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Abstract                                                                                                                                                  

Background: New Delhi metallo-beta-lactamase (NDM-) was associated with sporadic cases 
and was reported from different countries suggesting a widespread dissemination.                                                                              
Objective: To detect New Delhi metallo-beta-lactamase-producing Gram negative bacilli 
causing pyogenic infections in Khartoum State.                                                                                                                            
Materials and methods: 82 wound swabs and 80 urine samples were collected from patients 
who presented with pyogenic infection. Samples were examined microscopically, cultured on 
selective media, and identified using standard biochemical reactions. Antimicrobial susceptibility 
to carbapenems was performed by the disc diffusion method. Isolates showing resistance were 
tested for carbapenemase enzyme production by the modified Hodge test. A double disk synergy 
test was used to detect extended-spectrum β-lactamase-producing Gram-negative bacilli. 
Results: E. coli was the commonest pathogen (45.9%) among urine isolates; while                  
P. aeruginosa was the predominant pathogen (39.1%) among wound swabs isolates. Regarding 
carbapenem sensitivity, 67 Gram-negative isolates (74.4%) were sensitive. Whereas the most 
resistant Gram negative organism to carbapenem (23/13.2%) was P. aeruginosa. From the 23 
Gram negative bacilli resistant to carbapenem, only six organisms (26.1%) were found positive 
by the modified Hodge test. The New Delhi metallo-beta-lactamase producers were strains of K. 
pneumoniae, P. aeruginosa, and Acinetobacter. EDTA synergy test was positive with the same 
six strains found positive by the modified Hodge test.                                                                                                                   
Conclusion: Many Gram negative bacilli specially Pseudomonas and Klebsiella species have 
developed resistance to carbapenem antibiotics through the production of New Delhi metallo-
beta-lactamase enzyme. Detection of metallo-beta-lactamase-producing Gram-negative 
pathogens is a tool to prevent widespread dissemination of carbapenem antibiotics resistance. 
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Introduction                                                                                                                                                 

 New Delhi metallo-beta-lactamase 1 (NDM-1) is a newly-described metallo-beta-lactamase 
(MBL). Like other acquired MBLs, NDM-1 hydrolyses all beta-lactam antibiotics except for 
aztreonam, which is usually inactivated by co-produced extended-spectrum or AmpC beta-
lactamases. An association with other resistance mechanisms makes a majority of 
Enterobacteriaceae with blaNDM-1 extensively resistant to antibiotics and susceptible only to 
colistin and, less consistently, tigecycline1.                                                                                                      
During the past decade, there has been an emergence of carbapenem-resistant 
Enterobacteriaceae that produce carbapenemases, enzymes that efficiently hydrolyze 
carbapenems, as well as most β-lactam drugs. The most common carbapenemase among 
Enterobacteriaceae in the United States is the Ambler class A Klebsiella pneumoniae 
carbapenemase (KPC), an enzyme that is found throughout the United States and globally. The 
emergence of another group of carbapenemases, the Ambler class B metallo-β-lactamases 
(MBLs), is of great concern worldwide. Until recently, MBLs were rarely identified in the 
United States and were found exclusively in Pseudomonas aeruginosa. However, recent reports 
of producing IMP– and VIM-type MBLs K. pneumoniae have increased concerns over additional 
transmissible carbapenem resistance mechanisms in Enterobacteriaceae2.                                                          
Among the most recent carbapenemases to appear is the newly described New Delhi MBL 
(NDM). First reported in 2009, NDM-1 was initially identified in K. pneumoniae and E.coli 
clinical isolates obtained from a Swedish patient who had been hospitalized in India3.                                                                                                                                                                              
Metallo-beta-lactamase -producing gram-negative organisms have now been reported in many 
geographic regions. Their ability to rapidly disseminate within an institution and lead to poor 
outcomes when infection ensues is a concern, and therefore, early laboratory detection is of great 
clinical importance4.                                                                                                                                  
Carbapenems are among the few useful antibiotics against multidrug resistant gram negative 
bacteria particularly those with extended spectrum beta lactamase. However resistance to 
carbapenems occurs and is mediated by mechanisms like loss of outer membrane proteins and 
production of beta lactamase (New Delhi metallo-beta-lactamase) that is capable of hydrolyzing 
carbapenems5.                                                                                                                                                               
Drug-resistant gram-negative bacteria that produce NDM have been found in community and 
health care settings in India and Pakistan in a wide range of gram-negative genera containing 
diverse blaNDM-harboring plasmids, and have been reported in >15 countries worldwide. The 
widespread dissemination of NDM-producing isolates and the apparent ease of mobility of the 
gene is a major threat to public health on a global scale6.In this study laboratory characterization 
was performed on clinical isolates of NDM-producing Enterobacteriaceae collected from 
patients in Khartoum State. Strain typing and analysis were performed to identify common 
lineages.  
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Materials and methods  

