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Abstract: The hospital environment plays an important role in the spread of microorganisms, including multi drug
resistant (MDR) strains. Patients can acquire Methicillin-Resistant Staphylococcus aureus (MRSA) which can reside in
the clinical setup that are not cleaned and can spread through air droplets, bed clothing, and healthcare workers. The
purpose of this study was to investigate the prevalence of S. aureus in the Khyber Teaching Hospital (KTH). A total of
200 samples were collected from the floor, walls, air and inanimate objects in different wards of the KTH, during May
2012 to September 2012. These samples were screened for the recovery of S. aureus. Recovered organisms were
subjected to susceptibility testing and investigated for the detection of various toxin and antibiotic resistance genes by
Polymerase Chain Reaction (PCR). A total of 64 samples yielded S. aureus, out of which 37 (5§7.81%) were proved as
MRSA. No isolate was found resistant to Vancomycin, however 81.25% of the isolates were found susceptible to
Linezolid and Amikacin. The susceptibility to Fusidic acid, Chloramphenicol, Rifampicin, Doxycycline and Meropenem
was observed as 79.69%, 76.56%, 75.00, 73.44% and 68.75% respectively. The frequency of sea, seb and sec genes were
56.25%, 43.75% and 12.5% in the recovered isolates. Erm C was more prevalent (28.12 %) than the ermA and ermB.
The prevalence of pvl in MRSA was 21.62 % which is less than 33.33% in the MSSA isolates. S. aureus and especially
MRSA are frequently prevalent in the KTH. Therefore, every immune-compromised patient is prone to infections caused
by S. aureus. This will lead to high morbidity/mortality rate, prolong hospital stay and add extra cost to the health

system.
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INTRODUCTION

Environment plays a substantial role in the spread of
microorganisms, including MDR strains. MRSA are
known to survive in dry conditions and can persist in
clinical areas that are not properly cleaned, therefore may
persist in the hospital environment and hence can be
transmitted to immune-compromised patients wherein
responsible for enhanced morbidity and mortality
(Kramer et al., 2000). Investigations of many epidemics
have proved thisphenomena that MRSA can be easily
spread by interaction, chiefly in hospital (Boyce et al.,
1997, Solberg, 2000). Nasal carriage of MRSA could
favor the spread of MRSA through air droplets (Williams,
1966, Lidwell et al., 1975, Mortimer et al., 1966, Bischoff
et al., 2006). Bed making generates dust particles, which
if harbor MRSA being shed from a previously MRSA
positive patient could be transmitted to other patients
(Shiomori et al., 2002). Thus, floating spread of MRSA
from patients in respiratory secretions permits further
studies, not only in terms of infection control for patients,
but also for the use of personal protective strategies by
healthcare workers.
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Trauma, burn injuries and surgeries breach the physical
barrier to opportunistic pathogens. Consequently a
nutrients rich environment available to microbes favor
growth/multiplication of these organisms acquired from
healthcare personnel, patients and the hospital
environment (Erol et al., 2004, Church et al., 2006).
Infection caused by these MDR-MRSA strains makes
them difficult and more costly to control and treat (Hacek
et al., 1999, Rubin et al, 1999). The routes of
transmission and causes of MRSA infections in burn units
include patients susceptibility (Kaiser et al., 2011),
surgical techniques (Olivo et al., 2009, Wibbenmeyer et
al., 2010), health-care workers who are carriers for
MRSA (Chambers, 2001), the capability of S. aureus to
live on surfaces (Andrade et al., 2009) and air-borne
propagation (Gehanno et al., 2009) therefore enhances
chance of MRSA infection far more for these immune-
compromised burn patients.

KTH is a tertiary care hospital in Peshawar that provides
healthcare facilities to a large number of patients in the
Khyber Pakhtunkhwa province of Pakistan. The purpose
of this study is to determine the prevalence of S. aureus
and particularly MRSA including their molecular
characterization recovered from the environment of this
tertiary care hospital.
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MATERIALS AND METHODS

A total of 200 samples from the KTH were collected
during June 2012 to September 2012. These samples were
taken from the floor, walls, tables, medical equipment, air
and other inanimate objects in operation theater (OT),
burn ward, surgical wards and obstetrics and gynecology
wards. A sterile swab, wet in distilled water was used for
the collection of samples. The swabs were streaked
(fig.1a) on Mannitol salt agar (MSA), a selective medium
for S. aureus, and blood agar. The yellow colonies on
MSA were processed for catalase, coagulase and DNase
tests to confirm S. aureus. Air samples were taken by
settle plate method after exposing plates containing MSA
for 2-4 hours in the operation theatre and other mentioned
areas. The isolates were kept at -80°C in cryo vials
(Corning USA) containing Tryptone Soya Broth (TSB)
with15% glycerol.

