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Abstract

ackground: Nosocomial infections present a major threat because of the increased prevalence of clinical
cases appearing among both developed as well as developing countries thus resulting in an alarming
condition. This descriptive study was designed to determine the prevalence of hospital acquired
vancomycin resistant Staphylococcus aureus (VRSA) in intensive care units (ICU) of different hospitals of Lahore.

Methods: Sixty three swab samples were collected from different local hospitals in Lahore. The study was
conducted at the Department of Microbiology and Molecular Genetics, University of the Punjab, Lahore from
2013 to 2014. Methicillin sensitive Staphylococcus aureus (MSSA), Methicillin resistant Staphylococcus aureus
(MRSA) and VRSA were isolated and confirmed using Clinical & Laboratory Standard Institute (CLSI), 2015
guidelines. vanA gene was amplified to determine the molecular basis of resistance of all VRSA isolates by using
strain of S. aureus (ATCC 29213) as a gold standard.

Results: Prevalence of VRSA is comparatively low in the hospital settings of Lahore than MRSA. Out of sixty
three S. aureus, four (6%) isolates were VRSA positive, and eight isolates (17%) showed intermediate resistance.
The absence of vanA gene in VRSA showed that mechanism of resistance is other than vanA gene transfer.

Conclusions: Presence of VRSA in hospital settings is alarming for health care workers, patients and
researchers and it also highlights the importance of alternative medicines to cure infections.
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Isolation and characterization of Vancomycin resistant Staphylococcus aureus (VRSA) from
Intensive Care Units (ICU) of different hospitals in Lahore, Pakistan

Introduction

Emergence of antibiotics resistance is the major public
health concern. Methicillin resistant Staphylococcus
aureus (MRSA) is considered as superbug that is
responsible for community associated as well as
nosocomial infections [1,2] and it is continuously
causing different types of ailments worldwide [3]. MRSA
is responsible for wide categories of infections that are
ranging from minor skin infections to major disorders
that can lead to death of the patient.

Coagulase negative Staphylococcus aureus (CoNS) and
Staphylococcus aureus (S. aureus) both were sensitive to
glycopeptides, except few reports of vancomycin
resistant Staphylococcus aureus (VRSA), Vancomycin
intermediate S. aureus (VRSA) and vancomycin resistant
CoNS [4,5]. Frequent use of vancomycin for multiple
infectious agents other than MRSA is the reason of
emerging resistance for vancomycin. VRSA are resistant
to most of the available antibiotics, limiting the options
for therapy. Introduction of VRSA is alarming for
medical community due to life threating infections
caused by S. aureus in hospitalized and non-hospitalized
patients [6,7].

VRSA strains have been found to have thicker cell
walls than the sensitive strains [8]. Usually vancomycin
is trapped in the outer layers and sequestered by the
bacteria that results in resistance [9,10]. Exchange of
genetic material between Enterococci and Staphylococci
is well documented and consequence of this is VRSA
[11]. It has been suggested that patients at risk for VRSA
are co-infected or co-colonized with Vancomycin
resistant Enterococci (VRE) and MRSA, which enables
transfer of vanA gene from VRE to MRSA in a biofilm
environment leading to a VRSA strain [12]. While
inappropriate and suboptimal level of vancomycin is
also the contributing factor for VRSA [13].

The vanH, vanA and vanX proteins play a significant
role in the expression of vancomycin reduced
susceptibility, while vanY has role in encoding of D,D-
carboxypeptidase and the consequences are increased
glycopeptides resistance. Another protein vanZ also
mediates teicoplanin-like antibiotic resistance, while
the mechanism of such resistance is unclear yet [14-16].
The vanA type expressed reduced vancomycin
susceptibility which is intervened through an
alternative mechanism producing cell wall antecedent
terminus in D-Alanyl-D-lactate, indicating decreased
glycopeptides attachment and downshifting of the cell
wall production via housekeeping enzymes in the cell
[14-16].

The aim of this study was to determine the prevalence
of hospital acquired VRSA in intensive care units (ICU)
of different hospitals of Lahore, to characterize VRSA on

the basis of vanA gene and also to compare the
epidemiology of MRSA and VRSA.

Methods

A descriptive study was conducted at the Department of
Microbiology and Molecular Genetics, University of the
Punjab from 2013 to 2014 after approval from
institutional ethical review committee. Swab samples
were collected from various surfaces (cardiac monitors,
ventilators, suction pump, door handles, floor, beds and
side tables), personnel and patient skin or nares of ICU
of different hospitals (Sheikh Zaid Hospital, Services
Hospital, Ghurki Hospital and Lady Aitchison Hospital)
in Lahore. All samples were inoculated on Blood,
MacConkey and Chocolate agar plates. All plates were
incubated at 37C° for 24 hours. After incubation, the
plates were examined for the growth and Gram’s
staining was performed. Gram positive cocci in clusters
were inoculated on blood agar for identification and
purification [17].