This work was a case finding hospital and laboratory-based, descriptive, cross-sectional, 
qualitative study aiming to screen patients with pyogenic infections. It was carried out during the 
period from March to June 2013. The study area was facility based and applied at hospitals in 
Khartoum State (Sudan). Target populations were patients with pyogenic infections. Inclusion 
criteria were all patients with pyogenic infections; and exclusion criteria were all patients 
without pyogenic infections.                                                                                                                     
Complete information regarding risk factors was handed to all patients investigated and no 
concealment what so ever. Confidentiality of information obtained from patients was maintained. 
Valid consent of the patients examined was taken. Results of samples collected were donated to 
all patients included in the study and some sample results were dispatched to physicians for 
treatment prescription. Consent to collect the samples was obtained from the different hospitals 
and centres included in the study.                                                                                                                        
The study was based on a non-probability purposive, convenience sampling. Sample size was 
162 different samples collected from patients with pyogenic infection. 82 wound swabs and 80 
urine samples were collected from patients presented clinically with pyogenic infections. 
Transport media incorporating charcoal were used to enhance the survival of fastidious 
organisms. Samples were examined directly by Gram stain, then directly cultured on differential 
and selective specific media such as Mac Conkey, CLED agar, and blood agar. All plates were 
incubated at 37o C for 24 hrs. under aerobic conditions.                                                                                                                                                     
The isolates were identified using different, standard biochemical reactions. Oxidase test, Kligler 
iron agar test, citrate utilization test, urease test, and indole test were used for the identification 
of Gram negative bacilli. While catalase test, DNase test, coagulase test, and novobiocin 
sensitivity test were used for the identification of Gram positive organisms. The sterility and the 
efficiency of the culture media were tested by incubating 5% of plates aerobically overnight at 
37°C then checked for growth. Control strains were examined for growth on culture and 
sensitivity media. All reagents were pre-tested using control strains.                                                                           
The antimicrobial susceptibility to carbapenems was performed by the disc diffusion method. 
Zone sizes were measured according to the Clinical Laboratory Standards Institute (CLSI) 
recommendations. The isolates which showed intermediate or resistant zones for imipenem (i.e. 
16-21 mm) were tested for carbapenemase enzyme production by the modified Hodge test.                                                                                                                   

The Modified Hodge test (MHT) is recommended by Clinical and Laboratory Standards Institute 
as a confirmatory test for carbapenemase production. K. pneumoniae ATCC BAA-1705 and 
ATCC BAA-1706 strains were used as positive and negative controls respectively. The MHT 
was performed by preparing 0.5 McFarland dilution of Escherichia coli ATCC 25922 in 5 ml 
saline. Then 1:10 dilution of this preparation was streaked as a lawn on a Mueller Hinton agar 
plate. A10 µg meropenem disk was placed in the center of the test area. The test organism was 
streaked in a straight line from the edge of the disk to the edge of the plate. 
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Likewise K. pneumoniae positive and negative controls were similarly streaked. The plate was 
incubated overnight at 35±2°C in ambient air for 16–24 hours. After incubation, positive MHT 
was visible in a form of a clover leaf-like shape of Escherichia coli growth along the test 
organism streak within the diffusion zone. Negative MHT was shown by no growth of 
Escherichia coli along the test organism streak within the diffusion zone as shown in Fig. 1.                                                        
 
 

 

 

Fig. 1:     Modified Hodge test (a clover leaf-like shape) 

 

