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Abstract                                                                                                                                                  

Background: The increase in the rates of antibiotic resistance is becoming a major cause of  concern 

in isolates of Enterobacteriaceae family. β-lactams had been the drugs of choice for treatment of serious 

bacterial infections. The most active is the carbapenems, which is used in the treatment of infections 

caused by extended-spectrum β-lactamase (ESBL) producing Escherichia coli (E. coli ) and Klebsiella 

pneumoniae (K. pneumoniae). However, clinical utility of carbapenems is under a serious threat with the 

emergence of acquired carbapenemases, mainly; class B Metallo-β-lactamases (MBLs). These drugs are 

characterized by the ability to hydrolyze carbapenems and are inhibited by EDTA chelators of Zn2+.                                                                                                                                      

Objective: To detect phenotypically metallo-β-lactamase producing Klebsiella pneumoniae, E. coli, 

and Pseudomonas aeruginosa isolated from patients attending Soba University Hospital (Khartoum)                                                                                                                                                               

Materials and methods: 161 clinical isolates isolated from different specimens from patients 

admitted to various wards and intensive care units in Soba University Hospital (SUH) were included in 

this descriptive cross sectional study. This study was conducted from February through March 2017. All 

bacterial isolates were characterized using standard methods. All isolates were investigated 

phenotypically to detect MBL production using combine disk diffusion test (CDT). Isolates that showed 

resistance or intermediate zone inhibition to carbapeneme (imipenem) were considered carbapenemase 

producers and confirmed by the modified Hodge test.                                                                                                                                        

Results: Out of 161 non-duplicate clinical isolates, 100 (62.1%) isolates were multidrug- resistant 

(MDR) organisms. Imipenem (IPM) resistant and intermediate form about 37 isolates out of 161 isolate 

(23%). Resistant pattern to IPM were 22 isolates (13.8%) were resistant and 15 isolates (9.4%) were 

intermediate. Out of 37 IPM resistant and intermediate isolates (23%) and 18 susceptible isolates (11.2%), 

21 (38.2%) carbapenemase producer detected by Modified Hodges test detect in {8 E. coli ”ESBL” 

(34.8%), 4 K. pneumoniae (57.1%), 4 K. pneumoniae” ESBL” (50.0%) and 5 Pseudomonas aeruginosa 

(Ps. aeruginosa) (29.4%)}.Out of 21 (38.2%) carbapenemase producer, nine isolates (23.6%) (6 K. 

pneumoniae ( 66.6%), 2 E. coli                                                               
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(22.2%) and one Ps. aeruginosa (11%)) were Imipenim sensitive. Moreover, 10 isolates (47.6%) 

were MBL and carbapenemase producer (6 K. pneumoniae  (60%), 3 Ps. aeruginosa (30%), and   

1 E. coli (10%).Out of the 161 Gram-negative bacilli (GNB) detected for MBL production using 

Imipenem (10μg), 38 bacterial isolates (23.6%) were MBL producer 19 K. pneumoniae (50%), 

11 E. coli (29%),8 Ps. aeruginosa (21.0%). 25 K. pneumoniae (29.4%), 14 ESBL K. pneumoniae 

(25.9%) and 8 ESBL E. coli (24.2%) and 3 E. coli (33.3%)). Metallo-β-lactamase (MBL) production 

was detected phenotypically using combine disk test “CDT”.  

Conclusion: Detection of metallo-β-lactamase-producing pathogens is a reliable tool to prevent 

widespread dissemination of carbapenems antibiotics resistance. 

 

Key words: Phenotyping, Metallo-β-lactamase, K. pneumoniae, E. coli, Ps. aeruginosa   

Introduction  

The increase in the rates of antibiotic resistance is becoming a major cause for concern in isolates of 

the Enterobacteriaceae family. Beta-lactams have been the drugs of choice for the treatment of 

serious bacterial infections. The most active is the carbapenems, which employed in the treatment of 

infections caused by extended-spectrum β-lactamase (ESBL) producing Enterobacteriaceae, 

particularly Escherichia coli and Klebsiella pneumonia. However, clinical utility of carbapenems is 

under a serious threat with the emergence of acquired carbapenemases, mainly; class B Metallo-β-

lactamases (MBLs). They are characterized by the ability to hydrolyze carbapenems and inhibited by 

EDTA chelators of Zn2+ 1.  

