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          A B S T R A C T                                

Introduction  

Metallo -lactamase has emerged 
worldwide as powerful resistance 
determinants in Gram-negative bacteria. 
They  hydrolyze   virtually all   classes  of                                

-lactams except Monobactam, including 
Carbapenems, which often represent the 
last option for the treatment of infections 
with multidrug resistant Gram-negative 
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Metallo -lactamase has emerged worldwide as powerful resistance determinants in 
Gram-negative bacteria. They hydrolyze virtually all classes of -lactams except  
Monobactam,  including Carbapenems, which often represent the last option for the 
treatment of infections with multidrug resistant Gram-negative bacteria. The aim of 
this study was to screen for metallo -lactamase enzyme by four different 
phenotypic tests among infected burn wound patients in Sulaimani city /Iraq. This 
prospective study was carried out in the Burn and Plastic Surgery Hospital in 
Sulaimani city at a period from April - October 2011. All 177 isolated gram 
negative bacteria were tested by four phenotypic methods such as double disk 
synergy test, combined disk test, E-test and modified hodge test, all the data were 
analyzed by using SPSS program version 18 Inc., Evanston and p value of  <0.05 
regarded as significant . One hundred seventy seven Gram negative bacteria were 
isolated and identified from infected burn wound, out of 177 isolated strains , 
metallo  -lactamase were detected in 31.07% by double disk synergy test , 28.8% 
by combined disk test and 20.9% were recorded for  modified hodge test while the 
less sensitive test was E-test (1.12%). Metallo -lactamase enzyme can be detected 
among Gram negative bacteria by using several methods in which Combined disk 
test assay was found to be simple, inexpensive phenotypic resources for the 
detection of MBL that could be easily incorporated into the routines of clinical 
practice. 
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bacteria (Bonomo 2011, Fard  et al.,  
2012).  

MBL are metallo enzymes of Ambler class 
B which are Clavulanic acid resistance 
enzymes. They require divalent cation of 
zinc as co-factors for enzymatic activity 
and are universally inhibited by EDTA as 
well as other chelating agents of divalent 
cation (Butt et al.,  2005; Walsh and 
Tolereman  2005).   

There are two dominant types of 
transferable MBL genes among clinical 
isolates, bla IMP and bla VIM, which are 
frequently present on gene cassettes 
inserted into integrons located on the 
chromosome or on plasmids (Walsh 2011; 
Fard et al.,  2012). Other types of MBLs 
such as bla AIM, bla GIM, and bla SPM are 
found only sporadically in some 
geographic regions (Athanassios  et al., 
2009).   

The worldwide spread of acquired MBL in 
clinically important pathogens such as 
Pseudomonas spp., Acinetobacter spp. and 
members of Enterobacteriaceae has 
become a great concern (Tam et al., 2007) 
and detection of MBL producing 
organisms in the clinical microbiology 
laboratory is a matter of major importance 
for the choice of appropriate therapeutic 
schemes and the implementation of 
infection control measures (Miriagou etal., 
2010).  

There are few inhibitor tests which help to 
identify MBL producers in which the test 
seeks synergy between Carbapenems and 
EDTA, the inhibitor used is mostly EDTA 
which chelates the zinc ions and thus there 
is loss of Carbapenemase activity (Rolian  
et al.,  2010).  Detection of 
Carbapenemases is difficult. It can be 
detected by phenotypic as well as 

genotypic methods. Among phenotypic 
tests, Modified Hodge test MHT is a 
relatively easy and simple test to be 
performed in a laboratory (Tenover,  
2006).         
                                        
Materials and Methods  

Different gram negative bacteria were 
isolated in this study by culturing wound 
swab taken from infected burn wound on 
different culture media such as blood agar, 
MacConkey agar, Nutrient agar, and Eosin 
methylen blue, identification was based on 
colonial morphology, biochemical 
identification by using Api system and 
Vitek 2 compact system. All bacterial 
isolates were screened for metallo -
lactamase (MBL) enzymes by four 
different phenotypic methods in which 10 

g meropenem antibiotic disk was selected 
to be used in all phenotypic methods.    

