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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA)
is an emerging zoonotic pathogen incriminated in caus-
ing multiple disease conditions in humans and livestock.
Studies have shown relationships between livestock rear-
ing and increased MRSA colonization risk among farm
workers, and also suggest that livestock may serves as
reservoirs of the bacteria and could also infect humans
via close contact and consumption of contaminated an-
imal products. The aim of this study was to investigate
if practicing veterinarians with significant livestock
contacts are at risk for MRSA colonization. Therefore,
a non-randomized survey was conducted to establish
the presence of MRSA among veterinarians practic-
ing in Kebbi State Nigeria, using both cultural charac-
teristics and molecular detection of the resistant gene
(mecA). Forty-one (41) nasal swabs were aseptically col-
lected. The detection rate of MRSA in the veterinarians

was 14.6 %. The study revealed a high occurrence rate of

MRSA among veterinarians in the study area. The rela-
tively high prevalence recorded among veterinarians in
this study could be attributed to the poor understanding
of MRSA as a disease, its mode of transmission and its
status in the country which have contributed immensely
to the little/no awareness of MRSA among veterinarians
and hence making it favourable for the bacteria (MRSA)

to spread.
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INTRODUCTION

Staphylococcus aureus is a gram-positive opportunistic
bacterium affecting both humans and other animals glob-
ally. The emergence of antimicrobial resistant strains of the
bacteria has developed into a cause of concern as a serious

public health problem [33]. Several species of staphylococci
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have been recognized and some of them have been isolat-
ed as commensals in humans with enormous pathogenic
potentials [37]. On mannitol salt agar, S. aureus grows as
golden yellow colonies [30]. S. aureus is a facultative anaer-
obe, growing well under aerobic conditions within 24 hours
[12]. It is found in people and frequently colonizes the nar-
es, the armpit, the perineum, skin folds and the vagina
without giving rise to disease [23]. It is a major opportunis-
tic pathogen that is incriminated in a range of chronic and
acute infections of humans and other animals worldwide
[36]. A fundamental biological property of Staphylococcus
aureus is its ability to colonize both healthy and hospitalized
people asymptomatically; most often involving the anterior
nares [11]. Staphylococcus aureus is a highly pathogenic or-
ganism capable of causing multiple diseases in humans. Its
success as a commensal organism and pathogen is because
of its versatility and rapid adaptability [31]. Mobile genetic
elements (MGEs) as a means for the transfer of genetic in-
formation between and within bacterial species play a criti-
cal role in its adaptation process [24].

As a “superbug’, S. aureus has high morbidity and mor-
tality rates due to its ability to mutate, therefore endowing
it with considerate levels of resistance to different classes
of antibiotics recommended for their treatment [15]. An-
timicrobial resistance to S. aureus is a major public health
threat, compounded with the emergence of vancomycin
and daptomycin resistant strains which are the last line
of antimicrobials [19]. There has been a global increase of
MRSA over the past few decades and livestock associat-
ed methicillin resistant Staphylococcus aureus (LAMRSA)
has remained endemic in certain groups of workers with
direct contact to live animals [41]. Methicillin-resistant
Staphylococcus aureus (MRSA) has been reported in dif-
ferent species of animals and their products [44]. Animals
can serve as reservoirs and also as a source for the emer-
gence of new clones of methicillin-resistant Staphylococcus
aureus (MRSA) in humans [16]. Recently, a new sequence
type belonging to the clonal complex 398 has emerged in
pigs and calves worldwide causing invasive disease in hu-
mans [38]. And since its emergence in the early 2000s, the
new strain of MRSA has increasingly become the cause of
human infections most especially in those with livestock
exposure [35].

The presence of LA-MRSA in farm workers is a major
threat to public health and the health care system [45].

