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Abstract: Metallo­ β­Lactamase (MBL) and Extended spectrum β­Lactamase (ESBL) have been increasingly 
emerging as pathogens involved in serious nosocomial infection. ESBL producing strains colonize critically ill 
patients who serve as a reservoir for epidemic outbreak. The aim of this study was to detect the rate of colonization 
by ESBL and MBL producing Gram negative bacteria in ICU patients on admission. The study was conducted on 87 
patients on admission to ICU; nasal, oral and rectal swabs were taken from each patient. Bacterial culture and strain 
identification were carried out using Standard microbiological methods, as well as antibiotic susceptibility test using 
the disc diffusion method. Gram negative isolates were tested for ESBL and MBL production by disc diffusion, 
double disc synergy test and E­test. PCR was done for MBL phenotypes. Evaluation of some risk factors for 
colonization includes: age, hospitalization before ICU admission, antibiotics intake and usage of ventilator. The 
study revealed that 46 (52.9%) out of overall 87 studied patients were colonized by Gram negative bacteria, ESBL 
production was detected in 43/46 (93.4%), the commonest of which was E. coli 22/46 (47.8%), MBL production 
was detected in 37/46 (80.4%) of them, the commonest of which was Psudomonas aeruginosa 16/46 (34.8%). The 
blaIMP was the commonest gene detected among MBL phenotype, it was detected in 48(45.7%) of overall 105 
isolates, while blaGIM was the lowest genotype, it was detected only in 3/105 (2.9%) isolates. The study revealed 
that: age, hospitalization, antibiotic intake, use of mechanical ventilator is all risk factors for colonization by MBL 
and ESBL producing bacteria in ICU patients. We concluded that most critically ill patients may be colonized by 
ESBL and MBL producing Gram negative bacteria, therefore ICU patients must be examined for it, to be treated 
properly to avoid occurrence and spread of infection in ICU.  
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1. Introduction 

The incidence of nosocomial infections in 
critically ill patients is much higher than in general 
ward patients despite the immense advancement in 
therapeutic technologies (Brawley et al., 1989; Bryan­
Brown, 1992). Severe nosocomial infections 
contribute to prolonged intensive care unit (ICU) stay, 
increased morbidity and mortality, and increased 
resource utilization (Heyland et al., 1999; Inan et al., 
2005).  
        The ability to produce β­lactamases enzymes is 
the major cause of resistance of bacteria to β­lactam 
antibiotics. Numerous β­lactamases are encoded either 
by bacterial chromosomal genes or transferable genes 
located on plasmids or transposons (Mary et al., 
2005). Based on amino acid and nucleotide sequence 
studies, four distinct classes of β­lactamases have been 
defined. Class A (Extended spectrum β­lactamases) 
class B (Metallo β­lactamases), class C (AmpC β­

lactamases) and class D (Cloxacillin hydrolysing β­
lactamases) (Bush et al., 1995; Jacoby, 1997). 
           Carbapenems are the drugs of choice in the 
treatment of infections caused by extended­spectrum 
β­lactamase (ESBL)­positive strains which are 
resistant to all penicillins, cephalosporins and 
monobactams (Nordmann and Poirel, 2002; Walsh et 
al., 2005). One of the most important mechanisms of 
microbial resistance to β­lactam antibiotics is 
hydrolysis by β­lactamases. Genes coding for β­
lactamase enzymes mutate continuously in response to 
the heavy pressure of antibiotic use leading to 
development of newer β­lactamases with a broad 
spectrum of activity. Among the β­lactamases, the 
carbapenemases especially transferrable MBLs are the 
most feared because of their ability to hydrolyze 
virtually all drugs in that class, including the 
carbapenems. There are several mechanisms for 
carbapenem resistance such as the lack of drug 
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penetration due to mutation in pores, loss of certain 
outer membrane proteins and efflux mechanisms 
(Walsh et al., 2002). 
        ESBL­producing strains causing hospital­
acquired infections are a serious therapeutical and 
epidemiological problem, especially in ICU patients 
who are of high risk for infections caused by 
multidrug­resistant bacterial strains (Livermore, 
2008). Klebsiella pneumoniae is one of the most 
frequently isolated pathogens from ICU patients 
(Rudnicka et al., 2005), and one of the most frequent 
ESBL producers (Empel et al., 2008). A more 
disturbing problem has emerged, which is the growing 
number of reports on MBL­ positive 
Enterobacteriaceae strains, which follow the Gram­
negative non­fermenters (Giakkoupi et al., 2003; 
Luzzaro et al., 2004; Pournaras et al., 2005). MBLs 
hydrolyze penicillins, cephalosporins and 
carbapenems and are not inhibited by beta­lactamase 
inhibitors (Walsh et al., 2005; Queenan and Bush, 
2007). 
           The acquired metallo– β ­lactamases (MBLs) 
represent an emerging threat in the field of infectious 
diseases because of their rapid spread, increasing 
diversity, and broad hydrolytic spectrum, which 
includes the carbapenems. Five types of acquired 
MBLs have been identified: VIM, IMP, SPM, GIM, 
and SIM­type enzymes. Since the first description of 
VIM­2 in a Pseudomonas aeruginosa strain isolated in 
Portugal in 1995 and of VIM­1 in a P. aeruginosa 
strain isolated in Verona, Italy, in 1997 (Yong et. 
al.,2002), the VIM­type MBLs remain the most 
prevalent in Europe. P. aeruginosa represents the 
most important known reservoir of the VIM­type 
enzymes, but some studies have reported the 
dissemination of these enzymes in members of the 
family enterobacteriaceae (Shibata et. al., 2003).  

