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Abstract 

Background: To investigate the multi‑drug resistant bacteria (MDRB) colonization rate in hematological patients hos‑
pitalized for any cause using a multi‑body‑site surveillance approach, and determine the extent to which this screen‑
ing strategy helped anticipate MDRB bloodstream infections (BSI).

Methods: Single‑center retrospective observational study including 361 admissions documented in 250 adult 
patients. Surveillance cultures of nasal, pharyngeal, axillary and rectal specimens (the latter two combined) were 
performed at admission and subsequently on a weekly basis. Blood culture samples were incubated in an auto‑
mated continuous monitoring blood culturing instrument (BACTEC FX).

Results: In total, 3463 surveillance cultures were performed (pharyngeal, n = 1201; axillary‑rectal, n = 1200; nasal, 
n = 1062). MDRB colonization was documented in 122 out of 361 (33.7%) admissions corresponding to 86 patients 
(34.4%). A total of 149 MDRB were isolated from one or more body sites, of which most were Gram‑negative bacteria, 
most frequently non‑fermenting (n = 83) followed by Enterobacterales (n = 51). BSI were documented in 102 admis‑
sions (28%) involving 87 patients. Overall, the rate of BSI caused by MDRB was significantly higher (p = 0.04) in the 
presence of colonizing MDRB (16 out of 47 admissions in 14 patients) than in its absence (9 out of 55 admissions in 9 
patients). Colonization by any MDRB was independently associated with increased risk of MDRB‑BSI (HR, 3.70; 95% CI, 
1.38–9.90; p = 0.009).

Conclusion: MDRB colonization is a frequent event in hematological patients hospitalized for any reason and is asso‑
ciated with an increased risk of MDRB BSI. The data lend support to the use of MDRB colonization surveillance cultures 
for predicting the occurrence of MDRB BSI in this cohort.
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Background
Bloodstream infections (BSI) caused by multidrug-
resistant bacteria (MDRB), particularly those involving 
extended-spectrum beta-lactamase (ESBL)- or carbapen-
emase-producing Enterobacterales, MDR Pseudomonas 
aeruginosa, and vancomycin-resistant enterococci (VRE), 
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pose a major threat for patients with hematological 
malignancies undergoing chemotherapy or transplanta-
tion due to their inherent associated morbidity and mor-
tality [1–8]. Hematological patients are at increased risk 
of MRDB BSI as a result of extensive broad-spectrum 
antibiotics use, prolonged hospitalizations, and disrup-
tion of mucosal surfaces and neutropenia due to cyto-
toxic chemotherapy [1–3]. Identifying MDRB-colonized 
patients through active surveillance could facilitate 
appropriate or early adjustment of empirical therapy 
for BSI, yet data supporting this assumption have been 
inconsistent [9–17].

Nose and rectum are the preferred sites for surveillance 
of methicillin-resistant Staphylococcus aureus (MRSA) 
and VRE/MDR Gram-negative bacteria, respectively 
[18–23]; nonetheless, there is no consensus regarding 
anatomical sites to be sampled for MDR Gram-negative 
bacteria screening, microbiological methods for the pur-
pose, or the benefit of performing screening cultures 
targeting certain MDR bacteria (i.e. MDR-Stenotropho-
monas maltophilia) [18, 24]. This was highlighted in a 
recent study revealing striking differences across Span-
ish centers in sampling protocols, body sites chosen for 
screening and microbiological testing procedures [25]. 
The purpose of the current study was twofold. First, we 
investigated the MDRB colonization rate in a series of 
hematological patients hospitalized for any cause using 
a multi-body-site surveillance approach and identified 
risk factors for this event. Second, we ascertained the 
incidence of MDRB BSI in patients with or without pre-
vious detection of MDRB colonization and determined 
whether the above screening strategy permitted anticipa-
tion of its occurrence.

