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Background: Methicillin‑resistant Staphylococcus  aureus  (MRSA) is a frequent cause of infections. The 
changing epidemiology of MRSA became evident in the 1990s when CA‑MRSA cases were first reported. 
Nasal carriage of CA‑MRSA is associated with an increased risk for development of infections in various 
populations.
Materials and Methods: Anterior nares culture for the presence of methicillin-susceptible Staphylococcus 
aureus (MSSA) and MRSA was taken from 345 children attending kindergartens, who didn’t have any known 
risk factor for MRSA colonization. Also, children demographic variables were recorded. Identification of SA 
and community‑acquired methicillin‑resistant Staphylococcus aureus (CA‑MRSA) with standard microbiological 
test was performed. Finally, the susceptibility of isolated to various antibiotics determined. The data were 
analyzed with Whonet 5.6 software.
Results: Of 345 children, 20 children  (5.8%) were colonized with CA‑MRSA, 86 children  (24.9%) 
with MSSA and 239 cases (69.3%) didn’t have SA colonization. The highest rate of MSSA and MRSA 
colonization was obtained at the age of 6 years. The frequency distribution of SA (MSSA and MRSA) 
colonization prevalence didn’t have any significant differences based on age, gender and the admission 
time (P > 0.05); but it was significantly different in the urban areas (P < 0.001). The lowest resistance 
rate of CA‑MRSA isolates, with a frequency of 10%, was detected with gentamicin, rifampin, and 
trimethoprim‑sulfamethoxazole.
Conclusions: In summary, CA‑MRSA colonization was observed in child care centers remarkably. Therefore, 
by facing various infections due to SA especially in areas of low socio-economic status, it must be considered. 
Based on antibiogram test, empirical treatment with rifampin, gentamicin and ciprofloxacin is recommended 
during CA‑MRSA infections.
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INTRODUCTION

Staphylococcus   aureus   (SA) is a commensal 
micro‑organism that can be found in healthy 
people.[1] It is frequently found on the skin, axilla, 
perineum and in the nares of healthy individuals.[2,3] 
Its carriage in healthy individuals is mostly situated 
in the nose. Carriage of SA‌ rarely causes disease 
in healthy individuals, but it is associated with an 
increased risk for the emergence of infections in 
various populations.[1,2,4] SA infections are common 
in hospitals and community settings.[4] Its infections 
cause substantial morbidity and mortality. Studies 
have showed that the risk of SA infections is higher 
in male gender, very young and elderly individuals. 
In addition, two studies identified that the most 
important risk factor is dialysis, either peritoneal 
or hemodialysis. Other risk factors of invasive SA 
infections include diabetes, cancer, rheumatoid 
arthritis, HIV infection, intravenous drug use, or 
alcohol abuse. Nevertheless, one of the most important 
factors that independently added to these predisposing 
conditions is chronic SA nasal carriage. Whether they 
are in the hospital or in the community, patients 
mostly become infected with their own carriage 
strain.[5] Since the introduction of antibiotics, SA 
has quickly become resistant to many significant 
antibiotics such as the β‑lactams and macrolides.[5,6] 
Methicillin resistance is the most significant antibiotic 
resistance of SA.[5] Methicillin resistance is mediated 
by penicillin binding protein (PBP)‑2a, a PBP encoded 
by mecA gene that permits the organism to grow 
in the presence of methicillin and other β‑lactam 
antibiotics. The mecA gene is located on a mobile 
genetic element called Staphylococcal Chromosome 
Cassette  (SCC mec). [5‑7] methicillin‑resistant 
SA (MRSA) first appeared in the 1960s and has been 
a hospital‑related phenomenon for a few decades.[1,2,4] 
Healthcare‑associated MRSA (HA‑MRSA) has usually 
been linked to persons with HA risk factors such 
as hospitalization or nursing home care, chronic 
dialysis, and antibiotics treatment.[2,6] Community 
associated methicillin‑resistant S. aureus (CA‑MRSA) 
infections emerged in persons having none of the risk 
factors associated with MRSA in the 1990s.[1,2,6] The 
epidemiology of MRSA changed through the emergence 
of community‑acquired MRSA  (CA‑MRSA).[8] An 
increase in the number of cases of MRSA infection and 
colonization in community will influence the precaution 
to be taken against infections and the recommended 
empirical treatment.[9] CA‑MRSA was also shown to 
have higher expression levels of toxin, phenol soluble 
modulins, and hemolysins, suggesting that these 
isolates are more virulent than HA‑MRSA.[5] Today 
CA‑MRSA has become the most frequent cause of skin 
and soft‑tissue infections acquired in the community. 

