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Carbapenems are the most effective antibiotic agents used in the treatment of infections caused by multidrug-resistant 
gram-negative bacteria. The rise of carbapenem-hydrolyzing enzymes has greatly reduced the efficiency of these 
agents. The present study is descriptive cross-sectional, aimed to determine the blaKPC gene in clinical isolates of 
carbapenem-resistant in Khartoum State, Sudan.  Fifty non-duplicate carbapenems resistance bacterial isolates were 
collected from different hospitals in Khartoum state, a modified Hodge test was performed to confirm the carbapenemase 
activity and PCR to detect blaKPC gene. The present study showed that among the fifty isolates positive for the modified 
Hodge test, the blaKPC gene was detected in 34/50(68%) isolates; it most common among Klebsiella pneumoniae 
12(35.3%) followed by Pseudomonas aeruginosa11 (32.4%), considering the frequency of blaKPCgene relative to the 
total number of each isolate, it was detected in (85.7%) and (75%) of  Klebsiella aeruginosa and E.coli respectively. Our 
study showed a high frequency of the blaKPC gene among clinical isolates of carbapenem-resistant Enterobacteriaceae 
in Khartoum State, Sudan. 
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INTRODUCTION 

Carbapenem agents are very efficient antimicrobials 
agents, possess broad-spectrum antibacterial action, and 
have a unique structure that confers protection against 
most β lactamases enzymes such as Metallo-β-lactamase 
andextended-spectrum β-lactamases,it administered 
intravenously and shows little or no allergic reactions 
(Mosca et al. 2013; Nordmann and Poirel, 2019). Each 
carbapenem agent has a specific function, making its 
selection delicate and specific in clinical practice for 
serious infections (Codjoe and Donkor 2017). 
Carbapenem agents are one of the most reliable 
medications and are reserved for treating infections 
caused by multidrug-resistant microorganisms (MDR). The 
development and spread of resistance to these antibiotic 
agents constitute a main public health concern (Mosca et 
al. 2013, Codjoe and Donkor 2017; Ghasemnejad et al. 
2019; Osman et al. 2018).  

KPC enzyme is a beta-lactamase enzyme, so-called 

as it has been identified in K. pneumoniae (Hindiyeh et al. 
2008), KPC enzyme commonly produced by blaKPC gene 
and classified as ESBLCARBA-A which confers resistance 
to all beta-lactam agents including carbapenems, 
monobactams, penicillins, and cephalosporin’s(Mosca et 
al. 2013; Bush, 2013; Ribeiro et al. 2016). Most of the 
bacteria harbor with blaKPC gene carrying other resistance 
genes, resulting in resistance to multiple classes of 
antimicrobials agents, such as fluoroquinolones, 
aminoglycosides, sulfamethoxazole, trimethoprim (Mosca 
et al. 2013; Ribeiro et al. 2016) and therefore limiting the 
therapeutic options and standard medical treatment has 
found to be ineffective (Ribeiro et al. 2016; Codjoe and 
Donkor 2017; Ansari et al. 2018). This type of 
antimicrobial resistance is caused by the clinically relevant 
carbapenem-producing Enterobacteriaceae (Codjoe and 
Donkor 2017; Elshamy and Aboshanab, 2020).  

Carbapenem resistance emerged in 2000 in which the 
number of bacteria producing ESBLs that hydrolyze most 
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of the β-lactam agents, except carbapenems, had been 
described worldwide, thus the uses of carbapenems 
increased, the overuse of carbapenems agents has led to 
rising carbapenem resistance (Elshamy and Aboshanab, 
2020). Early detection of carbapenem resistance 
mechanisms is important to minimize the risk of 
hospitalization-associated cost, mortality (Codjoe and 
Donkor 2017) and may help in avoiding outbreaks and 
decreasing the regional spread of this public health threat 
(Codjoe and Donkor 2017; Patil et al. 2019). 

The effective tool for detecting and managing 
carbapenem resistance is an active surveillance system 
which is not well sit in the Middle East and Africa, little is 
stated about the status of antimicrobial resistance in these 
regions (Patil et al. 2019). Moreover, the availability of 
regional information on the resistance rate is essential to 
execute successful treatment at the local level and help to 
prevent infections with MDR pathogens (Ibrahim, 2018). 
Therefore the present study aimed to detect blakpc gene 
among carbapenem resistance clinical isolates. 
 
MATERIALS AND METHODS 

Type of the study  
The present study is descriptive cross-sectional, 

aimed to detect the blaKPC gene in of carbapenem-
resistant clinical isolates in Khartoum State hospitals, 
Sudan. 

