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Introduction: Staphylococcus aureus is a well-known superbug and leading causes of 
wound infections. The clinical epidemiology of methicillin resistant S. aureus (MRSA) and 
vancomycin resistant S. aureus (VRSA) is not well documented in Ethiopia. The aim of this 
study was to determine the proportion of MRSA, VRSA and associated factors from surgical 
inpatients in Debre Markos Referral Hospital (DMRH), Northwest Ethiopia.
Methods: A facility-based cross-sectional study was conducted from February to April 2020 
at DMRH. A structured questionnaire was used to gather demographic and clinical data. 
Wound swab was collected from inpatients and then inoculated on blood agar and mannitol 
salt agar. The presence of MRSA and VRSA was determined using the cefoxitin (30 μg) 
antibiotic disk diffusion and vancomycin E-test methods, respectively. The data were ana-
lyzed using SPSS 20. Data were analyzed using bivariate and multivariate logistic regression 
analysis. A P-value <0.05 was considered statistically significant.
Results: A total of 242 wound cases were enrolled and the majority of them were males 172 
(71.1%). Among the total enrolled cases, S. aureus was identified from 71 (29.3%) of the 
admitted patients. The proportion of MRSA was 32 (13.22%) and that of VRSA was 4.1%. 
The proportion of vancomycin intermediate S. aureus (VISA) was gauged at 4.5%. Hospital 
stay over 72 hrs, wound depth, current antibiotic use, and previous history of wound 
infection showed statistically significant association with MRSA. On the contrary, VRSA 
did not showed any significant association against the analyzed variables.
Conclusion: High proportions of S. aureus isolates became MRSA; resistant to all β-lactam 
antimicrobial agents excluding newer cephalosporin. In addition, the proportion of VRSA/ 
VISA was also high. Multiple variables demonstrated significant associations with MRSA. 
Hence, intervention measures for MRSA risk groups must be in place. Furthermore, hospital 
infection control and an antibiotic stewardship program should be strengthened.
Keywords: Nosocomial infection, surgical inpatients, MRSA, VRSA, Debre Markos 
Referral Hospital, Ethiopia

Introduction
Staphylococcus aureus is a notorious pathogen that causes a broad spectrum of 
clinical conditions. To mention some, it is a leading cause of bacteremia, infective 
endocarditis, osteoarticular, skin and soft tissue infections (SSTI) and device-related 
infections.1 Some of the common device-related infections due to S. aureus include 
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urinary catheter-related infection and infection of intravas-
cular devices.2 S. aureus is a cause of both nosocomial and 
community-acquired infections.3

Methicillin resistant S. aureus (MRSA) is S. aureus 
that is resistant to early generations of penicillin and 
penicillinase resistant penicillin (methicillin, oxacillin, 
cloxacillin, dicloxacillin, nafcillin) antimicrobial agents. 
Methicillin resistance in Staphylococci is due to conju-
gated staphylococcal cassette chromosome mec 
(SCCmec) gene. All SCCmec types contained the mecA 
gene, which codes for the low-affinity penicillin binding 
protein 2a (PBP2a).4 MRSA is the predominant S. aureus 
isolated from infected wounds.1

The current treatment options for MRSA infections 
include linezolid,5 vancomycin,6 trimethoprim- 
sulfamethoxazole and doxycycline.7 However, most 
MRSA strains are evolutionary competent and becoming 
resistant to several classes of antibiotics including those 
mentioned above. Hence, S. aureus isolated from wound 
infections of hospitalized patients are refractory to anti-
biotic treatment due to biofilms and the presence of 
persister.4

Beginning the late 1980s, vancomycin became the 
antibiotic of choice for treatment for patients infected 
with MRSA in hospital settings.8 However, after a few 
years of marketing, vancomycin-resistant S. aureus strains 
emerged from Japan. Then, five years later after the 
Japanese report, vancomycin-resistant S. aureus (VRSA) 
strains were reported in the USA.9 S. aureus acquire van-
comycin resistance plasmid gene from vancomycin- 
resistant Enterococcus (VRE) through transposon 
Tn1546.10 Linezolid, tigecycline, daptomycin, quinupris-
tin, dalfopristin, ceftobiprole, iclaprim, and novel glyco-
peptides like the dalbavancin, telavancin, and oritavancin 
are a few choices of antibiotics to treat infections caused 
by VRSA isolates.11

