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Summary

Background: Zinc supplementation prevents incident pneumonia in children; however, the effect for

pneumonia treatment remains unclear.

Methods: A randomized, double-blind, placebo-controlled trial of zinc supplements (daily 25mg)
adjunct to antibiotic treatment of radiology-confirmed acute pneumonia was conducted among hospi-

talized children (6–36 months) in Dar es Salaam, Tanzania.

Results: The trial was stopped early due to low enrollment, primarily owing to exclusion of children

outside the age range and >3 days of prior illness. Among children enrolled (n¼ 94), zinc supplementation
indicated no beneficial effect on the duration of hospitalization (IRR: 0.69; 95% CI 0.45–1.06; p¼ 0.09) or

the proportion of children who were hospitalized for <3 days (RR: 0.85; 95% CI: 0.57–1.25; p¼ 0.40) or

<5 days (RR: 1.01; 95% CI: 0.83–1.23; p¼ 0.92) (IRRs and RRs >1.0 favor zinc).

Conclusions: Although underpowered, this randomized trial provided no evidence for a beneficial effect
of zinc supplementation adjunct to antibiotics for hospitalized children.
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Introduction

Pneumonia is a leading cause of mortality among
children <5 years worldwide and has been estimated
to account for 18% of all child deaths in sub-Saharan
Africa [1]. Accordingly, interventions to reduce the
incidence or to improve treatment of pneumonia are
likely critical for achievement of Millennium
Development Goal 4 in sub-Saharan Africa.
Zinc deficiency is common worldwide, but children

in sub-Saharan Africa and South Asia are at
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notably high risk due to inadequate intake of zinc-
containing foods [2]. The prevalence of zinc deficiency
in Tanzania has been found to be as high as 70%
among children aged 6 months to5 years [3].
Children deficient in zinc are at increased risk for de-
veloping pneumonia, diarrhea and growth retardation
[4]. A recent meta-analysis determined that zinc sup-
plementation was associated with a 19% reduction in
the incidence of pneumonia [5]. Nevertheless, the effect
of zinc adjunct to antibiotic treatment of pneumonia
among hospitalized children (<5 years) is not clear.
Zinc supplementation was found to reduce the dur-
ation of severe pneumonia among children in
Bangladesh [6], reduce duration of very ill status and
fever among a sub-analysis of Indian boys [7], reduce
mortality due to severe pneumonia in Uganda [8] and
reduce time to recovery among a subset of children
with very severe pneumonia in India [9] and a subset
of children with radiographic pneumonia in Nepal
[10]. Nevertheless, no beneficial effect was found in
trials conducted in Nepal [11], India [12, 13] and
Australia [14]. There is also concern that some of
these trials may have included children with bronchio-
litis, for whom zinc supplementation may differently
affect the duration of hospitalization and resolution of
illness as compared with children with pneumonia [15].
The effect of zinc supplementation may also be mod-
ified by the severity of pneumonia at hospital admis-
sion [9] or by the pathogen causing pneumonia [16].
Here, we present a trial of zinc supplementation as

an adjunct therapy to standard antibiotic treatment of
radiologically confirmed acute pneumonia among Tan-
zanian children aged 6–36 months. The primary study
outcome was duration of hospitalization. We second-
arily assessed the effect of zinc supplementation on the
resolution of clinical signs and symptoms of pneumo-
nia and the need to switch to second-line antibiotics.

Methods

Study design and setting
The study was a randomized, double-blind, placebo-
controlled trial designed to assess the efficacy of zinc
supplementation as an adjunct therapy to standard
antibiotic treatment of pneumonia for Tanzanian
children aged 6–36 months (clinicaltrials.gov identi-
fier NCT00133432). The trial was conducted between
September 2005 and October 2007 at the general
pediatric wards of the Muhimbili National Hospital
(MNH) in Dar es Salaam, Tanzania. MNH is the
national referral hospital and the primary teaching
hospital for Muhimbili University of Health and
Allied Sciences.