The double disk synergy test using β-lactam and β-lactamase-inhibitor disks is a convenient 
method of detecting extended-spectrum β-lactamase (ESBL)-producing Gram-negative bacilli, 
according to the National Committee for Clinical Laboratory Standards (NCCLS). EDTA 
inhibition of β-lactamase activity is used to differentiate a metallo-β-lactamase from other β-
lactamases.                                                                                                                                                                     
To perform EDTA-disk synergy test an overnight culture of the test isolate was suspended in      
a McFarland broth (turbidity No. 0.5) and swabbed on a Mueller–Hinton agar plate. After drying, 
a 10-µg imipenem disk (BBL, Cockeysville, MD) together with a blank filter paper disk were 
placed on Mueller–Hinton agar plate 10 mm apart. 10 µL of 0.5 M EDTA solution was applied 
to the blank disk (i.e. approximately 1.5 mg/disk). After overnight incubation, the presence of an 
enlarged inhibition zone of imipenem indicates a positive EDTA-synergy test (Fig. 2).                          
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The software used for the analysis of data was Statistical Package for Social Sciences (SPSS) 
program (version 14). For categorical variables, proportions were compared by the chi-square 
test as appropriate. The means and medians of the continuous variables are compared by 
Student’s t test program depending on the sample distribution. Frequencies, percentages, tables 
and graphs were used for presentation of data. 

Results        

82 wound swabs and 80 urine samples (total 162 samples) were collected from patients 
diagnosed clinically as cases of pyogenic infection. 37 organisms (46.3%) were isolated from 
urine samples, and 69 organisms (84.2%) were isolated from wound swabs samples. The number 
of specimens that gave pathogenic growth was 106 specimens (65.6%); while 56 specimens 
(34.4%) showed no bacterial growth. E. coli was the commonest pathogen (45.9%) among urine 
isolates; while Pseudomonas aeruginosa was the predominant pathogen (39.1%) among wound 
swabs isolates. The frequency of pathogenic organisms isolated from urine samples compared 
with that isolated from wound swabs was found significant (p = ˂ 0.05). Of the 106 isolated 
organisms 91 (85.8%) were Gram negative bacilli, 15 (14.2%) were Gram positive cocci and 57 
(53.8%) were members of the Enterobacteriaceae family (Table I).  
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Table I:    Organisms isolated according to type of sample collected 

Organism isolated 
     Sample collected 

    Total     Urine Wound swab 
No growth 43 (26.54%) 13 (8.02%) 56 (43.57%) 
S. aureus  3 (1.85%) 8 (4.94%) 11 (6.79%) 
K. pneumoniae 8 (4.94%) 5 (3.09%) 13 (8.02%) 
E. coli 17 (10.49%) 3 (1.85%) 20 (13.35%) 
E. faecalis 4 (2.47%) 0 (0.00%) 4 (2.47%) 
Enterobacter 4 (2.47%) 0 (0.00%) 4 (2.47%) 
Acinetobacter 1 (0.62%) 6 (3.71%) 7 (4.32%) 
P. aeruginosa 0 (0.00%) 27 (16.67%) 27 (16.67%) 
Proteus 0 (0.00%) 20 (4.32%) 20 (4.32%) 
Total 80 (49.38%) 82 (50.62%) 162 (100%) 

                                                                 p = ˂ 0.05 (significant) 
 
The age incidence of patients investigated was 19-88 years (mean 53.5 years). The frequency of 
pathogens isolated from patients in different age groups was found significant (p = ˂ 0.05). The 
largest number of specimens (103 / 63.6%) was collected from patients aged 19-42 years. While 
the fewest number of specimens (14 / 8.6%) was collected from patients aged 66-88 years.         
E. coli was the commonest organism isolated (16 / 9.9%) in the age range 19-42 years.  
The gender incidence of patients investigated were 62 (38.3%) males, and 100 (61.7%) were 
females. The frequency of organisms isolated from male patients compared with that isolated 
from female patients was found significant (p = ˂ 0.05).  Pseudomonas aeruginosa was the 
commonest organism (20 / 12.4%) to be isolated among males.                                                                          
 