Methods
Study population
In this single-center retrospective observational study 
we included a total of 361 admissions to the hematology 
wards from January 2015 to December 2019, involving 
250 adult (> 18  years) hematological patients. No exclu-
sion criteria were established. Twenty-nine patients 
were eventually admitted to the Intensive Care Unit 
(ICU). The cohort comprised patients with the follow-
ing underlying diseases: lymphoma (n = 93), acute mye-
loid leukemia (n = 69), multiple myeloma (n = 45), acute 
lymphoblastic leukemia (n = 16), myelodysplastic syn-
drome (n = 11), chronic lymphocytic leukemia (n = 2), 
chronic myeloid leukemia (n = 1) and others (n = 13). 
Reasons for hospital admission were receipt of alloge-
neic or autologous stem cell transplantation (n = 163), 
treatment of underlying disease (n = 136), neutropenic 
fever (n = 35), performance of diagnostic procedures 
(n = 9) acute or chronic graft versus host disease (n = 7), 

and other causes (n = 11). For patients with two or more 
admissions (n = 59), these took place at least 3  months 
apart. Colonization by the same one or more MDRB in 
two or more consecutive admissions for a given patient 
was considered as a single episode. Median hospital 
stay was 25  days (range, 4–96). Baseline characteristics, 
clinical data, recent antibiotic treatment and clinical out-
comes were registered.

Microbiological analyses
During patient hospitalization, surveillance cultures of 
nasal, pharyngeal, axillary and rectal specimens were 
scheduled to be performed systematically within 48  h 
of admission (baseline) and on a weekly basis after-
wards, as a part of routine patient care and according 
to predefined protocols, as detailed below. All patients 
colonized with MDRB underwent contact isolation. 
Surveillance specimens were delivered in AMIES trans-
port medium  (cliniswabLTS, Aptaca Spa., Canelli, Italy) 
to the Microbiology Service and immediately processed 
in accordance with the Procedures in Clinical Micro-
biology guidelines issued by the Spanish Society of 
Infectious Diseases and Clinical Microbiology (SEIMC) 
[26]. Swabs were placed in brain–heart infusion broth 
tubes (BHI; Oxoid Limited, Hampshire, UK) contain-
ing a disc of either cefotaxime (30  µg) or imipenem 
(10 µg), for MDR-Gram negative enrichment and incu-
bated at 37  °C in a  CO2 incubator (Heracell 240i  CO2 
incubator, Thermo Fisher Scientific, Langenselbold, 
Germany) for 24  h. Pharyngeal and nasal swabs were 
processed individually, while axillary and rectal swabs 
were combined, as previous data from our group indi-
cated that this strategy yielded comparable results to 
those obtained by processing both of these specimens 
individually (not shown) and resulted in lower cost bur-
den. Specimens were subcultured on MacConkey Agar 
(Becton Dickinson, New Jersey, USA) in which imipe-
nem (10 µg), cefotaxime (30 µg) and ceftazidime (30 µg) 
discs (Oxoid Limited, Hampshire, UK) were placed 
and Columbia Blood Agar with 5% Sheep Blood (Bec-
ton Dickinson) in which oxacillin (1 μg) and 30 μg van-
comycin discs (Oxoid Limited) were placed. Isolated 
colonies growing near the discs were identified using 
Matrix-Assisted Laser Desorption/Ionization time-of-
flight Mass spectroscopy -MALDI-TOF  MS- (Bruker 
Daltonics, MA, USA). Conventional antimicrobial sus-
ceptibility testing from isolated bacteria was performed 
by broth  microdilution using the  MicroScan NM44 
panel for Gram-negative bacteria and PM33 for Gram-
positive bacteria, both from Beckman  Coulter  (Brea, 
CA, USA), and interpreted according to contemporary 
European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) guidelines https:// www. eucast. org/ 

https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_10.0_breakpoint_Tables.pdf
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filea dmin/ src/ media/ PDFs/ EUCAST_ files/ Break point_ 
tables/ v_ 10.0_ break point_ Tables. pdf.). The Antimicro-
bial Resistance (AMR) Direct Flow Chip (Máster Diag-
nóstica, Granada, Spain), DNA microarray-based assay 
was used for antimicrobial resistance gene  characteri-
zation  from bacterial isolated colonies, as described 
[28] and was performed either contemporarily or 
retrospectively.

Blood culture samples (BACTEC Plus Aerobic/F and 
Plus Anaerobic/F medium bottles, Becton  Dickinson—
BD—and Company, New Jersey, USA) were collected 
from patients with suspected bacteremia and incubated 
in an automated  continuous monitoring blood cultur-
ing instrument (BACTEC FX; BD).  Aliquots from  each 
positive BC bottle were subjected to routine Gram stain 
microscopy, subcultured on  chocolate blood medium 
(BD)  and incubated for 24–48  h.  From 2018 onwards, 
direct bacterial  identification from BCs was performed 
by MALDI-TOF MS testing using intact bacteria, as pre-
viously described [27].

