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Background: Urinary tract infection (UTI) is a very frequent infection both in the commu
nity and hospital patients, and the emergence of methicillin-resistant Staphylococcus aureus 
(MRSA) in the community setting and infections with this pathogen become a prevalent 
problem among UTI patients. Therefore, the aim of this study was to determine prevalence 
and associated factors of methicillin resistance staphylococcus aureus (MRSA) among 
urinary tract infection suspected patients attending at Arba Minch General Hospital.
Methods: Facility-based cross-sectional study was done at Arba Minch General Hospital 
from July to October 2020. Midstream urine specimen was collected from outpatients, 
cultured and biochemical tests were performed to identify the intended pathogen, finally 
the antibiotic susceptibility pattern of MRSA was done and possible associated factors were 
determined. The cleaned data were entered and analyzed using SPSS version 21.
Results: Four hundred and twenty two (422) adult outpatients were enrolled in this study, of 
which males accounted for 238 (56.4%) of the participants. The mean and standard deviation 
age of the participants was 27.4 (SD 27.4 ± 15.6) years. A total of 54 S. aureus isolates were 
recovered from urine specimen. The prevalence of MRSA among the isolated S. aureus was 
23/54 (42.59% (95% CI (35.0, 47.0)). Participants who had previous exposure to UTI (p < 
0.002), presence of chronic disease (p < 0.029), and hospitalization (p < 0.006) were 
statically associated with the prevalence of MRSA. From all the MRSA isolates, 53.7% 
were resistant against Nitrofurantoin.
Conclusion: This study revealed that MRSA could be prevalent in isolates from patients 
suspected of urinary tract infection and exhibiting different resistance pattern for antibiotics 
commonly used for treatment of staphylococcal infections.
Keywords: methicillin resistance Staphylococcus aureus, urinary tract infection, Arba 
Minch General Hospital Southern Ethiopia

Background
Urinary tract infection (UTI) is the second most common site, after the respiratory 
tract, for bacterial infection in the human population,1 and it is a common world
wide problem. The world annual incidence is almost 250 million.2 It is estimated 
that about six million patients visit outpatient departments and 300,000 of them are 
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treated in the wards every year, worldwide.3 Additionally, 
the infection is considered to affect all age categories, 
from young children up to elderly people in the commu
nity of hospitalized patients.4,5

Many groups of Gram positive and Gram negative 
bacteria have been implicated as causative agents of UTI. 
Staphylococcus aureus is the most important human sta
phylococcal pathogen and is a problematic pathogen in 
human medicine.6,7

The term “Methicillin-Resistant S. aureus” (MRSA) 
refers to the S. aureus that's able to resist the antibiotic 
listed, such as: methicillin, oxacillin, nafcillin, cephalos
porins, imipenem, and other beta lactamase antibiotics.8 

S. aureus, especially MRSA, is relatively ubiquitous and is 
the cause of many community infections.9 Another unique 
characteristic of MRSA is that it's a disease causing patho
gen in the condition of nosocomial infection and also 
community-onset infections which has shown 
a widespread distribution in the last 40 years,10,11 while 
its control has been a global challenge. These MRSA 
associated infections create a serious problem in the case 
of health issues and also socio-economic costs by causing 
mortality and morbidity.12

The incidence of urinary tract infection is increasing 
because patients are more frequently fitted with various 
urinary catheters as endourology progresses 
technologically.13 In complicated urinary tract infections 
and hospitalized patients, Gram positive bacteria such as 
MRSA are comparatively more common.14,15

MRSA has been identified as a major pathogen in 
nosocomial infections. It is estimated that MRSA infec
tions within the healthcare setting alone affected more than 
150,000 patients annually in the European Union, with an 
additional cost of 380 million Euros.16 In the United States 
of America alone 80,461 and 11,285 infections of persis
tent MRSA and associated deaths occurred in 2011 respec
tively, and an estimated annual burden of between 
$1.4 billion and $13.8 billion was attributed to MRSA.17 

Moreover, many African countries have experienced an 
increased burden of MRSA infections in which Ethiopia 
stands at first among those African countries that have 
high prevalence of MRSA infections with 42.8%18 fol
lowed by Nigeria (29.6%), Kenya (27.7%), Cameroon 
(21.3%), Cote D’Ivoire (16.8%), and Morocco (14.4%).19