From the 23 Gram negative bacilli resistant to carbapenem, only six organisms (26.1%) were 
found positive and 17 (73.9%) were found negative by the modified Hodge test. The frequency 
of this parameter was found statistically insignificant (p = ˃ 0.05). The six positive modified 
Hodge test isolates were considered New Delhi metallo-beta-lactamase producers.                                            
Five of these organisms were isolated from male and only one organism was isolated from 
female patients. The New Delhi metallo-beta-lactamase producers were two Klebsiella 
pneumoniae strains, two were Pseudomonas aeruginosa strains, and two were Acinetobacter 
strains.                                                                                                                                                                           
EDTA synergy test was positive with the same six strains of Klebsiella pneumoniae, 
Pseudomonas aeruginosa and Acinetobacter (26.1%); while 17 strains (73.9%) were negative to 
the EDTA synergy test. This frequency was found statistically insignificant (p = ˃ 0.05). 
However, the ESBL-producing Gram-negative bacilli detected in this study were found to be six 
bacterial species.  
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Regarding carbapenem sensitivity, 67 Gram-negative isolates (74.4%) were sensitive, while 23 
(25.6%) were resistant to this drug. The frequency of sensitive organisms compared with that of 
resistant organisms was found significant (p = ˂ 0.05). The major Gram negative organisms 
sensitive to carbapenem (21.98%) were E. coli and Proteus. Whereas the most resistant Gram 
negative organism to carbapenem (13.2%) was Pseudomonas aeruginosa (Table II).  

Table II:    Carbapenem sensitivity pattern 
 

  
Organisms isolated 

Sensitivity to carbapenem 
      Total 

  Sensitive Resistant 
K. pneumoniae  8 (8.79%) 5 (5.49%) 13 (14.29%) 
E. coli 20 (21.98%) 0 (0.00%) 20 (21.98%) 
E. faecalis 1 (1.10%) 0 (0.00%) 1 (1.10%) 
Enterobacter 4 (4.40%) 0 (0.00%) 4 (4.40%) 
Acinetobacter 1 (1.10%) 6 (6.59%) 7 (6.69%) 
P. aeruginosa 14 (15.38%) 12 (13.19%) 26 (28.57%) 
Proteus 20 (21.98%) 0 (0.00%) 20 (21.98%) 
Total  68 (74.73%) 23 (25.27%) 91 (100%) 

                                                                p = ˂ 0.05 (significant) 
 
