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Abstract 

Background:  The irrational use of carbapenems in the last years lead to the emergence of carbapenem-resistant 
Enterobacteriaceae (CRE). This study aimed at determining the prevalence of CRE intestinal carriage among admitted 
patients in a tertiary care hospital in Egypt, to characterize carbapenemase-producing genes and to identify possible 
risk factors of CRE colonization. One hundred rectal swabs were collected from patients within 48 h of hospital admis‑
sion. Culture was done on chromogenic media and then identification and antibiotic susceptibility testing were done 
using Vitek 2 compact system. Carbapenemase production was confirmed by Rapidec Carba NP test and by multiplex 
PCR for blaOXA-48-like, blaNDM-like, blaVIM-like, blaIMP-like and blaKPC-like.

Results:  A total number of 36 CRE isolates were recovered from 28 patients. Thus, the prevalence of CRE coloniza‑
tion was 28%. Escherichia coli (83%), followed by Klebsiella pneumoniae (17%) were the main species. History of recent 
hospitalization and prior antibiotic intake were statistically significant risk factors predisposing to CRE colonization. 
Rapidec Carba NP gave positive results in 29/36 CRE isolates, whereas seven isolates gave negative results; six of them 
harbored blaOXA-48-like. Overall, the blaOXA-48-like was detected in 24/36 (66.7%), followed by blaNDM-like in 11/36 (30.6%) 
and lastly blaVIM-like in 1/36 (2.8%).

Conclusions:  Our findings confirm that CRE colonization is disseminating in our healthcare facility, a fact that should 
be considered as possible pathogens causing infections in high risk patients. Strict infection control measures should 
be applied to all CRE carriers at hospital admission and a proper antimicrobial stewardship program should be fol‑
lowed in clinical settings.

Keywords:  Enterobacteriaceae, Colonization, Carbapenemases, CRE, NDM, OXA-48

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visithttp://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Background
The overuse and misuse of carbapenems in the last years 
resulted in a selective pressure favoring the transfer of 
resistance genes from chromosomes to plasmids with 
subsequent dissemination of plasmids between strains, 
and dissemination of resistant strains between patients 

leading to the emergence and abrupt spread carbapenem-
resistant Enterobacteriaceae (CRE) [1].

Carbapenemase production is the most common 
mechanism of resistance to carbapenems, which is fre-
quently accompanied by co-existence of other resistance 
genes to other classes of antibiotics, e.g., aminoglycosides 
or quinolones [2].

Carbapenemases identified in Enterobacteriaceae 
belong to three classes of β-lactamases: The Ambler class 
A, B and D β-lactamases. Klebsiella pneumoniae car-
bapenemases “KPC”s, are the most clinically common 
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enzymes in Group A [3], Group D includes the oxacilli-
nases (OXA-48-like), whereas the metallo-β-lactamases 
(Group B) include imipenemase metallo-β-lactamases 
“IMP”, Verona integron-encoded metallo-β-lactamases 
“VIM” and New Delhi metallo-β-lactamase “NDM” [4].

The Middle East has been recognized lately as a com-
mon reservoir area for NDM-1 [5]. A high prevalence 
and dissemination of class D carbapenemases was also 
reported in the Mediterranean countries [6]. Risk factors 
for carbapenemase producing Enterobacteriaceae (CPE) 
acquisition include chronic diseases, comorbidities, 
repeated hospital admissions, or stay in an intensive care 
unit and prior antimicrobial use [7].

CRE colonization may represent a potential threat 
to patients as bloodstream invasion through the dam-
aged mucosa may result during severe mucositis in CRE 
colonized personnel leading to secondary bacteraemia. 
Moreover, digestive carriers of CRE may represent silent 
shedders resulting in further dissemination of carbapen-
emase-producing genes. Therefore, preventing the spread 
of CRE infection could rely on the accurate detection of 
both infected patients and colonized carriers [4, 7].

