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Antibiotic resistance pattern and evaluation of metallo-beta
lactamase genes (VIM and IMP) in Pseudomonas aeruginosa
strains producing MBL enzyme, isolated from patients with
secondary immunodeficiency
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Abstract

Background: One of the most common causes of hospital-acquired secondary infections in hospitalized
patients is Pseudomonas aeruginosa. The aim of this study is to evaluate the expression of IMP and VIM in
Pseudomonas aeruginosa strains (carbapenem resistant and producer MBL enzyme) in patients with secondary
immunodeficiency.

Materials and Methods: In a cross sectional study, 96 patients with secondary immunodeficiency
hospitalized in the Al-Zahra hospital were selected. Carbapenem resistant strains isolated and modified
Hodge test was performed in order to confirm the presence of the metallo carbapenemase enzyme.
Under the standard conditions they were sent to the central laboratory for investigating nosocomial
infection Multiplex PCR.

Results: Of 96 samples 28.1% were IMP positive, 5.2% VIM positive and 3.1% both VIM and IMP positive. The
prevalence of multidrug resistance in the IMP and/or VIM negative samples was 29%, while all 5 VIM positive
samples have had multidrug resistance. Also the prevalence of multi-drug resistance in IMP positive samples
were 96.3% and in IMP and VIM positive samples were 100%. According to Fisher’s test, the prevalence of
multi-drug resistance based on gene expression has significant difference (P < 0.001).

Conclusion: Based on the results of this study it can be concluded that, a significant percentage of patients
with secondary immunodeficiency that suffer nosocomial infections with multidrug resistance, especially
Pseudomonas aeruginosa, are probably MBL-producing gene positive. Therefore the cause of infection should
be considered in the hospital care system to identify their features, the presence of genes involved in the
development of multi-drug resistance and antibiotic therapy.
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INTRODUCTION

One of the most common causes of hospital-acquired
secondary infections in inpatients is Pseudomonas
aeruginosa. Pseudomonas aeruginosa is a
gram-negative, motile, aerobic and opportunistic
hospital pathogen, which is sometimes resulting in
deadly infections in their own host.["! In addition,
it is one of the infectious factors in patients with
cystic fibrosis and it can also cause cancer and other
diseases.’>*

Immunocompromised patients, including cancer
patients, patients undergoing kidney transplant
and immunosuppressive drug users due to general
weakness and continuous use of immune-suppressing
drugs are prone to different opportunistic infections,
particularly Pseudomonas. Treatment of these
infections is very difficult because of the resistance of
these strains to antibiotics. However, several studies
have shown that these strains have genes that produce
metallo-beta-lactamase (MBL) and provide resistance
to various antibiotics, especially carbapenems.

Antibiotic resistance in Pseudomonas aeruginosa
can be originated or acquired chromosomal or
with plasmid origin which in this case it can easily
transferred between different strains and species of
bacteria even between related genera. Recently, a
strain of multidrug resistance (MDR) has been seen.
Carbapenems, such as imipenem and meropenem
are the most important antibiotics used to treat
resistant strains of Pseudomonas aeruginosa.
Metallo-beta-lactamase hydrolyses wide range of
beta-lactamase (antibiotics, anti-cell wall) including
cephalosporins, carbapenems and penicillins.™ It also
causes resistance to aminoglycosides. However, it is
unable to hydrolyse monobactem like Aztreonam.™
Metallo-beta-lactamase requires the Zn metal cofactor
for its catalytic activity that is inhibited by EDTA and
thiol compounds. Carbapenamase class B are designed
of metallo-beta-lactamase and are divided in 6 groups
based on the molecular structure including AIM, APM,
GIM, SIM, IMP and VIM; which the most common
ones are IMP and VIM.

Due to the mobile genetic nature, Pseudomonas
aeruginosa can transmit these enzymes and transfer
a variety of genes and transposons into their own
genome. It results increasing in resistant strains.®
Genes encoding MBL are located on integron class 1,
on plasmids which are able to transfer them.!”®
There are several available phenotypic methods
which can identify and isolate MBLs. However,
these days PCR is used as a sensitive and reliable
method.1]

The organisms which produce Metallo carbapenemase
are often Multidrug Resistant. Therefore, there
are many limitation in choosing appropriate
antibiotic to care it, even though the mortality rate
of carbapenemase producing organisms infection is
high.[*112! In fact metallo carbapenemase producing
organisms can cause resistance to a wide range
of antibiotics. This occurs because of hydrolysing
carbapenem as well as broad-spectrum penicillin such
as oxymino - cephalosporins and cephamycins.!*?

