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ABSTRACT

Background: In recent time Staphylococcus aureus has been implicated not only in hospital-
acquired but also in community-acquired infections. Some clonal types of S. aureus that
produce p-lactamase have evolved. Panton-Valentine leukocidine (pvl) gene among B-lactamase-
producing S. aureus from clinical samples in Ondo State, Nigeria has not been reported; hence the
objective of this study.

Methods: Clinical samples were collected from secondary and tertiary hospitals in the study area.
Amplification and detection of nuc gene was used to confirm the identity of the isolates while
polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP) of the
coagulase gene and pulsed field gel electrophoresis (PFGE) were further carried out on the
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isolates. Production of B-lactamase was also detected in the isolates using iodometric method
while disc diffusion method was used to determine the sensitivity of the isolates to selected
antibiotics. The presence of pvl genes among the B-lactamase producers was detected by PCR.
Results: A total of 58 isolates were biochemically confirmed as S. aureus out of which only 21
were B-lactamase producers. Out of the 21 pB-lactamase-producing isolates 90.48% (n=19)
possessed the nuc gene. Molecular screening of the isolates showed that only one out of the
isolates did not possess the coagulase gene. Nine out of the isolates possessed pvl gene among
B-lactamase-producing S. aureus. All the isolates were resistant to penicillin and tetracycline while
33.3% and 19.04% were resistant to chloramphenicol and erythromycin respectively. Oxacillin,
cefoxitin, clindamycin and fusidic acid completely inhibited the growth of the isolates. Gentamicin
and ciprofloxacin were effective on only 4.76% of the isolates.

Conclusion: The prevalence of oxacillin resistance among S. aureus is very low.

Keywords: Antibiotics; B-lactamase; community-acquired infections; PCR-RFLP; pvl gene; resistance;

Staphylococcus aureus.
1. INTRODUCTION

Staphylococcus aureus is a Gram-positive,
facultative anaerobic, catalase- and coagulase-
positive, coccus shaped bacterium. Though a
normal microbiota of human skin, it is one of the
most commonly isolated human bacterial
pathogens. Staphylococcus aureus causes
various infections ranging from mild to life-
threatening ones. The organism has been
implicated in different local and systemic
infections [1] acquired from both the community
and hospital environments globally.
Staphylococcus aureus colonises the skin and
mucosal surfaces of humans. The anterior nares
of the nose are the most consistent carriage site
in humans [2]. Death rate as a result of S. aureus
infection ranges between 13% and 34% ([3,4].
Among other things age, comorbid conditions,
and high bacterial infection burden have been
identified as the main risk factors responsible for
high mortality due to the infection of this difficult-
to-treat human pathogen [4-6].

The recent increase in antibiotic-resistant
bacteria has increased pressure on both health
care facilities and workers as a major public
health problem. Cross-resistance, mutation and
transfer of genetic materials have been reported
to account for the upsurge in the resistance. The
occurrence of multiple antibiotic resistance
among S. aureus has been reported to increase
from 2% in 1974 to 64% in 2004 [7] with ever
increasing tendencies particularly in the low-
income nations.

Wide varieties of the virulence factors contribute
to the severity of infections caused by S. aureus.
The ability to alter the virulence factors and the
ease of antibiotic resistance acquisition make

this organism a re-emerging human bacterial
pathogen. The interface between antibiotic
resistance in S. aureus and virulence has been
reported to increase morbidity and mortality and
makes the treatment of this pathogen a serious
clinical challenge [8]. The expression of pvl gene
has been associated with community-acquired
methicillin resistant S. aureus (CA-MRSA). Wang
et al. [9] reported more than 100% increase in
CA-MRSA. High antimicrobial resistance has
also been reported in CA-MRSA. Poor or no
health care policies and infection control
measures have been identified to be responsible
for the high incidence of pvl genes among
isolates of the organism [10].

Antibiotic resistance and detection of pathogenic
genes in S. aureus from clinical samples have
been grossly underreported in Nigeria. The aim
of this study was to evaluate the presence of pvl
gene among S. aureus isolated from clinical
samples in Ondo State, Nigeria.