Double disk synergy test (DDST)  

This test is performed by inoculating the 
tested organism onto MHA plate as 
recommended by(C.L.S.I,  2011). A 10 g 
meropenem disk and a blank filter paper 
disk 6 mm in diameter were placed 10 mm 
apart from edge to edge, then, 10 l of 0.5 
molar EDTA solution was applied to the 
blank disk, after 18hours of incubation at 
37ºC, the presence of extension of zone 
towards the impregnated EDTA disk was 
interpreted as EDTA synergy test positive 
(Saderi et al., 2008 ) 
. 
Combined EDTA disk test (CMDT).  

An overnight broth culture of the test 
strain with an opacity adjusted to 0.5 
McFarland standards was used to inoculate 
a plate of Mueller-Hinton agar as 
recommended by (C.L.S.I 2011).  4 µml of 
the sterilized EDTA solution was added to 
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10 µg Meropenem disk, then the EDTA 
impregnated antibiotic disks were dried 
immediately in an incubator and stored at -
20 ºC in airtight vials without any 
desiccants until used ( Samatha and 
Parveen  2011).    

After drying of MHA plate, a 10 g 
Meropenem disk and meropenem disk 
combined with EDTA was placed 20 mm 
apart (Behera  etal., 2008). After 24 hours 
incubation at 37 ºC an increase in the zone 
size of at least 7 mm around the 
Meropenem combined EDTA impregnated 
disk compared to Meropenem disks alone 
was recorded as MBL producing strains 
(Supriya  et al.,  2010).  

E-Test   

Metallo -lactamase enzyme and MIC of 
Meropenem were tested by using E-test 
which consists of a plastic strip. One half 
of the strip was impregnated with 
Meropenem gradient against seven 
dilution (0.125, 0.19, 0.25, 0.38, 1.0, 1.5, 
2, 3 , 4, 8 µg/ml) and the other end of the 
strip was impregnated with Meropenem 
overlapped with constant concentration of 
EDTA ranging from 0.032-2 µg/ml. 
Tested colonies from overnight culture 
were suspended with 0.85% of normal 
saline (NaCl) to a turbidity of 0.5 
McFarland s standard according to 
manufacturer s recommendation (kumar et 
al., 2012b).   

A sterile cotton swab was used to produce 
a uniform layer on a Mueller-Hinton agar 
plate and the excess moisture was allowed 
to be absorbed for about 15 min before the 
E-test MBL strip was applied. The plate 
was incubated for 16 to 18 h at 37º C and 
the MIC end points were read where the 
inhibition ellipses intersected the strip 
(Bashir  et al.,  2011).  

MIC ratio of Meropenem/Meropenem 
+EDTA (MEP/MEPI) was calculated and 
a positive metallo -lactamase test was 
decided if the value of (MEP/MEPI) is > 8 
or if there is zone of deformation 
insensitive area along the strip or 
appearance of phantom zone along the 
strip according to the manufacturer 
recommendation (kumar et al., 2012b).   

Modified Hodge test (MHT)  

All tested Gram negative bacteria were 
subjected to MHT test according to what 
was described by Lee  et al., (2001) ; An 
overnight culture suspension of pan 
sensitive strain of E.coli was prepared by 
adding two to three isolated colonies of 
E.coli strain to 5 ml of normal saline, and 
the suspension was further diluted by 
adding 1 ml of suspension to 4 ml of 
0.85% NaCl and the mixture was adjusted 
to 0.5 McFarland s standard and this 
suspension was streaked across the entire 
plate of MHA plate. After drying 10 µg of 
Meropenem disk was placed at the center 
of the plate and up to 4 different isolates of 
Gram negative bacteria were streaked 
linearly from the periphery of the plate 
into the direction of Meropenem disk at 
the center and the test plate was incubated 
for 18 hours at 37ºC. The presence of a 
cloverleaf shaped zone of inhibition 

around each tested strain is interpreted as 
Carbapenemases producing strain or a 
positive result (Amjad et al.,  2011).   

Results and Discussion  

Phenotypic detection of MBL enzyme 
by using double disk synergy test 
(DDST)   

DDST were performed by observing 
synergism between Meropenem disk and 
EDTA disk (figure 1), and this test showed 
that 51 (28.81 %) bacteria from all isolated 
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bacteria isolated from burn patients were 
positive by this test, and Acinetobacter 
species (15.82%) were the most frequently 
isolated bacteria observed to be positive 
by this test among all Gram negative 
bacteria (table 1) followed by 
pseudomonas species (8.47%).    

Phenotypic detection of MBL enzyme 
by using combined EDTA disk test 
(CMDT).   

