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Introduction 
Anterior nares are the most consistent site of colonization for 

Staphylococcus aureus. Carriage of S. aureus, including MRSA), is 
common in children, and genetic evidence suggests a relationship 
between nasal carriage of S. aureus and MRSA and subsequent invasive 
staphylococcal infection [1].

 The carriage of CA-MRSA was significantly higher among 
children than among adults [2]. Moreover, living with young children 
was associated with increased risk of MRSA colonization in adults [3]. 
This shows that, young children were the major reservoir of MRSA 
in the community and were the main population responsible for the 
accelerated transmission of CA-MRSA and colonization with MRSA 
has a 25% probability of acquiring the infection than methicillin- 
sensitive Staphylococcus aureus (MSSA) [2,3]. 

There has been a remarkable increase in the occurrence of S. aureus 
infections in general and CA- MRSA infections in particular [4]. 
Treatment of serious S. aureus infections can be challenging, and the 
associated mortality rate, among children, remains 20-25% despite the 
availability of highly active antimicrobial agents. However, most anti-
staphylococcal agents are ineffective against MRSA [5]. 

The spread of MRSA colonization occur especially in close 
contact areas like schools, pre-schools or households probably by the 
contaminated hands and surfaces [6].

The majority of afflicted children do not have identifiable risk 
factors for MRSA colonization. While some studies have demonstrated 
socioeconomic status, frequent exposure to antibiotics, healthcare 
worker in the home, child-care attendance, hospitalization, chronic 
illness and previous isolation of MRSA but there is no definite 
consensus as to why healthy children acquire these resistant bacteria 
[7-10].

MRSA is growing throughout the world and its prevalence ranges 
from 5-73%. Across the globe, it was found to be the most common 
cause of bacteremia, respiratory, and skin infections [11,12].

The African data on S. aureus, particularly on antibiotic 
susceptibility, are extremely limited [13]. The prevalence in Africa 
ranged from 5-45% [14].
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Abstract
Background: Young children are major reservoir for community acquired Methicillin-resistant Staphylococcus 

aureus (CA-MRSA) and accelerate transmission of CA-MRSA.

Objective: The aim of this study was to determine the nasal carriage and antimicrobial resistance patterns of 
MRSA isolates among school children in Bahir Dar town, Ethiopia.

Methods: A community based cross-sectional study was conducted to determine the nasal carriage rate 
and antimicrobial susceptibility pattern of MRSA isolates among school children. A total of 300 nasal swabs were 
collected from March 1 to June 30, 2013. MRSA was detected using both Cefoxitin (30 µg) and Oxacillin (1 µg) discs 
in combination and risk factors were assessed using self-administered structured questionnaires. Statistical analysis 
was done using SPSS V-20.

Result: Of 123 S. aureus isolates 17(13.8%) were MRSA isolates. The main risk factors for nasal carriage of 
MRSA in the study area were, having recurrent acute otitis media and use of an antibiotic in the previous year. The 
Susceptibility profiles of MRSA isolates were (94.1%) to Chloramphenicol, Ciprofloxacin and Clindamycin, (88.2%) 
to Ceftriaxone, Erythromycin and Trimethoprim-sulphamethoxazole and (58.8%) to Doxycycline. All the isolates were 
resistant to Penicillin G and sensitive to Gentamycin.

Conclusion: This study showed a rising rate of nasal carriage of MRSA among school children. Previous use 
of antibiotics by the children was statistically associated with MRSA carriage. Therefore developing decolonization 
protocols and proper utilization of drugs are needed in order to reduce the transmission and the burden of MRSA.
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In Ethiopia, MRSA is increasingly reported in hospitals starting 
from the first report since in 1987 [15]. According to Geyid at al., the 
isolation rate of MRSA was 30% [15]. After two years (1993) a study by 
Tenssay et al. in Addis Ababa, 40% of the S. aureus isolates were found 
to be MRSA [16]. In another study at Jimma University Specialized 
Hospital, MRSA isolation rate increased to 51.8% [17]. Gabriel et al. 
found that MRSA isolation rate was 42.8% among healthy workers of 
Jimma specialized Hospital [18] and more recently, a study conducted 
in Jimma, indicates that 18.3% of school children’s anterior nares were 
colonized by MRSA [19]. 

