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pneumonia treatment in children aged 2
to 60 months in low-income and middle-
income countries: a systematic review

and meta-analysis

Nick Brown

ABSTRACT

Background Despite advances in vaccination and

case management, pneumonia remains the single largest
contributor to early child mortality worldwide. Zinc has
immune-enhancing properties, but its role in adjunctive
treatment of pneumonia in low-income and middle-income
countries (LMICs) is controversial and research still active.
Methods Systematic review and meta-analysis of
randomised controlled trials of zinc and placebo in
pneumonia in children aged 2 to 60 months in LMICs.
Databases included MEDLINE, the Cochrane Library,
EMBASE, LILACS, SciELO, the WHO portal, Scopus, Google
Scholar and ClinicalTrials.gov. Inclusion criteria included
accepted signs of pneumonia and clear measure of
outcome. Risk of bias was independently assessed by
two authors. ORs with 95% Cl were used for calculating
the pooled estimate of dichotomous outcomes including
treatment failure and mortality. Time to recovery was
expressed as HRs. Sensitivity analyses considering risk of
bias and subgroup analyses for pneumonia severity were
performed.

Results We identified 11 trials published between 2004
and 2019 fulfilling the a priori defined criteria, 7 from
South Asia and 3 from Africa and 1 from South America.
Proportional treatment failure was comparable in both zinc
and placebo groups when analysed for all patients (OR
0.95 (95% CI 0.80 to 1.14)) and only for those with severe
pneumonia (OR 0.93 (95% Cl 0.75 to 1.14)). No difference
was seen in mortality between zinc and placebo groups
(OR 0.64 (95% Cl 0.31 to 1.31)). Time to recovery from
severe pneumonia did not differ between the treatment
and control groups for patients with severe pneumonia (HR
1.01 (95% Cl 0.89 to 1.14)). Removal of four studies with
high risk of bias made no difference to the conclusions.
Conclusion There is no evidence that adjunctive zinc
treatment improves recovery from pneumonia in children
in LMICs.

Trial registration number CRD42019141602.

BACKGROUND

About 80% of the world’s under-five deaths
occur in low and middleincome coun-
tries (LMICs)."™ The majority are due to
either acute respiratory infection or acute

! Antti Juhani Kukka,? Andreas Martensson®

What is known about the subject?

» Pneumonia is globally the single largest cause of
childhood mortality.

» Zinc is an important micronutrient that regulates the
inflammatory response.

» Zinc supplementation has been shown to reduce
mortality in acute gastroenteritis, but in pneumonia
its role is controversial.

What this study adds?

» This systematic review and meta-analysis showed
no benefit from adjunctive zinc in treatment of pneu-
monia in children aged 2 to 60 months.

gastroenteritis. To a large extent, these deaths
are preventable through strategies generic to
both including exclusive breast feeding, safe
complementary feeding and universal vacci-
nation.””

Child pneumonia (specifically between the
ages of 2 and 60 months) contributes approx-
imately 30% of the total global pneumonia
mortality but, despite a gradual recent fall in
both incidence and case fatality rates over the
Millennium Development Goals era (1990-
2015), it remains, by some distance, the single
largest contributor to global post-neonatal
mortality.® A recent review for the Child
Health Epidemiology Action Group esti-
mated an incidence of community-acquired
childhood pneumonia in LMICs of 0.22 (IQR
0.11-0.51) episodes per child per year. Of
these, 11.5% progress to severe episodes.”
Recent Global Burden of Disease data esti-
mate 68 million incident cases of pneumonia
and 652 572 deaths per year (uncertainty
interval 586 000 to 720 000). Pneumonia,
therefore, contributes of the order of 15% of
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the total 5.6 million annual underfive year child deaths,
the vast majority in LMICs and in primary care settings
where resources are more stretched and populations
more susceptible.'’

