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Abstract 

Background: In Sudan there is limited data on the pattern of antimicrobial resistance and their 

molecular epidemiology among carbapenem resistant bacteria.                                                                  

Objective: To analyze the nature and pattern of resistance among carbapenem resistant Gram 

negative bacilli; to detect β-lactamase and colistin resistance genes in carbapenem resistant 

isolates. 

Materials and methods: This was a cross-sectional study conducted in two tertiary hospitals 

in Khartoum from October 2016 to March 2017. All carbapenem resistant bacteria were 

identified to the species level. Antibiotic susceptibility testing and PCR for the presence of 

carbapenemase,  β-lactamase and colistin resistance genes were performed. 

Results: A total of 1129 Gram negative bacilli were isolated. Forty three (3.8 %) of them were 

resistant to carbapenems. Seventy one carbapenemase genes were identified in all isolates. The 

most commonly encountered gene was SPM followed by KPC and OXA 48. ESBL genes were 

detected in 56 isolates.  

CTXM and OXA were the most frequent genes. AmpC genes were detected in 11 isolates. The 

MCR-1 gene was detected in 7 (16%) isolates.  

Conclusion: This study documented a high prevalence rate of Gram negative bacilli 

possessing a large number of ESBL, AmpC beta-lactamase, and MCR-1 carbapenem resistant                                                                                                                                                                                                                                                                                               
genes.                                                                                                                                                                                                                                                          
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Introduction                                                                                                                                
 

Antimicrobial resistance is a global public health issue that threatens the effective prevention and 

treatment of many bacterial infections. In developing countries the problem of antimicrobial 

resistance is greatly influenced by antibiotic misuse.  A study done in Soba University Hospital in 

Sudan revealed that 60% of inpatients receive antibiotics on their first day of admission, 76%   
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of the antibiotics being administered were cephalosporins1.  

The overuse of extended spectrum cephalosporins for the treatment of Gram negative bacteria 

especially in developing countries has led to a dramatic rise in ESBL production in this group of 

bacteria. This has in turn led to an increase in carbapenem use which has been paralleled by the 

emergence of carbapenem resistance among Gram negative bacteria rendering these infections 

resistant to all cephalosporins and greatly limiting treatment options for patients.  Fortunately, 

some of these Gram negative bacteria are still susceptible to polymyxins such as colistin2.            

Carbapenems are broad spectrum beta-lactam antibiotics that were first introduced in the 1980s 

to treat ESBL and AmpC beta-lactamase producing Gram negative bacteria. They include 

meropenem, imipenem, ertapenem and doripenem. Carbapenem resistance in Gram negative 

bacteria may either be acquired or intrinsic. Acquired carbapenem resistance in Gram negative 

bacilli is due to production of carbapenemase genes, efflux pumps or over- expression of ESBL 

or AmpC beta-lactamases coupled with porin loss. The most common mechanism of resistance 

in Gram negative bacteria is the production of carbapenemase enzymes3.                                                         

This type of resistance is relatively new worldwide and occurs by acquisition of plasmids and is 

more serious because it can spread rapidly among Gram negative bacteria. Intrinsic resistance is 

common in certain organisms such as Stenotrophomonas spp., Aeromonas spp., and 

Acinetobacter baumannii and has been documented for many years.                                                           

Carbapenemases are beta-lactamases that are mainly found in Gram negative bacteria and confer 

resistance to most beta-lactam antibiotics including all penicillins, cephalosporins and 

carbapenems3.                                                                                                                                        

Carbapenemases belong to Ambler class A, B and D beta-lactamases. The molecular class A and 

functional group 2f are the serine carbapenemases and include NMC, IMI, SME, KPC and GES, 

molecular class B functional group 3 are the metallo-beta-lactamases such as IMP, VIM, GIM, 

SPM whereas the class D, group 2d are serine carbapenemases such as OXA3                                                                                     

This study was conducted to analyze the nature and pattern of resistance among Gram negative 

bacteria and to determine the molecular epidemiology of carbapenem resistant Gram negative 

bacilli in two tertiary hospitals in Sudan and to detect the presence of ESBLs genes, AmpC beta-

lactamases, in addition to colistin resistant genes in these isolates. 