The current study aimed to determine the prevalence 
of CRE intestinal carriage among admitted patients at 
Theodor Bilharz Research Institute (TBRI) hospital, a 
tertiary care hospital, in Giza, Egypt, to characterize 
carbapenemase-producing genes and to identify possible 
risk factors of CRE colonization.

Methods
The current study is observational cross-sectional ana-
lytic in which rectal swabs were collected from 100 inpa-
tients on the first 48 h of their hospital admission to TBRI 
hospital in the period from April 2017 to January 2018. 
Clinical data were recorded including sex, age, depart-
ments, duration of hospitalization, presence of chronic 
diseases or co-morbidities, as well as prior hospital 
admission through the previous year and prior antibiotic 
intake through the previous month before admission. A 
signed informed consent was obtained from each patient 
contributing in the study.

All rectal swabs were plated directly onto CHROM ID 
CARBA SMART agar (BioMérieux, France) that ena-
bles the selective growth of KPC and MBL CPE on the 
CARB medium side and OXA-48 CPE on the other OXA 
side. The cultured plates were then incubated aerobi-
cally at 37° for 18–24  h. Recovered colonies were inter-
preted according to manufacturer’s instructions. Isolates 
were subcultured on Muller Hinton agar (MHA) for 
further identification and antibiotic susceptibility test-
ing (AST) using Vitek 2 compact system (BioMérieux, 
France). AST report included the following antibiotics: 
carbapenems “ertapenem (ETP), meropenem (MEM) 

and imipenem(IPM)”, ampicillin (AMP), ampicillin/
sulbactam (SAM), cefazolin (CFZ), ceftriaxone (CRO), 
cefepime (FEP), aztreonam (ATM), amikacin (AK), gen-
tamicin (CN), tobramycin (TOB), ciprofloxacin (CIP), 
moxifloxacin (MOX), tigecycline (TGC), nitrofurantoin 
(FT) and trimethoprim/sulfamethoxazole (SXT). Mini-
mum inhibitory concentration (MIC) values were inter-
preted according to the Clinical Laboratory Standards 
Institute (CLSI) guidelines. Carbapenem non-susceptible 
(including resistant and intermediate) isolates (show-
ing MICs; ERT ≥ 1, IPM ≥ 2, MEM ≥ 2) were further 
confirmed [8]. Epidemiological cut-off points “ECOFFs” 
released by the European Committee on Antimicrobial 
Susceptibility Testing were also used as screening cut-off 
values for carbapenemase producers (MICs; ERT > 0.12, 
IPM > 1, MEM > 0.12) [9]. Tigecycline and moxifloxacin 
were interpreted according to EUCAST guidelines [10].

Phenotypic detection of CPE was done by Rapidec 
Carba NP test (BioMérieux, France). Molecular detec-
tion of carbapenemase-producing genes was done using 
multiplex polymerase chain reaction (PCR) [11]. DNA 
extraction was done by boiling method. Two multi-
plex reactions were performed; one for the detection of 
blaKPC-like, blaOXA-like, and blaNDM-like, and the other for 
the detection of blaVIM-like and blaIMP-like. PCR cycling 
conditions included initial denaturation at 94  °C for 
10  min, followed by 34 cycles of amplification (94  °C 
for 30  s, 52  °C for 40  s and 72  °C for 50  s) and lastly a 
final extension step at 72  °C for 5  min. Detection of 
amplified PCR products was done on 2% agarose gel 
electrophoresis.

Results
Study patients included thirty-nine (39%) females 
and sixty-one (61%) males. Their mean age was 
55.7 ± 14.3 years. A total number of 36 CPE isolates were 
detected on CHROM ID CARBA SMART agar from a 
total number of 28 patients (28/100; 28%) as eight CPE 
isolates (8/100; 8%) had both CARB and OXA CPE iso-
lates. Rectal swabs were obtained from different hospi-
tal departments; Hepatogastroenterology (HGE) (47%), 
Intensive Care Units; ICUs (29%) and Urology Depart-
ment (24%). Most CPE isolates were retrieved from the 
Urology Department (11/24; 45.8%) with a statistically 
significant difference (P value 0.035) as shown in Table 1.

