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Introduction

Azithromycin (molecular formula: C38H72N2O12; molecular 
weight: 749), a semisynthetic macrolide antibiotic, is a  
15-ring compound derived from erythromycin (1). As a 
second-generation macrolide antibiotic, azithromycin can 
be used in the treatment of skin and soft tissue infections, 
respiratory tract infections, otitis media, sinusitis, tonsillitis, 
and other diseases caused by sensitive bacterial infections. 

Compared with the first generation, azithromycin has a better 
half-life in serum, better stability, faster penetration in tissues, 
and is widely used in clinical practice (2,3). Furthermore, 
it has strong anti-infective ability, can regulate immunity, 
has non-specific activity, also due to its broad antibacterial 
spectrum against Streptococcus pneumonia, Moraxella catarrhalis, 
and atypical pathogens, azithromycin has been used 
extensively for the treatment of pediatric infectious diseases 
and became one of the most commonly prescribed antibiotics 
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in children (4). Gastrointestinal reactions (abdominal 
distension, abdominal pain, and diarrhea) are the most 
common adverse reactions associated with azithromycin. In 
addition, some studies have also reported allergic reactions 
(such as rash), elevated liver function, and neurological system 
adverse reactions (5,6). In order to understand the safety of 
azithromycin in the treatment of children with diseases, this 
study collected relevant reports from recent years using the 
Meta-analysis method, and performed quantitative analysis of 
the data to guide safe clinical application of this medication. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-444).

Methods

Search strategy

PubMed, Embase, and Cochrane were selected as the search 
databases, and literature published after 2010 was searched. 
The search method was applied as follows: free combination 
of subject terms using the following keywords: “azithromycin”, 
“children”, “adverse event”, “intravenous”, and “oral”.

Literature inclusion and exclusion criteria

Inclusion criteria
(I) Articles specifying that the literature type is a 
randomized controlled trial (RCT); (II) the study subjects 
were sick children younger than 18 years old; (III) studies 
specifying that the intervention group was treated with 
azithromycin alone (oral, intravenous drip, sequential 
method), while the control group could be treated with 
placebo or other antibiotics; and (IV) the total number of 
study samples was greater than 20.

Exclusion criteria
(I)  Single-group studies without a control group; 
observational studies without an intervention method, case 
studies, review studies, and evaluation studies; (II) articles 
in which the original text could not be obtained, and those 
in which the outcome indicator of adverse event incidence 
or data could not be extracted; and (III) studies in which 
intervention protocol was mixed with other factors.

Literature bias analysis

We read the full texts of the articles, and evaluated 

the literature in the following six aspects according to 
the Cochrane Handbook for Intervention Evaluation  
cr i ter ia  (7) :  the generat ion of  random sequence, 
classification concealment, blinding method, whether the 
outcome assessment was incomplete, selective reporting, 
and other biases. We described the risk of bias of the studies 
as “high risk”, “low risk”, and “unknown risk”.

Literature screening and data collection

Two researchers conducted the literature screening, risk of 
bias assessment, and data collection. If the opinions of the 
two researchers differed in the screening and data collection 
process, a third researcher intervened to discuss and assist in 
achieving a solution. The author’s information, publication 
year, ages of study subjects, route of administration, dose, 
and incidence of adverse reactions were collected and 
converted, and then collated into tables for recording.

Statistical analysis

The following statistical methods were utilized: (I) RevMan 
5.3.5 software released by Cochrane Collaboration was used 
as the statistical tool. (II) The Mantel-Haenszel method 
was used to assess the binary variables for statistical analysis; 
the fixed-effect model was used for analysis (under the 
premise of no heterogeneity of the literature), and the odds 
ratio (OR) was used to report the adverse reaction rates 
of the two groups of patients. (III) P<0.05 was considered 
statistically significant. (IV) The analysis process was 
presented in the form of a forest plot. (V) I2 analysis and 
Q verification were used for literature heterogeneity; 
I2>50% or P<0.1 was used to indicate that the results were 
heterogeneous. (VI) Sensitivity analysis was performed via 
the exclusion method (one-by-one), and a funnel plot was 
used to indicate publication bias.

Results

Literature screening procedure

A total of 216 studies related to the adverse reactions of 
pediatric application of azithromycin (including 113 from 
PubMed, 56 from Embase, and 47 from Cochrane) were 
initially enrolled in this study. After reviewing the titles 
and abstracts of these studies, 53 articles were left after 
excluding repeated, non-RCT studies and those that did 
not meet the inclusion criteria. After reading the full texts 
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and excluding articles without the indicator of “incidence of 
adverse reactions” as well as those for which the data could 
not be obtained, nine literatures were finally included for 
bias assessment. The study literature search and screening 
process is shown in Figure 1.

Literature screening results

As shown in Table 1, a total of nine articles involving 3,597 
pediatric patients were included in this study.