Accurate detection of Methicillin resistance in S. aureus is of the 
greatest importance to ensure effective treatment for the affected 
patient and to prevent further transmission. To our best knowledge, in 
Ethiopia most of studies on prevalence of MRSA are hospital based, and 
there is only a single study on isolation of MRSA from healthy school 
children. Hence this research will be an additional input and aimed 
at defining the current prevalence of MRSA nasal carriage among 
school children in Bahir Dar town, to determine the antimicrobial 
susceptibility pattern of the isolates, and to identify epidemiological 
risk factors associated with MRSA colonization.

Materials and Methods
A community based cross sectional study was conducted at nine 

primary schools from March1 to June 30 in Bahir Dar town. A total 
of 300 participants were recruited for this study. Multistage sampling 
technique was employed to randomly select primary school children 
at school type, grade and section level in order to collect the data and 
bacteriological samples. Individual variables, socio-demographic 
characteristics of the families and potential risk factors for MRSA 
nasal carriage were obtained from the children’s guardians/parents 
immediately after written consent was obtained from the guardians/
parents plus verbal assent from the children (age greater than 7 
years) before swabs were collected using self-administered pre-tested 
structured questionnaires prepared for this purpose. 

Specimen collection and processing

Sterilized cotton swab was introduced 2-3 cm in the nasal cavity and 
rotated 4-5 times both clockwise and anticlockwise before withdrawal. 
A specimen was obtained from each child from both anterior nares 
and placed into Screw capped test tubes containing enrichment broth 
(contained 37.5 gm sodium chloride (NaCl), 1.25 gm yeast extract, 5.0 
gm tryptone, and 500 ml distilled water) [20] and the samples were 
labeled, packaged and transported to Bahir Dar regional laboratory 
within 2 hrs of collection and processed immediately according to 
standard procedures.

Identification of S.aureus and MRSA

Each 10 µl of overnight incubated enrichment broth was inoculated 
in both blood agar and Mannitol Salt Agar (MSA) (Oxoid Ltd., England) 
and incubated at 37°C for 24-48 h [21]. Golden yellow colonies in the 
MSA and white creamy colonies in blood agar indicate S. aureus, which 
is subsequently identified by gram staining, catalase test, tube coagulase 
test and DNase test [22]. S. aureus isolates were tested for methicillin 
resistance by using modified Kirby-Bauer disc diffusion technique [23]. 
Inocula were adjusted at 0.5% McFarland standard and each streaked 
uniformly with swab sticks in Mueller-Hinton agar plates containing 
4% NaCl to obtain confluent growth. The plates were allowed to dry for 
3-5 minutes before the disks used. The Oxacillin (1 μg) and Cefoxitin 
(30 μg) discs were used for susceptibility testing. The plates were 
then incubated aerobically at 35°C for 24 hrs [11]. The results were 

interpreted according to Clinical and Laboratory Standard Institute 
(CLSI) guidelines for Oxacillin and Cefoxitin susceptibility testing: 
a zone size of ≤ 10 mm was considered resistant; a zone size of ≥ 13 
mm was considered susceptible for Oxacillin and a zone size of ≤ 21 
mm was considered resistant; a zone size of ≥ 22 mm was considered 
susceptible for Cefoxitin [24].

