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Background: Antimicrobial resistance is an increasingly important issue in public health as antibiotics are over-
used. Resistance to antimicrobial agents can pose significant challenges to infection treatment.

Objectives: To evaluate risk factors associated with carriage of antimicrobial-resistant (AMR) bacteria in children
in the Asia-Pacific region to consolidate evidence for future implementation of antibiotic prescribing practice.

Methods: Three electronic databases—PubMed, EMBASE and Cochrane Library—were searched. Observational
studies that investigated the risk factors for carriage of MRSA, penicillin-resistant Streptococcus pneumoniae,
ESBL-producing Escherichia coli and Klebsiella pneumoniae among the paediatric population in community set-
tings in the Asia-Pacific region were considered eligible. Summary statistics from the identified studies were
pooled using meta-analyses.

Results: From the 4145 search results, 25 papers were included in this review. Sixteen papers were included in the
meta-analysis based on reported risk factors. Young age of 2-6 months compared with children aged 7-60 months
(OR 2.74,95% CI: 1.75-4.29), antibiotic use within the past 3 months (OR 2.65, 95% CI: 1.70-4.12), daycare attend-
ance (OR 1.49, 95% CI: 1.17-1.91) and hospital admission within the past 3 months (OR 3.43, 95% CI: 2.13-5.51)
were found to be significant risk factors for AMR bacterial carriage, whilst breastfeeding (OR 0.69, 95% CI:
0.60-0.81) and concurrent colonization of S. pneumoniae (OR 0.59, 95% CI: 0.38-0.91) are protective factors.

Conclusions: The findings support that there are a number of significant risk factors associated with carriage of
AMR bacteria in the Asia-Pacific paediatric population. To combat antimicrobial resistance in the future, these risk
factors should be considered, and measures taken to mitigate associated carriage.

Introduction

The emergence of antimicrobial resistance in bacteria is an in-
creasing threat to both public health and effective clinical man-
agement. Strains of carbapenem-resistant ESBL-producing
Enterobacteriaceae, MRSA, vancomycin-resistant Staphylococcus
aureus and penicillin non-susceptible Streptococcus pneumoniae

are ranked among the 12 drug-resistant priority pathogens iden-
tified by WHO.! A previous study has shown that patients
with antimicrobial-resistant (AMR) bacterial infection may experi-
ence higher morbidity and mortality than do patients with
antimicrobial-susceptible bacterial infections, resulting in a
lengthened duration and increased cost of hospitalization by US
$6000-30000.”

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided
the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1of7


mailto:cceline@connect.hku.hk
https://twitter.com/share/?text=@ChuiCeline
https://twitter.com/share/?text=@hku_son
https://twitter.com/share/?text=@hku_sph
https://twitter.com/share/?text=@HKUMed
https://orcid.org/0000-0003-1157-9401
https://orcid.org/0000-0003-1513-8726
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/jacamr/dlac036
https://academic.oup.com/

Systematic review

The paediatric population are particularly vulnerable subjects as
they have immature immune systems compared with healthy
adults.? Since children generally have poor hygiene practice and
are unaware of potential pathogenic sources,’ they are frequently
exposed to AMR pathogens that are associated with significant
mortality and morbidity. Colonized resistant bacteria may
be shed to the environment or transmitted unintentionally from
carriers to other individuals, leading to possible infections.
Antimicrobial resistance patterns differ by population, age and
geographical location of investigation. There has been a previous
study that systematically reviewed antimicrobial resistance pat-
terns in children in Africa, however, reviews on the community
prevalence and resistance pattern of the abovementioned top pri-
ority pathogens among the paediatric population in Asia-Pacific re-
gion are limited.* The prevalence and antimicrobial resistance
pattern among children in Asia-Pacific region might also be differ-
ent from American continents and other parts of the world due to
different living environments and living habits. Therefore, it is im-
portant to understand the risk factors of AMR bacteria carriers in
the Asia-Pacific region to identify the potential high-risk groups
and to inform possible interventions. As carriage of AMR S. aureus,
S. pneumoniae, Escherichia coli and Klebsiella pneumoniae are as-
sociated with significant morbidity and mortality in infected indivi-
duals, including children®, this study aimed to systematically
review the current literature on the risk factors associated with car-
riage of these four of the most commonly carried bacteria in the
community paediatric population in Asia-Pacific regions.

