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Abstract. A cluster-randomized clinical trial showed that biannual single-dose azithromycin reduced mortality in
preschool children; we sought to determine the effect on anemia. A simple random sample of 30 communities fromKilosa
district, Tanzania, were themselves randomized to receive either 6-monthly treatment of children aged 1–59months with
single-dose azithromycin or placebo. From each community, 40 preschool children were randomly selected at baseline,
12 months, and 24 months. At surveys, the children underwent hemoglobin testing; WHO definitions for anemia were
applied. After adjusting for community clustering, the prevalence of anemia was not significantly different by treatment
assignment at baseline, 12 months, and 24 months. In each of the cross-sectional surveys, anemia prevalence was
associated with younger age; the odds of being anemic was highest in those aged < 12months. There was also a general
decrease in the prevalence of anemia during the study. Although azithromycin was not shown to affect anemia, signifi-
cantly, the study highlights burden of anemia in rural, African communities.

Anemia refers toadiversegroupofdisorderscharacterizedby
the shared inability to meet oxygen demand on the basis of
insufficient red cell mass or impaired function.1 Rather than a
singledisease, anemia representsaclinical sign, amanifestation
ofmultipledifferentpathologies.2Assuch, anemia is classified in
avarietyof differentwaysspanningmechanism (i.e., production,
destruction/consumption, and blood loss/bleeding), morphol-
ogy (i.e.,micro-, normo- versusmacrocytic), and iron status (i.e.,
hypo- versus normochromic). Anemia remains a major global
health challenge, with more than 1.5 billion people affected.3

Preschool children (i.e., those aged 6 months–5 years) in low-
middle income countries are disproportionately at risk of ane-
mia,3 as illustrated by a 2008 report that 47% of preschool
childrenworldwidewere anemic.3 Anemia in childhood has long
been postulated to adversely affect behavioral, cognitive, and
psychomotor development4–6 as well as mortality risk. There-
fore, interventions that tackle anemia could offer protection
against childhood morbidity.7

The Macrolides Oraux pour Réduire les Décès avec un Oeil
sur la Résistance (MORDOR) study, a multinational cluster
randomized clinical trial, found that biannual administration of
single-dose azithromycin to preschool children reduced all-
cause mortality compared with placebo.8 Mechanisms for
decreased mortality with azithromycin were explored but not
identified.9 Specifically, selected morbidity indicators (e.g.,
cough, fever, and diarrhea) were not significantly different by
treatment assignment in a cohort of children in the partici-
pating communities.9 Azithromycin is a broad-spectrum
macrolide antibiotic that has proven to be safe and effective
against a wide array of respiratory-,10 gastrointestinal-,11 and
cutaneous pathogens,11 many of which are encountered in
low-resourced settings. It is also effective against selected
protozoan infections such as Babesia.12 Importantly, mass
distribution of single-dose azithromycin has been central to
the global strategy to eliminate trachoma13 and yaws.14 Ac-
knowledging that there is a complex interplay betweenanemia

and infectious disease,15 we hypothesized that azithromycin
could—indirectly—impact the prevalence of anemia through
mitigation of infectious burden in a rural, population of children
of low socioeconomic status. We sought to determine, in a
parallel randomized trial, whether biannual distribution of
azithromycin to preschool children impacted the prevalence
of anemia compared with placebo in Kilosa district, Tanzania.
A cluster-randomized, placebo-controlled, double-masked

clinical trial was conducted in 30 communities in Kilosa District,
Tanzania (January 2015–August 2017), as part of the MORDOR
trial, to evaluate the effect of biannual, single-dose azithromycin
comparedwith placebo on the prevalence of anemia over time. All
communities thatwere located inKilosadistrict that hadat least 20
children aged 1–59months during a baseline censuswere eligible
to participate in the trial. Thirty communities were randomly se-
lected8 from thesamepool as that of theMORDORmortality study
(i.e., enabling inference to the MORDOR population) but were not
included in that study. The intervention, azithromycin (∼20mg/kg),
and placebo (Pfizer, New York, NY) (both of which were in-
distinguishable in appearance and taste) were administered every
6 months for 24 months, by study personnel. At each survey time
point, an updated census was used: 40 children, aged 1–
59 months who had guardians who were capable of providing
consent, were randomly selected to participate in the study. If a
community had less than 40 eligible children, all the children were
selected to participate. A fingerstickwasperformedon each of the
children and the hemoglobin concentration was determined using
a point-of-care device HemoCue® Hb 201+ System (HemoCue
America, Brea, CA).
The prespecified outcome of interest was the prevalence of

mild (10–10.9 g/dL), moderate (7–9.9 g/dL), and severe anemia
(< 7 g/dL) as defined by the WHO classification of anemia.1

