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Carbapenemase-encoding genes have been spreading among gram-negative bacteria, which is considered the 
most important threats to human health. Metallo β-lactamases including IMP, VIM, and NDM are the most 
predominant types, which confer resistance to Carbapenem group.  This study aimed to investigate the frequency 
of blaNDM, blaKPC, blaVIM, and blaIMP genes across gram-negative bacteria isolated from different clinical specimens 
in Medical City Hospital in Baghdad, Iraq. Fifty-two isolates were identified phenotypically using conventional 
biochemical tests. Vitek 2 identification system was used for confirmation of the identification. The antimicrobial 
sensitivity for the isolates was performed using Kirby–Bauer disk diffusion method. The carbapenemase-encoding 
genes (blaIMP, blaVIM, blaNDM, and blaKPC) were screened by polymerase chain reaction (PCR)- based technique. The 
results showed that, from a total of 52 isolates isolated from hospital in Baghdad city, 13 (25%) were Acinetobacter 
baumannii and 39 (75%) were Enterobacteriaceae (10 of Serratia spp, 17 of E. coli, and 12 of Enterobacter cloacae). 
According to antibiotic susceptibility results, 96% of isolates were resistance to ceftriaxone, 92.3% to 
ciprofloxacin, and 90.4% to cefotaxime by phenotypic testing. Within the isolates, blaVIM gene was the most 
prevalent gene, which was detected in 48.1% of the isolates, followed by blaIMP gene in 19.2%, blaNDM gene in 
9.6%, and blaKPC gene in 5.7%. This study reveals that the dissemination rate of carbapenemase-encoding genes 
was not as reported to be high among isolates. The results showed higher frequency to the blaVIM gene than other 
encoding genes for carbapenemase-encoding genes. These results suggest a periodic screening and follow-up 
program to detect antibiotic resistant genes, and also the need to develop appropriate management for 
antimicrobial resistance. 
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Introduction 
 
One of the main public health threats is the 
antimicrobial resistance (AMR) which is 
increasing significantly in different hospital wards 

[1, 2]. A published study reported that 700,000 
deaths annually were recorded due to AMR and, 
if an appropriate control and prevention 
measures are not taken, AMR would become one 
of the main reasons of death among hospitalized 
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or non-hospitalized patients in developing and 
developed countries [2, 3]. The treatment of 
bacterial infection requires a proper antibiotic 
usage [4]. Thus, non-prescribed antibiotics and 
misuse of antibiotics are among potential risk 
factors to the emergence of AMR pathogenic 
bacteria. Furthermore, AMR could restrict 
therapeutic options, hospitalization time, high 
treatment costs, and finally a high death rate [5]. 
The most causative agents for human’s infections 
come from bacteria. Monitoring and effective 
research programs from different countries 
around the world should rise awareness against 
AMR [6]. Recently, the emergence of a great 
number of resistant strains in different 
pathogens, and multidrug-resistant (MDR) gram-
negative bacteria are a becoming increasingly 
prevalent in the community [7, 8]. The problem 
of antimicrobial resistance is increasing 
dramatically specially when considering the very 
limited number of new antimicrobial agents that 
are in development [9]. The infections caused by 
MDR gram-negative bacteria are treated with 
carbapenems antibiotics. However, the 
emergence of carbapenem resistant bacteria is 
threatening effectiveness of these antibiotics. 
The resistance to carbapenems occurs mainly by 
carbapenemases mechanism that belongs to 
three of the four β-lactamase classes A, B, and D 
[10]. Class D carbapenemases are known as the 
OXA-β-lactamases [11]. On the other hand, class 
B carbapenemases are known as the metallo-β-
lactamases (MBLs); they are mainly encoded by 
integrons-borne mobile gene cassettes and are 
transferable amongst various bacteria via 
horizontal gene transfer mechanisms mainly 
conjugation [12]. The B MBLs most common 
families of acquired class found in 
Enterobacteriaceae include the IMP and VIM 
groups and emerging NDM group [13]. IMP-1 was 
described in 1991 in Japan from a Serratia 
marcescens isolate as a cause of acquired 
resistance to carbapenems [14]. While the VIM 
(Verona integron-encoded MBL) was first time 
detected in 1997 in Italy from a P. aeruginosa 
strain and emerged later in Enterobacteriaceae 
[15]. Several outbreaks in Mediterranean 
countries including Greece, Turkey, and Italy 

