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ABSTRACT

This study investigated the prevalence of Methicillin-resistant Staphylococcus aureus
(MRSA) from the nasal swabs of healthy community individual volunteers in Jos South,
Nigeria and its susceptibility pattern to seven other antibiotics. Standard procedures were
employed for isolation, screening, and susceptibility testing. The result of this study reveal
that 98 (49 %) S. aureus were 1solated from 200 nasal swab samples collected. The prevalence
rate for male and female group was 48 % and 50 % respectively. Sixty two isolates (63.3 %)
were found to be methicillin resistant. The MRSA isolated were highly resistant to Ampicillin
(88.7 %), Amoxicillin (85.5 %), Tetracycline (80.6 %), Cotrimoxazole (80.6 %) but had low
resistance to Erythromycin (35.5%). The MRSA isolated showed high susceptibility to
Ofloxacin (98.4 %) and Gentamicin (83.9 %). While 55 (88.7 %) of the MRSA isolated
showed multidrug resistance and only 3 (4.8 %) were susceptible to all other tested

antibiotics.
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INTRODUCTION

The initial discovery of antibiotics (Greek anti; against and bios; life) during the 1940s
and 1950s gave clinicians weapons against infections that once wiped out entire populations.
The discovery and subsequent development of these antimicrobial agents revolutionized
medical care worldwide. Therefore, mankind has been so pleased with its ability to conquer
diseases. However, the dawn of the antibiotic era was quickly accompanied by the
development of numerous problems including the emergence of microbes with resistant
strains (multi-drug resistant bacteria), increased number of nosocomial and community-
acquired infections; and the increase in healthcare cost arising from the wide spread use of
antibiotics (Prescott et al., 2008; Synder et al., 2000). Consequently, diseases caused by
these pathogens, for example Staphylococcus aureus are becoming increasingly more difficult
to treat as the causative organism accumulate new antimicrobial resistance determinants
(Henry and Elias, 1995, Chambers, 2005; Susan and Robert, 2006).

This pathogen causes various types of diseases and infections ranging from minor
skin to soft tissues infections including immune-compromised patients due to its ability to
survive in different growth conditions (Lowy, 1998; Lowy, 2003). S. aureus is also
recognized as one of the most important bacteria pathogen seriously contributing to the
problems of hospital and community-acquired infections all over the world (Leski et al.,
1998). S. aureus is a common skin and nasopharynx commensal, a frequent causative agent of
burns and wound sepsis. It produces pustules, carbuncles, furuncles and impetigo; it is a
frequent causal of septicemia, bacteraemia, osteomyelitis and otitis (Emmerson, 1994). It is
also a common causative agent of infections in hospitals and it is most liable to infect new-
born babies, surgical patients, old and malnourished persons and patients with diabetes and
chronic diseases (Tuo et al., 1995). The control of this disease as well as the high mortality
due to S. aureus was greatly reduced with the use of penicillin in the early 1940s. However,
this success was short-lived as penicillin resistant Staphylococcus aureus (PRSA) producing
beta-lactamase quickly emerged and 90 percent of hospital-acquired S. aureus were penicillin
resistant within 10 years (Susan and Robert, 2006). The beta-lactamase enzyme destroys the
penicillin antibiotic by hydrolyzing the beta-lactam ring and this decreases the usefulness of
the penicillin antibiotic. Methicillin, a beta-lactamase-insensitive beta-lactam, provided new
treatment options for PRSA infections in the late 1950s, but methicillin-resistant
Staphylococcus aureus (MRSA) that are cross resistant to all beta-lactams soon emerged,

primarily in health care environments (Susan and Robert, 2006).
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Community-acquired MRSA infections among individual without healthcare-
associated risk factor was first recognized about fifteen years. Since these reports,
community-acquired methicillin-resistant Staphylococcus aureus have been globally
pervasive (Vandenesch et al., 2003); and reports of serious and rapidly progressive fatal
disease due to virulent community-acquired strains have alarmed healthcare professionals and
lay media alike (Adem et al ., 2005; Mongkolrattanothai ez al., 2003). Despite the global
incidence of MRSA, yet its spread in developing countries or nations is still under extimated.
With increasing travel and movement throughout the world, transmission of multi-resistant

super bugs from one country to another became a possibility (Ang et al., 2004).

