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Abstract

Staphylococcus aureus (S. aureus) is a Gram-
positive bacterium that causes a wide range of
variable illnesses and can be either transmitted
from one place to another through contact with
patients or airborne. Because of the increased
diversity of S. aureus globally, particularly those
that are of clinical significance, and the rapid
epidemiology of the bacteria, there is the need to
explore the current pattern in our local settings.
To achieve this target, there is the need for a
genetic method that is fast, easy, cost- effective
and able to genetically differentiate between
microbes within a given species. Hence, this
study utilized the simplicity of RAPD-PCR as a
genetic fingerprinting tool in determining the
genetic diversity of S. aureus isolated from
clinical samples within a local setting. Eighteen
isolates of S. aureus were RAPD-typed using a
single primer and analyzed using NTSYSpc
software. Of the 12 RAPD profiles identified,
two major groups and two major clusters were
deduced from the dendrogram. More so, ten
subtypes were identified amongst which three
were indistinguishable based on Jaccard's
coefficient of similarity. The findings of this
study reveals that most of the isolates are closely
related genetically suggesting that may have
emerged from closely related clones. Equally,
the result of this study depicts the high-resolution
power of RAPD-PCR in elucidating the genetic
diversity of S. aureus. Therefore, this simple
molecular technique could be employed as a
routine technique for the molecular
epidemiology studies of S. aureus in our local
settings and the country as a whole.
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Introduction

Staphylococcus aureus (S. aureus) is a Gram-
positive bacterium that exist as a normal skin
flora as well as in the nostrils (Kluytmans et al.,
1997). It has also been isolated from the air,
wounds and pus (Cimolai, 2008). The bacteria
can cause a wide range of variable illnesses such
as skin infections like pimples, boils, impetigo,
cellulitis, carbuncles, scalded skin syndrome and
abscesses to a highly life-threatening diseases
like pneumonia, meningitis, osteomyelitis,
endocarditis, toxic shock syndrome, bacteremia
and sepsis (Tong et al., 2015). Currently, there
are 32 species and eight subspecies in the
Staphylococci genus that preferentially colonize
the human body (Kloos and Bannerman, 1994).
Epidemiological study of a pathogen is essential
for public health management to monitor the
transmission pattern of a disease (Bruisten and
Schouls, 2010). Lately, the occurrence of S.
aureus in Nigeria has been reported with varying
incidences. Akortha and Ibadin (2008) recorded
an incidence of S. aureus as 22.8 % among UTI
patients in University of Benin Teaching
Hospital. By 2011, Onwubiko and Sadiq
reported an incidence of 30.7 % from clinical
samples obtained at Aminu Kano Teaching
Hospital. Nsofor et al (2016) recorded 24.5 %
prevalence rate in Abia State University
Teaching Hospital. Olowo-Okere et al. (2016)
reported an incidence of 52.6 % from patients
attending Specialist Hospital in Sokoto.
Sampson et al. (2022) reported an incidence of
38.7 % among patients attending University of



Port Harcourt Teaching Hospital.

While typing systems are either phenotypic or
genotypic, phenotypic systems are capable of
only grouping isolates into relatively large
categories within a given species, while
genotypic methods are more discriminative and
better to detect subtle differences among strains
and/or clones (Letellier et al., 1999). They are
fast, sensitive, specific, reproducible, and less
labour intensive. The results from pathogen
detection are available within a 24 — 30 hour
period (Whyte et al., 2002; Oliveira et al., 2003).
On the contrary, phenotypic techniques are
labour intensive, time consuming, expensive,
and lack sensitivity and specificity (Oliveira et
al., 2003; Bohaychuk et al., 2005). On average,
an estimated time span of 4 — 7 days is required to
obtain a positive result, excluding the time for
serotyping (Seo et al.,2003; Jinet al.,2004).

