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Abstract
Panton-Valentine leukocidin (PVL) is one of the toxins responsible for increased virulence of Staphylococcus aureus. In school settings where children
are in close contact with each other, S. aureus strains, including those that
may produce PVL, can be transmitted and spread in the community. Twenty-two multi-drug resistant MRSA nasal isolates from children enrolled in
five schools in the town of Mariental and the multi-drug resistant American
Type Culture Collection MRSA reference strain S. aureus ATCC 33591
(PVL-negative control) were used for molecular assays. Plasmid deoxyribonucleic acid (DNA) of isolates was amplified by polymerase chain reaction
(PCR) and amplified PCR products were electrophoresed on a 2.5% (w/v)
agarose gel containing 12 µl 0.5 µg/ml ethidium bromide and 1× TAE
(Tris-acetate-EDTA) buffer at 90 volts for 50 minutes. The developed gel was
viewed for the PVL-associated lukS and lukF genes that amplified at 151 bp
and 406 bp, respectively. Our results indicated that seven nasal isolates had
PVL toxin gene(s). From the seven isolates, three were tested positive for both
lukS and lukFgenes, one tested positive for only lukS, and three tested positive for only lukF. Two of the isolates harbouring both lukS and lukF genes
shared the same antibiotic resistance pattern and one of them could also
produce enterotoxin A. One of the isolates with only lukF gene could produce
enterotoxins B and C. These toxin-producing isolates can be expected to be
more virulent than non-producers. Children should be educated on the importance of regular handwashing with soap and water to prevent the spread
of potentially virulent staphylococci amongst them and the wider community. This work warrants a larger study to be carried out to investigate PVL
toxin and its associated infections in Staphylococcus from school children in
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Namibia.
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1. Introduction
Staphylococcus can asymptomatically colonize humans and most people have
staphylococci as commensals of the skin and upper respiratory tract [1]. Infections can occur when colonizing strains enter normally sterile sites in the body
through damaged skin or mucosal surfaces [2]. The human nasal cavity contains
Staphylococcus aureus as normal microflora [3] and predisposes one to potential
self-infection [4] by these opportunistic pathogens [5]. Reid et al. (2017) [6] regard nasal carriage of S. aureus as a major risk factor for becoming infected with
this bacterium which is considered the most virulent of all staphylococcal species
[2].
Healthy school children under 16 years are potential carriers of S. aureus, especially methicillin-resistant S. aureus (MRSA) and multi-drug resistant strains
[7]. Methicillin-resistant S. aureus is resistant to beta-lactam antibiotics, while
some strains are multi-drug resistant and may produce disease-causing toxins.
Drug resistant strains are often responsible for chronic, persistent and recurrent
infections. One of the toxins responsible for increased virulence of S. aureus is
Panton-Valentine leukocidin (PVL). According to Brooks et al. (2013) [1] PVL
toxin can kill human and rabbit white blood cells. Two components of the toxin,
namely S and F, act synergistically on the white cell membrane to accomplish
this [1].
In school settings where children are in close contact with each other, S.
aureus strains (including community-associated MRSA) that may produce PVL,
can be transmitted and spread in the community [8] [9]. Staphylococci from an
asymptomatic carrier or diseased person can be released from the respiratory
tract, transmitted by the hands, or transported in or on living and non-living
objects. Cleanliness, hygiene and aseptic management of wounds are effective
ways to control staphylococcal infections [5]. Handwashing in particular is very
important in disease control [1].
Based on the recommendations of a doctoral study [10] this work aimed to
screen multi-drug resistant MRSA nasal isolates obtained from healthy school
children for PVL genes.

