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Background. Chloroquine-azithromycin is being evaluated as combination therapy for malaria. It may provide
added benefit in treating or preventing bacterial infections that occur in children with malaria.

Objective. We aim to evaluate the effect of treating clinical malaria with chloroquine-azithromycin on the incidence
of respiratory-tract and gastrointestinal-tract infections compared to treatment with chloroquine monotherapy.

Methods. We compared the incidence density and time to first events of respiratory-tract and gastrointestinal-
tract infections among children assigned to receive chloroquine-azithromycin or chloroquine for all symptomatic
malaria episodes over the course of 1 year in a randomized longitudinal trial in Blantyre, Malawi.

Results. The incidence density ratios of total respiratory-tract infections and gastrointestinal-tract infections compar-
ing chloroquine-azithromycin to chloroquine monotherapy were 0.67 (95% confidence interval [CI], .48, .94) and 0.74
(95% CI, .55, .99), respectively. The time to first lower-respiratory-tract and gastrointestinal-tract infections were signi-
ficantly longer in the chloroquine-azithromycin arm compared to the chloroquine arm (P = .04 and P = .02, respectively).

Conclusions. Children treated routinely with chloroquine-azithromycin had fewer respiratory and gastrointes-
tinal-tract infections than those treated with chloroquine alone. This antimalarial combination has the potential to
reduce the burden of bacterial infections among children in malaria-endemic countries.

Keywords. azithromycin; chloroquine; gastrointestinal tract infection; malaria treatment; Malawi; respiratory
tract infection; secondary benefit.

In sub–Saharan Africa, bacterial and parasitic infections
are major contributors to the high rates of childhood

morbidity and mortality. In these settings, children
with fever are frequently treated with an antimalarial
drug based on the clinical presumptive diagnosis of ma-
laria or a positive malaria diagnostic test. The use of azi-
thromycin in combination with another antimalarial
medication in this context is appealing. Azithromycin
has modest antimalarial properties as well as activity
against the common bacterial pathogens associated
with childhood infections inmalaria-endemic countries.
Chloroquine and azithromycin have been coformulated
and the combination is undergoing testing because of
evidence that the combination is effective against chlo-
roquine-resistant malaria in addition to its benefits in
treating and preventing bacterial infections [1, 2].
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The strongest existing evidence to support azithromycin’s ability
toprotect against futurebacterial illnesses comesfromstudiesof the
delivery of azithromycin throughmass drug administration for the
treatment of trachoma. Children fromvillageswhere azithromycin
wasadministeredhavebeenshowntohave lowerratesofrespiratory
infection, diarrhea, impetigo, and fever in children after the treat-
ment campaign compared to children in villages which did not re-
ceive the azithromycin intervention [3–6]. Mass azithromycin
administrationhasevenbeenassociatedwithameasurabledecrease
in child mortality [7, 8].Many of these results emerge from studies
with limited generalizability because they compared intervention
villages where trachoma was prevalent and mass drug administra-
tionwas implementedtovillageswhere trachomawasrareandthere
were no new public health programs [3, 4] or they compared chil-
dren who did or did not receive the azithromycin during the mass
drug campaign [7]. Both types of comparison fail to control for
other factors that could affect the risk of bacterial disease. One of
these studies didnot identify a control group [6].Because trachoma
is linked to poor basic hygiene and lower socioeconomic status [9],
baseline factors that influence risk of both trachoma and bacterial
disease may have differed between the treated and untreated com-
munities and individuals. In addition, the presence of programs,
personnelandinfrastructureassociatedwithmassdrugadministra-
tion may have influenced outcomes.

In Malawi, chloroquine-susceptible malaria became ubiqui-
tous several years after the cessation of chloroquine use in 1993
and chloroquine has since demonstrated excellent clinical effica-
cy against malaria illness [10, 11].We recently completed a clin-
ical trial in Malawi, comparing chloroquine monotherapy to
chloroquine plus artesunate, atovaquone-proguanil, or azithro-
mycin for the treatment of uncomplicated malaria in children
and demonstrated that chloroquine alone or in combination
had sustained high antimalarial efficacy when used for repeated
episodes of malaria over the course of a year [12]. The equivalent
antimalarial efficacy of all treatment arms offered a unique op-
portunity to examine the potential secondary benefits of includ-
ing azithromycin, when it is combined with a highly effective
antimalarial medication. We did not include the other combina-
tion therapy arms in the control group because artesunate and
atovaquone-proguanil have antimicrobial properties. We con-
ducted active and passive case detection of all illnesses occurring
during 12 months of study surveillance and used the information
captured about nonmalarial illnesses to assess the ability of azi-
thromycin to prevent key infections. Because observations oc-
curred as part of a randomized clinical trial, any differences in
outcomes can likely be attributed to the intervention.

