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Abstract. The effects of azithromycin mass drug administration (MDA) on trachoma and yaws have been addressed.
However, the secondary effects of azithromycin MDA remain unclear. This study aimed to explore the secondary effects
of azithromycin MDA. PubMed, Embase, Cochrane Library, Web of Science, and ClinicalTrials.gov were searched from
conception to January 5, 2022. Studies on secondary effects of azithromycin MDA were included. A total of 34 studies
were included. Six of them reported on child mortality, 10 on malaria, and 20 on general morbidity and condition. Azithro-
mycin MDA reduced child mortality, and quarterly MDA may be most beneficial for reducing child mortality. The effect of
azithromycin MDA on malaria was weak. No association was observed between azithromycin MDA and malaria parasite-
mia (rate ratio: 0.71, 95% confidence interval: 0.43–1.15). Azithromycin MDA was associated with a lower risk of respira-
tory tract infections and diarrhea. Additionally, it was associated with a lower risk of fever, vomiting, and headache. The
carriage of pathogenic organisms such as Streptococcus pneumoniae and gut Campylobacter species was reduced.
However, these secondary effects of azithromycin MDA appeared to last only a few weeks. Moreover, no association
was observed between azithromycin MDA and nutritional improvement in children. In conclusion, azithromycin MDA had
favorable secondary effects on child mortality and morbidity. However, the effects were short term.

INTRODUCTION

Azithromycin mass drug administration (MDA) is an impor-
tant strategy for controlling tropical diseases such as trachoma
and yaws. A single dose of oral azithromycin can be effective
for treatment because of the long biological half-life proper-
ties.1 Trachoma, caused by Chlamydia trachomatis, is one of
the leading neglected tropical diseases requiring azithromycin
MDA.2,3 For trachoma-prevalent districts, an annual MDA with
a single dose of oral azithromycin for at least 3 years was rec-
ommended in the trachoma program.1 Because trachoma
has been prevalent in many districts, the administration of
azithromycin is large scale. To date, partners in trachoma
programs have distributed more than 900 million doses of
azithromycin. However, more than 100 million people still
require intervention.4,5

The use of azithromycin MDA for trachoma and other con-
ditions may have secondary effects on people’s health,
especially in districts without universal healthcare. Consider-
ing that azithromycin has broad-spectrum antibacterial
properties, several studies have demonstrated that azithro-
mycin MDA may have important effects in other infectious
diseases, such as malaria, diarrhea, and respiratory infec-
tions.6–8 Importantly, the mortality rate may be reduced due
to the decrease in the incidence of infectious diseases.9

Given that azithromycin MDA is mainly used in tropical areas
where there is a high burden of infectious diseases, it is
important to elucidate the effects of azithromycin MDA on
the disease spectrum and mortality for promoting people’s
health. Previous studies have discussed the secondary
effects of azithromycin MDA on drug resistance and adverse

events10,11; this study aimed to evaluate the secondary
effects of azithromycin MDA with the exception of drug
resistance and adverse events.

METHODS

Search strategy. This study was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. PubMed, Embase, Cochrane Cen-
tral Register of Controlled Trials, Web of Science, and Clinical-
Trials.gov were searched for eligible studies from conception
to January 5, 2022. No language restrictions were applied.
Free terms and Medical Subject Headings terms were used
in the search. The keywords “azithromycin,” “Zithromax,”
“Vinzam,” “AZM,” “Vinzam AZM,” and “AZT” were used to
identify studies on azithromycin. The keywords “mass drug
administration,” “mass administration,” “mass treatment,”
“mass distribution,” “preventative chemotherapy,” and “MDA”
were used to search for studies involving MDA. The above
steps were combined to identify studies related to azithromycin
MDA. The reference lists of the included studies were manually
reviewed to identify potential studies.
Study selection. Study selection was independently per-

