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Abstract

Background Knowledge about the prevalence, factors and mortality associated with subsequent carbapenem-
resistant Enterobacterales (CRE) infection among hematological malignancies (HM) patients colonized with CRE is
limited.

Methods HM patients were screened for rectal CRE. A retrospective case—control study of subsequent CRE infection
among HM patients colonized with CRE was conducted between January 1st, 2020 and January 31st, 2022. Cases
were defined as CRE colonized patients with subsequent infection and controls were those without infection. Bacte-
rial identification was performed using MALDI Biotyper and antimicrobial susceptibility testing of strains was carried
out using the VITEK 2 system or standard broth microdilution method. Logistic analysis was used for analyzing associ-
ated factors and Kaplan—Meier method was used for survival estimates.

Results A total of 953 HM patients were screened for rectal CRE and 98 (10.3%, 98/953) patients were colonized

with CRE. Among the 98 colonized patients, 18 (18.4%, 18/98) patients developed subsequent infection. Most of the
colonizing CRE isolates were Klebsiella pneumoniae (50.0%, 27/54), followed by Escherichia coli (27.8%, 15/54) and
Enterobacter cloacae (9.3%, 5/54). As for the subsequent infecting CRE isolates, the dominated species was K. pneumo-
niae (55.6%, 10/18), followed by E. coli (33.3%, 6/18) and others (11.2%, 2/18). Receiving proton pump inhibitors and
admission to ICU (P < 0.05) were the associated factors. Patients with subsequent CRE infection had significant higher
mortality (33.3% vs 2.8%, P=0.001) and shock was an associated factor (P =0.008).

Conclusions Klebsiella pneumoniae was the dominate colonizing species and subsequent infecting species among
HM patients with CRE colonization. Receiving proton pump inhibitors and admission to ICU increased the risk of sub-
sequent CRE infection among CRE colonized HM patients. Implementing strict infection control measures targeting
those high- risk patients may prevent subsequent CRE infection.
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Background

Carbapenem-resistant Enterobacterale (CRE) infec-
tion has become a serious global public health threat
and produced considerable clinical and epidemiologi-
cal challenges with high morbidity and costs, especially
in immunocompromised patients [1-3]. Hematological
malignancies (HM) patients are usually immunocom-
promised and at high risk for infections, particularly
bloodstream infections (BSI) [4]. Carbapenem-resist-
ant Enterobacterale (CRE) bloodstream infections
among hematological malignancies patients have been
reported increasingly [5]. CRE is resistant to first-
line antimicrobial agents which are recommended for
empiric antibiotic therapy for fever in neutropenic
patients [6, 7]. The mortality rate of HM patients with
CRE infection is ranging from 45.6 to 100% [8—10]. The
high mortality may be due to the prolonged neutrope-
nia caused by their underlying malignancies. Moreover,
the high dose chemotherapy and mucosal barrier dam-
age may make HM patients prone to infection [7, 8].

Screening CRE rectal colonization among high-risk
patients has become an important prevention measure
for CRE infection [11, 12]. Studies have revealed high
infection rate among carriers. Cattaneo et al. revealed
15.9% (23/144) hematological patients developed a
BSI caused by the same previously identified intestinal
colonizing pathogen [13]. About 30% hematopoietic
stem cell transplant recipients with multidrug-resistant
bacteria (MDR) gram-negative bacteria (GNB) intesti-
nal colonization developed subsequent infection [14].
Thus, identifying the factors associated with subse-
quent infection among MDR bacteria carriers is impor-
tant for preventing infection. History of carbapenems
use and immunocompromise were identified as risk
factors associated with carbapenem-resistant gram-
negative bacteria infection after colonization among
ICU patients [11]; gastrointestinal injury, tigecycline
exposure, carbapenem resistance score, high-risk dis-
ease and mucositis were related to subsequent CRE
infection among colonized patients with general hema-
tological disease [15, 16]. The hematological depart-
ment in our hospital is the provincial referral center
serving a large population of hematological malignan-
cies patients, and it has been identified as one of the
units with high CRE infection rate [17].

However, limited data is available regarding factors
associated with subsequent CRE infection among HM
patients with CRE colonization. It is of great value to
explore the factors triggering the translocation of CRE
from the gut to infection among HM patients, to better
apply infection control measures to reduce the mortal-
ity. Therefore, this study aimed to analyze the prevalence,
factors and mortality associated with subsequent CRE
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infection following CRE rectal colonization among HM
patients.

Methods

Study design, setting and patients

This retrospective case—control study was carried out
between January 1st, 2020 and January 31st, 2022 at
a 3500-beds tertiary university hospital which has an
annual admission of more than 130,000 inpatients in
Central-south of China. Hospitalized patients in Hema-
tology Department were screened for rectal CRE coloni-
zation by using stool or rectal swabs upon admission and
weekly by methods as previous described [18]. Hemato-
logical Malignancies patients with CRE rectal coloniza-
tion were included for further study. Patients who had
a CRE infection prior to positive rectal screening test;
patients with diagnosis other than hematological malig-
nancies; patients with subsequent infection caused by
different bacterial species other than rectal CRE were
excluded.