Globally, the prevalence of VRSA varies from 9.8% to 
52.4%.12,13 A systematic review and meta-analysis sum-
marized the prevalence of MRSA and VRSA among 
S. aureus isolates in Ethiopia. Accordingly, the prevalence 
of MRSA was extremely variable and ranged from 8.3% to 
77.3% (with pooled prevalence of 32.5%).14 Similarly, the 
prevalence of VRSA ranged from 5.1% to 44.3%.11 There 
was a previous report regarding the prevalence of MRSA 
in DMRH;15 however, this study was distant past (eight 
years ago). The epidemiology of MRSA and VRSA is 
currently unknown in the study setting. Hence, the objec-
tive of the study was to determine the proportion of MRSA 

and VRSA and associated factors from inpatients at the 
surgical ward in Debre Markos Referral Hospital 
(DMRH), Northwest Ethiopia.

Materials and Methods
Study Setting and Context
A facility-based cross-sectional study was conducted 
among wounded inpatients admitted to the surgical ward 
at DMRH, Debre Markos, Ethiopia from February to 
April 2020. The referral hospital provides comprehensive 
medical services, such as inpatient and outpatient treat-
ment for people coming from the surrounding zones and 
nearby regional states. Based on our observation, the 
infection prevention and antibiotic stewardship program 
is very weak in the study setting. In addition, there is 
a practice of buying any antibiotics from a pharmacy with-
out prescription. The adherence of people to treatment is 
very poor due to lack of awareness about drug resistance 
and related consequences. The choice of antibiotics is 
neither based on patient's laboratory report nor based on 
local epidemiological data, rather it is based on best/com-
mon practices. Collectively, these practices might be some 
factors  leading to the emergence of drug resistance in the 
study area.

Variables
While the dependent variables include MRSA and VRSA 
infection, the independent variables include, age, sex, type 
of wound (chronic, burn, nonhealing ulcer, operation, 
trauma, diabetic foot ulcers, and pressure ulcers), length of 
hospital stay, smoking, recent traditional medical treatment, 
occupation, HIV, use of antibiotic, duration of operation, 
types of operation, depth of wound, degree of contamination 
(clean, contaminated, semi-contaminated, dirty), previous 
history of hospitalization, and site of infection.

Population and Eligibility
Patients admitted to the surgical ward of DMRH due to 
wound infection were the study population. Surgical inpa-
tients with active trauma were excluded. Patients who 
were on treatment with glycopeptides, such as vancomycin 
were excluded. In addition, inpatients whose wounds were 
on healing excluded from study.

Sample Size and Sampling Technique
The sample size was calculated based on single population 
proportion formula by taking a prevalence of 19.6% 
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MRSA among inpatients in DMRH.15 Margin of error was 
set to 5% and 95% confidence interval (alpha=0.05).

n ¼
Z2pq
W2 

Where: n=sample size; p=prevalence of MRSA among 
surgical inpatients(19.6%); q=(1–p); z= 1.96, critical 
value; W=0.05, precision (margin of error)

Thus setting these value in to the formula, the sample 
size become 242;

n ¼
1:96ð Þ

2
� 0:196� 0:804

0:05ð Þ
2 ¼

0:605
0:0025

¼ 242 

Participants were enrolled consecutively until the 
required sample size was achieved.

Specimen Collection and Identification
A wound swab was collected using cotton-topped sterile 
applicator stick. After obtaining the specimen, it was 
inoculated on a blood agar plate (BAP) and mannitol salt 
agar (MSA) and then incubated at 35°C for 24 
hrs. Presence of bacterial growth was identified using 
Gram staining followed by catalase and slide/tube coagu-
lase test. Gram-positive cocci, catalase positive, slide/tube 
coagulase positive and golden yellow colony on MSA was 
considered as confirmatory test for S. aureus.16

Antimicrobial Susceptibility Testing
From the pure and fresh S. aureus growth, 0.5 McFarland 
suspensions were prepared using sterile normal saline. 
Then, the suspension was inoculated on Mueller–Hinton 
agar (MHA) for modified Kirby–Bauer disk-diffusion sus-
ceptibility analysis. The antimicrobial susceptibility test 
(AST) was carried out following the clinical and labora-
tory standard institute (CLSI) protocol.17 The MRSA was 
identified using 30 µg cefoxitin disk diffusion test; which 
is a surrogate test for oxacillin resistance. After incubation 
at 35°C for 24 hrs, results were interpreted using CLSI 
guidelines. Zone diameter of ≤24 mm is a breakpoint for 
cefoxitin resistance.17 Evidence showed that, MRSA is 
a requisite for VRSA/VISA.18,19 Hence, we screened 
VRSA/VISA from MRSA cases only; however, the calcu-
lation is among all the enrolled population. Hence, a pure 
colony of MRSA isolates were taken and inoculated on 
MHA to look for VRSA. A vancomycin strip of E-test was 
gripped with a pair of sterile forceps, and placed onto the 
inoculated agar surface. After incubation at 35–37°C for 

