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Abstract 

Background:  Non-prescribed antibiotic use is an emerging risky practice around the globe. An inappropriate use 
involving nonprescription access is one cause of the rapid increase in antibiotic resistance. Children commonly 
encounter many self-limiting illnesses for which they frequently use antibiotics without prescription. However, no 
specific and conclusive evidence exists to inform actions against this unsafe practice. We thus aimed to estimate the 
pooled proportion of non-prescribed antibiotic use for children at community levels in low- and middle-income 
countries.

Methods:  A systematic search of records was conducted from PubMed/Medline, Embase, Scopus, CINAHL, and 
Google scholar. Eligible English-language publications were original articles which reported on community-based 
non-prescribed antibiotic use for children and conducted in low- and middle-income countries. Study features and 
the number of antibiotics used without prescriptions were extracted and pooled for effect sizes employing a random-
effects model. The pooled proportion of non-prescribed antibiotic use was estimated as a percentage.

Results:  In this analysis, we included a total of 39 articles consisting of 40,450 participants. Of these, 16,315 partici-
pants used non-prescribed antibiotics. The pooled percentage for this use of non-prescribed antibiotics was 45% 
(95% CI: 40–50%). The estimate was considerably higher in studies involving simulated patient methods (56%; 95% CI: 
49–62%) than those studies with community surveys (40%; 95% CI: 34–46%) (P = 0.001). It was also varied by the recall 
period of antibiotics use—56% (95% CI: 50–62%) for instantly observed practice, 36% (95% CI: 22–50%) for within two 
week recall, 35% (95% CI: 26–45%) for 1–6 months recall, and 46% (95% CI: 37–54%) for more than six months recall 
(P = 0.001). Primary access points for the non-prescribed antibiotic uses were retail drug outlets.

Conclusions:  We found that nearly half of the antibiotics used for children in community settings were without pre-
scriptions. For these unsafe practices, caregivers accessed antibiotics mainly from drug outlets. Hence, context-specific 
educational and regulatory interventions at these outlets and the community levels are the first steps to improving 
antibiotic usage for children in low- and middle-income countries.

Trial registration number: CRD42021288971 (PROSPERO). https://​www.​crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​record.​php?​ID=​
CRD42​02128​8971.
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Background
Antimicrobial resistance (AMR) has become an emerg-
ing threat to the contemporary world, with an estimated 
10 million deaths annually by 2050 [1]. The widespread 
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and inappropriate use of antibiotics in the forms of non-
prescription and leftover accesses are common reasons 
for the rapid increase in resistance to these drugs around 
the globe. A recent scoping review showed that 62% of 
the global communities’ antibiotic use was without pre-
scriptions (i.e., nonprescription use) [2]. Other similar 
studies also revealed the pooled non-prescribed anti-
biotics use was 66% in high-income countries [3] and 
69% in low-income countries [4]. Besides, a systematic 
review and meta-analysis from low- and middle-income 
countries (LMICs) showed that non-prescribed antibi-
otic use ranges from 50% to 93.8%, with a pooled esti-
mate of 78% [5]. This widespread non-prescribed use of 
antibiotics, because of the high prevalence of infections 
in the LMICs, puts the setting at a higher risk of devel-
oping antibiotic resistance (ABR) than the other settings 
[6]. Scholars predicted this risk of ABR to be the worst in 
poorer countries alongside the widespread use of antibi-
otics for the higher prevalence and emerging infections 
they usually encounter [7], signaling an urge to the global 
community towards appropriate antibiotic use.

Antibiotics are prescription-only medicines. However, 
the public might use them without prescriptions [8]. Sev-
eral factors that drive the habits of using antibiotics with-
out prescription might include, but are not limited to, the 
low severity of the illness, accessibility, affordability, and 
healthcare-seeking behaviors [9]. The usual access points 
for antibiotic use without prescriptions at the community 
levels are retail drug outlets and home-stored leftovers 
[8, 10, 11]. The most common illnesses for which con-
sumers frequently self-prescribe antibiotics include fever, 
cough, acute upper respiratory tract infections, and diar-
rhea [4]. Other self-limiting diseases are also common 
symptoms that may lead to the use of antibiotics without 
prescriptions [9]. Children are most commonly affected 
by these self-limiting illnesses for which non-prescribed 
antibiotics, including watch group ones, are usually 
sought from retail drug outlets [12]. Users conveniently 
access the retail drug outlets for timely treatment of 
some less severe illnesses in resource-limited settings, 
where basic primary healthcare accesses are inadequate 
[13]. The retail drug outlets might consider this supply 
of antibiotics without prescriptions as their public health 
role. However, the practice is illegitimate, inappropri-
ate, and untargeted because the illness diagnosis is not 
yet objectively confirmed. It also increases the chance of 
ABR development [14]. Some of these antibiotics used 
in this manner are for indications that, in principle, do 
not require antibiotics [15]. Accordingly, non-prescribed 
antibiotic use must become the usual choice of provid-
ers and consumers for most self-limiting illnesses [16]. 
As a result, retail drug outlets dispense above two-
thirds of the antibiotics that consumers request without 

prescriptions [17]. Since children have more frequent 
healthcare visits for treatments of their common illnesses 
[18], illegitimate antibiotic access on the grounds of 
these diseases can lead to inappropriate uses and resist-
ance development, which is an emerging threat to pub-
lic health. This practice of antibiotic use can also involve 
watch group antibiotics disregarding the World Health 
Organization’s (WHO) restriction on free access to these 
drugs at the community levels [12]. According to the 
WHO, watch group antibiotics are the antibiotic classes 
at relatively high risk of bacterial resistance selection. 
They should get the priority of stewardship programs and 
monitoring [19].