Presumptive identification and confirmation of S.
aureus and then MRSA was done following the CLSI
guidelines [18]. Various biochemical tests including
Catalase, Coagulase (slide and tube method) were
performed for preliminary identification. Isolated
colonies were inoculated on MSA (Mannitol Salt Agar)
and DNase for confirmation [19]. MRSA was detected on
the basis of resistance to oxacillin & cefoxitin by disc
diffusion method [20]. The antimicrobial susceptibility
was determined by the Kirby-Bauer disk diffusion
method according to the guidelines recommended by
CLSI. S. aureus (ATCC® 29213) was used as positive
control during identification and antimicrobial
sensitivity testing [18].

Agar plate dilution method was used for minimum
inhibitory = concentration = (MIC) determination.
Antibiotic was dissolved in solvent (distilled water) and
added to molten Mueller Hinton agar. Mueller Hinton
medium plates were prepared containing different
concentration of vancomycin; 4pg/ml, 8ug/ml, 16pg/ml,
24ug/ml, 32pg/ml, 48ug/ml, 56pg/ml, 64ug/ml and
100ug/ml. Standard bacterial inoculum of 0.5 McFarland
standard prepared in 0.9% NaCl was used [21].

Genomic DNA was isolated as described by Ausubel,
et.al., with minor modifications [22]. Plasmid DNA was
extracted and stored at -20°C [23]. Gel electrophoresis
was performed to visualize the genomic and plasmid
DNA [24]. PCR was performed to amplify vanA using
following reported primers [25].

FP-vanA: 5’- ATGAATAGAATAAAAGTTGCAATAC-3%
(Forward Primer)

RP-vanA: 5’ -CCCCTTTAACGCTAATACGAT-3’
(Reverse Primer)
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PCR amplification was performed in a 50pl reaction
mixture containing genomic DNA (100ng), 25pmol vanA
gene primer (10 pl), 10X PCR buffer (5ul), 25mM MgCl.
(3ul), 250mM dNTPs mixture (4pl) and 5 units of Taq
DNA polymerase (0.5 pl) in a total volume of 50 pl. The
amplification was programmed in the thermocycler
(Bioer xp cycler) as follow: preheating for 1 minute at
95C° (initial denaturation), 35 cycles each for 20 seconds
at 95C° (denaturation), 25 seconds at 55 C° and 20
seconds at 72C° (extension) and a final extension at 72C°
for 2 minutes. The resulting PCR products were run on
1% agarose gels, stained with ethidium bromide and
visualized on UV illuminator [26].

Results

S. aureus strains were isolated from ICUs of different,
public as well as private hospitals (Sheikh-Zaid hospital,
Lady Aitchison, Ghurki trust teaching hospital and
Services hospital) of Lahore. These strains were isolated
from non-living surfaces such as; cardiac monitors,
ventilators, suction pump, door handles, floor, beds and
side tables as well as living surfaces such as; patient skin
and nares, personnel skin and nares. By using CLSI
guidelines for the identification and confirmation of
bacterial resistance, sixty three (63) strains of S. aureus
were isolated, among these forty one (41) on the basis of
Cefoxitin (30ug); zone of inhibition < 24 mm confirmed
MRSA among these four (04) strains were further
confirmed as VRSA rest of the strains twenty two (22)
were MSSA.
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Figure 1: Resistance to vancomycin at different concentrations. A;
growth of S. aureus on Muller Hinton agar media containing 64 pg/ml
of vancomycin. B; MIC of isolates on various concentration of
vancomycin.

A B C
Figure 2: (A) Left: Gel picture showing bands of genomic DNA
isolated from VRSA. (B) Right: Gel picture showing DNA ladder,
Sample 1-4 strains showing isolated plasmid, (C) Right: Gel picture
showing DNA ladder, Sample 1-4 strains showing no band of VanA,
Sample 5 with VanA (1032 bp) band of positive control.
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Figure 3: Distribution of MRSA, MSSA and VRSA isolated from
different hospitals of Lahore; among all isolated from different
hospitals 41 were MRSA, 22 MSSA, and 4 were VRSA.
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Figure 4: Percentage of VRSA, intermediate and sensitive to
vancomycin amongst the S. aureus: among 63 strains 4 strains were
resistant to Vancomycin making 6.3% VRSA.