18 hrs, the breakpoints of minimum inhibitory concentra-
tions (MIC) were measured. The vancomycin broth MIC 
≤2 μg/mL is considered sensitive, 2–4 µg/mL MIC is 
taken as intermediate and vancomycin broth MIC ≥16 
μg/mL is considered resistant to vancomycin.17,20

Quality Assurance
Each wound swab sample was processed based on recom-
mended standard laboratory procedures by strictly follow-
ing pre-analytical, analytical and postanalytical stages of 
quality assurance techniques that are incorporated in stan-
dard operating procedures (SOPs) of the microbiology 
laboratory unit. For instance, culture media were prepared 
aseptically by autoclaving at 121°C for 15 min and; 5% of 
batch-prepared media were checked for sterility by over-
night incubation. In addition, the performance of BAP and 
MSA were checked for growth of known S. aureus 
ATCC25923. The performance of the antibiotic disks 
were evaluated using American Type cell culture (ATCC) 
controls. As such, S. aureus A TCC25923 (cefoxitin zone 
23–29 mm) and S. aureus ATCC 43300 (zone ≤21 mm) 
were used as control strains to determine the performance 
of cefoxitin disk diffusion test for MRSA. S. aureus ATCC 
29213 MIC of vancomycin broth value 0.5–2.0 µg/mL 
was used as a control strain to measure the performance 
of vancomycin.17

Data Analysis
Data were cleaned, double entered and analyzed using 
Statistical Package for Social Science, version 20 soft-
ware. To assess the presence of any correlation among 
independent variables, we did multicollinearity analysis 
using linear regression analysis. Then, bivariate logistic 
regression was carried out and variables with a P-value 
of less than 0.2 were entered in to multivariate logistic 
regression analysis. A P-value of <0.05 was considered as 
statistically significant.

Ethical Considerations
The study was approved by Institutional Review Board of 
Bahir Dar University and a support letter was written to 
DMRH. Then, the DMRH medical director forwarded the 
letter to the surgical inpatient team for possible support. 
Written informed consent was obtained from each partici-
pant. For participants under 18 years of age, a parent or 
legal guardian of the patient provided informed consent 
and additional assent was also obtained from children 
between seven and 18 years of age. The purpose and 
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importance of the study was explained to the participants. 
In addition, absence of link between the study and their 
surgical service was explained. Participation was entirely 
voluntary. The confidentiality of study participants were 
kept and identification codes were deidentified during 
analysis. In general, this study was conducted in accor-
dance with the Declaration of Helsinki.

Results
Sociodemographic and Clinical 
Characteristics of Participants
A total of 242 study participants were enrolled. Of which, 
the majority 172 (71.1%) were males, with a male to female 
ratio of 1:0.41. The ages of participants ranged from 1–84 
years with a mean age of 33 years and median of 30 years. 
Ninety three (38.4%) of study participants were in the age 
group of 15–30 years. The majority, 171 (70.7%) were rural 
dwellers. One hundred thirty nine (57.4%) of samples were 
collected from traumatized wound (Table 1).

Proportion of S. aureus, MRSA and VRSA
Among 242 inpatients, S. aureus was isolated from 71 
(29.3%) of surgical wound sites. Then, a cefoxitin disk 
diffusion test, which is a surrogate marker for oxacillin 
and other penicillinase resistance penicillin, was carried 
out to determine the proportion of MRSA. The proportion 
of MRSA became 32/242 (13.2%) and it was gauged at 
45.1% when considering S. aureus isolates only. Similarly, 
the proportion of VRSA was 10/242 (4.1%) and the pro-
portion of vancomycin intermediate S. aureus (VISA) 
became 11/242 (4.5%). Zooming in, the proportion of 
VRSA among S. aureus and MRSA isolates were 10/71 
(14.1%) and 10/32 (31.25%), respectively (Table 2). Taken 
together, the proportion of S. aureus, MRSA, VRSA, 
VISA among the surgical inpatients were 29.3%, 13.2% 
and 4.1% and 4.5%, respectively.