2. Materials and Methods
2.1. Growth of Bacterial Cultures for Deoxyribonucleic Acid
Extraction
Twenty-two multi-drug resistant MRSA nasal isolates from healthy children
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enrolled in five schools in the town of Mariental and the multi-drug resistant
MRSA reference strain S. aureus ATCC 33591 (PVL-negative control) were used
for molecular assays. Based on the protocol provided in the QuickLyse Miniprep
Kit (Qiagen, Germany) that we used, cultures preserved in glycerol were
streaked out on tryptic soy agar plates and incubated at 37˚C for 18 hours. A
single colony from each agar plate was inoculated into 50 ml falcon centrifuge
tubes each containing 3 ml Luria-Bertani (LB) broth and a 30 µg cefoxitin antibiotic disc. These were then incubated for only 15 hours to prevent cultures
from reaching the stationary phase of growth. Prolonged incubation could result
in lysis of cells and reduced plasmid yields. After incubation, the broth cultures
were vortexed to mix them properly.

2.2. Plasmid Deoxyribonucleic Acid Isolation from Bacterial
Cultures
A QuickLyse Miniprep Kit (Qiagen, Germany) was used to extract plasmid deoxyribonucleic acid (DNA) from isolates, according to the protocol in the kit:
Using a 2 ml QuickLyse Lysis Tube, bacterial cells were pelleted from 1.5 ml
culture (OD600 2.0 - 4.0) by centrifugation at >13,000 rpm (approximately 17,000
×g) in a table-top microcentrifuge for 1 minute at room temperature (15˚C 25˚C). The medium was then removed by decanting and/or pipetting. Next, to
ensure maximum DNA yield, 400 µl ice cold Complete Lysis Solution (previously prepared and kept on ice at <4˚C) was added to the pelleted bacterial cells.
These were then mixed thoroughly by vortexing at the highest setting for 30
seconds until the pellet was completely resuspended. The following step was incubation at room temperature for 3 minutes. The lysate was then transferred to a
Quicklyse spin column by decanting and/or pipetting. Spin columns were then
centrifuged for 30 - 60 seconds at 13,000 rpm in a table-top microcentrifuge.
Each Quicklyse spin column was washed by adding 400 µl diluted Buffer QLW
(previously prepared) and centrifugation for 30 - 60 seconds at 13,000 rpm. The
flow-through was discarded. The Quicklyse spin columns were put back in the
waste tubes and returned to the centrifuge for 1 minute at 13,000 rpm to dry the
columns. The spin columns were transferred into clean collection tubes. Finally,
to elute DNA, 50 µl Buffer QLE was pipetted directly onto the center of the
Quicklyse spin column and centrifugation for 30 - 60 seconds at 13,000 rpm.
The eluted DNA (aliquots of 50 µl) were kept in a freezer at −86˚C for PCR amplification the following day.

2.3. Molecular Identification of Panton-Valentine Leukocidintoxin
Plasmid DNA of isolates was amplified by polymerase chain reaction (PCR). The
PCR reaction mixtures consisted of: 1) 12.5 µl DreamTaq Green PCR Master
Mix (ThermoScientific); 2) 0.25 µl forward primer; 3) 0.25 µl reverse primer
(Inqaba Biotech, Pretoria, South Africa); 4) 1 µl template DNA; and 11 µl nuclease-free water to make up a total volume of 25 µl. Primers used to detect the
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lukSgene were 5’-CAGGAGGTAATGGTTCATTT-3’ (Forward) and 5’ATGTCCAGACATTTTACCTAA-3’ (Reverse) previously used by [11], and
those for the lukF gene were 5’-ATCCGAGAGACTATTTTGTGC-3’ (Forward)
and 5’-CATCAACCTTTTTCTCACTTAC-3’ (Reverse) used by [12], yielding a
151 bp lukS DNA fragment and a 406 bp lukF DNA fragment, respectively [11]
[12].
Mixtures were gently vortexed and briefly (3 seconds) centrifuged to ensure
sufficient mixing of reagents before using an Applied Biosystems 2720 Thermal
Cycler for amplification. The reaction mixtures were subjected to the following
PCR cycling conditions: Cycle 1 (Initial denaturation): (1x) at 95˚C for 300 seconds (5 minutes); Cycle 2 (Denaturation, annealing, extension): (35x) at 95˚C
for 30 seconds (0.5 minutes), 58˚C for 30 seconds (0.5 minutes), and 72˚C for 60
seconds (1 minute); Cycle 3 (Final extension): (1x) at 72˚C for 300 seconds (5
minutes).
Amplified PCR products were electrophoresed on a 2.5% (w/v) agarose gel
containing 12 µl 0.5 µg/ml ethidium bromide and 1x TAE (Tris-acetate-EDTA)
buffer at 90 volts for 50 minutes. Fifteen microliter PCR product was loaded into
each well without loading gel, because the master mix already contains dyes. An
O’GeneRuler 100 bp DNA ladder (ThermoScientific) was used. The gel was
viewed using a Gel DocTM EZ Imager and Image LabTM version 5.0 (2013) from
Bio-Rad Laboratories.