β-lactam antibiotics have been the drug of choice in treating these health conditions. However, 

multiple antibacterial resistance in recent decades among E. coli and Klebsiella spp as extended-

spectrum β-lactamase producers have become common, very difficult to treat and may result to 

death. Several reports had shown that MBL-carrying organisms may be susceptible to carbapenems 

in vitro (using standard methods), but is actually resistant in vivo. It was reported that over 30% 

MBL-carrying isolates which were predominately Enterobacteriaceae, were found to be susceptible 

to imipenem having MIC ≥ 4 μg/ml. Also a report of an outbreak of Klebsiella pneumoniae isolates 

carrying blaIMP-8 and 88% (35/40) were susceptible to carbapenems, however, the clinical use of 

carbapenems for handling these cases did not reflect the reported susceptibility profile2. 

The introduction of carbapenems into clinical practice represented a great advance for the treatment 

of serious bacterial infections caused by β-lactamase resistant bacteria. This is due to the broad-

spectrum activities and stability to hydrolysis by most β-lactamase enzymes, which have made 

carbapenems the drug of choice for the treatment of infections caused by penicillin or cephalosporin-

resistant Gram-negative bacilli, particularly extended spectrum beta-lactamase. However, in recent 

year’s emergence of carbapenem-hydrolysing metallo-beta-lactamase in P. aeruginosa has been 

described worldwide. With respect to infection with MBL-producing strains represents a therapeutic 

problem due to their resistance to all beta-lactams except monobactams3.                                                  
The aim of this study was to detect the association of multidrug-resistant with MβL produced by 

Pseudomonas aeruginosa and Enterobacteriaceae isolates. The study was also concerned with 

detection of carbapenems resistance among these isolates.                                                                         
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Materials and methods                                                                                                                               
 

This was a descriptive, cross sectional, hospital-based, analytical study. It was a qualitative study 

aiming to screen patients with pyogenic infections. The study was conducted during the period from 

February to March, 2017. Clinical pathogens were collected from patients admitted to various wards and 

intensive care units at Soba University Hospital. Inclusion criteria were all patients with pyogenic 

infections. Exclusion criteria were all patients without pyogenic infections.                                                                                                         

The software used for the analysis of data was Statistical Package for Social Sciences (SPSS) program 

(version 14). Categorical variables and 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 the data. Permission to collect the specimens was taken from Director of Soba 

University Hospital, and approval to conduct the study was granted by Al-Neelain University, 

Khartoum (Sudan).                                                                                                                                                      

Sampling was a non-probability purposive, convenience type where specimens were chosen on the 

basis of accessibility. Sample size was 161 clinical specimens collected from blood, biological fluids, 

urine, broncho alveolar lavage, pus and sputum specimens from patients admitted to various wards and 

intensive care units.                                                                                                                 
Susceptibility of clinical isolates were determined by the Kirby-Bauer disk diffusion method using 

Mueller-Hinton agar (MAST, UK); and following the guidelines recommended by the Clinical and 

Laboratory Standard Institute (CLSI, 2000). The commercial disks used were gentamycin, nitrofurantoin, 

cotrimoxazole, augmentin, ceftazidime, amikacin, ciprofloxacin, cephalixcin, ceftriaxone, cefuroxime, 

ampicillin, and imipenem (Mast. UK). Reference ESBL positive E. coli ATCC 25922 was used as a 

control strain. This control strain was run simultaneously with the susceptibility test of test organisms. 