Study population  
A total number of 50 non-duplicate bacterial isolates 

which showed resistance to carbapenems agents were 
collected from different hospitals in Khartoum state, Sudan 
in order to determine the the presence of blaKPC gene. 
The bacterial isolates were subjected to conventional 
biochemical tests to confirm the identification. 
Carbapenemase activity was confirmed by the modified 
Hodge test (MHT) as previously described (Tamma and 
Simner, 2018).  

Detection of blaKPC Gene 
DNA was extracted from whole the 50 isolates using 

the boiling method briefly; a few colonies from each isolate 

were mixed with biology-grade water, the mixture was 
centrifuged at 15,000 × g for 5 min. The supernatant was 
discharged whereas the pellet was re-suspended in 
biology-grade water and subjected to boiling at 100°C in a 
water bath for 20 min, then cooled and centrifuged at 
15,000 × g for 60s before it was stored at −20°C. 

Conventional polymerase chain reaction (PCR) was 
done to determine the presence of blakpc gene. Each 
extracted DNA was tested against a specific set of primers 
for the blakpc family (5’- GCT CAG GCG CAA CTG TAA G 
-3’) and Uni-KPC-R (5’- AGC ACA GCG GCA GCA AGA 
AAG-3’). The amplification reaction was done according to 
the following protocol; essential denaturation at 95◦C for 5 
minutes followed by 30 cycles of denaturation at 95◦C for 1 
minute, annealing at 60◦C for 1 minute, and extension at 
72◦C for 1 minute, the final step was an extension at 72◦C 
for 10 minutes. PCR product was run on 2% ethidium 
bromide agarose gel electrophoresis and examined with a 
gel imaging system, bands pattern was observed and 
interpreted according to their size, each band run up to 
150 bp were considered to represent blaKPC gene (fiure1) 

Data Analysis: 
Descriptive statistics such as frequency and 

percentage were used in this study.  
 
RESULTS 

The fifty isolates were showed positive MHT, 26/50 
(52%) of these bacteria isolated from urine, 20/50 (40%) 
from wound swab, 3/50 (6.0%) from ear swab, and 1/50 
(2.0%) from throat swab, the most dominant isolate was 
Pseudomonas aeruginosa (34%), followed by Klebsiella 
pneumoniae (28%) (Table 1). 

The present study showed that the blaKPC gene was 
found in 34/50(68%) of the isolates; it is most common 
among Klebsiella pneumoniae 12 (35.3%) followed by 
Pseudomonas aeruginosa 11(32.4%) and E. coli 17.6% 
(Figure 2). 

Table 2 showed the frequency of the blaKPC gene 
relative to the total number of each isolate, blaKPC gene is 
found in all species; it more frequently occurred in 
Klebsiella pneumoniae (85.7%) and E.coli (75%). 

 
Table 1: Distribution of clinical isolates according to the site of isolation 

 

Isolate 
Wound 
Swab 

Urine Ear Swab 
Throat 
Swab 

Total 

Pseudomonas aeruginosa 6 (30%) 8 (30.80%) 3 (100%) 0 (00%) 17 (34%) 

Klebsiella pneumoniae 2 (10%) 12 (46.1%) 0 (00%) 0 (00%) 14 (28%) 

E. coli 3 (15%) 4 (15.4%) 0 (00%) 1 (100%) 8 (16%) 

S. aureus 4 (20%) 0 (00%) 0 (00%) 0 (00%) 4 (8%) 

E. faecalis 1 (5%) 2 (7.70%) 0 (00%) 0 (00%) 3 (6%) 

Acinetobacter spp. 3 (15%) 0 (00%) 0 (00%) 0 (000%) 3 (6%) 

Cedecea spp. 1 (5%) 0 (00%) 0 (00%) 0 (0%) 1 (2%) 

Total 20 (100%) 26 (100%) 3 (100%) 1 (100%) 50 (100%) 
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Table 2: Showed the frequency of blaKPC gene relative to the total number of each isolate 

 

Isolates 

PCR result 

total positive blaKPC gene négative blaKPC gene 

frequency percentage frequency percentage 

Klebsiella pneumoniae 12 85.7% 2 14.3 14 (100%) 

Pseudomonas 
aeruginosa 

11 64.7% 6 35.3 17 (100%) 

E.coli 6 75% 2 25 8 (100%) 

S.aureus 2 50% 2 50 4 (100%) 

E.faecalis 0 0 3 100 3 (100%) 

Acinetobacter spp. 2  1 33.3 3 (100%) 

Cedecea spp. 1 100% 0 00 1 (100%) 

 

 
Figure 1: Gel image showed PCR products for detecting blaKPC gene, lane 1 negative sample, lanes 2 and 3 

positive samples, lane 4 positive Control, lane 5 negative Control, lane 6 molecular weight marker. 