Group with high‑intensity physical contact is 
especially affected this, includes competitive athletes, 
children in daycare centers, military recruits, injecting 
drug users, jailed inmates, and homosexual men. In 
addition, CA‑MRSA has started to spread from the 
community into the hospital, where outbreaks of 
infections with typical CA‑MRSA have occurred. In 
spite of HA‑MRSA, CA‑MRSA is susceptible to many 
none β‑lactam antibiotics.[10] The primary reservoirs 
of SA are the anterior nares, but the organism 
can be isolated from multiple sites. Therefore, the 
purpose of this study was to survey prevalence 
of community‑acquired methicillin‑resistant 
staphylococcus aureus (CA‑MRSA) carriers in children 
from 2 to 6  years without any known risk factors 
for MRSA colonization that performed in child care 
centers  (kindergartens) of Isfahan in 2013–2014. 
We also studied methicillin‑susceptible SA  (MSSA) 
and MRSA colonization according to age, sex, urban 
areas and the average time of attendance at childcare 
centers  (years). In addition, the susceptibility 
of isolated CA‑MRSA to various antibiotics was 
determined.

MATERIALS AND METHODS

This surveillance was conducted in 15 child care 
centers (kindergartens) of Isfahan. This research was 
a descriptive study that conducted on 345 children 
aged from 2 to 6 years, from March 2013 to March 
2014. At first, 15 kindergartens in a different part of 
Isfahan were randomly selected. Then, sampling of 345 
children (2–6 years old) who didn’t have any known 
risk factor for MRSA colonization was done. Data on 
age, sex, the average time of attendance at childcare 
centers and urban areas (based on Isfahan education 
and training center classification) were recorded. 
About the urban areas, it should be mentioned that 
because of very close distance of regions 1 and 2 
and lack of childcare centers in region 2, they were 
considered as one. Children with a history of skin 
infection or hospitalization in 3  months ago and 
children whose parents worked in healthcare centers 
were not included in the study.

The swabs were obtained from both nares. Cultures 
in trypticase soy broth + NaCl 6.5% were performed 
and incubated at 35°C for 24  h. Then 10 µl of 
trypticase soy broth was cultured on Mannitol Salt 
agar, incubated for 24  h; and identification of SA 
with standard microbiological test was performed 
on growth bacteria’s, then MRSA was identified by 
disk diffusion method with 30 µg disk of cefoxitin 
and also oxacillin screen agar method. Finally, 
the susceptibility of isolated to various antibiotics 
determined with disk diffusion method based on 
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Clinical Laboratory Standards Institute 2013 
guidelines. The data were analyzed with Whonet 5.6 
software (WHO Collaborating Centre).

RESULTS

In this study, 345 children with no known risk factors 
for colonization with MRSA were studied from 15 
child care centers. The subjects were aged between 
2 and 6 years with a mean of 5.38 (±0.89) years. In 
the study group, 182 (52.8%) of children were males 
and 163 (47.2%) were female. The mean age of boys 
and girls was 5.35  (±0.94) and 5.41  (±0.83) years 
respectively; and according to t‑test, there was no 
statistically significant difference between the two 
genders  (P = 0.5). In Figure 1, the age distribution 
of children is shown based on sex. The average time 
of attendance at childcare centers was 1.47  (±0.87) 
years in the subjects ranged from 1 to 6  years. 
Out of the 345 studied children, 20  cases  (5.8%) 
were colonized with MRSA, 86  cases  (24.9%) with 
MSSA and 239  cases  (69.3%) didn’t have SA 
colonization [Figure 2].

In Table  1, the frequency distribution of SA 
colonization  (MRSA and MSSA) based on the 
demographic variables of children is shown. Based 
on the above table, the highest rate (60%) of MRSA 
colonization was obtained at the age of 6, so that, 12 
of all MRSA discovered at this age. In addition, the 
highest MSSA colonization rate with the prevalence 
of 54  cases  (62.8%) was found at the same age. 
Nevertheless, Fisher’s exact test, showed no significant 
association between SA colonization and age (P = 0.52). 
In terms of gender distribution, 12  cases of MRSA 
observed in the boys and 8  cases in the girls  (60% 
vs. 40%) and MSSA colonization was equal in both 
sexes; according to Chi‑square test, there was no 
association with the SA colonization in the two 

sexes (P = 0.71). According to Chi‑square and Fisher’s 
exact tests, frequency distribution of SA colonization 
prevalence didn’t have any significant differences 
based on age, gender and the time of attendance at 
childcare centers  (P  >  0.05). Most cases of MRSA 
positive (16 cases) were children who had the history 
of 1‑year attendance at daycare centers and also the 
most MSSA colonization with frequency of 54 (62.8%), 
were observed in this group, but according to Fisher’s 
exact test, the frequency distribution of SA colonization 
in terms of the time of attendance at childcare centers, 
didn’t show any significant differences (P = 0.19). On 
the other hand, according to our results, the frequency 
distribution of SA colonization (MSSA and MRSA) was 
significantly different in the urban areas (P < 0.001). 
The highest prevalence (65%) of CA‑MRSA colonization 

