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Abstract

Objective: Nowadays-resistant bacteria represent worldwide a public 
health problem Leading in some cases to a stalemate without any 
possible treatment. Therefore, early detection and identification of 
carbapenemase-producing gram-negative bacteria (GNB) is of crucial 
importance. Consequently, we conducted a study in a tertiary care 
hospital to analyze the resistance phenotype of the carbapenem-re-
sistant GNB (CRGNB).

Methods: This study investigated all the CRGNB from September 2014 
till January 2016. A total of 40/126 isolates were randomly collected 
and tested by susceptibility test in addition to a real time multiplex 
PCR to detect the carbapenemase-coding genes (bla SPC, bla IMP1, 
bla VIM, bla NDM, bla KPC, et bla OXA-48). The examined isolates 
were: Escherichia coli (70%), Klebsiellapneumoniae (20%), Enterobac-
teraerogenes (2,5%), Enterobacter cloacae (2.5%) and Klebsiellaoxyto-
ca (2.5%).

Results: All (100%) of the examined isolates were intermediate or 
resistant to ertapenem, 85% intermediate or resistant to imipenem 
and/or meropenem. Additionally, 33/40 of the isolates (82.5%) were 
bla OXA-48 positive, and one isolate (2.5%) is bla NDM positive. 
E. coli was the bacteria that expressed the most OXA-48 (26/40) 
(65%). Out of the 40 isolates in our study, 6 did not express carba-
penemases although they have shown resistance to carbapenems.

Conclusion: This study reports the emergence of CPGNB in our medi-
cal center especially bla OXA-48 with a high resistance pattern leading 
to narrow therapeutic options. This study indicts the importance of 
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Introduction
The discovery of penicillin in 1928 was one of the 
major events that changed the course of life on 
earth. Unfortunately, since the start of antibiotics 
use, bacterial resistance has rapidly developed and 
kept on increasing mainly due to the inappropriate 
use of these drugs.

Carbapenems are a group of βlactam antibiotics 
used to treat serious infections, especially in hospital 
settings [1]. Compared to cephalosporins, penicillins, 
and βlactams. βlactamase inhibitors such as carba-
penems have a very broad antimicrobial spectrum 
covering both Gram-positive and negative bacteria 
[2]. In recent years, the emergence of carbapenema-
se secreting bacteria has been reported worldwide 
including in many hospitals and in the environment 
of the Middle East countries, especially OXA-48 in 
strains of E coli and OXA-48/NDM1 in K pneumo-
niae early as 2012 [3]. Both of these bacteria types 
produce different enzymes that degrade carbape-
nems, especially KPC, VIM, IMP, NDM, and OXA-48 
[4].

This study analyses the different enzymes produ-
ced by Enterobacteriaceae isolates in order to find 
out which species are the most prevalent and their 
resistance profile in our hospital and region. Also, 
to consider the most appropriate treatment for the 
carbapenem-resistant Enterobacteriaceae.

Materials and methods

Study type
This study is an observational epidemiological cross-
sectional study with two main objectives: Typing 
carbapenemases in Enterobacteriaceae with redu-
ced susceptibility to carbapenem, and studying the 
resistance profile of these bacteria comparing it to 
regional data, and suggesting to determine the best 
therapeutic choice.

Target population
The population includes all patients with an infec-
tion or colonization of Enterobacteriaceae with a 
decreased susceptibility to carbapenems between 
September 2014 and January 2016.

Methods
All strains of Enterobacteriaceae isolates with 
reduced susceptibility to carbapenems were collec-
ted according to the antibiogram committee of the 
French Society of Microbiology – recommendations 
2015 [5]. Ertapenem: MIC>0.5mg/L or an inhibition 
zone diameter <25mm for a disk load of 10ug/ml 
(CASFM2015),imipenem: MIC>2mg/L or an inhibi-
tion diameter <22mm for a disk load of 10ug/ml 
(CASFM2015), meropenemMIC>2mg/L or an inhi-
bition diameter <22mm for a disk load of 10ug/ml 
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rapid detection of such strains in order to initiate quickly the right 
preventive and therapeutic measures and to avoid hospital epidemics 
with disastrous consequences.
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Sources of isolates
Urine culture, catheter culture, wound culture, pres-
sure ulcer culture, and rectal culture. The majority 
of isolates (30) were from urine cultures (Table 2).

Species of Bacterial isolates
There were E. coli, Enterobacteraerogenes, Ente-
robacter cloacae, Klebsiellapneumoniae, Klebsie-
llaoxytoca and Morganellamorganii, with the ma-
jority of E. coli (28) followed by K. pneumoniae (8).

Results 
The result of susceptibility profile is summarized in 
(Table 4).

