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Background: Antibiotic resistance is associated with longer
hospitalizations, higher treatment costs, and increased morbi-
dity and mortality rates.

Purpose: This study aimed to determine the prevalence of
methicillin-resistant Staphylococcus aureus (MRSA) in Iranian
children.

Methods: International databases, including Web of Science,
PubMed, Embase, and Scopus, and Iranian databases, including
Scientific Information Database (wwwisid.ir), Magiran, and
Iranian Database for Medical Literature (idml.research.ac.ir),
were systematically searched for articles published between
January 2000 and August 2019. Sources of heterogeneity were
determined using subgroup analysis and meta-regression.
Results: Overall, 343 studies were identified; of them, 20
were included in the meta-analysis to estimate the pooled pre-
valence. The pooled prevalence of MRSA was 42% (95%
confidence interval [CI], 29-55) among culture-positive cases
of S. aureus, 51% (95% CI, 39-62) in hospitalized children,
and 14% (95% CI, 0.05-27) in healthy children.

Conclusion: The overall pooled prevalence of MRSA in
children was 42%. Appropriate infection control measures and
effective antibiotic therapy are needed.
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Key message

The pooled prevalence of methicillin-resistant Staphylococcus
aureus (MRSA) was 42% among culture-positive cases of S.
aureus, 51% in hospitalized children, and 14% in healthy
children. The high prevalence of MRSA in Iranian children may
be due to insufficient infection control measures in hospitals,
inappropriate use of methicillin, inadequate staff training, and
over-prescription of antibiotics in Iran.

Introduction

Staphylococcus aureus, a gram-positive coccus, is among the

most common causes of bacterial infection in humans.V S. aureus
is a common cause of nosocomial infection in children and
adults.? This pathogen causes pneumonia; infections of the skin,
soft tissue, and bloodstream; and invasive infections such as oste-
omyelitis and septic arthritis.!)

Methicillin is one of the best therapeutic choices for the treat-
ment of 8. aureusinfection. However, studies have reported that
the resistance of S. aureus to methicillin is increasing.®>) Methi-
cillin-resistant . aureus (MRSA) has become a major problem in
children over the past few decades. Antibiotic resistance is associ-
ated with longer hospitalizations, higher treatment costs, and in-
creased morbidity and mortality rates. Children are an important
source of MRSA and may play a central role in its distribution in
community and healthcare settings.®) A study estimated that the
incidence of MRSA infection in children increased 10-fold bet
ween 1999 and 2008 in the USA.”

Several studies have reported the prevalence of MRSA in diffe-
rent parts of Iran; however, their results are conflicting and no
comprehensive analysis has been performed to date. Therefore,
a reliable study is needed to estimate the prevalence of MRSA
infection in children and assist in its management in children.
Thus, this study aimed to investigate the true prevalence of MRSA
infection in Iranian children using a systematic review and meta-
analysis.

Methods

1. Search strategy

International databases, including Web of Science, PubMed,
Embase, and Scopus, and Iranian databases, including Scientific
Information Database (wwwisid.ir), Magiran, and Iranian Data-
base for Medical Literature (idml.research.ac.ir), were systemati-
cally searched for relevant articles published between January
2000 and August 2019. The search was restricted to articles
published in the English and Persian languages and conducted
using the following keywords in the titles and abstracts: Staphyt
ococcus aureus, S. aureus, resistance, methicillin, methicillin-
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“The high prevalence of MRSA in Iranian children can be due to insufficient
infection control measures in hospitals, inappropriate use of Methicillin,
inadequate staff training, and over-prescription of antibiotics in Iran.”
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resistant Staphylococcus aureus, MRSA, child*, pediatric, infant,
Iran, Persian, and Persia. All keywords were searched electroni-
cally using 2 Boolean operators (AND, OR).