Positive swabs cultures on CHROM ID CARBA 
SMART agar belonged to 15/28 males (53.6%) and 13/28 
females (46.4%) with no statistically significant difference 
(P value 0.342). However, a statistically significant dif-
ference was found in patients who were previously hos-
pitalized within the previous 12 months (P value 0.004), 
as well as in patients who had previous antibiotic intake 
within the previous month (P value 0.026).
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Regarding the presence of co-morbidities, including 
diabetes mellitus, hypertension, hepatic diseases (hep-
atitis C virus, cirrhosis or hepatocellular carcinoma), 
kidney diseases (chronic kidney disease or end stage 
renal disease), asthmatic bronchitis and neurogenic 
bladder, no statistically significant difference was found 
between patients with and without any of those chronic 
diseases (P value 0.622).

Vitek2 system identification showed that E. coli was 
the major species identified (30/36; 83%), followed by 
K. pneumoniae (6/36; 17%). AST interpretation accord-
ing to CLSI guidelines revealed that 35/36 (97.2%) iso-
lates were resistant to ertapenem, whereas only one 
isolate (2.8%) was sensitive. Moreover, 29/36 (80.6%) 
isolates were non-susceptible to imipenem “25 resist-
ant and 4 intermediate” and 7/36 isolates (19.4%) were 
sensitive. As for meropenem, 28/36 (77.8%) isolates 
were non–susceptible “27 resistant isolates and only 
one intermediate isolate” and 8/36 isolates (22.2%) were 
sensitive [8]. Comparing MIC values of the three car-
bapenems to the detected carbapenemase-producing 
genes revealed that all isolates harboring genes showed 
resistance to at least one carbapenem except for one E. 
coli isolate that was sensitive to all three carbapenems. 
This E. coli isolate harbored blaOXA-48.

However, upon applying the ECOFFs screening 
cut-off values, ertapenem and meropenem MIC val-
ues interpretation changed from being sensitive to be 
“a possible carbapenemase producer”. Also applying 
ECOFFs breakpoints on all recovered isolates was more 
sensitive to detect all carbapenemase producers with 
ertapenem and meropenem (Table 2) [9]

Susceptibility patterns to other antibiotics showed 
statistically significant difference (P value 0.001) where 
the highest sensitivity was to tigecycline (83.3%) fol-
lowed by amikacin and nitrofurantoin. Quinolones, 
sulphonamides, cephalosporins and aztreonam showed 
very low patterns of sensitivity while all isolates showed 
complete resistance to other β-lactams (Table 3).

Rapidec Carba NP gave positive results in only 29 iso-
lates. Seven isolates gave negative results; six of them 
harbored blaOXA-48-like by multiplex PCR while the sev-
enth isolate was negative by PCR tests.

Overall, the blaOXA-48-like was detected in 24/36 (66.7%), 
followed by blaNDM-like in 11/36 (30.6%) and lastly blaVIM-

like in 1/36 (2.8%). All CRE isolates were negative for 
blaIMP-like or blaKPC-like genes. (Fig. 1 and Table 4).

In E. coli, the blaOXA-48-like was mainly detected in 21/30 
(70%), followed by blaNDM-like in 7/30 (23.3%), whereas in 
K. pneumoniae, blaNDM-like was found in 4/6 (66.7%) fol-
lowed by blaOXA-48-like in 3/6 (50%). Six isolates out of 36 
(16.7%) CRE (four E. coli and two K. pneumoniae) har-
bored two genes (blaNDM-like and blaOXA-48-like) while only 
one E. coli isolate, 1/36 (2.8%) harbored (blaOXA-48-like and 
blaVIM-like). Moreover, seven CRE isolates, 7/36 (19.4%) 
were negative to the five tested genes.