Methods

In December 2020, a systematic search of the literature was performed in
PubMed, EMBASE and Cochrane Library using the search strategies de-
scribed in Table S1 (available as Supplementary data at JAC-AMR
Online). The search strategy included keywords in MeSH terms and
Emtree thesaurus that are relevant to the prevalence of carriage of
AMR S. aureus, S. pneumoniae, E. coli and K. pneumoniae in community
paediatric populations of Asia-Pacific regions and associated risk factors
for such colonization. We conducted the study in accordance with the
preferred reporting items for studies in reviews and meta-analyses
(PRISMA) to ensure consistency and clarity of reporting.

Eligibility criteria

Observational studies that investigated the prevalence and risk factors for
carriage of AMR bacteria of interest in the community paediatric popula-
tions of Asia-Pacific regions according to World Bank classification were
included. Paediatric population refers to a group of child participants
aged 0-18 years that were recruited at the respective study sites.
Community studies are defined as where participants were not hospita-
lized at the time of recruitment. They were often referred to as healthy
children recruited from school or the community (non-clinical setting).
Those who visited healthcare facilities, which are defined as hospitals,
clinics, outpatient clinics and healthcare centres that provide healthcare
services for regular health maintenance or vaccination, were considered
as community participants as long as they were stated as healthy chil-
dren or did not have any infections. Sub-healthy children are currently in-
fected children and have different bacterial flora from healthy children.
Their AMR bacterial pattern is different from that of healthy children, so
studies that recruited sub-healthy children were excluded. Those hospita-
lized patients were not included because they had close contact with
healthcare professionals and stayed in close proximity with other pa-
tients, which potentially increased their exposure to AMR bacteria and

chances of nosocomial infections. Only studies that screened for AMR
bacterial carriage were included. Any bacterial strains isolated from sam-
ples collected from the nose, nasopharyngeal space, throat, oropharyn-
geal space, rectum or stool without suspected/confirmed infection
were considered as bacterial carriage. Only studies that examined the
risk factors in a multivariate analysis were included.

Data extraction

Two investigators (Y.Q.C. and K.C.) independently extracted data from the
full text of the eligible studies and decided which studies to include. Study
characteristics such as study design, study year, study period, study par-
ticipants, the prevalence of AMR bacterial carriage and laboratory meth-
ods used for detection of antimicrobial resistance were extracted from
the included studies. Significant risk factors for AMR bacterial carriage
were also extracted from multivariate analyses. If a study reported
data from both community and non-community settings such as the in-
patient and outpatient settings in the hospitals, only the data collected
from community participants were considered in this review. Any discrep-
ancies were addressed by consulting a third investigator (C.S.L.C.) until
consensus has been reached.

Study quality assessment

The Newcastle-Ottawa scale (NOS) was used to assess the quality for non-
randomized observational studies as recommended by the Cochrane
Collaboration.® The scale (Table S2) used in this study was modified based
on Forster et al.,” which is applicable to cross-sectional or prospective ob-
servational studies. Three components were assessed for all included
studies: representativeness of the exposed cohort, ascertainment of the
exposure (risk factors) and assessment of the outcome (AMR bacterial car-
riage). If the study fulfilled all three components, we considered the qual-
ity as high. It was classified as moderate or low if it fulfilled two or one or
less components, respectively. The scoring was conducted by two investi-
gators (Y.Q.C. and K.C.) independently and discrepancies were reconci-
liated by joint evaluation of the original article. Studies classified as
moderate quality or above were included in the meta-analysis.