Participant eligibility
Children aged 6–36 months admitted to MNH were
assessed by study physicians and were considered eli-
gible for enrollment in the trial if they received a

primary clinical diagnosis of acute pneumonia with
confirmation by radiological findings from chest
X-ray. Primary clinical diagnosis of acute pneumonia
was based on the World Health Organization (WHO)
Integrated Management of Childhood Illness algo-
rithm, and consisted of a child presenting with
cough or difficulty breathing and all of the following
features: (i) tachypnea defined by a respiratory rate
�50 breaths/min for children aged 6–12 months and
�40 breaths/min for children older than 12 months,
(ii) a fever of �37.5�C as measured by axillary therm-
ometer and (iii) any one of the following signs: nasal
flaring, visible indrawing of the lower chest wall mus-
cles on inspiration, central cyanosis, inability to feed,
lethargy or crepitations [17]. In addition, all clinical
diagnoses of pneumonia also had to be confirmed by
chest X-ray using WHO criteria with abnormalities
consistent of an inflammatory process, such as a dis-
tinctly confined dense abnormality or large pleural
effusion, to meet study eligibility criteria. The study
pediatrician and radiologist interpreted the chest
X-ray, and in case of discordant findings a third
physician reviewed and served as the tiebreaker.
Children were excluded if they required immediate

nutritional intervention, which included micronu-
trient supplements containing zinc, according to a
Wellcome Classification of marasmus, marasmic-
kwashiorkor or kwashiorkor [18]. Children were
also excluded if they needed immediate life-saving
measures at presentation (i.e. resuscitation), had a
prior known or current diagnosis of clinical AIDS
as per the WHO clinical case definition [19], were
diagnosed with active pulmonary tuberculosis or
measles, presented with signs of systemic illness
(e.g. sepsis, acute meningitis), reported diarrhea (�3
loose or watery stools in past 24 h), reported illness
for >3 days prior to admission, had a known intoler-
ance or allergy to zinc or were currently receiving
supplements containing zinc. Infants whose mother
or guardian refused HIV testing for the child were
also excluded. Written informed consent was ob-
tained from parents or guardians for all children.
In addition to the clinical data needed to assess

study eligibility at the time of enrollment, study phys-
icians performed a complete physical examination
and assessed oxygen saturation using a pulse oxim-
eter. Study nurses collected data on demographics
and obtained anthropometric measurements using
calibrated instruments. Length-for-age and weight-
for-length z-scores were calculated using the 2006
WHO Child Growth Standards [20]. Blood samples
were drawn at enrollment for HIV testing, complete
blood count and plasma zinc quantification.
Hemoglobin concentrations were measured using
the AcT5 Diff AL hematology analyzer (Beckman
Coulter, Jersey City, NJ, USA). Children under 15
months of age were tested for HIV infection by PCR
using the Amplicor HIV-1 DNA assay version 1.5
(Roche Molecular Systems, Inc., Branchburg, NJ,
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USA), while children aged 15 months or older were
tested for HIV infection by two sequential HIV
ELISAs, the Murex HIV antigen/antibody (Abbott
Murex, Kent, UK) followed by the Enzygnost anti-
HIV-1/2 Plus (Dade Behring, Marburg, Germany),
with discordant results resolved by a Western blot
test (Bio-Rad Laboratories, Herfordshire, UK).

Randomization, blinding and treatment allocation
Children were randomly assigned to receive adjunct-
ive zinc therapy or placebo. A randomization list
from 1 to 600 was prepared by the study biostatisti-
cian in Boston using permuted blocks of 20, which
was then sent to the study pharmacists at MNH.
Study pharmacists stored the randomization list in
a locked file cabinet and concealed allocation by cov-
ering the numeric regimen code on each bottle with a
sticker. Children enrolled in the study were provided
the next consecutive regimen number in the series.
The manufacturer of zinc and placebo supplements
labeled all bottles with a regimen code and kept the
treatment identification codes until completion of
follow-up for all participants. As a result, all study
participants and research personnel (including the
principal investigator, physicians and nurses) were
unaware of treatment groups.