Random amplified polymorphic DNA (RAPD) is
a genotypic method that can be used to amplify a
random DNA segment of bacteria (van Belkum et
al., 1995). It is easy to carry out because a single
primer can be used which makes the protocol less
laborious and cumbersome (Vila et al., 1996). It
has been used to distinguish between strains of
many species such as Hymenoptera (Al-Rubaye et
al., 2023); Bacillus (Rosic et al., 2023); E. coli
(Mokhtariet al.,2022) and Candida (Rashid et al.,
2022). However, the application of genotypic
methods to determine the genetic diversity of S.
aureus in Nigeria mostly targeted specific gene
determinants rather than the whole genome. Shittu
etal. (2011) targeted S. aureus protein A (spa) and
methicillin resistant determinant gene (mecA);
Raji et al. (2013), O'Malley et al. (2015) and
Obasuyi ef al. (2020) targeted mecA and Panton-
Valentine leukocidin (pv/) genes. Others such as
Okorie-Kanu et al. (2020) and Akinduti et al
(2021) targeted accessory gene regulators (agr),
spa, mecA and pvl genes. However, Taiwo et al.
(2005) studied the restriction pattern of its
plasmid, whereas Onasanya et al. (2003), Esan et
al. (2009) and Akobi et al. (2012) provided the true
insight into the genome of the organism by using
RAPD-PCR, PFGE and MLST, respectively.

Because of the increasing diversification of S.
aureus particularly those of clinical significance
and the rapid epidemiology of the bacteria, there

is a need to exploit the genetic diversity and
variants of the bacteria from different clinical
samples. Hence, this study utilized the simplicity
of RAPD-PCR as a molecular fingerprinting tool
to determine the genetic diversity of S. aureus
from different clinical samples.

Materials and Methods

Bacteria Isolates

Eighteen pure isolates of Staphylococcus aureus
(S. aureus) from different clinical samples were
collected from Modibbo Adama University
Teaching Hospital (MAUTH), Yola, Adamawa
State, Nigeria. The isolates were re-confirmed by
standard microbiological procedures including
Gram stain and catalase and coagulase tests as
earlier described (Brown et al., 2005). All
samples were cultured on mannitol salt agar
(Merck, Germany) and a single colony of each
was picked with a sterile wire loop and sub-
cultured in nutrient both (Merck, Germany) for
genomic DNA extraction purpose. Ethical
approval of the experiment was obtained from
Adamawa State Ministry of Health.

Genomic DNA Extraction

DNA extraction was carried out using Wizard®
Genomic DNA Purification Kit (Promega, USA)
following the manufacturer's instructions.
Briefly, I ml overnight culture was centrifuged at
13,000 xg to pellet the cells. To the re-suspended
cells, 60 ul each of 10 mg/ml lysozymeand
lysostaphin were added and incubated at 37 °C
for 30 minutes. Following centrifugation, 600 ul
Nuclei Lysis solution was added to re-suspend
the pellet and incubated at 80 °C for 5 minutes.
Additional 3 pl RNase solution was added and
incubated at 37°C for 30 minutes. Then, 200 pl
Protein Precipitation solution was added and
incubated on ice for 5 minutes before
centrifuging. The supernatant was added to 600
ul isopropanol and centrifuged to pellet the
DNA. Additional 600 pl of 70 % ethanol was
used to wash the DNA pellet. After air-drying, 70
ul of DNA Rehydration solution was added and
incubated overnight at 4 °C. Concentration and
purity of DNA was checked using a Nanodrop
spectrophotometer (Thermo Scientific, USA).

RAPD-PCR Amplification and Analysis
RAPD-PCR optimization was carried out as
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earlier described (Ja'afar et. al., 2016), hence not
reported in this study. ZA RAPD primer,