2. MATERIALS AND METHODS

2.1 Sources of Samples and Isolation of
S. aureus

The sources of samples included nasal swabs
from the apparently healthy subjects (n=24) and
health care personnel (n=11) while samples from
clinical sources included: Urine (n=4), wound
(n=25), blood (n=8), pus/discharge (n=12),
semen (n=5), vagina swab (n=6) and throat swab
(n=3). The samples were inoculated on mannitol
salt agar (Oxoid, Basingstoke, and Hampshire,
UK). Colonies with brilliant yellow pigment were
sub-cultured onto nutrient agar and the pure
discrete colonies were transferred onto slants for
further examination. The Gram’s reaction and



biochemical tests were conducted on isolates.
Coagulase (using rabbit plasma) and catalase
tests were conducted. Also the isolates were
cultured in thioglycollate broth and incubated
anaerobically. The ability of the isolates to
ferment maltose, mannose, lactose, sucrose and
trehalose was also determined according to the
methods of Fawole and Oso [11] and Olutiola et
al. [12]. The results were interpreted according to
Holt et al. [13].

2.2 Detection of B-lactamase Production
by lodometric Method

The solution of penicillin was dispensed in 0.5 ml
into a test tube and colonies of the 18 h culture of
the S. aureus was dispensed into the penicillin
solution to make a density of at least 10*
CFU/ml. The suspension was left at room
temperature for one hour after which two drops
of starch indicator was added. This was
immediately followed by a drop of iodine reagent.
Development of blue colour that disappeared
immediately was taken to be a positive reaction
while persistence of blue colour for longer than
10 minutes constituted a negative test [14]. The
B-lactamase-producing strains were selected for
further studies.

2.3 Molecular Detection of the nuc Gene
by PCR

The forward and reverse primers of coa gene
used for this work were: F: 5-CGA GAC CAA
GAT TCA ACA AG-3' and R: 5-AAA GAA AAC
CAC TCA CAT CA-3' according to Esan et al.
[15]. Each PCR assay was made up of the
following: 25 pl of mastermix (Sigma), containing
1.5 units of Taq DNA polymerase, 10 mM Tris-
HCI, 50 mM KC1, 1.5 mM MgCl,, 0.001% gelatin
and 0.2 mM dNTPs, 1 ul (20 pmol) of the forward
and reverse primers and 5 pl of template DNA.
Sterile distilled water was added to make a final
volume of 50 ul. The thermocycler was
programmed with the following parameters: 40
cycles of denaturation at 95°C for 30 seconds,
annealing at 55°C for 2 minutes and extension at
72°C for 4 minutes. Staphylococcus aureus
ATCC 25923 served as the positive control in
each PCR assay. The PCR products were
detected by gel electrophoresis using 1.5% w/v
agarose (Seakem, Whittaker USA) and run in 1x
TBE (0.089 M Tris, 0.089 M boric acid, EDTA
disodium 0.002 M) buffer (pH 8.3) at 80 V for 2
hours. The gels were stained with ethidium
bromide and visualized under UV light.
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2.4 PCR-RFLP of the Coagulase Gene

Restriction fragment length  polymorphisms
(RFLPs) of the amplicons were determined by
digestion with alpl (Fermentas, UK). The reaction
mixture was made up of 10 pl of the PCR
product, 1.0 pl enzyme and 20 pl. It was then
incubated at 37°C for 2 hours. The restriction
DNA digests were detected by electrophoresis in
2% w/v agarose (Seakem, Whittaker USA) in 1x
TBE buffer (0.089 M Tris, 0.089 M Tris 0.089 M
boric acid, EDTA disodium 0.002 M) buffer (pH
8.3) at 80 V for 2 hours. The gels were stained
with ethidium bromide and visualized under UV
light.

The sizes of the PCR products and of the
restriction DNA digests (RFLPs with respect to
the overall number of 81-bp tandem repeats)
were estimated by comparison with a 100 bp
molecular size standard marker, visual inspection
and analysis using the Gene tools program
(SynGene Bioimaging System). The strains were
grouped on the basis of three characteristics of
their PCR products, i.e. the presence of the one
of two PCR products, their size(s), and the Alul
restriction digest patterns of the PCR products as
described by Shittu and Lin [16].

2.5Molecular Detection of Panton-
Valentine Leukocidin (pvl) Genes

PCR amplification of pvl genes was performed
on the S. aureus strains. PCR primers and the
procedures used were those described
previously by Jarraud et al. [17]. The PCR
conditions used were as follows: Initial
denaturation at 95°C for 2 minutes, amplification
at 94°C for 30 seconds, annealing at 50°C for 30
seconds and extension at 72°C for 5 minutes.
The PCR products were electrophorezed and
visualized same as for the nuc gene detection
described above.