METHODS

Clinical Trial Study Design
This is a secondary analysis of data collected from a random-
ized, open-label clinical trial designed to evaluate the treatment

efficacy of chloroquine monotherapy versus chloroquine in
combination with artesunate, atovaquone-proguanil, or azithro-
mycin for repeated episodes of uncomplicated malaria. Chil-
dren with an additional potential source of fever, including
evidence of respiratory or gastrointestinal infection at the time
of the initial malaria episode, were not enrolled. Children with
known human immunodeficiency virus infection were excluded
from the study because the standard use of trimethoprim-
sulfamethoxazole prophylaxis, with antimalarial activity,
would interfere with efficacy assessment. At every episode of
symptomatic malaria infection, participants were treated with
the regimen to which they were initially randomized. The treat-
ment dose of chloroquine was 10 mg/kg on days 0 and 1 and 5
mg/kg on day 2, and the dose of azithromycin was 30 mg/kg
daily for 3 days. Details of the methods of this study and the
results (which showed no difference in antimalarial efficacy be-
tween the treatment arms) were reported previously [12]. Par-
ticipants were evaluated every month and at unscheduled visits
any time they felt unwell.At eachvisit, hemoglobin concentration
was measured and participants were assessed for malaria and
other illnesses. Adverse events were recorded at every visit as they
were identified.

Study Population
This analysis included 160 participants randomized to the chlo-
roquine-azithromycin treatment group and 160 participants
randomized to chloroquine monotherapy as the comparator
group. All data from the time of enrollment until study comple-
tion were included from participants who were randomized.

Outcome Variables
The primary outcome variables for this analysis were respiratory-
tract infection and gastrointestinal-tract infection events re-
corded during the 12-month postrandomization follow-up
period. Study participants visited the clinic every month for ac-
tive surveillance and were also encouraged to attend the clinic
any time they were ill. Respiratory-tract infection and gastroin-
testinal-tract infection data were obtained from adverse event
documentation. Diagnoses were made based on clinical signs
and symptoms by study clinicians and physicians, including
participant complaints and physical examination; treatment
was prescribed according to the standard treatment guidelines
in Malawi. Respiratory-tract infection events were subcatego-
rized based on the diagnosis and anatomical site affected.
Lower-respiratory-tract infection included pneumonia, bron-
chopneumonia, and bronchitis. Upper-respiratory-tract infec-
tion included only pharyngitis and tonsillitis. Acute otitis
media, chronic otitis media, and ear infection were categorized
as otitis media. Clinical diagnoses of mild illnesses, such as rhi-
nitis and viral upper-respiratory-tract infection, were not in-
cluded. Gastrointestinal-tract infections events included
diarrhea, dysentery, and gastroenteritis (vomiting and
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diarrhea). Weight-for-age and height-for-age were calculated
based on the World Health Organization (WHO) child growth
standards.

Statistical Analysis
Incidence rates for total respiratory-tract infections and total
gastrointestinal-tract infections were calculated as the ratio of
total events per total person-years for each treatment group,
where total person-years were calculated as the sum of the dif-
ference in days between enrollment and the final study visit or
early termination. Participants who permanently left the study
area, withdrew consent, or missed more than 2 consecutive
monthly visits were discontinued from the study, but their ob-
servation period up until the time of censoring was included in
the analyses. A generalized linear model was used to fit a Pois-
son, or quasi-Poisson if the data were overdispersed, distribu-
tion for the estimation of rates and rate ratios by analysis of
maximum likelihood for respiratory-tract infections and gastro-
intestinal-tract infections. The analysis was repeated separately
for the subcategories of upper-respiratory-tract infection, lower-
respiratory-tract infection, otitis media, diarrhea, dysentery, and
gastroenteritis events. Time to first respiratory-tract infection or
gastrointestinal-tract infections events and time to first event of
each subcategory were modeled using Kaplan–Meier methodology
and compared using the log-rank test. Median times to event are
presented because data were censored at last visit. To assess for ef-
fect modification, we fit models including the baseline variables for
age, weight-for-age Z score, and hemoglobin. Numbers needed
to treat estimates were calculated as the ratio of the absolute risk
differences and corresponding confidence intervals.