Risk analysis of literature bias

Two articles (11,16) did not report on random generation 
sequence. Also, two articles (9,12) were not clear about 
the allocation concealment, which meant that there may 
be performance bias. Furthermore, two articles (11,13) 
were not clear about the optional reporting, which means 
that there may be reporting bias. The detailed risk of bias 

assessment of the nine articles included in this study is 
shown in Table 2.

Meta-analysis results

Statistical analysis of adverse reactions to azithromycin
The common adverse reactions following the application 
of azithromycin included abdominal pain, diarrhea, nausea 
and vomiting, headache, rash, etc. According to the meta-
analysis results, the nine included articles showed statistical 
heterogeneity (I2=70%; P=0.001), so the random effect 
model was used. The obtained statistic was [OR =0.65; 95% 
confidence interval (CI): (0.43, 0.97)], the statistical effect 
value was Z=2.10, P=0.04, and the difference as statistically 
significant. The adverse reactions in the intervention group 
using azithromycin were lower than those in the control 
group. Since all nine articles were low-risk studies, it was 
judged that their influence on the results was small (as 
shown in Figure 2).

Figure 1 Flowchart of literature search and screening.

Identification of studies via databases and registers

Studies identified from:
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Heterogeneity investigation and sensitivity analyses

Given that  the  n ine  inc luded  ar t i c le s  exh ib i ted 
heterogeneity, the case-by-case exclusion method was 
adopted. Following exclusion of one article (15), the 
remaining eight articles showed homogeneity (I2=12%; 
P=0.34). Using fixed effect model analysis, the statistic was 
(OR =0.79; 95% CI: 0.67−0.94) and effect size was Z=2.73; 
P=0.006, indicating that the remaining eight articles had 
good stability (Figure 3).

Analysis of publication bias
The funnel plot showed that the eight studies were basically 
evenly distributed on both sides of the funnel, suggesting 
that the possibility of publication bias was small (Figure 4).

Discussion

As a second-generation macrolide antibiotic, azithromycin 
is widely used in the treatment of various infectious diseases, 
and its pediatric clinical application rate is high (17).  
Azithromycin is effective for Streptococcus pneumoniae and 
Haemophilus influenzae causing lower respiratory tract 
infections, and also has a control effect on Chlamydia 
pneumoniae and mycoplasma (18). In addition, its non-
specific and immune effects have also led to its application 
in the adjuvant anti-infection treatment, which can regulate 
inflammatory cytokines and reduce inflammatory cell 
infiltration (19). However, there are no clear guidelines for 
its safe use in clinical practice at present.

Therefore, this paper summarized and analyzed recent 

Figure 2 Forest plot of the incidence of adverse reactions following the application of azithromycin in the treatment of pediatric diseases.

Study or subgroup Events EventsTotal Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Experimental Control Odds ratio Odds ratio

0.01 0.1 1
Favours [experimental] favours [control]

10 100

Goyal V et al. 2018 17 82 23 97 13.0% 0.84 [0.41, 1.71]
Li P et al. 2019 2 83 9 79 5.1% 0.19 [0.04, 0.92]
Mandhane PJ et al. 2017 80 140 97 139 16.4% 0.58 [0.35, 0.95]
Mitjà O et al. 2012 10 110 8 113 9.7% 1.31 [0.50, 3.46]
Oldenburg CE et al. 2018 169 571 391 1142 20.3% 0.81 [0.65, 1.00]
Saiman L et al. 2010 94 131 127 129 5.8% 0.04 [0.01, 0.17]
Sié A et al. 2020 44 230 42 220 16.8% 1.00 [0.63, 1.60]
Stokholm J et al. 2016 18 72 24 79 12.9% 0.76 [0.37, 1.57]
Wang J et al. 2018 113 91 115 89 Not estimable

Total (95% CI) 1510 2087 100% 0.65 [0.43, 0.97]

Total events 547
Heterogeneity: Tau2 =0.20; Chi2 =23.65, df =7 (P=0.001); I2=70%
Test for overall effect: Z =2.10 (P=0.04)

Table 2 Risk of bias assessment based on the Cochrane systematic review criteria for randomized interventions

Study
Generation of random 

sequence
Allocation concealment Blind method

Inadequate outcome 
assessment

Optional reporting Other bias

Stokholm et al. (8) Low Low Low Low Low Low

Li et al. (9) Low Unclear Low Low Low Low

Goyal et al. (10) Low Low Low Low Low Low

Sié et al. (11) Unclear Low Low Low Unclear Low

Mandhane et al. (12) Low Low Low Low Low Low

Oldenburg et al. (13) Low Unclear Low Low Unclear Low

Mitjà et al. (14) Low Low Low Low Low Low

Saiman et al. (15) Low Low Low Low Low Low

Wang et al. (16) Unclear Low Low Low Low Low
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articles on the adverse reactions related to the use of 
azithromycin in mainstream databases, which included 
a total of nine studies published after 2010. All of these 
articles were clearly described as randomized controlled 
studies. Using the random effects model, the results 
showed that compared with the control group, the OR 
of adverse reaction rate in the intervention group, which 
used azithromycin monotherapy, was [OR =0.65; 95% 
CI: (0.43, 0.97); P=0.04], indicating that the difference 
in the adverse reaction rate between the two groups 
was statistically significant. In other words, the safety of 
azithromycin monotherapy was good. In a meta-analysis by 
Smith et al. (20) on the use of azithromycin as a treatment 
in neonates, it was reported that the use of azithromycin 
was associated with fewer neurological and gastrointestinal 
adverse reactions, and significantly reduced the risk of 
bronchopulmonary dysplasia in neonates. The majority of 