occurred due to the dissemination of these 
enzymes [16]. The blaVIM-1 is a gene cassette, 
which was integrated into a class 1 integron that 
carries an integrase gene [15]. Then, the VIM-2 
variant was identified for the first time in P. 
aeruginosa clinical isolate in France which was 
also integrated as a gene cassette in a class I 
integron and now is considered worldwide 
endemic [17]. While the NDM has been identified 
in E. coli and K. pneumoniae first time from Indian 
patient residing in suffered from wound 
infections in New Delhi before returning to 
Sweden in 2008 [18], and now there are nearly 24 
variants of blaNDM described [19]. With the ability 
of plasmid-mediated transfer of NDM-1 through 
conjugation between various gram-negative, 
NDM-1 can rapidly spread via hospital-acquired 
infection or community acquired infection [20], 
while the Klebsiella pneumoniae carbapenemase 
(KPC) family is included in class A 
carbapenemases which could be plasmid 
encoded or chromosomal [10]. 
 
The current study aimed to determine blaNDM, 
blaKPC, blaVIM, and blaIMP type genes frequency 
among gram-negative bacteria isolated from 
clinical specimens in Medical City Hospital, 
Baghdad city, Iraq. 
 
 

Materials and methods 
 

Bacterial isolates collection and species 
identification 
Fifty-two (52) gram-negative bacterial isolates of 
anonymous hospitalized patients were obtained 
from Medical City Hospital laboratory, Baghdad, 
Iraq. These isolates were initially identified 
depending on morphological characteristics of 
the colonies including colonies shape, texture, 
edges, and hemolysis on MacConkey agar and 
blood agar. Then, all isolates were identified 
phenotypically to species level using the Vitek 2 
identification gram-negative bacteria (ID-GNB) 
cards (bioMérieux SA, Marcy l'Etoile, France) 
according to the manufacturer's instructions. The 
Vitek 2 System (bioMérieux SA, Marcy l'Etoile, 
France)  was  used  as  an  identification  system, 
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Table 1. The primer sequences used for detection of carbapenemases-encoding genes and molecular size of PCR products. 
 

Product size (bp) Primer sequence (5′ → 3′) Primer target 

232 
Fw: GGAATAGAGTGGCTTAAYTCTC 
Rv: GGTTTAAYAAAACAACCACC 

blaIMP 

621 
Fw: GGTTTGGCGATCTGGTTTTC 
Rv: CGGAATGGCTCATCACGATC 

blaNDM 

798 
Fw: CGTCTAGTTCTGCTGTCTTG 
Rv: CTTGTCATCCTTGTTAGGCG 

blaKPC 

390 
Fw: GATGGTGTTTGGTCGCATA 
Rv: CGAATGCGCAGCACCAG 

blaVIM 

 
 
which depended on the biochemical reactions 
between the bacterial isolates suspended in their 
solutions and the media in the Vitek 2 
Identification Cards. The bacterial isolates were 
inoculated at 37°C on MacConkey agar plates 
and, after overnight incubation, a single colony 
was taken and suspended. The turbidity 
measurement for bacterial suspension was fixed 
to match the McFarland (0.5) standard in 0.45% 
sodium chloride. Then, the Gram Negative Vitek 
2 ID card, the bacterial suspension tubes were 
loaded manually into the Vitek 2 system, the 
software also prepared according to the 
manufacturer’s instructions. 
 
Antibiotic susceptibility test 
The pattern of antimicrobial sensitivity was 
performed on all pure isolates in vitro by the 
Kirby-Bauer method on Muller-Hinton agar and 
interpreted based on the Clinical Laboratory 
Standard Institute guidelines [21]. The antibiotic 
discs used in this study were as follow, 
Amoxicillin–Clavulanate (AMG, 20 µg), 
Cefotaxime (CTX, 30 µg), Ceftriaxone (CRO, 30 
µg), Ciprofloxacin (CIP, 5 µg), Tetracycline (TE, 5 
µg), Levofloxacin (LEV, 5 µg), Trimethoprim/ 
Sulphamethaxazole (SXT, 5 µg), Tobramycin 
(TOB, 5 µg), Imipenem (IMP, 5 µg), and 
Piperacillin (PI, 30 µg) provided by Bioanalyse 
Company, Ankara, Turkey. 
 
A fresh 18 hours' pure culture for each isolate 
was emulsified with normal saline to achieve 
inoculum density equal to 0.5 McFarland 
turbidity standards. Each bacterial isolate was 

spread on fresh Mueller-Hinton agar using sterile 
cotton swab and left for 10 min at room 
temperature to dry. Antibiotic discs were placed 
on the top of Mueller-Hinton agar and the plates 
were incubated at 37°C for 24 hrs. The test was 
performed in duplicate. The strain Escherichia 
coli ATCC 25922 was used for quality control, 
which is obtained from the teaching laboratories 
of Biology Department, College of Science, 
Mustansiriyah University, Baghdad, Iraq.  
 