Figure 1: The distribution of age and sex

Table 1: Frequency distribution of SA based on the demographic 
variables
Variables SA Negative MSSA MRSA P
Age (years) 2 5 (2.1) 0 (0) 1 (1.2) 0.52

3 6 (2.5) 0 (0) 5 (5.8)
4 19 (7.9) 3 (15) 5 (5.8)
5 78 (32.6) 5 (25) 21 (24.4)
6 131 (54.8) 12 (60) 54 (62.8)

Sex Male 127 (53.1) 12 (60) 43 (50) 0.71
Female 112 (46.9) 8 (40) 43 (50)

The average time of 
attendance at childcare 
centers (years)

1 174 (72.8) 16 (80) 54 (62.8) 0.19
2 37 (15.5) 3 (15) 16 (18.6)
3 18 (7.5) 1 (5) 16 (18.6)
4 4 (1.7) 0 (0) 0 (0)
5 5 (2.1) 0 (0) 0 (0)
6 1 (0.4) 0 (0) 0 (0)

Urban areas regions (based 
on Isfahan education and 
training center)

1 17 (7.1) 1 (1.2) 0 (0) <0.001
3 74 (31) 22 (25.6) 2 (10)
4 59 (24.7) 24 (27.9) 5 (25)
5 31 (13) 22 (25.6) 0 (0)
6 58 (24.3) 17 (19.8) 13 (65)

SA: Staphylococcus aureus, MSSA: Methicillin‑susceptible Staphylococcus aureus, 
MRSA: Methicillin‑resistant Staphylococcus aureus

negative
69.3%

MRSA
5.8%

MSSA
24.9%

Figure 2: Frequency of Staphylococcus aureus colonization
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was found in the sixth urban area  (n  =  13). The 
second‑ranked region was the fourth area with 
frequency of 5 (25%) cases.

Evaluation of antibiotic resistance in isolated 
CA‑MRSA strains showed that, all isolated CA‑MRSA 
strains were resistant to penicillin and cefoxitin. 
Also, 45% of them were resistant to erythromycin 
and tetracycline. Resistant to clindamycin was 20% 
and the lowest resistance rate, with a frequency 
of 10%, was detected with gentamicin, rifampin, 
and trimethoprim‑sulfamethoxazole  (TMP‑SMZ). 
In Figure 3, the frequency of antibiotic‑resistant of 
discovered CA‑MRSA strains is shown.

DISCUSSION

The emergence of MRSA in the community is of 
paramount importance and is the subject of multiple 
studies in a variety of clinical settings and from 
many parts of the world. This study was designed 
to answer several specific questions. At first, how 
much is the actual rate of SA nasal colonization 
whether sensitive or resistant to methicillin in child 
care centers children? Our study was conducted in 
Isfahan. According to this study, 24.9% and 5.8% of 
children in kindergartens were colonized with MSSA 
and CA‑MRSA, respectively. In 2004, Erdenizmenli 
et al. conducted a study on children under 10 years, 
the prevalence of MSSA colonization was 19.1%, but 
none has been MRSA.[9] In a national study conducted 
in 2008 in Hamadan, 22.3% of children admitted to the 
pediatric wards of Hamadan hospital were colonized 
with SA; the results of this study showed that 13.5% 
of these children had MRSA colonization.[11] In 1385, 
Loghmany conducted a study on kindergarten children 
of Isfahan, 35.6% of children at age 2–6 years had nasal 
colonization with SA that 7% of them were CA‑MRSA. 
In 2010, Singh et al. studied SA (MSSA and MRSA) 
colonization in physical and mental handicapped 

children of India, the frequency of SA and MRSA, was 
reported 11.3% and 0%, respectively.[12] A study in the 
USA found that 32.4% of the population carried SA 
and 0.8% MRSA.[1] The prevalence of colonization with 
SA in our society is approximately similar to other 
countries, but the prevalence of CA‑MRSA is higher. 
By comparison with the previous study in Isfahan that 
conducted in 2007, the prevalence of SA and CA‑MRSA 
carriage has declined. The reason for this finding is 
not clear. It is necessary for the empirical treatment 
of infections due to SA, CA‑MRSA prevalence to be 
considered. In addition, preventive health measures 
should be taken in this regard.

