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ABSTRACT
Objective To evaluate the benefits and risks of zinc
formulations compared with controls for prevention or
treatment of acute viral respiratory tract infections (RTIs)
in adults.
Method Seventeen English and Chinese databases were
searched in April/May 2020 for randomised controlled
trials (RCTs), and from April/May 2020 to August 2020 for
SARS-CoV-2 RCTs. Cochrane rapid review methods were
applied. Quality appraisals used the Risk of Bias 2.0 and
Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) approach.
Results Twenty-eight RCTs with 5446 participants were
identified. None were specific to SARS-CoV-2. Compared
with placebo, oral or intranasal zinc prevented 5 RTIs per
100 person-months (95% CI 1 to 8, numbers needed to
treat (NNT)=20, moderate-certainty/quality). Sublingual
zinc did not prevent clinical colds following human
rhinovirus inoculations (relative risk, RR 0.96, 95% CI
0.77 to 1.21, moderate-certainty/quality). On average,
symptoms resolved 2 days earlier with sublingual or
intranasal zinc compared with placebo (95% CI 0.61 to
3.50, very low-certainty/quality) and 19 more adults per
100 were likely to remain symptomatic on day 7 without
zinc (95% CI 2 to 38, NNT=5, low-certainty/quality). There
were clinically significant reductions in day 3 symptom
severity scores (mean difference, MD −1.20 points, 95%
CI −0.66 to −1.74, low-certainty/quality), but not average
daily symptom severity scores (standardised MD −0.15,
95% CI −0.43 to 0.13, low-certainty/quality). Non-serious
adverse events (AEs) (eg, nausea, mouth/nasal irritation)
were higher (RR 1.41, 95% CI 1.17 to 1.69, NNHarm=7,
moderate-certainty/quality). Compared with active
controls, there were no differences in illness duration or
AEs (low-certainty/quality). No serious AEs were reported
in the 25 RCTs that monitored them (low-certainty/quality).
Conclusions In adult populations unlikely to be zinc
deficient, there was some evidence suggesting zinc might
prevent RTIs symptoms and shorten duration. Non-serious
AEs may limit tolerability for some. The comparative
efficacy/effectiveness of different zinc formulations and
doses were unclear. The GRADE-certainty/quality of the

STRENGTHS AND LIMITATIONS OF THIS STUDY
⇒ An extensive database search was conducted with

no limits on language or date.
⇒ It is the first systematic review to analyse hazard ra-

tios for symptomatic duration, day 3 mean symptom
severity scores around the peak of acute respiratory
illness and risks of adverse events.
⇒ The Risk of Bias 2.0 tool was used to appraise the
risk of bias at the outcome level, and the Grading of
Recommendations, Assessment, Development and
Evaluation approach was used to appraise the quality/certainty of the evidence.
⇒ The study was limited by the rapid review methods,
for example, where calibrated single reviewers were
used.
⇒ Protocol changes and post hoc decisions as declared increased the risk of selective reporting bias.
evidence was limited by a high risk of bias, small sample
sizes and/or heterogeneity. Further research, including
SARS-CoV-2 clinical trials is warranted.
PROSPERO registration number CRD42020182044.

BACKGROUND
Acute viral respiratory tract infections (RTIs)
are ubiquitous in the community. Clinical
presentations range from milder cold and
influenza-like illnesses to more serious conditions such as viral pneumonia and severe
acute respiratory syndrome. Infection rates
vary according to viral pathogen, location,
season and the host’s health status and age.1
Although most infections are self-limiting, the
high incidence leads to substantial healthcare
costs and broader economic impacts from
school and work absenteeism.2
Except for influenza and SARS-CoV-2 vaccinations, prophylactic and therapeutic options
are limited. Clinical practice guidelines focus
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METHODS
Protocol
This rapid review conforms with Cochrane guidance35 36
and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (online supplemental file
1: PRISMA 2020 checklist).37 Following feedback from
our content experts, who at that stage were blinded to the
search results, amendments to the registered protocol33
were made pre data extraction and a revised protocol
published.34 Postprotocol input from consumer/patient
advocate representatives who were blinded to the results,
led to minor changes to the rating of the importance of
outcomes. Due to very serious concerns with the indirectness of the available evidence and the importance of
not overstating its relevance to the pandemic, the post
hoc decision was made to remove COVID-19 from the
title and not Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) the certainty of
the evidence in the context of SARS-CoV-2 prevention
or treatment. Further details about amendments to the
protocol and post hoc decisions are reported below.
Search strategy
A research librarian (JB) experienced with systematic
review led the search (online supplemental appendix
1). PubMed, Embase, Cochrane CENTRAL, Academic
Search Complete, Allied and Complementary Medicine
Database, Alt Health Watch, CINAHL Plus with Full Text,
Health Source, PsycINFO, China Knowledge Resource
2

