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Prevalence of Staphylococcus aureus and Staphylococcus sciuri Isolated

From Apparently Healthy and Hospitalized Patients In EKiti State, Nigeria

Abstract

Background: The emergence of microbial resistance to antibiotics on daily basis has become
a major global challenge. The increasing prevalence of methicillin resistant Staphylococcus
aureus (MRSA) infections among hospitalized and non-hospitalized patients due to
emergence of unique community-associated strains has become a great problem in Nigeria in
particular and the entire world in general. .Methods: In this study, a total of four hundred
(400) clinical specimens were collected from hospitalized patients at Ekiti State University
Teaching Hospital (EKSUTH), Ado-Ekiti and Federal Teaching Hospital (FETHI), Ido-EKkiti
and from apparently healthy individuals from both communities. Standard bacteriological
procedures were employed to isolate and identify these organisms. Antibiotic susceptibility
test was carried out using the modified Kirby Bauer disc diffusion method. Polymerase chain
reaction (PCR) assay was used to identify S. aureus nuc gene, as well as mecA and aac
resistance genes. Results: Seventy seven (19.3 %) S. aureus isolates were phenotypically
identified; 43 (21.5 %) hospital-associated (23 from EKSUTH and 20 from FETHI) and 34
(17.0 %) community-associated (27 from Ado-EKkiti and 7 from ldo-Ekiti communities). No S.
sciuri was phenotypically isolated in both locations. Fifty five (71.4 %) of the 77 S. aureus
isolates were nuc gene positive, while 11 (20 %) of the 55 isolates were mecA gene positive,
implying that they were MRSA. Of the 11 isolates, 6 (19.4 %) were hospital-associated MRSA
while 5 (20.8 %) were community-associated MRSA. Phenotypic resistance of S. aureus to
cefoxitin in the two locations ranged between 77.8 — 100 %, but 80 % of cefoxitin-resistant
nuc gene positive S. aureus lacked mecA gene. S. aureus isolates exhibited high phenotypic
resistance to tetracycline, erythromycin and fusidic acid but susceptible to clindamycin and
gentamycin. The prevalence of clinical MRSA infection of 20% in this study is relatively high.
However, there was 0% prevalence of S. sciuri colonization. Cefoxitin disc test demonstrated
low specificity as a phenotypic marker of methicillin resistance.. Conclusion: There is need
to institute control measures for MRSA infections and colonization in this environment.

INTRODUCTION

Staphylococcal infections are aused by the bacteria in the genus Staphylococcus. The
spectrum of infections can range from a minor boil or skin abscess to life threatening
infections such as septicaemia or endocarditis. There are many species of staphylococci but

most infections are caused by Staphylococcus aureus. A number of studies done on S. aureus

both in Nigeria and elsewhere have focused on nasal carriage of the organism and its impact



on skin and soft tissue infections (Sheng-Yun et al., 2011). Most nosocomial pathogens
associated with multiple antimicrobial resistance mechanism are Staphylococci. For many
years, S. aureus was the only species recognized as an important human pathogen whereas
coagulase-negative staphylococci (CONS) were viewed mostly as clinically non relevant
contaminant or commensals. Only recently, the importance of CONS strains as a major cause
of nosocomial infections began to be established (Kloss et al., 1999). Infections with S.
aureus are especially difficult to treat because of evolved resistance to antimicrobial drugs
such as penicillin and newer narrow spectrum drugs and B-lactamase resistance penicillin
antimicrobial drug (Lowdy, 2003). The widespread incidence of antibiotics resistance across
various strains of S. aureus has been attributed to horizontal transfer of genes encoding
antibiotics resistance and virulence (Chan et al., 2011). Methicillin resistant S. aureus
(MRSA\) is the bacterium responsible for several difficult-to-treat infections in human. Strains
of methicillin resistant S. aureus (MRSA) that are common causative agents of nosocomial
disease world-wide often pose therapeutic dilemma to clinicians because of the nature of
these strains (Taiwo et al., 2004). It is any strain of S. aureus that has developed through the
process of natural selection, resistance to B-lactam antibiotics which include methicillin,
dicloxacillin, nafcillin, oxacillin and cephalosporins. Strains unable to resist these antibiotics
are classified as methicillin sensitive S. aureus (MSSA). The evolution of this resistance
makes MRSA infection very difficult to treat with standard antibiotics and thus making it
more dangerous. Resistance in MRSA is related to a chromosomal mecA gene that encodes
the production of an abnormal penicillin binding protein called PBP2a. These proteins are
membrane bound enzymes which are target for all B-lactam antibiotics. They have decreased
affinity for binding -lactam antibiotics resulting not only to methicilin resistance but also to
all B-lactams including penicillin and cephalosporins (Weems, 2011). Staphylococcus sciuri

strains have been found to be an important pathogen responsible for UTI (Stepnavoic et al.,



