sondage, serology appeared positive, being negative in two other patients in whom 

eggs were not found (SALOMON et al., 2006). Surprisingly, when applying serology to 

11 patients shedding eggs in their stools, only nine of them gave a positive serological 

result (NIETO SOSA et al., 2008). The two coprological positive although serologically 

negative patients suggest either spurious cases (fluke eggs in transit after infected 

livestock liver ingestion) or lack of sufficient sensitivity of the serological test applied. 

The opposite, that is negative coprology and positive serology, was found in another 

case (CORTI et al., 2006). In many human case reports, serology was the sole 

diagnostic method used (RUBEL et al., 2005; MALANDRINI et al., 2009a,b). 

 Serological diagnosis was mentioned to have been used in the only article dealing 

with a random human survey performed in Argentina up to the present. In 148 randomly 

selected subjects from Tinogasta, province of Catamarca, ELISA was positive in 54 of 

whom (36.48%), as well as in ten amongst other 14 patients from the same locality 

(MALANDRINI et al., 2009a,b). 

 
 
2.3.5.4.- INTRADERMAL TESTS 
 

 This diagnostic method, is today known to be insufficiently specific (ESTEBAN et al., 

1998) and considered obsolete for the diagnosis of individual patients, although still 

potentially useful as a quick indicator within broad field screening. It seems to have 

been quite commonly used in Argentina in the sixties, seventies and eighties (in 

chronological order): 1 case (SIMON et al., 1964), 17 cases (PEIRETTI, 1969), 12 

cases (OSSOLA et al., 1972), 4 cases (PEIRETTI & MORALES, 1973), and 29 cases 

(SICILIANO, 1982). Since there has never been a commercial or standardized test, 

details on antigen and correlation with other diagnostic tests noted in the 

aforementioned articles need to be taken into account. 

 

 

2.3.5.5.- DIAGNOSIS BY NON-INVASIVE TECHNIQUES 
 

 Many image-based diagnostic techniques are useful for fascioliasis (CHEN & MOTT, 

1990; ESTEBAN et al., 1998; MAS-COMA et al., 1999b; MAS-COMA et al., 2014) and 
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have also been applied in Argentina since the eighties, although mainly for initial 

detection followed by confirmation by another more specific diagnostic technique 

(LONGO & DARAIO, 1953; ANDRADA et al., 1983; GIFFONIELLO et al., 1983; 

MELERO et al., 1991; MINOPRIO et al., 1995; CORTI et al., 2006).  

 

 

2.3.5.6.- ECTOPIC CASES 
 

 In a 25 year old male patient, a fluke was eliminated through the urethra (CASTEX & 

GREENWAY, 1937). In a female patient undergoing surgery for appendicitis, a fluke 

was removed from the appendix (PALADINO & GALARCE, 1039). A F. hepatica 

specimen was found when surgically opening a tumor at the level of the last rib in a 32 

year old man who lived in the endemic zones of Córdoba, San Luis and Mendoza 

(BACIGALUPO et al., 1943). In a 35 year old woman from Tucumán, F. hepatica eggs 

were found in peritoneal granulomas adhered to the gall bladder and near to the 

transverse colon (CAMES et al., 1947; CID, 1947). Another case of intracranial 

fascioliasis was reported in a 44 year old female from Córdoba (RUGGIERI et al., 1967; 

CORREA et al., 1969). More recently, a case of cutaneous fascioliasis was described in 

a 26 year old male from Mendoza (MINOPRIO et al., 1995). 

 

 

2.3.5.7.- CLINICAL/EPIDEMIOLOGICAL DIAGNOSIS 
 

 In some cases, patients were diagnosed based on clinical and epidemiological 

characteristics compatible with fascioliasis even though coprological or serological 

analyses yielded negative results. 

 In an outbreak, four family members living in the same dwelling had shared meals 

including watercress and presented compatible symptoms, although eggs were only 

found in two of them (BACIGALUPO, 1942; BACIGALUPO et al., 1943). One of the 

coprological negative patients had eosinophilia, fever and generalized pain. Symptoms 

disappeared after emetine treatment and in two months the patient had gained 7 kg 

weight. The other negative patient also showed eosinophilia (52%) and suffered 

generalized pain but no temperature. After treatment, pain disappeared and 

eosinophilia diminished to 14%. 
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Table 3.- Evolution of human fascioliasis infection reports in Argentina, according to provinces where infection was presumed to have 
occurred, number of cases and respective articles furnishing the information (MERA Y SIERRA et al., 2011). 

Province 
(nº of cases) 

Number of cases per individual references 
(in parenthesis nº of cases) 

Córdoba (430) Castex & Greenway, 1937(1); Cames, 1940 (1); Bacigalupo, 1942 (4); Bacigalupo et al., 1943 (1); Solari & 
Canepa, 1943 (1); Cuenya, 1944 (1); Rodriguez, 1952 (5); Rodríguez, 1954 (9); Rodríguez, 1961 (22); 
Rodriguez, 1961 (150); Strada, 1961 (19); Sosa & Romero, 1967 (2); Correa et al., 1967 (1); Ossola et al., 
1972 (11); Carena et al., 1972 (12); Pizzi et al., 1982 (54); Siciliano, 1982 (101); Giffoniello et al., 1983 (2); 
Siciliano, 1989 (15); Corti et al., 2006 (1); Nieto Sosa et al., 2008 (8) 

Catamarca (73) Rodríguez, 1952 (1); Rodríguez, 1954 (1); Rodríguez, 1961 (1); Carena et al., 1972 (1); Andrada et al., 1983 (5); 
Malandrini et al., 2009a (54); Malandrini et al., 2009b (10) 

San Luis (29) Bengolea et al., 1927 (1); Bacigalupo et al., 1930 (1); Peiretti, 1969 (2); Pieretti & Morales, 1973 (4); Melero et al., 1991 
(1); Ale et al., 2000 (1); Rubel et al., 2005 (4); Nieto Sosa et al., 2008 (15) 

Mendoza (28) Logaldo, 1955 (1); Simon et al., 1964 (1); Peiretti, 1960 (15); Miguel et al., 1985 (1); Minoprio et al., 1995 (5); Lloret et 
al., 2005, Salomon et al., 2006 (5) 

Tucumán (6) Boto, 1939 (1); Cuenya, 1944 (1); Cid, 1947 (1); Cames et al.,1961 (1); Ahualli & Arias, 1970 (1); Padilla Antoni et al., 
1972 (1) 

Buenos Aires (5) Mascheroni, 1933 (1); Bacigalupo, 1942 (1); Miguel et al., 1985 (3) 
City of Buenos Aires (4) Paladino & Galarce, 1939 (1); Caceres, 1955 (1); Niño, 1965 (2) 
Salta (3) Cuenya, 1944 (1); Longo & Daralo, 1953 (1); Cornejo & Castillo, 1964 (1) 
Santa Fe (3) Cames, 1940 (1); Bacigalupo et al., (1943); Trossero & Nocetti, 1969 (1) 
Neuquen (2) Rubel et al., 2005 (1); Rios et al., (2008) 
Jujuy (2) Cuenya, 1944 (1); Cañas et al., (1964) 
Chaco (1) Petraglia, 1954 (1) 
Formosa (1) Miguel et al., 1985 (1) 
Not 
specified (32) 

Greenway, 1924 (1); Del Valle & Donovan, 1928 (1); Urrutia & Ferraris, 1962 (1); Niño, 1965, (2); Sonzini Astudillo et 
al., 1973 (5); Allagia, 1981 (6); Majul et al., 1981 (6) 

Total: 13 provinces 58 reports 
 
 



 

87 
 

 In another family outbreak (MINOPRIO et al., 1995), the wife of a male patient 

showing a cutaneous fluke, had pruritic skin lesions, eosinophilia and compatible 

images in the gall bladder during ecography later confirmed by CATScan; her 

symptoms disappeared after triclabendazol treatment. The mother had asthenia, 

urticaria, and multiple gall-stones that did not allow for the visualization of parasites 

through ecography; her symptoms also subsided after treatment. The brother-in-law 

had eosinophilia and fever, and became asymptomatic after triclabendazol self 

treatment. A fifth patient, a 14-year-old girl who participated in the same family outing, 

had hepatomegalia and urticaria, compatible images upon ecography, and also 

recovered after triclabendazol medication. 

 After consuming wild watercress during an outing, five persons showed compatible 

symptoms, including eosinophilia and leucocytosis. In three of them diagnosis was 

confirmed by coprology and/or serology. In the remaining two patients, analyses yielded 

negative results but they were considered as having been infected when recovering 

after fascioliasis treatment (SALOMON et al., 2006). 

 
 
2.3.6.- MEDICAL ASPECTS 
 
2.3.6.1.- CLINICAL FINDINGS 
 

 Symptoms, laboratory results and their frequency do not appear to differ from those 

described elsewhere. Articles reviewed are very diverse in nature. Some include 

detailed clinical descriptions, but many are merely an enumeration of human cases with 

very vague or sometimes even no accompanying clinical data at all. Thus, information 

has to be treated with caution. Establishing prevalence of symptoms in the total 

population of patients becomes impossible, and assumptions may only be obtained 

from the few articles in which the symptomatology was sufficiently described (Table 2). 

 Of 225 patients in whom eosinophil counts where performed, 198 (88.00%) had 

eosinophilia. In 143 patients, authors did not note the eosinophil level. Amongst those in 

whom it was quantified, the mean was 28.00% (± 21.33%). Very high counts were 

found in some patients, with a maximum of 84% (BOTO, 1939). 

 Leucocytosis was found in 128 of 167 patients (76.65%) in whom leukocyte counts 

were analysed, with a mean of 1,2478.72 (± 7,917.89), the lowest value of 4,400, and 
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the maximum of 52,600 found in the afore-mentioned patient in whom eosinophilia of 

84% was also detected (BOTO, 1939). 

 Fever was described in 138 amongst 153 patients (90.20%) in whom temperature 

was analysed. In the great majority it was just referred to as simply presenting fever. In 

the only 10 patients in whom the exact temperature was described, the mean was 39 °C 

(± 0.62 °C). In the article in which a higher number (69) of patients was recorded in 

whom temperature analysis was performed, 58 (84.06%) had fever (SICILIANO, 1982).  

 Abdominal pain, noted in 200 patients, appears to be the most frequent finding. 

Unfortunately, it appears not always adequately described. Thus, in most instances only 

terms as “diffuse”, “right hypocondrial pain”, “epigastrial”, or similar are mentioned. 

 Weight loss due to the disease was found in 76 of 91 patients (83.52%) in whom a 

weight control follow-up was made. In the majority of cases only presence or absence 

of weight loss is stated. It was quantified in only 8 patients, with a range from 4 to 21 kg 

lost (mean 13.00 ± 5.48 kg). In two articles, the weight loss was classified according to 

its degree (OSSOLA et al., 1972; SICILIANO, 1982) in 20 patients it was slight, in 18 

moderate, and in 29 intense or very intense. 

 Anorexia was described in 53 out of 74 patients (71.6%) in whom this symptom was 

evaluated in a study (SICILIANO, 1982). In the literature analysed, anorexia appeared 

described only in one other patient (BOTO, 1939). Asthenia was described in only 86 

patients in Argentina, whereas weakness is commonly associated with mild to moderate 

anemia during the acute phase elsewhere (MAS-COMA et al., 1999b). 

 Urticaria was only found in 62 Argentinean patients, although this symptom is 

considered a distinctive feature in the early stage of fluke invasion (MAS-COMA et al., 

1999b). Other less diagnosed symptoms in the country include nauseas in 38 patients, 

jaundice 23, lithiasis 17, vomiting 11, headache 9, diarrhea 8, and constipation in 6. 

 

 

2.3.6.2.- CO-INFECTION WITH OTHER PARASITES 

 

 Co-infections of fascioliasis with other protozoan and helminth species have recently 

proved to be the usual rule in human fascioliasis endemic areas (MAS-COMA et al., 

2005; ESTEBAN et al. 1997a,b, 1999, 2002, 2003; ZUMAQUERO-RIOS et al., 2013). 

Clinical synergistic associations of fascioliasis with other pathogens are believed to be 

at the base of high morbidity and mortality rates in children (MAS-COMA, 2004), 
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immunological responses being markedly suppressed and concomitant infection being 

exacerbated following liver fluke infection (BRADY et al., 1999; GIRONES et al., 2007). 

 In Argentina, unfortunately patient analyses do not appear to have particularly 

focused on co-infections. The most frequently reported parasite co-infecting with F. 

hepatica appears to be Echinococcus granulosus, including a total of 14 patients 

reported to simultaneously present both parasites. All of these cases were from a 

hydatidosis endemic zone in Mendoza province (PEIRETTI, 1969; MIGUEL et al., 

1985). This relative high number of fascioliasis-hydatidosis co-infected patients is 

outstanding, as such a co-infection has never been detected in human endemic areas 

of other countries so far. 

 Other parasite species found in the coprological diagnosis of fascioliasis patients 

were: Entamoeba coli (6 patients), Giardia intestinalis (5 patients), Blastocystis hominis 

(4 patients) and Entamoeba histolytica (2 patients) amongst protozoans, and Enterobius 

vermicularis (1 patient), Strongyloides stercolaris (1 patient) and Hymenolepis nana (1 

patient) amongst helminths. Only two patients have been described to present more 

than one parasite species additional to F. hepatica, namely G. intestinalis and E. 

vermicularis in one case (PETRAGLIA, 1954), and E. coli and G. intestinalis in another 

patient (STRADA, 1961). In total, only 30 patients had co-infections with other 

parasites, of which only 16 had intestinal parasites. This low amount of co-infection 

reports may perhaps partly be explained by the geographical origin of the fascioliasis 

patients, usually dry regions where other helminth diseases are relatively difficult to find, 

and also by the age of the patients, since most were adult subjects in whom intestinal 

parasitic diseases are not so prevalent. 

 

 

2.3.6.3.- TREATMENT 
 

 This was specified in 212 patients. Drugs mentioned to have been used were 

emetine (in 186 patients), triclabendazole (21), cloroquine (4), praziquantel (1), 

albendazole (1) and male fern extract (1). In two patients, more than one drug was 

used. A historical analysis shows that emetine was the only drug used up to the end of 

the 80’s, except for the sporadic use of chloroquine (SICILIANO, 1982). From the 

beginning of the 90’s, triclabendazole became the drug of choice, although 

praziquantel, albendazole and again emetine were applied in given cases (Table 2). 
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 The first successful treatment report was with emetine intravenous administration in a 

38 year old female patient. Fever and abdominal pain subsided shortly after treatment 

and coprological analyses showed the disappearance of eggs (BENGOLEA et al., 

1927). Emetine was also successfully used a few years later (BACIGALUPO et al., 

1930) and in another patient to solve the lack of effectiveness of male fern extract 

(CAMES, 1940). In Argentina, only a few treatment failures with emetine have been 

reported (RODRIGUEZ, 1954). An efficacy of 92.4% was obtained in 65 patients in 

whom F. hepatica eggs ceased to be found after treatment (RODRIGUEZ, 1954). 

Emetine was even recently used in a family outbreak involving 15 patients, amongst 

whom two presented severe hypotension. Coprological analyses became negative 60 

days after a 10-day-long treatment (NIETO SOSA et al., 2008). 

 Emetine derivatives were the classic drugs and continue to be used today, 

administered intramuscularly or subcutaneously, at doses of 1-10 mg/kg emetine/day 

for ten days (PADILLA et al., 1970; CHEN & MOTT, 1990; SICILIANO et al., 1989). 

Worldwide, dehydroemetine, at a dose of 1 mg/kg daily for 10-14 days, was considered 

the therapy of choice a few decades ago (CHEN & MOTT, 1990; ESTEBAN et al., 

1998; MAS COMA et al., 1999b). However, emetine derivatives cause a variety of toxic 

manifestations involving the heart, liver and digestive tract. A cardiac counter indication 

led to the ineffective treatment with chloroquine of four patients to whom emetine could 

not be prescribed: all of these patients continued to shed fluke eggs after cloroquine 

administration (SICILIANO, 1982). 

 Even though there was no triclabendazole formulation for humans available in 

Argentina, it was, nevertheless, given to patients in its veterinary form, usually with prior 

consent. The first report of triclabendazole treatment concerned a dose of 10 mg/kg in a 

40 year old male patient with prolonged high temperature and eosinophilia, including a 

repeated dose 9 weeks later. Clinical symptoms and eggs in stools disappeared 

thereafter (MELERO et al., 1991). 

 Another report of triclabendazole use concerned a family outbreak. First, a 26-year-

old male patient with fever, eosinophilia, hepatic abscesses, and an ectopic 

subcutaneous fluke in the abdominal region, was treated with 900 mg/day praziquantel 

for three consecutive days, with initial disappearance of symptoms. After relapsing two 

weeks later, the patient was re-treated with 750 mg praziquantel every 8 hours for two 

days. As symptoms persisted, 10 mg/kg triclabendazole were applied three weeks later. 

Symptoms disappeared within 48 hours, and normalization of clinical and laboratory 

parameters was obtained. Four other patients of the same outbreak were also 
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successfully treated with triclabendazole (MINOPRIO et al., 1995). Triclabendazole was 

also used at a dose of 400 mg/day for two days in a 20-year-old female (SICILIANO, 

1982), well as with a single 10 mg/kg dose in a 58 year old woman (CORTI et al., 

2006), both with remission of symptoms. In an eight person family outbreak, six patients 

received triclabendazole (dosage and protocol not specified) with elimination of egg 

shedding. Another patient had to receive a second dose to stop egg shedding, and 

three triclabendazole doses were needed for the last patient (NIETO SOSA et al., 

2008). 

 Albendazole at a dose of 400 mg/12 hours was used in a 54 year old man with 

remission of clinical manifestations within days. This report stated that albendazole was 

used because it was impossible to obtain triclabendazole (RIOS et al., 2008). Although 

Egaten® (triclabendazole, the drug of choice for human treatment at present) has been 

recently available from WHO (WHO 2006, 2008), it has been still never applied in 

Argentina. Nitazoxanide has been approved for human use in Argentina for fascioliasis, 

but no reports have been found in the literature. 

 

 
2.3.6.4.- SURGICAL CASES 
 

 Even though the number of patients in whom surgery was involved is small (6.9%), 

publications dealing with surgical cases appear to be proportionally important (15; 

26.7%). Surgical description was indeed the main objective of several articles. In the 

first surgical case reported, actually the third autochthonous case of the country (DEL 

VALLE & DONOVAN, 1928) the intervention was described in great detail, but no 

epidemiological information was provided, not even the province of origin of the patient. 

 In 45 cases, a surgical procedure contributed to the diagnosis when flukes were 

unexpectedly found upon liver exploration. The largest number of surgical cases 

described within one article is 16 (ALAGGIA, 1981). Unfortunately, sometimes no 

details were given and cases were merely referred to as surgical (STRADA, 1961). 

 In the majority, surgery was indicated due to abdominal pain and biliary obstruction 

suggestive of lithiasis. Indeed, gallstone disease has recently proved to be one of the 

effects of advanced chronic fascioliasis, since F. hepatica is able to survive up to 9-13.5 

years within a human host (VALERO et al., 2003; MAS-COMA et al., 2005, 2014). 

Hence, such a high lithiasis proportion suggests that long-term infected patients having 

been overlooked for a long time has been a relatively frequent situation in Argentina. 
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This agrees with the not unusual long delay in diagnosis already emphasized before, 

and both observations together pose a question mark about human fascioliasis 

detection in the country. 

 In most of these surgical cases with lithiasis suspicion, the patient inhabited a large 

city (Buenos Aires, Córdoba, Mendoza, and Tucumán) as opposed to a rural area 

where attending a health centre is less usual due to economic reasons or at least 

complicated due to the long journey that has to be made. This additionally suggests a 

far greater underestimation of the problem in rural areas. 

 The importance of intraoperative cholangiography was highlighted in cases in which, 

even though gallstones were removed, evidence of obstruction observed during the 

cholangiography led to the finding of flukes (CACERES, 1955; LONGO & DARAIO, 

1953; LOGALDO, 1955). Gallstones were found and concomitant fascioliasis diagnosis 

made while performing choledoctomy in another six cases (MAJUL et al., 1981). Two 

more patients with lithiasis in whom F. hepatica was diagnosed upon surgery were 

described later (SICILIANO et al., 1989). 

 In a patient in whom a gallstone was suspected, intraoperative cholangiography 

showed that in fact, instead of a lithiasis problem, a F. hepatica specimen was involved 

(GIFFONIELLO et al., 1983). In another patient operated due to lithiasis suspicion and 

to resolve a hiatus hernia, stones were neither found at cholecystectomy but flukes 

were after undertaking an intraoperative cholangiography that indicated estenosis 

altering normal bile flow to the duodenum (TROSSERO & NOCETTI, 1969). Similarly, 

no stones were observed but parasites found when performing choledoctomy in another 

patient diagnosed shortly after (PADILLA et al., 1970). 

 Amongst four operated patients, fluke infection was detected in two only after a 

second surgical intervention. In the first operation, cholecistectomy was performed to 

remove stones but flukes were not detected since intraoperative cholangiography had 

not been applied. Upon re-operation, fascioliasis was diagnosed when F. hepatica was 

found in the common bile duct (SONZINI ASTUDILLO et al., 1973). 

 The usefulness of intraoperatory cholangiography for fascioliasis diagnosis was 

highlighted for cases in which preoperatory diagnosis was difficult (ANDRADA et al., 

1983). This was concluded when operating five cases due to severe abdominal pain 

and lithiasis suspicion in only three of them. 

 In an interesting case, diagnosis was made after surgery to the brain when an 

expansive parasagital process was diagnosed by means of a carotid arteriogram per-

formed in a patient with memory loss, nominal aphasia and discrete right facial paresia 
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(CORREA et al., 1969). Two cysts containing F. hepatica eggs were extracted from the 

cortex. The patient died 24 hours after surgery. This is one of the few fatal cases known 

to be due to fascioliasis worldwide (MAS-COMA et al., 1999b). In Argentina, the other 

reported fatal case was the first ever to be diagnosed in the country (ROFFO, 1913) but 

since it was an imported case it is not accounted for in the present study. 

 

 

2.3.7.- RECENT REPORTS OF HUMAN FASCIOLIASIS IN ARGENTINA 
 
 After the precedent search was finalized, 10 new cases were published that will be 

dealt upon since not only new cases have been reported but a new epidemiological 

situation detected. The actual number of cases published currently is thus 629. 

 SAWICKI et al. (2017) reports 5 cases of fascioliasis in which the diagnosis was 

made by ultrasound, in two of them serologic diagnosis was also made (technique not 

specified). According to gender, 4 were females and one male, aged from 42 to 58 

years old (mean 51 years). The province where they got infected was specified in only 

two cases, which was during a trip to Córdoba that they consumed watercress and still 

another reported its consumption. Three of them had abdominal pain, one was 

asymptomatic, four of them had eosinophilia, two had fever and one had jaundice due 

to an elevation of hepatic enzymes. Unfortunately the province or region where three of 

the cases they lived or could have acquired the disease is not specified. 

 In a mountainous region of the province of San Luis, a survey was performed in 42 

persons. At the coprological studies one patient (2.38%) was positive and 5 (11.90%) 

were positive to serology, including the one that tested positive at the faecal exam. The 

serological test performed was an ELISA for the detection of anti-recombinant 

procathepsin L1 of F. hepatica (FhrproCL1) antibodies (CARNEVALE et al. 2001a). 

According to gender they were 3 females and 2 males, aged from 22 to 58 years old 

(mean 44 years). Four of them had the habit of consuming watercress. With respect to 

the clinical signs, two of them were asymptomatic and three had abdominal pain; three 

had diarrhea, two had vomiting, two had hepatomegalia and one had jaundice; one 

presented important eosinophilia (34% of eosinophils) and one had mild eosinophilia 

(7%), the other three patients had a normal proportion of eosinophils. The snail species 

involved was identified as L. viator, but molecular studies were not performed and 

identification was on morphological grounds. 
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 In the province of Catamarca, in the sites were a very high prevalence (36.5%) was 

found in humans (MALANDRINI et al., 2009a,b) a thorough epidemiological study was 

performed (BARGUES et al., 2016). The climatic characterisation resulted that the two 

endemic sites were extreme desertic arid conditions and semiaridity aridity respectively. 

The habitats of the snails are in lateral riverside flooding and small irrigation channels. 

The molecular studies identified two species, L. neotropica and L. viator. Due to the 

extremely low precipitation, the water in these sites depends on the rainfall, snowmelt 

and melt off from glaciers in very distant sites and in much higher altitudes in the 

mountains. There has to be a concurrence of factors in time, such as temperature and 

water availability. This favours the concentration of snails, infected livestock and 

humans in the transmission sites. 

 

 
2.4.- DISCUSSION 
 

2.4.1.- LESSONS FROM THE THOROUGH LITERATURE SEARCH 
 

 This review highlights the pronounced difficulties in the literature search when 

dealing with a highly neglected disease in humans as it is the case of fascioliasis. 

Obtaining old publications, mainly in local journals or non regular publications, has 

proved to be especially difficult and time consuming. The information furnished by these 

old published reports becomes very important to assess areas where fascioliasis 

transmission may follow characteristics enabling human infection. In many of these 

potentially important endemic areas, the absence of additional human reports or the 

very low number of patients diagnosed may be simply due to the lack of appropriate 

surveys and/or sometimes due to misdiagnosis of other patients. 

 Before the 1990s, human fascioliasis was so neglected that human case reports 

were published in veterinary journals instead of in medical journals. Publications as 

those of PIZZI et al. (1982) are illustrating examples, the aforementioned one being 

even a reference including a high number of human reports in Argentina. The fact of 

articles included in publications not related to human health increases the difficulties in 

finding references about human reports considerably. 

 The problem of being a neglected, usually non fatal, clinically mild, and non 

reportable infection explains why human cases are simply not published or notified to 

national health responsible, neither reported anywhere. Liver fluke infected patients 
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described in university theses and afterwards never published demonstrate this 

problem. Even so more if we consider the difficulties sometimes posed to find copies of 

old theses, even in the libraries of the university and department where it was made and 

presented. Anyway, the literature on human fascioliasis in Argentina does not appear to 

be so problematic with regard to unpublished reports as it is in other countries as Bolivia 

(MAS-COMA et al., 1995). In the latter country, the numerous non-published reports 

stocked in ministries, national and international agencies and NGOs, seem to be mainly 

due to the fact of the human endemic area being in the neighbourhood of the country 

capital La Paz, which is not the case in Argentina, where human cases diagnosed in 

Buenos Aires appear to be very few. 

 Worth mentioning also is the almost total uselessness of internet for the finding of 

most of the references about human infection by a neglected disease such as 

fascioliasis. This problem does not only concern old papers having never been 

digitalized and put available in the net, but also reports in local publications, non-regular 

journals, internal papers, etc., whose entity will most probably never be considered of 

sufficient merit as to carry out the effort to include them in internet. 

 
 
2.4.2.- A CRITICAL ANALYSIS OF PAST AND PRESENT HUMAN FASCIOLIASIS 

KNOWLEDGE IN ARGENTINA 
 
2.4.2.1.- COUNTRY SITUATION 
 
 This review offers a complete new picture of human fascioliasis in Argentina. General 

aspects of liver fluke infection in humans from this country had been only very rarely the 

focus of previous analyses. The number of cases in the present review increases 

manifold the amount accounted for in previous instances. Such a high number of 

overlooked cases seem to be due to the great amount of local publications (and also 

short communications to scientific meetings with abstract books of very restricted 

dissemination) where much of the case reports could be found. 

 When considering that human fascioliasis infection is in Argentina of non-obligatory 

declaration, similarly as in the rest of the world, one may easily conclude that the real 

number of liver-fluke-infected patients detected should most probably be pronouncedly 

greater than that. 
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 Interestingly, the recent and present situation may not differ much from the one 

described in the old paper in which the presence of fascioliasis, found in animals, was 

mentioned in Argentina for the first time (SAVOYAT, 1867). This author already stated 

to be convinced about many human symptoms found in that period to indeed be 

attributable to F. hepatica, highlighting the need for health authorities to warn about this 

disease. 

 What is most alarming is the results of the surveys done, even though there are very 

few, they could be highlighting a much more serious situation. The great majority of 

cases published are because of persons that seek and have access to medical 

attention and diagnostic resources that most rural populations have great difficulty, if not 

impossibility, of accessing. This is particularly true in Andean regions, when many times 

the person has to travel up to days on horse or mule just to reach the basic medical 

attention. The few surveys that have been done in rural and remote regions have 

produced alarming results. CARNEVALE et al., (2013) described a prevalence of 11.9% 

in the province of San Luis and MALANDRINI et al., (2009a) the alarming prevalence of 

36.5% in the province of Catamarca. What characterizes these sites and population 

sampled is that they are in remote places, composed of exclusively rural inhabitants 

and if it were not for the active search done, quite probably these patients would have 

had very low probability of being diagnosed. If the same or similar situations occur all 

throughout Andean and mountainous regions of Argentina, the prevalence and amount 

of human cases could be of a great magnitude. 

 

 

2.4.2.2.- GEOGRAPHICAL DISTRIBUTION OF HUMAN CASES 
 
 The geographical origin of the patients includes 13 provinces, covering more than 

half of the total surface of continental Argentina, with Córdoba, Catamarca, San Luis 

and Mendoza including the highest number of patients detected, the remaining 

provinces being only rarely affected. Human infection should most probably have been 

fully overlooked in La Rioja and San Juan provinces, with no case reported despite 

being surrounded by the aforementioned provinces. As already known in other 

countries (MAS-COMA et al., 2005, 2009b), this distribution does not fit the one of 

animal fascioliasis, which covers whole Argentina, except southern Patagonia. 
 Human infection risk is in fact present in many geographical areas of this country, 

with higher probabilities in given altitude areas. The great majority of cases are from 
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hilly or mountainous areas, concentrating in central mountainous areas and Andes 

Mountains, mainly valleys, remembering other Andean countries in which human 

endemic areas are linked to altitude areas. This may be related to both (i) geographical 

distribution of the main lymnaeid vectors involved in transmission to humans restricted 

to or preferring such altitude areas, and (ii) the greater liver fluke transmission capacity 

in altitude areas, as already proved in the Northern Bolivian Altiplano human 

hyperendemic area at 3,800-4,100 m altitude (MAS-COMA et al., 2001). This suggests 

the appropriateness to verify whether in Argentina fascioliasis situations exist similar to 

those known in high altitude human endemic areas of the neighboring Chile, Bolivia and 

Perú. 

 

 

2.4.2.3.- EPIDEMIOLOGICAL CHARACTERISTICS 
 

 The higher prevalences in females than in males suggest epidemiological 

characteristics similar to those found in human endemic areas in other countries. 

Patient age ranges from 3 to 95 years old (average 37), differing from other Andean 

countries where children are the most affected subjects, although the lack of studies on 

infection intensity and of appropriate surveys in high risk rural areas of the country does 

not allow for an adequate evaluation. 

 Watercress consumption is the most frequently cited possible human infection 

source, other plants and water consumption having been only sporadically involved. 

The most common risk factor appears to be ingestion of watercress during recreational, 

weekend or vacation activities. Field excursions undertaken by a family or as a group 

activity explain the numerous family outbreaks. However, a 36% seroprevalence found 

in a recent random survey shows that not all situations including several infected 

subjects are in fact family outbreaks. 

 Seasonality appears related to human incidence, human infection occurring mainly 

during the first months of the year in which higher precipitation and temperatures 

interact with an increase of recreational field activities during the summer vacations in 

January and February, with a second lower June peak perhaps related to the Eastern 

vacations, at least in the province of Córdoba. However, different transmission patterns 

may occur and different human infection risk seasonalities/periodicities may exist 

according to the large physiographical heterogeneity of the country. 
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 The number of human cases reported shows two peaks in the 1960 and 1980 

decades, with the 1972 outbreak probably related to the sudden increase of rainfall in 

that year in Córdoba province, although other outbreaks do not show any apparent 

climatic causal origin. 

 The new transmission pattern identified in the province of Catamarca (BARGUES et 

al., 2016) could very well be occurring in countless remote rural sites along the 

thousands of kilometers that compromise the Andes of Argentina. Vast extensions of 

land in regions with very low precipitation have the similar characteristic that the 

presence of water in rivers and streams depend on the melt off of snow higher in the 

mountains and human and domestic animal populations are centered along the scant 

water resources. The epidemiological scenario of fascioliasis could be of unexpected 

proportions. 

 

 
2.4.2.4.- DIAGNOSTIC AND TREATMENT PROBLEMS DETECTED 
 
 We today know that the diagnosis of fascioliasis in humans poses many problems: (i) 

the clinical picture may not be pathognomonic and consequently easily confused with 

other diseases, mainly liver diseases and other helminth infections, when the patient 

attend a health centre not used to deal with fascioliasis infection (LA POOK et al., 

2000); (ii) in human endemic areas the clinical picture does sometimes not appear to be 

sufficient as for the infected subject to attend an hospital for diagnosis and/or treatment 

(ESTEBAN et al., 1997a,b, 1999, 2001, 2003); (iii) children with even heavy infections 

do not use to go to health centres, as seen in the neighboring countries of Chile (APT et 

al., 1992, 1993) and Bolivia (ESTEBAN et al., 1997a,b, 1999). 

 Additionally, the specific diagnosis of human fascioliasis poses well-known 

methodological and technical problems. Egg finding in coprology (gold standard) may 

be impossible due to the absence of eggs not only in the acute phase (fluke 

metacercariae still tissue migrating or only shortly in the biliary canals and thus absence 

of mature egg-laying fluke adults), but also in the chronic phase (as described in areas 

where the liver fluke strain may be not sufficiently adapted to human infection due to the 

very sporadic infection in humans, e.g. France) (MAS-COMA et al., 1999b). Moreover, 

other problematic situations may not be discarded, such as the lack of sufficient 

sensitivity in light infections. This is common in human sporadic infections in animal 
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endemic areas, as it appears to be the usual case in many reports of Argentina, e.g. in 

travelers, weekend family movements, and tourists. 

 Human fascioliasis diagnosis in Argentina has in general relied on old techniques, 

mainly egg finding in coprology or duodenal sondage, followed by common serological 

techniques, intradermal reaction, surgical diagnosis, and erratic fluke observation. The 

efficacy of these techniques for individual patient diagnosis is far from the modern ones 

offering pronouncedly higher sensitivity and specificity, such as CL1 (O’NEILL et al., 

1998) and Fas2 (ESPINOZA et al., 2007), for serological diagnosis or MM3Copro 

(UBEIRA et al., 2009) for specific coproantigen detection in human stools, or similar 

techniques. And this without forgetting that a quantitative diagnosis enabling egg 

counting in fascioliasis, such as the standardized Kato-Katz technique (ESTEBAN et al., 

1997a,b, 1999, 2001, 2003) has never been applied in that country, despite the 

importance of parasite burden in both the pathogenicity and intensity assessment for 

the adequate treatment dose. 

 Noninvasive, image based diagnostic techniques have been rarely applied, opposite 

to other countries. Symptoms, laboratory results and their frequency do not appear to 

differ from those described elsewhere. The studies performed do not appear to have 

focused on co infections as needed, owing to their importance as the consequence of 

the immunosupression capacity of the liver fluke (GIRONES et al., 2007). Anyway, the 

relative high number of patients diagnosed as concomitantly infected by F. hepatica and 

Echinococcus granulosos shall be highlighted, as such a co infection has never been 

detected in human endemic areas of other countries so far (ESTEBAN et al., 1997a,b, 

1999, 2001, 2003). 

 Publications on surgical cases appear to be proportionally important (26.7%), with 

lithiasis suspicion as the main reason to justify intervention. This suggests that long 

term infected patients having been overlooked during long time has been a relatively 

frequent situation and poses a question mark about human fascioliasis detection in the 

country. 

 The old emetine has been the drug most used in Argentina, even for patients being 

detected very recently. Triclabendazole, the drug of choice for human treatment at 

present, has been always given to patients under the veterinary form, usually with prior 

consent, due to unavailability of a human formulation in the country. This situation 

should be solved as soon as possible. 
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2.4.2.5.- PRESENT SITUATION AND FUTURE PERSPECTIVES 
 
  All aforementioned aspects suggest that, in Argentina, human fascioliasis may have 

been overlooked in the past and its real epidemiological situation might be 

underestimated in the present, mainly in high risk rural altitude areas. In Andean 

regions of Argentina, the presence of three different species of lymnaeids with vectorial 

capacity has been confirmed: G. truncatula, L. neotropica and L. viator (BARGUES et 

al., 2006b, 2007, 2016; MERA Y SIERRA et al., 2009). These species are linked to high 

prevalences and intensities of human fascioliasis in neighbouring countries such as 

Bolivia Perú and Chile. This diversity of species makes the current situation more 

alarming. The very high prevalences recently obtained in a survey in Catamarca 

province (MALANDRINI et al., 2009a), of the level of human hyperendemic situation 

(MAS-COMA et al., 1999a), also indicate in the same direction. 

 Thus, the need for appropriate epidemiological studies in the field, in selected areas 

where lymnaeid vector species of high liver fluke transmission are present, shall be 

emphasized. Health centres in these areas should be prevented about human infection 

probabilities, main clinical picture characteristics, adequate diagnosis techniques and 

the need for Egaten® (triclabendazole for human use) availability. Triclabendazole 

resistance recently detected in Argentinean cattle from the province of Neuquén 

(OLAECHEA et al., 2011), where human infection has already been reported twice 

(RUBEL et al., 2005; Rios et al., 2008), and its capacity to spread to other areas of the 

country, pose a serious question mark for human treatment in Argentina in the future. 

 The results of this retrospective overview conform an extremely valuable baseline on 

which to design adequate multidisciplinary studies on fascioliasis in humans, animal 

reservoirs and lymnaeid vectors to assess up to which level and in which areas of this 

very large and environmentally heterogeneous country, human fascioliasis may 

represent a public health problem in Argentina. 
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3.- MOLECULAR AND MORPHO ANATOMICAL CHARACTERISATION OF 
LYMNAEIDS FROM ARGENTINA 

 

3.1.- BACKGROUND 
 

 The susceptibility of a given lymnaeid species to fasciolid infection represents a 

crucial factor in establishing not only the geographical distribution of the disease in both 

animals and humans, but also prevalences and intensities due to more or less 

appropriate ecological characteristics (population dynamics, anthropophilic 

characteristics, type of water bodies, etc.) of the different lymnaeid vector species. This 

is why different lymnaeid species appear linked to the different transmission patterns 

(MAS-COMA, 2005) and epidemiological scenarios (MAS-COMA et al., 1999a, 2018) of 

this very heterogeneous disease in humans (MAS-COMA et al., 2009a). The continental 

differences in lymnaeid faunas also explain that in the Americas fascioliasis is only 

caused by F. hepatica, due to the absence of lymnaeids of the genus Radix which act 

as vectors of F. gigantica (BARGUES et al., 2001). Similarly as in other vector-borne 

diseases, this relationship supports the use of lymnaeids as biomarkers of the disease 

at both local and large scales (BARGUES et al., 2011a). Distribution, both in space 

(latitudinal, longitudinal and altitudinal) and time (seasonal, yearly), of fascioliasis 

depends on the presence and population dynamics of the specific mollusc species, 

which in turn is linked to the presence of the appropriate water bodies and on adequate 

climate characteristics enabling fluke development (BARGUES et al., 2016, 2017). 

 As in all other vector-borne diseases, in fascioliasis the transmitting snails of the 

family Lymnaeidae are crucial with regard to the epidemiological situations and 

transmission patterns of the disease. Epidemiological and transmission heterogeneities 

in the different endemic areas are related to the lymnaeid vector species involved 

(MAS-COMA, 2005; MAS-COMA et al., 2009a). The correct classification of the 

lymnaeid snail species acting as vector is therefore of great importance, in order to both 

determines risk zones and to achieve the appropriate control measures to reduce 

transmission, according to the different ecological characteristics of each lymnaeid 

species. Unfortunately, lymnaeid species are freshwater snails which show marked 

intraespecific variability in their shell characteristics and a surprising uniformity at the 

level of their anatomy. These features explain the great problems to distinguish between 

species within given controversial groups such as Galba/Fossaria, Radix and 

stagnicolines (BARGUES et al., 2001, 2003, 2006a, ARTIGAS et al., 2009, 2011). For 
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such groups in which not even expert malacologists are sometimes able to correctly 

classify specimens, sequences of molecular markers amongst the nuclear ribosomal 

DNA and the mitochondrial DNA appear to be the most useful tools for specimen 

classification purposes (BARGUES & MAS-COMA, 2005). 

 In the Americas, except P. columella, all lymnaeid species involved in the 

transmission belong to the Galba/Fossaria group. Species differentiation within 

Galba/Fossaria is crucial given (i) their different disease transmission capacities to 

humans; (ii) the difficulties in species differentiation due to their pronounced morpho- 

logical similarities; and (iii) the fact that there is a snail species of this group which, 

although usually present in high transmission areas, does not transmit (BARGUES et 

al., 2011c). The abundant species of lymnaeid snails described for Argentina were 

classified according to morphological features (Table 1). The incorporation of molecular 

studies not only has identified the existence of introduced species into Argentina, but is 

also profoundly revising the current taxonomy of the lymnaeid fauna of this country. 

 

 

3.2.- OBJECTIVES  
 
 The present study aims to identify the lymnaeid vector species involved in human 

and animal fascioliasis endemic areas of Argentina by means of molecular tools 

(sequence and analysis of ribosomal and mitochondrial DNA molecular markers) and by 

their shell morphometry and genital anatomy; develop molecular tools for the future 

identification, to species and haplotype level of lymnaeid populations; and subject to 

phylogenetic analyses both, nuclear ribosomal DNA and mitochondrial DNA markers 

sequenced to determine valid species and to assess phylogenetic relationships by 

different tree reconstruction methods. 

 The specific aims of the present study are: 

 a) Describe the presence of G. truncatula in Argentina and molecular confirmation, 

by analysis of the complete sequence of the first and second internal transcribed 

spacer, ITS-1 and ITS-2 respectively, of the nuclear ribosomal DNA (rDNA). 

 b) Describe the evidence that supports that L. viator var. B elongata, be reclassified 

as Lymnaea neotropica n. sp. by means of a combined genetic and phenetic analysis 

of specimens from "terra typica" and an exhaustive comparison with other 

Galba/Fossaria species such as L. cubensis, L. viator and G. truncatula, as 
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representative species frequently involved in fascioliasis transmission in Central and 

South America. 

 c) Describe the presence of L. neotropica in Argentina and its natural infection by F. 

hepatica, by means of molecular identification of both, the intramolluscan trematode 

larval stages found in naturally infected snails and the lymnaeid species carrying the 

trematode larval stages.  

 d) Genetic analysis of other lymnaeid speciesgeographycally or taxonomically related 

as the case of L. diaphana, by means of sequencing of combined rDNA and mtDNA 

markers from topotypic specimens. 

 e) Analysis of phylogenetic relationships of lymnaeid species from Argentina with 

other Galba/Fossaria species described in new and old world as well as with other 

selected lymnaeid species representing the different lymnaeid groups of interest. 

 

 
3.3.- MOLECULAR CHARACTERISATION OF GALBA TRUNCATULA 
 
3.3.1.- GEOGRAPHICAL ORIGIN OF THE SPECIMENS STUDIED 
 
 For the identification of G. truncatula in Mendoza province, lymnaeid specimens were 

collected in the locality of El Salto, a small town in the Department of Lujan de Cuyo in 

the province of Mendoza, Argentina. The snails where collected from a small irrigation 

channel (Figure 6) that diverted water from a mountain river, Río Blanco, of the Río 

Mendoza basin. The coordinates of the collection site were 32°57'19.61"S-

69°17'55.08"W and at an altitude of 1,966 m.a.s.l. Upon collection the snails were fixed 

in 70% ethanol.  

 Mendoza province has the Andes Mountains as a backbone in the west, with a 

medium altitude of 4,500 m.a.s.l. and towards the east a transition to a plains region. 

The rivers have their origin at great altitudes in the Andes and they flow eastward 

conforming the Desaguadero River basin, which receives water from the following 

rivers: Mendoza, Tunuyán, Diamante and Atuel. The climate in the mountains is cold 

with precipitation as snow during the winter. The eastward plains have a temperate 

climate with scarce precipitation mainly during the summer rarely exceeding 250 mm. 

According to the National Census, El Salto has a population of 361 inhabitants, but this 

number increases manifold during weekends, holydays and vacations due to its tourist 

and recreational activities. 
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Fig.6.-  Irrigation cannel (arrow) in El Salto (32°57'19.61"S 69°17'55.08"W), Lujan de 

Cuyo department, where the snails were found. In the background, oriental view 
of the Andes Mountains (Cordón del Plata). 

.  
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3.3.2.- METHODOLOGICAL PROCEDURES 
 

 DNA extraction procedure steps were performed according to methods outlined 

previously (BARGUES et al., 2001).Total DNA was isolated according to the phenol-

chloroform extraction and ethanol precipitation method. After dissection under a 

microscope with sterile scissors, half of each foot was suspended in 400 μl lysis buffer 

[10 mM Tris-HCl (pH 8.0), 100 mM EDTA, 100 mM NaCl, and 1% sodium dodecyl 

sulphate] containing 500 mg proteinase K (Promega, Madison, WI)/ml, and digested for 

2 h at 55ºC, shaking every 15 min. 

 Total extraction of DNA was done in three steps according to the phenol-chloroform 

method. First, 400 μl of phenol were added and centrifuged during 5 min at 1,300 rpm. 

Then the aqueous phase with the DNA is recovered. In the second step, 200 μl of 

phenol, and 200 μl chloroform: isoamyl alcohol (24:1, by vol.) is added and mixed 

gently. Again, it is centrifuged and the aqueous phase is recovered. In the third and final 

step, 400 μl of the same chloroform: isoamyl-alcohol mixture was added, mixed, 

centrifuged and the supernatant recovered. The final aqueous phase was precipited 

with 4M sodium acetate and 100% ethanol. The resultant DNA pellet was suspended in 

30 μl of TE buffer (Tris-HCl 10mM, pH=7.6, EDTA 0.1 mM, pH=8,0) and conserved at -

20ºC until used. 

 The fragments corresponding to ITS-1 and ITS-2 were amplified using primers 

designed to match the conserved regions of genes 5.8S and 28S (BARGUES et al., 

2001; MAS-COMA et al, 2001). PCR was done using a MiniCyclerTM PT-150 (MJ 

Research, Watertown, MA, USA) thermal cycler using 4-6 μl of genomic DNA from each 

snail for each 5 μl of PCR reaction with the following program: 94°C during two minutes; 

30 repetitive cycles of 30 seconds at 94°C, 30 seconds at 50°C and 30 seconds at 72° 

C; then 2 minutes at 72°C and a final cooling of 4°C. After, 10 μl of each PCR product 

were separated by electrophoresis in 1% agarose and visualized by staining with 

ethidium bromide. In each reaction a positive and negative control was added as well as 

a molecular-weight marker. 

 Purification was done with UltraClean (MoBio Laboratories, CA, USA). The final DNA 

concentration was determined by measuring absorbance at 260 and 280nm in a 

Spectrogenics Genesis 5 (Spectronic, NY, USA) spectrophotometer. The sequencing of 

the amplified regions was done using the ABI PrismTM dRhodamine Terminator in the 

automatic ABI Prism 377A (Perkin-Elmer) sequencer and the PCR primers were 

employed. 
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 Sequences were aligned using version 1.8 of the CLUSTAL-W program 

(THOMPSON et al., 1994). Alignments were done including the lymnaeids from 

Argentina and also with sequences of other known haplotypes of G. truncatula. The 

following ITS-1 and ITS-2 sequences present in GenBank were used for comparisons: 

G. truncatula haplotype A (AJ243018), from Spain, Portugal, Switzerland and Corsica, 

haplotype B (AJ296270), from Morocco, and haplotype C (AJ272052), from Bolivia 

(MAS-COMA et al., 2001); G. truncatula Haplotype 1 (AJ296271), from Spain, Portugal 

and Corsica, Haplotype 2 (AJ243017), from Spain, Portugal and Switzerland, and 

Haplotype 3 (AJ272051), from Bolivia (BARGUES et al., 2001; MAS-COMA et al., 2001) 

(= L. viator sensu UENO et al., (1975); = L. cubensis sensu UENO et al., (1975); = 

Lymnaea sp.morph I y morph II sensu OVIEDO et al., (1995a). Homologies were 

investigated using the BLAST program, via the website of the United States National 

Center for Biotechnology Information (www.ncbi.nlm. nih.gov/BLAST). 
 
 
3.3.3.- RESULTS OBTAINED IN THE STUDY OF rDNA MARKERS 
 

 ITS-1: The ITS-1 sequences from the lymnaeid specimens analysed presented the 

same length of 504 base pairs (bp) and a scarcely biased GC content of 57.5%. The 

nucleotide sequence was in all cases the same and it is shown in Table 4. The 

Argentinean lymnaeids presented an ITS-1 sequence showing a 99.6% similitude with 

the G. truncatula haplotype A (HA) from Europe. The nucleotide differences detected 

were only two mutations: the transition G / A in position 74 and the transversion T / G in 

position 75. Concerning G. truncatula haplotype B (HB) from Morocco, the similitude 

was of 99.4% and a total of three mutations were detected: two transitions G / A and T / 

C in positions 74 and 132, respectively, and one transversion T / G in position 75 (Table 

4). When comparing the ITS-1 sequence of the Mendoza lymnaeid specimens with that 

of G. truncatula haplotype C (HC) from the Northern Bolivian Altiplano, no nucleotide 

differences appeared (Table 5). 

 ITS-2: All the lymnaeid specimens analysed presented the same length of 401 base 

pairs (bp) and a GC content of 58.6%. The nucleotide sequence was in all cases the 

same and it is shown in Table 6.  The comparison with the sequences available in 

GenBank, by means of the BLAST program, immediately showed great similitude with 

the sequences of G. truncatula. Compared to haplotype H1 of Europe there is a  
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Table 4.- Complete nucleotide sequence of the first internal transcribed spacer ITS-1 of 

the nuclear ribosomal DNA of lymnaeids from the population of El Salto, 
Mendoza, Argentina (BARGUES et al., 2006b) . 

 

 
 

Table 5.- Sequence length, nucleotide contents and differences found in the 
comparison of the sequences of ITS-1 of the nuclear ribosomal DNA of 
lymnaeid populations from Argentina and known haplotypes of G. truncatula 
(BARGUES et al., 2006b). 

. 
G. truncatula 

haplotype 
Origin Length %GC Positions 

74   75   132 
GenBank 
Acc. No. 

HA Spain, Switzerland, 
Corsica, Portugal, 

504 bp 57,5 A    G    T AJ243018 

HB Morocco 504 bp 57,5 A    G    C AJ296270 
HC Northern Bolivian 

Altiplano 
504 bp 57,5 G    T    T AJ272052 

HC El Salto, Mendoza, 
Argentina 

504 bp 57,5 G    T    T present 
work 

 

  

1   ATCATTAACG AGCAGCCAAC CGAGCGTTGA CTACTTTGTT GTCTCAGTCA GTCAGTCAGT 
61  CAGGCCCCGC GGCGTGCACG CATGAAGCGC TGTCGCGGGG CTGTGTCCGC TTCGTCTTTC 
121 GGGGTACCTA TTACTGTCCT CGATGCGACC CACGGTGACG GCTTAGAGCC CGTGTGCTCG 
181 CCGGGTCGCG ACGGTTCAAA GAGTGGCCGG CTTGGCTCAG CTCGAGAGTC AGCCGGCGAC 
241 CGCCCCGCCG TCGCAAAAAA ACAGGAGGTT AGTCCGGGGT ACCTATGCCC TGCCCGCGCT 
301 CGCTCTCGCG CCGGCAAGGC GGTAGCTCCA GCTCGCTATT TGGCCGCGAG GTTCAAAGAG 
361 ACGACCGTGC CTTAACTTGC TCTCTCCGTG GGCAACGGTC GCCGCCCCGG GCCTCCTAAA 
421 ATTTCCTTTA ATAAAACGAA ATTATTTTTT AAAAATGTGT GTCGGCTCGA TCGTGGCACA 
481 CGAAAAACAA ACAAAAGTC  TTAT 
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Table .6.- Complete nucleotide sequence of the second internal transcribed spacer ITS-
2 of the nuclear ribosomal DNA of lymnaeids from the population of El Salto 
(32°57'19.61"S 69°17'55.08"W) , Mendoza, Argentina (BARGUES et al., 
2007b). 

 

 
 
 
 
 
 
 
 
 
Table 7.- Sequence length, nucleotide contents and differences found in the 

comparison of the sequences of ITS-2 of the nuclear ribosomal DNA of 
lymnaeid populations from Argentina and known haplotypes of G. 
truncatula (BARGUES et al., 2007b) . 

 
G. truncatula 

haplotype Origin Length %GC Positions 
56   149 

GenBank 
Acc. No. 

H1 Spain, Portugal, 
Corsica 

401 bp 59,1 G C AJ296271 

H2 Spain,Portugal, 
Switzerland 

401 bp 58,8 G T AJ243017 

H3 
 

North Bolivian 
Altiplano 

401 bp 58,6 T T AJ272051 

H3 El Salto, Mendoza, 
Argentina 

401 bp 58,6 T T present work 

 
  

GCTAGTCACA AAGCATTCGT GTCCTTGCAG CTCTCGCAAA AACCGAAGCC 50 
TTGCTGCGTG AGCTCTCACG CTGCTCGGCG ATGGTTGGAT ACGCCCTGGA100 
CCCTCGCGGC CAAAGCTGTC GTTGCCTGCT CGGCGGCGAC GGTGACGGTC150 
CCGTGGTCTT AAGCGCAAGC CGCGCCGTTG TCCGTTCATC TCGTAACGTC200 
TTCGACGCTG CCCTGCTCTT GGCGGCCTGT CCGTTTTCTC TACCGCCAGG250 
CAGGACCCGG CTCGCTTACT TTATTTATTA TCGTGGCGTT CTCGGGCCTG300 
CAGTCCATGG CATCGCAGCT CGTGGGTGGA GAACAAGGGG CTCTAAGACG350 

CTACGTGGTC GGCGCCCGTC GTTGAATGAA ACATTATTTG TTTCTTTTCTC 401 
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97% similitude in the sequence, it has two mutations: a transversion of T for G in 

position 55 and a transition T for C in position 149. Compared with haplotype H2 of G. 

truncatula there is only one mutation: transversion of T for G in position 55 (Table 6). 

 When Compared the ITS-2 sequence of these lymnaeids from Argentina with the 

ITS-2 haplotype H3 of G. truncatula from the Northern Bolivian Altiplano, not one 

nucleotide difference was detected, thus the similitude is 100% (Table 7). 

 

 

3.3.4.- IMPACT OF GALBA TRUNCATULA FINDING IN ARGENTINA IN THE 
TRANSMISSION OF FASCIOLIASIS 

 

 The analysis of sequences of ITS-1 and ITS-2 of rDNA of the lymnaeids from 

Mendoza has provided that these sequences were identical, both in length (504 and 

401 bp, respectively) and nucleotide sequence, to the previously described for the same 

markers in G. truncatula from the Northern Bolivian Altiplano (GenBank Accession 

Numbers AJ272052 and AJ272051, for ITS-1 and ITS-2, respectively). The lymnaeid 

species detected originally in Mendoza, Argentina, in the year 2001 are, therefore, G. 

truncatula haplotype HC referring to ITS-1 and haplotype H3 referring to ITS-2 

(BARGUES et al., 2006b, 2007a). 

 Lymnaeids of the Galba/Fossaria group have exhibit great intraespecific variability 

with overlapping morphology and morphometry which not only difficults but also 

sometimes does not permit a thorough classification of the specimens (BARGUES et 

al., 2001). Many techniques both genetic and phenotypic have been proposed for the 

definitive species classification. Amongst them, the ITS-1 and ITS-2 have demonstrated 

to be good molecular markers; ITS-2 has demonstrated not only to be useful to 

differentiate between species but also between different populations by means of the 

SNP (single nucleotide polymorphisms) (BARGUES et al., 2005). 

 The case of the Northern Bolivian Altiplano is an excellent example. This region was 

widely surveyed from a veterinary standpoint and it was evident that animal fascioliasis 

was an important issue and that the disease in cattle was transmitted by two American 

species: L. viator and L. cubensis (UENO et al., 1975). However, studies performed on 

intraespecific variability showed that both species overlapped morphologically (OVIEDO 

et al., 1995a). Also, both species showed an identical experimental capacity to transmit 

Fasciola hepatica in the laboratory, which is not coincident with a disease transmitted by 

a vector that, in the presence of more than one vector species in the same region, the 
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parasite is always more adapted to determined species and thus is better transmitted by 

one species than by others. This information raised the doubt if the classification of 

these species was correct. Molecular markers demonstrated that they were not two 

species but only one with a great intraespecific morphological variability and that this 

species was neither of the American species previously described (UENO et al., 1975) 

but the introduced European species G. truncatula. 

 G. truncatula is a species of European origin that is very uniform genetically 

speaking. In Europe, by means of ITS-2 classification, the only two haplotypes known 

are H1 and H2 that differ only by 1 nucleotide mutation due to a transition in position 

149; C in H1 and T in H2 (MAS-COMA et al., 2001). This genetic uniformity seems to be 

related with the capacity for self-fertilization which bestows the ability to generate clonic 

or monomorphic populations (MEUNIER et al., 2001). Up to now, only one other 

haplotype of the ITS-2 besides the two European is known: it is named H3 and was 

found in the Northern Bolivian Altiplano. It is characterized by a transfer in 55 (G in H1 

and H2; T in H3), besides a transition in position 149 (C in H1 and T in H3) (MAS-

COMA et al., 2001). 

 If we take into account that the haplotype of G. truncatula described in the present 

work is responsible for the human endemic zone of the world with the highest 

prevalence, intensity and child mortality in the world, the result of the molecular 

confirmation of the classification of this lymnaeid snail in Mendoza, Argentina is quite 

meaningful. The province of Mendoza is also located in the Andean area and although 

the inhabited altitudes are not as high as those of hyperendemic zones in Bolivia and 

Perú, temperatures are similar because of the southern latitude (FUENTES et al., 

1999). This suggests a high disease transmission capacity in Mendoza. Besides the 

well known great capacity for transmission of Fasciola hepatica of this snail, there are 

other four epidemiological characteristics that have to be considered: 

a) G. truncatula is a species that is closely related to the presence of livestock, so, its 

capacity to be passively transported by the animals is pronounce, thus there is a 

profound capacity for its geographical expansion. 

b) G. truncatula was found in attitudinally high Andean region, which suggests an even 

greater transmission capacity due to the longevity of this snail in higher altitudes with 

respect to the snails in lower regions (MAS-COMA et al., 2001). 

c) The wide ecological features of G. truncatula do allow it to come close to human 

settings. This explains why this lymnaeid is in the background of many human 

infections. The peculiar ecology of this species brings it close to the human settlements 
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(MAS-COMA et al., 1999a) and can even exist in urban settings, even in waters highly 

polluted by human activity (ESTEBAN et al., 1999). 

d) The adaptations of F. hepatica for its survival at high altitudes, which leads to an 

increase in the production of larvae (greater number of cercariae produced per 

individual snail) and to the increase in the duration of cercarial emission in each infected 

snail. 

 The presence of such a suitable vector for transmission may well be related to the 

high prevalences found in cattle in Mendoza. In one of the main slaughterhouses of the 

province a prevalence of 34.0% was found and in animals in a slaughterhouse which 

receives exclusively animals from Tupungato (an Andean valley region) a prevalence of 

67.5% was found (MERA y SIERRA et al., 2005a). 

 The existence of G. truncatula H3 poses a serious threat to public health due to its 

great capacity for transmission of fascioliasis en Mendoza, which alerts of the 

implications of its existence in other regions of Argentina. It is imperative to implement 

the use of molecular markers for the classification of lymnaeid snails due to the 

aforementioned difficulties to rely exclusively on morphological and anatomical criteria. 

The molecular markers, ITS-1 ad ITS-2 and particularly the latter is the best option for a 

definitive identification at species level. Future studies should be orientated towards an 

analysis of fascioliasis in humans and animals and its relation to the distribution of G. 

truncatula. 
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3.4.- GENETIC AND PHENETIC DESCRIPTION OF LYMNAEA NEOTROPICA N.SP.  

 

 In Latin America, although P. columella is a very peculiar species that can easily be 

identified by shell morphology and anatomy (PARAENSE, 1982a; MALEK, 1985), L. 

cubensis and L. viator belong to the morphologically and anatomically confusing 

Galba/Fossaria group. The division of L. viator into two varieties (A and B) dates right 

back to the description of the species (D’ORBIGNY, 1835). Their marked intraspecific 

morphological variability makes several ‘sibling’ species within this Galba/Fossaria 

group difficult or even impossible to separate without genetic analysis (BARGUES et al., 

2001; DURAND et al., 2002), and the taxonomy of the whole group remains unclear 

(BARGUES et al., 1997). The recent detection of lymnaeid vector species such as G. 

truncatula (BARGUES et al., 2006b, 2007), well known to be responsible for high 

prevalences and intensities of human fascioliasis in neighbouring and closely located 

countries such as Bolivia and Perú (BARGUES et al., 2012), adds concern to this 

question. 

 The aims of the present study, based on analyses of the sequences of the snails’ 

18S, ITS-1 and ITS-2 rDNA, and their cytochrome-c-oxidase-subunit-I (cox1) 

mitochondrial DNA (mtDNA), is to identify the members of the Galba/Fossaria group 

involved in transmission in Central and South America. 

 Species differentiation within this lymnaeid group is crucial given (i) their different 

disease transmission capacities to humans; (ii) the difficulties in species differentiation 

due to their pronounced morphological similarities; and (iii) the fact that there is a snail 

species of this group which, although usually present in high transmission areas, does 

not transmit (BARGUES et al., 2011c). 

 

 

3.4.1.- GEOGRAPHICAL ORIGIN OF THE SPECIMENS STUDIED 
 

In order to be systematically conclusive, specimens from the ‘terra typica’ of each Latin 

American species of lymnaeid snail were used whenever possible. The exact type 

locality of L. cubensis, which was originally described from Cuba (PFEIFFER, 1839), is 

unknown but specimens from Vaqueria 21, Cuba, were selected for the present study. 

The original description of L. viator (D’ORBIGNY, 1835) includes two varieties: var. A 

ventricosa from three localities (Rio Negro area, Patagonia, Argentina, and two in Chile, 
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Santiago and Casablanca), and var. B elongata from Lima, Perú. European and South 

American specimens of G. truncatula were used for comparison. 

The snail specimens investigated were of L. cubensis (from Vaqueria 21, La Habana, 

Cuba; 23º01'N, 82º32'W), L. viator var. A ventricosa (from Frias, Rio Negro, Argentina; 

40º14'S, 64º10'W), L. viator var. B elongata (from Rio Rimac, Lima, Perú; 12º02'S, 

76º56'-77º08'W), L. viator var. B elongata (from Rio Lurin, Lima, Perú; 12º03'S, 

77º04'W), and G. truncatula (from Benicasim, Castellon, Spain; 40º06'N, 00º07'E), the 

latter just being used in the sequencing of cox1 mtDNA. 

 

 
3.4.2.- MOLECULAR STUDY 
 
3.4.2.1.- MOLECULAR MARKERS USED 
 
 The molecular characterisation of the snails has been made by DNA sequencing of 

the complete nuclear ribosomal 18S rRNA gene and the spacer markers ITS-2 and ITS-

1 and a fragment of the mitochondrial mtDNA gene cox1. The usefulness of these 

markers has been already proven for invertebrates in general (MAS-COMA & 

BARGUES, 2009) and for the classification of the lymnaeid species and the 

comparative assessment of the intraspecific variability of their populations in many 

countries of Latin America (BARGUES & MAS-COMA, 2005, BARGUES et al., 

20011,a,b), also including Argentina (BARGUES et al., 2006b, 2007, MERA Y SIERRA 

et al., 2009). 

 
 
3.4.2.2.- DNA EXTRACTION 
 
DNA was extracted from more than one specimen of a given population when this was 

deemed necessary for sequence verification. Only snails that appeared free of helminth 

infection were used in the molecular analyses. To reduce further the risk of 

contamination of DNA from helminths (which are more likely to be localized in other 

tissues), DNA was only isolated from the foot of each snail. Use of just the feet, rather 

than all the soft tissues, also prevented the development in the DNA pellets of the white 

flocculate substance (probably of polysaccharides) and melanic pigments that can 
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inhibit PCR and cause amplification of non-specific products (GASSER et al., 1993; 

BARGUES et al., 1997). 

 The phenol-chloroform method (SAMBROOK et al., 1989) was used to extract total 

DNA from snail feet that had been fixed in 70% ethanol and stored at 4°C for several 

weeks (BARGUES and MAS-COMA, 1997), following the same procedure as previously 

described (see section 3.3.2)  
 
 
3.4.2.3.- SEQUENCING OF rDNA AND mtDNA MARKERS 
 
 The complete rDNA small subunit (18SrRNA gene), the rDNA internal transcribed 

spacers (ITS-1 and ITS-2) and the cox1 mtDNA of each lymnaeid were amplified by 

PCR, using 4-6 l of lymnaeid genomic DNA in each 50 l reaction mixture (BARGUES 

& MAS-COMA, 1997; BARGUES et al., 2001; MAS-COMA et al., 2001). Eight 

conserved oligonucleotide primers were used for the amplification of five super imposed 

fragments of the 18S rRNA gene (BARGUES et al., 1997), a 9600 thermocycler(Perkin 

Elmer, Waltham, MA) and a standard protocol (BARGUES et al., 1995) being employed 

to amplify the specific 18S rDNA regions. The fragments corresponding to ITS-1 and 

ITS-2 were amplified using primers previously described (BARGUES et al., 2001, 

2006). A cox1 gene fragment was amplified using universal primers (FOLMER et al., 

1994).  

 PCR conditions were 30 cycles of 30 s at 94ºC, 30 s at 50ºC and 1 min at 72ºC, 

preceded by 30 s at 94ºC and followed by 7 min at 72ºCfor ITS-2 and ITS-1, and by 40 

cycles of 30 s at 90ºC, 1 min at 48ºCand 1 min at 72ºC, preceded by 2.5 min at 94ºC 

and followed by10 min at 72ºC for cox1. 

 The products of each PCR (10 l) were separated by electrophoresis in a gel of 1% 

NusieveGTG agarose (FMC Bioproducts, Rockland, ME) and visualized by staining 

with ethidium bromide and trans-illuminating with ultra-violet light. A set of molecular-

weight markers (Marker VI; Boehringer Mannheim, Mannheim, Germany) containing 0.1 

g DNA/l was run in each gel. 

 Primers and nucleotides were removed from the PCR products using a commercial 

DNA purification system (WizardTM PCR Preps; Promega) before the products were 

resuspended in 50 l 10 mMTE buffer (pH 7.6).The final DNA concentration was 

determined by measuring absorbances at 260 and 280 nm. 



 

117 
 

 The sequencing, of the entire 18S rRNA gene, the complete ITS-1 and ITS-2 and a 

fragment of the cox1 gene was performed on both strands by the dideoxy chain-

termination method (SANGER et al., 1977). The Taq dye-terminator chemistry kit for the 

ABI 373A and ABI 3700 capillary system (Perkin Elmer) and the PCR primers were 

employed. 

 Sequences were aligned using version 1.8 of the CLUSTAL-W programme 

(THOMPSON et al., 1994), with the sequences introduced in random order, to reduce 

bias (LAKE, 1991). Homologies were investigated using the BLAST programme, via the 

website of the United States National Center for Biotechnology Information 

(www.ncbi.nlm. nih.gov/BLAST). Genetic distances were estimated using parameters 

provided by version 4.0b10 of the PAUP programme (SWOFFORD, 2002). Alignments 

included not only the sequences determined in the present study but also relevant 

reference sequences stored in the GenBank databank. These reference sequences 

were those of the 18S rRNA genes of G. truncatula (accession Z73985; BARGUES & 

MAS-COMA, 1997) and L. cubensis (Z83831; BARGUES et al., 1997), ITS-2, of 

haplotype H1, from G. truncatula from Spain, Portugal and Corsica, France (AJ296271), 

ITS-2, of haplotype H2, from G. truncatula from Spain, Portugal and Switzerland 

(AJ243017), ITS-2, of haplotype H3, from G. truncatula from Bolivia [= L. viator sensu 

Ueno et al. (1975) and L. cubensis sensu Ueno et al., (1975); accession AJ272051; 

BARGUES et al., 2001; MAS-COMA et al., 2001], ITS-1, of haplotype HA, from G. 

truncatula from Spain, Portugal, France and Switzerland (AJ243018), ITS-1, of 

haplotype HB, from G. truncatula from Morocco (AJ296270), and ITS-1, of haplotype 

HC, from G. truncatula from Bolivia (AJ272052;MAS-COMA et al., 2001). 

 For haplotype nomenclature, the nomenclature proposed by BARGUES and MAS-

COMA (2005) and BARGUES et al. (2006) for the ITS-1 and ITS-2 haplotypes of 

lymnaeid snails is used throughout. An ‘H’ followed by a lower-case letter (e.g. Ha) is 

used to identify the mtDNA cox1 haplotypes. 
 

 
3.4.2.4.- REPRESENTATION OF THE 18S rRNA SECONDARY STRUCTURE 
 

 The previously published secondary structure prediction for Limicolaria kambeul 18S 

rRNA (WINNEPENNICKX et al., 1992), which was based on the general eukaryote 

18S-rRNA secondary structure (DE RIJK et al., 1992), was used and extended to 

encompass the lymnaeid sequences. Version 2.54 of the DCSE programme (DE RIJK 
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& DE WACHTER, 1993) was used to examine potential secondary structures, with the 

RNA structure programme (MATHEWS et al., 1999) employed to predict parts of the 

structure and the Rna Viz programme (DE RIJK & DE WACHTER, 1997) employed for 

the graphical representation. 

 

 
3.4.2.5.- PHYLOGENETIC INFERENCE 
 
 Phylogenies were inferred, from ITS-1 and ITS-2 rDNA sequences, using maximum 

likelihood (ML) estimates with PAUP. Maximum-likelihood parameters such as model, 

base frequencies, transition/transversion ratio (ts/tv), the shape parameter for the 

gamma distribution, and the proportion of invariant sites, were optimised using the 

hierarchical likelihood ratio test (hLRT) and the Akaike information criterion (AKAIKE, 

1974; POSADA & BUCKLEY, 2004), implemented in Modeltest 3.7 (POSADA & 

CRANDALL, 1998). Starting branch lengths were obtained using the least-squares 

method with ML distances. To provide an assessment of the reliability of the nodes of 

the trees, a quartet-puzzling analysis was employed, with 1000 puzzling steps. 

 Phylogenetic analyses were performed after adding reference sequences of ITS-2 

and ITS-1 of lymnaeid rDNA stored in the GenBank databank. These sequences were 

of L.(Stagnicola) palustris palustrisITS-2 (AJ319620) and ITS-1 (AJ626849), L. (S.) 

palustris turricolaITS-2 (AJ319618) and ITS-1 (AJ626853), L.(S.) fuscusITS-2 

(AJ319621) and ITS-1 (AJ626856), Catascopia occulta ITS-2 (AJ319642) and ITS-1 

(AJ626858), ITS-2 (AJ296271, AJ243017 and AJ272951, respectively) and ITS-1 

(AJ243018, AJ272052 and AJ296270, respectively) of the H1, H2 and H3 haplotypes of 

G. truncatula, and the sequence from P. columella that includes both spacers 

(AY186751). The sequence (AY030361) including both spacers of a planorbid species, 

Biomphalaria pfeifferi, was used as outgroup. 

 

 
3.4.3.- PHENOTYPIC STUDY  
 
3.4.3.1.- SHELL MEASUREMENTS 
 
 Shells were measured, according to traditional malacological methods, under a 

calibrated stereomicroscope using a computerized image-analysis system (VALERO et 
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al., 2005). This system was based on a DXC-930P colour video camera (Sony, Tokyo) 

fitted to a stereomicroscope, and connected to a computer running image analysis 

software (ImagePro Plus 4.5; Media Cybernetics Inc., Silver Spring, MD). The 

morphometric study of the intraspecific variability of the snail shell included: shell length 

(SL), shell width (SW), last spire length (LSL), aperture length (AL), and aperture width 

(AW), as well as the ratios SL/SW, SL/AL and SL/LSL. Measurements were made 

following traditional malacological methods (OVIEDO et al., 1995; SAMADI et al., 2000). 

 

 

3.4.3.2.- ANATOMICAL STUDIES 
 

 For anatomical studies, adult Peruvian L. viator var. B elongata were collected in the 

field and allowed to relax overnight in water containing menthol. They were then 

immersed for 40 s in hot water (70ºC) before transfer to water at room temperature. The 

soft parts were drawn from the shells with forceps applied to the cephalo-pedal mass, 

and fixed in slightly modified Railliet-Henry’s fluid (930 ml distilled water, 6 g NaCl, 50 

ml 40% formalin, and 20 ml glacial acetic acid). The fixed snails were then dissected 

under a stereomicroscope, so that drawings of the reproductive system could be made 

using a camera lucida (POINTIER et al., 2006). 

 

 

3.4.4.- MOLECULAR RESULTS 
 
 The results of the molecular analyses indicate that a new species, for which the 

name L. neotropica n. sp. (synomin of L. viator var. B elongata) is proposed and a 

diagnostic description provided, may be involved in the transmission of F. hepatica to 

humans and other mammals in Latin America. 
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3.4.4.1.- RESULTS OBTAINED IN THE STUDY OF rDNA MARKERS 

 
3.4.4.1.1.- 18S rRNA GENE 
 
 The 18S rDNA sequence of L. cubensis from Cuba is 1860-bp long, with a GC 

content of 51.82%, and has base frequencies of 0.236 (A), 0.235 (G), 0.283 (C) 

and0.245 (T). This sequence is identical to that deposited in GenBank by BARGUES et 

al. (1997). 

 The sequence of the 18S rRNA gene of L. viator var. A ventricosa from Argentina is 

1,860-bp long, shows a GC content of 51.82%, and has base frequencies of 0.236 (A), 

0.236 (G), 0.282 (C) and 0.245 (T). The sequences of the 18S of L. neotropica (=L. 

viator var. B elongata) from the two localities in Lima, Perú, were identical, base to 

base, and did not differ, even by a single nucleotide, from the corresponding sequence 

of L. viator var. A ventricosa. This 18S sequence has been deposited in GenBank as 

accession AM412222. 

 The 18S sequence of L. cubensis differs from that of L. viator var. A ventricosa and 

L. neotropica (= L. viator var. B elongata) by a nucleotide divergence of only 0.32%, 

represented by six nucleotide differences [one transition (ts), three transversions (tv), 

and two insertions/deletions (indels)] in a 1,861-bp long alignment. According to the 

secondary structure, the four mutations appear to be located in helix E10-1 of the V2 

variable area whereas the two indels appear to be scattered throughout the rest of the 

18S sequence (Table 8). 

 The 18S sequence of L. cubensis differs much more from that of G. truncatula, with a 

nucleotide divergence of 1.50%, represented by 28 nucleotide differences (five ts, four 

tv and 19 indels) in a 1,861-bp-long alignment. Again, the secondary structure indicated 

that the differences were concentrated in E10-1 of V2 (Table 8). 

 Curiously, the 18S sequences indicate the same level of difference between L. 

cubensis and G. truncatula as between L. viator and G. truncatula, the latter 

comparison also showing a nucleotide divergence of 1.50%, represented by 28 

nucleotide differences (six ts, three tv and 19 indels) in a 1,861-bp-long alignment. The 

majority of these differences also appear in helix E10-1 of V2 (Table 8). 

 The triple-comparison alignment, including the 18S sequences of L. cubensis, L. 

viator and G. truncatula, was 1,862-bp long and included 31 variable nucleotide 

positions, giving a nucleotide divergence of 1.66% (Table 8). The majority (24) of the 
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modified positions appeared to be grouped in the short sequence between positions 

231 and 263, whereas the other seven modified positions appeared isolated and 

scattered throughout the rest of the 18S sequence (Table 8). 

 
 
3.4.4.1.2.- ITS-2 rDNA 
 

 The three ITS-2 sequences of the four lymnaeid populations studied were deposited 

in GenBank as accessions AM412223 (L. cubensis haplotype H1 from Cuba), 

AM412224 (L. viator var. A ventricosa haplotype H1 from Argentina), and AM412225 (L. 

neotropica = L. viator var. B elongata haplotype H1 from Rio Rimac and Rio Lurin, 

Lima, Perú). The lengths and slightly GC-biased mean nucleotide compositions of these 

ITS-2 sequences were, respectively, 534 bp and 56.22% in L. cubensis, 452 bp and 

54.20% in L. viator var. A ventricosa, and 417 bp and 56.83% in L. neotropica. 

 The numbers and percentages of nucleotide differences that appeared in the two 

sequence alignments of the ITS-2 sequences, and details of the ts, tv and indels, are 

shown in Table 9. The numbers of repeats of each microsatellite found in these 

comparisons are noted in Table 10. The ITS-2 sequence of L. cubensis was unusually 

long because of a tetra nucleotide microsatellite (CTTG) that appears to be repeated 25 

times, consecutively, in positions 51-150. 

 The ITS-2 sequences of the specimens of L. neotropica from the populations of Rio 

Lurin and Rio Rimac were identical. They differed from those of L. viator var. A 

ventricosa at 53 positions, giving a relatively large nucleotide divergence of 11.67%. 

Eleven of the 39 indels found were not related to microsatellite repeats. The CTTG 

microsatellite seen in L. cubensis also appears in both L. viator var. A ventricosa and L. 

neotropica (= L. viator var. B elongata), together with other two tetra nucleotide repeats 

(TTCA and TGAA). 

 The number of variable positions (124) and level of nucleotide divergence (22.67%) 

were higher in the comparison between L. cubensis and L. viator var. A ventricosa. 

Amongst the numerous indels, most (76) were related to the CTTG repeat but other 

microsatellites, including the trinucleotide GGT and the tetranucleotides GCAA, TGAA 

and TCGA, were also present (Table 10). 
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Table 8.-Nucleotide differences found in comparisons of the complete 18S ribosomal 
DNA sequences of the lymnaeids, and their location in the secondary structure 
(BARGUES et al., 2007a) 

 

*Code numbers (to be read vertically) refer to the secondary structure proposed for the 
gastropod Limicolaria kambeul (Winnepenniekx et al., 1992), which was based on the 
model and nomenclature for eukaryotes (De Rijk et al., 1992). 
** Numbers (to be read vertically) refer to positions obtained in the alignment made with 
CLUSTAL W. 
*** To be read vertically. 
 
