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Abstract

Objective: To isolate and characterise multidrug resistant strains of Staphylococcus aureus from healthcare workers who
are at potential risk of nosocomial infections.

Methods: The observational, cross-sectional study was conducted from November 2014 to April 2015 at different hospitals
of Haripur and Abbottabad, Pakistan, and comprised ward and operation theatre staff. The isolates were identified on the
basis of microbiological and biochemical tests and further confirmed by polymerase chain reaction. Disc diffusion method
was used for antibiotic sensitivity testing, and panton valentine leukocidin and methicillin resistance mecA genes were
detected using polymerase chain reaction.

Results: Of 208 isolates, 108(52%) were from the ward staff and 100(48%) were from the operation theatre staff. Overall,
167(80.3%) isolates were positive for Staphylococcus aureus, and 75(36%) were methicillin-resistant Staphylococcus aureus.
The number of antibiotic-resistant isolates was 75(45%) cefoxitin, 60(36%) ofloxacin, 152(91%) erythromycin, 52(31%)
doxycycline, 127(76%) lincomycin, 53(32%) amoxicillin-clavulanate, 67(40%) ciprofloxacin, and 89(53%) ceftriaxone.
Conclusion: A high number of hospital staff, including those working in operation theatres, were found to be carrying
methicillin-resistant Staphylococcus aureus and multidrug resistant strains in their nasal passage that may be a source of

infection to patients.
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Introduction

Staphylococcus (S.) aureus is one of the most common
causes of healthcare-associated bacterial infections among
humans, causing a range of illnesses, including skin and
soft tissue, vaginal, urethral and intestinal as well as
gastrointestinal (Gl) infections.’2 S. aureus hemolyses
blood, coagulates plasma and produces extracellular
enzymes and toxins that contribute to their virulence.3 S.
aureus may also cause many epidemic and endemic
infections and result in a high rate of mortality and
morbidity.45 S. aureus is coagulase-positive which is
considered the distinguishing characteristic for this
bacterial species from other staphylococci.2

They are normal human commensal, present on skin and
nasal passage of a large population. It was found that the
number of colonies isolated from nasal samples were
higher in number than colonies isolated from skin swab
samples, as nose is the main ecological niche of S. aureuss.
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One of the leading causes of healthcare-associated
infections is methicillin-resistant Staphylococcus aureus
(MRSA).7 S. aureus nasal carriage has been identified as a
risk factor for the nosocomial infections in general hospital
population, surgical patients, general and haemodialysis
patients among others.8 MRSA emerged for the first time
in the United Kingdom in the early 1960s and since then it
is one of the major health problem globally.?

Penicillin was introduced for the first time in the 1940s and
at the time of introduction, 95% isolates were susceptible
to it.10 Beta lactamase-resistant type of penicillin, called
methicillin, was introduced in the 1960s with the hope that
it would work better, but soon after its introduction,
methicillin-resistant strains emerged and disseminated
globally. Nosocomial acquisition of MRSA has been a
worldwide problem and a leading cause of healthcare-
associated as well as postsurgical infections.10.11

Studies have reported that the MRSA carriage by hospital
staff may be a risk of transmission to those receiving
treatment.8 During any surgery or injury, skin and mucous
membrane barrier may be broken, and act as an entry point
of skin bacteria into the body.2 MRSA infections have
become more difficult to treat nowadays due to high levels
of antibiotic resistance against almost all conventionally
used antimicrobial agents.>-11
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The current study was planned to isolate, identify and test Table-1: Primer sequences used for polymerase chain reaction (PCR).

antibiotic sensitivity of S. aureus strains from those working - s.No. Target

in operation theatre (OT) or hospitals wards.

Materials and Methods

The observational, cross-sectional study was conducted
from November 2014 to April 2015 at three hospitals of
Haripur and two of Abbottabad, in the Hazara Division,
Pakistan, and comprised full-time ward and OT staff
working for at least a year, including physicians, surgeons,
nurses, ward boys, cleaners, technicians etc. who
volunteered to participate. Those working for less than a
year or those not willing to participate were excluded, and
so were those who suffered from any sort of skin infection.
The study was carried out after approval from the ethics
review committee of The University of Haripur and the
identities of both the participants and the hospitals were
kept confidential.

Nasal samples were collected using sterile cotton swabs.
Data such as age, gender, employment and medical history
was also recorded. The samples were transported to the
microbiology lab of the University of Haripur for further
processing.

For the identification of S. aureus, different microbiological
and biochemical tests were performed including
microscopy, growth and cultural characteristics on selective
medium i.e. mannitol salt agar (Oxoid, UK). Biochemical
tests included catalase, coagulase, mannitol fermentation
tests as well deoxyribonucleic acid-ase (DNAse) test.

All the isolates identified as S. aureus were subjected to disc
diffusion assay using different antibiotics, according to the
Kirby Bauer method.12 The antibiotics included cefoxitin
(FOX), erythromycin (E), ofloxacin (OFX), doxocyclin (DOX),
lincomycin  (LCM), amoxicillin-clavulanate  (AMQ),
ciprofloxacin (CIP) and ceftriaxone (CRO). Strains resistant
to FOX were considered MRSA. Clinical &

Primername Primers Sequence Source
1 pvlgene  PVL-F 5" -ATCATTAGGTAAAATGTCTGGACATGATCCA-3" 14
PVL-R 57-GCATCAAGTGTATTGGATAGCAAAAGC-3”
2 mecAgene mecA-F 5" --GTAGAAATGACTGAACGTCCGATAA-3® 15
mecA-R 5" -CCAATTCCACATTGTTTCGGTCTAA-3®
3 Nucl NucF 5'-TCAGCAAATGCATCACAAACAG-3-
NucR 5'-CGTAAATGCACTTGCTTCAGG-3'! 16