Despite the public and ethical concerns about non-
prescribed antibiotic use for children, there is no system-
atic and comprehensive estimate of this unsafe practice 
at the global and regional levels. Besides, majorities of 
the available individual studies are less powered and non-
conclusive [20–25]. Most of these individual studies are 
not sufficiently rigorous to advise and convince program 
and policy decisions. The available systematic reviews 
and meta-analyses at global and regional levels regarding 
non-prescribed antibiotic uses are not specific to chil-
dren [4, 5, 8]. Accordingly, there is a need for reliable and 
comprehensive evidence on the appropriateness of anti-
biotic exposure and use for children that informs policy 
decisions and context-oriented interventions. We thus 
aimed to estimate the pooled proportion of community-
based non-prescribed antibiotic use for children by car-
egivers in low- and middle-income countries.

Methods
The execution of this study followed the statement guid-
ance on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) [26]. An addi-
tional file shows a completed PRISMA checklist in more 
detail (see Additional file  1). The methodology for this 
study was pre-specified in a protocol registered in the 
International Prospective Register of Systematic Reviews 
(Registration Number: CRD42021288971) [27].

Data search strategy
We undertook systematic searches of electronic reg-
isters and databases on PubMed, Medline, Embase, 
CINAHL, Scopus, and Google Scholar to identify and 
include potential literature. Initially, we performed these 
literature searches from October 21–30, 2021. We also 
conducted a final update on the literature search in July 
2022. Our search strategy involved a combination of one 
or more of the following terms: “anti-infective” (MeSH), 
“antibiotic”, “nonprescription” (MeSH), “inappropriate”, 
“leftover”, “pharmacies” (MeSH), “drug outlet” and “child” 
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(MeSH). We employed Boolean operators (AND, OR) as 
appropriate alongside these search terms to identify and 
include more records for the search in question.

Eligibility criteria
We applied several inclusion and exclusion criteria that 
the investigating team defined a priori to the records 
identified. We included original studies conducted any-
where around the globe that addressed non-prescribed 
antibiotic use for children aged 0–13  years at commu-
nity settings. It included self-medication with antibiotics 
from retail drug outlets or pharmacies, private clinics, 
and leftover uses from home-stored and previously pre-
scribed antibiotics. The studies excluded were abstracts 
with unrelated data, papers published in languages other 
than English, and publications without original data (i.e., 
reviews, correspondence, guidelines, letters, and editori-
als). Besides, we excluded original articles with reports of 
insufficient or irrelevant information, case reports, case 
series, and qualitative studies.

Study selection
First, the initial data retrieved through a systematic 
search of electronic databases and registers were iden-
tified, downloaded, and linked to the Endnote refer-
ence software version 8.2 (Thomson Reuters, Stamford, 
CT, USA) with the appropriate or compatible formats. 
Next, we imported the retrieved records from Endnote 
to the Covidence systematic review software (Veritas 
Health Innovation, Melbourne, Australia. Available at 
www.​covid​ence.​org). Using the Covidence platform, we 
detected and marked duplicate records. Due to varia-
tion in citation styles of some databases and indexing 
interfaces, we manually identified and addressed the 
remaining duplicates of such incompatibilities. In the 
subsequent steps, two reviewers independently screened 
the potential articles by titles and abstracts based on the 
predefined inclusion criteria. Finally, the two reviewers 
collected and evaluated full texts of the retained articles 
for eligibility and quality assessments. The reviewers dis-
cussed and solved their voting conflicts regarding the 
screening and eligibility assessments before a final deci-
sion. For the final inclusion in this study, we considered 
all articles that met the eligibility and quality assessments.

Data extraction
We employed a data collection format prepared in a 
Microsoft excel sheet to extract all relevant data for 
the study. Parameters for the data extraction included 
the name of the first author, the year of the publication, 
the study setting/country (along with WHO region and 
World Bank’s income category), the study design, the 
children’s age, and the childhood condition for which 

the antibiotics sought. We also considered the primary 
source of antibiotic access (i.e., drug outlets, clinics, lefto-
vers stored at home), the time duration of antibiotic use 
recall, the sample size, and the outcome of interest (i.e., 
the magnitude of non-prescribed antibiotic use for chil-
dren) as additional parameters for the data extraction.

Quality and risk of bias assessments
We employed the Joanna Briggs Institute’s (JBI’s) critical 
appraisal checklist for studies reporting prevalence data 
to appraise the methodological quality of the retained 
studies by two independent researchers. For ease of 
evaluation, we ranked the methodological quality of the 
studies based on the total number of appraisers’ positive 
scores marked as ‘yes’ to the appraisal questions. Accord-
ingly, all studies with average positive scores of apprais-
ers added to 60% or above (as moderate or high-quality 
articles) were considered for the systematic review and 
meta-analysis.