This test was performed to detect MBL 
production. If the zone of inhibition 
around Meropenem with EDTA was more 
than 7 mm compared to Meropenem disk 
alone, the test is considered to be positive 
(figure 2).   

Among 177 isolates, 55 (31.07 %) were 
found to be positive by this test, and  95% 
of positive bacteria by this test showed a 
high rate of zone of inhibition > 20 mm 
and Acinetobacter species  were the most 
common bacteria observed to be positive 
by this test (14.69%) , followed by 
Pseudomonas species (14.12), as observed 
in table 2.      

Phenotypic detection of MBL enzyme 
by E-Test  

E-test was used for all isolated bacteria by 
using different concentrations of 
Meropenem (MP) at one end of the E-test 
strip and EDTA mixed with meropenem 
(MPI) at the opposite end.  

Positive results were recorded if the zone 
of inhibition around Meropenem divided 
by zone of inhibition around combined 
Meropenem with EDTA is > 8 according 
to manufacturer s recommendation 
(Biomeruiex. France), while negative 
results were observed if the value is <8 in 
which there was a zone of inhibition along 

both sites (figure 3 and 4).  Out of the 177 
isolated bacteria tested by this method, 
only 2 isolates were found to be positive in 
which both of the strains were Meropenem 
resistant, while 175 samples were 
negative, but 51 isolates showed entire 
growth along the strip and this will be 
regarded as undermined results and all 
these 51 strains were Meropenem resistant 
strains.  

Phenotypic detection of MBL by 
Modified Hodge test (MHT)  

Modified Hodge test was performed as a 
screening test for all Gram negative bacilli 
isolated from burn patients including both 
meropenem resistant and sensitive strains.  
Positive test was recorded as indentation 
of the zone of inhibition along the tested 
bacteria towards the Meropenem disk 
(figure 5). MHT test also was detected in 
37 (20.9 %) out of all 177 Gram negative 
bacteria  , from which only 6 isolates were 
from Meropenem resistant strains and the 
reaming 31 samples were Meropenem 
sensitive strains (table 3). The prevalence 
rate of MBL enzyme was differing 
according to each phenotypic test which 
was not significant statistically (p value 
>0.05). The most sensitive methods was 
combined disk test which account for 
31.07% followed by double disk synergy 
tests (28.8%), while the least sensitive 
methods was E-test as observed in table 4.  

 

The spread of Carbapenemase in 
Enterobacteriaceae is among the most 
important issues in the antimicrobial 
resistance. The rapid and recent diffusion 
of class A and B Carbapenemase 
determined the need of specific diagnostic 
tests able to detect with high sensitivity 
this type of resistance and to discriminate 
between the  different  enzymes  (Ambretti   
et al., 2013). 
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                                            Figure.1 Double disk synergy test for MBL.  

            

Positive MBL test indicated by synergy between Meropenem disk and EDTA disk 
                                                                 (Blue  arrow)  

Figure.2 Combined EDTA disk test 

             

MEP+ EDTA mixed disk, MEP: meropenem disk, positive MBL test indicated by zone of 
inhibition around combined disk is > 7mm to that of meropenem disk alone.  

   Figure.3 E-test positive result                                      Figure.4 E-test negative result 
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Figure.5 Photograph of Modified Hodge test (MHT) 

  

A: Klebsiella pneumoniae (positive), B: Acinetobacter baumannii (negative), C: 
Pseudomonas aeruginosa (negative), D: E. coli (negative). Positive MBL: indentation of the 

zone of inhibition along the tested bacteria(A) designated by black arrow towards 
Meropenem disk. 

 

Table.1 Numbers and percentages of MBL producing Gram negative bacteria  
double disk synergy test (DDST)  

Positive 
DDST 

Negative 
DDST 

Total No. of 
bacteria Gram negative bacterial species 

No.   % No.  % No. % 

Pseudomonas species 15 (8.47%) 33 (18.64) 48 (27.12) 

Acinetobacter species 28 (15.82) 16 (9)  44 (24.86) 

Klebsiella pneumoniae 7 (3.95) 37 (20.9) 44 (24.86) 

Enterobacter  cloacae - 18 (10.16) 18 (10.17) 

Escherichia coli 1(0.56) 10 (5.64) 11 (6.21) 

Morganella morganii  - 4 (2.25) 4 (2.25) 