Materials and methods                                                                                                              
 

This was a cross-sectional study conducted at Soba University Hospital and Ribat University 

Hospital in Khartoum (Sudan) during the period from October 2016 to March 2017. The study 

was approved by the Scientific Research Committee of International University of Africa, 

Khartoum (Sudan) and the Ethical Board of the Ministry of Health (Sudan). Data  confidentially 

was maintained, and the information collected had not been used for any purpose other than this 

study. Permission to investigate the isolates was granted from Soba University Hospital and 

Ribat University Hospital in Khartoum (Sudan). 

All isolates investigated were collected from patients treated in both hospitals and were found 

resistant to carbapenem. The isolates were further identified to the species level, using API20E 

and 20NE (Biomerieux, France).  They were then tested for antibiotic susceptibilities by the 

Kirby Bauer disc diffusion method on Mueller Hinton agar to co-trimoxazole (25mcg), ampicillin  
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(10mcg), co-amoxyclav (30mcg), cephalexin (30mcg), cefuroxime (30mcg), ceftriaxone 

(30mcg), ceftazidime (30mcg), imipinem (10mcg), meropenem (30mcg), ciprofloxacin (5mcg), 

gentamicin (10mcg) and amikacin (30mcg). Escherichia coli ATCC 25922 and Pseudomonas 

aeruginosa, ATCC 27853 were used as control and the results were interpreted as per CLSI 

recommendation (Jan.2017)4.                                                                                                                         

Isolates were then subjected to PCR to detect: the carbapenem resistant genes (blaOXA48, blaKPC, 

blaVIM, blaIMP,  blaNDM, blaSPM),  the ESBL genes (blaOXA, blaAMPC, blaSHV, blaCTXM, blaTEM, blaVEB, 

blaDHA), the AmpC gene, and the colistin resistance gene (MCR-1).                                                         
DNA extraction: DNA was extracted using the boiling method5. Two colonies of an overnight 

growth of bacteria were picked. The colonies were put in a test tube containing one ml of 

distilled water. This was then boiled for 10 minutes in a water bath and then centrifuged for five 

minutes at 1000 rpm. The supernatant containing DNA was then transferred into a new 

Eppendrof tube and stored at -20⁰C. Five microliters of the supernatant were used for the PCR. 
Amplification: Four PCR programmes were used for amplification. These were: ESBL and 

carbapenem resistant genes, AmpC genes, and MCR-1gene.The final reaction mixture was 

composed of 0.6µl of each primer, 2µl of the template DNA and 5µl of premixed PCR 

Mastermix (Maximum PCR Permix Kit i-Taq, Intron Biotechnology, Korea) completed to a final 

volume of 20µl with distilled water.                                                                                                        
The thermal cycling machine (TECHNE 412) was programmed for 35 cycles in order to perform 

DNA amplification. For blaNDM, blaIMP, blaVIM, and blaSPM the program was as follows:                              

* Initial denaturation was performed at 95°C for 5 minutes.                                                                                          

* Denaturation at 94°C for 45 seconds.                                                                                                                          

* Annealing at and 60°C for 45 seconds.                                                                                                                           

* Elongation for 1 minute at 72°C.                                                                                                                             

The same program was used for blaKPC and blaOXA-48 genes, except the annealing temperature 

was adjusted to 55°C for 45 seconds.  All primer sets had a final extension of 72°C for 7 

minutes6, 7. The primer sequences used are shown in Table (I).                                                                                                                                           
For ESBL genes and AmpC genes initial denaturation was performed done at 95°C for 5 min., 

denaturation and annealing at 94°Cand 55°C respectively for 45 seconds and elongation for one 

minute at 72°C. The same program was used for blaDHA, and blaOXA, except annealing 

temperature was adjusted to 60°C for 45 seconds. All primer sets had a final extension of 72°C 

for 7 minutes. The TECHNE (TC- 312) thermal cycle (UK) was used to amplify the MCR-1 

gene. The PCR mixture was subjected to 94°C for 5 minutes and then followed by 30 cycles (45 

seconds at 94°C, primer annealing at 55°C for 45 seconds and 1 minute at 72°CThe amplified 

DNA was then separated using gel electrophoresis in Mini Sub Cell (Primer, UK) at 100 v for 40 

minutes in 2% agarose gel containing 0.5 µg/ml of ethidium bromide and viewed using                           

(Uvite, UK) UV illuminator (Fig. 1).                             