Confirmation of MRSA

The isolates were processed for the identification of
MRSA on phenotypic and genotypic basis by the
following methods.

Cefoxitin disc

On phenotypic basis the isolates were characterized as
MRSA by 30ug Cefoxitin disc (Oxoid UK), applied in the
culture sensitivity test as recommended by the Clinical
Laboratory Standard Institute (CLSI) (Wayne, 2011). For
positive control, S. aureus ATCC 43300 strain was used
while ATCC 25923 strains was used as negative control.

Brilliance MRSA-2 agar

Brilliance MRSA-agar 2 (Oxoid, UK) is a selective media
for the quick detection of MRSA. S. aureus isolates were
refreshed in TSB and inoculated on Brilliance MRSA-2
agar. The media was incubated at 37°C for 16-20 hours to
confirm MRSA. For positive control ATCC 43300 S.
aureus strain was used while for negative control ATCC
25923 S. aureus strain was used. Blue denim color
colonies (fig.1b) are positive MRSA strains (Sander,
2011).

Detection of nuc and mec a genes for the genetical
confirmation of S. aureus and MRSA

Determinants of methicillin resistance i.e. mec A and nuc
genes (which encode S. aureus-specific regions of the
thermonuclease gene) were amplified using PCR.
Sequences of both genes are given in the table 1.

DNA was extracted by taking 3-4 fresh colonies from
blood agar and were suspended in 25ul of Lysostaphin
(100pg/ml, Sigma Germany) solution (Kumari et al.,
1997). This suspension was incubated for 10 minutes at
37°C. In addition 25 pl of proteinase K (100 pg/ml) was
added. Finally 75 pl of 0.1 M Tris HCI (pH 8.0) were also
added. The mixture was then incubated for additional 10

minutes at 37°C. This mixture was then boiled at 97°C for
5 min.

For each PCR reaction a total of 20ul of mixture was
prepared. The PCR reaction mixture was composed of 2l
of 10x PCR reaction buffer (100 mMTris-HCIl, 20 mM
MgCl, 500 mMKCI, pH 8.3), 0.2ul Tag polymerase
(Intron Biotechnology Inc., Korea), 2ul of dNTPs mixture
(2.5mMof each dNTP), 2ul of template DNA, 1ul of
forward and reverse primers (table 2.3) each with a
concentration of 15 pmoles and 11.8ul of Nuclease-free
water. The PCR products were run in 1.5% agarose gel
processed in 1XxTAE buffer. The bands stained by
Ethidium bromide were snapped by a gel documentation
system (Bio Rad Milan, Italy). Two strains i.e. ATCC
43300 and ATCC 25923 of S. aureus were processed as
positive and negative control respectively in the detection
of mecA gene. Similarly in the detection of nuc gene
again ATCC 25923 S. aureus and S. epidermidis were
processed as positive and negative control respectively.

Susceptibility test

In the culture and sensitivity test 21 antibiotics were
processed (table 4) under the recommendation of CLSI
(Wayne, 2011). Minimum inhibitory concentrations
(MICs) of 5 antibiotics including Cephradine (CE),
Cefoxitin (FOX), Vancomycin (VA), Ciprofloxacin (CIP)
and Linezolid (LZD) were detected (table 5) by selecting
the broth-micro dilution method (Wieg and et al., 2008).
The MIC ranges of Fusidic Acid were recorded by
another criterion recommended by (Jones et al., 2010).
ATCC 43300 S. aureus strain was used for positive
control in susceptibility tests. ATCC 25923 was used for
negative controls in disc diffusion method while ATCC
29213 S. aureus strain was used for negative control in
the MIC tests (Wayne, 2011).

