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Patients with surgical wounds have been reported to be at high risk of MRSA carriage and infection. The prevalence and antibiotic
resistance pattern of this organism in the orthopaedic ward of Ahmadu Bello University Teaching Hospital (ABUTH), Zaria-
Nigeria, a 547-bed Nigerian hospital, were thus studied. A total of 185 isolates of Staphylococcus aureus were confirmed from
217 samples taken from the orthopaedic wards of the hospital using standard isolation methods. Out of these, 44 (23.8%) were
from the wounds of patients and 70 (37.8%) from the skin. The remaining 65 (35.1%) and 6 (3.2%) were from their beds and the
atmospheric air, respectively. Out of these, 33 (75%), 36 (51.4%), and 48 (73.8%) from wounds, skin, and bed, respectively, were
found to be methicillin-resistant Staphylococcus aureus (MRSA) using the disc-sensitive test methods. None was detected from the
atmosphere. The antibiotic susceptibility pattern results showed the level of resistance to be ampicillin 100% in all the three sites,
pefloxacin 90.9%, 72.2%, 66.7%, ceftriaxone 69.7%, 72.2%, 70.8%, gentamicin 54.5%, 52.8%, 37.5%, and ciprofloxacin 51.5%, 47.2%,
35.4% at the wound, skin, and bed sites, respectively. Results confirm that MRSA continues to pose a threat to the hospitalized
patients, especially those with bone and wound infections.

1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) are iso-
lates of Staphylococcus aureus which have acquired genes
encoding antibiotic resistance to all penicillins including
methicillin. This resistance is mediated by an altered peni-
cillin binding protein (PBP2a) which is encoded by the Mec
A gene [1, 2]. They were first discovered in the United
Kingdom in 1961 [3] but have now become a major clinical
problem worldwide [4]. Staphylococcus aureus generally has
been implicated in bone and wound infections encountered
in orthopaedic practice, for example, osteomyelitis, as well as
in postoperative wound infections where they are known to
lead to delayed healing of wounds, delayed union, or even
nonunion of bones whichmay lead to the amputation of such
bones.

Numerous studies have shown that Staphylococcus aureus
is among the most frequently encountered microorganisms

in microbiology laboratories in Nigeria [5–7]. However,
information on the prevalence of MRSA in Nigeria is insuffi-
cient despite the established fact that MRSA is a significant
health threat. Precisely patients with surgical wounds have
been reported to be at high risk of MRSA infection [8].

In the Orthopaedics Department of Ahmadu Bello Uni-
versity Teaching Hospital (ABUTH), the commonly pre-
scribed antibiotics are gentamicin, ciprofloxacin, and ampi-
clox. Even though there has not been a reported case of
MRSA epidemic in this department, this study has become
very expedient because of the significant epidemic potential
of these organisms and the highmorbidity andmortality rates
they cause in humans with rapid development of resistance
which has made it into a major clinical problem worldwide.

This report presents the results of the study of the
prevalence of methicillin-resistant Staphylococcus aureus in
orthopaedic patients/wards in Ahmadu Bello University
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Table 1: Resistance pattern of MRSA isolates from various sites (wound, skin, and bed) to antibiotics.

Antibiotics
Wounds Skin Bed

No. of isolates (%) No. of isolates (%) No. of isolates (%)
R I S R I S R I S

AMP10 33 (100) None None 36 (100) None None 48 (100) None None
CN10 18 (54.5) 7 (21.2) 8 (24.2) 19 (52.8) 5 (13.9) 12 (33.3) 18 (37.5) 8 (16.7) 22 (45.8)
CRO30 23 (69.7) 7 (21.2) 3 (9.1) 26 (72.2) 6 (16.7) 4 (11.1) 34 (11.1) 6 (12.5) 5 (10.4)
PEF5 30 (90.9) None 3 (9.1) 26 (72.2) 3 (8.3) 7 (19.4) 32 (66.7) 3 (6.3) 13 (27.1)
CIP5 17 (51.5) 3 (9.1) 13 (39.4) 17 (47.2) 3 (47.2) 16 (44.4) 17 (35.4) 4 (8.3) 27 (56.3)
R: resistance, I: intermediate, S: sensitive, Amp10: ampicillin 10𝜇g, CN10: gentamicin 10𝜇g, CRO30: ceftriaxone 30𝜇g, PEF5: pefloxacin 5 𝜇g, CIP5: ciprofloxacin
5 𝜇g.

Teaching Hospital Zaria, Nigeria, and the susceptibility pat-
tern of these isolates to a wide range of antibiotics especially
those commonly prescribed in the orthopaedic department
of the hospital. Methicillin-resistant Staphylococcus aureus is
known to have a significant epidemic potential. This report
will therefore serve as a guide in handling reported cases of
MRSA in orthopaedic patients, especially as it is concerned
with the empirical selection of antimicrobial therapy and the
need to pay close attention to cleanliness and other measures
to prevent the spread of MRSA strains among patients and
other hospital staff.