Descriptive statistics for all outcomes stratifiedby treatment arm
are shown for the cross-sectional surveys; 95% CIs are shown
for the primary outcome (anemia). Cross-sectional differences
and changes in prevalence over time by arm were tested using
logistic models with arm age and time of survey as independent
predictors as appropriate. The generalized estimating equation
approach, with an independent correlation structure, was used
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to account for clustering at the community level. Data were an-
alyzed with SAS version 9.4 software (SAS, Raleigh, NC).
Ethical approval was obtained from the Tanzanian National

Institute for Medical Research and the Institutional Review
Board of the Johns Hopkins School of Medicine. Children
were included in the study on the basis of documentedwritten
informed consent from their guardians.
After adjusting for age and accounting for clustering at a

community level, the prevalence of anemia as assessed at
baseline, 12 months, and 24 months was not significantly dif-
ferent between children who resided in communities in the azi-
thromycin and the placebo arm (Table 1). The proportion of
children with anemia was also not significantly different by
treatment assignment after adjusting for the number of doses of
the study drug (Table 2). In both treatment arms (i.e., azi-
thromycin and placebo), there was an overall decline in the
prevalence of anemia over the course of the study as shown in
the 12-month and 24-month follow-up surveys (Table 1) (odds
ratio [OR]=0.56; 95%CI [0.48–0.66]per year). Theprevalenceof

anemiaalsodeclinedwithage; itwassignificantlyhigher in those
children aged < 12 months and remained significantly higher in
the youngest age stratum (as compared with other ages)
through all phases of follow-up: at baseline (OR = 2.71; 95%CI
[1.84–4.00]), at 12 months (OR = 2.15; 95%CI [1.50–3.06]), and
at 24 months (OR = 1.70; 95% CI [1.01–2.88]). In most cases,
anemia was mild or moderate; by comparison, severe anemia
was rare (0.2–1%) in all phases of follow-up (Figure 1). The
median hemoglobin value (and interquartile ranges) at baseline,
12 months, and 24 months in the azithromycin arm was 10.65
g/dL (9.80–11.50), 11.00 g/dL (10.10–11.80), and 11.40 g/dL
(10.60–12.20), respectively. The median hemoglobin value (and
interquartile ranges) at baseline, 12 months, and 24 months in
the placebo arm were 10.60 g/dL (9.60–11.40), 10.90 g/dL
(10.00–11.70), and 11.30 g/dL(10.50–12.20), respectively.
The study findings were 3-fold. First, biannual administration

of azithromycin to preschool children did not have a significant
impact on prevalence of anemia over time. Acknowledging dif-
ferences in studydesign, similar negativefindingswere reported

TABLE 1
Proportion of children with moderate to severe anemia by survey time age and arm

Survey time Age category

Arm
Arm differences; age-adjusted odds ratio 95%

CI; P-value; reference placebo*Azithromycin (n/N) (%) Placebo (n/N) (%)

Baseline 1 to < 12 months 44/94 (46.8) 45/86 (52.3) 0.78 (0.46–1.33), 0.36
12 to < 24 months 50/118 (42.4) 50/105 (47.6)
24 to < 36 months 16/92 (17.4) 28/112 (25.0)
36 to < 48 months 21/102 (20.6) 25/107 (23.4)
48 to 59 months 13/98 (13.3) 24/115 (20.9)
Overall 144/504 (28.6) 172/525 (32.8)
Test for trend with age adjusted for arm* < 0.0001

12 months < 12 months 43/130 (33.1) 33/96 (34.4) 0.81 (0.53–1.26), 0.36
12 to < 24 months 32/143 (22.4) 32/130 (24.6)
24 to < 36 months 26/135 (19.3) 34/140 (24.3)
36 to < 48 months 12/101 (11.9) 23/117 (19.7)
48 to 59 months 9/80 (11.3) 8/63 (12.7)
Overall 122/589 (20.7) 130/546 (23.8)
Test for trend with age adjusted for arm* < 0.0001

24 months < 12 months 10/75 (13.3) 14/60 (23.3) 0.74 (0.40–1.37),0.33
12 to < 24 months 19/132 (14.4) 25/113 (22.1)
24 to < 36 months 12/105 (11.3) 15/125 (12.0)
36 to < 48 months 3/63 (4.8) 6/87 (6.9)
48 to 59 months 6/70 (8.6) 5/98 (5.1)
Overall 50/445 (11.2) 65/483 (13.5)
Test for trend with age adjusted for arm* 0.001

* Accounting for clustering at community level.