The risk of bias assessment was also conducted by 
two reviewers using Hoy et  al. appraisal tool for preva-
lence studies [28]. The appraisal tool contains ten items 
that assess the risk of bias. The two appraisers solved any 
point of disagreement between them through discussion. 
They rated their response to each item with two standard 
answer options (i.e., the high risk of bias scored as ‘1’ and 
the low risk of bias marked as ‘0’). To summarize the risk 
of bias in the studies, we considered participant selec-
tion (selection bias), data collection (information bias), 
outcome measurement (measurement bias), statistics 
parameters, and other sources of bias. Accordingly, by 
the appraisal process we classified the potential biases in 
different sections of the studies into four domains—D1: 
biases arising from the study participant selection pro-
cess; D2: the bias linked to the data collection process; 
D3: the bias in the measurement of the outcome; and D4: 
biases due to statistics parameter [29]. We rated the risk 
of bias judgment for the studies with three options based 
on the summary of answers for all items. Finally, we rated 
the risk of bias for each study as low for 0–3 scores, with 
some concerns for 4–6 scores, and high for 7–10 scores 
[28–30].

Data analysis and synthesis
We estimated the percentage rate of non-prescribed anti-
biotic use for children accessed by modes of over-the-
counter purchase and sharing of home-stored leftover 
antibiotics as the primary outcome variable. With the 
analysis, we sub-grouped the estimate by the study meth-
ods (i.e., simulated patient method versus cross-sectional 
community survey); the recall period of uses requested at 
the time of data collection (i.e., instantly observed during 
the data collection versus the use history); the primary 

http://www.covidence.org
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sources of antibiotics access; and the type of common 
childhood illness for the antibiotic use. We also per-
formed subgroup analysis by children’s age and region 
(continent) of the country where the non-prescribed 
antibiotic use for children was assessed and reported.

We performed statistical pooling of the estimate for the 
proportion of non-prescribed antibiotic use according to 
the random-effects model with generic inverse-variance 
methods using Stata 14.0. The random-effects model was 
assumed since the studies identified were observational 
and had clinical and methodological variabilities across 
the different sampling frames [31, 32]. We employed a 
forest plot to present the pooled percentage rate for non-
prescribed antibiotic use for children. Herewith, we also 
performed the heterogeneity assessment, subgroup anal-
yses, and tests for publication bias. In line with this, the 
essence of subgroup analyses was to explain some fea-
tures of users which might account for the differences in 
the effect sizes of non-prescribed antibiotic use [33, 34].

We assessed the publication bias (or small-study 
effects) using asymmetry inspection with a graph. In this 
regard, the combined studies met two of the three cri-
teria requirements for employing a funnel plot (i.e., the 
number of included studies was above ten, and the ratio 
of maximal and minimal variance across the studies was 
above four). However, the third criterion of heterogene-
ity of less than 50% was not fulfilled [35]. As a result, the 
Doi plot was employed for visual inspection of asym-
metry alongside Egger’s regression p-value to assess the 
presence of publication bias [36, 37]. Besides, we created 
a standard risk of bias graph with a summary plot using 
the risk of bias visualization (robvis) tool. The robvis tool 
is a web platform designed for visualizing the risk of bias 
assessments performed [30]. With the robvis platform, 
we employed a dataset template to assess the quality of 
diagnostic accuracy studies (QUADAS) to accommo-
date the four bias domains considered for the risk of bias 
appraisal [29]. Lastly, all statistical tests were considered 
significant for P-values less than 0.05.

Results
Study selection
Through the searches of electronic databases and reg-
isters, we identified 2811 records. We retrieved 2801 
literature because the electronic register (i.e., Google 
scholar) marked ten records as ineligible. This means 
that, ten of the initially identified studies in the Google 
scholar search were omitted while downloading and 
linking to the Endnote. After removing 319 duplicates, 
2482 records became eligible for screening the titles 
and abstracts. A total of 2095 records were excluded by 
screening for titles and abstracts. Of these, 2078 studies 
had unrelated outcomes of interest, and 17 studies were 

published in non-English languages. We sought full texts 
of the remaining 387 records and retrieved 386 papers, 
but one of the records was a citation link with incomplete 
information that is not retrievable. We conducted an eli-
gibility assessment for 386 full texts. We excluded 347 of 
the studies. Of these, 246 studies had wrong outcomes of 
interest, with wrong setting (i.e., facility-based prescrip-
tion antibiotic uses) and patient population (i.e., non-pre-
scribed drug uses not specific to children) in 72 and 29 
of the remaining studies, respectively. We also evaluated 
the methodological quality of the retained studies using 
the critical appraisal checklist of JBI for studies report-
ing prevalence data. Figure 1 presents the PRISMA flow 
diagram depicting details of the study selection. Finally, 
we included 39 studies with methodological quality of 
moderate to a high percentage as per the average positive 
responses of the reviewers. An additional file shows the 
methodological quality status for 39 of the included stud-
ies in more detail (see Additional file 2).

