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Abstract Faecal carriage of Carbapenem-resistant Enter-

obacteriaceae (CRE) is being observed as an important

risk factor for bacteremia among patients with hemato-

logical malignancies. A prospective surveillance study was

conducted among these patients to determine the gut col-

onization of CRE. Rectal/perianal swabs were collected to

isolate CRE. Carbapenem resistance was detected by disk

diffusion, modified-Hodge, Carba-NP test, and PCR for
blaNDM-1, blaKPC, blaOXA-48, blaVIM, blaIMP genes. A

total of 209 CRE isolates were identified from 151 patients.

E. coli was the most common (83.2%) CRE identified,

followed by Klebsiella spp. (9.6%). The majority of CRE

were observed resistant to ertapenem (86%). blaNDM-1

was the most common gene (57.3%), followed by blaOXA-

48 (37.8%). 26.8% isolates found to carry both blaNDM-1

and blaOXA-48 genes. CRE is increasingly observed to

cause bacteremia among hematological malignancy

patients due to increased colonization. Screening for gut

CRE colonization is necessary to guide empirical therapy

and apply infection control measures among these patients.
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Introduction

Emergences of the Carbapenem-resistant Enterobacteri-

aceae (CRE) group of microorganisms in the last few

decades are becoming a serious problem worldwide. It

complicates the disease pathogenesis, adversely affects the

outcome and economy of the patient. According to the

2013 Centre for Diseases Control and Prevention (CDC)

report, CRE is considered an urgent threat in the United

States and included in the list of priority-resistant organ-

isms by World Health Organisation (WHO) [1]. Early

detection and treatment of CRE infection is a big challenge

in the health sector. Gut colonization with CRE is an

important risk factor for bloodstream infection, especially

in malignanat conditions. Patients diagnosed with hema-

tologic malignancies develop severe mucositis during

chemotherapy and are at higher risk of developing bac-

teremia due to the translocation of enteric colonized bac-

teria into the bloodstream. Although there are limited data,

mortality due to CRE infection has been reported as

60–100% among these patients [2, 3]. As per the CDC

report, there is increased CRE infections in different parts

of the world [2, 4]. Developing countries, including India,

are observed to be affected the worst due to this emergence

of multidrug-resistant bacteria [5]. Since most gut flora

belongs to Enterobacteriaceae, screening for CRE fecal

carriage is highly crucial, particularly in patients with

immunocompromised conditions, admitted in ICU set up or

having hematological malignancies [6, 7]. The mechanism

of resistance in CRE is predominantly due to the presence
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of carbapenemase enzyme encoded on chromosome or

plasmid. The other less common mechanisms are mutation

in the porin channels, alteration in the efflux pumps, etc.

[8]. These carbapenem hydrolyzing genes are transferred

horizontally from one bacteria to another or may cause

point mutation of efflux pumps resulted in its overexpres-

sion and finally resulted in carbapenem resistance. Impor-

tant carbapenemase genes carried by CRE are New Delhi

Metallo-b-lactamase (blaNDM 1–12), Klebsiella pneumo-

niae Carbapenemase (blaKPC), Oxacillinase-48 type

(blaOXA-48), (blaOXA-56), Verona Integron-encoded

Metallo-b-lactamase (blaVIM), Imipenemase Metallo-b-
lactamase(blaIMP) etc. Patients with hematological malig-

nancies and the recipients of hematopoietic stem cell

transplantation (HSCT) are highly vulnerable to infections

with CRE due to prolonged neutropenic conditions and

gastrointestinal mucositis [9]. Treatment of bacteremia

caused due to CRE is complicated. Although drugs such as

colistin, tigecycline, and the newer beta-lactam/beta-lac-

tamase inhibitor such as Ceftazidime–avibactam, Mer-

openem–vaborbactam, Ceftalozane–tazobactam, etc. are

available for the treatment of CRE, growing resistance of

colistin and tigecycline is also a reason for concern. Early

detection of these patients with intestinal colonization of

CRE may help take antibiotic stewardship measures and

infection control preventive actions. This will reduce the

incidence of endogenous infection and prevent CRE

transmission in health care settings.

Materials and Methods

This was a cross-sectional study conducted in the Depart-

ment of Microbiology with the collaboration of the

Department of Medical Oncology and Department of

Haematology of a tertiary health care center in North India.

It was carried out over 2 years (2016–2017). The ethical

clearance was obtained from the Institute Ethics Commit-

tee. The study aimed to determine the prevalence of

intestinal colonization due to CRE in patients with hema-

tological malignancy. The study’s objectives were to

characterize the CRE isolates by phenotypic tests, Modified

Hodge’s test, and Carba-NP test and detection of car-

bapenemase gene blaNDM blaKPC, blaOXA-48, blaIMP, and
blaVIM by PCR.