Antibiotic susceptibility testing

The antibiotic susceptibility testing was performed by modified 
Kirby-Bauer disc diffusion technique. The colonies were picked up 
with wooden applicator stick and dipped into nutrient broth to make 
direct colony suspension of the isolates and inocula were adjusted 
at 0.5% McFarland standard. After few minutes these suspensions 
were streaked onto Mueller Hinton agar plates [23]. The antibiotic 
susceptibility testing was performed on the following antibiotic 
discs; Ceftriaxone (CRO) (30 μg), Chloramphenicol (C) (30 μg), 
Ciprofloxacin (CIP) (5 μg), Clindamycin (DA) (2 μg), Erythromycin 
(E) (15 μg), Gentamicin (CN) (10 μg), Penicillin G (P) (10 units), 
Trimethoprim-sulphamethoxazole (SXT) (25 μg) and Vancomycin (30 
μg). All antibiotic discs/drugs were obtained from Oxoid Ltd. England. 
The plates were incubated at 37°C for 18-24 hrs and interpretation 
made based on CLSI guidelines. S. aureus (ATCC-25923) was used as 
control for the antimicrobial susceptibility pattern.

Data analysis

The collected data was checked for completeness, coded, and then 
entered into Epi data version 3.1 software for edition and cleaning of 
data and export to SPSS version 20 Software for analysis. Univariate 
analysis such as, frequency distribution and percentages was performed. 
Binary and multiple logistic regressions analysis were used to check the 
presence of statistical significance association between independent 
and dependent variable by odds ratio (with 95% confidence interval). 
A p-value of ≤ 0.05 was considered to be statistically significant. Finally 
data was organized and presented using tables and charts. 

Ethical consideration

Ethical clearance was obtained from Jimma University ethical 
review board. Letter of permission to conduct the study was obtained 
from the director of each school. Informed consent was obtained 
from each study participant’s guardian/parent and verbal assent 
from students. The purpose of the study was clearly described to the 
study participants including the benefits and risks of the study. Any 
information concerning the participants was kept confidential and the 
specimen collected from the participants was only analyzed for the 
intended purposes. The participants were enrolled only after they were 
sufficiently counseled and their informed consent has been obtained. 
Relevant confidentiality was maintained for every participant. After 
analysis of the participant’s specimen, the positive findings for MRSA 
were decolonized by using 2% Muprocin which was given for 5 days 
(three times per day). 

Results
Socio demographic characteristics of study subjects

A total of 300 study participants were involved in this study. The 
age of the studied children ranged from 6-12 years with mean age of 
9.6+1.6 years. About 52.3% (157/300) of the school children involved 
in the study were aged between 10-12 years, and 51.0% (153/300) 
were females (Table 1). Most of the children’s mother has high school 
educational status 33.0% (99/300), others 16.3% (49/300), 28.0% 
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6-14 years. According to a study conducted in Nigeria, [14], the rate of 
isolation of S. aureus from school children was 18.3% and also a recent 
study in Jimma, [19] the isolation rate for S. aureus was 47.3% among 
school children aged 5-15 years. The variation in the isolation rate of S. 
aureus among different studies could be due to difference in isolation 
techniques. The first three studies did not use enrichment broth) and 
difference in geographical distribution and population characteristics.

In our study, the prevalence of MRSA among primary school 
children aged 6-12 years was 13.8% (17/123). The finding of this study 
was in agreement with, a study conducted in Jimma [19], Nigeria [14] 
and Taiwan [2]. Our rate of MRSA isolation (13.8%) is lower than that 
of the study conducted in Pokhara, Nepal [10], where the isolation 
rate was 56.1%. This increased isolation rate of MRSA could be due 
to differences in isolation technique (they used only Oxacillin disk to 
detect MRSA which is affected by test conditions and also the Muller-
Hinton Agar do not contain 4% NaCl) and there might be specific risk 
factors which are not assessed by this study that might increase the 
isolation rate. 

In the current study, nasal colonization of MRSA among primary 
school children could be accounted for by the associated risk factors. 
The main risk factors after performing multivariate analysis were 
having recurrent AOM (three episodes of AOM in 6 months or more 
than three episodes in 12 months), use of an antibiotic in the previous 
12 month and use of an antibiotic by a child of the household in the 
previous 12 month. As clearly shown in the result section, MRSA 
nasal carriage was significantly associated to having recurrent AOM 
three episodes of AOM in 6 months or more than three episodes in 
12 months. MRSA can be one of the causes of AOM [28], so if there 
is a frequent contact with their ear and nose without washing their 
hands, MRSA can easily entered to the nose and finally the nose could 
be colonized by MRSA and also there might be a possibility of internal 
dissemination of the bacteria. On the other hand, those children who 
have recurrent AOM may take antibiotics repeatedly that might lead to 
the development of resistant bacteria.