  

Variable Position, code numbers or sequences 
Variable area* V V V V V V V V V V V V V V V V V V V V V V V V  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
 V V V 

4 4 5 
_ _ V 
_ _ 9 

 
Helix* E E E E E E E E E E E E E E E E E E E E E E E E 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

1 
5 

E E 2 
2 2 7 
1 1 _ 
_ _ _ 
1 7 _ 

3 3 4 
4 6 7 

Position**  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
3 3 3 3 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 6 
1 2 3 4 5 6 7 2 3 5 6 7 8 9 0 1 2 3 4 5 6 7 8 3 

 
4 
5 
9 

_ _ 1 
7 8 1 
2 5 3 
1 2 5 

1 1 1 
2 2 7 
3 9 4 
0 9 7  

L. cubensis Cuba G T C G T G C G T C A A G C C G T G G T C G C C C G G _ _ T C 
L. viator var. A 

ventricosa 
Argentina 

G T G C C T C G T C A A G C C G T G G T C G C C 
 

C _ G _ C T C 

L. viator var. B elongata 
Perú 

G T C C C T C G T C A A G C C G T G G T C G C C C _ G_ C T C 

G. truncatula Europe _ _ C C T T T A G _ _ _ _ _ _ _ _ _ _ _ _ _ _ T _ _ A C _ G T 
 

Difference number*** 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 

2 
5 

2 2 2  
6 7 8 

2 3 3 
9 0 1 
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 In the comparison of L. cubensis with L. neotropica (= L. viator var. B elongata), the 

number of variable positions (143) and level of nucleotide divergence (26.78%) were 

even higher. Again, most of the indels detected (92) were related to the CTTG repeat. 

The microsatellites GGT, GCAA, TTCA, TGAA and TCGA, however, did not appear to 

be repeated in L. neotropica (=L. viator var. B elongata) (Table 10).  

 When the ITS-2 sequences of the G. truncatula haplotypes H1, H2 and H3 (which 

differed by only one or two mutations) were compared with those of the three taxa of 

American lymnaeids, a high number of nucleotide differences appeared in the 

alignments and a notable equidistance in the true mutations was observed (see Table 

9). The results of the PAUP-based analysis of the pair-wise comparisons of ITS-2 

sequences are shown in Table 11. 
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Table 9.-ITS-2 sequence differences detected in pair-wise comparisons between the lymnaeid species studied (BARGUES et al., 2007a). 

 

 

   No. and (%) of substitutions  

Comparison Alignment 
length (bp) 

No. and (%) of 
nucleotide differences Transitions Transversions No. and (%) of 

insertions/deletions 
L. cubensis v. L. viator var. A 

ventricosa 547 124 (22.67) 8 (1.46) 8 (1.46) 108 (19.74) 

L. cubensis v. L. viator var. B 
elongata 534 143 (26.78) 11 (2.05) 14 (2.05) 118 (22.09) 

L. viator var. A ventricosa. L. 
viator var. B elongata 454 53 (11.67) 9 (1.98) 5 (1.10) 39 (8.59) 

L. cubensis. G. truncatula (ITS-2 
haplotypes 1, 2 and 3) 548 197-199 (35.94-36.31) 18-20 (3.28-

3.65) 
17-18 (3.10-

3.28) 161 (29.38) 

L. viator var. A ventricosa v. G. 
truncatula (ITS-2 haplotypes 1, 2 

and 3) 
465 113-114 (24.30-24.52) 11-12(2.36-

2.58) 
24-25 (5.16-

5.38) 77 (16.56) 

L. viator var. B elongata v. G. 
truncatula (ITS-2 haplotypes 1, 2 

and 3) 
438 93-94 (21.23-21.46) 13-14 (2.97-

3.20) 
21-22 (4.79-

5.02) 58 (13.24) 
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Table 10.- The microsatellites in the ribosomal DNA ITS-2 sequences of the American lymnaeids studied, and number of times each one 
was repeated in pair-wise comparisons (BARGUES et al., 2007a). 

 
     No. of times each microsatellite appears 

Comparison Alignment 
length (bp) 

Repeat Start point 
 (position no.) 

Lymnaea  
cubensis 

L. viator  
var. A 

ventricosa 

L. viator  
var. B elongata 

L. cubensis v. L. viator 
var. A ventricosa 

547 CTTG 
 

GGT_ 
GCAA 
TGAA 
TCGA 

51 
 

328 
431 
487 
529 
_51 

25 
 

3 
2 
2 
2 

25 

6 
 

1 
1 
4 
1 
- 

- 
 
- 
- 
- 
- 
2 

L. cubensis v. L. viator 
var. B elongata 

540 CTTG 
 

GGT_ 
GCAA 
TTCA 
TGAA 
TCGA 

51 
 

328 
431 
445 
487 
529 

25 
 

3 
2 
2 
2 
2 

- 
 
 
- 
- 
- 
- 

2 
 

0 
1 
1 
1 
1 

L. viator var. A ventricosa 
v. 

 L. viator var. B elongata 

454 CTTG 
 

TTCA 
TGAA 

51 
 

352 
398 

- 
 
- 
- 

6 
 

2 
3 

2 
 

1 
1 
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Table 11.-Total character differences (above diagonal) and mean character differences adjusted for missing data (below diagonal), as 

determined using the PAUP programme, in pair-wise comparisons between the ITS-2 sequences of the lymnaeid species 
(BARGUES et al., 2007a). 

 

 G. truncatula of ITS-2 haplotype:    

 1 2 3 L. viator var. B 
elongata 

L. viator var. A 
ventricosa L. cubensis 

G.  truncatula 
ITS-2 haplotype 1 
ITS-2 haplotype 2 
ITS-2 haplotype 3 

 
- 
1 
1 

 
0.00249 
0.00499 

- 

 
0.08995 
0.08730 
0.08730 

 
0.08995 
0.08730 
0.08730 

 
0.09278 
0.09021 
0.09021 

 
0.11340 
0.11082 
0.11082 

L. viator var. B elongata 34 33 33 - 0.03373 0.07090 
L. viator var. A ventricosa 36 35 35 14 - 0.07289 

L. cubensis 44 43 43 29 32 - 
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Table 12.- ITS-1 sequence differences detected in pair-wise comparisons between the lymnaeid species studied (BARGUES et al., 
2007a). 

 

   No. and (%) of substitutions  
Comparison Alignment 

length (bp) 
No. and (%) of 

nucleotide differences 
Transitions Transversions No. and (%) of 

insertions/deletions 
Lymnaea cubensis v. L. viator var. 

A ventricosa 
569 86 (15.11) 18 (3.16) 22 (3.87) 46 (8.08) 

L. cubensis v. L. viator var. B 
elongata 

544 72 (13.23) 20 (3.67) 21 (3.87) 31 (5.69) 

L. viator var. A ventricosa v. L. 
viator var. B elongata 

570 98 (17.19) 30 (5.26) 29 (5.08) 39 (6.84) 

L. cubensis v. G. truncatula (ITS-1 
haplotypes A, B and C) 

549 126-128 (22.95-24.78) 27-28 (4.92-
5.10) 

29-30 (5.28-
5.46) 

70 (12.75) 

L. viator var. A ventricosa v. G. 
truncatula (ITS-1 haplotypes A, B 

and C) 

569 139-141 (24.43-24.78) 34-35 (5.97-
6.15) 

39-40 (6.85-
7.03) 

66 (11.59) 

L. viator var. B elongata v. G. 
truncatula (ITS-1 haplotypes A, B 

and C) 

544 131-133 (24.08-24.45) 40-41 (7.35-
7.54) 

40-41 (7.35-
7.54) 

51 (9.37) 
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3.4.4.1.3.- ITS-1 rDNA 
 

 The three ITS-1 sequences of the four lymnaeid populations studied were deposited 

in GenBank as accessions AM412226 (L. cubensis haplotype HA from Cuba), 

AM412227 (L. viator var. A ventricosa haplotype HA from Argentina) and AM412228 (L. 

neotropica = L. viator var. B elongata haplotype HA from Rio Rimac and Rio Lurin, 

Lima, Perú). The lengths and slightly GC-biased mean nucleotide compositions of the 

ITS-1 sequences were, respectively, 524 bp and 56.29% in L. cubensis, 568 bp and 

54.58% in L. viator var. A ventricosa, and 533 bp and 56.66% in L. neotropica (= L. 

viator var. B elongata).  

 The numbers and percentages of nucleotide differences that appeared in the two 

sequence alignments of the ITS-1 sequences, and details of the ts, tv and indels, are 

shown in Table 12. 

 The ITS-1 sequence of L. cubensis shows no microsatellite repeat. Those of the 

specimens of L. neotropica (= L. viator var. B elongata) from the populations of Rio 

Rimac and Rio Lurin in Lima, Perú, were identical but differed from the ITS-1 sequence 

of L. viator var. A ventricosa at 98 positions, giving a considerable nucleotide 

divergence of 17.19%. This divergence is markedly higher than that seen in ITS-2, with 

no microsatellite repeats found in the ITS-1 sequences.  

 Although the ITS-1 comparisons between L. cubensis and either L. viator var. A 

ventricosa or L. neotropica (= L. viator var. B elongata) showed numerous nucleotide 

differences, the levels of nucleotide divergence were less than those seen with ITS-2. A 

large number of nucleotide differences was also apparent in the alignments of the ITS-1 

sequences of G. truncatula haplotypes HA, HB or HC (the sequences of which differed 

by only one, two or three mutations) with those of the three taxa of American lymnaeid 

(Table 12). The results of the PAUP-based analysis of the pair-wise comparisons of 

ITS-2 sequences are shown in Table 13. 
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Table 13.- Total character differences (above diagonal) and mean character differences adjusted for missing data (below diagonal), as 

determined using the PAUP programme, in pair-wise comparisons between the ITS-1 sequences of the lymnaeid species 
(BARGUES et al., 2007a). 

 

 Galba truncatula of ITS-1 haplotype    

 A B C L. cubensis 
L. viator var. A 

ventricosa 
L. viator var. B 

elongata 
G. truncatula 

ITS-1 haplotype A 
ITS-1 haplotype B 
ITS-1 haplotype C 

 
- 
1 
2 

 
0.00198 

- 
3 

 
0.00397 
0.00595 

- 

 
0.12343 
0.12552 
0.12762 

 
0.15339 
0.15538 
0.15737 

 
0.16057 
0.16260 
0.16463 

L. cubensis 59 60 61 - 0.076648 0.06126 
L. viator var. A ventricosa 77 78 79 40 - 0.09943 
L. viator var. B elongata 79 80 81 31 52 - 
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3.4.4.2.- RESULTS OBTAINED IN THE STUDY OF mtDNA MARKERS 
 

3.4.4.2.1.-cox1 mtDNA 
 

 The three cox1 sequences of the four lymnaeid populations studied were deposited 

in GenBank as accessions AM494009 (L. cubensis haplotype Ha from Cuba), 

AM494010 (L. viator var. A ventricosa haplotype Ha from Argentina), AM494008 (L. 

neotropica = L. viator var. B elongata haplotype Ha from Rio Rimac and Rio Lurin, 

Lima, Perú), and AM494011 (G. truncatula corresponding to snails belonging to the 

rDNA ITS combined haplotype CH1A from Benicasim, Castellon, Spain). The lengths 

and highly AT-biased mean nucleotide compositions of the cox1 sequence were, 

respectively, 672 bp and 68.45% in L. cubensis, 672 bp and 69.39% in L. viator var. A 

ventricosa, 672 bp and 69.93% in L. neotropica (= L. viator var. B elongata), and 672 bp 

and 68.45% in G. truncatula Ha. 

 The numbers and percentages of nucleotide differences that appeared in the two 

sequence alignments of the cox1 sequences, and details of the ts, tv and indels, are 

shown in Table 14. 

 The cox1 sequences of the specimens of L. neotropica (= L. viator var. B elongata) 

from the populations of Rio Rimac and Rio Lurin in Lima, Perú, were identical but 

differed from those of L. viator var. A ventricosa at 29 positions, giving a nucleotide 

divergence of 4.31%. In the cox1 comparisons of L. cubensis with either L. viator var. A 

ventricosa or L. neotropica (= L. viator var. B elongata), numerous nucleotide 

differences were apparent although the levels of divergences were less than those seen 

in ITS-2 and ITS-1, mainly because of the absence of indels. Large numbers of 

nucleotide differences were also apparent in the alignments of the cox1 sequence of G. 

truncatula Ha with those of the three taxa of American lymnaeid (Table 14). 

 The results of the PAUP-based analysis of the pair-wise comparisons of cox1 

sequences are shown in Table 15. 

 For each of the four lymnaeid taxa studied, the amino-acid sequence of the cox1 

gene fragment that was obtained was 224 acids long. Pairs-wise comparison at the 

level of these COX1 amino-acid sequences indicated 100% identity between L. 

cubensis and L. neotropica (= L. viator var. B elongata), and only one amino-acid 

difference (isoleucine/ valine, at position 11) between them and L. viator var.  
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Table 14.- cox1 sequence differences detected in pair-wise comparisons between the lymnaeid species studied (BARGUES et al., 

2007a). 
 

   No. and (%) of substitutions  

Comparison Alignment 
length (bp) 

No. and (%) of 
nucleotide 
differences 

Transitions Transversions 
No. and (%) of 

insertions/ 
deletions 

L. cubensis v.  
L. viator var. A ventricosa 672 38 (5.65) 32 (4.76) 6 (0.89) 0 (0) 

L. cubensis v.  
L. viator var. B elongata 672 14 (2.08) 14 (2.08) 0 (0) 0 (0) 

L. viator var. A ventricosa v. 
L. viator var. elongata 672 29 (4.31) 23 (3.42) 6 (0.89) 0 (0) 

L. cubensis v. 
G. truncatula (COI 

haplotype Ha) 
672 75 (11.16) 43 (6.39) 32 (4.76) 0 (0) 

L. viator var. A ventricosa v. 
G. truncatula (COI 

haplotype Ha) 
672 68 (10.11) 38 (5.65) 30 (4.46) 0 (0) 

L. viator var. B elongata v. 
G. truncatula (COI 

haplotype Ha) 
672 67 (9.97) 35 (5.21) 32 (4.76) 0 (0) 
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Table 15.- Total character differences (above diagonal) and mean character differences adjusted for missing data (below diagonal), as 
determined using the PAUP programme, in pair-wise comparisons between the COI sequences of the lymnaeids species 
(BARGUES et al., 2007a). 

 

 L. viator var. B elongata L. cubensis 
L. viator var. A 

ventricosa 
G. truncatula (cox1 

haplotype Ha) 
L. viator var. B elongata - 0.02083 0.04315 0.09968 

L. cubensis 14 - 0.05655 0.11158 
L. viator var. A ventricosa 29 38 - 0.10117 

G. truncatula (COI 
haplotype Ha) 67 75 68 - 
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A ventricosa. In terms of these amino-acid sequences, G. truncatula was identical to L. 

cubensis and L. neotropica (= L. viator var. B elongata). 

 
 
3.4.4.3.- RESULTS OBTAINED IN THE PHYLOGENETIC ANALYSES 
 

 The combination of the two internal transcribed spacers in a single data set 

generated a robust tree, indicating phylogenetic accordance between the two spacers. 

The ML model best fitting this data-set was HKY85+G, using a ts/tv ratio of 1.12 

(kappa=.2.2016), base frequencies for A, C, G and T of 0.3361, 0.1419, 0.1787 and 

0.3433, respectively, a proportion of invariable sites=0, and a gamma-distribution shape 

parameter of 0.59. The resulting phylogeny (-Ln=6314.7671) was evaluated using a 

least-squares method with ML distances, with high puzzle values supporting the 

reliability of the nodes of the main branches. 

 In the tree obtained, L. neotropica (= L. viator var. B elongata) appears as sister 

species, with maximum support (puzzle value=100%), in the same clade as L. cubensis 

and L. viator var. A ventricosa, the latter two taxa also clustering with maximum support. 

The branch holding all three haplotypes of G. truncatula is grouped within the same 

Galba/Fossaria clade as L. neotropica (= L. viator var. B elongata), L. cubensis and L. 

viator var. A ventricosa. Stagnicolines are grouped in the other main clade. The 

European Lymnaea (Stagnicola) species are grouped together in a well supported 

branch, with the American P. columella and the Palearctic C. occulta appearing as 

basal species (Figure 7). 

 

 
3.4.5.- PHENOTYPIC RESULTS 
 
3.4.5.1.- SYSTEMATIC-TAXONOMIC CHARACTERISTICS OF LYMNAEA 

NEOTROPICA N.SP. 
 
 As a variety is not a taxonomic entity and a variety name cannot therefore be raised 

to level, the new species Lymnaea neotropica n. sp. is here proposed for the lymnaeid 

specimens from Lima previously known as Lymnaea viator var. B elongata. To avoid 

further confusion, the type locality for L. viator var. B elongata (D’ORBIGNY, 1835) the 
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Fig. 7.- A phylogenetic tree of lymnaeid snails species based on ITS-1 and ITS-2 

ribosomal sequences. The tree was derived from a maximum-likelihood model 
(HKY85+G), using a transition transversion ratio of 1.12, with a planorbid 
species Biomphalaria pfeifferi as an outgroup. The numbers on the nodes 
represent the percentage of 1000 puzzling replicates. (BARGUES et al., 
2007a).  
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Rio Rimac at Lima, Perú is selected as type locality for the new species and L. viator 

var B. elongata becomes a synonym of L. neotropica n. sp. Lymnaea viator (= L. viator 

var. A ventricosa) is hence characterized by the features of the lymnaeids coming from 

Frias, Rio Negro, Argentina. 

 In summary the systematic-taxonomic characteristics of L. neotropica n. sp. are: 

 Synonym: Lymnaea viator var. B elongata D’ORBIGNY, 1835. 

 Type Locality: Irrigation canals running from the Rio Rimac, near Lima and Callao, 

Perú (12°02´S, 76°56´-77°08´W). 

 Other locality: Rio Lurin, Lima, Perú (12°03´S-77°04´W). 

 Type specimens: Holotype and a paratype deposited in the Muséum National 

d’Histoire Naturelle (MNHN) in Paris, France. Other voucher specimens deposited in 

the parasite collection of the Department of Parasitology, University of Valencia, 

Valencia, Spain. 

 
 
3.4.5.2.- DESCRIPTION OF THE SHELL 
 
 The form of the shell is illustrated in Figure 8. Shell length in the specimens 

measured varied between 5.89 and 8.74 mm, with a mean of 7.13 and a standard 

deviation (SD) of 1.20 mm. Maximum width varied from 3.29 to 4.56 mm, with a mean 

of 3.95 mm, SD of 0.54 mm. The length/width ratio varied from 1.69 to 1.92, with a 

mean of 1.80, SD of 0.07. The shell is formed of 5.5 convex and deeply sutured whorls 

that gradually increase in diameter, with a shell spiral angle of 38.64° to 46.99° with a 

mean of 42.73° (SD=2.44). The last whorl is 4.47 to 6.78 mm long with a mean of 

5.58mm, (SD=0.91), with a shell/last-whorl length ratio of 1.21 to 1.38, mean of 1.28, 

(SD=0.05). The spire is more-or-less pointed, or short with a rather obtuse apex. 

Growth lines and umbilicus are slightly pronounced. The spiral sculpture is very faint 

and not easily seen. The aperture is oval and almost round, with a thin peristome. The 

aperture measures 2.90 to 4.53 mm, mean 3.75mm (SD=0.64) in length and the width 

measures from 1.97 to 2.99 mm, mean 2.46 mm (SD=0.44). The length of the aperture 

is about half the shell length, with a shell/aperture length ratio of 1.76 to 2.03, mean 

1.91 (SD=0.09). 

 Shells up to 10 mm long and 5.6 mm wide, with length/width ratios varying from 1.61 

to 1.85 (with a mean of 1.75), a whorl increase ratio of 1.71 to 2.09 (with a mean of  
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Fig. 8.- The shell of Lymnaea neotropica n. sp., showing ventral (a) and dorsal (b) views . 
(BARGUES et al., 2007a). 
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1.88), and shell/aperture length ratios of 1.81 to 2.02 (with a mean of 1.90) were 

recorded by PARAENSE (1976). 

 
 
3.4.5.3.- DESCRIPTION OF THE ANATOMY  
 
 The morphology of the reproductive system is illustrated in Figure 9. The ovotestis, 

which has a lobulate surface formed by numerous acini, has a collecting canal that 

continues into the ovispermiduct. The latter, which appears to be a short and very thin 

tube, empties into the wider seminal vesicle, which has a bosselated surface and leads 

into an egg-shaped chamber which is located between the albumen gland, oviduct and 

spermiduct. 

 The voluminous albumen gland is roughly bean-shaped and has a funnel shaped 

duct that opens into the egg-shaped chamber. The oviduct is so markedly contorted that 

it nearly describes a complete circle around the spermiduct. It is in contact with the 

albumen gland, and, near to its cephalic end, has a wrinkle-walled, expanded pouch 

projecting from its right dorsal side. The final, thick-walled part of the oviduct is roughly 

cylindrical and continues into the nidamental gland. The nidamental gland is oblong, 

with rounded shoulders, and is initially wider than the cephalic portion of the oviduct 

before narrowing into a short uterus followed by a short vagina.  

 The spermatheca is round-ovoid, with a narrow and relatively long duct. Although the 

first expanded part of the spermiduct shows a granular surface, the duct becomes 

gradually thinner and smoother, as it runs across the ventral surface of the nidamental 

gland, before again widening to form a prostate with a granular surface. The prostate, 

which is generally ovoid but not infrequently elongate or pear- or spindle shaped, 

measures 580-1,120 µm, with a mean of 782 µm (S.D.=1.12) in length and is flattened 

dorsoventrally at its caudal end. The vas deferens emerges from the opposite part of 

the prostate, runs for short distance across the vagina and then forms a long caudal 

loop before emptying in a curved, cylindrical penis sheath. The penis is very slender, 

acicular, unarmed, with a terminal outlet, and about as long as the sheath. The penis 

sheath is frequently more-or-less invaginated into the preputium, from which it is 

separated, internally, by the sarcobelum, a perforated papilla mainly consisting of a 

gland-cell aggregate. The preputium is markedly wider and longer than the penis 

sheath, the latter appearing to be more than half as long as the preputium in around 

40% of the specimens examined. The preputium/penis-sheath length ratio varied from  
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Fig. 9.- Anatomy of the reproductive system of Lymnaea neotropica (BARGUES et al., 
2007a).   
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1.3-3.4, with a mean of 2.12 (SD=0.28) in the present study (and from 1.1-3.9, whit a 

mean of 2.7) in the study by PARAENSE (1976).  

 The central tooth of the radula is bicuspid, with a tiny cusp or protuberance in 

addition to the main cusp. The lateral teeth are usually bicuspid, although the first 

laterals may occasionally be tricuspid or very rarely quadricuspid. The intermediate 

teeth have the mesocone split into two parts, and the marginal teeth are multicuspidate. 

The teeth often appear irregularly arranged, groups of teeth with well divided cusps 

sometimes alternating with groups of teeth with relatively undivided cusps. 

 For additional information on the anatomy of the soft parts of this species see 

PARAENSE (1976). 

 

 

3.4.6.- DISCUSSION 
 
3.4.6.1.- EVALUATION OF MOLECULAR MARKERS USED IN LYMNAEIDS 
 
 For the Lymnaeidae in general, the four DNA markers used in the present study have 

the advantage of furnishing information at different levels. The 18S rRNA gene, for 

example, has a conserved, slowly evolving sequence that is useful mainly for 

supraspecific analyses. The ITS-2 andITS-1 sequences evolve relatively fast and are 

useful for species differentiation, although haplotyping also enables population 

characterisation within a species (BARGUES & MAS-COMA, 2005). Cox1 appears to 

evolve faster than 18S and ITS-2 but slower than ITS-1, its amino-acid sequence 

offering information at a similar or higher level than that furnished by the 18S rRNA 

gene.  

 The characteristics of the 18S rDNA sequences of L. cubensis, L. viator (= L. viator 

var. A ventricosa) and L. neotropica n. sp. (= L. viator var. B elongata) determined in the 

present study appear similar to those known for other lymnaeids, the localization of 

most nucleotide differences in the E10-1 helix of the variable area V2 being a common 

feature (BARGUES & MAS-COMA, 1997, 2005; BARGUES et al., 1997). Interestingly, 

in spite of the morpho-anatomical similarity of the lymnaeid species studied, there are 

differences not only between L. cubensis, L. viator (= L. viator var. A ventricosa) and L. 

neotropica n. sp. (= L. viator var. B elongata), but also numerous differences between 

G. truncatula and the American lymnaeids, indicating that the lymnaeids investigated in 

detail in the present study may cover more than one supraspecific taxon. 
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 The ITS-2 sequences of the lymnaeids investigated in the present study show a high 

number of microsatellite repeats. Microsatellites have already been detected in the ITS-

2 of other lymnaeids (BARGUES et al., 2001, 2003) but the details of their origin, 

mutation, evolution and function, if any, have yet to be elucidated (JARNE et al., 1998). 

In theory at least, as microsatellite alleles exhibit extreme intraespecific variability, 

neutrality, Mendeleyan inheritance, co dominance and high mutation rates, they should 

form very good polymorphic molecular markers for the differentiation of populations 

within a given species (JARNE & LAGODA, 1996; ROOS et al., 1998). 

 Microsatellites of ITS-2 may thus be useful markers for population differentiation in 

species of the Galba/Fossaria group, although their use must be handled with caution. 

When the ts, tv and indels not related to microsatellites are considered, the nucleotide 

differences and genetic distances observed, in the present study, between L. viator (= 

L. viator var. A ventricosa) and L. neotropica n. sp. (= L.viator var. B elongata) are 

similar to those known between some closely related but systematically distinct 

lymnaeid species and markedly greater than observed within some lymnaeid species 

that show high levels of intraespecific variability (BARGUES et al., 2001, 2003). As no 

microsatellites were detected in ITS-1, all nucleotide differences seen in the sequence 

of this spacer may be considered for species differentiation. In all the pair wise 

comparisons in the present study, the differences seen in ITS-1 (Table 13) were greater 

than those in ITS-2 (Table 11). This was the expected result, as ITS-1 evolves faster 

than ITS-2 (BARGUES & MAS-COMA, 2005; BARGUES et al., 2006a). 

 As with ITS-2, the ITS-1 sequences determined in the present study support species 

status for L. cubensis, L. viator var. A ventricosa, L. neotropica (= L. viator var. B 

elongata) and G. truncatula (BARGUES et al., 2006a, 2007b). 

 

 
3.4.6.2.- EVALUATION OF MOLECULAR AND MORPHOANATOMICAL STUDIES IN 

THE GALBA/FOSSARIA SPECIES  

 

 The results of the present DNA sequencing generally support those of recent 

phenotypic and morpho-anatomical studies performed on lymnaeid samples of the 

same species, varieties and type localities. In the phenotypic study by DURAND et al. 

(2002), for example, an analysis of variability based on 12 iso-enzyme loci revealed 

significant differences between L. viator var. B elongata (from the type locality in Lima) 

and L. viator var. A ventricosa (collected in Bahia Blanca, Argentina, about 350 km 
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north of the type locality of this variety, in Rio Negro), as well as between the L. viator 

var. B elongata and L. cubensis from Cuba. In their morpho-anatomical study, 

POINTIER et al. (2006) found that, in terms of the respective lengths of the penis 

sheath and preputium, L. viator var. A ventricosa was markedly different from L. 

cubensis or L. viator var. B elongata (although, none of the morpho-anatomical 

parameters that were studied allowed L. cubensis to be distinguished from L. viator var. 

B elongata). 

 The three species L. cubensis, L. viator and L. neotropica n. sp. are kept within the 

genus Lymnaea s.l. for the time being, awaiting a general review of the Lymnaeidae 

from Latin America which will include an appropriate systematic-taxonomic analysis of 

the taxa currently recognized within the Galba/Fossaria group. The relevant 18S rDNA 

sequences (BARGUES & MAS-COMA, 1997, 2005; BARGUES et al., 2007b) already 

indicate that even though these four species have similar shells (some old specimens of 

L. cubensis are larger than G. truncatula) and are difficult to distinguish anatomically 

(SAMADI et al., 2000) L. cubensis, L. viator, L. neotropica n. sp. and G. truncatula 

should not be placed in the same supraspecific taxon. 

 The present results show that ITS-2, ITS- 1 and cox1are good markers not only for 

identifying L. cubensis, L. viator, L. neotropica and G. truncatula, in fascioliasis endemic 

areas in Central and South America, but also for the classification of samples of these 

species to haplotype level. This usefulness becomes crucial when considering that, 

anatomically, L. cubensis appears to be indistinguishable from L. neotropica (L. viator 

var. B elongata) and is distinguishable only with difficulty from L. viator (L. viator var. A 

ventricosa) (PARAENSE, 1982a; POINTIER et al., 2006). Exhaustive ITS-2 and ITS-1 

studies on single nucleotide polymorphisms (SNP) have already proved the value of 

both spacers for the distinction and identification of these lymnaeids (BARGUES et al., 

2001, 2003, 2005; BARGUES & MAS-COMA, 2005). Curiously, a single mutation in the 

ITS rDNA of P. columella has been associated with susceptibility to F. hepatica infection 

(GUTIERREZ et al., 2003). 

 
 

3.5.- IMPLICATIONS OF LYMNAEA NEOTROPICA IN FASCIOLIASIS 
TRANSMISSION IN ARGENTINA 

 

 In Argentina, production of mostly cattle, but also sheep and goats, is a main national 

economic activity, with wide areas mainly or totally dedicated to livestock management. 
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Therefore, animal fascioliasis has always been a target of major concern in this country, 

due to its high pathogenicity, losses it causes, and economic efforts which shall be 

made for its control (LOMBARDERO et al., 1979a; PIZZI et al., 1982; OLAECHEA, 

1994). Moreover, human cases have been described in several provinces (see review 

in CHEN & MOTT, 1990) and the human infection situations in countries such as Chile 

and Bolivia are causes for concern in Argentina because of the close neighbourhood. 

Therefore, studies are being made since several years to assess the present situation 

of the disease throughout Argentina, taking into account the great climatic and 

physiographic heterogeneity of the different regions of this country.Special efforts are 

being made in Mendoza province where prevalences in cattle are very high (MERA Y 

SIERRA et al., 2005).  

 The aim of the present study is to describe the results obtained in a recreational 

farm, including liver fluke infection in different domestic animal species, classification of 

the vector and verification of natural transmission of fascioliasis by identification of the 

intramolluscan trematode larval stages found in a naturally infected snail. The 

classification of the lymnaeid species and the trematode larval stages was confirmed by 

molecular characterisation. Molecular markers were selected according to their 

usefulness for molluscs in general or lymnaeids in particular: small subunit or 18S rRNA 

gene (BARGUES & MAS-COMA, 1997) and the second and first internal transcribed 

spacers ITS-2 and ITS-1 (REMIGIO & BLAIR, 1997; MAS-COMA et al., 2001; 

BARGUES et al., 2001, 2003, 2006a, 2007a,b) within nuclear ribosomal DNA (rDNA), 

and the cytochrome c oxidase subunit I cox1 (REMIGIO & HEBERT, 2003; BARGUES 

et al., 2007b) within mitochondrial DNA (mtDNA). 

 

 

3.5.1.- GEOGRAPHICAL ORIGIN OF SAMPLES STUDIED 
 

 The study area was a recreational farm studied situated in the locality of Perdriel 

(District Perdriel, Department of Lujan de Cuyo), at an altitude of 902 m, on Mendoza 

province, central-west Argentina. Climate data from this area was obtained using DIVA-

GIS 5.2 software (WorldClim 1.4: climatic layers resolution 2.5 min) (HIJMANS et al., 

2005). 

 Lymnaeid snails were collected in the same area where definitive hosts showed liver 

fluke infection. Sampling of snails was carried out manually in December 2007, June 

2008, July 2008 and August 2008, in water collections of an artifical pond and the 
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overflow originated from an artificial irrigation channel. Snail population dynamics was 

assessed by 15-minute manual collections by the same person within a reduced area of 

10 m2. Snails collected were transported alive to the laboratory for appropriate studies.  

 The morphometric study of the intraspecific variability of the snail shell included shell 

length (SL), shell width (SW), last spire length (LSL), aperture length (AL), and aperture 

width (AW), as well as the ratios SL/SW, SL/AL and SL/LSL. Measurements were made 

under a calibrated stereomicroscope following traditional malacological methods 

(OVIEDO et al., 1995; SAMADI et al., 2000; BARGUES et al., 2007b). Snail specimens 

for molecular analyses, as well as trematode larval stages found in one lymnaeid 

specimen, were fixed in 70% ethanol for DNA extraction procedures. 

 

 

3.5.2.- MOLECULAR PROCEDURES 
 

 DNA extraction: the same procedure was performed for both lymnaeids and fluke 

larvae. Total DNA was isolated according to the phenol–chloroform extraction and 

ethanol precipitation method. The procedure steps were performed according to 

methods outlined previously (BARGUES & MAS-COMA, 1997; BARGUES et al., 2001, 

2007a). The pellet was dried and resuspended in 30 µl sterile TE buffer (pH 8.0). This 

suspension was stored at −20º C unti use. 

 DNA sequence amplification of ribosomal and mtochondrial markers: for lymnaeids, 

the 18S rRNA gene, the two spacers ITS-1 and ITS-2 of the rDNA and a mitochondrial 

DNA cox1 gene fragment were amplified by PCR using the same primers and PCR 

conditions as described previously (BARGUES et al., 2001, 2006a, 2007a) (see details 

in section 3.4.2.3). The ITS-1 of the trematode rediae was amplified by PCR according 

to methods described in MAS-COMA et al. (2001). 

 Purification and quantification of PCR products: primers and nucleotides were 

removed from PCR products by purification on Wizard™ PCR Preps DNA Purification 

System (Promega, Madison, WI, USA), according to the manufacturer's protocol and 

resuspended in 50 µl of 10 mM TE buffer (pH 7.6). The final DNA concentration was 

determined by measuring the absorbance at 260 and 280 nm. 

 DNA sequencing: the sequencing of the complete 18S rRNA gene, the complete 

rDNA ITS-1 and ITS-2, and the fragment of the mtDNA cox1 gene was performed on 

both strands by the dideoxy chain-termination method (SANGER et al., 1977). It was 
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carried out with the Taq dye-terminator chemistry kit for ABI 373A and ABI 3700 

capillary system (Perkin Elmer, Foster City, CA, USA), using PCR primers. 

 Software programs used for sequence alignment: sequences were aligned using 

CLUSTAL-W version 1.8 and MEGA 4.0 (TAMURA et al., 2007), and assembly was 

made with the Staden Package (STADEN et al., 2001). Subsequently, minor corrections 

were manually introduced for a better fit of nucleotide correspondences in microsatellite 

sequence regions. Homologies were performed using the BLASTN programme from the 

National Center for Biotechnology information web site 

(http://www.ncbi.nlm.nih.gov/BLAST). Genetic distances were measured using 

parameters provided by PAUP v.4.0b10 (SWOFFORD, 2001). 

 

 
3.5.3.- CHARACTERISATION OF LYMNAEA NEOTROPICA FROM ARGENTINA 
 
3.5.3.1.- MORPHOLOGICAL AND MORPHOMETRIC RESULTS  
 
 Specimens of the lymnaeid population sampled in the farm present morphological 

and morphometric characteristics which indicate that there is only one lymnaeid species 

present. The form of the shell is illustrated in Figure 10 and its morphometric variability 

in Table 16. These characteristics fully agree with those of the species L. neotropica 

originally described from Perú. The morphometric shell comparison between L. 

neotropica from Argentina and L. neotropica from the type locality in Lima shows no 

significant differences in any of the parameters studied. The only small difference 

observed concerns shell length, which is indeed related to the age of the collected 

lymnaeids: specimens from the Peruvian type locality were described as presenting 5.5 

deeply sutured whorls, whereas specimens from are smaller, with 4 whorls in 28 of the 

specimens collected (84.8%) and 5 whorls in the remaining 5 specimens (15.1%) (Table 

16). 
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Fig. 10.-. Shell of Lymnaea neotropica from Argentina: (A) ventral view and (B) dorsal view (MERA Y SIERRA et al., 2009). 
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Table 16.- Lymnaeid shell measurement comparison between Lymnaea neotropica 

from Argentina and L. neotropica from the type locality in Perú. Range 
include minimum and maximum extremes; mean and standard deviation SD 
in parentheses. Measurements in mm (MERA Y SIERRA et al., 2009). 

  

Shell 
parameters 

L. neotropica Perdriel, 
Mendoza, Argentina 

(n = 33) 

L. neotropica Rio Rimac, 
Lima-Callao type locality, Perú 

(n = 33) 

Shell length (SL) 5.24-7.90 (6.28 T 0.67) 5.89-8.74 (7.13 T 1.20) 

Shell width (SW) 2.95-4.76 (3.76 T 0.44) 3.29-4.56 (3.95 T 0.54) 

Last spire length 
(LSL) 4.19-6.19 (5.02 T 0.54) 4.47-6.78 (5.58 T 0.91) 

Aperture length 
(AL) 2.29-4.38 (3.19 T 0.50) 2.90-4.53 (3.75 T 0.64) 

Aperture width 
(AW) 1.52-3.14 (2.16 T 0.36) 1.97-2.99 (2.46 T 0.44) 

SL/SW ratio 1.50-1.86 (1.67 T 0.08) 1.69-1.92 (1.80 T 0.07) 

SL/AL ratio 1.44-2.42 (1.99 T 0.20) 1.76-2.03 (1.91 T 0.09) 

SL/LSL ratio 1.19-1.49 (1.25 T 0.05) 1.21-1.38 (1.28 T 0.05) 
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3.5.3.2.- MOLECULAR RESULTS 
 

 18S rRNA gene: Its sequence in the 10 lymnaeids analysed is 1,860 bp long, shows 

a GC content of 51.82%, and its base frequences are: A = 0.236; G = 0.236; C = 0.282; 

and T = 0.245. This sequence is identical to that of the same gene in the species L. 

neotropica and L. viatrix, already deposited in the GenBank under the Accession No. 

AM412222. 

 rDNA ITS-2: All specimens from Perdriel furnished the same sequence of 417 bp 

long and 56.83% of GC content. When compared to the ITS-2 of close lymnaeid 

species of the Galba/Fossaria group present in South America (L. cubensis, L. viatrix, L. 

neotropica and G. truncatula), no one nucleotide difference could be found with L. 

neotropica ITS-2 haplotype H1 (AM412225). 

 rDNA ITS-1: Lymnaeid specimens from Perdriel furnished one identical sequence of 

533 bp long and 56.66% of GC content. When compared to the ITS-1 of close lymnaeid 

species of the Galba/Fossaria group present in South America, no one nucleotide 

difference could be found with L. neotropica ITS-1 haplotype HA (AM412228). 

 mtDNA cox1: Lymnaeids studied from Perdriel showed only one 672-bp-long 

sequence which has been deposited in the GenBank with the haplotype code L. 

neotropica cox1-b (this code is provisional because it only concerns a fragment and not 

the complete gene sequence). It differs by only 1 transition in position 468 from the L. 

neotropica cox1-a from the type locality of Rio Rimac, Lima, Perú (AM494008). This 

mutation (C/T in Ha/Hb, respectively) gives rise to no difference in the amino acid 

sequence between both haplotypes. Genetic pairwaise distances at the level of cox1 

between these L. neotropica haplotypes and other lymnaeids of the Galba/Fossaria 

group are noted in Table 17. 

 

 

3.5.4.- MOLECULAR CHARACTERISATION OF TREMATODE LARVAL STAGES IN 

LYMNAEA NEOTROPICA 
 

 The complete sequence of the rDNA ITS-1obtainedin the trematode rediae found in a 

L. neotropica specimen from Perdriel is 432 bp long and with a 51.85% GC content.  

 This sequence was compared with rDNA ITS-1 of: F. hepatica from Spain, France, 

Poland, Ireland, Iran, Japan, Korea, Vietnam, Autralia, Egypt, Bolivia, Perú, Uruguay, 

Argentina, Chile, Venezuela, Ecuador and Mexico (AB207139, AB207140, AB207141,  
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Table 17.- Pairwise distances between mtDNA COX1 sequences of the lymnaeid species analysed according to PAUP. Below diagonal = 
total character differences; above diagonal = mean character differences (adjusted for missing data) (MERA Y SIERRA et al., 
2009). 

 

  1 2 3 4 5 6 
1 L. neotropica 
cox1-b 

ARGENTINA _ 0.00149 0.02232 0.04464 0.10119 0.10833 

 

2 L. neotropica 
cox1-a 

PERU 1 _ 0.02083 0.04315 0.09970 0.10667 

 

3 L. cubensis 
cox1-a 

CUBA 15 14 _ 0.05655 0.11161 0.12000 

 

4 L. viator 
cox1-a 

ARGENTINA 30 29 38 _ 0.10119 0.10500 

 

5 G. truncatula 
cox1-a 

SPAIN 68 67 75 68 _ 0.00333 

 

6 G. truncatula 
GERMANY 65 64 72 63 2 _ 
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AB207145, AB211236, AB385611, AJ243016, EF612468, EF612469) (MAS-COMA et 

al., 2001, 2009a). 

 Not a single nucleotide difference was found when compared this ITS-1 sequence 

with that spacer in F. hepatica from the Northern Bolivian Altiplano and Spain 

(AJ243016), and thus corresponds to the haplotype code of F. hepatica: Fh ITS1-HA. 

 

 

3.5.5.- REPERCUSSIONS OF THE FINDING OF LYMNAEA NEOTROPICA IN 
ARGENTINA 

 

 Sequences of rDNA 18S, ITS-2 and ITS-1 and mtDNA cox1 prove that the lymnaeids 

present in the farm belong to the combined haplotype 1A of the species L. neotropica 

(BARGUES et al., 2007b). This is the first finding of this lymnaeid vector species in 

Argentina (MERA y SIERRA et al., 2009). The morphological characteristics of the shell 

of the Argentinean specimens (Table 16) agree with those of this species in the type 

locality of Perú (BARGUES et al., 2007b). Up to the present, only six or seven lymnaeid 

species were considered valid amongst the numerous species described in Argentina: 

L. columella, L. viatrix, L. diaphana, L. peculiaris, L. pictonica and L. plicata 

(HUBENDICK, 1951; PARAENSE, 1976, 1982a, b, 1983, 1984; CASTELLANOS & 

LANDONI, 1981). MALECK (1985), in the most recent general review on South 

American lymnaeids, listed the same species mentioned by HUBENDICK (1951), but 

accepting L. patagonica as valid and not including L. peculiaris. 

 The report in Argentina of an European stagnicoline species as L. palustris by N.J. 

Evans of the British Natural History Museum (LOMBARDERO et al., 1979b) is a little bit 

surprising, as it would indeed be the only stagnicoline known in the Neotropical Region. 

However, this report should be confirmed, as it is well known that lymnaeids are able to 

be transported from one continent to another (MAS-COMA et al., 2005). Similarly, the 

quotation of the South American species L. cousini by OLAECHEA (1994) should also 

be confirmed. Anyway, there may be a misunderstanding on this species because, 

contrary to what is noted in OLAECHEA (1994), no report of the presence of L. cousini 

in Argentina is included in the review of CASTELLANOS & LANDONI (1981). 

 More recently, the finding of G. truncatula in the province of Mendoza (MERA Y 

SIERRA, 2001), has represented both a new lymnaeid species for the Argentinean 

fauna and an additional concern from the point of view of the disease. Sequencing of 

the rDNA ITS-2 and ITS-1 proved that Argentinean specimens belong to G. truncatula 
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combined haplotype G.tru-3C, the same as the one responsible for the fascioliasis 

transmission in the human hyperendemic area with the highest human prevalences and 

intensities known, the Northern Bolivian Altiplano (BARGUES et al., 2006b, 2007b). No 

additional lymnaeid species was added in the most recent review of freshwater 

molluscs in Argentina (RUMI et al., 2008). 

 The discovery of L. neotropica in Argentina represents moreover the first finding of 

this vector species in countries of the Southern Cone. Up to the present, this species 

was only known from its type locality at the Rimac river near the cities of Lima and 

Callao in Perú (BARGUES et al., 2007b). The total absence of nucleotide differences 

between the sequences of specimens from Argentina and the specimens from the 

Peruvian type locality at the levels of rDNA 18S, ITS-2 and ITS-1, and the only one 

mutation at the mtDNA cox1 gene suggest that such a great geographical separation 

between the two localities in Perú and Argentina is the consequence of a very recent 

spread of L. neotropica. The ecological characteristics of this lymnaeid, living in small, 

superficial water collections frequented by livestock, suggest that it may be carried from 

one place to another by remaining in dried mud stuck to the feet of transported animals, 

similarly as G. truncatula (MAS-COMA et al., 2009x). This passive spreading capacity 

suggests, moreover, that this lymnaeid species may be more widespread, not only in 

Argentina but also in other South American countries. 

 The ITS-1 sequence proves that the trematode rediae found in one L. neotropica 

specimen was F. hepatica. The sequence from the Argentinean farm does not show 

any nucleotide difference with the ITS-1 sequence of the liver fluke, which appears to 

be identical throughout the world and hence an excellent species marker (MAS-COMA 

et al., 2009x). 

 The presence of L. neotropica in Argentina adds pronounced complexity to the 

transmission and epidemiology of fascioliasis in this country. The problem in Argentina 

does not only lie on the different lymnaeid vector species which are present, such as L. 

viatrix, L. diaphana, P. columella, G. truncatula and now L. neotropica, but also to the 

fact that three of them belong to the controversial Galba/Fossaria group of species. 

Thus, L. viatrix, G. truncatula and L. neotropica are lymnaeids which are very similar 

from the phenotypic point of view, including (i) shell characteristics and snail anatomy 

(SAMADI et al., 2000; POINTIER et al., 2006) and (ii) ecological characteristics 

(EUZEBY, 1971; MERA Y SIERRA, 2001; CIOCCO & SCHEIBLE, 2008). The close 

systematic relationships between these lymnaeid vector species has recently been 

confirmed by DNA marker sequences and corresponding phylogenetic reconstructions 
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(BARGUES et al., 2007b). This similarity poses a great problem, as there is no way to 

distinguish between one and other species of these three lymnaeids when working on 

the field (even expert malacologists may misclassify specimens) and it is evident that 

the need to obtain DNA sequences each time a lymnaeid vector population is found 

does not appear to be feasible. 

 Moreover, this problem also concerns several molecular techniques which do not 

show sufficient accuracy. For instance, molecular techniques which rely on the 18S 

rRNA gene or parts of it, as the helix E10-1 of the variable region V2 which is useful for 

the differentiation of European lymnaeids (BARGUES & MAS-COMA, 1997), are 

evidently not useful in Argentina because of the existence of species as L. viatrix and L. 

neotropica which present identical 18S sequence (BARGUES et al., 2007b). 

Consequently, the recently proposed, 18S-based, real-time PCR strategy for the rapid 

discrimination amongst main lymnaeid species from Argentina (DUFFY et al., 2009) 

cannot be applied because it does not distinguish between these two vector species. 

 All suggests that vector misclassifications may probably be included in several of the 

numerous fascioliasis studies made in Argentina in which L. viatrix was the species 

noted to be involved in disease transmission. Many of these studies probably included 

L. neotropica and/or even G. truncatula. Therefore, appropriate molecular studies are 

needed to assess the geographical distribution of each one of these three lymnaeid 

vector species in Argentina, for which ITS-2, ITS-1 and cox1 appear to be the most 

useful markers. 

 

 

3.5.6.- CURRENT HAPLOTYPE DISTRIBUTION OF LYMNAEA NETROPICA IN 
SOUTH AMERICA 

 

 After the first citation of L. neotropica in Argentina, in Perdriel, Departamento de 

Lujan de Cuyo, Mendoza (MERA Y SIERRA et al., 2009), a new report for this species 

was done in two geographical areas of the Province of Catamarca, Argentina 

(BARGUES et al., 2016). The extreme desertic-arid environmental characteristics 

surrounding locality A (Tatón-Rio Grande) and the slightly less extreme conditions of 

semiaridity-aridity of those surrounding locality B (Ipizca), as well as the very low yearly 

precipitation in both localities, are surprising and very different from the typical 

environmental characteristics surrounding transmission foci of fascioliasis. 
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 The new ITS-1 (L.neo-HB) haplotype present in Catamarca is worth noting, given the 

uniformity so far detected at the level of the nuclear rDNA spacers in this species 

throughout. The only previously known ITS-1haplotype (L.neo-HA) has been reported 

from Lima (type locality) (BARGUES et al., 2007b) and Cajabamba (BARGUES et al., 

2012), both in Perú, and also in Perdriel, Mendoza, Argentina (MERA Y SIERRA et al., 

2009). 

 The other new haplotype in a mtDNA marker (L.neo-cox1e) differs from the cox1 

haplotypes described in L. neotropica in other countries such as Perú, Venezuela and 

also Argentina. In the latter country, this new L.neo-cox1e haplotype only shows identity 

with the cox1 sequence of the isolate NtC2 (GenBank: JN872453) previously reported 

from the same lymnaeid species in Mendoza (STANDLEY et al., 2013), although 

unfortunately the fragment available from that isolate is shorter (655 bp vs 672 bp). 

 The haplotypes found in the other two markers in L. neotropica, one in rDNA ITS-2 

(L.neo-H1) and the other in mtDNA 16S (L.neo-16SA), were already reported from 

Mendoza, Argentina (MERA Y SIERRA et al., 2009). These two ITS-2 and 16S 

haplotypes were also detected in Perú, in the type-locality besides Lima (BARGUES et 

al., 2007b) and also in Cajamarca (BARGUES et al., 2012). 

 

 

3.6.- GENETIC ANALYSYS OF OTHER LYMNAEID SPECIES GEOGRAPHYCALLY 
OR TAXONOMICALLY RELATED 

 

 Within the several human fascioliasis hotspot regions known, South America is 

characterized by the so-called Andean transmission pattern, including the Altiplano 

subpattern and Valley subpattern. Both subpatterns are characterized by high altitude 

endemic areas, including high prevalences and intensities in humans caused by F. 

hepatica, such as in Bolivia (HILLYER et al., 1992; ESTEBAN et al., 1997a, b, 1999) 

and Perú (ESTEBAN et al., 2002, GONZALEZ et al., 2011). 

 In Argentina the human fascioliasis situation, although underestimated, also shows a 

link to altitude areas (MERA Y SIERRA et al., 2011). However, human infection in 

South America has also been described to be relatively frequent in given low altitude 

areas, such as in Arequipa region, Perú and southern Chile, where the species L. 

diaphana King, 1830 has been noted to be directly involved in the transmission 

(CORDOVA et al., 1961; TANTALEAN et al., 1974; LARREA et al., 1994) or known to 
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be present in the transmission area (SIELFELD, 2001; VALDOVINOS 2006), 

respectively. 

 Additionally, L. diaphana is known to inhabit the southernmost areas of South 

America (HUBENDICK, 1951) where animal fascioliasis has been described, in both 

Chile (ALCAINO & APT, 1989, MORALES et al., 2000) and Argentina (OLAECHEA, 

1994). 

 Here we describe a multigenic sequence analyses of L. diaphana thanks to the 

attainment of complete sequences of the 18S gene and the first and second internal 

transcribed spacers, ITS-1 and ITS-2, of the rDNA and partial sequences of the 16S 

gene and cytochrome c oxidase subunit I (cox1) coding gene. To avoid any possible 

doubt, the molecular characterisation is based only on specimens collected in the type 

locality of this species. These sequences are analysed in full detail, by means of 

pairwise comparisons and phylogenetic methods, with those of the same markers in (i) 

other American lymnaeid species of the “fossarine” or Galba/Fossaria group, most of 

them represented by specimens from the respective type localities of the species, (ii) 

the main fascioliasis vector species throughout the world G. truncatula, which also 

belongs to the Galba/Fossaria group and (iii) morphologically close Nearctic and 

Palearctic species of the “stagnicoline” group. Finally, the study is also used for the 

analysis of the lymnaeid genus Pectinidens, which was proposed with L. diaphana as 

type species long ago (PILSBRY, 1911). Pectinidens has also been used at subgenus 

level to even include other Galba/Fossaria vector species such as L. viatrix (ALCAINO 

& APT, 1989). 

 

 

3.6.1.- MULTIGENIC SEQUENCE ANALYSYS OF LYMNAEA DIAPHANA 

 

 Nuclear rDNA 18S, ITS-2 and ITS-1 and mtDNA 16S and cox1 nucleotide sequence 

data reported in this paper are available in the GenBank™, EMBL and DNA Data Bank 

of Japan databases under the accessions noted in Table 18. 

 The 18S sequence of L. diaphana (1,848 bp) is slightly longer than that of G. 

truncatula (1,843 bp) (BARGUES et al., 1997), equally long than that of L. humilis 

(1,848 bp) (BARGUES et al., 2011c), similar to that of the European stagnicolines L. 

stagnalis, O. glabra and L. (S.) palustris, the radicines R. auricularia and R. balthica, as 

well as to P. columella (ranging between 1,849-1,852 bp) (BARGUES et al., 1997, 

2011a), but pronouncedly shorter than that of L. cubensis, L. viatrix and L. neotropica 
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(all three 1,860-bp long) (BARGUES et al. 2007b). This suggests that L. diaphana may 

be considered an old species within the family Lymnaeidae, according to their 

 

 
 
 
 
 
 
 
Table 18.- Nuclear ribosomal DNA (rDNA) and mitochondrial DNA (mtDNA) bar code 

haplotype identification and respective GenBank accessions for the lymnaeid 
species Lymnaea diaphana from its type locality (BARGUES et al., 20012). 

 
 

DNA marker Haplotype code Accession 

18S rRNA  L.dia 18S-H1  JF909497  

rDNA ITS-2  L.dia ITS2-H1  JF909498  

rDNA ITS-1  L.dia ITS2-HA  JF909499  

mtDNA 16S  L.dia 16S-HAa  JF909500  

mtDNA cox1  L.dia cox1-Haa  JF909501 
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phylogeny in which the oldest lymnaeid fossil known is Galba from the Jurassic (ZILCH, 

1959-1960; INABA, 1969), a shorter sequence would be the plesiomorphic condition 

and an increase in sequence length would have occurred during lymnaeid evolution 

(BARGUES et al., 2001). 

 With regard to the ITS-2, L. diaphana presents a sequence whose 495-bp length fits 

within the group of lymnaeids having the longest ITS-2 sequences (BARGUES et al., 

2001). This might be interpreted as a species having long time derived from the old 

form suggested by the 18S. In this context, L. diaphana shows evolutionary 

characteristics similar to the Nearctic species L. humilis (BARGUES et al., 2011c). 

Additionally, the very high number of nucleotide differences it shows when compared to 

all other lymnaeid species (Table 19) and groups (Table 20) is surprising. Moreover, 

contrary to what was expected, the distances regarding Nearctic stagnicolines appear 

to be lower than those regarding Holarctic Galba/Fossaria species (Table 20). This 

indicates that L. diaphana should not be included in the Galba/Fossaria group as its 

shell and anatomic characteristics suggest (PARAENSE, 1984). 

 Such a relationship with American stagnicolines does, however, not appear so clear 

at ITS-1 level, a marker in which the lower L. diaphana differences appear with Old 

World originary G. truncatula (73) and North American H. caperata (76) (Table 21). 

Interestingly, the length of ITS-1 in L. diaphana is the shortest hitherto known in 

Lymnaeidae (520 bp), only surpassed by G. truncatula (504 bp). 

 Particular aspects of the results obtained in mtDNA 16S sequences should be 

highlighted: (i) AT composition appears to be pronouncedly biased, which should be 

taken into account when analyzing the significance of the information this marker offers, 

(ii) variable positions do not appear regularly distributed throughout the sequence, but 

concentrated in hot spot regions which indicates that the information furnished by the 

fragment may not appropriately reflect whole gene evolution, as already seen in other 

organisms (MAS-COMA & BARGUES, 2009), and (iii) nucleotide differences appear to 

be less in number than those logically expected from mtDNA (Table 22), which 

suggests a low mutation rate indeed only apparent, as a consequence of an 

evolutionary parallelism of its rRNA gene function inside the mitochondrial genome with 

fast evolving mtDNA coding genes giving rise to position saturation, as already seen in 

lymnaeids and other freshwater molluscs (BARGUES et al., 2011a). Thus, the 

somewhat closer 16S sequence of L. diaphana to that of American stagnicolines, 

represented by S. bonnevillensis, may be considered with great caution. 
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Table 19.- Pairwise distances between ribosomal DNA internal transcribed spacer nucleotide-2 sequences according to Phylogenetic 
Analysis Using Parsimony including the lymnaeid species studied, together with other proximal lymnaeid species available in 
GenBank. (BARGUES et al., 2012).  

 

Below diagonal: total character differences; above diagonal: mean character differences (adjusted for missing data). 
 

  

 
1 2 3 4 5 6 7 8 9 10 11 12 13 

Lymnaea (Stagnicola) palustris-H1 - 0.02998 0.24737 0.29398 0.28362 0.25693 0.23200 0.23174 0.22922 0.21782 0.22879 0.25899 0.2046 

2 Lymnaea (Stagnicola)fuscus-H2 14 - 0.25397 0.28467 0.28889 0.26209 0.23720 0.22251 0.21995 0.21197 0.22798 0.25547 0.20308 

3 Galba truncatula-H1 94 96 - 0.14767 0.09819 0.07752 0.07937 0.16992 0.16992 0.17080 0.18732 0.20968 0.20000 

4 Lymnaea humilis-H1 122 117 57 - 0.20920 0.18313 0.16203 0.23940 0.24190 0.25776 0.26799 0.27751 0.27632 

5 Lymnaea cubensis-H2 116 117 38 91 - 0.04556 0.04380 0.21120 0.21628 0.20603 0.21558 0.24010 0.25000 

6 Lymnaea viatrix-H1 102 103 30 76 20 - 0.02651 0.17016 0.17016 0.17708 0.17935 0.21429 0.22841 

7 Lymnaea neotropica-H1 87 88 30 64 18 11 - 0.15342 0.15342 0.16120 0.17280 0.18329 0.20178 

8 Catascopia catascopium 92 87 61 96 83 65 56 - 0.00676 0.05301 0.10579 0.15603 0.17297 

9 Stagnicola elodes 91 86 61 97 85 65 56 3 - 0.05301 0.10327 0.15603 0.17838 

10 Catascopia occulta-H1 88 85 62 108 82 68 59 22 22 - 0.13382 0.18476 0.18684 

11 Hinkleyia caperata 89 88 65 108 83 66 61 42 41 55 - 0.17831 0.17204 

12 Lymnaea diaphana-H1 108 105 78 116 97 84 68 66 66 80 74 - 0.20876 

13 Pseudosuccinea columella-H1 80 79 67 105 93 82 68 64 66 71 64 81 - 
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Table 20.- Total character differences (extreme and average values of nucleotide differences) at ribosomal DNA internal transcribed 
spacer (ITS)-2 and ITS-1 sequences according to Phylogenetic Analysis Using Parsimony in the pairwise distance 
comparisons between Lymnaea diaphana and the different lymnaeid groups studied. Data set contains 736 and 765 
characters for ITS-2 and ITS-1, respectively (BARGUES et al., 2012). 

 
 

 

  DNA marker Galba/Fossaria group European stagnicolines American stagnicolines Pseudosuccinea columella 

ITS-2 68-116 (88.6) 105-108 (106.5) 66-80 (71.5) 81 (81) 
ITS-1 73-95 (85.6) 100-101 (100.5) 76-93 (86.7) 105 (105) 
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Table 21.- Pairwise distances between ribosomal DNA internal transcribed spacer (ITS)-1 nucleotide sequences according to 
Phylogenetic Analysis Using Parsimony including the lymnaeid species studied, together with other proximal lymnaeid 
species available in GenBank (BARGUES et al., 2012). 

 

Below diagonal: total character differences; above diagonal: mean character differences (adjusted for missing data). 
 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Lymnaea (Stagnicola) palustris-HA - 0.01512 0.21258 0.21849 0.20211 0.21268 0.21118 0.23409 0.24280 0.23984 0.23320 0.20739 0.25319 

2 Lymnaea (Stagnicola)fuscus-HA 8 - 0.20950 0.21757 0.19874 0.21341 0.21237 0.23770 0.24486 0.24646 0.23123 0.20534 0.25319 

3 Galba truncatula-HA 98 97 - 0.15208 0.12000 0.14286 0.14639 0.22009 0.22698 0.21097 0.18298 0.16115 0.24890 

4 Lymnaea humilis-HA 104 104 73 - 0.14868 0.15551 0.15569 0.25859 0.26316 0.26000 0.23846 0.20085 0.25652 

5 Lymnaea cubensis-HA 96 95 57 73 - 0.04864 0.05952 0.23061 0.23950 0.21946 0.18672 0.17570 0.25217 

6 Lymnaea viatrix-HA 104 105 71 79 25 - 0.05642 0.23374 0.24033 0.22088 0.20160 0.18737 0.25934 

7 Lymnaea neotropica-HA 102 103 71 78 30 29 - 0.24746 0.25000 0.23695 0.19960 0.19108 0.24034 

8 Catascopia catascopium 114 116 103 128 110 115 122 - 0.00741 0.07129 0.22543 0.18699 0.25684 

9 Stagnicola elodes 118 119 106 130 114 118 123 4 - 0.07910 0.22929 0.18941 0.25367 

10 Catascopia occulta-HA 118 122 100 130 106 110 118 38 42 - 0.20992 0.17304 0.25156 

11 Hinkleyia caperata 118 117 86 124 90 101 99 117 119 110 - 0.14729 0.23701 

12 Lymnaea diaphana-HA 101 100 73 95 81 89 90 92 93 86 76 - 0.22532 

13 Pseudosuccinea columella-HA 119 119 113 118 116 125 112 122 121 121 114 105 - 
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Table 22.- Pairwise distances between mitochondrial DNA 16S ribosomal DNA gene data set nucleotide sequences according to 
Phylogenetic Analysis Using Parsimony including the lymnaeid species studied together with other proximal lymnaeid 
species available in GenBank (BARGUES et al., 2012).  

 

 

 

 

 

 

 

 

 

a:  

a F485657; b: EU038315. Below diagonal: total character differences; above diagonal: mean character differences (adjusted for  
missing data). 

 

  

 1 2 3 4 5 6 7 8 9 
1 Lymnaea diaphana - 0.09762 0.09739 0.10072 0.09785 0.09927 0.09716 0.11005 0.07329 

2 Lymnaea humilis 41 - 0.04276 0.10526 0.00000 0.00241 0.04976 0.08115 0.08789 

3 Lymnaea cubensis 41 18 - 0.10048 0.04265 0.04589 0.01174 0.07619 0.08706 

4 Pseudosuccinea columella 42 44 42 - 0.10526 0.10706 0.10263 0.10287 0.10476 

5 Stagnicola elodes 41 0 18 44 - 0.00242 0.04965 0.07889 0.08768 

6 Fossaria obrussa 41 1 19 44 1 - 0.05301 0.08495 0.09179 

7 Fossaria bulimoidesa 41 21 5 43 21 22 - 0.07601 0.08216 

8 Fossaria bulimoidesb 46 34 32 43 34 35 32 - 0.10214 

9 Stagnicola bonnevillensis 31 37 37 44 37 38 35 43 - 
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Table 23.- Pairwise distances between mitochondrial DNA cytochrome c oxidase (cox)1 nucleotide sequences according to Phylogenetic 
Analysis Using Parsimony including the lymnaeid species studied together with other proximal lymnaeid species available in 
GenBank (BARGUES et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a: FN598165; b: AY227366; c: AM494011; d: EU818799. Haplotype codes only provisional due to incomplete sequences of the gene. 
Below diagonal: total character differences; above diagonal: mean character differences (adjusted for missing data). 
 

  

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 L. diaphana 
cox1-a 

- 0.11737 0.13889 0.13426 0.13542 0.13889 0.13839 0.14333 0.11905 0.12054 0.11161 0.11012 0.11756 0.13542 0.13690 0.13839 0.15696 

2 F. bulimoides 75 - 0.14867 0.13302 0.14867 0.14867 0.10798 0.10829 0.03443 0.03286 0.02191 0.02347 0.05008 0.10955 0.10955 0.11111 0.14950 
3 S. elodes 90 95 - 0.13889 0.14815 0.14815 0.15432 0.16000 0.14660 0.14815 0.14815 0.14969 0.14043 0.13735 0.13735 0.13889 0.16694 
4 A. tomentosa 87 85 90 - 0.14352 0.14352 0.13117 0.13833 0.13426 0.13580 0.12500 0.12654 0.13117 0.13735 0.13889 0.14043 0.14894 
5 P. columellaa 91 95 96 93 - 0.00000 0.14286 0.15000 0.14583 0.14435 0.14435 0.14583 0.14881 0.13542 0.13542 0.13690 0.14725 
6 P.columellab 90 95 96 93 0 - 0.14815 0.15000 0.15123 0.14969 0.14969 0.15123 0.15278 0.14043 0.14043 0.14198 0.14894 
7 G. truncatulac 93 69 100 85 96 96 - 0.00333 0.11161 0.11012 0.09970 0.10119 0.10119 0.08929 0.08780 0.08929 0.15372 
8 G. truncatulad 86 64 96 83 90 90 2 - 0.12000 0.11833 0.10667 0.10833 0.10500 0.09667 0.09500 0.09667 0.15878 
9 L. cubensis 

cox1-a 
80 22 95 87 98 98 75 72 - 0.00149 0.02083 0.02232 0.05655 0.10714 0.10714 0.10565 0.15372 

10 L. cubensis 
cox1-b 

81 21 96 88 97 97 74 71 1 - 0.01935 0.02083 0.05804 0.10565 0.10565 0.10417 0.15210 

11 L. neotropica 
cox1-a 

75 14 96 81 97 97 67 64 14 13 - 0.00149 0.04315 0.10119 0.09821 0.09970 0.14725 

12 L. neotropica 
cox1-b 

74 15 97 82 98 98 68 65 15 14 1 - 0.04464 0.10268 0.09970 0.10119 0.14887 

13 L. viatrix 
cox1-a 

79 32 91 85 100 99 68 63 38 39 29 30 - 0.10714 0.11012 0.11161 0.15372 

14 L. humilis 
cox1-a 

91 70 89 89 91 91 60 58 72 71 68 69 72 - 0.00744 0.00595 0.14401 

15 L. humilis 
cox1-b 

92 70 89 90 91 91 59 57 72 71 66 67 74 5 - 0.00149 0.14563 

16 L. humilis 
cox1-c 

93 71 90 91 92 92 60 58 71 70 67 68 75 4 1 - 0.14401 

17 R. rubiginosa 97 90 102 91 91 91 95 94 95 94 91 92 95 89 90 89 - 
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Table 24.- Cytochrome c oxidase (cox)1 amino acid sequence differences detected in pairwise comparisons between haplotypes of 
Lymnaea diaphana and other proximal lymnaeid species available in GenBank (BARGUES et al., 2012) . 

 

Nucleotidic haplotype 
cox1 

GenBank 
accession 

Country Variable position 
 

          1 1 1 2 

 1 3 9 9 9 0 2 6 7 0 

8 1 2 6 8 9 0 5 0 6 4 
 

L.dia-cox1-a JF909501 Chile 0 I T I L L C S P V S 

. . . . . . . G . . . 

. V L V . . . G . . . 

. V M . . . . ? S I T 

V V M . . . . G . . T 

V V M . . . . G . . T 

. . . . . . . G . . . 

- - . . . . . G . . . 

. . . . . . . G . . . 

. . . . . . . G . . . 

. . . . . . . G . . . 

. . . . . . . . . . . 

. V . . . . . G . . . 

. V . . . . . G . . . 

. V . . . . . G . . . 

. V . . . . . G . . . 

. V S . F F V G . . . 

 

F. bulimoides AY227367 Canada 

S. elodes AY227368 Canada 

A. tomentosa AY227365 Australia 

P. columella FN598165 Venezuela 

P. columella AY227366 Australia 

G.tru-cox1-a AM494011 Spain 

G. truncatula EU818799 Germany 

L.cub-cox1-a AM494009 Cuba 

L.cub-cox1-b FN182205 USA 

L.neo-cox1-a AM494008 Perú 

L.neo-cox1-b FN356741 Argentina 

L.via-cox1-a AM494010 Argentina 

L.hum-cox1-a FN182197 USA 

L.hum-cox1-b FN182198 USA 

L.hum-cox1-c FN182199 USA 

R. rubiginosa GU451737 Thailand 
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 Nucleotide saturation and biased composition may also pose a significance question 

mark on the potential relationships of L. diaphana with the different lymnaeid groups, as 

suggested by the high number of nucleotide differences in the mtDNA cox1 gene (Table 

23). This mtDNA saturation problem has already been highlighted in lymnaeids very 

recently (BARGUES et al., 2011a). Moreover, the very few amino acid differences in the 

protein sequence (Table 24) indicate that most of the nucleotide differences are silent. 

Additionally, there is unfortunately only one stagnicoline from which the cox1 fragment 

in question is available (S. elodes), so that no conclusions may be obtained from that 

comparison. 

 Summing up, the following conclusions may be obtained from the sequence analyses 

of nuclear rDNA and mtDNA markers: (i) L. diaphana shows sequences very different 

from all hitherto lymnaeid sequences available at the level of both nuclear rDNA and 

mtDNA markers, (ii) each one of the five markers analysed, including rDNA 18S, ITS-2 

and ITS-1, as well as mtDNA 16S and cox1, allow the differentiation of L. diaphana 

specimens from all other lymnaeids; only the COX1 amino acid sequence does not, (iii) 

nuclear rDNA suggest that L. diaphana is not a fossarine lymnaeid, but rather a relict 

form related to ancestral stagnicolines and (iv) mtDNA markers do not furnish genetic 

distance information useful for the analysis of the relationships of L. diaphana with the 

different lymnaeid groups. 
 
 

3.6.2.- PHYLOGENETIC RELATIONSHIPS WITH OTHER GALBA/FOSSARIA AND 
OTHER LYMNAEID REPRESENTING DIFFERENT GROUPS OF INTEREST 

 
 Phylogenetic analysis of ITS-1 and ITS-2 combined haplotypes of L. diaphana and 

other New and Old World Galba/Fossaria, Palearctic stagnicolines, Nearctic 

stagnicolines, Old World Radix and Pseudosuccinea was firstly performed with a 

maximum likelihood (ML) approach using Phylogenetic Analysis Using Parsimony 

(PAUP) version 4.0b10 (SWOFFORD, 2002) and the PhyML program version 3.0 

aLRT. ML parameters and the evolutionary model best fitting our dataset and the 

methods used to provide an assessment of the reliability of the nodes in the ML tree are 

detailed in BARGUES et al., (2012). 

 The combination of the two ITS in a single data-set generated a robust tree, 

indicating phylogenetic accordance between the two spacers. The ML model best fitting 

this data-set was HKY85+G+I, using a ts/tv ratio of 1.32 (kappa = 2.5975285), base  
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 Fig. 11.- Phylogenetic tree of lymnaeid species studied obtained using the planorbid 
Biomphalaria pfeifferi as outgroup, based on maximum-likelihood (ML) 
estimates. CH: internal transcribed spacers composite haplotype. Scale bar 
indicates the number of substitutions per sequence position. Support for 
nodes a/b/c: a: bootstrap with neighbour-joining reconstruction using 
Phylogenetic Analysis Using Parsimony (PAUP) with ML distance and 1,000 
replicates; b: bootstrap with ML reconstruction using PAUP with 1,000 
heuristic replicates; c: Bayesian posterior probability with ML model using 
MrBayes (BARGUES et al., 2012) .  
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frequencies for A, C, G and T of 0.22830, 0.26280, 0.22550 and 0.28340, respectively, 

gamma (continuous) with shape parameter alpha of 1.07 and a proportion of invariable 

sites equal to 0.121 (-ln L 9275.68103). 

In the ML tree obtained (Figure 11), the species of the Radix group appear clearly 

independent from all other lymnaeids, this independence always showing the highest 

support values. Worth emphasizing is also the presence of P. columella located basal to 

the branch, including species of both the Galba/Fossaria group and the stagnicolines, 

although such a location is not supported in the Heuristic analysis in which P. columella 

appears in a paraphyly regarding the fossarines and all stagnicolines nor in the 

Bayesian phylogeny reconstruction in which it appears basal to the Galba/Fossaria 

group (trees not shown). 

 In all trees obtained, European stagnicolines appear clustering together with the 

Galba/Fossaria group, whereas American stagnicolines (Hinkleyia and Catascopia, the 

latter also including the Palearctic species C. occulta) appear separately, grouped 

within the same branch. 

 L. diaphana does not cluster together with other morphologically similar fossarine 

lymnaeids as the New World L. cubensis, L. viatrix and L. neotropica, the Nearctic L. 

humilis, or the Old World G. truncatula. Contrary to what would be phenotypically 

expected, L. diaphana appears basal to the Nearctic stagnicolines (Figure 11), with a 

bootstrap support of 74%, 76% and 88% with NJ, Heuristic and BPP algorithms, 

respectively. However, in the ML tree obtained with PhyML (tree not shown), reliability 

for this L. diaphana - American stagnicolines cluster appear with a lower support of only 

45% when applying the aLRT test. 

 Our results based on phylogenetic analysis and large genetic distances of L. 

diaphana with New and Old World Galba/Fossaria, Palearctic stagnicolines, Nearctic 

stagnicolines, Old World Radix and Pseudosuccinea allowed to support the genus 

Pectinidens as the first stagnicoline representative in the southern hemisphere, 

including colonization of extreme world regions, as most southern Patagonia, long time 

ago. The phylogenetic link of L. diaphana with the stagnicoline group may give light to 

the aforementioned peculiar low altitude epidemiological scenario of fascioliasis. 

 The participation of L. diaphana in disease transmission in the southernmost 

fascioliasis endemic areas of South America, in both Chile (ALCAINO & APT, 1989, 

MORALES et al., 2000) and Argentina (OLAECHEA, 1994), whether as only vector or 

coexisting with other lymnaeid vector species (e.g., L. viator) (KACZORKIEWICK, 1983, 

RUBEL et al,. 2005, KLEIMAN et al., 2007) should be assessed. 
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CHAPTER IV 
ANIMAL FASCIOLIASIS IN ANDEAN REGIONS  
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4.- ANIMAL FASCIOLIASIS IN ANDEAN REGIONS 
 
4.1.- BACKGROUND 
 

 Fascioliasis produces a serious economic impact in the livestock industry (reduction 

in milk and meat production, liver condemnation, reproductive failure and mortality) 

(KAPLAN, 2001; SCHWEIZER et al., 2005). In Argentina there are published reports of 

animal fascioliasis since the 19th century (SAVOYAT, 1867; WERNICKE, 1888) and, 

since it has to be reported at the slaughterhouses, there are official numbers relating to 

the condemnation of the livers (SENASA, 2006). Currently, Argentina presents a very 

widely distributed veterinary problem of fascioliasis in livestock (OLAECHEA 2007). 

Animal fascioliasis has been reported in all provinces except in the southern end of 

Patagonia in the island of Tierra del Fuego; high prevalences have been reported in the 

mesopotamic provinces and in the Central West region mainly in cattle (DWINGER et 

al., 1982; MORIENA et al., 2001, 2002, 2004, 2008).  

 In Andean regions, the studies are scant and are not oriented toward species that 

are predominant in many of these remote places, such as the goat or wild animals. 

They usually lack information to relate the presence in animals to the presence of the 

populations of lymnaeid snails. Very high prevalences have been described in cattle of 

Patagonia, even exceeding 90% upon inspection at the slaughterhouse in the provinces 

of Rio Negro and Neuquén (KACZORKIEWICZ, 1983). In the Patagonian province of 

Chubut, in coprological studies in cattle from Andean valleys, a prevalence of over 50% 

was described (RUBEL et al., 2005). 
 Though scarcely considered, it is known that wildlife species may play a significant 

role as reservoirs of fascioliasis (MAS-COMA et al., 1988; DASZAK et al., 2000; 

BENGIS et al., 2004; KRUSE et al., 2004; POLLEY, 2005; GAYO et al., 2011; MEZO et 

al., 2013). Introduced non-indigenous species (NIS) are widely recognized as a source 

of disease (DASZAK et al., 2000; KELLY et al., 2009). The importance and 

consequences of the introduction of NIS in fascioliasis has been the subject of several 

analyses, concerning both lymnaeids (MAS-COMA et al., 2003, 2005, 2009a; 

BARGUES & MAS-COMA, 2005) and animal reservoirs (MAS-COMA et al., 2009a). 

 In Argentina, most cases of human fascioliasis have been reported in Andean and 

other mountainous regions with over 600 cases published (MERA Y SIERRA et al., 

2011). At least at the nationwide level, considering official slaughterhouse reports, there 

appears to be little relationship between cattle fascioliasis and human fascioliasis in 
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Argentina. In the province of Mendoza, traversed by the Andes Mountains, 28 human 

cases have been reported, and they have all been from mountainous areas. (MERA y 

SIERRA et al., 2011). At slaughterhouses, discriminating on the origin of the animals, 

analyzing exclusively cattle coming from Mendoza prevalences of 67.5% and 34% have 

been reported (MERA Y SIERRA et al., 2005a; GONZÁLEZ et al., 2006). Yet the 

distribution of fascioliasis in cattle in the province is not known nor is it known if it 

distributed in altitude areas such as the reported cases of human fascioliasis. In human 

fascioliasis, different transmission patterns have been described in different endemic 

areas of the world. The very high altitude pattern has been described in Andean regions 

with G. truncatula as its vector which can be subdivided in two sub-patterns, the 

altiplanic pattern with transmission year-round (at altitudes that can exceed 4,000 

m.a.s.l.) and the valley pattern, with seasonality’s, prevalences and intensities related to 

altitude. 

 In the Andean provinces, goats are very important to local economies. Goat ranching 

is an example of a sustainable production that is fully integrated within the local rural 

development, being the domestic livestock species with the most significant population 

growth worldwide in recent years, mainly in developing countries (MORAND-FEHR et 

al., 2004; BOYAZOGLU et al., 2005). Its current success appears to be related with two 

characteristics: i) goats are efficient converters of low-quality forages into quality 

products, and ii) constitute a source of high quality protein; both of them high valuable 

properties in farming systems with limited resources (LEBBIE, 2004; BOYAZOGLU et 

al., 2005), such as those present in most developing countries (LEBBIE, 2004). These 

characteristics may explain the frequent labeling of goats as “the cow of the poor”, 

highlighting its importance in small farming systems (BOYAZOGLU et al., 2005; HOSTE 

et al., 2010). 