5"GTGGATGCGA3’, synthesized at Inqgaba

Biotec™ West Africa Ltd was used for the study.
To a 0.2 ml PCR reaction tube, 1X 7ag 2X master
mix (New England BioLabs™), 40 ng/ul
genomic DNA, 0.6 uM ZA RAPD primer were
added and made up to a final volume of 25 pl
with distilled water. PCR thermal amplification
was performed using SelectCycler™ II Thermal
Cycler (Select Bioproducts, USA) with the
following cycling profile: initial denaturation at
94 °C for 5 minutes; 40 cycles of denaturation at
94 °C for 30 seconds, annealing at 34.8 °C for 1
minute and extension at 72 °C for 1 minute. Final
extension was at 72 °C for 10 minutes. PCR
products were resolved using 1.2 % agarose gel
in TAE buffer. Resolved products were
visualized using a bench top UV transilluminator
(UVP UV Transilluminator, USA). Two DNA
samples did not produce any band during PCR
reactions. A 1 Kbp DNA ladder (Promega, USA)
was used as a DNA fragment size marker.

Fingerprint Pattern Analysis

RAPD-PCR bands generated were manually
scored in binary format and used for fingerprinting
analysis (Neela et al., 2005). Presence of band was
recorded as “1” while absence of band was
recorded as “0” (Betancor et al., 2004). The
RAPD-PCR banding patterns generated were
analyzed using NTSY Spc software version 2.02j
and NT edit version 1.1b (Rolhf, 1990). Similarly,
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dendrogram was created using the unweighted
pair-group method with averaging (UPGMA) and
DNA relatedness was estimated using the Jaccard
similarity coefficient of the same software.
Dendrogram was analyzed as earlier reported by
Zare et al. (2019). S. aureus isolates with = 80 %
Jaccard's similarity coefficient refers to the
probability of similar origin.

Results

To investigate the genetic relatedness of S.
aureus from different clinical samples, RAPD-
PCR was employed to type 18 different isolates
using ZA RAPD primer and resolved by agarose
gel electrophoresis (Fig. 1). Amplification of the
isolates resulted in polymorphic bands that
ranged from one to three clear bands and of 200 —
2,500 bpinsize (Fig. 1).

A dendrogram showing the detailed relationship of
the isolates generated two major groups from the
RAPD profiles (Fig. 2). Group Il aligned the isolates
into two clusters, A and B. Sub-clusters of B, — BI
and BII were also identified including genetically
indistinguishable isolates (Jaccard's similarity
coefficient = 100 %). Two isolates each were
indistinguishable in sub-clusters Bla and BIIb,
while Blla had three indistinguishable isolates.

Furthermore, the two isolates that were not amplified
were aligned between the two major groups. This
suggests that the isolate in Group I is more genetically
distantthan the otherisolates in Group I1.

#%10,000 by

Figure 1: Agarose gel electrophoresis image showing RAPD-PCR band profile of 18 S. aureus isolates
with ZARAPD primer. DNAin lanes 4 and 6 were not PCR-amplified. Lanes M are 1 kbp DNAladders.
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Figure 2: Dendrogram of genetic relationship between 18 isolates of S. aureus obtained with ZA
RAPD primer. Two main groups and cluster were generated. Cluster B had two sub-clusters that

were further divided into various subtypes.

Discussion

Phenotypic markers for bacterial typing might
show considerable variability due to
environmental changes, such as culture
conditions, subculture and storage. By contrast,
nucleic acid-based markers for bacterial typing
can generate a robust read-out from the bacterial
sample, as the genome remains largely stable
over time, and it is resistant to environmental
changes (Sauer and Kliem, 2010). In this study,
RAPD-PCR explained the genetic diversity of S.
aureus isolated from clinical samples. Based on
the 12 RAPD profiles identified and the
constructed dendrogram, the isolates were
broadly divided into two groups, I (one isolate)
and II (15 isolates) at 80 % cut off of Jaccard's
similarity coefficient. More so, Group II was
divided into two clusters, A and B where Cluster
B was subdivided into two major sub-clusters, BI
and BII. Furthermore, BI had seven sub types
while BII had three sub types suggesting that the
isolates could have come from different sources.
Amongst the sub types, three (Bla, Blla and
BIIb) were observed to have 100 % Jaccard's
similarity coefficient. This could mean that the
isolates were from similar source. The finding of
this study corroborates the work of Onasanya et
al. (2003) who also classified the 18 isolates of S.