Analyses were performed in SAS 9.2 (SAS Institute, Cary,
NC) and in R version 2.15.2 (R Core Team, Vienna, Austria).
P values are based on 2-sided tests and are unadjusted for mul-
tiple comparisons. P values ≤ .05 were considered statistically
significant.

Ethical Considerations
All parents or guardians provided written informed consent
prior to the initiation of any study-related procedures. The
study protocol was reviewed and approved by the University

of Malawi College of Medicine Research and Ethics Committee
and the Institutional Review Board of the University of Mary-
land, Baltimore. The study was registered on ClinicalTrials.gov
(NCT00379821).

RESULTS

Baseline Characteristics
Baseline characteristics for the 2 treatment groups were sim-
ilar (Table 1). The average age in both groups was 33 months,
and females comprised approximately half of the study pop-
ulation. The study participants had slightly lower weight and
height for age than expected based on WHO growth stan-
dards, but the 2 groups had similar nutritional status at enroll-
ment. Mean hemoglobin concentrations were low and all
participants had uncomplicated malaria at enrollment into
the clinical trial.

Table 1. Baseline Characteristics of Participants Randomized to Receive Chloroquine Plus Azithromycin or Chloroquine Alone for
Treatment of Malaria

Baseline Variable CQ-AZ (n = 160) CQ (n = 160) Difference (95% CI)

Mean age (months) 33.0 ± 12.0 33.0 ± 13.2 0 (−3.0, 3.0)
Females (%) 73 (49) 77 (51) 0.02 (−.1, .1)
Mean weight for age (Z score) −1.0 ± 0.1 −1.1 ± 0.1 −0.1 (−.3, .1)
Mean height for age (Z score) −1.5 ± 0.1 −1.6 ± 0.1 −0.1 (−.3, .1)
Mean initial hemoglobin (g/dL) 9.9 ± 0.1 9.6 ± 0.1 −0.4 (−.7, 0)

Abbreviations: CI, confidence interval; CQ, chloroquine monotherapy group; CQ-AZ, chloroquine-azithromycin group.

Table 2. Participant Follow-up Characteristics by Treatment
Group

Summary Variable

Treatment Group

P Value
CQ-AZ
(n = 160)

CQ
(n = 160)

Subsequent malaria treatment episodes (n, %)

1 141 (88) 151 (94) .08
2 or more 19 (12) 9 (6)

Early termination (n, %) 60 (38) 72 (45) .14

Reasons for early termination (n, %)
Migration 39 (65) 47 (65)

Lost to follow-up 14 (23) 11 (15)

Parental consent
withdrawal

5 (8) 11 (15)

Investigator withdrawal 1 (2) 1 (1)

Serious adverse
event/death

1 (2) 2 (3)

Mean person-years follow-up 0.75 0.69 .15

Abbreviations: CQ, chloroquine monotherapy; CQ-AZ, chloroquine-
azithromycin group.
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Follow-up Characteristics
The total duration of follow-up was 121.7 and 113.3 person-
years for the chloroquine-azithromycin and chloroquine alone
groups, respectively. The median follow-up time was similar
between the groups. Early termination was predominantly
due to migration out of the study area. Follow-up rates and rea-
sons for loss to follow-up were similar in both groups (Table 2).

Respiratory-Tract and Gastrointestinal-Tract Infections
Incidence Density
Respiratory-tract infections and gastrointestinal-tract infec-
tion were common in this population. In the chloroquine-
azithromycin and chloroquine alone groups, 30% and 35%,
respectively had at least 1 respiratory-tract infection during
the course of the study (P = .43). Forty percent and 31% of chil-
dren in the chloroquine-azithromycin and chloroquine alone
groups, respectively, had at least 1 gastrointestinal-tract infec-
tion during the course of the study (P = .13).