Definitions
MDRB was defined as resistance to one or more agents 
in three or more antimicrobial categories, as previously 
recommended [29]. The MDRB targeted in screen-
ing cultures were ESBL-carbapenemase- and plasmidic 
AmpC-producing Enterobacterales, MDR-P. aeruginosa, 
MDR-S. maltophilia, MDR-Acinetobacter spp. MRSA 
and VRE. A febrile neutropenia episode was defined as 
a single oral temperature of ≥ 38.3  °C or a temperature 
of ≥ 38.0 °C (100.4°F) sustained over 1 hour with an abso-
lute neutrophil count < 500 cells/mm3 [1]. Administra-
tion of any systemic antibiotic within one month prior 
to admission was considered prior antibiotic therapy [1, 
12]. MDRB colonization was defined as the detection of 
the respective organism in at least one surveillance cul-
ture (from any site). Empirical antibiotic therapy (anti-
biotic administration without prior identification of the 
causative bacteria) was initiated at physician discretion 
according to local guidelines, which take into consid-
eration several factors including baseline risk for severe 
infection (i.e. neutropenia), site of infection and previ-
ous records of MDRB colonization. MDR Gram-negative 
bacteria were covered by administering beta-lactam anti-
biotics with antipseudomonal activity (usually, piperacil-
lin-tazobactam or carbapenems) either in monotherapy 
or in combination with aminoglycosides. When appro-
priate, MDR Gram positive bacteria were covered by 
adding to the aforementioned regimens either vanco-
mycin, linezolid or daptomycin. Similarity between sus-
ceptibility antimicrobial profile and genotypic resistant 
marker pattern among isolates recovered from blood and 

surveillance cultures was deemed to indicate bacterial 
identity.

Statistical analysis
Frequency comparisons for categorical variables were 
carried out using the Fisher exact test or the Chi-square 
test when appropriate. A P-value < 0.05 was consid-
ered statistically significant. Odds ratios (OR) and haz-
ard ratios (HR) were determined by Cox and logistic 
regression analyses, respectively. For multivariate analy-
ses, only variables with parameter estimates showing 
a  P  value ≤ 0.10 in univariate analyses were included; 
two-sided P-values < 0.05 were deemed to be significant. 
Analyses were performed using SPSS version 25.0 (SPSS, 
Chicago, IL, USA).

Results
Colonization by MRDB in hematological patients
A total of 3463 surveillance cultures (pharyngeal, 
n = 1201; axillary-rectal, n = 1200; nasal, n = 1062) were 
performed during the study period in hematological 
patients included in the study. MDRB colonization was 
documented in 122 out of 361 (33.7%) admissions corre-
sponding to 86 out of 250 patients (34.4%), of whom 75 
were hospitalized at the hematology ward (111 out of 332 
admissions; 33.4%) and 11 at ICU (11 out of 29 admis-
sions; 37.9%).

Table 1 Multi‑drug resistant bacteria (MDRB) isolated from 
surveillance colonization cultures

ESBL extended spectrum β-lactamase, MDR multidrug-resistant, MRSA 
methicillin-resistant Staphylococcus aureus, VRE vancomycin-resistant 
enterococci

Any MDRB 149 (100)

Gram‑negative bacteria 134 (89.9)

 Enterobacterales 51 (34.2)

  ESBL‑Escherichia coli 36 (24.1)

  Plasmidic AmpC Escherichia coli 5 (3.4)

  ESBL‑Klebsiella pneumoniae 6 (4)

  Plasmidic AmpC Klebsiella pneumoniae 2 (1.3)

  ESBL‑Enterobacter cloacae 1 (0.7)

  Class B carbapenemase (VIM type) Klebsiella pneumoniae 1 (0.7)

Non‑fermenting Gram‑negative bacteria 83 (55.7)

 MDR‑Pseudomonas aeruginosa 37 (24.8)

 Class B carbapenemase (VIM type) Pseudomonas aerugi-
nosa

16 (10.8)

 MDR‑Acinetobacter spp. 3 (2)

 MDR‑Stenotrophomonas maltophilia 27 (18.1)