Meta-analysis

Risk factors indicated by multivariate analysis from two or more studies
were quantitatively synthesized using RevMan 5 software. The OR and
the 95% CI for that particular risk factor were included into a forest plot
and used for estimation of the pooled OR. Risk factors that were only dis-
cussed by one article or discussed by two or more articles that were too
heterogeneous for meta-analysis were described in the narrative review.
Pooled estimates of risk factors were estimated based on the random ef-
fects model. Different kinds of risk estimates such as OR or relative risk
(RR) were meta-analysed separately. I> was used to measure heterogen-
eity of study results due to true variation rather than chance. Generally,
25%, 50% and 75% are used as a cut-off for low, moderate and high het-
erogeneity levels.® Sensitivity analyses were conducted to test whether
the heterogeneity can be reduced by removing the studies that are likely
to be concern. For example, a study that investigated a different bacterial
species compared with other studies might be removed.

Results

A total of 4145 citations were identified. The process of article
screening is illustrated in Figure S1. A total of 25 studies were in-
cluded in the qualitative synthesis. Among them, 17 studies were
conducted in the healthcare facility setting and 8 in the community
setting. Most studies focused on MRSA (n=15) and penicillin-
resistant S. pneumoniae (n=7), fewer on ESBL-producing E. coli
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(n=3) and K. pneumoniae (n=1). Throat swabs (n= 1), nasal swabs
(n=16), nasopharyngeal swabs (n=8) and stool samples (n=3)
were collected for bacterial isolation and susceptibility testing in
the studies. The MRSA prevalence ranges from 0.6% to 13.2% for
nasal and nasopharyngeal samples. The ESBL-producing E. coli
prevalence ranges from 9% to 60% for stool samples. The penicillin-
resistant S. pneumoniae prevalence ranges from 0.40% to 14.6% for
nasopharyngeal samples. They were all classified as moderate or
high quality. Table S3 summarizes the characteristics and results
of quality assessment of the 25 studies, of which 16 were included
in the meta-analysis. The studies included in the meta-analysis had
various designs including cross-sectional (n=8) and prospective ob-
servational study (n=8). The studies were conducted in Asia-Pacific
countries or regions including East Asia (n=10), South Asia (n=2),
Middle East (n=3) and a combination of Asian countries (h=1). The
studies recruited participants from local clinics/healthcare centres/
outpatient clinics/hospitals (n=9), some were from the community
(n=2), and some were from preschool/kindergarten/daycare cen-
tres/schools (n=5).

Narrative review

Atotal of nine studies that were not included in the meta-analysis
had various study designs including cross-sectional (n=5) and
prospective observational (n=4). Adler et al.” met the eligibility
criteria for meta-analysis but this study was excluded from the
meta-analysis since it reported RR instead of OR. The studies
were conducted in Asia-Pacific countries or regions including the
Middle East (n=2), East Asia (n=3), Central Asia (n=2) and
South Asia (n=2). The majority of the studies recruited partici-
pants from local clinics/healthcare centres/hospitals (n=5), pre-
school/kindergarten/daycare centres/schools (n=2), or mixed
settings including healthcare visits, hospitals or kindergarten/
schools (n=2). Four studies'®"*? reported that geographical loca-
tion of residency is a significant risk factor for AMR bacterial car-
riage. As these studies categorized the geographical location of
residency differently (Northern Taiwan and Southern Taiwan, ur-
ban residency and non-urban residency, etc.), directly pooling
the estimates from these studies would not be valid due to the
high heterogeneity. Directly pooling the estimates of three stud-
ies' 1115 that reported that larger family size is a significant risk
factor for AMR bacterial carriage is also invalid since they investi-
gated different family size ranges. Two studies'®!’ also reported
that family member or household contact being a healthcare
worker is a significant risk factor for AMR bacterial carriage.