Results                                                                                                                                                                                        

A total of 1129 Gram negative bacilli were isolated from clinical specimens during the period of 
the study. Forty three of them (3.8 %) were phenotypically resistant to carbapenems (meropenem 

and/or imipenem). The most common of these isolates was Acinetobacter baumannii, accounting  
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Table (I): Primers sequences used in the study 

Primer Sequences (5′-3′) Band length 

      OXA F5'-GGCACCAGATTCAACTTTCAAG-3' 

R 5’-ACCCCAAGTTTCCTGTAAGTG-3’ 

546 

     DHA 

 

F5' - CCGTACGCATACTGGCTTTGC - 3'                                    

R 5’-AACTTTCACAGGTGTGCTGGGT-3’ 

405 

    VEB 
  F 5’-CATTTCCCGATGCAAAGCGT-3’ 

R 5’-CGAAGTTTCTTTGGACTCTG-3’ 

648 

    AMPC 
R 5’-GAGCCCGTTTTATGGACCCA-3’ 

F 5’-ATCAAAACTGGCAGCCG-3’ 

550 

TEM 
F 5’-ATGAGTATTCAACATTTCCGTG-3’ 

R 5’-TTACCAATGCTTAATCAGTGAG-3’ 

861 

SHV 
R 5’-TTTATGGCGTTACCTTTGACC-3’ 

F 5’-ATTTGTCGCTTCTTTACTCGC-3’ 

1051 

   CTXM 
F 5’- SCSATGTGCAGYACCAGTAA -3’ 

R 5’- CCGCRATATGRTTGGTGGTG -3’ 

449 

IMP 
F 5’-CGTTTGAAGAAGTTAACGG-3’ 

R5’ -TGTAAGTTTCAAGAGTGATGC-3’ 

568 

VIM 
F5’-GGTGTTTGGTCGCATATCGCAA-3’ 

R5’-ATTCAGCCAGATCGGCATCGGC-3’ 

502 

NDM 
F5’-GGTTTGGCGATCTGGTTTTC-3’ 

R5’-CGGAATGGCTCATCACGATC-3’ 

621 

SPM 
F5’-AAAATCTGGGTACGCAAACG-3’                        

R5’-ACATTATCCGCTGGAACAGG-3’ 

271 

KPC 
F5’-CATTCAAGGGCTTTCTTGCTGC-3’ 

R5’- ACGACGGCATAGTCATTTGC-3’ 

498 

    OXA-48 
F5’-GCTTGATCGCCCTCGATT-3’ 

R5’-GATTTGCTCCGTGGCCGAAA-3’ 

238 

   MCR-1 
F5’-CGGTCAGTCCGTTTGTTC-3’ 

R5’-CTTGGTCGGTCTGTAGGG-3’ 

309 

 

for 14 isolates, followed by ten Klebsiella pneumoniae and seven Pseudomonas aeruginosa. 

Twelve other Gram negative bacteria including Stenotrophomonas maltophilia, Burkholderia 

cepacia, Brevondimonas vesicularis, Vibrio vulnificans, Escherichia coli, Acinetobacter lwoffii 

and Ralstonia pickettii were identified.                                                                                                                                                                                                                                                                                    

Most isolates were recovered from blood (20 isolates) followed by wounds (8 isolates). The 

isolates were highly resistant to β-lactam antibiotics. Aminoglycosides and ciprofloxacin were 

more effective. Three isolates were susceptible to meropenem, but resistant to imipenem 

(Brevondimonas vesicularis, Burkholderia cepacia and Pseudomonas aeruginosa), while two 

isolates were susceptible to imipenem but resistant meropenem (Klebsiella pneumoniae and 

Stenotrophomonas  maltophilia).                                                                                                                               
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Fig. (1): Gel electrophoresis for PCR products                                                                           

of carbapenemase, ESBL, AmpC and MCR-1genesare. 

Lane 1: DNA marker.                                                                                                                             

Lane 2, 5, 6, 7, 10, 11, 12, and 13: Negative samples.                                                            

Lane 3 and 4: Positive samples for MCR-1 gene.                                                                   

Lane 8: Positive sample for CTX-M and SPM genes.                                                 

Lane 9 positive sample for CTX-M gene.                                                                         

Lane 14: Positive samples for CTX-M and NDM.                                                                

Lane 15: Positive sample for OXA-48.                                                                                                         

The source and number of these bacteria are shown in Table (II). 