According to microbiological methods and antibiotic
susceptibility tests, Pseudomonas aeruginosa resistant
to carbapenems were reported in patients suffered
immune deficiency. Identification of these enzymes
in microbiology laboratories either by conventional
susceptibility testing or automatic methods is
complicated. Awareness of the genetic mechanisms
responsible for resistance to antibiotics can effectively
facilitate prevention and control of infectious diseases
in immunocompromised patients who are highly
susceptible to infection. This study is performed using
molecular PCR methods and standard identification
method based on molecular techniques including
PCR based Metallo carbapenemase.'*!% The aim of
this study is to evaluate the expression of IMP and
VIM in Pseudomonas aeruginosa strains (carbapenem
resistant and producer MBL enzyme) in patients with
secondary immunodeficiency in the Al- Zahra hospital,
Isfahan, Iran.

MATERIALS AND METHODS

Study design

This is a cross-sectional study which was conducted in
2014 - 2015 in the Al-Zahra hospital, Isfahan, Iran. The
study population is Pseudomonas aeruginosa isolated
from patients with secondary immune deficiency.
Inclusion criteria were Pseudomonas aeruginosa
strains (carbapenem resistantant and producer
MBL enzyme) and good quality samples for PCR.
Lack of good quality samples for PCR and samples
contaminated with psudomonance were considered
as exclusion criteria. The required sample size was
estimated 96 patients based on 95% confidence level,
the prevalence of the most common gene (VIM) in the
same study as 52% "9 and considering acceptance
error rate of 0.1. This study was approved by Ethical
Committee of Isfahan University of Medical Sciences.

Bacterial isolates

Pseudomonas aeruginosa isolates were obtained
from patients with organ transplantation, receiving
immunosuppressive drugs, chemotherapy and
corticosteroids (with immunosuppressive dose 15 mg
of prednisolone for at least one month). To identify
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the isolates of Gram-negative bacteria and ensure the
genera and species of bacteria, standard biochemical
tests were performed and antibiotic resistance of
clinical isolates were determined using Kirby Bauer
disk diffusion test.

Antibiotic susceptibility tests

Carbapenem resistant strains were isolated and
modified Hodge test was performed on them to confirm
the presence of the metallo carbapenem enzyme.
Under the standard conditions they were sent to the
central laboratory in order to evaluate nosocomial
infection Multiplex PCR.

DNA extraction

To extract bacterial DNA (plasmid and chromosomal)
boiling method was used. First, after a passage of
samples on blood agar, a single colony of each isolates
was inoculated to five ml of luriabertani medium
and incubated at 37°C for 20 hours on a shaker.
Then, 1.5 ml of bacterial culture was transferred
to the eppendorf tubes. The eppendorf tubes were
centrifuged for 5 min at 14,000 rpm and sediment
was placed in suspension state using thermoblock
machine for 10 minutes at 95°C. The eppendorf tubes
were then centrifuged again for 5 min at 14,000 rpm
and subsequently the DNA in the supernatant used
for the PCR.

PCR reaction for confirmation of pseudomonas
aerwginosa strains

PCR was performed using DNA sample, specific
primers and regents followed by gel electrophoresis
analysis. Amplification was carried out using the
following thermal cycling conditions: Initial DNA
denaturation at 94°C for 10 min, followed by 36 cycles
of denaturation at 94°C for 30 sec, annealing at 52°C
for 40 sec, and extension at 72°C for 50 sec, followed
by final extension at 72°C for 5 min. PCR reactions
forbla-,,, and bla-,,,, genes were performed containing

the following.

bla-,,,. forward (GGAATAGAGTGGCTTAAYTCTC)
and reverse (GGTTTAAYAAAACAACCACC)
primers (designed) 232bp.

bla-,,. forward (GATGGTGTTTGGTCGCATA) and
reverse (CGAATGCGCAGCACCAG) primers
(designed) 390bp.

Statistical analysis

Collected data was analysed using SPSS software
version 22. Chi-square and T-student tests were
applied to analyse data. P-value less than 0.05 was
considered as a statistical significant level.
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RESULTS

In the current study, 96 inpatients with secondary
immunodeficiency in the Al-Zahra hospital participated.
The mean age of the patients was 49.39 + 16. years
(range: 7-86 years).44 patients (45.8%) were less
than 50 years old and 52 patients (54.2%) were aged
50 years and older. 70 (72.9%) patients were male
and 26 (27.1%) were female. The underlying cause of
immunodeficiency in 40 patients (41.7%) was cancer,
followed by steroid use in 27 patients (28.1%), organ
transplantation in 21 patients (21.9%) and ESRD in
8 patients (8.3%).