2002), wound infection (Shittu et al., 2004), endocarditis (Hedin et al., 1998), peritonitis
(Wallet et al., 2000), septic shock (Horii et al., 2001), endophthalmitis (Benz et al., 2004)
and pelvic inflammatory diseases (Stepnavoic et al., 2002). S. sciuri may be found as a
colonizing organism in humans with low carrier rates in nasopharynx, skin and urogenitals
(Couto et al., 2000; Stepnavoic et al., 2003). The mecA gene is native to S. sciuri which has
been found to have the same similarity with mecA gene in S. aureus (Couto et al., 1999).
Inspite of the close sequence similarities between the mecA of S. sciuri and the antibiotic
resistance mecA gene of S. aureus, S. sciuri strains have been found to be uniformly
susceptible to B-lactam antibiotics (Couto et al., 1996). It has been noted that S. sciuri may be
an evolutionary precursor of the methicillin resistance gene mecA of the pathogenic strains of
MRSA (Wu et al., 2001). Though in Nigeria, S. aureus is one of the major nosocomial
infection pathogen (Chikere et al., 2008), S. sciuri also has become another major pathogen

in nososcomial infection (Ivan et al., 2005) which result in morbidity and mortality.

Methodology

Study Area

This study was carried out in two hospitals (Federal Teaching Hospital FETHI, Ido
Ekiti and Ekiti State Teaching Hospital EKSUTH Ado-Ekiti) and Ado-EKkiti andnldo-EKkiti

communities both in EKkiti State, Southwest, Nigeria.

Study Population

These consist of selected hospitalized patients in FETHI and EKSUTH and apparently
healthy individuals from Ido and Ado-Ekiti communities from whom appropriate clinical

samples were obtained.



Inclusion Criteria

The inclusion criteria were hospitalized patients with clinical symptoms and signs of
infection, age range 15 to 60 years, and not less than one month of hospitalization, and

apparently healthy individuals from the two communities in the same age group.

Ethical Clearance
The ethical clearance was obtained from EKiti State University Teaching Hospital (Protocol

number: EKSUTHAG7/2015/08/004)

Specimen Collection and Transport

Urine, wound, blood and pus samples were obtained from hospitalized patients while nasal
samples and urine were obtained from healthy individuals. Samples were collected into
appropriately label specimen bottles using aseptic techniques to prevent contamination, and

transported immediately to the laboratory for analysis.

Sample Analysis
Isolation of staphylococci

Wound, pus and nasal specimens were inoculated onto MacConkey agar and Chocolate agar
plates and incubated at 37°C overnight to primarily isolate staphylococci species
(Cheesbrough, 2006). The staphylococci colonies were then subcultured onto Mannitol salt
agar (MSA) and Tryptic Soy Agar (TSA) for isolation of S. aureus and S. sciuri respectively
(Shittu et al., 2004). Urine specimens were first cultured on Cysteine Lactose Electrolyte
Deficient (CLED) agar and incubated at 37°C for 24 hrs (Cheesbrough, 2006). Isolated

staphylococci were then sub-cultured onto MSA and TSA for isolation of S. aureus and S.



sciuri respectively (Shittu et al., 2004). Pure colonies of suspected S. aureus and S. sciuri

were then stored on nutrient agar slopes for further phenotypic tests.
Speciation of Isolates

S. aureus was identified based on Gram reactions, catalase positive test, coagulase positive
test, fermentation of mannitol ( Chessbrough, 2006) while S. sciuri was identified based on
catalase positive test, tube coagulase negative, oxidase test positive, urease test positive,
esculin hydrolysis, resistance to novobiocin and bacitracin, acid production from galactose

and sucrose but not raffinose fermentation ( Kloss et al., 1997)

Molecular Analysis

DNA Extraction

The DNA of the isolates was extracted by suspending 4-5 bacteria colonies in 500 pl of Tris
Borate EDTA (TBE) buffer in Eppendorf tubes appropriately labeled. The cells were boiled
at 100°C for10minutes and were cooled rapidly on ice for 30minutes. 3ul of Proteinase K was
added to the lysed cells and the mixture was incubated for 15-20minutes at 55-60°. the
enzyme was denatured by boiling at 100°% for 10minutes and was centrifuge at 13, 400 rpm.
The supernatant containing the DNA was collected for PCR and was stored at -20°C for
further use.

