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Antibiotic Sensitivity and Virulence Genes in Staphylococcus aureus Isolates
from Surgical Site Infection
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Fourteen multi drug resistant Staphylococcus aureus isolates from surgical site infection were analyzed for their
antibiotic sensitivity and the presence of nine virulence genes. The isolates showed a high resistance pattern, all
being resistant to methicillin, oxacillin, azithromycin, ceftazidime and amoxyclav. Seven of the isolates were sensitive
to linezolid; three were sensitive to trimethoprim: sulfamethoxazol and another three were sensitive to ciprofloxacin.
Ceftriaxone, gentamicin and amikacin were the drugs of choice as nine (64.3%) isolates were sensitive to ceftriaxone,
eleven (78.6%) were sensitive to gentamicin and another eleven (78.6%) to amikacin. The present study focused to
identify nine important virulence genes including intrinsic methicillin resistance gene mecA, methicillin resistance
assisting gene femA, toxic shock syndrome toxin gene sz, exfoliative toxin A and B genes, efa and eth, Panton Valentine
leukocidin gene LukS/F-PVL, along with three enterotoxin genes sec, sed and see. According to the presence of mecA
gene and antibiotic resistance profile, two isolates were identified as methicillin resistant Staphylococcus aureus.
However, another isolate, despite harbouring both mecA and femA genes, was sensitive to ceftriaxone which excluded
it from being considered as an MRSA. Thus, the ratio of MRSA can be considered to be quite high (2/14) among the
strains. Interestingly, most of the isolates (10/14) harboured femA gene, the majority of which were mecA negative
with an MSSA type antibiotic profile. Although considered as a marker for community acquired MRSA, LukS/F-PV
was found in half of these nosocomial isolates. Five, four and two of the isolates harboured etb, tst and sec gene,
respectively. However, all the isolates were negative for eta, sed and see genes. Two isolates showed the co-existance
of “femA, LukS/F-PV, eth, and tst” genes. Another two virulence gene patterns observed were “femA, mecA, tst, sec”
and “femA, LukS/F-PV, etb”. The presence of several virulence genes can be correlated to the highly pathogenic
nature of the isolates.
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Introduction

In every surgical procedure, there is a chance of developing
surgical site infection. During incision through patient’s skin, the
chance of microbial skin flora getting entry inside the wound
remains there no matter how sincerely aseptic procedures are
followed. The CDC healthcare-associated infection (HAI)
prevalence survey found that in 2015 there were an estimated
110,800 surgical site infections (SSIs) associated with inpatient
surgeries in the United States Hospitals!. However, wiping of
the incision site with properly diluted antiseptic solution for
adequate amount of contact time described by the manufacturer
decreases the rate of surgical site infections. Nevertheless, such
wounds can be infected through the persons involved in the
surgery processes®. Of all the reported cases of inpatient
nosocomial infections, SSI has secured the third position
according to The National Nosocomial Infections Surveillance
(NNIS) system set by the Centers for Disease Control (CDC).
According to a study carried out by Lee et al. (2006), SSIs
accounted for up to 16% of nosocomial infections in all
hospitalized patients and 38% of all surgical patients>. Infection
by Methicillin-resistant Staphylococcus aureus (MRSA) can

occur at surgical sites with an incidence that varies from 1% to
33% depending upon the type of surgery performed*>. There
are not many studies conducted on what treatment regimen can
be followed to treat Staphylococci infections at surgical sites;
however, Linezolid and Vancomycin have been found to be
effective®>. There is no conclusive reported information available
in Bangladesh as to the percentage of SSI incidents each year
and the types of surgical wound involved in every case. However,
generally, there are information of such infections that predisposes
heavy burden of morbidity with subsequent financial expenses®.
The present study carried out a research on the presence and
comparative prevalence of a few important virulence genes and
drug resistance patterns of Staphylococcus aureus isolates from
surgical site infections and tried to correlate these two results.
The samples collected were from adult inpatients of a reputed
hospital of Bangladesh.