In this study, 15(88.2%) of MRSA strains were isolated from 
children that had history of use of an antibiotic in the previous 12 
month and also 10(58.8%) from children that had history of use of an 
antibiotic by a child of the household in the previous 12, both of them 
had a statistically significant association with MRSA nasal carriage of 
primary school children aged 6-12 years. In a related study conducted 
at school children in Taipei, Taiwan, [1] also reported that, there was 
a statistically significant association between MRSA nasal carriage of 
children aged >5 years and history of use of an antibiotic in the previous 
12 month. Even though, history of previous hospitalization was not 
statistically significant in the current study, the above mentioned 
study shown a statistical association of previous year hospitalization 

(84/300), 22.7% (68/300) were illiterate, elementary, college educational 
status respectively. 

Prevalence of MRSA

From the total of 123 S. aureus isolate, 17(13.8%) were found 
resistant to Methicillin/ Cefoxitin/Oxacillin. The prevalence of MRSA 
among primary school children was 13.8% (n=17). Slightly there was 
high percentage of MRSA (7.3%) and S. aureus carriage (23.7%) among 
school children between 10 and 12 years old. The prevalence of MRSA 
and S. aureus carriage among school children between 6 and 9 years 
old were 6.5% and 17.3% respectively. Of the total 17(13.8%) MRSA 
carriage, male accounts 12(9.8%) and female accounts 5(4.0%). Like 
MRSA carriage, there was high carriage rate of S. aureus among male 
school children (71(23.7%)) and the rest 52(17.3%) were female school 
children (Tables 2 and 3).

Evaluation of antibiotic susceptibility test

A total of 17 MRSA isolates were subjected to antibiotic 
susceptibility test against 10 antimicrobial drugs. The susceptibility 
patterns of the isolates to commonly used antibiotics were, 88.2% to 
Ceftriaxone, Erythromycin and Trimethoprim-sulphamethoxazole, 
94.1% to each of Chloramphenicol, Ciprofloxacin and Clindamycin, 
100% to Gentamycin and 58.8% to Doxycycline. All the isolates were 
resistant to Penicillin G (Table 4). For all of the 17 MRSA isolates, the 
diameter of Vancomycin disk under disk diffusion test is between 
15mm and 19mm.

Drug resistance pattern/antibiogram of MRSA

The resistance patterns of MRSA isolates varied from 2 to 5 drugs 
and there was no MDR isolates (resistant to four or more drugs 
in addition to Cefoxitin/Oxacillin). The highest resistance pattern 
(47.06%) was observed for three antibiotics with pattern of Penicillin/
Oxacillin/Cefoxitin. Two resistance patterns of equal proportion were 
observed for resistance to two and four antibiotics such as Penicillin/ 
Cefoxitin and Penicillin/Trimethoprim sulfamethoxazole/Oxacillin/
Cefoxitin, respectively. Only one resistance pattern (Penicillin/ 
Oxacillin/Cefoxitin) was observed to three antibiotics. Maximum 
resistance (resistant to five drugs) was observed for one MRSA isolate 
with resistance pattern of Penicillin/ Trimethoprim-sulfamethoxazole/
Doxycycline/Oxacillin/Cefoxitin (Table 5).