The prevalence of MRSA in humans has been shown to
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be strongly associated with its prevalence in animals and
the intensity of contact with animals positive for methi-
cillin-resistant Staphylococcus aureus [17]. MRSA can be
transmitted between humans and their pets, although the
route of transmission and risk factors for transmission are
not well understood [45]. Bronwyn etal [8] described
a case of human-to-dog transmission of MRSA. Several
researchers postulate that MRSA infection and coloni-
zation in household pets strongly suggests that pets tend
to be infected or colonized with MRSA strain types from
community human populations [23, 45]. Also, researchers
believed that MRSA in pets are closely linked to MRSA in-
fection in humans and that infected or colonized humans
may often be the source of MRSA in household animals
[23]. Nworie etal [29] reported a prevalence of 23 %
of S. aureus amongst meat sellers in Abakaliki metropolis,
Ebonyi State, Nigeria. Nonetheless, the presence of methi-
cillin resistant Staphylococcus aureus has been documented
in Nigeria among farm animals and farm workers [30, 42].

Despite the MRSA colonization rate in animals and
their potential to transmit the infection to veterinarians,
there has not been any molecular detection of MRSA
among practicing veterinarians in Kebbi State, Nigeria, nor
a documentation of its involvement in staphylococcal in-
fections in livestock in the State. Therefore, this study was
aimed at investigating the presence of MRSA among veter-

inarians in Kebbi State, Nigeria.

MATERIALS AND METHODS

Study area

The sampling locations for this study were the Zon-
al Veterinary Clinics in Kebbi State, Nigeria. The state is
located in North-Western Nigeria, which lies between
12.45° N latitude and 4.2° E longitude.

Sample collection

A cross sectional study approach using non-rand-
omized sampling was adopted. Considering the zoonotic
potential of the disease, gloves were used during the col-
lection of the samples. After seeking the veterinarian’s
consent, a nasal swab was taken using a sterile swab and
labelled appropriately. Forty-one (41) veterinarians were
sampled across the state. The study was conducted between
April and June 2019.



Ethical clearance

All the sampling procedures were done in accordance
with the Animal Research Ethics Committee of the Facul-
ty of Veterinary Medicine, Usmanu Danfodiyo University
Sokoto (UDUS/FAREC/03/2019).

Bacteriological culture and isolation

Mannitol salt agar (OXOID) was prepared according
to the manufacturer’s instructions. The prepared agar was
then poured into petri dishes and the prepared plates were
then incubated at 37 °C for 24 hours to ascertain the ste-
rility of the plates before inoculation of the samples (ste-
rility test). The swab stick containing the sample was used
to inoculate the plates by creating a primary well and then
a sterile wire loop was used for streaking in order to obtain
discrete colonies. The streaked plates were incubated at
37 °C for 24 hours. Presumptive colonies of Staphylococcus
aureus species appearing as small, smooth, golden shiny
convex colonies with golden yellow zones on Mannitol salt
agar were picked and inoculated onto nutrient agar slants,
and further incubated at 37 °C for another 24 hours.

Biochemical analysis

All of the colonies grown on nutrient agar medium
were subjected to the following conventional biochemical
tests such as catalase, and coagulase tests for the identifica-
tion of Staphylococcus species.

The catalase test was carried out as described by
Ocheiand Kohlhatkar [30], while the slide agglu-
tination test to determine coagulase positive isolates was

carried out as describedby Cheesbrough [12].

Phenotypic characterization of MRSA

Oxacillin resistance Staphylococcus aureus broth (ORS-
AB; Oxoid) was prepared according to the manufactur-
er’s instructions. Presumptively, S. aureus colonies based
on biochemical test were inoculated on prepared ORSAB
plates. The presumptive MRSA (oxacillin resistant strains)

colonies appeared as bright blue on the media.