Study characteristics
The 39 studies we included assessed the community-
level non-prescribed antibiotic use for children by par-
ticipating in a total of 40,450 children/caregivers. Of 
these, 16,315 caregivers used antibiotics for children 
without prescription, which included leftovers. Pub-
lication dates for the studies included in this review 
were between 2010 and 2022. Sample sizes for the 
studies range from 73 to 9838, where these two stud-
ies with the lowest and the largest sample sizes were 
conducted in China [25, 38]. The parents or caregiv-
ers in the 26 studies used non-prescribed or leftover 
antibiotics for under-five children [20–25, 39–59], 
while the parents or caregivers in the remaining 13 
studies used antibiotics for children under 13  years 
[38, 60–70]. The design for 26 studies was a commu-
nity survey (cross-sectional) [22, 38, 41–43, 45–47, 50, 
54–56, 58–69, 71], while it was a cross-sectional with 
simulated patient method for the remaining 13 stud-
ies [20, 21, 23–25, 39, 40, 44, 51–53, 57, 70]. The pri-
mary source of non-prescribed antibiotics access for 
children in 31 studies was retail drug outlets [20–25, 
39–43, 45–58, 61, 62, 64, 65, 69, 70]. Antibiotic access 
sources for children in six of the remaining stud-
ies were mainly leftovers of home-stored drugs from 
previous prescriptions or uses [38, 60, 63, 66–68] and 
private clinics in the other two studies [44, 59]. Eight-
een of the included studies were conducted in upper-
middle-income countries [24, 25, 38, 39, 48, 49, 52, 58, 
60–69], while the remaining twelve [21–23, 40, 44–47, 
50, 51, 54, 57] and nine [20, 41–43, 53, 55, 56, 59, 70] 
studies were conducted in lower-middle-income and 
low-income countries, respectively. The children in 
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14 studies used non-prescribed antibiotics for acute 
diarrhea [20, 21, 23, 24, 39, 40, 43, 49–52, 54, 57, 70]; 
the children in nine studies used them for acute upper 
respiratory tract infections [25, 41, 42, 55, 59–63]; and 
the children in the remaining 16 studies used them 
for mixed-types of childhood illnesses [22, 38, 44–48, 
53, 56, 58, 64–69]. Overall, all the individual studies 
included in our final analysis were from the LMICs. 
We found no eligible studies from the high-income 
countries since all of them were excluded during the 
screening and appraisal processes. Table  1 presents 

details of the characteristics of the studies included in 
this review.

Risk of bias of the included studies
The risk of bias was judged as of low level for the 26 
studies we included [20, 21, 23–25, 38–42, 44–48, 51, 
52, 54, 57, 59, 61–63, 66, 67, 69]. It was moderate (i.e., 
some concerns) and high levels in 11 [22, 43, 50, 53, 55, 
56, 58, 60, 64, 65, 70] and two [49, 68] of the remaining 
studies, respectively. Most studies had a low or moder-
ate risk of participant selection bias, while this was of 
a high level in nine studies [20, 21, 23, 49, 52, 58, 62, 

Fig. 1  PRISMA 2020 flow diagram depicting the selection process
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Table 1  Characteristics of studies on community-level nonprescription antibiotic use for children, July 2022

Study # of NP 
antibiotic 
use 

Sample Child age Method Major illness 
for which NP 
antibiotics 
used

Primary 
antibiotics 
source

Country Income 
category [72]

Time of 
antibiotics use 
recall from the 
period of data 
collection

Abegaz et al. 
[20]

58 113  ≤ 5 years CS-SC Acute diarrhea Drug outlet Ethiopia Low-income Instantly 
observed during 
data collection

Adeyemi et al. 
[54]

143 389  ≤ 5 years CS Acute diarrhea Drug outlet Nigeria Lower middle 
income

Within 2 months

Al-Noman and 
Elnimeiri [55]

354 581  ≤ 5 years CS Acute RTI Drug outlet Yemen Low income Instantly 
observed during 
data collection

Al-Shawi et al. 
[60]

587 1030  ≤ 12 years CS Acute RTI Leftover Saudi Arabia Upper-middle-
income

Ever recallable

Chang et al. [52] 143 256  ≤ 7 years CS-SC Acute diarrhea Drug outlet China Upper-middle-
income

Instantly 
observed during 
data collection

Chang et al. [61] 1617 3358 5 years CS Acute cough Drug outlet China Upper-middle-
income

Within 6 months

Chang et al. [39] 1169 2411  ≤ 5 years CS-SC Acute diarrhea Drug outlet China Upper-middle-
income

Instantly 
observed during 
data collection

Diwan et al. [21] 66 164 4 years CS-SC Acute diarrhea Drug outlet India Lower-middle-
income

Instantly 
observed during 
data collection

Edessa et al. [27] 67 100  ≤ 13 years CS-SC Acute diarrhea Drug outlet Ethiopia Low-income Instantly 
observed during 
data collection

Hallit et al. [62] 79 202  ≤ 12 years CS Acute RTI Drug outlet Lebanon Upper-middle-
income

Within 12 months

Hussain et al. 
[40]