Discussion
In the present study, the overall frequency of isolation of S. aureus 

from primary school children of Jimma town was 41% (123/300). In 
a related study in Pokhara Nepal, [10], it was reported an isolation 
rate of 32.6% S. aureus from nasal swabs of primary school children 
aged 6-10 years and another study in Duzce Turkey, [27], reported an 
isolation rate of 37% from nasal swabs of primary school children aged 

A 20(57.1) 15(42.9) 35(11.7%) 18(51.4) 17(48.6) 35(11.7%)

B 19(44.2) 24(55.8) 43(14.3) 24(55.8) 19(44.2) 43(14.3)
C         17(37.0) 29(63.0) 46(15.3%) 28(60.9) 18(39.1) 46(15.3%)
D         18(47.4) 20(52.6) 38(12.7%) 14(36.8) 24(63.2) 38(12.7%)
E    10(55.6) 8(44.4) 18(6.0%) 4(22.2) 14(77.8) 18(6.0%)
F 22(52.4) 20(47.6) 42(14.0%) 22(52.4) 20(47.6) 42(14.0%)
G        18(46.2) 21(53.8) 39(13.0%) 23(59.0) 16(41.0) 39(13.0%)
H   12(63.2) 7(36.8) 19(6.3%) 11(57.9) 8(42.1) 19(6.3%)
I    7(35.0) 13(65.0) 20(6.7%) 9(45.0) 11(55.0) 20(6.7%)

Total 143(47.7) 157(52.3) 300(100%) 153(51.0) 147(49.0) 300(100%)

Table 1: Age and sex distribution of school children participated in the study in each school, Bahir Dar town, 2013.
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with nasal carriage of MRSA isolates among school children. Similarly, 
history of previous hospitalization of the family member is considered 
a risk factor for acquiring MRSA carriage however; in our study history 
of previous hospitalization of the family member was not identified as 
a statistically significant factor associated with MRSA nasal carriage. 

Mother’s schooling was not a factor significantly associated with 
MRSA nasal carriage in our study. However; a mother’s high level of 
education has been demonstrated by other study [29] as independent 
protective factor for nasal carriage.

In general, there is no common consensus for risk factors of MRSA 
among different geographical area around the globe. 

All MRSA isolates showed 100% resistance to Penicillin. This 
is in agreement with a study conducted in Nigeria, [14] where 100% 
resistance to Penicillin reported. Likewise, Abera et al. reported 100% 

resistance to Penicillin of MRSA strains isolated from clinical sources 
in Bahir Dar [30]. In addition, 100% resistance to Penicillin of MRSA 
strains isolated from school children and prisoners reported in Jimma 
[19]. Significant proportions of MRSA isolates (88.2%) were susceptible 
to Ceftriaxone, Chloramphenicol (94.1%), Ciprofloxacin (94.1%), 
Clindamycin (94.1%), Erythromycin (88.2%), Gentamycin (100%), 
Trimethoprim-sulphamethoxazole (88.2%) and Doxycycline (58.8%). 
Comparable to our result, a study conducted in Pakistan reported 
that, 93% of MRSA isolates were sensitive to Chloramphenicol [31]. 
A study in Pokhara, Nepal showed that, 90.6%, 84.4% and 93.7% of 
MRSA isolates were sensitive to Erythromycin, Doxycycline and 
Ciprofloxacilin, respectively [10]. Similarly, a study conducted in 
North Carolina children revealed that, 98.6% of MRSA isolates were 
sensitive to Trimethoprim-sulphamethoxazole and 90.8% of MRSA 
isolates were sensitive to Clindamycin [7]. Differences in susceptibility 
pattern of the isolates could be due to differences in geographical area 

Study characteristics MRSA carriage S. aureus carriage
Yes No Yes No 

No (%) No (%) No (%) No (%)

Age (year)
6-9 9(12.7) 44(84.6) 52(36.4) 91(63.6)

10-12 8(15.4) 62(87.3) 71(45.2) 86(54.8)
Total 17(13.8) 106(86.2) 123(41.0) 177(59.0)

Sex 
Male 12(16.9) 59(83.1) 71(46.4) 82(53.6)

Female 5(9.6) 47(90.4) 52(35.4) 95(64.6)
Total 17(13.8) 106(86.2) 123(41.0) 177(59.0)

Table 2: Age and sex distribution of MRSA and S. aureus among the school children, Bahir Dar town, 2013.