Amplification of nuc, mecA and aac-genes

Polymerase chain reaction (PCR) was used to detect nuc gene that is common to all S. aureus
and resistance genes; mecA that encodes methicillin resistance and aac that encodes
aminoglycoside resistance.

Table 1. Primers used for the amplification of genes

Primers | Sequence 5 *-3" gene | Produc | Annealin | Referenc




size(bp | temp.(°c)
)
SANuc | GCGATTGATGGTGATACGGTT SA 276 58 Brakstad
F AGCCAAGCCTTGACGAACTAAAG | Nuc et al,
SANuc | C 1992
R
MecA F | GTAGAAATGACTGAACGTCCGAT | Mec | 310 52 Geha et
MecAR | AA A al, 1994
CCAATTCCACATTGTTTCGGTCTA
A
AAC-3- | AGTTGACCCAGGGC AAC | 286 55
IV F -3-1vV
AAC-3- | GTGTGCTGCTGGTCCACAGC
IV R

PCR Procedural Steps

Gel Electrophoresis

Preparation of agarose gel: At the completion of the amplification, PCR products were

resolved on | % agarose gel prepared by dissolving 1g of agarose powder in 100 ml of 1X

TBE buffer solution inside a clean conical flask. The 1% agarose solution was heated in a

microwave oven for 2-3 minutes and was observed for clarity which was an indication of

complete dissolution. The mixture was then allowed to cool to about 50 °C after which 0.5 ul

of ethidium bromide was then added. It was allowed to cool further and then poured into a

tray sealed at both ends with support to form a mould with special combs placed in it to

create wells. The comb was carefully removed after the gel had set.




Analysis and Interpretation of Gel Pattern

The DNA fragment of 276bp and 310bp were separated for nuc and mecA gene respectively

on a 1% agarose gel with a 100bp DNA ladder.

Data Entry and Statistical Analysis

All data were analysed using statistical package for the social sciences (SPSS) version
16.0. Data were presented using frequency tables as appropriate and cross tabulation to study
relationships associated between variables. Statistical significance was set at 5% using chi-

square.

RESULTS

A total of 400 clinical samples were collected from hospitalized patients in two
hospitals and apparently healthy individuals in two communities in EKkiti State, Nigeria.
Table 1 shows the distribution of organisms isolated from the study areas. Seventy seven
(19.25%) S. aureus was phenotypically isolated from the 400 samples collected; 23 (5.75 %)
from EKkiti State University Teaching Hospital (EKSUTH), Ado-EKkiti, 20 (5 %) from Federal
Teaching Hospital (FETHI), Ido-EKkiti, 27 (6.75 %) from Ado-Ekiti community and 7 (1.75
%) from ldo-Ekiti community. In this study, no S. sciuri was isolated phenotypically in all the
locations. The prevalence of S. sciuri in these study areas by the standard phenotypic

detection method is therefore 0 %

The comparison of Cefoxitin resistance to all other antibiotics of all the isolate obtained in all
the location is shown in table 2 only Erythromycin and Gentamicin have no statistical

significant.

Table 3 shows the distribution S. aureus isolates with nuc and mecA genes in the study areas.

Aminoglycoside resistance, aac gene, was not detected in any isolate. Fifty five (71.43%) of



the 77 phenotypically confirmed S. aureus isolates were positive for nuc gene, while 11
(20%) of these were positive for mecA gene. The prevalence of MRSA in these study areas

using the gold standard PCR detection method is therefore 20 %. .

Table2: Distribution of staphylococcus isolates detected by phenotypic method in two locations in

Ekiti State, Nigeria

Staphylococcus Hospital (%) Community (%) Total (%) 95% Cl P value
isolate
FETHI EKSUTH Ido-Ekiti Ado-Ekiti

No of samples 100 100 100 100 400
No of S. aureus 20 (20) 23 (23) 7(7) 27 (27) 77 (19.3)

No of S. sciuri 0 0 0 0 0

Total isolate 43 (21.5) 34 (17.0) 77 (19.3 0.3851- 0.2449

) 1.211

FETHI = Federal Teaching Hospital; EKSUTH = Ekiti State University Teaching Hospital, Cl = Confidence Interval