 
Figure 2: Frequency of blaKPC gene among carbapenem-resistant clinical isolates 
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DISCUSSION 

KPC-producing bacteria are able to hydrolyze 
carbapenems and a variety of β-lactam and non-β-lactam 
antibiotics leading to outbreaks, treatment failure and 
represent a challenge to modern medicine (Ghasemnejad 
et al. 2019), the early and accurate detection of 
carbapenemase-producing isolates is essential for proper 
treatment, prevention, and control of infections(Codjoe et 
al. 2017; Beig et al. 2021). 

In the present study modified Hodge test (MHT) 
indicated that the 50 isolates had carbapenemase activity, 
while the molecular detection showed blaKPC gene in 34 
(68%) of the isolates. The variation between the 
phenotypic test and molecular detection of blaKPC gene 
could be owing to the low sensitivity and specificity of 
MHT as well the interpretation of this test is subjective 
based (Pawar et al. 2018). In alignment with our findings 
several reports showed false-positive MHT results 
particularly with isolates that produce ESBLs associated 
with porin alterations or loss (Elshamy and Aboshanab, 
2020); Ribeiro et al. 2016 carried out a study to detect 
blaKPC gene using conventional and molecular 
approaches and stated that MHT positivity did not confirm 
the presence of blaKPC genes, Beig et al. 2021 reported 
25/49 (53.19%) of carbapenemase-producing isolates 
were positive MHT, Shanmugam et al. 2013 detected 
blaKPC gene in 73.7 % of MHT positive isolates. 

Our study showed that the blaKPC gene frequently 
occurred in Klebsiella pneumoniae 12(35.3%) followed by 
Pseudomonas aeruginosa11(32.4%) and E. coli 6(17.6%), 
relative to the total number of each isolate the present 
study displayed that 85.7%  of Klebsiella pneumoniae and 
75% of E.coli were harbored with blaKPC gene, these 
results were agreed with finding of Ribeiro et al. 2016 who 
showed that theKlebsiella pneumoniae isolates have the 
highest positivity rate among the isolates positive for the 
blaKPC genes, PÉrez-VÁzquez et al. 2020 confirmed that 
the Carbapenemase-producing Pseudomonas 
aeruginosa are spreading and causing outbreaks and 
sporadic cases in Spain. Many other reports showed that 
E. coli and Klebsiella pneumoniae are leading species 
producing carbapenemase enzymes among Carbapenem-
Resistant Enterobacteriaceae (CRE) family (Mosca et al. 
2013; Raro et al. 2020; Hu et al. 2019), Gong et al. 2020 
isolated E. coli ST131 with blaKPC-2 which showed a 
multi-drug resistant during the nosocomial infection 
outbreak. However, the presence of E. coli and Klebsiella 
pneumoniae in huge numbers as intestinal flora make 
them a possible factor for rapid dissemination of CP-CRE 
in hospitalized patients (Pawar et al. 2018, Ramos et al. 
2018). Moreover, carbapenem-resistant Pseudomonas 
aeruginosa, Acinetobacter baumannii, and 
Enterobacteriaceae are categorized as the highest priority 
category of global priority pathogens by WHO in 2017 
(WHO, 2017). 

Concerning Gram-positive bacteria, the phenotypic 
analysis in our study showed that E. faecalis and S. 
aureus had carbapenem activity while the blaKPC was 
detected only in 50% of S. aureus. Commonly, 
carbapenems are effective against numerous Gram-
positive bacteria but it has poor coverage of methicillin-
resistant Staphylococcus aureus (MRSA) and this may be 
owing to the intrinsic resistance (Pharmacy times, 2021), 
in alignment with our finding Varela et al. 2020 showed 
high-level resistance of S. aureus to carbapenems among 
cystic fibrosis patients with MRSA, an earlier report by 
Takano et al. 2009 showed the contradictory result in 
which carbapenems had superior activity over anti-
methicillin-resistant S. aureus for community-acquired 
MRS, this variation may indicate the development 
scenario of carbapenem-resistant isolates which limited 
the therapeutic option. Though carbapenems resistance 
may be attributed to three main mechanisms: enzyme-
mediated resistance which is initiated via the acquisition of 
carbapenemase genes (Ghasemnejad et al. 2019), non-
enzymatic carbapenem resistance mechanisms include 
overexpression of genes encoding efflux pumps, 
mutations in porin-encoding genes (Nordmann and Poirel, 
2019; Elshamy and Aboshanab, 2020). 

CONCLUSION 
Our study showed a high frequency of the blaKPC 

gene among clinical isolates of carbapenem-resistant 
Enterobacteriaceae in Khartoum State, Sudan which 
complicated the process of treatment and showed the 
necessity to improve the quality of health care to decrease 
the incidence and the emergence of carbapenem 
resistance bacteria. 
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