Consecutive patients with a clinical diagnosis of

hematological malignancy (including both newly diag-

nosed and relapse cases) admitted for chemotherapy to

either of the department were included in the study. Both

adult and pediatric age groups of the patient were recruited

in the study. During cytotoxic therapy, patients who

developed neutropenia (\ 500 neutrophils/ll of blood)

were noted for further analysis to compare the prevalence

of CRE in different groups. Patients with fever and neu-

tropenia due to underlying conditions other than hemato-

logical malignancy were excluded from the study. Patient

demographic data and the risk factors associated with

malignancy conditions such as neutropenia, previous hos-

pital stay, previous antibiotic therapy, steroid therapy, and

comorbid conditions were collected.

Phenotypic Tests

Rectal/perianal swabs were collected from these patients

and processed further to isolate CRE following the Centre

for Disease Control and Prevention (CDC) protocol [10].

The rectal swabs were processed as follows.

Two Rectal/perianal swabs were collected from every

patient and inoculated in 5 ml of Trypticase Soy Broth

(TSB) transport media. 10 lg strength of ertapenem or

meropenem disk was added in each tube along with two

rectal swabs and were incubated at 35 ± 2 �C for over-

night. A loopful of incubated broth was subcultured on

MacConkey agar with intermittent heating of the loop and

incubated in ambient air at 35 ± 2 �C for overnight. Iso-

lated colonies on MacConkey agar were further processed

for the final identification of organisms.

Identification of Organisms

The lactose fermenting isolated colony from MacConkey

agar were tested for the biochemical tests such as catalase,

oxidase, triple sugar iron, indole, mannitol motility agar,

Christensen urea agar medium, and Simon’s citrate media

as per the standard operative protocol. All the identified

isolates were tested for carbapenem resistance by disk

diffusion by Kirby–Bauer method on Muller–Hinton agar

(MHA) using four carbapenem disks (imipenem, mer-

openem, ertapenem, and doripenem, HiMedia, Mumbai).

Interpretation of the result was made as per the Clinical and

Laboratory Standards of Institute (CLSI) 2016 guideline

[11]. CRE was defined as an isolate resistant to either of the

carbapenem disks. All the isolates were further tested for

carbapenemase-producing CRE (CPCRE) using the modi-

fied Hodge test (MHT) and RAPIDEC � Carba NP test

(BioMeriux, France). The MHT test was performed as per

the standard protocol of CLSI 2014 [10]. The indicator

strain Escherichia coli ATCC 25922 strain was used for

lawn culture. Klebsiella pneumoniae ATCC BAA 1705 and

ATCC BAA 1706 were used as the positive and negative

control, respectively. Enhanced growth of the indicator

strain towards the antibiotic disk was considered as posi-

tive for carbapenemase production. Carba-NP test (RAPI-

DECw CARBA NP) was performed and interpreted as per

the manufacturer’s instruction. All the CRE strains were

subjected to PCR analysis. PCR for blaNDM, blaKPC,
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blaOXA-48, blaIMP, and blaVIM gene had been carried out

using primers from the published literature [11].

Data were analyzed using SPSS software v.20.0 (SPSS

Inc., Chicago, IL) by Chi-square test, except where the data

was less than 5, Fisher’s exact test was used. Significance

was set at P\ 0.05 using two-sided comparisons.

Cohen’s Kappa coefficient was calculated to check the

inter-rater agreement between all the assays.

Results

Rectal/perianal swabs were collected from 200 patients

diagnosed with hematological malignancy and processed

following the CDC protocol. One hundred fifty-one

patients out of 200 (75.5%) were confirmed to carry CRE

in their gut as colonizers. A total of 209 CRE isolates were

identified from 151 patients (93 patients had a single CRE

isolate, and fifty-eight patients had two different types of

CRE isolates). Among the rest 49 patients, Gram-positive

cocci were isolated in six patients. Acinetobacter spp. was

from three patients, and Pseudomonas spp. and Citrobacter

spp. were found in one patient without any CRE in their

gut. No growth was observed among the rest of the thirty-

nine patients.