The overall incidence density of respiratory-tract infections was
one-third lower in the chloroquine-azithromycin group com-
pared to the chloroquine alone arm (rate ratio 0.67, P = .02).
When analyzing anatomic sites of respiratory-tract infections
separately, only the incidence of lower-respiratory-tract infections
was statistically significantly reduced in the chloroquine-
azithromycin group compared to the control group (Table 3).

The overall incidence density of gastrointestinal-tract infec-
tions was 26% lower in the chloroquine-azithromycin group
compared to chloroquine alone group (rate ratio 0.74,
P = .04). In the analysis of specific clinical diagnoses of gastro-
intestinal-tract infections, the incidence of diarrhea was statisti-
cally significantly lower in the chloroquine-azithromycin
compared to the chloroquine alone group (Table 4).

In the subgroup analysis, there was no evidence of effect
modification by age and weight-for-age Z score for the total re-
spiratory-tract infection and gastrointestinal-tract infection rate
ratios. However, there was evidence of a modest effect modifi-
cation by hemoglobin for total gastrointestinal-tract infections
where hemoglobin was categorized as severe anemia (5.0–6.9
mg/dL), mild to moderate anemia (7.0–11.0 mg/dL), and no
anemia (>11.0 mg/dL). Only participants with severe anemia
showed a significantly lower rate of gastrointestinal-tract infec-
tions in the chloroquine-azithromycin group, with a rate ratio of
0.16 (95% confidence interval [CI], .04, .61).

Time to First Event
Times to first respiratory-tract infection were similar between
treatment groups (log-rank, P = .22) with median times of
0.64 and 0.41 years in the chloroquine-azithromycin and chlo-
roquine alone groups, respectively (Figure 1).When analyzing by
subcategory, time to first lower-respiratory-tract infection was
statistically significantly longer in the chloroquine-azithromycin
arm compared to the chloroquine alone group (median time
0.88 vs 0.46 years, P = .04).

Time to first gastrointestinal-tract infection event was statisti-
cally significantly longer in the chloroquine-azithromycin
group compared to the chloroquine alone group (median

Table 3. Episodes, Incidence Densities, and Rate Ratios of
Respiratory-Tract Infections, by Treatment Group

CQ-AZ CQ
Rate Ratio
(95% CI)

P
ValueCount Rate Count Rate

All RTI
events

65 0.53 90 0.79 0.67 (.48, .94) .02

Lower RTI
events

47 0.39 65 0.57 0.67 (.45, .99) .05

Upper RTI
events

3 0.02 4 0.04 0.70 (.10, 4.13) .92

Otitis
media
events

15 0.12 21 0.19 0.66 (.32, 1.35) .29

Rate calculated as event per total person-years of follow-up (CQ-AZ = 121.7,
CQ = 113.3). Total person-years calculated as total time from enrollment until
censoring at termination from the study. Rate ratio is event rate for
chloroquine-azithromycin over the rate for chloroquine monotherapy.

Abbreviations: CI, confidence interval; CQ: chloroquine monotherapy group;
CQ-AZ, chloroquine-azithromycin group; RTI, respiratory-tract infection.

Table 4. Episodes, Incidence Densities, and Unadjusted Rate Ratios of Gastrointestinal-Tract Infections, by Treatment Group

CQ-AZ CQ

Rate Ratio (95% CI) P ValueCount Rate Count Rate

All GITI events 88 0.74 111 0.98 0.74 (.55, .99) .04
Diarrhea events 33 0.27 49 0.43 0.63 (.39, .99) .05

Dysentery events 14 0.12 14 0.12 0.93 (.41, 2.11) 1.0

Gastroenteritis events 41 0.34 48 0.42 0.80 (.51, 1.23) .33

Rate calculated as event per total person-years (CQ-AZ = 121.7, CQ = 113.3). Total person-years calculated as total time from enrollment until censoring at
termination from the study. Rate ratio is event rate for chloroquine-azithromycin over the rate for chloroquine monotherapy.