Cases were defined as CRE colonized patients who
developed clinical CRE infection with the same species as
colonizing CRE after 24 h of positive screening test [19].
Controls were randomly selected from the rest unin-
fected CRE rectal colonized HM patients with a 2:1 ratio
after controlling other potential confounders, such as age,
sex and department. Clinical CRE infection was defined
as CRE isolated in relevant infection sites and having the
signs and symptoms meet the criteria of the correspond-
ing infection definition. Bloodstream infection was diag-
nosed in patients with positive blood cultures and clinical
manifestations. Diagnosis of pneumonia, urinary tract
infection, intra-abdominal infection, infectious diarrhea,
skin and soft tissue infection, and intracranial infection
was based on the USA SIS/IDS/ATS guidelines [20-25].

Bacterial identification and antimicrobial susceptibility
testing

CRE were enterobacterales resistant to at least one of
the carbapenems, including imipenem, meropenem,
and ertapenem. Bacterial identification was performed
by MALDI Biotyper (Bruker, Germany). Antimicrobial
susceptibility tests were carried out by Vitek2 (bioMer-
ieux, France) except colistin susceptibility testing which
was performed by standard broth microdilution method
(Bio-kont, China). Escherichia coli strain ATCC 25922
was used for the quality control. Results were interpreted
according to the Clinical and Laboratory Standards Insti-
tute (CLSI) for all the antimicrobial agents except tigecy-
cline [26], which were interpreted using the US Food and
Drugs Administration (FDA) breakpoints [27].
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Fig. 1 Flowchart of the study design

Factors associated with subsequent CRE infection

Variables were collected from the electronic medical
records retrospectively, including: sex, age, length of
hospital stay, hospital transfer, admission to intensive
care unit (ICU) after identifying CRE colonization,
prior hospitalization, diabetes mellitus, solid tumor,
pneumonia, liver disease, gastritis, shock, diarrhea,
sever neutropenia, central venous catheter, arterial
catheter, endotracheal intubation, mechanical ventila-
tion, urinary catheter, nasogastric tube and hematopoi-
etic stem cell transplantation, drug exposure within
4 weeks before rectal CRE detected including proton
pump inhibitors (PPIs), glucocorticoid, cephalospor-
ins, carbapenems, aminoglycosides, fluoroquinolo-
nes, P-lactam/P-lactamase inhibitors, glycopeptides
(including vancomycin and telicoplanin), tigecycline,
macrolides, sulfamethoxazole and trimethoprim and
antiviral agent and antifungal agents. Variables were

compared between cases and controls to identify asso-
ciated factors for subsequent CRE infection.

Mortality for subsequent CRE infection

Mortality was observed with a 90-day follow up after
positive rectal CRE screening test. Mortality was
defined as death related to subsequent CRE infection
which was confirmed by positive culture of blood or
sterile body fluids, in the absence of other confound-
ing factors [11]. CRE colonized HM Patients with sub-
sequent infection were further divided into subgroups
of survival group and mortality group. Then associ-
ated factors for mortality of subsequent CRE infection
cases were assessed by comparison between those two
groups.
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Table 1 Antimicrobial resistance of subsequent
carbapenem-resistant Enterobacterale isolates

infecting

Antimicrobial agents Number of isolates (%)

Resistance Susceptibility

Meropenem 18 (100) 0(0)
Imipenem 18 (100) 0(0)
Ertapenem 18 (100) 0(0)
Ampicillin-sulbactam 18 (100) 0(0)
Piperacillin-tazobactam 18 (100) 0(0)
Cefazolin 18 (100) 0(0)
Cefuroxime 18 (100) 0(0)
Ceftriaxone 18 (100) 0(0)
Ceftazidime 18 (100) 0(0)
Cefepime 18 (100) 0(0)
Cefotetan 18 (100) 0(0)
Aztreonam 18 (100) 0(0)
Ciprofloxacin 18 (100) 0(0)
Levofloxacin 18 (100) 0(0)
Gentamicin 18 (100) 0(0)
Tobramycin 18 (100) 0(0)
Amikacin 16 (88.9) 2(11.1)
Trimethoprim-sulfamethoxazole 18 (100) 0(0)
Tigecyclin 16 (88.9) 2(11.1)
Colistin 1(5.6) 17 (94.4)

Statistical analysis

All data were analyzed by using SPSS version 26.0 soft-
ware (IBM corporation, USA). The normality of data
distribution was analyzed using the Shapiro—Wilk test.
Continuous variables were presented as mean=+SD if
normally distributed, or as median and interquartile
range (IQR) if non-normally distributed. Categorical
variables were compared by Chi-square test or Fisher’s
exact test, and continuous variables were analyzed by
Student’s t test or the wilcoxon rank-sum test, as appro-
priate. Variables with P-value<0.05 were checked for
multicollinearity and VIF values and then included in a
logistic regression model with odds ratio (OR) and 95%
confidence intervals (95% CI), in which a P-value<0.05
was defined as statistically significant. A survival analysis
of patients with CRE rectal colonization was performed
by the Kaplan—Meier method.