By comparing PCR results to that of Rapidec Carba NP, 
one isolate was negative by both methods, six isolates 
were negative by PCR only and another six were negative 
by Rapidec Carba NP only (Table 4).

Statistical analysis
The data were coded and entered using the statistical 
package SPSS version 21. The data were summarized 
using descriptive statistics; number and percentage for 
qualitative variables, mean and standard deviation for 
normally distributed quantitative variables. Statistical 
differences between groups were tested using Chi-Square 
test for qualitative variables’ comparisons and Independ-
ent-Samples T test for quantitative variables which are 

Table 1  Distribution of CRE isolates among the different hospital departments

*Urology Department showed highest percent for CRE positive isolates with a statistical significance (P value 0.035)

Department/unit CRE-Positive CRE-negative Total P value

Hepatogastro-enterology 8 (17%) 39 (83%) 47 (100%)

ICUs 9 (31%) 20 (69%) 29 (100%)

Urology 11(45.8%) 13 (54.2%) 24 (100%)  0.035*

Total No (%) 28 (28%) 72 (72%) 100 (100%)

Table 2  Non-susceptibility* of the study isolates to 
carbapenems according to clinical breakpoints of CLSI (CLSI 
2022) and screening ECOFFs [8.9]

*Non-susceptible isolates including resistant and intermediate isolates
a ERT ertapenem, MEM meropenem, IPM imipenem
b Following Clinical laboratory Standards Institute (CLSI) breakpoints [8]
c Following epidemiological cut off points (ECOFFs) [9]

Carbapenem CRE by CLSIa,b Possible 
Carbapenemase 
Producers by 
ECOFFs c

Total CPE isolates

Ertapenem 35(97.2%) 36 (100%)  36 (100%)

Meropenem 28 (77.8%) 36 (100%)  36 (100%)

Imipenem 29 (80.6%) 29 (80.6%)  36 (100%)
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normally distributed. P values less than or equal to 0.05 
were considered statistically significant.

Discussion
The prevalence of carbapenem resistance is increasing 
indicating a very alarming situation. Eight years ago the 
emergence of CRE in clinical isolates was reported in 
two intensive care unit patients in a cancer hospital in 
Cairo in Egypt [12]. Since then, the frequency increased 
within few years reaching 62.7% (47/75) in Tanta Uni-
versity Hospitals [13]. More recently, a survey for hos-
pital acquired infections (HAIs) that included 310 ICUs 
in 72 hospitals across 25 governorates in Egypt showed 
that 64% of the hospitals had at least one CRE isolate 
and 47.9% of Enterobacteriaceae isolates were CRE. This 
rate is higher than estimates reported from other Arab, 
African or Asian countries. The incidence of CRE HAI 
was estimated as (3.7/10,000 patient days) which is also 
much higher than the overall incidence of all CRE (HAI 
and non-HAI) reported from other countries all over 
the world; United States (0.1–0.4/10,000 patient-days), 
Canada (0.2 per 10,000 patient-days) and China (0.4 per 
10,000 patient-days) [14].

Table 3  Result of antibiotic sensitivity testing (AST) of the 36 recovered CRE isolates by Vitek2 compact system

* Antibiotic sensitivity testing all results were interpreted according to CLSI 2022 except for tigecycline and moxifloxacin, they were interpreted according to EUCAST 
2022 [8, 10]

Antibiotic class Antibiotic(s) Antibiotic sensitivity testing *

Sensitive no (%) Intermediate no (%) Resistant no (%)

Glycylcyclines Tigecycline 30 (83.33) 3 (8.33) 3 (8.33)

Aminoglycosides Amikacin 26 (72.2) 1 (2.8) 9 (25)

Gentamicin 17 (47.2) 1 (2.8) 18 (50)

Tobramycin 14 (38.8) 2 (5.6) 20 (55.6)

Quinolones Ciprofloxacin 6 (16.7) 0 (0) 30 (83.3)