The routine susceptibility tests done by 
clinical laboratories fail to detect β­lactamases 
positive strains and can detect isolates erroneously 
sensitive to any of the broad­spectrum cephalosporin 
like cefotaxime, ceftazidime, ceftriaxone and for 
imipenem or meropenem (Mathur et al., 2002; 
Chaudhary & Aggarwal, 2004). Hence, it is necessary 
to know the prevalence of β­lactamase positive strains 
in the ICU so as to formulate a policy of empirical 
therapy in these high risk units where infections due to 
resistant organisms are much higher.  
       The aim of this study was to determine the rate of 
occurrence of colonization by ESBL and MBL 
producing Gram negative ­ Bacteria among patients 
admitted to ICU, to study the role of some risk factors 
that may predispose to bacterial colonization and to 
optimize the therapeutic use of antimicrobials for 
treating these microbial infections with to formulation 
of antibiotic policy accordingly. 

2. Patients and methods: 
       The present study was carried out from January 
2011 to August 2012 in the National Liver Institute 
Menoufiya University, Al Azhar and Ain Shams 
University Hospitals. The studied patients were 87 
ICU patients (57 males and 30 females), their mean 
age was 59.3±10.2 years. Full history was taken from 
each patient. Patients who had taken antibiotic in the 
previous week were excluded from the study.A 
written consent was taken from each patient .  
Samples & microbiological examination: 
          Nasal, oral and rectal swabs were taken from 
each patient on admission to the ICU and sent 
immediately to the microbiology laboratory for 
processing, culture and sensitivity for detection of 
ESBL and MBL isolates, Genotype analysis for 
suspected strain were done. 
1- Culture:  

Samples were inoculated on Nutrient agar, 
MacConkey’s agar, and mannitol salt agar, isolated 
bacteria were identified to the species level by the 
standard laboratory techniques (Baird,1996) including 
colony morphology, pigment production, Gram 
staining, and biochemical reactions; automated 
identification was carried out, for non­fermenters 
Gram negative bacilli by using the Vitek2C2 system 
(USA).  
2- Antimicrobial susceptibility testing: 
        Antimicrobial sensitivity was performed on 
Mueller Hinton agar plates by Kirby­Bauer disk 
diffusion method according to CLSI full guidelines 
(Clinical and Lab Standards Institute (CLSI), 2006) 
for detection of ESBL and MBL. The Antibiotic discs 
used for detection of ESBL and BML were 
(Augmentin, cefotaxime, cefodexine, cefoxtine, 
ciprofloxacin, amikacin, gentamycin, piperacillin, 
imipenem, and meropenem). 
a)  Detection of ESBL: 
            All positive isolates of Gram negative bacteria 
including Enterobactericea, Pseudomonas earuginosa 
and Acinetobacter spp were screened for ESBL 
production by inoculation of a suspension of the 
growing colonies making a turbidity equal to 0.5 
Macferlands opacity standard on a Muller Hinton agar 
plates and placing the AB discs of ceftazidime, 
cefotaxime, ceftrioxone and cefpodoxime at a distance 
of 15 mm apart, after incubation at 37ºC for 16­18 
hours. Resistance to these antibiotics indicated a 
suspicion of ESBL production (Paterson et.al., 2005) 
confirmed by the combined disc test which was done 
by the inoculation of a suspension of the growing 
colonies making a turbidity equal to 0.5 Macferlands 
opacity standard on a Muller Hinton agar plate, 
putting a disc of ceftazidime (30µg) and ceftazidime 
plus clavulanic acid disc (30/10 μg) on the Mueller 
Hinton agar plate and incubated it at 37c for 18h. 
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Organism was considered as ESBL producer if there 
was a ≥ 5mm increase in diameter of ceftazidime plus 
clavulenic disc than that of ceftazidime disc alone 
(Bhattacharya, 2006). 
b) MBL screening:  
          The Gram­negative isolates (including members 
of the family Entero-bacteriaceae, Pseudomonas spp. 
and Acinetobacter spp.) that were non­susceptible to 
imipenem (10 mg disc) and/or meropenem (10 mg 
disc) indicated suspicion of MBL production, 
confirmed by confirmatory phenotypic tests: 
1- Double Disc Synergy Test (DDST):  