Results

Patient cohort

During the study period, a total of 953 HM patients were
screened for rectal CRE and 98 (10.3%, 98/953) were
colonized with CRE. Among those 98 colonized HM
patients, 18 (18.4%, 18/98) patients had subsequent CRE
infection with the same bacterial species as the rectal
CRE. There were 36 non-infected HM patients colonized
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with CRE matched to the cases as controls (Fig. 1). The
total 54 studied patients included 13 Acute Lymphoblas-
tic Leukemia (ALL) patients, 26 Acute Myeloid Leukemia
(AML) patients, 11 Multiple Myeloma (MM) patients, 2
Lymphoma patients and 2 patients with other diagnosis
of HM.

Species distribution and antimicrobial susceptibility
patterns

Among the 54 patients, 27 (50.0%, 27/54) were colo-
nized by Klebsiella pneumoniae, 15 (27.8%, 15/54) by
Escherichia coli, 5 (9.3%, 5/54) by Enterobacter cloacae
and 7 (12.9%, 7/54) by others. For the case group, the
dominated subsequent infecting bacterial species was K.
pneumoniae (55.6%, 10/18), followed by E. coli (33.3%,
6/18) and others (11.2%, 2/18). The majority subsequent
clinical infections were bloodstream infections (83.3%,
15/18), and most commonly caused by K. pneumoniae
(53.3%, 8/15), followed by E. coli (40.0%, 6/15). Other 3
clinical infections were pneumonia.

The antimicrobial susceptibility profile of subse-
quent infecting CRE isolates is shown in Table 1. All
the isolates were found to be resistant to meropenem,
imipenem, ertapenem, ampicillin-sulbactam, piperacil-
lin-tazobactam, cefazolin, cefuroxime, ceftriaxone, cef-
tazidime, cefepime, cefotetan, aztreonam, ciprofloxacin,
levofloxacin, gentamicin, tobramycin and trimethoprim-
sulfamethoxazole. All infecting CRE isolates except two
E. coli were resistant to amikacin and tigecycline, while
those infecting CRE isolates showed low resistance to
colistin (5.6%).

Factors associated with subsequent CRE infection
Demographic and clinical characteristics of cases and
controls are shown in Table 2. On univariable analysis,
there was no significant difference in most comorbidities
such as diabetes mellitus, solid tumor, pneumonia, liver
disease, enteritis, gastritis, shock, or severe neutropenia
between cases and controls. Patients who had admission
to ICU, diarrhea, mechanical ventilation, or receiving
PPIs were more likely to have subsequent CRE infec-
tion (P<0.05) (Table 2). On logistic regression analysis,
admission to ICU (OR, 15.087; 95%CI, 1.142—199.320;
P=0.039) and receiving PPIs (OR, 9.306; 95%CI, 1.015—
85.341; P=0.048) were associated factors for subsequent
CRE clinical infection among HM patients with CRE rec-
tal colonization (Table 3).

Mortality of subsequent CRE infection

Seven (13.0%, 7/54) patients among the 54 colonized HM
patients died during 90 days follow-up. Patients with sub-
sequent CRE infection had higher mortality rate than
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Table 2 Factors associated with subsequent CRE infection among hematological malignancies patients colonized with CRE

Variables Case group (N=18) Control group (N =36) P-value

Demographics

Age (Median, IQR) 385 (19-54.5) 40 (20-54.5)
Sex, male 10 (55.6) 20 (55.6)
Hospitalization
Length of stay, (IQR,days) 52.5(30.5-80.5) 49.0(21.0-91.0) 0.783
Transferring from another hospital 3(16.7) 8(22.2) 0.905
Admission to ICU 6(33.3) 2(56) 0.021"
Prior hospitalization 13(72.2) 23 (63.9) 0.540
Comobidity conditions
Diabetes mellitus 20111 3(8.3) 1.000
Solid tumor 2(11.1) 2(5.6) 0.854
Pneumonia 14 (77.8) 18 (50.0) 0.050
Liver disease 9(50.0) 10 (27.8) 0.107
Gastritis 4(222) 2(5.6) 0.168
Shock 8 (44.4) 9(25.0) 0.147
Diarrhea 13(722) 13(36.1) 0012
7(38.9) 10 (27.8) 0.407
Invasive procedures
Central venous catheter 14 (77.8) 30(83.3) 0.901
Arterial catheter 4(222) 2(5.6) 0.168
Endotracheal intubation 2(11.1) 3(83) 1.000
Mechanical ventilation 10 (55.6) 8(222) 0014
Urinary catheter 4(22.2) 2(5.6) 0.168
Nasogastric tube 4(22.2) 1(2.8) 0.068
HSCT 5(27.8) 15 (41.7) 0319
Drug exposure
PPIs 15(83.3) 18 (50.0) 0018’
Glucocorticoid 13(72.2) 19 (52.8) 0.170
Cephalosporins 6(33.3) 4(11.1) 0.107
Carbapenems 17 (94.4) 26(72.2) 0.120
Fluoroguinolones 9 (50.0) 19(52.8) 0.847
Glycopeptides 9 (50.0) 16 (44.4) 0.700
Tigecycline 8 (44.4) 11 (30.6) 0314
Oxazolidones 6(33.3) 10 (27.8) 0673
Aminoglycosides 3(16.7) 7(194) 1.000
B-lactam/B-lactamase inhibitors 12 (66.7) 21(583) 0.554
Macrolides 2(11.7) 4(11.1) 1.000
Antifungal agents 14 (77.8) 31(86.1) 0.699
Antiviral agents 7(38.9) 17 (47.2) 0.561
CRE isolates
Klebsiella pneumoniae 10 (55.6) 17 (47.2) 0.564
Escherichia coli 6(33.3) 9(25.0) 0519
Enterobacter cloacae 1(5.6) 4(11.1) 0.868

others 1(5.6) 6(2.8) 0.64
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Table 2 (continued)