Children randomized to adjunctive zinc therapy
received an effervescent tablet that contained
12.5mg of elemental zinc in the form of zinc sulfate
monohydrate (Hermes Arzneimittel GmbH, Munich,
Germany) dissolved in water twice daily (daily dose of
25mg) from enrollment until hospital discharge. The
zinc tablets also contained 1700mg of citric acid to
produce a strong lemon–lime flavor to mask the me-
tallic taste of zinc. Children randomized to the placebo
group received a zinc-free effervescent tablet (pro-
duced by the same manufacturer), which was taken
twice daily dissolved in water from enrollment until
discharge. The placebo tablets contained 1700mg of
citric acid that produced an identically strong lemon–
lime flavor as the zinc preparation to blind the partici-
pants and research personnel to the randomized treat-
ment group. Tablets for both treatment groups were
also identical in packaging and appearance. Children
who vomited within 15min of treatment administra-
tion were provided with a repeat dose.

Provision of standard of care
All participants were treated according to standard of
care at MNH, which is based on WHO standard
case management guidelines [21]. Participants received
25mg/kg chloramphenicol intravenously every 8 h for
the initial period of 72h. Second-line antibiotics were
provided for children who failed to improve at 48h,
defined by persistence of respiratory distress and lack
of improvement in oxygen saturation, or for children
who had a deterioration of clinical status characterized
by a new danger sign or hypoxia. The second-line

antibiotic regimen included ampicillin (50mg/kg intra-
venously every 6h), cloxacillin (50mg/kg intraven-
ously every 6h) and gentamicin (7.5mg/kg
intravenously once a day). Oxygen therapy was pro-
vided to maintain an oxygen saturation >92%.

Follow-up and outcome definitions
The clinical condition of participants was recorded
every 6 h by study nurses and once every 24 h by a
study clinician. Nurses and clinicians recorded the
child’s pulse rate, respiratory rate, oxygen saturation
and auxiliary temperature. Clinicians also performed
a complete clinical examination.
The primary outcome of the study was duration of

hospitalization. Children were discharged from the
hospital when the signs and symptoms of pneumonia
resolved and all of the following criteria were met for
a 24-h period: afebrile (<37.5�C), a normal respira-
tory rate (<50 breaths/min for children under 12
months and <40 breaths/min for children aged
12–36 months) and oxygen saturation >96%. The
time of discharge was recorded as the end of the
8-h shift during which these criteria were met.
Secondary outcomes included resolution of clinical

indicators of pneumonia, switching to second-line
antibiotics and vomiting within 15min of treatment
administration. Resolution of fever and tachypnea
were defined as the beginning of a consecutive 24-h
period of nurse and physician assessments with
auxiliary temperatures <37.5�C and a respiratory
rate <50 breaths/min for children aged 6–12 months
and <40 breaths/min for children older than 12
months. Resolution of nasal flaring and chest indraw-
ing was defined as the beginning of a 24-h period of
physician assessments without these signs.

Measurement of plasma zinc
Blood samples for plasma zinc concentration were ob-
tained at enrollment and hospital discharge. Special
precautions were taken to ensure that for each child
the blood samples were collected using zinc-free gloves
and syringes and transferred to a zinc-free polypropyl-
ene tube (Becton Dickinson, Franklin Lakes, NJ,
USA). The blood was centrifuged at 3000 g for
15min and plasma was separated and stored in a
zinc-free polypropylene tube below �70�C. Plasma
zinc quantification was undertaken at Boston
Children’s Hospital, Boston, using an atomic absorp-
tion spectrophotometer method with deuterium back-
ground correction and a magnesium nitrate modifier
(Model AA 800, Perkin Elmer, Boston, MA, USA).
The assay had a day-to-day coefficient of variation of
<5.0% over a range of concentrations.

Sample size
The target enrollment size for the trial was 300 in
each treatment arm, totaling 600 children. This
sample size was selected to detect a 20% reduction
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in the duration of hospital stay. We assumed a mean
length of hospital stay of 5 days with a standard de-
viation of 3.7 days based on a trial of vitamin A for
the treatment of childhood pneumonia conducted in
the same setting [22]. Calculations also assumed 80%
power, an � error rate of 5 and 4% loss to follow-up.
The trial was stopped early due to low enrollment (95
children) in October 2007 by the recommendation of
the Data and Safety Monitoring Board. Slow recruit-
ment of study participants was primarily due to the
exclusion of infants who were not within the age
range of 6–36 months and those reported illness >3
days prior to hospital admission.