Results were interpreted according to CLSI interpretative criteria and Manual of Antimicrobial 

Susceptibility Testing guidelines4.                                                                                                      

Isolates found resistant to imipenem, or third generation ceftazidime or had multidrug resistance were 

presumptively considered MBL enzyme producers but this was confirmed by the combine disk diffusion 

test (CDT). This test 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 was used to differentiate a Metallo-β-lactamase 

producer from other β-lactamases. It was performed by placing two imipenem (10ug) disks on the surface 

of Mueller-Hinton agar plate and 10 μl EDTA solution was added. Plates were incubated for 16 to 18 hours 

at 35 - 37°C. An increase in zone size of more than or equal to 7 mm for imipenem-EDTA disk compared 

to imipenem disk alone would indicate MBL producer strain5.                                                                                                                                                                         

All isolates showing zone of inhibition of <16 mm for imipenem were considered carbapenemase enzyme 

producers but confirmed by the modified Hodge test (MHT). This test was performed in accordance with 

the CLSI guidelines. The test was performed by the disc diffusion method. A 0.5 McFarland dilution of 

Escherichia coli ATCC 25922 in 5 ml saline was prepared. A 1:10 dilution of this preparation was                                                                                                                                                                                      
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streaked as a lawn on a Mueller Hinton agar plate. A 10 µg imipenem disk was placed in the center of 

the test area. Test organism was streaked in a straight line from the edge of the disk to the edge of the 

plate. 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.  Zone sizes were measured according to 

the Clinical Laboratory Standards Institute (CLSI) recommendations. Enhanced growth indicated 

carbapenemase production; and no enhanced growth indicated no carbapenemase production.  

Results 

Out of the 161 non-duplicate clinical isolates investigated, 71 (44.1%) were K. pneumoniae,     

42 (26.1%) were E. coli, and 48 (29.5%) were P. aeruginosa strains.                                                             

ESBL strains were detected among 54 (33.5% ) K. pneumoniae isolates and 33 (20.5% ) among 

E. coli isolates. The highest frequency rate of Gram-negative isolates (63/39.1%) was isolated 

from blood cultures, followed by urine cultures (58/36. %), and swabs cultures (30/18.6%).                                                                    

Most organisms (43/26.7%) were isolated from ICUs, followed by internal medicine wards                                  

(33/ 20.5%), then out-patients departments (16/9.9%).                                                                                                       

Most isolates (86/53.4%) were specimens collected from patients <15 years old. 107 patients 

(66%) were males and 54 (34%) were females. Susceptibility pattern showed that the most 

effective antibiotic was amikacin (146/91.8%).                                                                                                                                                       

Drug resistance was exhibited by ceftazidime (126/80.25%), ampicillin (110/98.2%), and 

amoxyclav (109/97.3%). Organisms exhibiting drug resistance against ceftazidime were K. 

pneumoniae (58/82.0%), Ps. aeruginosa (34/72.3%), and E. coli (34/81.0%) respectively. E.coli 

was 100% resistant to amoxyclav (AMC), ampicillin (AM), ceftriaxone (CRO), cefuroxime 

(CXM) and ciprofloxacin (CRO).                                                                                                                                                                            

100 isolates (62.1%) were found multidrug-resistant (MDR). The isolates susceptibility pattern 

to imipenem (IPM) were 123 isolates (76.9%) susceptible , 22 isolates (13.8%) resistant, and 15 

isolates (9.4%) intermediate. 22 isolates (13.8%) were found resistant to IPM, namely K. 

pneumoniae (3/17.6%), 3 E. coli (9.1%), and Ps. aeruginosa (3/6.4%). 15 isolates ((9.4%) were 

found intermediately sensitive to IPM, namely K. pneumoniae (3/17.6%), 2 E. coli (6.1%), and 

Ps. aeruginosa (3/6.4%).                                                                                                                                            

Total IPM resistant and intermediately sensitive isolates were 37 (23%) strains. Out of the IPM 

sensitive, resistant, and intermediately sensitive isolates, 21 isolates (38.2%) were found 

carbapenemase enzyme producers. They include 8 (34.8%) E. coli-ESBL isolates, 4 (57.1%) K. 