258 355 5 years CS-SC Acute diarrhea Drug outlet Pakistan Lower-middle-
income

Instantly 
observed during 
data collection

Kibuule et al. 
[41]

86 199  ≤ 5 years CS Acute RTI Drug outlet Uganda Low-income Within 1 month

Koji et al. [53] 166 262  ≤ 2 years CS-SC Any illness Drug outlet Ethiopia Low-income Instantly 
observed during 
data collection

Lanyero et al. 
[42]

164 318  ≤ 5 years CS Acute diarrhea Drug outlet Uganda Low-income Within 2 weeks

Lanyero et al. 
[43]

220 856  ≤ 5 years CS Acute RTI Drug outlet Uganda Low-income Within 2 weeks

Lin et al. [62] 621 3579  ≤ 13 years CS Any illness Drug outlet China Upper-middle-
income

Within 1 month

Lin et al. [63] 594 1465  ≤ 13 years CS Acute RTI Leftover China Upper-middle-
income

Within 12 months

Malik et al. [44] 456 773 3–5 years CS-SC Acute RTI and 
Diarrhea

Clinic Pakistan Lower-middle-
income

Instantly 
observed during 
data collection

Miyazaki et al. 
[22]

22 76  ≤ 1 year CS Diarrhea, cough 
and fever

Drug outlet Cambodia Lower-middle-
income

Within 2 weeks

Mukattash et al. 
[65]

332 855  ≤ 12 years CS Fever and RTI Drug outlet Jordan Upper-middle-
income

Ever recallable

Nyeko et al. [56] 46 210  ≤ 5 years CS Febrile illness Drug outlet Uganda Low income Within 2 weeks

Ocan et al. [59] 175 390  ≤ 12 years CS Acute RTI Clinic Uganda Low-income Within 2 weeks

Ogbo et al. [23] 58 186 2.5 years CS-SC Acute diarrhea Drug outlet Nigeria Lower-middle-
income

Instantly 
observed during 
data collection
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65, 68]. Besides, 31 studies had a low level of risk for 
outcome measurement bias [20–25, 38–47, 50–52, 54, 
57–59, 61–63, 65–67, 70], with some concerns in the 
remaining eight studies [53, 55, 56, 60, 64, 68, 69, 71]. 
However, 22 studies had a high risk of data collection 
bias [22, 38, 41–50, 58–61, 63–68]. With this, since the 
studies collected data on non-prescribed antibiotic use 
from caregivers/parents as a proxy for children, this 
technique might have led to the high risk of data col-
lection bias based on the item considered in the tool. 
Figure  2 presents the risk of bias we assessed for the 

included studies. An additional file also shows the risk 
of bias appraised in more detail (see Additional file 3).

Outcome measures
The pooled estimate for the percentage of non-pre-
scribed antibiotic use for children was 45% (95% CI: 
40–50%; I2 = 99.16%; P < 0.001). The outcome measure 
for the pooled proportion is presented in Fig.  3. The 
percentage of antibiotics use for children without pre-
scription in the individual studies range from 14% (95% 
CI: 13–17%) to 79% (95% CI: 69–87%).

# number, CS cross-sectional design, NP non-prescribed, CS-SC cross-sectional study with simulated case, RTI respiratory tract infection, and WB World Bank

Table 1  (continued)

Study # of NP 
antibiotic 
use 

Sample Child age Method Major illness 
for which NP 
antibiotics 
used

Primary 
antibiotics 
source

Country Income 
category [72]

Time of 
antibiotics use 
recall from the 
period of data 
collection

Paredes et al. 
[58]

120 231  ≤ 5 years CS Any illness Drug outlet Peru Upper-middle-
income

Within 12 months

Saengcharoen 
et al. [24]

60 115 4 years CS-SC Acute diarrhea Drug outlet Thailand Upper-middle-
income

Instantly 
observed during 
data collection

Samir et al. [45] 478 2784  ≤ 5 years CS Febrile Illness Drug outlet Bangladesh Lower-middle-
income

Within 2 weeks

Shet et al. [51] 92 146 4 years CS-SC Acute diarrhea Drug outlet India Lower-middle-
income

Instantly 
observed during 
data collection

Shi et al. [25] 58 73 4 years CS-SC Acute cough Drug outlet China Upper-middle-
income

Instantly 
observed during 
data collection

Simon et al. [46] 292 612  ≤ 5 years CS Any illness Drug outlet Tanzania Lower-middle-
income

Within 12 months

Sun et al. [38] 4580 9838  ≤ 13 years CS Any illness Leftover China Upper-middle-
income

Within 1 month

Togoobaatar 
et al. [47]

213 503  ≤ 5 years CS Any illness Drug outlet Mongolia Lower-middle-
income

Within 6 months

Wu et al. [48] 172 1188  ≤ 5 years CS Any illness Drug outlet China Upper-middle-
income

Within 6 months

Xu et al. [66] 410 1275  ≤ 13 years CS Any illness Leftover China Upper-middle-
income

Within 1 month

Xu et al. [67] 402 1255  ≤ 13 years CS Any illness Leftover China Upper-middle-
income

Within 1 month

Yu et al. [68] 529 854  ≤ 12 years CS Any illness Leftover China Upper-middle-
income