 Gastrointestinal parasitism constitutes one of the main constraints to the outdoor and 

extensive breeding of goats in temperate and tropical countries (HOSTE et al., 2005, 

2008; COELHO et al., 2012). For years, it has been considered that data obtained on 

parasite infections in sheep could be directly transferred to goats (HOSTE et al., 2010), 

and thus disregarding specific studies on goat parasitism and its consequences. 

However, in recent years, accumulated information have underlined the fact that 

gastrointestinal parasitism in goats differed in many aspects to that in sheep (HOSTE et 

al., 2008), and thus studies in the area are encouraged (SAHLU & GOETSCH, 2005). 

 The goat population in Argentina reaches about 4 million heads, mainly distributed in 

the harsh and dry environments of the central and western regions. The dominant flocks 
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are of Creole goats, derived from introductions during the Spanish colonial times, and 

mainly owned by small holders, usually belonging to the most marginalized sector of the 

population. Animals are raised extensively, grazing rangelands during the day and 

housed during the nights in rustic corrals near the households (DE GEA et al., 2005). 

 Also important in many Andean regions of Argentina are South American camelids 

which are valuable resource for the production of wool, leather and meat with a high 

socioeconomic value for rural populations in remote areas (MONTES et al. 2006). The 

guanaco, (Lama guanicoe) is the bigger of the south American camelids in Argentina 

and is currently distributed mainly in Andean regions, with an estimated population of 

550,000 animals. There are few reports of F. hepatica in guanacos and llamas in 

Argentina. In guanacos, the presence of other gastrointestinal parasites has also been 

reported (Nematodirus sp, Eimeria sp, Marshallagia, Trichuris sp) (CAFRUNE et al., 

1996; BELDOMENICO et al., 2003; ISSIA et al., 2009).  

 

 

4.2.- OBJECTIVES 
  
The present study aims to characterize animal fascioliasis in Andean regions of 

Argentina, describe its relation to epidemiological factors and clarify its potential role as 

reservoirs of F. hepatica. 

The specific aims of the present study are: 

a) To study the morphological characteristics of parasite adults and eggs in a population 

of L. europaeus in the northernmost part of Patagonia region (Argentina), to assess 

liver fluke prevalence and to analyse the potential reservoir role of this wild 

lagomorph in an area where fascioliasis is known to occur in livestock. 

b) To describe the prevalence of cattle fascioliasis in Mendoza in relation to the altitude 

were the animals live. 
c) To determine i) the prevalence rates of gastrointestinal parasites, ii) single and 

multiple infections, and iii) statistical associations, with special emphasis on liver 

fluke F. hepatica, in Creole goats from the plateau and Andean regions of western 

Argentina. 

d) To present cases of fascioliasis in two species of captive camelids in the province of 

Mendoza 

e) To describe cases of animal fascioliasis in livestock in relation to naturally infected L. 

neotropica  
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4.3- FASCIOLA HEPATICA NATURALLY INFECTING INTRODUCED EUROPEAN 
BROWNHARE (LEPUS EUROPAEUS) IN NORTHERN PATAGONIA: 
PHENOTYPE, PREVALENCE AND POTENTIAL RISK 

 
 Introduced into South America at the end of 19th century, the European brown hare 

(Lepus europaeus) represents one of the most widespread species of mammals 

(BONINO et al., 2010). The species has invaded almost all the extension of Argentina, 

Chile and Uruguay, and southern regions of Perú, Bolivia, Paraguay, and Brazil 

(BONINO et al., 2010). Despite old reports of F. hepatica in lagomorphs in general 

(ARRU et al., 1967) and specifically infecting the hare in its original home range 

(TROPILO, 1964; KUTZER & FREY, 1976; NICKEL & GOTTWALD, 1979; SHIMALOV, 

2001; ZIEGE et al., 2009; WALKER et al., 2011), the latter has been rarely considered 

in the epidemiology of the disease, particularly with regard to South American 

introduced populations. Additionally, phenotypic descriptions of adults and eggs of F. 

hepatica infecting natural populations of L. europaeus are lacking in the Neotropical 

region and even scarce worldwide. 

 

 
4.3.1.- SAMPLES ANALYSED 
 

 Specimens of the European brown hare were obtained from the outskirts of Malargüe 

city (Mendoza province, Argentina), within the northernmost unit (Payunia district) of the 

Central Patagonia biogeographic province (MORRONE, 2006). Animals were captured 

by local hunters between August and September 2010, in an area of a mean altitude 

around 1,500 m.a.s.l. A total of 35 refrigerated intestinal tracts and 27 livers were 

received for parasitological examination. 

 

 

4.3.2.- PARASITOLOGICAL TECHNIQUES 
 
 Refrigerated intestinal tracts were immediately inspected for helminthes, while faeces 

and livers were preserved in 4% formaldehyde for later examination. The content from 

the gastrointestinal tracts from each hare were thoroughly examined following standard 

methods (EGERTON et al., 1979). Previously preserved faecal samples were analysed 

by means of two methods: Sheather’s sucrose flotation technique (SHEATHER, 1923) 
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and Lumbreras’ rapid sedimentation technique (LUMBRERAS et al., 1962). Sediment 

obtained from Lumbreras´ technique was subsequently passed through a 140 μm sieve. 

Both techniques were performed with three grams of material. Slides from Sheather’s 

technique and filtered sediment from Lumbreras´ technique were microscopically 

examined. Fecal counts (eggs per gram = epg; oocysts per gram = opg) were 

determined in every sample. Liver fluke adults were recovered from preserved livers, 

while eggs were concentrated by means of sedimentation and filtration from the 

remaining fecal material previously found ‘positive’. Adult worms were stained with 

Grenacher’s borax carmine and mounted in Canada balsam between slide and cover 

glass but without cover glass pressure (VALERO et al., 2005, 2012). 

 

 

4.3.3- MEASUREMENT TECHNIQUES AND DATA ANALYSIS 
 
 Egg characteristics studied were egg length (EL) and egg width (EW) in μm. The 

product of these 2 dimensions was used as a measure of egg size (EL × EW = ES 

μm2), and the ratio as a measure of egg shape (EL/EW = ER) (POULIN, 1997; 

ABROUS et al., 1998; VALERO et al., 1998, 2001a, 2002). For egg classification, egg 

size was considered according to recent updates on this characteristic (VALERO et al., 

2009; MAS-COMA et al., 2014), and by taking into account the influence of the host 

species (VALERO et al., 1998, 2001a, 2002). For adult fasciolids, the following 

standardized measurements were taken (VALERO et al., 2005; PERIAGO et al., 2006) 

(Figure 12): (i) lineal biometric characters (mm): body length (BL), maximum body width 

(BW), body width at ovary level (BWOv), body perimeter (BP), body roundness (BR), 

cone length (CL), cone width (CW), maximum diameter of oral sucker (OS max), 

minimum diameter of oral sucker (OS min), maximum diameter of ventral sucker (VS 

max), minimum diameter of ventral sucker (VS min), distance between the anterior end 

of the body and ventral sucker (A-VS), distance between the oral sucker and ventral 

sucker (OS-VS), distance between the oral sucker and the union of the vitelline glands 

(VS-Vit), distance between the union of the vitelline glands and the posterior end of the 

body (Vit-P), distance between the ventral sucker and the posterior end of the body 

(VS-P),pharynx length (PhL), pharynx width (PhW), testicular space (taking both testes 

together) length (TL), testicular space width (TW), testicular space perimeter (TP); (ii) 

areas (mm2):body area (BA), oral sucker area (OSA), ventral sucker area(VSA), 

pharynx area (PhA), testicular space area (taking both testes together, TA); (iii) ratios: 
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body length over body width (BL/BW), body width at ovary level over cone width 

(BWOv/CW), oral sucker area over ventral sucker area (OSA/VSA), and body length 

over the distance between the ventral sucker and the posterior end of the body (BL/VS-

P). Morphometric measurements used for F. hepatica adults follow a logistic growth 

model with respect to time (VALERO et al., 2001a,b, 2005) (Figure 12). This implies 

that the morphometric development of the fasciolid adult is not limited but ‘damped’ and 

does not exceed certain characteristic maximum (VALERO et al., 1998, 2006b). Since 

the morphometric maximum values are characteristic for each population, they are 

considered the comparative base of this study (Table 25). 

 
 
4.3.4.- COPROLOGICAL RESULTS 
 

 Five faecal samples were detected positive to F. hepatica (14.28%, 2.7-25.8% CI 

0.95), while 33 showed Eimeria spp. oocysts (94.28%, 86.61-100% CI 0.95). No 

nematode and cestode eggs or adults were observed. Faecal counts showed between 

1 and 3 epg for liver fluke (mean 2.08 epg, ± 1.25), and 91.73 mean opg (± 155.84) for 

Eimeria sp.  
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Fig.12.-Standardised measurements in gravid adults of F. hepatica (CUERVO et al., 2015) 
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Table 25.-Comparative morphometrics of 6 adult liver flukes in European brown hare (Lepus europaeus) (after PERIAGO et al., 2006). 
Data from liver flukes naturally obtained in domestic species by a) Valero et al. (2001a). Data from liver flukes 
experimentally obtained in Black rat (Rattus rattus) and Wistar rat (Rattus norvegicus) by a) Valero et al. (2001a), and b) 
Valero et al. (1998). All values are shown as range, with the mean and standard deviation (SD) in parentheses. (CUERVO 
et al., 2013) 

 

 Natural Infection Experimental infection 

 European brown 
hare Sheepa Cattlea Piga Wistar rata Black rat 

(50d.p.i)b 

BL 7.46-11.35 
(9.13±1.54) 

4.90-31.11 (16.10±4.8) 8.92-28.74 
(19.07±3.45) 

10.03-24.87 
(16.91±3.00) 

4.26-23.37 
(14.24±4.59) 

5.7-13.1 (9.4) 

BW 3.23-4.53 (4.01±0.47) 1.58-12.55 (7.11±2.27) 3.16-1295 
(8.39±1.51) 

5.21-11.45 
(8.50±1.55) 

1.90-12.95 (8.11±3.08) 2.0-5.1 (3.5) 

BWOv 2.18-3.52 (2.94±0.58) - - - - - 

BP 19.64-24.79 
(22.37±2.09) 

12.39-68.35 
(43.13±12.54) 

23.60-67.73 
(52.03±8.33) 

30.23-66.39 
(47.32±7.79) 

12.28-62.91 
(40.33±13.12) 

- 

BR 1.35-2.19 (1.70±0.34) - - - - - 

CL 0.85-1.49 (1.06±0.26) 0.80-3.04 (2.06±0.31) 1.38-3.06 (2.11±0.31) 1.60-3.38 (2.33±0.33) 0.85-3.08 (1.95±0.42) 1.1.2.3 (1.7) 

CW 1.23-2.32 (1.59±0.39) 1.20-2.09 (2.46±0.43) 1.48-3.75 (2.76±0.41) 2.03-4.47 (3.18±0.47) 1.03-3.73 (2.60±0.72) - 

OSmax 0.61-0.69 (0.63±0.04) 0.37-1.06 (0.72±0.10) 0.54-0.92 (0.73±0.07) 0.57-1.15 (0.84±0.10) 0.32-0.86 (0.63±0.14) - 

OSmin 0.50-0.56 (0.52±0.02) - - - - - 

VSmax 0.32-0.49 (0.41±0.07) 0.43-1.25 (0.94±0.14) 0.69-1.88 (1.02±0.11) 0.75-1.29 (1.07±0.10) 0.40-1.20 (0.88±0.20) 0.5-0.8 (0.6) 

VSmin 0.17-0.24 (0.20±0.03) - - - - - 
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Tabla 25 Continuation 

 
  

 
Natural Infection Experimental infection 

European brown 
hare Sheepa Cattlea Piga Wistar rata Black rat 

(50d.p.i)b 

OS-VS 0.33-0.80 (0.65±0.24) 0.06-2.56 (1.51±0.31) 0.86-2.29 (1.63±0.27) 1.03-2.55 (1.70±0.33) 0.60-2.26 (1.51±0.39) 0.60-1.4 (1.0) 

VS-Vit 4.22-6.55 (5.69±1.05) - - - - - 

Vit-P 1.20-2.74 (2.17±0.55) - - - - - 

VS-P 6.73-9.26 (7.86±0.94) 3.16-27.39 
(13.03±4.45) 

6.63-24.95 
(15.81±3.19) 

7.58-20.18 
(13.52±2.64) 

2.76-19.58 
(11.41±4.03) 

4.2-9.8 (7.0) 

PhL 0.48-0.68 (0.55±0.12) - - - - - 

PhW 0.30-0.32 (0.31±0.01) - - - - - 

TL 2.85-4.08 (3.56±0.57) - - - - - 

TW 1.87-2.72 (2.09±0.36) - - - - - 

TP 12.16-7.96 
(10.84±1.69) 

- - - - - 

VSA 0.6-0.7 (0.6±0.05) 0.15-1.23 (0.71±0.19) 0.37-1.70 (0.80±0.15) 0.45-1.25 (0.88±0.17) 0.12-1.06 (0.63±0.26) - 

PhA 0.11-0.16 (0.13±0.03) - - - - - 

TA 5.57-6.78 (6.24±0.49) - - - - - 
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Table 25 Continuation 

 
Abbreviations: BL: body length; BW: body width; BWOv: body width at ovary level; BP: body perimeter; BR: body roundness; CL: 
Cone length; CW: cone width; OSmax: maximum diameter of the oral sucker; OSmin: minimum diameter of the oral sucker; VSmax: 
maximum diameter of the ventral sucker; OS-VS: distance between the oral sucker and the ventral sucker; VS-Vit: distance between 
the ventral sucker and the union of the vitelline glands; Vit-P: distance between the union of the vitelline glands and the posterior end 
of the body; VS-P: distance between the ventral sucker and the posterior end of the body; PhL: pharynx length; PhW: pharynx width; 
TP: testicular perimeter; VSA: ventral sucker area; PhA: pharynx area; TA: testicular area; BL/BW: body length/body width ratio; 
BWOv/CW: body width at ovary level/cone width ratio; OSA/VSA: oral sucker area/ventral sucker area ratio; BL/VS-P: body length/ 
distance between the ventral sucker and the posterior end of the body ratio. 

 
Natural Infection Experimental infection 

European brown 
hare Sheepa Cattlea Piga Wistar rata Black rat 

(50d.p.i)b 

BL/BW 1.68-3.22 (2.33±0.63) 1.33-4.17 (2.33±0.44) 1.40-3.48 (2.30±0.37) 1.50-2.68 (2.02±0.27) 1.18-2.99 (1.85±0.36) - 

BWOv/CW 1.39-2.79 (1.92±0.52) - - - - - 

OSA/VSA  O.43-0.57 
(0.50±0.05) 0.25-0.70 (0.49±0.08) 0.22-0.74 (0.47±0.08) 0.30-0.70 (0.49±0.08) 0.19-0.71 (0.42±0.09) - 

BL/VS-P 1.32-1.07 (1.16±0.09) 1.13-1.55 (1.25±0.06) 1.00-1.36 (1.21±0.04) 1.18-1.37 (1.26±0.03) 1.06-1.60 (1.27±0.08) - 
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Table 26.- Measurements taken from 280 eggs of F. hepatica, recovered from faeces of 

European brown hare (Lepus europaeus). All values are shown as range, 
with the mean and standard deviation (SD) in parentheses. Data from 
rodents and other domestic species by a) Valero et al., (2002), and b) Valero 
et al., (2001a).(CUERVO et al., 2013).  

  

 
Abbreviations: EL: egg length; EW: egg width; EA: egg area; ER: egg ratio; n.i.: natural 

infection; e.i.: experimental infection; NPA: Northern Patagonia, Argentina; NBA: Northern 

Bolivian Altiplano.   

Host Location EL(μm) EW(μm) EA(μm2) ER 

 Lepus europaeus 
n.i. NPA 90.5-143.7 

(120.0±8.9) 
56.6-86.2 
(68.9±4.9) 

6,142.4-1,1408.7 
(8,275.1±919.3) 

1.3-2.3 
(1.7±0.2) 

Mus musculus  n.i. Corsica 117-122 (119±2) 60-83 (74±7) 7,158-9,887 
(8,836±809) - 

 Rattus rattus n.i. Corsica  122-148 (133±8) 60-74 (67±3) 7,148-10,344 
(9011±685) - 

Bos Taurus n.i. Corsica  125-149 (136±9) 68-83 (74±6) 9,129-11,300 
(10,114±801) - 

Bos Taurus n.i. NBA 105.3-155.9 
(132.0±10.5) 

61.7-82.5 
(71.1±4.4) 

5,286.5-9,676.8 
(7,170.2±802.5) 

1.6-2.3 
(1.9±0.2) 

Ovis aries n.i. NBA 114.8-151.2 
(130.8±7.1) 

65.5-81.4 
(72.6±3.9) 

5,998.2-8,608.5 
(7,238.0±532.8) 

1.5-2.2 
(1.8±0.1) 

Sus scrofa 
domestica n.i. NBA 73.8-148.6 

(125.4±8.3) 
58.1-82.5 
(71.8±4.4) 

3,988.7-8,626.9 
(6,836.0±820.4) 

1.1-2.1 
(1.7±0.2) 

Equus asinus n.i. NBA 96.4-140.8 
(125.4±8.3) 

63.3-84.7 
(75±3.7) 

5,562.6-8,686.2 
(7,177.4±646.1) 

1.3-2.0 
(1.7±0.1) 

 Rattus norvegicus 
e.i. Corsica  122-148 (134±6) 63-80 (70±4) 7,681-11,841 

(9,376±866) - 

Rattus norvegicus 
e.i. NBA 98.1-144.2 

(124.6±7.8) 
56.9-80.8 
(67.6±3.4) 

4,836.2-7,982.3 
(6,380.1±510.8) 

1.4-
2.2(1.9±0.2) 
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4.3.5.- MORPHOMETRIC RESULTS 
  

 Twenty-two liver fluke adults were recovered from a single liver, but only six of them 

could be measured (Table 25), while a total of 280 eggs were recovered from faeces 

and measured (Table 26). 

 
 
4.3.6.- ANALYSIS OF MORPHOMETRIC CHARACTERISTICS OF FASCIOLA 

HEPATICA IN LEPUS EUROPAEUS 

 

 Each trematode species has its own adult and egg phenotype, generally within a 

specific range (VALERO et al., 2009). However, small host body mass offers limited 

microhabitat (e.g. liver) and places a physical constraint upon the trematodes body size 

and number of flukes that can fit in (POULIN, 1997; VALERO et al., 2001a, 2005); while 

it has been associated with diminished egg size (VALERO et al., 2002). Consequently, 

the final host species decisively influences the size of adults and eggs of F. hepatica 

(VALERO et al., 2001a, b, 2005, 2009). Measures of F. hepatica found in L. europaeus 

from Malargüe department proved to be amongst the smaller described in adults and 

eggs recovered from naturally and experimentally infected murid rodents, lagomorphs 

and domestic species (Table 25, 26) (ABROUS et al., 1998; VALERO et al.,1998, 

2001a, 2002). With regard to adult liver flukes, it shall be considered that samples were 

preserved in 4% formaldehyde during, at least, two months, which might have slightly 

decreased measures. Size of the fasciolids from the European brown hare appears 

similar to fasciolids of 50 days of age experimentally obtained in the Black rat (VALERO 

et al., 1998) (Table 25). However, the size of F. hepatica eggs found in faecal samples 

of the hares fully overlap not only with those of natural and experimental infections in 

murid rodents, but also with those of natural infections in cattle and other domestic 

animals (VALERO et al., 2001a, 2002). All in all, the data obtained indicates that the 

liver fluke is able to fully develop in wild hares and to shed normal eggs through their 

faeces. Additionally, the heavy parasite burden observed (22 liver flukes in a single 

liver) and the small adult size described strongly suggest an effect of crowding, a 

phenomenon reflected in a decreased adult development when the number of flukes is 

high (VALERO et al., 2006). Meanwhile, due to experimental evidence of a direct 

relation between uterus size and the numbers of eggs shed per gram of faeces 
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(VALERO et al., 2001b, 2011), the reduced uterus development as consequence of 

smaller adults (POULIN, 1997) may explain the low epg observed. 

 
 
4.3.7.- IMPORTANCE OF LEPUS EUROPAEUS AS FASCIOLA HEPATICA 

RESERVOIR 
 

 Although F. hepatica infection in wild L. europaeus has-been detected before in its 

original European range (CUERVO et al., 2016), to the best of our knowledge only one 

report deals with that aspect in South America (KLEINMAN et al., 2004). Unfortunately, 

the information provided is only restricted to the local prevalence found. The high 

prevalence found in our study (14.28%, 2.7-25.8% CI 0.95) strongly contrasts with the 

very low one registered (<1‰) in the aforementioned study (KLEIMAN et al., 2004). Our 

results suggest an even more important role in the transmission cycle than previously 

considered, at least in given areas. Considering a daily defecation rate of 410 faecal 

pellets per hare (NOVARO et al.,1992), a pellet weight between 1 and 1.4 gr (KLEIMAN 

et al.,2004), and the epg here obtained, each hare could shed to the environment a 

daily rate of 410-1,722 eggs of F. hepatica. This result is close to the lower limit 

obtained for pigs (2,000-19,5000 eggs/individual/day), a domestic animal whose 

epidemiological importance in endemic areas has already been highlighted (MAS-

COMA et al.,1997, 2005). Parasites tend to have threshold levels of host populations 

size below which they are unable to persist (TOMPKINS & POULIN, 2006). The 

population dynamics of the European brown hare, as a competent host for liver fluke 

(i.e. hosts in which the parasites can develop normally), may allow parasite spillback by 

amplifying the total number of infective stages and increasing the infection burdens in 

populations of other susceptible hosts (wild or domestic) (KELLY et al.,2009; POULIN et 

al.,2011). 

 This situation set the stage for the European brown hare, a NIS, to alter local parasite 

dynamics in ways that could lead to disease emergence and an outbreak 

(RACHOWICZ et al., 2005; THIELTGES et al., 2009; POULIN et al., 2011).The results 

obtained do not only remark the extraordinary plasticity and adaptability of this 

trematode species to different host species, but also highlight the role of the European 

brown hare, and other NIS, as reservoirs capable for parasite spillback to domestic and 

native cycle, representing a potentially important, but hitherto neglected, cause of 

disease emergence. The present finding of F. hepatica in hares indicates that the 
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geography of the populations of this lagomorph will be in need to be considered when 

analyzing the distribution and extent of fascioliasis infection risk areas (FUENTES et al., 

1999, 2001; AFSHAN et al., 2014) in Argentina and also in other South American 

endemic countries where the European hare has been introduced. 
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4.4.- ALTITUDINAL DISTRIBUTION OF FASCIOLA HEPATICA IN CATTLE OF THE 
PROVINCE OF MENDOZA 

 

 In the province of Mendoza, There are 404,710 heads of cattle (SENASA, 2006), and 

after goats, cattle is the most numerous species of livestock and it is distributed 

practically in all its territory. According to the official records of slaughterhouses, a 

prevalence of 5,68%. Was found (MERA Y SIERRA, 2001) In other reports, when only 

animals that came from ranches from the province of Mendoza, a much higher 

prevalence was found (MERA Y SIERRA et al., 2005a; GONZALEZ et al., 2006) , yet 

there is no information regarding the distribution of the cases and whether they follow or 

not an altitudinal gradient. Due to the different species of lymnaeids present in 

Mendoza, province, it is important to know the distribution of fascioliasis to investigate if 

it follows a determined epidemiological pattern related with altitude. 

 
 
4.4.1.- GEOGRAPHICAL ORIGIN OF THE SAMPLES STUDIED 
 

 A total 325 bovines from 18 different livestock ranches dedicated to cattle production 

as well as to other species (sheep and goats) were sampled. In each site, altitude was 

recorded with a GPS (GARMIN Etrex Vista®). 

 The ranches were grouped according to altitude: low altitude (<800 m.a.s.l.), 

intermediate altitude (between 800-1,500 m.a.s.l.) and ranches at high altitude (>1,500 

m.a.s.l.). Four ranches (47 animals) below 800 m.a.s.l. were sampled in the 

departments of Lavalle and La Paz. Eight ranches (127 animals) were sampled 

between 800-1,500 m.a.s.l. in the departments of Lujan de Cuyo, Tunuyán and 

Tupungato. Six ranches (151 animals) above 1,500 m.a.s.l. were sampled from the 

departments of Malargüe, Tupungato, San Carlos and Las Heras. The samples were 

collected directly from the rectum and transported refrigerated in plastic bags to the 

laboratory and maintained at 4ºC until processed (FIEL et al., 2011). The diagnosis of 

fascioliasis was done by means of the rapid sedimentation technique (LUMBRERAS et 

al., 1962). The proportion of animals with fascioliasis in each altitudinal range were 

compared by means of the χ2 test. Data processing was done with Infostat® software. 

Results were considered statistically significant when p< 0.05. All procedures with 

animals were approved by the animal ethics committee of Universidad Juan Agustin 

Maza (CICUALID). 
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4.4.2.- COPROLOGICAL RESULTS 
  

 In 66 (20.31%) animals F. hepatica eggs were observed at the coprological exam. 

According to the altitude range, in the lower altitude, below 800 m.a.s.l., 2 (4.44%) 

animals were positive, between 800 and 1,500 m.a.s.l., 10 (7.87%) animals were 

positive and above 1,500 m.a.s.l., 54 (35.76%) animals were positive (Table 27). There 

is an ascending gradient as altitude increases (Figure 13). The differences between the 

groups were significative, p<0.0001, yet no statistically significative differences were 

found between the low altitude and intermediate altitude group (p=0.4377). Positive 

animals were found in all the departments except in La Paz (Table 28). 
 

 

 

 



 

184 
 

 
 
 
 
 
Table 27.- Prevalence of F. hepatica in cattle of Mendoza diagnosed by coprological  

according to altitude (MERA Y SIERRA et al., 2016). 
 

 

 
 
 
 
 
 
 
 
 
 
Table 28.- Prevalence of F. hepatica in coprological exams in cattle of Mendoza according 

to department (MERA Y SIERRA et al., 2016). 

 
 

Altitude m.a.s.l. Total animals sampled Positive to 
F. hepatica 

Prevalence 

<800 47 2 4.44% 
800-1,500 127 10 7.87% 

>1,500 151 54 35.76% 
Total 325 66 20.31% 

Department Total animals sampled Positive to  
F. hepatica 

Prevalence 

Tunuyán 92 6 6.52% 
San Carlos 76 17 22.37% 

Lavalle 15 2 13.33% 
Lujan de Cuyo 4 4 100.00% 

Malargüe 24 4 16.67% 
Tupungato 36 1 2.78% 

La Paz 32 0 0.00% 
Las Heras 46 32 69.56% 

Total 325 66 20.31% 
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Fig. 13.-Altitudinal distribution of cattle fascioliasis in the province of Mendoza, diagnosed by coprological exams (MERA Y SIERRA et 

al., 2016). 
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4.4.3.- RELATIONSHIPS OF FASCIOLA HEPATICA PREVALENCE IN CATTLE, 
ALTITUDE RANGE, AND TRANSMISSION PATTERN 

 
 According to this study, prevalence of bovine fascioliasis is significatively greater in the 

mountainous regions. If we take into account that in the rest of the country, there are 

endemic zones of fascioliasis in cattle at very low altitudes, such as in the mesopotamic 

region or coastal plains in the pampas, altitude per se does not explain this (OLAECHEA, 

1994; MORIENA et al., 2001, 2002, 2004). In Andean regions of Perú and Bolivia, where 

there are highly endemic regions, the presence of G. truncatula, which has adapted very 

well to altitude, could explain this distribution (MAS-COMA et al., 2001). A previous study, 

which included the main river basins of the province, (Rio Mendoza, Rio Tunuyán, Rio 

Diamante, Rio Atuel and Llancanelo), found lymnaeids only in an altitudinal range between 

1,526 and 2,638 m.a.s.l. (MERA Y SIERRA, 2001; MERA Y SIERRA et al., 2005b). No 

lymnaeid snails were found below 1,500 m.a.s.l. Molecular studies identified the presence 

of G. truncatula in mountainous regions of the province (BARGUES et al., 2006b). 

 In great part of the livestock ranches in the Andean regions of the provinces of 

Mendoza and Neuquen, trashumance is practiced in which the animals go to much higher 

grounds, above 2,500 m.a.s.l. during the summer, seeking good pastures (DAYENOFF, 

2001). In the winter, escaping extreme temperatures and snow covered ground, they are 

taken to lower regions. So even though the prevalence at inferior altitudes is low, the real 

situation could be even lower since some of these anials could have acquired fascioliasis 

during their stay at higher altitudes. 

 Thus, the distribution of G. truncatula could very well explain the bovine fascioliasis 

distribution found. Very recently, L. neotropica has been identified in the department of 

Lujan de Cuyo at a much lower altitude, 902 m.a.s.l., at the foot of the Andes associated 

with fascioliasis in cattle, sheep, goats, donkeys and horses (MERA Y SIERRA et al., 

2009). This could be associated to a recent introduction of L. neotropica which would be 

conforming isolated transmission foci, situation that has been described for L. neotropica 

in the Argentinean province of Catamarca, were L. neotropica was described at the very 

similar altitude of 994 m.a.s.l. (BARGUES et al., 2016). 
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 The high prevalence found at higher altitudes is similar to the Andean transmission 

pattern described for Perú and Bolivia were G. truncatula is the vector. Yet, it is not 

possible to determine to what sub-pattern, if any, is similar what is occurring in Mendoza 

since to the present the seasonality of the transmission has not been determined. This 

should be done so more efficient control methods can be applied. 

 
  



 

188 
 

4.5.- FASCIOLA HEPATICA INFECTION AND ASSOCIATION WITH GASTRO-
INTESTINAL PARASITES IN CREOLE GOATS FROM WESTERN ARGENTINA 

 

 Despite the mentioned economic impact and an emergent, potentially important, goat 

production in South America (DUBEUF et al., 2004), goat fascioliasis is mainly neglected 

in the sub-continent. In Argentina, according to official slaughterhouse records, animal 

fascioliasis covers the whole country (MERA Y SIERRA et al., 2011), but this information 

only comprises cattle and sheep, and rarely involves goats. Despite goat fascioliasis in the 

country not being even considered (ROSSANIGO, 2007), there are few, usually 

opportunistic, reports of infection, but demonstrating high local prevalence rates 

(AGUIRRE et al., 2005; RUBEL et al., 2005; ISSIA et al., 2009). 

 

 

4.5.1.-FAECES COLLECTION AND LABORATORY PROCEDURES 
 
 Six hundred sixty-three (663) Creole goats born in the plateau and Andean regions of 

Mendoza (623), San Juan (16) and La Rioja (24) provinces (western Argentina) were 

surveyed between June 2006 and December 2011. Samples were sent by private 

practitioners, who requested coproparasitological analysis. Individuals were selected by 

convenience and fecal samples were directlycollected from the rectum. The collected 

samples were labeled, refrigerated and transported to the laboratory for examination. 

Coproparasitological exams were systematically performed by means of three methods: 

Sheater’s flotation technique (SHEATHER, 1923), Ritchie’s formol-ether concentration 

technique (RITCHIE, 1948) and Lumbreras technique (LUMBRERAS et al., 1962). Faecal 

culture and larvae identification were performed when sufficient material from positive 

samples was available (NIEC, 1968). 

 

 

4.5.2.- STATISTICAL ANALYSIS 
 

 Statistix® for Windows 7.0 and SPSS® for Windows 17.0 software programs were used 

for statistical analysis, comparison of categorical variables and chi-square test. Chi-square 

test was applied for comparison between observed and expected prevalence. 
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 Associations between F. hepatica and other parasite types were investigated by 2 × 2 

contingency tables, from which the chi-square was calculated. First, each parasite type 

occurrence was compared to each other; and then, F. hepatica occurrence was compared 

with pairs of parasite types (in each threesome, all combinations possible were tested). 

Due to small N and loss of statistical power, no further comparisons were investigated. 

Values of p< 0.05 were taken as significant. Odds Ratio (OR), OR confidence interval 

(95%) and Relative Risk (RR) were calculated in cases where significant positive 

association was detected. Considering that, unlike OR, the calculation of RR is influenced 

by the position of the variable in the 2 × 2 contingency table, both combinations were 

tested. 

 

 

4.5.3.- COPROLOGICAL RESULTS 
 

 Out of the total 663 goats examined, 84.8% (562) were found to host one or more 

parasite types (as described in Table 29). Amongst the infected animals, 46% hosted 

mixed infections. 64.7% of the animals were infected with a protozoan species and 

63.49% with at least one helminth species. Two hundred and seventeen (32.9%) of the 

examined animals (659) were positive for F. hepatica, 344 (51.88%) were positive for 

nematodes, while 422 (64.72%) were positive for Eimeria sp. oocysts (Table 29). 

 Following the few reports available (AGUIRRE et al., 2005; RUBEL et al., 2005; ISSIA 

et al., 2009), expected prevalence could only be determined for F. hepatica infection 

(94.7%), being the observed prevalence (32.9%) significantly lower than expected 

(p<0.05). 

 The prevalence rates of single and multiple parasite type infections are shown in Table 

30. Considering presence of parasite types, single presence (38.61%) was the most 

common, with Eimeria sp. as the predominant type (21.27%), followed bydouble presence 

(31.82%). The most frequent combinations were Eimeria sp. + Nematodirus sp. (15.38%) 

and F. hepatica + Eimeria sp. (11.01%). 

 F. hepatica occurred mainly as a co -infection with anotherparasite, while only 22.12% 

(48) of the total cases of fascioliasis (217) occurred as monoparasitism (Table 30). It was 

most frequently combined with Eimeria sp. (11.01%), followed by the duet F. hepatica + 

Nematodirus sp. (2.11%), and lastly combined with Strongyle eggs (0.90%). 
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Table 29.- Observed prevalence rates of parasite infection amongst 663 Creole goats in the plateau and Andean regions, Argentina 

(overall and per province surveyed). (CUERVO et al., 2013) 
Parasites N % Infection (CI 95) Mza (%) S. Juan (%) La Rioja (%) 

All 663 84.8 (82.2-87.3)  623 16  24 
Strongyle eggs 652 9 (6.9-11) 42 (6.74) 0 17 (70.83) 

Nematodirus sp. 663 40.6 (37.1-44.1) 265 (42.54) 2 (12.5) 2 (8.33) 
T. ovis 663 2.3 (1.2-3.4) 15 (5.7) 0  0 

F. hepatica 659 32.9 (29.6-36.2) 208 (33.39) 0 9 (37.5) 
Eimeria sp. 652 64.7 (61.3-68.1) 414 (66.45) 1 (6.25) 7 (29.17)  

                     Mza: Mendoza province; S. Juan: San Juan province. 
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Table 30.- Combination of infecting parasites amongst 663 Creole goatsin the plateau 

and Andean regions, Argentina (combinations with less than 0.5% are not 
shown) (CUERVO et al., 2013).  

Parasites of combination       Nº             (%) 

Any single type 256 (38.61) 

Strongyle eggs 8 (1.21) 

Nematodirus sp. 59 (8.90) 

F. hepatica 48 (7.24) 

Eimeria sp. 141 (21.27) 

Double combination 211 (31.82) 

F. hepatica + Eimeria sp. 73 (11.01) 

F. hepatica + Strongyle eggs 6 (0.90) 

F. hepatica + Nematodirus sp. 14 (2.11) 

Eimeria sp. + Strongyle eggs 11 (1.66) 

Eimeria sp. + Nematodirus sp. 102 (15.38) 

Triple combination 77 (11.61) 

F. hepatica + Eimeria sp. + Nematodirus sp. 53 (7.99) 

Eimeria sp. + Strongyle eggs + Nematodirus sp. 10 (1.51) 

Eimeria sp. + Nematodirus sp. + T. ovis 8 (1.21) 

Quadruple combination 17 (2.56) 

F. hepatica + Eimeria sp. + Strongyle eggs 16 (2.41) 

+ Nematodirus sp.    
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Table 31.- Associations between gastrointestinal parasite amongst 663 Creole goats in the plateau and Andean regions, Argentina. 
(CUERVO et al., 2013)  

Parasite sp. χ2 p-value OR (CI 95%) 
F. hepatica* Strongyle eggs 6.11 0.0134 1.96 (1.14-3.36) 
Eimeria sp.* Nematodirus sp. 7.91 0.0049 1.61 (1.15-2.25) 
Nematodirus sp.* T. ovis 9.89 0.0017 6.09 (1.70-21.78) 
Eimeria sp.* F. hepatica + Nematodirus sp. 12.54 0.0004 2.70 (1.53-4.78) 
Nematodirus sp.* F. hepatica + Eimeria sp. 4.68 0.0306 1.50 (1.04-2.17) 
F. hepatica* Eimeria sp. + Strongyle eggs 4.38 0.0363 1.94 (1.03-3.63) 
Strongyle eggs* F. hepatica + Eimeria sp. 4.79 0.0287 1.88 (1.06-3.34) 
F. hepatica* Strongyle eggs + Nematodirus sp. 13.2 0.0003 3.76 (1.76-8.05) 
Strongyle eggs* F. hepatica + Nematodirus sp. 19.9 0.0000 3.67 (2.01-6.69) 
Nematodirus sp.* F. hepatica + Strongyle eggs 9.03 0.0027 3.25 (1.45-7.30) 

* Significant associations. 
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4.5.4.- ANALYSIS OF FASCIOLA HEPATICA AND GASTROINTESTINAL 
PARASITES PREVALENCE IN GOATS IN WESTERN ARGENTINA 

 
4.5.4.1.- GASTROINTESTINAL PARASITES 
 

 To the authors’ knowledge, this study is the first to report precise goat parasites 

prevalence rates in western Argentina (CUERVO et al., 2013). As usual, and in 

accordance with previous world tendencies, goat parasitism in the country has been 

frequently disregarded, and such valuable information not informed due to general 

disinterest. Most of the available local studies only informed about seasonality of 

gastrointestinal parasites fecal counts and treatment results, but gave no information 

about local prevalence that allowed further epidemiological comparison. 

 This study reveals a high overall prevalence of gastrointestinal parasites, reaching 

almost 85% - maximum for Eimeria sp. (64.7%) and minimum for Trichuris ovis (2.3%). 

Meanwhile, the high prevalence (32.9%) of F. hepatica is remarkable. 

 Due to the mentioned scarcity of local data regarding prevalence of goat 

gastrointestinal parasitism, observed and expected values could only be compared in 

the case of infection by F. hepatica, which was significantly lower than expected (p< 

0.05) (Table 29). In the few national reports where F. hepatica infection in goats was 

described (AGUIRRE et al., 2005; RUBEL et al., 2005; ISSIA et al., 2009), studies were 

developed in response to outbreaks, sample numbers were small, and individuals 

sampled belonged to the same herd, thus explaining the very high local prevalence and 

the consequent difference between observed and expected values. 

 

 

4.5.4.2.- TYPES OF PARASITIC ASSOCIATIONS 
 

 The status of polyparasitism using coproscopy as the method indicated that almost 

half (46.1%) of these animals harbored 2-5 different parasite eggs. Despite the 

numerous parasite combinations observed (4.6), significant positive associations (p< 

0.05) were detected only between F. hepatica + Strongyle eggs, 

 Eimeria sp. + Nematodirus sp. and Nematodirus sp. + T. ovis (Table 31).In the first 

case, F. hepatica + Strongyle eggs, the association could be non-causal (confounding 

factor), possibly due to favourable environmental characteristics for the development of 

larvae and infection in the same places where infection with F. hepatica occurs (e.g. 
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swamps and waterlogged areas). On the other hand, the OR and RR analysis suggests 

that infection by F. hepatica may act as a contributing factor for Strongyle infection, 

enhancing almost twice (1.96 and 1.83 respectively) the odds, probably due to the host 

immunosuppression attributed to the trematode (CERVI et al., 1996; GIRONES et al., 

2007; VALERO et al., 2017) or just due to a more vulnerable host (a host’s weakened 

state) (BEGON et al, 2006). Considering that most of the larvae identified belonged to 

the family Trichostrongylidae, association could also be attributed to the arrested larvae 

released by the suggested immunosuppression (ANDERSON, 2000). 

 The significant association observed between Eimeria sp. + Nematodirus sp. and 

Nematodirus sp. + T. ovis couldbe a consequence of infective stages (oocysts and 

eggs) resistant to extreme environmental conditions or related to housing conditions, 

with animals returning to corrals every day and manure being accumulated during 

months. 

 When complex associations were evaluated, significant positive associations were 

detected in three sets of combinations: F. hepatica + Eimeria sp. + Nematodirus sp., F. 

hepatica + Eimeria sp. + Strongyle eggs, and F. hepatica + Strongyle eggs + 

Nematodirus sp. (Table 31). In the first two threesomes, the association observed is 

attributed to the significant associations detected when analyzing by pairs (Eimeria sp. 

+ Nematodirus sp. and F. hepatica + Strongyle eggs), even more when the third 

parasite type (F. hepatica and Eimeria sp., respectively) is tested against the associated 

pair and no significant association is detected. It is worth noting the last threesome, 

where, following the previous criteria, the presence of eggs of Nematodirus sp. is 

significantly associated with the combination F. hepatica + Strongyle eggs (χ2 = 9.03, p 

= 0.0027). 

 Further studies are required to define whether these associations are causal or not, 

and their relevance in the epidemiology of the parasite types implicated. Future studies 

should also analyse the economic losses generated by goat gastrointestinal 

multiparasitism, especially considering its impact on local extensive small farming 

systems. 

 As highlighted before, F. hepatica is rarely considered as a parasite of goats in the 

country. Consequently, not only the recognized economic losses are not analysed, but 

also this ruminant is neglected as an important reservoir of this zoonoses. Furthermore, 

the stunning 33% prevalence detected poses an interrogation and alerts about the role 

goats play on the transmission and dissemination of this zoonotic trematode 
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4.6.- FASCIOLA HEPATICA IN LLAMAS (LAMA GLAMA) AND GUANACOS (LAMA 

GUANICOE) IN THE PROVINCE OF MENDOZA 
 

 In Mendoza province, guanacos are distributed practically all along the Andes and 

are particularly abundant in wildlife reserves. Its population in Mendoza is estimated in 

16,000 animals. Due to the great expanse of livestock ranches in Andean regions, it is 

very frequent for them to have guanaco populations that live side to side with cattle 

sheep and goats (BAIGUN et al., 2008). There are many projects orientated towards a 

sustainable use of this species, particularly for the use of its valuable fiber. Most of the 

domestic camelids, llama and alpaca, are in the Northwest of the country, with a total 

population of approximately 160,000 animals (SENASA, 2002). ln Mendoza province, 

there are very few llamas yet there are animals used for ornamental purposes or in 

private collections. Fascioliasis can not only affect the health of the camelids but can be 

a potential reservoir of the parasite for domestic livestock and humans. 
 
 
4.6.1.- GEOGRAPHICAL ORIGIN OF SAMPLES AND COPROLOGICAL 

TECHNIQUES USED 

 

 The animals were from a ranch in southern Mendoza, department of Malargüe, 

dedicated to the rehabilitation of guanacos. The veterinarian consults because of the 

death of a one year old animal following a bout of diarrhea. The farm had 38 guanacos 

and 6 llamas. The animals fed on natural pasture and alfalfa (Medicago sativa) and 

drank water from an artificial irrigation channel; there were no natural superficial water 

in the premises. Faeces were recollected directly from the rectum from four guanacos 

and two llamas, and were sent refrigerated to the laboratory were the following 

techniques were implemented: Sheather’s sucrose flotation technique (SHEATHER, 

1923) and Lumbreras’ rapid sedimentation technique (LUMBRERAS et al., 1962). 

Sediment obtained from Lumbreras´ technique was subsequently passed through a 140 

μm sieve. Both techniques were performed with three grams of material. Slides from 

Sheather’s technique and filtered sediment from Lumbreras´ technique were 

microscopically examined. Faecal counts (eggs per gram = epg; oocysts per gram = 

opg) were determined in every sample. Necropsy was performed on the dead guanaco 

and samples were sent in 10% Formaline for histopathological studies.  
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4.6.2.- COPROLOGICAL RESULTS 
 

 In the guanaco that died the coprological exam was positive. F. hepatica eggs were 

found (1 epg) and Eimeria spp. oocysts were also found (4 opg). Histopathology 

showed mild hepatosis, suppurative peritonitis, suppurative inflammation of the spleen 

and renal venous congestion. The other three guanacos were negative at the 

coprological examinations. Both llamas were positive for F. hepatica with 6 and 38 epg 

respectively. One of the llamas also had eggs of Nematodirus sp. (2 epg). 

 

 
4.6.3.- REPERCUSSIONS OF THE FINDING OF FASCOLA HEPATICA IN SOUTH 

AMERICAN CAMELIDS 
 

 Even though the death of the guanaco cannot be attributed to F. hepatica, it has 

been described as a cause of serious disease and death in the other South American 

camelids, llama, vicuña and alpaca. (LEGUIA, 1997, CAFRUNE et al., 1996a, 1996b, 

2004); the other parasite found, Eimeria sp. can produce important clinical conditions 

but are usually associated with very high parasitic burdens. Finding F. hepatica in a 

guanaco associated with its death highlights the possible pathogenic role it could have 

in this species (MERA Y SIERRA et al., 2015). If we take into account the very high 

prevalence of F. hepatica in livestock of the region and the impact it could produce in 

the health and productivity of guanacos, fascioliasis could very well be a determining 

factor in the conservation and sustainable use of this species. Emerging diseases have 

demonstrated that can be a threat to wild populations and F. hepatica could very well be 

a menace to wildlife of the American continent were the disease was absent before the 

European colonization (CUERVO et al., 2008). The threat of fascioliasis even to the 

existence of a population should not be underestimated, as it has been stated that 

fascioliasis could have been one of the factors associated with the extinction of the 

Persian onager, (Equus hemionus onager) in Syria (ASKARI et al., 2018) 

 The fact that both llamas tested positive for F. hepatica alerts not only of the effect it 

can have on this species but also of its role as reservoir of the disease for other 

animals, both domestic and wild, and humans. 

 The absence of natural water bodies in the site implies that the lymnaeids are well 

adapted to artificial irrigation systems, which reflects their adaptability to different 

environments. This has already been demonstrated in other parts of the world 
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(ESTEBAN et al., 2002; AFSHAN et al., 2014). The conjunction of various species of 

lymnaeid snails in the region with the capacity to adapt to diverse environments, with 

high endemicity in domestic livestock and the contact of these with wild autochthonous 

species can suscitate a very problematic situation that should be addressed. 
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4.7.- FASCIOLA HEPATICA IN LIVESTOCK ASSOCIATED WITH THE PRESENCE 
OF LYMNAEA NEOTROPICA 

 

 Three species of lymnaeid vectors have been described in Andean regions of 

Argentina: L. viator, L. neotropica and G. truncatula (BARGUES et al., 2006a; MERA Y 

SIERRA et al., 2009, BARGUES et al., 2016). It is known that G. truncatula is very well 

adapted to altitude in South America and its main vector of F. hepatica in human hyper-

endemic regions. It has been identified in Argentina in high altitude regions where there 

are reports of human cases (MERA Y SIERRA et al., 2011) and associated with a high 

prevalence in cattle (MERA Y SIERRA et al., 2016). The recent finding of L. neotropica 

infected with F. hepatica at the relatively low altitude of 902 m.a.s.l. (MERA Y SIERRA 

et al., 2009) gives rise to the question of what may be the situation in the exposed 

animals.  

 

 

4.7.1.- MAMMAL HOST SAMPLED AND STUDY AREA 
 

 The recreational farm studied is situated in the locality of Perdriel (District Perdriel, 

Department of Lujan de Cuyo), in the province of Mendoza at an altitude of 902 m.a.s.l. 

The region is known mainly for its vineyards and it is not a region dedicated to livestock 

production, yet there are small farms that may harbor few animals either for local 

consumption or horses, mules or donkeys for transport and as draft animals. It is at the 

foot of the mountains and it is a region in which plants and animals use water provided 

by irrigation systems that divert water from Río Mendoza. In this farm L. neotropica was 

identified for the first time in Argentina and a snail was found to be infected by F. 

hepatica by molecular methods (see Chapter III). Climate data from this area was 

obtained using DIVA-GIS 5.2 software (World- Clim 1.4: climatic layers resolution 2.5 

min) (HIJMANS et al.,2005). Sampling of snails was carried out manually  
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Fig. 14.- Recollecting faeces from the rectum of a donkey for coprological studies at a 

farm in Perdriel (33°03´18.76´´S-68°50´18.43´W), province of Mendoza.   
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 During the month of June 2008 faeces were recollected directly from the rectum in 4 

cows, 4 goats, 7 horses, 4 donkeys, and 1 llama (Figure 4.3). The animals were fed 

alfalfa hay and supplemented with grains and had access to pasture on the premises. 

They drank water directly from an artificial pond and irrigation channels were L. 

neotropica specimens were identified. The sample was sent refrigerated to the 

laboratory were a rapid sedimentation technique was performed (LUMBRERAS et al., 

1962). Samples were considered positive if F. hepatica eggs were observed. 

 

 

4.7.2.- COPROLOGICAL RESULTS 
 

 Coprological studies showed that all mammal species of the farm were affected by F. 

hepatica infection: 3 infected amongst 4 cattle analysed (75%), 3 amongst 4 goats 

(75%), 3 amongst 7 horses (42.8%), 4 amongst 4 donkeys (100%), and 1 out of 1 llama 

(100%). A total of 5 lymnaeid specimens were collected in December 2007, and 50 and 

12 specimens, respectively June and August 2008. In July 2008 only 1 living snail was 

found in the pond, when the artificial irrigation channel was dried for reparation. A 

month later, with overflow present, snails were there again and the population seemed 

to have quickly recovered. Except in cases of such artificial modifications, the 

fluctuations of the lymnaeid snail number appear to show a parallelism with the 

oscillation of temperature and rainfall, both with maximums in the November-March 

period. The main climatic characteristics of the endemic locality in question appear to 

be adequate for both lymnaeid vector population dynamics and F. hepatica 

intramolluscan larval development: annual mean temperature (15.0ºC), maximum 

temperature in the warmest month (30.9°C), minimum temperature in the coldest month 

(0.1ºC), mean temperature of wettest and driest quarters (21.0 and 7.8ºC), precipitation 

in wettest and driest quarters (103 and 23 mm), and precipitation in warmest and 

coldest quarters (98 and 23 mm). 

 

 
4.7.3.- ANALYSIS OF PREVALENCE OF INFECTION OF FASCIOLA HEPATICA 
 

 Studies performed demonstrate that the high prevalences of infection by F. hepatica 

in the animals inhabiting the recreational farm of Perdriel are related to the presence of 

a snail population of only one lymnaeid species with vectorial capacity. Climatic 
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conditions appear to be appropriate for fascioliasis transmission, with temperatures 

surpassing the F. hepatica minimum threshold of 10ºC (ROSS & MCKAY, 1929; MAS-

COMA & BARGUES, 1997; MALONE et al., 1998) throughout most of the months. 

However, temperatures and precipitation rates in the May-August period are so low that 

fascioliasis transmission cannot occur. Hence, in this area the disease could l follow a 

seasonality, similarly as in the Northern Hemisphere (MAS-COMA & BARGUES, 1997). 

Yet the presence of irrigation channels may well alter this seasonality and the presence 

or absence of lymnaeids and infective metacercariae may depend not on the 

pluviometry but on the availability of irrigation water that is determined more by the 

watering regimen of the farms depending on the agricultural necessities. A similar 

situation was recently observed in the province of Catamarca, also with the presence of 

L. neotropica (BARGUES et al., 2016). The prevalence found in donkeys and horses, 

42.8% and 100% respectively puts the focus on the role equines may have as 

reservoirs of fascioliasis in the region, since studies in these species are extremely few. 

 The high prevalence found in livestock and the colonization of L. neotropica in 

manmade irrigation systems at an altitude were fascioliasis is not usually important in 

Andean regions highlights the adaptability of F. hepatica and its vectors (BARGUES et 

al., 2009). 
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5.- CONCLUSIONS 
 

 The conclusions obtained from the present work are numerous and due to the 

diverse aspects addressed, to simplify their presentation, they will be listed according to 

the different objectives. 

 

A) Human fascioliasis in Argentina. 

 Regarding the distribution, the majority of cases are in mountainous regions. This 

coincides with the altitudinal range were lymnaeids snails are found and also 

coincides with the altitudinal distribution of cattle fascioliasis. What is noteworthy, 

that, in non Andean, low altitude regions, were animal fascioliasis is endemic, 

such as in the mesopotamic provinces, the almost total lack of human cases. 

Even if we consider the possibility of under diagnosis and under reporting, the 

difference with the mountainous regions is quite surprising. The species of 

lymnaeids reported for those regions, Pseudosuccinea columella and Lymnaea 

viator, would imply that the human cases are related to the presence of Galba 

truncatula and Lymnaea neotropica as compared to the animal cases 

 The amount of cases found (619) in the bibliographical revision is more than 

seven times the amount found in a previous revision (85). If we consider that 

human fascioliasis is not a disease that has to be officially reported and the 

cases found were exclusively the ones that were published in the scientific 

literature, the real number of human fascioliasis cases is probably much greater. 

Judging from the time elapsed between the onset of symptoms and the diagnosis 

of fascioliasis, which ,was more than three years, it is clear that the medical 

community in Argentina has difficulties in diagnosing human fascioliasis. So, to 

underreporting we should add under diagnosis. The real situation of human 

fascioliasis is quite probably currently underestimated and surveys should be 

done to know the real situation. 

 Regarding the relationship with climatic factors such as temperature and 

precipitation, no correlation was found between annual precipitation and annual 

incidence. Yet, since we can only take into consideration the cases published in 

the literature and the total lack of official reports, care must be taken in the 

interpretation of these results. Yet, a strong correlation was found between the 

human cases and the month of the year, with a 3-4 month lag in relation with the 

monthly precipitation. This could be initially explained by the relationship 
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between the lymnaeid populations and precipitation, yet, since the analysis was 

done in a highly touristic area were the affluence of people coincides with the 

favourable conditions for lymnaeids, the proliferation of cases could be due to the 

presence of persons in the endemic regions rather than a greater possibility or 

probability of infection in those months. To clarify this, studies should be done in 

the field to evaluate the seasonal elimination of infective stages of F. hepatica. 

 

B) Species of lymnaeids in Andean regions of Argentina. 

 In the endemic regions of fascioliasis in the Andes of Argentina, there are three 

species of lymnaeids involved: Galba truncatula, Lymnaea viator and Lymnaea 

neotropica. Previous to these studies, when only morphological characteristics 

were used to identify species of lymnaeids, Lymnaea viator was the only species 

implied.  

 This emphasizes on the necessity and difficulty in the identification of these 

species in which is imperative the use of molecular techniques which are 

obviously very difficult if not impossible to implement in field conditions. Even so, 

molecular techniques have to be used with adequate criteria since great care 

must be exercised when choosing the genes.  

 Galba truncatula, of the same combined haplotype as the one found in the 

Bolivian Altiplano, is present in Andean valleys of the province of Mendoza. This 

haplotype is the one responsible of fascioliasis in an endemic area with the 

highest prevalences and intensities known. The climatic characteristics and the 

closeness of the lymnaeid populations to human dwellings and in livestock areas, 

imply a high transmission and dispersal capacity.  

 The genetic differences and phylogenetic analysis between Lymnaea viator var. 

B elongata and Lymnaea viator var. A ventricosa originally from Lima, Perú and 

Rio Negro, Argentina, respectively, allow to distinguish them as two different 

species: Lymnaea viator var. B elongata was proposed as Lymnaea neotropica, 

n. sp.and Lymnaea viator var. A ventricosa would remain as Lymnaea viator. 

Lymnaea neotropica is clearly differentiated from the aforementioned Lymnaea 

viator, L. cubensis and Galba truncatula. Even though these four species have 

similar shells and are difficult to distinguish anatomically, the relevant 18S rDNA 

sequences already indicate that L. cubensis, Lymnaea viator, Lymnaea 

neotropica n. sp. and Galba truncatula should not be placed in the same 

supraspecific taxon. 
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 ITS-2, ITS-1 and COI are good markers not only for identifying L. cubensis, 

Lymnaea viator, Lymnaea neotropica and Galba truncatula, in fascioliasis 

endemic areas in Central and South America, but also for the classification of 

samples of these species to haplotype level. Exhaustive ITS-2 and ITS-1 studies 

on single nucleotide polymorphisms (SNP) have already proved the value of both 

spacers for the distinction and identification of these lymnaeids. 

 Care must be taken when performing and interpreting genetic studies since 

several molecular techniques do not show sufficient accuracy. For instance, 

molecular techniques which rely on the 18S rRNA gene or parts of it, as the helix 

E10-1 of the variable region V2 which is useful for the differentiation of European 

lymnaeids, are not useful in Argentina because of the existence of species as 

Lymnaea viator and Lymnaea neotropica which present identical 18S sequence. 

 Lymnaea neotropica infected by F. hepatica was found at a lower altitude than 

Galba truncatula and associated to very high prevalences in livestock. It is an 

important vector for animal fascioliasis and the risk of transmission to humans 

has to be considered. 

 

C) Animal fascioliasis in Andean regions of Argentina. 

 The prevalence of fascioliasis in cattle is high at altitude above 1500 m.a.s.l., and 

diminishes with altitude, with much lower prevalence at lower altitude. This is 

related to the distribution of the lymnaeid populations, particularly Galba 

truncatula that was found at high altitudes. 

 At a lower altitude than where the high prevalence was found in cattle (>1,500 

m.a.s.l.) Lymnaea neotropica has been identified in the department of Lujan de 

Cuyo at 902 m.a.s.l., at the foot of the Andes associated with very high 

fascioliasis prevalence in cattle, sheep, goats, llama, donkeys and horses. This 

could be associated to a recent introduction of Lymnaea neotropica which would 

be conforming isolated transmission foci. 

 A high prevalence of F. hepatica was found in the European brown hare, which 

suggests it may have a more important role in the transmission cycle than 

previously considered adding the possibility of spillback to the domestic cycle. 

 Fascioliasis was diagnosed in an autochthonous camelids, the guanaco (Lama 

guanicoe) and was even associated to the death of an animal, alerting of the role 

F. hepatica may have in the conservation and sustainable use of this species.  
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 F. hepatica was detected in goats in different Andean provinces, yet, it is rarely 

considered as goat parasite in the country, but a 33% prevalence poses an 

interrogation on the role goats play on the transmission and dissemination of this 

zoonotic trematode. Significant positive associations between F. hepatica + 

Strongyle eggs, Eimeria sp. + Nematodirus sp. and Nematodirus sp. + Trichuris 

ovis were detected. Further studies are required to define the causality of these 

associations and their relevance in epidemiology. 
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ABBREVIATIONS 
 
AL Aperture Length 
AW Aperture Width 
cox1 Mitochondrially encoded cytochrome c oxidase 1 gene 
CRT coproantigen reduction test 
EDTA Ethylenediaminetetraacetic acid 
EHA egg hatch assay test 
epg Egg per gram of faeces 
FECRT fecal egg count reduction test 
ITS1 rDNA Internal Transcribed spacer sequence 
LSL Last Spire Length 
mtDNA Mitochondrial deoxyribonucleic acid 
ND1 NADH dehydrogenase subunit 1 gene 
NIS 
NWA 

Non Indiginous Species 
North West Argentina 

PCR polymerase chain reaction 
rRNA Ribosomal deoxyribonucleic acid  
SENASA Servicio Nacional de Sanidad y Calidad Agroalimentaria 
SL Shell Length 
SNP Single Nucleotide Polymorphism 
SW Shell width 
TE Tris EDTA buffer 
TRIS tris(hydroxymethyl)aminomethane 
WHO World Health Organization 
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Abstract 

Ribosomal DNA ITS–1 sequencing of Galba truncatula (Gastropoda, Lymnaeidae) and its potential impact    
on fascioliasis transmission in Mendoza, Argentina.— Sequencing of the rDNA ITS–1 proved that the 
lymnaeid snail species Galba truncatula is present in Argentina and that it belongs to the haplotype HC, the 
same as that responsible for the fascioliasis transmission in the human hyperendemic area with the highest 
human prevalences and intensities known, the Northern Bolivian Altiplano. 

 
Key words: Galba truncatula, Lymnaeid vectors, Human and animal fascioliasis, Transmission, Mendoza, 
Argentina. 

 
Resumen 

Secuenciación del ITS–1 del ADN ribosomal de Galba truncatula (Gastropoda, Lymnaeidae) y su impacto 
potencial en la transmisión de la fascioliasis en Mendoza, Argentina.— La secuenciación del ITS–1 del ADNr 
demostró que la especie de gasterópodo lymnaeido Galba truncatula se encuentra en Argentina y que 
pertenece al haplotipo HC, el mismo responsable de la transmisión de la fascioliasis en el área de 
hiperendemia humana con las mayores prevalencias e intensidades de fascioliasis conocidas, el Altiplano 
Norte Boliviano. 

 
Palabras clave: Galba truncatula, Vectores Lymnaeidae, Fascioliasis humana y animal, Transmisión, 
Mendoza, Argentina. 
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Introduction 

Fascioliasis is a well–known parasitic disease 
transmitted by freshwater snail species of the family 
Lymnaeidae (Gastropoda) (Mas–Coma et al., 2005). 
Fasciola hepatica is believed to be of European 
origin, with the lymnaeid Galba truncatula as the 
original vector species. G. truncatula is a species 
which reproduces by selfing and spread to other 
continents, most probably together with the 
commercial export of livestock (Mas–Coma et al., 
2001). 

When carrying out animal fascioliasis studies  
in the province of Mendoza, Argentina, Mera y 
Sierra (2001) collected lymnaeids which he clas- 
sified as belonging to the species G.  truncatula,  
by comparing with morphological descriptions 
(Oviedo et al., 1995; Samadi et al., 2000). 

This was the first time that G. truncatula was cited 
in Argentina. Studies performed during sub- sequent 
years showed that morphology is not sufficient to 
differentiate lymnaeid species be- longing to the so–
called Galba–Fossaria group (Bargues et al., 2001; 
Durand et al., 2002). Problems in morphological 
differentiation of lymnaeid species have already 
been detected in Mendoza (Mera y Sierra et al., 
2005, 2006; Artigas et al., 2005). 

The present paper aimed to verify the species 
classification of the lymnaeids collected by  Mera  
y Sierra (2001) in Mendoza, by analysis of the 
complete sequence of the first internal transcribed 
spacer (ITS–1) of the nuclear ribosomal DNA 
(rDNA). This molecular marker has recently proved 
its usefulness in Lymnaeidae (Bargues & Mas– 
Coma, 2005; Bargues et al., 2006). 

Materials and methods 

The rDNA ITS–1 sequence was obtained from each 
of 5 lymnaeid specimens collected in the locality of 
El Salto, province of Mendoza, Argentina. DNA 
extraction procedure steps were performed accord- 
ing to methods outlined previously (Bargues et al., 
2001). Total DNA was isolated according to the 
phenol–chloroform extraction and ethanol precipi- 
tation method, the ITS–1 fragment  was  amplified 
by the Polymerase Chain Reaction (PCR), 
sequencing performed by the dideoxy chain–termi- 
nation method, and sequences were aligned using 
CLUSTAL–W version 1.8 (Bargues et al., 2001; 
Mas–Coma et al., 2001). Homologies were per- 
formed using BLAST (http://www.ncbi.nlm.nih.gov/ 
BLAST). The following ITS–1 sequences present in 
GenBank were used for comparisons: Galba 
truncatula haplotype A (AJ243018), haplotype B 
(AJ296270), and haplotype C (AJ272052) (Mas– 
Coma et al., 2001). 

 

Results 

The five ITS–1 sequences from the 5 lymnaeid 
specimens analyzed presented the same length of 
504 base pairs (bp) and a scarcely biased GC 
content of 57.5%. The nucleotide sequence was in 
all cases the same and it is shown in table 1. The 
Argentinian lymnaeids presented an ITS–1 sequence 
showing a 99.6% similitude with the G. truncatula 
haplotype A (HA) from Europe. The nucleotide differ- 
ences detected were only two mutations: the transi- 
tion G / A in position 74 and the transversion T / G in 
position  75.  Concerning  G.  truncatula  haplotype B 

 
 
 
 
 

  
Table 1. Complete nucleotide sequence of the first internal transcribed spacer ITS–1 of the nuclear 
ribosomal DNA of lymnaeids from the population of El Salto, Mendoza, Argentina. 

 

Tabla 1. Secuencia nucleotídica completa del primer espaciador transcrito interno ITS–1 del ADN 
ribosomal nuclear de los lymnaeidos de la población de El Salto, Mendoza, Argentina. 

 
1 

 
ATCATTAACG 

 
AGCAGCCAAC 

 
CGAGCGTTGA 

 
CTACTTTGTT 

 
GTCTCAGTCA 

 
GTCAGTCAGT 

61 CAGGCCCCGC GGCGTGCACG CATGAAGCGC TGTCGCGGGG CTGTGTCCGC TTCGTCTTTC 

121 GGGGTACCTA TTACTGTCCT CGATGCGACC CACGGTGACG GCTTAGAGCC CGTGTGCTCG 

181 CCGGGTCGCG ACGGTTCAAA GAGTGGCCGG CTTGGCTCAG CTCGAGAGTC AGCCGGCGAC 

241 CGCCCCGCCG TCGCAAAAAA ACAGGAGGTT AGTCCGGGGT ACCTATGCCC TGCCCGCGCT 

301 CGCTCTCGCG CCGGCAAGGC GGTAGCTCCA GCTCGCTATT TGGCCGCGAG GTTCAAAGAG 

361 ACGACCGTGC CTTAACTTGC TCTCTCCGTG GGCAACGGTC GCCGCCCCGG GCCTCCTAAA 

421 ATTTCCTTTA ATAAAACGAA ATTATTTTTT AAAAATGTGT GTCGGCTCGA TCGTGGCACA 

481 CGAAAAACAA ACAAAAGTC TTAT    

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
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Table 2. Sequence length, nucleotide contents and differences found in the comparison of the sequences 
of ITS–1 of the nuclear ribosomal DNA of lymnaeid populations from Argentina and known haplotypes   
of Galba truncatula. 

 

Tabla 2. Longitud, composición y diferencias nucleotídicas encontradas en la comparación de las 
secuencias del primer espaciador transcrito interno ITS–1 del ADN ribosomal nuclear de los lymnaeidos 
argentinos y los haplotipos conocidos de Galba truncatula. 

 
G. truncatula 

    
Positions 

 
GenBank 

haplotypes Origin Lenght % GC 74 75 132 Acc. No. 
HA Spain, Portugal, 

Switzerland, Corsica 
 

504 pb 
 

57.5 
 

A 
 

G T 
 

AJ243018 
HB Morocco 504 pb 57.5 A G C AJ296270 
HC Northern Bolivian Altiplano 504 pb 57.5 G T T AJ272052 
HC El Salto, Mendoza, Argentina 504 pb 57.5 G T T present work 

 
 
 

(HB) from Morocco, the similitude was of  99.4% 
and a total of three mutations were detected: two 
transitions G / A and T / C in positions 74 and 132, 
respectively, and one transversion T / G in position 
75 (table 2). When comparing the ITS–1 sequence 
of the Mendoza lymnaeid specimens with that of G. 
truncatula haplotype C (HC) from the Northern Bo- 
livian Altiplano, no nucleotide differences appeared 
(table 2). 

 

Discussion 

The present work demonstrates that the lymnaeids 
of Mendoza belong to G. truncatula haplotype HC. 
The presence of G. truncatula HC in the Andean 
area of Argentina represents a great potential risk  
of fascioliasis. The haplotype HC of this lymnaeid   
is the same as that responsible for transmission of 
the disease in the endemic area with the highest 
prevalences and intensities known in humans, the 
Northern Bolivian Altiplano (Mas–Coma et al., 1999). 
Although of a somewhat lower level, prevalence  
and intensity situations found in other Andean ar- 
eas of Peru are similar (Mas–Coma et al., 2005). 

The province of Mendoza is also located in the 
Andean area and although the altitudes are not as 
high as those of hyperendemic zones in Bolivia and 
Peru, temperatures are similar because of the south- 
ern latitude (Fuentes et al., 1999). This suggests a 
high disease transmission capacity in Mendoza. 

The wide ecological features of G. truncatula do 
allow it to come close to human settings (Mas– 
Coma et al., 1999). This explains why this lymnaeid 
is in the background of many human infections. 
Moreover, G. truncatula is markedly linked to areas 
where livestock is present, enabling its passive 
transportation by domestic animals from one place 
to another. The disease–spreading risk in Mendoza 
is evident. 
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Although, in the endemic areas throughout the world,  human  fascioliasis  presents  varying  patterns  in  its  
epidemiology, the species of lymnaeid snail that act as intermediate hosts and vectors are always crucial in the 
transmission of the causative parasites. Species in the Galba/Fossaria group of snails, such as Lymnaea cubensis, L. 

viatrix var. A ventricosa, L. viatrix var. B elongata and Galba truncatula, appear to be frequently involved in the 
transmission of Fasciola hepatica in Central and South America, although specific classification within this 
morphologically and anatomically confusing group is often very difficult. To explore the potential use of molecular 
analyses in the identification of vector snails, regions of the ribosomal DNA — the small subunit (18S) gene and     
internal transcribed spacers (ITS-2 and ITS-1) — and  of  the  mitochondrial  DNA  —  the  cytochrome  c  oxidase  
subunit I (COI) — of wild-caught lymnaeid snails of L. cubensis, L. viatrix var. A ventricosa, L. viatrix var. B 
elongata and G. truncatula have been sequenced. The samples of the  Latin  American  species included  specimens 
from the respective type localities. 

The genetic distances observed and the results  of  phylogenetic  analyses  demonstrate  that  two  different  species  
exist within L. viatrix. Lymnaea neotropica n. sp. (5L. viatrix var. B elongata) is here proposed for specimens from 
Lima, Peru, and is differentiated from L. viatrix (5L. viatrix var. A ventricosa), L. cubensis and G. truncatula. The 
data collected on the 18S ribosomal-RNA gene indicate that the snails investigated may cover more than one 
supraspecific taxon. The ITS-2, ITS-1 and COI nucleotide sequences are clearly useful markers for the 
differentiation of these morpho–anatomically similar lymnaeid species. The numerous microsatellite repeats found 
within ITS-2 are potential tools for differentiation at population level. 

 
 

Fascioliasis is a parasitic disease that is 
emerging in many areas of the world (Mas- 
Coma, 2004). Caused by two fluke species, 
Fasciola hepatica and Fa. gigantica, the 
disease has long been recognised as a very 
important veterinary problem, in livestock 
(Torgerson and Claxton, 1999). The 
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parasites show a marked specificity  in  the 
snail species they use  as  intermediate  hosts  
or vectors. The original vector of Fasciola 

hepatica, which is believed to be of European 
origin, was probably the  lymnaeid  snail  
Galba truncatula (Mas-Coma et al., 2001). 
Beyond Europe, other  lymnaeid  species  of 
the so-called Galba/Fossaria group usually 
transmit Fa. hepatica, whereas Fa. gigantica, 
found in Africa and Asia, is linked to 
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lymnaeids of the Radix group (Bargues et al., 
2001). In certain circumstances, particularly 
when the main vector species are absent, 
members  of  other  vicariant  lymnaeid  
groups, such as stagnicolines for Fa. hepatica 

(Bargues et al., 2003) and Pseudosuccinea 

columella for both  fasciolid  species 
(Bargues et al., 2001), can be involved in 
transmission. 

Fascioliasis was not considered  a  disease  
of great public-health importance until the 
1990s,  when  the  reported  incidence  of 
human infection with Fasciola began to rise 
(Chen and Mott, 1990). Areas of endemic 
human  fascioliasis  have  since  been 
described, first in Latin America and sub- 
sequently  in  Africa   and   Asia   (Mas-Coma 
et al., 1999b, c, 2005). The prevalences and 
intensities of human fascioliasis appear to be 
increasing in several countries, with the  
number of people infected with Fasciola 
estimated to be 17 million even before large 
areas of the world had been surveyed  
(Hopkins, 1992). In terms of its latitudinal, 
longitudinal and altitudinal  distribution, 
human fascioliasis is now more wide-spread 
than any  other  vector-borne  parasitic  dis- 
ease (Mas-Coma, 2004).  The  epidemiology  
of the  disease  varies  with  geographical 
region and, particularly, the species of 
freshwater lymnaeid  snail  that  are  involved 
in transmission (Mas-Coma, 2005).  The 
correct classification of the lymnaeid species 
acting as vectors in each endemic area is 
therefore very important to those planning 
interventions to reduce transmission. 

The   highest   known   prevalences   and 
intensities of human fascioliasis  occur  in  
areas of Latin America (Mas-Coma, 2004, 
2005; Mas-Coma et al., 2005), where three 
New-World species of lymnaeid, Lymnaea 

cubensis, Ly. viatrix and P. columella, appear 
to be the main vectors of the  causative 
parasite, Fa. hepatica (Malek, 1985). A 
fourth species, G. truncatula, has recently 
been added to the list of important Latin 
American vectors. First detected and mor- 
phologically classified in a  hyper-endemic 
area  for   human   fascioliasis  in   the northern 

Bolivian Altiplano (Oviedo et al., 1995a), 
Bolivian G. truncatula have subsequently 
been the subject of studies based on the 
characterisation of the snail’s small-subunit 
ribosomal-RNA (18S rRNA) gene (Bargues 
and Mas-Coma, 1997; Bargues et al., 1997), 
the sequencing of the internal-transcribed- 
spacer regions 1 and  2  (ITS-1  and  ITS-2) 
of the snail’s ribosomal DNA (rDNA; Mas-
Coma et al., 2001), iso-enzymatic 
phenotyping (Jabbour-Zahab et al., 1997), 
eco–epidemiological analysis (Oviedo et al., 
1995b; Mas-Coma et al.,  1999a;  Fuentes 
et al., 1999), anatomy (Samadi et al., 2000), 
and analysis of the  genetic  variability  in  
the snail’s DNA microsatellite markers 
(Meunier et al., 2001). The results of the 
rDNA studies indicate that this snail species 
was introduced from Europe relatively 
recently, most probably  by  the  first  
Spanish colonizers (Mas-Coma et  al., 
2001). It is not confined to Bolivia but also 
occurs, in areas with endemic human 
fascioliasis, in Peru (Esteban et al., 2002). 

Unfortunately for those investigating the 
epidemiology and control of human fascio- 
liasis in Latin America, although P. columella 

is a very peculiar species that can easily be 
identified by shell morphology and anatomy 
(Paraense, 1982; Malek, 1985), Ly. cubensis 

and Ly. viatrix belong to the morphologi- 
cally and anatomically confusing Galba/ 
Fossaria group. Their marked intraspecific 
morphological variability makes several ‘sib- 
ling’ species within this group  difficult  or 
even impossible to separate without genetic 
analysis (Bargues et al., 2001; Durand et al., 
2002), and the taxonomy of the whole group 
remains unclear (Bargues et al., 1997). The 
division of Ly. viatrix into two varieties (A 
and B) dates right back to the  description  of 
the species (D’Orbigny, 1835). The  aims  of 
the present study, based on analyses of the 
sequences of the snails’  18S,  ITS-1  and  ITS-
2 rDNA, and their cytochrome-c- oxidase-
subunit-I    (COI)    mitochondrial DNA 
(mtDNA), were to identify the mem-  bers of 
the Galba/Fossaria group involved in 
transmission in Central and South America, 
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and develop molecular tools for the future 
identification, to species level, of lymnaeid 
populations belonging in this group. Of the 
different genetic markers already applied to 
lymnaeids, DNA sequencing appears to give 
the most accurate results. Although mtDNA 
has also been analysed and may offer 
complementary information (Remigio and 
Hebert, 2003), nuclear rDNA markers, 
particularly 18S, ITS-2 and ITS-1, have 
consistently been found useful in the identi- 
fication of gastropod snails to genus, species 
or even population level (Bargues and Mas- 
Coma, 2005). 

In the present study, in order to be 
systematically conclusive,  specimens  from  
the ‘terra typica’ of each Latin American 
species of lymnaeid snail were used when-  
ever possible. The exact type locality of Ly. 

cubensis, which was originally described 
from  Cuba  (Pfeiffer,  1839),  is  unknown   
but specimens  from  Vaqueria  21,  Cuba,  
were selected for the present study. The 
original description of Ly. viatrix (D’Orbigny, 
1835) includes two varieties: var. A ven- 
tricosa from the Rio Negro area, Patagonia, 
Argentina, and var. B elongata from Lima, 
Peru. In the present study,  European  and 
South American specimens of G. truncatula 
were  used  for  comparison.  The  results  of 
the molecular analyses indicate that a new 
species, for which the name Lymnaea 

neotropica n. sp. is proposed and a diag- 
nostic description provided, may be  involved 
in the transmission of Fa. hepatica to humans 
and other mammals in Latin America. 

 
 

MATERIALS AND METHODS 
 
Lymnaeid Samples 
The snail specimens investigated were of Ly. 
cubensis (from Vaqueria 21, La Habana, 
Cuba; 23u019N, 82u329W),  Ly. viatrix var.  
A ventricosa (from Frias, Rio Negro, 
Argentina; 40u149S, 64u109W), Ly. viatrix 
var. B elongata  (from  Rio  Rimac,  Lima, 
Peru;  12u029S,  76u569–77u089W),  Ly.  via- 
trix var.  B elongata  (from  Rio Lurin, Lima, 

Peru; 12u039S, 77u049W), and G. truncatula 
(from Benicasim, Castellon, Spain;  
40u069N, 00u079E), the latter just being  
used in the sequencing of COI mtDNA. 

DNA was extracted from more than one 
specimen of a given population when this 
was deemed necessary for sequence verifica- 
tion. Only snails that appeared free of 
helminth infection were used in the mole- 
cular analyses. To reduce further the risk of 
contamination of DNA from helminths 
(which are more likely to be localized in 
other tissues), DNA was only isolated from 
the foot of each snail. Use of just the feet,  
rather than all the soft tissues, also pre- 
vented the development in the DNA pellets 
of the white flocculate substance (probably 
of polysaccharides) and melanic pigments 
that can inhibit PCR and cause amplifica- 
tion of non-specific products (Gasser et al., 
1993; Bargues et al., 1997). 