Gram‑positive bacteria 15 (10.1)

 MRSA 6 (4)

 VRE 9 (6.1)

https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_10.0_breakpoint_Tables.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_10.0_breakpoint_Tables.pdf
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A total of 149 MDRB were isolated from one or more 
body sites (Table 1), of which most were Gram-negative 
bacteria, most frequently non-fermenting (n = 83) fol-
lowed by Enterobacterales (n = 51). MDR Gram-positive 
bacteria (MRSA or VRE-Enterococcus faecium with van-
comycin and teicoplanin MICs > 16  mg/L) were isolated 
in 15 admissions. In most cases, MDRB were cultured 
from a single body site (82/122; 67.2%), irrespective of 
the hospitalization ward (68.5% in hematology and 54.5% 
in ICU).

When considering all hospital admissions, one or more 
colonizing MDRB were present in 47 out of 329 available 
baseline specimens (14.2%) corresponding to 36 patients: 
ESBL-producing Enterobacterales (n = 22), MDR-P. aer-
uginosa (n = 10), MDR-Stenotrophomonas maltophilia 
(n = 8), MRSA (n = 4) and others (n = 8).

Interestingly, among patients with more than one 
hospital admission (n = 59), 14 tested negative during 
the first hospital stay and became colonized during the 
second one. All these patients received broad-spectrum 
antimicrobial therapy during the first hospital admis-
sion period. Nevertheless, the median length of hospi-
tal stay in first admissions was not significantly different 
(P = 0.27) between those who became colonized in sub-
sequent admission periods (31  days; range, 6–64) and 
those who did not (27 days; range, 18–92).

Overall, recovery of any MDRB was consistently 
more likely from axillary-rectal specimens than from 
pharyngeal or nasal specimens, at both the hematology 
ward and ICU, as shown in Table  2. ESBL-producing 
Enterobacterales (specially E. coli) and MDR-P. aer-
uginosa represented the commonest MDRB recovered 
from both axillary-rectal specimens and pharyngeal 
specimens. MDR-S. maltophilia was cultured more 
frequently from pharyngeal than from axillary-rectal 
specimens. VRE were recovered at the same rate from 
axillary-rectal and pharyngeal specimens.

Surveillance of pharyngeal and nasal sites enabled 
documentation of colonization by one or more MDRB 
(n = 41) that were absent from axillary-rectal cultures 
in 31 out of the 122 (25.4%) admissions (Table  3). In 
most cases, these were MDR-non-fermenting Gram-
negative bacteria, in particular MDR-P. aeruginosa and 
MDR-S. maltophilia recovered from nasal and/or phar-
yngeal specimens. In contrast, screening of pharyngeal 
and nasal sites seldom increased the detection rate of 
MDR-Enterobacterales or VRE colonization provided 
by axillary-rectal specimens. As expected, nasal site 
screening allowed recovery of MRSA which could not 
be cultured from the other specimen types.

Table 2 Multi‑drug resistant bacteria (MDRB) isolated from surveillance colonization cultures

ESBL extended spectrum β-lactamase, MDR multidrug-resistant, MRSA methicillin-resistant Staphylococcus aureus, VRE vancomycin-resistant enterococci

MDRB Specimen from which MDRB were isolated in patients admitted to the 
hematology ward/Intensive care unit

Pharyngeal, ward, no. (%) 
/ ICU, no. (%)

Nasal, ward, no. (%) / 
ICU, no. (%)

Axillary-rectal, ward, 
no. (%) / ICU, no. (%)

Any MDRB 59 (17.7) / 6 (20.6) 13 (3.9) / 4 (13.7) 97 (29.2) / 9 (31.0)

Gram‑negative bacteria 54 (16.2) / 6 (20.6) 7 (2.1) / 4 (13.7) 89 (26.8) / 9 (31.0)

 Enterobacterales 11 (3.3) / 1 (3.4) 0 (0) / 2 (6.8) 42 (12.6) / 6 (20.6)

  ESBL‑Escherichia coli 7 (2.1) / 1 (3.4) 0 (0) / 1 (3.4) 30 (9.0) / 5 (26.2)

  Plasmidic AmpC Escherichia coli 0 (0) / 0 (0) 0 (0) 4 (1.2) / 1 (11.1)

