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Abstract
Purpose The purpose of this study is to evaluate the impact of
fecal extended-spectrum β-lactamase-producing Escherichia
coli (ESBL-EC) colonization for bloodstream infection (BSI),
clinical outcome, and costs in patients with hematologic ma-
lignancies (HM) and severe neutropenia.
Methods This is a cohort study, carried out at a cancer-referral
hospital. The study population comprises patients with HM,
hospitalized prior to administration of the first chemotherapy
cycle. A stool culture was taken during the first 48 h; they
were grouped as colonized by ESBL-EC or non-ESBL-EC.
Patients were followed upon completion of chemotherapy or
death. The sum of the days of antibiotics and the length of stay
of all hospitalizations in the different cycles of chemotherapy
were recorded.
Results We included 126 patients with a recent diagnosis of
HM, grouped as 63 patients colonized by ESBL-EC and 63
colonized by non-ESBL-EC, aged 42±16 years old, 78 males
(62 %). BSI by ESBL-EC developed in 14 patients (22.2 %)
colonized by the same strain and in 5 (7.9 %) in the group
colonized with non-ESBL-EC. BSI by non-ESBL-EC was

observed in 3 patients (4.7 %) colonized by ESBL-EC and
in 17 (26.9 %) patients colonized by non-ESBL-EC.
Colonization with ESBL-EC increased the risk of BSI by the
same strain (relative risk (RR)=3.4, 95 % confidence interval
(95 % CI) 1.5–7.8, p=0.001), shorter time to death (74±62 vs.
95±83 days, p<0.001), longer hospital stay (64±39 vs. 48±
32 days, p=0.01), and higher infection-related costs ($6528
±$4348 vs. $4722±$3173, p=0.01). There was no difference
in overall mortality between both groups.
Conclusions Fecal colonization by ESBL-EC is associated
with increased risk of BSI by this strain, longer hospital stay,
and higher related costs.
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Introduction

Escherichia coli (EC) is a Gram-negative bacterium that ac-
quires resistance to β-lactam antibiotics mainly through the
production of extended-spectrum beta-lactamases (ESBL),
while ESBL-encoding plasmids frequently bear resistance
genes for other antibiotic classes [1, 2].

Early recognition of patients who are at risk for infection
with ESBL-producing bacteria is necessary in order to guide
empirical treatment for diminishing mortality through early
therapy and applying preventive measures [3].

Patients with cancer on chemotherapy with neutropenia
have an increased risk for developing bloodstream infections
(BSI), frequently associated with Gram-negative bacteria, par-
ticularly EC [1]. Prevalence of fecal colonization by ESBL-
EC is observed at around 10 and 30 % of community and
hospitalized patients with hematologic malignancies (HM)
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and neutropenia, respectively [1]. Previous studies on immu-
nosuppressed patients support the role of ESBL-EC coloniza-
tion as a risk factor for BSI development and higher mortality,
as compared with non-ESBL-EC [4]. The relationship be-
tween colonization and development of BSI is explained by
intestinal translocation during neutropenia episodes. Mortality
increase is probably related with the presence of ESBL viru-
lence factors, ESBL patients’ greater vulnerability (resulting
in more hospital admissions, frequent exposure to antibiotics,
and increased likelihood of colonization and infection with
ESBL-EC), and a delay in administering an appropriate anti-
biotic due to unanticipated resistance [4].

The aims of the present study were to assess the impact of
fecal colonization with ESBL-EC on the development of BSI
by the same strain and to investigate the type of ESBLs circu-
lating in the hospital, hospitalization-time length, mortality,
and therapy-related costs.