Demographic Results

On comparing the demographic data, the male was the

predominant group (75%, [150/200]) followed by females

(25%, [50/200]). The ratio of adult vs. pediatrics patients

was found as 2.6:1. Mean age distribution among adult and

pediatrics patients were 36.5 years (18–62 years) and

5 years (10 months–17 years), respectively (Table 1)

Among the total patients recruited in the study, 77% from

the pediatric group, and 74.6% from the adult group were

found to carry CRE in their gut. The current study was

done only on the admitted patients, among which Acute

myeloid leukemia was observed as the commonest under-

lying condition (78%, [156/200]). One hundred sixty-three

patients had a history of antibiotic intake (includes cefop-

erazone–sulbactam and amikacin) within the past 30 days

of admission. Fever was observed among 14.5% (29/200)

of the total patients during the hospital stay when rectal

swab was taken. Approximately 79% of febrile patients

were observed to have absolute neutropenia. However,

absolute neutropenia in patients with a history of antibiotic

intake and steroid intake within the last 30 days were

observed less, i.e., 28% and 33%, respectively. Patients

with acute leukemias (especially myeloid leukemias;

AML) had functional neutropenia in addition to occasion-

ally observed low absolute neutrophil count (ANC) num-

bers at the time of presentation/diagnosis. Hence, the

relation of ANC with CRE colonization among these

patients was questionable.

Fifty-two (33%, 52/200) patients were neutropenic, of

which 42 carried CRE. Comorbidity was observed in only

one patient in the non-CRE category.

Microbiology Results

Escherichia coli was the most common CRE isolate

(83.2%, [174/209]), followed by Klebsiella spp. (9.6%,

[20/209]) and Enterobacter spp. (2.87%, [6/209]). Six

isolates of Enterococcus spp. were isolated from various

patients during the study period. When we compare the

four different carbapenem disk susceptibility testing

results, the majority of CRE isolates (86%) were found

resistant to ertapenem disk, followed by meropenem

(75%), doripenem (65%), and imipenem (41%) disk.

Comparing the carbapenemase production by the CRE

Table 1 Comparison of demographic factors among CRE and non-

CRE groups

No. of cases (n = 200) CRE Non-CRE P value

Age

Paediatric (74) 57 (77%) 17 (33%) 0.700

Adult (126) 94 (74.6%) 32 (25.4%)

Sex

Male (150) 113 (75.3%) 37 (24.7%) 0.924

Female (50) 38 (76%) 12 (24%)

Diagnosis

AML (156) 123 (78.8%) 33 (21.2%) 0.060

ALL (40) 25 (62.5%) 15 (37.5%)

HCL (2) 2 (100%) 0

NHL (1) 0 1 (100%)

Thalassemia (1) 1 (100%) 0

Absolute neutropenia (\ 500/ll of blood)

Neutropenic (52) 42 (80.8%) 10 (19.2%) 0.304

Non neutropenic (148) 109 (73.6%) 39 (26.4%)

Fever

Febrile (29) 24 (82.7%) 5 (17.3%) 0.326

Non-febrile (171) 127 (74.3%) 44 (25.7%)

History of antibiotic intake within last 30 days

On antibiotic (163) 122 (74.8%) 41 (25.2%) 0.105

No antibiotic (37) 29 (78.4%) 8 (21.6%)

History of steroid intake

Steroid (51) 39 (76.5%) 12 (23.5%) 0.852

No steroid (149) 112 (75.2%) 37 (24.8%)

CRE carbapenem-resistant Enterobacteriaceae, AML acute myeloid

leukaemia, ALL acute lymphoid leukaemia, HCL hairy cell leukae-

mia, NHL non-Hodgkin lymphoma
*P\ 0.05 was considered significant
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isolates, the Carba-NP test was more sensitive than MHT

(Table 2). Carba-NP was tested for 164 CRE isolates,

whereas MHT was carried out on 71 CRE isolates. Tests

detected indeterminate by either Carba-NP or MHT were

considered as negative to avoid subjective variation. Out of

164 CRE isolates, 82.9% (136/164) of isolates were posi-

tive for carbapenemase production using the Carba-NP test.

MHT was done on 71 isolates of CRE, of which only

56.3% (40/71) were found positive for carbapenemase

production. Among the different carbapenemase genes,

most isolates were observed positive for the blaNDM-1

gene alone (94/164, 57.3%), followed by the blaOXA-48

gene (62/164, 37.8%). Forty-four out of 164 (26.8%) CRE

isolates were found to carry both blaNDM and blaOXA-48

genes. Only 3 out of 164 (1.8%) Enterobacteriaceae iso-

lates were positive for blaIMP gene conferring them Car-

bapenem resistance. No isolates were found to contain the
blaKPC or blaVIM gene.