Detection of toxin’s genes

The isolates were screened for Panton Valentine
Leucocidin (pvl), staphylococcal enterotoxins (Sea, Seb,
sec and sed) and toxic shock syndrome toxin (tsst) genes
by PCR. Cells lysed by lysostaphin (Sigma, Germany)
enzyme and the DNA extracted was used as a template.
20pl of mixture was prepared for each PCR reaction
composed of 2ul of 10xPCR reaction buffer (100
mMTris-HCI, 20mM MgCl, 500 mMKCI, pH 8.3), 0.2ul
Tag polymerase (Intron Biotechnology Inc., Korea), 2ul
of ANTPs mixture (2.5mMof each ANTP), 2ul of template
DNA, 1ul of forward and reverse primers (table 2.3) each
with a concentration of 15 pmoles primers
(Oligonucleotides, Macrogen, Korea) and 11.8 ul of
Nuclease-free water. A known pvl positive strain,
S. aureus ATCC 49775 was used as positive control while
for negative control a PCR mixture without template
DNA was used. In case no positive standard were
available then the amplicon obtained were sequenced (by
Macrogen, Korea) and matched with the respective
sequence of genes in the Gene bank database.
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After each PCR run, the samples were run on the agarose
gel (Invitrogen, UK). Generally 1.5% agarose gel
prepared in 1XTAE buffer was used. The gel tank was
filled with 1XTAE or 1XxTBE 2-3mm above the gel slab.
Before running on gel, the PCR products were mixed with
2ul loading buffer and 12pul from every tube was put in a
single well in the gel already prepared. The gel was run in
an electrophoresis gel tank for 45 minutes at 100V. A 1Kb
DNA ladder (Fermentas, Lithania) as a size marker was
run alongside the PCR products. After running the gel, it
was stained with ethidium bromide for 15 minutes and
then de-stained in water in plastic jar for 10 minutes. The
bands stained with Ethidium bromide were photographed.

RESULTS

Out of 200 samples collected 64 S. aureus strains were
isolated from the beds, walls, floor, equipment and air of
OT and bed sheets etc of various wards of KTH. These
samples were then subjected to susceptibility testing. In
these 64 S. aureus strains 37 (57.81%) were found
MRSA, while 27 (42.19%) were found as Methicillin-
Susceptible S. aureus (MSSA). There was no isolate
resistant to vancomycin. A total of 52 isolates (81.25%)
were susceptible to Linezolid and Amikacin, 51 (79.69%)
to Fusidic acid, 49 (76.56%) to Chloramphenicol, 48
(75.00) to Rifampicin, 47 (73.44%) to Doxycycline and
44 (68.75%) to Meropenem. The cephalosporins were not
much effective (table 4).

Among 37 MRSA isolated from environment of KTH,
89.19% were susceptible to Vancomycin and 86.47% to
linezolid while 10.81% were intermediately susceptible to
each Vancomycin and Linezolid. Fusidic acid and
Chloramphenicol also showed good activities (81.08%
each). These were followed by Rifampicin, Doxycycline,
Amikacin, Meropenem, Gentamicin, Ciprofloxacin,
Clarithromycin showing 75.68, 67.57, 54.05, 40.54 and
35.14% respectively activities.

There were 27 MSSA isolates obtained from the
environment of KTH. A total of 26 (96.3%) isolates were
susceptible to Cefoxitin. Cephradine and Meropenem
showed 88.89% activities each. Next were AMC,
Ciprofloxacin and Vancomycin which inhibited 85.19%
isolates each. Doxycycline inhibited 81.48% isolates,
Clarithromycin and Fusidic acid inhibited 77.78%

isolates, Cefaclor, Gentamicin, Linezolid and RD
inhibited  74.07%  1isolates  each. CPO  and
Chloramphenicol both showed 70.37% activities.

Ceftazidime and CFM were completely inactive against
the isolated MSSA showing 0% activities.

MIC of KE isolates

MICs, and MICy, of cefoxitin and Cephradine remained
high (table 5). The anti-staphylococcal agents showed
good activity although the MICy, of Linezolid was found
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high ie. 32pg/ml. The MIC of MRSA strains were
detected high in comparison to MSSA.