2. Materials and Methods

2.1. Isolation and Purification of Staphylococcus aureus. All
staphylococci used were isolated from the wounds, beds,
and skin of orthopaedic patients in the orthopaedic ward of
Ahmadu Bello University Teaching Hospital Zaria, Nigeria, a
547-bed specialist and teaching hospital, using sterile cotton
swabs moistened in sterile peptone water. The swab was
firmly applied, slowly rotated thoroughly covering the surface
of the wound and/or fractured area. The same was done for
patient beddings and skin (the skin samples were taken from
the exposed parts of the body where there were no wounds
of any sort). The swab was then dropped in a sterile nutrient
broth, placed in an ice pack, and taken to the laboratory to
be incubated at 37∘C for 18 hours. Observed colonies were
further screened for methicillin resistance ability and stored
in the refrigerator at 4∘C on agar slants.

2.2. Identification of Methicillin Resistance Staphylococcus
aureus. All positive agar slats from the above were further
screened for their methicillin resistance capability. This
was done according to the NCCLS (2002) guidelines using
oxacillin in agar screen test. Isolates from a solution adjusted
to 0.5McFarland standard were spot inoculated untoMueller
Hinton agar supplemented with 6 𝜇g/mL oxacillin and 4%
sodium chloride. The plates were incubated at 35∘C for 24
hours. The isolates that survived showing more than one
colony were considered methicillin resistant.

2.3. Antibiotic Susceptibility Test. The Clinical Laboratory
Standard Institute (CLSI) modified disc agar diffusion tech-
nique was used. Discrete colonies of confirmed MRSA iso-
lates growing on nutrient agar plates were emulsified in 3mL

of phosphate buffered solution (PBS) and the turbidity was
adjusted to 0.5McFarland standard.Using a sterile swab stick,
the surface of Mueller Hinton agar in a 90mm diameter plate
was inoculated with the bacterial suspension by streaking
the surface of the agar in three directions, rotating the plate
approximately 60∘ to ensure even distribution. The plates
were allowed to dry for 10 minutes before antibiotic discs
were aseptically applied to the surface of the agar. They were
allowed a further drying period of 30 minutes and then
incubated at 35∘C. Similar treatment was given to Staphy-
lococcus aureus ATCC25923 which was used as a positive
control. The diameter of zones of inhibition produced by
each antibiotic disc was measured and the isolates were
classified as resistant, intermediate, and sensitive based on the
standard interpretative chart of the NCCLS and Fluka zone
interpretative chart in accordance with WHO requirement.

2.4. Determination of Multiple Antibiotic Resistance (MAR)
Index. The MAR index was determined for each isolate by
dividing the number of antibiotics to which the organism is
resistant by the total number of antibiotics tested [9, 10].MAR
index gives an indirect suggestion of the probable source(s) of
an organism.

3. Results

From a total of 217 samples obtained from the hospital, 185
isolates of Staphylococcus aureus (85.25%) were confirmed.
44 (23.8%) of these were from the wounds of patients and 70
(37.8%) were from their skins, while 65 (35.1%) and 6 (3.2%)
were from their beds and the atmosphere of the hospital.

The diameter of the zones of inhibition of the isolates
to various antibiotics was interpreted using the standard
interpretative chart updated according to the current Clinical
Laboratory Standard Institute (CLSI) standard and Fluka
zone interpretative chart, in accordance with WHO require-
ments. The results are shown on Table 1. The percentage of
susceptibility of Staphylococcus aureus isolates from different
sites to different antibiotics is shown on Table 2.

3.1. Detection of Methicillin Resistance. Results obtained
showed that 33 (75%) of the 44 staphylococcal isolates from
wounds screened were methicillin resistant. Out of the 70
skin isolates screened, 36 (51.4%) were methicillin resistant
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Table 2: Multiple antibiotic resistance index of wound, skin, and
bed isolates.

MAR index Number of isolates (%)
Wound Skin Bed

0.1 8 (18.2) 19 (28.8) 7 (10.9)
0.2 None None None
0.3 1 (2.3) 7 (10.6) 8 (12.5)
0.4 3 (6.8) 3 (4.5) 5 (7.8)
0.5 5 (11.4) 4 (6.1) 10 (15.6)
0.6 4 (9.1) 9 (13.6) 8 (12.5)
0.7 None None None
0.8 7 (15.9) 6 (9.1) 9 (14.1)
0.9 7 (15.9) 11 (16.7) 7 (10.9)
1.0 9 (20.5) 7 (10.6) 10 (15.6)
MAR values greater than 0.25 are considered to represent exposure to point
source contamination [9].

and 48 (73.8%) out of the 65 bed isolates were alsomethicillin
resistant.

