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Abstract                                                                                                                                   

Background: Antibiotic resistance among isolated bacteria is the major causative agent that 

lead to increase rate of mortality and morbidity through all the world.                                                         

The last line of defense against such organisms are antibiotics belonging to the carbapenem 

family; however, these new antibiotics  are becoming ineffective mostly due to the existence of 

carbapenemase resistance.                                                                                                                     

Objective: To perform phenotypic detection of carbapenemase-producing K. pneumoniae isolated from 

patients attending hospital settings in Khartoum                                                                                                     

Materials and methods: This study was conducted at the Department of Microbiology, 

Faculty of Medical Laboratories Science (Al-Neelain University); from May 2015 to January 

2017. A total of 96 K. pneumoniae strains were isolated from different clinical specimens.                    

Using disc diffusion susceptibility method, these isolates were tested to determine their 

sensitivity pattern to menopenem. The isolates were then further tested by the modified Hodge 

test and Carba NP direct test.                                                                                                                                    

Results: Out of the 96 isolates investigated in this study, 63 isolates (65.5%) were found 

positive for carbapenemase enzyme production by the modified Hodge test and Carba NP direct 

test.                                                                                                                                                       

Conclusion: The modified Hodge test and Carba NP direct test are simple, easy to perform, 

and rapid techniques that can be carried out for the primary detection of carbapenemase enzyme 

in isolates showing intermediate or resistant susceptibility pattern. 
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Introduction                                                                                                                                        

Klebsiella pneumoniae is a encapsulated, non-motile, rod-shaped, lactose-fermenting, facultative 

anaerobic and Gram negative opportunistic pathogen that is a major  cause of hospital acquired 

infections. These  bacteria, especially in immunocompromised patients and children, are the 

causative agent of healthcare-associated pulmonary system, meningitis, sepsis, urinary tract 

infections, circulatory system, soft tissue infections worldwide, diarrhea, and bacteremia.  
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Introduction                                                                                                                                        

Klebsiella pneumoniae is a encapsulated, non-motile, rod-shaped, lactose-fermenting, facultative 

anaerobic and Gram negative opportunistic pathogen that is a major  cause of hospital acquired 

infections. These  bacteria, especially in immunocompromised patients and children, are the 

causative agent of healthcare-associated pulmonary system, meningitis, sepsis, urinary tract 

infections, circulatory system, soft tissue infections worldwide, diarrhea, and bacteremia.  
Moreover , K. pneumoniae is considered a clinically important micro-organism in past two 

decades due to its ability to develop antibiotic resistance and causes morbidity and mortality1. 

Carbapenem antibiotics are often used as last resort antibiotics for treating serious clinical 

infections caused by multidrug resistant strains of  K. pneumoniae. The mechanisms of resistance 

to carbapenems may be associated with combination of the following: decrease in bacterial outer 

membrane permeability, increased production of extended-spectrum β-lactamases (ESBLs), 

AmpC beta-lactamases, and expression of β-lactamases such as carbapenemases. Although 

antibiotic resistance is caused by multiple mechanisms, the resistance to carbapenem antibiotics 

is due to the hydrolyzing enzyme which is known as carbapenemase, and is now creating a major 

worldwide issue2. 

Another study conducted in Kenya by Apondi and his co-workers (2016), they isolated 281       

K. pneumoniae  strains  from a tertiary teaching hospital and evaluated the resistance of 

carbapenem against these isolates by the disc diffusion method. They found that the frequency 

rate of resistant isolates was 23.2%3.  
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Materials and methods      
This was a descriptive, cross-sectional study conducted at the Department of Microbiology, 

Faculty of Medical Laboratories Science (Al-Neelain University); from May 2015 to January 

2017. Confidentiality of information obtained from participants investigated was maintained. 

Verbal consent of patients was taken prior to their enrolment in the study. Laboratory results of 

specimens collected were handed to all participants included in the study. Permission to collect 

the specimens was obtained from the hospitals included in the study. Approval to run the study 

was taken from the Ethical Committee of Al Neelain University Khartoum, Sudan). Complete 

information regarding risk factors, if any, was explained to all participants under the study 

without concealment. Data analysis was performed by the Statistical Package for Social Sciences 

(SPSS) program version 21. Chi-square test was applied to assess the association between the 

categorical variants; and p-value < 0.05 was considered significant. Demographic and clinical 

data were collected from all participants using a structured questionnaire.                                                                     