Providencia rettegeri  - 3(1.69) 3 (1.69) 

Proteus mirabilis  - 2 (1.12) 2 (1.12) 

Burkholderia pseudomallei  - 1 (0.56) 1 (0.56) 

Achromobacter xylosoxidans  - 1(0.56) 1 (0.56) 
Ralastonia paucula  - 1(0.56) 1 (0.56) 

Total  51 (28. 81) 126 (71.18) 177 (100) 

 

DDST: Double disk synergy test  

Meropenem 
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Table.2 Numbers and percentages of MBL producing Gram negative bacteria  

by combined disk test (CMDT)  

Positive 
CMDT 

Negative 
CMDT 

Total No. of 
bacteria Gram negative bacterial species 

No.   % No.  % No. % 

Pseudomonas species 25 (14.12) 23 (12.99) 48 (27.12) 

Acinetobacter species 26 (14.69) 18 (10.16) 44 (24.86) 

Klebsiella pneumoniae 3 (1.69) 41 (23.16) 44 (24.86) 

Enterobacter  cloacae - 18 (10.16) 18 (10.17) 

Escherichia coli 1 (0.56) 10 (5.64) 11 (6.21) 

Morganella morganii  - 4 (2.25) 4 (2.25) 

Providencia rettegeri  - 3 (1.69) 3 (1.69) 

Proteus mirabilis  - 2 (1.12) 2 (1.12) 

Burkholderia pseudomallei  - 1 (0.56) 1 (0.56) 

Achromobacter xylosoxidans  - 1 (0.56) 1 (0.56) 

Ralastonia paucula  - 1 (0.56) 1 (0.56) 

Total  55 (31.07) 122 (68.92) 177 (100) 

 

Table.3 Numbers and percentages of MBL producing Gram negative bacteria 
by Modified Hodge test (MHT)  

Positive MHT

 

Negative 
MHT

 

Total No. of 
bacteria

 

Gram negative bacterial species 
No.   %

 

No.  %

 

No. %

 

Pseudomonas species 8(4.52) 40 (22.59) 48(27.12) 

Acinetobacter species 9 (5.08) 35 (19.77) 44(24.86) 

Klebsiella pneumoniae 18(10.16) 26 (14.68) 44(24.86) 

Enterobacter  cloacae 1(0.56) 17 (9.6) 18(10.17) 

Escherichia coli 1(0.56) 10 (5.64) 11(6.21) 
Morganella morganii  - 4 (2.25) 4(2.25) 
Providencia rettegeri  - 3 (1.69) 3(1.69) 
Proteus mirabilis  - 2 (1.12) 2(1.12) 

Burkholderia pseudomallei  - 1 (0.56) 1(0.56) 

Achromobacter xylosoxidans  - 1 (0.56) 1(0.56) 

Ralastonia paucula  - 1 (0.56) 1(0.56) 

Total  37 (20.9)  140 (79.09)  177 (100) 
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Table.4 Prevalence rate of MBL producing enzyme by four different  

phenotypic assays among burn patients  

positive phenotypic test of MBL  

No. (%) Gram negative bacteria 

DDST CMDT MHT E-test  

Total No. of 
Gram 

negative 

Pseudomonas species 15(8.47) 25(14.12) 8(4.51) 2 (1.12) 48 (27.12) 
Acinetobacter species 28(15.82) 26( 14.69) 9 (5.08)  44 (24.86) 
Klebsiella pneumoniae 7 (3.95) 3 (1.69) 18 (10.17) - 44 (24.86) 
Enterobacter cloacae  - 1 (0.56) - 18 (10.17) 
Escherichia species 1 0.56) 1 (0.56) 1 (0.56) - 11 (6.21) 
Morganella morganii - - - - 4 (2.26) 
Providencia rettegeri - - - - 3 (1.69) 
Proteus mirabilis - - - - 2 (1.12) 
Burkholderia pseudomallei - - - - 1 (0.56) 

Achromobacter xylosoxidans - - - - 1 (0.56) 

Ralastonia paucula - - - - 1 (0.56) 

Total 51 (28.8) 55 (31.07) 37 (20.9) 2 (1.12) 177 (100) 

DDST: Double disk synergy test, CMDT: combined disk test, MHT: Modified hodge test, E-
test: Episilometer test.  p >0.05 

   

MBL enzymes were identi ed from 
clinical isolates worldwide with increasing 
frequency over the past few years and 
strains producing these enzymes are 
responsible for prolonged nosocomial 
outbreaks that were accompanied by 
serious infections (Amin et al., 2010).  