Materials and Methods

Sample collection

The samples of surgical site infections were collected aseptically
by swab method or by collecting surgical wound discharges.
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These samples were collected from surgery and gynaecology
wards of a reputed hospital of Bangladesh. Isolated bacterial
colonies were obtained from the hospital. One presumptively
identified discrete colony was inoculated in 1 mL Tryptic Soy
broth (TSB) and the tubes were tightly sealed with parafilm,
transported to the laboratory and preserved at 4°C refrigerator
until further investigation.

Presumptive Identification by Cultural, Morphological and
Biochemical Methods

Colony characteristics were observed on Mannitol Salt Agar. Cell
shape and arrangements were observed under the microscope.
Catalase, oxidase, citrate, Kligler’s Iron Agar, glucose, lactose
and mannitol fermentation, motility, urease, indole, nitrate
reduction, methyl red and Voges Proskauer tests were carried
out following the procedures described in Bergey’s Manual of
Determinative Bacteriology.

Antibiotic Sensitivity Test

Bacterial susceptibility to antimicrobial agents was determined
by disk diffusion method as recommended by Clinical and
Laboratory Standards Institute (CLSI, 2018) using commercially
available antibiotic discs’.

Preparation of template DNA for PCR

A single colony from LB agar was mixed with 20 pL milli-Q
water. The mixture was heated at 100°C for 10 minutes on a
PCR block (MJ Research, USA). Heat lysed cells were

centrifuged for 5 minutes in a short spin machine (ABC-M6 mini
centrifuge, USA). Cell debris were pelleted at the bottom and
the supernatant containing DNA was used as the template DNA
for subsequent PCR reactions®.

PCR primers

Primers used in PCR reactions are detailed in Table 1.

PCR master mix

Commercial master mix preparation (Maximo Taq DNA
Polymerase 2X-preMix, GeneON, Germany) was used in all the
PCR reactions. It was two times (2x) concentrated and contained
0.1U/ml Taq DNA polymerase, 0.4 mM each of the four types of
dNTPs, 4 mM MgSO,, 20 mM KCI, 16 mM NH,SO,, 20 mM
Tris-HCl with a pH of 8.8.

Preparation of reaction mixture

A final volume of 25 mL was used for singleplex PCR reaction
mixture for mecA, femA and LukS/F-PV genes. Whereas, a final
volume of 50 pL was prepared for multiplex PCR for “eta, etb,
tst” and “sec, sed and see” genes. PCR mix was prepared
following the manufacturer’s instruction. MgCl, was added at a
final concentration of 2.0 mM in the reaction mixture to achieve
greater efficiency of the Tag DNA polymerase enzyme.
Additionally, 0.5 pl Dimethylsulfoxide (DMSO) was added in
every 25 mL reaction mixture to reduce non-specific annealing
of the primers. PCR reactions were carried out in a programmable
Gradient cycler (MJ Research, USA) that involved an initial DNA

Table 1. Primers used in the PCR method to amplify the virulence genes of S. aureus.

Target gene  Primer sequences (5'to 37) Amplicon Annealing Reference
size (bp) Temp.(°C)