The test was formed as described by (Yong et 
al., 2002) to differentiate metalloenzymes from other 
carbapenemases. Ceftazidime disc (30μg) was placed 
on MH agar medium inoculated with test organism 
and 10 mm apart, a blank filter study disc impregnated 
with 10μl of 750μg EDTA solution was added, 
another ceftazidime disc was placed on the far side of 
the medium. The zone of inhibition around 
ceftazidime disc that expanded towards EDTA disc, 
compared to ceftazidime disc placed on the far side of 
the medium, was indicative of a positive result. The 
same test was conducted with imipenem disc with10μl 
of 750μg EDTA solution as well. 
2-Combined-disk method 
Ethylenediaminetetraacetic acid (EDTA): 

Half milliter EDTA (Sigma Chemicals, St. 
Louis, MO) solution was prepared by dissolving 18.6 
gram of disodium EDTA.2H2O in 100 ml of distilled 
water and its pH was adjusted to 7.8 by using NaOH. 
The mixture was then sterilized by filtration through a 
.45µm pore size filter. EDTA sol (4.5 μl) was poured 
on imipenem disc of 10µg. Antibiotic disks were dried 
immediately in an incubator and stored at ­20°C in 
airtight vials without desiccant until used. An 
overnight broth culture of test strain (turbidity 
adjusted to 0.5 McFarland opacity standards) was 
inoculated on a plate of Mueller Hinton agar. One 10 
μg imipenem discs with and without EDTA were 
placed onto the agar surface. The inhibition zones of 
imipenem and imipenem­EDTA discs were compared 
after 16­18 hours of incubation at 37ºC. Organisms 
were considered MBL producers if the zone around 
the IMP­EDTA disc is ≥8mm compared to the zone 
around the IMP disc alone (Petropoulou et al., 2006)  
3- E-testt metallo-beta-lactamase strips (Ab Biodisk 
Solna, Sweden) consist of a double sided seven 
dilution range of imipenem IP (4 to 256 μg/ml) and IP 
(1 to 64 μg/ml) overlaid with a constant gradient of 
EDTA (320 mg/L), inoculation and incubation were 
performed according to the manufacturer’s 
instructions. Individual colonies were picked from 
overnight agar plates and suspended in 0.85% saline 
to a turbidity of 0.5% McFarland’s standard. A sterile 
cotton swab was dipped into the inoculum’s 

suspension and inoculated onto the Mueller­Hinton 
agar. Imipenem E ­test strip was laid on the surface of 
Mueller­Hinton agar plate in a position that the whole 
length of strip be in complete contact with the agar 
surface. Plates were incubated for 16 to 18 h at 37°C. 
The MIC end points were read where the inhibition 
ellipses intersected the strip. Isolate was considered as 
MBL producer when the MIC ratio of IP/IPI is ≥8 or 
≥3 log dilutions. Additionally, a strain was considered 
MBL producer if a phantom zone or deformation of 
the ellipse is observed regardless of IP/IPI ratio 
(Walsh et al., 2002). 
c- Genotypic detection of MBL genes by PCR 
(Ellington et al., 2007): 
        A PCR assay was performed to detect and 
differentiate the five families of acquired MBL 
encoding genes (VIM, IMP, SPM, GIM and SIM 
families) in a single reaction. 