MRSA is an emerged pathogen that is able to with
stand the effect of different antimicrobials especially 
some strains which produce a biofilm both in hospital 
admitted patients as well as in the community, so rapid 

identification of this resistance can help to eliminate the 
infection effectively. Because of its ability to acquire 
resistance genes, S. aureus becomes resistant to broad 
types of antibiotics.20 The incidence of urinary tract 
infection caused by MRSA is increasing because patients 
are more frequently fitted with various urinary 
catheters.21,22 S. aureus is an etiologic agent of a wide 
range of diseases, from minor infections to life- 
threatening invasive diseases. MRSA caused more than 
19,000 deaths and 278,000 hospitalizations though we 
have no written documents regarding this problem in the 
study area. Thus, this study was aimed to determine 
prevalence, antimicrobial susceptibility and associated 
factors of MRSA among urinary tract infection suspected 
patients attending Arba Minch General Hospital.

Materials and Methods
Study Settings
A cross-sectional study was conducted in Arba Minch 
General Hospital from July to October 2020. Arba Minch 
is situated between the Gamo highlands and the two 
known rift valley lakes: Abaya and Chamo. Arba Minch 
General Hospital is the biggest health institution in the 
Gamo zone. The hospital serves more than 1.5 million 
people by providing preventive, curative and rehabilitative 
care in outpatients, inpatients, pharmacy, and laboratory 
departments. According to data obtained from the hospital, 
the patient flow is outpatient department (OPD) = 89,320, 
inpatient = 11,737, surgery = 2146, medical ward = 1730, 
emergency OPD = 7072, and minor OPD = 6709.

All outpatients who visit the OPD of Arba Minch General 
Hospitals were the source population, whereas those adult 
outpatients who were suspected of having a urinary tract 
infection and visited the OPD of Arba Minch General 
Hospital during the study were the study population. 
Suspected urinary tract infection means a patient who 
has clinical signs and symptoms of urinary tract infection 
and requested a clinical urine sample to be cultured. History 
of antibiotic usage was defined as patients who had received 
any antibiotics prior to two weeks before the current study.

Sample Size and Sampling Technique
Since there is no previous study on MRSA among UTI 
suspected in Ethiopia, we used 50% of population propor
tion formula, and d (0.05) was the margin of error and 
adding 10% of the sample size for non-response rate, the 
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total study sample size was calculated as 422 study 
subjects.

Systematic sampling was performed by estimating the 
total number of patients in the register of the same study 
period and study duration (3 months) in the previous year. 
K value was calculated by dividing total population by 
sample size. Then, the first participant was selected based 
on the value of K. Since k ≈ 1, data collection started from 
the first participant and continues using every other parti
cipant until the total sample size was completely filled.

All adult patients suspected of having a UTI and 
attended the OPD of AMGH during data collection were 
included and those patients who had received antibiotics 
within the last two weeks, aged less than 18 years and 
study participants who were not capable of responding to 
the questionnaire were not included in this study.

Data Collection Process
A structured questionnaire was used as a data collection 
tool. The questionnaire was translated into Amharic and 
was presented to the study participants to collect socio- 
demographic characteristics, and clinical features.

Sample Collection and Processing
During patient urination time, mid-stream urine samples 
were collected using wide mouthed glass bottles. On the 
urine sample bottles the patient’s code, age, and time of 
urine collection were labeled. Study participants were well 
advised to sanitise their hands and their genital area with 
water before collection of 5–10 mL of clean catch mid- 
stream urine samples. Urine samples were transported to 
the microbiology laboratory, department of Medical 
Laboratory Science, College of Medicine and Health 
Sciences, Arba Minch University. Urine samples were 
processed, not longer than 2 hours after collection, if 
there was a delay to process within the 2 hours, samples 
were kept refrigerated at 4 °C until they were processed.23

Isolation and Identification
Urine specimens were inoculated on CLED and Mannitol 
Salt Agar (MSA) using a standard calibrated wire loop 
(1μL).24 A calibrated sterile plastic non-reusable wire loop 
that has a 1.0 mm diameter designed to deliver 1 μL 
(0.001 mL) of urine was used for the quantitative method 
and plating. Microscopic examination was done for all 
collected urine specimens to determine the presence of 
WBC, RBC, Pus cells, epithelial cells and bacteria. 
A loop full of the well mixed urine sample was inoculated 

with Mannitol Salt Agar (MSA) (Oxoid Ltd, England). All 
the streaked culture plates were then incubated at 37 °C for 
24h to 48h. The plates were checked for growth of bacteria 
colony macroscopically.

