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ABSTRACT

ARTICLE HISTORY

Objective: The study was carried out to detect the carriage of methicillin-resistant Staphylococcus
aureus (MRSA) and their antimicrobial susceptibilities in village chickens sold at Maiduguri poultry
markets using phenotypic characterization.
Materials and Methods: This was a cross-sectional study where 120 samples comprised 50%
each of Nasal and cloacal swabs, were, respectively, collected from live village chickens sold at
Maiduguri poultry markets and examined for the presence MRSA based on bacterial culture,
biochemical characteristics, growth on oxacillin resistant screening agar base, and antimicrobial
susceptibility tests.
Results: The study revealed an overall occurrence of 38.33% S. aureus and 32.60% MRSA,
respectively. Antimicrobial susceptibility test was carried out on MRSA positive isolates against
seven antimicrobials. All the isolates (100%) exhibited resistance against cefoxitin, whereas
the least antimicrobial resistance was recorded against erythromycin and streptomycin each
with 26.6%, respectively. In the same way, the highest antibiotic susceptibility in this study
was observed against erythromycin (60%) and least susceptibility was against vancomycin and
streptomycin with 20% each. A varying intermediate antibiotic susceptibility ranging from 13.33%
to 53.33% was observed. Multiple-drug resistance patterns were exhibited by MRSA isolates from
this study with 73.3% of the isolates exhibiting resistance to two or more antibiotics.
Conclusion: This study has shown the carriage of MRSA by village chickens which calls for serious
public health concern and concludes that these birds might have acquired these pathogens from
the environment or infected humans since they normally receive no less medical attention.
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Introduction
The development and acquisition of antimicrobial
resistance (AMR) in bacteria is a world-wide problem
confronting both animal and human health [1]. The
greatest concern for this is poised by the heightened use
of antimicrobials in animal husbandry which could lead
to increased development of resistance by human and
animal pathogens [2]. The high antimicrobial use as a
result of intensive farming had made the transmission of
AMR pathogens from livestock to humans, and/or viceversa a major risk today [1]. Staphylococcus aureus is a
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known commensal and pathogen of a wide range of animal
species including humans. This pathogen is known to be
associated with different forms of infections including
superficial skin and soft-tissue infections, and life
threatening conditions such as endocarditis, toxic shock
syndrome, and necrotizing pneumonia [3,4]. The common
carriage site for the bacterium is the skin, anterior nares,
and oral cavity of man and animals [5–7].
Methicillin-resistant S. aureus (MRSA) was first
reported in 1961 when it emerged as a major pathogen
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of public health importance in both nosocomial and community settings [8,9]. MRSA has the ability to colonize and
cause different forms of infections in a wide variety of host
species including livestock, wildlife, and companion animals and humans [10]. The presence of MRSA in animals
can serve as an important reservoir of zoonotic infections
in humans beside the impacts they poses on the health and
welfare of animals [10,11].
In poultry, S. aureus is associated with the skeleton and
skeletal muscle infections, and this represents a burden
for the poultry industry, particularly broilers [11]. Several
studies have reported the presence of MRSA in poultry
and poultry products with special attention given to exotic
birds such as broilers and layers [12–16]. However, there
is a paucity of information on the carriage of these pathogens in village chickens in which the most cases are reared
under the extensive management systems with no specialize housing, and allowed to feed as scavengers. Even
though village chickens are given no serious medical attention, it is important to study and determine the carriage
of antibiotic resistant pathogens in these birds since they
could serve as important reservoirs of these pathogens.
Therefore, this study was carried out to determine the
carriage and antibiotic susceptibilities of MRSA in village
chickens sold at Maiduguri poultry market.

Materials and Methods

Study design and sampling
This study was a cross-sectional one carried out on local
chickens sold at major poultry markets (Monday market
and custom market) in Maiduguri. A total of 120 (60 nasal
and 60 cloacal swabs) samples were aseptically collected
from 60 local chickens. The samples were collected
by the gentle rotation of sterile swab-sticks dipped in
peptone within the sampling sites (nares and cloacae).
These were tightly closed, labeled, and packed on ice
packs in polystyrene coolers for onward transportation
to the Bacteriology research laboratory, Department of
Veterinary Microbiology, University of Maiduguri for
analysis.
Bacterial isolation and identification

Staphylococcus aureus was isolated and identified following the procedure of Ochei and Kolhatkar [17]. Briefly,
each sample was inoculated into Peptone water (TITAN
Biotech, Rajasthan, India) for enrichment, and incubated
at 37°C for 24 h. This was sub-cultured onto freshly prepared mannitol salt agar (OXOID Basingstoke, UK) and
incubated for 24 h at 37°C. The colonies presumptive of
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S. aureus (golden-yellow colonies) were phenotypically
and biochemically confirmed using grams reaction, haemolysis on blood agar, catalase and coagulase tests.
Detection of methicillin resistance among S. aureus using
ORSAB medium