aureus in their study into two broad groups.
Other RAPD-PCR studies that typed S. aureus
into various groups and clusters include Zare et
al. (2019), who utilized three RAPD primers to
type 50 isolates of S. aureus from different
sources and identified four, five and seven
groups, respectively with the primers. Similarly,
Alni et al. (2017) investigated the genetic
relatedness of 208 S. aureus strains isolated from
different sources and identified 47 RAPD
profiles and nine clusters. More so, Idil and
Bilkay (2014) applied RAPD-PCR to investigate
the clonality of methicillin resistant S. aureus
(MRSA) from different hospitals. Their study
identified two major groups and three clusters.
Other reports earlier published on the utilization
of RAPD-PCR in typing S. aureus include
Kurlenda et al. (2007); Reinoso ef al. (2004) and
Pereiraetal (2002).

Notably, two DNA samples did not amplify during
the study. This sort of inconsistency such as no
amplification, difficult to interpret complex
patterns, and primer artefacts has been reported
previously (Demeke et al., 1992; Echt et al., 1992).
Another possible reason for lack of amplification is
denaturation of DNA. However, in this study, the
DNA samples were not denatured.
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To improve the genotypic characterization of
some organisms, other researchers employed
other genotypic methods in addition to RAPD-
PCR. Chiang et al. (2014) utilized PFGE in
addition to RAPD-PCR to discriminate S. aureus
isolates from clinical samples and food
poisoning cases. However, Saulnier ef al. (1993)
did not find such combination with PFGE
discriminatory. It is noteworthy to mention that
to improve the discriminatory index (DI) of
RAPD-PCR it requires appropriate primer
selection and optimized PCR conditions
(Ellsworth et al. 1993).

Although a consensus standard typing method
has not been specified for every organism, most
genotypic techniques have demonstrated useful
insights into the epidemiological relationships of
strains of several pathogens (Betancor et al.,
2004). RAPD-PCR has proved to be a powerful
tool for discriminating different species and for
genetic analysis among populations for a variety
of microorganisms, plants, and mammals
(Caetano-Anolles et al., 1991; Rafalski et al.,
1991). RAPD-PCR has been used in typing S.
Typhi (Nath et al., 2010), S. Enteritidis (Mare et
al.,2001) and C. jejuni (Nielsen et al., 2000).

Conclusion

The ability to discern the genetic diversity of
clinical isolates with a simple technique like
RAPD-PCR calls for its adoption within the
hospital settings as a routine molecular
epidemiology tool to monitor microbial genetic
events within any given period of time.

Recommendation

For RAPD-PCR to be successful as a routine
laboratory practice, there is the need to increase
the number of RAPD primers and work towards
standardization of protocols so that information
can be shared amongst different laboratories
within the country. More so, interpretation of
genetic analysis should be done in conjunction
with classical epidemiological knowledge.

Limitation

The major limitation of the present study was
lack of proper documentation of isolates so that
original source could be properly linked to the
diversity identified in the dendrogram.

SIMLS Volume 8, Number 1 March, 2023 Page 112

Conflict of Interest
The authors declare no any conflict of interest.

Acknowledgement

The authors wish to acknowledge the kind
support of the Head of MAUTH main lab for
providing the isolates for the study.

References

Akinduti, A.P., Osiyemi, J.A., Banjo, T.T.,
Ejilude, O., El-Ashker, M., Adeyemi, A.G.,
Obafemi, Y.D. and Isibor, P.O. (2021). Clonal
diversity and spatial dissemination of multi-
antibiotics resistant Staphylococcus aureus
pathotypes in Southwest Nigeria. PLoS One;
16(2):e0247013.

Akobi, B., Aboderin, O., Sasaki, T. and Shittu, A.
(2012). Characterization of Staphylococcus
aureus isolates from faecal samples of the
straw-coloured fruit bat (Eidolon helvum) in
Obafemi Awolowo University (OAU),
Nigeria. BMC Microbiology; 12(1): 1-8.