The bacterial colonies were counted and multiplied by 
1000 to give an estimated number of bacteria present per 
milliliter of urine. A significant bacterial count was taken 
for specimens that produced ≥105 colonies and subjected 
to further identification. A positive culture that produced 
more than 2 types of colonies was considered as due to 
contamination.

Identification of S. aureus was performed based on the 
typical characteristics of the organism, such as round col
ony, convex, golden yellow, mannitol fermenting colonies 
on MSA plates. Aseptically it was picked for further 
purification by repeated streaking on nutrient agar 
plates and characterized following established microbiolo
gical methods of Gram reaction, catalase and coagulase 
positive tests were used to ensure an organism of 
S. aureus.24

Antimicrobial Susceptibility Testing
Antimicrobial susceptibilities of the bacterial isolates were 
performed according to the criteria of the Clinical and 
Laboratory Standards Institute (CLSI), 2019 using the 
Kirby–Bauer disc diffusion method on Muller-Hinton 
Agar (Oxoid Ltd, UK). A 3–4 colony of bacteria was 
taken from a pure culture colony and transferred to 
a tube containing 5 mL sterile normal saline (0.85% 
NaCl) and mixed gently until it forms a homogenous 
suspension. The turbidity of the suspension was adjusted 
to the turbidity of McFarland 0.5 standard in a tube and 
swabbed on Muller Hinton.

The antibiotics used were Ciprofloxacillin (5 ug), 
Ampicillin (10 μg), Tobramycin (10 μg), Nitrofurantoin 
(300 μg), Piperacillin (100 μg), Cortimoxazole (25 μg), 
and Norfloxacin (10 µg). These antimicrobial drug discs 
were selected based on CLSI and also by considering the 
availability of these drugs in the study area for the treat
ment of UTI. After that the antibiotic discs were placed 
on Muller Hinton Agar, then left at room temperature to 
dry for 3 to 5 minutes and incubated at 37 °C for about 
18 to 24 hours and the zones of inhibition were measured 
using a ruler. The results of the antimicrobial suscept
ibility test were interpreted according to the CLSI, 2019 
guidelines.25
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Detection of Methicillin Resistance
Detection of MRSA was performed using the Cefoxitin 
disc as a turning point. Briefly, isolates were subjected to 
Cefoxitin disc diffusion test using a 30 μg disc. A 0.5 
McFarland standard suspension of the isolates was done 
and a culture was done on a Mueller Hinton agar plate. 
Plates were incubated at optimum temperature and time ie, 
35 °C for 18–24 hours, then a zone of inhibition in mm 
was measured. If the zone of inhibition was ≤21 mm in 
diameter, it was reported as methicillin/oxacillin resistant 
and if it was ≥22 mm in diameter, it was considered as 
methicillin/oxacillin sensitive.

Data Quality Control
To ensure data quality, 5% of the sample size (n = 21) was 
pre-tested before the actual work. Two nurses and three 
laboratory data collectors were trained for one day. The 
implementation of quality control measures was applied 
throughout the data and specimen collection, the reliability 
of the research results was guaranteed. Reagents, media 
and antibiotic discs were checked for their quality and 
shelf life before use. After preparation, culture plates and 
antibiotic plates were also stored at the recommended 
refrigeration temperature (2–8 °C). Reference strains of 
S. aureus ATCC25923, was used as controls which were 
obtained from the Ethiopian public health institute.

In general, all laboratory procedures were applied 
based on recommended standard laboratory procedures 
by strictly following pre analytical, analytical and post- 
analytical stages of quality assurance which were incorpo
rated in the standard operational procedures (SOPs) of 
microbiology and parasitology laboratory of Arba Minch 
University.

Statistical Analysis
Data were entered and analyzed using SPSS statistical 
software version 21. Logistic regression was used to see 
the relationship between dependent and independent vari
ables. In all cases a p-value less than 0.05 was used as 
statistically significant of the test. The strength of the 
association was interpreted using an odds ratio in a 95% 
confidence interval. Finally, the results were presented as 
words, percentages, graphs and tables. Variables that were 
found with a statistically significant association (p < 0.05) 
at univariate logistic analysis were entered and analyzed 
by multiple logistic regression analysis.