DNA extraction and gene amplification 
The bacterial DNA was extracted from all samples 
using the DNA Extraction Kit (Promega, Madison, 
Wisconsin, USA) according to the manufacturer's 
instruction provided with the kit. The presence of 
carbapenemases-encoding genes was screened 
by using polymerase chain reaction (PCR) with 
the paired primers (Table 1). The best 
amplification conditions for the PCR were: initial 
denaturation at 95°C for 5 min followed by 36 
cycles of 95°C for 30 seconds, 59°C for 1min, and 
72°C for 1min, and a final extension at 72°C for 10 
min [22]. The verification of the PCR products 
was resolved in 1% agarose gel electrophoresis 
and then visualized under UV transilluminator. 
All positive samples were sent to Macrogen DNA 
sequencing Company (Seoul, Korea) for 
sequencing. 
 
 

Results 
 
The samples in this study were obtained from 
anonymous   hospitalized   patients   during   2019  
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Figure 1. The percentage of antibiotics resistance among tested isolates. 

 
 
and the rates of isolation sources were as follows: 
12 isolates (23.07%) from blood, 19 isolates 
(36.54%) from urine, 12 isolates (23.07%) from 
burns, 3 isolates (5.77 %) from sputum, and 6 
isolates (11.54%) from CSF. According to 
microscopic examination, culture growth, and 
biochemical tests, four species were identified 
and later were confirmed by Vitek 2 system. From 
52 isolates, 13 (25%) were Acinetobacter 
baumannii and 39 (75%) were 
Enterobacteriaceae with 10 of Serratia spp, 17 of 
E. coli, and 12 of Enterobacter cloacae.  
 
The profile of the antimicrobial resistance 
showed highest resistant percentage of 96% to 
ceftriaxone followed by 92.3% to ciprofloxacin, 
90.4% to cefotaxime and 
trimethoprim/sulfamethoxazole, 84.6% to 
tetracycline, 80.7% to tobramycin and 
piperacillin, 78.8% to amoxicillin/clavulanate, 
69.2% to levofloxacin, and 55.7% to Imipenem 
(Figure 1). 
  
Uniplex PCR-based methods were conducted to 
detect blaNDM, blaKPC, blaVIM, and blaIMP genes. 
Among the 52 isolates, the blaVIM gene was the 
most prevalent in 25 isolates (48.1%) followed by 
blaIMP gene in 10 isolates (19.2%), blaNDM gene in 

5 isolates (9.6%), and blaKPC gene in 3 isolates 
(5.7%). The results showed the presence of blaVIM 
gene in 8 of E. cloacae isolates (15.4%), 7 of A. 
baumannii isolates (13.5%), 6 of Serratia isolates 
(11.5%), and 4 of E. coli isolates (7.7%); blaIMP 
gene in 1 of A. baumannii isolates (1.9%), 1 of 
Serratia isolates (1.9%), 3 of E. cloacae isolates 
(5.7%), and 5 of E. coli isolates (9.6%); blaNDM gene 
was presence in 2 of A. baumannii (3.8%), 1 
isolate of each Serratia, E. cloacae, and E. coli. 
Interestingly, 3 isolates (5.8%) harbored a 
combination of blaNDM, blaVIM, and blaIMP (Figure 
2, Table 2). 
 
 

Discussion 
 
The gram-negative bacteria are responsible and 
often associate with infections in hospitals. High 
rates of mortality and morbidity are recorded by 
this bacterium [23]. Monitoring antibiotic 
resistance by routine surveillance studies is 
necessary, especially in low-income countries. 
The increased dependence on carbapenem as a 
last choice for treatment of multidrug-resistant 
bacteria emerged carbapenemase-producing 
bacteria globally [24]. Moreover, 
carbapenemases   represent   one   of   the   most  
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Figure 2. Agarose gel electrophoresis (1% agarose, 5-10 V/cm for 50 min). A. blaIMP, B. blaNDM, C. blaVIM, D. blaKPC. Lane M: DNA Ladder (1,000 bp), 
Lane NC: negative control, Lanes 1-4: represent of isolates bands. 

 
 
Table 2.  Distribution of blaIMP, blaNDM, blaKPC, and blaVIM genes among isolates. 
 