2. Inclusion and exclusion criteria

Two reviewers examined the search results. The article selection
process consisted of 3 phases: title, abstract, and full-text. The in-
clusion criteria were as follows: (1) cross-sectional study, (2) use
of standard methods to test methicillin resistance, (3) estimation
of the prevalence of methicillin resistance, and (4) inclusion of
children aged 1-14 years. The exclusion criteria were as follows:
(1) interventional or other study type that did not use the cross-
sectional method, (2) animal study, (3) review article, (4) conside-
ration of other bacteria types, and (5) inclusion of individuals
older than 14 years of age.

3. Quality assessment and risk of bias

The included studies were assessed for quality using the Joanna
Briggs Institute Prevalence Critical Appraisal Tool.® This tool
uses 9 items to examine the validity of the included studies in the
meta-analysis. The evolution score ranged from 0 to 9, with <4
considered “low quality,” 4-6 considered “moderate quality,”
and >6 considered “high quality.”

4, Dataextraction

A data extraction form was designed to extract the following
variables: (1) first author, (2) year of publication, (3) number of
investigated patients, (4) number of S. aureus-infected individuals,
(5) number of MRSA-infected individuals, (6) research environ-
ment, (7) MRSA diagnostic method, and (8) study location
(province).

5. Statistical analysis
The Metaprop program was implemented to perform meta-

Records identified through database searching:
Web of science (29), PubMed (15), Embase (14), Scopus (62), and
Iranian database included SID and IDML (230)
and
2 Additional records identified through other sources

—»’ 121 Excluded duplicates
A4

’ 220 Potential articles for screening ‘

»| 179 Records excluded after screening
Title and abstracts

\/
| 41 Evaluating full-text for Eligibiliy |

23 Excluded studies

6 Duplicate reports

3 No full-text available online
9 Data not extractable

5 Nonstandard methods

A4

A 4
20 Studies included in the meta-analysis

Fig. 1. Flow diagram of the literature search and study selection
processes. SID, Scientific Information Database; IDML, Iranian Database
for Medical Literature.

analyses of proportions in Stata 12 (StataCorp LP, College
Station, TX, USA).” Heterogeneity between the included studies
was quantified using the P statistic. Due to the high level of
heterogeneity, a random-effects model was used to calculate the
pooled prevalence. The estimated prevalence of MRSA is pre-
sented as percentages with 95% confidence intervals (CIs) in the
forest plot.

Results

Overall, 343 studies were identified; however, after title and
abstract screening and the removal of duplicate studies (n=121)
and those not relevant to the prevalence of MRSA (n=179),
the full-text of 41 reports was reviewed to assess for eligibility.
Of those 41 studies, 21 were excluded and only 20 studies were
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Table 1. Characteristics of the studies included in the meta-analysis