3. Results and Discussion
Plasmid DNA was isolated and amplified successfully from 22 multi-drug resistant MRSA nasal isolates and the S. aureus ATCC 33591 MRSA reference strain.
The PCR results for PVL gene detection are shown in Figure 1. The results show
that seven out of 22 multi-drug resistant MRSA nasal isolates from healthy
school children had PVL toxin gene (s). As expected, the negative control MRSA
strain ATCC 33591 tested negative for PVL toxin genes. From the seven isolates,
three tested positive for both lukS and lukFgenes, yielding a 151bp lukS DNA
fragment and a 406 bp lukF DNA fragment, respectively. One isolate tested positive for only lukS, and three tested positive for only lukF. According to Brooks et

al. (2013) [1] these S and F components of PVL toxin can kill human white
blood cells by acting synergistically on the white cell membranes. Two of the
isolates harbouring both lukS and lukF genes shared the same antibiotic resistance pattern and one of them could also produce enterotoxin A. One of the isolates with only lukF gene could produce enterotoxins B and C [10]. These
toxin-producing isolates can be expected to be more virulent than those not
producing any toxins [13] [14]. Such potentially virulent staphylococci might
spread among the school children and wider Mariental community, especially in
the absence of good hygiene practices like handwashing.
Govindan et al. (2015) [15] also detected PVL toxin in 10/17 non-multi-drug
resistant MRSA nasal isolates from school children aged 5 - 16 years in Udupi
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Figure 1. An ethidium bromide stained, agarose gel image of PCR amplified gene fragments showing PVL toxin genes detected in staphylococcal nasal isolates from healthy
school children. According to our previously reported findings, antibiotic resistance patterns [18] for these isolates and their ability to produce enterotoxins [10] are also indicated.

Taluk, India. They suggested that PVL detection could be included in the routine
diagnostic panel of MRSA infections. Rebollo-Pérez et al. (2011) [8] found that
all five MRSA nasal isolates from healthy preschool children aged 2 - 6 years carried genes for PVL. After molecular typing, that study observed that three of
these five PVL-positive isolates had features of healthcare-associated strains that
may have spread from hospitals into the community. In a study by Huang et al.
(2011) [16] 81/102 (79.4%) CA-MRSA isolates from children in northern Taiwan were PVL gene-positive, and 92% of these children with CA-MRSA had
skin and soft tissue infections. In contrast to our results, Alzoubi et al. (2014) [9]
could not detect any PVL toxin in nasal CA-MRSA isolates from children aged 6 11 years in Al-Karak province in Jordan. Jenney et al. (2014) [17] also found that
20/299 (6.7%) non-multi-drug resistant MRSA isolates from impetigo lesions of
14 school children aged 5 - 15 years were all PVL-negative.

4. Conclusion
Given that 7/22 multi-drug resistant MRSA nasal isolates from healthy school
DOI: 10.4236/jbm.2020.812002
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children in Mariental harbour PVL toxin gene(s), and that some of these isolates
are enterotoxigenic, it is expected that these isolates may have increased virulence. Children should be educated on the importance of regular handwashing
with soap and water to prevent the spread of potentially virulent staphylococci
amongst them and the wider community. The outcome of this study warrants a
larger study to be carried out to investigate PVL toxin and its associated infections in Staphylococcus from school children in Namibia.

5. Limitations
Due to limited reagents for molecular work, only 22 multi-drug resistant MRSA
isolates could be screened for PVL toxin genes. Future studies should include
screening of non-drug resistant S. aureus isolates and coagulase-negative
staphylococci for the presence of PVL genes.
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