Abbreviations: CI, confidence interval; CQ, chloroquine monotherapy group; CQ-AZ, chloroquine-azithromycin group; GITI, gastrointestinal-tract infection.
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time 0.58 vs 0.38 years, P = .02) (Figure 2). Of the gastrointesti-
nal-tract infections infection subtypes, only the time to first
diarrheal event was significantly longer in the chloroquine-
azithromycin group compared to the chloroquine alone group
(median time 0.97 vs 0.70 years, P = .03).

Number Needed to Treat Analysis
The absolute risk differences for respiratory-tract infection
and gastrointestinal-tract infections between the chloro-
quine-azithromycin and chloroquine alone groups were 0.16
(95% CI, .05, .27) and 0.14 (95% CI, .07, .22), respectively.

Figure 1. Kaplan–Meier analysis comparing time to first respiratory-tract infection (RTI) between treatment groups. Open circles indicate time points
where a participant terminated the study (censored). Log-rank test P = .22.

Figure 2. Kaplan–Meier analysis comparing time to first gastrointestinal-tract infection (GITI) between treatment groups. Open circles indicate time
points where a participant terminated the study (censored). Log-rank test P = .02.
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This corresponds to a number needed to treat of 7 for both
respiratory-tract infections and gastrointestinal-tract infec-
tions. For every 7 children treated for malaria with chloro-
quine-azithromycin, on average 1 case of respiratory-tract
infection and 1 case of gastrointestinal-tract infections could
be prevented when compared to treating with chloroquine
alone.

DISCUSSION

Adding azithromycin to the treatment of malaria prevented
33% of respiratory-tract infection and 26% of gastrointestinal-
tract infections in Malawi. Both respiratory- and gastrointestinal-
tract infections were significantly reduced, and the protective
efficacy was most significant among infections, such as lower-
respiratory-tract infections, that were likely to be bacterial in
origin. To our knowledge, this is the most definitive evidence
that the use of azithromycin has a detectable, long-lasting benefit
in the protection against new infections. Because respiratory-tract
infections and gastrointestinal-tract infections are so common in
this population, the impact of the addition of azithromycin to
malaria treatment is high: every 7 treatment episodes with chlo-
roquine-azithromycin will prevent 1 respiratory-tract infection
and 1 gastrointestinal-tract infection.

The significant findings in our study appear to be driven by
prevention of lower-respiratory-tract infections and diarrhea,
which were the most commonly observed infections. The lack
of statistical significance for upper-respiratory-tract infections
and nondiarrheal gastrointestinal-tract infections may be due
to their low incidence or because azithromycin did not have
an impact on prevention of those specific infections. The latter
explanation is less likely, given the spectrum of activity of azi-
thromycin and the common pathogens in diseases such as otitis
media, pharyngitis, and dysentery. Nonetheless, all the point es-
timates were uniformly in favor of lower infection rates in the
chloroquine-azithromycin group compared to the chloroquine
monotherapy group.

This study was done as part of a clinical trial in which all study
participants were from the same health center catchment area
and randomly assigned to treatment with or without azithromy-
cin, reducing bias that may have been present in previous non-
randomized evaluations of azithromycin’s benefits in African
children. Another important strength of our study is the expert
and comprehensive clinical evaluation and diagnosis of the end-
points of interest. Previous studies have relied on guardian report
and field worker assessment so that the diagnoses were likely less
specific than in our study, where trained clinicians and physicians
were responsible for determining the diagnosis. In addition, the
follow-up period of 1 year allowed for the opportunity to detect
extended efficacy or rebound infections.

The baseline rate of lower-respiratory-tract infections in the
chloroquine control arm of 0.39 per child year is very similar to

the global estimate of 0.33 episodes per child-year for children
in developing countries [13]. In contrast, the rate of gastrointes-
tinal-tract infections in the chloroquine alone group was more
than 3-fold lower than estimates for this age group in developing
countries (0.7 vs 2.7 episodes per child-year) [14].The measured
rates of both respiratory-tract infections and gastrointestinal-
tract infections were both lower than the baseline rates reported
from the children enrolled in the mass treatment program for
trachoma in Tanzania. The lower rates of infection in this
study are likely due to the urban setting of the study, in which
children live in permanent housing, have minimal exposure to
indoor smoke, and have good access to clean water [15]. Never-
theless, our study confirms the magnitude of the benefit of
azithromycin measured in studies performed in Tanzania [3, 4].