Moxifloxacin 3 (8.3) 0 (0) 33 (91.7)

Sulphonamides Trimethoprim/Sulphamethoxa‑
zole

5 (13.9) 0 (0) 31 (86.1)

Cephalosporins Cefazolin 3 (8.3) 0 (0) 33 (91.7)

Ceftriaxone 4 (11.1) 0 (0) 32 (88.9)

Cefepime 5 (13.9) 1 (2.8) 30 (83.3)

Monobactams Aztreonam 6 (16.7) 0 (0) 30 (83.3)

Β-lactams Ampicillin 0 (0) 0 (0) 36 (100)

Ampicillin/sulbactam 0 (0) 0 (0) 36 (100)

Nitrofurans Nitrofurantoin 19 (52.8) 10 (27.8) 7 (19.4)

Fig. 1  Multiplex PCR results on agarose gel electrophoresis for 
blaNDM, blaOXA and blaKPC. A 100 bp DNA ladder. B, C and O: E. coli 
isolates used as positive controls for blaNDM-like (621 bp), blaOXA-48-like 
(438 bp) and blaKPC-like (798 bp), respectively. D Negative control. E, 
G, I and J Isolates positive to blaOXA-48-like. K and L Isolates positive 
to blaNDM-like. H, M and N Isolates positive to both blaNDM-like and 
blaOXA-48-like. F An isolate showing a negative PCR result for all tested 
genes. The left arrow indicates the fragment of molecular size 500 bp

Table 4  Results of Vitek2 Compact system, Carba NP and multiplex PCR among the 36 studied isolates

Recovered Isolates on 
CARBA SMART agar 
(No = 36)

Rapidec Carba NP Results of multiplex PCR for carbapenemase-producing genes

Positive Negative OXA-48 NDM KPC VIM IMP OXA-48 & 
NDM

OXA-48 & 
VIM

PCR -ve

E. coli (30) 24 6 16 3 – – – 4 1 6

K. pneumoniae (6) 5 1 1 2 – – – 2 – 1
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CRE carriers in rectal swab samples are recognized as 
a high risk group, as they can spread CRE by intimate 
contact and via travel [15]. Furthermore, a 6.5% risk of 
infection with CRE amongst colonized patients has been 
documented [7]. Therefore, it becomes essential to iden-
tify CRE carriers in hospital settings because identifying 
asymptomatic colonizers and applying contact isolation 
precautions is mandatory to reduce transmission and to 
improve patient outcome [16]

The aim of the current study was to determine the fre-
quency of CRE intestinal colonization in patients upon 
admission to TBRI hospital, assess the genotypic diver-
sity of CPE and to determine the main risk factors related 
to intestinal colonization with CRE.

Twenty-eight of screened patients gave positive rectal 
swabs culture on chromogenic agar “CARBA SMART” 
media yielding 36 CRE isolates. Thus, the prevalence of 
colonization by CRE was 28%. Studies assessing CRE col-
onization in Egypt are limited; however, the result of the 
current study is comparable to a recently published one 
that was carried in a paediatric ICU in Cairo that showed 
a prevalence rate of 24% [17]. This was also in agreement 
with a previous Brazilian study showing a prevalence rate 
of 30.4% [18]. Higher rate of CRE colonization (52%) was 
reported among patients admitted to Vietnamese hospi-
tals [19]. On the contrary, this figure was relatively higher 
than that reported in a rehabilitation Italian hospital 
(10.2%) and much higher than that reported from outpa-
tient children in Shanghai (3.6%) [15, 20].

Also this was higher than figures obtained from 
patients in ICUs of two hospitals in Kuwait; 7.8% (25 / 
320) at Adan Hospital, and 12.2% (33/270) at Mubarak Al 
Kabeer Hospital [21].