Meta-analysis

Of the 16 studies eligible for meta-analysis, risk factors such as
daycare attendance, children aged 2-6 months, history of hos-
pital admission and antibiotic use within the past 3 months
have been associated with increased carriage of AMR bacteria
of interest while sex was not associated with increased AMR bac-
terial carriage. The ORs of risk factors associated with antimicro-
bial resistance were meta-analysed, generating forest plots
(Figure S2). These seven risk factors can be grouped into demo-
graphics (age and sex), medical history (history of hospital admis-
sion within the past 3 months, antibiotic use within the past
3 months and colonization by S. pneumoniae) and lifestyle (day-
care attendance and breastfeeding status).

Demographics

Nine studies'®'>18-2% reported sex can be a risk factor for AMR

bacterial carriage while two studies?®?? reported male sex is a
risk factor and six studies'®*>1921:222% reported the opposite
findings. The pooled OR for male sex is 0.96 (95% CI, 0.74-1.24).
The heterogeneity of the meta-analysis was moderate (I°=
68%). We conducted two sensitivity analyses by considering stud-
ies with the same bacteria of interest only. Six studies'*'9-%2 in-
vestigated MRSA whilst two studies'®*® investigated penicillin
non-susceptible S. pneumoniae. In the sensitivity analyses, the
overall pooled estimate for MRSA only increased to 1.2 (95% CI
0.76-1.88) with 12=77% whilst it decreased to 0.89 (95% CI
0.71-1.11) with I? =0% for S. pneumoniae only. None of them re-
sulted in a statistically significant outcome. Studies investigating
age as a risk factor often examined different age ranges.
Directly pooling the estimates from different studies would not
be valid due to the high heterogeneity. We therefore only synthe-
sized findings from studies® " investigating the same age range.
Two of the studies’'?* reported that the risk for MRSA carriage
among 2- to 6-month-old children was significantly higher
when compared with children aged 7 to 60 months with OR
2.74 (95% CI 1.75-4.29), 1 =72%.

Lifestyle

The pooled results in our meta-analysis of the six studies
support an association between daycare attendance and risk for
AMR bacterial carriage [OR 1.49 (95% CI 1.17-1.91, 1’ =57%)].
Three studies'?*%° reported breastfeeding status is protective
against MRSA carriage among 2- to 6-month-old children [OR 0.69
(95% CI 0.60-0.81, 1*=0%)].

10,11,22,25-27

Medical history

Two studies'¥?? reported that concurrent colonization of S. pneu-

moniae is a significant protective risk factor for MRSA carriage in
healthy children with moderate heterogeneity [OR 0.59 (95% CI
0.38-0.91, I’=53%)]. Two studies®**® reported that history of
hospital admission within the past 3 months is a significant risk
factor for AMR bacterial carriage with low heterogeneity [OR
3.43 (95% CI 2.13-5.51, 1°=0)]. The pooled results in our
meta-analysis of five studies'®2%232939 reported that antibiotic
use within the past 3 months among young childrenis arisk factor
forcarriage of AMR bacteria (penicillin non-susceptible S. pneumo-
niae, MRSA and ESBL-producing Enterobacteriaceae). The pooled
estimate [OR 2.65 (95% CI 1.70-4.12)] shows that the results are
significant. The heterogeneity was moderate (I =31%). A sensi-
tivity analysis was conducted for two studies®®?? that both inves-
tigated MRSA. The I? reduced from 31% to 0% and the overall
pooled OR increased to 6.19 (95% CI 2.64-14.53). The similar
and significant results supported that antibiotic use within the
past 3 months is associated with MRSA carriage.

Discussion

To our knowledge, this is the first review in the Asia-Pacific region
to summarize and pool significant risk factors for carriage of
MRSA penicillin non-susceptible S. pneumoniae, ESBL-producing
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E. coli and K. pneumonige in the community paediatric
environment.