 

Molecular Techniques 

DNA EXTRACTION 

The phenol–chloroform method (Sambrook 
et al., 1989) was used to extract total DNA 
from snail feet that had been fixed in 70% 
ethanol and stored at 4uC for several weeks 
(Bargues and Mas-Coma, 1997). After 
dissection under a microscope, half of each 
foot was suspended in 400 ml lysis  buffer 
[10 mM Tris-HCl (pH 8.0), 100 mM 
EDTA, 100 mM NaCl, and 1% sodium 
dodecyl sulphate] containing 500 mg protei- 
nase K (Promega, Madison, WI)/ml, and 
digested for 2 h at 55uC, with shaking every 
15 min. The lysate was then gently mixed 
and incubated for another  4 h  at  55uC, 
again with shaking every 15 min. In the 
three-step DNA extraction, an equal volume 
of phenol, then 200 ml phenol and 200 ml 
chloroform:isoamyl alcohol (24:1, by vol.) 
and finally 400 ml of the same chloroform: 
isoamyl-alcohol mixture were sequentially 
employed. After each extraction step, the 
phases   were   separated   by   centrifugation 
(12,0006g  for  3 min).  The  final  aqueous 
phase was precipitated with 0.1 vol. of 3 M 
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sodium acetate and 2.5 vol. 100% ethanol, 
at 220uC. The resultant DNA pellet was 
washed in 70% ethanol, centrifuged down 
(at   12,000–13,0006g   and   4uC   for   5– 
10 min), briefly air-dried, re-dissolved in a 
small volume (20–50 ml) of sterile TE buffer 
[10 mM Tris-HCl (pH 7.6), 1 mM EDTA], 
and  stored  at 220uC until use. 

 
RDNA  SEQUENCE AMPLIFICATION 

The complete rDNA small subunit (18S 
rRNA gene), the rDNA internal transcribed 
spacers (ITS-1 and ITS-2) and the COI 
mtDNA of each lymnaeid were amplified by 
PCR, using 4–6 ml of lymnaeid genomic 
DNA in each 50-ml reaction mixture 
(Bargues  and  Mas-Coma,  1997;   Bargues 
et al., 2001; Mas-Coma et al., 2001). Eight 
conserved oligonucleotide primers  were 
used for the amplification of five super- 
imposed fragments of the 18S rRNA gene 
(Bargues et al., 1997), a 9600 thermocycler 
(Perkin Elmer, Waltham, MA) and a stan- 
dard protocol (Bargues et al., 1995) being 
employed to amplify the specific 18S rDNA 
regions. The fragments corresponding to 
ITS-1 and ITS-2 were amplified using 
primers designed to match the conserved 
positions of the 18S and 5.8S rRNA genes 
and 5.8S and 28S rRNA genes of several 
species of eukaryote, respectively (Bargues 
et al., 2001, 2006). A COI gene fragment 
was amplified using universal primers 
(Folmer et al., 1994). For ITS-2 and  ITS-  
1, the Peltier thermal cycler (MJ Research, 
Watertown, MA) used was set to give 30 s at 
94uC, followed by 30 cycles, each of 30 s at 
94uC, 30 s at 50uC and 1 min at 72uC, and 
then a final 7 min at 72uC. For COI, 
however, the thermocycler was set to give 
2.5 min at 94uC, followed by 40 cycles, each 
of 30 s at 90uC, 1 min at 48uC and 1 min at 
72uC, and then a final 10 min at 72uC. 

The  products  of  each  PCR  (10  ml)  
were separated by electrophoresis  in  a  gel 
of 1% NusieveH GTG agarose (FMC 
Bioproducts, Rockland, ME) and visualized 
by staining with ethidium bromide and 

trans-illuminating with ultra-violet light. A 
set of molecular-weight markers (Marker  
VI; Boehringer Mannheim, Mannheim, 
Germany) containing 0.1 mg DNA/ml was  
run in each gel. 

 
 

PURIFICATION AND QUANTIFICATION OF PCR 
PRODUCTS 

Primers and nucleotides were removed from 
the PCR products using a commercial DNA 
purification system (WizardTM PCR Preps; 
Promega) before the products were resus- 
pended in 50 ml 10 mM TE buffer (pH 7.6). 
The final DNA concentration was deter- 
mined by measuring absorbances at 260 and 
280 nm. 

 

DNA SEQUENCING 
The sequencing, of the entire 18S rRNA 
gene, the complete ITS-1 and ITS-2 of the 
rDNA, and a fragment of the COI gene of  
the mtDNA, was performed on both strands 
by the dideoxy chain-termination method 
(Sanger et al., 1977). The Taq dye- 
terminator chemistry kit for the ABI 373A 
and ABI 3700 capillary system (Perkin 
Elmer) and the PCR primers  were  
employed. 

 

DNA HAPLOTYPE NOMENCLATURE 
The nomenclature proposed by Bargues and 
Mas-Coma (2005) and Bargues et al. (2006) 
for the ITS-1 and ITS-2 haplotypes of 
lymnaeid snails is used throughout. An ‘H’ 
followed by  a  lower-case  letter  (e.g.  Ha)  
is used to identify the mtDNA COI 
haplotypes. 

 

Software 

SEQUENCE ALIGNMENT 
Sequences were aligned using version 1.8 of 
the CLUSTAL-W  programme  (Thompson 
et al., 1994), with the sequences introduced 
in random order, to reduce  bias  (Lake, 
1991). Homologies were investigated using 
the BLAST programme, via the website of 
the United States National Center for 
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Biotechnology Information (www.ncbi.nlm. 
nih.gov/BLAST). Genetic distances were 
estimated using parameters provided by 
version 4.0b10 of the PAUP programme 
(Swofford, 2002). 

Alignments included not only the 
sequences determined in the present study 
but also relevant reference sequences stored 
in the GenBank databank. These reference 
sequences were those of the 18S rRNA 
genes of G. truncatula (accession Z73985; 
Bargues and Mas-Coma, 1997) and Ly. 

cubensis (Z83831; Bargues et al., 1997), 
ITS-2, of haplotype H1, from G. truncatula 

from Spain, Portugal and Corsica, France 
(AJ296271), ITS-2, of haplotype H2,  from 
G. truncatula from Spain, Portugal and 
Switzerland (AJ243017), ITS-2,  of  haplo-  
type H3, from G. truncatula from Bolivia 
[5Ly. viatrix sensu Ueno et al. (1975) and 
Ly.  cubensis  sensu  Ueno  et  al. (1975); 
accession AJ272051; Bargues et al., 2001; 
Mas-Coma et al., 2001], ITS-1, of haplo- 
type HA, from G. truncatula from Spain, 
Portugal, France and Switzerland 
(AJ243018),  ITS-1,  of  haplotype  HB, from 
G. truncatula from Morocco (AJ296270), 
and     ITS-1,     of     haplotype     HC,   from 
G. truncatula from Bolivia (AJ272052; Mas-
Coma et al., 2001). 

 
 

REPRESENTATION OF THE 18S RRNA 
SECONDARY STRUCTURE 

The     previously     published   secondary- 
structure prediction for Limicolaria kambeul 

18S rRNA (Winnepennickx et al., 1992), 
which was based on the general eukaryote- 
18S-rRNA  secondary  structure   (De   Rijk 
et al. 1992), was used and extended to 
encompass the lymnaeid sequences.  Version 
2.54 of the DCSE programme (De Rijk and 
de Wachter, 1993) was used to examine 
potential secondary structures, with the 
RNAstructure programme (Mathews et al., 
1999) employed to predict parts of the 
structure and the RnaViz programme (De 
Rijk and de Wachter, 1997) employed  for 
the graphical representation. 

Phylogenetic Inference 

Phylogenies were inferred, from ITS-1 and 
ITS-2 rDNA sequences, using maximum- 
likelihood (ML) estimates with PAUP. 
Maximum-likelihood parameters such as 
model, base frequencies, transition/ 
transversion ratio (ts/tv), the shape para- 
meter for the gamma distribution, and the 
proportion of invariant sites, were optimised 
using the hierarchical likelihood ratio test 
(hLRT) and the Akaike information criter- 
ion (AIC; Akaike, 1974; Posada and 
Buckley, 2004), implemented in Modeltest 
3.7 (Posada and Crandall, 1998). Starting 
branch lengths were obtained using the 
least-squares method with ML distances. 
To provide an assessment of the reliability of 
the nodes of the trees, a quartet-puzzling 
analysis was employed, with 1000 puzzling 
steps. 

Phylogenetic analyses  were  performed  
after adding  reference  sequences  of  ITS-2 
and ITS-1 of lymnaeid rDNA stored in the 
GenBank  databank.  These  sequences   were 
of Ly. (Stagnicola) palustris palustris ITS-2 
(AJ319620)  and  ITS-1  (AJ626849),  Ly. (S.) 
palustris turricola ITS-2 (AJ319618) and 
ITS-1 (AJ626853), Ly. (S.) fuscus ITS-2 
(AJ319621)        and       ITS-1      (AJ626856), 
Catascopia occulta ITS-2 (AJ319642) and 
ITS-1      (AJ626858),      ITS-2      (AJ296271, 
AJ243017 and AJ272951, respectively) and 
ITS-1       (AJ243018,       AJ272052     and 
AJ296270,  respectively)  of  the  H1,  H2 
and H3 haplotypes of G. truncatula, and 
the sequence from P. columella that includes 
both spacers (AY186751). The sequence 
(AY030361) including both spacers of a 
planorbid species, Biomphalaria pfeifferi, was 
used as an outgroup. 

 

Phenotypic Study 

Shells of Peruvian Ly. viatrix var. B elongata 
were measured, according to traditional 
malacological methods (Oviedo et al., 
1995a; Samadi et al., 2000), using a com- 
puterized  image-analysis  system   (Valero  
et al., 2005). This system was based on a 

http://www.ncbi.nlm/
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DXC-930P colour video camera (Sony, 
Tokyo) fitted to a stereomicroscope, and 
connected to a computer running image- 
analysis software (ImageProH Plus 4.5; 
Media Cybernetics Inc., Silver Spring, 
MD). 

For anatomical studies, adult  Peruvian  
Ly. viatrix var. B elongata were collected in 
the field and allowed to relax overnight in 
water containing menthol. They were then 
immersed for 40 s in hot water (70uC)  
before transfer to water at room tempera- 
ture. The soft parts were drawn from the 
shells with forceps applied to the cephalo- 
pedal mass, and fixed in slightly modified 
Railliet–Henry’s fluid (930 ml distilled 
water, 6 g NaCl, 50 ml 40% formalin, and  
20 ml glacial acetic acid). The fixed snails 
were then dissected under a stereomicro- 
scope, so that drawings of the reproductive 
system could be made using a camera lucida 
(Pointier et al., 2006). 

 
 

RESULTS 
 
18S rRNA Gene 

The 18S rDNA sequence of Ly. cubensis 

from Cuba is 1860-bp long, with a GC 
content of 51.82%, and has base frequencies 
of 0.236 (A), 0.235 (G), 0.283 (C) and 
0.245 (T). This sequence is identical to that 
deposited in GenBank by Bargues et al. 
(1997). 

The sequence of the 18S rRNA gene of 
Ly. viatrix var. A ventricosa from Argentina 
is 1860-bp long, shows a GC content of 
51.82%, and has base frequences of 0.236 
(A), 0.236 (G), 0.282 (C) and 0.245 (T). 
The sequences of the 18S of Ly. viatrix var. 
B elongata from the two localities in Lima, 
Peru, were identical, base to base, and did 
not differ, even by a single nucleotide, from 
the corresponding sequence of Ly. viatrix 
var. A ventricosa. This 18S sequence has 
been deposited in GenBank as accession 
AM412222. 

The 18S sequence of Ly. cubensis differs 
from that of Ly. viatrix var. A ventricosa and 

Ly. viatrix var. B elongata by a nucleotide 
divergence of only 0.32%, represented  by  
six nucleotide differences [one  transition 
(ts), three transversions (tv), and two 
insertions/deletions (indels)] in a 1861-bp- 
long alignment. According to the secondary 
structure, the four mutations appear to be 
located in helix E10-1 of the V2  variable 
area whereas the two indels appear to be 
scattered throughout the rest of the 18S 
sequence (Table 1). 

The 18S sequence of Ly. cubensis differs 
much more from that of G. truncatula, with 
a nucleotide divergence of 1.50%, repre- 
sented by 28 nucleotide differences (five ts, 
four tv and 19 indels) in a 1861-bp-long 
alignment. Again, the secondary structure 
indicated that the differences were concen- 
trated in E10-1 of V2 (Table 1). 

Curiously, the 18S sequences indicate the 
same level of difference between Ly. cubensis 

and G. truncatula as between Ly. viatrix and 
G. truncatula, the latter comparison also 
showing a nucleotide divergence of 1.50%, 

represented by 28 nucleotide differences (six 
ts, three tv and 19 indels) in a 1861-bp-long 
alignment. The majority of these differences 
also appear in helix E10-1 of V2 (Table 1). 

The triple-comparison alignment,  includ- ing 
the 18S sequences of Ly. cubensis, Ly. 

viatrix and G. truncatula, was 1862-bp long 
and included 31 variable  nucleotide  posi- 
tions, giving a nucleotide  divergence  of 

1.66% (Table 1).The majority (24) of the 
modified  positions  appeared  to be  grouped 
in the short sequence between positions 231 

and 263, whereas the other seven modified 
positions appeared isolated and scattered 

throughout   the   rest   of   the   18S   sequence 
(Table 1). 

 

ITS-2 rDNA 

The three ITS-2 sequences of the four 
lymnaeid populations studied were depos- 
ited in GenBank as accessions AM412223 
(Ly. cubensis haplotype H1 from Cuba), 
AM412224 (Ly. viatrix var. A ventricosa 
haplotype H1 from Argentina), and 
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AM412225 (Ly. viatrix var. B elongata 
haplotype H1 from Rio  Rimac  and  Rio  
Lurin, Lima, Peru). The lengths and slightly 
GC-biased   mean   nucleotide   compositions 
of these ITS-2 sequence were, respectively, 
534 bp and 56.22% in Ly. cubensis, 452 bp 
and 54.20% in Ly. viatrix var. A ventricosa, 
and 417 bp and 56.83% in Ly. viatrix var. B 
elongata. 

The numbers and percentages of nucleo- 
tide differences that appeared in the two- 
sequence alignments of the ITS-2 
sequences, and details of the ts, tv and 
indels, are shown in Table 2. The numbers 
of repeats of each microsatellite found in 
these comparisons are noted in Table 3. 
The ITS-2 sequence of Ly. cubensis was 
unusually long because of a tetranucleotide 
microsatellite (CTTG) that appears to be 
repeated 25 times, consecutively, in posi- 
tions 51–150. 

The ITS-2 sequences  of  the  specimens  
of Ly. viatrix var. B elongata from the 

populations of Rio  Lurin  and  Rio  Rimac 
were identical. They differed from those  of  
Ly. viatrix var. A ventricosa at 53 positions, 
giving a relatively large nucleotide  diver- 
gence of 11.67%. Eleven of the 39 indels  
found were not related to microsatellite  
repeats.  The  CTTG  microsatellite  seen  in 
Ly. cubensis also appears in both Ly. viatrix 

var. A ventricosa and Ly. viatrix var. B 
elongata, together with other two tetranu- 
cleotide repeats (TTCA and TGAA). 

The number  of  variable  positions  (124) 
and level of nucleotide divergence (22.67%) 
were higher in the comparison between Ly. 

cubensis and Ly. viatrix var. A ventricosa. 
Among  the  numerous  indels,  most   (76) 
were related to the CTTG repeat but other 
microsatellites, including the  trinucleotide 
GGT  and  the  tetranucleotides   GCAA, 
TGAA  and  TCGA,  were  also  present  
(Table 3). 

In the comparison of Ly. cubensis with Ly. 

viatrix var. B elongata, the number of 
TABLE 1. Nucleotide differences found in comparisons of the complete 18S ribosomal DNA sequences of the lym- 

naeids, and their location in the secondary structure 

Variable Positions, code numbers or sequences 

Variable area* V  V V  V  V V  V V  V  V V V V V V V V V  V  V V V V V V  V  V V        2 
2 2  2 2  2 2  2  2 2  2 2 2  2  2  2  2 2  2  2 2  2  2  2 4  4  5 9 

Helix* E  E E  E  E E  E E  E  E E E E E E E E E  E  E E E E E  1   E  E  2   3  3  4 
1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1  1 1 1 1 1 1  1 1    5    2 2 7    4 6  7 
0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0  0 0 0 0 0 0  0 0 1 1   
–  – –  –  –  –  –  –  –  –  – – –  –  –  –  – –  –  –  –  –  –  – –  – 
1 1 1  1 1  1 1  1 1 1  1 1 1  1  1  1  1 1  1  1 1  1  1  1 1 7   

 
Position{

 1    1  1  1 
2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2  2 2 2 2 2 2  2 2    4    7 8 1    2 2  7 
3 3 3 3 3 3 3 4 4 4 4 4 4  4 5 5  5 5 5 5 5 5  5 6    5    2 5 3    3 9  4 
1 2 3 4 5 6 7 2 3 5 6 7 8  9 0 1  2 3 4 5 6 7  8 3    9    1 2 5    0 9  7 

Lymnaea cubensis Cuba G T C G T G C G T C A A G C C G T G G T C G C C    C    G G –     –  T C 
Ly. viatrix var. A ventricosa 

Argentina 
G T G C C T C G T C A A G C C G T G G T C G C C C – G – C T C 

Ly. viatrix var. B  elongata  Peru G T C  C  C T  C G T  C A A G C C G T G G T C G C C  C  –  G –  C T  C  
Galba truncatula Europe – – C C T T T A G – – – – –  –  –  –  –  –  –  –  –  –  T  –  –  A  C  –  G T  
Difference number{  1  1  1  1  1  1  1  1  1  1  2  2  2  2  2     2     2  2  2     2  3 3 

1 2 3 4 5 6 7 8 9 0 1 2 3  4 5 6  7 8 9 0 1 2  3 4    5    6 7 8    9 0  1 

*Code numbers (to be read vertically) refer to the  secondary  structure  proposed  for  the  gastropod  Limicolaria 

kambeul (Winnepennickx  et al.,  1992), which was based  on the  model and nomenclature  for  eukaryotes  (De Rijk   
et al., 1992) 
{Numbers (to be read vertically) refer to positions obtained in the alignment made with CLUSTAL W.  
{To be read vertically. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 2. ITS-2 sequence differences detected in pair-wise comparisons between the lymnaeid species studied 

 
Alignment 

 
No. and (%) of nucleotide 

No. and (%) of substitutions No. and (%) 
of insertions/ 

Comparison length (bp) differences Transitions Transversions deletions 
 

 

 

Lymnaea cubensis v. Ly. viatrix var. A ventricosa 547 124 (22.67) 8 (1.46) 8 (1.46) 108 (19.74) 
Ly. cubensis v. Ly. viatrix var. B elongata 534 143 (26.78) 11 (2.06) 14 (2.62) 118 (22.09) 
Ly. viatrix var. A ventricosa v. Ly. viatrix var. B elongata 454 53 (11.67) 9 (1.98) 5 (1.10) 39 (8.59) 
Ly. cubensis v. Galba truncatula (ITS-2 haplotypes 1, 2 and 3) 548 197–199 (35.94–36.31) 18–20 (3.28–3.65) 17–18 (3.10–3.28) 161 (29.38) 
Ly. viatrix var. A ventricosa v. G. truncatula (ITS-2 haplotypes 1, 465 113–114 (24.30–24.52) 11–12 (2.36–2.58) 24–25 (5.16–5.38) 77 (16.56) 

2 and 3)      

Ly. viatrix var. B elongata v. G. truncatula (ITS-2 haplotypes 1, 438 93–94 (21.23–21.46) 13–14 (2.97–3.20) 21–22 (4.79–5.02) 58 (13.24) 
2 and 3)      
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TABLE 3. The microsatellites in ribosomal-DNA ITS-2 sequences of the American lymnaeids studied, and number 

of times each one was repeated in pair-wise comparisons 

No. of times each microsatellite appears 
 

 

Comparison 
Alignment 
length (bp) 

 

Repeat 
Start point 

(position no.) 
Lymnaea 

cubensis 

Ly. viatrix 

var. A ventricosa 
Ly. viatrix 

var. B elongata 

Ly. cubensis v. Ly. viatrix var. 547 CTTG 51 25 6 – 
A ventricosa       

  GGT 328 3 1 – 
  GCAA 431 2 1 – 
  TGAA 487 2 4 – 
  TCGA 529 2 1 – 
Ly. cubensis v. Ly. viatrix var. 540 CTTG 51 25 – 2 

B elongata       
  GGT 328 3 – 0 
  GCAA 431 2 – 1 
  TTCA 445 2 – 1 
  TGAA 487 2 – 1 
  TCGA 529 2 – 1 
Ly. viatrix var. A ventricosa v. 454 CTTG 51 – 6 2 

Ly. viatrix var. B elongata       
  TTCA 352 – 2 1 
  TGAA 398 – 3 1 

 

variable positions (143) and level of nucleo- 
tide divergence (26.78%) were even higher. 
Again, most of the indels detected (92) were 
related to the CTTG repeat. The micro- 
satellites GGT, GCAA, TTCA, TGAA and 
TCGA, however, did not appear to be 
repeated in Ly. viatrix var. B elongata 
(Table 3). 

When the ITS-2 sequences of the G. 

truncatula haplotypes H1, H2 and H3 
(which differed by only one or two muta- 
tions) were compared with those of the three 

taxa of American lymnaeids, a high number 
of nucleotide differences appeared in the 

alignments and a notable equidistance in the 
true mutations was observed (see Table 2). 
The results of the PAUP-based analysis of 

the pair-wise comparisons of ITS-2 
sequences are shown in Table 4. 

 
 
ITS-1 rDNA 

The three ITS-1 sequences of the four 
lymnaeid populations studied were 

 
TABLE 4. Total character differences (above diagonal) and mean character differences adjusted for missing data 

(below diagonal), as determined using the PAUP programme, in pair-wise comparisons between the ITS-2 sequences 

of the lymnaeid species 
 

 
Galba truncatula of ITS-2 haplotype: 

 
 

1 2 3 

 

Lymnaea viatrix Ly. viatrix var. 
var. B elongata A ventricosa 

 
 

Ly. cubensis 

Galba truncatula 
   

ITS-2 haplotype 1 – 0.00249 0.00249 0.08995 0.09278 0.11340 
ITS-2 haplotype 2 1 – 0.00499 0.08730 0.09021 0.11082 
ITS-2 haplotype 3 1 2 – 0.08730 0.09021 0.11082 

Ly. viatrix var. B elongata 34 33 33 – 0.03373 0.07090 
Ly. viatrix var. A ventricosa 36 35 35 14 – 0.07289 
Ly. cubensis 44 43 43 29 32 – 
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deposited in GenBank as accessions 
AM412226 (Ly. cubensis haplotype HA 
from Cuba), AM412227 (Ly. viatrix var. A 
ventricosa haplotype  HA  from  Argentina) 
and AM412228 (Ly. viatrix var. B elongata 
haplotype HA from Rio  Rimac  and  Rio  
Lurin, Lima, Peru). The lengths and slightly 
GC-biased   mean   nucleotide   compositions 
of the ITS-1 sequences were,  respectively,  
524 bp and 56.29% in Ly. cubensis, 568 bp 
and 54.58% in Ly. viatrix var. A ventricosa, 
and 533 bp and 56.66% in Ly. viatrix var. B 
elongata. 

The numbers and percentages of nucleo- 
tide differences that appeared in the two- 
sequence alignments of the ITS-1 
sequences, and details of the ts, tv and 
indels, are shown in Table 5. 

The ITS-1 sequence of Ly. cubensis shows 
no microsatellite repeat. Those of the speci- 
mens of Ly. viatrix var. B elongata from the 
populations of Rio Rimac and Rio Lurin in 
Lima, Peru, were identical but differed from  
the ITS-1 sequence of Ly. viatrix var. A 
ventricosa at 98 positions, giving a consider- 
able nucleotide divergence of 17.19%. This 
divergence is markedly higher than  that  seen 
in ITS-2, with  no  microsatellite  repeats  
found in the ITS-1 sequences. 

Although the ITS-1 comparisons between 
Ly. cubensis and either Ly. viatrix var. A 
ventricosa or Ly. viatrix var. B elongata 
showed  numerous   nucleotide   differences, 
the levels of nucleotide divergence were less 
than those seen with ITS-2. A large number    
of nucleotide differences was also apparent in 
the alignments of the ITS-1 sequences of G. 

truncatula haplotypes HA, HB or HC (the 
sequences of which differed by only one, two 
or three mutations) with those of the  three  
taxa of American lymnaeid (see Table 5). 

The results of the  PAUP-based  analysis 
of the pair-wise comparisons of ITS-2 
sequences are shown in Table 6. 

 

COI mtDNA 

The three COI sequences of the four 
lymnaeid populations studied were 

deposited in GenBank as accessions 
AM494009 (Ly. cubensis haplotype Ha from 
Cuba), AM494010 (Ly. viatrix var. A 
ventricosa haplotype Ha from Argentina), 
AM494008 (Ly. viatrix var. B elongata 
haplotype Ha from  Rio  Rimac  and  Rio  
Lurin,   Lima,   Peru),    and    AM494011    
(G. truncatula Ha — corresponding to snails 
belonging to the rDNA ITS combined 
haplotype CH1A — from Benicasim, 
Castellon, Spain). The lengths and highly AT-
biased mean nucleotide compositions of  the 
COI sequence were, respectively, 672 bp and 
68.45% in Ly. cubensis, 672 bp and 69.39% 
in Ly.  viatrix  var.  A  ventricosa, 672 bp and 
69.93% in Ly. viatrix var. B elongata, and 672 
bp and 68.45% in 
G. truncatula Ha. 

The numbers and percentages of nucleo- 
tide differences that appeared in the two- 
sequence alignments of the COI sequences, 
and details of the ts, tv and indels, are shown 
in Table 7. 

The COI sequences of the specimens of 
Ly. viatrix var. B elongata from the popula- 
tions of Rio Rimac and Rio Lurin in Lima, 
Peru, were identical but differed from those 
of Ly. viatrix var. A ventricosa at 29 
positions, giving a nucleotide divergence of 
4.31%. In the COI comparisons of Ly. 

cubensis with either Ly. viatrix var. A 
ventricosa or Ly. viatrix var. B elongata, 
numerous nucleotide differences were 
apparent although the levels of divergences 
were less than those seen in ITS-2 and ITS- 
1, mainly because of the absence of indels. 
Large numbers of nucleotide differences 
were also apparent in the alignments of the 
COI sequence of G. truncatula Ha with 
those of the three taxa of American lym- 
naeid (Table 7). 

The results of the PAUP-based analysis of 
the pair-wise comparisons of COI sequences 
are shown in Table 8. 

For each of the four lymnaeid taxa 
studied, the amino-acid sequence of the 
COI gene fragment that was obtained was 
224 acids long. Pair-wise comparison at the 
level of these COI amino-acid sequences 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 5. ITS-1 sequence differences detected in pair-wise comparisons between the lymnaeid species studied 

 

 
Comparison 

 
Alignment 
length (bp) 

 
No. and (%) of nucleotide 

differences 

No. and (%) of substitutions 

Transitions Transversions 

 
No. and (%) of 

insertions/deletions 

Lymnaea cubensis v. Ly. viatrix var. A ventricosa 569 86 (15.11) 18 (3.16) 22 (3.87) 46 (8.08) 
Ly. cubensis v. Ly. viatrix var. B elongata 544 72 (13.23) 20 (3.67) 21 (3.87) 31 (5.69) 
Ly. viatrix var. A ventricosa v. Ly. viatrix var. B elongata 570 98 (17.19) 30 (5.26) 29 (5.08) 39 (6.84) 
Ly. cubensis v. Galba truncatula (ITS-1 haplotypes A, B 549 126–128 (22.95–23.31) 27–28 (4.92–5.10) 29–30 (5.28–5.46) 70 (12.75) 

and C)      

Ly. viatrix var. A ventricosa v. G. truncatula (ITS-1 569 139–141 (24.43–24.78) 34–35 (5.97–6.15) 39–40 (6.85–7.03) 66 (11.59) 
haplotypes A, B and C)      

Ly. viatrix var. B elongata v. G. truncatula (ITS-1 544 131–133 (24.08–24.45) 40–41 (7.35–7.54) 40–41 (7.35–7.54) 51 (9.37) 
haplotypes A, B and C) 
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indicated 100% identity between Ly. cuben- 

sis and Ly. viatrix var. B elongata, and only 
one  amino-acid  difference   (isoleucine/ 
valine,  at  position  11)  between  them  and 
Ly. viatrix var. A ventricosa. In terms of  
these amino-acid sequences, G. truncatula 

was identical to Ly. cubensis and Ly. viatrix 

var. B elongata. 

Phylogenetic Analysis 

The combination of the two internal tran- 
scribed spacers in a single data-set generated 
a robust tree, indicating phylogenetic accor- 
dance between the two spacers. The ML 
model best fitting this data-set was 
HKY85zG,   using   a   ts/tv   ratio   of   1.12 
(kappa52.2016),   base   frequencies   for   A, 

TABLE 6. Total character differences (above diagonal) and mean character differences adjusted for missing data 

(below diagonal), as determined using the PAUP programme, in pair-wise comparisons between the ITS-1 sequences 

of the lymnaeid species 

Galba truncatula of ITS-1 haplotype: 
Ly. viatrix var. Lymnaea viatrix 

A B C Ly. cubensis A ventricosa var. B elongata 
 

 

Galba truncatula 

ITS-1 haplotype A – 0.00198 0.00397 0.12343 0.15339 0.16057 
ITS-1 haplotype B 1 – 0.00595 0.12552 0.15538 0.16260 
ITS-1 haplotype C 2 3 – 0.12762 0.15737 0.16463 

Ly. cubensis 59 60 61 – 0.07648 0.06126 
Ly. viatrix var. A ventricosa 77 78 79 40 – 0.09943 
Ly. viatrix var. B elongata 79 80 81 31 52 – 

TABLE 7. COI sequence differences detected in pair-wise comparisons between the lymnaeid species studied 

No. and (%) No. and (%) of substitutions 
Alignment of nucleotide No. and (%) of 

Comparison length (bp) differences Transitions Transversions insertions/deletions 
 

Lymnaea cubensis v. Ly. viatrix 

var. A ventricosa 
Ly. cubensis v. Ly. viatrix var. 

B elongata 

 
672 38 (5.65) 32 (4.76) 6 (0.89) 0 (0) 

 
672 14 (2.08) 14 (2.08) 0 (0) 0 (0) 

 

Ly. viatrix var. A ventricosa v. 672 29 (4.31) 23 (3.42) 6 (0.89) 0 (0) 
Ly. viatrix var. B elongata      

Ly. cubensis v. Galba truncatula 672 75 (11.16) 43 (6.39) 32 (4.76) 0 (0) 
(COI haplotype Ha) 

Ly. viatrix var. A ventricosa v. 
G. truncatula (COI haplotype Ha) 

Ly. viatrix var. B elongata v. 
G. truncatula (COI haplotype Ha) 

 
672 68 (10.11) 38 (5.65) 30 (4.46) 0 (0) 

 
672 67 (9.97) 35 (5.21) 32 (4.76) 0 (0) 

 
 

 

TABLE 8. Total character differences (above diagonal) and mean character differences adjusted for missing data 

(below diagonal), as determined using the PAUP programme, in pair-wise comparisons between the COI sequences of 

the lymnaeid species 
 

 
Lymnaea viatrix 

var.  B elongata 

 

Ly. cubensis 

Ly. viatrix var. 
A ventricosa 

Galba truncatula 

(COI haplotype Ha) 

Ly. viatrix var. B elongata – 0.02083 0.04315 0.09968 
Ly. cubensis 14 – 0.05655 0.11158 
Ly. viatrix var. A ventricosa 29 38 – 0.10117 
Galba truncatula (COI haplotype Ha) 67 75 68 – 
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FIG. 1. A phylogenetic tree of lymnaeid snail species, based on ITS -1 and ITS-2 ribosomal-DNA sequences. The 
tree was derived from a maximum-likelihood model (HKY85zG), using a transition/transversion ratio of 1.12, 
with the planorbid species Biomphalaria pfeifferi as an outgroup. The numbers on the nodes represent the 
percentage of 1000 puzzling replicates. 

 

C, G and T of 0.3361, 0.1419, 0.1787 and 
0.3433, respectively, a proportion of invari- 
able sites50, and a gamma-distribution shape 
parameter of 0.59. The resulting phylogeny 

(2Ln56314.7671) was evaluated using a 
least-squares method with ML  distances, 

with high puzzle values supporting the 
reliability of the nodes of the main branches. 

In the tree obtained, Ly. viatrix var. B 
elongata appears as sister species, with 
maximum  support  (puzzle  value5100%),  
in the same clade as Ly. cubensis and Ly. 
viatrix var. A ventricosa, the latter two taxa 
also clustering with maximum support. The 
branch   holding   all   three   haplotypes   of 

G. truncatula is grouped within the same 
Galba/Fossaria clade as Ly. viatrix var. B 
elongata, Ly. cubensis and Ly. viatrix var. A 
ventricosa. Stagnicolines are grouped in the 
other main clade. The European Lymnaea 

(Stagnicola) species are grouped together in   
a  well  supported  branch,  with  the  American 
P. columella and  the  Palaearctic  C. occulta 

appearing as basal species (Fig. 1). 
 

Diagnostic Description of Lymnaea 
neotropica n. sp. 

SYNONYM 

Lymnaea viatrix var. B elongata D’Orbigny, 
1835. 
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FIG. 2. The shell of Lymnaea neotropica n.sp., showing ventral (a) and dorsal (b) views. 

 
TYPE LOCALITY 
Irrigation canals running from the Rio 
Rimac, near Lima and Callao, Peru 
(12u029S, 76u569–77u089W). 

 
OTHER LOCALITY 
Rio Lurin, Lima, Peru (12u039S, 77u049W). 

 
TYPE SPECIMENS 
Holotype and a paratype deposited in the 
Muse´um National d’Histoire Naturelle 
(MNHN) in Paris, France. Other voucher 
specimens deposited in the parasite collec- 
tion of the Department of Parasitology, 
University of Valencia, Valencia, Spain. 

 
SHELL 
The form of the shell is illustrated in 
Figure 2. Shell length in the specimens 
measured     varied     between     5.89   and 
8.74 mm, with a mean  (S.D.)  of  7.13 
(1.20) mm. Maximum width varied from 
3.29–4.56 mm, with a mean (S.D.) of 3.95 
(0.54) mm. The length/width ratio varied 
from 1.69–1.92, with a mean (S.D.) of 1.80 
(0.07). The  shell  is  formed  of 5.5 convex 

and deeply sutured whorls that gradually 
increase in diameter, with a shell spiral 
angle of 38.64u–46.99u [mean (S.D.)542.73 
(2.44)u]. The last whorl is 4.47- to 6.78-mm 
long [mean (S.D.)55.58 (0.91) mm], with a 
shell/last-whorl length ratio of 1.21–1.38 
[mean (S.D.)51.28 (0.05)]. The spire is 
more-or-less pointed, or short with a rather 
obtuse apex. Growth lines and umbilicus are 
slightly pronounced. The spiral sculpture is 
very faint and not easily seen. The aperture 
is oval and almost round, with a thin 
peristome. The aperture measures 2.90– 
4.53 mm [mean (S.D.)53.75 (0.64) mm] 
in length and 1.97–2.99 mm [mean 
(S.D.)52.46 (0.44) mm] in  width.  The 
length of the aperture is about half the shell 
length, with a shell/aperture length ratio of 
1.76–2.03 [mean (S.D.)51.91 (0.09)]. 

Shells up to 10 mm long and 5.6 mm 
wide, with length/width ratios varying from 
1.61–1.85 (with a mean of 1.75), a whorl 
increase ratio of 1.71–2.09 (with a mean of 
1.88), and shell/aperture length ratios of 
1.81–2.02 (with a mean of 1.90) were 
recorded by Paraense (1976). 
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FIG. 3. Anatomy of the reproductive system of Lymnaea neotropica n.sp. 
 

ANATOMY 
The morphology of the reproductive system 
is illustrated in Figure 3. The ovotestis, 
which has a lobulate surface formed by 
numerous acini, has a collecting canal that 
continues into the ovispermiduct. The 
latter, which appears to be a short and very 
thin tube, empties into the wider seminal 
vesicle, which has a bosselated surface and 
leads into an egg-shaped chamber which is 
located between the albumen gland, oviduct 
and spermiduct. 

The voluminous albumen gland  is 
roughly bean-shaped and has a funnel- 
shaped duct that opens into the egg-shaped 
chamber. The oviduct is so markedly con- 
torted that it nearly describes a complete 
circle around the spermiduct. It is in contact 
with the albumen gland, and, near to its 
cephalic end, has a  wrinkle-walled, 
expanded pouch projecting from its right 

dorsal side. The final, thick-walled part  of 
the oviduct is roughly cylindrical and con- 
tinues into the nidamental gland. The 
nidamental gland is oblong, with rounded 
shoulders, and is initially wider than the 
cephalic portion of the oviduct before 
narrowing into a short uterus followed by a 
short vagina. 

The spermatheca is round–ovoid, with a 
narrow and relatively long duct. Although 
the first expanded part of the spermiduct 
shows a granular surface, the duct becomes 
gradually thinner and smoother, as it runs 
across the ventral surface of the nidamental 
gland, before again widening to form a 
prostate with a granular surface. The pros- 
tate, which is generally ovoid but not 
infrequently elongate or pear- or spindle- 
shaped, measures 580–1120 mm [mean 
(S.D.)5782 (1.12) mm] in length and is 
flattened dorsoventrally at its caudal end. 
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The vas deferens emerges from the opposite 
part of the prostate, runs for short distance 
across the vagina and then forms a long 
caudal loop before emptying in a curved, 
cylindrical penis sheath. The penis is very 
slender, acicular, unarmed, with a terminal 
outlet, and about as long as the sheath. The 
penis sheath is frequently more-or-less 
invaginated into the preputium, from which 
it is separated, internally, by the sarcobe- 
lum, a perforated papilla mainly consisting 
of a gland-cell aggregate. The preputium is 
markedly wider and longer than the penis 
sheath, the latter appearing to be more than 
half as long as the preputium in around 40% 
of the specimens examined. The preputium/ 
penis-sheath length ratio varied from 1.3– 
3.4 [mean (S.D.)52.12 (0.28)] in the present 
study [and from 1.1–3.9 (mean52.7) in the 
study by Paraense (1976)]. 

The central tooth of the radula is bicus- 
pid, with a tiny cusp or protuberance in 
addition to the main cusp. The lateral teeth 
are usually bicuspid, although the first 
laterals may occasionally be tricuspid or 
very rarely quadricuspid. The intermediate 
teeth have the mesocone split into two parts, 
and the marginal teeth are multicuspidate. 
The teeth often appear irregularly arranged, 
groups of teeth with well divided cusps 
sometimes alternating with groups of teeth 
with relatively undivided cusps. 

For additional information on the anat- 
omy of the soft parts of this species see 
Paraense (1976). 

 
 

DNA SEQUENCE MARKERS 

Specific classification can be based on the 
sequences of ITS-2 rDNA (GenBank acces- 
sion AM412225; haplotype H1), ITS-1 
rDNA (AM412228; haplotype HA) and 
COI mtDNA (AM494008; haplotype Ha). 
For supraspecific classification, the nucleo- 
tide sequences of the 18S rDNA 
(AM412222) and the amino-acid sequence 
corresponding to the mtDNA COI 
(AM494008; haplotype Ha) can be 
employed. 

DISCUSSION 
 

Lymnaeids seem to have originated in the 
Nearctic region, which currently holds the 
largest number of species (Inaba, 1969). 
Although there appears to be only one 
member of the Galba/Fossaria group acting 
as a vector of Fa. hepatica in Europe (i.e. 
G. truncatula), in the New World studies on 
the transmission of Fa. hepatica are compli- 
cated by the presence of several, morpholo- 
gically similar members of this group, all of 
which can act as vectors (Bargues et  al., 
2001). 

A good example of the problems posed by 
this confusing lymnaeid group  comes  from  
the studies on a highly endemic area  for  
human fascioliasis in the northern Bolivian 
Altiplano. Thirty years ago, it was  thought  
that there were two species  acting as vectors  
of Fa. hepatica in this area: Ly. viatrix and 
Ly. cubensis (Ueno et al., 1975). In sub- 
sequent studies, however, the ‘Ly.  viatrix’ 
and ‘Ly. cubensis’ from this area showed 
exactly the same susceptibility to infection  
with Fa. hepatica (an abnormal observation 
for two sympatric vector species) and their 
morphological features were found  to  over- 
lap (Oviedo et al., 1995a). Finally, the 
sequencing of various rDNA  markers  from  
the lymnaeid snails in the endemic area  
showed that there was only one lymnaeid 
species present, albeit  one with a large level   
of  intraspecific  morphological   variability, 
and that this species was not  Ly. viatrix or 
Ly. cubensis but G. truncatula (Bargues and 
Mas-Coma, 1997; Bargues et al., 1997; Mas-
Coma et al., 2001). In their  phenotyp- ing  
studies  based  on  iso-enzyme  analysis and   
careful   morphometry,    Jabbour-Zahab et al. 
(1997) and Samadi et al. (2000)  reached the 
same conclusion. 

For the Lymnaeidae in general, the four 
DNA markers used in the present  study  
have the advantage of furnishing informa- 
tion at different levels. The 18S rRNA gene, 
for example, has a conserved, slowly evol- 
ving sequence that is useful mainly for 
supraspecific analyses. The ITS-2 and 
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ITS-1 sequences evolve relatively fast and 
are useful for species differentiation, 
although haplotyping also enables popula- 
tion characterisation within a species 
(Bargues and Mas-Coma, 2005). COI 
appears to evolve faster than 18S and ITS- 
2 but slower than ITS-1, its amino-acid 
sequence offering information at a similar or 
higher level than that furnished by the 18S 
rRNA gene. 

The characteristics of the 18S rDNA 
sequences of Ly. cubensis, Ly. viatrix (5Ly. 

viatrix var. A ventricosa) and Ly. neotropica 
n.sp. (5Ly. viatrix var. B elongata) deter- 
mined in the present study appear similar to 
those known for other lymnaeids, the 
localization  of  most  nucleotide   differences 
in  the  E10-1  helix  of  the  variable  area  V2 
being a common feature (Bargues and Mas- 
Coma, 1997; Bargues et al., 1997; Bargues 
and  Mas-Coma,  2005).   Interestingly,   in 
spite  of  the   morpho–anatomical   similarity 
of the lymnaeid species studied, there are 
differences  not  only  between  Ly. cubensis, 
Ly. viatrix (5Ly. viatrix var. A ventricosa) 
and Ly. neotropica n.sp. (5Ly. viatrix var. B 
elongata),    but    also    numerous   differences 
between G. truncatula and the American 
lymnaeids, indicating that the lymnaeids 
investigated in detail in the present study 
may cover more than one supraspecific 
taxon. 

The ITS-2 sequences of the lymnaeids 
investigated in the present study show a high 
number of microsatellite repeats. 
Microsatellites have already been  detected 
in the ITS-2  of  other  lymnaeids  (Bargues 
et al., 2001, 2003) but the details of their 
origin, mutation, evolution and function, if 
any, have yet to be elucidated (Jarne et al., 
1998). In theory at least, as microsatellite 
alleles exhibit extreme intraspecific variabil- 
ity, neutrality, Mendelian inheritance, codo- 
minance and high mutation rates, they  
should form very good polymorphic mole- 
cular markers for the differentiation of 
populations within a given species (Jarne  
and Lagoda, 1996; Roos et al., 1998). 
Microsatellites of ITS-2 may thus be useful 

markers for population differentiation in 
species of the Galba/Fossaria group, 
although their use must be handled with 
caution. When the ts, tv and indels not  
related to microsatellites are considered, the 
nucleotide differences and genetic distances 
observed, in the present study, between Ly. 

viatrix (5Ly. viatrix var. A ventricosa) and 
Ly.  neotropica  n.sp.  (5Ly.  viatrix  var. B 
elongata)   are   similar   to   those   known 
between some closely related but system- 
atically distinct lymnaeid species and mark- 
edly greater than observed within some 
lymnaeid species that show high levels of 
intraspecific variability (Bargues et al., 2001, 
2003). 

As no microsatellites were detected  in  ITS-
1, all nucleotide differences seen in the 
sequence of this spacer  may  be  considered  
for species differentiation. In  all  the  pair- 
wise comparisons in the present study, the 
differences seen in ITS-1 (Table 6)  were 
greater than those in ITS-2 (Table  4).  This  
was the expected result, as ITS-1 evolves  
faster than ITS-2 (Bargues and Mas-Coma, 
2005; Bargues et al., 2006). As with ITS-2,  
the ITS-1  sequences  determined  in  the 
present study support species status for Ly. 

cubensis, Ly. viatrix var. A ventricosa, Ly. 

viatrix var. B elongata and G. truncatula 

(Bargues et al., 2006). The COI sequences 
also show a number of  nucleotide  differ- 
ences that support a greater differentiation 
between ‘Ly. viatrix var. A ventricosa’ and 
‘Ly. viatrix var. B elongata’. In addition, the 
COI amino-acid sequences,  like  the  rDNA 
ITS phylogenetic tree (Fig. 1),  indicate  that 
Ly. cubensis, Ly. viatrix (5Ly. viatrix var. A 
ventricosa),  Ly. neotropica n.sp.  (5Ly. via- 
trix var. B elongata) and G. truncatula had a 
common, relatively recent ancestor. 

The results of the present DNA sequen- 
cing generally support those of recent 
phenotypic and morpho–anatomical studies 
performed on lymnaeid samples of the same 
species, varieties and type localities. In the 
phenotypic study by Durand et al. (2002), 
for example, an analysis of variability based 
on 12 iso-enzyme loci revealed significant 
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differences between Ly. viatrix var. B 
elongata (from the  type  locality  in  Lima)  
and Ly. viatrix var. A  ventricosa  (collected 
in Bahia Blanca, Argentina, about 350 km 
north of the type locality of  this  variety,  in 
Rio Negro), as well as  between  the  Ly. 

viatrix var. B elongata and Ly. cubensis from 
Cuba. In their morpho–anatomical study, 
Pointier et al. (2006) found that, in terms of 
the respective lengths  of  the  penis  sheath  
and preputium, Ly. viatrix var. A ventricosa 
was markedly different from Ly. cubensis or 
Ly. viatrix var. B elongata  (although,  none  
of    the    morpho–anatomical    parameters 
that were studied allowed Ly.  cubensis  to 
be distinguished from Ly. viatrix var. B 
elongata). 

As a variety is not a taxonomic entity and    
a variety name cannot therefore be raised to 
species level, the new species Lymnaea 

neotropica n. sp. is here proposed for the 
lymnaeid specimens from Lima previously 
known as Lymnaea viatrix var. B elongata. 
To avoid further confusion, the type locality  
for Ly. viatrix var. B elongata (D’Orbigny, 
1835) — the Rio Rimac at Lima, Peru — is 
selected as type locality for the new species 
and Ly. viatrix var B. elongata becomes a 
synonym of Ly. neotropica n.sp. Lymnaea 

viatrix  (5Ly.  viatrix  var.  A  ventricosa)  is 
hence characterised by the features of the 
lymnaeids coming from Frias, Rio Negro, 
Argentina. 

The three species Ly. cubensis, Ly. viatrix 

and Ly. neotropica n.sp. are kept within the 
genus Lymnaea s.l. for the time being, 
awaiting  a  general  review  of  the 
Lymnaeidae  from   Latin   America   which 
will include an appropriate systematic– 
taxonomic analysis of the taxa currently 
recognised within the Galba/Fossaria group. 
The relevant 18S rDNA sequences (Bargues 
and Mas-Coma, 1997, 2005; present study) 
already indicate that — even  though  these  
four species have similar shells (some old 
specimens  of  Ly.  cubensis  are  larger than 
G. truncatula) and are difficult to distinguish 
anatomically (Samadi et al., 2000) — Ly. 

cubensis, Ly. viatrix, Ly. neotropica n.sp. and 

G. truncatula should not be placed in the 
same supraspecific taxon. 

The present results  show  that  ITS-2,  ITS- 
1 and COI are good markers not only for 
identifying Ly. cubensis, Ly. viatrix, Ly. 

neotropica and G. truncatula, in fascioliasis- 
endemic  areas  in  Central  and  South 
America, but also for the classification of 
samples of these species to haplotype level. 
This usefulness becomes crucial when con- 
sidering that, anatomically, Ly. cubensis 

appears to be indistinguishable from Ly. 

neotropica (5 Ly. viatrix var. B elongata) and 
is  distinguishable  only  with  difficulty from 
Ly. viatrix (5 Ly. viatrix var. A ventricosa) 
(Paraense, 1982; Pointier et al., 2006). 
Exhaustive ITS-2 and ITS-1 studies  on 
single    nucleotide    polymorphisms   (SNP) 
have already proved  the  value  of  both  
spacers for the  distinction  and  identification 
of these lymnaeids (Bargues et al., 2001,  
2003,  2005;  Bargues   and   Mas-Coma, 
2005). Curiously, a  single  mutation  in  the 
ITS rDNA of P. columella has been asso- 
ciated with susceptibility to Fa. hepatica 

infection (Gutierrez et al., 2003). 
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truncatula, vector principal de la 

Fascioliasis, en Argentina. 

Implicaciones en salud pública 
 
 

Resumen 

Objetivo: La Fascioliasis humana ha pasado recientemente a engrosar la lista de las grandes enfermedades parasitarias de la humanidad. Las  
zonas de endemia humana presentando mayores prevalencias e intensidades se encuentran en Países Andinos como Bolivia y Perú, donde la 
enfermedad está transmitida por el molusco gasterópodo de la familia Lymnaeidae Galba truncatula. El hallazgo y determinación de esta misma 
especie de vector en Argentina, en 2001, fueron inicialmente realizados con base morfológica, siendo así que estudios posteriores han demostra- 
do que la morfología no basta para la distinción entre especies del grupo Galba/Fossaria. El presente trabajo tiene por final idad la confirmación de 
la existencia, en Argentina, del mejor vector de Fascioliasis conocido mediante secuenciación de un marcador específico del ADN. 
Material y métodos: Los moluscos fueron recolectados en El Salto, en la zona andina de Mendoza, Argentina, y fijados en etanol al 70%. El ADN 
genómico fue extraído, amplificado y purificado siguiendo métodos estandarizados. La secuenciación del ITS-2 del ADN ribosomal nuclear fue ob- 
tenida mediante secuenciador automático utilizando cebadores específicos. El programa BLAST fue usado para comparación rápida  con todas las 
secuencias de Lymnaeidos disponibles en el GenBank. El análisis comparado final se hizo mediante alineamiento utilizando Clustal W versión 1.8. 
Resultados: La secuencia completa del ITS-2 del ADNr resultó ser de una longitud de 401 pares de bases y un contenido en GC del 58,6%. La 
secuencia obtenida demostró ser idéntica en longitud, contenido y composición de nucleótidos que el haplotipo H3 de Galba truncatula, anterior- 
mente descrito en Bolivia. 

Conclusiones: El hallazgo en Mendoza del mismo haplotipo de molusco vector responsable de la Fascioliasis humana y animal del Altiplano 
Norte Boliviano, la mayor zona de endemia humana conocida, constituye un hecho de un enorme potencial de impacto en salud pública dadas las 
connotaciones de gran capacidad de transmisión que confluyen en la zona andina de Mendoza. Todo indica la necesidad de efectuar un amplio 
estudio futuro con el fin de llegar a conocer la distribución geográfica de G. truncatula H3 en Argentina, para lo cual el ITS-2 se muestra como la 
herramienta molecular más útil, específica, sensible y práctica. 
Palabras clave: Fascioliasis humana y animal. Vectores Lymnaeidae. Galba truncatula. Mendoza. Argentina. Transmisión. Epidemiología. Salud 
pública. 

 

Summary 

Objective: Human fascioliasis has recently entered in the list of the most important parasitic diseases of man. The human endemic areas presen- 
ting the highest prevalences and intensities are found in Andean countries as Bolivia and Peru, where the disease is transmitted by the molluscan 
gastropod of the Lymnaeidae family Galba truncatula. The finding and determination of this vector species in Argentina in 2001 were initially based 
on morphology. More recent studies have demonstrated that morphology does not enable to distinguish between species of the Galba/Fossaria 
group. The aim of this paper is to confirm the presence, in Argentina, of the best fascioliasis vector known by means of specific DNA marker se- 
quencing. 
Material and  methods: Molluscs were collected in El Salto, on the Andean zone of Mendoza, Argentina, and fixed with ethanol 70%. Total  DNA  
was extracted, amplified and purified following standard methods. The sequence of the nuclear ribosomal DNA ITS-2 was obtained by means of an 
authomatic sequencer using specific primers. The BLAST programme was used for the fast comparison with all sequences of lymnaeids available     
at GenBank. The final comparison was made by alignment using Clustal W version 1.8. 
Results: The complete sequence of the rDNA ITS-2 showed a lenghth of 401 base pairs and a GC content of 58,6%. The sequence obtained was 
identical in length, contents and composition of nucleotides than the H3 haplotype of Galba truncatula, previously described in Bolivia. 
Conclusions: The finding in Mendoza of the same haplotype of the molluscan vector responsible of  the  human  and  animal  fascioliasis  o n  the 
Northern Bolivian Altiplano, the most important human endemic area, is a fact of great interest because of its large potential impact on public health, 
owing to the aspects of great transmission capacity which are present on the Andean zone of Mendoza. All suggests the need to  perform a large         
future study to establish the geographical distribution of G. truncatula H3 in Argentina. The ITS-2 appears to be the most useful, specific, sensible           
and practical molecular tool for such future studies. 

Key words:. Human and animal fascioliasis. lymnaeid vectors. Galba truncatula. Mendoza. Argentina. Transmission. Epidemiology. Public health. 
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Introducción 

La Fascioliasis es una enfermedad parasitaria causada por 

trematodos digénidos pertenecientes al género Fasciola (Fascioli- 

dae): F. hepatica se encuentra distribuida por todos los continentes 

y F. gigantica se restringe a África y Asia1,2. Los estadios adultos 

de estos fasciólidos son parásitos de los conductos hepáticos y 

vesícula biliar. Ponen huevos que salen al exterior vía biliar e in- 

testinal con las heces. Aquellos huevos que llegan al agua dulce 

se embrionan y el miracidio eclosiona, para nadar en busca de 

un molusco de la familia Lymnaeidae (Gastropoda) en el cual 

penetra activamente para metamorfosear en estadios larvarios 

de multiplicación asexual. Dentro del molusco se originan una 

generación de esporocisto y de 1 a 4 generaciones de redias, 

las cuales dan lugar al siguiente estadio larvario de cercaria que 

es el que abandona al gasterópodo para, gracias a una cola na- 

tatoria, nadar hasta encontrar un soporte inerte, esencialmente 

vegetación dulceacuícola, sobre el cual adherirse y enquistarse. 

Así se origina el último estadio larvario de metacercaria enquistada 

que constituye la forma metacíclica infestante para el mamífero 

hospedador definitivo, el cual adquiere la enfermedad al ingerirla 

conjuntamente con los vegetales que la transportan3. Siempre 

se había creído que estos trematodos eran parásitos propios del 

hígado de animales herbívoros, esencialmente ganado doméstico 

como ovinos, bovinos y caprinos, y que únicamente infectaban 

a humanos esporádicamente. Así fue como la revisión realizada 

por la Organización Mundial de la Salud (OMS) en 1990 solamente 

citaba un total de alrededor de 2000 casos humanos diagnosti- 

cados en los 20 años previos4. 

Sin embargo, en la segunda mitad de la década de los 90, 

una serie de investigaciones pasan a mostrar que en realidad 

esta distomatosis es mucho más frecuente en humanos de lo 

que se pensaba. Es entonces cuando se empiezan a describir 

zonas de verdadera endemia humana5,6. Las encuestas realizadas 

vinieron a demostrar, además, que esta parasitosis afectaba a 

todas las edades pero esencialmente a niños, con un pico alre- 

dedor de los 9-11 años, y con mayor afección en hembras7. Los 

estudios dirigidos al análisis de los efectos de la parasitación por 

fasciólidos en los humanos demostraron que es causante de 

serios cuadros patológicos con extensa problemática clínica3,8. 

Más recientemente se ha visto incluso como, en las zonas de 

endemia humana, en las que los afectados se encuentran mayo- 

ritariamente en fase de cronicidad (fase obstructiva en la que el 

parásito ya ha alcanzado su microhábitat hepático definitivo y ha 

empezado a producir huevos que salen al exterior con las heces) 

o de cronicidad avanzada (fase subsiguiente en la que colelitiasis 

y bacteriobilia son características y los parásitos viejos agotan su 

capacidad de producir huevos), los cuadros patológicos y clínicos 

antedichos pueden llegar a complicarse aún mucho más9. 

A principios de los 90 las estimaciones oscilaban ya entre 2,4 

millones y 17 millones de afectados en el mundo10,11. Ante toda 

esta situación, la Sede Central de la OMS incluyó la Fascioliasis 

dentro de la lista de las grandes enfermedades parasitarias de 

la humanidad y, consecuentemente, decidió lanzar una iniciativa 

mundial contra la Fascioliasis humana a finales de los 90, en la 

cual se incluyeron dos ejes fundamentales: 

 

– Estudios epidemiológicos y de transmisión. 

– Tratamientos de afectados en zonas de endemia mediante 

triclabendazol, una droga de muy alta efectividad. En la 

actualidad, y como consecuencia de los numerosos es- 

tudios epidemiológicos realizados en diferentes países de 

Latinoamérica, África y Asia, se empieza a considerar que 

las cifras disponibles muy probablemente subestimen la 

realidad a nivel mundial1. 

Las áreas de endemia humana de Fascioliasis mostrando 

mayores prevalencias e intensidades se encuentran en zonas 

de gran altitud de los Países Andinos. En el Altiplano Norte de 

Bolivia, las prevalencias llegan a ser elevadísimas, de hasta 

incluso más del 72% por coprología y del 100% por serología y 

con intensidades de hasta más de 5000 huevos por g de heces, 

en determinadas localidades12,13. El solapamiento e incluso las 

asociaciones positivas estadísticamente significativas que la 

Fascioliasis muestra con otras parasitosis, varias de ellas de 

reconocida alta patogenicidad tanto protozoosis (por ejemplo 

Giardia intestinalis, Cryptosporidium sp. y Balantidium coli) como 

helmintiasis (por ejemplo Taenia solium, Ascaris lumbricoides    

y Trichuris trichiura), están en la base de una muy elevada 

mortalidad en niños de corta edad en el Altiplano Norte Bolivia- 

no14. En el Perú se han detectado situaciones epidemiológicas 

similares15,16. 

Formando parte de la iniciativa de la OMS, en los últimos años 

se han intensificado las prospecciones en otros países latinoame- 

ricanos, esencialmente aquellos que presentan zonas andinas, 

con el fin de verificar si existen zonas epidemiológicamente simi- 

lares a las descritas en Bolivia y Perú. Estos estudios incluyen no 

únicamente encuestas en humanos, sino también prospecciones 

a nivel de animales domésticos reservorios y sobre los moluscos 

Lymnaeidae hospedadores intermediarios o vectores que inter- 

vienen en la transmisión de la enfermedad. Así es como en el año 

2001, Roberto L. Mera y Sierra detecta la presencia de lymnaeidos 

en el sistema hidrográfico andino de la provincia de Mendoza, 

Argentina, y adscribe determinadas poblaciones de los moluscos 

recolectados a la especie Galba truncatula en base a estudios 

morfológicos17, tras comparación con poblaciones de la misma 

especie en otros países18-20. El lymnaeido Galba truncatula es la 

especie reconocida como transmisor por excelencia de Fasciola 

hepatica, por lo que el hallazgo representaba un importante aporte 

a los estudios en cuestión. 

Sin embargo, en los años subsiguientes, diferentes estudios 

han venido a demostrar que la diferenciación morfológica y mor- 

fométrica de determinadas especies de Lymnaeidae ofrece en 

realidad una enorme problemática21. En varios casos de especies 

próximas como algunas que también transmiten la Fascioliasis 

en América del Sur, esta cuestión llega hasta el extremo de ser 

totalmente indiferenciables y, consecuentemente, a tener que 

hablar de especies gemelas22,23. 

Estudios morfológicos más amplios sobre variabilidad de los 

lymnaeidos de la zona argentina de Mendoza permitieron concluir 

que allí también se daba un fenómeno del mismo tipo24-26. Por 

consiguiente, dada la trascendencia de la cuestión, se impone la 

verificación de la clasificación sistemática de la especie de lymnaeido 

de Mendoza. El presente trabajo tiene esta finalidad. Para ello, se ha 
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procedido a la obtención de la secuencia 

nucleotídica completa del segundo es- 

paciador transcrito interno ITS-2 del ADN 

ribosomal nuclear y a su oportuno análisis 

por comparación con otras secuencias 

ya conocidas de Galba truncatula y otras 

especies próximas de Lymnaeidae. 

 

 

Material y métodos 

Material de lymnaeidos y 
descripción del área de 
estudio 

El material de moluscos dulceaquíco- 

las lymnaeidos procedente de la provincia 

de Mendoza, Argentina, y utilizado para los 

estudios moleculares fue recolectado en 

la localidad de El Salto, en cursos de agua 

y fijados vivos directamente en etanol al 

70%. La provincia de Mendoza presenta 

planicies en el sector oriental ligadas al 

área montañosa del oeste a través de la 

cuenca del río Desaguadero, formado por 

el aporte de los ríos Mendoza, Tunuyan, 

Diamante y Atuel. Al oeste se encuentran 

los cordones montañosos de los Andes 

con una altitud media de 4500 m. El clima 

cordillerano es frío con precipitaciones 

nivales durante el invierno, y las llanuras 

presentan un clima templado con escasas 

precipitaciones durante el verano (aproxi- 

madamente 250 mm anuales). 

De acuerdo con los datos del Censo 

Nacional de Población, Hogares y Vivien- 

das efectuado en 2001 por el Instituto 

Nacional de Estadísticas y Censos de la 

Republica Argentina (INDEC), El Salto es 

una localidad de únicamente 361 habitan- 

tes, pero con una importante población 

flotante debido a su interés turístico. Esta 

localidad ve ostensiblemente aumentado 

el número de personas especialmente en 

fines de semana y días feriados, así como 

también en periodos vacacionales. Esta 

localidad forma parte del Departamento 

de Luján de Cuyo, de una superficie de 

4.847 km2 y una población de 104.470 

habitantes, con una densidad pobla- 

cional de 16,5 habitantes por km2. Este 

Departamento forma parte, a su vez, de 

la provincia de Mendoza, de 148.827 km2 

y una población de 1.579.651 habitantes, 

con una densidad poblacional de 10,6 

habitantes por km2. Para la provincia de 

Mendoza, el mismo INDEC, dentro de su 

Censo Nacional Agropecuario referente al 

año 2002, enumera las cifras siguientes 

sobre cabezas de ganado: 672.434 ca- 

prinos, 68.795 ovinos, 404.710 bovinos, 

16.360 porcinos y 64.029 equinos. 

 
 

Técnicas moleculares 

La extracción del ADN genómico  

se realizó según protocolo y técnicas 

estandarizadas27. Para ello se utilizó una 

parte de tejido de la zona cefalopédea del 

molusco. Se utilizó más de un individuo 

por motivos de confirmación nucleotídica 

en caso de posibles secuencias sucias. 

Este tejido se disgregó con la ayuda de 

unas tijeras estériles en un pequeño 

volumen de una solución tampón de 

lisis (Tris-HCl 10 mM, pH=8,0; EDTA 100 

mM; NaCl 100 mM), para posteriormente 

añadir: solución tampón de lisis, hasta 

completar 340 μl, 40 μl de dodecil sulfato 

de sodio al 10 %, y 20 μl de proteinasa K 

(500 μg/ml) (Promega, Madison, WI, USA). 

Se agitó suavemente y se incubó a 55° C 

durante 2 h, con agitación cada 15 min. 

La purificación del ADN total se realizó 

mediante una extracción en tres etapas, 

por el método de fenol-cloroformo. En la 

primera se adicionan 400 μl de fenol y se 

centrifuga durante 5 min a 13000 rpm. A 

continuación se recupera la fase acuosa 

que contiene el ADN. En la segunda eta- 

pa se utilizan 200 μl de fenol y 200 μl de 

cloroformo-alcohol isoamílico (49:1), se 

mezcla suavemente, se vuelve a centri- 

fugar y se recupera nuevamente la fase 

acuosa. En la tercera etapa se añaden 

400 μl de cloroformo-alcohol isoamílico 

(49:1), se mezcla, se centrifuga y se 

recupera nuevamente el sobrenadante. 

La precipitación del ADN se realizó con 

acetato de amonio 4 M y etanol absoluto 

y el precipitado resultante se resuspendió 

en 30 μl de tampón TE (Tris-HCl 10mM, 

pH=7,6; EDTA 0.1 mM, pH=8,0) y se 

conservó a -21°C hasta su uso. 

La amplificación por PCR del frag- 

mento correspondiente al segundo 

espaciador transcrito interno del ADN 

ribosomal (ITS-2) se realizó utilizando 

oligonucleótidos cebadores diseñados a 

partir de las regiones conservadas de los 

genes 5.8S y 28S que flanquean a este 

espaciador ribosomal21,28. La reacción 

de PCR se realizó en un termociclador 

MiniCyclerTM  PT-150 (MJ Research, 

Watertown, MA, USA) utilizando 4-6 μl 

de ADN genómico de cada lymnaeido 

por cada 50 μl de reacción de PCR y la 

siguiente programación: 94° C durante 

dos minutos; treinta ciclos repetitivos de 

30 segundos a 94° C, 30 segundos a 50° 

C y 30 segundos a 72° C, seguidos de 2 

minutos a 72° C y de una fase final de en- 

friamiento a 4° C. Se analizó 10 microlitros 

del producto de amplificación en geles de 

electroforesis al 1%, previamente teñidos 

con bromuro de etidio. En cada reacción 

de amplificación se incluyó un control 

negativo y un control positivo, así como 

un marcador de peso molecular en la 

electroforesis en gel de agarosa con el 

fin de identificar las bandas del fragmento 

del ITS-2 amplificado, correspondientes 

a las muestras analizadas. 

La purificación del producto ampli- 

ficado correspondiente a cada muestra 

se realizó con el kit UltraClean (MoBio 

Laboratories, CA, USA), en el cual los 

ácidos nucleicos son retenidos por una 

membrana recubierta de sílice en pre- 

sencia de una alta concentración de sal. 

Las impurezas son eliminadas mediante 

lavados con etanol. Finalmente el ADN 

es recuperado eluyéndolo con agua o 

tampón Tris 10 mM. La concentración del 

ADN en las muestras se midió a través 

de su absorbancia a 260 y 280 nm en un 

espectrofotómetro Spectronic Genesis 5 

(Spectronic, NY, USA). 

La secuenciación de las regiones 

amplificadas por la reacción de PCR fue 

realizada utilizando el kit de secuencia- 

ción ABI PrismTM dRhodamine Terminator 

Cycle Sequencing Ready Reaction kit 

(Perkin-Elmer, Foster City, CA, USA) en el 

secuenciador automático ABI Prism 377A 

(Perkin-Elmer) y con los mismos cebado- 

res que para la PCR. El ADN marcado fue 

precipitado con acetato de sodio y etanol, 

y se analizó en un gel de poliacrilamida 

5,25% y urea 6M. 

 

Programas de software 
utilizados 

Las secuencias directa e inversa 

correspondientes a cada muestra fueron 

alineadas entre si utilizando el programa 

Clustal W versión 1.829. Los alineamien- 
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tos fueron realizados incluyendo los lymnaeidos argentinos analizados conjuntamente 

con las secuencias de otros haplotipos de Galba truncatula conocidos. Para el análisis 

comparado se utilizó las siguientes secuencias del ITS-2 del ADNr presentes en el Gen- 

Bank: Galba truncatula H-1 de España, Portugal y Córcega (Accession No. AJ296271),  

G. truncatula H-2 de España, Portugal y Suiza (Accession No. AJ243017) y G. truncatula 

H-3 de Bolivia21,28 (= L. viatrix sensu Ueno, et al, 1975; = L. cubensis sensu Ueno, et 

al, 1975; = Lymnaea sp. morph I y morph II sensu Oviedo, et al,, 1995)18,30 (Accession 

No. AJ272051). La homología de las secuencias obtenidas se verificó también con el 

programa BLAST del National Center for Biotechnology information web site (http://www. 

ncbi.nlm.nih.gov/BLAST). 

 

 

Resultados 

Las secuencias del ITS-2 pertenecientes a las muestras de los lymnaeidos argen- 

tinos de El Salto presentaron todas ellas una longitud de 401 pares de bases (pb) y un 

contenido en GC del 58,6%. La secuencia nucleotídica completa fue siempre la misma 

y se muestra en la Tabla 1. La comparación con todas las secuencias del mismo mar- 

cador ITS-2 de Lymnaeidae disponibles en el GenBank mediante el programa BLAST 

mostró de inmediato la gran similitud con las secuencias de Galba truncatula. 

Los lymnaeidos argentinos en cuestión presentan una secuencia del marcador 

ITS-2 similar en un 97% a la secuencia del ITS-2 perteneciente a G. truncatula del ha- 

plotipo H1 de Europa, respecto del cual se diferencia por presentar dos mutaciones:  

la transversión de T por G en la posición 55, y la transición de T por C en la posición 

149. Respecto del haplotipo H2 de la misma especie, las diferencias nucleotídicas se 

restringen aún más, concretamente a una sola mutación: la transversión de T por G  

en la posición 55 (Tabla 2). 

 

Tabla 1. Secuencia nucleotídica completa del segundo espaciador transcrito 
interno ITS-2 del ADN ribosomal nuclear de los lymnaeidos de la población de El 
Salto, Mendoza, Argentina 

 

Secuencia Nucleotídica 

GCTAGTCACAAAGCATTCGTGTCCTTGCAGCTCTCGCAAAAACCGAAGCC 50 

TTGCTGCGTGAGCTCTCACGCTGCTCGGCGATGGTTGGATACGCCCTGGA  100 

CCCTCGCGGCCAAAGCTGTCGTTGCCTGCTCGGCGGCGACGGTGACGGTC 150 

CCGTGGTCTTAAGCGCAAGCCGCGCCGTTGTCCGTTCATCTCGTAACGTC 200 

TTCGACGCTGCCCTGCTCTTGGCGGCCTGTCCGTTTTCTCTACCGCCAGG 250 

CAGGACCCGGCTCGCTTACTTTATTTATTATCGTGGCGTTCTCGGGCCTG  300 

CAGTCCATGGCATCGCAGCTCGTGGGTGGAGAACAAGGGGCTCTAAGACG 350 

CTACGTGGTCGGCGCCCGTCGTTGAATGAAACATTATTTGTTTCTTTTCTC 401 

 

Tabla 2. Longitud, composición y diferencias nucleotídicas encontradas en la 
comparación de las secuencias del segundo espaciador transcrito interno ITS-2 
del ADN ribosomal nuclear de los lymnaeidos argentinos y los haplotipos de Gal- 
ba truncatula de Europa y del Altiplano Norte Boliviano 

 

G. truncatula posiciones GenBank 
Haplotipos Origen Longitud     % GC 55 149 Accession No. 

H1 España, Portugal, Córcega 401 pb 59,1 G C AJ296271 

H2 España, Portugal, Suiza 401 pb 58,8 G T AJ243017 

H3 Altiplano Norte Boliviano 401 pb 58,6 T T AJ272051 

H3 El Salto, Mendoza, Argentina 401 pb 58,6 T T presente trabajo 

Si se compara la secuencia del ITS-2 

de estos mismos lymnaeidos argentinos 

con la del ITS-2 del haplotipo H3 de G. 

truncatula del Altiplano Norte Boliviano se 

obtuvo una similitud del 100%, no detec- 

tándose ni una sola diferencia nucleotídi- 

ca entre ambas secuencias (Tabla 2). 

 

 

Discusión 

Los Lymnaeidae del denominado 

grupo Galba-Fossaria ostentan variabili- 

dades intraespecíficas cuyas morfologías 

y morfometrías se solapan, dificultando 

cuando no impidiendo por  completo 

la clasificación de los especímenes21. 

Son varias las técnicas de genotipaje y 

fenotipaje que se han propuesta para la 

clasificación definitiva de las  especies 

en estos casos. De entre ellas, el ITS-2  

ha demostrado ser el mejor marcador 

molecular, ya no únicamente a nivel de 

especie, sino incluso para la diferencia- 

ción de poblaciones mediante haplotipaje 

por SNPs (single nucleotide polymor- 

phisms)31. 

Un ejemplo lo encontramos en lo 

sucedido en el Altiplano Norte Boliviano. 

Esta zona fue ampliamente prospectada 

hace ya tiempo desde el punto de vista 

veterinario, mostrándose que la proble- 

mática de fascioliasis animal en esa zona 

era muy importante y que la enfermedad 

del ganado estaba transmitida por dos 

especies de lymnaeidos americanos: 

Lymnaea viatrix y Lymnaea cubensis30. 

Sin embargo, los estudios sobre varia- 

bilidad intraespecífica demostraron que 

morfológicamente las poblaciones de 

ambas especies se solapaban amplia- 

mente18, además de mostrar una idéntica 

capacidad de transmitir Fasciola hepatica 

experimentalmente en el laboratoro, fe- 

nómeno desconocido en enfermedades 

parasitarias de transmisión vectorial, ya 

que cuando hay más de una especie 

vectora en una misma zona, el parásito 

siempre está más adaptado a una espe- 

cie dada y consecuentemente es trans- 

mitido más por una especie que por la(s) 

otra(s). Todo ello vino a poner en duda 

esas clasificaciones sistemáticas. Los 

marcadores moleculares vinieron luego a 

demostrar que en realidad en el Altiplano 

Norte Boliviano no habían dos especies 
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diferentes sino una sola que mostraba una amplia variabilidad 

morfológica intraespecífica y que la especie presente no era ni 

una ni la otra de las dos americanas citadas inicialmente30, sino 

Galba truncatula importada desde Europa, lo que representó el 

primer hallazgo de esta importantísima especie de vector no sólo 

en América del Sur sino en toda América Latina. De los diferentes 

marcadores moleculares (18S, ITS-2 e ITS-1) aplicados para la 

clasificación definitiva de los lymnaeidos altiplánicos en Bolivia, 

el ITS-2 demostró con creces ser el más útil28,32,33. 

Este marcador ITS-2 cuenta, además de (i) su característica 

de ser diferente según las diferentes especies (característica   

de especificidad), con las ventajas de que (ii) el operon del ADN 

ribosomal se encuentra altamente repetido y es, por tanto, de 

fácil detección y amplificación (característica de sensibilidad),   

y (iii) la evolución concertada de los genes y espaciadores del 

ADN ribosomal implica una tendencia a la uniformización de 

las secuencias dentro de una misma población, lo que permite 

la clasificación específica de una población simplemente con    

la secuenciación de un único individuo (característica de gran 

simplificación y reducción en tiempo y costes)31. 

Galba truncatula es una especie de origen europeo que se 

muestra genéticamente muy uniforme. En Europa se conocen 

únicamente los 2 haplotipos H1 y H2 (según la nomenclatura pro- 

puesta con anterioridad31,34), que se diferencian por solamente 1 

mutación nucleotídica que está constituida por una transición en 

la posición 149: C en H1 y T en H228. Esta uniformidad genética 

parece estar relacionada con la capacidad de autofecundación 

de esta especie de lymnaeido, que le confiere la habilidad de 

originar poblaciones monomórficas o clónicas35. Hasta la fecha 

se conoce únicamente un haplotipo del ITS-2 adicional a los dos 

europeos antes mencionados, que se designa con el código H3 

y que fue hallado en el Altiplano Norte Boliviano. Este haplotipo 

H3 se caracteriza por presentar una transversión en la posición 

55 (G en H1 y H2; T en H3), además de presentar una transición 

en la posición 149 que confiere un elemento diferencial adicional 

respecto del haplotipo europeo H1 (C en H1 y T en H3)28. 

La extracción y secuenciación del ITS-2 del ADN ribosomal 

del lymnaeido de Mendoza ha proporcionado una secuencia 

que se muestra idéntica, tanto en longitud (401 pb) como base 

a base (T en la posición 55 y T también en la posición 149), a      

la descrita para el mismo marcador en Galba truncatula proce- 

dente del Altiplano Norte Boliviano (Tabla 2) y adscrita al código 

AJ272051 en el GenBank28. La especie de lymnaeido original- 

mente detectada en Mendoza, Argentina, en el año 200117 es, 

pues, Galba truncatula H3. 

Si se tiene en cuenta que el haplotipo H3 de Galba truncatula 

es precisamente el responsable de la zona de endemia humana 

con mayores prevalencias, intensidades y mortalidad infantil en 

el mundo, el resultado de la confirmación molecular de la clasi- 

ficación del lymnaeido de la zona argentina de Mendoza viene a 

poner un punto serio de atención. En efecto, además de la gran 

capacidad de transmisión de Fasciola hepatica bien reconocida 

de esta especie de gasterópodo, hay otras cuatro características 

epidemiológicas muy importantes a considerar: 

– Galba truncatula es una especie que va íntimamente 

ligada al ganado, con lo que su capacidad de ser trans- 

portada pasivamente por los animales es pronunciada y 

consiguientemente siempre muestra una gran capacidad 

de expansión geográfica. 

– El área de Mendoza se encuentra en zona andina de 

altitud, lo que sugiere una aún mayor capacidad de 

transmisión por la longevidad de los individuos de esta 

especie de gasterópodo en altitud, mayor que en zonas 

bajas28. 

– La peculiar ecología de esta especie de molusco la 

acerca con frecuencia a núcleos poblacionales huma- 

nos, cuando no se encuentra totalmente dentro de ellos, 

incluso en aguas altamente polucionadas por la acción 

humana12. 

– Las adaptaciones de Fasciola heptica para su super- 

vivencia en altitud, conducentes al incremento de la 

producción larvaria (mayor número de cercarias produ- 

cidas por un individuo de molusco vector) y al aumento 

de la duración de la emisión cercariana en cada indi- 

viduo de gasterópodo infectado pueden implicar una 

capacidad de transmisión en Mendoza semejante a la 

detectada en el Altiplano Norte Boliviano28. 