3.2. Resistance Pattern of MRSA to Antibiotics. Table 1 shows
the resistance pattern of MRSA isolates from various sites
against a number of antibiotics. The results show that the
pattern is in the following (descending) order: ampicillin >
pefloxacin > ceftriaxone > gentamicin > ciprofloxacin.

4. Discussion

Results obtained from this study show that the prevalence of
MRSA isolates (wound (75%), skin (51.4%), and bed (73.85))
( all from in-patients) obtained is reasonably high. Previously,
Ikeh [11] had reported an MRSA prevalence of 43.5% in Jos,
Nigeria, of which 81% was from in-patients. Nwakwo [12],
reported 28.6% prevalence in kanoNigeria, with 62% of these
from in-patients. Taiwo et al., 2004 [13], had earlier reported
a prevalence of 34.7 in the city of Ilorin with 70.6% of this
being from in-patients.

The high incidence of MRSA infection in the hospital
studied may not be unconnected with the location of the
hospital. The hospital is located in the far northern part of
Nigeria where enlightenment status of the people may not be
as high as it is in Lagos and Ibadan (Southern part of Nigeria)
that formed part of the study of Shittu et al. (2012) [14]. If this
factor is considered, the relatively lower incidences observed
in the other results from the other parts of the country can be
explained.

The high prevalence observed in this study which is also
an in-patient, study (all the samples were taken from in-
patients) and those of the in-patients in the other studies
reported, indicate that MRSA continues to be a menace in
Nigerian hospitals and that the spread is no doubt hospital-
aided. This may not be unconnected therefore with the
hospital environment, for example, arrangement of people
in rooms and wards which makes transfer of these organ-
isms among in-patients easier. Poor hygienic conditions and
nonadherence to or even the lack of a relevant antibiotic

policy have been suggested as possible reasons for these
high carriage rates [3]. These suggestions continue to remain
relevant.

The detection of theMec A gene remains the golden stan-
dard and themost acceptablemethod ofMRSA identification
even though other methods like the NCCL 2002 method
employed in this investigation are reported to be highly
specific in identifying MRSA [15]. This comparatively higher
prevalence percentage obtained from a part of Nigeria, where
no reasonable report of MRSA prevalence has been made
before now, is certainly a matter of concern. Results obtained
showed the highest resistance to ampicillin (100% for all
The isolates) and the highest susceptibility to ciprofloxacin
(56.3% for bed isolates) (Table 1). The very high resistance
to ampicillin, a penicillin, is understandable since all MRSA
strains have been variously reported to be resistant to all 𝛽-
lactam antibiotics of which ampicillin is one [16, 17].

Analysis of the results of multiple antibiotic resistances
(MAR) index determined for each isolate by dividing the
number of organisms to which the organism is resistant by
the number of antibiotics tested showed that 79.6%, 60.6%,
and 76.5% of wound, skin, and bed isolates have MAR index
greater than 0.25% (Table 2). This suggests that the isolates
originated from a high risk source of contamination where
antibiotics are often used and possibly abused.

The greatest problem with the control of resistant organ-
isms in the Northern part of Nigeria has remained that
of education. Very high indiscriminate use of antibiotics
(without prescription) is common knowledge. This explains
why the MAR index is high pointing to an external source
of contamination outside the hospital. Education and more
education especially of the local populace remain the most
important step to halting a rise in this infection.

5. Summary

The prevalence rate of MRSA observed in the study is high.
MAR index results obtained show a possibility of misuse and
abuse of antibiotics among the populace even before they
come to hospital.The highest susceptibility was obtainedwith
ciprofloxacin among the antibiotics used.

6. Recommendation

Given the high prevalence obtained in this investigation, it
will be necessary for the government and medical personnel,
especially those involved in the daily prescription of these
commonly used antibiotics, to pay greater attention to the
situation. It is not impossible that these patients may have
encountered these organisms before coming to the hospital;
therefore, continuous education on cleanliness and the dan-
gers of the misuse of antibiotics cannot be overemphasized.

Acknowledgments

The authors appreciate the kind assistance and cooperation
of the management of Ahmadu Bello University Teaching



4 BioMed Research International

Hospital Zaria, Nigeria, and guidance of Professor Josiah
Ademola Onaolapo of Ahmadu Bello University Zaria.

References

[1] E. Palavecino, “Clinical, epidemiological, and laboratory
aspects of methicillin-resistant Staphylococcus aureus (MRSA)
infections,” Methods in Molecular Biology, vol. 391, pp. 1–19,
2007.