Methods

An observational prospective cohort study was conducted be-
tween November 1, 2012, and January 31, 2014, at the Instituto
Nacional de Cancerología (INCan) inMexico City, Mexico. The
study was approved by the Institutional Review Board (013/005/
INI) (CEI/824). INCan is a teaching referral hospital for adult
patients with cancer, with 135 beds and a mean of 7500 hospital
discharges per year. Each year, a mean of 80 patients with acute
leukemia and 350 patients with lymphoma are seen for the first
time at INCan to confirm their diagnosis and to initiate treatment.
The standard care of these patients does not include antimicrobial
prophylaxis, because the resistance of Enterobacteriaceae group
to fluoroquinolones is about 60%. Patients with fever and severe
neutropenia receive as initial treatment ceftazidime plus
amikacin, unless they have severe sepsis or septic shock inwhom
meropenem plus amikacin is started.

Patients. The study population comprised adult patients with
HM (acute myeloid leukemia, acute lymphoblastic leukemia,
non-Hodgkin lymphoma, Hodgkin lymphoma, and
myelodysplastic syndrome), hospitalized prior to the initiation
of the first chemotherapy cycle. Eligible patients showed in-
testinal colonization by ESBL-EC or non-ESBL-EC in stool
culture collected upon hospitalization; in the absence of pre-
vious enteric disease or medical condition that could modify
intestinal permeability and/or immunity, as well as antimicro-
bial therapy during the last 30 days. Consecutive recruitment,
regardless of the type of ESBL at intestinal colonization, was
performed. Patients were further assigned to ESBL-EC group
or non-ESBL-EC group, up to completion of 63 patients in
each group. Demographic and clinical data were acquired.

During follow-up, blood cultures were obtained on a regu-
lar basis from patients with fever and severe neutropenia

(<500 cells/mm3). All patients were followed upon comple-
tion of chemotherapy or death. The sum of the days of antibi-
otics and the length of stay of all hospitalizations in the differ-
ent cycles of chemotherapy were recorded. Thirty-day surviv-
al from the last chemotherapy cycle was recorded, along with
cause of death (infectious and non-infectious).

Health-related costs were calculated based on the days of
antimicrobial treatment time (calculated by each antibiotic
used by number of vials used per day), surveillance stool
cultures, blood cultures, and imaging studies performed (X-
ray, computed tomography, ultrasound, magnetic resonance)
of all hospitalizations during different chemotherapy cycles.
The administrative office of costs at the National Institute of
Cancer has a catalogue with prices: for hospital day (general
ward or intensive care unit), all procedures, laboratory and
image studies, and all medications; these are updated annually.
These fees were used to estimate the cost for each patient
whether classified as ESBL-EC or non-ESBL-EC. The ex-
change rate was 9.06 pesos per dollar, on the date on which
calculations were performed.

Microbiology analysis. Stool samples were cultured on three
plates: MacConkey; Sabouraud, and Salmonella-Shigella agar.
Blood samples were processed by the automated blood culture
BACTEC 9240 System (Becton-Dickinson Microbiology
Systems, USA). EC identification and susceptibility were recog-
nized by Phoenix BD™. EC ATCC 25922 was utilized for qual-
ity control according to Clinical and Laboratory Standards
Institute (CLSI) guidelines [5]. Identification of the type of
ESBL enzyme was performed by the double-disk synergism test
following CLSI recommendations [5].

Genetic characterization and ESBL determination. All
EC strains were stored at −70 °C. Molecular analysis was per-
formed at Instituto Nacional de Salud Pública (INSP), Mexico.
For EC-ESBL determination, a randomized sample 1:2 was se-
lected; for phylogenetic group, a randomized sample 1:3 was
chosen. Genomic DNA genotyping was done by pulsed-field
gel electrophoresis (PFGE). For ESBL determination, whole-
cell DNA was obtained according to the method described by
Kaufman [6, 7]. Gels were stained and analyzed according to the
criteria of Tenover et al. [8] andGel Compar II software (Applied
Maths). Phylogenetic EC group was obtained by PCR for
obtaining fragments of the genes Chua, yjaA, and TSPE4 [9].