Within 12 months

Yuan et al. [69] 330 1116  ≤ 12 years CS Any illness Drug outlet China Upper middle 
income

Within 12 months

Zawahir et al. 
[57]

135 316 5 years CS-SC Acute diarrhea Drug outlet Vietnam Lower middle 
income

Instantly 
observed during 
data collection

Zhu et al. [71] 487 1211  ≤ 5 years CS Acute diarrhea Drug outlet China Upper-middle-
income

Within 1 month

Zwisler et al. [50] 476 805  ≤ 5 years CS Acute diarrhea Drug outlet India Lower-middle-
income

Within 2–3 days

Total 16,315 40,450
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Sensitivity and subgroup analyses
We performed several analyses to identify the source 
of heterogeneity among the combined studies. Initially, 
we conducted a sensitivity analysis by excluding outli-
ers [25, 48] to see their effect on the degree of variability. 

However, the heterogeneity among the studies remained 
high (I2 = 99.08%). As a result, we included all the stud-
ies in the final meta-analysis model. Next, we carried 
out subgroup analyses based on the study method, pri-
mary sources of the non-prescribed antibiotics access, 

Fig. 2  Risk of bias of the included individual studies. a Risk of bias summary for individual studies by domains. b Risk of bias graph by domains
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illness types for antibiotics indications, and the time 
of use recall reported or observed in the studies. Fig-
ure 4 presents details of the subgroup analyses by these 
parameters. Accordingly, the pooled estimate of the non-
prescribed antibiotic use for children was 56% (95% CI: 
49–62%; I2 = 94.68%; P < 0.001) for studies with simulated 
patient methods and 40% (95% CI: 34–46%; I2 = 99.31%; 

P < 0.001) for studies with cross-sectional survey. The 
degree of heterogeneity between groups for this sub-
grouping was statistically significant (P < 0.001). The esti-
mate was 44% (95% CI: 38–51%; I2 = 99.10%; P < 0.001) 
for the primary non-prescribed antibiotics access 
from drug outlets, 45% (95% CI: 37–53%; I2 = 98.68%; 
P < 0.001) for the major accesses from home-stored 

Fig. 3  Forest plot for the proportion of community-level non-prescribed antibiotic use for children
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leftovers, and 54% (95% CI: 51–57%; no calculated I2 
and P-value) for accesses from clinics. The degree of 
heterogeneity between groups for this analysis was 
also statistically significant (P = 0.003). In addition, the 
pooled percentage estimates were 56% (95% CI: 50–62%; 

I2 = 94.54%; P < 0.001) for instantly observed antibiot-
ics access at the time of data collection; 36% (95% CI: 
22–50%; I2 = 99.09%; P < 0.001) for use recalls within two 
weeks; 35% (95% CI: 26–45%; I2 = 99.55%; P < 0.001) for 
use recalls between one and six months; and 46% (95% 

Fig. 4  Forest plots of proportion on non-prescribed antibiotics use for children by subgroups. a Forest plot describing antibiotic uses by study 
methods. b Forest plot describing antibiotic uses by the primary antibiotic access sources. c Forest plot describing antibiotic uses by the common 
type of childhood illnesses. d Forest plot describing antibiotic uses by the time of data point from the data collection period of the studies
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CI: 37–54%; I2 = 97.86%; P < 0.001) for use recalls longer 
than six months. The heterogeneity between groups 
was statistically significant (P = 0.001). Moreover, the 
subgroup analysis by the type of childhood illnesses for 
which the non-prescribed antibiotics were commonly 
sought showed a higher percentage estimate of 51% 
(95% CI: 45–56%; I2 = 95.18%; P < 0.001) for use in acute 
diarrhea than the estimates of 48% (95% CI: 41–56%; 
I2 = 97.83%; P < 0.001) for use in acute upper respiratory 
tract infections and 38% (95% CI: 30–46%; I2 = 99.49%; 
P < 0.001) for use in other mixed-illness types. The degree 
of heterogeneity between groups for this subgroup was 
also statistically significant (P = 0.035). However, disre-
garding the one study from Latin America [58], subgroup 
analysis by region of the study reports found no differ-
ence between the Asian and African countries. Besides, 
the subgroup analysis by the children’s age was also not 
significant. Additional files present findings of the sub-
group analyses by the children’s age and region of the 
studies in more detail (see Additional files 4 and 5).

Publication bias
We initially performed an asymmetry check for the fun-
nel plot to assess the presence of small-study effects 
(publication bias). The funnel plot appeared asymmet-
ric and hinted to us about the availability of publication 
bias. Next, we tested the Luis Furuya-Kanamori (LFK) 
index using the Doi plot [37] alongside Egger’s regres-
sion p-value. The Egger’s regression test showed the 
presence of publication bias among the included studies 
(P = 0.033). The LFK index of 1.82 also revealed a minor 
asymmetry and suggests a low risk of publication bias. 
An additional file shows details of a funnel plot evaluated 
for publication bias (see Additional file 6). The heteroge-
neous population groups (i.e., children aged 0–13 years) 
and the different study designs (i.e., community survey, 
simulated patient methods, and small sample sizes) of the 
studies included in this review might have contributed 
to the asymmetry [73–75]. The LFK index could thus be 
recognized as a meaningful test since it valued the degree 
of asymmetry more than Egger’s regression test p-value. 
Egger’s p-value has no link with the degree of asymmetry. 
Figure 5 presents the publication bias assessed by using 
the LFK index.