formed by two authors. The inclusion criteria were as follows:
1) studies that used azithromycin MDA. Strictly, MDA was
defined as the administration of drugs to the whole population
in a community at the same time. Some studies used house-
hold- or age-level randomization, which was considered a
broader definition of MDA and included in the systematic
review. 2) Studies that included outcomes other than control-
ling for targeted tropical diseases. After removing duplicate
searches, the titles and abstracts were screened to identify rel-
evant articles. We conducted a full-text review of studies that
passed the screening to assess their eligibility. Case reports,
conference abstracts, reviews, editorials, and animal studies
were excluded.
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Data extraction. Two authors independently extracted
the data and assessed discrepancies. Discrepancies were
resolved through a discussion with a third author. Baseline
information about the author, year of publication, country,
sample size, study design, and participant information were
extracted. In addition, the details of azithromycin MDA, such
as the frequency, duration, and main outcome, including dis-
ease prevalence and effect size, were extracted.
Quality assessment.With regard to the risk of bias assess-

ment, the Cochrane Collaboration’s risk of bias tool was used
for randomized studies, and the ROBINSI tool was used for
nonrandomized studies. These two tools were slightly modi-
fied to ensure that they contained similar items.12 The included
studies were rated as having a high, moderate, low, or unclear
risk of bias in the following seven categories: confounding
bias, selection bias, misclassification bias, performance bias,
detection bias, attrition bias, and reporting bias. Two authors
independently assessed the risk of bias.
Data synthesis. We conducted a series of analyses of the

included studies with different outcomes involving child mor-
tality, malaria, and general morbidity or condition (general mor-
bidity or condition is the incidence of common diseases, such
as respiratory tract infection, diarrhea, and general symptoms,
such as fever, diarrhea, and vomiting). For child mortality, a
meta-analysis was not performed because of the substantial
heterogeneity in the study design across studies. For the other
outcomes, a meta-analysis was conducted when two or more
studies were included without substantial heterogeneity. Het-
erogeneity was determined using the I2 statistic and Q tests. A

random-effects model was used when a significant heteroge-
neity was observed. Meta-analysis was conducted using Stata
version 12.0 (StataCorp, College Station, TX). Statistical signif-
icance was set at P, 0.05.

RESULTS

A total of 1,570 studies were identified. After screening the
titles and abstracts, 81 studies were considered relevant and
reviewed for eligibility. Finally, 34 studies (22 randomized con-
trolled trials [RCTs] and 12 non-RCTs) that investigated the
secondary effects of azithromycin MDA were included after
reviewing the full texts (Figure 1). A total of six studies reported
child mortality (Supplemental Table 1).9,13–17 Ten studies were
related to malaria (Supplemental Table 2).6,13,18–25 Twenty
studies reported on the patients’ general morbidity or condi-
tion (Supplemental Table 3),7,8,13,26–42 of which six investi-
gated general morbidity,7,8,13,26,33,42 10 examined the carriage
of pathogenic organisms,27–36 and five assessed children’s
nutrition.37–41

Risk of bias of the included studies. The risk of bias of
the included studies is presented in Supplemental Tables 4
through 6. For RCTs, most of the included studies had a low
or moderate risk of bias from random sequence generation,
whereas a few studies had an unclear risk of bias in this cat-
egory. The risk of bias from allocation concealment was low
in 12 of the 22 RCTs and unclear in 10 RCTs. The risk of bias
from masking of participants was low in seven of the 22
RCTs, high in seven studies, and unclear in eight studies.
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FIGURE 1. Flowchart of selection of studies for inclusion in the systematic review. This figure appears in color at www.ajtmh.org.
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The risk of bias from masking of outcome assessors was
low in 16 studies and high in six studies. In addition, the risk
of bias from incomplete outcome data and selective report-
ing was low in all RCTs. For nonrandomized studies, the risk
of bias from confounding was low or moderate in seven of
the 12 studies, whereas it was unclear in five studies. The
risk of bias from the selection of participants for the study
was low or moderate in eight studies and unclear in four.
The risk of bias from intervention classification was low in 10
studies, moderate in one study, and unclear in one study.
The risks of bias from intervention deviations were low in
most studies and unclear in four studies. Moreover, the risk
of bias from masking of outcome assessors was low in three
studies and unclear in nine studies. All studies had a low or
moderate risk of bias owing to incomplete outcome data
and reporting bias.
Child mortality. Association between azithromycin MDA