­Preparation of plasmid and genomic DNA: 
Plasmid DNA was isolated from the bacterial cells by 
alkaline lysis method (Strunburg and Mack, 2003), 
genomic DNA was purified by phenol extraction and 
ethanol precipitation method (Sambrook et. al.,2001) . 
­Primer design: Conserved regions of all available 
blaIMP, blaVIM, blaSPM­1, blaGIM­1, blaSM­1 
alleles were identified. Five primer pairs, specific for 
each family of acquired MBLs, were designed to 
amplify products of 188 bp (IMP), 390 bp (VIM), 271 
bp (SPM­1), 477 bp (GIM­1), 570 bp (SIM­1): 
IMP (188 bp) Forward 5´­ GAATAGAGTGGCTTAAYTCTC­3´ 
Reverse 5´­CCAAACYACTASGTTATCT­3´ 
VIM (390 bp) Forward 5´­GATGGTGTTTGGTCGCATA­3´ 
Reverse 5´­CGAATGCGCAGCACCAG­39 
SPM­1 (271 bp) Forward 5´­AAAATCTGGGTACGCAAACG­3´ 
   Reverse 5´­ACATTATCCGCTGGAACAGG­3´ 
GIM­1 (477 bp) Forward 5´­TCGACACACCTTGGTCTGAA­3´ 
Reverse 5´­AACTTCCAACTTTGCCATGC­3´ 
SIM­1 (570 bp) Forward 5´­TACAAGGGATTCGGCATCG­3´ 
Reverse 5´­TAATGGCCTGTTCCCATGTG­3´ 

Amplification, The cycling conditions were: 
initial DNA release and denaturation at 94 °C for 5 
min; followed by 40 cycles of 94 °C for 30 s, 52 °C 
for 40 s and 72 °C for 50 s; followed by a single, final, 
elongation step at 72 °C for 5 min. The amplified PCR 
product was analyzed with appropriate DNA size 
marker (100­1000 bp) on 2% agarose gel containing 1 
ml ethidium bromide. The amplified product was 
examined for the presence of multiple bands under 
UV  
3. Results: 

The demographic and clinical criteria of the 
studied patients are shown in table (1), whereas the 
total number of the studied patients was 87 (57males 
and 30 females) with age ranged from 15 to70 years 
old. 55 (63.2%) of the studied patients had been 
admitted in the hospital ≥48 hours prior to ICU 
admission, 17 (19.5%) of the studied patients were 
surgical patients, while the remaining 70 (80.5%) 
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were medical patients, 65 (74.7%) had a previous 
exposure to antimicrobial drugs intake and 22 (25.2%) 
had been exposed to mechanical ventilation. 

Table (2) shows the pattern of bacterial 
colonization in the studied patients, 46/87 (52.9%) of 
the studied patients were colonized by bacteria at one 
or more of the swabbed sites, Gram negative 
enterobactericeae were the commonest ESBL 
producing bacteria isolated from the colonized 
patients, as the highest rate of isolation was for E.coli 
22/46 (47.8%), followed by Klebsiella pneumonia 
16/46 (34.8%), Citrobacter spp. 3/46 (6.5%), and the 
lowest rate of isolation was for Enterbacter spp. 2/46 
(4.3%).  

Meanwhile, the rate of total MBL isolated cases 
were 37/46 (80.4%), Pseudomonas aeruginosa was 
the commonest detected organism and was in 22/46 
(43.5%) of cases, followed by Acinetobacter 11/46 
(23.9%), E.coli 3/46 (6.5%), Klebsiella pneumonia 
2/46 (4.3%) and Enterbacter spp.1/46 (2.2%) as shown 
in table (3). 

Regarding the genotypic detection of MBL­
encoding genes in the 105 isolates (from nasal, oral or 
rectal swabs), blaIMP subtype was the commonest, 
and was detected in 48/105(45.7%) of overall isolates, 
the commonest organism detected was in 
Pseudomonas earuginosa (21), followed by in 
Acinetobacter baumannii (17), Klebsiella pneumonia 
(3), Enterobacterspp (2), E. coli (5). The blaVIM 
genotype was detected in 34/105 (32.4%), followed by 
blaSIM in 16/105 (15.2%), then blaSPM 4/105 
(3.8%). Meanwhile, blaGIM was the lowest genotype 
detected in overall 105 isolates, it was detected only in 
3/105 (2.9%) isolates, 2 of them was Pseudomonas 
spp and one isolate was E coli (Table 4). 