Discussion
In this study, we identified nearly half of the antibiotic 
uses for children in community settings were without 
prescriptions. The study settings for the entire studies 
included in this analysis were in the LMICs. The antibi-
otics use report without prescription was considerably 
higher for studies conducted using simulated patient 
methods than in studies conducted using a community 

survey. The retail drug outlets were the primary source 
of non-prescribed antibiotics access for children. Acute 
diarrhea, upper respiratory tract infections, and fever 
were the most common symptoms for which caregiv-
ers seek antibiotic treatments for their children without 
prescriptions.

Our estimate revealed that 45% of antibiotics used 
for children in the community settings were without 
prescriptions. The collective evidence from house-
hold-level antibiotic use studies in resource-limited 
countries also estimated a pooled percentage of 39% 
as nonprescription antibiotic uses [76]. A similar mul-
ticenter survey conducted in four LMICs also found the 
pediatric population as the most frequent user of anti-
biotics without prescriptions [77]. This mode of antibi-
otic access for children without prescriptions had links 
to managing common childhood illnesses [78]. In line 
with this, about two-thirds of acute childhood diar-
rhea and 80.5% of fever or cough cases led to the inap-
propriate receipt of antibiotics despite bacteria being 
not the common cause of acute non-bloody diarrhea 
and cough [18, 79]. In addition, the antibiotics have 
continued to be overused or misused for treatments 
of fever, cough, acute upper respiratory tract infec-
tions, and non-bloody diarrhea [2, 80–82]. The primary 
driver for these practices of antibiotic overuse is patient 
demand [83]. Several other studies from different set-
tings in the LMICs also reported similar percentages 
of non-prescribed antibiotic use by communities as the 
usual unnecessary or inappropriate options for most 
self-limiting illnesses. This unsafe antibiotic practice 
spanned from 36.1% to 73.2% [84–100]. The non-pre-
scribed antibiotic use for children was relatively higher 
among under-five children (i.e., 46%) than in the sub-
group of children under 13 years (i.e., 41%). Similarly, a 

Fig. 5  Doi plot of z-score value by effect sizes for publication bias
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systematic analysis of survey data from LMICs revealed 
the increasing trends in antibiotic use for common self-
limiting illnesses such as fever, diarrhea, and cough in 
under-five children [101]. There was also a high rate of 
home treatment for the perceived pneumonia in under-
five children, particularly with antibiotics [102].

The high threshold of population-level antibiotic use 
for children without prescriptions increases the chance 
of resistance [103]. The widespread and inappropri-
ate antibiotic use are the primary driving forces behind 
antibiotic resistance [104, 105]. Even in the presence of 
legitimate prescription for antibiotics, random discontin-
uation of these medicines after relief from illness symp-
toms and their subsequent storage as leftovers at home 
for later uses have become the other habitual unsafe 
practices with the antibiotics [106]. Other studies also 
emphasized incomplete antibiotic courses that emanate 
from the treatment non-compliance as the most common 
risk factor for resistance development [107, 108]. A lack 
of parental awareness about antibiotic resistance might 
superimpose the incomplete antibiotic usage by the chil-
dren [109]. In our finding, this unsafe antibiotic practice 
for children uses at the community levels was confined 
to parents or caregivers from the LMICs despite the non-
restrictive searches of evidence we conducted. There 
are practice and culture-specific aspects of uncertainty 
avoidance that can explain the cross-country variability 
in their policies and regulations of antibiotics utilization 
[110, 111]. In this regard, unlike the LMICs, some high-
income countries have developed pediatric antibiotic 
stewardship programs, networks, and guidelines [112]. 
Again, evidence from some studies revealed a positive 
relationship between socioeconomic marginalization and 
the increased burden of childhood morbidities [113, 114]. 
Such socioeconomic inequality is among the predictors 
of variability for common childhood morbidities [115]. 
Besides, low immunization coverage in the poorer set-
tings can explain their higher burden of pediatric infec-
tions than in the richer ones [115–117]. About 90% of the 
global estimate for vaccine-preventable rotavirus disease-
associated deaths in under-five children occurred in Asia 
and sub-Saharan Africa, with ten countries contributing 
to most deaths [118]. Other contributors to acute respira-
tory tract infections and diarrheal morbidities in children 
of the LMICs have been unimproved water, sanitation, 
and hygiene facilities [119]. In these less-developed coun-
tries, patients often overuse and misuse antibiotics to 
manage illnesses they frequently encounter [120]. Indeed, 
there have been clear epidemiological transitions related 
to causes of childhood morbidity and mortality in some 
upper-middle-income countries [121]. However, about 
half of the studies that report non-prescribed antibiotic 
use for children were from these countries (see Table 1). 

It marks a habitual continuation of this risky antibiotic 
practice.

