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Background: Staphylococcus aureus is one of the most common hospital- and community-
acquired pathogens. This bacterium has different virulence factors, and today’s reports show that
the prevalence of methicillin resistance in S. aureus is increasing in different regions of the world.
Methods: This cross-sectional descriptive study was performed on 60 hospital samples. First,
biochemical tests were conducted on the samples to separate and confirm the genus of S. aureus.
After the enrichment and isolation of bacteria and extraction of the DNA of mec-A and lukS/F-PV
genes, they were evaluated by multiplex polymerase chain reactions (PCR).

Results: In this study, 20 isolates of S. aureus were obtained from a total of 60 samples. In these
20 S. aureus isolates, the frequency of the JukS/F-PV gene was reported in 12 isolates, and the
frequency of the mecA gene was reported in 8 isolates, of which 4 isolates had both genes.
Conclusion: According to the results, the identification of genes related to the severity of the
disease and antibiotic resistance can play an effective role in the identification of the antibiotic-
resistant population and subsequent planning to deal with antibiotic resistance. In addition,
multiplex PCR, as a low-cost and specific method, was used to identify infectious agents of
pathogens related to their virulence.
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Introduction
The skin, which is the first defense barrier of the body
(1), is also the main site of staphylococci. Pathogenic
staphylococci are quickly destroyed by skin secretions and
other antimicrobial factors, but resistant staphylococci
remain, which can cause severe infections depending on
the number of bacteria. For example, in experimental
conditions, many bacteria (i.e., more than 1 million) are
required (2). Staphylococcus aureus is a nosocomial and
community-acquired infection that harbors a variety
of pathogens and provides host invasion requirements.
Through the release of various toxins, superantigenic
enterotoxin SEA and SEB are most likely to cause
pathogenicity (3,4).

The amount of contamination will be greatly reduced
if the skin has a lesion or a crack. In any case, deep

infections of the body originate from the skin, and a few
of these infections originate from the respiratory and
administrative genital tracts (2). The infection is limited
after the passage of bacteria from the lunginto the tissue due
to the secretion of coagulase and the formation of fibrin.
Later, polymorphonucleotide leukocytes quickly come
to the site of infection and swallow them, and as a result,
the infection quickly becomes necrotic, and the bacteria
and dead leukocytes gradually produce thick, cream-
colored pus (5). Around the infection, a fibroblastic wall
is created by the activity of fibroblasts. If the surrounding
tissue cannot limit the infection, staphylococci may enter
the blood vessels and cause septicemia or small boils in
the lungs, kidneys, heart, bones, and under the skin (6).
In humans, the main locations of S. aureus are the nasal
cavities and the anterior part of the nostrils, where they are

©_®

©2023 The Author(s); Published by Hamadan University of Medical Sciences. This is an open-access article distributed under

the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8977-0188
https://orcid.org/0000-0001-8768-1977
http://crossmark.crossref.org/dialog/?doi=10.34172/ajcmi.3503&domain=pdf
https://doi.org/10.34172/ajcmi.3503
http://ajcmi.umsha.ac.ir
https://doi.org/10.34172/ajcmi.3503
mailto:Babakkheirkhah@yahoo.com

permanently present. In adults, this presence is about 50
%, while it is higher in children (6). It has been shown that
5-30% people are infected with staphylococcus on their
hands and faces (7). In addition to the nasal cavity, throat,
and intestines, it is also found that germs enter the air and
dust from these sources; and by contaminating clothes
and working tools at the workplace, they cause infections
in the lungs. Although the two most common sources of
staphylococci are the nose and hands, it should be kept in
mind that most pets can harbor S. aureus (5). The purpose
of our research was to recognize the molecular identity of S.
aureus virulence genes isolated from patients hospitalized
in the intensive care units (7). The isolation of bacterial
virulence genes by the polymerase chain reaction (PCR)
method helps researchers and doctors better understand
the pathogenesis of the disease and find ways to deal with
this infection. The importance of S. aureus in strains, the
creation of nosocomial infections, and the role of virulence
genes of this bacterium were motivations to use the PCR
method in this research (8). Therefore, this study aimed to
investigate the molecular identity of the virulence genes
of S. aureus isolated from the lung secretions of patients
hospitalized in the special care departments of hospitals
of Kerman.