Table (5) shows the risk factors for bacterial 
colonization on admission at ICU, the patients aged 
above 50 years have a higher rate of colonization 
(62.5%), than patients with age below 50 years 
(37.5%) (p=0.04). Regarding gender, males had a 
higher rate of colonization (61.4%) than females 
(36.7%), (p=0.02). An important risk factor is the 
hospital stay >48 hs, hospitalised patients had a 
significant higher rate of colonization (74%), than the 
non hospitalised (24%) (p=0.0001). Uses of antibiotics 
was observed as risk factors for colonization as 

patients who used antibiotic had a significant higher 
rate of colonization (60.7%) than the non user (20%) 
(p=0.004). Patients who undergone mechanical 
ventilation, had a significant higher rate of 
colonization (53.6%), than no mechanical ventilators 
(22%) (p=0.003). Smokers were significantly of 
higher bacterial colonization (80%) than non smokers 
(34.6%) (p=0.007). 
 
Table (1) Demographic data of the studied patients 
upon admission to the ICU (No=87) 
Variables Number of 

patients 
% 

Age: 
    ≥50 
   <50 

 
48 
39 

 
55.2% 
44.8% 

Gender 
      Males 
      females 

 
57 
30 

 
66% 
34% 

Diabetes mellitus 28 32.2% 
Cardiac 16 18.4% 

Cerebral stroke 11 12.8 
Hepatic coma 21 24.1% 

Renal failure 8 9.2% 
Respiratory disease 25 28% 
Surgical admission 17 19.5% 
Previous hospitalization for ≥48hours 55 63.2% 
Mechanical ventilation  22 25.2% 

History of A.B intake  71 815% 

Table (2) Prevalence of colonization by ESBL 
producing bacteria in ICU patients upon admission 
Organisms Patients colonized (N=46) 

No % 

Prevalence of ESBL: 
E. coli  
Klebsiella pneumonia  
Citrobacter species 
Enterobacter species 

 
22 
16 
3 
2 

 
47.8% 
34.8% 
6.5% 
4.3% 

Total ESBL isolated  43 93.4% 

 
Table (3) Prevalence of colonization by MBL 
producing bacteria in ICU patients upon admission  
Organisms Patients colonized (N=46) 

No % 

Prevalence of MBL: 
Pseudomonas aeruginosa  
Acinetobacter baumannii  
E. coli  
Klebsiella pneumoniae  
Enterobacter species 

 
20 
11 
3 
2 
1 

 
43.5% 
23.9% 
6.5% 
4.3% 
2.2% 

Total MBL isolated 37 80.4% 

 
 
 Table (4) PCR results of MBL phenotypes in bacterial isolates (N=105) 
MBL 
subtype 

Overall MBL types Pseudomonas 
aeruginosa 

Acinetobacter 
baumannii 

Klebsiella 
pneumonia 

Enterobacter spp E. 
coli 

blaIMP  48 (45.7%) 21 17 3 2 5 
blaVIM  34 (32.4%) 16 9 5 1 3 
blaSIM 16 (15.2%) 7 4 1 2 2 
blaSPM 4 (3.8%) 3 1 0 0 0 
blaGIM 3 (2.9%) 2 0 0 0 1 
Total 105(100%) 49 31 8 5 11 
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  Table (5) Study of risk factors for bacterial colonization on admission at ICU 
 
Risk factors 

Colonization on admission  
P value Present (n=46) 

No (%) 
Absent (n=41) 

No (%) 
Age (years): 
      ≥50   (n=48) 
     <50   (n=39) 

 
30 (62.5%) 
16 (41%) 

 
18 (37.5%) 
23 (59%) 

 
0.04* 

Gender : 
            Males (n=57) 
           Females (n=30) 

 
35 (61.4%) 
11 (36.7%) 

 
22 (38.6%) 
19 (63.3%) 

 
0.02* 

Hospital stay>48 hrs.: 
           Hospitalised (no=50) 
          Not hospitalised (no=37) 

 
37 (74%) 
9 (24%) 

 
13 (26%) 
28 (76%) 

 
0.0001** 

Antibiotic intake ≥2groups :  
               Yes (no=71) 
                No (no=15) 

 
43 (60.7%) 

3 (20%) 

 
28 (39.4%) 
12 (80%) 

 
0.004** 

Mechanical ventilation (n=28) 
No mechanical vent. (no=59) 

15 (53.6%) 
13 (22%) 

13 (46.4%) 
46 (77%) 

0.003** 

Smoking: 
           Smokers (no=35) 
           Non­smokers (n=52) 

 
28 (80%) 

18 (34.6%) 

 
7 (20%) 

34 (65.4%) 

 
0.007** 

*Significant p<0.05, **highly significant p<0.01, <0.001. 