Resistance to different carbapenems
All the investigated bacterial isolates were resistant 
to at least one of the three carbapenems: Ertape-
nem, imipenem and meropenem. The percentage 
of bacteria resistant to different carbapenems is 
shown in (Figure 1).

(CASFM2015). Ertapenem is the most susceptible 
carbapenem for the detection of carbapenemase-
producing Enterobacteriaceae strains (CPE). The 
susceptibility profile included the following: ampi-
cillin, amoxicillin + clavulanate, piperacillin, piperaci-
llin + tazobactam, ticarcillin, cephalothin, cefoxitin, 
cefuroxim, cefotaxim, ceftazidim,cefepim, cefixim, 
aztreonam, imipenem, meropenem, ertapenem, 
gentamicin, amikacin, colistin, trimethoprim/sulfa-
methoxazole, ciprofloxacin, nitrofurantoins and fos-
fomycin.

After suspecting CPR isolates, a PCR confirmation 
test was performed using GeneXpertCarba-R kits 
(Cepheid USA).

Ethical Considerations
Confidentiality and anonymity of patient informa-
tion were respected. This was determined by assig-
ning a number for each medical record. Only the 
investigator and the laboratory technicians know 
this number. Outcomes 126 bacteria isolates with 
reduced susceptibility to carbapenems were isola-
ted between September 2014 and January 2016, 
of these 40 isolates were randomly selected using 
the InfoWebMaster software. The average age of 
patients is 58 years, with an age limit of 1 month 
and 90 years. It should be noted that a study done 
in the same tertiary care center between 1/11/2014 
and 31/12/2014, showed that 5.6% of Enterobac-
teriaceae strains (4% Klebsiellaspp. and 1.6% E. coli 
have a reduced sensitivity to carbapenems) (Table 
1).

Table 3.  Type, number and percentage of bacteria 
isolates.

Bacteria No. %

E. coli 28 70.0 

K. pneumoniae 8 20.0 

E. aerogenes 1 2.5 

E. cloacae 1 2.5 

K. oxytoca 1 2.5 

Morganellamorganii 1 2.5 

Table 2. Sources of specimens.

Source No. %

Urine 30 75 

Rectal screening 4 10 

Wound 3 7.5 

Catheter 2 5 

Pressure ulcer 1 2.5

Table 1.  Type and number of bacteria with reduced 
susceptibility tocarbapenems

Bacteria No.

Enterobacter spp 13

Klebsiella  spp 26

E. coli 42
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Results of expression of different 
carbapenemases
After selecting bacteria with reduced susceptibi-
lity to carbapenems, a PCR confirmation test was 
performed and showed that 34 of the 40 isolates 
expressed carbapenemases, and 33 were OXA-
48 and only one strain expressed NDM (Table 5). 
Difference in susceptibility depending on the ex-
pression of carbapenemases. Comparison of the 
resistance profile between bacteria not expres-
sing any carbapenemases and bacteria expressing 
OXA-48 did not show a significant difference for 
any of the tested antibiotics. However, a statis-

Table 4. Percentages of antibiotic resistance of bacteria isolates.

Antibiotic Bacteria isolates

% resistant E. coli E. aerogenes E. cloacae K. oxytoca K. pneumoniae M. morganii

Ampicillin 100 100 100 100.0 100 100.

Amoxicillin  + Clavulanate 100 100 100 100.0 100 100

Piperacillin 100 100 100 100.0 87.5 100

Piperacillin + Tazobactam 96.4 100 100 100.0 100 0.0

Ticarcillin 100 100 100 100.0 100 100

Cephalothin 100 100 100 100.0 100 100

Cefoxitin 50 100 100 100 87.5 0.0

Cefuroxim 100 100 100 100 100 100

Cefotaxim 100 100 100 100 100 100

Ceftazidim 100 100  100 100 100 100

Cefepim 100 100 100 100 100 100

Cefixim 92.9 100 100 100 100 100

Aztreonam 100 100 100 100 100 100

Imipenem 10.7 100 0.0 0.0 12.5 0.0

Meropenem 10.7 100 0.0 0.0 0.0 0.0

Ertapenem 89.3 100 100 100 100 100

Gentamicin 28.6 100 0.0 0.0 62.5 100

Amikacin 0.0 0.0 0.0 0.0 12.5 0.0

Colistin 0.0 0.0 0.0 0.0 0.0 100

Sulfamethoxazole + Trimethoprim 67.9 100 0.0 0.0 75 100

Ciprofloxacin 57 100. 0.0 100 50 100

Nitrofurantoins 17.9 100 0.0 100 50 100

Fosfomycin 14.3 0.0 0.0 100 37.5 100

Figure 1:  Percentage of bacteria isolates resistant 
to different carbapenems.
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tical analysis showed a more significant profile 
with K. pneumonia which expresses NDM, where 
one isolate was completely resistant to ertape-
nem, intermediatly susceptible to imipenem and 
meropenem, the was the only isolate resistant to 
amikacin, but was susceptible to both colistin and 
fosfomycin. 