Statistical analysis
The intention-to-treat principle was used for statis-
tical analyses. One child in the placebo group who
later had consent withdrawn had missing baseline
data and was excluded from baseline comparisons.
Three children (including the child with missing base-
line data) had consent withdrawn and were excluded
from follow-up analyses. Kaplan–Meier survival
curves were generated for the duration of hospitaliza-
tion by randomized treatment group. Cox propor-
tional hazard models were used to produce
incidence rate ratios (IRRs) for the effect of treatment
group on duration of hospitalization and clinical in-
dicators of pneumonia. Only individuals with nasal
flaring or chest indrawing at baseline were included
in analyses for resolution of these clinical indicators.
IRRs and relative risks (RRs) >1.0 for duration of
hospitalization and clinical indicator indicate a bene-
ficial effect of zinc. Chi-square tests were used to com-
pare the observed proportion of children who were

hospitalized for <3 and <5 days, as well as the pro-
portion of children who were switched to second-line
antibiotics, by treatment group. The association of
randomized treatment group with vomiting within
15min of receiving the regimen was analyzed using
generalized estimating equations with the log link
and exchangeable working covariance to produce
RRs [23]. RRs for vomiting <1.0 show a beneficial
effect of zinc supplementation. Change in plasma zinc
per 12 h of hospitalization was compared between
treatment groups using the Wilcoxon rank-sum test
to account for time on regimen. All p-values were 2-
sided with p< 0.05 considered statistically significant.
We did not perform adjustments for multiple
comparisons because we only considered a single pri-
mary outcome. All secondary endpoints and analyses
should therefore be considered exploratory.
Statistical analyses were performed using the SAS
version 9.2 (SAS Institute Inc., Cary, NC, USA).

Ethics

Institutional approval was granted by the Harvard
School of Public Health Human Subjects Committee
(protocol 11419), the Muhimbili University of Health
andAllied SciencesCommittee ofResearch andPublica-
tions, the Tanzanian National Institute of Medical
Researchand theTanzanianFoodandDrugsAuthority.

Results

A total of 1165 children were screened for enrollment
in the trial between September 2005 and October
2007. The flow of participants through the trial is
shown in Fig. 1. Of these screened children, 1070

95 Randomized

1 Withdrawal of  
consent 

48 Allocated to zinc 
group

1165 Assessed for 
eligibility

47 Allocated to 
placebo group

47 Analyzed 45 Analyzed

2 Withdrawal of  
consent 
1 Death

1070 Excluded:
495 Not within age range
298 Report illness >3 days
179 Severe Malnutrition/diarrhea 
98   At least 1 criteria for  
pneumonia not present 

FIG. 1. Profile of a randomized trial of zinc supplementation as an adjunct therapy to standard antibiotic
treatment of acute pneumonia for Tanzanian children aged 6–36 months.
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were excluded for not being within 6–36 months of
age (n¼ 495), reporting illness >3 days (n¼ 298),
being severely malnourished and/or reporting diar-
rhea (n¼ 179) or not meeting all criteria for the
case definition of radiologically confirmed pneumo-
nia (n¼ 98). The trial was stopped early in October
2007 per recommendations of the DSMB, primarily
due to low enrollment.

Baseline characteristics of the 94 randomized chil-
dren (excluding child with missing data) by treatment
regimen are presented in Table 1. Treatment groups
appeared to be relatively comparable with respect to
sex, age, HIV status, nutritional status, clinical char-
acteristics, most indicators of pneumonia severity
and plasma zinc concentration. There was some

indication that individuals randomized to the zinc
group were slightly older, had increased respiratory
rates among those <1 year and had reduced preva-
lence of chest indrawing at baseline as compared with
the placebo group. The proportion of children
with plasma zinc concentrations <70mg/dl was
50% (n¼ 24) and 46% (n¼ 21) for the zinc and
placebo groups, respectively. One HIV-infected
child in the placebo treatment group died during
the trial.
The effects of treatment on duration of hospital-

ization and clinical indicators of pneumonia are pre-
sented in Table 2. There was no significant difference
in the duration of hospitalization between the zinc
and placebo groups (IRR for discharge: 0.69; 95%