Standard treatment includes fluids, antibiotics appro-
priate tolocal microbiological epidemiologyand oxygen."!
Pulse oximeters have enhanced detection of hypoxia, but
this has little influence on pneumonia-related mortality
in the absence of supplemental oxygen.'?

Micronutrients and their relation to pneumonia have
been the subject of research interest for many years.
The consensus is that mass infant vitamin A preven-
tative supplementation reduces subsequent all-cause
mortality,”” but that adjunctive treatment in acute pneu-
monia does not alter disease trajectory.'*

The role of zinc, another key micronutrient, remains
controversial. It has immune-enhancing properties and
deficiency is associated with increased susceptibility to
infection as well as impaired growth and development.'’
Zinc supplementation as an adjunct to standard rehy-
dration enhances recovery from acute gastroenteritis in
LMICs and in meta-analysis reduces mortality by an esti-
mated 28%.'° Population preventative supplementation
reduces all-cause mortality'” and reduces pneumonia
incidence in young children if administered regu-
larly." ¥ Given this immune protective effect and preva-
lence of dietary deficiencies in LMICs, it seems plausible
to assume that the effect in the most common infective
cause of mortality is greater than it would be in highin-
come countries.

However, the role of adjunctive zinc at presentation in
pneumonia is still controversial: meta-analyses published
in 2011, 2012 and 2016 found no effect, while
another published in 2018 estimated a significant reduc-
tion in mortality (risk ratio 0.43, 95% CI 0.22 to 0.83), but
no difference in composite treatment failure rates.” The
last study was published in 2018 and included studies up
to October 2015, 4 years before our search. In addition,
this meta-analysis included only studies of severe pneu-
monia at randomisation. These represent a minority of
all pneumonia cases and the public health implications
of even a small gain in non-severe pneumonia would be
considerable.

As this area of research remains active with new find-
ings published since the last meta-analysis, we aimed to
update the evidence for the efficacy of adjunctive zinc
treatment in all pneumonia in children in LMICs.

METHODS

Aim, registration, eligibility and search strategy

The aim of this study was to investigate the efficacy of
adjunctive zinc supplementation in children aged 2 to
60 months with pneumonia in LMICs. The study was
conducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
analysis statement) guidance.”* The review protocol

was registered in advance on the PROSPERO database
(CRD42019141602)

Papers and conference abstracts of placebo-controlled
randomised controlled trials (RCTs), where zinc was
given as an adjunctive treatment to standard pneumonia
therapy including antibiotics, were considered eligible
for inclusion.

In terms of simplicity, ease of interpretation and
power, we chose not to include factorial designs or those
comparing zinc with another potentially active adjunctive
treatment.

Pneumonia diagnosis was based on the WHO defi-
nition and grades of severity in use at the time of the
study."' The age group of interest was children from 2 to
60 months. Only trials conducted in LMICs, as defined
by World Bank definitions™ at the time recruitment, were
included. Studies, where all patients had simultaneously
another debilitating condition such as measles, AIDS or
severe malnutrition, were excluded. In accordance with
International Committee of Medical Journal Editors
guidance,” advance registration was required for trial in
which recruitment started 1 January 2007 or later.

Two authors (NB and AJK) independently searched the
following databases from their inception to 1 August 2019:
MEDLINE, the Cochrane Library, EMBASE, LILACS,
SciELO, the WHO trial database, Scopus, Google Scholar
and ClinicalTrials.gov. Key search terms were child AND
pneumonia OR acute respiratory infection AND zinc
(online supplementary appendix 1). Reference lists of
the retrieved studies and relevant reviews were addition-
ally searched for completeness. The search was repeated
during the revision of the manuscript on 17 April 2020.

Data extraction, outcome measures and bias evaluation

The main outcome of the meta-analysis was treatment
failure. We considered a change to second-line antibi-
otics (as other studies have done) as a treatment failure
as this invariably means that the first-line drugs have not
worked.

Secondary outcomes were time to recovery from pneu-
monia and mortality. Recovery was defined as normal-
isation of age-adjusted respiratory rate and oxygen
saturation in air.