Discussion 

The NDM-1 enzyme was named after New Delhi, the capital city of India, as it was first 
described by Yong et al. in December 2009 in a Swedish national who fell ill with an antibiotic-
resistant bacterial infection that he acquired in India7. The infection was unsuccessfully treated in 
a New Delhi hospital, and, after the patient's repatriation to Sweden, a carbapenem-resistant 
Klebsiella pneumoniae strain bearing the novel gene was identified. The authors concluded that 
the new resistance mechanism "clearly arose in India, but there are few data arising from India to 
suggest how widespread it is". Its exact geographical origin, however, has not been conclusively 
verified. In March 2010, a study in a hospital in Mumbai found that most carbapenem-resistant 
bacteria isolated from patients carried the blaNDM-1 gene. The 6 New Delhi metallo (NDM)-beta-
lactamase producers described in this study were resistant to all β-lactams including aztreonam. 
Three screening methods were used in the present context for phenotypic detection of NDM 
activity: disc diffusion method, MHT, and EDTA synergy test. The MHT is not as sensitive as 
molecular techniques such as novel multiplexed real-time PCR. Several factors contribute to the 
global dissemination of NDM-beta-lactamase producers as it spreads through a variety of 
plasmids and bacterial strains. The environmental and epidemiologic factors driving this spread 
and the molecular mechanisms by which it disseminates are not well understood. NDM has 
spread rapidly worldwide and has now been described in more than 15 countries in 5 continents.  
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Numerous NDM-producing Enterobacteriaceae have been identified worldwide. The relative 
ease with which this resistance mechanism appears to move within and between different 
bacterial genera, as well as mobility of humans infected or colonized with NDM producers, 
serves to highlight the need for reliable and rapid means of detecting drug-resistant organisms to 
implement infection control measures to prevent further dissemination8.                                                  
Detection of NDM-1 gene depends upon the phenotypic determination of the enzyme activity. 
These enzymes are zinc dependent and therefore termed as metallo beta lactamase. Indian studies 
have been done which demonstrate their dependency on zinc and the ability of zinc chelating 
agents like EDTA to decrease their activity. The Modified Hodge Test and a newly developed 
Re-Modified Hodge Test were developed for detection on a routine basis in resource limited 
laboratories. In August 2010, the first reported death due to bacteria expressing the NDM-1 
enzyme was recorded after a Belgian man, who had become infected while being treated in a 
hospital in Pakistan, died despite being administered colistin. A doctor involved in his treatment 
said: "He was involved in a car accident during a trip to Pakistan. He was hospitalized with a 
major leg injury and then repatriated to Belgium, but he was already infected". In a study made 
in 2012 after specific identification tests, the susceptibility to the antibiotics was done by Kirby 
Bauer method and broth microdilution. Carbapenem resistant isolates were tested for 
carbapenemase production using modified Hodge test. Carbapenem resistant strains screened for 
blaKPC gene and genes encoding Metallo-beta-lactamases by using specific primers targeting 
blaNDM-1, blaVIM-1, blaVIM-2, blaIMP-1, blaIMP-2, and blaSPM. PCR products were 
sequenced in both directions. This study was conducted to isolate and identify the Gram negative 
bacilli causing pyogenic infections and to determine the carbapenem resistant strains that 
produce NDM-beta-lactamase. In this study out of the 23 carbapenem resistant isolates 6 (26%) 
were found to be NDM-producing strains: two were Klebsiella pneumoniae, two were 
Pseudomonas aeruginosa, and two were Acinetobacter spp.3                                                                                         
In a study carried out by Deshpande and his colleagues9 in India (2010), they found 24 
carbapenem resistant Enterobacteriaceae, 22 were NDM producers while two were NDM-non 
producers. Amongst the 22 NDM producing organisms, they found 10 were Klebsiella spp, 9 
were Escherichia coli, two were Enterobacter spp and one was Morganella morgani.                                         
Also Shahcheraghi and his co-workers10 in Tehran (2012) reported that out of 360 Gram negative 
bacilli, 38 were carbapenem resistant and modified Hodge test was positive in 11 of the 
carbapenem resistant strains. Majority of carbapenem resistant isolates were Klebsiella spp 
(52.1%) and Escherichia coli (39.1%).                                                                                                                                  
In Costal Karnata (2009), Shobha and his co-authors11 found that out of the 54 meropenem 
resistant strains studied 16 (30%) were MBL-producing isolates.                                                                    
Furthermore, Lee and his colleagues (2001)12 screened 530 Gram-negative organisms by the 
modified Hodge test and they detected 43 imipenem-resistant isolates.                                                                   
On the other hand, Gottig and his co-workers13 in Germany (2013) investigated 100 
Acinetobacter spp. isolates 90 of them showed resistance against imipenem by disc diffusion 
method, and 83 (96.6%) were metallo-β-lactamase producers.  
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They also studied 42 Pseudomonas aeruginosa isolates, 25 of them showed resistance against 
imipenem by the disc diffusion method; while the imipenem-EDTA synergy test showed 100% 
metallo-β-lactamase production.                                                                                                                                                                       
In the present study 6 isolates (27%) were MBL-producers, of which 5 were Gram-negative 
strains isolated from male patients and one strain was isolated from female patients. All MBL-
strains were isolated from patients in the age range 39-55 years. This result was different from 
that reported by Shobha and his co-authors who found that 13 MBL-producers (81%) were 
isolated from male patients and 3 strains (19%) were isolated from female patients. Most strains 
(81%) were isolated from patients in the age range 40-75 years and only few strains (19%) were 
isolated from patients in the age range below 40 years and above 75 years11.                                                              
The present study screened wound swabs for MBL-producers, and 6 positive isolates were 
detected. In America (2006) Franklin and his colleagues14 isolated 84 MBL-producers 8 (10%) 
of them were from wound swabs and one (1%) was from wound-drain fluid.                                                 
Also in this study 37 organisms (46.3%) were isolated from urine samples. Shobha and his 
coworkers (2009) isolated 3 MBL-producers (21%) from urine specimens11.                                                              
This study may assist with control of multi-resistant problems to minimize the use of 
antimicrobials for pyogenic infections therapy. It may advise on the appropriate antimicrobials needed 
for treatment of multi-resistance Gram negative bacilli. It may also assist in control of pyogenic 
infections and advise on practical measures to limit its spread and enhance its elimination. At the 
same time the study may monitor and reflect the magnitude of Gram negative bacilli resistance in 
Khartoum State; an may encourage researchers to look for possible sources of Gram negative 
bacilli, and to test for antibiotic resistance in a wide range of pathogenic organisms.                                    
Conclusion: Many Gram negative bacilli specially Pseudomonas and Klebsiella species have 
developed resistance to carbapenems antibiotics through the production of New Delhi metallo-
beta-lactamase enzyme. Detection of metallo-beta-lactamase-producing Gram-negative 
pathogens is an important tool to prevent widespread dissemination of carbapenems antibiotics 
resistance. 
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