mecA F  ACTGCTATCCACCCTCAAAC 163 55 9
R CTGGTGAAGTTGTAATCTGG

femA F AAAAAAGCACATAACAAGCG 132 50 10
R GATAAAGAAGAAACCAGCAG

LukS/F-PV F ATCATTAGGTAAAATGTCTGGACATGATCCA 433 65 11
R  GCATCAAGTGTATTGGATAGCAAAAGC

eta F  GCAGGTGTTGATTTAGCATT 93 50 12
R AGATGTCCCTATTTTTGCTG

eth F ACAAGCAAAAGAATACAGCG 226 50 13
R  GTTTTTGGCTGCTTCTCTTG

tst F ACCCCTGTTCCCTTATCATC 326 50 14
R TTTTCAGTATTTGTAACGCC

sec F AGATGAAGTAGTTGATGTGTATGG 451 50 15
R CACACTTTTAGAATCAACCG

sed F CCAATAATAGGAGAAAATAAAAG 278 50 16
R ATTGGTATTTTTTTTCGTTC

see F AGGTTTTTTCACAGGTCATCC 209 50 17
R CTTTTTTTTCTTCGGTCAATC
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denaturation (95°C for 5 minutes), followed by 30 cycles of
denaturation (95°C for 10 seconds), primer annealing (specified
temperature for 10 seconds) and product extension (68°C for 1
minute). A final DNA extension step (68°C for 7 minutes)
completed the reaction. Specific annealing temperature used:
mecA 55°C; femA 50°C; LukS/F-PV 65°C; for the two separate
multiplex PCR reactions 50°C temperature was applied.

Resolution of PCR Products by Agarose Gel Electrophoresis

PCR amplicons were analyzed using agarose gel electrophoresis
described by Johansson!8. Agarose (Sigma) was dissolved by
heating in 1X Tris-borate-EDTA (TBE) buffer to give a final
concentration of 1.2 % agarose (w/v). When the temperature of
the dissolved agarose dropped to 50°C, 5 ul ethidium bromide
(40 pg/ml) was added and it was poured onto the gel casting tray
(Biometra, Germany). The gel was submerged in 1X TBE buffer
in a gel running tank. 10 mL PCR product was mixed with 2 ml
of 6X gel loading dye (Promega, UK, Blue orange dye) and loaded
into the wells of the gel with the aid of a micropipette.
Electrophoresis was carried out at 70 volts until the tracking dye
migrated sufficiently. Then the gel was observed under a UV
transilluminator (Gel Doc, Bio-Rad, USA). The 100 bp ladder
(Invitrogen, UK) was used as the molecular weight marker.

Results

A total of 20 isolates from 20 different samples presumptively
identified as S. aureus from surgical wound infection were
collected in this research. Among these, fourteen were found to
be Staphylococcus aureus based on their growth on Mannitol
Salt Agar (MSA), microscopy and biochemical tests. The isolates
showed characteristic yellow colonies on MSA and showed gram

positive cocci in grapelike clusters under the microscope. All the
biochemical test results were in accordance with the specified
biochemical characteristics of S. aureus as described in Bergey’s
Manual of Determinative Bacteriology. The isolates were positive
for catalase, glucose, lactose, mannitol, urease, nitrate reduction,
Methyl Red and Voges Proskauer tests, while negative for oxidase,
citrate, H,S production, motility and indole test.

Antibiotic sensitivity patterns of the isolates

The antibiotic sensitivity patterns of the fourteen S. aureus isolates
studied are presented in Table 2. All the isolates showed a high
resistant profile being resistant to methicillin, oxacillin,
azithromycin, ceftazidime and amoxyclav. Three isolates were
sensitive to trimethoprim: sulfamethoxazol and another three to
ciprofloxacin. On the other hand, linezolid, ceftriaxone,
gentamicin and amikacin were the drugs of choice showing
greater sensitivities.

Virulence genes

It was observed that the highest number of isolates (10 out of 14)
contained femA gene. LukS/F-PVL (6 out of 14) and etb (5 out of
14) genes were quite frequent. Three of the isolates possessed
mecA gene. Exfoliative toxin efa and enterotoxic sed and see
genes were absent in all of the isolates. The relative abundance
and distribution of all the genes is represented in figure 2 and
table 2. Isolates 8 and 9 showed the presence of femA, LukS/F-
PV, eth, and tst; whereas, isolates 28 and 29 showed the similar
gene content each having femA, mecA, tst and sec. On the other
hand isolate 38 and 144 had similar virulence gene profiles each
containing femA, LukS/F-PV and etb. Figure 1 below shows the
agarose gel electrophoresis of the amplified PCR products.

Table 2. Antibiotic sensitivity and virulence gene profile of the S. aureus isolates.

