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ABSTRACT

Background: This study evaluated the Antibiotic Resistant Pattern and Multiple
Antibiotic Index of multidrug-resistant Staphylococcus aureus from wound infection
patients in Federal Medical Center Umuahia, Abia State, Nigeria.

Methods: A total of 300 wound swab samples from diabetic leg ulcers, accident wounds,
burn wounds and surgical site wounds were collected from different wards and
cultured on Blood agar and Mannitol Salt agar.

Results: S. aureus was isolated from 50 (16.7%) samples, of which, 14 (28%) were
diabetic leg ulcers, 11 (22%) accident wounds, 16 (32%) burn wounds, and 9 (18%)
surgical site wounds. There was no significant difference (P>0.05) in the different wards
and sites of collection and between age and those with highly resistant S. aureus. The
antimicrobial resistance profile of the isolates in the study samples from wound swabs
and surgical site wounds was highest in amoxicillin (100%), erythromycin (100%), and
Norfloxacin (100%). The overall prevalence of methicillin-resistant S. aureus was 14.0%,
while 66% of the S. aureus was multidrug-resistant. Multiple antibiotic resistance index
from the study was between 0.4 - 0.6.

Conclusion: Antibiotic susceptibility testing should be performed before treatment and
adequate measures should be taken.

1. Introduction

conditions in patients undergoing hemodialysis, diabetic
Mellitus, etc. may also be caused by S. aureus [2]. Several

Staphylococcus aureus is a Gram-positive and spherical
coccus with diameters of 1um -1.3 pum. It appears in clusters
like bunches of grapes on microscopic examination. Some of
the strains produce toxins while growing in food. The toxins
can cause gastrointestinal disease which is generally referred
to as Staphylococcal food poisoning. The produced
enterotoxin is a heat-stable protein that resists heating at
100 °C for 30-70 min. S. aureus is also responsible for food-
borne infections [1]. In addition, this organism causes
various diseases such as toxic shock syndrome, septicemia,
and wound infections. Besides, skin pustules, impetigo,
osteomyelitis, renal abscess, pneumonia, endocarditis,
meningitis, gastroenteritis, and sometimes serious

methods can identify S. aureus including Gram’ s staining,
cell morphology, production of catalase and coagulase
enzymes, pigment production, susceptibility to lysostaphin
and lysozyme, and anaerobic production of acid from glucose
[3]. Several other commercially available systems that allow
strains to be biochemically characterized have also been
developed. This organism can cause a wide range of
infections, from minor infections such as skin and eye
infections to major ones like bloodstream infections and
pneumonia [4, 5, 6]. Multi-drug-resistant S. aureus is one of
the main organisms that causes bloodstream infections
which cause morbidity and mortality in the world. [7].
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Studies on bloodstream infections have shown that neonatal
septicemia is commonly caused by this organism [8].
Epidemiological studies found that there is a significant
difference in bloodstream infection causing pathogens
between developed and developing countries [9]. A report
from a Finnish Hospital Infection Program conducted
between 1999-2001 and 2005-2010, found that S. aureus
ranked among the top three organisms that cause
bloodstream infections [10]. Moreover, a nationwide
observational study conducted in Switzerland on all
intravascular catheter tip culture cases showed S. aureus as
one of the most prevalent organisms causing bloodstream
infections in non-intensive and intensive care unit patients
[11]. S. aureus has also been isolated from lower respiratory
tract infections such as pneumonia. Several studies have also
listed its role as the predominant organism causing
ventilator-associated pneumonia [12, 13, 14] which is the
single most common healthcare-associated infection in
intensive care units across the world [14]. S. aureus has also
been reported as the major causative agent of community-
acquired pneumonia [15]. The emergence of infections
caused by drug-resistant bacteria is a serious and growing
global health concern. Significant efforts are made in
developing new antimicrobial compounds with improved
efficacy [16, 17]. The main aim of this study was to determine
the Antibiotic-resistant Pattern of Multidrug-Resistant S.
aureus isolates and the Multiple Antibiotic Index.

2. Materials and Method

2.1 Study Location

The Federal Medical Centre (FMC) Umuahia, Abia State,
Nigeria was used for this research. Ethical approval was
obtained by the ethical committee of the hospital. FMC
Umuahia is located along Aba road. It is one of the FMCs
located in the South-Eastern geopolitical region in Nigeria. It
serves at least all the 17 Local Government Areas in the State.
The study was conducted in the wards and clinics of this
institution. The clinic opens for services on weekdays
between 8.00 am to 5.00 pm. The staff includes consultants,
postgraduate resident doctors, medical officers, nurses,
departmental clerks, and ward attendants. The hospital has
four hundred bed spaces.

