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Abstract                                                                                                                                    

Background: Enterobacteriaceae is a leading cause of a variety of  infectious, e.g. urinary 

tract infection, gastro-intestinal tract infections, wound infections, septicemia, bacteremia, and 

meningitis. Major organisms contributing for these infections are: E. coli, Klebsiella spp., 

Proteus, Salmonella, Shigella, Enterobacter, and Citrobacter.                                                                  

Objective: To detect cefepime-resistant Enterobacteriaceae species isolated from clinical 

specimens in Khartoum State.                                                                                                                                                                   

Materials and methods: A cross-sectional study was conducted in Khartoum State' 

hospitals during the period from April to June 2018. 100 Gram negative, clinical isolates were 

collected and identified following standard microbiological methods. Cefepime susceptibility 

testing was performed to detect cefepime-resistant bacterial species using the disc diffusion 

method. Conventional polymerase chain reaction (PCR) technique  was used for detection of   

bla CTX gene among the cefepime-resistant bacterial species.                                                                                                                 

Results:100 clinical bacterial isolate were investigated in this study.  40 isolates (40%) were 

found among males, while 60 isolates (60%) were found among females. The common clinical 

isolates identified were: 57 Escherichia coli isolates (57%), 20 Proteus mirabilis isolates (20%), 

18 Klebsiella pneumoniae isolates (18%), and 5 Citrobacter freundii isolates (5%). Klebsiella 

pneumoniae isolates were 22 isolates ( 22%), and the cefepime- resistant bacterial species 

detected were 10 Klebsiella pneumoniae isolates (45.4%), followed by 6 E.coli isolates (27.2%). 

Less commonly was 5 Proteus mirabilis isolates (22.8%), and rarely was one Citrobacter 

freundii isolate (4.6%).                                                                                                                                            

Conclusion: The major Enterobacteriaceae-resist bacterium to cefepime was Klebsiella 

pneumoniae. A significant correlation of cefepime- resistance was among elderly patients. No 

significant gender correlation was detected. The correlation of PCR technique was significant as 

compared with the disk diffusion method. 
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Introduction 
 

Enterobacteriaceae family involves fifty genera and hundreds of species and subspecies. These 

genera have been classified based on biochemical properties, antigenic structure, DNA-DNA 

hybridization, and 16S rRNA sequencing. Despite the complexity of this family, most human 

infections are caused by relatively few species. Enterobacteriaceae genera are ubiquitous 

organisms, found worldwide in soil, water, and vegetation and are part of the normal intestinal 

flora of most animals, including humans. These bacteria cause a variety of human diseases, 

including one third of all bacteremia cases, more than 70% of urinary tract infections, and many 

gastro intestinal tract infections. Some organisms (e.g. Salmonella typhi, Shigella species, 

Yersinia enterocolitica ) are always associated with human disease, whereas others (e.g., 

Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis) are members of the normal 

commensal flora that can cause opportunistic infections1.                                                                        

Antibiotic resistance is a growing  problem that poses a serious threat to the treatment of many 

severe infections. The development of antibiotic resistance may occur through three genetic 

mechanisms:(1) Plasmid-mediated resistance that occurs when plasmids mutations coding for 

antibiotic resistance are passed across bacteria. (2) Single or multiple chromosomal mutations 

can give rise to resistance to antibiotics. (3) Jumping genes or transposons are so named because 

they can be transposed to different locations in the genome  These genes are able to integrate 

themselves into chromosomal DNA or onto plasmids and are then spread among species, or even 

cross species2.                                                                                                                                                            

The modes of action of antimicrobial agents against Gram- positive and Gram- negative bacteria 

are very similar and can be divided into five categories: inhibition of cell wall synthesis, 

inhibition of protein synthesis, inhibition of nucleic acid synthesis, inhibition of folate synthesis, 

disruption of the cytoplasmic membrane, and inhibition of cell wall synthesis. Agents that 

interfere with cell wall synthesis block peptidoglycan synthesis. They are active against growing 

bacteria and are bactericidal. Gram- negative, β- lactam antimicrobials enter the cell through 

porin channels in the outer membrane and bind to penicillin- binding proteins (PBPs) on the 

surface of the cytoplasmic membrane. This blocks their function and leads to weakening or 

defect of cell walls, and leads to cell lyses and death. Gram- positive bacteria lack an outer 

membrane, so β- lactam antimicrobials diffuse directly through the cell wall and bind to PBPs, 

which results in weakened cell walls and cell lyses3.                                                                                      

The cephalosporins are produced by moulds. Penicillins and cephalosporins interfere with cell 

wall synthesis and are bactericidal. The cephalosporins have first, second, third, fourth, and fifth 

generations. The first-generation agents are active primarily against Gram-positive bacteria. The 

second generation has an increased activity against Gram negative bacteria. The third generation 

has even a greater activity against Gram negatives. Cefepime is an example of the fourth 

generation and has an activity against both Gram positive and Gram negative bacteria. 