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

participants were chosen on the basis of accessibility. Sample size was 315 clinical specimens 

collected from different hospital settings in Khartoum. The clinical specimens collected were: 

171 urine specimens, 47 wound swabs, 5 CSF specimens, 10 blood specimens, 67 sputum 

specimens, 4 stool specimens, 7 high vaginal swabs, 3 seminal fluid specimens, and one 

peritoneal fluid specimens ( (total of 315 specimens).                                                                                                                                                         

All specimens were cultured on standard microbiological media. Isolated organisms were 

identified first by the colonial morphology, noting the shape, consistency, colour, appearance 

(smooth, shiny, mucoid). Gram negative rods with mucoid colonies were identified by the urease 

production, citrate utilization, sugars fermentation, indole test, H2S production on TSI agar, 

oxidase test, catalase test, and nitrate test. Besides these tests, motility was looked for. 

Chromogenic agar culture: Isolation Klebsiella pneumoniae was confirmed by inoculation on 

chromogenic agar media (Liofilchem Co. Italy). The chromogenic agar medium was prepared,                                     

mixed well, and dispensed aseptically in sterile Petri dishes. When the surface of culture media 

was dry, the organism was streaked out three times by a sterile wire loop. The plates were 

incubated over night at 37°C. Then the isolates were identified according to color produced on 

the chromogenic medium (dark blue to purple colonies) confirming the isolation of Klebsiella 

pneumoniae4. 

Antimicrobial susceptibility testing: All identified and confirmed K. pneumoniae strains were 

tested for their antimicrobial susceptibility by the Kirby Bour disc diffusion technique according 

to the Clinical and Laboratory Standards Institute (CLSI)5 guidelines. The antibiotic discs used 

were: meropenem (10μg) and imipenem (10μg) (Bioanalysis  Co. Italy). Few colonies of the test 

organism were emulsified in small volume of sterile normal saline to make a fine suspension. 

The turbidity of the suspension was matched against 0.5 McFarland standard.  A sterile cotton 

swab was dipped into the suspension and was rotated firmly several times against the upper side 

wall of the tube to prevent excess fluid. Then Mueller-Hinton agar plates were streaked three 

times, the plates were turned 60 degrees between streaking to obtain even inocula. The surface 

moisture on the plates were allowed to dry before applying the antibiotic discs. Then under 

aseptic conditions, the antibiotic discs were applied onto Mueller-Hinton agar surface. The discs 

were pressed down with a sterile needle or forceps to make contact with the surface of media.  
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zones size.  All isolates for which the zone diameter ≤ 18 mm for meropenem and imipenem 

were considered to have a positive resistance for carbapenm6.  

Modified Hodge Test:  Carbapenem resistant strains of Klebsiella pneumoniae were subjected to 

the modified Hodge test (MHT) for detection of carbapenemase enzyme production. This test 

was performed as recommended by the Clinical and Laboratory Standards Institute (CLSI) 

guidelines. The suspension of ATCC E. coli 25922 control was prepared as per McFarland 

standard. 4.5mL of sterile saline was pipetted out into a sterile tube. Then 0.5mL of the ATCC 

E.coli 25922 suspension was added to 4.5mL of saline to make a 1:10 dilution. This was 

inoculated on Mueller Hinton agar plate. The plate was dried for 5 minutes and a disk of 

meropenem (10 ug) was placed in the centre of the agar plate. Using a swab; 3-5 colonies of the 

test organism were picked and were inoculated in a straight line, from the edge of the disk, up to 

a distance of at least 20mm. The plates were incubated at 37°C overnight and they were 

examined next day. They were checked for an enhanced growth around the test organism streak 

at the intersection of the streak and the zone of inhibition. The presence of an enhanced growth 

of E. coli indicates carbapenemase production by the test organism that had inactivated 

meropenem which was no longer sufficient to inhibit E.coli and an indentation of the zone was 

noted and detected by the presence of a distorted or clover-leaf shaped inhibition zone which was 

interpreted as positive for carbapenemase-producing isolates7 (Fig. 1). 