Ethical Considerations
Ethical clearance was obtained from the institutional 
review board. The objective of the study was clearly 
described to the study participants including the benefits 
and risk, and confidentiality was maintained using identi
fication codes. Considering the objective of the study and 
the demographic characteristics of the participants, the 
institutional review board gave a permission to take both 
verbal or written consent. So both verbal or written 
informed consents were taken from respondents prior to 
enrollment and collection of data. Verbal consent was 
taken from some respondents who are not able to read 
and write, and written consent was taken from those who 
can put their signature, and conducted in accordance with 
the Declaration of Helsinki.

Results
Socio-Demographic Characteristics
A total of 422, urinary tract infection suspected adults 
were investigated during the study period, of which 238 
(56.4%) were females. The ages ranged from 18 to 89 
years with the mean ± SD age of participants being 27.4 
± 15.6 years, Table 1.

Among a total of 422, about 249/422 (59.0%) of the 
study participants had a previous history of antibiotic 
usage in the last 6 months while nearly half of study 
participants, 221/422 (52.4%) had previous histories of 
UTI. From 422 study participants, 153/422 (36.3%) had 
a chronic underlying disease and 148/422 (35.1%) had 
exposure to hospitalization within the last 12 months.

Prevalence of S. aureus and MRSA
Out of a total 422 study participants’ urine cultures, 12.6% 
(53/422) S. aureus were isolated, and 5.9% (n = 25/422) of 
the culture positives were from males and 6.6% (n = 28/422) 
were from females. The isolation rate of S. aureus was the 
highest in the 18–28 years group (35.8% (19/53)) whereas 
47.2% (25/53) was isolated from married study participants.

Out of the 53 S. aureus recovered, 43.4% (23/53) were 
found to be MRSA and the remaining (56.6%) were MSSA. 
The overall prevalence of MRSA among study participants 
was 43.4% [95% CI (35.0, 47.0)]. MRSA in females was 
slightly higher than in males 22.6% (12/53) versus 20.8% 
(11/53). Meanwhile the highest 30.4% (7/23) MRSA was 
detected in the age group 18–28 years followed by age group 
29–39 years 26.1% (6/23). However, MRSA prevalence did 
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not differ significantly comparing males to females and in 
these age groups respectively.

Antimicrobial Susceptibility Pattern
The highest resistance pattern of S.aureus was seen in 
Ampicillin 96.5% (51/53) followed by Piperacillin 
(94.3%), Tobramycin (88.7%), Ciprofloxacin (81.1%), 
Norfloxacine (73.6%), Cefoxitin (43.4%) whereas highest 
sensitivity was seen in Nitrofurantoin (75.5%) followed by 
Cortimoxazole (58.6%). Amongst common antibiotics used 
for treatment of urinary tract infections, Nitrofurantoin was 
the most effective against S. aureus. Among the total num
ber of isolated S. aureus, n = 23 were found to be resistant to 
Cefoxitin (MRSA) while the remaining n = 30 were sensi
tive to Cefoxitin (MSSA), Figure 1.

Both bivariate and multivariable logistic regression 
analyses were done to determine factors associated with 
the prevalence of MRSA. All variables including socio- 
demographic characteristics were assessed to determine 
whether they were a factor or not for the prevalence of 
MRSA with taking P-value less than or equal to 0.25 in 
bivariate analysis as a cut-off point.

In bivariate logistic regression analysis different socio- 
demographic and clinical factors such as marital status 
(married), previous exposure to UTI, previous antibiotic 
usage, presence of chronic underlying disease and hospi
talization, were shown to have a statistical significant 
association with prevalence of MRSA, Table 2.

In multivariate logistic regression analysis; previous 
exposure to UTI, presence of chronic disease and hospita
lization were statistically associated. Those patients who 
have a history of hospitalization were 2 times more likely 
to develop MRSA compared to those who were not 
exposed (AOR: 2.43; 95% CI: 1.30–4.55), Table 3.

Discussion
MRSA is a global public health problem and MRSA 
infections can be found in both hospitals and the 
community.26 It is known as an important bacterial patho
gen that can cause community and hospital acquired urin
ary tract infections with a high morbidity and mortality 
rate in spite of the use of antibiotics.27 In our study we 
found a 12.6% prevalence for S. aureus, and of this 43.4% 
was MRSA.