  ESBL‑Klebsiella pneumoniae 3 (0.9) / 0 (0) 0 (0) 6 (1.8) / 0 (0)

  Plasmidic AmpC Klebsiella pneumoniae 0 (0) / 0 (0) 0 (0) 2 (0.6) / 0 (0)

  ESBL‑Enterobacter cloacae 1 (0.3) / 0 (0) 0 (0) 0 (0) / 0 (0)

  Class B carbapenemase (VIM type) Klebsiella pneumoniae 0 (0) / 0 (0) 0 (0) / 1 (3.4) 0 (0) / 0 (0)

Non‑fermenting Gram‑negative bacteria 43 (12.9) / 5 (17.2) 7 (2.1) / 2 (6.8) 47 (14.1) / 3 (10.3)

 MDR‑Pseudomonas aeruginosa 17 (5.1) / 3 (10.3) 3 (0.9) / 0 (0) 24 (7.1) / 2 (6.8)

 Class B carbapenemase (VIM type) Pseudomonas aeruginosa 6 (1.8) / 0 (0) 0 (0) / 0 (0) 15 (4.5) / 0 (0)

 MDR‑Acinetobacter spp 1 (0.3) / 0 (0) 1 (0.3) / 0 (0) 1 (0.3) / 0 (0)

 MDR‑Stenotrophomonas maltophilia 19 (5.7) / 2 (6.8) 3 (0.9) / 2 (6.8) 7 (2.1) / 1 (3.4)

Gram‑positive bacteria 5 (1.5) / 0 (0) 6 (1.8) / 0 (0) 8 (2.4) / 0 (0)

 MRSA 0 (0) / 0 (0) 6 (1.8) / 0 (0) 0 (0) / 0 (0)

 VRE 5 (1.5) / 0 (0) 0 (0) / 0 (0) 8 (2.4) / 0 (0)
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BSI in patients colonized with MDRB
As depicted in Fig.  1, BSI were documented in 102 
admissions (28%) from 87 patients, of which 98 were 
monomicrobial and 4 polymicrobial. Therefore, a total 
of 107 isolates were recovered from BC (Table 4). There 
were 47 BSI episodes (39 patients) among 122 hospitali-
zations in which colonizing MDRB were identified in the 
last surveillance cultures processed prior to BSI detection 
(within 2–7 days), and 55 (52 patients) among 239 admis-
sions in which colonizing MDRB were not documented 
(p = 0.002). Overall, the rate of BSI caused by MDRB was 
significantly higher in the presence of colonizing MDRB 
(16 out of 47, in 14 patients) than in its absence (9 out of 
55, in 9 patients) (p = 0.04). Out of the 16 BSI occurring 
in MDRB-colonized patients, 13 (in 11 patients) were 
deemed to be due to the colonizing isolate (ESBL-pro-
ducing E. coli, n = 5; plasmidic AmpC-producing E. coli, 
n = 2; MDR P. aeruginosa, n = 2; class B carbapenemase 
(VIM type)-producing P. aeruginosa, n = 2; ESBL-pro-
ducing K. pneumoniae, n = 1; VRE, n = 1). Colonization 
by any MDRB was associated with an increased risk of 
MDRB BSI (HR, 3.70; 95% CI, 1.38–9.90; p = 0.009) in 
multivariate models adjusted for age, sex, underlying 
hematological disease, receipt of transplant and previous 
antibiotic treatments. Colonization by MDRB had a posi-
tive and negative predictive value of 68.5% and 64% for 
the occurrence of MDRB-BSI, respectively. The 13 colo-
nizing MDRB causing BSI could be recovered from one 
or more body sites (Table 5). Interestingly, all but one of 
these isolates (MDR-P. aeruginosa) were cultured from 
axillary-rectal screening cultures.

Risk factors for MDRB colonization 
in hematological patients
We next investigated whether MDRB colonization was 
associated with any demographic or clinical charac-
teristic of patients during hospital admission (Table  6). 
Frequency comparison analyses revealed statistically 
significant differences between colonized and non-colo-
nized cases when comparing sex (p = 0.005), underlying 
hematological malignancy (p = 0.002), with increased 
MDRB colonization rate among patients with acute 
myeloid leukemia, and whether the patient had under-
gone hematopoietic stem cell transplantation (p = 0.025). 
A trend towards a higher MDRB colonization rate was 
seen in older patients (p = 0.06) and those who had been 
treated with antibiotics within the month prior to admis-
sion (p = 0.07). None of these factors except for sex and 
acute myeloid leukemia as the underlying disease were 
independently associated with MDRB colonization 
(Table 7).