Out of all the bacteria studied producing diffe-
rent carbapenemases, 76.5% are E. Coli expressing 
OXA-48.

The susceptibility profile of isolates to antibiotics 
other than B-lactams excluding carbapenems is de-
monstrated in (Figure 2).

In an attempt to find an alternative to the 
treatment of Enterobacteriaceae with reduced sus-
ceptibility to carbapenems, we add together in 
a table the percentage of bacteria susceptible to 
imipenem, meropenem, ertapenem, gentamicin, 

amikacin, colistin, sulfamethoxazole + trimethoprim, 
ciprofloxacin, furans, and fosfomycin. The results 
are presented in (Figure 2).

Discussion

Emergence of OXA-48
The OXA-48 was first identified in Turkey in 2001 
and was subsequently identified in several Middle 
Eastern countries, Europe and North Africa [6]. E 
coli is the most OXA-48-expressing bacteria species 
found in the Middle East except in a Jordanian study 
by Abdelfattah et al where K pneumonia accounted 
for 82% among carbapenemase-producing Entero-
bacteriacae [7]. The first carbapenemase-secreting 
enteric bacteria isolated in Lebanon was OXA-48 
in 2008, expressed by E. coli and K. pneumonia 
[8]. As early as 2012 OXA-48 and OXA-48/NDM-1 
positive E coli and K. pneumonia were isolated from 
cultures of Iraqi patients. Our results are consistent 
with those of the other studies stating that 70,4% 
of blaOXA-48 found among Enterobacteriacae [9]. 
In fact, 85% of our bacteria isolates showed de-
creased susceptibility to carbapenems or were car-
bapenemase-producers (97% OXA-48-producers). 
Furthermore, of the 33 OXA-48 identified isolates 
in our study, 26 were E. coli (78%) and 5 (15%) 
were K. pneumoniae. The emergence of the OXA-
48 in Lebanon can be explained by the exchange of 
tourists between Lebanon and Turkey. Thousands 

Table 4. Number of bacteria isolates expressing the different carbapenemases.

Detected enzymes
No. of Bacteria spp.

E. coli E. aerogenes E. cloacae K. oxytoca K. pneumoniae M. morganii

SPC 0 0 0 0 0 0

IMP1 0 0 0 0 0 0

VIM 0 0 0 0 0 0

NDM 0 0 0 0 1 0

KPC 0 0 0 0 0 0

OXA48 26 1 0 1 5 0

Figure 2:  Percentage of susceptible bacteria isola-
tes to antibiotics other than B-lactams 
(carbapenems excluded).
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of Lebanese travelling annually to Turkey and vice 
versa, in addition to the medical tourism of Iraqi 
and Syrian patients due to the geographic proximity, 
and the available good level of medical services in 
Lebanon. 

Resistance to carbapenems may be attributed to 
three major mechanisms: porin-mediated resistance 
to reduce uptake of carbapenems, efflux pumps. 
Additionally, it has been reported that the OXA-48 
may emergence very rapid due to the spread of 
a transferable plasmid especially in E coli [6]. The 
OXA-48 gene is located on the same plasmid in 
E coli and K. pneumonia highlighting the mobile 
genetic elements role in the dissemination [3].

NDM strain
In our study, only one strain of K. pneumoniae, ex-
pressed NDM. A recent study showed that NDM-
producing bacteria are mainly found in Pakistan, 
Iraq, Afghanistan and the United Arab Emirates 
[6]. Enteric bacteria expressing NDM was first re-
ported fromLebanon in two Iraqi patients in 2012 
[10]. The only patient in our study who has been 
isolated with K. pneumonia expressing NDM is an 
Iraqi patient living in Lebanon. Therefore, we have 
performed screening for NDM producing bacteria in 
all Iraqi patients and for those who were residents 
for more than three months in Iraq. The isolated 
NDM-K. pneumoniae has more resistance patterns 
than other bacteria isolates, it showed intermediate 
susceptibility toimipenem and meropenem, and was 
susceptible only to colistin and fosfomycin. This iso-
late has exactly thesame resistance profile as found 
in the 2 patients from Iraq during 2012 [10]. 