and child mortality. Four studies assessed the association
between azithromycin MDA and child mortality (Supplemen-
tal Table 1). Three of these studies (two RCTs9,17 and one
cohort study15) showed that azithromycin MDA reduced
child mortality. One RCT reported a rate ratio (RR) of 0.53
[95% confidence interval [CI]: 0.26–0.84). The cohort study
reported an RR of 0.35 (95% CI: 0.17–0.74].17 In addition,
the cohort study reported a significant reduction in infectious
mortality (RR: 0.20; 95% CI: 0.07–0.58).15 Notably, the Mac-
rolides Oraux pour R�eduire les D�ec�es avec un Oeil sur la
R�esistance (MORDOR-I) trial, including more than 1,500
communities in three countries (Malawi, Niger, and Tanza-
nia), also reported a significant decrease in child mortality
(RR: 0.86; 95% CI: 0.80–0.93).9 Moreover, further analysis
revealed that significantly lower mortality was observed only
in Niger, which has a high child mortality rate.9 Additionally,
it was seen that children aged less than 6 months had the
greatest benefit. This study provided reliable data regarding
the reduction in mortality after azithromycin MDA.9 On the
contrary, one RCT using different MDA strategies containing
antimalaria agents in either the azithromycin group or pla-
cebo group reported a nonsignificant effect size in mortality
between these two groups (RR: 1.1; 95% CI: 0.88–1.3).13

After the mortality decrease findings of the MORDOR-I study,
a subsequent study (MORDOR-II trial) was performed.14 In
this study, two more doses (biannual for 1 year) of azithromy-
cin were administered to the study population in MORDOR-I
(received biannual azithromycin or placebo for 2 years). The
results showed that child mortality still decreased after sub-
sequent treatments.14 The findings of the MORDOR-II trial
suggest that azithromycin MDA remains effective in reducing
child mortality, even in communities that had previously
received azithromycin.
Frequencies of azithromycin MDA and child mortality.

Two RCTs investigated the effects of different frequencies of
azithromycin MDA on child mortality (Supplemental Table
1).16,17 One RCT was conducted in Ethiopia and consisted of
48 communities with 18,415 children aged 1 to 9 years. This
study showed that the mortality rate was lower in the annual
(3.2/1,000 person-years), biannual (4.9/1,000 person-years),
and quarterly groups (4.7/1,000 person-years) compared with
the untreated group (8.3/1,000 person-years). However, no sig-
nificant difference was observed among these three frequen-
cies (Supplemental Table 1).17 The other study was conducted
in Niger, which included 48 communities with 5,304 children

aged 6 months to 12 years. The results showed that biannual
MDA (29.0/1,000 person-years) had a lower mortality than
annual MDA (35.6/1,000 person-years), but without signifi-
cant differences (RR: 0.81, 95% CI: 0.66–1.00, P 5 0.07).16

However, this study had limitations because it lacked an
untreated group to assess the efficacy of azithromycin MDA
on mortality.
Malaria. Association between azithromycin MDA and

malaria prevalence. Ten studies (eight RCTs6,13,19,20,22–25 and
two cohort studies18,21) investigated the secondary effects of
azithromycin MDA on malaria (Supplemental Table 2). These
studies were conducted in districts with a high incidence
of malaria.
Seven of the 10 studies compared malaria prevalence

between the azithromycin-treated and non–azithromycin-
treated groups.6,13,18–21,25 Three RCTs of the seven studies
investigated the incidence of malaria parasitemia.6,13,20 Two
of which were community randomized but one was house-
hold randomized. One RCT (community randomized) showed
a lower incidence of malaria parasitemia in the azithromycin
group,6 whereas the other two RCTs (one community and
one household randomized) reported a nonsignificant associ-
ation.13,20 The pooled results for RCTs used community ran-
domization showed no association between azithromycin
MDA and the prevalence of malaria parasitemia (RR: 0.71,
95% CI: 0.43–1.15), with moderate heterogeneity (I2 5
35.9%, P 5 0.212) (Figure 2 and Table 1), indicating that
azithromycin MDA did not reduced the prevalence of malaria
parasitemia. Other outcomes were investigated by the other
four studies.18,19,21,25 Two RCTs reported that azithromycin
MDA resulted in a reduced spleen size.19,25 One cohort study
showed no significant difference in parasitemia test positivity
rate or incidence of clinical malaria between the azithromycin
and placebo groups.18 Two studies found that azithromycin
MDA was associated with lower incidences of Plasmodium
falciparum infection21,25 and clinical malaria,25 but the effects
were transient with only a 1-month effect.21,25