Fresh S. aureus isolates were then sub-cultured onto
oxacillin resistant screening agar base (ORSAB, OXOID,
Basingstoke, UK) and incubated at 37°C for 18 h for preliminary screening of MRSA. The MRSA were identified
by the production of deep blue colony which is an indication of mannitol fermentation by isolates that are oxacillin
(methicillin) resistant [18].
Antimicrobial susceptibility test of MRSA

Antimicrobial susceptibility tests were conducted in vitro
using Kirby Bauer’s disc diffusion method. The antimicrobials groups used in this study include: aminoglycosides,
macrolides, tetracene, sulphonamide, phenicol, quinolones, glycopeptide, and semisynthetic cephamycin. Briefly,
the turbidity of fresh (24-h broth culture) cultures of
the MRSA isolates from Mueller–Hinton broth (OXOID,
Basingstoke, UK) were adjusted to 0.5 McFarland standard and 1 ml of each was dispensed onto freshly prepared
Mueller–Hinton agar (OXOID, Basingstoke, UK). This was
evenly spread across the surface of the agar by gently tilting
at different angles and allowed for 10 min. Antimicrobial
sensitivity discs were then placed on the agar surface
and allowed to stay for 15 min to allow for pre-diffusion
of the antimicrobials. These were then incubated at 37°C.
Following 24 h incubation, diameters of zones of inhibition
were measured in millimeters using transparent ruler and
the results interpreted based on Clinical and Laboratory
Standards Institute guidelines [19]. The isolates were
tested for susceptibility against cefoxitin (FOX 30 µg),
erythromycin (ERY 30 µg), vancomycin (VAN 30 µg), nalidixic acid (NA 30 µg), tetracycline (TE 30 µg), sulfamethoxazole/trimethoprim (SXT 25 µg), streptomycin (S 10 µg),
chloramphenicol (C 30 µg), and ciprofloxacin (CIP 5 µg)
(OXOID, Basingstoke, UK).
Results presentation and data analysis

The results obtained from this study were summarized as
percentages in the form of tables and charts for descriptive purposes. Fisher’s exact test was carried out to check
for statistically significant association of the occurrence
of MRSA in village chickens’ samples from different sample sites using GraphPad Instat (GraphPad software, 2365
Northside, Dr. Suite 560, San Diego, CA).
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Results
Table 1 is a presentation of the occurrence of S. aureus
and MRSA from the nares and cloaca of local chickens
sampled in Maiduguri poultry market. A total occurrence
38.3% (46/120) of S. aureus was obtained with the
highest occurrence of 40.0% (24/60) from the nares.
However, there is no statistically significant association
in S. aureus occurrence with respect to site of sample
collection (p > 0.05, RR = 0.9167). The occurrence of
MRSA among S. aureus isolated from chickens in this
study is 32.6% (15/46). An occurrence of 41.1% (10/24)
and 22.7% (5/22) were recorded from the nares and
cloacae of birds, respectively. There is also no statistically
significant association observed with the occurrence of
MRSA in chickens with respect to sampling sites (p > 0.05,
RR = 0.5455) (Table 1). Figure 1 shows the antibiotic
susceptibility of MRSA isolates from local chickens in
Maiduguri poultry markets. The highest susceptibility
was recorded against erythromycin 60% (9/15) followed
by sulfamethoxazole/trimethoprim 46.67% (10/15) and
tetracycline 33.33% (5/15), while the least susceptibility
was recorded against vancomycin and streptomycin having

Table 1. Occurrence of S. aureus and MRSA in village chickens from
poultry market in Maiduguri.
Isolates

Sample
sites

No. of
sample

No. (%)
positive

S. aureus

Cloacae

60

22 (36.7)

REF

NA

NA

Nares

60

24 (36.7)

0.7073

0.9167

0.5818–
1.444

Total
MRSA

Total

p value

RR

CI

Multi-drug resistant pattern

No. of isolates (n = 15)

FOX-NA

1 (6.67)

SXT-FOX

2 (13.33)

TET-FOX-NA

1 (6.67)

S-FOX-NA-CIP

1 (6.67)

SXT-FOX-NA-ERY

1 (6.67)

VAN-FOX-NA-ERY

1 (6.67)

S-SXT-VAN-FOX-NA-ERY

1 (6.67)

TET-SXT-VAN-FOX-NA-ERY

3 (20.00)

Total

11 (73.3)

20% (3/15), respectively. However, all the MRSA isolates
were resistant to cefoxitin 100% (15/15). The least
resistance was recorded against erythromycin 26.67%
(4/15) and streptomycin 26.67% (4/15). The multi-drug
resistance pattern of MRSA isolates from village chickens
is shown on Table 2. Out of the 15 isolates, 80% (12/15)
exhibited multiple-drug resistance to at least two different
classes of antimicrobials. Nearly, 26% (4/15) resisted six
antibiotics reflecting the highest multi-drug resistance
by the isolates in the study. This is followed by 6.67%
(1/15) that resisted five antibiotics, 20% (3/15) resisted
four antibiotics, and 13.33% (2/15) displayed resistance
against two antibiotics. It is important to note that all the
isolates exhibited resistance against cefoxitin which is
surrogate for testing for oxacillin resistance.