Source samples in 37 patients (38.5%) were urine,
followed by trachea (24%), blood (22.9%), wound (8.3%)
and peritoneal fluid (1.3%). In Table 1, the demographic
characteristics of study patients have been shown.

PCR detection of metallo-beta-lactamase genes

Of 96 samples 27 (28.1%) were IMP positive,
5 cases (5.2%) were VIM positive and 3 samples (3.1%)
were both VIM and IMP positive [Figure 1]. The
source of 27 IMP positive samples were 1 catheter, 10
urine, 6 trachea, 6 blood, 3 wound and 1 peritoneal
fluid. Of 5 VIM positive samples, 2 sources were
urine, 2 tracheas and 1 blood. Of 3 IMP and
VIM-positive samples, 2 sources were urine and 1 was
trachea [Figure 2].

In Table 2, frequency distribution of IMP and VIM
gene expression in terms of demographic and clinical

Table 1: Frequency distribution of demographic characteristics
of study patients

Variables Number Percent
Age group
<50 44 45.8
>50 52 54.2
Sex
Male 70 72.9
Female 26 271
Underlying diseases
Transplantation 21 21.9
Corticosteroid consumption 27 28.1
Cancer 40 41.7
ESRD 8 8.3
Sampling sources
Catheter 3 3.1
Urine 37 38.5
Trachea 23 24
BIC 22 22.9
Wound 8 8.3
Peritonea 3 3.1

ESRD: End stage renal disease, BIC: Blood in culture
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Figure 1: Frequency percentage of VIM and IMP expression in the
studied patients

characteristics has been shown. Based on the results,
positive VIM patients had a lower age average, but
the difference between four groups with different
underlying diseases was not statistically significant.
Also gene expression of studied genes in terms of
other demographic and clinical characteristics of the
patients was not significantly different.

According to the results of Antibiogram test, 63 (65.6%)
samples were found to have multidrug-resistant. The
prevalence of multidrug resistance in the VIM and/or
IMP negative samples was 47.5%, while all 5 VIM
positive samples have had multidrug resistance. Also
the prevalence of multi-drug resistance in IMP positive
samples was 96.3% and in IMP and VIM positive
samples were 100%. According to Fisher’s test, the
prevalence of multi-drug resistance based on gene
expression has significant difference (P < 0.001). The
results are shown in Table 3.

DISCUSSION

Nosocomial infections in immunocompromised
patients are highly prevalent and infection with
opportunistic infections, particularly Pseudomonas
aeruginosa can be associated with high morbidity and
mortality rates, so this study was designed and carried
out in order to determine gene expression of IMP and
VIM genes and determining their relationship with
antibiotic resistance.

Our finding showed that 8.3% of patients had VIM
gene, 31.3% IMP gene and 3 cases had both genes.

Antibiogram test showed 65.6% of patients had
multi-drug resistance (MDR) and it depends entirely
on these gene expressions. The relationship between
the presence of these genes and multidrug resistance
has been demonstrated in several studies. In a study

4
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Figure 2: VIM and IMP expression based on source of sampling

Table 2: Gene expression of /MP and VIM genes in terms of
demographic and clinical characteristics

Expression Negative VIM IMP VIM and P value
Variables positive positive /MP positive

Age (mean+SD) 50.3+15.4 38.4+16.6 50.1x17.5  43+19.1 0.39
Age groups n (%)

<50 27 (44.3) 3(60) 12(44.4) 2(66.7)  0.79
>50 34 (55.7) 2(40) 15(55.6) 1(33.3)

Sexn (%)
Male 45(73.8) 5(100) 17 (63) 3 (100) 0.23
Female 16(26.2) 0(0) 10(37) 0(0)

Underlying

diseases n (%)
Transplantation 15 (24.6) 2 (40) 4 (14.8) 0 (0) 0.23
Corticosteroid 18 (29.5) 2 (40) 5 (18.5) 2 (66.7)
Cancer 23(37.7) 1(20) 16 (59.3) 0(0)
ESDR 5(8.2) 0 (0) 2 (7.4) 1(33.3)

Sources of

sampling n (%)
Catheter 2 (3.3) 0(0) 1(3.7) 0 (0) 0.99
Urine 23(37.7) 2(40) 10(37)  2(66.7)
Blood 14(23)  2(40) 6(22.2) 0(0)
Wound 5(8.2) 0(0) 3(111) 0 (0)
Peritonea 2 (3.3) 0(0) 1(3.7) 0 (0)
Trachea 15 (24.5) 1(20) 6 (22.2) 1(33.3)