Published Research Diagnostic glt?r.ngji No.of Pre-  Type of el
Sl year UIMRErSUL  EElEREr Rl environment method e infected MRSA alence infection U=l
: assessment
patients
Bahmani, et al.'? 2013 2013 Blood Neonate ward  Disk diffusion  Kordistan 20 16 80 Active 5
infection
Besharati, et al."” 2019 September Blood Reference hos-  Disk diffusion North 58 31 53 Active 5
2015 to April pital Khorasan infection
2016
Dormanesh, etal."? 2015 2013 Blood, UTls, Hospital Disk diffusion Tehran 66 19 287 Active 7
respiratory tract infection
infections Disk diffusion  Isfahan 67 22 3283 Active
infection
Disk diffusion  Mashhad 56 13 2321 Active
infection
Disk diffusion Shiraz 66 25 37.87 Active
infection
Ghadiri, et al.” 2011 January 2007 Nasal Hospital Disk diffusion Kermanshah 101 97 96 Carriers 8
to April 2008
Maham, et al.™ 2018  October 2014 Blood Hospital E-tests Tehran 38 20 526  Active 8
to November infection
2016
Mahmoudi, et al™® 2019 2016 Wound, trachea, Hospital Children’s Disk diffusion Tehran 120 52 43 Active 9
eye, blood, Medical Center infection
inguinal region, Hospital
abscess, lymph
nodes, and bone
Mazloomi 2016  March2011to  Spontaneous  Children Medical Disk diffusion Tehran 93 40 43 Carriers 8
Nobandegani, February 2012 sputum Center
etal'®
Poormohammadi, 2016 November 2013 Nasal Pediatric ward  Disk diffusion Kermanshah 41 13 31.7 Carriers 5
etal"” to December
2014
Pourakbari, etal'® 2017 Nasal Referral pediatric Disk diffusion Tehran 146 29 19.8 Carriers 8
hospital
Pourakbari, etal.’® 2018 March 2011 to Blood Children Medical ~ Oxacillin disk Tehran 246 116 47 Active 7
September Center Hospital infection
2016
Pourakbari, etal?® 2012 December Blood Children Medical Disk diffusion Tehran 178 141 79 Active 7
2005 to Center Hospital infection
January 2001
Sabouni, et al.?" 2014 2012 Skin and soft  Referral children's E-tests Tehran 133 64 48 Active 5
tissue, blood, hospital infection
urinary, res-
piratory, and
eyeinfection
Sabouni, et al.?? 2013 November Children medical Disk diffusion Tehran 98 77 79 Active 7
2011 and center, an Iranian infection
March 2013 referral Hospital
Sasan, et al? 2014 March 20th Blood, bone Pediatric wards ~ Oxacillin discs Central 23 17 74 Active 5
2006 to March  puncture, joint Khorasan infection
19th 2012 fluid and lymph
node aspiration
Rezaei, et al?4 2013 Nasal and Skin Hospital Disk diffusion Tehran 39 13 33 Carriers 5
Sedighi, et al® 2011 September Nasal Day care centers  Oxacillindisk ~ Hamadan 148 6 4.1 Carriers
2007 and
March 2008
Sadeghi, et al.2® 2017 Nasal Preschooland  Disk diffusion West 81 12 148 Carriers 6
school children Azarbayjan
Mobasherizadeh, 2016 April 2013 to Nasal kindergarten Isfahan 115 25 217 Carriers 8
etal”” March 2014
Nikfar, et al.2® 2015 September Nasal Day care center Khouzestan 235 11 46  Carriers 9
2010 to June and school
2011
Soltani, et al.? 2014  July 2012 and Nasal Health care Disk diffusion Isfahan 92 33 35.8 Carriers 7
March 2013 centers

MRSA, methicillin-resistant Staphylococcus aureus; JBIPCAT, Joanna Briggs Institute Prevalence Critical Appraisal Tool; UTI, urinary tract infection.
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included in the meta-analysis. The study selection and exclusion
processes are presented in Fig. 1.

The 20 included studies were conducted in 10 provinces,
including Tehran (n=9); Isfahan (n=2); Kermanshah (n=2);
Tehran, Isfahan, Fars, and central Khorasan (n=1); and Hame-
dan, Kordistan, Azarbayjan, North Khorasan, and Khouzestan
(n=6). Publication dates ranged from 2011 to 2019. The
evaluation scores ranged from 4 to 9; none were scored <4, 8

were scored 4-6, and 12 were scored =7. General information
and data of the articles are summarized in Table 1.1
Heterogeneity was found between studies (P=95.36, P<0.001
for hospitalized children and P=9415.2, P<0.001 for healthy
children). The random-effects model was used in all analyses.
The prevalence of MRSA among culture-positive cases of S.
aureuswas 42% (95% CI, 29-55). The prevalence in hospitalized
children was 519 (95% CI, 39-62), while that in healthy children