 

 

Table (II): Number and source of carbapenem resistant isolates 
 

Clinical isolates Blood Urine Sputum Wound Peritoneal fluid Catheter tip Total 

A. baumannii 6 3 3 1 1 0 14 

K. pneumoniae 6 1 0 2 1 0 10 

P. aeruginosa 1 0 0 5 0 1 7 

Others 7 1 0 0 2 2 12 

Total 20 5 3 8 4 3 43 
 

Legend:                                                                                                                                            

Others: S.maltophilia, B.cepacia, B.vesicularis, V.vulnificans, E.coli, A.lwoffii, and R.pickettii. 
 

Seventy one different genes were identified in all isolates. The most commonly encountered gene 

was SPM followed by KPC and OXA 48. A. baumannii and K. pneumoniae possessed the highest 

number of carbapenemase genes. ESBL genes were detected in 56 isolates. CTXM and OXA 

were the most encountered genes. Amp C genes were detected in 11 isolates. A. baumannii and  

K. pneumoniae had the highest number of ESBL and Amp C genes. The MCR-1 gene was 

detected in 7 (16%) isolates.  Only one isolate (2%) did not harbor any of the tested genes. 

Twenty three isolates, mostly A. baumannii, K. pneumoniae and P. aeruginosa harbored more  
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than one carbapenemase gene in addition to ESBL and AmpC genes. Antibiotic susceptibilities to 

other antibiotics are shown in Table III. 
[   
 

 

Table III: Susceptibilities of carbapenem resistant isolates to other antibiotics 
 

 

 
Isolates 

 
 

 
No. 

Number of resistant isolates to antibiotics  
AM CN CXM  AMC  CRO CAZ SXT  CIP Gen AN IPM MEM 

A. baumannii 14 14 14 14 14 14 14 12 12 12 11 14 14 

K. pneumoniae 10 10 10 10 10 10 10 9 8 9 8 9 10 

P. aeruginosa 7 7 7 7 7 --- 6 9 0 4 1 7 6 

Others 12 11 11 11 12 10 10 7 2 6 5 11 10 

Total 43 42 42 42 43 34 40 37 22 31 25 41 40 
 

Legend: 

* Others: S.maltophilia, B.cepacia, B.vesicularis, V.vulnificans, E.coli, A.lwoffii, and R.pickettii. 

* AM: Ampicillin  * CN: Cefalexin * CXM: Cefuroxime  * AMC: Co-amoxyclav                                                                     

* CRO: Ceftriaxone  * CAZ: Ceftazidime * SXT: Co-trimoxazole  * CIP: Ciprofloxacin   

* GEN: Gentamicin  * AN: Amikacin * IPM: Imipenem  * MEM: Meropenem   
 

Discussion   

The extent of carbapenem resistance is not well established in Sudan. The present prevalence 

rate of 3.8% carbapenem resistance is lower than a recent report from Khartoum of 23.2%8. 

More studies are required to know the prevalence rate of carbapenem resistance in Sudan. 

Nevertheless, the isolates in the present study harbored a wide variety of carbapenemase, ESBL 

and other resistance genes that may spread to other bacteria. This may be a cause of concern for 

those seeking treatment of infections by multi-drug-resistant bacteria. The high prevalence rate 

of ESBL producing Enterobacteriacae in Sudan is causing great difficulties in treating infections 

by such organisms9.                                                                                                                                                            

The number and types of carbapenemase genes among clinical isolates are shown in Table (IV). 
 

Table (IV): Number and types of carbapenemase genes                                                                               

among clinical isolates 
 

 

Isolates 

 
 

No. 
Number of carbapenemase genes   

IMP VIM NDM SPM KPC l OXA-48 Total 

A. baumannii 14   3  6  4 3 6 5 27 

K. pneumoniae 10 0  3 2 4 5 3 17 

P. aeruginosa 7  1 0 1 4 2 4 12 

Others 12 3  0 4 5 1 2 15 

Total 43 7    9 11 16 14 14 71 
 

Legend: 

* Others: S.maltophilia, B.cepacia, B.vesicularis, V.vulnificans, E.coli, A.lwoffii, and  
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R.pickettii. Misuse of cephalosporins has led to a remarkable surge in infections caused by ESBL 

producing Gram negative bacteria.  In Khartoum, Ali (2013)10 reported that ESBL production 

among Enterobacteriacae ranged from 77% to 89%. Similar results were reported by Yousef 

(2015)11..                                                                                                                                                                               

The situation is made worse by the dominating presence of cephalosporins in the Sudanese 

Antimicrobial Formulary, and the active promotion by Pharmaceutical companies12.          