2.2 Study Design

The study was a hospital-based cross-sectional analytical
study.

2.3 Sample Collection and Processing

A total of 300 samples were obtained using sterile swab
sticks. These samples were comprised of 93 diabetic leg

ulcers, 75 accident wounds, 69 burn wounds, and 63 surgical
site. wounds. The samples were strictly from the male

78

Antibiotic Resistant Pattern and Multiple Antibiotic Index

surgical, female surgical, wound dressing room, female
medical, plastic surgery, accident, and emergency wards. The
collected samples were inoculated onto Blood agar and
Mannitol Salt agar by streaking method and incubated for 24
h at 37°C. Typical colonies were Gram-stained and standard
biochemical tests were performed to identify the isolates
[18].

2.4 Isolation and identification of bacteria

The pure culture of S. aureus was obtained by aseptically
streaking representative colony of the isolates on culture
plates into freshly prepared nutrient agar, and incubated for
24 hat37°C.

2.5 Antibiotic Susceptibility and Resistance Test

The antibiotic susceptibility and resistance testing of S.
aureus were done using the disk diffusion method by Kirby-
Bauer procedure [19] and was interpreted by the standards
of the Clinical Laboratory Standards Institute (CLSI) [18] on
Muller Hinton agar (Hardy Diagnostics USA). Mueller Hinton
culture plates were inoculated by dipping a sterile cotton
wool swab into a suspension of the overnight growth of the
organism prepared to the density of an Mc Farland no 0.5
capacity standard; excess liquid from the swab was
expressed before inoculation by spread plate method. The
antibiotic discs that were used are of the following
concentrations: Streptomycin 30ug: Norfloxacin 10ug:
Chloramphenicol 30ug: Gentamicin 10ug: Amoxicillin 30ug:
Ciprofloxacin 10ug: Erythromycin 30ug: Rifampicin 10ug:
Ampicillin: Levofloxacin 10ug. After overnight incubation,
the control and test plates were examined to check the
growth for confluent or near confluent. Inhibition zone size
was measured using a ruler and then interpreted using the
standard recommendation of CLSI [20]. The sensitivity and
resistance were recorded as (S) and (R) respectively.

2.6 Detection of Methicillin Resistance

Methicillin resistance determination was done using the
cefoxitin disc diffusion method following the CLSI guidelines
[21]. All the isolates were subjected to a cefoxitin disk
diffusion test using a 30ug disk. A 0.5 Mc Farland standard
suspension of the isolate was made and lawn culture was
done on Mueller- Hinton agar plate. Plates were incubated at
37°C for 24 h and zone diameters were measured. Results
were interpreted according to CLSI guidelines [22]. An
inhibition zone diameter of less than 19 mm was reported as
resistant and greater than 20 mm was considered sensitive.

2.7 Multiple Antibiotic Resistance Index (MARI)

The MARI was calculated as proposed by [23]. MAR index is
defined as a/b.

Where: a is the aggregate antibiotics resistance score of all
the isolates. b=Total number of antibiotics tested. MAR
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index values greater than 0.2 indicate the high-risk source of
contamination where antibiotics are often used.

3. Results and Discussion

The demographic distribution of S. aureus is shown in
Table 1. Isolation of S. aureus from the wound dressing room
was highest at 16 (17.7%) followed by those from the male
surgical ward. Isolation of S. aureus from plastic surgery unit
4 (16.0%) was the least followed by those from accident and
emergency unit 5 (33.3%) and female surgical ward 5(11.1%).
The antibiotic resistance profile of the test organism is
shown in Table 2. Resistance of the various wound types to
the antibiotics showed 82% resistance to norfloxacin, 80% to
ampiclox, and 76% to amoxil while the least resistance was
seen in levofloxacin (26%) and streptomycin (34%). Isolates
from accident wounds also showed 100% resistance to
amoxil, while those from surgical site wounds showed 100%
resistance to Erythromycin and Norfloxacin. There was no
resistance in isolates from burn wounds to levofloxacin (0%).
The sensitivity and resistance of the antibiotics by sex and
age are shown in Table 3. There was no significant difference
(P>0.05) inresistance and also in sensitivity to the antibiotics
used to sex and age. Table 3b shows the sensitivity and
resistance of the antibiotics according to the wards and sites
of collection. There was also no significant difference
(P>0.05) seen in wards and sites of collection to the
resistance of the antibiotics. Table 4 shows the multiple
antibiotic indexes of the isolate. Isolates from accident
wounds were seen to be highest at 0.68 (6.1%). The MARI was
lowest in isolates from burn wounds at 0.42 (2.6%) . Table 5
shows the incidence of methicillin resistance. Isolates from
accident wounds and surgical site wounds were the least
1(9.1%) and 1(11.1%) respectively, it was highest in diabetic
ulcers 3(21.4%).