TABLE 1
Baseline characteristics of zinc and placebo treatment groups

Zinc group (n¼ 48) Placebo group (n¼ 46)
Characteristic Frequency (%) or Mean� SD Frequency (%) or Mean� SD

Male 26 (54.2) 30 (53.6)
Age
6–11 months 19 (39.6) 26 (56.5)
12–23 months 24 (50.0) 18 (39.1)
24–36 months 5 (10.4) 2 (4.4)

HIV-positive 4 (8.7) 3 (6.5)
Weight-for-height z score �2 10 (20.8) 8 (17.4)
Height-for-age z score �2 12 (25.0) 14 (30.4)
Mean hemoglobin (g/dl) 9.3� 1.2 9.3� 1.8
Mean pulse (beats/min) 153� 18 141� 46
Mean auxiliary temperature (�C) 38.1� 0.7 38.1� 0.8
Mean respiratory rate (breaths/min)
6–11 months 60.6� 8.4 56.2� 8.5
12–36 months 52.8� 11.0 51.6� 9.5

Mean arterial O2 saturation (%) 96.0� 2.8 96.8� 2.2
Hypoxia (arterial O2 saturation <93%) 1 (2.1) 1 (2.2)
Nasal flaring 26 (54.2) 34 (73.9)
Chest indrawing 32 (66.7) 39 (84.8)
Cyanosis 0 (0.0) 0 (0.0)
Inability to feed 1 (2.1) 1 (2.2)
Convulsions 0 (0.0) 0 (0.0)
Plasma zinc (mg/dl) 72.1� 16.1 68.0� 31.1
Plasma zinc <70 mg/dl 24 (50.0) 21 (45.7)

TABLE 2
Effect of randomized treatment on duration hospitalization and clinical indicators (IRR>1.0 favors zinc)

Zinc group (n¼ 48) Placebo group (n¼ 46) IRR for recovery
(95% CI)

p-value
Outcome Median duration in h (IQR) Median duration in h (IQR)

Hospitalization 74.2 (67.3–117.5) 68.5 (47.8–99.5) 0.69 (0.45–1.06) 0.089
Fever (>37.5�C) 30.2 (16.6–57.1) 26.9 (12.4–41.2) 0.78 (0.52–1.18) 0.237
Tachypnea* 47.3 (28.7–86.9) 32.5 (23.7–56.3) 0.68 (0.44–1.03) 0.071
Nasal flaring 39.1 (22.7–69.3) 42.8 (23.9–72.4) 1.00 (0.62–1.62) 0.985
Chest indrawing 48.7 (24.6–74.3) 46.5 (26.9–68.5) 0.75 (0.49–1.14) 0.176

*Respiratory rate �50 breaths/min for children aged 6–12 months and �40 breaths/min for children aged 12–36 months.
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CI: 0.45–1.06; p¼ 0.09) (IRR> 1.0 favors zinc).
There was also no significant effect of zinc supple-
mentation on hospitalization duration among indi-
viduals with baseline plasma zinc <70 mg/dl (IRR
for discharge: 0.54; 95% CI: 0.28–1.02; p¼ 0.06) or
after adjustment for potential imbalances in baseline
age, respiratory rate, pulse, nasal flaring and plasma
zinc between treatment groups (IRR for discharge:
0.70; 95% CI: 0.44–1.14; p¼ 0.15). We found no sig-
nificant difference in the proportion of children who
were hospitalized for <3 days (RR: 0.85; 95% CI:
0.57–1.25; p¼ 0.40) and <5 days (RR: 1.01; 95%

CI: 0.83–1.23; p¼ 0.92) between treatment groups
(RR> 1.0 favors zinc). A Kaplan-Meir curve also
suggested no difference in duration of hospitalization
by treatment arm (Fig. 2).
There was also no significant difference between

treatment groups in the duration of fever, tachypnea,
nasal flaring and chest indrawing (Table 2). No sig-
nificant difference in the proportion of children who
were switched to second-line antibiotics for zinc
(n¼ 13; 28%) versus placebo group (n¼ 13; 27%)
was observed (p¼ 0.90). Only 10 vomiting events
(six for zinc and four for placebo) were recorded

FIG. 2. Kaplan–Meier survival curves for hospital discharge in the zinc-supplemented group (dashed line) and
placebo group (solid line).
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within 15min of treatment administration, and there
was no significant difference in occurrence between
treatment groups (RR: 1.02; 95% CI: 0.29–3.65;
p¼ 0.97).