Variables Case group (N=18) Control group (N =36) P-value
Types of hematological malignancy

AML 8 (44.4) 18 (50.0) 0.700

ALL 6(33.3) 7(19.4) 0.260

MM 0(0.0) 2(5.6) 0313
Lymphoma 4(22.2) 7(194) 1.000
others 0(0.0) 2(56) 0313

Values are presented as n(%), unless otherwise noted

OR, odds ration; Cl, confidence interval; IQR, Interquartile range; ICU, intensive care unit; CRE, Carbapenem-resistant Enterobacterales; HSCT, hematopoietic stem cell
transplantation; PPI, proton pump inhibitors; TMP/SMX, sulfamethoxazole and trimethoprim.; AML, Acute Myeloid Leukemia; ALL, Acute Lymphoblastic Leukemia;

MM, Multiple Myeloma
" Statistically significant differences between groups (P<0.05)

Table 3 Logistic regression analysis of subsequent CRE infection
among hematological malignancies patients colonized with CRE

Variables OR (95%(Cl) P-value
Admission to ICU 15.087 (1.142-199.320) 0.039"
Diarrhea 1.898 (0.460-7.829) 0.375
Mechanical ventilation 2.128(0.511-8.865) 0.299
PPIs 9.306 (1.015-85.341) 0.048"

OR, odds ration; Cl, confidence interval

" Statistically significant differences between groups (P <0.05)

that in controls (33.3%, 6/18 VS 2.78%, 1/36, P=0.001)
(Fig. 2). Of all the 18 subsequent CRE infection patients,
5 patients died of the bloodstream infection and 1 patient
died of the pulmonary infection in 90 days follow-up
were defined as the mortality group, other 12 patients
alive in 90 days were classified as the survival group. The
demographic and clinical characteristics of those two
groups are shown in Table 4. On univariable analysis,

100 4
90 4
S
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© 80 -
S
< —=— CRE infection
a 70 4 —— Non-infection
60
50 T T y y h
0 20 40 60 80 100

Time (days)
Fig. 2 Kaplan-Meier survival estimates among hematological
malignancies patients colonized with CRE

shock showed significant difference between two groups
(P<0.05) (Table 4).

Discussion

CRE has become an urgent public health issue worldwide
for its high morbidity and mortality rate [28, 29]. Patients
with hematological malignancies are at high risk of CRE
infections for the immunocompromised state [3, 30]. The
present study investigated the prevalence, factors and
clinical outcomes associated with subsequent CRE infec-
tion among CRE colonized HM patients, and its impact
on mortality. The results indicate that receiving PPIs and
admission to ICU were important factors associated with
subsequent CRE infection. In addition, shock was associ-
ated with high mortality among HM patients with subse-
quent CRE infection.

This study revealed 18.4% (18/98) HM patients colo-
nized with CRE had subsequent CRE infection. The
dominated subsequent infecting CRE species was K.
pneumoniae due to it was also the mainly colonizing spe-
cie, which may lead to selection bias for CRE. Few stud-
ies are available regarding the prevalence of subsequent
CRE infection following colonization focusing on this
specific patient population. Regardless of patient popula-
tion, Giannella et al. reported 7.8% carbapenem-resistant
Klebsiella pneumoniae (CRKP) rectal carriers among all
hospitalized patients developed a CRKP BSI after coloni-
zation, within a median of 19 days after the first positive
rectal swab [31]. Amit et al. screened high risk patients
from long-term care facilities, another acute care facil-
ity or abroad for rectal CRKP carriage, and found 19.7%
patients developed BSI within 45 days of initial CRKP
detection [32]. Our previous study showed that 37.1%
patients developed subsequent infections among CRKP
colonized patients, mainly in ICU patients [17]. The vari-
ous infection rates observed among studies may due to
different study population or types of infection.
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Table 4 Factors associated with the mortality of patients with subsequent CRE infection

Variables Mortality group (N=6) Survival group (N=12) P-value

Demographics

Age (X£SD, years) 5384242 3144£194 0.050
Sex, male 4(66.7) 6 (50.0) 0.638
Hospitalization

Length of stay, (IQR, days) 4(66.7) 10(83.3) 0.569
Transferring from another hospital 1(16.7) 2(16.7) 1.000
Admission to ICU 2(333) 4(33.3) 1.000
Prior hospitalization 5(83.3) 8 (66.7) 0615
Comorbid conditions 1.000
Diabetes mellitus 1(16.7) 1(83) 1.000
Solid tumor 1(16.7) 1(83) 1.000
Pneumonia 5(83.3) 9(75.0) 1.000
Liver disease 4(66.7) 541.7) 0.620
Gastritis 2(33.3) 2(16.7) 0.569
Shock 6(100.0) 2(16.7) 0.002"
Diarrhea 4(66.7) 9(75.0) 1.000
Invasive procedures