This study presented the Antibiotic Resistant Pattern and
Multiple Antibiotic Index of Multidrug-Resistant S. aureus
from wound infection patients in a tertiary institution in
South Eastern Nigeria. Wound infection due to MRSA is a
major concern in resource-limited countries where there are
poor infection prevention and control measures [24]. In this
study, the overall prevalence of S. aureus from wound
infections was 16.6%. This finding is similar to a study
conducted by Awka (17.46%) [25] and by Akinkunmi et al.
(18.3%) [26]. However, the prevalence reported in the
current study is lower than a study by the National
orthopedic hospital Kano (36%) [27]. The variation in
prevalence might be due to variation in the study subjects
and the method employed in the detection of S. aureus.
Infection with S. aureus may also occur due to contamination
of hospital or surgical instruments. In circumstances where
there is the disruption of the natural skin barrier, S. aureus
which is a common bacterium on surfaces easily finds its way
into wounds [28]. Prevalence of S. aureus from the study
concerning wound types showed burn wounds have the
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highest prevalence of 23.1%. This is however lower than
studies reported in Delta (33.3%), [29], Enugu (50%) [30] and
Kano 64.4% [31]. The variations seen in the different studies
may be a result of the difference in locations. Burn wounds
are usually characterized by a large surface area which can
be a potential site for colonization by the organism. The
prevalence of methicillin-resistant S. aureus in the study was
14.0%. This result is closely in line with the study reported
from Cameroon (13.16%) [32]. However, the result is lower
than reports from studies done in Enugu (20.1%) [29] and
other African countries like Libya (31.0%) [33]. Although
methicillin-resistant Staphylococcus aureus prevalence is
known to vary with geographical location, study population,
and the detection methods employed. It is obvious however
that MRSA has become a global nosocomial pathogen with
attendant therapeutic problems. The observed high
prevalence of MRSA in the study may be due to the high rate
of certain antibiotics use either due to availability or cost-
effectiveness issues [30]. Concerning the antimicrobial
resistance profile of the isolates in the study from the various
wound types, S. aureus isolates showed resistance to
norfloxacin (82%), ampiclox (80%), amoxicillin (76%),
chloramphenicol (62%), rifampicin (52%), erythromycin
(44%), ciprofloxacin (42%), gentamycin (42%), streptomycin
(34%) and levofloxacin (26%). This pattern however is not in
keeping with a study done at the orthopedic ward of Ahmadu
Bello University Teaching Hospital Zaria- Nigeria where
ampicillin showed the highest resistance of (100%),
gentamycin (54.5%), and ciprofloxacin (51.5%) [34] and from
a cross-sectional study reported from Jimma university
Southwest Ethiopia where they got ampicillin (95.7%),
ciprofloxacin (96%), norfloxacin (96%) and gentamycin (96%)
[28]. The findings were higher than that reported in a
retrospective study at Ndola teaching hospital where
norfloxacin (69%), chloramphenicol (43%), and ciprofloxacin
(8.6%) were reported. This increased resistance in the various
studies may be due to the antibiotics were used for a long
time. Overuse of antibiotics contributes to organisms
developing resistance [28]. MARI from the study was
between 0.4 - 0.6. A similar trend was observed in a study in
the Maiduguri metropolis (0.4-0.6) [35]. However, lower
values were obtained from studies in Akwa Ibom State (0.1-
0.3) [36]. Variations in the different areas of study may be
due to the source of the isolates.

4. Conclusion

In areas or hospitals where multidrug resistance strains of S.
aureus are highly endemic, encounters with other patients or
health care personnel harboring the strain during the
previous hospitalization may result in transmission and
spread. From the study, the overall prevalence of multidrug-
resistant S. aureus from wound infection patients was 33
(66%), 14% was methicillin-resistant.
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Table 1: Demographic distribution of S. aureus from different units and sites of sample collection