Carba NP test Direct (CNPt-direct): This is a biochemical test based on the detection of β-lactam 

ring hydrolysis. It had been developed for the early identification of carbapenemase in 

Enterobacteriaceae. A full 2-µl loop of a pure bacterial culture recovered from Mueller-Hinton 

agar was directly suspended in micro titer plate containing 96 wells, and each well contains 200 

µl of urea broth medium, supplemented with 6 mg/ml meropenem  (reaction tube) or without 

antibiotic (control tube). Tubes were gently mixed for 5 to 10 sec. Finally, the plate were  

incubated at 35°C and monitored up to 2 hours. Then bromothymol blue indicator was added at 

the end of reaction, and a yellow color develops, indicating an acidic pH resulting from 

hydrolysis of the substrate (i.e. positive carbapenemase enzyme production). No change in color 

indicates a negative test (Fig. 2).                                                                                                                
 

Results                                                                                                                                                 
In the present study, 315 Klebsiella pneumoniae isolates were investigated. 168 (53%) K. 

pneumoniae strains were isolated from males; and 147 (47%) strains were isolated from females. 

The age range of patients investigated was 9-81years. The largest number of patients tested was 

in the age range 61-90 years; and the smallest number was in the age range 0-20 years (Table 1). 

Out of the 315 Klebsiella pneumoniae isolates tested, 96 (30.5%) isolates were resistant to 

imipenem and meropenem (zone diameter  ≤ 21 mm); and 219 (69.5%) isolates were susceptible 

to carbapenems (zone diameter  ˃ 21 mm). 

Out of the total 96 carbapenem resistant Klebsiella pneumoniae isolates, both the modified 

Hodge test (MHT) and the Carba NP test-Direct had identified 63 (65.5%) isolates as 

carbapenemase producers; while 33 (34.4%) isolates were found negative.  
 

Discussion          
In this study, 96 multidrug-resistant strains of K. pneumoniae were isolated. These strains were   
 

mostly isolated from urine specimens and less frequently from blood, wound swabs, and sputum.  
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The frequency rate of carbapenem-resistant isolates was 96 (30%) among the patients 

investigated. This frequency was closely similar to the findings of Apondi et al study that was 

conducted in Kenya; who reported a resistance rate of 23.2%4.                                                                       

From the 96 carbapenem-resistant isolates found in the current study, 63 (65.5%) isolates were 

MHT positive. This result was similar to the result obtained by Dalia and Doaa8 (61.9%) in 

Egypt who investigated 125 isolates. However, it was lower than the result obtained by Sahin 

and his colleagues (91%)9 and higher than the result obtained by Mohamed and his co-workers 

(35%)10.  
 

 

 
 

Fig. (1): Modified Hodge test showing carbapenem resistant isolates of K. pneumoniae                                                                                     

Isolate 351: Negative.   Isolate 365: Weakly positive.                                                                                        

Isolates 356, 380 and 344: Highly positive. 
[ 

 

 
 

Fig. (2): Carba NP test direct 
 

Well with left arrow: Positive control     Well with right arrow: Negative control.                             

Positive test: Wells with yellow color     Negative test: Wells with green color                                    
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Table (1): Distribution of patients investigated                                                                                                              

according to gender and age incidence 

Age range  Males Females Total 

0-20 yrs 20 10 30 (9.5%) 

21-40 yrs 36 48 84 (26.6%) 

41-60 yrs 44 40 84 (26.6%) 

61-81yrs 68 49 117 (37.3%) 

Total 168 (53.5%) 147(46.5%) 315 (100%) 
 

 
 

Also, in the present context the result of the MHT was similar to Amjad and his colleagues 

(2011)who investigated 200 Gram negative bacterial species isolated from different clinical 

specimens, and they found 138 (69%) positive species for carbapenemase enzyme production by 

the modified Hodge test11. 

Furthermore, in this study 33 (34.5%) isolates were negative for enzyme production by MHT and 

Carba NP test-Direct. The resistance of these isolates was not due to enzyme production, but it 

was due to efflux pumps mechanism or mutations to PBPs, or alteration in the expression of 

porins on the cell wall. Such modes of mechanisms can cause high levels of resistance to 

carbapenems in certain bacterial species such as Klebsiella pneumoniae12. 

There was no difference between the two phenotypic tests employed in this study, however the  

Carba NP direct test is more time saving than MHT but it was more expensive. 
Conclusion: The modified Hodge test and Carba NP direct test are simple, easy to perform, and 

rapid techniques that can be carried out for the primary detection of carbapenemase enzyme in 

isolates showing intermediate or resistant susceptibility pattern. 
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