pneumoniae isolates, 4 (50%) K. pneumoniae-ESBL isolates, and 5 (29.4%) Ps. aeruginosa 

isolates. Nine isolates (23.6%) were carbapenemase producers and sensitive to IMP, i.e. 6 

(66.6%) K. pneumoniae isolates, 2 (22.2%)  E. coli, and one (11%) Ps. aeruginosa. Moreover,  

10 isolates (47.6%) were MBL and carbapenemase producers, i.e. 6 (60%) K. pneumoniae, 3 

(30%) Ps. aeruginosa, and one (10%) E. coli.                                                                         
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MBL production was exhibited by 38 (23.6%) isolates, i.e. 19 (50%) K. pneumoniae, 11 (29%) 

E. coli and 8 (21%) Ps. aeruginosa.  

The isolates producing MBL and confirmed by the CDT test include 5 K. pneumoniae isolates 

(29.4%), 14 ESBL-K. pneumoniae isolates (25.9%), 8 ESBL-E. coli (24.2%), and 3 E. coli 

isolates (33.3%). Frequency rates of IPM resistance and ESBL, MBL, carbapenemase                                  

production among the bacterial species investigated are exhibited in Table (1). 
 

 

Table (1): Frequency rates of IPM resistance and ESBL, MBL, carbapenemase                                  

production among the bacterial species investigated 
 

   
 

Isolates 
No. 

tested 

ESBL 

producers 

IPM 

resistance 

Carbapenemase  

production 

MBL 

production 

K. pneumoniae  71 

(44.1%) 

54 

(33,5%) 

3 

(17.6%) 

8 

(34.8%) 

19 

(50%) 

E. coli 42 

(26.1%) 

33 

(20.5%) 

3 

(9.1%) 

8 

(34.8%) 

11 

(29%) 

Ps. aeruginosa 48 

(29.5%) 

0 

(0%) 

3 

(6.4%) 

5 

(29.4%) 

8 

(21%) 

Total 161 

(100%) 

87 

(54%) 

9 

(5.6%) 

21 

(13%) 

38 

(23.6%) 

 

Discussion 

In the last few years, MBLs have been identified from clinical isolates worldwide with increasing 

frequency over the past few years. Strains producing these enzymes have been responsible for 

prolonged nosocomial outbreaks that accompanied by serious infections. The occurrence of an MBL-

positive isolate in a hospital setting possesses a therapeutic problem, as well as a serious concern for 

infection control management. For that reason accurate identification, detection and reporting of 

MBL-producing will aid infection control practitioners in preventing the spread of these multi-drug-

resistant isolates6.  

Antimicrobial resistance to the Carbapenems (e.g. imipenem or meropenem) mediated by metallo-B-

lactamase (MBL) enzymes has tremendous clinical implications since the carbapenems are usually 

the last treatment options for bacterial infections caused by multidrug resistant organisms (e.g. 

producers of extended spectrum B-lactamases). It will also be of important to incorporate MBL 

detection in the laboratory routine of hospitals. The observed prevalence of MBLs in isolates as 

obtained in this study is correspond to studies conducted in Nigeria where the prevalence of MBLs 

were 12.5%,15.4% and 10.0% in E. coli , K. pneumonia and P. aeruginosa respectively. The 

prevalence of MBL in P. aeruginosa isolates in this study close to similar studies conducted in 

Mumbai ,Kashmir where the prevalence of MBL production in P. aeruginosa isolates were 20.8% 

11.66% and respectively7.                                                                                                                                                                 
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The observed prevalence of MBLs in E. coli isolates in our study (28.9%) is close to similar studies 

conducted in India where the prevalence of MBLs in E. coli isolates tested was 28.5% and in 

Australia where all 6 E. coli isolates tested positive for MBL production phenotypically. 

However, the prevalence of MBL production in our P. aeruginosa isolates (21%) is lower than results 

(22.77%, 51.28% and 53.2%) obtained in Brazil, India and Iran respectively.  