Central venous catheter 4(66.7) 10 (83.3) 0.569
Arterial catheter 2(33.3) 2(16.7) 0.569
Endotracheal intubation 2(333) 0(0.0) 0.098
Mechanical ventilation 4(66.7) 6 (50.0) 0.638
Urinary catheter 2(33.3) 2(16.7) 0.569
Nasogastric tube 3(50.0) 1(83) 0.083

HSCT 0(0.0) 5(41.7) 0.114
Drug exposure

PPIs 4 (66.7) 11(91.7) 0.245

Glucocorticoid 5(83.3) 8 (66.7) 0615

Cephalosporins 1(16.7) 541.7) 0.600
Carbapenems 6 (100.0) 1191.7) 1.000
Fluoroquinolones 1(16.7) 8 (66.7) 0.131

Glycopeptides 2(33.3) 7 (58.3) 0.620
Tigecycline 2(333) 6 (50.0) 0.638
Oxazolidones 1(16.7) 541.7) 0.600
Aminoglycosides 0(0.0) 3(25.0) 0515

(-lactam/B-lactamase inhibitors 4(66.7) 8(66.7) 1.000
Macrolides 0(0.0) 2(16.7) 0.529
Antiviral agents 1(16.7) 6 (50.0) 0316
CRE isolates

Klebsiella pneumoniae 5(83.3) 5(41.7) 0.240

Escherichia coli 1(16.7) 5(41.7) 0.596

Enterobacter cloacae 0(0.0) 1(8.3) 0.480

others 0(0.0) 1(83) 0480

Type of hematological malignancy

AML 1(16.7) 7(58.3) 0.240
ALL 2(333) 4(333) 1.000
Lymphoma 3(50.0) 1(8.3) 0.161

Antimicrobial susceptibility profiles

Resistant to all the tested antimicrobial agents 0(0.0) 1(8.3) 1.000
Resistant to amikacin 6 (100.0) 10 (83.3) 0.529
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Table 4 (continued)

Variables Mortality group (N=6) Survival group (N=12) P-value
Resistant to tigecyclin 6 (100.0) 10 (83.3) 1.000
Resistant to colistin 0(0.0) 1(8.3) 0.529
Antimicrobial treatment

Carbapenems + amikacin 1(16.7) 5(41.7) 0.600
Carbapenems + tigecyclin 3(50.0) 6 (50.0) 1.000
Carbapenems + colistin 1(16.7) 2(16.7) 1.000
Carbapenems 4 amikacin + tigecyclin 3(50.0) 4(33.3) 1.000
Carbapenems + tigecyclin + colistin 3(50.0) 4(33.3) 0.627
Carbapenems + amikacin + tigecyclin + colistin 1(8.3) 0(0.0) 1.000

Values are presented as n(%), unless otherwise noted

OR, odds ration; Cl, confidence interval; ICU, intensive care unit; CRE, Carbapenem-resistant Enterobacterales; HSCT, hematopoietic stem cell transplantation; PPI,
proton pump inhibitors; TMP/SMX, sulfamethoxazole and trimethoprim; AML, Acute Myeloid Leukemia; ALL, Acute Lymphoblastic Leukemia

" Statistically significant differences between groups (P<0.05)

This study showed receiving PPIs and admission to
ICU were associated with subsequent CRE infection
in HM patients with CRE rectal colonization (P<0.05)
though the CIs of OR showed a relatively wide range.
These findings were different from two previous studies
of colonized patient with hematological diseases in gen-
eral. One study found gastrointestinal injury, tigecycline
exposure and carbapenem resistance score were associ-
ated with subsequent CRE infection [15], while another
study revealed that high-risk disease and mucositis were
related to subsequent CRE infection [16]. The differ-
ence may be due to the different population. Those two
studies did not focus on the patients with hematological
malignancies.

Identifying receiving PPIs as an associated factor in
this study is a novel and important finding. So far, there
is no study available reported receiving PPIs associated
with the risk of subsequent CRE infection among hema-
tological patients with CRE colonization. A previous
study confirmed that exposure to PPIs was significantly
associated with infections derived from extended spec-
trum [-lactamase-producing enterobacteriaceae [33].
Studies have confirmed using PPIs can reduce gastric
acidity and affect the gut microbiome more prominent
than the effects of antibiotics [34]. PPI-induced changes
of the microbiome may lead to clinical enteric or sys-
temic infections [35, 36]. Previous studies showed that
the risk of enteric infections in patients receiving PPIs
were 2.5-fold greater than those without receiving PPIs
[37]. PPIs are widely used in patients with malignancy.
Patients with hematological malignancy who received
PPIs may trigger bacterial translocation from the gut
because of having immunosuppression and intestinal
flora disturbance, a potential association between PPIs
usage and development of gut-derived bacteraemia in

hematological malignancy patients after chemotherapy
[38]. This may explain why receiving PPIs is associated
subsequent infection in HM patients with CRE coloniza-
tion in this study.