Akortha, E.E. and Ibadin, O.K. (2008).
Incidence and antibiotic susceptibility
pattern of Staphylococcus aureus amongst
patients with urinary tract infection (UTI) in
UBTH Benin City, Nigeria. African Journal
of Biotechnology, 7(11): 1637-1640.

Al-Rubaye, M.A.R., Al-Sugmiany, R.Z.M. and
Issa, A.A. (2023). Detection of the Genetic
Relationship and Genetic Fingerprint of Real
Ants (Hymenoptera: Formicidae) using
RAPD-PCR Markers in Iraq. Journal for
Research in Applied Sciences and
Biotechnology, 2(1): 226-233.

Alni, R.H., Mohammadzadeh, A., Mahmoodi, P.
and Alikhani, M.Y. (2017). RAPD-PCR
analysis of Staphylococcus aureus strains
isolated from different sources. Comparative
Clinical Pathology; 26(4): 823-830.

Betancor, L., Schelotto, F., Martinez, A., Pereira,
M., Algorta, G., Rodriguez, M.A., Vignoli,
R. and Chabalgoity, J.A. (2004). Random
amplified polymorphic DNA and
phenotyping analysis of Salmonella enterica
serovar Enteritidis isolates collected from
humans and poultry in Uruguay from 1995 to
2002. Journal of Clinical Microbiology;
42(3): 1155-1162.

Bohaychuk, V. M., Gensler, G. E., King, R. K.,
Wu, J. T. and McMullen, L. M. (2005).



Evaluation of detection methods for
screening meat and poultry products for the
presence of foodborne pathogens. Journal of
Food Protection; 68(12):2637-2647.

Brown, D.F., Edwards, D.I., Hawkey, P.M.,
Morrison, D., Ridgway, G.L., Towner, K.J.
and Wren, M.W. (2005). Guidelines for the
laboratory diagnosis and susceptibility testing
of methicillin-resistant Staphylococcus aureus
(MRSA). Journal of Antimicrobial
Chemotherapy; 56(6): 1000-1018.

Bruisten, S. M. and Schouls, L. (2010).
Molecular typing and clustering analysis as a
tool for epidemiology of infectious diseases.
In: Krdmer, A., Kretzschmar, M. and
Krickeberg, K. (eds.), Modern Infectious
Disease Epidemiology: Statistics for Biology
and Health. Springer, New York: 117-141.

Caetano-Anolles, G., Brant, B. and Gresshoff, P. M.
(1991). DNA amplification fingerprinting using
very short arbitrary oligonucleotide primers.
Nature Biotechnology; 9(6): 553-557.

Chiang, Y.C., Lai, C.H., Lin, C.W., Chang, C.Y.
and Tsen, H.Y. (2014). Improvement of strain
discrimination by combination of
superantigen profiles, PFGE and RAPD for
Staphylococcus aureus isolates from clinical
samples and food-poisoning cases. Foodborne
Pathogens and Disease; 11(6): 468-477.

Cimolai, N. (2008). MRSA and the environment:
implications for comprehensive control
measures. European Journal of Clinical
Microbiology and Infectious Diseases;
27(7):481-493.

Demeke, T., Adams, R. and Chibbar, R. (1992).
Potential taxonomic use of random amplified
polymorphic DNA (RAPD): a case study in
Brassica. Theoretical and Applied Genetics;
84(7-8): 990-994.

Echt, C., Erdahl, L. and McCoy, T. (1992).
Genetic segregation of random amplified
polymorphic DNA in diploid cultivated
alfalfa. Genome; 35(1): 84-87.

Ellsworth, D., Rittenhouse, K. and Honeycutt, R.
(1993). Artifactual variation in randomly
amplified polymorphic DNA banding
patterns. Biotechniques; 14(2): 214-217.

Esan, C.O., Famurewa, O., Lin, J. and Shittu,
A.O. (2009). Characterization of
Staphylococcus aureus 1isolates obtained
from health care institutions in Ekiti and

Ondo States, South-Western Nigeria. African
Journal of Microbiology Research; 3(12):
962-968.