The numbers in the parentheses are percentage

Table 3: Distribution of multi-drug resistance based on gene
expression of /MP and VIM genes

Expression Negative VIM IMP VIM and Total
MDR positive positive /MP positive

No 32(52.5) 0(0) 1(3.7) 0(0) 33(34.4)
Yes 29 (47.5) 5(100) 26(96.3) 3(100) 63 (65.6)
Total 61(100)  5(100) 27 (100) 3 (100) 96

P<0.001; The numbers in the parentheses are percentage

conducted by Doosty et al. in 2013 in the Valiasr
hospital, 70 isolates of Pseudomonas aeruginosa from
patients hospitalized in intensive care unit were
studied. Among 44 isolates resistant to imipenem, 36
isolates were producing MBL enzyme. by performing
PCR, 33 strains MBLs producing P. aeruginosa were
identified as a positive phenotype, that 23 isolated
genes (52.2%) were VIM positive and 10 isolated

Advanced Biomedical Research | 2016



Shirani, et al.: VIM and IMP genes producing metallo-beta-lactamase in strains of pseudomonas aeruginosa

genes (22.3%) were IMP positive. ¥ other study which
was done by Yazdani et al. in 2014 in the Al-Zahra
hospital on 46 samples of P. aeruginosa isolated
from patients with primary immunodeficiency
reported that 7 patients (14.6%) had VIM gene and
8 patients (17.4%) had IMP gene. Also, MDR samples
with these genes were significantly higher.'" A study
in Zahedan, Iran showed that the rate of resistance
against imipenem was 5.7% and after carrying
out the phenotypic experiments, nine species were
identified as of MBL producer. Seven species were
confirmed by Polymerase Chain Reaction (PCR)
method. Gene VIM-1 was the predominant gene
among the positive (antibiotic resistant) species.
18] Samira Aghamiri and et al. in Tehran reported
that in the DDST phenotypic method, among the
100 imipenem resistant isolates, 75 strains were
MBLs positive. The PCR test indicated that 70
strains (33%) carried bla-,,, gene and 20 strains (9%)
harbored bla-,,,,. In addition, the extent of antibiotic
resistance among Pseudomonas aeruginosa is on the
rise." In a study carried out by Mai et al. In Egypt,
bla,,, and blaOXA genes were the most prevalent
genes in P. aeruginosa.”” Other study conducted by
Hassan et al. detected that the first plasmid-mediated
quinolone-resistance determinants qnrB1 and qnrS1
among clinical strains obtained from patients in
Turkey.?" In a study by esther et al. between 2007 and
2010 in Spain, 175 pseudomonans aeruginosa samples
were studied. They found a significant difference
between multidrug resistance and presence of VIM-2
gene.'”?! Therefore, there can be different genes,
especially two common genes VIM and IMP, which may
eventually contribute to producing Carbapenemase
enzymes and development of MDR Pseudomonans
aeroginosa. As a result, identification of these genes
in patients with secondary immune deficiency could
be a solution to deal with multi-drug resistance
in these patients and prevention of deaths caused
by nosocomial infection. Today metalloproteinase
carbapenemase-producing organisms have been
expanding and are endemic in several European
countries, the Middle East, South America and Asia
that causes a serious challenge in the diagnosis and
treatment of nosocomial infections. On the one hand,
choosing the drug for treatment of these infections
are inherently limited. On the other hand due to
the pharmacological properties or toxicity of these
drugs, their clinical use is limited.* Considering
the results, the MBL-producing genes of IMP and
VIM, probably play a significant role in the incidence
of multi-drug resistance in patients with secondary
immunodeficiency. Therefore, further studies are
strongly recommended in patients with secondary
immunodeficiency, with clinical signs of infection. In
addition to bacteriological cares, Multiplex PCR for
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the detection of beta-lactamase-producing gene and
the Metallo-Beta-lactamase-producing gene should
be performed, although these tests are faced with
significant limitation in term of funding and financial
support.

CONCLUSION

Based on the results of this study it can be concluded
that, a significant percentage of patients with secondary
immunodeficiency that suffer nosocomial infections
with multidrug resistance, especially Pseudomonas
aeruginosa, are probably MBL-producing gene positive.
according to importance of hospital infections and high
mortality rate of infections in immunocompromised
patients, It is recommended that the hospital care
system in infection control, particularly in ICUs be
further strengthened and by observing clinical signs
of infection, immediate action to identify the cause
of infection and their features, the presence of genes
involved in the development of multi-drug resistance
and antibiotic therapy should be evaluated followed
by antibiotic therapy for these patients according to
strict and systematically protocol.
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