%

Study ES (95% Cl) Weight
hospitalized child \
Bahmani (2013) | ——<—  0.80(0.58,0.92) 4.00
Besharati (2019) —— 0.53 (0.41, 0.66) 433
Dormanesh (2015) — 0.29 (0.19, 0.41) 4.35
Dormanesh (2015) — 0.23 (0.14, 0.36) 4.32
Dormanesh (2015) —— 0.33 (0.23, 0.45) 4.35
Dormanesh (2015) —_— 0.38 (0.27, 0.50) 4.35
Ghadiri (2011) ' -+ 0.96 (0.90, 0.98) 4.41
maham (2018) — 0.53 (0.37, 0.68) 4.23
Mahmoudi (2019) —— 0.43 (0.35, 0.52) 4.42
Mazloomi Nobandegani (2016) —— 0.43 (0.33, 0.53) 4.40
Poormohammadi (2016) ——— 0.32(0.20, 0.47) 4.25
Pourakbari (2017) - 0.20 (0.14, 0.27) 4.44
Pourakbari (2018) —— 0.47 (0.41, 0.53) 4.47
Pourakbari (2012) | — 0.79 (0.73, 0.85) 4.45
Sabouni (2014) —— 0.48 (0.40, 0.57) 4.43
Sabouni (2013) 1 — 0.79 (0.69, 0.86) 4.40
Sasan (2014) I —— 0.74 (0.54, 0.87) 4.06
Rezaei (2013) —_—— 0.34 (0.21, 0.50) 4.23
Subtotal ("2 = 95.36%, p = 0.00) = 0.51(0.39, 0.62) 77.89

'
Healthy Child !
Sedighi (2011) - i 0.04 (0.02, 0.09) 4.44
Sadeghi (2017) —_— \ 0.15(0.09, 0.24) 4.38
Mobasherizadeh (2016) - 0.22 (0.15, 0.30) 4.42
Nikfar (2015) -> | 0.05 (0.03, 0.08) 4.47
Soltani (2014) —— 0.36 (0.27, 0.46) 4.40
Subtotal (12 = 94.15%, p = 0.00) <= | 0.14 (0.05, 0.27) 22.11

|
Heterogeneity between groups: p = 0.000 1
Overall (12 = 97.34%, p = 0.00); < 0.42 (0.29, 0.55) 100.00

|

— T T
0 .25 .75 1

Fig. 2. Meta-analysis of the prevalence of methicillin-resistant Staphylococcus aureus in Iranian
children by research environment. ES, effect size; Cl, confidence interval.

%

Study ES (95% ClI) Weight
MRSA causing infections .
Bahmani (2013) . —%—  0.80(0.58,0.92) 4.00
Besharati (2019) —— 0.53 (0.41, 0.66) 4.33
Dormanesh (2015) — 0.29 (0.19, 0.41) 4.35
Dormanesh (2015) —_— 0.23 (0.14, 0.36) 4.32
Dormanesh (2015) — 0.33 (0.23, 0.45) 4.35
Dormanesh (2015) —_— 0.38 (0.27, 0.50) 4.35
maham (2018) —_— 0.53 (0.37, 0.68) 4.23
Mahmoudi (2019) — 0.43 (0.35, 0.52) 4.42
Pourakbari (2018) —— 0.47 (0.41, 0.53) 4.47
Pourakbari (2012) H — 0.79 (0.73, 0.85) 4.45
Sabouni (2014) —— 0.48 (0.40, 0.57) 4.43
Sabouni (2013) i — 0.79 (0.69, 0.86) 4.40
Sasan (2014) L — 0.74 (0.54, 0.87) 4.06
Subtotal (12 = 92.44%, p = 0.00) =l 0.52 (0.41, 0.63) 56.17