  

Although for the first time in Kurdistan 
region different phenotypic tests were used 
in an attempt to detect MBL enzymes 
among hospitalized burn patients and to 
know which test was better to be used for 
MBL detection.   

DDST detect MBL in 51(28.8%) out of all 
Gram negative bacterial strains in which 
95% of Meropenem resistant isolates 
showed a significant zone of enhancement 
toward EDTA disk which was in 
agreement with a study done in Ahwaz  

and Teheran  (Khosravi and Mihahi 2008; 
Saderi et al., 2010) which detected 26.5 %, 
but higher prevalence rates of DDST  
(45%) and (33%) were detected in other 
studies carried out in India and Tunisia  
(45% , 33% and 30%) by Amin, (2010), 
Bashir et al., (2011) and Zoghlami  et al., 
(2012).   

Beside using DDST, other tests, such as 
CMDT, were used which show high 
positive results in 98% of Meropenem 
resistance strains with zone of inhibition > 
7 mm. Interpretation of the CMDT assay 
results is more objective than that of the 
DDST results according to what was 
concluded previously (Bhalerao et al., 
2010), because the DDST depends upon 
the technician's expertise in discriminating 
true      synergism   from    intersection  of    
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inhibition zone whereas CMDT is easy to 
be interpreted as it needs no synergisms 
just an increase zone of inhibition around 
the combined Meropenem disk by EDTA.  
The prevalence rate of CMDT in the 
current study was 55(31.07%) among all 
Gram negative bacteria which was in 
agreement with that done by Eser et al., 
(2009) which found 76% positive CMDT 
among Gram negative bacteria but it 
disagrees with what was recorded by 
Gupta et al., (2012) in which the 
sensitivity of CMDT was equal to that of 
E-test.  
                              
Another newer method for the detection of 
MBL in this study is E-test strip. This test 
can be used to determine MIC of 
Meropenem resistant strains, and was 
evaluated against Meropenem disk 
combined with inhibitors EDTA.  

 

The test was used in several studies and 
found to be a sensitive 100% in detecting 
of MBL enzyme (Khosravi et al., 2012) 
which disagrees with this study in that 
only 2 strains of isolated Gram negative 
bacteria were positive by this test and both 
of strains were Meropenem resistance but 
51 strains out of all isolated species were 
found to give undetermined results (there 
was a growth along entire E-test strip at 
Meropenem pole of strip). The cause of 
this result are due to inability to detect 
MBL producers by this test and the need 
for using test strip of higher Meropenem 
concentration more than 8 µg/ml (Galani 
et al., 2008).  

 

MHT was detected in 37 (20.9%) isolated 
Gram negative bacteria from which 20 
(30.3%) isolates were from Meropenem 
resistance strains and 19(17.1%) from 
Meropenem sensitive strains that were 
isolated from different units in burn 
hospital. These results indicate that the 

positive MHT test among Meropenem 
sensitive strains was indicative of MBL 
positive strains or presence of other types 
of -lactamase enzymes such as class A 
Carbapenemase KPC which is in 
agreement to studies done in India and 
Iran (Noyal et al., 2009; Hashemi et al., 
2012) which concluded that MHT test is a 
good tool for the diagnosis of MBL even 
in small percentages (12% and 16%).   
Out of all Gram negative isolates, K. 
pneumoniae was found to be positive for 
MHT test at 17 (9.6%) out of all 
Meropenem sensitive and resistant strains. 
This result was similar to study done in 
Pakistan but with a higher MHT positive 
(27%) among Gram negative bacteria 
isolated from burn patients (Amjad et al., 
2011) while lower percentage of MHT 
positive test was observed among non 
fermenter group such as Acinetobacter and 
Pseudomonas species which were lower 
than K. pneumonia in the current study. 

 

Although the rates of resistance to 
Carbapenems are low but they have been 
increasing especially MBL enzyme which 
hydrolyzes all classes of -lactam 
antibiotics and their spread will be a 
catastrophe as there is no option for 
treatment by any other drugs so early 
diagnosis and isolating the patients may 
aid in preventing the spread of the 
enzymes among Gram negative bacteria.  
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