Admission to ICU played an important role in subse-
quent infection among CRE colonized HM patients in
this study. Similarly, Giannella et al. reported that admis-
sion to the Intensive Care Unit (ICU) was one of asso-
ciated factors for CRKP BSI development among CRKP
rectal carriers [31]. Chen et al. demonstrated patients had
admission to ICU were more likely to develop CRE infec-
tion [17]. It's worth noting that admission to ICU may
be a consequence of worsening clinical condition and
weakened immunity which may increase the chances of
infection. This finding suggests clinician should pay close
attention to CRE colonized HM patients with admission
to ICU to prevent subsequent infection.

In this study, the mortality of subsequent CRE infec-
tion was 33.3%, which is lower than that of HM patients
with CRE bloodstream infection, ranging from 45.6%-
100% [8—10]. This may be due to those patients were all
with bloodstream infection while patients in this study
included both bloodstream infection and pulmonary
infection. Shock was an associated factor for mortality in
this study. Similarly, shock has been reported associated
with mortality of CRE infection in previous study [39].

This study has several limitations. First, it is a retro-
spective study, which has its inherent biases. Second, it
is carried out in a single medical center and there may be
some selection bias. Third, the molecular clonal relation-
ship of the colonizing CRE strains and subsequent infect-
ing strains was not confirmed although we only enrolled
patients with subsequent CRE infection caused species as
the colonizing CRE. Future molecular analysis should be
performed to confirm this. Despite the limitations, this
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study is valuable for it detects the factors associated with
subsequent infection in CRE rectal colonized patients
with hematological malignancies for the first time.

Conclusions

In conclusion, this study revealed K. pneumoniae
was the dominate colonizing species and subsequent
infecting species among HM patients with CRE colo-
nization. Receiving proton pump inhibitors and admis-
sion to ICU increased the risk of subsequent CRE
infection. For patients with subsequent infection, tak-
ing active action to control shock may improve clinical
outcomes.
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CRKP Carbapenem-resistant Klebsiella pneumoniae
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Acknowledgements
The authors thank Yu Wei and Huang Meiyuan for data collection support.

Author contributions

QY and XC designed this study. All the authors contributed to data acquisition,
analysis and interpretation. XMW and XPJ supervised the screening program
on the ward and supervised infection control management. XC wrote the first
draft of the manuscript. QY reviewed and modified the draft of the manu-
script. All authors read and approved the final manuscript.

Funding

This work was supported by Natural Science Foundation of Changsha (No.
kg2014297) and Hunan Province Natural Sciences Foundation of China
(2021J31116).

Availability of data and materials
The data used and/or analyzed in this study are available from the correspind-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the institutional review board of Xiangya Hospital,
Central South University (No. 2019030229). This research was carried out in
accordance with the Declaration of Helsinki and its amendments.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Department of Clinical Laboratory, Xiangya Hospital, Central South University,
87 Xiangya Road, Changsha 410008, Hunan, China. 2Infection Control Center,
Xiangya Hospital, Central South University, 87 Xiangya Road, Chang-

sha 410008, Hunan, China. *Department of Hematolology, Xiangya Hospital,
Central South University, 87 Xiangya Road, Changsha 410008, Hunan, China.

Page 9 of 10

“National Clinical Research Center for Geriatric Disorders, Xiangya Hospital,
Central South University, 87 Xiangya Road, Changsha 410008, Hunan, China.

Received: 28 September 2022 Accepted: 3 January 2023
Published online: 10 January 2023

References

1. Wang M, Earley M, Chen L, et al. Multi-Drug Resistant Organism Net-
work Investigators. Clinical outcomes and bacterial characteristics of
carbapenem-resistant Klebsiella pneumoniae complex among patients
from different global regions (CRACKLE-2): a prospective, multicentre,
cohort study. Lancet Infect Dis. 2022;22:401-2.

2. Soontaros S, Leelakanok N. Association between carbapenem-resistant
Enterobacteriaceae and death: a systematic review and meta-analysis.
Am J Infect Control. 2019;47:1200-12.

3. Amanati A, Sajedianfard S, Khajeh S, Ghasempour S, Mehrangiz S, Nema-
tolahi S, et al. Bloodstream infections in adult patients with malignancy,
epidemiology, microbiology, and risk factors associated with mortality
and multi-drug resistance. BMC Infect Dis. 2021;21(1):636.

4. Trecarichi EM, Pagano L, Martino B, Candoni A, Di Blasi R, Nadali G, et al.
Bloodstream infections caused by Klebsiella pneumoniae in onco-hemato-
logical patients: clinical impact of carbapenem resistance in a multicentre
prospective survey. Am J Hematol. 2016;,91(11):1076-81.

5. Girmenia C, Rossolini GM, Piciocchi A, Bertaina A, Pisapia G, Pastore D,
et al. Infections by carbapenem-resistant Klebsiella pneumoniae in SCT
recipients: a nationwide retrospective survey from Italy. Bone Marrow
Transplant. 2015;50(2):282-8.

6. Satlin MJ, Cohen N, Ma KC, Gedrimaite Z, Soave R, Askin G, et al. Bacte-
remia due to carbapenem-resistant Enterobacteriaceae in neutropenic
patients with hematologic malignancies. J Infect. 2016;73:336-45.