Ceftaroline is a fifth-generation that has an expanded activity against aerobic Gram-positive 

cocci, including methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-resistant 

Staphylococcus epidermidis (MRSE). Its activity against aerobic Gram-negative bacteria mimics 

that of the third-generation cephalosporins4. 
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Materials and methods                                                                                                         
 

This was a cross-sectional study conducted on clinical isolates collected from patients attending  

different hospitals in Khartoum State. It was conducted during the period from April to June 

2018. Ethical approval to run the study was taken from AL Neelain University Research Ethical 

Board. Data was analyzed using the Statistical Package for Social Sciences (SPSS) program. 

Confidentiality of information regarding bacterial isolates investigated was maintained. 

Permission to collect the isolates was obtained from the different hospitals enrolled in the study. 

Sampling was a non- probability purposive sampling type, and sample strategy was convenience 

where the clinical bacterial isolates were selected on the basis of accessibility.                                            

Sample size was 100 clinical Enterobacteriaceae pure isolates collected from the bacteriological 

laboratories of the hospitals included in the study. These isolates were cultivated from urine 

specimens, wound swabs, and ear swabs. The isolates collected were re-identified using the 

standard microbiological methods.                                                                                                                   

Cefepime susceptibility testing was performed using the Kirby-Bauer agar diffusion method. 

Several colonies of the isolates were emulsified in a small volume of peptone water. The 

turbidity of suspension was matched against the turbidity of Mc Farland standard. A sterile dry 

cotton wool swab was used to spread the suspension on Muller Hinton sensitivity agar. A sterile 

forceps was used to place the cefepime antimicrobial disk on the surface of the Muller Hinton 

medium and incubated aerobically at 37°C overnight. Results interpretation was made by 

measuring zones of inhibition and recorded as: sensitive, intermediately sensitive, and resistant 

according to the National Committee for Clinical Laboratory Standards.  

Molecular detection: The DNA for all isolates was extracted using the method of the standard 

operating procedure for genomic DNA isolation. PCR DNA gene amplification was employed 

to examine the presence and diversity of specific suspected resistance mechanisms among all 

cefepime- resistant bacterial species.                                                                                                                       

All PCR reaction mixtures contained 0.5µM forward and reverse primers, 10µL 5xTaq Master 

Mix of thermo stable MgCl2, Tween 20, Nonidet P40 and stabilizers. 50 ng of template DNA 

was prepared and distilled water was added to make up a total volume of 50 µL. The PCR 

cycling  conditions  began  with an initial  denaturation at 94°C for 5 minutes, followed  by 30 

cycles  consisting of  denaturation  at  94°C for 15 seconds, annealing at 49°C for 30 seconds, 

and extension at 72°C for 60 seconds, with a final extension at 72°C for 1 minute, and final 

extension at 72°C for7minutes.                                                                                                                                                       

PCR amplification for the bla CTX gene was carried out by using pairs of both forward and  

reverse primers. PCR products  were  purified  using  purification kit.  

Agarose gel is casted by melting the agarose in the presence of the desired buffer until a clear, 

transparent solution is achieved. The melted solution is then poured into a mold and allowed to                         

harden. Upon hardening, the agarose forms a matrix, the density of which is determined by the 

concentration of the agarose.                                                                                                                                 

When an electrical field is applied across the gel, DNA (which is negatively charged at neutral 

pH) migrates towards the anode. The safe stain DNA is visualized by fluorescence under  

ultraviolet light with  long wave, the gel trays supplied are UV transparent  therefore the gel need  
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not to be removed from the mould to be visualized  and photographed using digital camera. 
 