Statistical Analysis

Proportions between the CRE and non-CRE groups were

compared using the Chi-square test and Fisher’s exact test.

No significant difference was found between CRE and non-

CRE groups comparing the risk factors, e.g., age, sex,

diagnosis, fever, absolute neutropenia, history of intake of

antibiotic or steroid (P\ 0.05) (Table 1) Carba-NP was

observed more sensitive for the detection of CP-CRE in

comparison to MHT. The Cohen’s Kappa coefficient

between Carba-NP and MHT tests was observed to be 9%

only. This indicates a poor agreement of the result between

Carba-NP and MHT. The level of agreement of mer-

openem with the Carba-NP test was observed to be highest

(75%), followed by others. Nine CRE isolates negative by

Carba-NP and MHT were observed resistant by ertapenem.

Discussion

Febrile neutropenia is a common complication among

patients with hematological malignancies following

chemotherapy causing significant morbidity and mortality

[12–14]. Bloodstream infection (BSI) is the most common

cause of morbidity and mortality among febrile neu-

tropenic patients [14]. The infection is mostly caused due

to translocation of colonized bacteria in the gut [13, 15].

Colonization of multidrug-resistant bacteria in the gut

increases the rate of BSI, thereby increasing the mortality

rate [15–17]. In a retrospective study on stem cell trans-

plant by The Gruppo Italiano Trapianto Midollo Osseo

(GITMO) group observed carbapenem resistant K. pneu-

moniae colonization followed by infection in 30% of the

total cases [18]. Incidence of BSI among these patients

ranges from 11 to 38% with a mortality rate of 40%, par-

ticularly infected with CRE [19]. The emergence of CRE

as a pathogen and gut colonizer is of great concern among

these patients. The increased gut colonization with the

resistant bacteria resulted from increased carbapenem uti-

lization such as Meropenem and Imipenem in clinical

treatments [20]. In the current study, most of our patients

had a history of intake of aminoglycoside and beta-lac-

tam/beta-lactamase inhibitor combination of antibiotics

within the last 30 days before the sampling. The high

incidence of CRE carriage in our study probably occurred

due to increased antibiotic use among these patients during

the neutropenic period to prevent infection acquisition.

Gaind et al. had shown a significant increase in the CRE

colonization with an increase in the length of stay in the

hospital [6]. Early identification and prompt treatment were

observed as helpful to tackle this condition and showed a

reduction of mortality by 2–10% [21].

In our study, a total of 209 isolates were identified out of

200 samples. The prevalence of CRE was 78.46% (164/

209) among isolates collected. A total of 75.5% (151/200)

patients had been found with CRE as fecal colonizers in

their gut, which is unfortunately very high and alarming in

this study population. Salomao et al. observed that 18% of

the total patients exposed to healthcare settings within the

last 1 year and use antibiotics in the previous 1 month

carry CRE in their gut [22]. There were also reports of a

high rate of fecal carriage of ESBL producing Enterobac-

teriaceae among people from both hospital and community

settings [23]. The earlier studies from various hospitals in

India showed a varied incidence of CRE ranges from 1.8 to

51% in different patient populations [14]. The first Indian

study among pediatric cancer patients had reported the

prevalence of CRE colonization as 20.2% [14]. Such a high

percentage of CRE prevalence in our study is alarming and

needs immediate action to control its spread. This study

highlights the high incidence of fecal carriage of CRE in

hospitalized patients with hematological malignancy. In

the current study, patients with AML were found the pre-

dominant group, followed by others. This study was carried

out only on admitted patients. As per the hospital protocol,

the majority of patients with a diagnosis of AML were

referred for in-patient treatment, and patients with a

Table 2 Positive test result of Carba-NP and MHT in CPCRE and

non-CPCRE groups

Phenotypic test CP-CRE (%) Non-CPCRE (%)

Carba-NP 136/164 (83%) 28/164 (17%)

MHT 40/71 (56%) 31/71 (44%)

CP-CRE Carbapenemase producing Carbapenem-resistant

Enterobacteriaceae
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diagnosis of ALL were referred for outpatient treatment.

This might be the reason for a high number of AML cases

in our study. Although patients diagnosed with ALL do

receive steroids compared to AML patients, neutropenia in

AML is more protracted than ALL; hence, infection related

death due to induction in AML are higher than ALL. A

further study from the different geographical locations can

be done to look for the association of gut colonization with

CRE along with the underlying conditions.

The chance of infection by CRE is increased due to

increased colonization of resistant bacteria in the GIT [16].