7. Storhaug K@, Skutlaberg DH, Hansen BA, Reikvam H, Wendelbo @.
Carbapenem-Resistant Enterobacteriaceae-implications for treating
acute leukemias, a subgroup of hematological malignancies. Antibiotics
(Basel). 2021;10:322.

8. Andria N, Henig O, Kotler O, Domchenko A, Oren |, Zuckerman T, et al.
Mortality burden related to infection with carbapenem-resistant Gram-
negative bacteria among hematological cancer patients: a retrospective
cohort study. J Antimicrob Chemother. 2015;70:3146-53.

9. LalaouiR, Javelle E, Bakour S, Ubeda C, Rolain JM. Infections due to
carbapenem-resistant bacteria in patients with hematologic malignan-
cies. Front Microbiol. 2020;11:1422.

10. Jaiswal SR, Gupta S, Kumar RS, Sherawat A, Rajoreya A, Dash SK, et al. Gut
colonization with carbapenem-resistant enterobacteriaceae adversely
impacts the outcome in patients with hematological malignancies:
results of a prospective surveillance study. Mediterr J Hematol Infect Dis.
2018;10: €2018025.

11. Liang Q, Chen J, Xu'Y, ChenY, Huang M. Active surveillance of carbap-
enem-resistant gram-negative bacteria to guide antibiotic therapy: a
single-center prospective observational study. Antimicrob Resist Infect
Control. 2022;11(1):89.

12. Baier C, Beck M, Panagiota V, Lueck C, Kharazipour D, Hintze SC, et al.
Infection control management and surveillance of carbapenem-resistant
Gram-negative bacteria in hematopoietic stem cell recipients. Antimicrob
Resist Infect Control. 2019;8:160.

13. Cattaneo C, Di Blasi R, Skert C, Candoni A, Martino B, Di Renzo N, et al.
Bloodstream infections in haematological cancer patients colonized by
multidrug-resistant bacteria. Ann Hematol. 2018;97(9):1717-26.

14. Girmenia C, Bertaina A, Piciocchi A, Perruccio K, Algarotti A, Busca A, et al.
Incidence, risk factors and outcome of pre-engraftment gram-negative
bacteremia after allogeneic and autologous hematopoietic stem cell
transplantation: an Italian prospective multicenter survey. Clin Infect Dis.
2017;65(11):1884-96.

15. Ferreira AM, Moreira F, Guimaraes T, Spadao F, Ramos JF, Batista MV,
et al. Epidemiology, risk factors and outcomes of multi-drug-resistant
bloodstream infections in haematopoietic stem cell transplant recipients:
importance of previous gut colonization. J Hosp Infect. 2018;100:83-91.

16. Zhang L, ZhaiW, Lin Q, Zhu X, Xiao Z, Yang R, et al. Carbapenem-resistant
Enterobacteriaceae in hematological patients: Outcome of patients with



Chen et al. Ann Clin Microbiol Antimicrob

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

(2023) 22:3

Carbapenem-resistant Enterobacteriaceae infection and risk factors for
progression to infection after rectal colonization. Int J Antimicrob Agents.
2019;54:527-9.

Chen X, Liu Q, Liu WE, Yan Q. Risk Factors for Subsequential Carbapenem-
Resistant Klebsiella pneumoniae Clinical infection among rectal Carriers
with Carbapenem-Resistant Klebsiella pneumoniae. Infect Drug Resist.
2020;13:1299-305.

Liu Q, Liu L, LiY, Chen X, Yan Q, Liu WE. Fecal carriage and epidemiol-
ogy of carbapenem-resistant enterobacteriaceae among hospitalized
patients in a University Hospital. Infect Drug Resist. 2019;12:3935-42.
Correa AAF, Fortaleza CMCB. Incidence and predictors of health care-
associated infections among patients colonized with carbapenem-resist-
ant Enterobacteriaceae. Am J Infect Control. 2019;47:213-6.

Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, Palmer

LB, et al. Management of adults with hospital-acquired and ventilator-
associated pneumonia: 2016 clinical practice guidelines by the Infectious
Diseases Society of America and the American Thoracic Society. Clin
Infect Dis. 2016;63(5):e61-111.

Hooton TM, Bradley SF, Cardenas DD, Colgan R, Geerlings SE, Rice JC,

et al. Diagnosis, prevention, and treatment of catheter-associated urinary
tract infection in adults: 2009 International Clinical Practice Guide-

lines from the Infectious Diseases Society of America. Clin Infect Dis.
2010;50(5):625-63.

Shane AL, Mody RK, Crump JA, Tarr P, Steiner TS, Kotloff K, et al. 2017
Infectious Diseases Society of America Clinical Practice Guidelines for
the Diagnosis and Management of Infectious Diarrhea. Clin Infect Dis.
2017,65(12):1963-73.

Solomkin JS, Mazuski JE, Bradley JS, Rodvold KA, Goldstein EJ, Baron EJ,
et al. Diagnosis and management of complicated intra-abdominal infec-
tion in adults and children: guidelines by the Surgical Infection Society
and the Infectious Diseases Society of America. Surg Infect (Larchmt).
2010;11(1):79-109.

Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach
SL, et al. Infectious Diseases Society of America. Practice guidelines for
the diagnosis and management of skin and soft tissue infections: 2014
update by the Infectious Diseases Society of America. Clin Infect Dis.
2014,59(2)e10.