Idil, N. and Bilkay, I.S. (2014). Application of RAPD-
PCR for determining the clonality of methicillin
resistant Staphylococcus aureus isolated from
different hospitals. Brazilian Archives of Biology
and Technology, 57(4): 548-553.

Ja'afar, J.N., Bhore, S.J., Prabha, B. and Phua,
K.K. (2016). Optimization of random
amplified polymorphic DNA-PCR for
genotyping Salmonella enterica subspecies
enterica serovar Typhi using a mathematical
approach. Journal of Scientific Research and
Reports; 11(1): 1-9.

Jin, U.H., Cho, S.H., Kim, M.G., Ha, S.D., Kim,
K.S., Lee, K.H., Kim, K.Y., Chung, D.H.,
Lee, Y.C. and Kim, C.H. (2004). PCR
method based on the ogdH gene for the
detection of Salmonella spp. from chicken
meat samples. Journal of Microbiology;
42(3):216-222.

Kloos, W.E. and Bannerman, T.L. (1994).
Update on clinical significance of coagulase-
negative Staphylococci. Clinical
Microbiology Reviews; 7(1): 117-140.

Kluytmans, J.A.N., Van Belkum, A. and Verbrugh,
H. (1997). Nasal carriage of Staphylococcus
aureus: epidemiology, underlying
mechanisms, and associated risks. Clinical
Microbiology Reviews, 10(3): 505-520.

Kurlenda, J., Grinholc, M., Jasek, K. and
Wegrzyn, G. (2007). RAPD typing of
methicillin-resistant Staphylococcus aureus:
a 7-year experience in a Polish hospital.
Medical Science Monitor: International
Medical Journal of Experimental and
Clinical Research; 13(6): MT13-18.

Letellier, A., Messier, S., Pare, J., Menard, J. and
Quessy, S. (1999). Distribution of
Salmonella in swine herds in Québec.
Veterinary Microbiology; 67(4): 299-306.

Mare, L., Dicks, L. and Van Der Walt, M. (2001).
Characterization of South African isolates of
Salmonella Enteritidis by phage typing,
numerical analysis of RAPD-PCR banding
patterns and plasmid profiles. International
Journal of Food Microbiology; 64(3): 237-245.

Mokhtari, S., Tahamtan, Y., Kargar, M.,
TADAYON, K. and Moazamian, E. (2022).
Molecular typing E. coli O157: H7 isolates

SIMLS Volume 8, Number 1 March, 2023 Page 113



using Random Amplified Polymorphic DNA
(RAPD)-PCR technique and the relationship
genetic and antibiotic resistance patterns.
Journal of Microbial World, 15(4): 282-293.

Nath, G., Maurya, P. and Gulati, A. K. (2010).
ERIC PCR and RAPD based fingerprinting
of Salmonella Typhi strains isolated over a
period of two decades. Infection Genetics
and Evolution; 10(4): 530-536.

Neela, V., Mariana, N.S., Radu, S., Zamberi, S.,
Raha, A.R. and Rosli, R. (2005). Use of RAPD
to investigate the epidemiology of
Staphylococcus aureus infection in Malaysian
hospitals. World Journal of Microbiology and
Biotechnology; 21(3):245-251.

Nielsen, E.M., Engberg, J., Fussing, V., Petersen, L.,
Brogren, C.H. and On, S.L. (2000). Evaluation
of phenotypic and genotypic methods for
subtyping Campylobacter jejuni isolates from
humans, poultry, and cattle. Journal of Clinical
Microbiology; 38(10): 3800-3810.

Nsofor, C.A., Nwokenkwo, V.N. and Ohale,
C.U. (2016). Prevalence and antibiotic
susceptibility pattern of Staphylococcus
aureus 1isolated from various clinical
specimens in south-East Nigeria. MOJ Cell
Science Report; 3(2): 1-5.