TABLE 2
Proportion of children with moderate-to-severe anemia by survey time and number of previous treatments with the study drug

Survey time Number of previous treatments with the study drug

Arm
Age-adjusted treatment-adjusted

P-value for arm differences*Azithromycin (n/N) (%) Placebo (n/N) (%)

Baseline 0 144/504 (28.6) 172/525 (32.8) 0.36
12 months 0 26/102 (25.5) 28/95 (29.5) 0.36

1 42/160 (26.3) 40/146 (27.4)
2 54/327 (16.5) 62/305 (20.3)

Age-adjusted P-value for number
of treatments*

0.06 0.38

24 months 0 5/32 (15.6) 5/44 (11.4) 0.38
1 11/49 (22.5) 14/54 (25.9)
2 6/79 (7.6) 18/88 (18.2)
3 15/103 (14.6) 16/134 (11.9)
4 13/182 (7.1) 14/163 (8.6)

Age-adjusted P-value for number
of treatments*

0.12 0.33

* Accounting for clustering at community level.
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in cluster-randomized trials in Niger when evaluating the impact
ofmassdistributionof azithromycinonmalaria parasitemia.16–18

Second, there was a significant decline in anemia by age, which
was shown in both treatment groups. The prevalence of anemia
was significantly higher in those aged less than 1 year. The
reasons for this finding are not entirely clear as breastfeeding is
highly prevalent in young children. Early weaning from breast-
feeding with transition to low-nutrition foods may be one
possible—albeit uninvestigated—explanation for higher rates of
anemia in the youngest age stratum, if confirmed, this could be
amenable to intervention (breastfeeding data were not col-
lected in our study). A similar finding was reported in a study
of preschool children in rural Rwanda, where children aged 6–
11 months had the highest odds of moderate to severe
anemia.19 By contrast, malaria was associated with higher age-
groups. Third, although a significant difference by intervention
was not shown, the study still highlights the high prevalence of
anemia ina rural district of Tanzania,wherebyalmosta thirdof all
children were moderately to severely anemic at baseline. Re-
gional studies have shown even higher rates of anemia. One
study inArushadistrict reported that 84.6%of a randomsample
of 369 children aged < 5 years were anemic.20 Common, re-
gional contributing risk factors for anemia in children include low
birth weights, dietary factors (e.g., inadequate bioavailability of
dietary iron), malaria, schistosomiasis, and soil-transmitted
helminths.20,21 Iron deficiency specifically contributes dispro-
portionately to the burden of anemia, being present in 42%of all
cases of anemia in children.21

Nonetheless, there was a decline in the prevalence of anemia
in both arms over the course of the study. Such is consistent
with findings that have been reported at a national level over the
past 15 years.22 For example, in 2004–2005, the national
prevalence rates of moderate and severe anemia in Tanzanian
children aged 6 months to 5 years were 43% and 4.2%, re-
spectively; by 2010, those prevalence rates had declined to
29.4%and1.9%, respectively.22Similardownward trends in the
prevalence of anemia have been reported for the broader East
Africa region, where the regional prevalence of severe anemia

decreased from10.2% in1995 to 2.5% in2011.21Oneplausible
explanation for some of the decline is a contemporaneous re-
duction in malaria during the study, following concerted efforts
to mitigate malaria through distribution of insecticide-treated
bed nets and expanded access to antimalarials.23

The study has limitations. For one, anemia is not a diagnosis.
Rather it is a clinical sign with multifactorial origin. Pertinent to
this study, assessment of anemia was limited to only one pa-
rameter.Although thisoffers insight intoprevalence, itdoes little
to characterize the cause of anemia. Separate from the study’s
goal to evaluate the impact of azithromycin on anemia, im-
proved understanding of the nature of anemia is necessary to
understand the broader changes in Tanzania, so as to guide
intervention accordingly.
In conclusion, anemia remains amajor public health burden in

preschool children inKilosadistrict, Tanzania.However, biannual
single-doseazithromycin treatmentwasnotshown to impact the
prevalenceof anemia. The lackof significant effect onanemia in
azithromycin-treated communities is consistent with negative
mortality finding as previously reported for Tanzania.8
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