Essentially, up to 93% of children in the LMICs obtain 
the usual care for childhood illnesses using antibiotics 
without prescriptions [122]. Awareness gaps concerning 
antibiotic resistance had explained about half (i.e., 47.7%) 
of the antibiotic use for children [123], and this is clear 
from the usual antibiotic-sharing habits of the commu-
nity [124]. The worst scenario with antibiotics use with-
out prescription can involve the watch group antibiotics 
(i.e., the antibiotics classes with a high risk of resistance 
selection for which they obtained a priority of limited 
use for some specific infections with careful monitoring) 
[19]. The use of this antibiotic class without correct indi-
cation appears to be an increasing habit in the contempo-
rary world. A study in Vietnam also confirms this trend in 
which 54.3% of the antibiotic encounters for children use 
were the watch class antibiotics [12]. Although there are 
several public health problems related to non-prescribed 
antibiotics use at all levels and settings around the globe 
[125], responses of all concerned bodies in the LMICs 
appeared very minimal and underscored.

The estimate of non-prescribed antibiotic use for chil-
dren was inconsistent by measurement methods, time of 
use recall, and the illness types for which the antibiotics 
were sought [84]. Our estimate showed a significantly 
higher non-prescribed antibiotic use for children in sim-
ulated patient methods (ranges from 49 to 62%) than in 
the community-based use history survey (ranges from 
34 to 46%) (P < 0.001) [126, 127]. Despite a likely bias 
with the simulated conversation, it has been a domain 
of the recent approaches that can successfully identify 
the actual antibiotic practice of drug retailers, with the 
capacity to reduce the possible underreporting inherent 
with cross-sectional survey designs [127, 128]. Integrat-
ing observed encounters with surveys can meaningfully 
account for providers’ actual antibiotic dispensing prac-
tices since simulations may introduce bias and can miss 
some sources of non-prescribed antibiotics [6]. From our 
analysis, the retail drug outlets were the most common 
sources of access for non-prescribed antibiotic uses [129, 
130]. In this regard, retail drug outlets were the sources 
for about two-thirds (62%) of the global nonprescrip-
tion antibiotic use [131]. Non-official and home-stored 
leftover accesses are also potential sources of unsafe 
antibiotic practices [132]. Besides, drug outlets and 
non-official suppliers were the primary enablers of unre-
stricted access to antibiotics, including broad spectrums 
that could have a high chance of misuse and resistance 
selection [133]. Home storages of prescribed antibiotics 
with the intent for later uses are other modes of misuse 
for the previous indication (i.e., immature discontinua-
tion of the dosage course) and the current intention (i.e., 
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inappropriate dose and activity for the intended illness is 
unknown) [134]. A common implication of unrestricted 
antibiotic access involved aspects of awareness gaps 
among providers and users about the risk of antibiotic 
resistance in resource-limited settings [135, 136].

Limitations
Although we considered searches of worldwide data from 
common databases to retrieve relevant records, this sys-
tematic analysis has some limitations. First, the consid-
ered study settings have covered a wide range of global 
contexts that are highly variable for different reasons. 
Inconsistent sampling frames are expected and can con-
tribute to cultural, clinical, and methodological heteroge-
neity of antibiotic uses and regulations. However, in our 
analysis, we considered the random-effects method of the 
meta-analysis as an assumption to account for the differ-
ent effect sizes that possibly emanate from the diverse 
sampling frames [33, 34]. In addition, we employed sub-
group analyses to identify and recognize the sources 
of this heterogeneity across studies [33]. Second, our 
data screening and eligibility assessment process also 
excluded studies published in languages other than Eng-
lish. This process might have underestimated the non-
prescribed antibiotic uses for children at the community 
levels [137]. In this regard, studies that compared the 
impacts of restricting evidence syntheses to English-lan-
guage publications with the analyses adding non-English 
languages reported little difference in the effect estimates 
and conclusions of the systematic analyses. However, 
these studies were non-conclusive since they suggest 
comprehensive searches and further studies [138–141]. 
Finally, the included studies report non-prescribed anti-
biotic uses at varying recall times. This approach might 
have introduced a recall bias for studies reporting longer 
months of use history assessed in the community sur-
veys. Therefore, the interpretations of the findings in this 
systematic review and meta-analysis should consider 
these limitations.

Conclusion
We found that community-level non-prescribed antibi-
otic use for children by caregivers in the low- and mid-
dle-income countries accounted for about half of the 
antibiotics accessed in these settings. The report on this 
risky practice was mainly from East Asia, South Asia, 
and sub-Saharan African countries. The drug outlets 
were the primary access points for the antibiotics, while 
unofficial and home-stored leftovers were also the other 
sources of unrestricted access. Fever, acute diarrhea, and 
upper respiratory tract infections were the most frequent 
childhood illness types for antibiotics use without pre-
scriptions. This unsafe antibiotic practice for children’s 

use without a prescription is a high threshold for com-
munity-level use and is a threatening issue to global pub-
lic health. Therefore, we recommend a context-specific 
educational and regulatory interventions at these outlets 
and the community levels, targeting responsibility gaps 
of providers, caregivers, and regulatory bodies as the first 
step to improving antibiotic usage for children in low- 
and middle-income countries.
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