Discussion
Several factors mainly including broad-spectrum antibi-
otics use and prolonged hospital stays pose hematological 
patients at increased risk of MRDB colonization [1–3]. 
In turn, disruption of mucosal surfaces and neutropenia 
due to cytotoxic chemotherapy or transplantation favor 
the occurrence of MDRB BSI, which are associated with 
high morbidity and mortality [1–8]. In this study, we 
used a multi-body site screening strategy to investigate 
the rate of MDRB colonization in hematological patients 

Table 3 Multi‑drug resistant bacteria (MDRB) isolated from pharyngeal, nasal specimens or both and missed by axillary‑rectal 
surveillance cultures

ESBL extended spectrum β-lactamase, MDR multidrug-resistant, MRSA methicillin-resistant Staphylococcus aureus, VRE vancomycin-resistant enterococci

MDRB Specimen from which MDRB were isolated

Pharyngeal, no Nasal, no

Any MDRB 33 13

Gram‑negative bacteria 32 7

 Enterobacterales

  ESBL‑Escherichia coli 2 0

  ESBL‑Enterobacter cloacae 1 0

  Class B carbapenemase (VIM type) Klebsiella pneumoniae 0 0

Non‑fermenting

 MDR‑Pseudomonas aeruginosa 11 1

 Class B carbapenemase (VIM type) Pseudomonas aeruginosa 1 0

 MDR‑Acinetobacter spp. 1 1

 MDR‑Stenotrophomonas maltophilia 16 4

Gram‑positive bacteria 1 6

 MRSA 0 6

 VRE 1 0
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admitted to the hospital for any cause (most frequently 
receipt of allogeneic or autologous stem cell transplan-
tation, treatment of underlying disease or neutropenic 
fever) and to what extent this approach allowed us to pre-
dict MDRB BSI. Detection of genotypic determinants of 
antimicrobial resistance in MDRB was performed using 
a DNA-based microarray, which displays results that fully 
agree with genome sequencing data [26]. In line with pre-
vious studies [30, 31], to increase the rate of detection of 
MDRB we performed a combination of upper respira-
tory tract, gastrointestinal tract and axillar sampling. We 
documented colonization by one or more MDRB, mostly 
ESBL-producing Enterobacterales and MDR P. aerugi-
nosa (including VIM-type carbapenemase producers) 
and S. maltophilia, in 33.7% of admissions, correspond-
ing to 34.4% of patients in this series. Although MDRB 

colonization was more frequently documented during 
hospital stay, at either hematology ward or ICU, a non-
negligible percentage of patients (14% of admissions) 
were identified as being colonized at baseline. Of note, 
colonization by carbapenemase-producing Enterobacte-
rales and VRE was anecdotal, as expected considering the 
very low prevalence of these MDRB in our setting (not 
shown). Direct comparison of the current study with oth-
ers addressing this same issue [9–17] is simply unfeasi-
ble for a number of reasons, including differences across 
studies in patients characteristics, local epidemiology 
particularities and notably targeted MDRBs, screening 
strategy and methodology used for MDRB detection, all 
of which may impact dramatically on results. Regarding 
the latter, for example, we sampled the upper respira-
tory tract (pharyngeal and nasal specimens), axillary and 

Fig. 1 Flow chart depicting relevant data on bloodstream infections occurring in hematological patients either colonized or not with multi‑drug 
resistant bacteria (MDRB)
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rectal sites and combined rectal and axillary specimens, 
while others used only rectal specimens for surveillance. 
Although MDRB recovery was more likely from axil-
lary-rectal specimens than from upper respiratory tract 
samples (in this context, nasal swabs were the most unre-
warding specimen for detecting colonization with MDR 
Gram-negative bacteria) specially MDR Enterobacterales, 
surveillance of pharyngeal and nasal sites enabled us to 
document MDRB colonization, mostly by non-ferment-
ing Gram-negative rods, that went undetected in axil-
lary-rectal cultures in 25.4% of admissions.