Plasmids were extracted from clinical isolates by the meth-
od of Kieser [10]. PCR amplification for each gene was de-
tected using the specific oligonucleotides blaCTX-M [11],
blaSHV [12], and blaTLA-1 [13], which have been reported pre-
viously. In all cases, the resulting PCR products were analyzed
using an automatic sequencer (ABI PRISM 377-18 kit EL:
Taq FS Dye Terminator Cycle Sequencing Fluorescence-
Based Sequencing). Amino acid sequences were obtained
using the translation tool available at ExPASy (http://www.
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expasy.ch/tools/dna). Multiple alignments of nucleotide and
amino acid sequences were performed with ClustalW (http://
clustalw.genome.jp/) software, and the sequences were
compared with the CTX-M-15 (AY044436) and SHV-1
(AF148850) genes. New genomic data was not generated in
this study.

Statistical analysis

Clinical and demographic characteristics of patients colonized
with ESBL-EC vs. non-ESBL-EC were compared.
Categorical variables were analyzed by chi-square test or
Fisher exact test, as appropriate, while continuous variable
analysis was performed by Student t test or Wilcoxon rank
test. Risk of BSI associated with ESBL-EC vs. non-ESBL-
EC was calculated through the relative risk (RR) and 95 %
confidence interval (95 % CI). Survival was assessed by
Kaplan-Meier curves and log-rank test. Therapy-related costs
were analyzed calculated from a costs of illness (COI) per-
spective. Software used for statistical analysis was STATA
(ver. 12; Stata, College Station, TX, USA). p values ≤0.05
were considered statistically significant.

Results

We included 126 patients: 63 colonized by ESBL-EC and 63
by non-ESBL-EC. Mean age for the study group was 42±
17 years; 78 patients (62 %) were male. Relevant demograph-
ic and clinical characteristics are shown in Table 1.

Fecal colonization

Modification of gut colonization status by ESBL-EC or non-
ESBL-EC was observed during follow-up. Seventeen patients
(27 %) initially colonized with non-ESBL-EC strains ended up
with positive ESBL-EC stool cultures during subsequent hospi-
talizations (follow-up). No patient colonized with ESBL-EC
changed to a non-resistant strain. There were significant differ-
ences in antibiotic exposure time between patients who shifted
from a non-resistant to a resistant strain (median, 60 days; range,
19–100 days), as compared with patients who remained with a
non-ESBL-producing strain (median, 30.5 days; range, 0–
159 days; p=0.02). Length of hospital stay was 61±27 vs. 42±
32 days, respectively (p=0.03).

Risk for bloodstream infection

Fourteen patients in the ESBL-EC-colonized group (22.2 %)
and five patients (8%) who switched from non-ESBL-EC into
ESBL-EC developed ESBL-EC bacteremia. Seventeen
(27 %) patients colonized with non-ESBL-EC developed

bacteremia by this strain, whereas three patients (4.7 %) col-
onized by ESBL-EC developed bacteremia by non-ESBL-EC.
There were significant differences in hospital length, days of
antibiotic exposure, and use of third-generation cephalospo-
rins, when patients who developed BSI by E. coli were com-
pared with those who did not (Table 2).

Mean time between gut colonization and development of
ESBL-EC BSI was 66±47 days and 108±72 days for non-
ESBL-EC patients (p=0.09), respectively. Relative risk for
ESBL-EC BSI in patients colonized with ESBL-EC was 3.4
(95 % CI, 1.5–7.8; p<0.001).

Survival

Follow-up time was 159±94 and 182±54 days for ESBL-EC
and non-ESBL-EC groups, respectively (p=0.892). Mortality
was similar in both groups: 10 (15.9 %) vs. 11 (17.5 %) pa-
tients died in the ESBL-EC and non-ESBL-EC colonization
groups, with significant difference in time to death: 74±
62 days vs. 95±83 days (p<0.008), respectively.

Molecular analysis

Molecular analysis was performed in 20 random stool-blood
culture pairs. Phylogenetic concordance was found in eight of
these pairs (40 %): five of these belonged to the A phyloge-
netic group and three to the D phylogenetic group. PFGE and
phylogroup analysis demonstrated polyclonal strain
distribution.