Distribution of various toxin and erythromycin
resistance genes

Out of 64 S. aureus isolates, 37 (57.81%) were positive
for mecA gene. Pvl gene was detected in 17 (26.56%)
isolates. In MSSA it was detected in 9 (33.33%) and in
MRSA it was detected in 8 (21.62%) strains. The sea gene
was present in 36 (56.25%) S. aureus stains (fig. 2), 22
(59.45%) in MRSA and 14 (51.85%) in MSSA. Seb gene
was detected in 28 (43.75%) S. aureus isolates, being 12
(44.44%) in MSSA and 16 (43.24%) in MRSA. fig.2; (2a:
Agarose gel electrophoresis for sea gene, L: Ladder, lane
1: positive control, lane 2: negative control, lane 3: isolate
5 and from lane 4 to lane 15 are isolates 6 to 17. 2b:
Agarose gel electrophoresis for sec gene, L: Ladder, lane
1: positive control, lane 2: negative control, lane 3: isolate
22 and from lane 4 to lane 15 are isolates 23 to 34)

Sec was found in only 8 (12.5%) isolates. Sed gene was
not present in any environmental sample. Presence of erm
C gene was detected in 18 (28.12%) S. aureus isolates
(table 6).

mec A: Gene located on the staphylococcal cassette
chromosome mec for the confirmation of MRSA; nuc:
Thermonuclease gene in S. aureus, pvl: Panton Valentine
Leukocidin; erm: erythromycin ribosomal methylase
including ermA, ermB and ermC; Se: Staphylococcal
enterotoxins including sea, seb, sec, sed and tst: Toxic
shock syndrome toxin.

DISCUSSION

Prevalence of S. aureus is common in the hospital setup
and makes it a prominent nosocomial pathogen. MRSA
causes epidemics in the hospitals as well as in the
community that is difficult to treat (Naimi et al., 2003,
Ahmad et al., 2014). In the current study S. aureus was
isolated from the bed sheets, beds, tables placed in the
wards, OT equipment and even from the air in OT during
surgeries. In these isolates 37 were MRSA. Other studies
also suggest that MRSA can survive in dry environments
and can reside in clinical places that are not properly
cleaned (Kramer et al., 2006, Mehtar et al., 2008,
Solberg, 2000).

All of the isolates recovered in this study were MDR as
they exhibited resistance to more than three antibiotics.
Ampicillin resistance was showed by all 64 S. aureus
isolates. Although the MSSA strains were found more
susceptible to the tested antibiotics but still some of these
MSSA showed remarkable resistance. On the other hand
most of the MRSA exhibited high level of resistance to
the tested antibiotics. High levels of resistance in the
clinical strains of MRSA were reported in an early study
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from Peshawar, Pakistan which showed 100% resistance
to oxacillin, ampicillin and penicillin while 92.4%
resistance to cephalothin and 40 %resistance to
meropenem (Naeem et al., 2013). Cefixime resistance
was noted in 63 (98.44 %) while Ceftazdime resistance
was also high i.e. 96.88 % in these isolates. Resistance to
these commonly prescribed antibiotics was also reported
in Pakistan in the previous studies by Yasmin Taj et al,
who have found 100% resistance in S. aureus isolates to
Cefixime (Taj et al., 2010).

In the current study, low level of resistance (7.81% and
32.81 %) was observed in S. aureus against Amikacin and
Gentamicin. Yasmin Taj et al. (2010) have also reported
17.2%, a low level of resistance to Amikacin but high
level of resistance to Gentamicin i.e. 96.3 % by S. aureus
clinical isolates (Taj et al., 2010) Environmental isolates
in this study have shown low level of resistance to
Amikacin and Gentamycin which may be due to the
environmental stress or due to the differences in
prescription pattern in different areas of Pakistan.

Among the anti-staphylococcal agents tested by the broth
micro-dilution method Vancomycin showed excellent
activity (87.50 %) against these environmental S. aureus
isolates followed by Linezolid (79.69 %) and Fusidic acid
(78.13 %). Eight strains exhibited intermediate resistance
to Vancomycin. 80 % of the strains were found
susceptible to Fusidic acid reported from Agha Khan
University Hospital in Karachi, Pakistan which correlates
with the current study (Zafar et al., 2011). The observed
rate of susceptibility (79.69 %) is similar to the rate of
susceptibility (83%) reported by Tsiodras et al. (2001) in
the clinical isolates of S. aureus (Tsiodras et al., 2001).