Risk factors
MRSA carriage

Yes (%) No (%) P AOR(95%CI)
Child factors

Recurrent AOM
Yes 4(23.5) 15(5.3) 0.024 4.906(1.237-19.447)
No 13(76.5) 268(94.7) 1(ref) 1(ref)

Use of antibiotic
Yes 15(88.2) 144(50.9) 0.042 5.063(1.062-24.145)
No 2(11.8) 139(49.1) 1(ref) 1(ref)

Hospitalization
Yes 5(29.4) 25(8.8) 0.241 2.150(0.598-7.724)
No 12(70.6) 258(91.2) 1(ref) 1(ref)

Sex 
Male 12(70.6) 59(55.7) 0.237 1.991(0.635-6.236)

Female 5(29.4) 47(44.3) 1(ref) 1(ref)
Household factor

Use of antibiotic by a child of the 
household

Yes 10(58.8) 78(27.6) 0.034 3.275(1.091-9.829)
No 7(41.2) 205(72.4) 1(ref) 1(ref)

Hospitalization of family member
Yes 6(35.3) 55(19.4) 0.409 1.647(0.504-5.387)
No 11(64.7) 228(80.6) 1(ref) 1(ref)

Note: - AOM: Acute Otitis Media; ref: Reference; AOR: Adjusted Odds Ratio; CI: Confidence Interval 
Table 3: Multiple logistic regression analysis of risk factors for MRSA nasal carriage among primary school children, Bahir Dar town, 2013.

Antimicrobial drugs
MRSA isolates susceptibility pattern (No (%)) p-value

S I R
Ceftriaxone 15(88.2) 2(11.8) 0(0) 0.016

Chloramphenicol 16(94.1) 1(5.9) 0(0) 0.001
Ciprofloxacin 16(94.1) 1(5.9) 0(0) 0.001
Clindamycin 16(94.1) 1(5.9) 0(0 0.001
Erythromycin 15(88.2) 2(11.8) 0(0) 0.016
Gentamycin 17(100) 0(0) 0(0) 0.000

Penicillin G 0(0) 0(0) 17(100) -

Trimethoprim-
sulphamethoxazole 15(88.2) 0(0) 2(11.8) 0.016

Doxycycline 10(58.8) 5(29.4) 2(11.8) 0.000

Note: - S: Sensitive; I: Intermediate; R: Resistant 
Table 4: Antibiotic susceptibility patterns of MRSA isolates, Bahir Dar town, 2013.
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and the time where MRSA isolates first occurred (the longer the MRSA 
are present in a geographic area, the more likely they are to be resistant 
to other antibiotic classes). MRSA isolates were highly susceptible to 
most tested antibiotics, these could be due to CA-MRSA strains were 
capable of resisting only β- lactam antibiotics as the result of carriage of 
genetic element SCCmec type IV. SCCmec type IV is one of the shorter 
SCCmec variations less likely to carry multi-drug resistance [9]. A few 
MRSA isolates showed resistance to the tested drug, these might be due 
to the possible mixing of HA-MRSA and CA-MRSA [32].

Conclusion 
The overall prevalence of MRSA and S.aureus among primary 

school children was 13.8% and 41%, respectively and the main 
predictors for nasal carriage of MRSA were, having recurrent AOM, 
use of an antibiotic in the previous 12 month, and use of an antibiotic 
by a child of the household in the previous 12 month. The risk factors 
investigated in our present work are responsible for increased rate of 
transmission of HA-MRSA from Hospital to the community. All MRSA 
isolates were resistant to Penicillin G and susceptible to Gentamycin 
and shown a reduced susceptibility to Doxycycline (58.8%). Most of 
MRSA isolates were highly susceptible to the tested antibiotics. In 
general, based on the finding, there is a high prevalence of S. aureus and 
MRSA specifically, in school children and generally, in the community.
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