Rationale of the study

Susan and Robert, (2006) reported S. aureus as been found both in and out hospital
patients. Resistant strains of Staphylococcus aureus have hampered attempt to eradicate
diseases and infections caused by this pathogen. Pan et al., (2005) and Lo ef al, (2006)
reported that MRSA plays crucial role in diseases acquired from the community. and
Increasing reports of CA-MRSA from the United states, Canada, Australia are evidence that
there is changing epidemiology of the organism (Sonal ef al.,2003). Due to these changes, it
i1s not important to assess the carriage rate of MRSA in the community amongst healthy

individuals who have not been hospitalized nor had antibiotic therapy in the recent past.

AIM AND OBJECTIVES

1. To determine the prevalence of MRSA and MSSA isolated from the nasal swabs of

healthy community individuals resident in Jos south.

2. To determine the prevalence of multiple antibiotic resistance pattern of S. aureus.
3. To alert laboratory staff and the general public on the virulent nature of CA-MRSA.
4. To recommend appropriate control measures.
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MATERIAL AND METHODS
Study Area

The study was conducted in three communities (Vom, Kaduna-vom and Kuru) located
in Jos South Local Government Area. The environment is endowed with variety of physical
features and the dominant tribe is the Beroms with settlers from Benue, Yorubas and Igbos.
Residents are generally industrious and engage in a number of professions.
Ethical Consideration

Before samples were collected, information regarding the study was explained to the
community individuals after approval was sought from the head of each community. Oral
consent for participation in the study was obtained.

Questionnaire

Questionnaire to obtain relevant information to the study were distributed to the

community individuals.

Definition of Community - Associated Samples

Community — associated samples were defined as stated by previous researchers.

(Onanuga et al., 2005).

Media

The following media were used in this study: Mannitol Salt Agar — MSA (Oxoid),

Oxacillin Agar (Oxoid), Nutrient Agar (Oxoid) and Nutrient Broth (Oxoid). These media

were prepared according to manufacturers’ instruction and refrigerated prior to usage.
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Sampling

Nasal swabs (both anterior nares) were collected randomly from 200 healthy
individuals who were classified into two groups namely male and female between 18 - 40
years from three communities in Jos South Local Government Area. Hundred samples from
each group were collected using sterile swab sticks in batches and transported immediately to

the laboratory. Each swab was properly labelled for easy identification.

Isolation and identification of bacteria

Swab samples were aseptically applied to a small area (the well) of MSA plates
whose surfaces have been dried in the incubator shelf at 37 °C for 10 minutes prior to use.
Each inoculum was aseptically streaked out from the well to obtain discrete colonies. The
plates were then incubated aerobically at 37 °C for 24 hours. The characteristics golden
yellow colonies were aseptically isolated subcultured onto nutrient agar slants and further
identified using established microbiological methods that include colonial morphology, Gram
stain characteristics and biochemical tests (Cheesbrough, 2004). Isolates that were Gram-
positive cocci in clusters, catalase positive and coagulase positive were considered as S.

aureus in this study.

Biochemical identification of presumptive MRSA isolates

All the presumptive MRSA isolates were differentiated from other coagulase positive

isolates following the methods of Cheesbrough, (2002).