The erm genes are expressed constitutively (cMLSg) or
inducibly (iMLSg) (Schreckenberger et al., 2004) which
include (ermA, ermB and ermC). The main genetic
factors in S. aureus are ErmA and ermC (Kim et al., 2004,
Saribaset al., 2006, Otsuka et al., 2007). In the current
study the prevalence of ermA and erm B was found the
same (17.18%) in S. aureus isolates while ermC was
found more prevalent (28.12 %) than the rest. The
prevalence of ermA, ermB and ermC was found more in
MRSA than MSSA.

Toxins

Staphylococcal-infections with more severity have been
found to be associated with the ability of the cell
attachment to biomaterial. In the current study the sea
gene was found the most common among the classical-
staphylococcal-enterotoxin genes detected in
environmental S. aureus isolates 36 (56.25%). The MRSA
isolated from environmental specimens screened for sea
gene gave results of 22 (59.45%). Similarly the MSSA
strains showed 14 (51.85%) prevalence of sea. Previously
it was reported that 17.5% of MSSA and 80% of MRSA

from the clinical strains of S. aureus harbor sea gene
(Garbacz et al., 2007). Similarly in environmental MRSA
isolates, the prevalence of seb gene is 43.24% while in
MSSA isolates it is 44.44%. In MSSA seb gene was found
more prevalent than in MRSA strains. Sec gene was found
both in MRSA, 6 (16.22%) and MSSA 2 (7.40%) isolates
collected in the current study but the prevalence rate was
found low as compared to reports by others globally
(Seguin et al., 1999).

The sed gene was not found in the S. aureus strains. A
study conducted in 1995, in France, reported the
association between the skin infections and pvl
production, especially in the cases of furuncles (Prevost et
al., 1995). In the current study the prevalence of PVL in
MRSA was found in 8 (21.62%) isolates. In the MSSA
isolates it was found in 9 (33.33%) strains.

This suggests that the rate of occurrence of S. aureus
strains positive for pvl in Pakistan is high in the MSSA as
compared to MRSA. Same is also reported by Lina et al.,
from France (Lina et al., 1999). Low occurrence of pvl-
positive MRSA detected in the current study proposes that
the ability of these strains to cause diseases could be
significantly due to some other genes or features other
than the pvl gene. The current results are much similar
with Lina et al., (1999) who have found that there was
85% definite association between pvl gene and the
detection of community-acquired-pneumonia (Lina et al.,
1999).

The tst gene was detected in 3 (11.11%) MSSA isolates.
Prevalence of the tst gene is reportedly low (7.5%) among
S. aureus clinical isolates and 4.5% among stable S.
aureus nasal carriers (Nashev et al., 2004, El-Ghodban et
al., 2006). The incidence of Staphylococcal enterotoxin,
tst and pvl genes in clinical isolates of S. aureus from
Pakistan has not been frequently published. The
consequence is the deficiency of data regarding these
genes in clinical strains from Pakistan and adjacent
countries.

CONCLUSION

S. aureus isolates were present on the inanimate objects
including bed sheets, walls, floor, devices in OT and air in
the OT while the routine work was in progress. Most
importantly many of the isolates were MRSA and were
found resistant to many commonly prescribed antibiotics.
This data show that adequate cleaning procedures (Rafla
and Tredget, 2011) must be adopted otherwise these
prevailing S. aureus isolates will cause infections in the
immune-compromise patients and will increase hospital
stay and cost of treatment.
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Table 1: PCR primer sequences, amplicon sizes and PCR conditions
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Product | PCR conditions References
Gene | Primer sequence (5'-3") Size Annealing temp. | Cycles
F-CTCAGGTACTGCTATCCACC 0 (Bignardi et al.
mecA 449 55°C 30 ’
R-CACTTGGTATATCTTCACC 1996)
F-GCGATTGATGGTGATACGGTT o
nuc RAGCCAAGCCTTGACGAACTAAAGC 280 55°C 30 (Brakstad et al., 992)