In the present study, the prevalence rate of S. aureus 
from UTI suspected clients was lower than from a similar 
study conducted in Debre Markos hospital,28 and from the 
other study in northeast Ethiopia.29 In the present study, 23 
of MRSA isolates were recovered from 53 total isolates of 
S. aureus. The overall proportion of MRSA among study 
participants was 43.4% [95% CI (35.0, 47.0)] which was 
slightly higher than the study conducted in India.30 

However, this finding was lower than that of the study 
reported from Debre Markos University, Ethiopia28 and 
from other country studies like; Nepal with a prevalence 
of 82.0%,31 Iran with a prevalence of 55.6%,32 and 64.3% 
reported from Nigeria.33 This difference in isolation rate of 
MRSA could be due to the isolation technique (multiple 
screens) and there might be specific risk factors which are 
not assessed by this study that might decrease the propor
tion of MRSA among S. aureus in the current study, 
sample collection method (they used more than one clin
ical specimen), variation in study participants (since they 

Table 1 Socio-Demographic Characteristics Among UTI 
Suspected Patients Attending at Arba Minch General Hospital, 
Southern Ethiopia, 2020 (n = 422)

Variable Categories Number 
(n)

Percent 
(%)

Sex Male 184 43.6
Female 238 56.4

Age 18–28 138 32.7
29–39 102 24.2

40–50 87 20.6
≥51 95 22.5

Residence Urban 286 67.8
Rural 136 32.2

Educational 

status

Illiterate 37 8.7
Primary 115 27.3

Secondary 181 42.9

College and 

University

89 21.1

Marital status Single 120 28.4
Married 226 53.6
Divorced 50 11.8

Widow 26 6.2

Gov’t employee 126 29.9

Occupation Merchant 93 22.0
Farmer 38 9.0

Student 90 21.4

House wife 47 11.1
Others 28 6.6

Monthly 
income

≤1000 29 6.9
1001–2000 54 12.8

> 2001 151 35.8
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collected from patients with a confirmed UTI whereas this 
study is from UTI suspected participants only).

The overall proportion of MRSA among isolated 
S. aureus in this study was elevated from previous studies 
conducted in Iran (25.8%),34 Nepal (30.8%),35 Uganda 
(33.3%).36 and Nigeria (13%).37 This increased proportion 
of MRSA might be due to differences in geographic area, 
MRSA becoming a global nosocomial pathogen with rapid 
spread to health care as well as community and urinary tract 
infection associated factors may also play an important role 
in increasing the prevalence of MRSA in the community.

The highest level of antimicrobial resistance among 
S. aureus isolates in this study was observed in 
Ampicillin (96.5%) followed by Piperacillin (94.3%), 
Tobramycin (88.7%), Ciprofloxacin (81.1%), 
Norfloxacine (73.6%), and Cefoxitin (43.4%) whereas the 
highest sensitivity was seen in Nitrofurantoin (75.5%) 
followed by Cortimoxazole (58.6%). This report was in 
agreement among studies done in Iran38 and India.39

In a recent study the resistance of MRSA to Ampicillin 
and Tobramycin was 100%. This result was nearly consis
tent with the study done in northeast Ethiopia,29 meanwhile 
the resistance pattern of MRSA for commonly prescribed 

antibiotics was Nitrofurantoin (53.7%), Cortimoxazole 
(64.9%), Norfloxacine (76.3%) and Ciprofloxacin (69.4%), 
and this was similar with a previous study.40

Urinary tract infection's associated factors may play an 
important role in increasing the prevalence of UTIs in the 
study population. In the present study, a number of factors 
were assessed to determine whether they are an important 
factor or not for the prevalence of MRSA among UTI 
suspected patients. Those patients who have a history of 
hospitalization were 2 times more likely to acquired MRSA 
as compared to study participants who do not have a history 
of hospitalization (AOR: 2.43; 95% CI: 1.30–4.55). This 
finding was supported by studies conducted in Ethiopia, 
Jimma University,41 Egypt,42 China,43 Ireland44 and 
Brazil.45 The possible explanation may be due to the 
speed of S. aureus in becoming resistant to Methicillin, 
a similar method of isolation of MRSA, and rapid coloniza
tion of MRSA.