the subjects included in the present study were children 
>1 year of age, and the findings were consistent with the 
previous reports. Another similar meta-analysis performed 
by Ruuskanen (21) in year 2004 found that for the patients 
treated with oral azithromycin, on average 9% of patients 
have treatment-related adverse events, which are most 
frequently gastrointestinal complaints, but symptoms were 
mild to tolerate. Our study had the similar outcome with 
the one mentioned, but included articles all published after 
2010, the results were more reliable.

In the present study, the nine included articles exhibited 
heterogeneity (I2=70%; P=0.001), and the case-by-case 
elimination method was used for sensitivity analysis. After 
excluding one of the studies (15), the remaining eight 
literatures showed homogeneity (I2=12%; P=0.34), and 
the fixed utility model was used to obtain an effect value 
of Z=2.73, P=0.006. This result was only slightly different 
from that of the random effect model of the nine studies 
combined, which suggested good stability. The reason for 
the heterogeneity of the one excluded study (15) may lie 
in its specificity. In the treatment of chronic Pseudomonas 
aeruginosa infection in patients with fibrosis, the treatment 
cycle is up to 6 months, resulting in numerous adverse 
reactions. Thus, strictly controlling the dose, improving 
medication compliance, closely monitoring the adverse 
reactions, and timely intervention are needed.

In a study (22), the author pointed out that the medium-
dosage group (10–30 mg/kg/day) had more adverse events 
than that of low-dosage group, which implying more 
dosage would bring more adverse events. In the study (21), 
single dose 30 mg/kg and 3-day 20-mg/kg/day regimens are 
well-tolerated, although these new dosages are associated 
with more adverse effects. Combined with our findings, in 

Figure 4 Funnel plot of the incidence of adverse reactions 
following the application of azithromycin in the treatment of 
pediatric diseases.
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Figure 3 Forest plot of sensitivity analysis.

Study or subgroup Events EventsTotal Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Experimental Control Odds ratio Odds ratio

Goyal V et al. 2018 17 82 23 97 5.4% 0.84 [0.41, 1.71]
Li P et al. 2019 2 83 9 79 2.9% 0.19 [0.04, 0.92]
Mandhane PJ et al. 2017 80 140 97 139 13.5% 0.58 [0.35, 0.95]
Mitjà O et al. 2012 10 110 8 113 2.3% 1.31 [0.50, 3.46]
Oldenburg CE et al. 2018 169 571 391 1142 59.2% 0.81 [0.65, 1.00]
Sié A et al. 2020 44 230 42 220 11.2% 1.00 [0.63, 1.60]
Stokholm J et al. 2016 18 72 24 79 5.5% 0.76 [0.37, 1.57]
Wang J et al. 2018 113 91 115 89 Not estimable

Total (95% CI) 1379 1958 100% 0.79 [0.67, 0.94]

Total events 547
Heterogeneity: Chi2 =6.81, df =6 (P=0.34); I2=12%
Test for overall effect: Z =2.73 (P=0.006) 0.01 0.1 1

Favours [experimental] favours [control]
10 100
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case of treating children with special diseases as fibrosis, 
trachoma, cholera when the dosage is high, we need to 
be careful of the adverse reactions, especially the cardiac 
reactions (prolonged QT or irregular heart beat).

In this study, the publication bias was evaluated after 
eliminating the one study (15). The funnel plot showed 
that both sides were basically symmetrical, indicating that 
the publication bias was small and the results had high 
reliability. However, this study still had shortcomings that 
should be noted. Among the nine included articles, some 
studies did not describe the generation method of random 
sequence, did not mention allocation concealment, and did 
not strictly implement the double-blind method, which may 
have resulted in bias in the results. In addition, a number 
of articles included in this study focused on abdominal 
pain, diarrhea, rash, nausea, vomiting, constipation, and 
other adverse reactions. The absence of statistics regarding 
neurological complications, allergy, etc., may affect the 
comprehensiveness of the results. This study only combined 
the statistics of all adverse reactions, but did not perform 
statistical analysis of single adverse reactions, which affects 
the depth of the study. Therefore, in-depth investigations 
on the safety of azithromycin in the treatment of pediatric 
diseases are required in future studies.

Conclusions

In this meta-analysis of the application of azithromycin in 
the treatment of infectious diseases in children, a total of 
nine studies involving 3,597 patients were included. The 
results showed that the clinical safety of azithromycin was 
relatively better than that of other antibiotics, but care 
should be taken when the dosage is high in treating some 
disease.
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