Second, there is evidence that CA‑MRSA is intrinsically 
different to that of hospital origin. These differences 
manifest in antibiotic susceptibility patterns. The 
community strains are more sensitive to various 
anti‑staphylococcal agents than those of hospital 
origin. These antibiotics include clindamycin, 
erythromycin, TMP/SMZ, gentamicin, rifampin, and 
fluoroquinolones.[1,5,7,10] A study conducted in Hamedan 
in 2008, resistance of CA‑MRSA isolates were 33.3% 
against erythromycin, 11.1% against clindamycin.[11] In 
a study conducted in 2012 by the Etok et al., the MRSA 
isolates exhibited 31.1% resistance to erythromycin, 
20% to clindamycin, 29.4% to ceftriaxone, 35.6% 
to ciprofloxacin, 51.7% to TMP‑SMZ and 22.2% to 
amoxicillin‑clavulanic acid.[13] In 2007, Tiwari et al. 
studied 162 strains of SA were isolated from various 
clinical specimens. Out of 162 isolates, 112  (69.1%) 
were found to be methicillin‑resistant. Of the 
112 MRSA isolates, 45 (41%) were multi‑drug resistant. 
Very high degrees of resistance were observed with 
penicillin (100%), amoxicillin (91.8%), ampicillin (90%), 
co‑trimoxazole  (72.7%), and cephalexin  (66.03%); 
relatively lower degrees of resistance were observed 
with amikacin  (40%), ciprofloxacin  (45.8%), and 
norfloxacin (43.4%).[14] Kaplan noted that most of the 
CA‑MRSA isolates are susceptible to vancomycin, 
gentamycin, rifampicin, cotrimoxazole, clindamycin, 
doxycycline, and linezolid.[15] In the Sobhya study, 
100% of the CA‑MRSA isolates were resistant to 
fusidic acid.[16] Our evaluation of antibiotic resistance in 
CA‑MRSA isolates showed that, all CA‑MRSA isolates 
were resistant to penicillin and cefoxitin. Also, 45% of 
them were resistant to erythromycin and tetracycline. 
Resistant to clindamycin was 20% and the lowest 
resistance rate, with a frequency of 10%, was detected 
with gentamicin, rifampin, and TMP‑SMZ. Frequency 
of CA‑MRSA isolates resistance to rifampin was 0%. 
Antibiotic sensitivity patterns of the CA‑MRSA strains 
isolated by us are different from those mentioned in 
the literature. These findings must be considered 
when empirical antibiotics treatment begins during 
SA infections.
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Third, studies have shown that most children at a 
very young age in contact with the organism to be 
colonized. So if the mother is colonized, the baby 
will be colonized shortly after birth. Colonization 
rate increases with increasing age of children. But 
after 10  years, colonization rate will be reduced. 
Hence, the maximum rate of sustain colonization 
is seen in children under 10 years. The results of 
our study showed that the frequency distribution 
of SA colonization prevalence didn’t have any 
significant differences based on age, gender and 
the time of attendance at childcare centers. On 
the other hand, according to our results, the 
frequency distribution of SA colonization  (MSSA 
and MRSA) was significantly different in the urban 
areas (P < 0.001). The highest prevalence (65%) of 
CA‑MRSA colonization was found in the sixth urban 
area  (n  =  13). The second‑ranked region was the 
fourth area with frequency of 5 (25%) cases. Both 
the 4 and 6 urban regions are crowded areas with a 
low socioeconomic level.

Considering the obtained results in this study and 
comparison with other studies, the general conclusion 
that can be found from this study is that CA‑MRSA 
among children under 6  years has relatively high 
prevalence. It is necessary to determine the degree 
of persistent in contrast to intermittent colonization, 
the incidence of infectious complications induced by 
CA‑MRSA in colonized patients, specifying of various 
infectious complications, identifying geographic 
pathology and comparing it to other parts of the world, 
the age conversion from carrier to noncarrier and 
following noncarriers annually to detect rate of new 
colonization. On the other hand, due to the sensitivity 
of CA‑MRSA to the numbers of non‑β‑lactam 
antibiotics  (unlike HA‑MRSA), it is recommended 
to determine sensitivity pattern of the organism 
against non‑β‑lactam antibiotics. It helps to avoid 
indiscriminate use of antibiotics, such as vancomycin, 
linezolid, and etc., reduce medical costs and the risk 
of resistance to these drugs in the future.

In summary, CA‑MRSA colonization is observed 
in child care centers remarkably. Therefore, by 
facing various infections due to SA especially in low 
socioeconomic areas, this point must be considered. 
Based on our findings, empirical treatment with 
rifampin, gentamicin and ciprofoxacin is recommended 
during CA‑MRSA infections. Other questions 
regarding the frequency of temporary versus 
permanent colonization in children, the frequency 
of colonization with increasing age, the incidence of 
infectious complications in colonized children and 
geographic pathology of CA‑MRSA infections should 

be answered through prospective cohort study of this 
population.
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