As shown in Figure 1 equal numbers, 16 (6.6%) of 
MRSA isolates were recovered from both male and female 
participants. A relatively higher proportion of MRSA 14 
(5.9%) were isolated from the age groups of 15–30 years. 
On the contrary, a relatively, high proportion of VRSA 
isolates were identified among the age group of 31–45 
years, 6 (2.48%). Eighteen (7.44%) MRSA and 7 (2.9%) 
VRSA isolates were recovered from traumatic wound 
types. MRSA and VRSA were more frequently isolated 
among inpatients with deep rather than superficial wounds.

Factors Associated with MRSA and VRSA
Before analyzing the link between dependent and indepen-
dent variables, we assessed the presence of any positive or 
negative correlation among independent variables using 
linear regression model. The tolerance results were 
between 0.8 and 0.9, variance inflation factors were 
between 1 and 1.2 and collinearity diagnostic was <0.5. 
These measures confirmed apparent absence of multicolli-
nearity among independent variables.

Sociodemographic characteristics of study participants 
were assessed for possible association with MRSA coloni-
zation. Gender showed association with MRSA in bivariate 
analysis (P=0.005). Being a rural resident was found to have 
a higher number of MRSA isolates compared to an urban 
resident, 28.2% vs 16.9%. However, the association between 
residency and infection with MRSA was not statistically 
significant. Taken together, there was no significantly asso-
ciated sociodemographic factors with MRSA (Table 3).

Different clinical conditions were assessed for identifica-
tion of association with MRSA infection. As such, depth of 

Table 1 Sociodemographic and Clinical Characteristics of 
Participants, DMRH, February to April 2020

Variables Characteristics Frequency 
(N)

Percentage 
(%)

Gender Male 172 71.1
Female 70 28.9

Age (years) <15 years 34 14.0
15–30 years 93 38.4

31–45 years 64 26.4
46–60 years 33 13.6

>60 years 18 7.4

HIV Yes 127 52.5
No 115 47.5

Residence Rural 171 70.7
Urban 71 29.3

Type of wound Surgical wound 46 19.0
Nonhealing ulcer 19 7.9

Burn wound 16 6.6

Trauma 139 57.4
Abscess 16 6.6

Others 6 2.5

Hospital stay 

over 72 hrs

Yes 197 77.3
No 55 22.7

Total 242 100

Abbreviation: DMRH, Debre Markos Referral Hospital.
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wound (P=0.017), HIV (P=0.027) and diabetes (P=0.031), 
previous history of antibiotic use (P=0.001), currently being 
on antibiotics (P=0.004), and traditional medicine use 
(P=0.034) showed statistically significant association in the 
bivariate logistic regression analysis (Table 3). To avoid the 
confounding effect, all variables with P-value of less than 0.2 
were subjected to multivariate logistic regression analysis. 
The output showed that, hospital stay >72 hrs (P=0.014, 
AOR: 7.402, 95%CI: 1.502–39.49), previous history of 
wound infection (P=0.001, AOR: 24.33, 95%CI: 3.77– 
156.89), currently being on antibiotics (P=0.017; AOR: 7.9, 
95%CI: 1.44–43.39), and depth of wound (P=0.043, AOR: 
4.38, 95%’ CI: 1.049–18.29) still exhibited significant asso-
ciation with MRSA (Table 3).

Similarly, we did both bivariate and multivariate 
analysis to find any variable that might be a predictor 
for VRSA. In the initial bivariate analysis deep site 
wound cases (P=0.036; COR: 10.8, 95%CI: 1.16– 
100.43) and malignancy (P=0.029; COR: 4, 95%CI: 
1.306–150.019) revealed an alliance with VRSA. 
However, the 95%CI was very wide indicating that 
the sample size was too small and the result is impre-
cise for drawing inferential statistics. In addition, simi-
lar results were not obtained in the multivariate 
analysis (table not shown).