Table-2: Frequencies of Staphylococcus (S.) aureus, methicillin-sensitive
Staphylococcus aureus (MSSA) and methicillin-resistant Staphylococcus aureus
(MRSA) among staff of both medical and surgical wards

S. aureus MSSA MRSA
Hospital ward (n=108) 86 (79.6%) 48 (44.4%) 38(35.2%)
Surgical ward (n=100) 81(81%) 44% (n=44) 37 (37%)
Overall 167 (80.3%) 92 (44.2%) 75 (36.1%)

(MgCl2), 2.5ul PCR buffer, 0.5ul deoxyribonucleotide
triphosphate (dNTPs), 0.5uL taq polymerase and 13pL
ultrapure deionised water. The annealing temperature for
both primers was 55°. All samples were run on gel with
100bp ladder; mecA gene product size was 310bp and pvl
gene amplification product size was 433bp. Detail of all
primers used in the study is given in Table-1.14-16

Results

Of 208 isolates, 108(52%) were from the ward staff and
100(48%) from the OT staff. Overall, 167(80.3%) isolates
were positive for S. aureus and 75(36%) were MRSA (Table
2).

The number of antibiotic-resistant isolates were FOX
75(45%), OFX 60(36.%), E 152(91%), DO 52(31%), LCM
127(76%), AMC 53(32%), CIP 67(40%) and CRO 89(53%)
(Figure 1). The number of isolated strains positive for mecA
gene was 75 (45%), while 48(29%) were positive for pvl
gene (Figure 2).

Laboratory Standards Institute (CLSI)

breakpoints were used to determine | nward staff
antibiotic resistance.’3 m OT staff
® Overall

In  order to perform  molecular
characterisation of S. aureus isolates,
polymerase chain reaction (PCR) was
performed for panton valentine leukocidin
(pvl) and methicillin resistance mecA genes,
as they are antibiotic resistance and
virulence genes respectively. Each PCR

reaction consisted of 25ul reaction mixture. OFX

Comparison of Antibiotic Resistance Patterns

98%

84°

212  AMC: Amoxicillin-clavulanate, CIP: Ciprofloxacin, CRO: Ceftriaxone, S0%
LCM: Lincomycin.

OFX: Ofloxacin, E: Erythromycin, DOX: Ddoxycycline, FOX: Cefoxitin,

DO FOX AMC CIP CRO LCM

Each reaction contained 2uL DNA, 1ul of
forward and reverse primers for pvl and
mecA genes, 2.5ul magnesium chloride

Figure-1: Antibiotic resistance profiles of Staphylococcus (S.) aureus isolates against different antibiotics. Each
bar represents percentage of drug resistance in strains isolated from ward staff, operation theatre
(OT) staff and overall respectively.
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DNA ladder

1500 bp

pvl gene (433 bp)
300 bp mecA gene (310 bp)
100bp

Figure-2: Agarose gel electrophoresis of polymerase chain reaction (PCR) products
of mecA and pvl genes. MecA gene is responsible for resistance to
methicillin, while the pvl gene encodes poly valentine leukocidin (PVL),

a potent virulence factor of Staphylococcus aureus (S. aureus).

Discussion
The findings of the present study are alarming with an
overall detection of 80.3% S. aureus and 36.1% MRSA.

S. aureus is one of the most common causes of nosocomial
infections worldwide. Penicillin was considered a drug of
choice for the treatment of staphylococcal infections at the
time of introduction in the 1940s, but, presently, over 90%
strains show resistance to pencillin.'?

Multidrug resistance (MDR) has been increasing in S. aureus
since the introduction of antibiotics in the 1940s. According
to the National Nosocomial Infection Surveillance (NNIS), a
unit of the Centre for Disease Control and Prevention (CDC),
methicillin resistance of S. aureus among hospitals in the
United States increased from 2.4% in 1975 to 29% in 1991.
MRSA strains were reported for the first time in England in
the 1960s.18 Since then its prevalence is on rise and in
almost all countries of the world.

Nasal carriage of MDR S. aureus has previously been
reported.’® Of concern is their carriage by healthcare
professionals who are in direct and close contact with
patients receiving treatment at the hospitals. A study in
India reported 8% nasal carriage by healthcare
professionals.’® Another study performed on healthcare
ward staff of a hospital in Rawalpindi, Pakistan, reported
18% detection of S. aureus whereas 1.5% of them were
MRSA.20 A recent study conducted in Lahore, Pakistan,
reported 23.4% S. aureus with 8% MRSA.2! As such, the
current study’s findings represent the highest frequency
of S. aureus and MRSA carriage by healthcare professionals
in the region.

It is reported in studies that death toll and risk of
nosocomial infection and sepsis is higher with MRSA
compared to methicillin-sensitive Staphylococcus aureus
(MSSA).2223 Further, it is also reported that antibiotic
resistance profiles of MRSA is higher compared to MSSA .24
In our case, 29% strains were carrying the pvl gene, which
is also a risk for healthcare workers themselves.

M. Rukan, H. Jamil, H.A. Bokhari, et al.

Conclusion

S. aureus amd MRSA prevalence was found to be alarming,
as hospital staff may be a cause of both healthcare-
associated infections as well as an outbreak by highly
resistant strains of S. aureus. Appropriate infection control
measures must be ensured at both public and provate
sector healthcare facilities.
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