Antibiotics resistance test

A total of eight (8) antibiotics were obtained from a reputable pharmaceutical store in
Bukuru, Jos. They are: Cloxacillin (Hovid, Malaysia), Ofloxacin (International Dispensary
Asssociation (IDA), Netherlands). Ampicillin (International Dispensary Association (IDA),
Netherlands). Erythromycin (Mekophar Chemical Pharmaceutical, GMP, Vietnam).
Gentamycin (Green Field Pharmaceutical Limited, China). Tetracycline (Green Field
Pharmaceutical Limited, China). Amoxicillin (Troge Medicals, GMBH, Hamburg and

Germany). Cotrimoxazole (Petisow Laboratory Limited, Nigeria ). Cloxacillin was prepared
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according to the method for dilution for antimicrobial susceptibility testing given by the
Clinical and Laboratory Standards Institute (CLSI) . The remaining antibiotics were prepared
into dics form according to the performance standard for antimicrobial disc susceptibility
testing given by CLSI . Thus, the antibiotic discs were used with their concentration as
follows: Ofloxacin (5 png), Ampicillin (10 pg), Erythromycin (15 pg), Gentamycin (10 pg),
Tetracycline (30 pg), Amoxicillin (25 pg), Cotrimoxazole (23.75 pg).

Phenotypic detection of MRSA using the oxacillin agar

Susceptibility of all the isolates, which were S. aureus was done by means of the agar
screening method on nutrient agar containing 6 pg / mL of Oxacillin (Cloxacillin; 500 mg)
and 4 % Sodium chloride. The S. aureus isolates were standardized to 0.5 Mcfarland standard.
The standardized suspension was spot inoculated aseptically onto the nutrient agar plates. The

plates were incubated for exactly 24 hours at 30 °C.

Antibiotics susceptibility testing (AST) to other tested antibiotics

The antibiotics resistance pattern of the isolates was determined against seven
commercial antibiotics. A sterile wire loop was used to touch three well isolated colonies of
each isolates on agar plate and emulsified in 4 ml of nutrient broth. The broth culture was
incubated for few hours until it became slightly turbid and the turbidity of each suspension
was then matched to standard turbidity (0.5 Mcfarland standards). A sterile cotton swab was
dipped into standardized bacterial test suspension of each isolate and used to evenly inoculate
the entire surface of the dried nutrient agar plates. Excess fluid was removed by pressing and
rotating the swab against the side of the tube above the level of the suspension before
inoculation. After inoculation, the surface of the agar was dried for 5 minutes with the
petridish lid in place after which the appropriate antibiotic disks, which have been allowed to
attain room temperature about 1 hour before use were aseptically placed evenly on each
inoculated plates with sterilized forceps. Each disk was firmly pressed to ensure its contact
with the agar surface. Within 30 minutes of applying the disks, the plates were inverted and
incubated aerobically at 35 °C for 18 hours. S. aureus (Oxford strain) was used as positive
control. After 24 hours incubation, zones of inhibition exhibited by each isolate against tested

antibiotics were measured and recorded in milimeter. These were then interpreted as
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susceptible, intermediate and resistant according to standard specifications of CLSI, designed

for antibiotics testings (CLSI, 2002; Cheesbrough, 2004; Margaret, 1997).

RESULTS AND DISCUSSION

Out of the two hundred nasal swab samples collected and screened, a total of 98 (49
%) of the isolates were found to be S. aureus based on morphology and biochemical tests. The
prevalence rate from male and female individuals were 48 (48 %) and 50 (50 %) respectively
as shown in Table 1. Table 2 shows the prevalence rate of MRSA and MSSA colonization
among healthy individuals in the community. Of the S. aureus isolated, 62 (63.3 %) were
MRSA while 36 (36.7 %) were MSSA. The result of the antibiotic susceptibility pattern of
methicillin-resistant isolate to other antibiotics is shown in Table 3. The result show high
resistance to Ampicillin (88.7 %), Amoxicillin (85.5 %), Tetracycline (80.6 %),
Cotrimoxazole (80.6 %) but had low resistance to Erythromycin (35.5 %), Gentamicin
(12.9%) and Ofloxacin (1.6 %). Also, the antibiotic susceptibility pattern of Methicillin-
susceptible isolates to other antibiotics is shown in Table 4.The result also show high
resistance to Ampicillin (80.6 %), Tetracycline (72.2 %), Amoxicillin (69.4 %),
Contrimoxazole (66.6 %) but low resistance to Erythromycin (25 %), Gentamicin (1 %) and
Ofloxacin (1%). The prevalence of multi-drug resistance among MRSA isolates is shown in
Table 5. Multidrug resistance was defined in this study as resistance to three or more of the
antibiotics tested. Thus 55 (88.7 %) of the MRSA isolates showed multidrug resistance to the
antibiotics tested while only 3 (4.84 %) were fully susceptible to all the tested antibiotics. The
prevalence of multidrug resistance in the MSSA isolates is shown in Table 6. 26 (72.2 %) of
the MSSA isolates showed resistance to at least three 3 tested antibiotics while only 5 (13.9