The common risk factors associated with CRE acquisition

among the patients in healthcare settings include exposure

to antimicrobials, recent stay in a long term acute care

facility (LTCF), recent invasive procedures, immunosup-

pression due to long term steroid intake, cancer

chemotherapy, HIV, autoimmune diseases, etc. [2, 24, 25].

CRE infections can spread in the healthcare settings by

health care providers during patient care, sharing the beds,

toilets, and surroundings of the patient as in other infec-

tions [26, 27]. In this way, the risk of infection of hospi-

talized patients is increased many folds with the increase in

the prevalence of gut colonization by CRE microorgan-

isms, and therefore, there is an increase in the risk of

endogenous infection [14, 16, 17].

There was no significant difference in the prevalence of

CRE in the current study with respect to age or sex.

However, its prevalence was observed highest among

AML patients. Most of the CRE isolates (141/164, 86%)

were resistant to ertapenem, followed by meropenem

(75%) and doripenem (65%). The least number of CRE

isolates were found resistant imipenem. In earlier studies,

Ertapenem was the most sensitive disk for detecting CRE

compared to others [28].

In the current study, Carba-NP and MHT were used to

detect CP-CRE isolates. Carba-NP was found more sensi-

tive for detection of CP-CRE in comparison to MHT. All

the isolates found positive by the Carba-NP test were also

observed resistant to ertapenem disk. However, few iso-

lates were observed resistant by ertapenem disk but nega-

tive or indeterminate by the Carba-NP test. It may be due to

the presence of different carbapenemase genes or due to the

presence of noncarbapenemase mechanisms such as loss of

porin channels, mutation of the efflux pumps or AmpC

over expression, etc. As per the CLSI 2016, the sensitivity

and specificity of the Carba-NP test vary with the presence

of different carbapenemase genes. The sensitivity was

observed to be more than 90% in KPC, NDM, IMP, VIM,

and SME carbapenemase. However, it may be as low as

11% in OXA-48 carbapenemases [11]. Similarly, the sen-

sitivity and specificity of MHT were derived primarily

based on the USA isolates, which suggest it has a very high

level of sensitivity ([ 90%) and specificity ([ 90%) in

detecting KPC type of carbapenemase. In contrast, its

sensitivity and specificity may be as low as 11% in

detecting the NDM type of carbapenemase [29].

In developing countries, blaNDM and blaOXA types are

most commonly reported, followed by blaVIM, blaIMP,

whereas blaKPC is frequently reported from developed

countries [30]. Among the 164 isolates in the current study,
blaNDM was the predominant carbapenemase gene

(57.3%), followed by blaOXA-48 (37.8%). A total of 26.8%

isolates were observed to contain both NDM-1 and OXA-

48 genes. Gaind et al. also observed similar results [6]. A

total of 86 out of 136 isolates positive for Carba-NP were

found to carry blaNDM-1gene. The blaNDM-1 gene was

first recognized in an isolate of K. pneumoniae of a

Swedish citizen treated in India [31]. Subsequently, it was

increasingly reported from the majority of the Indian CRE

isolates. A study done by Kumarasamy et al. showed that

the prevalence of the blaNDM-1 gene was variable between

31 and 55% [32]. The CRE isolates with the NDM-1 gene

are potentially hazardous as plasmids mostly mediate the

resistance. It is easily transferable among various bacterial

populations resulting in the conversion of sensitive strains

into resistant ones. In our study, a very high number of

patients carry both blaNDM and blaOXA-48, which

increases the risk of morbidity and mortality among these

patients.

Gut colonization by resistant bacteria has been described

by many researchers and varies in different geographical

regions. In the current study, there was a very high

prevalence of CRE colonization, which might be because

of antibiotics’ frequent usage among these patients. Apart

from antibiotic usage, environmental factors like the

presence of resistant bacteria in the water bodies, open

defaecation, irrational use of antibiotics in livestock ani-

mals, poultry, and agriculture are also contributing to this

rise of antimicrobial resistance [33]. So, a multidisciplinary

approach targeting different levels is required to combat

this problem.

In summary, CREs are increasingly becoming common

pathogens among hematological malignancy patients,

causing bloodstream infections. Outcomes of these infected

patients are poor due to high morbidity and mortality.

Developing research data to guide the use of new antimi-

crobial agents to treat these CRE pathogens in this popu-

lation is paramount. The formulation of optimal infection

prevention strategies and strict adherence to these protocols

is also an urgent need. A very high incidence of CRE

colonization was observed in the hematological malig-

nancy patients in the current study. Screening for gut col-

onization is necessary to guide empirical therapy and apply

infection control measures to prevent transmission in

healthcare settings.
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