Materials and Methods

Collection of Clinical Samples and Identification of
Bacteria

In our cross-sectional descriptive study, 60 samples of lung
secretions using swabs were taken from patients hospitalized
in the special care department of Kerman hospitals. The
swabs of the samples were placed into Stuart’s transport
media and immediately transferred to the Microbiology
Laboratory of Islamic Azad University, the Kerman branch.
Bacterial identification was performed using standard
microbiological methods, such as colony morphology, gram
stain, catalase testing, coagulase assay, and Mannitol salt
agar, and was confirmed by molecular methods.

Extraction DNA
DNA extraction was performed using the National Center
for Genetic Resources kit according to the instructions

provided by the Gram-positive bacteria DNA extraction
kit.

Table 1. Nucleotide Sequences and Primers Used in This Study

Molecular identity of virulence genes of S. Aureus

Polymerase Chain Reaction Method to Identify 16S
rRNA, mecA, and LukS/F-PV Genes

After extracting the genome of the samples, the PCR
was performed to identify 16S rRNA, mec-A, and LukS/
F-PV genes using specific primers (Table 1) in a final
volume of 25 pL according to the protocol of one step of
initial denaturation at 95 ‘C for 5 minutes, 40 cycles of
denaturation at 95 °C for 40 seconds, annealing at 58 “C for
1 minute, and elongation at 72 °C for 2 minutes, and a final
elongation step at 72 °C for 7 minutes.

Then, the PCR in the final volume of 25 pL contained
12.5 uL of Master Mix, 1 pL of F primer, 1 pL of R primer,
and 2 pL of bacterial DNA, including Primer-Fwd (100
Pm) - 1.5 pL (each primer 0.25), Primer-ReV (100 Pm)
- 1.5 pL (each Primer 0.25), Tag DNA polymerase - 0.1,
DNA template — 2.5 uL, total volume: 26.5 uL, and 8.5 puL of
distilled water according to the protocol. It also contained
an initial denaturation step at a temperature of 95 °C for 5
minutes, 40 cycles of denaturation at 95°C for 40 seconds,
annealing at 58 "C for 45 seconds, and elongation at 72 'C
for 1 minute, and a final elongation step at 72 °C for 10
minutes to identify mecA and LukS/F-PV genes (Table 1).

Results
The present study was conducted on 60 clinical samples
of patients hospitalized in the special care department of
Kerman hospitals. Bacteria were identified according to
standard microbiological methods (morphology, gram
staining, catalase test, coagulase test, and mannitol salt
fermentation), and the identity of 20 S. aureus isolates
was confirmed and then compared to DNA extraction
and the PCR test using specific primers. It was performed
for the mecA, 16S rRNA, and LukS/F-PV genes. After
identifying 20 isolates of S. aureus according to standard
microbiological methods, the 16S rRNA gene was positive
as a reference gene for the identification of S. aureus
species in 20 samples (Figure 1).

In these 20 S. aureus isolates, the frequencies of the LukS/
F-PV and mecA genes were reported in 12 and 8 isolates,
respectively, of which 4 isolates had both genes (Table 2).

Discussion

Different bacterial species, especially the important species
of S. aureus, Acinetobacter baumannii, and Pseudomonas
aeruginosa, are common causes of hospital infections,

Gene Primer Primer Sequence Product Size Reference
staph756F 5'-AACTCTGTTATTAGGGAAGAACA-3'

165 rRNA 756 9)
Staph750R 5'-CCACCTTCCTCCGGTTTGTCACC-3!
Luk-PV-1 5'-ATCATTAGGTAAAATGTCTGGACATGATCCA-3'

LukS/F-PV 433 (10)
Luk-PV-2 5'- GCATCAATSGTATTGGATAGCAAAGC -3'
mecAl 5'- GTAGAAATGACTGAACGTCCGATAA -3'

mecA 310 ()
mecA2 5'-CCAATTCCACATTGTTTCGGTCTAA-3'

Avicenna ] Clin Microbiol Infect, 2023, Volume 10, Issue 4 | 163



Table 2. Frequencies and Percentages of Infection With Staphylococcus aureus

S. aureus LUKS/F-PV macA
Frequency S. aureus (%) Frequency Gene LukS/F-PV (%) Frequency macA (%) Gene
Positive 20 33.33 12 19 8 13
Negative 40 66.67 48 81 52 87
Total 60 100 60 100 60 100