La presencia de un vector tan favorable para la transmisión 

puede muy probablemente estar relacionada con las elevadas 

prevalencias de Fascioliasis detectadas en ganado bovino en 

Mendoza. Así, estudios muy recientes han detectado una pre- 

valencia del 34,0% en animales mendocinos abatidos en uno de 

los principales frigoríficos de la provincia36 e incluso una altísima 

cifra de 67,5% en un frigorífico local que faena exclusivamente 

ganado del Departamento mendocino de Tupungato37. 

Dado el riesgo en salud pública de la existencia de Galba 

truncatula H3 y de su gran capacidad de transmisión de la 

Fascioliasis en Mendoza, es evidente que se impone un amplio 

estudio que permita establecer la distribución geográfica de esta 

especie ya no solamente en Mendoza, sino también en Argen- 

tina. El marcador molecular ITS-2 del ADNr se muestra como la 

mejor herramienta disponible hasta la fecha para poder efectuar 

dicho estudio. Los estudios posteriores habrán de dirigirse hacia 

el análisis de la Fascioliasis en humanos y animales y su parale- 

lismo en distribución geográfica con Galba truncatula. 
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A B S T R A C T   
 

Fascioliasis is widespread in livestock in Argentina. Among activities included in a long- 

term initiative to ascertain which are the fascioliasis areas of most concern, studies were 

performed in a recreational farm, including liver fluke infection in different domestic 

animal species, classification of the lymnaeid vector and verification of natural 

transmission of fascioliasis by identification of the intramolluscan trematode larval 

stages found in naturally infected snails. The high prevalences in the domestic animals 

appeared related to only one lymnaeid species present. Lymnaeid and trematode 

classification was verified by means of nuclear ribosomal DNA and mitochondrial DNA 

marker sequencing. Complete sequences of 18S rRNA gene and rDNA ITS-2 and ITS-1, and a 

fragment of the mtDNA cox1 gene demonstrate that the Argentinian lymnaeid belongs to 

the species Lymnaea neotropica. Redial larval stages found in a L. neotropica specimen were 

ascribed to Fasciola hepatica after analysis of the complete ITS-1 sequence. The finding of L. 

neotropica is the first of this lymnaeid species not only in Argentina but also in Southern 

Cone countries. The total absence of nucleotide differences between the sequences of 

specimens from Argentina and the specimens from the Peruvian type locality at the levels 

of rDNA 18S, ITS-2 and ITS-1, and the only one mutation at the mtDNA cox1 gene suggest a 

very recent spread. The ecological characteristics of this lymnaeid, living in small, 

superficial water collections frequented by livestock, suggest that it may be carried from 

one place to another by remaining in dried mud stuck to the feet of transported animals. 

The presence of L. neotropica adds pronounced complexity to the transmission and 

epidemiology of fascioliasis in Argentina, due to the great difficulties in distinguishing, by 

traditional malacological methods, between the three similar lymnaeid species of the 

controversial Galba/Fossaria group present in this country: L. viatrix, Galba truncatula and L. 

neotropica. It also poses a problem with regard to the use, for lymnaeid vector species 

discrimination, of several molecular techniques which do not show sufficient accuracy, as 

those relying on the 18S rRNA gene or parts of it, because both L. neotropica and L. viatrix 

present identical 18S sequence. 

© 2009 Elsevier B.V. All rights reserved. 
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Fascioliasis in the New World is only caused by Fasciola 
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livestock throughout all countries of South America, 
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causing great economic losses in the animal husbandry 

industry, similarly as everywhere (Torgerson and Claxton, 

1999). Moreover, human infection has been described in 

most of the South American countries (Mas-Coma et al., 

1999a, 2005), with important human endemic areas in 

Andean areas of countries such as Chile, Bolivia or Peru 

(Apt et al., 1993; Mas-Coma et al., 1999b; Esteban et al., 

2002). As in all other vector-borne diseases, in fascioliasis 

the transmitting snails of the family Lymnaeidae are 

crucial with regard to the epidemiological situations and 

transmission patterns of the disease. Epidemiological and 

transmission heterogeneities in the different endemic 

areas are related to the lymnaeid vector species involved 

(Mas-Coma, 2005; Mas-Coma et al., 2009). The correct 

classification of the lymnaeid snail species acting as vector 

is therefore of great importance, in order to both determine 

risk zones and to achieve the appropriate control measures 

to reduce transmission, according to the different ecolo- 

gical characteristics of each lymnaeid species. 

Unfortunately, lymnaeid species are freshwater snails 

which show a marked intraspecific variability in their shell 

characteristics and a surprising uniformity at the level of 

their anatomy. These features explain the great problems 

to distinguish between species within given controversial 

groups such as Galba/Fossaria, Radix and stagnicolines 

(Bargues et al., 2001, 2003, 2006a). For such groups in 

which not even expert malacologists are sometimes able to 

correctly classify specimens, sequences of molecular 

markers among the nuclear ribosomal DNA and the 

mitochondrial DNA appear to be the most useful tools 

for specimen classification purposes (Bargues and Mas- 

Coma, 2005). 

In Argentina, production of mostly cattle, but also sheep 

and goats, is a main national economic activity, with wide 

areas mainly or totally dedicated to livestock management. 

Therefore, animal fascioliasis has always been a target of 

major concern in this country, due to its high pathogeni- 

city, losses it causes, and economic efforts which shall be 

made for its control (Lombardero et al., 1979a; Pizzi et al., 

1982; Olaechea, 1994). Moreover, human cases have been 

described in several provinces (see review in Chen and 

Mott, 1990) and the human infection situations in 

countries such as Chile and Bolivia are causes for concern 

in Argentina because of the close neighbourhood. There- 

fore, studies are being made since several years to assess 

the present situation of the disease throughout Argentina, 

taking into account the great climatic and physiographic 

heterogeneity of the different regions of this country. 

Special efforts are being made in Mendoza province 

where prevalences in cattle are very high (Mera y Siera 

et al., 2005). The aim of the present study is to describe the 

results obtained in a recreational farm, including liver fluke 

infection in different domestic animal species, classifica- 

tion of the vector and verification of natural transmission 

of fascioliasis by identification of the intramolluscan 

trematode larval stages found in a naturally infected snail. 

The classification of the lymnaeid species and the 

trematode larval stages was confirmed by molecular 

characterization. Molecular markers were selected accord- 

ing to their usefulness for molluscs in general or lymnaeids 

in particular: small subunit or 18S rRNA gene (Bargues and 

Mas-Coma, 1997) and the second and first internal 

transcribed spacers ITS-2 and ITS-1 (Remigio and Blair, 

1997b; Mas-Coma et al., 2001; Bargues et al., 2001, 2003, 

2006a, 2007a) within nuclear ribosomal DNA (rDNA), and 

the cytochrome c oxidase subunit I cox1 (Remigio and 

Hebert, 2003; Bargues et al., 2007a) within mitochondrial 

DNA (mtDNA). 

 

2. Materials and methods 

 

2.1. Host studies 
 

Study area: The recreational farm studied is situated in 

the locality of Perdriel (District Perdriel, Department of 

Lujan de Cuyo), at an altitude of 902 m, on Mendoza 

province, central-west Argentina. Climate data from this 

area was obtained using DIVA-GIS 5.2 software (World- 

Clim 1.4: climatic layers resolution 2.5 min) (Hijmans et al., 

2005). 

Animal infection: Several domestic animals of the farm 

were tested for F. hepatica infection by means of 

coprological examination. Faecal samples were obtained 

from cattle, goats, horses, donkeys and llama, and presence 

of liver fluke eggs was assessed by the Rapid Sedimenta- 

tion Technique (Lumbreras et al., 1962). 

Lymnaeid vectors: Lymnaeid snails were collected in the 

same area where definitive hosts showed liver fluke 

infection. Sampling of snails was carried out manually in 

December 2007, June 2008, July 2008 and August 2008, in 

water collections of an artificial pond and the overflow 

originated from an artificial irrigation channel. Snail 

population dynamics was assessed by 15-min manual 

collections by the same person within a reduced area of 

10 m2. Snails collected were transported alive to the 

laboratory for appropriate studies. The morphometric 

study of the intraspecific variability of the snail shell 

included shell length (SL), shell width (SW), last spire 

length (LSL), aperture length (AL), and aperture width 

(AW), as well as the ratios SL/SW, SL/AL and SL/LSL. 

Measurements were made under a calibrated stereomi- 

croscope following traditional malacological methods 

(Oviedo et al., 1995; Samadi et al., 2000; Bargues et al., 

2007a). Snail specimens for molecular analyses, as well 

as trematode larval stages found in one lymnaeid speci- 

men, were fixed in 70% ethanol for DNA extraction 

procedures. 

 
2.2. Molecular techniques 

 
DNA extraction: The same procedure was performed for 

both lymnaeids and fluke larvae. The feet from 10 

lymnaeid specimens and trematode rediae found were 

suspended in 400 ml of lysis buffer (10 mM Tris–HCl, pH 

8.0, 100 mM EDTA, 100 mM NaCl, 1% sodium dodecyl 

sulfate, SDS) containing 500 mg/ml proteinase K (Promega, 

Madison, WI, USA) and digested for 2 h at 55 8C with 

alternate shaking each 15 min. The procedure steps were 

performed according to methods outlined previously 

(Bargues and Mas-Coma, 1997; Bargues et al., 2001, 

2007a). Total DNA was isolated according to the phenol– 

chloroform extraction and ethanol precipitation method 



R. Mera y Sierra et al. / Veterinary Parasitology 166 (2009) 73–79 75 

 
 

(Sambrook et al., 1989). The pellet was dried and 

resuspended in 30 ml sterile TE buffer (pH 8.0). This 

suspension was stored at —208 C until use. 

DNA sequence amplification: DNA sequences were 

amplified by PCR using 4–6 ml of genomic DNA for each 

50 ml PCR reaction, according to methods outlined pre- 

viously (Bargues and Mas-Coma, 1997; Bargues et al., 

2001, 2007a; Mas-Coma et al., 2001). A set of 8 conserved 

oligonucleotide primers were used for the amplification of 

five superimposed fragments of the 18S ribosomal RNA 

gene using specific primers and a standard protocol 

(Bargues et al., 1997) to amplify specific 18S rDNA regions. 

The rDNA spacers ITS-2 and ITS-1 were amplified using 

primers designed in conserved positions of 5.8S and 28S 

rRNA genes and 18S and 5.8S rRNA genes of several 

eukaryote Metazoa species, respectively (Bargues et al., 

2001, 2006a, 2007a). A mitochondrial DNA cox1 gene 

fragment was amplified using universal primers (Folmer 

et al., 1994). The ITS-1 of the trematode rediae was amplified 

by PCR according to methods outlined previously (Mas- 

Coma et al., 2001). Amplifications were generated in a 

Mastercycle epgradient (Eppendorf, Hamburg, Germany), by 

30 cycles of 30 s at 94 8C, 30 s at 50 8C and 1 min at 72 8C, 

preceded by 30 s at 94 8C and followed by 7 min at 72 8C for 

ITS-2 and ITS-1, and by 40 cycles of 30 s at 90 8C, 1 min at 

48 8C and 1 min at 72 8C, preceded by 2.5 min at 94 8C and 

followed by 10 min at 72 8C for cox1 Ten microlitre of each 

PCR product was checked by staining with ethidium 

bromide on 1% Nusieve1  GTG agarose (FMC) gel electro- 

phoresis, using the Molecular Weight Marker VI (Boehringer 

Mannheim) at 0.1 mg DNA/ml as control. 

Purification and quantification of PCR products: Primers 

and nucleotides were removed from PCR products by 

purification on WizardTM PCR Preps DNA Purification 

System (Promega, Madison, WI, USA) according to the 

manufacturer’s protocol and resuspended in  50 ml of 

10 mM TE buffer (pH 7.6). The final DNA concentration 

was determined by measuring the absorbance at 260 and 

280 nm. 

DNA sequencing: The sequencing of the complete 18S 

rRNA gene, the complete rDNA ITS-2, and the fragment of 

the mtDNA cox1 gene was performed on both strands by 

the dideoxy chain-termination method (Sanger et al., 

1977). It was carried out with the Taq dye-terminator 

chemistry kit for ABI 373A and ABI 3700 capillary system 

(PerkinElmer, Foster City, CA, USA), using PCR primers. 

DNA haplotype nomenclature: The codes for the 

sequences obtained follow the standard nomenclature 

proposed for lymnaeid snails and fasciolids by Bargues and 

Mas-Coma (2005), Bargues et al. (2006a) and Mas-Coma 

et al. (2009). 

Software  programs  used  for  sequence  alignment:  

Sequences were aligned using CLUSTAL-W version 1.8 

and MEGA 4.0 (Tamura et al., 2007), and assembly was 

made with the Staden Package (Staden et al., 2001). 

Subsequently, minor corrections were manually intro- 

duced for a better fit of nucleotide correspondences in 

microsatellite sequence regions. Homologies were per- 

formed using the BLASTN programme from the National 

Center for Biotechnology information web site (http:// 

www.ncbi.nlm.nih.gov/BLAST). Genetic distances were 

measured using parameters provided by PAUP v.4.0b10 

(Swofford, 2001). 

Sequence comparisons: According to the shell morphol- 

ogy of the lymnaeids collected and to the results obtained 

with BLASTN, lymnaeid sequence comparisons were 

restricted to sequence data from species of the Galba/ 

Fossaria group, such as Lymnaea cubensis, L. viatrix and 

Lymnaea neotropica from their respectives type localities in 

Central and South America, and to G. truncatula from 

Europe and South America. With regards to lymnaeids, the 

following sequences from GenBank-EMBL have been used 

for comparison analyses: 

 
- 18S rRNA gene: L. cubensis (GenBank Accession No. 

Z83831) (Bargues et al., 1997, 2007a); L. viatrix and L. 

neotropica (both species with the same sequence 

AM412222), all three from respective type localities 

(Bargues et al., 2007a); G. truncatula (Z73985) (Bargues 

and Mas-Coma, 1997). 

- rDNA ITS-2: L. cubensis H1 (AM412223), L. viatrix 

(AM412224) and L. neotropica (AM412225), all three 

from respective type localities (Bargues et al., 2007a); G. 

truncatula H1 (AJ296271), G. truncatula H2 (AJ243017) 

and G. truncatula H3 (=L. viatrix sensu Ueno et al., 1975; 

=L. cubensis sensu Ueno et al., 1975) (AJ272051) (Bargues 

et al., 2001; Mas-Coma et al., 2001; Bargues et al., 2007b). 

- rDNA ITS-1: L. cubensis HA (AM412226), L. viatrix 

(AM412227), L. neotropica (AM412228), all three from 

respective type localities (Bargues et al., 2007a); G. 

truncatula HA (AJ243018), G. truncatula HB (AJ296270) 

and G. truncatula HC (=L. viatrix sensu Ueno et al., 1975; 

=L. cubensis sensu Ueno et al., 1975) (AJ272052) (Bargues 

et al., 2001, 2006a,b; Mas-Coma et al., 2001). 

- mtDNA cox1 gene: L. cubensis cox1-a (AM494009), L. 

viatrix (AM494010), L. neotropica (AM494008), all three 

from respective type localities, and G. truncatula 

(AM494011) (Bargues et al., 2007a); G. truncatula 

(EU818799) (Albrecht et al., 2008). 

 
The rDNA ITS-1 sequence of the trematode larval stages 

was compared with the following sequences from 

GenBank-EMBL: 

 
- rDNA ITS-1: F. hepatica from Spain, France, Poland, 

Ireland, Iran, Japan, Korea, Vietnam, Australia, Egypt, 

Bolivia, Peru, Uruguay, Argentina, Chile, Venezuela, 

Ecuador and Mexico (AB207139, AB207140, AB207141, 

AB207145, AB211236, AB385611, AJ243016, EF612468, 

EF612469) (Mas-Coma et al., 2001, 2009). 

 
3. Results 

 

3.1. Mammal and snail hosts 
 

Coprological studies showed that all mammal species of 

the farm were affected by F. hepatica infection: 3 infected 

among 4 cattle analyzed (75%), 3 among 4 goats (75%), 3 

among 7 horses (42.8%), 4 among 4 donkeys (100%), and 1 

out of 1 llama (100%). 

A total of 5 lymnaeid specimens were collected in 

December 2007, and 50 and 12 specimens, respectively in 

http://www.ncbi.nlm.nih.gov/BLAST
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June and August 2008. In July 2008 only 1 living snail was 

found in the pond, when the artificial irrigation channel 

was dried for reparation. A month later, with overflow 

present, snails were there again and the population 

seemed to have quickly recovered. Except in cases of such 

artificial modifications, the fluctuations of the lymnaeid 

snail number appear to show a parallelism with the 

oscillation of temperature and rainfall, both with max- 

imums in the November–March period. The main climatic 

characteristics of the endemic locality in question appear 

to be adequate for both lymnaeid vector population 

dynamics and F. hepatica intramolluscan larval develop- 

ment: annual mean temperature (15.0 8C), maximum 

temperature in the warmest month (30.9 8C),  minimum 

temperature  in   the   coldest   month  (—0.1 8C),  mean 

temperature  of  wettest  and  driest  quarters  (21.0 and 

7.8 8C), precipitation in wettest and driest quarters (103 

and 23 mm), and precipitation in warmest and coldest 

quarters (98 and 23 mm). 

 
3.2. Lymnaeid shell measurements 

 
Specimens of the lymnaeid population sampled in the 

farm present morphological and morphometric charac- 

teristics which indicate that there is only one lymnaeid 

species present. The form of the shell is illustrated in 

Fig. 1 and its morphometric variability in Table 1. These 

characteristics fully agree with those of the species L. 

neotropica originally described from Peru. The morpho- 

metric shell comparison between L. neotropica from 

Argentina and L. neotropica from the type locality in Lima 

shows no significant differences in any of the parameters 

studied. The only small difference observed concerns 

shell length, which is indeed related to the age of the 

collected lymnaeids: specimens from the Peruvian type 

locality were described as presenting 5.5 deeply sutured 

whorls, whereas specimens from Perdriel are smaller, 

with 4 whorls in 28 of the specimens collected (84.8%) 

and 5 whorls in the remaining 5 specimens (15.1%) 

(Table 1). 

 
3.3. Molecular characterization of lymnaeids 

 
18S rRNA gene: Its sequence in the 10 lymnaeids 

analyzed is 1860 bp long, shows a GC content of 51.82%, 

and  its  base  frequencies  are:  A = 0.236;  G = 0.236;  

C = 0.282; and T = 0.245. This sequence is identical to that 

 

 
 

Fig. 1. Shell of Lymnaea neotropica from Argentina: (A) ventral view and 

(B) dorsal view. 

 

 
of the same gene in the species L. neotropica and L. viatrix, 

already deposited in the GenBank under the Accession No. 

AM412222. 

rDNA ITS-2: All specimens from Perdriel furnished the 

same sequence of 417 bp long and 56.83% of GC content. 

When compared to the ITS-2 of close lymnaeid species of 

the Galba/Fossaria group present in South America (L. 

cubensis, L. viatrix, L. neotropica and G. truncatula), no one 

nucleotide difference could be found with L. neotropica ITS- 

2 haplotype H1 (AM412225). 

rDNA ITS-1: Lymnaeid specimens from Perdriel furn- 

ished one identical sequence of 533 bp long and 56.66% of 

GC content. When compared to the ITS-1 of close lymnaeid 

species of the Galba/Fossaria group present in South 

America, no one nucleotide difference could be found 

with L. neotropica ITS-1 haplotype HA (AM412228). 

mtDNA cox1: Lymnaeids studied from Perdriel showed 

only one 672-bp-long sequence which has been deposited 

in the GenBank (FRN356741) with the haplotype code L. 

neotropica cox1-b (this code is provisional because it only 

concerns a fragment and not the complete gene sequence). 

It differs by only 1 transition in position 468 from the L. 

neotropica cox1-a from the type locality of Rio Rimac, Lima, 

Peru (AM494008). This mutation (C/T in Ha/Hb, respec- 

tively) gives rise to no difference in the amino acid 

 
Table 1 

Lymnaeid shell measurement comparison between Lymnaea neotropica from Argentina and L. neotropica from the type locality in Peru. 

Range include minimum and maximum extremes; mean and standard deviation SD in parentheses. Measurements in mm. 

Shell parameters L. neotropica Perdriel, 

Mendoza, Argentina (n 

 
= 33) 

L. neotropica Rio Rimac, Lima-Callao 

type locality, Peru (n = 33) 

Shell length (SL) 

Shell width (SW) 

Last spire length (LSL) 

Aperture length (AL) 

Aperture width (AW) 

SL/SW ratio 

SL/AL ratio 

SL/LSL ratio 

5.24–7.90 

2.95–4.76 

4.19–6.19 

2.29–4.38 

1.52–3.14 

1.50–1.86 

1.44–2.42 

1.19–1.49 

(6.28 T 0.67) 

(3.76 T 0.44) 

(5.02 T 0.54) 

(3.19 T 0.50) 

(2.16 T 0.36) 

(1.67 T 0.08) 

(1.99 T 0.20) 

(1.25 T 0.05) 

5.89–8.74 

3.29–4.56 

4.47–6.78 

2.90–4.53 

1.97–2.99 

1.69–1.92 

1.76–2.03 

1.21–1.38 

(7.13 T 1.20) 

(3.95 T 0.54) 

(5.58 T 0.91) 

(3.75 T 0.64) 

(2.46 T 0.44) 

1.80 T 0.07 

(1.91 T 0.09) 

(1.28 T 0.05) 
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Table 2 

Pairwise distances between mtDNA cox1 sequences of the lymnaeid species analyzed according to PAUP. Below diagonal = total character differences; above 

diagonal = mean character differences (adjusted for missing data). 

1 2 3 4 5 6 

1 L.neotropica cox1-b Argentina – 0.00149 0.02232 0.04464 0.10119 0.10833 

2 L.neotropica cox1-a Peru 1 – 0.02083 0.04315 0.09970 0.10667 

3 L.cubensis cox1-a Cuba 15 14 – 0.05655 0.11161 0.12000 

4 L.viatrix cox1-a Argentina 30 29 38 – 0.10119 0.10500 

5 G.truncatula cox1-a Spain 68 67 75 68 – 0.00333 

6 G.truncatula Germany 65 64 72 63 2 – 

 

sequence between both haplotypes. Genetic pairwise 

distances at the level of cox1 between these L. neotropica 

haplotypes and other lymnaeids of the Galba/Fossaria 

group are noted in Table 2. 

3.4. Molecular characterization of trematode  larval  stages 

rDNA ITS-1: Its complete sequence in the trematode 

rediae found in a L. neotropica specimen from Perdriel is 

432 bp long and with a 51.85% GC content. It showed no 

one nucleotide difference with that spacer in F. hepatica 

from the Northern Bolivian Altiplano and Spain 

(AJ243016), and thus corresponds to the haplotype code 

Fh ITS-1-HA. 

 
4. Discussion 

 
Studies performed demonstrate that the high preva- 

lences of infection by F. hepatica in the animals inhabiting 

the recreative farm of Perdriel are related to the presence 

of a snail population of only one lymnaeid species with 

vectorial capacity. Climatic conditions appear to be 

appropriate for fascioliasis transmission, with tempera- 

tures surpassing the F. hepatica  minimum threshold of 

10 8C (Mas-Coma and Bargues, 1997; Malone et al., 1998) 

throughout most of the months. However, temperatures 

and precipitation rates in the May–August period are so 

low that fascioliasis transmission cannot occur. Hence, in 

this area the disease shall follow a seasonality, similarly as 

in the Northern Hemisphere (Mas-Coma and Bargues, 

1997). 

Sequences of rDNA 18S, ITS-2 and ITS-1 and mtDNA 

cox1 prove that the lymnaeids present in the farm belong 

to the combined haplotype 1A of the species L. neotropica 

(Bargues et al., 2007a). This is the first finding of this 

lymnaeid vector species in Argentina. The morphological 

characteristics of the shell of the Argentinian specimens 

(Table 1) agree with those of this species in the type 

locality of Peru (Bargues et al., 2007a). Up to the present, 

only six or seven lymnaeid species were considered valid 

among the numerous species described in Argentina: L. 

columella, L. viatrix, L. diaphana, L. peculiaris, L. pictonica and 

L. plicata (Hubendick, 1951; Paraense, 1976, 1982a,b, 1983, 

1984; Castellanos and Landoni, 1981). Maleck (1985), in 

the most recent general review on South American 

lymnaeids, listed the same species mentioned by Huben- 

dick (1951), but accepting L. patagonica as valid and not 

including L. peculiaris. 

The report in Argentina of an European stagnicoline 

species as L. palustris by N.J. Evans of the British Natural 

History Museum (in Lombardero et al., 1979b) is a little bit 

surprising, as it would indeed be the only stagnicoline 

known in the Neotropical Region. However, this report 

should be confirmed, as it is well known that lymnaeids are 

able to be transported from one continent to another (Mas- 

Coma et al., 2005). Similarly, the quotation of the South 

American species L. cousini by Olaechea (1994) should also 

be confirmed. Anyway, there may be a misunderstanding 

on this species because, contrary to what is noted in 

Olaechea (1994), no report of the presence of L. cousini in 

Argentina is included in the review of Castellanos and 

Landoni (1981). 

More recently, the finding of G. truncatula in the 

province of Mendoza (Mera y Siera, 2001), has represented 

both a new lymnaeid species for the Argentinian fauna and 

an additional concern from the point of view of the disease. 

Sequencing of the rDNA ITS-2 and ITS-1 proved that  

Argentinian specimens belong to G. truncatula combined 

haplotype Gt CH-3C, the same as the one responsible for 

the fascioliasis transmission in the human hyperendemic 

area with the highest human prevalences and intensities 

known, the Northern Bolivian Altiplano (Bargues et al., 

2006b, 2007b). No additional lymnaeid species was added 

in the most recent review of freshwater molluscs in 

Argentina (Rumi et al., 2008). 

The discovery of L. neotropica in Argentina represents 

moreover the first finding of this vector species in 

countries of the Southern Cone. Up to the present, this 

species was only known from its type locality at the Rimac 

river near the cities of Lima and Callao in Peru (Bargues 

et al., 2007a). The total absence of nucleotide differences 

between the sequences of specimens from Argentina and 

the specimens from the Peruvian type locality at the levels 

of rDNA 18S, ITS-2 and ITS-1, and the only one mutation at 

the mtDNA cox1 gene suggest that such a great geogra- 

phical separation between the two localities in Peru and 

Argentina is the consequence of a very recent spread of L. 

neotropica. The ecological characteristics of this lymnaeid, 

living in small, superficial water collections frequented by 

livestock, suggest that it may be carried from one place to 

another by remaining in dried mud stuck to the feet of 

transported animals, similarly as G. truncatula (Mas-Coma 

et al., 2009). This passive spreading capacity suggests, 

moreover, that this lymnaeid species may be more 

widespread, not only in Argentina but also in other South 

American countries. 

The ITS-1 sequence proves that the trematode rediae 

found in one L. neotropica specimen was F. hepatica. The 

sequence from the Argentinian farm does not show any 

nucleotide difference with the ITS-1 sequence of the liver 
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fluke, which appears to be identical throughout the world 

and hence an excellent species marker (Mas-Coma et al., 

2009). 

The presence of L. neotropica in Argentina adds 

pronounced complexity to the transmission and epide- 

miology of fascioliasis in this country. The problem in 

Argentina does not only lie on the different lymnaeid 

vector species which are present, such as L. viatrix, L. 

diaphana, Pseudosuccinea columella, G. truncatula and now 

L. neotropica, but also to the fact that three of them belong 

to the controversial Galba/Fossaria group of species. Thus, L. 

viatrix, G. truncatula and L. neotropica are lymnaeids which 

are very similar from the phenotypic point of view, 

including: (i) shell characteristics and snail anatomy 

(Samadi et al., 2000; Pointier et al., 2006) and (ii) ecological 

characteristics (Euzeby, 1971; Mera y Siera, 2001; Ciocco 

and Scheibler, 2008). The close systematic relationships 

between these lymnaeid vector species has recently been 

confirmed by DNA marker sequences and corresponding 

phylogenetic reconstructions (Bargues et al., 2007a). This 

similarity poses a great problem, as there is no way to 

distinguish between one and other species of these three 

lymnaeids when working on the field (even expert 

malacologists may misclassify specimens) and it is evident 

that the need to obtain DNA sequences each time a 

lymnaeid vector population is found does not appear to be 

feasible. 

Moreover, this problem also concerns several molecular 

techniques which do not show sufficient accuracy. For 

instance, molecular techniques which rely on the 18S rRNA 

gene or parts of it, as the helix E10-1 of the variable region 

V2 which is useful for the differentiation of European 

lymnaeids (Bargues and Mas-Coma, 1997), are evidently 

not useful in Argentina because of the existence of species 

as L. viatrix and L. neotropica which present identical 18S 

sequence (Bargues et al., 2007a). Consequently, the 

recently proposed, 18S-based, real-time PCR strategy for 

the rapid discrimination among main lymnaeid species 

from Argentina (Duffy et al., 2009) cannot be applied 

because it does not distinguish between these two vector 

species. 

All suggests that vector misclassifications may probably 

be included in several of the numerous fascioliasis studies 

made in Argentina in which L. viatrix was the species noted 

to be involved in disease transmission. Many of these 

studies probably included L. neotropica and/or even G. 

truncatula. Therefore, appropriate molecular studies are 

needed to assess the geographical distribution of each one 

of these three lymnaeid vector species in Argentina, for 

which ITS-2, ITS-1 and cox1 appear to be the most useful 

markers. 
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15. FECIC, Buenos Aires, pp. 55–82. 

Chen, M.C., Mott, M.G., 1990. Progress in assessment of morbidity due to 

Fasciola hepatica infection: a review of recent literature. Trop. Dis.  

Bull. 87, R1–R38. 

Ciocco, N.F., Scheibler, E., 2008. Malacofauna of the littoral benthos of a 

saline lake in southern Mendoza, Argentina. Fundam. Appl. Limnol. 

(Arch. Hydrobiol.) 172, 87–98. 

Duffy, T., Kleiman, F., Pietrokovsky, S., Issia, L., Schijman, A.G., Wisnivesky- 

Colli, C., 2009. Real-time PCR strategy for rapid discrimination among 

main lymnaeid species from Argentina. Acta Trop. 109, 1–4. 

Esteban, J.G., Gonzalez, C., Bargues, M.D., Angles, R., Sanchez, C., Naquira, 

C., Mas-Coma, S., 2002. High fascioliasis infection in children linked to 

a man-made irrigation zone in Peru. Trop. Med. Int. Health 7, 339– 

348. 



R. Mera y Sierra et al. / Veterinary Parasitology 166 (2009) 73–79 79 

 
 

Euzeby, J., 1971. Ecologie et biologie de Lymnea truncatula en Europe. 
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INTRODUCTION 

The role of migratory birds as dispersal agents of snails was hypothesized by Darwin as an 
efficient long-distance transportation1 (except of human interference), since a migratory bird 
can cover hundreds km in few days. Galba truncatula is the most efficient vector of Fasciola 

hepatica. This freshwater snail, of European origin, was introduced to the Bolivian Altiplano 
within the last 500-year period2-3. Recently, this species has also been described in Andean 
sites of Mendoza province, Argentina, as far as 2,000 km south 4-6. This poses the question 
about how the considered “most pedestrian of creatures” reached so far southward.  
According to Darwin’s hypothesis, migratory aquatic birds may be counted as one possibility 
amongst the probable spreading ways. 

 

METHODS 

Around 26 wetlands lay in southern and western Mendoza province, with a combined 
population of around 240,000 aquatic birds, distributed among 90 species. Various 
populations of G. truncatula and other lymnaeid species have been identified in the 
surrounding areas7. 
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Fig. 1. Maps of main migratory categories of the waterfowl across Mendoza province (A, B, C). 
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RESULTS AND DISCUSSION 

At least 25 bird species follow the 3 known migratory routes communicating Mendoza 
with Bolivia8-12. Table 1 shows the main migratory categories of the waterfowl across 
Mendoza province (A, B, C)13. Whether resident or in the case of species that may be in 
continuous exchange with Chile. Migratory category A: Birds that nest in the Northern 
Hemisphere and then fly to Argentina, they are found in our province in spring-summer; 
Migratory category B: Birds that nest in Argentina, during spring-summer and migrate to the 
north in winter; Migratory category C: Birds that nest in Patagonia during the spring and 
appear in the centre of the country during their migration to the north in winter (Fig. 1). 

 

Table 1. Classification of the migratory categories of the waterfowl across Mendoza 

province by type (A, B, C)* 
 

Migrating water birds 

Inventorys 
Migrator A Migrator B Migrator C 

Exchange 

with Chile 
Resident 

Podicipedidae     X 
Phalacrocoracidae     X 
Ardeidae     X 
Ciconiidae     X 
Threskiornithidae     X 
Phoenicopteridae    X X 
Anatidae X  X X X 
Rallidae     X 
Rostratulidae     X 
Recurvirostridae     X 
Charadriidae X  X  X 
Scolopacidae X    X 
Phalaropodidae X     
Thinocoridae     X 
Laridae X   X X 
Sternidae X    X 
Rynchopidae X     
*Adapted of Narosky & Izurieta (1988) 

 
Scolopacidae is the most plausible family involved, since 11 species traverse these routes. 

Meanwhile, only 2 Charadriidae and 1 Anatidae may be involved. Laridae, Sternidae and 
Rynchopidae are not considered of main concern due to ecological features14-17. 

 
CONCLUSIONS 

The snails could be transported attached to birds’ feathers or feet, surviving the passage. 
The possibility of aquatic migratory birds as the original reasons for the presence and 
dispersal of G. truncatula and other lymnaeid snails in Mendoza province should be taken 
into account. Further studies are required to reach confirmation and clarify the situation. 
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Background 

Fascioliasis, a major veterinary problem worldwide due to 
the economic losses it causes in animal husbandry, has 
recently become increasingly important in public health, 
with human reports increasing in number and the 
description of human endemic areas, comprising hypo- 
to hyperendemic situations in many countries of Latin 
America, Africa, Europe and Asia [1-4]. This emergence 
appears to be partly related to climate change, global 

warming and the so-called global change, among which 
mainly anthropogenic modifications of the environment 
and increasing short- and long-distance travel and 
import/export facilities available nowadays. All these 
phenomena have shown to have a great impact on snail- 
borne zoonotic diseases, as is the case of a trematodiasis 
very dependent on climate and environment characteris- 
tics such as fascioliasis [5-7]. 

The magnitude of fascioliasis impact on communities 
   of human endemic areas, mainly on children and 
* Correspondence: S.Mas.Coma@uv.es 
3
Departamento de Parasitología, Facultad de Farmacia, Universidad de 

Valencia, Av. Vicente Andrés Estellés s/n, 46100 Burjassot, Valencia, Spain 
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females [3], is due to its chronic, debilitating, and pov- 
erty-promoting characteristics, with a pathogenicity until 
recently considered restricted mainly to the acute phase 

 
© 2011 Mera y Sierra et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Cr eative 
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and 
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REVIEW Open Access 

Abstract 

In Argentina, human fascioliasis has never been  adequately  analysed,  although  having  a  physiography,  climate, 

animal prevalences and lymnaeids similar to those of countries where the disease is endemic such as Bolivia,  Peru       
and Chile. We performed a literature search identifying 58 reports accounting for 619 cases, involving 13 provinces,      

their majority (97.7%) from high altitudes, in central mountainous areas and Andean valleys, concentrated in Cordoba   
(430 cases), Catamarca (73), San Luis (29) and Mendoza (28), the remaining provinces being rarely affected. This 

distribution does not fit that of animal fascioliasis. Certain aspects (higher prevalence in females in a local survey, 

although a trend non-significant throughout Argentina) but not others (patient’s age 3-95 years, mean 37.1 years) 
resemble human endemics in Andean countries, although the lack of intensity studies and surveys in rural areas does    

not allow for an adequate evaluation. Human infection occurs mainly in January-April, when higher precipitation and 

temperatures interact with field activities during summer holidays. A second June peak may  be  related  to  Easter 
holidays. The main risk factor appears to be wild watercress ingestion (214) during recreational, weekend outings or 

holiday activities, explaining numerous  family  outbreaks  involving  63  people  and  infection  far  away  from  their 

homes. Diagnosis mainly relied on egg finding (288), followed by serology (82), intradermal reaction (63), surge ry (43),  
and erratic fluke observation (6). The number of fascioliasis-hydatidosis co-infected patients (14) is outstanding. 

Emetine appears as the drug most used (186), replaced by triclabendazole in recent years (21). Surgery reports are 
numerous (27.0%). A long delay in diagnosis (average almost 3.5 years) and high lithiasis proportion suggest that 

many patients are frequently overlooked and pose a question mark about fascioliasis detection in the country. High 

seroprevalences found in recent random surveys suggest human endemic situations. This analysis highlights that 
human fascioliasis may have been overlooked in the past and its real epidemiological situation in high risk rural, 

mainly altitudinal areas, may currently be underestimated. Results provide a valuable baseline on which to design 
appropriate multidisciplinary studies on humans, animals and lymnaeids to assess up to which level and in which 

areas, human fascioliasis may represent a health problem in Argentina. 
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[2,8], but which has recently proved to constitute a health 
problem during the very long chronic phase [9-12]. 
Impact and wide emergence prompted the World Health 
Organization (WHO) to include human fascioliasis on its 
list of priorities among neglected tropi- cal diseases 
(NTDs) [13]. 

In the Americas, this helminthic disease is caused by the 
liver fluke Fasciola hepatica [4], transmitted by many dif- 
ferent freshwater snail vectors belonging to the family 

Lymnaeidae, mainly species included within the Galba/Fos- 

saria group [14,15]. In South America, human endemic 
areas have been described in Andean regions, mainly in 

higher altitude areas of countries such as Bolivia, Peru and 
Chile, and secondarily in Ecuador and Venezuela [3,16-22]. 

In Argentina, the situation of human fascioliasis has 
never been the subject of an adequate analysis. Only 

short reports within large worldwide reviews may be spe- 
cifically acknowledged [2,8]. This is surprising when tak- 

ing into account that (i) neighbouring countries such as 
Bolivia and Chile reported hyperendemic areas of human 
fascioliasis long ago [16-21], (ii) the country presents a 
very widely distributed veterinary problem of fascioliasis 
in livestock [23], (iii) it includes Andean environmental 
characteristics appropriate for fascioliasis transmission to 

humans [3,24], and (iv) recent studies have reported the 
discovery of lymnaeid vector species of well-known trans- 

mission capacity to humans to be the same combined 
haplotype of Galba truncatula responsible for the human 
hyperendemic area presenting the highest prevalences 
and intensities known [25,26] and Lymnaea neotropica 
[27]. Argentina is a country of high livestock production, 

where sheep and cattle but also equines constitute 
important economic sources. All these different domestic 
species are important reservoirs of fascioliasis and repre- 
sent similar sources of infection for humans, given the 
results obtained in experimental studies which have 
demonstrated that snail-borne infective metacercarial 
stages originating from different animal species do not 

significantly differ in their infection capacity [28,29]. 
The purpose of the present ten-year research work is to 

provide an in-depth analysis of the results obtained in a 
thorough bibliographical search of human fascioliasis 
cases in Argentina. In that country, even though there are 
national data on animal fascioliasis, where slaughter- 
house reports have been submitted to the authorities for 
practically a hundred years, there are, however, no official 
reports on human fascioliasis, because human infection by 
the liver fluke is not of obligatory declaration. Thus, 
published and unpublished written reports are the only 
source of information, whether they may be articles in 
scientific journals, books, university theses, communica- 
tions at scientific meetings, or internal reports of agen- 
cies, ministries, hospitals, health centres, etc. [30]. 

 
Review 

Description of dataset 

The first case published in Argentina concerned an Arab 
immigrant who had just arrived in Argentina [31]. The 
onset of symptoms was upon arrival, indicating that the 
disease was most probably acquired in his homeland. The 
patient died and the diagnosis was made during autopsy 
when numerous flukes were found in the liver. Since this 
case was not autochthonous, it is not considered in this 
review. 

This overview begins from the first autochthonous case 
diagnosed by coprology in 1924 [32]. More cases followed 
soon, such as a coprologically diagnosed patient from San 
Luis province [33], another diagnosed during surgery [34] 
and yet another one from San Luis province [35]. Fifty 
three cases had already been published prior to 1960. 

The first WHO review [8] refers to only 13 human 
reported cases in Argentina for the 1970-1990 period, 
namely only those reported by Carena et al. [36]. This 
number of human cases was increased to 85 in the fol- 

lowing extensive WHO initiative [2]. The present review 
offers a completely new picture of human fascioliasis in 

Argentina, including a total of 619 authochthonous cases 
in 58 reports of different kinds analysed up to 2010 (Table 

1), which means that the number of human cases 
published is more than seven times greater than pre- 

viously noted. Such a pronounced difference seems to be 
due to the great amount of overlooked local publications 

(and also communications at scientific meetings with 
abstract books of restricted dissemination). When con- 

sidering that human fascioliasis infection is in Argentina 
of non-obligatory declaration, similarly to the rest of the 

world, one may conclude that the number of infected 
patients should be even greater than that. Interestingly, the 
need for Argentinian health authorities to warn about this 
disease was already noted long ago when fascioliasis was 

cited in animals in the country for the first time [37]. Both 
report and case numbers follow a parallel evolu- tion with 
quite important fluctuations (Figure 1). This result is most 

likely to be linked to particular circum- stances 
encouraging physicians to publish their diag- nosed cases 
rather than a real reflection of the annual evolution of the 
epidemiological situation. For instance, only two authors, 
C. Rodriguez and C. Siciliano [38-42], are responsible for 

51% of the cases reported in Argen- tina, the decades 
when they were active publishing appearing as those 

decades with the greatest amount of 
cases (1960’s and 1980’s). 

 
Characteristics of the infected population 

In only 267 cases did the authors specify the gender of 
the patients: 120 (44.94%) were male and 147 (55.06%) 
were female. A somewhat higher preference for females 
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Table 1 Human fascioliasis reports in Argentina, arranged chronologically, including details on infection according to 

number of cases, gender, province, diagnostic method, treatment, and clinical data 

YEAR AUTHOR Ref. 
No. 

No. 
cases 

GENDER PROVINCE DIAGNOSTIC 
METHOD 

TREATMENT CLINICAL DATA 

1924 Greenway [32] 1 NS(1) NS(1) Ec(1) NS(1) NS(1) 

1927 Bengolea et al. [33] 1 F(1) SL(1) Ec(1) Es(1) NS(1) AP(1) 

1928 Del Valle & Donovan [34] 1 F(1) NS(1) Surg(1) NS(1) AP(1) Nau(1) Ic(1) HA(1) 

1930 Bacigalupo et al. [35] 1 F(1) SL(1) Ec(1) Es(1) NS(1) NS(1) 

1933 Mascheroni [108] 1 F(1) BA(1) Ec(1) Es(1) NS(1) NS(1) 

1933 Scrimaglio (In Bacigalupo 
et al. 1943) 

[93] 1 M(1) SFe(1) Ec(1) Es(1) NS(1) NS(1) 

1937 Castex & Greenway [91] 1 M(1) Cba(1) Ec(1) Ect(1) NS(1) AP(1) Lks(1) 

1939 Boto [69] 1 F(1) Tuc(1) Es(1) Em(1) Eo(1) AP(1) Fev(1) Lks(1) Urt(1) 

1939 Paladino & Galarce [92] 1 F(1) BAcity(1) Surg(1) Ect(1) NS(1) AP(1) 

1940 Cames [76] 2 M(2) Cba(1) SFe(1) Es(1) Surg(1) Em(2) MFE(1) Eo(1) AP(1) Fev(2) WL(1) Ic(1) 

1942 Bacigalupo [52] 5(fo1) F(2) M(3) Cba(4) BA(1) Ec(2) Es(1) CE(2) Em(4) NS(1) Eo(4) AP(4) Fev(3) WL(1) 

1943 Solari & Canepa [77] 1 F(1) Cba(1) Es(1) Em(1) AP(1) 

1943 Bacigalupo et al. [93] 1 M(1) Cba(1) Ect(1) Em(1) Eo(1) AP(1) 

1944 Cuenya [109] 3 F(1) M(2) 
Tuc(1) Ju(1) 

Sal(1) 
Ec(3) Es(1) NS(3) AP(1) 

1947 Cid [79] 1 F(1) Tuc(1) Surg(1) Ect(1) Em(1) AP(1) WL(1) Lith(1) Ic(1) HA(1) 

 Cames et al. [80]       

1952 Rodríguez [38] 16 F(3) M(1) 

NS(12) 

Cbsa(15) Cat 

(1) 

Ec(16) NS(16) Eo(5) Ap(1) Lks(4) Ic(1) 

1953 Longo & Daraio [89] 1 F(1) Sal(1) Surg(1) NI(1) Em(1) AP(1) Urt(1) Nau(1) Lith(1) Vo(1) 

1954 Petraglia [98] 1 M(1) Cha(1) Ec(1) Em(1) AP(1) Eo(1) Fev(1) 

1954 Rodríguez [39] 10 F(1) M(2) 

NS(7) 

Cba(9) Cat(1) Ec(10) NS(10) Eo(4) Lks(1) 

1955 Cáceres [55] 1 F(1) BAcity(1) Surg(1) Em(1) AP(1) Fev(1) Ic(1) Lith(1) Vo(1) 

1955 Logaldo [101] 1 F(1) Mza(1) Surg(1) Em(1) Ap(1) Nau(1) Lith(1) 

1961 Ahualli & Arias [110] 1 F(1) Tuc(1) Es(1) Em(1) AP(1) WL(1) Nau(1) Vo(1) HA(1) Dia(1) 

1961 Rodriguez [40] 23 NS(23) Cba(22) Cat Ec(23) NS(23) NS(23) 

     (1)    

1961 “Other colleagues” cited in 
Rodriguez 1961 

[40] 150 NS(150) Cba(150) NS(150) NS(150) NS(150) 

1961 Strada [72] 19 F(1) M(1) 

NS(17) 

Cba(19) Ec(1) Es(2) Surg 

(1) NS(15) 

Em(2) NS(17) Eo(2) AP(3) Fev(3) Lks(1) WL(1) Vo(1) HA(1) 

1962 Urrutia & Ferraris [111] 1 NS(1) NS(1) Surg(1) NS(1) NS(1) 

1964 Cornejo & Castillo [112] 1 M(1) Sal(1) Ec(1) Es(1) Em(1) Eo(1) Lks(1) 

1964 Simon et al [86] 1 M(1) Mza(1) Es(1) ID(1) Em(1) Eo(1) AP(1) Fev(1) Lks(1) WL(1) Vo(1) 

1964 Cañas et al [113] 1 M(1) Ju (1) Es(1) Em(1) AP(1) Asth(1) Nau(1) Dia(1) Cst(1) 

1965 Niño [107] 4 NS(4) BAcity(2) NS Ec(2) Es(2) NS(4) NS(4) 

     (2)    

1967 Sosa & Romero [114] 2 F(1) M(1) Cba(2) Es(2) Em(2) Eo(2) AP(1) Fev(2) WL(1) Nau(1) Vo(1) Dia(1) 

1967 Ruggieri et al. [94] 1 F(1) Cba(1) Surg(1) Ect(1) NS(1) AP(1) Fev(1) Urt(1) Nau(1) Ic(1) Vo(1) HA(1) 

1969 Correa et al. [95]       

1969 Peiretti et al. [87] 17 NS(17) Mza(15) SL(2) Es(5) ID(17) NS(17) NS(17) 

1969 Trossero & Nocetti [103] 1 F(1) SFe(1) Surg(1) Em(1) AP(1) Fev(1) Ic(1) Vo(1) 

1970 Padilla Antoni et al. [99] 1 NS(1) Tuc(1) Surg(1) NS(1) Eo(1) AP(1) Vo(1) HA(1) 

1972 Carena et al. [36] 13 F(4) M(9) Cba(11) Cat 

(1) Tuc(1) 

Es(13) Em(13) Eo(13) AP(8) Fev(1) Asth(3) Urt(2) HA(2) Cst 

(1) Dia(1) 

1972 Ossola et al. [49] 12(fo3) F(7) M(5) Cba(12) Ec(2) Es(2) ID(12) NS(12) 
Eo(11) AP(12) Fev(9) WL(8) Asth(10) Urt(4) Ic 

(3) Cst(3) Dia(2) 

1973 Sonzini Astudillo et al. [104] 5 F(4) M(1) NS(5) Es(1) Surg(4) Em(1) NS(4) Eo(1) AP(4) Asth(1) Lith(3) Ic(4) HA(1) 

1973 Peiretti & Morales [50] 4(fo1) F(1) M(3) SL(4) ID(4) Em(4) Eo(4) AP(4) Fev(2) Lks(2) WL(1) Ic(1) Cst(1) 

Vo(1) 

1981 Majul et al. [102] 6 NS(6) NS (6) Es(2) Surg(6) 
Em(6) Eo(2) AP(6) Lith(6) 
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Table 1 Human fascioliasis reports in Argentina, arranged chronologically, including details on infection according to 

number of cases, gender, province, diagnostic method, treatment, and clinical data (Continued) 
 

1981 Alaggia (in Andrada et al., 
1983 [90]) 

[100] 16 NS(16) NS(16) Surg(16) NS(16) NS(16) 

1982 Pizzi et al. [106] 54 NS(54) Cba(54) Ec(54) NS(54) NS(54) 

1982 Siciliano [41] 101 F(50) M 
(51) 

Cba(101) Ec (61) Es(16) ID 
(29) 

Em(97) Clq(4) 
Eo(87) AP(78) Fev(58) Lks(69) WL(56) Anrx(53) 

Asth(67) Urt(37) Nau(31) 

1983 Andrada et al. [90] 5 F(5) Cat(5) Surg(4) NI(5) Em(5) Eo(3) AP(5) Urt(1) Ic(2) Lith(2) 

1983 Giffoniello et al. [78] 2 F(1) M(1) Cba(2) Es(1) Surg(1) NI 

(1) 

Em(2) Eo(2) AP(2) Fev(2) WL(1) Asth(1) Lith(1) Vo 

(1) HA(1) 

1985 Miguel et al. [97] 5 NS(5) 
BA(3) Mza(1) 

For(1) 
Es(5) Em(5) Eo(1) AP(5) Lks(4) Ic(2) 

1989 Siciliano et al [42] 15 
(fo2) 

F(9) M(5) 

NS(1) 
Cba(15) Ec(12) Es(1) Surg 

(2) 

Em(15) Eo(14) AP(15) Fev(15) Lks(10) Urt(8) Ic(2) 

1991 Melero et al. [88] 1 M(1) SL(1) Es(1) NI(1) Tcl(1) Eo(1) AP(1) Fev(1) Lks(1) WL(1) 

1995 Minoprio et al. [51] 5(fo1) F(3) M(2) Mza(5) Ect(1) CE(4) NI(3) Tcl(5) Pzq(1) Eo(3) AP(2) Fev(2) Lks(1) Asth(2) Urt(3) Ic(1) 

2000 Ale et al. [115] 1 F(1) SL(1) Ec(1) NS(1) Eo(1) Lks(1) 

2005 Carnevale (in Rubel et al. 
2005) 

[61] 4 NS(4) SL(4) Ser(4) NS(4) NS(4) 

2005 Rubel et al. [61] 1 F(1) Neu(1) Ser(1) Tcl(1) Eo(1) AP(1) Fev(1) Lks(1) 

2005 Lloret et al. [54] 5(fo1) M(5) Mza(5) Ec(2) Es(1) Ser(2) Tcl(5) Eo(5) AP(5) Lks(5) WL(2) Fev(5) Dia(2) Urt(3) 

2006 Salomon et al. [48]    CE(2)   

2006 Corti et al. [85] 1 F(1) Cba(1) Ser(1) NI(1) Tcl(1) Eo(1) Fev(1) 

2008 Rios et al. [62] 1 M(1) Neu(1) Ec(1) Ser(1) Alb(1) Eo(1) AP(1) Fev(1) Lks(1) Asth(1) Urt(1) 

2008 Nieto Sosa et al. [47] 23 
(fo2) 

NS(23) Cba(8) SL(15) Ec(23) Ser(9) Em(15) Tcl(8) Eo(23) AP(23) Fev(23) Lks(23) 

2009 Malandrini et al. [43] 54 F(37) M Cat(54) Ser(54) NS(54) NS(54) 

    (17)     

2009 Malandrini et al. [53] 10 NS(10) Cat(10) Ser(10) NS(10) NS(10) 

Abbreviations: F: female; M: male; NS: not specified; Fo: family/group outbreaks. 

Provinces: BA: Buenos Aires; BAcity: Buenos Aires city; Cat: Catamarca; Cha: Chaco; Cba: Córdoba; For: Formosa; Ju: Jujuy; Mza: Mendoza; Neu: Neuquén; Sal: Salta;     
SL: San Luís; SFe: Santa Fé; Tuc: Tucumán. 

Treatment: Em: emetine; Tcl: triclabendazole; Alb: albendazole; MFE: male fern extract; Pzq: praziquantel; Clq: Cloroquine. 

Diagnostic Method: Ec: egg observation in coprological sample; Es: egg observation in sample obtained by sondage; ID: intradermal test; Surg: surgical; CE: 
clinical/epidemiological; Ect: ectopic presentation; NI: non invasive image-based diagnosis; Ser: serology. 

Clinical Data: AP: abdominal pain; Anrx: anorexia; Asth: asthenia; Cst: Constipation; Dia: diarrhea; Eo: eosinophilia; Fev: fever; HA: headache; Ic: ictericia; Lks: 
leucocitosis; Lith: lithiasis; Nau: nausea; Urt: urticaria; Vo: vomiting; WL: weight loss. 

Note: number of cases noted in parenthesis 

 

(68.52% out of 54 subjects) was also found in the serolo- 
gical study performed with ELISA by Malandrini and 
collaborators [43] in the locality of Taton, Tinogasta, 
Catamarca, the only randomized survey carried out in 
Argentina so far. Unfortunately, no studies on eggs per 
gram of faeces (epg) have been perfomed in Argentinian 
patients, so that a gender relationship with intensity could 
not be assessed. Although that apparent prefer- ence for 
females is not statistically significant in Argen- tina, this 
trend is consistent with what has been described in human 
endemic areas: significantly higher intensities in females 
in Bolivia and Peru [19-22], and significantly higher 
prevalences in Chile [17] and Egypt [44]. However, such a 
female preference rule does not always appear to be 
significant at prevalence level [19-22,45,46]. 

Age in years was specified in 219 (35.38%) patients 
and noted for  guidance only  (e.g., child, adult) in 

another 12. The range was from 3 [41] to 95 years of 
age [43] (average 37.09 ± 17.07 years) (Figure 2). In 
Argentina, the only random survey detected positivity 
from small children to old individuals, without age pre- 
ference [43]. This absence of age correlation contrasts 
with other countries, where prevalences and intensities 
peak in the 9-11 age group, although adults and old age 
groups may also show high infection rates, as is the case 
of Bolivia [19-21], Peru [22] and Egypt [44]. However, 
no differences between age groups were found in Chile 
[17] or Iran [45]. 

In Argentina, several outbreaks presenting typical 
foodborne characteristics appear related to the most 
common risk factor: ingestion of watercress naturally 
growing along the river- and stream-beds picked during 
recreational, weekend or vacation activities. Many of 
these field excursions are undertaken by a family or as a 
group activity. This explains why family outbreaks have 
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been noted to be common, whereas isolated cases seem   
to be rare in the country [47]. Outbreaks described in 
eleven families involving a total of 63 people [42,47-52], 
including a maximum of up to 15 family members 
affected at once [47], are good examples. However, 
results obtained in a recent serological survey of a local 

 

 

resident population in Catamarca [43] show that not all 
situations including several infected subjects are in fact 
family outbreaks. 

 
Biogeographical aspects 

Geographical distribution according to provinces 

The geographical origin of the patients was specified in 
587 patients (94.83%), whereas in 32 cases (5.17%) not 
even the province of origin was noted. Sometimes only 
the province where the infection occurred was men- 
tioned, in other instances the specific locality was also 
added. 

Human cases have been found in 13 out of the total of 
23 provinces plus Buenos Aires capital, covering more 
than half (51.48%) of the total surface of continental 
Argentina. Cordoba, Catamarca, San Luis and Mendoza 
include the largest number of patients detected, the 
remaining provinces being only rarely affected (Table 2 
Figure 3). Human infection has most probably been 
completely overlooked in La Rioja and San Juan pro- 
vinces, with no case reported despite being surrounded  
by the aforementioned provinces. Adequate studies are 
needed to assess whether human infection occurs in La 
Rioja and San Juan given their physiographic and cli- 
matic characteristics which suggest infection risks simi- 
lar to those in the aforementioned neighbouring ones. 

The pronounced concentration of cases in the Cor- 
doba and Andean areas is worth mentioning, although 
not in absolute numbers, at least with regard to the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Age of fascioliasis patients. Age distribution in 219 

patients in whom fascioliasis was diagnosed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Reports on human fascioliasis in Argentina. Evolution of the number of reports on human  fascioliasis  and number  of  human   

infection cases in Argentina according to decades. 
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Table 2 Evolution of human fascioliasis infection reports in Argentina, according to provinces where infection was 

presumed to have occurred, number of cases and respective articles furnishing the information 

Province Total 
No. of 
cases 

No. of cases per individual references 
(ordered according to year of publication) 

Observations 

Cordoba 430 1 case published in 1937 [91]; 1 in 1940 [76]; 4 in 1942 [52]; 1 
in 1943 [93]; 1 in 1943 [77]; 1 in 1944 [109]; 5 in 1952 [38]; 9 in 

1954 [39]; 22 in 1961 [40]; 150 in 1961 [unpublished by other 
colleagues, cited in 40]; 19 in 1961 [72]; 2 in 1967 [114]; 1 in 

1967 & 1969 [94,95]; 11 in 1972 [36]; 12 in 1972 [49]; 54 in 1982 
[106]; 101 in 1982 [41];  2 in 1983 [78]; 15  in 1989 [42];  1  in  2006 

[85];  8  in 2008 [47] 

Catamarca 73 1 case published in 1952 [38]; 1 in 1954 [39]; 1 in 1961 [40]; 1 
in 1972 [36]; 5 in 1983 [90]; 54 in 2009 [43]; 10 in 2009 [53] 

 
San Luis 29 1 case published in 1927 [33]; 1 in 1930 [35]; 2 in 1969 [87]; 4 

in 1973 [50]; 1 in 1991 [88]; 1 in 2000 [115]; 4 in 2005 
[Carnevale in 61]; 15 in 2008 [47] 

Mendoza 28 1 case published in 1955 [101]; 1 in 1964 [86]; 15 in 1969 [87]; 1 
in 1985 [97]; 5 in 1995 [51]; 5 in 2005 & 2006 [48,54] 

Tucuman 6 1 case published in 1939 [69]; 1 in 1944 [109]; 1 in 1947 [79,80]; 
1 in 1961 [110]; 1 in 1970 [99]; 1 in 1972 [36] 

Two papers deal with the same case [94,95] 

 
 
 
 

 
these 73 cases do not include 10 serologically suspicious 
patients who could not be confirmed due to absence of 

eggs in stools [116] 

these 29 cases include an 11% seropositivity found in 34 
samples obtained randomly in the population by Carnevale 

[unpublished data in 61] 

Two papers describe the same outbreak [48,54] 

Two papers refer to the same case [79,80] 

Buenos 
Aires 

City of 
Buenos 
Aires 

5 1 case published in 1933 [108]; 1 in 1942 [52]; 3 in 1985  [97] 

 
4 1 case published in 1939 [92]; 1 in 1955 [55]; 2 in 1965  [107] 

Salta 3 1 case published in 1944 [109]; 1 in 1953 [89]; 1 in 1964 [112] 

Santa Fe 3 1 case published in 1940 [76]; 1 in 1933 [Scrimaglio in 93]; 1 in 
1969 [103] 

Neuquen 2 1 case published in 2005 [61]; 1 in 2008 [62] 

Jujuy 2 1 case published in 1944 [109]; 1 in 1964 [113] 

Chaco 1 1 case published in 1954 [98] 

Formosa 1 1 case published in 1985 [97] 

Province 
not 
specified 

32 1 case published in 1924 [32]; 1 in 1928 [34]; 1 in 1962 [111]; 2 
in 1965 [107]; 5 in 1973 [104]; 16 in 1981 [100]; 6 in 1981 [102] 

Total: 13 
provinces 

619 
cases 

58 reports 

 
 

 

proportion of human case distribution. Unfortunately, 
human community surveys (active detection) have not 
been undertaken. All reports concern symptomatological 
subjects who voluntarily seek medical assistance (passive 
detection), except the only survey performed [43,53] 
whose results increased the human case number for 
Catamarca province from 9 to 73. 

The very high case number in Cordoba results from 
patients diagnosed by different physicians throughout 
many decades (see Table 2), mainly at the end of the 50s 
and beginning of the 60s as noted in the compilation, 
made by one active Cordobese author, of the many 
patients diagnosed by himself plus the 150 patients diag- 
nosed by other Cordobese colleagues, and which he pre- 
sented at the Primer Congreso Médico Sanitario de la 
Provincia de Cordoba, held in La Falda on August 1957 
[see [40]. Although of course such a pronounced case 
number difference when comparing Cordoba with other 

provinces may in part be the consequence of a bias due  
to the absence of similarly actively publishing authors in 
the other provinces, the very high case number in Cor- 
doba merits an analysis. The literature review suggests an 
explanation related to the very large number of villages 
and towns playing an important role in recreational, 
weekend or holiday activities. These recreational areas 
attended by thousands of tourists, campers or weekend 
visitors overlap with areas in which lymnaeids and animal 
fascioliasis are present (Figure 4) [27]. In such places, the 
infection risk for a large amount of people is greater than 
in scarcely inhabited Andean areas. Moreover, the social, 
cultural and economic level of people spending holidays 
in such areas is high and the likelihood for them to seek 
appropriate medical assistance and obtain a correct diag- 
nosis is greater than for people living in rural areas. 

This highlights that people may become infected in a 
place different, sometimes even far or very far away, 
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from the place where they live. Several family outbreaks 
described in Cordoba province support this assumption: 
the first such outbreak in La Calera [52], another family 
infected during a picnic, another during a few days 
camping, another family buying uninspected watercress 
sold by a street vendor [49], and finally an eight-mem- 
ber family in La Punilla [47]. In San Luis province, an 
outbreak involved two families  that camped together in 
El Volcan [50], and another affected 15 family members 
in Merlo [47]. Similar family outbreaks occurred in 
Mendoza province, one involving five members [51] and 
another with five members infected during a trip to the 
Andean region of San Carlos [48,54]. 
Distribution according to altitude 

Even though human infection risk is present in many 
geographical regions of the country, data indicate higher 
probabilities in given high altitude areas. Indeed, the great 
majority of cases including information on infection place 
(574: 97.79%), are from hilly or mountainous areas. 
Human reports appear concentrated in: (i) the central 
mountainous areas of Cordoba and San Luis, and (ii) the 
Andes mountains, mainly in Andean valleys. 

Cordoba, the province with the greatest amount of cases, 
is a good example, with practically all human cases 
coming from its western mountainous areas (Sierras de 
Cordoba), despite higher precipitation rates and livestock 
abundance in its eastern lowland plains. Nevertheless, a 
possible sample bias cannot be ruled out in this case con- 
centration due to the extensive patient-record publica- tion 
by two local authors [38-42]. Similar situations are found 
in San Luis and Mendoza provinces, both with all 

human cases from their western mountainous areas, 
instead from their eastern plains. 

Only 13 cases (2.21%) originated from areas near sea 
level and flat terrain, namely from Buenos Aires pro- 
vince and City, Sante Fe, Chaco and Formosa. These few 
reports were all related to important rivers. One interesting 
case was a patient from Buenos Aires city who declared 
not having left the city in the previous 17 years [55]. 

Such a case concentration in mountainous areas is not 
unlike Bolivia, Peru and Chile, where human endemic 
areas are linked to altitude areas, as a consequence of 
both (i) geographical distribution of the main lymnaeid 
vectors involved in transmission to humans restricted to  
or preferring such altitude areas [56], and (ii) the greater 
liver fluke transmission capacity in high altitude areas 
[24]. This suggests the appropriateness of verifying 
whether human fascioliasis endemic situations may also 
exist in high altitude areas of Argentina. 
Links to livestock infection 

The distribution of human infection does  not  appear to 
fit the one of animal fascioliasis, which covers the whole 
country according to official slaughterhouse records 
(Figure 3). In this respect certain areas are worthy of 
note, such as Corrientes province with absolutely no 
human case reported in the literature but high preva- 
lences in livestock [57-60], and Neuquen province with 
only two human cases reported [61,62] despite a very 
high prevalence in cattle [63]. 

A similar lack of geographical fit between human and 
animal fascioliasis has already been seen in other 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Geographical distribution of fascioliasis in Argentina. A) country location in the southern cone of South America; B) distribution of 

human fascioliasis infection reports (number of cases), according to provinces where infection was presumed to have occurred; C) distribution 

of fascioliasis in livestock including province prevalences according to slaughterhouse condemnation data for the 2006-2009 period provided by 

the Servicio Nacional de Sanidad y Calidad Agroalimentaria (SENASA) (bov = bovines; ov = ovines).  

http://www.parasitesandvectors.com/content/4/1/104


Mera y Sierra et al. Parasites & Vectors 2011, 4:104 
http://www.parasitesandvectors.com/content/4/1/104 

Page 8 of 18 
 

 
 
 

 
 

countries [3,4]. Unfortunately, in Argentina it becomes 
impossible to ascertain whether this is the real situa- 
tion or only a distorted picture due to incomplete 
data. Lack of appropriate human community surveys in 
areas with high prevalences in animals, absence of 
human-case reporting due to non-obligatory declara- 
tion, and overlooked human infection related to 
misdiagnosis or to inhabitants of rural areas not 
attending health centres for diagnosis may explain 
such situations. 

However, the lack of geographical fit in question may 
also be due to an altitude factor, in its turn related to 
both (i) altitudinal selection of lymnaeid vector species 
with ecological characteristics adequate for transmission 
to humans and (ii) altitudinal climatic factors enhancing 
F. hepatica life cycle development, as already demon- 
strated in other Andean countries [24,56]. Concentra- 
tion of human cases in hilly or mountainous areas 
support this altitude explanation. 

 
Seasonality 

Both fasciolid life cycle and lymnaeid population 
dynamics are markedly dependent on climate, mainly 
temperature and rainfall [5-7,64]. This climatic influence 
is evidenced by three different transmission patterns 
which define human and animal infection characteristics 
[3,65]: monoseasonal, biseasonal and annual, permanent 
depending on the existence of one rainfall concentration 
period per year, two of them, or appropriate water body 
availability throughout the year [5,56]. Sometimes sea- 
sonality is related to the ingestion of contaminated 
plants, with most human cases occurring during the 
watercress season [2]. 

To estimate the moment when metacercariae were 
ingested, a prepatent period of 2-4 months should be 
considered. This overlaps with the acute phase, egg 
appearance in faeces marking the beginning of the 
chronic phase [66]. For instance, in Europe, human 
infection takes place in summer and autumn and symp- 
toms appear in winter, and a prolonged and wet sum- 
mer has often been followed by an outbreak [2]. 

In Argentina, a total of 110 case reports were found in 
which the month of the first appearance of symptoms was 
noted. Most of them (97) corresponded to reports from 
Cordoba province, of which 93 had already been analysed 
from that point of view [41]. 

A first pronounced January-April peak appears in the 
monthly distribution of these 110 cases. When compar- 
ing case distribution with the annual distributions of 
mean monthly data of precipitation and humidity and 
with mean monthly data of maximum and minimum 
temperatures for Cordoba province concerning the dec- 
ades 1961-1970 and 1971-1980 during which the 
patients were infected (Figure 5), significant correlations 
with monthly precipitation, monthy maximum tempera- 
ture and monthly minimum temperature appeared when 
time lags of 2 months (p values of 0.013, 0.008 and 
0.0069, respectively), 3  months (p  values  of  0.003, 
0.0049 and 0.0035, respectively) and 4 months (p values 
of 0.0389, 0.0293 and 0.0358, respectively) were consid- 
ered. This fits with the logical delay between infection 
moment and symptom appearance and diagnosis. How- 
ever, this largest peak of January-April may not only be 
due to higher precipitation and temperature data. Many 
people enjoy summer holidays in January and February   
in Cordoba province, so that the increase of recreational 
field activities may also interact with rainfall and tem- 
perature increases in inducing this monthly January- 
April incidence peak. 

There is a second peak in June which poses a question 
mark, as no such climatic correlation appears. Other 
factors may be involved, such as the second yearly 
increase of recreational field activities during the Easter 
holidays. Metacercariae are known to keep their 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Human infection risk. A recreational farm in the locality 

of Perdriel (902 m altitude), Mendoza province, well known because 

of its great touristic attraction, mainly during holiday periods and 

weekend outings: A) water collections of an artifical pond, and B)   

the overflow originated from an artificial irrigation channel, where   

the snail vector species Lymnaea neotropica was collected and 

cattle, goats, horses, donkeys and llamas proved to be infected [27]. 
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infectivity for months (even up to two years) under ade- 
quate environmental conditions [28], so that remaining 
metacercariae, namely those already available but not 
having been ingested from January, may be the cause of 
that delayed incidence peak. 

Human infection mainly during the first months of 
the year is also suggested in another 15 case reports 
from Cordoba, in which the first month with symptoms 
was unfortunately not specified (therefore not  included in 
the aforementioned statistical analysis) but the season of 
autumn (i.e., 21 March to 21 June) was noted [42]. 

However, in Argentina other transmission patterns and 
human infection risk seasonalities/periodicities may not be 
ruled out according to the large physiographical 
heterogeneity of the different endemic areas of such a vast 
country. 

Relationships with annual climate changes 

The climatic dependence of fascioliasis is also known to 
modify the interannual distribution of human case detec- 
tion, with increases in years with heavy rainfall [2,66]. 

When analysing the evolution of the human case 
number in the whole country according to decades, one 
peak appears in the 1960s and another one in the 1980s 
(Figure 1). The annual human case number for a more 
detailed study was, however, only sufficient when 
restricted to Cordoba province during the 1960’s and 
1970’s. The comparative analysis with annual precipita- 
tion (Figure 6) shows that the 1972 outbreak may have 
been caused by the sudden increase of rainfall in that year 
in Cordoba province, as already highlighted a long time 
ago [41]. However, we could not find any signifi- cant 
correlation. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 6 Human fascioliasis annual incidence. Distribution of human fascioliasis incidence according to the year in which symptoms appear, 

compared with annual precipitation data.  Data concerns the province of Cordoba in the 1960-1982 period during which the patients were   

infected. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Human fascioliasis monthly incidence. Distribution of human fascioliasis incidence according to the month in which symptoms 

appear, compared with the annual distributions of mean monthly data of precipitation, humidity, and maximum and minimum temperatures. 

Data concerns the province of Cordoba in the 1960’s and 1970’s when the patients were infected. 
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The most pronounced outbreak in 1977 does not 
appear to have any apparent climatic causal origin, 
although it was argued that this year was the one with  
the largest amount of precipitation during the 1973- 
1981 period [41]. We have confirmed that the rainiest 
year in the Cordoba area in question was 1978 and not 
1977. Thus, this second human report increase may 
have been linked to a passing fad or temporary profes- 
sional trend for reporting. 
Sources of human  infection 

Ingestion of freshwater plants carrying attached infective 
metacercariae, among which preferentially watercress, is 
known to constitute the main fascioliasis infection 
source in humans worldwide [3,67]. The  consumption 
of aquatic plants other than watercress, as described in  
the hyperendemic area of Bolivia [30], is not a common 
practice in Argentina. Watercress is almost the only 
aquatic wild plant regularly consumed. In this country, 
with the highest beef consumption in the world, it is 
traditional to accompany barbecue meat ("asado”) with 
salad. When camping or doing outdoor activities, it is 
very common to go to a  stream and collect watercress  
to cover for the absence of salads. 

Previous watercress ingestion has been described in 214 
patients. A relationship between watercress and fascioliasis 
was described already long ago [33,35] and has recently 
been highlighted again in an editorial article [68]. Among 
a total of 101 cases reported from Cordoba, 94 (93,07%) 
had a history of watercress consumption [41]. 

Besides watercress, there are a very few reports which 
relate fascioliasis to other plants. In two cases from Cor- 
doba province, ingestion of dandelion (Taraxacum offici- 

nale) was noted as a possible infection source [41]. Two 
other patients are mentioned to have chewed on grass that 
grew on a riverbank [69]. 

Water consumption has also been involved as a 
human infection source [58]. In Argentina, natural 
water was already presumed to be an infection source 
for livestock as early as two centuries ago [37]. With 
regard to humans, contaminated water as a possible 
infection source was noted in only two patients who 
mentioned having drunk natural water from mountain 
streams [51,69]. 

 
Diagnostic aspects 

Methods and techniques used 

The diagnosis of human fascioliasis poses well-known 
methodological and technical problems [3,70,71]. In 
Argentina, the diagnostic method used was specified in 
the majority of the human patient reports analysed (454 
cases: 73.34%) (Table 1). In several cases, even more 
than one method/technique was used. The diagnostic 
method was not specified when referring to 150 unpub- 
lished cases detected by other colleagues [40], and it 

 
was insufficiently clarified in 15 other cases mentioned 
in an endnote as “patients having been  diagnosed  while 
in press” [72]. 

Fascioliasis diagnosis in Argentina has usually relied 
on traditional techniques, mainly egg detection (288 
positive patients), followed by common serological tech- 
niques (82), intradermal reaction (63), fluke finding dur- 
ing surgery (45), and erratic fluke observation (6). 
Sensitivity and specificity of these techniques are far 
from the standards in more modern ones [46,73,74]. 
Additionally, the absence of the use of quantitative 
methods, such as the standardized Kato-Katz technique   
to assess both pathogenicity and intensity for adequate 
treatment dose selection [75], is worth mentioning. 

An historical account (see Table 1) shows that diagnosis 
by egg identification was the method used from the very 
beginning and, although still used in the last decade, surgi- 
cal findings were common during the 1969-1989 period 
and serology from 2005 onwards. The intradermal test 
appears to have been used only during the 60’s and at the 
beginning of the 70’s and abandoned after 1982. Other 
methods based on clinical/epidemiological observations, 
non-invasive techniques, and ectopic presentations have 
been only sporadically applied. 

The long delay with which many patients were diag- 
nosed should be emphasized. In given reports on 26 
patients, the time elapsed between the appearance of 
symptoms and confirmation of infection by appropriate 
diagnosis is noted in days or sometimes years. Calcu- 
lated delay average is very high, of 1262 days, nearly 
three and a half years, and there are references about 
patients having suffered from symptoms for ten or more 
years without diagnosis [33,34,76-80]. This suggests 
either infected subjects not looking for professional 
diagnosis due to mild symptoms of low fluke burdens 
and/or misdiagnosis of patients due to the non-pathog- 
nomonic clinical picture, easily confused with other dis- 
eases when the patient  attends a health centre not used   
to dealing with fascioliasis [81]. 
Egg finding 

Coprological analyses were performed in 278 patients, 
including positive egg finding in 221 (79.50%). Details 
about the coprological technique used were very rarely 
described. Where noted, the Charles Barthelemy sedi- 
mentation technique, M.I.F., flotation, Baerman and 
multiple concentrations were mentioned, although with- 
out giving further specifications [40]. Other techniques, 
such as the veterinary Lumbreras Rapid Sedimentation 
technique [42] and those of Faust and Sheather [48], have 
been also used in Argentina. 

Duodenal sondage was performed in 90 patients, 
yielding egg detection in 67 (74.44%). Interestingly, nine 
cases appeared negative in a coprological examination, 
while positive in duodenal sondage. 
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Despite egg finding still being the gold standard today, 
problematic situations giving rise to overlooking an 
infection may be taken into account, such as (i) absence 
of egg shedding during the acute phase, (ii) no egg pro- 
duction by given fluke strains when in humans, and (iii) 
lack of sufficient sensitivity in light infections. These are 
common in human sporadic infections in animal ende- 
mic areas, as appears to be the case in many reports 
from Argentina, e.g. in travellers, weekend family out- 
ings, and tourists. Thus, the widespread use of an egg 
finding technique as the single method for patient diag- 
nosis may have been the reason for overlooking human 
infection in Argentina in the past. 

Unfortunately, no study on egg size variability in human 
stools has been performed in the country. Con- sequently, 
given the absence of F. gigantica, the recently corrected 
egg size ranges to be henceforth used in Argentina are 
100.6-162.2/65.9-104.6 μm in humans and 73.8-
156.8/58.1-98.1 μm in animals [82], which are pro- 
nouncedly different from the range of 130-150/63-90 μm 
previously used both for humans and animals worldwide. 
Serology 
Its use in Argentina has been reported only recently, 
despite serological techniques having been available for 
this disease for a long time [71]. However, an ELISA 
developed locally by means of recombinant procathepsin 
L cystein proteinase was successfully assayed in test 
serum samples from 16 coprologically positive patients 
[83], and a Micro-ELISA method showed a sensitivity of 
100% and a specificity of 97% when applied to 22 test 
serum samples from patients with fascioliasis infection 
previously verified by coprology, surgical observation, or 
retrograde cholangiopancreatography, thus proving to be 
highly useful, mainly for the previous screening of a 
large amount of samples [84]. The technique specified 
was such an ELISA in 69 cases [43,48,53,61,62]. In 
another case, an ELISA without further details specified 
was employed [85]. 

In 13 patients the serological technique applied was 
not mentioned [Carnevale, unpublished data in 47,62].  
In three patients diagnosed by coprology or duodenal 
sondage, serology appeared positive, being negative in 
two other patients in whom eggs were not found [48]. 
Surprisingly, when applying serology to 11 patients 
shedding eggs in their stools, only nine of them gave a 
positive serological result [47]. The two coprologically 
positive although serologically negative patients suggest 
either spurious cases (fluke eggs in transit after infected 
livestock liver ingestion) or lack of sufficient sensitivity 
of the serological test applied. The opposite, that is 
negative coprology and positive serology, was found in 
another case [85]. In many human case reports, serology 
was the sole diagnostic method used [43,53,61]. 