In the results, the prevalence range of colonization with bac-
teria of our interest in the studies is wide even though some of
the studies were conducted in the same region. This is possibly
due to a number of reasons. Firstly, the difference in the locations
and their distribution of study setting is one of the contributors to
the variance. For example, one study”® collected samples from
children from primary schools situated in areas of older public
housing and in new towns in Hong Kong while the other study®
collected samples from children in 18 school districts distributed
over the whole of Hong Kong. Another possible reason could be
the difference in laboratory guidelines used in the studies. For ex-
ample, three studies'®?%?% were all conducted in Hong Kong but
one study”® used CLSI while the other two studies'®*® used
NCCLS to identify penicillin non-susceptible S. pneumoniae. The
third reason could be the difference in study periods. Two stud-
ies'®%? were performed before 2001 while another study?® was
performed from 2013 to 2014. It is possible that the epidemi-
ology of AMR bacterial carriage has changed after more than a
decade. Furthermore, it might be due to the differences in the
characteristics of the study participants. There is large variance
in the prevalence in two studies'*’ that both investigated
MRSA and were conducted in the same geographical location.
The first of these studies* found the OR of MRSA carriage in chil-
dren attending preschool was four times higher compared with
children attending no school. The second study’> was conducted
among preschool children while the first study** was conducted
among no school, preschool and school children, so the preva-
lence of MRSA in the second study'® (10.2%) is expected to be
higher than that in the first study (1.02%).*

Attendance of daycare centres was shown to be an important
environmental factor leading to carriage of AMR bacteria in our
meta-analysis, which is the same as our hypothesis. Daycare cen-
tres are set up for children whose parents need to work and can-
not take care of their kids during daytime.®! Those children are
often taken care of as a group.’” The potential for carriage of
AMR bacteria is increased in crowded spaces.®! For instance,
studies have shown that daycare attendance increased the risk
of acute otitis media infection 2- to 3-fold.>? In addition, children
have lower hygiene awareness and have poor control over toilet-
ing behavior.** Resistant bacteria can easily be spread by physical
contact of contaminated excrement or shared items. Moreover,
higher risk procedures like diaper changing or food handling are
usually performed by the same daycare centre worker for con-
venience, which may facilitate transmission of resistant enteric
pathogens.?? Overall, attendance of daycare centres as a risk fac-
tor for AMR bacterial carriage is consistent with our study
findings.

A protective effect of breastfeeding against carriage of AMR
bacteria in healthy children was shown in the meta-analysed
studies. Previous studies have shown that breast milk contains
secretory IgA antibodies, which serve as the first line of defence
in the intestinal epithelium to bind with invading enteric patho-
gens.>* Glycoconjugates in breast milk such as glycoprotein, gly-
colipid and free oligosaccharides can adhere to pathogens by
their sugar epitopes.® Besides the bactericidal capability of these
nutrients, they serve the purpose of prebiotics to develop benefi-
cial microorganisms namely Bifidobacterium and Lactobacillus in

the infant to minimize colonization by AMR bacteria.>>3® A re-
search study published in Nature Communications has discovered
that babies breastfed for at least 6 months had reduced carriage
of enteric AMR bacteria compared with those breastfed for a
shorter period or not at all.*® Breastfeeding may also support
the important organ development of the infant’s immune sys-
tem.?” In our meta-analysis, age of 2-6 months was also found
to be a risk factor for AMR bacterial carriage. Infants’ immune
systems are not yet fully developed. Innate immunity compo-
nents such as monocytes, phagocytes and neutrophils are incap-
able both in number and function.*® Immunity before the age of
6 months relies on the antibody IgG passively transferred from
the maternal placenta during the third trimester.*® However,
this adaptive immunity is short-lived and gradually dies
down.? Therefore, infants aged 2-6 months are more suscep-
tible to bacterial invasion or colonization and are therefore
more susceptible to AMR infection. This is consistent with our
findings that age of 2-6 months is a significant risk factor for anti-
microbial resistance. In addition, parental carriage status can
also be a risk factor for carriage at young age. One study in the
meta-analysis'? reported that having an MRSA-carrier parent is
a significant risk factor for MRSA carriage in children. One study“®
also showed that parental S. aureus carriage is associated with S.
aureus carriage in young children, possibly due to transmission
from parents to their children. The transmission can be either
due to their close contact with their infants during infancy, or ver-
tical transmission during labour.“? In our meta-analysis of two
studies''?® that investigated the risk factor for young age, the
results were highly heterogeneous. The first of these studies'?
was conducted in both northern and southern areas of Taiwan
while the second study”® was conducted in southern Taiwan.
Previous studies reported that the nasal carriage rate of MRSA
in southern Taiwan was lower than in northern Taiwan.** The dif-
ference between the locations of studies may potentially cause
the high heterogeneity observed in our results.