Moreover, three of the 10 studies investigated malaria
prevalence between annual (at peak transmission season)
and biannual (at peak and low transmission season) azithro-
mycin MDA groups (Supplemental Table 2).22–24 Two of
them involving 3-year treatment showed no statistical signifi-
cance in reducing parasitemia prevalence, parasite density,
clinical malaria prevalence, level of hemoglobin, and game-
tocytemia between annual and biannual groups.23,24 In con-
trast, one study involving 1-year treatment reported that
biannual MDA was better than annual MDA in reducing para-
sitemia and parasite density.22

General morbidity or condition. Respiratory tract infec-
tion. Four studies (two RCTs13,26 and two cohort studies7,33)
investigated the association between azithromycin MDA and
the incidence of respiratory tract infection (Supplemental
Table 3). One RCT (community randomized)26 showed a
nonsignificant association, but the other RCT (household
randomized)13 and two cohort studies7,33 reported a lower
incidence of respiratory tract infection in the azithromycin
MDA group. The meta-analysis of the cohort studies showed
that azithromycin MDA was associated with reduced inci-
dence of respiratory tract infection (RR: 0.60, 95% CI:
0.47–0.78; I2 5 0%, P 5 0.853) (Figure 3 and Table 1). Nota-
bly, a reduction in the prevalence of respiratory tract infections
was only observed in the first month after MDA.7
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Diarrhea. Five studies (three RCTs and two cohort studies)
assessed the risk of diarrhea after azithromycin MDA (Sup-
plemental Table 3).8,13,26,33,42 Four of them (three RCTs and
one cohort) found that azithromycin MDA was associated
with a lower risk of diarrhea.8,13,26,42 The other cohort study
did not show a significant association.33 The meta-analysis
of the cohort studies showed that azithromycin MDA was
associated with a lower incidence of diarrhea (RR: 0.69,
95% CI: 0.50–0.95; I2 5 0%, P 5 0.437) (Figure 4 and Table
1). Meta-analysis of the RCTs was not adopted because of
great heterogeneity (I2 5 89%). Interestingly, a reduction in
diarrhea was only observed in the first month after MDA.8

Clinical symptoms (fever, abdominal pain, vomiting, and
headache). Four studies (three RCTs and one cohort study)
assessed the risk of clinical symptoms, including fever,
abdominal pain, vomiting, and headache (Supplemental
Table 3).13,26,33,42 Three studies (two RCTs13,26 and one
cohort study33) reported that azithromycin MDA was associ-
ated with a lower incidence of fever. Meta-analysis of the
two RCTs was not performed because one RCT was com-
munity randomized but the other one was household ran-
domized. Three studies (two RCTs26,42 and one cohort

study33) reported no significant association between azithro-
mycin MDA and abdominal pain. The meta-analysis of the
two RCTs still showed nonsignificant association (RR: 0.81,
95% CI: 0.64–1.03; I2 50%, P 5 0.752) (Supplemental Fig-
ure 1 and Table 1). Three studies (two RCTs26,42 and one
cohort study33) investigated the association between azith-
romycin MDA and the incidence of vomiting. The meta-
analysis of the two RCTs showed a reduced incidence of
vomiting (RR: 0.67; 95% CI: 0.52–0.85; I2 5 31.7%, P 5
0.226). However, the cohort study showed a nonsignificant
association (Supplemental Figure 2 and Table 1). Moreover,
two studies (one RCT26 and one cohort study33) found that
azithromycin MDA was associated with a lower incidence
of headache.
Carriage of pathogenic organisms. Ten studies investi-

gated the association between azithromycin MDA and the
carriage of pathogenic organisms (Supplemental Table
3).27–36 Seven of these studies assessed the carriage of
Streptococcus pneumoniae.29–35 Among them, four studies
did not show a significant reduction in the Streptococcus
pneumoniae carriage rate.30,32,34,35 However, another three
studies reported that the carriage rate was transiently

TABLE 1
The meta-analyses for azithromycin mass drug administration and outcomes

Outcome Study design N Pooled RR (95% CI) I2 %, P for heterogeneity

Malaria parasitemia Community RCT 2 0.71 (0.43–1.15) 35.9%, 0.212
Household RCT 1 0.97 (0.93–1.01) –