Data extraction was done independently by two
authors (NB and AJK) onto two separate spreadsheets.
The spreadsheets were compared on completion and
any disagreements solved by discussion. In keeping with
PRISMA guidance, we extracted data on the following:
study title; first author; publication year; country; age
group and any stratifications; pneumonia definition;
vital parameters reported; nutritional status; HIV status;
comparability of baseline characteristics; exclusion of
chronic illness; trial registration data; ethical permission;
consent; conflict of interest; reported outcomes and their
definitions; number of participants in each group (post-
randomisation and with completed follow-up); dosage
and duration of zinc treatment; placebo used.
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PubMed: 627
EMBASE 502
Scopus: 500
Google Scholar: 179
SGELO: 5
LILCAS: 5

WHO Trials: 36
Clinicalfrials.gov 21

= total 1875 hits including
duplicates

Additional titles found via
consulting experts 1

Additional titles found via
previous reviews 1

1834 titles removed by title
and abstract screening
(including duplicates)

43 titles included for full
text review

32 papers removed by full-
text screening.

4 wrong age group, no
disaggregated data
available for the age group
of interest

1 pneumonia definition not
meeting inclusion criteria

6 trial registration after

11 titlesincluded for meta- stk oE TecTiil t

analysis

16 no mention of trial
registration

3 reports of secondary
analysis of included or
excluded studies

1 factorial design

Figure 1 Flow chart of study selection.

We only used outcome data available, did not impute
data and did not obtain individual outcome data

For the screened studies, risk of bias was evaluated using
the Cochrane tool for systemic reviews”” for the following
domains: sequence generation, allocation concealment,
blinding, outcome, selective reporting and other. The
risk for each domain was graded independently by the
two authors as low, high or unclear and disagreements
after completion were resolved by discussion. The results
of the bias evaluation were used for sensitivity analysis,
where studies with high risk of bias in any of the fields
or an unclear risk of bias in more than one field were
removed from the meta-analysis.

Statistical analyses
ORs (with 95% CI) were used for calculating the pooled
estimate of dichotomous outcomes. Time to recovery
was treated as time-to-event data and expressed as HRs.
Estimations were all made using a random-effects anal-
ysis. Though I* was low to moderate in all analyses, the
differential direction of effect in studies with low risk of
bias led us to concur that for the sake of consistency, a
random-effects model would be more appropriate for all
analyses.

Subgroup analyses were planned for age, pneumonia
severity and nutritional status. We assessed publication
bias using funnel plots.

RevMan (V.5.3, The Cochrane Collaboration, Soft-
ware Update) was used for all statistical analyses and risk
of bias. A value of p <0.05 was considered statistically
significant and p <0.1 for the significance level of the

Q test.

Patient and public involvement

As this was a systematic review and meta-analysis of
already conducted RCTs, there was no patient and public
involvement in the manuscript.

RESULTS

We retrieved a total of 1877 records up to 17 April 2020.
After screening of titles and abstracts, 43 studies were
included in a full-text screening, where further 32 studies
were removed. References to and reasons for excluding
studies at the full-text evaluation are presented in online
supplementary table 1, appendix 2. Eleven trials were
included in the meta-analysis (references 28-38 and
figure 1).

The characteristics of the included studies are presented
in table 1. Seven studies were from South Asia and three
from Africa and one from South America. Total number
of children included was 6497 and sample sizes varied
between 95 and 2628 cases. All but one study® enrolled
only children with severe pneumonia. For children above
12 months of age, dosage of zinc was 20 mg per day in
all but one study where all children were given 25 mg of
zinc daily.® In four studies,”™ children younger than
that received 10 mg daily and in five papers they had the
same 20 mg daily dose.” 57 In one study, the cut-off for
20 mg daily dose was 7 months.*

Estimation on risk of bias for the included studies is
presented in table 2. Four included studies had high
risk of bias in one of the evaluated fields® ***” * and two
other unclear risk of bias in one field each.* *