Tunkel AR, Hasbun R, Bhimraj A, Byers K, Kaplan SL, Scheld WM, et al.
2017 Infectious Diseases Society of America’s Clinical Practice Guidelines
for Healthcare-Associated Ventriculitis and Meningitis. Clin Infect Dis.
2017,64(6):.e34-65.

Clinical and Laboratory Standards Institute. Performance standards for
antimicrobial susceptibility testing, M100 30th edition. https://clsi.org/
standards/products/microbiol,2020.

US Food and Drug Administration. 2019. Tigecycline—injection prod-
ucts. US Food and Drug Administration, Silver Spring, MD. https://www.
fda.gov/drugs/development-resources/tigecycline-injection-products.
Pang F, Jia XQ, Zhao QG, Zhang Y. Factors associated to prevalence and
treatment of carbapenem-resistant Enterobacteriaceae infections: a
seven years retrospective study in three tertiary care hospitals. Ann Clin
Microbiol Antimicrob. 2018;17(1):13.

Karabay O, Altindis M, Koroglu M, Karatuna O, Aydemir OA, Erdem AF.
The carbapenem-resistant Enterobacteriaceae threat is growing: NDM-1
epidemic at a training hospital in Turkey. Ann Clin Microbiol Antimicrob.
2016;15:6.

Jiang AM, Liu N, Zhao R, Zheng HR, Chen X, Fan CX, Zhang R, Zheng XQ,
Fu X, Yao Y, Tian T. Clinical outcomes and prognostic factors in blood-
stream infections due to extended-spectrum B-lactamase-producing
Enterobacteriaceae among patients with malignancy: a meta-analysis.
Ann Clin Microbiol Antimicrob. 2020;19(1):53.

Giannella M, Trecarichi EM, De Rosa FG, Del BonoV, Bassetti M, Lewis

RE, et al. Risk factors for carbapenem-resistant Klebsiella pneumoniae
bloodstream infection among rectal carriers: a prospective observational
multicentre study. Clin Microbiol Infect. 2014;20:1357-62.

Amit S, Mishali H, Kotlovsky T, Schwaber MJ, Carmeli Y. Bloodstream infec-
tions among carriers of carbapenem-resistant Klebsiella pneumoniae:
etiology, incidence and predictors. Clin Microbiol Infect. 2015;21:30-4.
Huizinga P, van den Bergh MK, van Rijen M, Willemsen |, Veer N, Kluyt-
mans J. Proton Pump Inhibitor Use Is Associated With Extended-Spec-
trum B-Lactamase-Producing Enterobacteriaceae Rectal Carriage at Hos-
pital Admission: A Cross-Sectional Study. Clin Infect Dis. 2017,64:361-3.

Page 10 of 10

34. Imhann F, Bonder MJ, Vich Vila A, Fu J, Mujagic Z, Vork L, et al. Proton
pump inhibitors affect the gut microbiome. Gut. 2016;65:740-8.

35. Safiri S, Sullman MJM. Epidemiology and risk factors for Clostridium
difficile-associated diarrhea in adult inpatients in a university hospital in
China: Methodological issues. Am J Infect Control. 2018;46:597.

36. Cunningham R, Jones L, Enki DG, Tischhauser R. Proton pump inhibitor
use as a risk factor for Enterobacteriaceal infection: a case-control study. J
Hosp Infect. 2018;100:60-4.

37. Willems RPJ, van Dijk K, Ket JCF, Vandenbroucke-Grauls CMJE. Evaluation
of the Association Between Gastric Acid Suppression and Risk of Intesti-
nal Colonization With Multidrug-Resistant Microorganisms: A Systematic
Review and Meta-analysis. JAMA Intern Med. 2020;180:561-71.

38. Zhou SJ,Wang SQ, Ma YY, Tang LY, Shi YF, Liang B, et al. Association of
proton pump inhibitors with the occurrence of gut-derived bacteraemia
in patients with haematological malignancy after chemotherapy. Hema-
tology. 2016;21:332-7.

39. Tofas P, Skiada A, Angelopoulou M, Sipsas N, Pavlopoulou |, Tsaousi S,
et al. Carbapenemase-producing Klebsiella pneumoniae bloodstream
infections in neutropenic patients with haematological malignan-
cies or aplastic anaemia: Analysis of 50 cases. Int J Antimicrob Agents.
2016;47:335-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://clsi.org/standards/products/microbiol,2020
https://clsi.org/standards/products/microbiol,2020
https://www.fda.gov/drugs/development-resources/tigecycline-injection-products
https://www.fda.gov/drugs/development-resources/tigecycline-injection-products

	Prevalence and factors associated with carbapenem-resistant Enterobacterales (CRE) infection among hematological malignancies patients with CRE intestinal colonization
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design, setting and patients
	Bacterial identification and antimicrobial susceptibility testing
	Factors associated with subsequent CRE infection
	Mortality for subsequent CRE infection
	Statistical analysis

	Results
	Patient cohort
	Species distribution and antimicrobial susceptibility patterns
	Factors associated with subsequent CRE infection
	Mortality of subsequent CRE infection

	Discussion
	Conclusions
	Acknowledgements
	References