Table 2: Oligonucleotide primers used for amplification of various toxin genes

Target Primer | PCR primer sequence PCR Amplicon | Reference
Gene 5°-3’ conditions | Size (bp)
PVl PVL-1 | ATCATTAGGTAAAATGTCTGGACATGATCC ) 433 (Lina et al,
PVL-2 | GCATCAACTGTATTGGATAGCAAAAGC 1999)
Tot TSST-1 | ATGGCAGCATCAGCTTGATA 3 350 (Nashev et
TSST-2 | TTTCCAATAACCACCCGTTT al., 2004)
Sea SEA-1 | AAAGTCCCGATCAATTTATGGCTA 3 216 (Nashev et
SEA-2 | GTAATTAACCGAAGGTTCTGTAGA al., 2004)
Seb SEB-1 | TCGCATCAAACTGACAAACG 3 278 (Nashev et
SEB-2 | GCAGGTACTCTATAAGTGCC al., 2004)
Sec SEC-1 | GACATAAAAGCTAGGAATTT 3 257 (Nashev et
SEC-2 | AAATCGGCTTAACATTATCC al., 2004)
Sed SED-1 | CTAGTTTGGTAATATCTCCT 3 317 (Nashev et
SED-2 | TAATGCTATATCTTATAGGG al., 2004)

1: 94 °C 5min then 50 x (94 °C 30 sec, 55.5 °C 30 sec, 72 °C 30 sec), 2: 35 x (94 °C 30 sec, 64 °C 30 sec, 72 °C 60 sec), 3: 30 x
(94°C 120 sec, 55°C 120 sec, 72°C 60 sec)

Fig. 1: (1a: Growth of S. aureus on MSA with yellow colonies) (1b: Growth of MRSA on Brilliance MRSA agar2)
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Table 3: Primer used with the PCR conditions to detect erythromycin resistance genes in S. aureus

Resistance PCRp rim,er ’sequence PCR reaction conditions AF“p ficon Reference
gene 5’-3 Size (bp)
orma | FFGTTCAAGAACAATCAATACAGAG (9:;‘(:158 f((;ross r;‘t”;;hecn ggs y 0l (Leclercq et
R-GGATCAGGAAAAGGACATTTTAC o . o al., 1989)
52°C; 1 min. at 72°C)
ermB F-CCGTTTACGAAATTGGAACAGGTAAAGGGC Aserm (A) 359 (Trieu-Cuot
R-GAATCGAGACTTGAGTGTGC et al., 1990)
F-GCTAATATTGTTTAAATCGTCAATTCC As erm (A) (Leclercq et
ermC R-GGATCAGGAAAAGGACATTTTAC 572 al., 1989)
Table 4: Susceptibility of S. aureus, MRSA and MSSA isolated from the hospital set-up
Asny“rzﬁc S. aureus (n=64) MRSA (n=37) MSSA (n=27)
Resistance | Susceptible | Intermediate | Resistance | Susceptible | Intermediate | Resistance | Susceptible | Intermediate
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
FOX 37(57.81) | 27 (42.19) 0 (0) 37 (100) 0 (0.00) 0 (0.00) 0 (0.00) 27 (100) 0 (0.00)
AMC 35 (54.69) | 27 (42.19) 2(3.13) | 31(83.78) | 4(10.81) 2(5.41) 4(14.81) | 23(85.19) 0 (0.00)
AMP 64 (100) 0 (0.00) 0 (0) 37 (100) 0 (0.00) 0 (0.00) 27 (100) 0 (0.00) 0 (0.00)
CE 30 (46.88) | 33(51.56) 1(1.56) | 28(75.68) | 9(24.32) 0 (0.00) 2(7.41) | 24(88.89) 1 (3.70)
CEC 29 (45.31) | 29 (45.31) 6(9.38) | 23(62.16) | 9(24.32) S(13.51) | 6(22.22) | 20(74.07) 1 (3.70)
CAZ 62(96.88) | 0(0.00) 2(3.13) | 35(94.59) | 0(0.00) 2(5.41) 27 (100) 0 (0.00) 0 (0.00)
CFM 63(98.44) | 0(0.00) 1(1.56) | 36(97.30) | 0(0.00) 1(2.70) 27 (100) 0 (0.00) 0 (0.00)
FEP 32(50.00) | 26 (40.63) 6(9.38) | 24 (64.86) | 9(24.32) 4(10.81) | 8(29.63) | 17(62.96) 2(741)
CPO 31(48.44) | 28(43.75) 5(7.81) | 24(64.86) | 9(24.32) 4(1081) | 7(25.93) | 19(70.37) 1 (3.70)
CIP 22(34.38) | 38(59.38) 4(6.25) 18 (48.65) | 15(40.54) | 4(10.81) | 4(14.81) | 23(85.19) 0 (0.00)
CLR 20 (31.25) | 34(53.13) | 10(15.63) | 14(37.84) | 13(35.14) | 10(27.03) | 6(22.22) | 21(77.78) 0 (0.00)
MEM 15 (23.44) | 44 (68.75) 5(7.81) 13 (35.14) | 20(54.05) | 4(10.81) 2(7.41) | 24(88.89) 1 (3.70)
CN 21(32.81) | 40 (62.50) 3 (4.69) 15 (40.54) | 20 (54.05) 2(5.41) 6(2222) | 20(74.07) 1 (3.70)
AK 5(7.81) | 52(81.25) | 7(10.94) | 5(13.51) | 25(67.57) | 7(18.92) 0 (0.00) 27 (100) 0 (0.00)
DO 2(3.13) | 47(7344) | 152344) | 241 | 256757 | 1027.03) | 0(0.00) | 22(81.48) | 5(18.52)
SXT 35(54.69) | 23 (35.94) 6(938) | 23(62.16) | 10(27.03) | 4(10.81) | 12(44.44) | 13 (48.15) 2 (7.41)
VA 0(0.00) | 56(87.50) 8 (12.5) 0(0.00) | 34(91.89) 3(8.11) 0(0.00) | 22(81.48) | 5(18.52)
LZD 12 (18.75) | 52(81.25) 0 (0.00) 5(13.51) | 32(86.49) 0 (0.00) 7(25.93) | 20(74.07) 0 (0.00)
FD 13 (20.31) | 51(79.69) 0 (0.00) 7(18.92) | 30 (81.08) 0 (0.00) 6(22.22) | 21(77.78) 0 (0.00)
RD 15 (23.44) | 48 (75.00) 1(1.56) 9(24.32) | 28(75.68) 0 (0.00) 6(22.22) | 20(74.07) 1(3.70)
C 11(17.19) | 49 (76.56) 4(6.25) 4(10.81) | 30(81.08) 3(8.11) 7(25.93) | 19(70.37) 1 (3.70)