Respiratory tract infection Cohort 2 0.60 (0.47–0.78) 0.0%, 0.853
Diarrhea Cohort 2 0.69 (0.50–0.95) 0.0%, 0.437
Abdominal pain RCT 2 0.81 (0.64–1.03) 0.0%, 0.752

Cohort 1 0.91 (0.59–1.40) –

Vomiting RCT 2 0.67 (0.52–0.85) 31.7%, 0.226
Cohort 1 0.62 (0.33–1.16) –

Nutrition
Wasting RCT 4 0.95 (0.84–1.07) 0%, 0.638
Stunting RCT 4 0.90 (0.75–1.09) 42.9%, 0.154
Underweight RCT 4 0.94 (0.86–1.02) 2.1%, 0.382
Low MUAC RCT 3 0.98 (0.84–1.14) 8.8%, 0.334
CI5 confidence interval; MUAC5mid-upper arm circumference; RCT5 randomized controlled trial; RR5 rate ratio. Bold text indicates significant effect size.

FIGURE 2. Forest plot for azithromycin mass drug administration and malaria parasitemia. ES5 effect size. This figure appears in color at www.
ajtmh.org.
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reduced for a period of 1 month.29,31,33 One study found a
reduction in the viral load of coronavirus with azithromycin
MDA, but the prevalence of coronavirus colonization
remained unchanged.36 Two studies found that azithromycin
MDA altered the gut microbiome structure and reduced the
number of harmful bacteria, which was thought to be associ-
ated with an improvement in children’s health.27,28 One
study revealed that azithromycin MDA reduced the number
of gut pathogenic bacteria, especially the abundance of two
Campylobacter species, which are commonly detected in
children with diarrhea.28

Nutrition. Five RCTs calculated anthropometric indices
among children (Supplemental Table 3).37–41 Four studies
compared the prevalence of wasting, stunting, underweight,
and low mid-upper arm circumference.37,39–41 None of them
reported a significant association between azithromycin MDA
and better nutritional outcomes. The pooled effect sizes were
not significant in each index: wasting (RR: 0.95, 95% CI:
0.84–1.07), stunting (RR: 0.90, 95% CI: 0.75–1.09), under-
weight (RR: 0.94, 95% CI: 0.86–1.02), and mid-upper arm
circumference (RR: 0.98, 95% CI: 0.84–1.14), respectively

(Figure 5 and Table 1). In addition, one study that compared
the height and weight between the azithromycin and untreated
groups also showed no significant differences.38

DISCUSSION

This study provided a comprehensive overview of the sec-
ondary effects of azithromycin MDA. Azithromycin MDA was
associated with a lower prevalence of child mortality, respi-
ratory tract infection, diarrhea, and clinical symptoms includ-
ing fever, vomiting, and headache. Moreover, azithromycin
MDA reduced the carriage rate of Streptococcus pneumo-
niae, gut pathogenic bacteria, and coronaviruses.
Three studies, including the large-scale MORDOR-I study,

showed that azithromycin MDAwas associated with lower child
mortality.9,15,17 One RCT by Chandramohan et al. showed a
nonsignificant association.13 This difference may be due to the
co-administration of seasonal malaria chemoprevention drugs
in the Chandramohan et al.’s study.13 Therefore, the potential
effect of azithromycin on malaria-related mortality could be
attenuated because malaria is one of the predominant causes

FIGURE 4. Forest plot for azithromycin mass drug administration and diarrhea. ES5 effect size. This figure appears in color at www.ajtmh.org.

FIGURE 3. Forest plot for azithromycin mass drug administration and respiratory tract infection. ES 5 effect size. This figure appears in color at
www.ajtmh.org.
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of death in children living in the tropical areas.43,44 In addition,
most of the children had received a pneumococcal conjugate
vaccine in the study by Chandramohan et al., which may dimin-
ish the potential effects of azithromycin in reducing pneumonia-
related mortality. Moreover, unlike community randomization
used in the MORDOR-I study, household randomization was
used in the study by Chandramohan et al., which could lead to
the loss of benefits from community MDA.
Interestingly, the MORDOR-I study showed that the effect

on child mortality was only significant in Niger, which has a
high baseline mortality rate, but not in Malawi and Tanzania.
These findings suggest that the effects on child mortality may
differ across different geographic settings. Recently, however,
two secondary analyses were conducted that found a nonsig-
nificant relationship between the effect size of mortality reduc-
tion and baseline mortality.45,46 This means that azithromycin
MDA in high-mortality areas is highly beneficial, but the benefit
in low-mortality areas cannot be excluded. Nonetheless, some
studies have suggested that targeting azithromycin MDA only
in areas with high mortality could generate maximal efficacy in
reducing the absolute number of deaths.45,46