O'Malley, S.M., Emele, F.E., Nwaokorie, F.O.,
Idika, N., Umeizudike, A.K., Emeka-
Nwabunnia, 1., Hanson, B.M., Nair, R.,
Wardyn, S.E. and Smith, T.C. (2015).
Molecular typing of antibiotic-resistant
Staphylococcus aureus in Nigeria. Journal of
Infection and Public Health; 8(2): 187-193.

Obasuyi, O., McClure, J., Oronsaye, F.E.
Akerele, J.O., Conly, J. and Zhang, K.
(2020). Molecular Characterization and
Pathogenicity of Staphylococcus aureus
Isolated from Benin-City, Nigeria.
Microorganisms; 8(6): 912.

Okorie-Kanu, O.J., Anyanwu, M.U., Ezenduka,
E.V., Mgbeahuruike, A.C., Thapaliya, D.,
Gerbig, G., Ugwuijem, E.E., Okorie-Kanu,
C.0., Agbowo, P., Olorunleke, S. and
Nwanta, J.A. (2020). Molecular
epidemiology, genetic diversity and
antimicrobial resistance of Staphylococcus
aureus 1isolated from chicken and pig
carcasses, and carcass handlers. PLoS One;
15(5):¢0232913.

Oliveira, S., Rodenbusch, C., Ce, M., Rocha, S.

SIMLS Volume 8, Number 1 March, 2023 Page 114

and Canal, C. (2003). Evaluation of selective
and non selective enrichment PCR

procedures for Salmonella detection. Letters
in Applied Microbiology;36(4):217-221.
Olowo-Okere, A., Atata, R.F., Abass, A.,
Shuaibu, A.S., Yahya, U.H. and Tanko, N.
(2017). Incidence and antibiotic
susceptibility profile of Staphylococcus
aureus isolates from wounds of patients at
Specialist hospital, Sokoto. Nigeria. Journal
of Medical Bacteriology, 6(3-4): 44-50.
Onasanya, A., Mignouna, H.D. and Thottappilly,
G. (2003). Genetic fingerprinting and
phylogenetic diversity of Staphylococcus
aureus 1isolates from Nigeria. African
Journal of Biotechnology, 2(8): 246-250.
Onwubiko, N.E. and Sadiq, N.M. (2011).
Antibiotic sensitivity pattern of
Staphylococcus aureus from clinical isolates
in a tertiary health institution in Kano,
Northwestern Nigeria. Pan African Medical
Journal;8: 4.
Pereira, M.S.V., Leal, N.C., Leal, T.C.A.,
Sobreira, M., De Almeida, A.M.P.,

Siqueira Junior, J.P. and Campos Takaki,

G.M. (2002). Typing of human and bovine
Staphylococcus aureus by RAPD PCR and

ribotyping PCR. Letters in Applied

Microbiology, 35(1): 32-36.

Rafalski, J., Tingey, S. and Willians, J. (1991).
RAPD markers-a new technology for genetic
mapping and plant breeding. AgBiotech
News and Information; 3: 645-648.

Raji, A., Ojemhen, O., Umejiburu, U., Ogunleye,
A., Blanc, D.S. and Basset, P. (2013). High
genetic diversity of Staphylococcus aureus in
a tertiary care hospital in Southwest Nigeria.
Diagnostic Microbiology and Infectious
Disease; 77(4): 367-369.

Rashid, M.A.R., Esmer, R.S. and Assaffii, .A.A.
(2022). Estimation of the Genetic Dimension
of Candida Isolates Isolated from
Pathological Cases by RAPD PCR Method.
HIV Nursing; 22(2): 2570-2572.

Reinoso, E., Bettera, S., Frigerio, C., DiRenzo,
M., Calzolari, A. and Bogni, C. (2004).
RAPD-PCR analysis of Staphylococcus
aureus strains isolated from bovine and
human hosts. Microbiological Research;



159(3): 245-255.

Rolhf, F. (1990). NTSYSPc, numerical
taxonomy and multivariant analysis system.
Version 2.02, Applied Biosystem. New York.