N: number, FOX; Cefoxitin, AMC; Amoxicillin + Clauvalinic acid, AMP; Ampicillin, CE; Cephradine, CEC; Cefaclor, CAZ;
Ceftazidime, CFM; Cefixime, FEP; Cefepime, CPO; Cefpirome, CIP; Ciprofloxacin, CLR; Clarithromycin, MEM; Meropenem,
CN; Gentamicin, AK; Amikacin, DO; Doxycycline, SXT; Trimethoprim+Sulphamethoxazole, VA; Vancommycin, LZD; Linezolid,
FD; Fusidic acid, RD; Rifampicin, C; Chloamphenicol

SEC

sed - g BTy,
216 - bp
bp -

l_ |

L1 2 3 4 5 6 7 8 9 10 111213 MISL L 12 3 45 678 910 111213 14 15L

Fig. 2: (2a: Agarose gel electrophoresis for sea gene, L: Ladder, lane 1: positive control, lane 2: negative control, lane
3: isolate 5 and from lane 4 to lane 15 are isolates 6 to 17. 2b: Agarose gel electrophoresis for sec gene, L: Ladder, lane
1: positive control, lane 2: negative control, lane 3: isolate 22 and from lane 4 to lane 15 are isolates 23 to 34)
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Table 5: Minimum inhibitory concentration (MIC) of different antibiotics against S.