 
Figure (1) Combined disk test showing enhanced inhibition zone of ≥8 mm around IPM + EDTA disc indicating 
MBL producers.  
 
 
 

 
Figure (2) Shows PCR product of MBL phenotypes: 
lane 1 (100­1500 bp ladder), lanes 2, 3, 4 (390 bp 
positive strain for blaVIM), lane 5 (390 bp blaVIM 
positive control), lane 6 (positive strain for blaIMP 

 
4. Discussion: 

Extended spectrum beta lactamase (ESBL) –
producing Gram negative bacteria are new emerging 
pathogens, Clinicians, microbiologists, infection 
control practitioners and hospital epidemiologists are 
concerned about ESBL producing microorganisms 
because of the increasing incidence of such 
infections, the limitation of effective antimicrobial 
drug therapy and adverse patients outcome 
(http/wwne.gov/eid/article/13/8/07­0071, article. 
htm≠r5|).  

The socioeconomic impact of this colonization 
leading to nosocomial infections can cause economic 
burden on the personal and/or governmental scale 
burden. Therefore, the analysis of the incidence and 
pattern of bacterial colonization including multidrug 

 
IMP alone 
 
 
 
IMP+EDTA 

1          2          3         4       5         6 
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resistance Gram negative bacteria in patients on ICU 
admission is very important (Jarves, 1996). 

Although MBL­producing strains represent a 
serious therapeutic challenge, to date, clinical 
experience regarding the most appropriate treatment 
and outcome of infections due to these strains is 
surprisingly rare. Therefore, detection of MBL 
producing gram negative bacilli especially P. 
aeruginosa is crucial for optimal treatment of 
patient's particularly critically ill and hospitalized 
patients and for better control the spread of 
resistance. 

In the present study, bacterial colonization by 
Gram negative bacteria was detected in 46/87 
(52.9%) of the studied patients, positive for ESBL 
production was detected in 43/46 (93.5%), the 
commonest of which was E.coli 22/46 (47.8%), 
followed by Klebsiella pneumonia 16/46 (34.8%), 
Citrobacter spp. 3/46 (6.5%), and the lowest rate of 
isolation was for Enterbacter spp. 2/46 (4.3%). These 
results were in agreement with the previous studies 
by Afazi et al. (2010), who reported that E.coli was 
the commonest isolates among ESBL producing 
Gram negative bacteria (57%) followed by Klebsiella 
pneumonia (59%),while it was (6%), and (8%) for 
Enterobacter and Citrobacter spp respectively. 
Another study by Ozgumus et al. (2008), E.coli was 
the commonest isolated ESBL producing pathogen 
followed by Klebsiella spp in ICU patients. In the 
same manner, Mona et al. (2009), reported that (60%) 
of isolates from ICU patients, were confirmed as 
ESBL producer G­ve bacilli, mostly E.coli (34%), 
followed by Klebsiella spp. (30.2%). 

In the current study, the rate of total MBL 
isolated was 37/46 (80.4%), the non fermenter Gram 
negative bacterial; (Pseudomonas aeruginosa and 
Acinetobacter baumamnii) were the predominant 
MBL producing bacteria isolated from the studied 
patients as it was isolated at a rate of 31/46 (67.4%) 
of MBL isolates, Pseudomonas aeruginosa was 
detected in 22/46 (43.5%) isolates, followed by 
Acinetobacter 11/46 (23.9%) isolates, E.coli 3/46 
(6.5%) isolates, Klebsiella pneumonia 2/46 (4.3%) 
isolates and Enterbacter spp.1/46 (2.2%). 

Afazi et al. (2010) stated that the rate of 
detection of Pseudomonas earuginosa was 57% and 
the colonizing MBL producing G­ve bacilli for E.coli 
and Klebsiella pneumonia were 16% and 10% 
respectively. Over the last decade MBL producing 
isolates have emerged particularly in Pseudomonas 
aeruginosa. These isolates have been responsible for 
serious infections such as septicemia and pneumonia 
and have been associated with failure of therapy with 
carbapenems. MBL genes have spread from P. 
aeruginosa to Enterobacteriaceae, and a clinical 
scenario appears to be developing that could simulate 

the global spread of ESBL. Carbapenems are the drug 
of choice for treatment of infections by penicillin or 
cephalosporin resistant gram negative bacilli 
especially in ESBL producing gram negative 
infections (Pitout et al., 2007). It is well known that 
poor outcome occurs when patients with serious 
infections due to MBL producing organisms are 
treated with antibiotics to which the organism is 
completely resistant (Marra et al., 2006). 