 

Results                                                                                                                                                                          
 

From the 100 clinical bacterial isolates investigated, 60 species (60%) were isolated from 

females and 40 species (40%) were isolated from males. Also, 20 bacterial species (20%) were 

isolated from patients aged 1-20 years, 27 bacterial species (28%) were isolated from patients 

aged 21-40 years, 13 bacterial species (13%) were isolated from patients aged 41-60 years, and 

40 bacterial species (40%) were isolated from patients aged 61-80 years.                                                               

89 bacterial species were isolated from urine specimens, 10 bacterial species were isolated from 

wound swabs, and only one bacterial species was isolated from ear swabs.                                                     

On the other hand, the Kirby-Bauer agar diffusion method had detected 22 clinical isolates 

(22%) resistant to cefepime. From these, 10 cefepime-resistant bacterial species (45.4%) were 

isolated from males, and 12 cefepime-resistant bacterial species (54.6%) were isolated from 

females. Also, 4 cefepime-resistant bacterial species (18%) were isolated from patients aged 1-20 

years, 8 cefepime-resistant bacterial species (36%) were isolated from patients aged 41-60 years, 

and 10 cefepime-resistant bacterial species (46%) were isolated from patients aged 61-80 years. 

No cefepime-resistant bacterial species were isolated from patients aged 21-40 years.                                                       

The commonest bacterial species isolated was E.coli (57/57%), followed by Proteus mirabilis 

(20/20%), then Klebsiella pneumoniae (18/18%). The least bacterial species isolated was 

Citrobacter freundii (5/5%).                                                                                                                       

Klebsiella pneumoniae was found to be the highly resistant organism (10/45.4%) resistant to 

cefepime; followed by E. coli (6/27.2%) and Proteus mirabilis (5/22.8%). The lowest resistant 

organism to cefepime was Citrobacter freundii (1/4.6%).                                                                                  

The commonest cefepime-resistant organism isolated from urine specimens (10/35.7%) was 

Klebsiella pneumoniae, and the commonest cefepime-resistant organism isolated from wound 

swabs (4/50%) and ear swabs (2/100%) was Citrobacter freundii.                                                                   

As shown in Table (1), the bla CTX gene was detected in 15 strains (68%) of the 22 cefepime-

resistant bacterial species.  The bla CTX gene was most commonly detected in Klebsiella 

pneumoniae species (38.8%), followed by Proteus mirabilis (15%) .and then E.coli (8.7%). 

 

Table (1): Distribution of cefepime-resistant organisms and bla CTX gene 

 

Bacterial isolates 

 

Cefepime resistance  bla CTX gene 

No. % No. % 

E.coli 6 10.5 5 8.7 

Klebsiella pneumoniae 10 55.5 7 38.8 

Proteus mirabilis 5 25 3 15 

Citrobacter freundii 1 20 0 0 
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Discussion  

The frequency rate of cefepime resistance (22%) detected in this study agrees with what reported 

by Akhabue and his colleagues5  who investigated cefepime resistance in Pennsylvania (USA) 

and found that among 2,529 isolates, 213 (8.4%) exhibited cefepime resistance, and 339 isolates 

(13.4%) exhibited multidrug resistance.                                                                                                                   

This study found that E.coli (57%) to be the most common among the isolates investigated. This 

finding was similar to the findings of the study conducted by Chong and his co-workers (Japan) 

who investigated cefepime resistance in enterobacteria species and found frequency rates of 

18.3% for E. coli, 14.8% for Pseudomonas aeruginosa, and 9.2% for K. pneumoniae6.                                

Sanders and his co-authors7 studied the efficacy of cefepime in the treatment of chronic infection 

cases and found that cefepime was efficient in management of such cases. that had responded 

poorly to repeated therapy with imipenem, aminoglycosides, or ciprofloxacin. No emergence of 

resistance to cefepime was noted in that study. This finding disagrees with our study findings.                                                                                                                                           

Also, the present study disagrees with the study carried out by Tamma and his colleagues8   who 

investigated the use of cefepime in management of AmpC-lactamase and found that of 399 

patients meeting eligibility criteria, 96 (24%) had confirmed infections with AmpC β-lactamase–

producing organisms.                                                                                                                     

Conclusion: The major Enterobacteriaceae-resist bacterium to cefepime was Klebsiella 

pneumoniae. A significant correlation of cefepime- resistance was among elderly patients. No 

significant gender correlation was detected. The correlation of PCR technique was significant as 

compared with the disk diffusion method. 
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