The precise mechanism by which azithromycin prevents
respiratory- and gastrointestinal-tract infections is not known.
It may directly eradicate pathogenic bacteria in the nasopharynx
and gastrointestinal tract. Although azithromycin has activity
against Streptococcus pneumoniae and group A Streptococcus,
recent studies of azithromycin for mass drug administration
have not shown that it had an effect on S. pneumoniae coloni-
zation rates [5, 16]. A short course of azithromycin also was not
associated with prolonged decreases in colonization with enteric
pathogens [17].However, the immunomodulatory effects of azi-
thromycin have been shown to improve outcomes for children
with cystic fibrosis and noncystic fibrosis bronchiectasis
[18, 19]. Further investigation is required to evaluate the mech-
anism of azithromycin’s protection against respiratory and gas-
trointestinal symptoms.

The most significant limitation of this study is lack of microbi-
ological data. Identifying the etiology of respiratory-tract infec-
tions and gastrointestinal-tract infections in any context is
challenging because many basic culture or highly sensitive detec-
tion methods yield multiple pathogens. Such investigations are
not part of routine evaluation of illnesses in resource-limited set-
tings. Many, if not most, of the respiratory and gastrointestinal
illnesses were likely due to common viral etiologies, such as
influenza, respiratory syncytial virus, and rotavirus. Such misclas-
sification would have diluted our ability to detect differences
between the 2 groups. The fact that statistically significant
differences were still detectable suggests that azithromycin
would have protected against more than a third or a quarter of
infections if we had limited our analyses to bacterial infections
using more specific case definitions. Another limitation of the
study was the high rate of loss to follow-up among the partici-
pants. We routinely encounter this in our urban setting where
the population is highly mobile. The rates of loss to follow-up
were similar in both groups and the baseline characteristics of par-
ticipants who did and did not complete the study were equivalent.
It is unlikely that incomplete follow-up led to a bias in the results.

The role of combining chloroquine plus azithromycin in the
treatment and prevention of both malaria and other infections
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is being explored in other field trials. Currently, a multicenter
phase III clinical trial is evaluating a fixed-dose combination
of chloroquine plus azithromycin for the intermittent preven-
tive treatment of malaria during pregnancy [20]. The expected
advantage of using chloroquine-azithromycin in pregnancy is
that azithromycin will also treat common sexually transmitted
diseases, including Neisseria gonorrhea, Chlamydia trachomatis,
chancroid, and syphilis [2]. The treatment and prevention of
sexually transmitted disease in pregnant women are especially
important because the infections are associated with adverse
pregnancy outcomes, including preterm delivery, low birth
weight, growth restriction, and fetal and neonatal mortality
[21]. The results of this study in Malawi further support the
use of chloroquine-azithromycin for the treatment of current
malaria and bacterial infections as well as for the posttreatment
prophylactic effect.

Chloroquine-azithromycin may play a role in the treatment
or prevention of malaria in children in the future, particularly
if emerging artemisinin resistance becomes more widespread
[22, 23]. Due to widespread chloroquine-resistant malaria and
the relatively weak antimalarial activity of azithromycin, multi-
center trials have only demonstrated the efficacy of chloroquine
plus azithromycin compared to standard antimalarial treatment
among semi-immune adults in settings outside of Malawi [24].
The combination demonstrated outstanding efficacy in our
clinical trial in Malawi because of the return of chloroquine-
susceptible malaria in Malawi following the removal of chloro-
quine from use in 1993 [10, 11]. As chloroquine use decreases
throughout sub–Saharan Africa because it is being replaced
by now widely available artemisinin-based combination thera-
py, there is increasing evidence that chloroquine-susceptible
malaria may predominate throughout the region in the near fu-
ture [25]. If the reintroduction of chloroquine use occurs, it will
have to be used in combination with another drug to prevent
the reemergence of resistance. The selection of the appropriate
partner drug to chloroquine will be based primarily on the abil-
ity of the partner drug to act synergistically to treat the malaria
infection and prevent the reemergence of resistance, but the sec-
ondary benefits should also be taken into account. If this com-
bination not only treats the acute malaria infection but also
prevents future bacterial infections, the public health benefit
of treating multiple leading causes of childhood deaths simulta-
neously would be significant.
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