%) were fully sensitive to all tested antibiotics.
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Table 1 Frequency of isolation of S. aureus from healthy community individuals in Jos

South, Nigeria.

NUMBER OF
SOURCE Sl\lIA[lJ\l/}/i’]iE]i:I]{) SAMPLES S. aureus
COLLECTED
Number  Percentage(%)
Male 100 100 48 48
Female 100 100 50 50
TOTAL 200 200 98 49

Table 2 Percentage prevalence of MRSA and MSSA in the community

SOURCE MRSA MSSA
Number Percentage (%) Number Percentage (%)
Male 28 28.6 20 20.4
Female 34 34.7 16 16.3
Total 62 63.3 36 36.7

Legend: MRSA — Methicillin resistant Staphylococcus aureus.
MSSA — Methicillin susceptible Staphylococcus aureus.

Table 3 Antibiotic susceptibility pattern of 62 MRSA isolated from the nasal swab samples of

healthy community individuals in Jos South, Nigeria.

ANTIBIOTICS RESISTANCE INTERMIDIATE SUSCEPTIBLE
Percen Percen
Number Perz:/:)t age Number ¢ :;))t age Number ¢ :;))t age

Ampicillin 55 88.7 0 7 11.3
Amoxicillin 53 85.5 0 0 14.5
Tetracycline 50 80.6 0 0 12 19.4
Cotrimoxazole 50 80.6 0 0 12 19.4
Erythromycin 22 35.5 4 6.4 36 58.1
Gentamicin 8 12.9 2 32 52 84.0
Ofloxacin 1 1.6 0 0 61 98.4

1396




JMBFS / Opyetuniji I. Ajoke et al. 2012 : 1 (6) 1389-1405

Table 4 Antibiotic susceptibility pattern of 36 MSSA isolated from the nasal swab samples of

healthy community individuals in Jos South, Nigeria.

RESISTANCE INTERMIDIATE SUSCEPTIBLE

ANTIBIOTICS Percen
Number ¢ :;))t age Number Perz:/:)t age Number Perz:/:)t age

Ampicillin 29 80.6 0 0 7 19.4
Amoxicillin 25 69.4 0 0 11 31.0
Tetracycline 26 72.2 0 0 10 27.8
Cotrimoxazole 24 66.6 1 2.8 11 31.0
Erythromycin 9 25.0 0 0 27 75.0
Gentamicin 1 2.8 7 19.4 28 77.8
Ofloxacin 1 2.8 1 2.8 34 94.4

Table 5 Percentage revalence of multiple drug resistance among 62 MRSA isolates

Parameter Number Percentage (%)
Complete antibiotic sensitivity 3 4.84
Resistance to 1 antibiotic 1 16
Resistant to 2 antibiotics 3 4.84
Resistant to 3 antibiotics 15 24.2
Resistant to 4 antibiotics 18 29.2
Resistant to 5 antibiotics 17 27.4
Resistant to 6 antibiotics 5 8.1
Resistant to 7 antibiotics 0 0

Table 6 Percentage prevalence of multiple drug resistance among 36 MSSA isolates

Parameter Number Percentage (%)
Complete antibiotic sensitivity 5 13.9
Resistance to 1 antibiotic 1 2.8
Resistant to 2 antibiotics 4 11.0
Resistant to 3 antibiotics 10 27.8