1
MRSA carriers :
Ghadiri (2011) ! —+ 0.96 (0.90, 0.98) 4.41
Mazloomi Nobandegani (2016) —_— 0.43 (0.33, 0.53) 4.40
Poormohammadi (2016) —_— 0.32 (0.20, 0.47) 4.25
Pourakbari (2017) —_-— 0.20 (0.14, 0.27) 4.44
Sedighi (2011) - ! 0.04 (0.02, 0.09) 4.44
Sadeghi (2017) —— | 0.15 (0.09, 0.24) 438
Mobasherizadeh (2016) —_ 0.22 (0.15, 0.30) 4.42
Nikfar (2015) - 1 0.05 (0.03, 0.08) 4.47
Soltani (2014) — 0.36 (0.27, 0.46) 4.40
Rezasi (2013) ——— 0.34 (0.21, 0.50) 423
Subtotal (12 = 98.02%, p = 0.00) T 0.29 (0.12, 0.50) 43.83

'
Heterogeneity between groups: p = 0.058 .
Overall ("2 = 97.34%, p = 0.00); R 0.42 (0.29, 0.55) 100.00

:

1 1 I
0 25 .75 1

Fig. 3. Meta-analysis of the prevalence of methicillin-resistant Staphylococcus aureus (MRSA)
in Iranian children by infection type (active or latent). ES, effect size; Cl, confidence interval.
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was 14% (95% CI, 0.05-27) Fig. 2 shows forest plots of the pre-
valence of MRSA among Iranian children.

Subgroup analysis based on infection type (active or latent S.
aureusinfection) showed that the prevalence of MRSA in patients
with active infection was 52% (95% CI, 41-63), while that of
patients with latent infection was 29% (95% CI, 12~15) (Fig. 3).

A meta-regression method was used to identify the source of
heterogeneity, including study period, sample source, study area,
research environment (hospitalized or healthy children), and
sample size. The results showed that the prevalence of MRSA was
associated with the research environment (P=0.004) and study
period (P=0.03).

A subgroup analysis according to study period, sample source,
geographic area, and evaluation score is shown in Table 2. The
prevalence of MRSA decreased from the earliest to the most
recent period, the prevalence in blood samples was the highest,
and the prevalence of MRSA was the same in the high- and
moderate-quality studies (Table 2).

Discussion

In this study, a meta-analysis was performed to determine and
summarize the prevalence of MRSA in Iranian children. The

Table 2. Subgroup analysis of MRSA by study period, sample
source, and geographic area

Variable No. of MRSA prevalence ? Pvalge
study (95% Cl) of |
Study period
2000-2004 1 79 (73-85) - -
2005-2009 3 58 (0-100) - -
2010-2014 9 42 (24-61) 97.2% <0.001
2015-2019 4 40 (22-59) 90.9% <0.001
Source of sample
Blood 5 63 (45-78) 92.45% <0.001
Nasal 8 27 (8-27) 98.39% <0.001
Multisite 44 (33-55) 89.17% <0.001
Geographic areas
Central® 13 43 (32-55) 94.79% <0.001
Northern? 15 (9-24) - -
Western® 53(2-99) 99.10% <0.001
Eastern? 3 49 (22 -76) - -
South® 2 10 (6-13) - -
Overal 20 42 (29-55) 97.34% <0.001
Evaluation score
4 and less (low quality) 0 - - -
4-6 (moderate qualiy) 8 40 (20-61) 95.72% <0.001
7 and more (high quality) 12 43 (27-59) 97.80% <0.001

MRSA, methicillin-resistant Staphylococcus aureus; Cl, confidence interval.
dChaharmahal and Bakhtiari, Isfahan, Kohgiluyeh, and Boyer-Ahmad,
Markazi, Qom, Semnan, Tehran, and Yazd provinces. YArdabil, East
Azerbaijan, West Azerbaijan, Zanjan, Gilan, Golestan, Mazandaran, and
Qazvin provinces. “Hamadan, llam, Kermanshah, Kurdistan, and Lorestan
provinces. 9“North Khorasan, Razavi Khorasan provinces, and South
Khorasan provinces. ®Bushehr, Fars, Hormozgan, Kerman, Khuzestan,
Sistan, and Baluchestan provinces.

prevalence of MRSA among culture-positive cases of S. aureus
was 42% (95% CI, 29-55), that among hospitalized children
was 51% (95% CI, 39-62), and that among healthy children was
14% (95% CI, 0.05-27).