 

 
 
challenging issues in the last decades on human 
health [16]. 
  
The most globally common type of MBL appeared 
to be blaIMP-type MBLs. Among the isolates in this 
study, the results showed that the existence rate 
of blaIMP gene among isolates was 19.2% (Table 
2). The blaKPC gene is frequently encoded in a 
transposon structure on a transferable plasmid 
so enabling it to spread to other gram-negative 
bacteria, predominantly in Enterobacteriaceae. 
However, the less prevalent MBL gene was blaKPC, 

and the prevalence rate of blaKPC in isolates was 
5.7% (Table 2).  The evolution, maintenance, and 
dissemination of MBL resistance genes among 
gram-negative bacteria population in geographic 
regions is a complex and dynamic field that needs 
to be studied in detail. Careful monitoring for the 
presence of MBL-positive isolates among 
hospitalized patients is recommended to prevent 
wide dissemination of antibiotics resistance and 
to limit the indiscriminative use of 
cephalosporins and carbapenems antibiotic in 
the hospitals [25]. 

 

Number of producer’s isolates (%) 
Bacterial isolate 

KPCbla NDMbla IMPbla VIMbla 

0 (0%) 1 (1.9%) 3 (5.7%) 8 (15.4%) Enterobacter cloacae 

1 (1.9%) 1 (1.9%) 5 (9.6%) 4 (7.7%) Escherichia coli 

1 (1.9%) 2 (3.8%) 1 (1.9%) 7 (13.5%) Acinetobacter baumannii 

1 (1.9%) 1 (1.9%) 1 (1.9%) 6 (11.5%) Serratia spp 
3 (5.7%) 5 (9.6%) 10 (19.2%) 25 (48.1%) Total number 
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The blaVIM gene showed high prevalence rate.  Al-
Jubori et al. (2016) showed a prevalence rate of 
blaVIM gene as 25% in A. baumannii [26], while 
another study reported that all E. coli isolates did 
not carry blaVIM gene [27]. Among class B 
carbapenemases, the VIM types are the most 
frequent to be detected in all continents [28]. The 
first VIM enzymes were reported in P. aeruginosa 
isolates and emerged later in other 
Enterobacteriaceae as well. As for regional 
countries, A study in Saudi Arabia described that 
P. aeruginosa strain harborined the blaVIM-2 gene 
[29]. Another study carried out in Iran by 
Rajabnia et al. (2015) indicated that the blaVIM-1 
gene was presence in 30% of K. pneumoniae 
isolates [30]. In Romania, a study showed that 
the blaVIM-2 gene was presence 48% of P. 
aeruginosa isolates [31]. Furthermore, Touati et 
al. (2013) showed that the percentage rate was 
82% of the studied isolates [32]. 
  
The NDM-1 was firstly reported in India and, 
since this detection, NDM-1 carrying organisms 
were disseminated globally. The first report for 
the existence of NDM-1 was Enterobacteriaceae, 
but recent reports indicated their spread in 
Acinetobacter spp. and Pseudomonas spp. as well 
[33]. The NDM-1 enzyme produced by bacterial 
isolates might have the ability to express 
numerous other unrelated resistance genes, like 
OXA-48 type and VIM type which encode other 
carbapenemases, AmpC, extended-spectrum 
beta-lactamases, and other classes of 
antimicrobials [34]. Different countries including 
the Gulf Corporation Council (GCC) investigated 
prevalence of NDM-1 producing isolates in a total 
of 200 isolates collected from 16 hospitals in 
Saudi Arabia, Kuwait, Oman, and the United Arab 
Emirates. The result showed that NDM-1 was the 
most common encountered carbapenemase 
gene (46.5%), while 47.6% in Egypt [24, 35], 
29.5% in Turkey [36], and 7.8% in Tunisia [37].  
 
There are different reasons for various ratio of 
the carbapenemase producing isolates such as, 
by geographic region, type of infection, specimen 
source, and selective pressure due to antibiotics. 
Moreover, the different patients studied, and the 

different rates of antibiotic used in different 
hospitals may also affect this ratio variation [38]. 
In our country, the wars, antimicrobial misuses, 
and high numbers of workers, especially from 
endemic region might play a significant role for 
the different variants of carbapenemase 
dissemination. There is an urgent need to find 
guidelines and active system to control infections 
among patients. Antimicrobial resistance gene 
surveillance in hospitals will help efforts to better 
implement appropriate measures and more 
studies are required to investigate prevalence of 
carbapenemase-encoding genes to control the 
spread of multidrug-resistant bacteria. 
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