In a recently published review, Egypt showed the high-
est prevalence of CRE (28% of 796 isolates) compared 
to other African countries including Algeria, Libya, 
Morocco, Mauritania and Tunisia showing a prevalence 
rate of 2% or less [22]. This high level of resistance in the 
current study can be attributed to the massive abuse of 
antibiotics in Egypt [23].

In the current study and following CLSI breakpoints 
revealed that all the studied isolates harboring carbapen-
emase-producing genes showed resistance to at least one 
carbapenem with best sensitivity to ertapenem (97.2%) 
[8]. However, upon applying the “ECOFFs” screening 
cut-off values to the three carbapenems, a more sensi-
tive result was obtained covering 100% of CRE with 
ertapenem and meropenem [9]. This is of much impor-
tance to healthcare facilities where screening for CRE to 
apply prompt infection control contact precautions is of 
tremendous priority. Moreover, it is worth mentioning 
that the recent document released by EUCAST in 2017 
recommended the use of ertapenem and meropenem to 

screen for CRE and not imipenem that matches with the 
finding in this study [24].

The Rapidec Carba NP test is a reliable confirma-
tion tool of CPE isolates, especially NDM producers, 
with lower sensitivity (as it gave negative results with 
six OXA-48-like producers) which could be attributed 
to their weak hydrolytic carbapenemase activity. These 
findings agree with another study which revealed lower 
sensitivity with class D Ambler carbapenemase produc-
ers [25].

The detection of CPE by Rapidec Carba NP test in six 
isolates, which were negative by PCR of the tested car-
bapenem resistance genes, suggested the possibility of the 
presence of other mechanisms of resistance other than 
carbapenemase production such as porin loss or over 
production of ESBLs or of AmpCs. As we tested the main 
five resistance genes (KPC, NDM, VIM, IMP and OXA-48 
genes) only, other uncommon untested resistance genes 
such as GES, NMC-A, SME, SCF-1, IMI-1 and IMI-2 
genes may be involved in resistance to carbapenems.

Understanding factors that predispose to colonization 
of patients with CRE may help clinicians prevent trans-
mission as well as reduce morbidity and mortality. Pre-
vious studies reported that exposure to hospital setting 
or/and antimicrobial agents might increase the risk of 
colonization and it would be easier to acquire CRE iso-
lates [15]. In the current study, colonized and non-colo-
nized patients did not significantly differ with respect to 
gender and associated comorbidities. However, patients 
colonized with CRE were significantly more likely than 
non-colonized patients to have a history of recent hospi-
talization within the previous 12 months, as well as hav-
ing previous antibiotic intake within the previous month. 
This also confirms what has been reported lately that 
among colonized patients, ICU stay is one of the most 
important patient-related conditions associated with a 
significant risk of CRE infections, whereas prolonged 
exposure to broad spectrum antibiotics was among the 
main modifiable variables involved [7].

The variation in the study population and the epide-
miological differences in various geographic regions was 
reflected in species distribution of CRE as in the present 
study, E. coli was the major species identified (83%), fol-
lowed by K. pneumoniae (17%). This was similar to Perry 
et  al. [26] who stated that E. coli was the major species 
found (47%) among faecal carriers of Enterobacteriaceae 
with blaNDM-1 at military hospitals in Pakistan. Oppo-
site finding was reported in a Brazilian study where 
Klebsiella was the sole species identified, and in another 
study in USA where the majority of recovered isolates 
were K. pneumoniae (92%) [18, 27]. Other parts of the 
world showed also different results, where in Taiwan, K. 
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pneumoniae (53.8%) was the main species followed by E. 
cloacae (30.8%) and lastly E. coli (14.1%) [28].