Sex (male), underlying hematological malignancy 
(acute myeloid leukemia) and transplantation were asso-
ciated with increased risk of MDRB colonization in uni-
variate analysis, while a trend towards significance was 
observed in classically associated factors such as age and 
antibiotics treatment within the month prior to admis-
sion [1–3]. The impact of sex and acute myeloid leukemia 
on increasing the risk of colonization by MDRB has been 
previously reported in particular for carbapenemase-pro-
ducing Enterobacterales [10, 14, 32–35].

In our view, the key observation of the current study 
was that overall, the MDRB-based BSI rate was signifi-
cantly higher in MDRB-colonized patients than those 
who were not (p = 0.04). Moreover, among the 16 MDRB 
BSI episodes developing in MDRB-colonized patients, 
13 were deemed to be caused by the colonizing iso-
late, principally ESBL-producing Enterobacterales and 
MDR P. aeruginosa. Indeed, MDRB colonization was 
independently associated with increased risk of MDRB 
BSI. Of these 13 isolates, 12 could be recovered from 

Table 4 Bacteria isolated from blood cultures

ESBL extended spectrum β-lactamase, MDR multidrug-resistant, CNS coagulase-
negative Staphylococcus spp, MR-CNS methicillin-resistant coagulase-negative 
Staphylococcus spp, MRSA methicillin-resistant Staphylococcus aureus, VRE 
vancomycin-resistant enterococci

All isolates (%) 107

Gram‑negative bacteria 46 (43)

 Enterobacterales 36 (33.7)

  Citrobacter freundii 1 (0.9)

  Escherichia coli 20 (18.8)

  Klebsiella oxytoca 1 (0.9)

  Serratia marcescens 1 (0.9)

  ESBL‑E. coli 9 (8.5)

  ESBL‑K. pneumoniae 1 (0.9)

  Plasmidic AmpC E. coli 3 (2.8)

 Non‑fermenting 10 (9.3)

  Non MDR‑Pseudomonas aeruginosa 3 (2.8)

  MDR‑Pseudomonas aeruginosa 3 (2.8)

  Class B carbapenemase (VIM type) Pseudomonas aerugi-
nosa

3 (2.8)

  MDR‑Stenotrophomonas maltophilia 1 (0.9)

Gram‑positive bacteria 58 (54.2)

 CNS 22 (20.5)

 MR‑CNS 10 (9.3)

 MRSA 4 (3.7)

 Enterococcus spp. 19 (17.9)

 VRE 1 (0.9)

 Streptococcus spp. 2 (1.9)

Other microorganisms 3 (2.8)

 Candida spp. 2 (1.9)

 C. perfringens 1 (0.9)

Table 5 Multi‑drug resistant bacteria (MDRB) isolated from surveillance colonization cultures causing bloodstream infection

ESBL extended spectrum β-lactamase, MDR multidrug-resistant, VRE vancomycin-resistant enterococci

MDRB Specimen from which MDRB were isolated

Pharyngeal, no. (%) Nasal, no. (%) Axillary-
rectal, no. 
(%)

Any MDRB 5 (100) 1 (100) 12 (100)

Gram‑negative bacteria 5 (100) 1 (100) 11 (91.7)

 Enterobacterales 2 (40) 1 (100) 8 (66.7)

  ESBL‑Escherichia coli 1 (20) 1 (100) 5 (41.7)

  Plasmidic AmpC Escherichia 0 (0) 0 (0) 2 (16.7)

  ESBL‑Klebsiella pneumoniae 1 (20) 0 (0) 1 (8.3)

Non‑fermenting Gram‑negative bacteria 3 (60) 0 (0) 3 (25)

 MDR‑Pseudomonas aeruginosa 1 (20) 0 (0) 1 (8.3)

 Class B carbapenemase (VIM type) Pseudomonas aerugi-
nosa

2 (40) 0 (0) 2 (16.7)

Gram‑positive bacteria 0 (0) 0 (0) 1 (8.3)