 
Serological diagnosis was mentioned to have been used 

in the only article dealing with a random human survey 
performed in Argentina up to the present. In 148 randomly 
selected subjects from Tinogasta, province of Catamarca, 
ELISA was positive in 54 of whom (36.48%), as well as 
in ten among other 14 patients from the same locality 
[43,53]. 
Intradermal tests 

This diagnostic method, today known to be insuffi- 
ciently specific [70] and considered obsolete for the 
diagnosis of individual patients although still potentially 
useful as a quick indicator within broad field screening, 
seems to have been quite  commonly  used  in Argentina 
in the sixties, seventies and eighties (in chronological 
order): 1 case [86], 17 cases [87], 12 cases [49], 4 cases 
[50], and 29 cases [41]. Since there has never been a 
commercial or standardized test, details on antigen and 
correlation with other diagnostic tests noted in the 
aforementioned articles need to be taken into account. 
Diagnosis by non-invasive techniques 

Many image-based diagnostic techniques are useful for 
fascioliasis [2,8,70] and have also been applied in Argen- 
tina since the eighties, although mainly for initial detec- 
tion followed by confirmation by another more specific 
diagnostic technique [51,78,85,88-90]. 
Ectopic cases 

In a 25-year-old male patient, a fluke was eliminated 
through the urethra [91]. In a female patient undergoing 
surgery for appendicitis, a fluke was removed from the 
appendix [92]. A F. hepatica specimen was found when 
surgically opening  a tumor at the level  of the last rib in   
a 32-year-old man who lived in the endemic zones of 
Cordoba, San Luis and Mendoza [93]. In a 35-year-old 
woman from Tucuman, F. hepatica eggs were found in 
peritoneal granulomas adhered to the gall bladder and 
near to the transverse colon [79,80]. Another case of 
intracranial fascioliasis was reported in a 44-year-old 
female from Cordoba [94,95]. More recently, a case of 
cutaneous fascioliasis was described in a 26-year-old 
male from Mendoza [51]. 
Clinical/epidemiological diagnosis 
In some cases, patients were diagnosed based on clinical 
and epidemiological characteristics compatible with fas- 
cioliasis even though coprological or serological analyses 
yielded negative results. 

In an outbreak, four family members living in the same 
dwelling had shared meals including watercress and pre- 
sented compatible symptoms, although eggs were only 
found in two of them [52,93]. One of the coprologically 
negative patients had eosinophilia, fever and generalized 
pain. Symptoms disappeared after emetine treatment and 
in two months the patient had gained 7 kg weight. The 
other negative patient also showed eosinophilia (52%) and 
suffered generalized pain but no temperature. After 
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treatment, pain disappeared and eosinophilia diminished 
to 14%. 

In another family outbreak [51], the wife of a male 
patient showing a cutaneous fluke, had pruritic skin 
lesions, eosinophilia and compatible images in the gall 
bladder during ecography later confirmed by CATScan; 
her symptoms disappeared after triclabendazol treatment. 
The mother had asthenia, urticaria, and multiple gall- 
stones that did not allow for the visualization of parasites 
through ecography; her symptoms also subsided after 
treatment. The brother-in-law had eosinophilia and fever, 
and became asymptomatic after triclabendazole 
selftreatment. A fifth patient, a 14-year-old girl who par- 
ticipated in the same family outing, had hepatomegalia 
and urticaria, compatible images upon ecography, and 
also recovered after triclabenzadole medication. 

After consuming wild watercress during an outing, 
five persons showed compatible symptoms, including 
eosinophilia and leucocytosis. In three of them diagnosis 
was confirmed by coprology and/or serology. In the 
remaining two patients, analyses yielded negative results 
but they were considered as having been infected when 
recovering after fascioliasis treatment [48]. 

 
Medical aspects 

Clinical findings 

Symptoms, laboratory results and their frequency do not 
appear to differ from those described elsewhere. Articles 
reviewed are very diverse in nature. Some include detailed 
clinical descriptions, but many are merely an enumeration 
of human cases with very vague or sometimes even no 
accompanying clinical data at all. Thus, information has to 
be treated with caution. Establishing prevalences of symp- 
toms in the total population of patients becomes impossi- 
ble, and assumptions may only be obtained from the few 
articles in which the symptomatology was sufficiently 
described (Table 1). 

Of 225 patients in whom eosinophil counts where per- 
formed, 198 (88.00%) had eosinophilia. In 143 patients, 
authors did not note the eosinophil level. Among those in 
whom it was quantified, the mean was 28.00% (± 21.33%). 
Very high counts were found in some patients, with a 
maximum of 84% [69]. 

Leucocytosis was found in 128 of 167 patients 
(76.65%) in whom leucocyte counts were analysed, with 
a mean of 12478.72 (± 7917.89), the lowest value of 
4,400, and the maximum of 52,600 found in the afore- 
mentioned patient in whom eosinophilia of 84% was 
also detected [69]. 

Fever was described in 138 among 153 patients 
(90.20%) in whom temperature was analysed. In the great 
majority it was just referred to as simply presenting fever. 
In the only 10 patients in whom the exact temperature was 
described, the mean was 39 °C (± 0.62 °C). In the 

 
article in which a higher number (69) of patients was 
recorded in whom temperature analysis was performed, 
58 (84.06%) had fever [41]. 

Abdominal pain, noted in 200 patients, appears to be the 
most frequent finding. Unfortunately, it appears not always 
adequately described. Thus, in most instances only terms 
as “diffuse”, “right hypocondrial pain”, “epigastrial”, or 
similar are mentioned. 

Weight loss due to the disease was found in 76 of 91 
patients (83.52%) in whom a weight control follow-up 
was made. In the majority of cases only presence or 
absence of weight loss is stated. It was quantified in only 
8 patients, with a range from 4 to 21 kg lost (mean 
13.00 ± 5.48 kg). In two articles, the weight loss was 
classified according to its degree [41,49]: in 20 patients    
it was slight, in 18 moderate, and in 29 intense or very 
intense. 

Anorexia was described in 53 out of 74 patients (71.6%) 
in whom this symptom was evaluated in a study [41]. In 
the literature analysed, anorexia appeared described only 
in one other patient [69]. Asthenia was described in only 
86 patients in Argentina, whereas weakness is commonly 
associated with mild to moderate anaemia during the acute 
phase elsewhere [2]. Urticaria was only found in 62 
Argentinian patients, although this symptom is considered 
a distinctive feature in the early stage of fluke invasion 
[2]. Other less diagnosed symp- toms in the country 
include nauseas in 38 patients, ictericia 23, lithiasis 17, 
vomiting 11, headache 9, diar- 
rhoea 8, and constipation 6. 
Co-infection with other parasites 

Co-infections of fascioliasis with other protozoan and 
helminth species have recenly proved to be the usual 
rule in human fascioliasis endemic areas [3,19-22,44]. 
Clinical synergistic associations of fascioliasis with other 
pathogens are believed to be at the base of high morbid- 
ity and mortality rates in children [66], immunological 
responses being markedly suppressed and concomitant 
infection being exacerbated following liver fluke infec- 
tion [12,96]. 

In Argentina, unfortunately patient analyses do not 
appear to have particularly focused on co-infections. The 
most frequently reported parasite co-infecting with F. 

hepatica appears to be Echinococcus granulosus, including 
a total of 14 patients reported to simultaneously present 
both parasites. All of these cases were from an hydatidosis 
endemic zone in Mendoza province [87,97]. This relative 
high number of fascioliasis-hydatidosis co-infected 
patients is outstanding, as such a co-infection has never 
been detected in human endemic areas of other countries 
so far. 

Other parasite species found in the coprological diag- 
nosis of fascioliasis patients were: Entamoeba coli (6 
patients), Giardia intestinalis (5), Blastocystis hominis 

http://www.parasitesandvectors.com/content/4/1/104


Mera y Sierra et al. Parasites & Vectors 2011, 4:104 
http://www.parasitesandvectors.com/content/4/1/104 

Page 13 of 18 
 

 
 
 

(4) and Entamoeba histolytica (2) among protozoans, 
and Enterobius vermicularis (1), Strongyloides stercolaris 
(1) and Hymenolepis nana (1) among helminths. Only 
two patients have been described to present more  than 
one  parasite species additional to  F. hepatica,  namely 
G. intestinalis and E. vermicularis in one case [98], and 
E. coli and G. intestinalis in another patient [72]. In 
total, only 30 patients had co-infections with other para- 
sites, of whom only 16 had intestinal parasites. This low 
amount of co-infection reports may perhaps partly be 
explained by the geographical origin of the fascioliasis 
patients, usually dry regions where other helminth dis- 
eases are relatively difficult to find, and also by the age   
of the patients, since most were adult subjects in whom 
intestinal parasitic diseases are not so  prevalent. 
Treatment 

This was specified in 212 patients. Drugs mentioned to 
have been used were emetine (in 186 patients), tricla- 

bendazole (21), cloroquine (4), praziquantel (1), albenda- 
zole (1) and male fern extract (1). In two patients, more 

than one drug was used. A historical analysis shows that 
emetine was the only drug used up to the end of the 

80’s, except for the sporadic use of chloroquine [41]. 
From the beginning of the 90’s, triclabendazole became 
the drug of choice, although praziquantel, albendazole 

and again emetine were applied in given cases (Table 1). 
The first successful treatment report was with emetine 

intravenous administration in a 38-year-old female 
patient. Fever and abdominal pain subsided shortly after 
treatment and coprological analyses showed the disap- 

pearance of eggs [33]. Emetine was also sucessfully used 
a few years later [35] and in another patient to solve the 

lack of effectiveness of male fern extract [76]. In Argen- 
tina, only a few treatment failures with emetine have 

been reported [39]. An efficacy of 92.4% was obtained in 
65 patients in whom F. hepatica eggs ceased to be 

found after treatment [39]. Emetine was even recently 
used in a family outbreak involving 15 patients, amongst 
whom two presented severe hypotension. Coprological 
analyses became negative 60 days after a 10-day-long 

treatment [47]. 
Emetine derivatives were the classic drugs and con- 

tinue to be used today, administered intramuscularly or 
subcutaneously, at doses of 1-10 mg/kg emetine/day for 
ten days [8,42,99]. Worldwide, dehydroemetine, at a dose 
of 1 mg/kg daily for 10-14 days, was considered the 
therapy of choice a few decades ago [2,8,70]. How- ever, 
emetine derivatives cause a variety of toxic mani- 
festations involving the heart, liver and digestive tract. A 
cardiac counter-indication led to the ineffective treat- 
ment with chloroquine of four patients to whom eme- tine 
could not be prescribed: all of these patients continued to 
shed fluke eggs after cloroquine adminis- tration [41]. 

 
Even though there was no triclabendazole formulation 

for humans available in Argentina, it was, nevertheless, 
given to patients in its veterinary form, usually with prior 
consent. The first report of triclabendazole treatment 
concerned a dose of 10 mg/kg in a 40-year-old male 
patient with prolonged high temperature and eosinophi- 
lia, including a repeated dose 9 weeks later. Clinical 
symptoms and eggs in stools disappeared thereafter [88]. 

Another report of triclabendazole use concerned a 
family outbreak. First, a 26-year-old male patient with 
fever, eosinophilia, hepatic abscesses, and an ectopic 
subcutaneous fluke in the abdominal region, was treated 
with 900 mg/day praziquantel for three consecutive 
days, with initial disappearance of symptoms. After 
relapsing two weeks later, the patient was re-treated 
with 750 mg praziquantel every 8 hours for two days. 
As symptoms persisted, 10 mg/kg triclabendazole were 
applied three weeks later. Symptoms disappeared within 
48 hours, and normalization of clinical and laboratory 
parameters was obtained. Four other patients of the 
same outbreak were also successfully treated with tricla- 
bendazole [51]. Triclabendazole was also used at a dose 
of 400 mg/day for two days in a 20-year-old female [61], 
as well as with a single 10 mg/kg dose in a 58-year-old 
woman [85], both with remission of symptoms. In an 
eight-person family outbreak, six patients received tricla- 
bendazole (dosage and protocol not specified) with elim- 
ination of egg shedding. Another patient had to receive    
a second dose to stop egg shedding, and three triclaben- 
dazole doses were needed for the last patient [47]. 

Albendazole at a dose of 400 mg/12 hours was used in 
a 54-year-old man with remission of clinical manifesta- 
tions within days. This report stated that albendazole 
was used for it was impossible to obtain triclabendazole 
[62]. Although Egaten® (triclabendazole, the drug of 
choice for human treatment at present) has been 
recently available from WHO [13,75] it has been still 
never applied in Argentina. Nitazoxanide has been 
approved for human use in Argentina for fascioliasis, 
but no reports have been found in the literature. 

 
Surgical cases 

Even though the number of patients in whom surgery 
was involved is small (6.9%), publications dealing with 
surgical cases appear to be proportionally important (15; 
26.7%). Surgical description was indeed the main objec- 
tive of several articles. In the first surgical case reported, 
actually the third autochthonous case of the country 
[34], the intervention was described in great detail, but  
no epidemiological information was provided, not even 
the province of origin of the patient. 

In 45 cases, a surgical procedure contributed to the 
diagnosis when flukes were unexpectedly found upon 
liver exploration. The largest number of surgical cases 
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described within one article is 16 [100]. Unfortunately, 
sometimes no details were given and cases were merely 
referred to as surgical [72]. 

In the majority, surgery was indicated due to abdom- 
inal pain and biliary obstruction suggestive of lithiasis. 
Indeed, gallstone disease has recently proved to be one   
of the effects of advanced chronic fascioliasis, since F. 

hepatica is able to survive up to 9-13.5 years within a 
human host [9]. Hence, such a high lithiasis proportion 
suggests that long-term infected patients having been 
overlooked for a long time has been a relatively frequent 
situation in Argentina. This agrees with the not unusual 
long delay in diagnosis already emphasized before, and 
both observations together pose a question mark about 
human fascioliasis detection in the country. 

In most of these surgical cases with lithiasis suspicion, 
the patient inhabited a large city (Buenos Aires, Cordoba, 
Mendoza, Tucuman) as opposed to a rural area where 
attending a health centre is less usual due to economic 
reasons or at least complicated due to the long journey 
that has to be made. This additionally suggests a far 
greater underestimation of the problem in rural areas. 

The importance of intraoperative cholangiography was 
highlighted in cases in which, even though gallstones 
were removed, evidence of obstruction observed during 
the cholangiography led to the finding of flukes 
[55,89,101]. Gallstones were found and concomitant fas- 
cioliasis diagnosis made while performing choledoctomy 
in another six cases [102]. Two more patients with 
lithiasis in whom F. hepatica was diagnosed upon sur- 
gery were described later [42]. 

In a patient in whom a gallstone was suspected, 
intraoperative cholangiography showed that in fact, 
instead of a lithiasis problem, a F. hepatica specimen was 
involved [78]. In another patient operated due to lithiasis 
suspicion and to resolve a hiatus hernia, stones were 
neither found at cholecystectomy but flukes were after 
undertaking an intraoperative cholangiography that 
indicated estenosis altering normal bile flow to the duo- 
denum [103]. Similarly, no stones were observed but 
parasites found when performing choledoctomy in another 
patient diagnosed shortly after [99]. 

Among four operated patients, fluke infection was 
detected in two only after a second surgical intervention. 
In the first operation, cholecistectomy was performed to 
remove stones but flukes were not detected since intrao- 
perative cholangiography had not been applied. Upon re-
operation, fascioliasis was diagnosed when F. hepatica 
was found in the common bile duct [104]. 

The usefulness of intraoperatory cholangiography for 
fascioliasis diagnosis was higlighted for cases in which 
preoperatory diagnosis was difficult [90]. This was con- 
cluded when operating five cases due to severe abdom- 
inal pain and lithiasis suspicion in only three of them. 

 
In an interesting case, diagnosis was made after sur- 

gery to the brain when an expansive parasagital process 
was diagnosed by means of a carotid arteriogram per- 
formed in a patient with memory loss, nominal aphasia 
and discrete right facial paresia [95]. Two cysts contain- 
ing F. hepatica eggs were extracted from the cortex. 
The patient died 24 hours after surgery. This is one of  
the few fatal cases known to be due to fascioliasis 
worldwide [2]. In Argentina, the other reported fatal 
case was the first ever to be diagnosed in the country 
[31], but since it was an imported case it is not 
accounted for in the present study. 

 
Present situation and future perspectives 

All aforementioned aspects suggest that, in Argentina, 
human fascioliasis may have been overlooked in the past 
and its real epidemiological situation may be underesti- 
mated in the present, mainly in high risk rural high alti- 
tude areas. The recent detection of lymnaeid vector 
species such as G. truncatula [25,26] and L. neotropica 
[15,27], well-known to be linked to high prevalences 
and intensities of human fascioliasis in neighbouring 
and close countries such as Bolivia and Peru, add con- 
cern to this question. The very high prevalences recently 
obtained in a survey in Catamarca province [43], of the 
level of a human hyperendemic situation [1], also point   
in the same direction. 

Thus, the need for appropriate epidemiological studies 
in the field, in selected areas where lymnaeid vector spe- 
cies of high liver fluke transmission are present, has to  
be emphasized. Health centres in these areas sould be 
informed about human infection probabilities, main 
clinical picture characteristics, adequate diagnosis tech- 
niques and the need for Egaten® (triclabendazole for 
human use) availability. Triclabendazole resistance, 
recently detected in Argentinian cattle in  the province  
of Neuquen [105], where human infection has already 
been reported twice [61,62], and its capacity to spread  
to other areas of the country poses a serious question 
mark on human treatment in Argentina in the future. 

The results of this retrospective overview provide a 
valuable baseline on which to design adequate multidis- 
ciplinary studies on fascioliasis in humans, animal reser- 
voirs and lymnaeid vectors to assess up to which level and 
in which areas of this very large and environmen- tally 
heterogeneous country, human fascioliasis may represent 
a public health problem in Argentina. 

 
Methods 

Information sources and review methods 

Sources of the literature reviewed include databases, 
national and multinational web-entries and free collec- 
tions, multititle packages or web platforms, libraries, and 
personal e-mail requests when appropriate. Different key 
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words were used when searching in digital sources. Due 
to the fact that most of the references originate from 
local publications, the majority of them are not to be 
found in electronic databases. Special efforts were made 
to obtain old references published in local journals or 
very secondary, non-digitalised journals, unpublished 
reports, abstracts of meetings, symposia, congresses or 
similar (usually produced by simple photocopying and in 
very reduced number of copies), and Master’s and PhD 
theses. 

The scope was in need to be widened to non-medical 
journals, as this disease in humans was so neglected in 
the past that obtaining acceptance for an article dealing 
with human reports in a medical journal was sometimes 
difficult. Articles including a high number of human 
reports but published in veterinary journals as that of 
Pizzi et al. [106] are good examples. 

Human fascioliasis case reports were obtained from the 
following sources: a) local medical and veterinary articles 
published in Argentina: 41 references; b) local medical 
and biological publications from Uruguay: 2 references 
[35,52]; c) a publication in a medical journal from Spain: 
1 reference [36]; d) a publication in an international 
journal: 1 reference [94]; e) scientific com- munications at 
medical and veterinary congresses and meetings (abstract 
books): 7 references; f) a parasitology book published in 
Argentina: 1 reference [107]; and g) doctoral theses made 
at Argentinan universities: 2 refer- ences [41,69]. More 
than half of the references were more than 40 years old. 

Great care was taken not to repeat any case, since in 
many instances duplications could be ascertained and the 
same patient accounted for in successive publica- tions. 
Additionally, most of the old articles were pub- lished in 
local, non-peer-reviewed journals, and several were made 
by non-specialists in fascioliasis. Conse- quently, data 
were in many cases only considered at informative or 
suggestive level. However, information furnished by old 
published reports proved to be very useful to assess areas 
where fascioliasis transmission may follow characteristics 
enabling human infection. In many of these endemic 
areas, the absence of additional human reports or the very 
low number of patients diag- nosed may be due to 
inhabitants not attending health centres for different 
reasons, misdiagnosis of other patients, and/or lack of 
appropriate surveys. 

The problem of being a neglected, usually non-fatal, 
clinically mild, and non-reportable infection explains 
why many human cases are never published or reported 
to national health authorities, nor reported anywhere 
else. Liver fluke-infected patients described in university 
theses and afterwards never published anywhere else 
clearly show this problem. 

 
Climatic data 

For the analysis of the seasonal and annual distributions  
of human cases with regard to climatic characteristics, 
only Cordoba province was selected due to its relatively 
high number of human reports. No other province pre- 
sented a sufficiently large enough number of cases as to 
allow for a significant comparative analysis. 

Mean monthly data of maximum and minimum tem- 
peratures, precipitation and humidity was obtained from 
the Servicio Nacional de Meteorologia, Buenos Aires. 
Data analysed only concerned the 1960’s and 1970’s, 
when the patients were infected. The aforementioned cli- 
matic variables were furnished by ten different meteoro- 
logical stations throughout the province of Cordoba, 
strategically selected according to the completeness of 
the data per station and the appropriate coverage of the 
geographical distribution of human cases. Geographical 
coordenates of the ten stations are as follows: Cordoba 
Aero (31° 19’ S, 64° 13’ W); Cordoba Observatorio (31° 
24’ S, 64° 11’ W); Dique Cruz del Eje (30° 45’  S, 64° 45’ 

W); Dique La  Viña  (31°  53’ S, 65° 02’ W); Dique Pisco 
Huasi (30° 20’ S, 64° 00’ W); Embalse (32° 11’ S, 64°  23’ 

W); Huerta Grande (31° 05’ S, 64° 29’ W); Rio Cuarto 
Aero (33° 05’ S, 64° 16’ W); Rio Tercero (32° 10’ S, 64° 08’ 

W); and Villa Dolores Aero (31° 57’ S, 65° 08 W). 
To investigate the correlation between the moment of 

diagnosis of the human cases in Cordoba province between 
the years 1961 and 1981, and different climatic parameters 
(precipitation, relative humidity, maximum temperature, 
and minimum temperature), Pearson’s correlation coeffi- 
cient (r) was used by means of Infostat 2008 software. The 
human cases where correlated with the climatic parameters 
on a month per month basis and considering time lags of 
1, 2, 3, 4, and 5 months considering the incubation period 
of fascioliasis which can be of up to two to four months. A 
correlation analysis was also applied to assess the potential 
relationship between annual precipitation and the number 
of cases per year in the aforementioned years. 

 
Acknowledgements and funding 
Studies in Argentina funded by Programa de Proyectos Bienales, Secretaría    

de Ciencia, Técnica y Posgrado, Universidad Nacional de Cuyo, and Area de 

Investigación, Universidad Juan Agustin Maza, both Mendoza, Argentina. 

Spanish collaboration supported by Projects No. SAF2006-09278 and No. 

SAF2010-20805 of the Spanish Ministry of Science and Technology, Madrid, 

Spain, and the Red de Investigación de Centros de Enfermedades Tropicales 

- RICET (Grants No. C03/04, No. PI030545 and No. RD06/0021/0017 of the 

Program of Redes Temáticas de Investigación Cooperativa), FIS, Spanish 

Ministry of Health, Madrid, Spain.  Joint  coordination  activities  carried  out 

within Project No. RLA5049 of  the  International  Atomic  Energy  Agency 

(Animal Production and Health Section, Joint FAO/IAEA Division of Nuclear 

Techniques in Food and Agriculture, Department of Nuclear Sciences and 

Applications, IAEA Headquaters Vienna, Austria). Literature search and review 

partially funded by the Global Burden of Foodborne Disease Initiative of the 

Department of Food Safety Zoonoses and Foodborne Diseases (FOS) at the 
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In South America, Fasciola hepatica infection poses serious health problems in both humans and livestock. 

In Chile, the medical impact appears yearly stable and mainly concentrated in central regions, where the 

veterinary problem is highlighted by higher animal prevalences. Studies were undertaken by rDNA ITS-2 

and ITS-1 and mtDNA cox1 sequencing to clarify the specific status of the lymnaeids, their geographical 

distribution and fascioliasis transmission capacity in Chile, by comparison with other American countries 

and continents. Results change the lymnaeid scenario known so far. The lymnaeid fauna of mainland Chile 

shows to be poor, including only two authochthonous species, Lymnaea viator and Pectinidens diaphana, 

and a third introduced species of Palaearctic origin Galba truncatula. Both Lymnaea lebruni and Lymnaea 

patagonica proved to be synonyms of P. diaphana. G. truncatula appears to have always been confused 

with L. viator and seems distributed from Región VI to Región IX, overlapping with human endemic areas. 

DNA sequencing results suggest that the absence of correlation between remote sensing data and disease 

prevalences could be due to transmission capacity differences between L. viator and G. truncatula. Results 

furnish a new baseline on which to undertake future appropriate studies on transmission, epidemiology 

and control. 

© 2011 Elsevier B.V. All rights reserved. 

 
 

1. Introduction 

 
Freshwater lymnaeid snails transmit fascioliasis, a highly 

pathogenic liver parasitosis caused by trematode species of the 

genus Fasciola which affects humans and livestock species almost 

everywhere (Mas-Coma et al., 2009a). Distribution, both in space 

(latitudinal, longitudinal and altitudinal) and time (seasonal, 

yearly), of fascioliasis depends on the presence and population 

dynamics of the specific intermediate host species in its turn linked 

to the presence of the appropriate water bodies and on adequate 

climate characteristics enabling fluke development. In the last two 

decades, this disease is emerging in many countries of Latin Amer- 

ica, Europe, Africa and Asia. This emergence phenomenon has partly 

been related to climate change, given the high dependence of both 

fasciolid larval stages and their freshwater lymnaeid snail hosts on 

 
 

Abbreviations: rDNA, nuclear ribosomal DNA; mtDNA, mitochondrial DNA; ITS- 

1, first internal transcribed spacer; ITS-2, second internal transcribed spacer; COX1, 

cytochrome c oxidase subunit I nucleotide sequence (cox1) and amino acid sequence. 
∗ Corresponding author. Tel.: +34 96 3544905; fax: +34 96 3544769.  

E-mail address: S.Mas.Coma@uv.es (S. Mas-Coma). 

climatic and environmental characteristics (Mas-Coma et al., 2008, 

2009b). The increasing importance of human fascioliasis also relies 

on recent results showing a great morbidity impact on children in 

long-term infection (Valero et al., 2003, 2006, 2008). 

Within the several human fascioliasis hotspot regions known, 

South America stands out due to the human hyperendemic areas 

caused by Fasciola hepatica in many Andean countries, such as 

Bolivia (Esteban et al., 1997, 1999) and Peru (Esteban et al., 2002; 

Gonzalez et al., 2011). In Argentina the human fascioliasis situation 

seems to be underestimated (Mera y Sierra et al., 2011), in Colombia 

appropriate studies are still pending (Bargues et al., 2011a), and in 

Venezuela a potential underestimation of the situation has recently 

been highlighted (Bargues et al., in press-a). 

In Chile, human fascioliasis reports have been numerous, includ- 

ing individual case descriptions (e.g., Venturelli et al., 2003; Lopez 

et al., 2004; Rosas et al., 2008; Morales et al., 2009), epidemic sit- 

uations and familiar outbreaks (Subercaseaux et al., 1985; Borie 

et al., 1990), and even studies on human fascioliasis endemic areas 

(Apt et al., 1992, 1993). A large random survey in the provinces of 

Curico, Talca and Linares showed prevalences of 0.6%, 0.75% and 

0.71%, respectively, with an estimation of 2000 people infected in 

the area analysed (Apt et al., 1993). Only in the capital Santiago, 
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between 20 and 30 liver fluke infected patients were diagnosed 

yearly and this only concerned symptomatic subjects (Apt, 1987; 

Alcaino and Apt, 1989). 

Fascioliasis is also a great veterinary problem in Chile (Alcaino 

and Apt, 1989; Morales and Luengo, 1995; Alcaino and Gorman, 

1999). Official data from slaughterhouses indicate that the disease 

affects livestock in all regions, with countrywide high yearly preva- 

lences in cattle (28.5–31.8%, mean 30.1%), sheep (1.8–2.75, mean 

1.9%), goats (11.2–18.3%, mean 14.0%), pigs (1.0–2.1%, mean 1.4%), 

equines (9.1–14.1%, mean) and camelids (0.03–8.37%, mean 0.99%) 

according to data from the 1989 to 1995 period (Morales et al., 

2000). 

Despite the importance of fascioliasis in Chile, lymnaeid snails 

have been only the focus of a very few studies in that country. A 

total of seven lymnaeid species have been described or noted to be 

present in Chile (Hubendick, 1951; Paraense, 1982, 1984; Sielfeld, 

2001; Valdovinos, 2006): 

 
- Lymnaea diaphana King and Broderip, 1832: originally described 

from Cape Gregory, Strait of Magallanes (King and Broderip, 1832) 

and later also cited from Argentina and Peru (Bargues et al., in 

press-b); the genus Pectinidens proposed by Pilsbry (1911) for 

diaphana as type species has recently been molecularly demon- 

strated to be valid (Bargues et al., in press-b); 

- L. viator D’Orbigny, 1835 (=L. viatrix sensu Paraense, 1976): orig- 

inally described under var. A ventricosa from Rio Negro in 

Argentina as well as surrounding Santiago and Casablanca in 

Chile, and under var. B elongata from Rimac river canals around 

Callao and Lima in Peru (D’Orbigny, 1835, 1837; Paraense, 1976; 

Bargues et al., 2007a); 

- Lymnaea chilensis Beck, 1838: originally noted from Chile without 

further geographical detail (Beck, 1838); 

- Lymnaea lebruni Mabille, 1884: originally described from Punta 

Arenas, Patagonia (Región XII) (Mabille, 1884); 

- Lymnaea pictonica Rochebrune and Mabille, 1885: originally 

described from Isla Picton (Rochebrune and Mabille, 1885); 

- Lymnaea cousini Jousseaume, 1887: cited once in Valdivia 

(Hubendick, 1951), but originally described from Ecuador and 

later also from Colombia (Bargues et al., 2011a); 

- L. patagonica Strebel, 1907: originally described from Agua Fresca, 

Strait of Magallanes (Strebel, 1907). 

 
However, L. chilensis may be deleted from that list because nei- 

ther a description nor a locality were provided by Beck (1838: 

species name noted as “L. Chilensis B. – Chili” in page 112 but with- 

out description in the Appendix where the descriptions of all the 

new species were included), so that it is taxonomically considered 

a nomen nudum, as already stated by Hubendick (1951). Moreover, 

different synonymies have been proposed between these species, 

authors sometimes not in agreement one another. For instance,  L. 

lebruni is considered a synonym of L. diaphana by Pilsbry (1911) 

because Mabille (1884) overlooked the article of King and Broderip 

(1832). Lymnaea patagonica is considered a synonym of L. picton- 

ica by Hubendick (1951), whereas L. patagonica is a valid species 

according to Malek (1985). 

The species noted to be involved in fascioliasis transmission 

in Chile is L. viator, specimens of which collected from Macul 

and Bucalemu proved to be susceptible to experimental infection 

already long ago (Tagle, 1944). 

The classification of individual lymnaeids poses serious difficul- 

ties when only applying malacological methods, due to anatomic 

similarities and large intraspecific variation of shell shape and size 

(Bargues et al., 2001; Bargues and Mas-Coma, 2005). Although shell 

shape may help in particular species and populations (Samadi et al., 

2000), there are groups, as the “fossarine” or Galba/Fossaria group, 

in which specimen classification may be very difficult when based 

only on phenotype, as is the case of the aforementioned L. viator 

and L. cousini (Bargues et al., 2007a, 2011a,b, in press-a, in press-b). 

The implications of lymnaeids for fascioliasis transmission, epi- 

demiology and control urged to develop new tools to facilitate 

specimen classification, genetic characterisation of natural popu- 

lations and laboratory strains, and to elucidate the systematics and 

taxonomy of the Lymnaeidae. This is the purpose of the world- 

wide lymnaeid molecular characterisation initiative (Mas-Coma 

et al., 2009a). Nuclear ribosomal DNA (rDNA) and mitochondrial 

DNA (mtDNA) markers proved to be useful for this endeavour in 

invertebrates in general, although disadvantages and limitations 

depending on each marker should be taken into account (Mas- 

Coma and Bargues, 2009). Their application also showed their 

usefulness in lymnaeid snails for specific, generic and suprageneric 

taxon levels (Bargues and Mas-Coma, 2005). 

The internal transcribed spacers of the rDNA, mainly ITS-2 and 

secondarily ITS-1, are the most useful sequences for lymnaeid 

species classification (Bargues and Mas-Coma, 2005). A fragment  

of the cytochrome c oxidase subunit I gene (cox1) of mtDNA also 

proved to be useful in lymnaeids (Bargues et al., 2007a), although 

mtDNA markers should be used with great caution in lymnaeids 

(Bargues et al., 2011b), due to (i) problems of nucleotide saturation 

making it unappropriate for comparison of genera and even well 

separated species within the same genus and (ii) biased informa- 

tion furnished by only a gene fragment (Mas-Coma and Bargues, 

2009). 

The aim of the present article is to expose the results of ITS- 

2, ITS-1 and cox1 sequencing of lymnaeid species present in Chile 

and to ascertain their systematic status. The final analysis has the 

purpose to offer a new baseline on which to design and launch 

further lymnaeid studies and appropriate assessments on human 

and animal fascioliasis in Chile from now on. The implications of 

the new intermediate host scenario on the disease in that country 

are finally discussed. 

 
2. Materials and methods 

 
2.1. Lymnaeid snail materials 

 
The snail specimens studied were collected in the field, from 

lymnaeid populations present in geographical areas with human 

infection and/or animal fascioliasis endemicity. In order to be 

systematically conclusive, sequenced specimens of the species L. 

diaphana, L. viator, L. lebruni, and L. patagonica were from their 

respective type localities. Unfortunately, the present impossibility 

to visit Picton island due to the distribution of anti-personnel mines 

throughout the island did not allow for the collection of L. pictonica. 

An effort to find L. cousini was made in Valdivia and its surround- 

ings. Localities and their coordinates and altitudes furnishing the 

lymnaeid specimens sequenced are noted in Table 1 and Fig. 1. The 

number of specimens analysed for each species is noted in Table 1. 

 
2.2. Molecular techniques 

 
2.2.1. DNA extraction 

DNA was extracted from more than one specimen of a given 

population when this was deemed necessary for sequence verifi- 

cation. DNA was only isolated from the foot of each snail (Bargues 

et al., 1997, 2007a).  Snail  feet  fixed  in  70%  ethanol  were  used  

for DNA extraction procedures. After dissection under a micro- 

scope, half of the foot was  suspended  in  400 µl  of  lysis  buffer  

(10 mM Tris–HCl, pH 8.0, 100 mM EDTA, 100 mM NaCl, 1% sodium 

dodecyl sulfate SDS) containing 500 µg/ml Proteinase K (Promega, 

Madison, WI, USA) and digested for 2 h at 55 ◦C with alternate 

shaking each 15 min. Total DNA was isolated according to the 



 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 

Nuclear ribosomal and mitochondrial DNA haplotype code identification for lymnaeid species and populations studied from Chile.  

Preliminary classification 

(n = collected/sequenced) 

Populations rDNA ITS-2 rDNA ITS-1 mtDNA cox1 Definitive classification 

 

 
Locality Coordinates Altitude Region 

 
H Acc. No. 

 
H Acc. No. 

 Hb Acc. No. 
 

Species Combined H 

nomenclature 

 

L. viator (n = 15/4) Casa Blanca S 33◦ 19j 12.9jjw 71◦ 24j 47.8jj
 270 m V Valparaiso  2a JN051366  Ba JN051368  ba JN051373  L. viator L.via-2B,cox1b  

L. viator (n = 8/2) Casa Blanca S 33◦ 19j 12.9jjw 71◦ 24j 47.8jj
 270 m V Valparaiso  2a JN051366  Ba JN051368  ca JN051374  L. viator L.via-2B,cox1c  

L. viator (n = 52/6) Rosario (Sector Rengo) S 34◦ 22j 35.0jjw 70◦ 51j 31.3jj
 320 m VI O’Higgins  3 AJ272051  C AJ272052  ca JN051372  G. truncatula G.tru-3C,cox1c  

L. viator (n = 47/4) Chillán (Sector Alazán) S 36◦ 32j 42.6jjw 71◦ 46j 24.2jj
 250 m VIII Bío-Bío  3 AJ272051  C AJ272052  ca JN051372  G. truncatula G.tru-3C,cox1c  

L. viator (n = 4/2) Isla Teja, Granja UACH S 39◦ 48j 10.4jjw 73◦ 15j 05.2jj
 10 m XIV Los Ríos  3 AJ272051  C AJ272052  ca JN051372  G. truncatula G.tru-3C,cox1c  

 Valdivia                 

L. diaphana (n = 27/5) Cape San Gregory (vegas S 52◦ 37j 52.3jjw 70◦ 15j 18.0jj
 2–5 m XII Magallanes  1 JF909498  A JF909499  a JF909501  P. diaphana L.dia-1A,cox1a  

 bajas)                 

L. diaphana (n = 23/4) Cape San Gregory (vegas S 52◦ 37j 52.3jjw 70◦ 15j 18.0jj
 2-5 m XII Magallanes  1 JF909498  A JF909499  ba JN051375  P. diaphana L.dia-1A,cox1b  

 bajas)                 

L. diaphana (n = 18/4) Cape San Gregory (vegas S 52◦ 37j 52.3jjw 70◦ 15j 18.0jj
 2–5 m XII Magallanes  1 JF909498  A JF909499  da JN051377  P. diaphana L.dia-1A,cox1d  

 bajas)                 

L. diaphana (n = 11/3) Cape San Gregory (vegas S 52◦ 34j 02.4jjw 70◦ 12j 05.9jj
 21 m XII Magallanes  1 JF909498  Ba JN051369  ca JN051376  P. diaphana L.dia-1B,cox1c  

 altas)                 

L. patagonica (n = 31/5) Agua Fresca S 53◦ 23j 58,8jjw 71◦ 07j 08,6jj
 157 m XII Magallanes  1 JF909498  Ca JN051370  ea JN051378  P. diaphana L.dia-1Ccox1e  

L. patagonica (n = 25/3) Agua Fresca S 53◦ 23j 58,8jjw 71◦ 07j 08,6jj
 157 m XII Magallanes  1 JF909498  Ca JN051370  fa JN051379  P. diaphana L.dia-1C,cox1f  

L. patagonica (n = 19/2) Agua Fresca S 53◦ 23j 58,8jjw 71◦ 07j 08,6jj
 157 m XII Magallanes  1 JF909498  Ca JN051370  ga JN051380  P. diaphana L.dia-1C,cox1g  

L. lebruni (n = 7/2) Punta Arenas S 53◦ 24j 25.1jjw 71◦ 15j 45,7jj
 296 m XII Magallanes  2a JN051367  Da JN051371  hb JN051381  P. diaphana L.dia-2D,cox1h  

L. cousini (n = 5/3) Isla Teja, Río Cau-Cau S 39◦ 48j 05.3jjw 73◦ 15j 09.4jj
 7 m XIV Los Ríos  – –  – –  aa JN051382  Chilina sp. C.sp.-cox1a  

 Valdivia                 

n, number of specimens collected and malacologically studied for classification/number of specimens sequenced; H, haplotype. 
a New haplotypes for the corresponding lymnaeid species.  
b Only preliminary haplotypes due to incomplete gene sequence.  
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Fig. 1. Map of Chile showing localities where lymnaeids were collected: (A) location of Chile in South America; (B) division of count ry in 15 political regions; (C) central 

regions showing lymnaeid sampling localities (Casa Blanca, Rosario, Chillán and Valdivia) and localities where high human prevalences were described (Curico, Talca and 

Linares); (D) Región XII of Magallanes showing lymnaeid sampling localities (Cape San Gregory, Punta Arenas and Agua Fresca);  note location of Picton island. 

 

phenol–chloroform extraction and ethanol precipitation method. 

The procedure steps were performed according to methods out- 

lined previously (Bargues and Mas-Coma, 1997; Bargues et al., 

2001, 2007a). The pellet was dried and resuspended in 30 µl ster- 

ile TE buffer (pH 8.0). This suspension was stored at 20 ◦C until 

use. 

 

2.2.2. DNA sequence amplification 

Each one of the three DNA markers were PCR amplified inde- 

pendently for each lymnaeid specimen and each PCR product 

was sequenced for a bona-fide haplotype characterisation. The 

rDNA spacers ITS-2 and ITS-1 were amplified using primers pre- 

viously described (Bargues et al., 2001, 2006a, 2007a; Mas-Coma 

et al., 2001). A mitochondrial DNA cox1 gene fragment was ampli- 

fied using universal primers (Folmer et al., 1994). Amplifications 

were generated in a Mastercycle epgradient (Eppendorf, Hamburg, 

Germany) using 4–6 µl of genomic DNA for each 50 µl PCR reaction. 

PCR conditions were 30 cycles of 30 s at 94 ◦C, 30 s at 50 ◦C and 1 min 

at 72 ◦C, preceded by 30 s at 94 ◦C and followed by 7 min at 72 ◦C 

for ITS-2 and ITS-1, and by 40 cycles of 30 s at 90 ◦C, 1 min at 48 ◦C 

and 1 min at 72 ◦C, preceded by 2.5 min at 94 ◦C and followed by 

10 min at 72 ◦C for cox1. Ten µl of each PCR product was checked 

by staining with ethidium bromide on 1% Nusieve® GTG agarose 

(FMC) gel electrophoresis, using the Molecular Weight Marker VI 

(Boehringer Mannheim) at 0.1 µg DNA/µl as control. 

 

2.2.3. Purification and quantification of PCR  products 

Primers and nucleotides were removed  from  PCR  products  by 

purification on WizardTM PCR Preps DNA Purification System 

(Promega, Madison, WI, USA) according to the manufacturer’s pro - 

tocol and resuspended in 50 µl of 10 mM TE buffer (pH 7.6). The final 

DNA concentration was determined by measuring the absorbance 

at 260 and 280 nm. 

 

2.2.4. DNA sequencing 

The sequencing of the complete rDNA ITS-2 and ITS-1 and the 

fragment of the mtDNA cox1 gene was performed on both strands 

by the dideoxy chain-termination method (Sanger et al., 1977).   

It was carried out with the Taq dye-terminator chemistry kit for 

ABI 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA), 

using PCR primers. 
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2.2.5. Sequence alignments 

Sequences were aligned using CLUSTAL-W version 1.8 

(Thompson et al., 1994) and MEGA 4.0 (Tamura et al., 2007). 

Subsequently, minor corrections were manually introduced for a 

better fit of nucleotide correspondences in microsatellite sequence 

regions. Homologies were performed using the BLASTN pro- 

gramme from the National Center for Biotechnology information 

web site (http://www.ncbi.nlm.nih.gov/BLAST). 

 
2.2.6. DNA haplotype nomenclature 

The codes for the sequences obtained follow the standard 

nomenclature proposed for lymnaeid snails previously (Bargues 

and Mas-Coma, 2005; Bargues et al., 2006a; Mas-Coma et al., 

2009a). It shall be noted that haplotype codes are only definitive 

in the case of complete sequences. When dealing with fragments 

or incomplete sequences, haplotype codes are provisional, as is the 

case here of the mtDNA cox1 fragment obtained. 

 
2.2.7. Sequence comparisons 

The following sequences from GenBank-EMBL have been used 

for comparison and/or phylogenetic analyses (species names as 

noted in respective articles): 

 
- rDNA ITS-2: Galba truncatula H1 (AJ296271), H2 (AJ243017) and 

H3 (=Lymnaea viatrix sensu Ueno et al., 1975; =L. cubensis sensu 

Ueno et al., 1975) (AJ272051) (Bargues et al., 2001; Mas-Coma 

et al., 2001; Bargues et al., 2007a); L. cubensis H1 (AM412223), H2 

(FN182200), H3 (FN182201) and H4 (JF514088) (Bargues et al., 

2007a, 2011b, in press-a), L. viatrix H1 (type locality Rio Negro, 

Argentina) (AM412224) (Bargues et al., 2007a), L. neotropica H1 

(AM412225) and H2 (JF514089) (Bargues et al., 2007a, in press- 

a), L. humilis H1 (FN182191) and H2 (FN182192) (Bargues et al., 

2011b), L. diaphana H1 (JF909498) (Bargues et al., in press-b); 

and Pseudosuccinea columella H1 (FN598155) and H2 (FN598156) 

(Bargues et al., 2011a). 

- rDNA ITS-1: G. truncatula HA (AJ243018), HB (AJ296270), HC (=L. 

viatrix sensu Ueno et al., 1975; =L. cubensis sensu Ueno et al., 1975) 

(AJ272052) and HD (JF514090) (Mas-Coma et al., 2001; Bargues 

et al., 2001, 2006a, 2007a, in press-a); L. cubensis HA (AM412226), 

HB (FN182202) and HC (FN182203) (Bargues et al., 2007a, 2011b), 

L. viatrix HA (type locality Rio Negro, Argentina) (AM412227) 

(Bargues et al., 2007a), L. neotropica (AM412228) (Bargues et al., 

2007a), L. humilis HA  (FN182193)  and  HB  (FN18219)  (Bargues 

et al., 2011b), L. diaphana HA (JF909499) (Bargues et al., in press- 

b); and P. columella HA (FN598160) (Bargues et al., 2011a). 

- mtDNA cox1 gene: G. truncatula cox1a (AM494011), cox1b 

(JF461487) (Bargues et al., 2007a, in press-a and G. truncatula 

(EU818799) (Albrecht et al., 2008); L. cubensis cox1a (AM494009) 

and cox1b (FN182205), L. viatrix cox1a (type locality Rio Negro, 

Argentina) (AM494010) (Bargues et al., 2007a), L. neotropica cox1a 

(AM494008), cox1b (FN356741), cox1c (JF461485) and cox1d 

(JF461486) (Bargues et al., 2007a, 2011b, in press-a; Mera y Sierra 

et al., 2009), L. humilis cox1a, cox1b and cox1c (FN182197-9) 

(Bargues et al., 2011b), L. diaphana cox1a (JF909501) (Bargues  

et al., in press-b); P. columella (FN598165) (Bargues et al., 2011a) 

and P. columella (AY227366) (Remigio and Hebert, 2003). 

 
2.3. Phylogenetic inference 

 
Phylogenetic analysis of ITS-2 and ITS-1 combined haplotypes 

was reconstructed using the Maximum Likelihood (ML) method 

implemented in PAUP version 4.0b10 and PhyML program version 

3.0 aLRT. ML parameters and the evolutionary model best fitting our 

dataset were determined using Akaike and Bayesian information 

criteria (AIC and BIC) (Akaike, 1974; Posada and Buckley, 2004), 

implemented  in  jModeltest  vesion  0.1.1  (Posada,  2008).  Starting 

branch lengths were obtained using the least-squares method with 

ML distances. 

To provide an assessment of the reliability of the nodes in the ML 

tree, three methods were used. First, a distance-based phylogeny 

using the neighbor-joining (NJ) algorithm (Saitou and Nei, 1987) 

with the ML pairwise distances was obtained and statistical sup- 

port for the nodes was evaluated with 1000 bootstrap replicates, 

with and without removal of gapped positions, in PAUP. Second, a 

bootstrap analysis using 1000 replicates was made by using branch- 

swapping algorithm (tree-bisection-reconnection TBR) with full 

heuristic search in PAUP. Third, a Bayesian phylogeny reconstruc- 

tion procedure was applied to obtain posterior probabilities (BPP) 

for the nodes in the ML tree, by using the same evolutionary model 

as above, implemented in MrBayes 3.1 (Ronquist and Huelsenbeck, 

2003). Four Markov Chain Monte Carlo (MCMC) chains were run 

for 10,000 generations, sampling every 100 generations, with the 

first 100 sampled trees discarded as “burn-in”. Finally, a 50% major- 

ity rule consensus tree was constructed. Reliability for internal 

branches in the PhyML tree was also assessed using the aLRT test 

(SH-Like) for comparative purposes. 

Phylogenetic analyses were performed after adding the follow- 

ing reference sequences of rDNA ITS-2 and ITS-1 of lymnaeids 

stored in the GenBank database: L. (Stagnicola) palustris palustris 

(AJ319620, AJ626849); L. (S.) fuscus (AJ319621, AJ626856) (Bargues 

et al., 2001); Catascopia catascopium (AF013143, AF013143); Hink- 

leyia caperata (AF013139, AF013139) (Remigio and Blair, 1997); 

Radix auricularia (AJ319628, JF922878); R. balthica (=R. peregra) 

(AJ319633, JF922879) (Bargues et al., 2001, in press-a). The inter- 

genic region sequence (AY030361) including both ITSs of the 

planorbid species Biomphalaria pfeifferi (De Jong et al., 2001) was 

used as outgroup. 

 
3. Results 

 
Nuclear rDNA ITS-2 and ITS-1 and mtDNA cox1 nucleotide 

sequence data reported in this article are available in the 

GenBankTM, EMBL and DDBJ databases under the accession num- 
bers noted in Table 1. 

 
3.1. Lymnaea viator 

 
Snail specimens collected from Valle Casa Blanca, Valparaiso, 

preliminarily classified as L. viatrix, proved to have been well iden- 

tified after rDNA and mtDNA marker sequencing (Table 1). 

 
- rDNA ITS-2. All the specimens analysed presented the same ITS-2 

sequence, of 444 bp and 53.9% GC content. When compared to the 

ITS-2 haplotype of L. viatrix from Rio Negro, Argentina, available 

in GenBank (L.via-H1: AM412224), it proved to be different in 

one mutation (transition C/T in H1/H2) in position 414 and in 8 

polymorphic sites corresponding to 8 indels related to a different 

number of repeats in the microsatellites GCTT and GCTC, being 

(GCTT)4 and (GCTC)1 in Casa Blanca whereas (GCTT)5 and (GCTC)2 

in Rio Negro (Table 2). The code H2 has been ascribed to this new 

haplotype (Table 1). 

- rDNA ITS-1. All the lymnaeid individuals showed identical ITS-1 

sequence, of 574 bp long and 54.0% GC content. When compared 

to the ITS-1 haplotype of L. viatrix from Rio Negro (L.via-HA: 

AM412227), it proved to be different in 10 polymorphic sites cor- 

responding to two mutations, one tetranucleotide repeat and four 

insertion/deletions (Table 2). The code HB has been ascribed to 

this new haplotype (Table 1). 

- mtDNA cox1. Two different nucleotide sequences were found, 

both of 672 bp but with different biased AT content of 69.4% and 

69.5%. These haplotypes differ in only one mutation in position 

http://www.ncbi.nlm.nih.gov/BLAST
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Table 2 

Nucleotide differences and microsatellite repeats found in the ITS-2 and ITS-1 rDNA 

haplotypes of Lymnaea viator from Casa Blanca, Chile, and Rio Negro, Argentina.  

ITS-2 rDNA positions 

 microsatellite repeats 

 53-68 69-76 

L. viator H1** 
(Rio Negro, Argentina) (GCTT)5 (GCTC)2 

L. viator H2 
(Casa Blanca, Chile) (GCTT)4 (GCTC)1 

 
ITS-1 rDNA positions 

  microsatellite 
repeats 

 111122224 
3000027779 
9345627897 

103-106 

L. viator HA* 
(Rio Negro, Argentina) G----C---A 

(ATTG)1 

L. viator HB 
(Casa Blanca, Chile) AATTGTTGA- 

(ATTG)2 

Positions refer to variable positions obtained in the alignment made with MEGA 4.0 

and CLUSTALW 1.8. 
*  AM412227. 
**  AM412224. 

 

488 of their alignment, which represent one aminoacid change 

(Table 3). When both haplotypes are compared with cox1a haplo- 

type of L. viatrix from Rio Negro (AM494010), a total of 13 variable 

positions appear, all of them singleton sites (Table 3). The codes 

cox1b and cox1c have been ascribed to these new haplotypes 

(Table 1). Interestingly, nucleotide differences give rise to three 

amino acid differences between the Chilean and Argentinian hap- 

lotypes of L. viator (Table 3). 

 
3.2. Galba truncatula 

 
Specimens from the localities of Rosario, Chillán and Isla Teja, 

Valdivia, preliminarily classified as L. viatrix, proved to be G. trun- 

catula by rDNA and mtDNA sequences (Table 1). 

 
- rDNA ITS-2. Specimens studied showed the same ITS-2 sequence, 

of 401 bp and 58.6% GC content. When compared with the three 

ITS-2 haplotypes of G. truncatula (H1, H2, H3), the sequence from 

Chile proved to be identical to the haplotype H3 (AJ272051). 

- rDNA ITS-1. All specimens analysed presented the same ITS-1 

sequence, of 504 bp and 57.5% GC content. When compared with 

the four ITS-1 haplotypes of G. truncatula available (HA, HB, HC 

and HD), it proved to be identical to the haplotype HC (AJ272052). 

- mtDNA cox1. Only one haplotype was detected, of 672 bp 

and 68.6% AT content. This haplotype proved to be different 

from the previously described haplotypes cox1a and cox1b for 

this species. Hence, the provisional code G.tru-cox1c has been 

assigned (Table 1). In a 672 bp-long alignment, including cox1a–c 

haplotypes of G. truncaltula and cox1 sequence of G. truncat- 

ula from Germany (EU818799), a total of 30 variable positions 

appeared, including 1 parsimony informative position and 29 

singleton sites (Table 4). The cox1c haplotype of G. truncatula of 

Chile differs by only one amino acid change in position 16 when 

compared with cox1a and cox1b amino acid haplotypes (Table 4). 

 
3.3. Pectinidens diaphana 

 
Specimens from Cape San Gregory, Magallanes, preliminarily 

classified as L. diaphana, proved to be correctly classified by rDNA 

and mtDNA sequences (Table 1). 

 
- rDNA ITS-2. All specimens studied presented the same ITS-2 

sequence of 495 bp and 57.0% GC content. This sequence was 

compared with the ITS-2 haplotype of L. diaphana available in 

GenBank (L.dia-H1) and proved to be identical. 

- rDNA ITS-1. The specimens analysed presented two different ITS- 

1 sequences, one of 520 bp and 54.0% GC content found close      

to the Magallanes Strait (“vegas bajas”) and the other of 524 bp 

and 54.0% GC content found somewhat more northward (“vegas 

altas”). The first is identical to the haplotype L.dia-HA of topotypic 

specimens of L. diaphana (JF909499). Consequently, the new code 

HB has been assigned to the second one (Table 1). Nucleotide dif- 

ferences between both HA and HB haplotypes concern a different 

number of repeats of the microsatellites CAGT, CTAG and TCAG, 

being (CAGT)5, (CTAG)3 and (TCAG)2 in HA, and (CAGT)6, (CTAG)4 

and (TCAG)1 in HB (Table 5). 

- mtDNA cox1. Four different haplotypes were detected in the 

specimens studied, with a length of 672 bp and an AT content of 
 

Table 3 

Nucleotide (Nt) and amino acid (Aa) differences found in the mtDNA cox1 gene sequence of L. viator populations studied from 

Chile and Argentina. 

 

Nt Aa 
 

 22344445556 11 

1913926884882 769 

3946608081341 935 
L. viator  cox1a (Rio Negro, Argentina)* CCCGTTCTCTCTT STL 
L. viator  cox1b (Casa Blanca, Chile) TTTACCTC.CTGC K.C 
L. viator  cox1c (Casa Blanca, Chile) TTTACCTCTCTGC KIC 

 

Position, numbers (to be read in vertical) refer to variable positions obtained in the alignment made with MEGA 4.0;. = identical; 

haplotype codes only provisional due to incomplete sequences of the gene.  

* AM494010. 
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Table 4 

Nucleotide (Nt) and amino acid (Aa) differences found in the mtDNA cox1 gene sequence of Galba truncatula populations studied 

from Chile and other countries. 

 
 Nt Aa 

111112222333333334445566666 
 

478113881133122456790681702235 1 

687175096917814579506803004707 6 

G. truncatula cox1a* GGAACAAAATTAGAGCCCCCCTCGATACGT V 

G. truncatula cox1b** .AGGTGGGGCCGAGATTTT.TCTAG.GTCC . 
G. truncatula Germany*** ........G. ................. A- . 
G. truncatula cox1c (Chile) A..................T.....C.... I 

 

Position = numbers (to be read in vertical) refer to variable positions obtained in the alignment made with MEGA 4.0;. = iden tical; 

- = indel; haplotype codes only provisional due to incomplete sequences of the gene.  

* AM494011. 

** JF461487. 

*** EU818799. 

 

69.4%, 69.6%, 69.8% and 69.3%. The first is identical to the haplo- 

type cox1a of topotypic specimens of L. diaphana (JF909501). The 

codes cox1b, cox1c and cox1d have been ascribed to the three new 

ones (Table 1). Nucleotide and amino acid differences between 

the four detected cox1 haplotypes are listed in Table 6. In the 

amino acidic sequence alignment (224 aa long), cox1a, cox1b and 

cox1d haplotypes appear to be identical. Amino acidic differences 

detected between the four L. diaphana cox1 haplotypes only con- 

cern one amino acid change, generated by the haplotype cox1c in 

position 133 (Table 6). 

 
3.4. Lymnaea patagonica 

 
Specimens from Agua Fresca, Magallanes, originally ascribed to 

L. patagonica and corresponding to the type locality of that species, 

proved in fact to be L. diaphana by rDNA and mtDNA (Table 1). 

 
- rDNA ITS-2. One haplotype was found in the specimens studied. 

Their length and GC content was 495 bp and 57.0%, respectively. 

This sequence fits exactly with the topotypic haplotype L.dia-H1 

of the species L. diaphana (JF909498). 

- rDNA ITS-1. The specimens from this type locality presented one 

ITS-1 sequence of 516 bp and 54.0% GC content. When comparing 

with haplotypes HA and HB of L. diaphana, nucleotide differences 

only concerned a different number of repeats of the microsatel- 

lites CAGT, CTAG and TCAG. Consequently, the sequence of L. 

patagonica was assigned a new haplotype for L. diaphana and 

deposited under the code L.dia-HC (Table 1). Differences between 

microsatellite repeats and their position in the alignment of L. 

diaphana (=L. patagonica) haplotypes are shown in Table 5. 

- mtDNA cox1. Three different haplotypes were detected in the 

specimens from Agua Fresca, with a  length  of  672 bp  and  an 

AT content of 69.5%, 69.6% and 69.2%. When comparing these L. 

patagonica cox1 haplotypes with those known in L. diaphana, the 

three proved to be new and hence the codes cox1e, cox1f and cox1g 

were respectively assigned (Table 1). Only a very few nucleotide 

differences appear when comparing L. patagonica and L. diaphana 

haplotypes. The three sequences of L. patagonica give rise to only 

one COX1 amino acid sequence, which appears to be identical to 

the one corresponding to cox1a of L. diaphana topotypic speci- 

mens (Table 6). 

 
3.5. Lymnaea lebruni 

 
Specimens from Punta Arenas, Magallanes, originally ascribed 

to L. lebruni and corresponding to the type locality of that species, 

proved in fact to be L. diaphana by rDNA and mtDNA (Table 1). 

 
- rDNA ITS-2. One haplotypes of a length of 498 bp and a GC content 

of 56.8% was found in the specimens studied. Nucleotide differ- 

ences between this haplotype and L.dia-H1 (JF909498) were very 

few, including only one transversion (C/A in patagonica/lebruni 

haplotypes) in position 63 of their respective alignment and a dif- 

ferent number of repeats in the microsatellite CGT, being (CGT) 2 

in the first and (CGT)3 in the second (Table 5). The code L.dia-H2 

has been assigned to the latter (Table 1). 

 

Table 5 

Nucleotide differerences and microsatellite repeats found in the ITS-2 and ITS-1 rDNA haplotypes of Lymnaea diaphana and L. patagonica from Chile. 
 

ITS-2 rDNA Position   

 Tv Microsatellite repeats 

 63 86-94 

L. diaphana H1 

(=L. patagonica) 

C (CGT)2 
  

L. diaphana H2 

(=L. lebruni) 

A (CGT)3   

ITS-1 rDNA Position 
   

 Microsatellite repeats    

 42–65 222–241   

L. diaphana HA 

L.  diaphana HB 

L. diaphana HC (=L. patagonica) 

L. diaphana HD (=L. lebruni) 

(CAGT)5 

(CAGT)6 

(CAGT)4 
(CAGT)6 

(CTAG)3 

(CTAG)4 

(CTAG)3 
(CTAG)3 

(TCAG)2 

(TCAG)1 

(TCAG)2 
(TCAG)1 

 

Positions refer to variable positions obtained in the alignment made with MEGA 4.0 and CLUSTALW 1.8; Tv, Transversion.  
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Table 6 

Nucleotide (Nt) and amino acid (Aa) differences found in the mtDNA cox1 gene sequence of Lymnaea diaphana and L. 

patagonica populations studied from Chile. 

 
 Nt Aa 

23334445666 1 

5634691685236 3 

7718074808160 3 

L. diaphana cox1a* ACTGTAGCTTTGG I 

L. diaphana cox1b C..A. ..... A. . 

L. diaphana cox1c CT.A.GA. .. A. V 
L. diaphana cox1d C..A. ... CCA. . 
L. diaphana cox1e (= L. patagonica) C.CA...T.C.A. . 

L. diaphana cox1f (= L. patagonica) C..A...T.C.A. . 

L. diaphana cox1g (= L. patagonica) C..AC...CC.A. . 
L. diaphana cox1h (= L. lebruni) C.CA...T.C.AA . 

 

Position = numbers (to be read in vertical) refer to variable positions obtained in the alignment made with MEGA 

4.0;. = identical; - = indel; haplotype codes only provisional due to incomplete sequences of the gene. 

* JF909501. 

 
 

- rDNA ITS-1. The specimens from Punta Arenas type locality 

showed an ITS-1 sequence of 520 bp and 54.0% GC content. 

Nucleotide differences with regard to haplotype L.dia-HC of L. 

diaphana (=L. patagonica) also concerned a different number of 

repeats of the microsatellites CAGT and TCAG, being (CAGT)4 

and (TCAG)2 in the first, and (CAGT)6 and (TCAG)1 in the sec- 

ond. When comparing with haplotypes HA and HB of L. diaphana, 

nucleotide differences only concerned a different number of the 

same microsatellite repeats. Hence, the sequence of L. lebruni 

was assigned new haplotype for L. diaphana and deposited under 

the code L.dia-HD (Table 1). Differences between microsatellite 

repeats and their position in the alignment of L. diaphana (=L. 

lebruni) haplotypes are shown in Table 5. 

- mtDNA cox1. One haplotype was found in the specimens from 

Punta Arenas, with a length of 672 bp and an AT content of 69.6%. 

When comparing this L. lebruni cox1 haplotype with those known 

in L. diaphana, it proved to be new and therefore the code cox1h 

was assigned (Table 1). Nucleotide differences between L. lebruni, 

L. patagonica and L. diaphana haplotypes were only a very few, 

including 13 variable positions in the 672 bp-long alignment, of 

which 3 parsimony informative positions and 10 singleton sites. 

In the amino acid sequence alignment (224 aa long), L. lebruni 

shows no difference regarding L. patagonica and is thus also iden- 

tical to the one corresponding to L.dia-cox1a (Table 6). 

 
3.6. Chilina sp. 

 
The small specimens from Isla Teja, Río Cau-Cau, in Valdivia, 

preliminarily identified as L. cousini according to shell shape, proved 

to belong to the family Chilinidae after the BLASTAn comparison 

performed by using the mtDNA cox1 sequence obtained (no ITS 

sequences could be obtained). 

 
3.7. Phylogenetic analysis 

 
The ML model best fitting the ITS-1 and ITS-2 combined haplo- 

type dataset was found to be HKY85+G+I, using a ts/tv ratio of 1.44 

(kappa = 2.8353224), base frequencies for A, C, G and T of 0.224205, 

0.263705, 0.230633 and 0.281457, respectively, gamma (contin- 

uous) with shape parameter alpha of 0.75, and a proportion of 

invariable sites equal to 0.036 ( ln L 9206.34542). 

The combination of the two internal transcribed spacers in      

a single dataset generated a robust tree, indicating phylogenetic 

accordance between the two spacers in the ML tree obtained 

(Fig. 2). 

 
The monophyly of the ITSs haplotypes of the five lymnaeid 

species of the Galba/Fossaria group, which comprises the F. hep- 

atica main intermediate host species, was strongly supported 

(100/100/100 in NJ/ML/BBP). In this clade, the haplotypes of L. viator 

and G. truncatula detected in Chile appear clustering together with 

other previously described haplotypes of the same species, respec- 

tively. Concerning the four combined haplotypes of P.  diaphana,   

all of them cluster  together  in  a  monophyletic  branch  included 

in the same clade comprising the North American stagnicolines, 

with a very high bootstrap support of 96%, 97% and 100% with 

NJ/ML/BPP algorithms, respectively. The only difference detected 

in the topologies obtained with PAUP, PhyML and MrBayes, con- 

cerns P. columella, appearing as a basal branch of stagnicoles and 

Galba/Fossaria groups in ML trees obtained in PAUP and PHyML 

(73/56 of support in NJ/ML), whereas appearing as a sister group 

within the L. diaphana-American stagnicolines clade in the ML tree 

obtained with MrBayes (100% support). Moreover, the ingroup 

branches including Pseudosuccinea, Galba/Fossaria and stagnico- 

lines appears well separated from the Radix branch, with high 

supports (86/65–88/100 in NJ/ML/BBP). 

 
4. Discussion 

 
4.1. Lymnaeid species analyses 

 
Lymnaea viator specimens collected in the second type locality 

Casa Blanca, Valparaiso, have proved to be unexpectedly differ- 

ent from topotypic specimens of the same species from Rio Negro, 

Argentina, at the level of the three markers analysed. Although 

nucleotide differences in the species level markers ITS-2 and ITS- 

1 do not justify two different species (most differences related to 

different microsatellite repeat numbers), according to interspecific 

genetic distances known in invertebrates (Mas-Coma and Bargues, 

2009) and also in Lymnaeidae (Bargues et al., 2001), these few ITS 

differences together with the nucleotide and amino acid differences 

in cox1 suggest a relatively old divergence of these L. viator popula- 

tions from one and another side of the Andean chain. Additionally, 

it should be remembered that the masculine spelling viator used by 

D’Orbigny (1835) when originally describing the species within the 

genus Lymnaeus Lamarck, 1799, was later modified to the feminine 

spelling viatrix to use it with the feminine Lymnaea by Paraense 

(1976). However, this does not fit articles 31.2.1 and 34.2.1 of the 

International Code of Zoological Nomenclature. Hence, the correct 

species name for the specimens from Casa Blanca is Lymnaea viator 

D’Orbigny, 1835. 
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Fig. 2. Phylogenetic tree based on maximum-likelihood (ML) estimates, including lymnaeid species studied in Chile together with selected species representing the different 

lymnaeid groups of interest for comparison purposes, obtained using the planorbid B. pfeifferi as outgroup. Scale bar indicates the number of substitutions per sequence 

position. Support for nodes a/b/c: (a): bootstrap with NJ reconstruction using PAUP with ML distances and 1000 replicates; (b): bootstrap with ML reconstruction using PAUP 

with 1000 full-heuristic replicates; (c): Bayesian posterior probability with ML model using MrBayes. 

 
 
 

Galba truncatula is here molecularly confirmed to be present in 

the three Región VI (O’Higgins), Región VIII (Bio-Bío) and Región 

XIV (Los Ríos). Thus, Chile becomes another country to add to the 

already wide geographical spread of this lymnaeid in South Amer- 

ica, whose presence has already been shown by DNA sequencing 

methods in Bolivia (Bargues and Mas-Coma, 1997; Bargues et al., 

1997; Mas-Coma et al., 2001), Peru (Esteban et al., 2002), Argentina 

(Bargues et al., 2006b, 2007b) and recently also Venezuela (Bargues 

et al., in press-a). The G. truncatula haplotypes H3 of ITS-2 and HC 

of ITS-1 found in Chile are worth mentioning, as they indicate that 

Chilean populations of G. truncatula are identical to its populations 

in Bolivia and Argentina at the level of rDNA (Bargues et al., 2007a). 

Pectinidens diaphana specimens from Cape San Gregory, Mag- 

allanes, were phenotypically re-described by Paraense (1984). Its 

DNA sequencing showed a large intraspecific variability, with one 

new haplotype in ITS-1 and three new ones in cox1 when compared 

to topotypic specimens (Bargues et al., in press-b). This variation 

is remarkable within a particular area and suggests that the type 

locality is most probably included within the area of origin of that 

species where it has evolved during a long period. In its turn, this 

suggests that P. diaphana may be a species preferentially adapted 

to inhabit cold regions. 

L. patagonica specimens from the type locality of the species, 

Agua Fresca in Magallanes, proved that it is a synonym of P. 

diaphana, as already proposed by Hubendick (1951). Moreover, the 

very few nucleotide differences at ITS-2 and ITS-1 levels, most of 

them related to different microsatellite repeat numbers, together 

with the silent few mutations in the cox1 mtDNA gene, do not 

even support the possibility to keep patagonica as a subspecies of 

P. diaphana. This result does therefore show that P. diaphana is (i) 

more widespread southward, (ii) it has a pronounced intraspecific 

genetic variability which concerns both nuclear rDNA and mtDNA, 

and (iii) this supports the aforementioned hypothesis of dealing 

with a lymnaeid species linked to a cold climate. 
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L. lebruni specimens from the type locality of the species, Punta 

Arenas in Magallanes, showed morphological features of the shell 

in agreement with the original description of Mabille (1884) and 

slightly different from the L. patagonica topotypic specimens found. 

Nucleotide differences between both at the level of all markers may 

be related to that phenotypic difference. However, these differ- 

ences regarding L. patagonica as well as P. diaphana are too few 

to consider it a different taxon, whether at species or at subspecies 

level. Hence, it additionally supports the aforementioned conclu- 

sions on P. diaphana. 

 
4.2. Characterisation of the lymnaeid fauna from Chile 

 
According to the DNA sequencing results and the taxonomic 

synonymies, the lymnaeid fauna of Chile originally including seven 

species should be reduced to the following only three valid species: 

L. viator, G. truncatula and P. diaphana (=L. patagonica; =L. lebruni). 

The quotation of L. cousini in Valdivia, Chile by Hubendick (1951) 

represents the southernmost report of this species and poses accep- 

tance problems already highlighted (Paraense, 1995). This species 

is hitherto only known in Ecuador and Colombia (Bargues et al., 

2011a) and its presence in such a southern locality as Valdivia is 

surprising. The brief description of the shell and the male copula- 

tory organ made by Hubendick (1951) is insufficient to draw clear 

conclusions on the correct classification of the Chilean specimen. 

Although the climate of the lowland of Valdivia is of temperate type 

and thus not so different from the environmental characteristics of 

the high altitude in the Andean areas of Ecuador and Colombia, 

such a southern isolated location becomes bewildering and should 

be verified (Bargues et al., 2011a). We were unfortunately unable 

to find it. 

The molecular and phylogenetic data prove that L. patagonica is 

not a valid species, as argued by Malek (1985), but a synonym of P. 

diaphana. Similarly, the probable synonymy of L. lebruni, from Punta 

Arenas as type locality, with P. diaphana proposed by Pilsbry (1911) 

may be considered definitive according to the DNA sequencing 

results obtained. And finally, L. chilensis is taxonomically considered 

a nomen nudum (Hubendick, 1951) and may therefore be excluded. 

Thus, the lymnaeid fauna of mainland Chile appears composed 

by two authochthonous species, L.  viator  and P.  diaphana, and  

a third introduced species of Palaearctic origin G. truncatula. It 

sould be highlighted that L. viator and G. truncatula belong both to 

the Galba/Fossaria group of lymnaeid intermediate hosts, a group 

within which specimen classification is usually very difficult due 

to the pronounced morphological similarity between species. In 

the case of P. diaphana, the phylogenetic analysis shows that it  

is not a Galba/Fossaria member but rather a stagnicoline (Fig. 2), 

as already emphasized very recently (Bargues et al., in press-b). 

However, this does not mean that this species may be very easily 

confused with both L. viator and G. truncatula when only basing 

on shell characteristics (see Paraense, 1984), mainly when dealing 

with small-medium-sized specimens. The great lymnaeid similar- 

ity problem is undoubtedly the responsible for the overlook of the 

presence of G. truncatula in Chile up to the present. Hence the use- 

fulness of the DNA markers here furnished to help in both field 

and laboratory studies on disease transmission, epidemiology and 

control of fascioliasis in Chile from now on. 

The presence of G. truncatula should consequently be added to 

the list of seven exotic freshwater snail species already described in 

Chile (Letelier et al., 2007). The introduction success of these snail 

invaders in Chile appears to be related to increasing commercial 

activities and trade in the south-eastern Pacific, and their subse- 

quent mainland spread to given global environmental and climate 

changes or the rises in temperature produced in the Chilean coastal 

areas by the oceanographic El Niño events. Several of these exotic 

species registered in Chile are unfortunately well known due to 

their capacity to transmit helminthic diseases, such as Melanoides 

tuberculata and Pomacea spp. (Letelier et al., 2007). 

 
4.3. Implications for human and animal fascioliasis epidemiology 

 
Although there are only three species of lymnaeid snails in main- 

land Chile, from the public health point of view the problem lies 

in the fascioliasis transmission capacity of all of them. Whereas 

in Chile the transmission of the liver fluke has only been demon- 

strated in the case of L. viator so far (Tagle, 1944), this lymnaeid 

species has repeatedly proved to be involved in similar latitudes in 

Argentina (Venturini, 1978; Rossanigo et al., 1983; Kleiman et al., 

2004). Pectinidens diaphana has also been reported to participate 

in the transmission, at least in Peru (Cordova et al., 1961; Santa 

Cruz, 1979; Larrea et al., 1994), and its phylogenetic relationship 

with stagnicolines (Fig. 2) suggests an intermediate host capacity 

of secondary level (Bargues et al., in press-b). Finally, G. truncat- 

ula is known as both the original and main intermediate host of 

F. hepatica wherever this lymnaeid species is present, including 

a very large body of literature from throughout (see reviews in 

Bargues et al., 2001; Mas-Coma et al., 2009a) and has also proved 

to be the responsible for fascioliasis transmission in South America 

(Mas-Coma et al., 2001). 

The combined ITS-2–ITS-1 haplotype G.tru-H3C found in Chile 

merits additional comments, as it is the same as the one responsi- 

ble for the disease transmission in the endemic area of fascioliasis 

with the highest prevalences and intensities known in humans: 

the Northern Bolivian Altiplano. In this area, prevalences detected 

in some communities were of up to 72% and 100% in coprological 

and serological surveys, respectively, and intensities reached up to 

more than 8000 eggs per gram (epg) in children (Esteban et al., 

1997, 1999; Mas-Coma et al., 2009a). Although this human fasci- 

oliasis hyperendemic area is located at 3800-4100 m altitude and 

hence environmental conditions and climatic variables evidently 

differ from the pronouncedly lower altitudes where G. truncatula 

has been collected in Chile, temperatures may be similar because 

of the most southern latitude (Fuentes et al., 1999). Indeed, stud- 

ies on the influences of temperature and rainfall on F. hepatica egg 

development have shown how the liver fluke is able to be transmit- 

ted in given seasons even in southern areas as Valdivia and Temuco 

(Valenzuela, 1979), under environmental characteristics which are 

similar to those where G. truncatula plays its intermediate host role 

in Europe. 

Moreover, two other aspects shall be considered. First, the wide 

ecological features of G. truncatula do allow it to come close to 

human settings. This freshwater snail species may be even found in 

polluted waters such as those present in villages, as detected in the 

Northern Bolivian Altiplano (Mas-Coma et al., 1999). This anthro- 

pophylic ecology enables this lymnaeid to be in the background of 

many human infections. Second, G. truncatula is markedly linked 

to areas where livestock is present. This allows it to be passively 

transported by domestic animals as sheep or cattle from one place 

to another and explains the great spreading power of this lymnaeid 

(Mas-Coma et al., 2009a). This suggests a high liver fluke infection 

risk for both humans and animals in those areas of Chile where this 

intermediate host may be present. 

In Chile, prevalence data differ according to domestic animal 

host species and regions. The higher prevalences in cattle are found 

in Región VII (85.7%), followed by Región VIII (66.8%), Región VI 

(50.5%) and Región IV (44.7%). In sheep, the highest prevalences 

are in Región VIII (17.9%), followed by Region IV (15.2%), Region 

III (15.1%) and Region IX (13.9%). In goats, the highest prevalences 

are in Región IV (20.9%), followed by Región II (19.9%), Región VII 

(14.6%) and Región VI (10.6%). In pigs, the highest prevalences are in 

Región VII (16.4%), followed by Región VIII (8.0%), Región II (9.6%) 

and Región IV (5.9%). In equines, the highest prevalences are in 
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Región VII (37.3%), followed by Región III (24.1%), Región IV (15.7%) 

and Región II (13.3%) (Morales et al., 2000). The high prevalence 

data from regions IV, VII and VIII should be highlighted, as in their 

slaughterhouses mainly animals from their respective regions are 

slaugthered (Alcaino and Apt, 1989). The Región VII has been the 

objective of particular studies due to its high prevalences (Gorman 

et al., 1979; Alcaino and Mozo, 1983; Alcaino et al., 1993). 

An annual risk map was created for fascioliasis in the central 

regions of Chile by using both a climatic index and NDVI (normal- 

ized difference vegetation index) values as valid forecasting tools 

to assess disease transmission risk based on satellite remote sens- 

ing data (Fuentes and Malone, 1999). Despite the usefulness of 

these indexes previously verified in the human endemic area of 

Bolivia (Fuentes et al., 1999, 2001), final results obtained suggested 

transmission risk values which did not correlate cattle prevalence 

data for high endemic regions as Región VI and Región VII. Fac- 

tors other than natural climate were highlighted to explain the 

lack of fit, such as irrigation practices and the effect of irregular 

topography on availability of springs, seeps and water collection 

sites that keep habitats wet through part of the dry season, thus 

extending the suitable transmission period (Fuentes and Malone, 

1999). DNA sequencing results suggest that the absence of corre- 

lation between remote sensing data and bovine prevalences could 

also, or perhaps mainly, be due to differences of geographical distri- 

bution, ecological preferences, population dynamics and liver fluke 

infection suitability of each lymnaeid intermediate host species, L. 

viator and G. truncatula. Indeed, the endemic area in Bolivia where 

such methods proved to be useful is caused by only one lymnaeid 

species, G. truncatula (Mas-Coma et al., 2001). 

A patchy distribution of infection is typical within fasciolia- 

sis endemic areas given its water-borne transmission linked to 

freshwater lymnaeid intermediate hosts (Mas-Coma et al., 1999). 