There was no significant difference in mean change
in plasma zinc concentrations per 12 h of hospitaliza-
tion between the zinc group (mean change: þ1.98mg/
dl) and the placebo group (mean change: þ0.88mg/
dl) (p¼ 0.29).

Discussion

This trial of zinc as an adjunct therapy to standard
antibiotic treatment of acute pneumonia showed no
indication of a benefit of supplementation on hos-
pital discharge time for Tanzanian children aged
6–36 months. There also appeared to be no benefit
of zinc supplementation on the duration of fever,
tachypnea, nasal flaring, chest indrawing and switch-
ing to second-line antibiotics. Nevertheless, the trial
was stopped early and the sample size was likely too
small to detect a modest effect.

Our trial results are in line with previous clinical
trials conducted in Southeast Asia [11–13] and
Australia [14] finding no significant beneficial effect
of zinc supplementation on duration of hospitaliza-
tion for children with pneumonia, but in contrast to
trials in Bangladesh [6] and India [7, 9] that found
some beneficial effects. Only one trial of zinc for
treatment of pneumonia has been conducted in sub-
Saharan Africa [8]. That trial, conducted in Uganda,
found no effect of zinc supplementation on normal-
ization of respiratory rate, temperature and oxygen
saturation, which is consistent with our findings;
however, there was a significantly decreased case-
fatality rate among children in the zinc group.
Furthermore, the benefits of zinc on pneumonia mor-
tality in the Uganda zinc treatment trial appeared to
be greater for HIV-infected children as compared
with HIV-uninfected children [8]. Because of the
small sample size and low prevalence of HIV infec-
tion (�4%) in our trial, we were unable to assess the
effect of zinc on mortality or among the subgroup of
HIV-infected children. Future studies of zinc supple-
mentation on mortality and among HIV-infected
children in sub-Saharan Africa appear to be war-
ranted. There were also few cases of severe pneumo-
nia in our trial as assessed by hypoxia, and children
with very severe pneumonia at hospital admission
may benefit from zinc supplements [9].

A strength of our study is that all randomized chil-
dren had radiologically confirmed pneumonia,
thereby excluding children with bronchiolitis or
other etiologies of lower respiratory tract infection
who may experience a different effect of zinc on reso-
lution of illness. Previous trials have used WHO cri-
teria to define severe pneumonia, which has a high
specificity for lower respiratory tract infections but
can include a wide range of etiologies [24]. The

proportion of children with wheezing has varied in
previous trials. Trials conducted in Nepal [10],
India [12] and Bangladesh [6] had wheezing preva-
lence rates of 82, 63 and 37%, respectively. The
Bangladeshi trial, which had the lowest prevalence
of wheezing, found a significant beneficial effect of
zinc [6]. Nevertheless, the Ugandan trial, which
found no effect of zinc on duration of pneumonia,
excluded children presenting with wheezing [8].
A major limitation of our trial is the small sample

size because the study was stopped early due to low
enrollment. As a result, the study did not have the stat-
istical power to detect a modest effect. Nevertheless, a
generalized synthesis of results from our study with
other clinical trials suggests there may be limited to
no effect of zinc as an adjunct therapy to antibiotics on
duration of pneumonia hospitalization, but there is
some evidence that zinc may reduce pneumonia case
fatality rates, particularly for HIV-infected children.
Given these circumstances, it is difficult to come to a
definitive conclusion whether zinc supplements
should be provided as an adjunct to standard treat-
ment of pneumonia in sub-Saharan Africa. Trials
powered to detect differences in mortality and specific
to HIV-infected children are needed.
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