Resistant to 4 antibiotics 8 22.2
Resistant to 5 antibiotics 7 19.4
Resistant to 6 antibiotics 1 2.8
Resistant to 7 antibiotics 0 0
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Methicillin-resistant S. aureus (MRSA) has been proven to be one of the most
worldwide spread nosocomial pathogen of the 20" century (Nimmo et al., 2000). New strains
of community-associated (CA)-MRSA that cause infections in healthy people have also been
detected worldwide (Vandenesch et al., 2003), and its increasingly developing resistance to
many antibiotics (Lowy, 2003). An overall prevalence rate of 98 (49 %) of S. aureus was
obtained from the nasal swab samples of healthy individuals in this study. The rate of S.
aureus colonization in this study were 48 (48 %) and 50 (50 %) for male and female healthy
individuals respectively. This finding is in agreement with the reports of Nester et al. (2001)
that 20 % of healthy adults have continually positive nasal cultures for a year or more while
over 60 % will be colonized at some time during a given year. Also, the colonization rate may
range from 10 % or more than 40 % in a normal adult population (Kloos,1998). In addition,
samples were obtained when the environment was dry and contaminated with various
potential sources especially dust particles and consequently inhaled since the nostrils serves as
an air passage. In significant difference ( P = 0.7 ) was observed in colonization rate of S.
aureus in the male and female group indicating that sex is not a remarkable factor in
colonization and there is no activity or way of life of any of the groups that predisposes them
to S. aureus.

The difference in the MRSA colonization in the male and female group was also not
significant (P = 0.5). MRSA isolated from individuals in this study is community-associated.
Some studies have suggested that recent antimicrobial drug use play a role in CA-MRSA
colonization (Bagget et al., 2004; Ellis et al, 2004). This study does not confirm this
hypothesis since none of the individuals has had recent antimicrobial therapy, healthcare
contacts and strains were resistant to beta-lactam antibiotics. However, this findings support
the reports by Onanuga et al. (2005) who observed 69 % MRSA colonization rate from
healthy women who were not on any antibiotics and had not been admitted in the hospital in
the last one year before sampling. Lina ez al., (1999) reported that a common stable marker
gene in CA-MRSA is the Panton-Valentine Leukocidin gene , and CA-MRSA isolates are
distinct strains emerging de novo from community-associated methicillin susceptible isolates
(Susan and Robert, 2007). Therefore, possession of MRSA isolated in this study of Panton-
Valentine Leukocidin gene is to be investigated. In this study, the percentage resistant to
oxacillin (methicillin) is of great concern and has been widely reported internationally
(Fridkin, 2001; Hiramatsu et al., 1997), and in Nigeria communities (Ikeh, 2003;
Onanuga et al., 2005; Olayinka et al., 2005).
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The MRSA isolated in this study showed high resistance to Ampicillin (88.7 %) and
Amoxycillin (85.5 %), which support the findings that MRSA strains are equally resistant to
all beta-lactam antibiotics (Weems, 2001; Gross- Schulman ez al., 1998). The high level of
resistance observed in ampicillin is also in agreement with the reports by Onanuga et
al.(2005) who observed a resistivity of 91.7 % and 100 % to ampicillin respectively in their
two different findings. The MRSA isolated also showed a high resistance to tetracycline (80.6
%) and Cotrimoxazole (80.6%) but had low resistance to Erythromycin (35.5 %). The
resistance observed in tetracycline and cotrimoxazole is similar to the reports of Ogmibu and
Omu (1986) and Uwaezuoke and Aririatu (2004) who observed a resistivity of 71.4 % and
87.5 % respectively to tetracycline and Sonal ef al. (2003) who observed a resistivity of 88 %
to cotrimoxazole. In addition, resistance observed toward tetracycline and cotrimoxazole may
be attributed to the capability of the organism to exhibit remarkable versatility in its behavior
towards antibiotics and that most isolates of S. aureus are resistant to commonly prescribed
antibiotics (Grassi, 1998; Olayinka et al., 1995).