ESBL enzyme was analyzed in 38 randomized strains:
CTX-M was found in 30 (79 %), TEM in seven (18 %), and
SHVand CTX-M in one (3 %). A representative sample of 23
isolates (60 %) was sequenced and analyzed to determine the
corresponding allelic variant: 22 (95.7 %) had CTX-M-15 and
one (4.3 %) CTX-M-15/SHV-12. The eight pairs with phylo-
genetic agreement had also the same ESBL.

Cost analysis

Mean global costs for all 126 patients were $5625±$3761.
Mean costs for antibiotics were $2374±$1979; for hospitali-
zation, $2338±$1487; and for laboratory/imaging studies,
$913±$645. Total costs for patients colonized with ESBL-
EC were significantly higher compared with those of patients
colonized with non-ESBL-EC, in each of the three categories
analyzed (antibiotics, hospitalization, and laboratory/imag-
ing). Costs for both groups are depicted in Table 3.

Discussion

In immunocompromised patients with cancer, the severity and
duration of neutropenia is one of the main risk factors for BSI
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[14]. Patients analyzed in this study comprise a representative
group of adult patients with HM, with no significant differ-
ences in their baseline characteristics or clinical features, other
than their intestinal colonization status (ESBL-EC and non-
ESBL-EC). The sample was selected in a consecutive way
including all HM patients prior to the first chemotherapy
cycle.

In recent years, a significant increase in the incidence of
ESBL-EC fecal carriage has been detected in a variety of

settings. Extensive use of broad-spectrum antibiotics and
prolonged hospitalization have been found as risk factors for
ESBL-EC colonization in several studies [15, 16]. We do not
have data on the prevalence of colonization by E. coli, but the
sample of non-ESBL-ECwas completed 2 months earlier than
the resistant patients, which orients indirectly that sensitive
strains predominate in the community.

The predominant clone of endogenous members of
Enterobacteriaceae is the most likely to translocate and cause

Table 1 Demographic and
clinical characteristics of the
study population

Characteristica ESBL-EC
(n=63)

Non-ESBL-EC
(n=63)

Total
(n=126)

p

Mean age (years) 40.4±16.2 43±16.7 42±16.5 0.37

Male gender 38 (60) 40 (63.5) 78 (62) 0.71

Hematologic neoplasia 0.85

Acute lymphoblastic leukemia 26 (41.3) 12 (19) 38 (30.2)

Acute myeloid leukemia 7 (11.1) 20 (31.7) 27 (21.4)

Hodgkin lymphoma 3 (4.7) 4 (6.4) 7 (5.6)

Non-Hodgkin lymphoma 27 (42.9) 27 (42.9) 54 (42.9)

Comorbidities 0.62

Diabetes mellitus 7 (11.1) 6 (9.5) 16 (12.7)

Hypertension 3 (4.8) 6 (9.5) 9 (7.1)

HIV 3 (4.8) 1 (1.6) 4 (3.2)

Obesity 3 (4.8) 1 (1.6) 4 (3.2)

Other 4 (6.3) 1 (1.6) 5 (3.9)

Central venous catheter 46 (73) 48 (76.2) 94 (74.6) 0.682

Number of CT cycles 5.1±2.7 5.7±2.5 5.3±2.6 0.2

ICU (no. (%)) 2 (3.2) 7 (11.1) 9 (7.1) 0.164

Other imaging studiesb 10±7 8±5 9±6 0.02

Length of hospitalization (days) 64±39 48±32 56±36 0.01

ESBL-EC extended-spectrum β-lactamase Escherichia coli, HIV human immunodeficiency virus, CT chemo-
therapy, ICU intensive care unit
a Quantitative data is shown as mean±standard deviation; qualitative data is shown as number of cases (%)
bX-ray (chest and abdominal), computed tomography scan, ultrasonography, and nuclear magnetic resonance
requested by treating physicians