Within this patchy epidemiological frame, and considering that 

the infectivity of the metacercarial stage from different livestock 

species isolates has shown to be similar (Valero and Mas-Coma, 

2000; Valero et al., 2001), domestic animal prevalence data alone 

do not explain why human infection data appears so high in the 

provinces of Curico, Talca and Linares in Región VII (Apt et al., 1992, 

1993). Indeed, geographical distribution, prevalences and intensi- 

ties of both human and animal infection are known to pronouncedly 

depend on the lymnaeid species involved in the local transmission 

and on characteristics such as their population dynamics, anthro- 

pophylic characteristics, type of water bodies, etc. (Bargues and 

Mas-Coma, 2005). 

All in all, results of DNA sequencing of lymnaeid snails suggest an 

hypothesis for Chile of three lymnaeid intermediate hosts present- 

ing different geograpical distributions and transmission capacities: 

(i) G. truncatula, as introduced species, would be the responsible 

for most of the human infection cases throughout a more or less 

large area restricted to central regions of the country, (ii) L. viator 

would be the main intermediate host involved in animal infection, 

mainly in areas which G. truncatula has not yet have the time to 

colonise, and (iii) P. diaphana may play a secondary intermediate 

host role in southern latitudes if overlapped with L. viator and/or G. 

truncatula or be the only transmitter in the most extreme south- 

ern areas of the country where it is the only lymnaeid present. 

The DNA sequencing results here exposed furnish a new baseline 

on which to undertake future appropriate studies on transmission, 

epidemiology and control of both human and animal fascioliasis in 

Chile. Elucidating the detailed geographical distribution of each one 

of the aforementioned lymnaeid intermediate hosts becomes cru- 

cial. Only after obtaining sufficient knowledge on intermediate host 

species distribution by using DNA markers could useful tools for 

disease assessment and control, as mathematical modelling based 

on climatic data and remote sensing and geographical information 

systems, be developed for Chile. 
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NATURAL FASCIOLA HEPATICA INFECTION IN NUTRIA 

(MYOCASTOR COYPUS) IN URUGUAY 
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Abstract: Fascioliasis, the zoonotic disease caused by the trematode Fasciola hepatica, is expanding worldwide, 

with a 17 million people at risk. Rodents, often recognized as a major source of zoonotic diseases, are affected by 

F. hepatica, with some species playing important roles in the disease epidemiology. The case reported here in a 

nutria or kiyá (Myocastor coypus) is the first documented case of F. hepatica in this species in Uruguay. Parasitic 

burden and total egg production detected are markedly higher than reported previously for this species, 

confirming its potential role as an effective reservoir and disseminator of liver flukes. Although further research is 

needed, nutria should be considered when designing effective control programs for fascioliasis. 

Key words:   Fasciola hepatica, kiyá, Myocastor coypus, nutria, Uruguay. 

 
 

BRIEF COMMUNICATION 

Fascioliasis, an important zoonotic parasitic 

disease caused by the trematode Fasciola hepatica, 

has the potential to be transmitted globally, 

placing an estimated 17 million people at risk of 

infection in 51 countries.14  This disease primarily 

affects domestic ruminants, but wild herbivorous 

mammals  are  also  susceptible.14    The  epidemio- 

logic role of these wild species is currently being 

evaluated as well as its potential conservation 

threat.6   In Uruguay, the disease occurs through- 

out the country, with mean bovine prevalences of 

57%, a prevalence consistently higher than the 

prevalence found in ovines.13   Between 1909 and 

1993, approximately 91 human cases were report- 

ed in Uruguay, but it is possible that this number 

may be underestimated because it is not a disease 

of mandatory incidence reporting.13
 

Several rodent species have been described as 

effective reservoirs of F. hepatica. Rattus norvegi- 

cus, Mus musculus, and Cavia porcellus are com- 

monly used as experimental hosts and are 

sporadically found naturally infected.5,7,18,19,20  Rat- 

tus rattus and introduced Myocastor coypus have 

been described as fascioliasis reservoirs of spe- 

cific biotopes, such as in Corsica, Italy, and in 
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Loire-Atlantique,  France,  respectively.15,19    Natu- 

ral infections in South American wild rodents 

have been described in Cavia aperea (Peru), 

Hydrochaeris hydrochaeris (Argentina, Brazil, and 

Uruguay), M. coypus (Argentina and Brazil), and 

Lagidium viscacia (Argentina).2,8,9,12,17,21,22
 

Myocastor coypus is a large, semiaquatic rodent 

known in Uruguay as nutria after the name given 

by  the  Spanish  conquerors,  or  as  kiyá  after  the 

aboriginal  Guarani  name.11    Exclusive  of  South 

America, the species is present in eastern Bolivia, 

central and southern Chile, southern Brazil, and is 

widespread in Argentina, Paraguay, and Uruguay.3 

Nutria have been introduced into North America, 

Europe, and Asia via escapes and releases from 

fur  farms.4    Nutria  live  in  marshes  and  on  the 

banks of lakes and rivers, especially in areas with 

abundant floating and emergent vegetation.3   Nu- 

tria often defecate in the water, and feces are 

easily recognized because of their tendency to 

float and by their size and elongated shape.3
 

Worldwide, rodents are recognized as one of the 

most important sources of zoonoses.16   Myocastor 

coypus is not an exception; several studies have 

highlighted the importance of this species as a 

reservoir of zoonotic diseases.9,10
 

The sampling site was located in Minas locality 

(34824.0649S,   55821.2139W),   Lavalleja   region, 

Uruguay, in a farm with a recognized bovine and 

ovine fascioliasis problem. In March 2009, M. 

coypus’ feces were surveyed and collected from a 

small pond where several individuals were known 

to dwell. The samples were identified by its typical 

characteristics, manually collected, and transport- 

ed, fresh, to the DILAVE laboratory facilities for 

analysis. Five feces were processed with a rapid 

sedimentation  technique,  consisting  of  3  min 
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consecutive sedimentations, with the elimination 

of supernatant. A couple of months later, an adult 

M. coypus from the same farm was sent to the 

DILAVE for a necropsy. Liver and gall  blader 

were thoroughly examined, and gall blader con- 

tents were collected for additional examination. 

Three milliliters of bile (total volume) were 

diluted up to a total volume of 50 ml. An aliquot 

of 100 ll was evaluated, and fluke eggs were 

enumerated. Fasciola hepatica and eggs were 

recovered and measured. Egg size and shape were 

estimated by multiplying length 3 width and 

dividing length/width (length/width ¼ 1 in round 

eggs  and  length/width  .1  in  elliptical  eggs), 

respectively.1   Finally, parasitic burdens and total 

egg production were compared with those of two 

naturally infected sheep (Ovis aries). 

Fasciola hepatica eggs were detected in every 

fecal sample examined, with 7.86 6 7.11 (mean 6 
SE; range, 1.5–15.6) eggs per gram (epg). Twenty- 

four adult specimens of F. hepatica were recovered 

from the liver; whereas the bile analysis for fluke 

eggs revealed 1.4 million eggs in total. Thirty-four 

and 59 liver flukes were recovered from the two 

sheep livers, with 140,500 and 586,500 eggs in 

total, respectively. Flukes collected from M. 

coypus measured 2–2.5 cm in length and 1 cm in 

width. One hundred eggs were measured, with a 

length of 130 6 9.6 lm (mean 6 SE; range, 105– 

150 lm) and a width of 74 6  5 lm (60–90 lm). 
Estimated size was 9,698.62 6 1,086.3 (mean 6 
SE;  range  7,200–12,375  lm),  and  eggs  elliptical 

(mean shape, 1.77 6 0.2; range, 1.4–2.25). 

Despite the low numbers of feces analyzed, all 

were found positive for F. hepatica eggs. The epg 

count is low compared with data reported previ- 

ously (mean 6 SE, 26.9 6 9.4),15  and it is possible 

that all the feces may have come from the same 

individual. Furthermore, when considering para- 

sitic burdens, the number of F. hepatica recovered 

from a single liver (from the individual recovered 

from the affected farm) is markedly higher than 

that reported by the same study.15  Eggs length and 

width values obtained are similar to those from 

previous reports, as were liver fluke dimen- 

sions.1,9,15    Fasciola  hepatica  eggs  from  M.  coypus 

origin are elliptical and medium-sized and range 

in dimensions similarly to those reported for 

cattle and lagomorphs.1   The egg shape observed 

in this study is more similar to that reported from 

rabbits than rodents.1   When taking into account 

the morphologic characteristics mentioned, it is 

clear that further research on viability and hatch- 

ability needs to be conducted. 

 
 

Finally, when comparing parasitic burdens and 

total egg production, the total load of F. hepatica 

eggs in M. coypus is surprisingly higher than that 

reported in naturally infected sheep, despite the 

lower quantity of adult liver flukes. Although M. 

coypus has been described as naturally infected 

with F. hepatica in Argentina, Brazil, and France, 

to our knowledge, this is the first report of this 

species infected by F. hepatica in Uruguay.9,15,21
 

It seems that the nutria or kiyá  are capable of 

dispersing F. hepatica by contaminating natural 

water sources with their feces, thereby increasing 

exposure of lymnaeid snails to F. hepatica’s 

miracidium. Although further studies are re- 

quired, nutria should be considered as an effective 

wildlife reservoir and integrated into the design of 

effective control programs for animal and human 

fascioliasis in Uruguay. 
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Freshwater lymnaeid snails are crucial in defining transmission and epidemiology of fascioliasis. In South Amer- 

ica, human endemic areas are related to high altitudes in Andean regions. The species Lymnaea diaphana has, how- 
ever, been involved in low altitude areas of Chile, Argentina and Peru where human infection also occurs. Complete 
nuclear ribosomal DNA 18S, internal transcribed spacer (ITS)-2 and ITS-1 and fragments of mitochondrial DNA 
16S and cytochrome c oxidase (cox)1 genes of L. diaphana specimens from its type locality offered 1,848, 495, 520, 
424 and 672 bp long sequences. Comparisons with New and Old World Galba/Fossaria, Palaearctic stagnicolines, 
Nearctic stagnicolines, Old World Radix and Pseudosuccinea allowed to conclude that (i) L. diaphana shows se- 
quences very different from all other lymnaeids, (ii) each marker allows its differentiation, except cox1 amino acid 
sequence, and (iii) L. diaphana is not a fossarine lymnaeid, but rather an archaic relict form derived from the oldest 
North American stagnicoline ancestors. Phylogeny and large genetic distances support the genus Pectinidens as the 
first stagnicoline representative in the southern hemisphere, including colonization of extreme world regions, as 
most southern Patagonia, long time ago. The phylogenetic link of L. diaphana with the stagnicoline group may give 
light to the aforementioned peculiar low altitude epidemiological scenario of fascioliasis. 

 
Key words: Lymnaea diaphana - Lymnaeidae - nuclear rDNA - mtDNA - phylogeny - fascioliasis vectors 

 
 

Freshwater snails of the family Lymnaeidae are of 
great importance in public health due to their capacity 
to transmit fascioliasis, a parasitic disease  caused by 
the two liver fluke species Fasciola hepatica and Fas- 
ciola gigantica (Mas-Coma et al. 2009a). Whereas the 
consequences of fascioliasis are the cause of concern in 
livestock husbandry since long ago (Spithill et al. 1999, 
Torgerson & Claxton 1999), its impact on human com- 
munities has shown to progressively increase from an 
amount of 2,500 human cases in 1990 (Chen & Mott 
1990) to a global estimation of 17 million people affected 
which may be even worse if the lack of knowledge in 
many regions of Africa and Asia are considered (Mas- 
Coma et al. 2009a). This recent emergence appears to be 
at least in part related to climate change (Mas-Coma et 
al. 2008, 2009b). General concern about fascioliasis has 
moreover risen due to the large long-term pathogenicity 
of fasciolid flukes (Valero et al. 2003, 2006, 2008) and 
their immunosuppression effect (Gironés et al. 2007) 

 
recently demonstrated in the advanced chronic stage of 
the disease, which appears to be the usual situation of 
infected subjects in the human endemic areas. 

Within the several human fascioliasis hotspot regions 
known, South America is characterized by the so-called 
Andean transmission pattern, including the Altiplano 
subpattern and Valley subpattern. Both subpatterns are 
characterized by high altitude endemic areas, including 
high prevalences and intensities in humans caused by F. 
hepatica, such as in Bolivia (Hillyer et al. 1992, Esteban 
et al. 1997a, b, 1999) and Peru (Esteban et al. 2002, Gon- 
zalez et al. 2011). In Argentina the human fascioliasis sit- 
uation, although underestimated, also shows a link to al- 
titude areas (Mera y Sierra et al. 2011). However, human 
infection in South America has also been described to 
be relatively frequent in given low altitude areas, such as 
in Arequipa region, Peru and southern Chile, where the 
species Lymnaea diaphana King, 1830 has been noted to 
be directly involved in the transmission (Cordova et al. 
1961, Tantalean et al. 1974, Larrea et al. 1994) or known 
to be present in the transmission area (Sielfeld 2001, Val- 
dovinos 2006), respectively. Additionally, L. diaphana is 

   known to inhabit the southernmost areas of South Amer- 
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ica (Hubendick 1951) where animal fascioliasis has been 
described, in both Chile (Alcaino & Apt 1989, Morales 
et al. 2000) and Argentina (Olaechea 1994). 

In spite of their applied interest, our knowledge on 
lymnaeid snails is far from sufficient regarding both 
their genetics and their vector role. This situation is well 
illustrated by the systematic-taxonomic controversy in 
which this molluscan family is immersed (see review in 
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Bargues et al. 2001). At lymnaeid species level, the prob- 
lems are mainly due to the interspecific morphological 
and anatomic uniformity numerous species show, usu- 
ally presenting serious difficulties in specimen clas- 
sification, sometimes even impeding it. Moreover, in- 
traspecific variation of shell shape is particularly well 
marked within lymnaeids depending on environmental 
conditions, although a genetic component in shell shape 
has been shown at least in some lymnaeid populations 
(Samadi et al. 2000). In the Americas, there are many 
specimen classification problems, mainly concerning 
fascioliasis vector species of the so-called “fossarine”  
or Galba/Fossaria group (Bargues et al. 2007), which  
is characterized by a shell shape and size range within 
which L. diaphana fits (Paraense 1984). 

Recent studies have shown that nuclear ribosomal 
DNA (rDNA) and mitochondrial DNA (mtDNA) se- 
quences furnish appropriate markers to clarify the 
systematics of this snail group as well as lymnaeid 
specimen classification even in particularly confusing 
lymnaeid groups (Bargues & Mas-Coma 1997, 2005, 
Bargues et al. 1997, 2001, 2003, 2006, 2007, Remigio & 
Blair 1997a, b, Remigio 2002, Remigio & Hebert 2003). 
Additionally, analyses have recently shown that the only 
way to perform a correct, definitive species ascription to 
a DNA sequence is by comparing with the sequence of 
the same marker obtained in specimens collected in the 
type locality of the species (Bargues et al. 2011a), as al- 
ready followed concerning shell and morphoanatomical 
characteristics by Paraense (1976, 1984). 

The current trend in molecular population genetics is 
to use increasing numbers of genes in the analysis. Here 
we describe a multigenic sequence analyses of L. diapha- 
na thanks to the attainment of complete sequences of the 
18S gene and the first and second internal transcribed 
spacers (ITS), ITS-1 and ITS-2, of the rDNA and partial 
sequences of the 16S gene and cytochrome c oxidase sub- 
unit I (cox1) coding gene. To avoid any possible doubt, the 
molecular characterization is based only on specimens 
collected in the type locality of this species. These se- 
quences are analyzed in full detail, by means of pairwise 
comparisons and phylogenetic methods, with those of 
the same markers in (i) other American lymnaeid spe- 
cies of the “fossarine” or Galba/Fossaria group, most of 
them represented by specimens from the respective type 
localities of the species, (ii) the main fascioliasis vector 
species throughout the world Galba truncatula, which 
also belongs to the Galba/Fossaria group and (iii) mor- 
phologically close Nearctic and Palaearctic species of the 
“stagnicoline” group. Finally, the study is also used for 
the analysis of the lymnaeid genus Pectinidens, which 
was proposed with L. diaphana as type species long ago 
(Pilsbry 1911). Pectinidens has also been used at subge- 
nus level to even include other Galba/Fossaria vector 
species such as Lymnaea viatrix (Alcaino & Apt 1989). 

MATERIALS AND METHODS 

Lymnaeid snail materials - The snail specimens 
studied were collected in the field, at the type local-    
ity included in the original description of the species 
L.  diaphana:  neighbourhood  of  Cape  Gregory, which 

is on the continental side of the eastern end of the Strait 
of Magalhaens, province of Magallanes, Chile (King & 
Broderip 1832, Pilsbry 1911, Paraense 1984). For a com- 
plete description of the shell and anatomy of topotypic 
specimens of this species, including detailed drawings, 
see Paraense (1984). A typic specimen of the lymnaeid 
snails collected is illustrated in Fig. 1. The terra typica of 
this lymnaeid (S52º37’52.3” W70º15’18.0”, altitude 2-5 m) 
is constituted by different neighbouring water collections 
resulting from subsoil effluences in a wide area of sheep 
farming (see kind of biotopes in Fig. 2A, B). Specimens 
were usually found inside cold water, mostly on stony wa- 
terbottom (Fig. 2C) and only very rarely outside water as 
on floating leafs (Fig. 2D). No other lymnaeid species was 
found in the water collections studied. 

Molecular techniques - DNA was only isolated  
from the foot of each alcohol-fixed snail (Bargues et al. 
1997, 2007). Total DNA was isolated according to the 
phenol-chloroform extraction and ethanol precipitation 
method. The procedure steps were performed according 
to methods outlined previously (Bargues & Mas-Coma 
1997, Bargues et al. 2001, 2007). The pellet was dried 
and resuspended in 30 µL sterile tris-ethylenediamine 
tetraacetic acid (TE) buffer (pH 8.0). This suspension 
was stored at -20ºC until use. 

A combined set of nuclear rDNA and mtDNA mark- 
ers were polymerase chain reaction (PCR) amplified in- 
dependently for each lymnaeid specimen and each PCR 
product was sequenced for a bona-fide haplotype char- 
acterization. The complete 18S rRNA gene was ampli- 
fied using specific primers (Bargues et al. 1997, 2011a). 
The rDNA spacers ITS-2 and ITS-1 were amplified us- 
ing primers designed in conserved positions of 5.8S and 
28S rRNA genes and 18S and 5.8S rRNA genes, respec- 
tively (Bargues et al. 2001, 2006, 2007). The target 16S 
gene region was amplified using a set of universal prim- 
ers (Simon et al. 1991). Amplification procedures and 
thermal cycler conditions were carried out as previously 
described for lymnaeids (Remigio & Blair 1997a). A 
cox1 gene fragment was amplified using other universal 
primers (Folmer et al. 1994). Amplifications were gen- 
erated in a Mastercycle ep gradient (Eppendorf, Ham- 
burg, Germany) using specific PCR conditions for each 
marker, as previously described (Bargues et al. 2011a). 
Ten microlitres of each PCR product were checked by 

 
 
 

Fig. 1: specimen of Lymnaea diaphana collected at its type locality of 
Cape Gregory, Strait of Magellan, province of Magallanes. Chile. A: 
ventral view; B: dorsal view. 
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staining with ethidium bromide on 1% Nusieve® Ge- 
netic Technology Grade agarose (FMC Bioproducts) gel 
electrophoresis using the Molecular Weight Marker VI 
(Boehringer Mannheim) at 0.1 µg DNA/µL as control. 

Primers and nucleotides were removed from PCR 
products by purification on Wizard™ PCR Preps DNA 
Purification System (Promega, Madison, WI, USA), ac- 
cording to the manufacturer’s protocol, and suspended 
in 50 µL of 10 mM TE buffer (pH 7.6). The final DNA 
concentration was determined by measuring the absor- 
bance at 260 and 280 nm. 

DNA sequencing was performed  on  both  strands 
by the dideoxy chain-termination method (Sanger et al. 
1977). It was carried out with the Taq dye-terminator 
chemistry kit for ABI 3730 DNA Analyzer (Applied 
Biosystems, Foster City, CA, USA), using PCR primers. 
Sequences were aligned using CLUSTALW version 1.8 
(Thompson et al. 1994) and MEGA 5.0 (Tamura et al. 
2011). Minor corrections were manually introduced for a 
better fit of nucleotide correspondences in microsatellite 
sequence regions. 

For 18S rRNA secondary structure representation, 
the previously published secondary structure prediction 
for Limicolaria kambeul 18S  rRNA  (Winnepennickx 
et al. 1992) based on the general eukaryote 18S rRNA 
secondary structure (De Rijk et al. 1992) was used and 
extended to encompass lymnaeid sequences. 

DNA haplotype nomenclature - The codes for the 
sequences obtained follow the standard nomenclature 
proposed for lymnaeid snails previously (Bargues & 
Mas-Coma 2005, Bargues et al. 2006, Mas-Coma et al. 
2009a). It shall be noted that haplotype codes are only 
definitive in the case of complete sequences. When deal- 
ing with fragments or incomplete sequences, haplotype 
codes are provisional. 

Sequence comparisons - The following sequences 
from GenBank and European Molecular Biology Labo- 
ratory (EMBL) have been used for comparison and/or 
phylogenetic analyses: (i) 18S rRNA gene: complete 
sequences of Lymnaea (Lymnaea) stagnalis (GenBank 
accession z73984), Lymnaea (Stagnicola) palustris 
(z73983), Omphiscola glabra (z73982) and G. trunca- 
tula (z73985) (Bargues & Mas-Coma 1997), Lymnaea 
cubensis (z83831) (Bargues et al. 1997, 2007), L. viatrix 
and Lymnaea neotropica (both species with the same 
sequence AM412222) (Bargues et al. 2007), Lymnaea 
humilis (FN182190) (Bargues et al. 2011a) and Pseudo- 
succinea columella (FN598152) (Bargues et al. 2011b), 
Radix auricularia (z73980) and Radix balthica (z73981) 
(Bargues & Mas-Coma 1997, Bargues et al. 1997). Other 
lymnaeid incomplete sequences available in the GenBank 
have not been used to avoid problems in comparative se- 
quence analyses. The planorbids Biomphalaria glabrata 

 

 

 

 
Fig. 2: type locality of Lymnaea diaphana at San Gregorio, Strait of Magellan, province of Magallanes. Chile: A: water collection inhabited by 
the species in a view to the Strait (see sea on the background); B: another water collection inhabited by the species in a view to the inland; C: 
specimens rarely found out of water, on a floating leaf; D: stony water ground on which specimens were usually found.  
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(Hanelt et al. 1997) and Bulinus truncatus (Jorgensen  
et al. 2011) were included for comparison purposes; (ii) 
rDNA ITS-2: L. (S.) palustris palustris (AJ319620), Lym- 
naea (Stagnicola) fuscus (AJ319621) and Catascopia oc- 
culta (AJ319642) (Bargues et al. 2001, 2003), Catasco- 
pia catascopium (AF013143), Catascopia emarginata 
(AF013141, AF013142), Catascopia elodes (AF013138) 
and Hinkleyia caperata (AF013139) (Remigio & Blair 
1997b), G. truncatula H1 (AJ296271) (Bargues et al. 
2001, Mas-Coma et al. 2001), L. cubensis H1 (AM412223) 
and H2 (FN182200) (Bargues et al. 2007, 2011a), L. via- 
trix H1 (AM412224) and L. neotropica H1 (AM412225) 
(Bargues et al. 2007), L. humilis H1 (FN182191) (Bar- 
gues et al. 2011a), P. columella H1 (FN598155) (Bargues 
et al. 2011b), R. auricularia (AJ319628) and R. balthica 
(AJ319633) (Bargues et al. 2001); (iii) rDNA ITS-1: L. (S.) 
palustris palustris (AJ626849), L. (S.) fuscus (AJ626856) 
and C. occulta (AJ626858) (Bargues et al. 2006), C. 
catascopium (AF013143), C. emarginata (AF013142), C. 
elodes (AF013138) and H. caperata (AF013139) (Remi- 
gio & Blair 1997b), G. truncatula HA (AJ243018) (Mas- 
Coma et al. 2001), L. cubensis HA (AM412226) and HB 
(FN182202) (Bargues et al. 2007, 2011a), L. viatrix HA 
(AM412227) and L. neotropica HA (AM412228) (Bar- 
gues et al. 2007), L. humilis HA (FN182193) (Bargues  
et al. 2011a), P. columella HA (FN598160) (Bargues et 
al. 2011b); R. auricularia (JF922878) and R. balthica 
(JF922879) (Bargues et al. 2011b); (iv) 16S rRNA gene 
of the mtDNA: Fossaria bulimoides (AF485657), Fos- 
saria obrussa (AF485658) and Stagnicola bonnevillensis 
(AF485655) (Remigio 2002), F. bulimoides (EU038315) 
and Stagnicola elodes isolate 44106 (EU038305) (Weth- 
ington & Lydeard 2007), L. humilis (FN182195) and L. 
cubensis (FN182204) (Bargues et al. 2011a), P. columella 
(PCU82073) (Remigio & Blair 1997a); (v) mtDNA cox1 
gene: S. elodes (AY227368), F. bulimoides (AY227367) 
and Austropeplea tomentosa (AY227365) (Remigio & 
Hebert 2003), G. truncatula from Spain (AM494011) 
(Bargues et al. 2007) and Germany (EU818799) (Al- 
brecht et al. 2008), L. cubensis cox1a (AM494009) and 
cox1b (FN182205), L. neotropica cox1a (AM494008) 
and cox1b (FN356741), L. humilis cox1a, cox1b and cox1c 
(FN182197-9) (Bargues et al. 2007, 2011a, Mera y Sierra 
et al. 2009), P. columella (FN598165) (Bargues et al. 
2011b) and P. columella (AY227366) (Remigio & Hebert 
2003), Radix rubiginosa (GU451737) (Liu et al. 2010). 

Phylogenetic inference - Phylogenetic analysis of 
ITS-1 and ITS-2 combined haplotypes was firstly per- 
formed with a maximum likelihood (ML) approach 
using Phylogenetic Analysis Using Parsimony (PAUP) 
version 4.0b10 (Swofford 2002) and the PhyML program 

To provide an assessment of the reliability of the 
nodes in the  ML tree, four methods were  used.  First,  
a distance-based phylogeny using the neighbour-join- 
ing (NJ) algorithm (Saitou & Nei 1987) with the ML 
pairwise distances was obtained and statistical support 
for the nodes was evaluated with 1,000 bootstrap rep- 
licates, with and without removal of gapped positions, 
in PAUP. Second, a bootstrap analysis using 1,000 rep- 
licates was made by using branch-swapping algorithm 
(tree-bisection-reconnection) with full heuristic search 
in PAUP. Third, a Bayesian phylogeny reconstruction 
procedure was applied to obtain posterior probabilities 
(BPP) for the nodes in the ML tree, by using the same 
evolutionary model as above, implemented in MrBayes 
3.1 (Ronquist & Huelsenbeck 2003) with four chains 
during 1,000,000 generations and trees being sampled 
every 100 generations. The first 1,000 trees sampled 
were discarded (“burn-in”) and clade posterior probabil- 
ities were computed from the remaining trees. Fourth, 
reliability for internal branch was assessed with a fast 
method using the aLRT test (SH-like) implemented in 
PhyML for final comparison purposes. 

RESULTS 

DNA sequences - Nuclear rDNA 18S, ITS-2 and 
ITS-1 and mtDNA 16S and cox1 nucleotide sequence 
data reported in this paper are available in the Gen- 
Bank™, EMBL and DNA Data Bank of Japan databases 
under the accessions noted in Table I. 

18S rRNA gene - The 18S rDNA sequences obtained in 
the L. diaphana specimens analyzed from the type local- 
ity are identical base to base, with a length of 1,848 bp and 
a guanine-cytosine (GC) content of 51.68% (Table I). 

A multiple sequence alignment of 11 different 18S se- 
quences, including several Galba/Fossaria vector species 
such as L. cubensis, L. viatrix (with 18S sequence identi- 
cal to that of L. neotropica), G. truncatula and L. humilis, 
the peculiar species P. columella, three representatives 
of stagnicolines such as L. (L.) stagnalis, L. (S.) palustris 
and O. glabra and two species of the Radix group such as 
R. auricularia and R. balthica, was 1,867 bp long, show- 

 
 
 

TABLE I 
Nuclear ribosomal DNA (rDNA) and 

mitochondrial DNA (mtDNA) barcode haplotype 
identification and respective GenBank accessions for the 

lymnaeid species Lymnaea diaphana from its type locality 
 

 

DNA marker Haplotype code Accession 
version 3.0  aLRT.  ML parameters and the evolutionary    
model  best  fitting our  dataset  were  determined using 
Akaike and Bayesian information criteria (Akaike 1974, 
Posada & Buckley 2004), implemented in jModeltest 
version 0.1.1 (Posada 2008). Starting branch lengths 
were obtained using the least-squares method with ML 
distances. The intergenic region sequence (AY030361)         
(De Jong et al. 2001) including both ITSs of a planorbid 
species, Biomphalaria pfeifferi, was used as outgroup. 

a: mtDNA haplotype codes only preliminary due to incom- 
plete gene sequence. H: haplotypes. 

18S rRNA L.dia 18S-H1 JF909497 
rDNA ITS-2 L.dia ITS2-H1 JF909498 
rDNA ITS-1 L.dia ITS2-HA JF909499 
mtDNA 16S L.dia 16S-HAa

 JF909500 
mtDNA cox1 L.dia cox1-Haa

 JF909501 
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ing a total of 62 variable positions (3.32% nucleotide di- 
vergence). Thirty of these 62 polymorphic sites appear 
grouped in the short sequence between positions 233 and 
266, which corresponds to the helix E10-1 of the variable 
area V2 of the secondary structure (Supplementary data). 
Pairwise nucleotide differences at the level of the 18S be- 
tween L. diaphana and the other 10 aforementioned lym- 
naeid species, as well as with representatives of Planor- 
bidae to comparatively assess distances at family level, 
are shown in Table II. 

rDNA ITS-2 - Specimens of L. diaphana from the 
type locality present a 495 bp-long ITS-2, with a 56.97% 
GC content, which has been ascribed to L. diaphana 
haplotype 1 (L.dia ITS2-H1) (Table I). 

Worth mentioning is the very high number of nucle- 
otide differences detected in the pairwise comparisons 
of this ITS-2 sequence of  L. diaphana with the ITS-2  
of other European and American Galba/Fossaria, stag- 
nicolines and Pseudosuccinea species available in Gen- 
Bank. The ITS-2 dataset distance matrix obtained with 
PAUP shows that the number of total and mean character 
differences between L. diaphana and the other species 
considered are considerably high in all cases (Table III). 
These total differences ranged between 68-116 (average 
88.6), when comparing with Galba/Fossaria species, and 
between 105-108 (average 106.5) and 66-80 (71.5), when 
L. diaphana is compared with European and American 
stagnicolines, respectively. Regarding P. columella, the 
differences are 81 (Table IV). According to these ITS-2 
pairwise distance results, the group of species appear- 
ing to be more close to L. diaphana is the one of the 
American stagnicolines. Genetic distances between L. 
diaphana and its molecularly closest lymnaeid species 
according to PAUP (L. neotropica, C. catascopium, C. 
elodes and H. caperata) are shown in Table V. 

rDNA ITS-1 - L. diaphana specimens collected in 
the type locality present an ITS-1 with a length of 520 
bp and a GC content of 54.05%. This ITS-1 sequence 
has been ascribed to L. diaphana haplotype A (L.dia 
ITS1-HA) (Table I). 

Similarly as in the case of ITS-2, a very high number 
of nucleotide differences appear in the pairwise com- 
parisons of this ITS-1 sequence of L. diaphana with the 
ITS-1 of species of Galba/Fossaria and stagnicolines, as 
well as to P. columella available in GenBank. The ITS-1 
dataset distance matrix obtained with PAUP shows that 
the number of total and mean character differences be- 
tween L. diaphana and the other species considered are 
considerably high in all cases (Table VI). These total dif- 
ferences ranged between 73-95 (average 85.6) when com- 
paring with Galba/Fossaria species and between 100-101 
(100.5) and 76-93 (86.7) when L. diaphana is compared 
with European and American stagnicolines, respectively. 
Regarding P. columella, a total of 105 differences appear 
(Table IV). According to these ITS-1 pairwise distance 
results and similarly as detected in the ITS-2 analysis, the 
group of lymnaeids appearing to be more close to L. di- 
aphana is the one of the American stagnicolines. Genetic 
distances between L. diaphana and its molecularly clos- 
est lymnaeid species according to PAUP (G. truncatula 
and H. caperata) are shown in Table V. 

16S mtDNA - Snail specimens from the type locality 
furnished a 16S fragment sequence of a length of 424 bp 
characterized by a considerable adenine-thymine (AT) 
biased average nucleotide composition of 70.75%. The 
provisional code L.dia 16S-HA has been assigned for 
this fragment (Table I). 

Estimates of evolutionary divergence and base com- 
position bias differences in the 16S sequence alignment 
including L. diaphana and other species available in Gen- 
Bank demonstrate that L. diaphana is different from any 
other species of Galba/Fossaria and stagnicolines, as 
well as from P. columella, at the level of this mtDNA gene 
(Table VII, Supplementary data). In pairwise compari- 
sons, minimum differences were 31 mutations when L. 
diaphana is compared with S. bonnevillensis and a maxi- 
mum of 46 mutations appeared with F. bulimoides. Nucle- 
otide differences were numerous and very similar when 
comparing L. diaphana with Galba/Fossaria (41-46, av- 
erage 42.0), with stagnicolines (31-41, 36.0) and with P. 
columella (42) (Table VII). The eight species 445-bp-long 
alignment shows a total of 108 polymorphic sites, includ- 
ing 89 variable positions (20%), of which 43 were parsi- 
mony informative (p-info), 46 were singleton sites and 19 
gapped or ambiguous sites (Supplementary data). These 
variable positions do not appear regularly distributed 
throughout the 16S fragment and show evident concentra- 
tions in given hot spot regions (Supplementary data). 

mtDNA cox1 - The code L.dia cox1-Ha has been as- 
cribed for the provisional haplotype obtained for this frag- 
ment. The sequence in question is 672-bp long and shows 
a high AT-biased composition of 69.40% (Table I). 

In a multiple 672-bp-long sequence alignment re- 
stricted to 17 sequences similar in nucleotide length, a 
total of 473 positions were conserved and 199 variable, 
comprising 166 p-info and 33 singleton sites (align- 
ment not shown). When comparing the L. diaphana 
cox1 sequence with these other proximal lymnaeid spe- 
cies, including species of the Galba/Fossaria group, 
stagnicolines such as S. elodes, P. columella and also 
species of the Radix group such as A. tomentosa and 
R. rubiginosa, available in GenBank, the high number 
of nucleotide differences appears evident in a pairwise 
cox1 distance matrix (Table VIII). 

The code L.dia COX1-HI has been assigned to the 
provisional haplotype represented by the 224-aa-long 
protein sequence of that cox1 gene fragment (Table I).  
In the protein alignment comprising L. diaphana and  
the aforementioned species, a total of 213 positions ap- 
peared to be conserved and 11 were variable, including 
five p-info and six singleton sites. A pairwise compari- 
son showed a 100% identity between this L. diaphana 
haplotype cox1-a and L. neotropica cox1-b form Argen- 
tina and only one amino acid change (S/G) when com- 
pared with F. bulimoides, G. truncatula, L. cubensis and 
L. neotropica haplotype cox1-a (Table IX). 

Phylogenetic analysis - The combination of the two 
ITS in a single data-set generated a robust tree, indicating 
phylogenetic accordance between the two spacers. The 
ML model best fitting this data-set was HKY85+G+I, 
using a ts/tv ratio of 1.32 (kappa = 2.5975285), base fre- 
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TABLE II 
Pairwise distances between ribosomal DNA 18S nucleotide sequences according to Phylogenetic Analysis Using Parsimony 

including the lymnaeid species studied, together with other proximal lymnaeid species available in GenBank 
 

 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Lymnaea (Lymnaea) stagnalis - 0.00108 0.00325 0.00813 0.00705 0.00761 0.00704 0.00923 0.00758 0.00597 0.00923 0.03168 0.03444 
2 Lymnaea (Stagnicola) palustris 2 - 0.00325 0.00813 0.00650 0.00760 0.00811 0.01030 0.00865 0.00651 0.01030 0.03273 0.03559 
3 Omphiscola glabra 6 6 - 0.00814 0.00813 0.00870 0.00813 0.01032 0.00867 0.00706 0.01032 0.03169 0.03387 
4 Radix auricularia 15 15 15 - 0.00216 0.00489 0.00812 0.00869 0.00866 0.00651 0.00706 0.02837 0.03084 
5 Radix balthica 13 12 15 4 - 0.00380 0.00812 0.00869 0.00866 0.00651 0.00706 0.02946 0.03203 
6 Galba truncatula 14 14 16 9 7 - 0.00597 0.00706 0.00597 0.00706 0.00544 0.02787 0.02973 
7 Lymnaea viatrix 13 15 15 15 15 11 - 0.00271 0.00215 0.00433 0.00595 0.03050 0.03254 
8 Lymnaea humilis 17 19 19 16 16 13 5 - 0.00271 0.00541 0.00596 0.02999 0.03201 
9 Lymnaea cubensis 14 16 16 16 16 11 4 5 - 0.00433 0.00595 0.03106 0.03316 
10 Lymnaea diaphana 11 12 13 12 12 13 8 10 8 - 0.00434 0.02944 0.03142 
11 Pseudosuccinea columella 17 19 19 13 13 10 11 11 11 8 - 0.02840 0.03147 
12 Biomphalaria glabrata 58 60 58 52 54 51 56 55 57 54 52 - 0.01480 
13 Bulinus truncatus 58 60 57 52 54 50 55 54 56 53 53 25 - 

the planorbids B. glabrata and B. truncatus included for comparison purposes of family distances. Sequence correspondences detailed in Materials and Methods section. Below diago- 
nal: total character differences; above diagonal: mean character differences (adjusted for missing data). 

 
TABLE III 

Pairwise distances between ribosomal DNA internal transcribed spacer nucleotide-2 sequences according to Phylogenetic Analysis Using Parsimony 
including the lymnaeid species studied, together with other proximal lymnaeid species available in GenBank 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Lymnaea (Stagnicola) palustris-H1 - 0.02998 0.24737 0.29398 0.28362 0.25693 0.23200 0.23174 0.22922 0.21782 0.22879 0.25899 0.20460 
2 Lymnaea (Stagnicola)fuscus-H2 14 - 0.25397 0.28467 0.28889 0.26209 0.23720 0.22251 0.21995 0.21197 0.22798 0.25547 0.20308 
3 Galba truncatula-H1 94 96 - 0.14767 0.09819 0.07752 0.07937 0.16992 0.16992 0.17080 0.18732 0.20968 0.20000 
4 Lymnaea humilis-H1 122 117 57 - 0.20920 0.18313 0.16203 0.23940 0.24190 0.25776 0.26799 0.27751 0.27632 
5 Lymnaea cubensis-H2 116 117 38 91 - 0.04556 0.04380 0.21120 0.21628 0.20603 0.21558 0.24010 0.25000 
6 Lymnaea viatrix-H1 102 103 30 76 20 - 0.02651 0.17016 0.17016 0.17708 0.17935 0.21429 0.22841 
7 Lymnaea neotropica-H1 87 88 30 64 18 11 - 0.15342 0.15342 0.16120 0.17280 0.18329 0.20178 
8 Catascopia catascopium 92 87 61 96 83 65 56 - 0.00676 0.05301 0.10579 0.15603 0.17297 
9 Stagnicola elodes 91 86 61 97 85 65 56 3 - 0.05301 0.10327 0.15603 0.17838 
10 Catascopia occulta-H1 88 85 62 108 82 68 59 22 22 - 0.13382 0.18476 0.18684 
11 Hinkleyia caperata 89 88 65 108 83 66 61 42 41 55 - 0.17831 0.17204 
12 Lymnaea diaphana-H1 108 105 78 116 97 84 68 66 66 80 74 - 0.20876 
13 Pseudosuccinea columella-H1 80 79 67 105 93 82 68 64 66 71 64 81 - 

sequence correspondences detailed in Materials and Methods section. H: haplotype; below diagonal: total character differences; above diagonal: mean character differences 
(adjusted for missing data). 
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quencies for A, C, G and T of 0.22830, 0.26280, 0.22550 
and 0.28340, respectively, gamma (continuous) with 
shape parameter alpha of 1.07 and a proportion of invari- 
able sites equal to 0.121 (-ln L 9275.68103). 

In the ML tree obtained (Fig. 3), the species of the 
Radix group appear clearly independent from all oth- 
er lymnaeids, this independence always showing the 
highest support values. Worth emphasizing is also the 
presence of P. columella located basal to the branch, 
including species of both the Galba/Fossaria  group 
and the stagnicolines, although such a location is not 
supported in the Heuristic analysis in which P. colu- 
mella appears in a paraphyly regarding the fossarines 
and all stagnicolines nor in the Bayesian phylogeny 
reconstruction in which it appears basal to the Galba/ 
Fossaria group (trees not shown). 

In all trees obtained, European stagnicolines ap- 
pear clustering together with the  Galba/Fossaria 
group, whereas American stagnicolines (Hinkleyia and 
Catascopia, the latter also including the Palaearctic 
species C. occulta) appear separately, grouped within 
the same branch. L. diaphana appears basal to that 
clade comprising the American stagnicolines, with a 
bootstrap support of 74%, 76% and 88% with NJ, Heu- 
ristic and BPP algorithms, respectively. However, in 
the ML tree obtained with PhyML (tree not shown), the 

reliability for this L. diaphana - American stagnico- 
lines cluster appear with a lower support of only 45% 
when applying the aLRT test. 

DISCUSSION 

Molecular characterization of L. diaphana - Pheno- 
typically, this species was well described at the levels of 
both shell features and anatomical characteristics from 
specimens collected in the same type locality time ago 
(Paraense 1984). 

Recently, broad analyses on the usefulness of the mo- 
lecular markers offered by DNA in different organism 
groups have shown that nuclear rDNA correlates with 
the phenotype (shape, size, anatomy), while mtDNA 
does not (Mas-Coma & Bargues 2009, Mas-Coma et   
al. 2009a), and that mtDNA poses many problems caus- 
ing erroneous results when used to compare genetically 
distant taxa as distant species within the same genus or 
different genera (Lin & Danforth 2004, Ballard & Rand 
2005, Mas-Coma & Bargues 2009). This has obvious im- 
plications on the usefulness of these markers, as in fact 
traditional systematics and taxonomy, as those always 
applied to snails in malacology have fundamentally re- 
lied on morphology (Bargues et al. 2011a). Therefore, in 
Lymnaeidae it has been more recently concluded that (i) 
rDNA markers are the appropriate targets when dealing 

 
 
 

TABLE IV 
Total character differences (extreme and average values of nucleotide differences) at ribosomal DNA internal 

transcribed spacer (ITS)-2 and ITS-1 sequences according to Phylogenetic Analysis Using Parsimony 
in the pairwise distance comparisons between Lymnaea diaphana and the different lymnaeid groups studied 

 

DNA marker Galba/Fossaria group European stagnicolines American stagnicolines Pseudosuccinea columella 

ITS-2 68-116 (88.6) 105-108 (106.5) 66-80 (71.5) 81 (81) 
ITS-1 73-95 (85.6) 100-101 (100.5) 76-93 (86.7) 105 (105) 

data set contains 736 and 765 characters for ITS-2 and ITS-1, respectively. 
 
 
 

TABLE V 
Genetic distances in internal transcribed spacer (ITS)-2 and ITS-1 detected in pairwise comparisons 

of Lymnaea diaphana with its molecularly closest lymnaeid species 
 

Alignment Conserved Nucleotide 
 

Mutations 
 

Insertions + deletions 
length positions differences (transitions + transversions) (indels) 

Pairwise sequence comparisons (bp long) (n) n (%) n (%) n (%) 
 

 

ITS-2 
L. diaphana vs. Lymnaea neotropica 512 323 189 (36.91) 77 (15.04) 112 (21.87) 
L. diaphana vs. Catascopia catascopium 511 361 150 (29.35) 67 (13.11) 83 (16.24) 
L. diaphana vs. Catascopia elodes 499 340 159 (31.86) 104 (20.84) 55 (11.02) 
L. diaphana vs. Hinkleyia caperata 502 331 171 (34.06) 96 (19.12) 75 (14.94) 

ITS-1 
L. diaphana vs. Galba truncatula 536 399 137 (25.56) 89 (16.60) 48 (8.95) 
L. diaphana vs. Hinkleyia caperata 591 427 164 (27.75) 89 (15.01) 75 (12.69) 
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with systematic-taxonomic and phylogenetic aspects, as 
well as for molecular characterization of species by hap- 
lotyping, (ii) mtDNA markers are more convenient for 
population and intraspecific variability studies and (iii) 
both rDNA and mtDNA markers may be used for the 
classification of specimens (Bargues et al. 2011a). 

The 18S sequence of L. diaphana (1848 bp) is slightly 
longer than that of G. truncatula (1,843 bp) (Bargues et 
al. 1997), equally long than that of L. humilis (1,848 bp) 
(Bargues et al. 2011a), similar to that of the European 
stagnicolines L. stagnalis, O. glabra and L. (S.) palus- 
tris, the radicines R. auricularia and R. balthica, as well 
as to P. columella (ranging between 1,849-1,852 bp) 
(Bargues et al. 1997, 2011b), but pronouncedly shorter 
than that of L. cubensis, L. viatrix and L. neotropica (all 
three 1,860-bp long) (Bargues et al. 2007). This sug- 
gests that L. diaphana may be considered an old spe- 
cies within the family Lymnaeidae, according to their 
phylogeny in which the oldest lymnaeid fossil known is 
Galba from the Jurassic (zilch 1959-1960, Inaba 1969), a 
shorter sequence would be the plesiomorphic condition 
and an increase in sequence length would have occurred 
during lymnaeid evolution (Bargues et al. 2001). 

Pairwise nucleotide comparisons in a slowly evolv- 
ing gene as the rRNA small subunit (Table II) show L. 
diaphana to be at a genetic distance from Old World 
radicines similar to that from Palaearctic stagnicolines, 
as well as from Galba. Only New World fossarines and 
Pseudosuccinea  appear  somewhat  closer,  suggesting  
a biogeographic background for such a relationship. 
Unfortunately, the 18S sequence is not known for any 
Nearctic stagnicoline so far, in the way to verify an ad- 
ditional support for such an assumption. 

With regard to the ITS-2, L. diaphana presents a 
sequence whose 495-bp length fits within the group of 
lymnaeids having the longest ITS-2 sequences (Bar- 
gues et al. 2001). This might be interpreted as a species 
having long time derived from the old form suggested 
by the 18S. In this context, L. diaphana shows evolu- 
tionary characteristics similar to the Nearctic species 
L. humilis (Bargues et al. 2011a). Additionally, the very 
high number of nucleotide differences it shows when 
compared to all other lymnaeid species (Table III) and 
groups (Table IV) is surprising. Moreover, contrary to 
what was expected, the distances regarding Nearctic 
stagnicolines appear to be lower than those regarding 
Holarctic Galba/Fossaria species (Table IV). This in- 
dicates that L. diaphana should not be included in the 
Galba/Fossaria group as its shell and anatomic charac- 
teristics suggest (Paraense 1984). 

Such a relationship with American stagnicolines 
does, however, not appear so clear at ITS-1 level, a 
marker in which the lower L. diaphana differences ap- 
pear with Old World originary G. truncatula (73) and 
North American H. caperata (76) (Table VI). Interest- 
ingly, the length of ITS-1 in L. diaphana is the shortest 
hitherto known in Lymnaeidae (520 bp), only surpassed 
by G. truncatula (504 bp). 

Particular aspects of the results obtained in mtDNA 
16S sequences should be highlighted: (i) AT composi- 
tion appears to be pronouncedly biased, which should be 
taken into account when analyzing the significance of the 
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information this marker offers, (ii) variable positions do 
not appear regularly distributed throughout the sequence, 
but concentrated in hot spot regions (Supplementary 
data), which indicates that the information furnished by 
the fragment may not appropriately reflect whole gene 
evolution, as already seen in other organisms (Mas-Co- 
ma & Bargues 2009), and (iii) nucleotide differences ap- 
pear to be less in number than those logically expected 
from mtDNA (Table VII), which suggests a low mutation 
rate indeed only apparent, as a consequence of an evolu- 
tionary parallelism of its rRNA gene function inside the 
mitochondrial genome with fast evolving mtDNA coding 
genes giving rise to position saturation, as already seen in 
lymnaeids and other freshwater molluscs (Bargues et al. 
2011a). Thus, the somewhat closer 16S sequence of L. di- 
aphana to that of American stagnicolines, represented by 
S. bonnevillensis, may be considered with great caution. 

Nucleotide saturation and biased composition may 
also pose a significance question mark on the potential 
relationships of L. diaphana with the different lymnaeid 
groups, as suggested by the high number of nucleotide 
differences in the mtDNA cox1 gene (Table VIII). This 
mtDNA saturation problem has already been highlighted 
in lymnaeids very recently (Bargues et al. 2011a). More- 
over, the very few amino acid differences in the protein 
sequence (Table IX) indicate that most of the nucleotide 
differences are silent. Additionally, there is unfortunate- 
ly only one stagnicoline from which the cox1 fragment 
in question is available (S. elodes), so that no conclusions 
may be obtained from that comparison. 

Summing up, the following conclusions may be ob- 
tained from the sequence analyses of nuclear rDNA and 
mtDNA markers: (i) L. diaphana shows sequences very 
different from all hitherto lymnaeid sequences available 
at the level of both nuclear rDNA and mtDNA  markers, 
(ii) each one of the five markers analyzed, including 
rDNA 18S, ITS-2 and ITS-1, as well as mtDNA 16S and 
cox1, allow the differentiation of L. diaphana specimens 

from all other lymnaeids; only the COX1 amino acid se- 
quence does not, (iii) nuclear rDNA suggest that L. di- 
aphana is not a fossarine lymnaeid, but rather a relict 
form related to ancestral stagnicolines and (iv) mtDNA 
markers do not furnish genetic distance information use- 
ful for the analysis of the relationships of L. diaphana 
with the different lymnaeid groups. 

Phylogenetic relationships and Pectinidens genus as- 
sessment - L. diaphana was selected as type species of the 
new section Pectinidens within the genus Lymnaea La- 
marck by Pilsbry (1911). The erection of Pectinidens was 
justified on the characteristics of the radular teeth of L. di- 
aphana, noted to have peculiarities different from all oth- 
er lymnaeids known at that time. Pectinidens was consid- 
ered at genus level until its synonymization with Lymnaea 
by Hubendick (1951). From that moment, it disappeared 
from the lymnaeid literature, although a few authors still 
sporadically referred to it, whether at genus level (Inaba 
1969) or at subgenus level (Alcaino & Apt 1989). 

In the phylogenetic reconstructions performed, L. 
diaphana does not cluster together with other morpho- 
logically similar fossarine lymnaeids as the New World 
L. cubensis,  L. viatrix  and  L. neotropica,  the Nearctic 
L. humilis, or the Old World G. truncatula. Contrary to 
what would be phenotypically expected, L. diaphana ap- 
pears basal to the Nearctic stagnicolines (Fig. 3). Values 
supporting such a phylogenetic relationship were high- 
er than 70% in most of the node reliability assessment 
methods. Although it may be argued that higher node 
supports would be better as to conclude that this result  
is definitive, the phylogenetic tree agrees with the very 
numerous nucleotide differences and very large genetic 
distances shown by DNA markers with verified useful- 
ness at specific and supraspecific levels as both ITSs. 
Thus, in ITS-2 and ITS-1 the nucleotide differences 
separating L. diaphana from all other lymnaeids appear 
to be of supraspecific level in both spacers (see Table 

 
 
 

TABLE VII 
Pairwise distances between mitochondrial DNA 16S ribosomal DNA gene data set nucleotide sequences 

according to Phylogenetic Analysis Using Parsimony including the lymnaeid species studied together 
with other proximal lymnaeid species available in GenBank 

 

 1 2 3 4 5 6 7 8 9 

1 Lymnaea diaphana - 0.09762 0.09739 0.10072 0.09785 0.09927 0.09716 0.11005 0.07329 
2 Lymnaea humilis 41 - 0.04276 0.10526 0.00000 0.00241 0.04976 0.08115 0.08789 
3 Lymnaea cubensis 41 18 - 0.10048 0.04265 0.04589 0.01174 0.07619 0.08706 
4 Pseudosuccinea columella 42 44 42 - 0.10526 0.10706 0.10263 0.10287 0.10476 
5 Stagnicola elodes 41 0 18 44 - 0.00242 0.04965 0.07889 0.08768 
6 Fossaria obrussa 41 1 19 44 1 - 0.05301 0.08495 0.09179 
7 Fossaria bulimoidesa

 41 21 5 43 21 22 - 0.07601 0.08216 
8 Fossaria bulimoidesb

 46 34 32 43 34 35 32 - 0.10214 
9 Stagnicola bonnevillensis 31 37 37 44 37 38 35 43 - 

a: AF485657; b: EU038315. Sequence correspondences detailed in Materials and Methods section. H: haplotype; below diagonal: 
total character differences; above diagonal: mean character differences (adjusted for missing data). 
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IV for p-info positions). A deep analysis of genetic dis- 
tances between L. diaphana and its molecularly closest 
lymnaeid species belonging to the Nearctic stagnicoline 
group and the Galba/Fossaria group according to PAUP 
(Tables III, VI) shows very high values (ITS-2: 29.35- 
36.91%; ITS-1: 25.56-27.75%) of unquestionable genus 
level (Table V) when compared with known genetic dis- 
tances between lymnaeid genera (Bargues et al. 2001, 
2006). Consequently, taxonomic validity should be re- 
stored to the genus Pectinidens. 

It should be added that, in the literature, L. diaphana 
has usually been ascribed to King, 1830. In the original 
article including the description of this species, both in the 
second page of the contents index and in page 332 at the 
beginning of the article 47, it is noted “By Captain Phillip 
P. King, R.N., F.R.S., & c. assisted by W.J. Broderip, Esq. 
F.R.S., & c”. Moreover, although the issue 19 of The zoo- 
logical Journal corresponds, as clearly stated in the issue 
front cover, to the period of July 1830-September 1831, 
at the bottom of this front cover it is also noted “London: 
printed by… and Published by… 1832”. Finally, different 
misunderstandings have appeared in the literature with 
regard to the original reference; the correct one should 
include Year 1832, Volume 5 (from 1832-1834), Issue 19 
(July 1830-September 1831), article 47, species described 
within article list under 43 in page 344. Therefore, ac- 
cording to present rules, the correct type species taxon 
of Pectinidens would thus become Pectinidens diaphana 
(King & Broderip, 1832) Pilsbry, 1911. 

Stagnicolines are generally characterized by its elon- 
gate and pointed shell form, relatively long size, very nu- 
merous in species number, hitherto known to be restrict- 
ed to the northern hemisphere and mostly lymnaeids 
adapted to live in cold waters (Bargues et al. 2003). The 
smaller size of only up to 14.6 mm long and 8.8 mm wide 
of five-whorl L. diaphana specimens (Paraense 1984) 
may be interpreted as not being sufficient as to manifest 
the typical stagnicoline elongate trend, similarly as has 
been recently shown in L. humilis (Bargues et al. 2011a). 
This would explain the usual including of L. diaphana 
within the Galba/Fossaria group. Inaba (1969) even 
considered Pectinidens as a form presumably derived at 
the beginning of the Pleistocene from Fossaria species 
characterized by harbouring 18 chromosomes. Accepting 
the ascription of L. diaphana to the stagnicoline group 
would, thus, represents not only its first representative in 
the southern hemisphere, but also the colonization of ex- 
treme world regions, as it is the case of the most southern 
Patagonia, by stagnicolines long time ago. 

Whether such an old southward spreading phenome- 
non only concerned L. diaphana or additionally other lym- 
naeid species still remains an open question. In fact, the 
present molecular study furnishes the baseline on which 
to clarify the systematic/taxonomic validity of numerous 
lymnaeid species described in the southernmost mainland 
areas and islands of South America, in Chile as well as 
in Argentina. All of these species are very similar to L. 
diaphana and several of them have already been proposed 
to be synonyms of L. diaphana, although the opinion 
about the validity of particular species differ according to 
authors: Lymnaea lebruni Mabille 1883, Lymnaea falklan- 
diana Smith, 1884, Lymnaea pictonica Rochebrune and 
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Mabille, 1889, Lymnaea patagonica Strebel, 1907, Lym- 
naea brunneoflavida Preston, 1910, Lymnaea andeana 
Pilsbry, 1911, Lymnaea inelegans Pilsbry 1911, Lymnaea 
riochicoensis Pilsbry, 1911 and Lymnaea plicata Hylton 
Scott, 1954 (Rochebrune & Mabille 1885, Pilsbry 1911, 
Hubendick 1951, Hylton Scott 1954, Malek 1985). Indeed, 
many of these lymnaeid species were already included 
within Pectinidens by Pilsbry (1911). 

L. diaphana and fascioliasis transmission - With 
regard to epidemiological characteristics and transmis- 
sion patterns in human fascioliasis endemic areas, its 
zoonotic aspect seems to have only a relative influence 
due mainly to the scarce differences related to differ-  
ent livestock species playing a role of reservoir, given 
the similar infectivity of the metacercarial stage from 
different livestock species isolates (Valero & Mas-Coma 
2000, Valero et al. 2001). On the contrary, its vector- 
borne aspect has proved to have a pronounced influence 
on human infection. The different fascioliasis patterns 
appear related to the different lymnaeid species, their 
ecology, type of water bodies they inhabit, their anthro- 
pophilic preferences, population dynamics, climatic 
links and transmission capacity (Bargues & Mas-Coma 
2005, Mas-Coma et al. 2009a). 

Fascioliasis endemic areas inhabited by L. diaphana 
are low altitude areas (Cordova et al. 1961, Tantalean et al. 
1974, Larrea et al. 1994, Sielfeld 2001, Valdovinos 2006), 
which do not appear to fit the hitherto two main disease 
transmission scenarios where human infection epidemi- 
ology has been characterized: the Altiplano subpattern 
and Valley subpattern, both in high altitude endemic 
zones (Mas-Coma 2005, Mas-Coma et al. 2009a). 

The phylogenetic link of L. diaphana with the stagni- 
coline group may give light to the aforementioned peculiar 
low altitude epidemiological scenario. Indeed, stagnico- 
lines are only considered secondary vectors of fascioliasis 
when compared to the main vector species of F. hepatica 
included in the Galba/Fossaria group (Bargues et al. 2001) 
and to play an important transmission role only rarely in 
particular places where no other lymnaeid vector is pres- 
ent or under special natural conditions (Czapski 1962, 
1997, Bouix-Busson & Rondelaud 1985, 1986, Dreyfuss 
et al. 1994, 2000). The existence of lymnaeid species of 
high transmission capacity, belonging to the Galba/Fos- 
saria group, has already been molecularly confirmed in 
low altitude endemic areas of Peru (Bargues et al. 2007). 
The participation of L. diaphana in disease transmission 
in the southernmost fascioliasis endemic areas of South 
America, in both Chile (Alcaino & Apt 1989, Morales et 

 
 
 

TABLE IX 
Cytochrome c oxidase (cox)1 amino acid sequence 

differences detected in pairwise comparisons between 
haplotypes of Lymnaea diaphana and other proximal 

lymnaeid species available in GenBank 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: phylogenetic tree of lymnaeid species studied obtained using 
the planorbid Biomphalaria pfeifferi as outgroup, based on maximum- 
likelihood (ML) estimates. CH: internal transcribed spacers compos- 
ite haplotype. Scale bar indicates the number of substitutions per 
sequence position. Support for nodes a/b/c: a: bootstrap with neigh- 
bour-joining reconstruction using Phylogenetic Analysis Using Par- 
simony (PAUP) with ML distance and 1,000 replicates; b: bootstrap 
with ML reconstruction using PAUP with 1,000 heuristic replicates; 

   c: Bayesian posterior probability with ML model using MrBayes. 

Nucleotidic 
haplotype 
cox1 

 
GenBank 
accession 

 
 

Country 

    
Variable 
position 

   

         1 1 1 1 2 
    1 3 9 9 9 0 2 6 7 0 
   8 1 2 6 8 9 0 5 0 6 4 

L.dia-cox1-a JF909501 Chile I I T I L L C S P V S 
F. bulimoides AY227367 Canada . . . . . . . G . . . 
S. elodes AY227368 Canada . V L V . . . G . . . 
A. tomentosa AY227365 Australia . V M . . . . ? S I T 
P. columella FN598165 Venezuela V V M . . . . G . . T 
P. columella AY227366 Australia V V M . . . . G . . T 
G.tru-cox1-a AM494011 Spain . . . . . . . G . . . 
G. truncatula EU818799 Germany - - . . . . . G . . . 
L.cub-cox1-a AM494009 Cuba . . . . . . . G . . . 
L.cub-cox1-b FN182205 USA . . . . . . . G . . . 
L.neo-cox1-a AM494008 Peru . . . . . . . G . . . 
L.neo-cox1-b FN356741 Argentina . . . . . . . . . . . 
L.via-cox1-a AM494010 Argentina . V . . . . . G . . . 
L.hum-cox1-a FN182197 USA . V . . . . . G . . . 
L.hum-cox1-b FN182198 USA . V . . . . . G . . . 
L.hum-cox1-c FN182199 USA . V . . . . . G . . . 
R. rubiginosa GU451737 Thailand . V S . F F V G . . . 
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al. 2000) and Argentina (Olaechea 1994), whether as only 
vector or coexisting with other lymnaeid vector species 
(e.g., L. viatrix) (Kaczorkiewick 1983, Rubel et al. 2005, 
Kleiman et al. 2007) should be assessed. 

Molecular markers established in the present study 
furnish the needed baseline on which to (i) address the 
validity or synonymy of each one of the several afore- 
mentioned lymnaeid species cited in southern Patagonia, 
(ii) clarify the geographical distribution and intraspecif- 
ic genetic variability of L. diaphana and finally (iii) as- 
sess its population dynamics correlation with fascioliasis 
transmission. The cold weather typical of such extreme 
latitudes suggest, in the southern low altitude Patagonian 
plains, a marked transmission seasonality restriction due 
to the minimum temperature 9-10ºC threshold of F. he- 
patica (Fuentes et al. 1999, 2001). Such a seasonality has 
already been verified somewhat more northward in An- 
dean valleys (Kleiman et al. 2007). 
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Polymorphic sites (n = 108), including parsimony informative, singleton sites and gapped or ambiguous characters, 
detected in the mitochondrial DNA and 16S ribosomal DNA gene sequence alignment of the lymnaeid species compared according to MEGA 5.0 
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Abstract 

Goats, called “the cow of the poor”, are the livestock species with the most significant population growth worldwide 
in recent years. Gastrointestinal parasitism constitutes one of the main constraints to its outdoor and extensive breeding 
in temperate and tropical countries. Despite a Creole goat population of nearly 4 million heads, local reports on 
parasitological prevalence are scarce, and while Fasciola hepatica infection is spread all over Argentina, the goat is usually 
neglected as a reservoir and economic losses are not considered. To evaluate gastrointestinal parasitism prevalence and 
associations between parasite genera and species, with emphasis on fascioliasis, Creole goats from the plateau and 
Andean regions from western Argentina were investigated by coprological techniques, and associations were statistically 
assessed. Eighty-five percent (85%) of the animals harbored one or more parasite types, while 46% showed mixed 
infections. Significant positive associations between F. hepatica + Strongyle eggs, Eimeria sp. + Nematodirus sp. and 
Nematodirus sp. + Trichuris ovis were detected. Further studies are required to define the causality of these associations 
and their relevance in epidemiology. F. hepatica is rarely considered as goat parasite in the country, but a 33% prevalence 
poses an interrogation on the role goats play on the transmission and dissemination of this zoonotic trematode. 

Keywords: Caprine, fascioliasis, Wertern Argentina, Eimeria sp., Nematodirus, Trichuris ovis. 
 

Resumo 

As cabras, nomeadas como “a vaca dos pobres”, são as espécies de gado com o crescimento populacional mais 
significativo nos últimos anos em todo o mundo. O parasitismo gastrintestinal constitui uma das principais limitações 
à sua criação extensiva em clima temperado e tropical. Na Argentina, apesar de uma população de caprinos crioulos de 
cerca de quatro milhões de cabeças, são escassos os relatórios locais de prevalências parasitológicas. Embora a infecção 
por Fasciola hepatica esteja espalhada em todo o país, as cabras são geralmente negligenciadas como um reservatório, e 
as perdas econômicas não são consideradas. Para avaliar a prevalência do parasitismo gastrintestinal e associações entre 
os gêneros e espécies de parasitos, com ênfase na fasciolose, caprinos crioulos da região andina e do planalto do oeste de 
Argentina foram avaliados por meio de técnicas coprológicas. Oitenta e cinco por cento dos animais hospedaram um 
ou mais tipos de parasitos, enquanto 46% hospedaram infecções mistas. Foram encontradas associações significativas 
entre F. hepatica + ovos de estrongilídeos, Eimeria sp. + Nematodirus sp. e Nematodirus sp. + Trichuris ovis. Mais estudos 
são necessários para definir a causalidade dessas associações e sua relevância na epidemiologia. Raramente F. hepatica é 
considerada como um parasito de cabra no país, mas uma prevalência de 33% suscita uma interrogação sobre o papel 
dos caprinos na transmissão e disseminação desse trematódeo zoonótico. 

Palavras-chave: Caprinos, fasciolose, Oeste da Argentina, Eimeria sp., Nematodirus, Trichuris ovis. 

 

Introduction 

Goat exploitation is an example of a sustainable production 
that is fully integrated within the local rural development, being 
the domestic livestock species with the most significant population 
growth worldwide in recent years, mainly in developing countries 

 

 
(MORAND-FEHR et al., 2004; BOYAZOGLU et al., 2005). 
Its current success appears to be related with two characteristics: 
i) goats are efficient converters of low-quality forages into quality 
products, and ii) constitute a source of high quality protein; both 

   of them high valuable properties in farming systems with limited 
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resources (LEBBIE, 2004; BOYAZOGLU et al., 2005), such as 
those present in most developing countries (LEBBIE, 2004). ftese 
characteristics may explain the frequent labeling of goats as “the 
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cow of the poor”, highlighting its importance in small farming 
systems (BOYAZOGLU et al., 2005; HOSTE et al., 2010). 

Gastrointestinal parasitism constitutes one of the main 
constraints to the outdoor and extensive breeding of goats in 
temperate and tropical countries (HOSTE et al., 2005, 2008; 
COELHO et al., 2012). For years, it has been considered that 
data obtained on parasite infections in sheep could be directly 
transferred to goats (HOSTE et al., 2010), and thus disregarding 
specific studies on goat parasitism and its consequences. However, 
in recent years, accumulated information have underlined the fact 
that gastrointestinal parasitism in goats differed in many aspects 
to that in sheep (HOSTE et al., 2008), and thus studies in the 
area are encouraged (SAHLU; GOETSCH, 2005). 

fte goat population in Argentina reaches about 4 million 
heads, mainly distributed in the harsh and dry environments of 
the central and western regions. fte dominant flocks are of Creole 
goats, derived from introductions during the Spanish colonial 
times, and mainly owned by small holders, usually belonging to 
the most marginalized sector of the population. Animals are raised 
extensively, grazing rangelands during the day and housed during 
the nights in rustic corrals near the households (DE GEA et al., 
2005). 

Fascioliasis, caused in the Americas by the trematode Fasciola 
hepatica (MAS-COMA et al., 2009), produces a serious economic 
impact (reduction in milk and meat production, liver condemnation, 
reproductive failure and mortality) in the livestock industry 
(KAPLAN, 2001; SCHWEIZER et al., 2005). Despite the 
mentioned economic impact and an emergent, potentially 
important, goat production in South America (DUBEUF et al., 
2004), goat fascioliasis is mainly neglected in the sub-continent. 
In Argentina, according to official slaughterhouse records, animal 
fascioliasis covers the whole country (MERA Y SIERRA et al., 
2011), but this information only comprises cattle and sheep, 
and rarely involves goats. Despite goat fascioliasis in the country 
not being even considered (ROSSANIGO, 2007), there are few, 
usually opportunistic, reports of infection, but demonstrating 
high local prevalence rates (AGUIRRE et al., 2005; RUBEL et al., 
2005; ISSIA et al., 2009). 

fte aim of this study was to determine i) the prevalence rates 
of gastrointestinal parasites, ii) single and multiple infections, and 
iii) statistical associations, with special emphasis on liver fluke 
F. hepatica, in Creole goats from the plateau and Andean regions 
of western Argentina 

 

Materials and Methods 

 
1. Feces collection and laboratory methods 

Six hundred sixty-three (663) Creole goats born in the plateau 
and Andean regions of Mendoza (623), San Juan (16) and La Rioja 
(24) provinces (western Argentina) were surveyed between June 2006 
and December 2011. Samples were sent by private practitioners, who 
requested coproparasitological analysis. Individuals were selected 
by convenience and fecal samples were directly collected from 
the rectum. fte collected samples were labeled, refrigerated and 

transported to the laboratory for examination. Coproparasitological 
exams were systematically performed by means of three methods: 
Sheater’s flotation technique (SHEATHER, 1923), Ritchie’s 
formol-ether concentration technique (RITCHIE, 1948) and 
Lumbreras technique (LUMBRERAS et al., 1962). Fecal culture 
and larvae identification were performed when sufficient material 
from positive samples was available (NIEC, 1968). 

 
2. Statistical analysis 

Statistix® for Windows 7.0 and SPSS® for Windows 17.0 
software programs were used for statistical analysis, comparison 
of categorical variables and chi-square test. Chi-square test was 
applied for comparison between observed and expected prevalence. 

Associations between F. hepatica and other parasite types were 
investigated by 2 × 2 contingency tables, from which the chi-square 
was calculated. First, each parasite type occurrence was compared 
to each other; and then, F. hepatica occurrence was compared 
with pairs of parasite types (in each threesome, all combinations 
possible were tested). Due to small N and loss of statistical power, 
no further comparisons were investigated. Values of P < 0.05 were 
taken as significant. Odds Ratio (OR), OR confidence interval 
(95%) and Relative Risk (RR) were calculated in cases where 
significant positive association was detected. Considering that, 
unlike OR, the calculation of RR is influenced by the position 
of the variable in the 2 × 2 contingency table, both combinations 

were tested. 

 

Results 

Out of the total 663 goats examined, 84.8% (562) were found 
to host one or more parasite types (as described in Table 1). Among 
the infected animals, 46% hosted mixed infections. 64.7% of the 
animals were infected with a protozoan species and 63.49% with 
at least one helminth species. Two hundred and seventeen (32.9%) 
of the examined animals (659) were positive for F. hepatica, 344 
(51.88%) were positive for nematodes, while 422 (64.72%) were 
positive for Eimeria sp. oocysts (Table 1). 

Following the few reports available (AGUIRRE et al., 2005; 
RUBEL et al., 2005; ISSIA et al., 2009), expected prevalence 
could only be determined for F. hepatica infection (94.7%), 
being the observed prevalence (32.9%) significantly lower than 
expected (P<0.05). 

fte prevalence rates of single and multiple parasite type 
infections are shown in Table 2. Considering presence of parasite 
types, single presence (38.61%) was the most common, with 
Eimeria sp. as the predominant type (21.27%), followed by 
double presence (31.82%). fte most frequent combinations 
were Eimeria sp. + Nematodirus sp. (15.38%) and Fasciola 
hepatica + Eimeria sp. (11.01%). 

F. hepatica occurred mainly as a co-infection with another 
parasite, while only 22.12% (48) of the total cases of fascioliasis 
(217) occurred as monoparasitism (Table 2). It was most frequently 
combined with Eimeria sp. (11.01%), followed by the duet 
F. hepatica + Nematodirus sp. (2.11%), and lastly combined with 
Strongyle eggs (0.90%). 
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Table 1. Observed prevalence rates of parasite infection among 663 Creole goats in the plateau and Andean regions, Argentina (overall and 
per province surveyed). 

Parasites N % Infect. (CI 95) Mza (%) S. Juan (%) La Rioja (%) 

All 663 84.8 (82.2-87.3) 623 16 24 

Strongyle eggs 652 9 (6.9-11) 42 (6.74) 0 17 (70.83) 

Nematodirus sp. 663 40.6 (37.1-44.1) 265 (42.54) 2 (12.5) 2 (8.33) 

T. ovis 663 2.3 (1.2-3.4) 15 (5.7) 0 0 

F. hepatica 659 32.9 (29.6-36.2) 208 (33.39) 0 9 (37.5) 

Eimeria sp. 652 64.7 (61.3-68.1) 414 (66.45) 1 (6.25) 7 (29.17) 

% Infect.: % of infection; Mza: Mendoza province; S. Juan: San Juan province.    

 

Table 2. Combination of infecting parasites among 663 Creole goats 
in the plateau and Andean regions, Argentina (combinations with 
less than 0.5% are not shown). 

Parasites of combination Nº (%) 

Any single type 256 (38.61) 

Strongyle eggs 8 (1.21) 

Nematodirus sp. 59 (8.90) 

F. hepatica 48 (7.24) 

Eimeria sp. 141 (21.27) 

Double combination 211 (31.82) 

F. hepatica + Eimeria sp. 73 (11.01) 

F. hepatica + Strongyle eggs 6 (0.90) 

F. hepatica + Nematodirus sp. 14 (2.11) 

Eimeria sp. + Strongyle eggs 11 (1.66) 

Eimeria sp. + Nematodirus sp. 102 (15.38) 

Triple combination 77 (11.61) 

F. hepatica + Eimeria sp. + Nematodirus sp. 53 (7.99) 

Eimeria sp. + Strongyle eggs + Nematodirus sp. 10 (1.51) 

Eimeria sp. + Nematodirus sp. + T. ovis 8 (1.21) 

Quadruple combination 17 (2.56) 

F. hepatica + Eimeria sp. + Strongyle eggs 
 + Nematodirus sp.  

16 (2.41) 

 
 

Due to insufficient material (feces) and low eggs per 
gram (mean 158.4 epg), results from fecal culture for larvae 
identification were obtained only with the positive samples 
from La Rioja province. Trichostrongylus sp. were identified in 
every sample cultured (15), while 9 samples were positive to 
Haemonchus sp., 2 to Oesophagostomum sp. and 1 to Ostertagia sp. 
fte overall prevalence rates found was: Trichostrongylus sp. 
95.81%, Haemonchus sp. 3.11%, Oesophagostomum sp. 0.95% 
and Ostertagia sp. 0.14%. 

Chi-square association tests revealed significant positive 
associations between F. hepatica and Strongyle eggs, Eimeria sp. 
and Nematodirus sp., and Nematodirus sp. and T. ovis (Table 3). 

When F. hepatica occurrence was compared with pairs 
of parasite types and possible combinations, significant 
positive associations were found in the following 
threesomes: F. hepatica + Eimeria sp. + Nematodirus sp., 

F.   hepatica  +  Eimeria  sp.  +  Strongyle  eggs, and 
F. hepatica + Strongyle eggs + Nematodirus sp. (See Table 3 
for details). 

Discussion 

To the authors’ knowledge, this study is the first to report 
precise goat parasites prevalence rates in western Argentina. As 
usual, and in accordance with previous world tendencies, goat 
parasitism in the country has been frequently disregarded, and 
such valuable information not informed due to general disinterest. 
Most of the available local studies only informed about seasonality 
of gastrointestinal parasites fecal counts and treatment results, but 
gave no information about local prevalence that allowed further 
epidemiological comparison. 

ftis study reveals a high overall prevalence of gastrointestinal 
parasites, reaching almost 85% - maximum for Eimeria sp. (64.7%) 
and minimum for Trichuris ovis (2.3%). Meanwhile, the high 
prevalence (32.9%) of F. hepatica is remarkable. 

Due to the mentioned scarcity of local data regarding prevalence 
of goat gastrointestinal parasitism, observed and expected values 
could only be compared in the case of infection by F. hepatica, 
which was significantly lower than expected (P < 0.05) (Table 1). 
In the few national reports where F. hepatica infection in goats was 
described (AGUIRRE et al., 2005; RUBEL et al., 2005; ISSIA et al., 
2009), studies were developed in response to outbreaks, sample 
numbers were small, and individuals sampled belonged to the 
same herd, thus explaining the very high local prevalence and 
the consequent difference between observed and expected values. 

fte status of polyparasitism using coproscopy as the method 
indicated that almost half (46.1%) of these animals harbored 
2-5 different parasite eggs. Despite the numerous parasite 
combinations observed (Table 2), significant positive associations 
(P < 0.05) were detected only between F. hepatica + Strongyle eggs, 
Eimeria sp. + Nematodirus sp. and Nematodirus sp. + T. ovis (Table 3). 

In the first case, F. hepatica + Strongyle eggs, the association 
could be non-causal (confounding factor), possibly due to favorable 
environmental characteristics for the development of larvae and 
infection in the same places where infection with F. hepatica occurs 
(e.g. swamps and waterlogged areas). On the other hand, the OR 
and RR analysis suggests that infection by F. hepatica may act as a 
contributing factor for Strongyle infection, enhancing almost twice 
(1.96 and 1.83 respectively) the odds, probably due to the host 
immunosuppression attributed to the trematode (CERVI et al., 
1996; SIDOTI, 2011) or just due to a more vulnerable host (a host’s 
weakened state) (BEGON et al, 2006). Considering that most of 
the larvae identified belonged to the family Trichostrongylidae, 
association could also be attributed to the arrested larvae released 

by the suggested immunosuppression (ANDERSON, 2000). 
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Table 3. Associations between gastrointestinal parasite among 663 Creole goats in the plateau and Andean regions, Argentina. 

Parasite sp. 2 P-value OR (CI 95%) 

F. hepatica* Strongyle eggs 6.11 0.0134 1.96 (1.14-3.36) 

Eimeria sp.* Nematodirus sp. 7.91 0.0049 1.61 (1.15-2.25) 

Nematodirus sp.* T. ovis 9.89 0.0017 6.09 (1.70-21.78) 

Eimeria sp.* F. hepatica + Nematodirus sp. 12.54 0.0004 2.70 (1.53-4.78) 

Nematodirus sp.* F. hepatica + Eimeria sp. 4.68 0.0306 1.50 (1.04-2.17) 

F. hepatica* Eimeria sp. + Strongyle eggs 4.38 0.0363 1.94 (1.03-3.63) 

Strongyle eggs* F. hepatica + Eimeria sp. 4.79 0.0287 1.88 (1.06-3.34) 

F. hepatica* Strongyle eggs + Nematodirus sp. 13.2 0.0003 3.76 (1.76-8.05) 

Strongyle eggs* F. hepatica + Nematodirus sp. 19.9 0.0000 3.67 (2.01-6.69) 

Nematodirus sp.* F. hepatica + Strongyle eggs 9.03 0.0027 3.25 (1.45-7.30) 

* Significant associations.    