Resistance to cephalosporins in Sudan has led Doctors to empirically prescribe carbapenems more 

frequently. The recent increase in the use of carbapenems for the treatment of infections The 

number and types of ESBL genes among clinical isolates are shown in Table (V). 
 

 

Table (V): Number and types of ESBL genes among clinical isolates  
 

 
 

Isolates 

 
 

No. 
Number of ESBL genes   

OXA  SHV CTX-M TEM VEB DHA Total 

A. baumannii 14   4  3 5 3 2 4 21 

K. pneumoniae 10 3  3 4 2 1 2 15 

P. aeruginosa 7 4  1 1 1 0 1 8 

Others 12 1  3 2 1 4 1 12 

Total 43 12    10 12 7 7 8 56 
 

Legend:                                                                                                                                                   

* Others: S.maltophilia, B.cepacia, B.vesicularis, V.vulnificans, E.coli, A.lwoffii, and R.pickettii. 

 

caused by organisms that carry genes for ESBLs or beta-lactamases has probably resulted in the 

selection, survival and propagation of these organisms. This could have contributed to 

carbapenem resistance, particularly, concomitant ESBL, AmpC and carbapenemase genes 

occurred in most of these isolates. This adds to the problem of antimicrobial resistance that 

continues to threaten public health13.                                                                                                        

Initially carbapenem resistance in bacteria with porin deletions was reported to be caused by the 

presence of ESBL and AmpC genes especially among Enterobacteriacae, but now 

carbapenemases are becoming more widely spread worldwide14.                                                          

Most carbapenemase, ESBL and AmpC genes were detected in A. baumannii and K. pneumoniae. 

In practice carbapenemases are highly prevalent in pathogenic bacteria like           A. baumannii 

and K. pneumoniae. These findings are consistent with a recent study by Satir and his colleagues15 

who reported 71% of carbapenemases in A. baumannii and K. pneumoniae. The most frequently 

detected carbapenemase in the present study was the metallo-beta lactamase SPM that was 

produced by sixteen isolates, mostly A. baumannii, K. pneumoniae and P. aeruginosa. Although 

initially reported from South America, SPM is found increasingly detected in Africa16 .                                                                                                                                             

Nearly 50% of the resistant isolates included in this study were recovered from blood cultures 

having the highest frequency of carbapenemases being detected in A. baumannii and K. 

pneumoniae. The presence of these multidrug resistant organisms in blood has been shown in 

several studies to be associated with a high mortality rate among patients17.                                                            

Although the burden of carbapenem resistance is increasingly reported globally, the optimal                        
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treatment for these infections still remains unknown. The drying antibiotic pipeline has led to 

resorting to the use of old antibiotics such as polymyxins and aminoglycosides for treatment of 

such infections3 .                                                                                                                                            

Colistin is not registered in Sudan for human use, but it is brought from neighboring countries 

for the treatment of infections with MDR bacteria. It is hard to explain emergence and spread of 

MCR-1 gene from the limited use of colistin for a few patients. However, colistin along with 

other antibiotics has been extensively used as supplement for animal feed in Sudan. Livestock is 

a known source of MRC-1 and was first reported from China 18.                                                               

Further studies on the pattern and distribution of antibiotic resistance genes and the role of 

livestock in antimicrobial resistance in Sudan are needed.                                                                         

Recommendations: Carbapenems should be the last resort for treatment of infections with 

ESBL and AmpC producing Gram negative bacteria. With the rising carbapenem resistance, 

colistin is a possible treatment option. In order not to lose the last available drugs in Sudan, we 

must step up infection control policies and procedures in our hospitals and to implement 

antibiotic stewardship programmes.                                                                                                         

Conclusion: This study documented a high prevalence rate of Gram negative bacilli possessing  

a large number of ESBL, AmpC beta-lactamase, and MCR-1 carbapenem resistant genes.                                                                                                                                                                                                                                                         
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