2.6 Antibiotic Susceptibility Test

The isolates were grown at 37°C in Mueller-
Hilton broth (Oxoid) for 18 h and diluted to an
optical density of 0.1 (0.5 McFarland Standard).
The disc diffusion method was used for
susceptibility testing as described by Clinical and
Laboratory Standard Institute [18]. Each of the
isolates was seeded on sterile Mueller-Hinton
Agar (Oxoid) and the antibiotic discs gently place
on the plate at equidistance and incubated at
37°Cfor 18 hours. The zone of clearance around



each of the antibiotics was measure using venial
caliper. The zones of inhibition (clearance) were
compared to the standards of CLSI [18]. The
commercial antibiotics used in this study with
their concentrations in (ug) were cefoxitin (30),
chloramphenicol  (30), ciprofloxacin  (10),
ciprofloxacin (10), clindamycin (2), erythromycin
(5), fusidic acid (2), gentamicin (10), oxacillin (5),
penicillin (10 1U) and tetracycline (30).

3. RESULTS AND DISCUSSION

B-lactamase-producing S. aureus has been

increasingly reported worldwide. Their
occurrence in many clinical samples has
been reported. In Nigeria there is no

serious monitoring of community-acquired
staphylococcal infections and their antimicrobial
susceptibility pattern. In this study, a total of 58
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isolates were recovered and identified to be
S. aureus. The ability of the isolates to produce
B-lactamase was detected by iodometric method
in 21 out of the isolates. The resistance to
methicillin and all other B-lactam antibiotics is
developed in S. aureus due to the acquisition of
the mecA gene [19].

Out of the 21 B-lactamase-producing isolates, 19
(about 90.5%) possessed the staphylococcal
nuclease (nuc) gene and 20 possessed
coagulase (coa) gene (Figs. 1, 2 and 3).
Only nine out of the isolates possessed pvl gene.
The occurrence of  community-acquired
staphylococcal infections is lower than that
involved in nosocomial infections [20]. The gene
pvl encodes a cytotoxic protein secreted by
strains that possess the gene. The cytotoxin
helps the pathogen to invade and destroy the
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Fig. 1. Detection of nuc gene of S. aureus isolates from Ondo state
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Fig. 2. PCR coagulase (coa) gene of S. aureus isolates from Ondo State (WW set)
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Fig. 3. PCR detection of pvl gene of S. aureus isolates from Ondo State

1204

100

o0
=]
1

B
o
1

[
(=]
1

Percentage resistance of the S.
aureus isolates
(=)
[=]
1

T T T T T T T

Cef Chl Cip Cln Ery Fus Gen Oxa Pen Tet
Antibiotics

[=]

Fig. 4. The antibiotic resistance of S. aureus from the clinical samples
cefoxitin (Cef), chloramphenicol (Chl), ciprofloxacin (Cip), ciprofloxacin (Cip), clindamycin (Cln), erythromycin
(Ery), fusidic acid (Fus), gentamicin (Gen), oxacillin (Oxa), penicillin (Pen) and tetracycline (Tet)

local cellular and structural elements of host neutrophils and causes tissue necrosis by
tissue and organs [20-22]. Panton-Valentine forming pores in cell membranes, and it is
leukocidin has been reported to be lethal to associated with skin and soft tissue infections



and severe necrotising pneumonia [23]. Contrary
to the reports of Vandenesch et al. [24] that only
MRSA can produce pvl, the pvl gene was
detected among the methicillin- (oxacillin)
susceptible S. aureus strains. Prophages and
pathogenicity islands are regarded to contribute
to the virulence of S. aureus[25].

In the present study, all the isolates were
resistant to penicillin and tetracycline. Only 7
(33.3%) and 4 (19.04%) were resistant to
chloramphenicol and erythromycin respectively.
All the isolates were susceptible to oxacillin,
cefoxitin, clindamycin and fusidic acid.
Gentamicin and ciprofloxacin were effective
against only 1 (4.76%) of the isolates. This was
lower than the values recorded by Iroha et al.
[26] who reported 18% and 30% resistance
against gentamicin and ciprofloxacin
respectively. The resistance of the isolates to
antibiotics in this study was higher than those
reported by Onelum et al. [27]. This is an
evidence of inconsistent susceptibility profile of
these organisms indicating level of exposure to
other classes of antibiotics and antimicrobials
due to attitudinal behaviours of the populace to
antibiotic consumption.

4. CONCLUSION

This study provides the basic epidemiological
data in the study area as well as giving an insight
to the possibility of community-hospital
transmission, and vice versa, of pathogens.
Further studies should be conducted to
determine the factors that encourage the
transmission of this organism in the study area.
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