165 rRNA (75

mecd gene (310 bp)

Figure 1. Multiplex PCR Results. From the left, row (L): DNA Ladder 100 bp, Row (1): Positive control, Row (1): Negative control, Rows 3, 4, and 5 to 11: Strains
carrying the gene are 165 rRNA (756 bp), Rows 4, 5, 6, 8, 9, and 11: Strains carrying the mecA gene (310 bp)

especially in intensive care units, due to the presence of
virulence genes. Considering that S. aureus causes various
diseases in humans, the analysis of the pathogenic factors
of this bacterium is of great importance (12-14). Overall,
20 isolates of S. aureus were obtained based on the results
of this study. The frequency of LukS/F-PV and mecA
genes was 24% and 36%, respectively. By examining the
recent studies and comparing their results with those of
the present study, there was no significant difference,
and no incompatibility of the phenotypic and genotypic
results was found in the studies of other researchers.
Based on the results of the first comprehensive study by
Najafi Olya et al, investigating the clonal diversity and
genomic characteristics of positive S. aureus (PVL) in
Iran, it was determined that PVL-positive MRSA strains
are highly prevalent in Iran. The results of this study,
compared to those of the present study, on the prevalence
of methicillin-resistant S. aureus and the mec-A gene, lukS/
FPV, may contribute to the understanding of molecular
epidemiology and evolution (15). In a study by Trevizani
Rocchetti et al, out of 85 samples (23.0%) of blood cultures,
S. aureus and CoNS were detected in 286 samples (77.0%).
A total of 85 (50.6%) S. aureus samples carried the mecA
gene, and among 286 CoNS, 225 (78.7%) samples were
positive for the mecA gene. There was 100% agreement
between phenotypic identification and multiplex PCRs,
similar to the present study (16). In a study by Montazeri
et al, out of all the samples screened, 230 (53.11%) were
Staphylococcus species (17). In a study by Nothando
Florence Poyah, among 89 isolates obtained and identified
as S. aureus, 48 (52.8%) had the mecA gene. In addition,
regarding the presence of the Luks/f-pv gene, 16 isolates
(17.97%) were reported as positive, of which 13 had the

mecA gene or 3 lacked the mecA gene. Brown et al showed
that more than 7% of the tested S. aureus strain samples had
Luks/f-pv (18). Compared to the strains isolated from other
parts of the country, the present research can be a suitable
factor for investigating the geographical distribution of
these strains. Further, infection control measures and
compliance with health tips to eliminate or reduce these
types of strains, especially in hospitals and intensive care
units, should be taken very seriously. Considering the
frequency of infections caused by staphylococcal species
in society and the stability of these strains in nature due
to their widespread resistance, the lack of using genotypic
methods such as PCR to identify the virulence genes of
these strains creates many problems, from Due to the fact
that mecA gene requires special conditions for expression,
as a result, the increase in mecA gene expression cannot
be detected with usual laboratory tests. In genotyping
tests, the presence of disease genes can be detected in the
shortest time by using the multiplex PCR method with
high sensitivity and specificity, and the creation of resistant
strains can be prevented with this method. Conventional
culture methods, selective and differential biochemical
tests of media, and finally, serotyping are time-consuming
and require live bacteria. Fast but sensitive diagnostic
methods with high specificity are used in this regard
(19). Currently, the development of molecular biology
methods has facilitated the identification of biological
agents in clinical samples with high accuracy and speed,
among which PCR has a special place and has been
suggested to confirm the pathogenic agent. One of the
important methods with multiple efficiency is that by
using the multiple PCR primer method, several bacteria
can be simultaneously identified in a short period of time,
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which is a suitable method in terms of high sensitivity and
specificity (20). Using phenotypic and serological methods,
it is impossible to quickly identify the causative agents of
staphylococci and eliminate the pathogenic agent (21).

Conclusion

Evaluating the prevalence of virulence gene strains can be
effective in controlling infectious diseases in people with
weakened immune systems and patients hospitalized in
the intensive care unit. The multiplex PCR method for
faster diagnosis of these genes can usually be performed
in laboratories. Moreover, special measures to control
infection, especially the frequency of virulence genes in the
intensive care unit, can be an effective factor in reducing
the pathogenicity of these genes.
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