Discussion
S. aureus is a cause of community and hospital 
acquired infections with high mortality rate. Although 
it is part of normal human flora, it can cause a wide 
range of diseases, ranging from relatively mild skin 
infections to serious systemic diseases. Many of these 
infections can rapidly become life-threatening unless 
managed promptly.3

In this study, 242 wound swab samples were pro-
cessed and the proportion of S. aureus was 29.3%. The 
proportion of MRSA among the isolates were 45.1% 
which is above the national pooled prevalence estimate 
of 32.5%.14 The present finding was comparable to 
a systematic review and meta-analysis done in 
Ethiopia in which the pooled prevalence of MRSA 
was 47%.21 Similar studies22–24 also reported a high 
proportion of MRSA in different parts of the country 
indicating that MRSA is becoming a superbug with 
limited choice of antimicrobial agents in Ethiopia. 
Moreover, MRSA is an international health challenge 
as revealed by the high rate of drug resistance reports 
in different countries such as 72% in Eritrea,25 21% in 
Turkey,26 82.3% in the Gaza Strip,27 77.9% in Iran27 

and 76% tertiary care hospital in Lahore.12

From the total isolate, 10 (14.1%) were VRSA and 
this figure was in line with a review from Ethiopia 
where the pooled prevalence of VRSA was 11% (95% 
CI: 4–20).21 This finding was in conflict with studies 
elsewhere, 29.4%28 and 21.1%.29 The present VRSA 
report is in line with studies done elsewhere.12,21,30 

Based on a large meta-analysis, the pooled prevalence 
of VRSA in Asia, Europe, America, and Africa was 
1.2%, 1.1%, 3.6% and 2.5%, respectively with high 
heterogeneity among studies.31

Decreased susceptibility of S. aureus to vancomycin has 
been reported elsewhere.32 In the present study with cutoff 
value of MIC of vancomycin broth ≥4 µg/mL E-test; the 
proportion VRSA and VISA combined reached to 29.6%. 
With this cutoff value, our finding is much lower compared 
with reports from other countries.12,30,33

Previous studies suggested that patients with intra-
venous drug use or cirrhosis were at higher risk for 
MRSA and VRSA carriage.34 Deep wound infection 

Table 2 Antibiotic Resistance Pattern of S. aureus Isolates Among Surgical Inpatients at DMRH February to April 2020 (partici-
pants=242, S. aureus=71)

Antibiotics Methods N (%), %=N/242 N (%), %=N/71 AST result Strain

Cefoxitin I–Z ≥22 mm 39 (16.1) 39 (54.9) S MSSA

≤21 mm 32 (13.2) 32 (45.1) R MRSA

Vancomycin MIC ≤2 µg/mL 11 (4.5) 11 (15.5) S VSSA
4–8 µg/mL 11 (4.5) 11 (15.5) I VISA

≥16 µg/mL 10 (4.1) 10 (14.1) R VRSA

Abbreviations: S, susceptible; R, resistant; I, intermediate; I-Z, inhibition zone; MIC, minimum inhibition concentration; DMRH, Debre Markos Referral Hospital; MSSA, 
methicillin sensitive S. aureus; MRSA, methicillin resistant S. aureus; VSSA, vancomycin sensitive S. aureus; VISA, vancomycin Intermediate S. aureus; VRSA, vancomycin 
resistant S. aureus; AST, antimicrobial susceptibility test.
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(P=0.043), previous wound infection (P=0.006), and 
hospital stay >72 hrs (P=0.001) demonstrated an asso-
ciation with MRSA infection. Unlike our study, 
a report by Shariati et al (2020) found an association 
between several variables (hemodialysis dependency, 
long-term use of vancomycin, hospitalization in ICU, 
and use of indwelling devices) and VRSA.31 Apparent 
absence of association between variables and VRSA in 
the present study might be related with the small sam-
ple size used in the present study.

Conclusions
The proportion of MRSA and VRSA were higher in the 
present study. In addition, multiple variables demonstrated 
significant association with MRSA; such as previous wound 
infection, long hospital stay, currently on antibiotics, and long- 
standing deep chronic wounds. Therefore, prompt prevention 
and control measures must be in place for MRSA high risk 
population. Strict adherence to infection prevention methods 
must be in place. Moreover, periodic surveillance and anti-
biotics stewardship program should be in place for generating 

Figure 1 Proportion of MRSA and VRSA among surgical inpatients disaggregated by demographic and wound features at DMRH from February to April 2020. 
Abbreviations: MRSA, methicillin resistant S. aureus; VRSA, vancomycin resistant S. aureus; WT, wound type; WD, wound depth; NHU, nonhealing ulcer; DMRH, Debre 
Markos Referral Hospital.
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Table 3 Clinical and Sociodemographic Analysis for Identification MRSA Predictors from Surgical Inpatients in DMRH, February to 
April 2020, (N=71)

Variable MRSA MSSA COR (95%CI) P-value AOR (95%CI) P-value

Gender

Male 16 32 0.22 (0.08–0.64) 0.005 0.25 (0.06–1.08) 0.064

Female 16 7 1 1

Age (years)