Table 3: Comparative antibiotic susceptibility of hospital and community associated Staphylococcus

aureus isolates in Ekiti State, Nigeria

Antibiotics S. aureus isolates P value

Hospital-associated (n=43) Community-associated (n=34)

S [ R S I R

Cefoxitin 0 - 43 6 - 28 0.0057*
Fusidic acid 11 - 32 17 - 17 0.0336*
Clindamycin 25 13 5 30 1 3 0.0049*
Erythromycin 5 14 24 10 12 12 0.0806
Gentamicin 37 2 4 31 - 3 0.7233
Tetracycline 4 4 35 12 2 20 0.0095*
Novobiocin 22 1 20 31 - 3 0.0002*

* Statistically significant difference. S = sensitive, | = intermediate, R = resistant. Note that for statistical

analysis, intermediate isolates were considered resistant.



Table 4.: Distribution of Staphylococcus aureus isolates detected by molecular method in two

locations in Ekiti State, Nigeria

Staphylococcus aureus Hospital (%) Community (%) Total 95% Cl P value
isolate (%)
FSH, Ido- EKSUTH Ido-Ekiti Ado-Ekiti
Ekiti Ado-EKkiti
No positive for nuc gene 16 15 5 19 55
No positive for mecA 3(18.8) 3(20) 1(20) 4(21.1) 11
gene (MRSA isolate)
Total MRSA isolate 6 (19.4) 5(20.8) 11(20) 0.5279- 1.000
1.746

FSH = Federal Teaching Hospital; EKSUTH = Ekiti State University Teaching Hospital, MRSA = methicillin

resistant Staphylococcus aureus
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500bp Nuc gene: 276bp

L = 100bp ladder



— Top Lane: 11- negative control, 12- positive control

Fig 1: PCR amplification of Nuc gene for staphylococcus aureus

Mec A gene: 310bp

500bp

L= 100bp ladder

L: 1=Ado2, 2 =Ado4, 3 =EK1, 4 =1do2, 5=1d03,6=FETHI8,7=FETHI9,

Fig 2: PCR amplification of mecA gene of some of the Cefoxitin resistant isolates.



1000bp

tetA 956bp

—

L=100bp, 1=EK1, 2=Ek2, 3=Ek3, 4=EK5, 5=FETHI2, 6=FETHI3, 7=FETHI16,8=ADO1,

9=ADO02, 10=IDO2

11=ID03, 12= POSITIVE CONTROL

Fig 3: PCR amplification of tetA gene for staphylococcus aureus

DISCUSSION

Emergence of resistance to antibiotics on daily basis has become a serious global health
challenge. The increasing prevalence of MRSA infection among non hospitalized patients
due to emergence of uniqgue community associated S. aureus and hospitalized patients has

become a great problem in Nigeria in particular and the globe in general. MRSA can be



found in any individual regardless of their age. Isolates from the hospitalized patients were
from urine, wound and aspirate while from the community the isolation was from urine and
nasal specimen. Fifty-six percent of the S.aureus isolates was hospital associated while 44%
were community associated. In this study, phenotypic resistance of S. aureus to cefoxitin in
the two locations used ranges between 77.8% - 100% which when compared to previous
work done in Ekiti by Olowe et al., (2013) shows 46.5% resistance. The antimicrobial
susceptibility of cefoxitin resistance to S. aureus in this study shows that S. aureus is multi-
resistant to tetracycline as described previously by Yanagihara et al., (2012). S. aureus
isolates in the hospitals were found to show more resistance to erythromycin while fusidic
acid shows a high rate of resistance to isolates of S. aureus in the community. Gentamycin
shows a high rate of sensitivity ranging between 73.9-79.3% in Ado EKkiti, while it shows
100% sensitive in Ido-EKkiti. Macrolides and aminoglycosides show a very low resistance in
this study as against Taiwo et al., (2004). The high rate of clindamycin and gentamycin
susceptibility in all isolates from both the hospital and community in this study does not
support previous work done by Gould et al, (2010) and Yanagihara et al., (2012). This
suggests that the susceptibility of clindamycin and gentamycin varies with location and
frequency of use of antibiotics, likewise fusidic acid and erythromycin. The susceptibility of
clindamycin to MRSA in this study shows that clindamycin can be used as drugs of choice in
the treatment of MRSA in combination with gentamycin. Hospital acquired MRSA still
remains a major challenge in the medical health care in Nigeria. Hospital acquired S. aureus’
genetic resistance to Cefoxitin of 27% in each location is very high compared to the
Community acquired resistance of 5.4-9% and1.8-5.4% in each location as shown in this
study. The distribution of MRSA detection in both the hospital and community in Ekiti shows
that genetically hospital associated MRSA is 19.4% and community associated, 20.8%.