Rosi¢, 1., Nikoli¢, 1., Rankovi¢, T., Anteljevic,
M., Medi¢, O., Beri¢, T. and Stankovi¢, S.
(2023). Genotyping-driven diversity
assessment of biocontrol potent Bacillus spp.
strain collection as a potential method for the
development of strain-specific biomarkers.
Archives of Microbiology; 205(4): 114.

Sampson, T., Alexander, J. and Ugboma, C.J.
(2022). Incidence of Staphylococcus aureus
wound infection amongst patients attending
university of Port Harcourt teaching hospital,
Rivers State, Nigeria. Saudi Journal of
Pathology and Microbiology; 7(7):307-312.

Sauer, S. and Kliem, M. (2010). Mass
spectrometry tools for the classification and
identification of bacteria. Nature Reviews
Microbiology; 8(1): 74-82.

Saulnier, P., Bourneix, C., Prevost, G. and
Andremont, A. (1993). Random amplified
polymorphic DNA assay is less discriminant
than pulsed-field gel electrophoresis for
typing strains of methicillin-resistant
Staphylococcus aureus. Journal of Clinical
Microbiology, 31(4): 982-985.

Seo, K.-H., Holt, P. S., Stone, H. D. and Gast, R.
K. (2003). Simple and rapid methods for
detecting Sal/monella Enteritidis in raw eggs.
International Journal of Food Microbiology;
87(1): 139-144.

Shittu, A.O., Okon, K., Adesida, S., Oyedara, O.,
Witte, W., Strommenger, B., Layer, F. and
Niibel, U. (2011). Antibiotic resistance and
molecular epidemiology of Staphylococcus
aureus in Nigeria. BMC Microbiology,

11(1): 1-8.

Taiwo, S.S., Bamidele, M., Omonigbehin, E.A.,
Akinsinde, K.A., Smith, S.I., Onile, B.A. and
Olowe, A.O. (2005). Molecular epidemiology
of methicillin-resistant Staphylococcus aureus
in Ilorin, Nigeria. West African Journal of
Medicine; 24(2): 100-106.

Tong, S.Y., Davis, J.S., Eichenberger, E.,
Holland, T.L. and Fowler Jr, V.G. (2015).
Staphylococcus aureus infections:
epidemiology, pathophysiology, clinical
manifestations, and management. Clinical
Microbiology Reviews, 28(3): 603-661.

van Belkum, A., Kluytmans, J., van Leeuwen,
W., Bax, R., Quint, W., Peters, E., Fluit, A.,
Vandenbroucke-Grauls, C., van den Brule, A.
and Koeleman, H. (1995). Multicentre
evaluation of arbitrarily primed PCR for
typing of Staphylococcus aureus strains.
Journal of Clinical Microbiology,; 33(6):
1537-1547.

Vila, J., Marcos, M. A. and Jimenez de Anta, M. T.
(1996). A comparative study of different
PCR-based DNA fingerprinting techniques
for typing of the Acinetobacter
calcoaceticus-A. baumannii complex.
Journal of Medical Microbiology, 44(6):
482-489.

Whyte, P., Mc Gill, K., Collins, J. and Gormley,
E. (2002). The prevalence and PCR detection
of Salmonella contamination in raw poultry.
Veterinary Microbiology; 89(1): 53-60.

Zare, S., Derakhshandeh, A., Haghkhah, M.,
Naziri, Z. and Broujeni, A.M. (2019).
Molecular typing of Staphylococcus aureus
from different sources by RAPD-PCR
analysis. Heliyon, 5(8): €02231.

Citation: Ja'afar Nuhu Ja'afar, Zailani Adamu, Tukur Baba Abdullahi and Hayatu Raji. Genetic
Diversity of Staphylococcus aureus Isolated from Different Clinical Samples at Modibbo Adama
University Teaching Hospital, Yola using RAPD-PCR. Sokoto Journal of Medical Laboratory
Science; 8(1): 108 - 115. https://dx.doi.org/10.4314/sokjmls.v8i1.13.

Copyright: This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

SIMLS Volume 8, Number 1 March, 2023 Page 115



	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115