<15 3 5 0.771 (0.16–3.79) 0.749
15–30 14 18 0.825 (0.15–4.5) 0.824

31–45 8 11 0.45 (0.06–3.57) 0.45
46–60 4 3 0.4 (0.04–3.955) 0.433

>60 3 2 1 –

Education

Illiterate 14 12 1.685 (0.54–5.31) 0.373 –

Read and write 9 13 1.167 (0.24–5.698) 0.849
Primary school 4 4 2.722 (0.57–12.91) 0.207

Secondary school 3 7 1.75 (0.25–12.28) 0.573

College/University 2 3 1

Occupation

Civil servant 2 2 1.56 (0.19–13.11) 0.685 –
Farmer 9 14 1.00 (0.09–11.03) 1.00

Merchant 4 4 1.00 (0.104–9.61) 1.00

Student 6 6 0.571 (0.06–5.58) 0.635
Housewife 7 4 6.0 (0.34–107.42) 0.224

Daily labor 1 6 1.00 (0.08–12.56) 1.00

Other 3 3 1

Residency

Rural 20 26 0.83 (0.314–2.215) 0.715 –
Urban 12 13 1

Site of infection
Leg 17 20 0.43 (0.04–5.11) 0.5

Foot 2 1 1.7 (0.37–7.85) 0.496

Hand 3 6 1.06 (0.25–4.60) 0.935
Head and neck 4 5 1.06 (0.25–4.60) 0.935

Back abdomen 4 5 0.43 (0.04–5.11) 0.5

Other 2 2 1 –

Wound depth

Deep 19 12 3.29 (1.23–8.76) 0.017 4.38 (1.05–18.29) 0.043
Superficial 13 27 1 1

Type of wound
Surgical wound 4 4 0.5 (0.06–4.47) 0.535

Nonhealing ulcer 4 2 1 (0.12–8.31) 1.00

Burn wound 3 3 1.39 (0.31–6.30) 0.67
Trauma 18 25 2.5 (0.29–21.40) 0.403

Abscess 2 5 1.2 (–) 0.5 -

Others 1 0 1

Diabetes
Yes 9 3 4.70 (1.15–19.19) 0.031 2.63 (0.44–15.59) 0.287

No 23 36 1 1

(Continued)
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vital AST information which will be used for empirical treat-
ment and further preventions strategy. Further (molecular) 
epidemiological studies are desirable for understanding the 
true depth and breadth of MRSA and VRSA problems.

Abbreviations
BDU, Bahir Dar University; CLSI, Clinical and Laboratory 
Standards Institute; DMRH, Debre Markos Referral 
Hospital; MHA, Muller–Hinton agar; MIC, minimum inhi-
bitory concentration; MRSA, methicillin resistant S. aureus; 
MSSA, methicillin sensitive S. aureus; SCCmec, staphylo-
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Table 3 (Continued). 

Variable MRSA MSSA COR (95%CI) P-value AOR (95%CI) P-value

HIV

Yes 7 2 6.77 (1.25–36.69) 0.027 3.66 (0.34–39.67) 0.287

No 15 29 2.8 (0.45–17.38) 0.269 1.49 (0.13–16.99) 0.748
Unknown 10 8 1 1

Hospital stay >72 h
Yes 27 17 6.99 (2.22–21.96) 0.001 7.40 (1.50–39.49) 0.014

No 5 22 1 1

Previous history of antibiotic

Yes 16 4 8.75 (2.52–30.39) 0.001 0.69 (0.045–10.66) 0.793

No 16 35 1 1

Previous history of wound infection

Yes 17 5 7.71 (2.40–24.77) 0.001 24.3 (3.77–156.89) 0.001
No 15 34 1 1

Malignant disease
Yes 5 1 7.04 (0.78–63.70) 0.083 1.55 (0.04–63.3) 0.817

No 27 38 1

Traditional medicine

Yes 10 4 3.98 (1.11–14.25) 0.034 0.72 (0.103–4.98) 0.74

No 22 35 1 1

Currently on antibiotics
Yes 25 7 4.62 (1.62–13.21) 0.004 7.9 (1.44–43.39) 0.017

No 17 22 1 1

Abbreviations: DMRH, Debre Markos Referral Hospital; MSSA, methicillin sensitive S. aureus; MRSA, methicillin resistant S. aureus; AOR, adjusted odds ratio; P, level of 
significance, CI, confidence interval.
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