Antimicrobial susceptibility test

The Kirby-Bauer disk diffusion method was used to
determine the antimicrobial susceptibility of the isolates
on Mueller Hinton agar using a panel of antimicrobials
including; erythromycin, oxytetracycline, neomycin, pen-

icillin, sulphonamides, gentamycin and vancomycin. The

procedure and interpretations were based upon the rec-
ommendations of the Clinical and Laboratory Standards
Institute [14]. Resistance or susceptibility of the isolates
against the drugs tested were determined based on zones of
inhibition measured to the nearest millimetre using a calli-
per. The sizes of the zones of inhibition were interpreted by
comparing with the breakpoints as described by Clinical
and Laboratory Standard Institute [14].

GENOTYPIC CHARACTERIZATION OF MRSA

Genomic DNA extraction

Genomic DNA was extracted using the traditional
boiling method as described by Chen etal, [13] with
slight modifications. A loop-full suspension of overnight
grown cultures on nutrient agar plate was transferred into
a 1.5 ul microcentrifuge tube containing 200 ul of sterile
distilled water. The suspension was first incubated at room
temperature for 5 min, and then heated in a dry water bath
at 96 °C for 10 min. This was then followed by centrifuga-
tion at 12,000 g for 5 min., and the supernatant was then
collected in a new 1.5 pl tube using a micropipette and
then used as the DNA template.

MecA gene amplification

The DNA of all of the positive ORSAB S. aureus iso-
lates were subjected to amplification by polymerase chain
reaction (PCR) for the presence of the 163 bp fragment
of the mecA gene using the following primers; mecAl
SAAAATCGATGGTAAAGTTGGC-3’(forward), mecA2
SAGTTCTGCAGTACCGGATTTGC-3’(reverse) [26]. The
PCR was performed using the Qiagen Master mix kit in
a 25 pl reaction mixture containing 3 ul of nuclease free
water, 5 ul of the DNA template, 1 pl of each forward and
reverse primer, 2.5 pl of coral load (loading dye, Qiagen)
and 12.5 @l of the master mix (Qiagen). The PCR ampli-
fication protocol comprises of 35 cycles of amplification
with an initial denaturation of 94 °C for 5 min, denatura-
tion at 94 °C for 1 min, annealing at 57 °C for 1 min, exten-
sion at 72 °C for 1 min and then final extension at 72 °C for
7 min (GeneAmp PCR System 9700). The PCR products
were visualized after electrophoresis for 45 min at 90 volts
in a 1 % agarose gel. The bands were then viewed under

a UV trans-illuminator.
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Table 1. Antibiotic susceptibility profile of MRSA isolates (n = 10)
from veterinarians in Kebbi State, Nigeria

Antibiotics  Breakpoints Resistant Inter.  Susceptible
[mm] mediate

Erythromycin 14—22 5 5 -
Oxytetracycline 14—15 5 5 -
Neomycin 13—14 6 4 -
Penicillin 17—18 10 - -
Sulphonamides 13—16 6 3 1

Gentamycin 13—17 7 3 -
Vancomycin 15—19 - - 10

Note: The breakpoints (in millimetres) are based
on the CLSI standard (2008)

Table 2. Antibiotic resistant pattern for MRSA isolates
from veterinarians in Kebbi State, Nigeria.

Antibiotic resistance pattern  Number of isolates

Ery-Oxy-Neo-Pen-Sul-Gen 4
Ery-Oxy-Neo-Pen-Gen 1
Ery-Pen-Sul-Gen 1
Ery-Pen-Gen 1
Oxy-Neo-Pen-Sul-Gen 1
Oxy-Neo-Pen-Sul 1
Neo-Pen-Sul-Gen 1

Ery—Erythomycin; Oxy—Oxytetracyclin; Neo—Neomycin;
Pen—~Penicillin; Sul—Sulfonamide; Gen—Gentamycin

Data analysis
The results obtained in this study which were presented
in tables and percentages, were computed using Microsoft

Excel programme version 2010.