The study by Baruah and Saikia®™ seemed to be well
designed, but outcomes of recovery and duration of
hospitalisation were reported only dichotomously using
a random cutoff of 3 and 5 days, respectively, and,
therefore, risk of bias towards the null and questionable
clinical applicability. The study by Fataki e al”’ was termi-
nated prematurely due to difficulties in recruitment and
only one-sixth of the planned sample was analysed. The
process of randomisation in the study by Shah et al’” was
unclear. In the papers by Shah et a’ and Srinivasan et
al,32 randomisation was unclear. In the latter, the focus
of discussion was based on a protective effect in HIV-
infected children limiting generalisability.

The paper by Basnet et al”’ was deemed to have unclear
risk of sequence generation bias as the description of
sequence generation. The study by Sempértegui et al®
had an unclear risk of biased outcome data due to high
and uneven rate of fall-out (19% in zinc arm and 12% in
placebo arm).
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Age group

Lead author, year, reference Country (months) N zinc/N control  Zinc dosage

Basnet, 2012%° Nepal 2-35 305/305 10 mg x1 for <12 mo,

20 mg x1 for >12 mo until discharge
(maximum 14 d)

Brooks, 2004% Bangladesh 135/135 20 mg/d until discharge

Howie, 2019°" The Gambia 2-59 303/301 10 mg x1 for <12 mo,

20 mg x1 for >12 mo for 7 d

Shah, 2012% Nepal 2-60 64/53 20 mg x1 first day, then 10 mg x2 for

7d

Valentiner-Branth, 201 0% Nepal 2-35 1314/1314 10 mg x1 for <12 mo,

20 mg x1 for >12 mo for 14 d

Treatment failure Removing the three studies with high risk of bias did

A pre-specified outcome of treatment failure was reported
in five studies®™ ** *' %37 while in four studies change to
second-line antibiotics was reported and, therefore, used
as a marker of failure.?*** ¥ In the study by Baruah and
Saikia, we used failure to recover from severe pneumonia
within 8 days to define treatment failure.”

Proportional treatment failure was comparable in both
zinc and placebo groups when analysed for all patients
(OR 0.95 (95% CI 0.80 to 1.14), figure 2) and only for
patients with severe pneumonia (OR 0.93 (95% CI 0.75
to 1.14), figure 3).

not change the overall results (OR 1.03 (95% CI 0.85
to 1.25), figure 4 for all patients and OR 1.01 (95% CI
0.79 to 1.30) for those with severe pneumonia only, data
not shown). Only two studies, Baruah and Saikia® and
Brooks et al,35 showed lower treatment failure rate in the
zinc-supplemented group (figures 2 and 3).

Case fatality

Data on case fatality were available from eight studies
all recruiting only cases with severe pneumonia.”*® No
difference was seen in mortality between zinc and placebo

Sequence Allocation

Author, year, reference generation

Baruah, 20183
Basnet, 2012%°
Bose, 2006
Brooks, 2004%
Fataki, 2014%°
Howie, 2018%'
Sempértegui, 2014
Shah, 2012%
Srinivasan, 2012%
Valentiner-Branth, 201028
Wadhwa, 2013%