Compared to previous studies by Olowe et al., (2013) of 19.2%, 1.4% by Adesida et al.,



(2005), 1.5% by Shittu et al., (2006) in Southwest Nigeria appears to increase as the year
goes by. But compared to studies by Terry, (2011) of 22.2% and Taiwo et al., (2004) of
34.7% in other part of the country, the prevalence high rate of MRSA varies according to
location and time which supports Okon et al., studies in (2013). 38.8% by Fayomi et al.,
(2009) in Ido Ekiti compared to the 27% prevalent rate in this study shows that the rate has
reduced but still on the high side. The MRSA isolated in this studies was found to be multi-
resistant to tetracycline and fusidic acid as earlier reported by Vaez et al., (2010). Cefoxitin
has greatly shown a high rate of resistance of 95% phenotypically in this study, this shows
that cefoxitin has develop a high rate of resistance when compare to studies done by Olowe et

al., (2013).

MSSA (methicillin sensitive staphylococcus aureus) also shows multiresistance to
tetracycline, erythromycin, and fuscidic acid in this study. According to this study, 80% of
phenotypically cefoxitin resistant S.aureus does not possess the resistance gene mecA
(MSSA- mecA negative). This suggests that disc diffusion test for the detection of MRSA
gives a high false prevalence rate as described by Syed et al., (2011). PCR amplification still
remains the gold standard for the detection of MRSA and MSSA. According to this study,
isolation of MRSA in relation to gender, occupation and age group shows no relationship.
Phenotypically, MRSA was found to be high in urine 92.9%, wound swab 100% and nasal
swab of 87% but shows no statistically significant between the isolation of MRSA and
sample site. The high rate of detection of MRSA in the hospitalized patient shows that HA-

MRSA still remains a very big challenge.

The route of S. sciuri is usually transmitted from animal to human and in this study,
the individuals involved had no close contact with animals frequently. The absence of S.
sciuri in the locations of this study might be due to the low population density as well as the

requirement of enriched environment for isolation as previously described by Ivana et al.,



(2005) or no contact with infected animal and animal dairy. The frequently colonization of
the hospital environment which makes rate of isolation to be sporadic and most probably
transient as described by Ahoyo et al., (2013) might also be a contributing factor to why S.
sciuri was not isolated during the cause of this study. Non isolation of S. sciuri does not
primarily indicate that the organism does not exist in the area of study and not necessarily
means that it does exist. This study suggests that for the detection of interaction between S.
aureus and S. sciuri based on the presence of mecA gene will greatly depend on the isolation
of both organisms in the same location and individual to clearly give the better understanding
and analysis of the nucleotides of the amino acid sequences as done previously by Couto et
al., (2000). Though, previous study done already shows that there is a relationship in the

nucleotide sequence of the mecA in MRSA and S. sciuri.

There is a limited study on the isolation and prevalence of S. sciuri in EKiti State
therefore more studies are needed in the area of isolation and detection of S. sciuri in humans
in this region, and Also the interaction and relationship between S. aureus and S. sciuri based
on their mecA. Until these two organisms are isolated together in this region, the study of

their interactions will still be difficult.

Conclusion

The high prevalent rate of MRSA in this study shows that MRSA continues to be a major
challenge in our society and nation and disc diffusion test is not 100% precise in detecting
MSSA. PCR remains the gold standard to detect and isolate both MRSA and MSSA. On the
isolation and detection of S. sciuri in human, more work needs to be done in order to have the
complete understanding and knowledge about the organism, then the interaction between S.

aureus and S. sciuri can be fully understand. There is a need to put more control measures in



place to eradicate MRSA to reduce one of the major healthcare challenges. Therefore,

everyday awareness on proper hygiene and usage of antibiotics should be put in place.

Recommendation

Since MRSA still pose a lot of threat to the medical services, the healthcare unit and the
general public should be exposed to more education on proper hygiene and sanitation
periodically. Proper handwashing techniques and procedures should henceforth be in place in
all healthcare service provider units. Further studies should be encouraged in the aspect of
identifying S. sciuri in clinical specimens using molecular methods, and to understand its

interaction with S.aureus in human infection or colonization.
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