Site No of samples (no of isolate, %)
MSW FSW WDR FMW PSU AEU TOTAL
Diabetic ulcer 30(4, 13.3%) 20(3, 15.0%) 25(4, 16.0%) 15(2, 13.3%) 1(1, 100%) 2(0, 0%) 93(14, 15.0%)
Accident wound 20(3, 15.0%) 5(0, 0%) 25(4, 16.0%) 15(2, 13.3%) 8(1, 12.5%) 2(1, 50.0%) 75(11, 14.6%)
Burn wound 15(4, 26.6%) 10(1, 10.0%) 20(6, 30.0%) 10(1, 10.0%) 9(2,22.2%) 5(2, 40.0%) 69(16, 23.1%)
Surgicalsite wound 5(3, 20.0%) 10(1, 10.0%) 20(2, 10.0%) 5(1, 20.0%) 7(0, 0%) 6(2, 33.3%) 63(9, 14.2%)
TOTAL 80(14, 17.5%) 45(5,11.1%) 90(16, 17.7%) 45(6, 13.3%) 25(4, 16.0%) 15(5, 33.3%) 300(50, 16.7%)

* KEY: MSW- Male Surgical Ward , FSW- Female Surgical Ward , WDR- Wound Dressing Room , FMW- Female Medical Ward , PSU- Plastic surgery Unit , AEU-
Accident and Emergency Unit.

Table 2: Antibiotic resistance profile of the test organisms.

Sample type Number of resistant isolates (%):

No tested CHL CN AMP AMX CPX ERY LEV S RD NB
Diabetic 14 9(64.2) 8(57.1) 11(78.5) 12(85.7) 5(35.7) 2(14.2) 3(21.4) 4(28.5) 3(21.4) 11(78.5)
ulcer
Accident 11 7(63.6) 4(36.3) 10(90.9) 11(100) 7(63.6) 8(72.7) 6(54.5) 7(63.6) 6(54.5) 9(81.8)
wounds
Burn 16 9(56.2) 7(43.7) 11(68.7) 9(56.2) 4(25.0) 3(18.7) 0(0.00) 3(18.7) 10(62.5) 12(75.0)
wounds
Surgical 9 6(66.6) 2(22.2) 8(88.8) 6(66.6) 5(55.5) 9(100) 4(44.4) 3(33.3) 7(77.7) 9(100.0)
site
wounds
Total 50 31(62%) 21(42%) 40(80) 38(76) 21(42) 22(44) 13(26) 17(34) 26(52) 41(82)

* KEYS: Lev- levofloxacin 10ug, NB-Norfoxacin10ug, CHL- Chloramphenicol 30ug, CN- Gentamicin10ug, AMP- Ampiclox 10ug, AMX- Amoxicillin 30ug, CPX-
Ciprofloxacin 10ug, E- Erythromycin 30ug, S- Streptomycin 30ug, RD- Rifampicin 10ug.

Table 3: Sensitivity and resistance of antibiotics inwards and wound types

Wards N Sensitivity Resistance
Mean + SD Mean + SD
Males Surgical Ward 14 3.64+2.59 6.34 +2.59
Female Surgical Ward 5 4,60 £ 2.07 5.40 + 2.07
Wound Dressing room 16 4.56 +2.47 5.43 £2.47
Female Medical Ward 6 6.17 £2.64 3.83+2.63
Plastic Surgery unit 4 4.00 +£0.82 6.00 £ 0.81
Accident and Emergency 5 5.80+2.59 4.20+2.58
Total 50 4.59 +2.46 542 +2.46
F-value (P-value) 1.23(.313) 1.23(.313)
P>0.05=Not Significant
Wound types: 11 3.16+1.73 3.16+1.73
Accident
Diabetic wound 14 490+2.34 5.09+234
Burn wound 16 3.67 £1.91 6.33+£1.91
Surgical site wound 9 1.94 +1.00 1.94 +1.00
Total 50 458 £2.46 5.42 +2.46
F- value (P- value) 1.52 (0.23) 1.52 (0.23)

P>0.05= Not Significant
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Table 4: Multiple antibiotics resistance index (MARI) of the isolates

S/no Sample type Sample MARI Percentage
size (%)
1 Diabetic 14 0.48 34
ulcers
2 Accident 11 0.68 6.1
wounds
3 Burn 16 0.42 2.6
wounds
4 Surgical 9 0.65 7.2
site wounds
Table 5: Prevalence of methicillin resistance of the test isolate
Sample type No tested No positive Percentage
for methicillin (%)
resistance

Diabetic leg 14 3 214
ulcers
Accident 11 1 9.1
wounds
Burn wounds 16 2 12.5
Surgical site 9 1 11.1
wounds

From the demographic distribution of S. aureus, the male
surgical ward had the highest number of isolates 17.5%
followed by the wound dressing room 17.7%. Antibiotic
resistance profile showed the highest resistance to
amoxicillin 100%from accident wound samples and 100%
resistance to erythromycin and norfloxacin from surgical site
wounds. Measures should be put in place by the hospital
management to prevent the transfer of this multidrug-
resistant S. aureus from patient to patient.
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