Although blaNDM is known to be endemic in the Mid-
dle East [5] in this study it was the second most common 
detected gene. While blaOXA-48-like was the main carbap-
enemase-producing gene (66.7%), mainly in E. coli (70%), 
blaNDM-like was the following gene (30.6%), mainly in K. 
pneumoniae (66.7%). Only 2.7% of the isolates harbored 
blaVIM-like. Similar findings were reported in a recent 
Egyptian study where blaOXA-48 showed dominance (33%) 
followed by blaNDM (27%) in CRE isolates from colonized 
pediatrics age group in ICU. However, both genes were 
detected mainly in Klebsiella pneumoniae isolates [17]. 
This finding could be different from the clinical situa-
tion in Egypt and in other parts of the world where car-
bapenem resistance is detected at higher frequencies in 
K. pneumoniae than in E. coli. In a more recent study, 
the most common pathogen for CRE cases of HAIs in 
Egypt was Klebsiella (85.1%), followed by E. coli (10.2%) 
[14]. Moreover, in a review that compares all multidrug 
resistant bacteria from different Arab countries, CRE was 
found in Egypt, as with other countries, more in Kleb-
siella than in E. coli isolates (40% vs 5%) [22]. Lately our 
team in TBRI also identified blaNDM as the main carbap-
enem resistance gene in K. pneumoniae clinical isolates 
[5]. The blaNDM is known to be endemic in our region 
with the first report in Cairo in Egypt being reported in 
2013 from a K. pneumoniae isolate [12]. Later, it has been 
described repeatedly from various geographical areas in 
Egypt [5, 29]. Another Egyptian study reported blaOXA-48 
as the dominant carbapenem resistance gene in K. pneu-
moniae clinical isolates (40.6%) and blaNDM-5 (9.6%) in E. 
coli [30].

Co-production of OXA-48-like and other carbapen-
emases (NDM, VIM) leads to the emergence of multid-
rug resistant strains. In this study, six isolates out of 36 
(four E. coli and two K. pneumoniae) harbored two genes 
(blaNDM-like and blaOXA-48-like) while only one E. coli iso-
late harbored (blaOXA-48-like and blaVIM-like) genes. Similar 
co-production of genes was reported previously in sev-
eral parts of the world [31, 32].

Early detection of CRE colonization allows for early 
and rapid setting of contact precautions to prevent CRE 
transmission to other patients. CRE carriage is an impor-
tant risk factor to be detected rapidly, as this may permit 
early implementation of appropriate antimicrobial ther-
apy, which is the strongest modifiable predictor for mor-
tality in severe sepsis in CRE infections [16, 21]. Recent 
report from southeastern Brazil and Vietnam confirmed 
the importance of active CRE surveillance protocol as 
subsequent infection with CRE is frequent in hospital-
ized patients colonized with CRE isolates. However, its 
effective implementation depends on the appropriate 

preventive measures and feedback among its team mem-
bers [19, 33]. Although the current study only enrolled 
100 patients, yet we find this significant figure of coloni-
zation among the studied subjects is an important threat 
to public health and should be reported. Further studies 
including more patients from multiple centers should be 
considered in the future.

Current treatment options for CRE infections are very 
limited, as they are resistant to all β-lactam antibiotics as 
reported in the current study and as previously detected 
[34]. The highest in vitro sensitivity was shown to glycyl-
clines (tigecycline) in this study followed by aminoglyco-
sides (mainly amikacin and gentamicin) and nitrofurans 
(nitrofurantoin) which may represent possible treatment 
options.

Conclusions
Our findings confirm that CRE colonization is dissemi-
nating in our healthcare setting. So CRE should be con-
sidered clinically as possible pathogens causing infections 
in high risk patients, especially if proved to be simultane-
ously colonized by CRE. Applying the ECOFFs screening 
cut-off is more sensitive to detect all CRE isolates than 
CLSI. The variation in genes and in species between 
clinical and colonized isolates may indicate the pro-
pensity of CRE strains to acquire genetic materials with 
rapid spread and inter-species dissemination through 
horizontal gene transfer. Therefore, strict infection con-
trol measures should be followed with all CRE carriers at 
hospital admission. Rational use of carbapenems should 
be enforced through national regulations to contain the 
spread of these superbugs pathogens.
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