Unclear

Unclear

concealment

Selective
reporting

Outcome

Blinding data Other bias

Unclear

Unclear

4 Brown N, et al. BMJ Paediatrics Open 2020;4:e000662. doi:10.1136/bmjpo-2020-000662



Zinc Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Baruah 2018 189 280 211 280 13.4% 0.68 [0.47,0.98) =
Basnet 2013 98 296 111 298 14.7% 0.83[0.60,1.17) ==
Bose 2006 45 150 35 150 89.8% 1.41 [0.84, 2.36] b S
Brooks 2004 2 135 11 135 1.3% 0.17[0.04,0.78)
Fataki 2014 13 47 13 45 3.5% 0.94 [0.38, 2.33] ————
Howie 2018 42 298 41 293 101% 1.01 [0.63, 1.60] ===
Sempertegui 2014 76 220 76 221 125% 1.01 [0.68, 1.49) ) i
Shah 2012 14 64 15 53 4.0% 0.71 [0.31, 1.65] —————
Valentiner ALL 2010 293 1373 280 1371 23.0% 1.06 [0.88,1.27)
Wadhwa 2013 37 274 28 276 8.6% 1.38[0.82, 2.33) T
Total (95% CI) 3137 3122 100.0% 0.95[0.80, 1.14] &
Total events 809 an
Heterogeneity. Tau®= 0.03; Chi*=14.58, df=9 (P=0.10), F= 38% 0 ins 052 é 250

Test for overall effect: Z=0.50 (P = 0.62)

Favours Zinc Favours Placeho

Figure 2 Efficacy of supplemental zinc in preventing treatment failure in comparison with placebo in all patients.

groups when including all studies (OR 0.64 (95% CI 0.31
to 1.31), figure 5) or only those without high risk of bias
(OR 1.10 (95% CI 0.47 to 2.62), data not shown).

Time to recovery

Time to recovery from severe pneumonia did not differ
between the treatment and control groups for patients
with severe pneumonia in the seven studies™ " 3275
reporting this outcome using time to event data (HR 1.01
(95% CI10.89 to 1.14), figure 6). The study by Brooks was
the only one to show an effect (of marginal significance)
of zinc on recovery time (figure 6).

It should be noted that in the study by Fataki et al,* the
authors state that they will use Cox proportional hazards
to evaluate this outcome, but in their table they present
the results as incidence rate ratio. We presumed that HR
was used for analysis and also converted the reported
outcome to its inverse to match the usual way of reporting
HRs. Removing this study and the one by Srinivasan et af”
also considered to have high risk of bias did not change
the overall results (OR 1.00 (95% CI 0.88 to 1.14), data
not shown).

Subgroup analyses

We had originally intended to examine subgroup effects
by age and nutrition status but were unable to do so
because of lack of data reported. We assumed a priori
that the trials would include children with both non-
severe (since 2014 WHO change in categorisation ‘fast
breathing’) and severe (since 2014, fast breathing with
danger signs) pneumonia.'' However, only one study
included children with non-severe pneumonia and,
though we ran a sensitivity analysis, this did not alter our
outcome.

Publication bias
Funnel plots were not suggestive of publications bias
(online supplementary figures 1-3, appendix 3).

DISCUSSION

This systematic review and meta-analysis identified 11
eligible trials testing the efficacy of zinc as an adjunctive
treatment for pneumonia in children aged 2-60 months
in LMICs.**™ Seven of these studies were deemed to

Zinc Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Baruah 2018 189 280 211 280 16.2% 0.68 [0.47,0.98] —
Basnet 2013 98 296 111 298 17.7% 0.83[0.60,1.17) -
Bose 2006 45 150 35 150 10.9% 1.41 [0.84, 2.36) &
Brooks 2004 2 135 11 135 1.8% 0.17[0.04,0.78)
Fataki 2014 13 47 13 45  45% 0.94 [0.38, 2.33) ————
Howie 2018 42 298 41 293 12.5% 1.01 [0.63, 1.60) ——
Sempertegui 2014 76 220 6 221 15.2% 1.01 [0.68,1.49] ==
Shah 2012 14 64 15 53 5.2% 0.71 [0.31,1.65) T
Yalentiner -severe-2010 14 73 14 72 53% 0.98 [0.43, 2.24) ==
Wadhwa 2013 37 274 28 276 10.7% 1.38(0.82, 2.33) -
Total (95% CI) 1837 1823 100.0% 0.93[0.75, 1.14] E:3
Total events 530 555
Heterogeneity: Tau®= 0.03; Chi*=13.36, df=9 (P=0.15); F=33% 0 =05 052 é 210

Test for overall effect: £=0.69 (P = 0.49)