This study revealed that the prevalence of MRSA was 14%
among healthy children recruited from the community, which
is much higher than the values reported in China (3.9%),3?
Vietnam (7.9%),%" and Taiwan (3.5%-3.8%)°" but lower than
that reported in India (16.5-23.5).3" In addition, the prevalence
of MRSA among children recruited in the hospitals was 51%,
much higher than that reported in China (4.4%) and the Asia-
Pacific region (0.7%-10.4%). The high prevalence of MRSA in
Iranian children may be due to insufficient infection control mea-
sures in hospitals, inappropriate use of methicillin, inadequate
staff training, and the over-prescription of antibiotics in Iran.3?
Another important reason for the high prevalence of MRSA
in Iran is the lack of a good microbiology diagnostic facility for
diagnosing infections. Most of the included studies in this meta-
analysis used disk diffusion or the Kirby-Bauer method for MRSA
detection. However, based on Clinical & Laboratory Standards
Institute guidelines, this method is not accurate or reliable for
MRSA detection.333%

Overlap of the prevalence of MRSA in Iranian children was
429, the same as that in Iranian adults.*> Nevertheless, in China,
the prevalence of MRSA in adults®® was higher than that in
children.’”

The results of the subgroup analysis indicated that the preva-
lence of MRSA was much higher among hospitalized children
than among healthy children, a result that is consistent with that
of another study.3? This can be explained by several factors such
as the crowded hospital environment, increased contact between
healthcare workers and patients, poor attention to infection
control protocols, poor adherence to hand hygiene by healthcare
workers, and placement of patients with MRSA infections with
other patients in the same rooms, all of which increase the risk of
MRSA transmission.?”38)

A subgroup analysis based on infection type (active versus
latent) showed that the prevalence of MRSA in patients with
active infection was 52%, while that in patients with latent infec-
tion was 29%. In this study, the prevalence of MRSA was lower
in individuals with latent S. aureus infection than that in patients
with active infection. Patients colonized with MRSA are at
higher risk of developing subsequent infections®**#" and serve as
a reservoir for its transmission to others.*>*¥ Therefore, active
surveillance to identify MRSA carriers and eradicate MRSA
colonization is essential. Subgroup analysis results showed that
the prevalence of MRSA decreased from the earliest to the most
recent period. One explanation for the decrease in the prevalence
of MRSA in Iran is the small number of articles in 2000-2004
and 2005-2009, as only 4 studies on the subject were published
before 2010.

In this study, another subgroup analysis was conducted by geo-
graphic area. The majority of the included studies in this meta-
analysis were performed in Tehran (the capital of Iran located in
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the central part of Iran) since many referral hospitals are located
in this city and many patients are referred to these hospitals from
different parts of the country to seek diagnosis and treatment.
This study has several limitations. First, because the prevalence
of MRSA was not studied in different regions of Iran, our results
cannot indicate the nationwide prevalence of MRSA. Second,
there was a potential for publication bias similar to that seen in
other meta-analyses, and only published studies were included in
this review. Third, there was significant heterogeneity among the
included studies. Although the data were analyzed according to
subgroups of geographic areas, study period, study sample, and
sample size, the heterogeneity was not significantly decreased.

In conclusion, in this systematic review and meta-analysis, we
summarized the high prevalence of MRSA in Iranian children.
We found that the prevalence of MRSA was higher in hospitalized
children than in healthy children and higher in individuals with
active infection than in those with latent infection. These results
highlight that infection control programs in Iran are ineffective
and that appropriate infection control measures and effective anti-
biotic therapy are needed to control the spread of MRSA in Iran.
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