The low resistance observed by the MRSA isolated in this study towards
Erythromycin is also similar to the reports of Hantash ef al. (2008) who observed a resistivity
of 38 % to Erythromycin. In this study, a high susceptibility to Ofloxacin, a Fluoroquinolone
and Gentamycin in the MRSA isolated were recorded. The high sensitivity to Ofloxacin (98.4
%) and Gentamycin (83.9 %) supports some previous reports (Ehinmindu, 2003; Fridkin et
al., 2005; Ikeh, 2003;0nanuga et al., 2005; ; Nordmann and Nass, 2005; Olayinka et al.,
2004; Uba and Umar, 2004). In 2001, Polyzou et al., reported that high susceptibility to
Ofloxacin and Gentamycin may be as aresult of conferring genes being absent in these
MRSA strains. Also, gentamycin, an aminoglycoside though very cheap, its high
susceptibility may be due to the complexity of the aminoglycoside and the route of
administration while the fluroquinolones are newer drugs with mode of action centre on
inhibition of the DNA replication which stops the multiplication of bacterial cells and
relatively expensive therefore are more likely not available for abuse (Onanuga et al.,2005).
In addition, susceptibility of the MRSA isolated to Ofloxacin and Gentamycin supports the
findings of Onanuga et al. (2005) that these non-beta-lactam antibiotics may provide an
opportunity for the recommendation of these drugs for the treatment of CA-MRSA infections.
Furthermore, a high level of multiple drug resistance was observed in both MRSA and MSSA
isolated from healthy community individuals in the study. 94 % of the MRSA and 83.3 % of
the MSSA isolated were resistant to at least two antibiotics tested and only 4.8 % of the

MRSA and 13.9 % of the MSSA isolated were susceptible to all the antibiotics tested in this
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study. This observation confirms the postulation that healthy members of the community are
the highest reservoir of antimicrobial resistant bacteria (Laminkanra ef al., 1996). The high
prevalence rate of multi-drug resistant MRSA from the nasal swabs of healthy individuals in
the community should be of great and immerse concern to the health professionals and all
members of the society because transmission of infections caused by these strains is readily
established by close contact (Xander et al, 2006). This study however involved a small
number of isolates, larger community based studies are needed to confirm the true prevalence

and that transmission is occurring more frequently in community setting.

CONCLUSION AND RECOMMENDATION

The study has established a high prevalence of multi-drug resistance MRSA among
healthy community individuals without any healthcare risk factor. The MRSA isolated
showed multiple drug resistance to the beta-lactams and commonly prescribed antibiotics
tested-cotrimoxazole and tetracycline. The society is presently characterized with
inappropriate prescription, unethical dispensing and indiscriminate use of antibiotics. Drugs
are made available to the public at large in the country commonly known as over-the-counter
availability of antimicrobial drugs which allows people to practice self medication. This
increases the rate at which most antibiotics are losing the battle in the treatment of infections.
Antibiotics are also sometimes prescribed without determining bacterial sensitivity to
antibiotics. Furthermore, many physicians administer antibacterial drugs to patients with cold
or other viral diseases and most patients frequently stop taking their medications when
syndromes go away but the infection is not completely gone. All these encourage the
emergence of resistant strains. It can be concluded therefore, that there is an urgent need to re-
assess policies on antibiotics use within and outside the hospital environment. Therefore,
control of multiple drug resistance will provide a major challenge to both the healthcare
community and the society in general.

The following recommendations are essential in the containment of resistance to
antimicrobial agents:
1. Formulation and implementation of a national drug policy by the government to
ensure rational use of antibiotics.
2. Effective education and training of the public about the appropriateness and
limitations of antibiotics to ensure that they are utilized wisely and also the need to

adopt a high personal hygiene.
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3. Proper prescription of antibiotics and implementation of an agreed control infection
policies.

4. Laboratories should screen patients properly to give an early warning of the presence
of a resistant organism and allow the assessment of barrier and infection control
techniques.

5. The use of antibiotics in livestock and animal feeds should be adequately controlled.
This may aid transmission of resistant strains from animals or livestock to humans and

further complicating the epidemiology of this organism.
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