Favours Zinc  Favours Placeho

Figure 3 Subgroup analysis of efficacy of supplemental zinc in preventing treatment failure in comparison with placebo in

children with severe pneumonia.
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Zinc Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Basnet 2013 98 296 111 298 18.6% 0.83[0.60,1.17) ===
Bose 2006 45 150 35 1580 10.8% 1.41 [0.84, 2.36) T
Brooks 2004 2 135 11 1356 1.6% 0.17[0.04,0.78)
Howie 2018 42 298 41 293 125% 1.01 [0.63, 1.60] ==
Sempertegui 2014 76 220 76 221 15.6% 1.01 [0.68, 1.49) ==
Valentiner ALL 2010 293 1373 280 1371 30.4% 1.06 [0.88,1.27] -
Wadhwa 2013 37 274 28 276 10.5% 1.38[0.82, 2.33) R
Total (95% CI) 2746 2744 100.0% 1.03 [0.85, 1.25] E:3
Total events 593 582
Heterogeneity: Tau®= 0.02; Chi*= 9.62, df=6 (P = 0.14); F= 38% 0 405 0*2 é 240

Test for overall effect: Z=0.28 (P=0.78)

Favours Zinc Favours Placebo

Figure 4 Sensitivity analysis of efficacy of supplemental zinc in preventing treatment failure in comparison with placebo in

children with pneumonia in studies with low risk of bias.

have low risk of overall bias.”® ** *' 7% We identified two
additional large RCTs with a total number of 1151 chil-
dren® * published since the search for the last meta-
analysis was undertaken in October 2015.%

We found no evidence of effect on any outcome param-
eter. Our findings are largely concordant with previous
meta-analyses.”> ™ In difference to Wang and Song,* we
did not find decreased mortality in the zinc supplemen-
tation group. The study by Srinivasan et al® with high
risk of bias in outcome reporting was driving the results
presented by Wang and Song and neither of the two new
large studies published since then showed any increased
risk of mortality. A sensitivity analysis presented by Wang
and Song, where the Srinivasan study was removed, led
to null effect.”

Zinc has many hypothetically attractive properties
which may alter host response to respiratory patho-
gens including the regulation of pro-inflammatory
cytokines, lymphocyte proliferation and T lymphocyte
function.'® *' * Whether modulation of these factors in
vivo during an acute infection is beneficial is, however,
unknown.” Despite the preventative role in reducing
incidence of acute respiratory infection and improving
recovery time from acute gastroenteritis,'® there appears
to be no benefit of effect when used adjunctively in the

acute phase. In this respect, it appears to behave like
vitamin A."*

Three studies identified some benefit from zinc in
some outcome. The study by Srinivasan et af’ discussed
earlier had lower mortality overall (relative risk 0.33
(95% CI 0.15 to 0.76)) and in HIV-positive patients in
particular (relative risk 0.1 (95% CI 0.0 to 1.0)). The
study by Baruah and Saikia™ showed slightly lower odds
of pneumonia duration more than 3 days (unadjusted
OR 0.68 (95% CI 0.47 to 0.98)) and hospital stay more
than 5 days (unadjusted OR 0.70 (95% CI 0.50 to 0.97)).
Also, Brooks et al”® showed improvement in recovery time
(HR 0.70 (95% CI 0.51 to 0.98)) and treatment failure
(HR 0.14 (95% CI 0.04 to 0.78)).