Antibiotic susceptibility test was performed using
CLSI guidelines; results showed 41 strains Cefoxitin
resistant, which confirmed MRSA and remaining were
MSSA. Except 12 isolates, all were vancomycin sensitive.
Four (04) were vancomycin resistant and eight (08)
showed intermediate level of resistance. MIC was
determined by using agar dilution method and it
confirmed the results of agar diffusion test as 08 isolates
showed intermediate level of resistance and 4 were
vancomycin resistant and their MICs were > 100ug/ml.
MRSA are more prevalent than VRSA in health care
settings. MIC of Staphylococcus sp. strains against
vancomycin was determined by agar dilution method by
following CLSI guidelines (Figure 1). Out of 12 strains, 4
(33.33 %) were having MICs <100ug/ml. The MIC of
vancomycin <4pg/mL is susceptible, 8-16ug/mL is
intermediate and MIC > 32ug/mL are resistant
Staphylococcus sp.[27]. Genomic and plasmid DNA of
VRSA was extracted and processed for the amplification
of vanA gene. There was no amplification of vanA gene
in the four strains of VRSA shown in figure 2 (A,B&C).

Discussion

Prevalence of Methicillin resistant S. aureus isolates
collected from various hospitals in Lahore and the
prevalence of VRSA is described in Figure 3. As the
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present study revealed an increased prevalence of
methicillin resistant S.aureus, the vancomycin was
recommended as drug of choice to treat MRSA.
Therefore vancomycin intermediate S. aureus and
vancomycin resistant S. aureus strains were developed.
MSSA is most frequently isolated from Sheikh Zayed
Hospital, MRSA from Lady Aitchison Hospital and VRSA
from Ghurki Hospital Lahore. No VRSA was isolated
from Lady Aitchison hospital as shown in Figure 3. Most
of pathogens isolated in this study were sensitive to
vancomycin (81%) and only 6.30 % were resistant to
vancomycin as shown in Figure 4. The occurrence of
multidrug resistant MRSA has been increased because of
insufficient information about drugs in the community,
lack of awareness, low economic status, increased
availability of antibiotics and improper dose of
antimicrobials, anti-microbial prophylaxis, high
number of individuals with weak immune system, the
common utilization of obtrusive techniques, devices and
lacking of contamination control measures [28,29].

Development of vancomycin tolerance has become a
serious issue in health care settings to treat multidrug
resistant S. aureus and MRSA [30]. The present study
revealed Staphylococci in different locations inside the
ICUs of health care settings. Masaki also demonstrated
[31] comparable results to our study, who isolated 19
clinical MRSA strains from the clinical floor. In an
alternate study, Brady isolated 25 MRSA strains from
hospital cots, showing the existence of this microbe on
distinctive locations [32]. Another study was conducted
which reported that health care experts again
contaminate their hands throughout interferences of
patient treatment by touching things, for example, a
computer mouse, caution catches and pens before
administering the patients [33]. Many microbes can also
be transferred via nonliving things like soap dispensers,
tables, telephones, sphygmomanometers, monitors and
bedside bars [34].

We suppose the probability of vancomycin tolerance
vanA gene transfer from vancomycin resistant
Enterococci spp. to Staphylococci spp. according to in vitro
exchange of vanA gene from Enterococcus spp. to S.
aureus [35]. In fact the vanA, vanR, vanS, vanH and vanX
genes are quite important for the VanA phenotype to be
expressed, reported in past studies [36]. VRSA isolates
additionally have been discovered to have thicker cell
wall compared to sensitive ones [37]. In the case of
hetero vancomycin intermediate S. aureus, they also
show thickened cell wall resistance mechanism having
high cell wall murein content. It is demonstrated that
vancomycin molecules are trapped in the external
layers and are sequestered by the bacteria that result
in resistance [38].

Another resistance mechanism proposed for VRSA is
transfer of hereditary material from one bacterial spp. to
another. It was proposed that individuals with high risk
for VRSA have co-infection and co-colonization of VRE
and VRSA, which helps in transfer of vanA gene from
vancomycin resistant Enterococci to MRSA in a biofilm
environment developing it into VRSA [39].

Only a few reports are present regarding detection of
VRSA - in health care settings all over the world and
some of these VRSA strains are community associated
[35]- In the present study vanA gene of VRSA was
amplified but no amplification of vanA gene indicated
absence of gene in these isolates. It confirms the
presence of other mechanism of resistance independent
of vanA gene, which needs further investigations.
Expectancy of development and prevalence of VRSA in
all groups is very crucial to be considered. Suitable
contamination  control measures, appropriated
antimicrobial management, hygienic settings and
awareness in individuals can help to control the rise and
transmission of antimicrobial tolerant microorganisms
such as VRSA. There ought to be a consistently checking
of the reduced susceptibility example of the multi-drug
resistant S. aureus. There is great need to take measures
to control VRSA infection; otherwise it can play havoc
in hospital settings as well as in community at large.
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