Our analysis showed concurrent colonization of S. pneumo-
niae is protective for carriage of MRSA, which may be explained
by the mutual exclusiveness and antagonism between the two
species. It is known that, just like any other organism, bacteria
compete with each other for survival. To colonize in the host in or-
der to absorb the nutrients, the usual way for bacteria is to attach
and grow on the nutrient-limited epithelium or mucosa, then
evade the host immunity and finally infect the host.*!
Commensal S. pneumoniae was suggested to be bactericidal to-
wards S. aureus through a hydrogen peroxide-mediated path-
way.*? More evidence suggested that nasopharyngeal carriage
of S. aureus was inversely related to S. pneumoniae as the intro-
duction of S. pneumoniae vaccines reduced S. aureus infection in
Africa.** To conclude, it supports our study findings in the
meta-analysis.

Antibiotic use is suggested to be the dominant reason for anti-
microbial resistance development.** Resistance genes are found
naturally, but the selection pressure of antibiotics eliminates
those susceptible bacteria and the remaining resistant ones
can thrive.** In hospital settings, it has also been revealed that
clinical areas such as the ICU or burn unit where frequent anti-
biotic use occur had higher prevalence of AMR bacteria, making
nosocomial infection more difficult to treat.*> This is consistent
with the findings in our meta-analysis: prior antibiotic use is a
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risk factor for AMR bacterial carriage. The analysis was with mod-
erate heterogeneity potentially due to the studies included hav-
ing different pathogens. The results were consistent after we
conducted sensitivity analysis to include only studies investigat-
ing MRSA with low heterogeneity. However, our study was not
able to study the correlation between time of antibiotic use
and the development of antimicrobial resistance. Future studies
may investigate the relationship between AMR development
and time.

Our meta-analysis revealed that hospital admission within the
past 3 months increases the carriage of AMR bacteria. Hospitals
are an ideal environment for antimicrobial resistance develop-
ment due to the high volume of antibiotics used for treatment
of infections.“® It has been shown that more than half of the in-
patient cases in acute hospitals received prophylactic or thera-
peutic antibiotics.*” Resistant strains are cultivated in patients
during antibiotic therapy that may be transferred to healthcare
workers or other sick patients in the confined ward areas during
hospital stay.*” Cross transmission of AMR bacteria is achieved
by physical contact during treatment or the consultation process
or by the use of invasive devices.*” Therefore, this agrees with the
results of our meta-analysis that hospital admission is associated
with MRSA carriage.

Previous studies have also shown that male patients were
more susceptible to MRSA acquisition.*® The two sexes also de-
monstrated differences in innate immune response towards in-
fectious pathogens.*® Males generate less protective humoral
and cell-mediated immune responses compared with females,
thus they are more susceptible to microbial infection.*?
However, our meta-analysis did not support any association
with either sex. Further investigation on the sex difference in
AMR bacterial carriage is warranted.

Some included studies described in the narrative review also
reported significant risk factors. Since S. aureus is a commensal
bacterium in humans, it can be transmitted among household
contacts by a contaminated environment that can then act as
an intermediate source.’® Therefore, crowding and large family
size are a risk factor for S. aureus carriage, which is consistent
with the findings that greater family size is a significant risk factor
for bacterial carriage from three studies.*»***> Healthcare work-
ers are also a known important reservoir for MRSA carriage,® so it
is plausible that having a family member or household contact
who is a healthcare worker is a significant risk factor for MRSA car-
riage, which has been reported in studies.'®'” However, the study
settings were too heterogeneous to be included in the
meta-analysis to draw a meaningful conclusion. Further investi-
gation of these risk factors reported in a comparable manner is
warranted.