Another important factor which was statistically 
associated with prevalence of MRSA was the presence 
of a chronic underlying disease. Those study partici
pants who have chronic underlying diseases were 2 
times more susceptible to having MRSA relative to 

AMP= Ampicillin, COT= Cortimoxazole, CPR= Ciprofloxacin, MRSA= Methicillin Resistance 
Staphylococcus Aureus, NIT= Norfloxacine, NOR= Norfloxacine, PIP= Pipracilin, TOB= Tobramycin.

Figure 1 Antimicrobials resistance of MRSA among UTI suspected patients attending at Arba Minch General Hospital, Southern Ethiopia.
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those who had not had a chronic underlying disease 
[AOR = 2.03, 95% CI: (1.07–3.83)]. This correlation 
was similar to a study conducted in Uganda.36 In addi
tion study participants who had a history of previous 
exposure to UTI were 3 times more likely to develop 
MRSA relative to those who were not exposed to UTI 
previously (AOR: 2.55; 95% CI: 1.56–7.03).

Limitation of the Study
This study has a limitation that lack of susceptibility test
ing for clindamycin and levofloxacin, both of them which 

were potential options for treatment of MRSA, an appro
priate CFU/mL cut-off to identify clinically significant 
S. aureus bacteriuria and too small sample to analyze 
resistance patterns of MSSA or MRSA.

Conclusion
The overall finding of MRSA in the current study was 
high. Ampicillin and Tobramycin should be no longer 
considered in the first line of drugs for UTI treatment 
because of high resistance. Health information disse
mination about UTI and appropriate antibiotic use 
should be given to clients more specifically for UTI 

Table 2 Bivariate Analysis of UTI Suspected Patients Attending at Arba Minch General Hospital, Southern Ethiopia, 2020 (= 422)

Variables Categories MRSA MSSA COR [95% CI] p-value

Number % Number %

Sex Male 11 47.8 14 46.7 1
Female 12 52.2 16 53.3 0.580

Age 18–28 7 30.4 10 33.3 1.31 (0.29–5.81) 0.671
29–39 6 26.1 6 20.0 2.45 (0.48–13.45) 0.892

40–50 5 21.7 7 23.3 0.22 (0.28–3.21) 0.456

>51 5 21.7 7 23.3 1

Occupation Employee 11 47.8 10 33.3 1
Farmers 4 17.4 4 13.4 1.20 (0.39–3.64) 0.487

Merchant 5 21.7 7 23.3 1.20 (0.19–7.94) 0.823

Student 3 13.0 6 20.0 0.85 (0.12–2.81) 0.509
Others 1 4.3 3 10.0 3.31 (0.295–5.81) 0.617

Marital status Single 8 34.8 11 36.7 0.97 (0.08–8.15) 0.748
Married 11 47.8 14 46.7 0.65 (0.36–1.17) 0.150

Divorced 3 13.0 3 10.0 0.86 (0.08–9.16) 0.901

Widowed 1 4.3 2 6.7 1

Educational status Illiterate 2 8.7 4 13.4 2.55 (0.16–20.85) 0.739
Primary 4 17.4 8 26.7 2.54 (0.48–13.54) 0.892

Secondary 12 52.2 8 26.7 1.21 (0.16–12.75) 0.807

College &above 5 21.7 10 33.3 1

Monthly income <1000 9 39.1 13 43.4 1.45 (0.62–3.39) 0.375
1001–2000 8 34.8 10 33.3 0.91 (0.08–8.15) 0.890

>2001 6 26.1 7 23.4 1

Previous history exposure to UTI Yes 17 73.9 18 60.0 2.05 (0.81–5.14) 0.125
No 6 26.1 12 40.0 1

History of antibiotic usage Yes 16 69.6 17 56.7 1.73 (0.73–4.08) 0.214
No 7 30.4 13 43.3 1

Chronic disease Yes 14 60.8 10 33.4 2.47 (1.13–5.40) 0.023
No 9 39.2 30 66.6 1

Hospitalization Yes 13 56.5 11 36.7 2.34 (1.09–5.05) 0.030
No 10 43.5 19 63.3 1
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patients. Effective methods of infection prevention 
control should be utilized to help reduce this high 
prevalence of S. aureus and MRSA infections. Further 
phenotypic and genotypic studies are needed to estab
lish and clarify the genetic mechanism behind antibio
tic resistance and prevalence.
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