The meta-analysis for child mortality was not conducted in
our study because of high heterogeneity (I2 580.5%), which
may be due to differences in study areas, study designs, MDA
strategies, and sample sizes. Oldenburg et al.47 reported a sig-
nificant pooled effect size between azithromycin MDA and
reduced child mortality (RR 0.86, 95% CI: 0.78–0.94; I2 5
22.6%). The low heterogeneity found in the study by Olden-
burg et al. may be due to the different inclusion of the original
studies. Three RCTs, including one comparing child mortality

between annual and biannual MDA, were pooled by Oldenburg
et al. Although the study inclusions were different, our finding
that azithromycin MDA is related to reduced child mortality is
consistent with those reported by Oldenburg et al.
Regarding the effect of different frequencies on child mortal-

ity, researchers have reported a reduction in the mortality rate
with a higher MDA frequency, but the difference was not sig-
nificant (P5 0.07). Usually, it is difficult to generate a statistical
difference when it comes to rare events such as child death.
Therefore, the current findings could not exclude the effect of
higher MDA frequency in reducing mortality. Interestingly,
mortality reduction was reported in the first 3 months after
MDA.48 These findings support the hypothesis that quarterly
MDA is most effective in reducing child mortality.
Similar to the effect of azithromycin MDA on child mortal-

ity, the effect of azithromycin MDA on the prevalence of
some diseases was short term. The prevalence of Plasmo-
dium falciparum infection, diarrhea, and respiratory tract
infection and the carriage rate of Streptococcus pneumoniae
were reduced in a few weeks post-MDA, but these effects
wore off over time.7,8,21,29,31 Therefore, a higher frequency
of MDA (e.g., quarterly) may yield greater efficacy in reducing
child mortality and morbidity than annual or biannual MDA.
Further studies are required to confirm this hypothesis.
Among the infectious diseases, malaria is life-threatening

and the leading cause of death among children younger than
five years who live in the tropical areas.49 Malaria-endemic
districts are expected to benefit from azithromycin MDA
because this drug has antimalarial properties.6 However, the
present study indicated that the effect of azithromycin MDA

FIGURE 5. Forest plot for azithromycin mass drug administration and anthropometric indices. MUAC 5 mid-upper arm circumference. ES 5
effect size. This figure appears in color at www.ajtmh.org.
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in the incidence of malaria was weak and transient. There-
fore, intermittent preventive treatment in infants or seasonal
malaria chemoprophylaxis is required to reduce malaria-
related morbidity and mortality in epidemic areas.
Besides malaria, diarrhea and respiratory tract infection are

also the leading causes of infection-related death in tropical
areas. This study showed that azithromycin MDA could sig-
nificantly reduce the prevalence of these conditions, although
the effects only lasted for 1 month after MDA. Furthermore,
azithromycin MDA reduced the carriage of pathogens, sug-
gesting that azithromycin may play a role in preventing the
development of invasive infections.
Moreover, the effects of azithromycin MDA on health gains

are balanced by antibiotic resistance, which occurs after the
implementation of azithromycin MDA. The level of antibiotic
resistance could decline after cessation of the interven-
tion.31,34,50 If repeated azithromycin MDA is planned to
reduce child mortality and disease prevalence, more studies
are needed for continuous monitoring of drug resistance.
Although this study systemically provides evidence regard-

ing the secondary effects of MDA, a few limitations must be
mentioned. First, the data of the mortality studies were not
pooled to perform a meta-analysis because of great heteroge-
neity. Second, original studies on Streptococcus pneumoniae
carriage reported inconsistent findings. However, a meta-
analysis could not be conducted because of effect sizes were
not available for every study.

CONCLUSION

Several secondary effects of MDA have been identified.
Azithromycin MDA has been shown to reduce child mortality
rate, prevalence of diarrhea and respiratory tract infection,
as well as the carriage of Streptococcus pneumoniae and
gut Campylobacter species.
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