Table 2 Characteristics of population who developed bloodstream infection by Escherichia coli divided by colonization status

Colonization status ESBL-EC (n=63) Non-ESBL-EC (n=63)

Characteristica BSI-EC (n=22) Non-BSI-EC (n=41) p BSI-EC (n=14) Non-BSI-EC (n=49) p

Age (years) 38.5±16.5 45.4±16.6 0.122 36.6±17.9 41.4±15.8 0.335

Male gender 13 (59) 27 (65.9) 0.595 6 (9.5) 32 (50.8) 0.130

Hematologic neoplasia 0.01 0.03

Acute leukemia 16 (72.7) 16 (39) 11 (78.6) 22 (44.9)

Lymphoma 6 (27.3) 25 (61) 3 (21.4) 27 (55.1)

Hospital stay (days) 67.7±30.5 37.3±27.7 <0.001 88.9±43.2 56.6±35.1 0.005

Antibiotic exposure time (days) 62.5±36.2 32±30 0.001 81.1±51 49.5±37.4 0.01

Use of 3rd G cephalosporins 17.3±10.5 10±7.7 0.01 13.4±10.9 11.2±8.6 0.460

ESBL-EC extended-spectrum beta-lactamases Escherichia coli, BSI-EC bloodstream infection E. coli, 3rd G third generation
a Quantitative data is shown as mean±standard deviation; qualitative data is shown as number of cases (%)
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an intestinal bacterial overgrowth and an increased bacterial
translocation of gut flora from the intestinal lumen, predispos-
ing patients to bacterial infections [17–20]. This phenomenon
has been reported to occur in between 7 and 15 % in different
settings, such as older patients with intestinal obstruction,
chronic liver disease, or after abdominal surgery [20–22],
but there have been scarce reports in patients with neutrope-
nia. In a previous report on 63 (29 %) patients colonized with
ESBL-EC of 217 patients with HM and neutropenia, only one
developed BSI by ESBL-EC and eight by non-ESBL-EC
[23].

We found 17 patients initially classified as colonized by
non-ESBL-EC who switched during follow-up (mean days,
102 days) to an ESBL-EC strain. These patients had a signif-
icantly longer hospital stay and received more days of broad-
spectrum antibiotics compared with those who did not switch
their basal colonization status.

Our data show that fecal colonization with ESBL-EC (63
patients initially classified and 17 patients who switched
during follow-up) increased nearly 3.5 times in the probability
of developing a BSI by an ESBL-EC strain. This is consistent
with a previous study that found an increased risk of bacter-
emia by ESBL-EC in patients colonizedwith ESBL-ECwith a
RR=4.5 (95 % CI 2.89–7.04) [1]. The higher risk to BSI by
ESBL-EC of the same colonizing strain may be related with
HM type; thus, therapy for primary disease: aggressive mye-
losuppressive chemotherapy; profound neutropenia, and the
use of broad-spectrum antibiotics, consistent with previous
findings [15, 16, 23, 24]. It has been reported that acute my-
elogenous leukemia and prior treatment with platinum ana-
logues or quinolones are independent risk factors for ESBL-
EC BSI in colonized patients [25].

We found a trend toward earlier development of BSI
caused by ESBL-EC in patients colonized by an ESBL strain
(66±47 days to BSI) as compared with those colonized with
non-ESBL-EC (108±72 days to BSI; p=0.09). In the former
group, time to death was also shorter; however, development

of BSI by ESBL-EC had no effect on mortality [15, 16]. This
finding can be partially explained by differences in the EC
strain, population characteristics, study design, or sample size.

Increase in the healthcare costs for infection by multidrug-
resistant strains are usually related with the use of more ex-
pensive antibiotics, longer hospital stay, and laboratory and
diagnostic resources such as imaging studies, blood cultures,
etc. performed to study the infection episode. In this study,
patients colonized with ESBL-EC generated higher costs in
all three categories analyzed. Antimicrobial resistance has
been associated with higher health-related costs, longer length
of hospital stay, and higher death rates [16, 23]. Mortality
increase is related to many risk factors such as greater severity
of illness, a delay in administering an effective antibacterial
therapy, and limitation of therapeutic interventions associated
with higher risk of infections (chemotherapy, surgeries, or
transplantation) [4, 26, 27].