AntibioticDetected virulence genes

CAZ OXA MET AZM AMC TMP/SMX  CIP LZD CRO GEN AMK
isolate 5 R R R R R R R R S S S femA, mecA,
isolate 6 R R R R R R R R S S S femA, LukS/F-PV
isolate 8 R R R R R R R S S S S femA, LukS/F-PV, etb, tst,
isolate 9 R R R R R R 1 R S R S femA, LukS/F-PV, etb, tst
isolate 11 R R R R S S S S S R R
isolate 28 R R R R R R R R R S S femA, tst, mecA, sec,
isolate 29 R R R R R R R S R R R femA, tst, mecA, sec,
isolate 30 R R R R R R R R S S S LukS/F-PV
isolate 38 R R R R R S R R S S S femA, LukS/F-PV, eth
isolate 42 R R R R R R R R S S S femA
isolate 143 R R R R S R S S S S S
Isolate 144 R R R R R R 1 S 1 S S femA, LukS/F-PV, eth
Isolate 177 R R R R R R S S R S R etb,
Isolate 178 R R R R R S R S S S S femA, ethb

Note: CAZ: ceftazidime; OXA: oxacilliny MET: methicillin; AZM: azithromycin, AMC: Amoxiclav;, TMP: SMX: Trimethoprim. sulfmethoxazol (cotrimoxazole);
CIP: ciprofloxacin; LZD: linezolid;, CRO: ceftriaxone; GEN: gentamicin; AMK: amikacin.
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Fig. 1. Agarose gel electrophoresis showing the amplified (a) mecA gene (b) femA gene (c) LukS/F-PV gene (d) multiplex PCR
products of eta, etb and tst (e) multiplex PCR products of sec, sed and see. First lane is 100 bp molecular weight marker (Invitrogen,

UK).

Prevalence of virulence genes in fourteen SSI S. aureus isolates

see
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Fig. 2. Prevalence of different virulence genes among the 14 SSI
S. aureus isolates.

Discussion

In general, Gram positive bacteria are considered to be less
virulent than Gram negative ones. Staphylococcus aureus can
be considered as an exception with its vast array of virulence
factors!'®. The emergence of methicillin resistant strains has only
made the scenario more complex and emerged as one of the major
pathogen involved in public health concern®®, The different kinds
of virulence factors owned by this organism help it to invade,
colonize and establish a disease in the host>!. Many of the
virulence factors of S. aureus are encoded on plasmids,
transposons, prophages and pathogenicity islands??. As such,
dissemination of these virulence factors among isolates in close
proximity in the environment is aggravating the problem of
controlling diseases caused by the organism. Staphylococcus
aureus can cause a wide range of bacterial infections ranging
from minor skin infections to deep seated abscesses and more
alarmingly bacteremia that can cause endovascular and metastatic
infections leading to a severe condition which makes its treatment
extremely complicated. Among the Gram positive bacteria
causing bacteremia, S. aureus holds the first position>3-4, It
colonizes the skin and anterior nares in about one-third of the
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healthy population which is a predisposing factor for initiation
of infection?>.

The present study tried to establish a correlation of different
virulence genes present with the sensitivity profile which could
give us an understanding of the involvement of these genes in
disease manifestation and their co-existence in DNA. Also the
overall prevalence of these genes in SSI isolates of S. aureus
was assessed. This study indicated that majority of the isolates
irrespective of being MRSA or MSSA, harboured femA gene.
This finding makes one curious as to what function femA gene
plays in the mecA negative isolates.

S. aureus strains that are oxacillin and methicillin resistant,
historically termed methicillin-resistant S. aureus (MRSA), are
resistant to all B-lactam agents, including cephalosporins and
carbapenems, although they may be susceptible to the newest
class of MRSA-active cephalosporins (e.g, ceftaroline)?®.
According to this criteria, two of the isolates of the present
investigation (isolate 28 and 29) were identified as MRSA. Other
isolates resistant to methicillin and oxacillin, were not included
in MRSA category, as they were susceptible to some commonly
used beta lactams.