 
 

The significant association observed between 
Eimeria sp. + Nematodirus sp. and Nematodirus sp. + T. ovis could 

be a consequence of infective stages (oocysts and eggs) resistant to 
extreme environmental conditions or related to housing conditions, 

with animals returning to corrals every day and manure being 

accumulated during months. 

When complex associations were evaluated, significant 

positive associations were detected in three sets of 
combinations: F. hepatica + Eimeria sp. + Nematodirus sp., 

F. hepatica + Eimeria sp. + Strongyle eggs, and F. hepatica + Strongyle 

eggs + Nematodirus sp. (Table 3). In the first two threesomes, the 

association observed is attributed to the significant associations 
detected when analyzing by pairs (Eimeria sp. + Nematodirus sp. 

and F. hepatica + Strongyle eggs), even more when the third parasite 

type (F. hepatica and Eimeria sp., respectively) is tested against 

the associated pair and no significant association is detected. It is 

worth noting the last threesome, where, following the previous 
criteria, the presence of eggs of Nematodirus sp. is significantly 
associated with the combination F. hepatica + Strongyle eggs 

(2 = 9.03, P = 0.0027). 

Further studies are required to define whether these associations 

are causal or not, and their relevance in the epidemiology of the 
parasite types implicated. Future studies should also analyze the 

economic losses generated by goat gastrointestinal multiparasitism, 

especially considering its impact on local extensive small farming 
systems. 

As highlighted before, F. hepatica is rarely considered as a parasite 

of goats in the country. Consequently, not only the recognized 

economic losses are not analyzed, but also this ruminant is neglected 
as an important reservoir of this zoonosis. Furthermore, the stunning 

33% prevalence detected poses an interrogation and alerts about 

the role goats play on the transmission and dissemination of this 
zoonotic trematode. 
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Comunicaciones breves 

 
 
 

 

a otras zonas endémicas del mundo, no concuerda 
debido a que siempre se encuentra una correlación 
positiva con el factor pluviosidad. Esto puede deber- 
se a que el caudal de agua en los cauces de zonas 

Tabla 1: Análisis de Pearson entre prevalencia de F. hepatica 

y variables climáticas 
 

 

  T MIN T MAX T MED PRECIP  

de montaña en Mendoza no depende de la precipi- Sur -0.302 -0.327 -0.316 0.439 

tación puntual de la zona en que se encuentra sino Noreste 0.399 0.355 0.382 0.462 

de las precipitaciones que ocurren en alta monta- Valle de Uco 0.880 0.873 0.876 -0.876 

ña, separado generalmente a cientos de kilómetros      

de las áreas endémicas e incluso separados por me- 
ses del momento en que ocurre la precipitación y el 
momento que se ve favorecido el caudal debido al 
derretimiento de la nieve en primavera y verano. 
Pueden ser factores micro o nano meteorológicos 
los determinantes principales para la supervivencia 
de los hospedadores intermediarios y las formas li- 
bres del parásito. 
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Fasciola hepatica en guanacos y llamas en un establecimiento 
de Malargüe, provincia de Mendoza 

Fasciola hepatica in guanacos and llamas in a farm of Malargüe, Mendoza province 

 
Roberto Mera y Sierra1,2, Fernando Cantero3 , Mariana González1

 

Fasciola hepatica es un tremátodo que afecta animales herbívoros y omnívoros, no sólo domésticos, sino tam- 
bién silvestres; es además un serio problema de salud pública con millones de personas afectadas a nivel mundial 
con las mayores prevalencias en zonas andinas. Ingresó a América desde Europa durante la colonización, siendo 
descripta por primera vez en Argentina, en ovinos, en 1867. F. hepatica está distribuida en todo el país excep- 
tuando el sur de la Patagonia. En la provincia de Mendoza se han reportado muy altas prevalencias del pará- 
sito en el ganado domestico y hay 27 casos humanos publicados. En Mendoza se han identificado tres especies 
de lymnaeidos: Lymnaea viatrix, Lymnaea neotropica y Galba truncatula. El guanaco (Lama gaunicoe) el mayor 
de lo camélidos sudamericanos de Argentina, tiene una distribución actual en las zonas de estepa cordilleranas 
y precordilleranas del país, con una población de 550 000 animales aproximadamente. En la provincia de Men- 
doza la presencia de estos camélidos abarca toda la zona de la cordillera, en poblaciones en áreas protegidas, 
reservas provinciales y privadas. La población de estos animales es de aproximadamente 16 000 animales. En es- 
tablecimientos productivos particulares se pueden encontrar debido a la extensión de los mismos a las zonas de 
cordillera. Existen diversos proyectos en Argentina orientados al uso sustentable de esta especie, particularmente 
a la explotación de la fibra. En cuanto a la llama (Lama glama), existen muy pocos ejemplares en la provincia de 
Mendoza, no existen establecimientos dedicados a la producción de llamas y los escasos ejemplares cumplen un 
rol más bien ornamental o de colecciones privadas. Se han reportado casos de F. hepatica en llamas y son escasos 
los reportes en guanacos, tanto en animales en semicautividad como en guanacos silvestres. Se ha reportado en 
guanacos también la presencia de otros parásitos gastrointestinales (Nematodirus sp, Eimeria sp, Marshallagia, 
Trichuris sp). La fascioliasis puede comprometer la salud de los camélidos, y los mismos pueden ser un potencial 
reservorio para el ganado domestico, y los humanos. F. hepatica afecta el potencial productivo de los animales. 
En camélidos sudamericanos, dicho potencial se ha estudiado ampliamente, pudiendo usarse las especies para la 
producción de lana de fibra fina, cuero y carne, con un alto valor socio-económico para los pobladores rurales. 
El objetivo del presente trabajo es la de describir la presentación de un caso de fascioliasis en dos especies de ca- 
mélidos sudamericanos en estado de cautividad. 
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Materiales y Métodos 
Se presenta un estudio de tipo descriptivo trans- 

versal ante la presencia de un cuadro clínico de dia- 
rrea y muerte de un guanaco en un establecimiento 
que se dedica al manejo con la intención de reintro- 
ducción de guanacos en determinadas áreas del de- 
partamento de Malargüe, provincia de Mendoza. Se 
tomaron y remitieron muestras de materia fecal de 
seis camélidos sudamericanos, dos llamas (Lama gla- 
ma) y cuatro guanacos (L. guanicoe) de una pobla- 
ción de 38 guanacos de un año de edad y 6 llamas 
adultas. Los animales se encuentran bajo un sistema 
de cría a base de pastizal natural, alfalfa y abrevan 
en un cauce artificial de agua. Las muestras se re- 
mitieron refrigeradas al laboratorio donde se pro- 
cesaron mediante las técnicas de flotación simple, 
sedimentación rápida de Lumbreras, y se cuantifi- 
có la carga parasitaria, expresándose en huevos por 
gramo (HPG) u ooquistes por gramo (opg). También 
se llevó a cabo la necropsia del animal muerto y se 
remitieron muestras para histopatología. 

Resultados 
En el guanaco que se murió, el estudio copro- 

lógico fue positivo para huevos de F. hepatica, ha- 
llándose una carga de 1HPG y también ooquistes 
de Eimeria spp (4 opg). Al estudio histopatológico 
se observó hepatosis leve, peritonitis supurativa, in- 
flamación supurativa del bazo y congestión venosa 
renal. Los restantes tres guanacos resultaron negati- 
vos a los estudios parasitológicos. Ambas llamas pre- 
sentaron huevos de F. hepatica con una carga de 6 
y 38 HPG respectivamente, y un animal fue positivo 
a Nematodirus con una carga de 2 HPG. 

Discusión 
A pesar de que no se puede atribuir la muerte 

del guanaco a la presencia de F. hepatica, la fascio- 
liasis ha sido descripta como causa de enfermedad 
grave y muerte en los demás camélidos sudameri- 
canos (vicuña, llama y alpaca). El otro parásito ha- 
llado, (Eimeria spp) puede producir cuadros graves 
pero generalmente se observan muy altas cargas 
parasitarias que suelen evidenciarse por el alto con- 
teo de opg. El hallazgo de F. hepatica es un llamado 
de atención al rol patógeno que puede estar cum- 

pliendo este tremátodo en el guanaco. Si tenemos 
en cuenta las muy altas prevalencias de fascioliasis 
en animales domésticos de la región y el impacto 
que producen sobre su productividad, esta parasi- 
tosis también pude ser un factor determinante en 
la conservación y uso sustentable de este camélido 
autóctono. El coprológico positivo para F. hepatica 
en dos de dos llamas estudiadas es también llama- 
tivo y alerta no solo sobre el efecto que puede te- 
ner este parasito sobre las llamas sino también su 
potencial rol como reservorio para otros animales 
silvestres y domésticos . Es llamativa la ausencia de 
cauces de agua naturales o surgentes, donde el hos- 
pedador intermediario de F. hepatica suele encon- 
trarse. Puede suponerse que los lymnaeidos vectores 
se han adaptado a los cauces de riego artificiales, lo 
cual demuestra su adaptabilidad a diversos ambien- 
tes. Estos hallazgos ameritan que se continúen los 
estudios en camélidos, particularmente en guana- 
cos, para dilcidar, cuál es el efecto que tiene F. he- 
patica sobre su salud y como afecta su producción. 
Esta información es fundamental para poder llevar 
a cabo proyectos de conservación y de uso susten- 
table de esta especie. 

 

Bibliografía 
1. Baldomenico PM, Uhart M, Bono MF, Marull C, Baldi R, 

Peralta JL. Internal parasites of free-ranging guanacos 

from Patagonia. Vet Parasitol 2003; 18:71–77 

2. Cuervo P, Mera y Sierra R, Deis E, Zarco A. La introduc- 

ción de Fasciola hepatica en América: ¿un posible riesgo 

para la conservación de especies en peligro de extinción 

de Argentina? III Congreso Nacional de Conservación 

de la Biodiversidad. Buenos Aires Argentina.11 a 14 de 

Agosto 2008. pp. 123 

3. Issia L, Pietrokovsky S, Sousa-Figueiredo J, Stothard JR, 

Wisnivesky-Colli C. Fasciola hepatica infections in lives- 

tock flock, guanacos and coypus in two wildlife reserves 

in Argentina. Vet Parasitol. 2009 Nov 12;165(3-4):341-4 

4. Olaechea, F.V, Abad, M. An outbreak of fascioliasis in 

semi-captive guanacos (Lama guanicoe) in Patagonia 

(Argentina). First report. XX international Conference, 

World Association for the Advancement of Veterinary 

Parasitology. Christchurch, New Zeland. 17 al 20 de Oc- 

tubre 2005. 

 

Palabras clave: Camélidos sudamericanos, Fasciola hepatica, Mendoza. 
 

(1) Centro de Investigación en Parasitología Regional (CIPAR), Universidad Juan Agustín Maza. Mendoza, 

Argentina. cipar.umaza@gmail.com. (2) Area Parasitología, Departamento de Patología, 

Facultad de Ciencias Médicas, Universidad Nacional de Cuyo. Mendoza. Argentina.  

(3) Veterinaria Anay, Mendoza, Argentina. vetanay@yahoo.com.ar 

 

 
 
 

 

47 

mailto:cipar.umaza@gmail.com
mailto:vetanay@yahoo.com.ar


 

RAZyEIE Vol. X Nº 1 Abril 2015 

 
 
 
 

 

Factores climáticos y su relación con la presencia de Fasciola 
hepatica en caprinos de las distintas regiones productivas 

de la provincia de Mendoza, Argentina 

Climatic factors and their relation to the presence of Fasciola hepatica in goats 

from different productive regions of the province of Mendoza, Argentina 

 
Sophia Di Cataldo1, Noelia Sohaefer1, Pablo Cuervo1, Mariana González1, 

Gisela Neira1, Laura Sidoti1, Roberto Mera y Sierra1
 

La producción caprina suele asociarse con áreas degradadas, poca disponibilidad de alimento y escaso ma- 
nejo y desarrollo tecnológico. En la provincia de Mendoza los caprinos son el ganado más abundante y con 776 
169 cabezas, es la segunda provincia en el país. En la misma, se reconocen tres regiones productivas caprinas: 
Noreste, Valle de Uco, y Zona Sur. Además de la escasez de nutrientes, se considera que los parásitos del apara- 
to digestivo son una de las principales causas de disminución de la productividad. La fascioliasis es una enferme- 
dad producida en el continente americano por el trematodo Fasciola hepatica y es el causante de considerables 
pérdidas económicas en el ganado. Es además, una importante zoonosis en franca expansión a nivel mundial. La 
mayor cantidad de casos humanos se concentran en zonas andinas. Los factores climáticos, tal como la tempera- 
tura y las precipitaciones, son determinantes de la persistencia del parásito en el ambiente y particularmente de 
su hospedador intermediario, moluscos gasterópodos acuáticos de la familia Lymnaeidae. Es por esto que, au- 
mentos o disminuciones leves de temperatura, pueden llegar a alterar el desarrollo, transmisión o subsistencia 
de éste trematodo y de los lymnaeidos. En la provincia de Mendoza, se ha detectado la presencia de lymnaeidos 
vectores previamente no reportados para la región: Galba truncatula y Lymnaea neotropica. El objetivo de este 
trabajo fue determinar la prevalencia de F. hepatica en el ganado caprino de las regiones productivas de Men- 
doza, y correlacionarla con las precipitaciones y temperaturas. 

 

Materiales y métodos 
Se trata de un diseño descriptivo correlacional. 

Se tomaron, entre los años 2006 al 2013, muestras 
de materia fecal del recto de 1141 caprinos de 36 
establecimientos de Mendoza (10 en el Noreste, 6 
en el Valle de Uco, y 20 en el Sur). Para el muestreo 
se incluyeron sólo individuos adultos. Se realizó 
la técnica de sedimentación rápida de Lumbreras, 
considerándose positivos los animales en que se ob- 
servaron huevos de F. hepatica. Los datos de pre- 
cipitación, temperatura máxima y mínima fueron 
obtenidos de la base de datos WorldClim. Se deter- 
minó la correlación entre las variables climáticas y 
las prevalencias parasitarias mediante el coeficien- 
te de Pearson y se compararon las prevalencias me- 
diante la prueba de Chi2. 

Resultados 
En la región Noreste se hallaron huevos de F. he- 

patica en 9 de 184 animales (4.9%, IC 1.8-8); en la 
región Valle de Uco en 99 de 303 animales (32.7% IC 
27.4-38); y en la región Sur en 136 de 574 animales 
(23.7%, IC 20.2-27.2). Las diferencias entre las pre- 
valencias de las distintas regiones fue significativa 
(p<0.01) según la prueba de de Chi2. El análisis de 
Pearson para la correlación entre las variables climá- 
ticas y la prevalencia de F. hepatica, determinó: Re- 
gión Sur: Temperatura mínima -0.302, Temperatura 
máxima -0.327, Temperatura media -0.316, Precipi- 
taciones 0.439; Región de Valle de Uco: Temperatura 
mínima 0.880, Temperatura máxima 0.873, Tempe- 

ratura media 0.876, Precipitaciones -0.876; Región 
Noreste: Temperatura mínima 0.399, Temperatura 
máxima 0.355, Temperatura media 0.382, Precipi- 
taciones 0.462. 

 

Discusión 
La menor prevalencia de F. hepatica en la región 

Noreste, puede deberse a las escasas y transitorias 
fuentes naturales de agua, lo cual dificulta la super- 
vivencia de los lymnaeidos hospedadores interme- 
diarios y las formas libres del parásito. Además, los 
cauces naturales se ven prácticamente anulados de- 
bido a la extracción del agua para riego del oasis río 
arriba. Regiones como el Valle de Uco y los departa- 
mentos del Sur, presentan ambientes más húmedos, 
siendo más propicios para el desarrollo del caracol 
intermediario y generando prevalencias más altas. 
En cuanto a su relación con factores climáticos, pa- 
reciera haber una leve correlación con las precipita- 
ciones, para las regiones Sur y Noreste; esto podría 
deberse a que un aumento en las lluvias podría mo- 
dificar los cauces de agua en donde habita el cara- 
col, favoreciendo su desarrollo y permanencia. A su 
vez, la correlación negativa para la región de Valle 
de Uco correspondería a que al tratarse de una zo- 
na de grandes pendientes, podría generar un efecto 
de arrastre del caracol intermediario. Sin embargo, 
se puede observar claramente resultados discordan- 
tes, desde correlaciones netamente negativas como 
el caso de precipitación en el Valle de Uco siendo la 
misma positiva en la zona Sur y Noreste. Comparado 
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a otras zonas endémicas del mundo, no concuerda 
debido a que siempre se encuentra una correlación 
positiva con el factor pluviosidad. Esto puede deber- 
se a que el caudal de agua en los cauces de zonas 

Tabla 1: Análisis de Pearson entre prevalencia de F. hepatica 

y variables climáticas 
 

 

  T MIN T MAX T MED PRECIP  

de montaña en Mendoza no depende de la precipi- Sur -0.302 -0.327 -0.316 0.439 

tación puntual de la zona en que se encuentra sino Noreste 0.399 0.355 0.382 0.462 

de las precipitaciones que ocurren en alta monta- Valle de Uco 0.880 0.873 0.876 -0.876 

ña, separado generalmente a cientos de kilómetros      

de las áreas endémicas e incluso separados por me- 
ses del momento en que ocurre la precipitación y el 
momento que se ve favorecido el caudal debido al 
derretimiento de la nieve en primavera y verano. 
Pueden ser factores micro o nano meteorológicos 
los determinantes principales para la supervivencia 
de los hospedadores intermediarios y las formas li- 
bres del parásito. 
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Fasciola hepatica en guanacos y llamas en un establecimiento 
de Malargüe, provincia de Mendoza 

Fasciola hepatica in guanacos and llamas in a farm of Malargüe, Mendoza province 
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Fasciola hepatica es un tremátodo que afecta animales herbívoros y omnívoros, no sólo domésticos, sino tam- 
bién silvestres; es además un serio problema de salud pública con millones de personas afectadas a nivel mundial 
con las mayores prevalencias en zonas andinas. Ingresó a América desde Europa durante la colonización, siendo 
descripta por primera vez en Argentina, en ovinos, en 1867. F. hepatica está distribuida en todo el país excep- 
tuando el sur de la Patagonia. En la provincia de Mendoza se han reportado muy altas prevalencias del pará- 
sito en el ganado domestico y hay 27 casos humanos publicados. En Mendoza se han identificado tres especies 
de lymnaeidos: Lymnaea viatrix, Lymnaea neotropica y Galba truncatula. El guanaco (Lama gaunicoe) el mayor 
de lo camélidos sudamericanos de Argentina, tiene una distribución actual en las zonas de estepa cordilleranas 
y precordilleranas del país, con una población de 550 000 animales aproximadamente. En la provincia de Men- 
doza la presencia de estos camélidos abarca toda la zona de la cordillera, en poblaciones en áreas protegidas, 
reservas provinciales y privadas. La población de estos animales es de aproximadamente 16 000 animales. En es- 
tablecimientos productivos particulares se pueden encontrar debido a la extensión de los mismos a las zonas de 
cordillera. Existen diversos proyectos en Argentina orientados al uso sustentable de esta especie, particularmente 
a la explotación de la fibra. En cuanto a la llama (Lama glama), existen muy pocos ejemplares en la provincia de 
Mendoza, no existen establecimientos dedicados a la producción de llamas y los escasos ejemplares cumplen un 
rol más bien ornamental o de colecciones privadas. Se han reportado casos de F. hepatica en llamas y son escasos 
los reportes en guanacos, tanto en animales en semicautividad como en guanacos silvestres. Se ha reportado en 
guanacos también la presencia de otros parásitos gastrointestinales (Nematodirus sp, Eimeria sp, Marshallagia, 
Trichuris sp). La fascioliasis puede comprometer la salud de los camélidos, y los mismos pueden ser un potencial 
reservorio para el ganado domestico, y los humanos. F. hepatica afecta el potencial productivo de los animales. 
En camélidos sudamericanos, dicho potencial se ha estudiado ampliamente, pudiendo usarse las especies para la 
producción de lana de fibra fina, cuero y carne, con un alto valor socio-económico para los pobladores rurales. 
El objetivo del presente trabajo es la de describir la presentación de un caso de fascioliasis en dos especies de ca- 
mélidos sudamericanos en estado de cautividad. 
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Abstract 
Fascioliasis has recently been included in the WHO list of Neglected Zoonotic Diseases. Besides being a major veterinary 
health problem, fascioliasis has large underdeveloping effects on the human communities affected. Though scarcely considered 
in fascioliasis epidemiology, it is well recognized that both native and introduced wildlife species may play a significant role 
as reservoirs of the disease. The objectives are to study the morphological characteristics of Fasciola hepatica adults and eggs 
in a population of Lepus europaeus, to assess liver fluke prevalence, and to analyze the potential reservoir role of the European 
brown hare in northern Patagonia, Argentina, where fascioliasis is endemic. Measures of F. hepatica found in L. europaeus from 
northern Patagonia demonstrate that the liver fluke is able to fully develop in wild hares and to shed normal eggs through their 
faeces. Egg shedding to the environment is close to the lower limit obtained for pigs, a domestic animal whose epidemiologi- 
cal importance in endemic areas has already been highlighted. The former, combined with the high prevalence found (14.28%), 
suggest an even more important role in the transmission cycle than previously considered. The results obtained do not only re- 
mark the extraordinary plasticity and adaptability of this trematode species to different host species, but also highlight the role 
of the European brown hare, and other NIS, as reservoirs capable for parasite spillback to domestic and native cycle, representing 
a potentially important, but hitherto neglected, cause of disease emergence. 
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Introduction 

Fascioliasis, traditionally considered as a veterinary health 
problem (Kaplan 2001), has recently been included in the 
World Health Organization list of Neglected Zoonotic Dis- 
eases (NZDs). This consideration is due to its emergence and 
re-emergence worldwide, affecting an estimated 17 million 
people (Mas-Coma et al. 2009), in a phenomenon which has 
partly been related to climate change (Mas-Coma et al. 2008; 

 
Afshan et al. 2014), and to the long-term pathogenic impact of 
this disease (Mas-Coma et al. 2014a). True human endemic 
areas have recently been described in which fascioliasis 
chronicity and superimposed repetitive infections pose patho- 
logical complications, indicating this disease to have large un- 
derdeveloping effects on the human communities affected 
(Valero et al. 2003, 2006a, 2008). 

Fasciolid flukes follow a two-host life cycle, including a 
less specific adult stage which develops in many species of 
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herbivorous mammals and even in a few omnivorous ones, 
and highly specific larval stages which only develop in given 
freshwater snail species of the family Lymnaeidae (Bargues 
and Mas-Coma 2005). With regard to the infection of animal 
reservoirs, the infectivity of the metacercarial infective stage 
from different animal species isolates has experimentally 
shown to be similar (Valero and Mas-Coma 2000; Valero et al. 

2001a, 2011). Hence, the importance of ascertaining which 
animal species, including both domestic and sylvatic, develop 
a reservoir role in an endemic area. 

Argentina presents a very widely distributed veterinary 
problem of fascioliasis in livestock (Olaechea 2007). Addi- 
tionally, a recent analysis highlights that human fascioliasis 
in the country may have been overlooked in the past and its 
real epidemiological situation may currently be underesti- 
mated (Mera y Sierra et al. 2011). Surprisingly, geographi- 
cal distribution of human infection does not fit that of 
fascioliasis in livestock, suggesting other transmission and 
epidemiological factors to be involved (Mera y Sierra et al. 

2011). 
Though scarcely considered, it is known that wildlife 

species may play a significant role as reservoirs of fasciolia- 
sis (Mas-Coma et al. 1988; Daszak et al. 2000; Bengis et al. 

2004; Kruse et al. 2004; Polley 2005; Gayo et al. 2011; Mezo 
et al. 2013). Introduced non-indigenous species (NIS) are 
widely recognized as a source of disease (Daszak et al. 2000; 
Kelly et al. 2009). The importance and consequences of the in- 
troduction of NIS in fascioliasis has been the subject of sev- 
eral analyses, concerning both lymnaeids (Mas-Coma et al. 

2003, 2005, 2009; Bargues and Mas-Coma 2005) and animal 
reservoirs (Mas-Coma et al. 2009). 

Introduced into South America at the end of 19th cen- 
tury, the European brown hare (Lepus europaeus) represents 
one of the most widespread species of  mammals (Bonino 
et al. 2010). The species has invaded almost all the exten- 
sion of Argentina, Chile and Uruguay, and southern regions 
of Peru, Bolivia, Paraguay, and Brazil (Bonino et al. 2010). 
Despite old reports of F. hepatica in lagomorphs in general 
(Arru et al. 1967) and especifically infecting the hare in its 
original home range (Tropilo 1964; Kutzer and Frey 1976; 
Nickel and Gottwald 1979; Shimalov 2001; Ziege et al. 

2009; Walker et al. 2011), the latter has been rarely consid- 
ered in the epidemiology of the disease, particularly with 
regard to South American introduced populations. Addi- 
tionally, phenotypic descriptions of adults and eggs of F. he- 

patica infecting natural populations of L. europaeus are 
lacking in the Neotropical region and even scarce world- 
wide. 

The aims of the present article are to study the morpho- 
logical characteristics of parasite adults and eggs in a popula- 
tion of L. europaeus in the northernmost part of Patagonia 
region (Argentina), to assess liver fluke prevalence and to an- 
alyze the potential reservoir role of this wild lagomorph in an 
area where fascioliasis is known to occur in livestock (Sidoti 
et al. 2009). 

Materials and Methods 

Host materials 

 
Specimens of the European brown hare were obtained from 
the outskirts of Malargüe city (Mendoza province, Argentina), 
within the northernmost unit (Payunia district) of the Central 
Patagonia biogeographic province (Morrone 2006). Animals 
were captured by local hunters between August and Septem- 
ber 2010, in an area of a mean altitude around 1500 m.a.s.l. A 
total of 35 refrigerated intestinal tracts and 27 livers were re- 
ceived for parasitological examination. 

 
Parasitological techniques 

 
Refrigerated intestinal tracts were immediately inspected for 
helminths, while faeces and livers were preserved in formalde- 
hyde 4% for later examination. The content from the gas- 

 

Fig. 1. Standardised measurements in gravid adults of Fasci- 

ola hepatica 



 

Table I. Comparative morphometrics of 6 adult liver flukes in European brown hare (Lepus europaeus) (after Periago et al., 2006). Data from liver flukes naturally obtained in domes- 
tic species by a) Valero et al. (2001a). Data from liver flukes experimentally obtained in Black rat (Rattus rattus) and Wistar rat (Rattus norvegicus) by a) Valero et al. (2001a), and b) 
Valero et al. (1998). All values are shown as range, with the mean and standard deviation (SD) in parentheses 

 
 

 
European brown 

Natural infection Experimental infection 

Black rat 

 

 

 

 

 
 

(2.94 ± 0.58) 
 

(40.33 ± 13.12) 
 

(1.70 ±0.34) 
 
 
 

(2.60 ± 0.72) 
 

(0.63 ± 0.14) 
 

(0.52 ± .02) 
 
 
 

(0.20 ± 0.03) 
 
 
 
 
 

(5.69 ± 1.05) 
 

(2.17 ± 0.55) 

 hare Sheepa
 Cattlea

 Piga
 Wistar rata

 (50d.p.i.)b
 

Body length, BL 7.47–11.35 4.90–31.11 8.92–28.74 10.03–24.87 4.26–23.37 5.7–13.1 
 (9.13 ± 1.54) (16.10 ± 4.80) (19.07 ± 3.45) (16.91 ± 3.00) (14.24 ± 4.59) (9.4) 
Body width, BW 3.23–4.53 1.58–12.55 3.16–12.95 5.21–11.45 1.90–12.95 2.0–5.1 
 (4.01 ± 0.47) (7.11 ± 2.27) (8.39 ± 1.51) (8.50 ± 1.55) (8.11 ± 3.08) (3.5) 

BW at ovary level, BWOv 2.18–3.52 – – – – – 

Body perimeter, BP 19.64–24.79 
(22.37 ± 2.09) 

12.39–68.35 
(43.13 ± 12.54) 

23.60–67.73 
(52.03 ± 8.33) 

30.23–66.39 
(47.32 ± 7.79) 

12.28–62.91 – 

Body roundness, BR 1.35–2.19 – – – – – 

Cone length, CL 0.85–1.49 0.80–3.04 1.38–3.06 1.60–3.38 0.85–3.08 1.1–2.3 
 (1.06 ± 0.26) (2.06 ± 0.31) (2.11 ± 0.31) (2.33 ± 0.33) (1.95 ± 0.42) (1.7) 

Cone width, CW 1.23–2.32 
(1.59 ± 0.39) 

1.20–3.90 
(2.46 ± 0.43) 

1.48–3.75 
(2.76 ± 0.41) 

2.03–4.47 
(3.18 ± 0.47) 

1.03–3.73 – 

Maximum diameter of the oral sucker, OSmax 0.61–0.69 
(0.63 ± 0.04) 

0.37–1.06 
(0.72 ± 0.10) 

0.54–0.92 
(0.73 ± 0.07) 

0.57–1.15 
(0.84 ± 0.10) 

0.32–0.86 – 

Minimum diameter of the oral sucker, OSmin 0.500.56 – – – – – 

Maximum diameter of the ventral sucker, VSmax 0.32–0.49 0.43–1.25 0.69–1.88 0.75–1.29 0.40–1.20 0.5–0.8 
 (0.41 ± 0.07) (0.94 ± 0.14) (1.02 ± 0.11) (1.07 ± 0.10) (0.88 ± 0.20) (0.6) 

Minimum diameter of the ventral sucker, VSmin 0.17–0.24 – – – – – 

Distance between the anterior end of the 0.65–1.23 0.79–3.35 1.49–2.98 1.62–3.35 0.90–2.80 1.1–2.1 
and the ventral sucker, A-VS (0.99 ± 0.24) (2.11 ± 0.36) (2.27 ± 0.28) (2.36 ± 0.35) (1.97 ± 0.45) (1.6) 
Distance between the oral sucker and the 0.33–0.80 0.06–2.56 0.86–2.29 1.03–2.55 0.60–2.26 0.6–1.4 
ventral sucker, OS-VS (0.65 ± 0.24) (1.51 ± 0.31) (1.63 ± 0.27) (1.70 ± 0.33) (1.51 ± 0.39) (1.0 

Distance between the ventral sucker and the 
union of the vitelline glands, VS-Vit 

4.22–6.55 – – – – – 

Distance between the union of the vitelline 
glands and the posterior end of the body, Vit-P 

1.29–2.74 – – – – – 

Distance between the ventral sucker and the 6.73–9.26 3.16–27.39 6.63–24.95 7.58–20.18 2.76–19.58 4.2–9.8 
posterior end of the body, VS-P (7.86 ± 0.94) (13.03 ± 4.45) (15.81 ± 3.19) (13.52 ± 2.64) (11.41 ± 4.03) (7.0) 

 



 

 
 
 
 
 
 

(0.55 ± 0.12) 
 

(0.31 ± 0.01) 
 

(3.56 ± 0.57) 
 

(2.09 ± 0.36) 
 

(10.84 ± 1.69) 
 

(89.76 ± 50.03) 
 

(0.25 ± 0.09) 
 

(0.63 ± 0.26) 
 

(0.13 ± 0.03) 
 

(6.24 ± 0.49) 
 

(1.85 ± 0.36) 
 

(1.92 ± 0.52) 
 

(0.42 ± 0.09) 
 

1.27 ± 0.08 

Pharynx length, PhL 0.48–0.68 – – – – – 

Pharynx width, PhW 0.30–0.32 – – – – – 

Testicular length, TL 2.85–4.08 – – – – – 

Testicular width, TW 1.872.72 – – – – – 

Testicular perimeter, TP 12.16–7.96 – – – – – 

Body area, BA 22.7–32.4 
(25.7 ± 3.9) 

6.08–216.77 
(84.70 ± 46.96) 

19.06–196.35 
(114.31 ± 34.25) 

42.47–182.03 
(101.69 ± 32.65) 

6.90–191.79 – 

Oral sucker area, OSA 0.27–0.32 
(0.3 ± 0.02) 

0.08–0.66 
(0.34 ± 0.09) 

0.18–0.57 
(0.37 ± 0.07) 

0.22–0.68 
(0.43 ± 0.09) 

0.07–0.39  

Ventral sucker area, VSA 0.6–0.7 
(0.6 ± 0.05) 

0.15–1.23 
(0.71 ± 0.19) 

0.37–1.70 
(0.80 ± 0.15) 

0.45–1.25 
(0.88 ± 0.17) 

0.12–1.06 – 

Pharynx area, PhA 0.11–0.16 – – – – – 

Testicular area, TA 5.57–6.78 – – – – – 

BL/BW ratio 1.68–3.22 
(2.33 ± 0.63) 

1.33–4.17 
(2.33 ± 0.44) 

1.40–3.48 
(2.30 ± 0.37) 

1.50–2.68 
(2.02 ± 0.27) 

1.18–2.99 – 

BWOv/CW ratio 1.39–2.79 – – – – – 

OSA/VSA ratio 0.43–0.57 
(0.50 ± 0.05) 

0.25–0.70 
(0.49 ± 0.08) 

0.22–0.74 
(0.47 ± 0.08) 

0.30–0.70 
(0.49 ± 0.08) 

0.19–0.71 – 

BL/VS-P ratio 1.32–1.07 
(1.16 ± 0.09) 

1.13–1.55 
1.25 ± 0.06 

1.00–1.36 
1.21 ± 0.04 

1.18–1.37 
1.26 ± 0.03 

1.06–1.60 – 

50d.p.i., 50 days post-infection 
      

 



 

Table II. Measurements taken from 280 eggs of Fasciola hepatica, recovered from faeces of European brown hare (Lepus europaeus). All 
values are shown as range, with the mean and standard deviation (SD) in parentheses. EL, egg length (µm); EW, egg width (µm); EA, egg 
area (µm2), ER, egg ratio; n.i., natural infection; e.i., experimental infection. Data from rodents and other domestic species by a) Valero et al. 
(2002), and b) Valero et al. (2001a) 

 
 
 
 
 

(8836 ± 809) 
 

(9011 ± 685) 
 

(10114 ± 801) 
 
 
 
 
 
 
 
 

9376 ± 866) 
 
 
 

trointestinal tracts from each hare were thoroughly examined 
following standard methods (Egerton et al. 1979). 

Previously preserved faecal samples were analyzed by 
means of two methods: Sheather’s sucrose flotation technique 
(MacPherson and McQueen, 1993) and Lumbreras’ rapid sed- 
imentation technique (Lumbreras et al. 1962). Sediment ob- 
tained from Lumbrera’s technique was subsequently passed 
through a 140 µm sieve. Both techniques were performed with 
three grams of material. Slides from Sheather’s technique and 
filtered sediment from Lumbrera’s technique were micro- 
scopically examined. Faecal counts (eggs per gram = epg; 
oocysts per gram = opg) were determined in every sample. 

Liver fluke adults were recovered from preserved livers, 
while eggs were concentrated by means of sedimentation and 
filtration from the remaining faecal material previously found 
‘positive’. Adult worms were stained with Grenacher’s borax 
carmine and mounted in Canada balsam between slide and 
coverglass but without coverglass pressure (Valero et al. 2005, 
2012). 

 
Measurement techniques and data analysis 

 
Egg characteristics studied were length (EL) and width (EW) 
in µm. The product of these 2 dimensions was used as a meas- 
ure of egg size (EL × EW = ES µm2), and the ratio as a meas- 
ure of shape (EL/EW = ER) (Poulin 1997; Abrous et al. 1998; 
Valero et al. 1998, 2001a, 2002). For egg classification, egg 

size was considered according to recent updates on this char- 
acteristic (Valero et al. 2009; Mas-Coma et al. 2014b), and by 
taking into account the influence of the host species (Valero 
et al. 1998, 2001a, 2002), 

For adult fasciolids, the following standardized measure- 
ments were taken (Valero et al. 2005; Periago et al. 2006) 
(Fig. 1): (i) lineal biometric characters (mm): body length 
(BL), maximum body width (BW), body width at ovary level 
(BWOv), body perimeter (BP), body roundness (BR), cone 
length (CL), cone width (CW), maximum diameter of oral 
sucker (OS max), minimum diameter of oral sucker (OS min), 
maximum diameter of ventral sucker (VS max), minimum di- 
ameter of ventral sucker (VS min), distance between the an- 
terior end of the body and ventral sucker (A–VS), distance 
between the oral sucker and ventral sucker (OS–VS), distance 
between the oral sucker and the union of the vitelline glands 
(VS–Vit), distance between the union of the vitelline glands 
and the posterior end of the body (Vit–P), distance between 
the ventral sucker and the posterior end of the body (VS–P), 
pharynx length (PhL), pharynx width (PhW), testicular space 
(taking both testes together) length (TL), testicular space 
width (TW), testicular space perimeter (TP); (ii) areas (mm2): 
body area (BA), oral sucker area (OSA), ventral sucker area 
(VSA), pharynx area (PhA), testicular space area (taking both 
testes together, TA); (iii) ratios: body length over body width 
(BL/BW), body width at ovary level over cone width 
(BWOv/CW), oral sucker area over ventral sucker area 

Host Geographical location EL EW EA ER 

Brown Hare (Lepus europaeus), n.i. Northern Patagonia, 
Argentina 

90.5–143.7 
(120.0 ± 8.9) 

56.6–86.2 
(68.9 ± 4.9) 

6142.4–11408.7 
(8275.1 ± 919.3) 

1.3–2.3 
(1.7 ± 0.2) 

Mouse (Mus musculus), n.i.a Corsica island, 
Mediterranean Sea 

117–122 
(119 ± 2) 

60–83 
(74 ± 7) 

7158–9887 – 

Black rat (Rattus rattus), n.i.a Corsica island, 
Mediterranean Sea 

122–148 
(133 ± 8) 

60–74 
(67 ± 3) 

7148–10344 – 

Cattle (Bos Taurus), n.i.a Corsica island, 
Mediterranean Sea 

125–149 
(136 ± 9) 

68–83 
(74 ± 6) 

9128–11300 – 

Cattle (Bos Taurus), n.i.b Northern Bolivian Altiplano 105.3–155.9 
(132.0 ± 10.5) 

61.7–82.5 
(71.1 ± 4.4) 

5286.5–9676.8 
(7170.2 ± 802.5) 

1.6–2.3 
(1.9 ± 0.2) 

Sheep (Ovis aries), n.i.b Northern Bolivian Altiplano 114.8–151.2 
(130.8 ± 7.1) 

65.5–81.4 
(72.6 ± 3.9) 

5998.2–8608.5 
(7238.0 ± 532.8) 

1.5–2.2 
(1.8 ± 0.1) 

Pig (Sus scrofa domestica), n.i.b Northern Bolivian Altiplano 73.8–148.6 
(123.8 ± 11.3) 

58.1–82.5 
(71.8 ± 4.4) 

3988.7–8626.9 
(6836.0 ± 820.4) 

1.1–2.1 
(1.7 ± 0.2) 

Donkey (Equus asinus), n.i.b Northern Bolivian Altiplano 96.4–140.8 
(125.4 ± 8.3) 

63.3–84.7 
(75.0 ± 3.7) 

5562.6–8686.2 
(7177.4 ± 646.1) 

1.3–2.0 
(1.7 ± 0.1) 

Wistar rat (Rattus norvegicus), e.i.a Corsica island, 
Mediterranean Sea 

122–148 
(134 ± 6) 

63–80 
(70 ± 4) 

7681–11841 – 

Wistar rat (Rattus norvegicus), e.i.b Northern Bolivian Altiplano 98.1–144.2 
(124.6 ± 7.8) 

56.9–80.8 
(67.6 ± 3.4) 

4836.2–7982.3 
(6380.1 ± 510.8) 

1.4–2.2 
(1.9 ± 0.2) 

 



 

(OSA/VSA), and body length over the distance between the 
ventral sucker and the posterior end of the body (BL/VS–P). 

Morphometric measurements used for F. hepatica adults 
follow a logistic growth model with respect to time (Valero et 

al. 2001a,b, 2005). This implies that the morphometric de- 
velopment of the fasciolid adult is not limited but ‘damped’ 

and does not exceed certain characteristic maximum (Valero 
et al. 1998, 2006b). Since the morphometric maximum val- 

ues are characteristic for each population, they are considered 
the comparative base of this study (Table I). 

 

Results 

Five faecal samples were detected positive to Fasciola hepat- 

ica (14.28%, 2.7–25.8% CI 0.95), while 33 showed Eimeria 

sp. oocysts (94.28%, 86.61–100% CI 0.95). No nematode and 
cestode eggs or adults were observed. Faecal counts showed 
between 1 and 3 epg for liver fluke (mean 2.08 epg, ± 1.25), 
and 91.73 mean opg (± 155.84) for Eimeria sp. 

Twenty-two liver fluke adults were recovered from a sin- 
gle liver, but only six of them could be measured (Table I), 
while a total of 280 eggs were recovered from faeces and 
measured (Table II). 

 
Discussion 

Each trematode species has its own adult and egg phenotype, 
generally within a specific range (Valero et al. 2009). How- 
ever, small host body mass offers limited microhabitat (e.g. 
liver) and places a physical constraint upon the trematode 
body size and number of flukes that can fit in (Poulin 1997; 
Valero et al. 2001a, 2005); while it has been associated with 
diminished egg size (Valero et al. 2002). Consequently, the 
final host species decisively influences the size of adults and 
eggs of F. hepatica (Valero et al. 2001a,b, 2005, 2009). 

Measures of F. hepatica found in L. europaeus from 
Malargüe department proved to be among the smaller de- 
scribed in adults and eggs recovered from naturally and ex- 
perimentally infected murid rodents, lagomorphs and domestic 
species (see Tables I and II) (Abrous et al. 1998; Valero et al. 

1998, 2001a, 2002). With regard to adult liver flukes, it shall 
be considered that samples were preserved in formaldehyde 
4% during, at least, two months, which might have slightly 
decreased measures. Size of the fasciolids from the European 
brown hare appears similar to fasciolids of 50 days of age ex- 
perimentally obtained in the Black rat (Valero et al. 1998) 
(Table I). However, the size of F. hepatica eggs found in fae- 
cal samples of the hares fully overlap not only with those of 
natural and experimental infections in murid rodents, but also 
with those of natural infections in cattle and other domestic 
animals (Valero et al. 2001a, 2002). All in all, the data ob- 
tained indicates that the liver fluke is able to fully develop in 
wild hares and to shed normal eggs through their faeces. 

Additionally, the heavy parasite burden observed (22 liver 
flukes in a single liver) and the small adult size described 
strongly suggest an effect of crowding, a phenomenon re- 
flected in a decreased adult development when the number of 
flukes is high (Valero et al. 2006b). Meanwhile, due to exper- 
imental evidence of a direct relation between uterus size and 
the numbers of eggs shed per gram of faeces (Valero et al. 

2001b, 2011), the reduced uterus development as consequence 
of smaller adults (Poulin 1997) may explain the low epg ob- 
served. 

Although F. hepatica infection in wild L. europaeus has 
been detected before in its original European range, to the best 
of our knowledge only one report deals with that aspect in 
South America (Kleinman et al. 2004). Unfortunately, the in- 
formation provided is only restricted to the local prevalence 
found. The high prevalence found in our study (14.28%, 2.7– 
25.8% CI 0.95) strongly contrasts with the very low one reg- 
istered (<1‰) in the aforementioned study (Kleiman et al. 

2004). Our results suggest an even more important role in the 
transmission cycle than previously considered, at least in 
given areas. 

Considering a daily defaecation rate of 410 faecal pellets 
per hare (Novaro et al. 1992), a pellet weight between 1 and 
1.4 gr (Kleiman et al. 2004), and the epg here obtained, each 
hare could shed to the environment a daily rate of 410–1,722 
eggs of F. hepatica. This result is close to the lower limit ob- 
tained for pigs (2,000–195,000 eggs/individual/day), a do- 
mestic animal whose epidemiological importance in endemic 
areas has already been highlighted (Mas-Coma et al. 1997, 
2005). 

Parasites tend to have threshold levels of host populations 
size below which they are unable to persist (Tompkins and 
Poulin 2006). The population dynamics of the European brown 
hare, as a competent host for liver fluke (i.e. hosts in which the 
parasites can develop normally), may allow parasite spillback 
by amplifying the total number of infective stages and increas- 
ing the infection burdens in populations of other susceptible 
hosts (native or domestic) (Kelly et al. 2009; Poulin et al. 2011). 
This situation set the stage for the European brown hare, a NIS, 
to alter local parasite dynamics in ways that could lead to dis- 
ease emergence and an outbreak (Rachowicz et al. 2005; Thielt- 
ges et al. 2009; Poulin et al. 2011). 

The results obtained do not only remark the extraordinary 
plasticity and adaptability of this trematode species to differ- 
ent host species, but also highlight the role of the European 
brown hare, and other NIS, as reservoirs capable for parasite 
spillback to domestic and native cycle, representing a poten- 
tially important, but hitherto neglected, cause of disease emer- 
gence. The present finding of F. hepatica in hares indicates 
that the geography of the populations of this lagomorph will 
be in need to be considered when analysing the distribution 
and extent of fascioliasis infection risk areas (Fuentes et al. 

1999, 2001; Afshan et al. 2014) in Argentina and also in other 
South American endemic countries where the European hare 
has been introduced. 
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Resumen 

La fascioliasis se encuentra en franca expansión. 

Fasciola hepatica parasita a millones de personas  

en los cinco continentes y existen zonas andinas hi- 
perendémicas. Afecta a la ganadería ocasionando 

pérdidas de hasta 3.000 millones de dólares. En Ar- 

gentina, salvo Tierra del Fuego, la fascioliasis animal 

es endémica en todas las provincias y los casos hu- 

manos publicados superan los 600. En Cuyo existen 
altas prevalencias en ganado y animales silvestres, 

además de reportes de casos humanos. Las moluscos 

vectores en dicha región son Lymnaea viator, Lym- 

naea neotropica y Galba truncatula. En Mendoza se 

han descrito prevalencias de hasta el 60% en bovinos. 
Los patrones epidemiológicos de transmisión según la 

altitud han sido descritos para la fascioliasis humana. 

Estudios demuestran que estos patrones epidemioló- 

gicos pueden aplicarse a ganadería. El conocimiento 
de la epidemiología de esta enfermedad es funda- 

mental, ya que es una parasitosis con un intrincado 

ciclo biológico en el cuál intervienen fases de desa- 

rrollo en hospedadores invertebrados, adquiriendo el 

ambiente un rol determinante en su evolución. Este 
estudio se llevó a cabo con el objetivo de describir la 

distribución de la fascioliasis bovina según la altitud 

en Mendoza. Se tomaron muestras de 325 bovinos de 

18 establecimientos ganaderos, de los cuales resulta- 

ron positivos a F. hepatica al examen coprológico el 
20,31% de los animales. Se establecieron rangos de 

altitud: < 800msnm, de 800-1500msnm y >1500msnm. 

Las prevalencias más altas se hallaron en los animales 

de establecimientos ubicados a más de 1500 msnm. 

Se hallaron diferencias significativas entre los anima- 
les de los distintos rangos. Los resultados encontra- 

dos coinciden con los patrones de altiplano y valle 

descritos para humanos. Se demuestra que la fascio- 

liasis en bovinos en la provincia de Mendoza sigue  

un gradiente altitudinal ascendente, lo cual debe ser 
tenido en cuenta al momento de desarrollar medidas 

de control. 
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Abstract 

Fasciola hepatica has a worldwide distribution, is cu- 

rrently expanding and can be accounted across 5 con- 

tinents. Fascioliasis represents a worldwide burden 
for animals and humans. South America has hyperen- 

demic human areas at the Andean regions. Financial 

loss in animal production due to Fasciola hepatica is 

estimated on 3 billion USD per year. Animal fascio- 

liasis is widespread throughout all the provinces of 
Argentina, except for Tierra del Fuego and over 600 

human cases have been published. Liver fluke pre- 

valence is high in domestic and wild animals of Cuyo 

region. Mollusks described as vectors in Mendoza are 

Lymnaea viator, Lymnaea neotropica and Galba trun- 
catula. F. hepatica occurrence in cattle from Men- 

doza reaches up to 60%. The altitude related epide- 

miological transmission patterns had been described 

in human fascioliasis in other Andean countries. Re- 

cent surveys have proved that these patterns can be 
applied to study animal fascioliasis. The knowledge 

of the epidemiology of liver fluke disease is very im- 

portant. Due to the high intricacy of its life cycle, 

and the fact that this trematode needs to evolve in- 

side an invertebrate host, makes it very sensitive to 
environmental characteristics. The aim of this study 

was to describe the altitude related prevalence of 

cattle fascioliasis in Mendoza province. Samples of 

325 bovines from eighteen cattle farms were analy- 
zed. The coprological study was positive for F. he- 

patica in 20,31% animals. Altitude ranges were esta- 

blished: < 800m a.s.l., 800-1500m a.s.l. and >1500m 

a.s.l. The highest prevalence was found in cattle over 

the 1500m a.s.l. Significative differences were found 
between the prevalence in cattle of different altitu- 

dinal ranges. These findings show that cattle fascio- 

liasis in Mendoza follows an ascendant gradient of al- 

titude. This knowledge should be taken into account 

when control measures are developed. 
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Introducción 

La fascioliasis es una zoonosis de distribución mun- 

dial representada en nuestro continente por Fascio- 

la hepatica (Mas-Coma et al., 2009; WHO, 2016). En 

una iniciativa de la Organización Mundial de la Sa- 

lud por estimar la importancia de las trematodiasis 
transmitidas por alimentos en salud humana, Fürst y 

colaboradores, realizaron una revisión y metanálisis 

de la información a nivel mundial. Ellos determinaron 

que la fascioliasis ocasiona a nivel global, 35206 años 

ajustados de discapacidad (DALY´S) en el humano. De 
estos, 17318 DALY´S corresponden a Latinoamérica 

(Fürst et al., 2012). 

 
Esta trematodiasis, conocida por los veterinarios hace 

mucho tiempo, es una importante fuente de pérdi- 

das económicas en producción bovina, estimada por 
la FAO en 3000 millones de dólares anuales (FAO, 

1994). Los detrimentos que origina han sido descritos 

como reducción del 3-5% en producción láctea y de 

aproximadamente 3,8kg (0,5-0,7%) en el peso final de 

la res. En terneros se ha reportado un 9% menos de 
ganancia de peso en ganado parasitado. Además se 

comprobó un retraso de 39 días del primer celo en 

terneras infectados experimentalmente. En bovinos 

adultos extiende el periodo de servicio 13 días y au- 

menta la cuota de servicio en una proporción de 0.75 
más por concepción (Charlier et al., 2013). 

 
La fascioliasis es la enfermedad parasitaria transmi- 

tida por vectores con mayor distribución latitudinal, 

longitudinal y altitudinal (Mas-Coma et al., 2003). En 

Argentina las mayores prevalencias en humanos se 

han reportado en zonas andinas y serranas, encon- 
trando reportes publicados de más de 600 casos (Mera 

y Sierra et al., 2011). En nuestro país la distribución 

de la parasitosis en animales domésticos abarca todas 

las provincias excepto Tierra del Fuego, con prevalen- 

cias elevadas en zonas del Litoral y del centro-oeste 
(Rebak et al., 2005; Moriena et al., 2004; Issia et al., 

2007; Dwinger et al., 1982). En Mendoza existen tres 

especies de moluscos vectores, Lymnaea viator, Lym- 

naea neotropica y Galba truncatula, siendo este últi- 

mo el vector más eficiente de fascioliasis (Bargués et 
al., 2006; Mera y Sierra et al., 2009; Standley et al., 

2013). A pesar de no ser en humanos una enfermedad 

de declaración obligatoria, hay reportes para la pro- 

vincia de Mendoza; existen 28 casos publicados en la 
literatura científica (Mera y Sierra et al., 2010). 

 
La ocurrencia de fascioliasis bovina en nuestra pro- 
vincia ha sido estimada tanto mediante estudios post 

mortem como así también y mediante coproparasito- 

logía. Se hallaron prevalencias a la faena del 67,5%  

y 34% (Mera y Sierra et al., 2005a; González et al., 

2006). En los estudios coprológicos se halló prevalen- 
cias de hasta el 57,6% (Sidoti, 2011). 

 
En fascioliasis humana existen distintos patrones 

epidemiológicos según la altitud. El patrón de gran 

altitud, dividido a su vez en patrón de altiplano rela- 

cionado con el vector Galba truncatula y con trans- 

misión durante todo el año. Dentro de esta categoría 
se desglosan dos subpatrones; el patrón de altiplano 

(con transmisión durante todo el año) y el patrón de 

valle (con estacionalidad en la transmisión). Además 

existe el patrón insular caribeño, que presenta otras 

especies de vectores además del más eficiente y bro- 
tes epidémicos en zonas hipo endémicas. Otro patrón 

africano-mediterráneo de zonas bajas en el cual los 

hospedadores intermediarios son lymnaeidos del gru- 

po Galba/Fossaria, Radix y con Pseudosuccinea como 
vector secundario. Asimismo en este patrón existe 

solapamiento entre Fasciola hepatica y Fasciola gi- 

gantica con marcada estacionalidad. Por último el 

patrón de las zonas aledañas al Mar Caspio, en el cual 

se solapan F. hepatica y F. gigantica, teniendo como 
vectores caracoles del grupo Galba/Fossaria, Radix y 

lymnaeidos estagnicolinos. En este último se produ- 

cen importantes brotes de fascioliasis humana (Mas- 

Coma, 2005). En estudios realizados en Irán, en zonas 

donde se presenta el patrón de zonas aledañas al Mar 
Caspio, se observo mayor prevalencia de Fasciola he- 

patica en bovinos, búfalos, caprinos y ovinos cuando 

la altitud superaba los 100msnm. 

 
Dada las diversas especies de lymnaeidos presentes 

en la provincia de Mendoza, es necesario conocer si la 

distribución de la fascioliasis sigue algún patrón epi- 

demiológico de transmisión relacionado con rangos de 

altitud. El objetivo del presente estudio es describir 
la prevalencia de la fascioliasis bovina en Mendoza 

según la altitud del establecimiento ganadero don- 

de se encuentran los animales. Esta información es 

necesaria para una descripción de la epidemiologia 

de la fascioliasis en Mendoza, imprescindible para el 
desarrollo de medidas de control. 

 
Metodología 

Se procesaron muestras de un total de 325 bovinos 

pertenecientes a 18 establecimientos ganaderos (Ta- 

bla 1), dedicados tanto a la producción bovina como 
así también a la de otro ganado (caprino u ovino). 

 

Tabla 1. Número de bovinos muestreados según departamento y 

establecimiento de origen 
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Los establecimientos de Lavalle se encuentran en 

una región de llanura, sumamente árida, donde no 

se realiza la práctica de la trashumancia, por lo tan- 

to los animales permanecen en un rango altitudinal 
acotado. El establecimiento de San Carlos realiza cría 

extensiva sobre pastura natural en valles con régimen 

de veranada, siendo llevados los animales durante el 

verano a pasturas altas de hasta 3.000 metros sobre 
el nivel del mar (msnm), para bajar con el comienzo 

de las nevadas, situación similar ocurre en el estable- 

cimiento de Malargüe. 

 
En cada sitio de muestreo, se registró la altitud me- 
diante el uso de un GPS (GARMIN Etrex Vista®). Los 

establecimientos se agruparon, según la altitud, en 

tres categorias: altitud menor a 800 mnsnm, altitud 

entre 800 y 1.500 msnm y altitud superior a los 1.500 

msn. Las muestras de materia fecal fueron recolec- 
tadas directamente del recto y colocadas en bolsas 

de polietileno, vaciando la mayor parte de aire, y   

se mantuvieron refrigeradas a 4°C hasta su proce- 

samiento en el laboratorio (Fiel et al., 2011). En el 

laboratorio, se realizò la técnica de sedimentación 
rápida de Lumbreras (Lumbreras et al., 1962). 

 
Se comparó la proporción de animales en cada ca- 

tegoría mediante la prueba de χ2 , se consideraron 

estadísticamente significativas diferencias con una 

p<0,05. En todas las maniobras y procedimientos 
que involucraron el uso de animales vivos se siguie- 

ron las pautas estipuladas en la Guía y Cuidado para 

el Uso de Animales de Laboratorio (NRC, 1996). 

Este trabajo fue evaluado y aprobado por el Comité 

Institucional de Cuidado y Uso de Animales en In- 
vestigación y Docencia de la Facultad de Ciencias 

Veterinarias u Ambientales de la Universidad Juan 

Agustín Maza. 

 
Resultados 

Según la altitud, 4 establecimientos (2 de Lavalle     

y 2 de La Paz) se encuentran por debajo de los 800 

msnm, de los cuales se tomaron muestras de 47 ani- 

males. Entre los 800 y 1.500 msnm se ubicaron 8 es- 

tablecimientos, (1 de Lujan de Cuyo, 1 de Tupungato 

y 6 de Tunuyán)  de los cuales se tomaron muestras  
a 127 animales. En altitudes superiores a los 1.500 

msnm se encuentran 6 establecimientos (2 de Ma- 

largüe, 1 de San Carlos, 2 de Tupungato, 1 de Las 

Heras), de los cuales se tomaron muestras a 151 ani- 

males. Al examen coprológico, se observaron huevos 
de Fasciola hepatica en 66 (20,31%) de los bovinos 

muestreados. 

 

 
Tabla 2. Prevalencia de F. hepatica a los estudios coprológicos en 

bovinos de Mendoza según departamento de origen. 
 

Tabla 3. Prevalencia de F. hepatica a los estudios coprológicos en 

bovinos de Mendoza según distribución altitudinal. 

 

Según el departamento de origen, fueron positivos  

la siguiente cantidad de bovinos: Lavalle 2 (13,33%), 

Luján de Cuyo 4 (100%), Tunuyán 6 (6,52%), San Car- 

los 17(22,37%), Malargüe 4 (20,00%) y Tupungato 1 

(2,78%), Las Heras 32 (69,56%), no hallándose ani- 

males positivos en La Paz (Tabla 2). Las diferencias 

en las prevalencias en los departamentos donde se 

encontraron animales positivas son significativas 
(χ2=65,57; p<0.0001). 

 

Figura 1. Prevalencia de Fasciola hepatica en bovinos según distri- 

bución altitudinal. 

 

Según la distribución altitudinal, la más alta preva- 

lencia correspondio a la zona de cordillera (>1.500 
msnm) con una prevalencia de 35,76%, seguido por 

la de los animales en el rango de 800-1.500 msnm 

(zona de precordillera, piedemonte) con una preva- 

lencia de 7,87% (Figura 1). Por debajo de los 800 

msnm (zona de travesías) la prevalencia hallada fue 
del 4,44% (Tabla 3). Se hallaron diferencias signifi- 

cativas entre las prevalencias de los distintos gru- 

pos (χ2=28,19; p<0,0001). No se hallaron diferencias 
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significativas entre las prevalencias de los animales 

a <800 msnm y los animales entre 800-1.500 msnm 

(χ2=0,60; p=0,4377). 

 
Discusión 

Según el presente estudio, la prevalencia de fascio- 

liasis bovina es significativamente mayor en zonas  

de cordillera. Se observa un gradiente ascendente a 

medida que aumenta la altitud (Figura 1). Si tene- 
mos en cuenta que en el resto del país, existen zonas 

endémicas en regiones de muy baja altitud, tal como 

es el litoral e incluso en zonas costeras de la provin- 

cia de Buenos Aires (Olaechea 1994; Moriena et al., 

2004; Rebak et al., 2005), la altitud de por sí, no ex- 
plica la distribución hallada. En zonas andinas de Perú 

y Bolivia, donde existen zonas endémicas e incluso 

hiper endémicas, la presencia del lymnaeido Galba 

truncatula, el cual se adapta a grandes altitudes, po- 

dría estar explicando esta distribución. Incluso se ha 
demostrado una mayor capacidad de emisión de cer- 

carias a mayores altitudes (Mas-Coma et al., 2001). 

Estudios previos de distribución realizados en la pro- 

vincia de Mendoza que incluyeron las cuencas del Rio 
Mendoza, Rio Tunuyan, Rio Diamante, Rio Atuel y la 

cuenca endorreica de Llancanelo hallaron lymnaei- 

dos en un rango altitudinal desde los 1.526 hasta los 

2.638 msnm (Mera y Sierra, 2001; Mera y Sierra et 

al., 2005). No se hallaron lymnaeidos por debajo de 
los 1.500 msnm. Esta distribución, juntamente con la 

presencia de Galba truncatula en Mendoza (Bargues 

et al., 2006), explicaría la distribución de casos de 

 
fascioliasis bovina hallada en el presente estudio a 

grandes alturas. Sin embargo, surge el interrogante, 

y más aun luego de la descripción de Lymnaea neo- 

tropica transmitiendo Fasciola hepatica en zonas de 

menor altitud en el piedemonte (Mera y Sierra et al., 
2009), si la presencia de este vector es una introduc- 

ción reciente que explicaría la prevalencia hallada a 

menor altitud en el presente estudio. 

 
Las altas prevalencias halladas en altitud, coinci- 

dirían con el patrón de transmisión andino descrito 

para zonas donde se encuentra el lymnaeido impor- 

tado, Galba truncatula. Se diferencian en patrón de 
valle, con estacionalidad, y patrón de altiplano, sin 

estacionalidad (Mas-Coma et al., 2009). A la fecha  

se desconoce si en Mendoza la transmisión de fas- 

cioliasis es estacional, por lo cual serán necesarios 
estudios longitudinales para determinarlo. 

 
Conclusiones 

La fascioliasis en bovinos de la provincia de Mendo- 

za tiene una prevalencia significativamente mayor 
por encima de los 1.500 msnm y prevalencias muy 

bajas o nulas en zonas de baja altitud en la llanura. 

Esta información debe de ser tenida en cuenta al 

momento de implementar medidas de control. Son 
necesarios futuros estudios, tanto de monitoreo de 

la presencia y prevalencia de fascioliasis en bovinos 

a distintas altitudes, como así también para conocer 

cuales son los factores que determinan la distribu- 

ción de la fascioliasis en la provincia de Mendoza. 
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h  i g  h l  i g  h t s g r a p h  i  c  a  l a b  s  t  r  a  c  t   
 

● The in vivo ovicidal activity of clo- 

santel, an option to triclabendazole in 

fasciolasis treatment, is yet unknown. 

● Sheep were treated with closantel 

and eggs collected at different times 

for morphometric studies and eggs 

hatch assay. 

● Significant differences were observed 

in the morphology and hatchability 

between control and treated sheep. 

● 67,5% of recovered eggs post clo- 

santel treatment was unembryo- 

nated differing significatively with 

the control group. 

● Results obtained confirm  that  clo- 

santel affects  in  vivo  the  normal 

development of the eggs. 
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a b s t r a c t   
 

Anthelmintic resistance in livestock parasites is currently a worldwide problem. 

Fasciola hepatica is a cosmopolitan parasite which causes considerable loss in sheep and cattle pro- 

duction systems all over the world. Chemotherapy is currently the main tool available for its control. The 

intensive use of triclabendazole, the drug of choice for more than 20 years, has resulted in the devel - 

opment of resistant strains. The therapeutic options are adulticides such as closantel (salicylanilide  

anthelmintic that binds extensively to plasma albumin) to treat chronic fascioliasis in sheep, and cattle. 

In the present work, an Egg Hatch Assay (EHA) and morphometric studies were used to evaluate in vivo 

the ovicidal activity and morphology F. hepatica eggs, recovered from closantel treated sheep collected at 

different time intervals post treatment. 

Statistically significant differences (p < 0.0001) were observed in egg morphometry between the 

control and the treated groups in all the parameters studied. Eggs recovered from treated animals tend to 

be narrower and longer. Significant differences were found in the embryonation and hatching of eggs 

between 36 h post treatment (32, 5%) vs. approximately 85% in control, 12 h and 24 h post treatment. Our 

results confirm that closantel affects in vivo the normal development of the eggs. 
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As one of the first effects, this drug affects the performance of the trematode's reproductive physi - 

ology. Even though closantel treated animals may still eliminate eggs in the first days post treatment, 

these are not viable. 

© 2015 Elsevier Inc. All rights reserved. 

 

 
 
 

1. Introduction 

 
Fasciola hepatica is a cosmopolitan parasite which causes 

considerable loss in sheep and cattle production systems all over 

the world estimated at USD 2000e3000 billion (Boray, 1994; 

Fairweather, 2011c). Since its introduction in  1983,  the  fas- 

ciolicide triclabendazole (TCBZ) has been extensively used world- 

wide to control liver fluke infections in sheep and cattle, mainly 

because it possesses a uniquely wide spectrum of activity, killing 

not only adult Fasciola spp., but also immature and juvenile flukes 

as young as 2  days post-infection (Boray et al., 1983; Fairweather  

et al., 1999). In the absence of an effective vaccine  against  the  

fluke, control is achieved mainly by chemotherapy. 

Triclabendazole (TCBZ) has been the drug of choice for treating 

liver fluke infections in livestock for over 20 years. More recently, it 

has been used successfully to treat cases of human fascioliasis 

(WHO, 2006). Anthelmintic resistance in livestock parasites is 

currently a worldwide problem. The intensive use of TCBZ has 

resulted in the development of resistant liver flukes, which was first 

described in farm animals in Australia in the mid-1990s (Overend 

and Bowen, 1995) and since then has been  reported  in,  Europe 

and South America (Fairweather, 2011a; Olaechea et al., 2011). On 

those farms where the local fluke population is resistant to TCBZ, 

the therapeutic options are to use adulticides such as closantel to 

control chronic fascioliasis in sheep and cattle, in an attempt to 

minimize pasture contamination with fluke eggs and reduce the 

risk of acute infection in the next (Hanna et al., 2015). Closantel is a 

salicylanilide anthelmintic that binds extensively to plasma albu- 

min (Michiels et al., 1987). As a result, its activity is mainly directed 

against blood-feeding internal parasites such as F. hepatica, Hae- 

monchus contortus, Oestrus ovis and Oesophagostomum larvae. 

The primary action of salicylanilides has been associated with 

the uncoupling of oxidative phosphorylation in mitochondria. Early 

in vitro studies, using houseflies as well as rat liver mitochondria, 

showed that several salicylanilides were potent inhibitors of elec- 

tron transport-associated phosphorylation (Williamson and 

Metcalf, 1967). In vitro inhibition of electron transport-associated 

phosphorylation in F. hepatica and Ascaris lumbricoides was later 

reported for oxyclozanide, rafoxanide and closantel (Corbett and 

Goose, 1971; Kane et al., 1980). 

Several forecasting systems exist for disease surveillance and 

will assist in monitoring any changes in the pattern of fascioliasis 

(Fox et al., 2011; McCann et al., 2010). Diagnosis has to operate at 

two other levels: diagnosis of drug efficacy and diagnosis of drug 

resistance. There is no standard protocol for the determination of 

drug efficacy, so interpretation of results can be difficult and there 

are fewer tests available. The Faecal Egg Count Reduction Test 

(FECRT) is probably most often used, with drug treatment being 

regarded as successful if there is a 95% reduction in fluke egg counts 

by 14 days post-treatment (pt). However, it is known that eggs can 

be stored in the gall bladder for several weeks (Chowaniec and 

Darski, 1970), so they may still be present, even though the flukes 

have been successfully removed; this can lead to false positive 

results. 

The Egg Hatch Assay (EHA) test (Coles et al., 2006; von Samson- 

 
Himmelstjerna et al., 2009). It could be applied to fluke as well. 

Flukicides can affect not only egg formation and production, but 

also egg development and hatching (i.e. viability) (Maes et al., 1988; 

Malone et al., 1984; Toner et al., 2011). The EHA may have some 

potential to detect anthelmintic resistance in flukes. This test, used 

as a diagnostic method for the detection of benzimidazole resis- 

tance in nematodes (Coles et al., 2006). 

In the present work, a modified EHA was used to evaluate in vivo 

the ovicidal activity and morphology in fluke eggs, recovered from 

closantel treated sheep collected at different time intervals post 

treatment, and immediately incubated without further addition of 

the drug. 

 
2. Materials & methods 

 
2.1. Experimental infection 

 
Animal procedures and management protocols were approved 

by the Ethics Committee according to the Animal Welfare Policy 

(Act 087/02) of the Faculty of Veterinary Medicine, Universidad 

Nacional del Centro de la Provincia de Buenos Aires (UNCPBA), 

Tandil, Argentina (http://www.vet.unicen.edu.ar), and to interna- 

tionally accepted Animal Welfare Guidelines (A.V.M.A, 2001). Eight 

parasite-free Corriedale weaned lambs were inoculated orally with 

200 metacercariae of F. hepatica contained in a gelatin capsule. The 

isolate used for this experiment was the Cullompton isolate, which 

is TCBZ-susceptible. Details of its provenance were reviewed by 

Fairweather (Fairweather, 2011b). The presence of liver fluke in the 

lambs was confirmed 16 weeks after infection by the finding of eggs 

in the faeces, and liver damage was estimated indirectly by mea- 

surement of serum Glutamate Dehydrogenase and Gamma Glu- 

tamyl Transferase activities, as described previously (Solana et al., 

2001). Sixteen weeks after oral inoculation, the animals were 

assigned to three experimental groups, based on their clinical 

condition and body weight, and were treated orally or by subcu- 

taneous injection with closantel as detailed in Table 1. 

 
2.2. Collection of F. hepatica eggs 

 
Treated animals in groups 2 and 3 were stunned and exsan- 

guinated at 12 h, 24 h and 36 h post-treatment, following the 

W.A.A.V.P. guidelines for evaluating antiparasitic treatments in 

ruminants (Wood et al., 1995). The eggs were directly recovered 

from the bile of each infected sheep by puncture of the gallbladder. 

After several washes with tap water, eggs were suspended in water 

(500 eggs/ml) and conserved in darkness at 4 ○C until used. 

 
2.3. Analysis of morphometric patterns 

 

Eggs (45e60 per group) were measured using an ocular 

micrometer attached to 10X optical microscope with 10X objective. 

In all analyzed eggs the following measurements were made: I) 

WIDTH, the central area perpendicular to the axial axis, II) LENGTH, 

a centerline from one pole to the other, III) SIZE, was determined by 

multiplying the length by the width of each egg and IV) SHAPE was 

http://www.vet.unicen.edu.ar/
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Table 1 

Summary of treatments administered to groups of experimental animals.  
 

Group Number of animals Dose Days post-infection before treatment 

1 2 No treatment e 

2 3 10 mg/kg b.w. oral 90 

3 3 10 mg/kg b.w. subcutaneous 90 

 
 

 
Fig. 2. F. hepatica Eggs. Effect of closantel (10 mg/kg bw) 36 h post treatment. Eggs 

recovered from treated animals tend to be more elliptical. 

 
Fig. 1. F. hepatica Eggs. A: Unembryonated eggs; B: Unhatched embryonated eggs; C: 

Hatched eggs; D: Unstained miracidium (100X), direct observation. 

 

 
obtained by dividing the length by the width (Abrous et al., 1998; 

Poulin, 1997; Valero et al., 2001). Data processing was carried out 

with Infostat®. From the collected data, arithmetic means and 

standard deviations were obtained. The comparison of the egg 

measurements from the different groups was carried out with the 

one way Analyses of Variance and Tukey test. Values were 

considered significant if p < 0.05. 

 
2.4. Egg hatch assay (EHA) 

 

Untreated and treated eggs were kept in darkness at 25 ○C for 15 

days. After this period, the trematode eggs were exposed to 

daylight for 2 h. Afterwards, 1 ml of 10% (v/v) buffered formalin was 

added to each tube in order to stop egg hatching. Eggs were eval- 

uated using an optical microscope (40 magnification). Approxi- 

mately 80e90 eggs were counted to estimate the proportion of 

hatched eggs in each tube. Upon observation, eggs were classified 

in two groups: 

 
1) Embryonated eggs (E): including hatched and unhatched 

embryonated eggs, with inner miracidium identified by the 

eyespots. 

2) Unembryonated eggs (U): with no identifiable miracidium or 

increase in the number of cells, similar to freshly collected eggs 

(Abrous et al., 1998) (Fig. 1). The percentages of egg hatch are 

reported as the arithmetic mean ± standard deviation (SD). One 

way Analyses of Variance and Tukey test was used for the sta- 

tistical comparison of the egg hatch data obtained from each 

experiment. A value of P < 0.05 was considered statistically 

significant. The statistical analysis was performed using 

Infostat®. 

 

3. Results 

 
3.1. Morphometric analysis 

 
Results of the morphometric analysis of eggs can be seen in 

Table 2. Statistically significant differences (p < 0.0001) were 

observed between the eggs of the control group and the rest in all 

the parameters evaluated. Eggs exposed to the effect of closantel 

tend to be narrower and longer (Fig. 2). 

 

3.2. EHA 

 
The test (n 3) was expressed as percentage of total eggs 

analyzed. The result obtained for control was 89, 5% ± 2.12 for (E) 

and 10.5% ± 2.12 (U). The results obtained of the oral and subcu- 

taneous (SC) routes were not significantly different (data not 

shown), so it was decided to use the mean of both as a unique result 

for each group. The mean of both ways of administration at 12 h pt 

was  84.5%  ± 0.71  (E)  and  15.5%  ± 0.71  (U);  at  24  h  pt  was 

86.75 ± 3.18  (E) and 12.75% ± 3.18  (U) and 36 h pt was 32.5% ± 3.54 

(E) and 67.5% ± 3.54 (U) (Table 3). At 36 h, the egg embryonation 

and hatching was significantly different (p < 0.001). 

 
 

Table 2 

Morphometric analysis of F. hepatica eggs. Effect of closantel (10 mg/kg bw) subcutaneous (SC) and oral at 12, 24 and 36 h post treatment.  

Mean ± SD 
 

Eggs Length (m) Width (m) Size (m2) Shape 

Control (n ¼ 44) 149.78 ± 6.98 94.66 ± 10.67 14,204.95 ± 1917.58 1.60 ± 0.18 

12 h SC(n ¼ 50) 152.68 ± 6.80 88.74 ± 7.10 13,561.04 ± 1379.62 1.73 ± 0.14 

Oral(n ¼ 61) 151.88 ± 5.46 91.36 ± 8.61 13,875.66 ± 1420.21 1.68 ± 0.16 

24 h SC(n ¼ 60) 154.55 ± 4.60 88.38 ± 3.61 13,655.61 ± 628.11 1.75 ± 0.10 

Oral(n ¼ 59) 148.48 ± 5.36 86.18 ± 5.19 12,798.44 ± 932.35 1.73 ± 0.12 

36 h SC(n ¼ 62) 152.99 ± 7.34 89.36 ± 5.63 13,677.98 ± 1174.60 1.72 ± 0.13 

Oral(n ¼ 62) 153.12 ± 6.70 87.75 ± 5.94 13,442.10 ± 1152.01 1.75 ± 0.13 
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Table 3 

Percentage (%) of embryonated and hatched eggs (E) and unembryonated eggs (U). Effect of closantel (10 mg/kg bw) subcutaneous  (SC) and Oral at 12, 24 and 36 h post 

treatment (pt).***: Significantly different. 

Eggs hatch assay (EHA) (%) 

Stage Control Experimental  

  12 h pt    24 h pt    36 h pt***    

  Oral Sc Mean ± SD  Oral Sc Mean ± SD  Oral Sc Mean ± SD  

E 89.5 ± 2.12 86.5 82.5 84.5 ± 0.71  86.5 87 86.75 ± 3.18  34 31 32.5 ± 3.54  
U 10.5 ± 2.12 13.5 17.5 15.5 ± 0.71  13.5 13 13.25 ± 3.18  66 69 67.5 ± 3.54  

 

4. Discussion 

 
The basic aim of this study was to determine ovicidal activity 

and morphology in fluke eggs recovered from closantel treated 

sheep. The results showed clearly that the aim of the study was 

achieved. 

The effect of closantel on the fluke's reproductive system can 

explain the observed changes in egg embryonation and hatching. 

Bearing in mind that each egg assembled in the ootype of F. hepatica 

incorporates about 30 vitelline cells, and that each fluke produces 

some 25,000 eggs each day, cell division and differentiation in the 

vitelline follicles consumes the majority, possibly the largest, pro- 

portion of the energy generated by intermediary metabolism. 

Therefore it is not surprising that drug induced restriction of 

available ATP had a marked effect on the functional activity in the 

vitelline tissue, which causes a decrease production and quality of 

eggs (Hanna et al., 2006). It is likely that defects in the quality of the 

vitelline cells would prevent successful shell formation and there- 

fore render the eggs non-viable. The release of fertile eggs of 

F. hepatica into the environment is one of the main ways available to 

the fluke to perpetuate their species and maintain their active life 

cycle. Our results confirm that closantel affects in vivo the normal 

development of the eggs. As one of the first effects, this drug affects 

the performance of the trematode reproductive physiology.  

The results of the time-course studies, reinforce the idea that 

any eggs present in successful efficacy trials represent eggs stored 

in the gall bladder prior to drug treatment and may not properly 

reflect what is happening to the actual flukes themselves, which are 

eliminated within 3e4 days pt ((Toner, E. et al. 2011)). Our results 

confirm that closantel affects in vivo the normal development of 

the eggs. As one of the first effects, this drug affects the perfor- 

mance of the trematode's reproductive physiology. 

On the other hand, these results have an impact on the inter- 

pretation of the Faecal Egg Counts in efficacy studies and may be 

useful to further understand the mechanisms underlying the drug 

activity in target helminths parasites. Finally a curious data was 

obtained from de morphometric analysis, the size of the Cull- 

ompton strain is considerably greater than descriptions of field 

isolates described in the  literature  (Abrous  et  al., 1998;  Fantozzi 

et al., 2011, 2012;  Larroza  and  Olaechea,  2008;  Valero  et  al.,  

2001). These reports describe eggs of approximately 130m  in  

length and 72m in width, quite smaller than what we have observed 

(Table 2). 
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