[2] M. O. Ahmed, A. K. Elramalli, S. G. Amri, A. R. Abuzweda,
and Y. M. Abouzeed, “Isolation and screening of methicillin-
resistant Staphylococcus aureus from health care workers in
libyan hospitals,” Eastern Mediterranean Health Journal, vol. 18,
no. 1, pp. 37–42, 2012.

[3] O. D. Fayomi, E. I. O. Oyediran, A. T. Adeyemo, and A.
T. Oyekale, “Prevalence and antibiotic resistance pattern of
methicillin- resistant Staphylococcus aureus among in-patients
at a tertiary health facility in Ido-Ekiti, Nigeria,” International
Journal of Laboratory Medicine, vol. 4, no. 2, 2011.

[4] H. F. Chambers, “The changing epidemiology of Staphylococcus
aureus?” Emerging Infectious Diseases, vol. 7, no. 2, pp. 178–182,
2001.

[5] A. K. Ako-Nai, O. Taiwo, A. Ebri, and M. O. Adeniran,
“Bacterial isolates involved in cases of septicaemia in a Nigerian
hospital,” East African Medical Journal, vol. 67, no. 6, pp. 407–
412, 1990.

[6] F. E. Emele, M. I. Izomoh, and E. Alufohai, “Microorganisms
associated with wound infection in Ekpoma, Nigeria,” West
African Journal of Medicine, vol. 18, no. 2, pp. 97–100, 1999.

[7] C. N. Unachukwu, O. K. Obunge, and O. J. Odia, “The
bacteriology of diabetic foot ulcers in Port Harcourt, Nigeria,”
Nigerian Journal of Medicine, vol. 14, no. 2, pp. 173–176, 2005.

[8] R. Coello, J. Jimenez, M. Garcia et al., “Prospective study
of infection, colonization and carriage of methicillin-resistant
Staphylococcus aureus in an outbreak affecting 990 patients,”
European Journal of Clinical Microbiology and Infectious Dis-
eases, vol. 13, no. 1, pp. 74–81, 1994.

[9] P. H. Krumperman, “Multiple antibiotic resistance indexing of
Escherichia coli to identify high-risk sources of fecal contami-
nation of foods,” Applied and Environmental Microbiology, vol.
46, no. 1, pp. 165–170, 1983.

[10] S. Paul, R. L. Bezbaruah, M. K. Roy, and A. C. Ghosh,
“Multiple antibiotic resistance (MAR) index and its reversion in
Pseudomonas aeruginosa,” Letters in Applied Microbiology, vol.
24, no. 3, pp. 169–171, 1997.

[11] E. C. Ikeh, “Methicillin resistant Staphylococcus aureus at Jos
University Teaching Hospital,” African Journal of Clinical and
Experimental Microbiology, vol. 4, no. 1, pp. 52–62, 2003.

[12] B. O. K. Nwakwo, S. Abdulhadi, A. Magagi, and G. Ihesiulor,
“Methicillin-resistant Staphylococcus aureus and their antibiotic
susceptibility pattern in Kano, Nigeria,” African Journal of
Clinical and Experimental Microbiology, vol. 11, no. 1, pp. 1595–
1689, 2010.

[13] S. S. Taiwo, B. A. Onile, and A. A. Akanbi, “Methicillin resis-
tant Staphylococcus aureus (MRSA) isolates in Ilorin, Nigeria,”
African Journal of Clinical and Experimental Microbiology, vol.
5, no. 2, pp. 189–197, 2004.

[14] A. Shittu, O. Oyedara, F. Abegunrin et al., “Characterization of
methicillin susceptible and resistant staphylococci in the cinical
setting: amulticentre study inNigeria,”BMC InfectiousDiseases,
vol. 12, article 286, 2012.

[15] J. M. Andrews, “BSAC standardized disc susceptibility testing
method (version 7),” Journal of Antimicrobial Chemotherapy,
vol. 62, no. 2, pp. 256–278, 2008.

[16] J. J. Weems Jr., “The many faces of Staphylococcus aureus
infection: recognizing and managing its life-threatening man-
ifestations,” Postgraduate Medicine, vol. 110, no. 4, pp. 24–36,
2001.

[17] S. Gross-Schulman, D. Dassey, L. Mascola, and C. Anaya,
“Community-acquired methicillin-resistant Staphylococcus
aureus,” Journal of the American Medical Association, vol. 280,
no. 5, pp. 421–422, 1998.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anatomy 
Research International

Peptides
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 International Journal of

Volume 2014

Zoology

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Molecular Biology 
International 

Genomics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Bioinformatics
Advances in

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Signal Transduction
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Evolutionary Biology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Biochemistry 
Research International

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Genetics 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Virolog y

Hindawi Publishing Corporation
http://www.hindawi.com

Nucleic Acids
Journal of

Volume 2014

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Enzyme 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Microbiology