A systematic review®! reported the global evidence of the
prevalence of bacterial resistance in children’s urinary tract infec-
tion (UTI) and associations with the use of common antibiotics in
primary care; they found significant pooled ORs for antibiotic ex-
posure time between 0-1 month, 0-3 months and 0-6 months,
while we have similar findings that there is a significant associ-
ation between any AMR bacteria or MRSA carriage and antibiotic
use within the previous 3 months. What this study adds is that
not only is bacterial resistance in UTI among children high,
MRSA or other AMR bacterial carriage caused by antibiotic use
among children is also substantial. Another systematic review>?

reported the high prevalence of bacterial resistance among chil-
dren with symptomatic UTI against different classes of antibiotics
in Asia-Pacific region while we also found ESBL-producing E. coli
and K. pneumoniae carriage among asymptomatic children is
prevalent.

In addition to the risk factors discussed above, it is important
to consider the role of integrated ecosystem when addressing
antimicrobial resistance issues. The current One Health ap-
proach’s primary focus is on limiting the use of antibiotics in
food animals.>® Recent systematic reviews and meta-analyses
found a reduction in antibiotic use in food animals caused a de-
crease in AMR bacterial carriage in animals and there is limited
evidence it could cause some reduction in humans.>® Studies
have also found wildlife ecosystems might be an essential reser-
voir of resistant organisms and resistance genes.>* Resistance
genes can also be found in aquatic systems and there is some
evidence to suggest horizontal gene transfer from aquatic bac-
teria to human pathogens.>® Furthermore, environmental con-
tamination with resistance genes, resistant organisms and
antibiotic residues plays an important role in antimicrobial resist-
ance, which is related to antibiotic administration in both humans
and in food production (livestock, aquaculture and cropland)
through run-off.>® Therefore, using a comprehensive and holistic
One Health approach that incorporates human, animal, environ-
mental, ecosystem and wildlife perspectives is strongly encour-
aged in future antimicrobial resistance studies.”?

Strengths and limitations

We undertook a rigorous systematic review and meta-analysis
including all relevant literature to date. Reviewer selection bias
was minimized by using a predefined search strategy for selec-
tion and data extraction was conducted by two independent
authors. Differences in locations of studies, study population
and pathogen of interest studied will not allow us to draw a
meaningful pooled estimate. However, the findings from this re-
view were consistent with the published literature, which support
that age, antibiotic use within the past 3 months, daycare at-
tendance and hospital admission within the past 3 months are
significant risk factors for AMR bacterial carriage whilst breast-
feeding and concurrent colonization of S. pneumoniae are pro-
tective factors. The consistent results from sensitivity analyses
also strengthen the study. To date, there is only one systematic
review conducted in the general population of Asia-Pacific coun-
tries regarding risk factors for carriage of community-acquired
MRSA (CA-MRSA).>* The paediatric population with age less
than or equal to 6 months was found to be one of the significant
risk factors, which echoes with our study result. Our study took a
step forward to investigate the paediatric population as our study
target and focused on four common resistant bacteria in the
community, which is more comprehensive for understanding
the carriage of bacteria. Most of the systematic reviews and
meta-analyses in PubMed studied AMR bacterial carriage among
adult populations in non-Asia-Pacific regions such as Africa and
Europe. Our study focused specifically on the Asia-Pacific paediat-
ric population can help complement the missing pooled evi-
dence. Moreover, as the number of studies included in the
meta-analysis is limited, a funnel plot was not performed, as it
would not reliably identify publication bias, if any.
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Conclusions

The findings of this meta-analysis and narrative review of epi-
demiological studies support that there are several significant
risk factors associated with carriage of AMR bacteria in the
Asian-Pacific paediatric population. To combat the issue of anti-
microbial resistance and utilize antibiotics more appropriately in
the future, these risk factors should be considered, and measures
should be taken to mitigate associated carriage.
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