 VRE 0 (0) 0 (0) 1 (8.3)
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antimicrobial susceptibility profile of BSI-causing MDRB 
in 81% of episodes. Our data concur to some extent with 
findings of several studies. Cattaneo and colleagues [12] 
conducted a multicenter prospective observational study 
involving 18 hematologic centers during a 6-month 
period; overall, 37 MDRB-colonized patients (25.7%) 
developed at least one BSI, of which 23 (16% of the whole 
series) developed BSI from the same MDRB pathogen 
with a rate of 15.6% for ESBL-producing Enterobacterales 
and 14.1% for carbapenemase-producing Gram-negative 
bacteria. The study concluded that empiric antibiotic 
treatment selection should be guided by known coloni-
zation in hematologic patients. Likewise, data from a 
study by Jaiswal et  al. [10] demonstrated that hemato-
logic patients colonized with carbapenemase-producing 
Enterobacterales have the highest risk of MDRB-BSI and 
mortality, particularly those with acute myeloid leuke-
mia. In turn, Ballo et al. [11] highlighted the importance 
of exhaustive MDRB screening in acute myeloid patients 
with febrile neutropenia, as they require special sur-
veillance due to their high risk of invasive infection and 
mortality. Liss et  al. [13] found that colonization with 
ESBL-producing Enterobacterales was associated with 
increased risk ratios towards BSI development due to 
ESBL-producing Enterobacterales. Finally, Sadowska-
Klasa et al. [17] retrospectively analyzed the data of 120 
patients who underwent HCT for hematologic disorders 
and found that prior colonization was significantly cor-
related with MDRB infections (p < 0.001), especially bac-
teremia (p = 0.038).

The main limitation of the study is the relatively low 
number of registered MDRB BSI episodes. Nonetheless, 
the multi-body-site surveillance approach and MDRB 
pre-enrichment using selective broths, both of which 
may increase sensitivity for MDRB detection, can be con-
sidered strengths.

Conclusion
In summary, our data indicated that MDRB coloniza-
tion in a highly heterogeneous cohort of hematological 
patients is a frequent event associated with increased 
risk of MDRB BSI. Thus, MDRB colonization screening 
cultures may be useful for predicting MDRB BSI and tai-
loring empirical antibiotic treatments on an individual 
basis. The data also suggested that upper respiratory tract 
sampling for surveillance cultures adds little to axillary-
rectal swabbing only in terms of predicting MDR Gram-
negative BSI development.

Table 6 Risk factors for multi‑drug bacteria (MDRB) colonization 
during hospital admissions

AA aplastic anemia, ALL acute lymphoblastic leukemia, CLL/LPD chronic 
lymphocytic leukemia/lymphoproliferative disorders, AML acute myeloid 
leukemia, CML chronic myeloid leukemia, MM multiple myeloma, MDS 
myelodysplastic syndrome
a Median age of patients at admission

Demographic parameters No MDRB 
colonization 
no. (%)

MDRB 
colonization 
n (%)

P value

Agea

 ≤ 58 140 (58.6) 59 (48.4) 0.06

 > 58 99 (41.4) 63 (51.6)

Sex

 Male 130 (54.4) 85 (69.7) 0.005

 Female 109 (45.6) 37 (30.3)

Diagnosis 0.002

 AA 1 (0.4) 0 (0)

 Lymphoma 82 (34.3) 20 (16.4)

 ALL 21 (8.8) 8 (6.6)

 CLL/LPD 2 (0.8) 0 (0)

 AML 81 (33.9) 68 (55.7)

 CML 0 1 (0.8)

 MM 33 (13.8) 13 (10.7)

 MDS 9 (3.8) 5 (4.1)

 Other 10 (4.2) 7 (5.7)

Urinary catheter 0.64

 No 218 (91.2) 113 (92.6)

 Yes 21 (8.8) 9 (7.4)

Chemotherapy 0.15

 No 40 (16.7) 28 (23)

 Yes 199 (83.3) 94 (77)

Peripheral or central catheter 0.98

 No 2 (0.8) 1 (0.8)

 Yes 237 (99.2) 121 (99.2)

Previous antibiotic treatment 0.07

 No 164 (68.6) 72 (59)

 Yes 75 (31.4) 50 (41)

Allogeneic or autologous 
hematopoietic stem cell 
transplantation

0.02

 No 90 (37.7) 61 (50)

 Yes 149 (62.3) 61 (50)

axillary-rectal cultures, while one (MDR-P. aeruginosa) 
was cultured from a pharyngeal specimen, but missed 
in axillary-rectal screening cultures. MDRB surveil-
lance cultures, notably those from axillary-rectal sites, 
therefore offered valuable information to predict the 
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