Bashir Ahmad et al

aureus, MRSA and MSSA

isolates.
Symbol MICs of S. aureus in ug/ml MIC | MIC | Total
0.125 1025105 | 1 2 | 4 | 8]16]32|64]| 128 | 256 | >256 | 50% | 90% | samples
FOX 0 0 3 14100 ]0]0] 2|7 15 12 1 64 256 64
Ce 0 0 1 71917 1(13]0]0]11] 16 10 0 64 256 64
FD 6 10 |12 )22 2 | 2|34 3]0 0 0 0 1 8 64
VA 1 3 8 | 17127 6 |[2|]0] 0] 0 0 0 0 2 4 64
LZD 0 0 0O 15|21 16|12 |63 0 0 0 2 32 64
CIP 0 4 121191 0| 5|22 |68 6 0 0 1 64 64
Symbol MICs of MRSA in pg/ml MIC | MIC | Total
01251025105 1 | 2 | 4 [ 8]|16]32| 64| 128 | 256 | >256 | 50% | 90% | samples
FOX 0 0 0l0]O0O]O0O]O]O]|2]7 15 12 1 128 256 37
Ce 0 0 00| 0|0 |O0O]O|O0O]|11] 16 | 10 0 128 256 37
FD 3 7 8 [12] 0] 0|33 |1 0 0 0 0 1 8 37
VA 1 1 51911813 |]0/]0]0]O0 0 0 0 2 2 37
LZD 0 0 0 [11]13] 8 |0] 0] 4 1 0 0 0 2 32 37
CIP 1 1 4 | 71014 |1]2]|5]7 5 0 0 16 128 37
Symbol MICs of MSSA in pg/ml MIC | MIC | Total
0.125 1025105 | 1 2 | 4 | 8]16]32|64]| 128 | 256 | >256 | 50% | 90% | samples
FOX 0 0 3 1410/ 0]0]0]O0]O0 0 0 0 1 2 27
Ce 0 0 1 71917 13[]0]01]0 0 0 0 2 4 27
FD 3 3 4 (10 2 |2 (0]1]2]0 0 0 0 1 4 27
VA 0 2 3 819 |3 1(2/]0]0]0 0 0 0 2 4 27
LZD 0 0 0 ]14] 8 8 1|22 ]2 0 0 0 4 32 27
CIP 0 2 8 |12 0 1 ]1]0]1 1 1 0 0 1 8 27

FOX; Cefoxitin, CE; Cephradrine, VA; Vancomycin, LZD; Linezolid, FD; Fusidic acid, CIP; Ciprofloxacin.

Table 6: Distribution of various toxin and erythromycin resist

ance genes in S. aureus, MRSA and MSSA isolates.

S. aureus n=64 MRSA n=37 MSSA n=27

Genes Positive n (%) | Negative n (%) | Positiven (%) | Negative n (%) | Positive n (%) | Negative n (%)
mecA 37 (57.81) 27 (42.19) 37 (100.00) 0 (0.00) 0 (0.00) 27 (100.00)
nuc 64 (100.00) 0 (0.00) 37 (100.00) 0 (0.00) 27 (100.00) 0 (0.00)
Pvl 17 (26.56) 47 (73.44) 8 (21.62) 29 (78.38) 9(33.33) 18 (66.67)
ermA 11(17.19) 53 (82.82) 7 (18.92) 30 (81.08) 4 (14.81) 23 (85.18)
ermB 11(17.19) 53 (82.81) 8 (21.62) 29 (78.38) 3(11.11) 24 (88.89)
ermC 18 (28.12) 46 (71.87) 10 (27.03) 27 (72.97) 8 (29.63) 19 (70.37)
Sea 36 (56.25) 28 (43.75) 22 (59.46) 15 (40.54) 14 (51.85) 13 (48.15)
Seb 28 (43.75) 36 (56.25) 16 (43.24) 21 (56.76) 12 (44.44) 15 (55.55)
Sec 8 (12.50) 56 (87.50) 6(16.22) 31 (83.78) 2 (7.40) 25(92.59)
sed 0 (0.00) 64 (100.00) 0 (0.00) 37 (100.00) 0 (0.00) 27 (100.00)
Tst 3 (4.6875) 61 (95.31) 0 (0.00) 37 (100.00) 3(11.11) 24 (88.89)

¢ for the confirmation of MRSA; nuc: Thermonuclease gene in

mecA: Gene located on the staphylococcal cassette chromosome me

S. aureus, pvl: Panton Valentine Leukocidin; erm: erythromycin ribosomal methylase including ermA, erm B and erm C; Se:
Staphylococcal enterotoxins including sea, seb, sec, sed and tst: Toxic shock syndrome toxin.
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