RESULTS

Among the 41 samples cultured, 17 (41.5 %) had colo-
nial growth and biochemical characteristics synonymous
to Staphylococcus sp. However, only ten (10) out of the 41
(24.4 %) samples were MRSA positive based on the pheno-
typic characterization and bright blue pigmentation on the
ORSAB media.
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Fig. 1. Agarose gel electrophoresis image showing amplification of

mecA gene (163bp). Lane L—100 bp ladder; lane P—positive control;

lanes N—negative control; lanes 1, 2, 3, 4, 7, 8—positive samples;
lanes 5, 6, 9, 10—negative samples

The results for the antimicrobial susceptibility tests
revealed that the ORSAB positive isolates exhibited var-
ying level of resistance against the antimicrobials tested,
with five (50 %) showing resistance to erythromycin and
oxytetracycline, six (60 %) of the isolates were resistant to
neomycin and sulfonamides, and 7 (70 %) of them were
resistant to gentamycin. Additionally, all of the MRSA iso-
lates were seen to be resistant to penicillin, while all of the
isolates were susceptible to vancomycin on the other hand
(Table 1). However, four of the isolates were found to show
multidrug resistance (MDR) with Ery-Oxy-Neo-Pen-Sul-
Gen being the most common pattern (Table 2).

Similarly, PCR amplification of all the ten (10) pos-
itive samples on ORSAB for the detection of mecA gene
showed that 60% (6/10) of the isolates possess the mecA
gene (Fig. 1). Hence, the overall molecular detection rate
of MRSA among the veterinarians studied is 14.6 % (6/41).

DISCUSSION

MRSA has been reported in different livestock includ-
ing cattle, poultry and pigs [6, 21]. Several studies have in-
dicated MRSA transmission from livestock to farm workers
[20], but the exact extent of transmission between livestock
and farm workers alongside with its clinical significance
remain unclear; in the same vein whether individuals in
walks of life other than animal rearing are at risk of becom-
ing MRSA carriers remains unknown. The overall detection
rate of MRSA among veterinarians in this study was 14.6 %.

The prevalence recorded in this study were similar to the



prevalence reported by Middleton etal [27] who re-
corded a prevalence of 14 % in veterinarians at a veterinary
teaching hospital in the USA. Also, Loeffler etal [23]
reported a prevalence of 18 % among the veterinary staff of
a small animal hospital in the UK. W eese [45] reported
a prevalence of 13 % among veterinary personnel that came
in contact with animals positive with MRSA in Canada. The
similarities noticed in the prevalence above could be attrib-
uted to the same technique of detection and the sample
size used in our study. Seguin etal [39] reported a na-
sal carriage of MRSA in three (3) of five (5) veterinary staff
during an outbreak of MRSA in an equine hospital in the
USA. Our prevalence was much higher than that reported
by Abudu etal [1] and Maudsley etal [25] that
reported 1.5 % and 0.8 % respectively in a community sur-
vey conducted among the veterinary staff in the UK. This
also can be partly attributed to the fact that the endemicity
of MRSA was higher in Nigeria than the UK and also the
irrational use of antibiotics (beta-lactam) in animals in Ni-
geria was higher than in the UK which can lead to increased
MRSA spread and hence may explain the higher prevalenc-
es recorded. Wulf etal [47] reported a prevalence of
3.9 % among veterinarians. Also, Akilu etal [3] showed
a prevalence of 7 % among veterinary staff at a veterinary
hospital in Malaysia. The relatively high prevalence record-
ed among veterinary staff in our study could be attributed
to the poor understanding of MRSA as a disease, its mode
of transmission and its economic impact to healthcare in
the country which have also contributed greatly to lack of
awareness of MRSA among veterinarians and thus mak-
ing it favourable for the bacteria (MRSA) to spread. Also,
in Nigeria, antimicrobial agents are still readily available
to people in local drug stores over the counter, a practice
which has led to misuse of antibiotics with the associated
high prevalence of antibiotic resistance among Staphylo-
coccus [27]. Nuttall etal [28] suggested that MRSA
could be an occupational hazard to individuals in the an-
imal health profession. Numerous studies have suggested
that animals may serve as a reservoir for human infection
with MRSA [20]. Hanselman etal [18], Wulf etal
[47], Williams etal [46] and Anderson etal [5]
reported that veterinarians have much higher MRSA colo-
nization rates when compared with the general population.
Ishihara etal [20] suggested that in a veterinary hospi-
tal, the veterinary staff might be a primary source of MRSA

infection for the animals.