Discussion

120

46 (38.3)

Cloacae

22

5 (22.7)

REF

NA

NA

Nares

24

10 (41.7)

0.2919

0.5455

0.1817–
1.376

46

15 (32.6)

RR = relative risk; CI = confidence interval.

Figure 1. Antimicrobial susceptibility of MRSA from chickens
sold at Maiduguri poultry market.
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Table 2. Multi-drug resistant pattern of MRSA isolated in village
chickens from Maiduguri poultry market.

Staphylococcus aureus is an important pathogen known to
be associated with various forms of infections in human
and economically important livestock such as large and
small ruminants, poultry, and rabbit [20]. In chickens, this
pathogen is associated with several disease manifestations
such as comb necrosis [21], bacterial chondronecrosis,
lameness [22], and septicemia which may affect a reasonable proportion of a flock [23].
The findings of this study revealed 38.3% occurrence
of S. aureus in village chickens sampled at Maiduguri
poultry markets which closely agrees with the work of
Abdulrahman et al. [24] who reported 39.3% occurrence
of this bacteria in the same target population from the
same study area. However, our finding is lower than that
of Suleiman et al. [25] 83%, Owuna et al. [26] 72.5%, and
Kwoji et al. [14] 72.1%. This variation could be attributed
to the differences in the sampled population. The occurrence of S. aureus in village chickens from this study may
be due to the presence of S. aureus as a normal flora of the
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skin and which is often associated with poor hygiene as
observed by previous studies [14,24].
The emergence of antimicrobial resistant pathogens
poses serious threat for both human and veterinary
medicine [27]. Studies have revealed the occurrence of
MRSA as an increasingly emerging problem in Veterinary
medicine, especially in small animals and poultry [28,29].
Previous reports have shown the occurrence of this
“superbug” (MRSA) in a variety of poultry farms, abattoirs,
carcasses, or food of poultry origin [14,16,30,31].
This study investigated the carriage of MRSA in village chickens from Maiduguri poultry markets and a total
occurrence of 32.6% of MRSA was observed. The growth
of the isolates on ORSAB, and a 100% drug resistance to
Cefoxitin implies that these isolates are methicillin-resistant, and may harbor the mecA gene that confers methicillin resistance among S. aureus [16,18]. The finding of
this work is in contrast to that of Otalu et al. [27] who
reported 0% occurrence of MRSA from village chickens in
Zaria, Nigeria. The detection of MRSA carriage by village
chickens in this study even though they are less exposed to
antibiotics compared with exotic chickens is an indication
that the pathogen is becoming more spread in the environment and could pose serious threat to public health. The
presence of MRSA in exotic chickens raised on commercial
farms linked to frequent and uncontrolled use of antimicrobials has been reported in several studies in Nigeria
with varying prevalence [14,15,27,32].
The antimicrobial susceptibility test of the MRSA
isolates in this study revealed a varying degree of
resistance and susceptibilities, with most isolates resisting
at least two or more classes of the antimicrobials. From our
result, all the isolates showed 100% resistance to cefoxitin.
The high resistance to cefoxitin agrees with the result of
Onanuga and Awhowho [33] who also reported the same
finding in a study carried out at Yenagoa, Nigeria. This
further confirmed that the isolates are methicillin resistant
since cefoxitin is used as a surrogate for oxacillin when
testing for MRSA [18]. Next to cefoxitin, 80% resistance to
nalidixic acid which is similar to the finding of Chaalal et
al. [34] was observed in this work. However, the resistance
of MRSA to Erythromycin observed in this study is lower
than the report of Kwoji et al. [35] who reported 91.7%
resistance to erythromycin in a similar study conducted
in Sokoto, Nigeria. This difference might be because the
sample population in this present study is generally less
exposed to antibiotics compared with what is obtainable
in commercial poultry farms as positioned by Kwoji et
al. [35]. The multi-drug resistance of MRSA to more than
two classes of antibiotics as expressed by 73.3% of the
isolates calls for serious concern and a need for an urgent
intervention in other to tackle the menace of spreading of
these pathogens. This is because some of these antibiotics
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such as vancomycin are considered drug of choice in
the treatment of unresponsive human staphylococcal
infections.

Conclusion

In conclusion, this study recommends an in-depth surveillance of AMR pathogens at molecular level, not only
on commercial settings, but also among local indigenous
species of livestock and wild species that could serve as the
important reservoirs for the spread of these organisms.
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