Other resistance mechanisms
This study found that 6/40 (15%) of the isolates 
did not express carbapenemases, although they 
have reduced susceptibility to carbapenems. Two 
hypotheses arise, either these isolates secrete car-
bapenemases that have not been identified by our 
PCR protocol (SPC, IMP1, VIM, NDM, KPC, OXA-

48) or express other resistance mechanisms; imper-
meability, efflux pump, modification of the binding 
protein. Our study has not investigated for other 
express carbapenemases, and has not searched for 
binding protein mutations and porin expression. 
However, the detection of carbapenemases rema-
ins the most important resistance feature used by 
enteric bacteria [11]. Patient records in our medical 
center were reviewed, showing that the majority 
of patients (82%) had taken an antibiotic within 6 
months before the onset of their infection, of these 
64% have taken at least one carbapenem antibio-
tic (ertapenem, Imipenem and/or meropenem). This 
makes the history of antibiotic use in general and 
carbapenems, in particular, a very important risk 
factor for the emergence of multiresistant isolates.

Therapeutic choices of carbapenems
All bacteria isolated in this study are of intermediate 
susceptibility or resistance to carbapenems, howe-
ver, these drugs can still be used for the treatment 
of such bacteria butby altering the mode of admi-
nistration. The Monte Carlo simulator study showed 
that high doses of meropenem (6000mg/d), with 
prolonged infusion over 4 hours, increasedits effi-
cacy for a MIC between 8-16ug/mL [12]. A second 
study has also shown that the probability of re-
aching the therapeutic threshold, for a MIC=4ug/
mL, is 93% over a 3-hour infusion of 1000mg of 
meropenem, 3 times per day as compared to 69% 
using thetraditional model [13]. In this study, 50% 
of the isolates were resistant to imipenem and me-
ropenem, and 35% of these were intermediate and 
15% completely susceptible. This fact has allowed 
us to use carbapenems with prolonged infusions.

Polymyxins
All 39/40 examined isolates were susceptible to 
colistin, except one isolate of Morganellamorganii 
that exhibits natural resistance. Colistin (polymyxin 
E) and polymyxin B are normally active in vitro aga-
inst carbapenem-resistant enteric bacteria. The two 
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drugs differ by a single amino acid. The advantage 
of polymyxin B is that it does not require a chan-
ge of dose regarding renal clearance [14]. The the-
rapeutic dose is not well defined, especially with 
colistin that requires dose adjustment depending 
on renal clearance, and not to administrate under-
does in severe infections. A retrospective study of 
258 patients showed lower mortality in the group 
treated with a maximum dose of colistin (9 million 
IU/d), compared with higher mortality in the lower 
dose groups (6 million and 3 million IU/d). Kidney 
clearance with colistin should be estimated closely 
and a neurological examination for paresthesia and 
ataxia should be done regularly [15].

Tigecycline
Our study did not test the susceptibility of the iso-
lates to tigecycline, but several articles describe the 
utility of tigecycline as a possible treatment for car-
bapenem-resistant enteric bacteria, but in combina-
tion with other antibiotics and at high doses [16].

Fosfomycin
A total of 77.5% of the isolates were susceptible to 
fosfomycin. Few studies have been done to show 
the efficacy of fosfomycin in treating this kind of 
infection. Fosfomycin should never be given alone 
in such infections because there will be increased 
risk of emergence of resistant mutants [17].

 
Aminoglycosides
Gentamicin is the most active aminoglycoside in 
vitro against Kpneumoniae, but amikacin is the 
most active against other enteric bacteria [18, 19]. 
In our study, 62.5% of the bacteria were suceptible 
to gentamicin, and 97.5% were sensitive to amika-
cin. Aminoglycoside could be used in combination, 
especially for severe urinary tract infections. Many 
studies have shown that aminoglycoside and car-
bapenems have the lowest mortality rate [20]. Like 
other countries in the Middle East and around the 
world, Lebanon is facing a very dangerous infec-

tious crisis, with the emergence of carbapenemase-
producing enteric bacteria, especially with OXA-48. 
Multi-resistant microorganisms such as Pseudomo-
nas, Acinetobacter, and Stenotrophomonas, which 
are generally responsible for health-associated in-
fections, are not the only bacteria type's difficult-to-
treat infections. Enterobacteriaceae which are much 
more common causing infections in hospitals has 
become the major cause of concern [18]. Therapeu-
tic choices are becoming very limited with the majo-
rity of carbapenems becoming more ineffective, but 
infusion over a long period can be a good choice in 
certain circumstances. Fosfomycin and colistin can 
be reconsidered as therapeutic options despite the 
renal and nervous toxicity of colistin. Recently, an-
timicrobial resistance worsened with the Covid-19 
pandemic with the overuse of antimicrobials espe-
cially in critically ill patients but also in outpatients 
settings [21].

Conclusion
This study shows the widespread of carbapenemase-
producing Enterobacteriaceae in our medical center. 
The only way to counter this global emergence of 
antibiotic resistance is through prevention, discon-
tinuing all unnecessary antibiotic prescriptions, es-
tablishing antimicrobial stewardship programs, and 
applying strict isolation and hygiene methods in all 
medical centers.
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