As all the isolates were resistant to methicillin and oxacillin, it
was expected that all the strains would harbour mecA4 and femA
gene. However, the PCR amplification revealed a different
scenario; only three of the isolates had mecA gene. Similar
findings are available that reported that the disc sensitivity for
methicillin resistance do not comply with the presence of the
mecA gene?’-28.29-30 However, most of the isolates (10 isolates
out of 14) harboured femA gene. The remaining oxacillin-resistant
isolates (which were mecA negative) must be methicillin resistant
by virtue of some other mechanism3'. According to various
previous reports, methicillin resistance may also be associated
with mechanisms independent of mecA, resulting in borderline
methicillin resistance. These mechanisms include beta-lactamase
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hyperproduction, production of methicillinases, acquisition of
structurally modified normal PBPs, or the appearance of small
colony variants of SA32. Aquib et al. (2018) reported a significant
discrepancies in mecA dependent methicillin resistance. They
reported a significant number of mecA4 negative MRSA, as well
as mecA positive MSSA33.

Panton Valentine leukocidin (PVL) is considered one of the
important virulence factors of S. aureus. It is involved in white
blood cell destruction, necrosis, apoptosis and has been used as
a marker of community acquired MRSA. A study reported that
Panton Valentine leukocidin is present in majority of community
associated MRSA isolates and rarely present in hospital isolates,
therefore it is recognized as marker of community acquired
strains34. It is a member of the synergohymenotropic toxin family
that induces pores in the membranes of cells. Panton Valentine
leukocidin producing MRSA usually causes mild skin or soft
tissue infections, however, it also has been associated with
necrotizing pneumonia and sepsis>>. In the present study, LukS/
F-PV gene was found to be present in 6 of the MSSA isolates out
of 12 (50 %). However, this gene was absent in the two MRSA
isolates. Thus this finding correlates to the previous observation
of PVL not being present in nosocomial MRSA isolates?®.
However, the high prevalence of this gene in the nosocomial
MSSA infection in the present study gives a high virulence
potential of these isolates. The point to be noted is that among
the six isolates having PVL gene in this study, 5 also had
coexistence of femA gene (Table 2).

Microbial superantigen producing sea, seb, sec upto ser genes
are involved in the production of staphylococcal enterotoxins A
to R sequentially. The enterotoxins are similar to each other in
terms of structure and biological activity, but they are antigenically
different3®. The present study also examined the prevalence of
such genes namely sec, sed, see and also the toxic shock syndrome
tst gene. In the present study, sed and see genes were absent;
however, the two suspected MRSA isolates 28 and 29 contained
both #st and sec genes indicating of their being highly virulent.
Presence of such genes can explain the necrotizing ability of the
pathogenic S. aureus strains studied. Among the two exfoliative
toxin gene studied, although eta was absent, eth was quite
prevalent among the isolates being present in 5 of the isolates
out of 14. However, eth was not present in the two MRSA strains.
In a study by Alfatemi et al. (2014) who carried out a similar
study reported the frequency of the eta, eth, LukS/F-PV and tst,
genes to be 0.68%, 2.05%, 10.95% and 11.64% respectively!2.
Whereas, in the present study the frequency for these genes were
0%, 35%, 42% and 28% respectively. If the sample number in
the present study could be increased, the frequency could have
been similar.

Conclusion

The present study was aimed to carry out a research on the
virulence gene profiles and drug resistance patterns of multi drug
resistant Staphylococcus aureus from clinical samples of
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Bangladesh. SSIs are a common phenomenon in the hospitals of
Bangladesh in spite of the heavy aseptic precautions taken.
Published research on antibiotic resistance profiles of surgical
wound infection isolates are scarce in Bangladesh. Although, the
drug resistance or drug sensitivity study has started for many
years in our country, it has been limited primarily on the antibiotic
sensitivity assessment. Previous studies definitely have proved
to be beneficial to the health sector of our country. However,
very few attempts were made to investigate the presence of
specific virulence factor associated genes for any particular
species. Isolation and identification of such genes gives us a clear
idea as to how these pathogens are actually gaining entry in human
body and which genes are frequent and prevalent amongst the
isolates and what mechanisms they are using to avert the body’s
defense mechanisms. Further investigation on the samples are
required to gain thorough knowledge of the frequency of other
important virulence genes and associated drug resistance and
severity of the virulence.
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