The occurrence of a MBL positive isolate poses 
not only a therapeutic problem but is also a serious 
concern for infection control management. As a 
result of being difficult to detect, such organisms 
poses significant risks particularly due to their role in 
unnoticed spread within institution and their ability to 
participate in horizontal MBL gene transfer, with 
other pathogens in the hospital (Agarwal et al. 2006). 

Regarding the genotypic detection of MBL­
encoding genes in the isolates, blaIMP subtype was 
the commonest, it was detected in 45.7% of overall 
isolates, the commonest organism detected was in 
Pseudomonas aeruginosa, while balGIM was the 
lowest genotype detected (2.9%). The blaVIM 
genotype was detected in 32.4%, followed by blaSIM 
in 15.2%, then blaSPM 3.8%. Meanwhile, blaGIM 
was the lowest genotype detected in overall 105 
isolates; it was detected only in 2.9% isolates. 

The presence of high prevalence of blaIMP may 
be due to the clonally spread of the plasmid 
containing this gene amongst the various members of 
the Gram negative bacilli in different hospitals 
including ours. This result agrees with the result of 
Afazi et al. (2010) which stated that the commonest 
genotype was blaMP (33.7%), followed by blaVIM 
(22.9%), while it was (20%) for blaGIM,and (0.2%) 
for blaSPM. 

Most of Research conducted in this issue has 
focused on identifying risk factors for colonization 
with multidrug­resistant, Gram positive bacteria, in 
contrast, little research has been conducted to identify 
the risk factors for colonization with Gram negative 
multidrug­resistant bacteria in non outbreak setting 
(Harris et al., 2007). Understanding risk factors for 
colonization is important for several reasons. First, 
understanding the potential causal mechanisms of 
colonization can lead to successful infection control, 
involving antimicrobial stewardship and public health 
intervention aimed at controlling the emergence of 
ESBL –producing bacteria. Second, such knowledge 
can help identify which patients should receive 
empiric ESBL­targeted antimicrobial therapy (Harris 
et al., 2007). 

The present study had focused on several risk 
factors for colonization. It was observed that patients 
aged above 50 years have a higher rate of 
colonization (63%), than patients with age below 50 
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years (41%) owing to their lower rates of immunity. 
Regarding gender, males had a higher rate of 
colonization (65%), than females (35%). An 
important risk factor, is the hospital stay >48 hours, 
as they had a significant higher rate of colonization 
(74%), than the non hospitalised (24%). Usage of 
antibiotics was observed as a risk factor for 
colonization. Patients who used antibiotics had a 
significant higher rate of colonization (60%) than 
non­users (20%). Severe nosocomial infection 
contributes to prolonged ICU stays, increased 
morbidity and mortality and of course increased 
resource utilization (Inan et al., 2005). 

Another important risk factor is mechanical 
ventilation, patients who underwent mechanical 
ventilation, had a significant higher rate of 
colonization (68%), than others (22%), Smokers had 
significantly higher bacterial colonization (80%) than 
non smokers (34%). These findings corroborates the 
findings of some other related studies (Drakulovic et 
al., 2001; Harris et. al., 2007).It was reported that 
exposure to β­lactamases is a significant risk factor 
MBL producing Pseudomonas aeruginosa infections. 
Zavsaki et al. (2006) 
 
Conclusion & Recommendation:  

Colonization by ESBL and MBL producing 
Gram negative bacilli may occur in critically ill 
patients on admission to ICU particularly in the 
presence of risk factors. These patients may act as 
reservoir for occurrence and spread of nosocomial 
infections. There is a need for improved surveillance 
of antimicrobial resistance and strengthened quality 
control of antimicrobial drug. The routine clinical 
microbiology laboratories should employ simple 
methods to diagnose ESBL and MBL producing 
organisms. Rational antibiotic guidelines should be 
mandatory to minimize the problem along with 
infection control practices. Also incorporating 
microbial genetic typing infection control program is 
recommended. 
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