Our results suggest the usefulness of fecal colonization
screening in high-risk populations, such as severely immuno-
compromised patients in whom severe neutropenia will devel-
op. Strategies to prevent the development and spread of
antimicrobial-resistant organisms through antibiotic steward-
ship, active surveillance, and screening for resistance in high-
risk patients are essential. Future studies will determine with
greater certainty whether to use antibiotics with activity
against ESBL in patients colonized by these strains may re-
duce mortality related to infection by these germs.

Molecular characterization was conducted in a subset of
samples, exhibiting high clonal diversity among isolates.
This finding supports polyclonal distribution of our strains,
not related with a unique source, as demonstrated in some
other studies on resistant Gram-negative bacteria. CTX-M en-
zyme was the main ESBL found in our setting. In previous
studies, CTX-M enzymes are replacing SHV and TEM en-
zymes [28]. The emergence of CTX-M-type ESBLs has
spread globally, particularly among E. coli and has modified
the epidemiology of ESBLs, since dissemination of these

Table 3 Financial cost (USD)
derived from gut colonization
status

Variable ESBL-EC
(n=63)

Non-ESBL-EC
(n=63)

Total
(n=126)

p

Antibioticsa 2798±2273 1951±1667 2374±1979 0.02

Hospitalization 2670±1635 2006±1339 2338±1487 0.01

Labs and imagingb 1061±711 766±579 913±645 0.01

Total costs 6528±4348 4722±3174 5625±3761 0.01

ESBL-EC extended-spectrum beta-lactamase Escherichia coli
a Costs of each vial of antibiotic is included: ceftazidime ($30.35), ceftriaxone ($1), piperacillin/tazobactam
($51.21), amoxicillin/clavulanate ($15.34), dicloxacillin ($1.43), penicillin G sodium ($1.54), clarithromycin
($43.38), amikacin ($0.44), meropenem ($24.39), ertapenem ($44.04), vancomycin ($4.30), linezolid ($47.9),
metronidazole ($1.32), clindamycin ($16.56), levofloxacin ($16.34), ciprofloxacin ($0.77), trimethoprim/
sulfamethoxazole ($11.04), and doxycycline ($1.43)
b Labs and imaging=stool cultures (18.76), blood cultures ($24.06), X-ray ($117.11), computed tomography
($182.56), ultrasound ($85.43), and magnetic resonance ($403.42)
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enzymes is not restricted to the healthcare setting, but also
involves the community [29].

In our study, the phylogenetic correlation between stool
and blood samples was 40 % (not has high as expected),
probably because of the diversity of strains that colonized
the gut and the fact that these might change; thus, the strains
are not exactly the same weeks later, when the patient de-
velops bacteremia. In addition, subtypes A and D were the
phylogroups identified and not the B2 described with major
extraintestinal virulence [30].

The most frequent ESBL identified was CTX-M-15, con-
sistent with previous reports from our hospital and from the
same geographical area [24, 31, 32]. This enzyme has been
related with third-generation cephalosporin resistance [33],
antimicrobials extensively used in our setting. CTX-M-15 in
particular has been related with increased mortality [30, 34].

There are some limitations in this study. The results shown
correspond to a single institution in Mexico, so it cannot be
generalized until other studies confirm these findings. The low
rate of bacteremia does not allow us to have a more precise
relationship between the status of colonization and its negative
or positive predictive value for developing BSI, neither to
establish a significant difference in mortality. Likewise, we
need to further assess the risk factors for progression from
colonization to BSI by ESBL-EC.

In conclusion, fecal colonization of patients with HM by
ESBL-EC increased risk of BSI by the same strain, length of
hospital stay, and overall healthcare-related costs.
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