In addition, three studies identified marginal
subgroup benefits: Sempértegui et al® showed faster
median recovery times in children with higher baseline
zinc levels and better nutritional status with height and
weight for age z scores predicting time to resolution of
indrawing and tachypnoea, respectively. Wadhwa et al®
showed marginally faster recovery (HR 1.52 (95% CI
1.07 to 2.23)) in very severe pneumonia, but this was not
robust to adjustment for nutritional status. Though we
were interested in deriving effect sizes for children with
both severe and non-severe pneumonia, only one study

Zinc Placeho Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Basnet 2012 3 298 1 298 9.0% 3.04 [0.31, 29.40]
Bose 2006 0 150 1 150 47% 0.33([0.01,8.19]
Brooks 2004 0 135 0 135 Mot estimable
Fataki 2014 0 47 1 46 4.7% 0.32[0.01,8.04]
Howie 2018 4 298 2 293 147% 1.98 [0.36, 10.89) —_—1r
Semptergui 2014 1 220 3 2 9.0% 0.33[0.03,3.21]
Srinivasan 2012 7 176 21 176 37.6% 0.31[0.13,0.74) ——
Wadhwa 2013 4 274 4 276 20.3% 1.01 [0.25, 4.07] EE==_——
Total (95% CI) 1596 1595 100.0% 0.64 [0.31, 1.31] i
Total events 19 33
Heterogeneity: Tau*= 0.15; Chi*=7.14, df= 6 (P = 0.31); F=16% =E| 0 0?1 ; 110 100{

Testfor overall effect: Z=1.23 (P=0.22)

Favours Zinc Favours Placeho

Figure 5 Efficacy of supplemental zinc in preventing deaths from severe pneumonia.
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Basnet 2012 0.095 0.083 22.2% 1.10(0.93,1.29)] ==
Bose 2006 0.049 012 158% 1.05(0.83, 1.33) =i
Brooks 2004 -036 0172 99% 0.70[0.50, 0.98)
Fataki 2014 0.3857 02136 71% 1.47 [0.97, 2.24) T
Srinivasan 2012 -0.1278 01241 15.2% 0.88[0.69,1.12) ===
Valentiner severe 2010 00953 0182 91% 1.10[0.77,1.57] _t
Wadhwa 2013 -0.0202 0.0909 20.7% 0.98[0.82,1.17) ==
Total (95% CI) 100.0% 1.01[0.89, 1.14] +

05 07 1 15

Heterogeneity. Tau®= 0.01; Chi*=10.44, df=6 {(P=0.11), F= 43%

Test for overall effect: Z=0.09 (P = 0.93)

L 2
Favours Zinc Favours Placebo

Figure 6 Time to recovery from severe pneumonia in zinc vs placebo groups.

included children in the latter group and we were unable
to draw any conclusions. Non-severe (fast breathing
without danger signs) pneumonia is by far the more
common phenotype and therefore a potentially greater
contributor to global illness burden if not mortality.
Were zinc to be efficacious in this group, there would be
substantial implications for public health and this is argu-
ably an area of importance for future work.

There might be alternative explanations for the null
effect. Itis conceivable that absorption of zinc is impaired
in the acute inflammatory state in pneumonia, but, given
the increases in serum level in the studies in which it was
measured, this seems unlikely.28 203435 38

There are some limitations to the systematic review and
meta-analysis. Though we searched standard databases,
we cannot exclude the possibility that we did not iden-
tify unpublished positive studies. However, the funnel
plots analysed do not support this presumption. A large
number of studies could not be included because of
lacking or late trial registration (online supplementary
appendix 2). We did not have sufficient data to extrapo-
late to season or type of pathogen as the clinical defini-
tion of pneumonia used in all studies is likely to include a
large number of viral infections. However, case manage-
ment of pneumonia has to be pragmatic and minor vari-
ations in response by season or by variation between viral
and bacterial agents are unlikely to be helpful at the indi-
vidual patient level.

Finally, it is worth noting that the WHO definitions of
pneumonia were modified in 2014, the three previous
categories being simplified to two, fast breathing with
or without chest indrawing and severe pneumonia,
defined as fast breathing, chest indrawing with danger
signs including hypoxia, lethargy and poor feeding."'
However, as none of the studies started recruitment after
this period, it is unlikely to have biased the findings.

CONCLUSION

This systematic review and meta-analysis did not provide
evidence that zinc used adjunctively in children aged 2-60
months with pneumonia in LMIC improves recovery.
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