Slight differences between phenotypic and genotyp-
ic detection techniques were also observed in our study.
Notwithstanding, all isolates that appeared as bright blue
on ORSAB were presumed to be MRSA because ORSAB
has been commonly used for the detection MRSA with
99 % sensitivity in the detection of MRSA as reported by
Becker etal, [7]. The gene responsible for the resistance
(mecA) was detected in 60 % (6/10) of the isolates that were
ORSAB positive in our study. Even though the presence of
mecA has been recognized as the gold standard for MRSA
detection as reported by Aliyu etal, [3], studies have
shown that there exist mechanisms that are non-mec-de-
pendent and they may contribute towards methicillin re-
sistance in staphylococci strains [8, 9]. Aliyu etal, [4],
Usman and Mustapha[43],Shamila-Syuha-
da etal [40],and Pu etal [36] all reported differences in
phenotypic and genotypic detection of MRSA in S. aureus.
So, these discrepancies noticed between the phenotypic and
genotypic methods of detection could be attributed to the
non-mecA-dependent methicillin resistance and heteroge-
neous expression of methicillin resistance in S. aureus. Also,
the discrepancy between the results obtained in our study
and those of the aforementioned researchers above, can be
attributed to the postulation of L e e et al. [22], who opined
that phenotypic resistance of S. aureus to methicillin could
vary depending on cellular growth conditions. Phenotypic
expression of resistance to methicillin in MRSA varies, and
each strain has a characteristic profile of the proportion of
bacterial cells that grow at specific concentrations of methi-
cillin according to Plata etal [34]. It has also been ob-
servedby A desida etal [2] that PCR detection of mecA
gene does not always give indisputable results. Some MRSA
strains have been found to be mecA-negative in PCR, but
resistant to methicillin. Furthermore, some MRSA strains
have also been reported to be mecA positive but suscepti-
ble to methicillin (Olonitola etal [32]). The absence
of mecA in MRSA strains could also be an indication of
the potential presence of “modified S. aureus” (MODSA).
MODSA possess modified penicillin-binding proteins
(PBPs) which was a different classical mechanism of resist-
ance to methicillin in MRSA accordingto Bhutia etal
[10]. In this study, a negative correlation was found between
the phenotypic resistance to methicillin and PCR results for
the detection of mecA gene that code for resistance to me-
thicillin.
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CONCLUSIONS

The overall prevalence of MRSA in veterinarians in our
study was 14.6 %. This suggests that animal health workers
could be at a higher risk of MRSA asymptomatic coloniza-
tion and this could be attributed to occupational exposure
with animals, therefore we concluded that, veterinarians
caring for livestock have a high risk of being colonized by
MRSA. The public health implication of our study was that
veterinarians with professional contact with livestock are
frequently colonized with livestock-acquired (LA) MRSA.
As such, these individuals are presumably the source for
LA-MRSA transmission to household members and oth-
er parts of the human population. The infection of these
group of professionals leads to the introduction of LA-MR-
SA into the hospital and other healthcare facilities. Further
studies are needed to determine the exact source of MRSA
in both animal care providers and the livestock. More so,
in Nigeria, the indiscriminate use of antibiotics in livestock
production could have also contributed immensely to the
patterns of antibiotic resistance recorded in our study al-
though the sample size in our study was not large enough
to make a generalization of the situation, we strongly be-
lieve that it provided evidence of the occurrence of MRSA
in veterinarians in Kebbi State Nigeria and hence can serve

as a baseline data for further investigations.
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