Out of three phenotypic methods used for confirmation of MBL production, the overall sensitivity of 

EDTA-CDT was better than that of E-test and EDTA-DDST. Previous studies also found that the 

combined disc test was a highly sensitive (100%) method among the analyzed procedures9.  

It should be mentioned that a 7 mm was used as a cutoff in CDT (27) and the results of CDT would 

be definitely better (much sensitive test) if relied on a smaller diameter difference between EDTA 

free and EDTA combined discs. MBL inhibitor (EDTA) may possess their own bactericidal activity, 

which may result in expanded inhibition zones not associated with true MBL production and hence 

false positive results10.  
 

References 

1. Gad, G.F., El- Domany, R.A., Zaki, S., Ashour, H.M.. Characterization of Pseudomonas 

aeruginosa isolated from clinical and environmental samples in Minia, Egypt: Prevalence, 

antibiogram and resistance mechanisms. J. Antimicrob. Chemother., 2007; 60: 1010 1017.17.  

2. Enwuru N.V., Enwuru C.A., Ogbonnia S.O., Adepoju-Bello A. A. Metallo-Β-Lactamase 

Production by Escherichia Coli and Klebsiella Species Isolated from Hospital and Community 

Subjects in Lagos, Nigeria. Nature and Science 2011; 9 (11):1-5].   

3. Clinical and Laboratory Standard Institute. Performance standards for antimicrobial disk 

diffusion susceptibility tests. 19th ed. Approved Standard, CLSI Document M100-S19.2009;  

Vol. 29. CLSI, Wayne PA.  

4. Bora A, Sanjana R, Jha BK, Mahaseth SN, Pokharel K. Incidence of metallo-beta-lactamase 

producing clinical isolates of Escherichia coli and Klebsiella pneumoniae in central Nepal. BMC 

Res. Notes. 2014); 7:557.  

5. Yong, D., Lee, K., Yum, JH., Shin, HB., Rossolini, GM., Chong, Y. Imipenem-EDTA disk 

method for differentiation of metallo-beta-lactamase-producing clinical isolates of Pseudomonas 

spp. and Acinetobacter spp. J Clin Microbiol. 2002; 40: 3798-801.  

6. Tam, VH., Rogers, CA., Chang, KT., Weston, JS., Caeiro, JP., Garey, KW. Impact of 

multidrug-resistant Pseudomonas aeruginosa bacteremia on patient outcomes. Antimicrob 

Agents Chemother 2010; 54: 3717-22.  

7- Nordmann P, Naas T, Poirel L). Global spread of carbapenemase producing 

Enterobacteriaceae. Emerg. Infect. Dis. 17:1791-1798. Nordmann P, Poirel L. Emerging 

carbapenemases in Gram- negative aerobes. Clin. Microbiol. Infect. 2011; 8:321-331.  

8. Bashir D, Thokar M.A, Fomda B.A, Bashir G, Zahoor D, Ahmad S, and Toboli A.S; Detection 

of metallo-betalactamase(MBL) producing Pseudomonas aeruginosa at a tertiary care hospital in 

Kashmir. African Journal of Microbiology Research, 2011; 5(2): 164-172.  

9. Chu Y W, Cheung TK, Ngan JY, and Kam KM. EDTA susceptibility leading to false detection           

 

El-Nager, et al., 2017: Vol 2(11) 

http://ajmsc.org/d/?ckattempt=1


7 
 

African Journal of Medical Sciences                      http://ajmsc.info 

 

 

of metallo-beta-lactamase in Pseudomonas aeruginosa by E-test and an imipenem-EDTA disk 

method. Int. J. Antimicrob. Agents.2005; 26:340-341                                                                                     

10. Maltezou, H. C. Metallo-beta-lactamases in Gram-negative bacteria: Introducing the era of 

pan-resistance? Int J Antimicrob Agents. 2009; 33: 405-7.  

 

El-Nager, et al., 2017: Vol 2(11) 

http://ajmsc.org/d/?ckattempt=1