Integrated Database (CNKI), U.S. National Library
of Medicine Register of Clinical Trials (
ClinicalTrials.
gov), International Standard Randomized Controlled
Trial Number Register (ISRCTN), World Health Organization International Clinical Trials Registry Platform
(WHO ICTRP), Global Coronavirus COVID-19 Clinical
Trial Tracker and Chinese Clinical Trial Registry were
searched from inception up to 8 May 2020, with no limit
on language. This was supplemented by bibliography
searches of included articles, and due to no eligible RCTs
being identified in the first search additional post hoc
COVID-19 focused searches were conducted up to 19
August 2020 that included the addition of c ovid19-trials.
org, and medRxiv and bioRxiv preprint databases.
Eligibility criteria
Study design
randomised
Included were randomised and quasi-
controlled trials. Excluded were systematic reviews, non-
randomised studies of interventions and studies without
a concurrent control.
Population
Adults in any setting were included if they were at risk of
contracting a viral RTI, had clinical illness with a laboratory confirmed viral RTI, or a non-specific respiratory tract
illness that is predominantly caused by a viral infection,
such as the common cold, non-seasonal rhinosinusitis,
pharyngitis, laryngitis, influenza-like illness and healthy
adults with acute bronchitis. Excluded were adults with
bacterial infections and other respiratory illnesses when a
viral infection was not confirmed.
Interventions and comparators
Included were interventions of any zinc conjugates, dose,
duration and administration route. Excluded were co-interventions, including other nutraceuticals, herbs or
pharmaceuticals unless both the intervention and control
groups received the co-intervention. All types of controls
and comparator groups were included.
Outcomes
A detailed list of critical (primary) and important
(secondary) outcomes can be found in online supplemental appendix 2. Critical outcomes included incidence of RTIs, symptomatic survival, composite symptom
severity scores, health-related quality of life (QoL) and
serious and non-serious adverse events (AE). Important
outcomes included the duration of symptoms and the
number of different types of AEs.
Data collection and appraisal
In line with rapid review methods,35 the first 30 title
abstracts and 5 full papers were jointly screened for calibration. After which, single reviewers screened articles
and a second reviewer screened the excluded articles
(online supplemental appendix 2). Similarly, following
calibration, single reviewers extracted data on the study
design, funding, participants, interventions, comparators,
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on hand hygiene, reducing inappropriate antibiotic use
and symptomatic relief with over-
the-
counter medications.3–5 Some guidelines recommend zinc.5 However,
systematic reviews of zinc are limited by variations in
administration route or formulation, are outdated, have
been withdrawn or are low quality.6–11 The mechanisms
for how zinc might work include broad spectrum antiviral
properties in vitro against most of the common respiratory
viruses, including coronaviruses.12–14 Zinc is important
for immunity, inflammation, haemostasis, ACE 2 activity
and also assists with tissue responses to hypoxia.13 15 16 Not
surprisingly then, zinc has garnered attention during the
global COVID-19 pandemic.13 15 17 Both high-income and
low- income countries have seen increased zinc supplement use and sales.18 19 Some healthcare workers, clinicians and hospitals are already using zinc to prevent or
treat SARS-CoV-2 infections.20–31
In response to calls for rapid evidence appraisals
to inform self-
care and clinical practice during the
COVID-19 pandemic,32 we developed a rapid systematic
review protocol to evaluate zinc for the prevention and
treatment of SARS-CoV-2 and other viral RTIs.33 34 At the
time of this review, results from COVID-19 randomised
controlled trials (RCTs) were all pending. Therefore, this
rapid review updates previous systematic reviews of RCTs
investigating any type of zinc intervention to prevent or
treat viral RTIs in adult populations.

Open access

Statistical methods and evidence synthesis
RevMan V.5.4,41 R software,42 43 Microsoft Excel and
GRADEpro GDT44 were used. Studies reporting separate counts for different types of viral RTIs (eg, common
cold, bronchitis, influenza-like illness) were combined to
calculate the incidence of RTIs per person-months. Mean
symptom severity scores were transformed to a modified Jackson common cold scale.45 46 Means were used
as a proxy for median days duration of symptoms. Data
extracted from symptomatic survival curves was imputed
for the first 7 days using the direct method 10 in the ‘HR
calculations spreadsheet’ published by Tierney et al.47
Results and their 95% CIs are expressed as relative risks
(RR) for dichotomous outcomes, incidence rate ratios
(IRR) for person-time rates, mean difference (MD) or
standardised MD (SMD) for continuous outcomes and
hazard ratios (HR) for time-
to-
event outcomes. Absolute risks/rate differences and numbers needed to treat
(NNT) or harm (NNH) are also reported. The Mantel-
Haenszel method was used to calculate the pooled RR,
generic inverse variance method was used for MD, SMD
and IRR, and O-E variance method was used for HR.
Irrespective of statistical heterogeneity, due to considerable clinical and methodological diversity/heterogeneity,
random effects models were used.
The Cochran Q test and I² statistic were used to measure
heterogeneity.36 Subgroup analyses followed published
methods and was assessed with the χ2 test.48 A priori
analyses compared age groups, RTI causes and severity,
and zinc administration routes, salts and doses. Post hoc
subgroup analyses compared days symptomatic prior to
study enrolment and study definitions of symptomatic
recovery. The three zinc dose subgroups (<50 mg daily,
50–200 mg daily, >200 mg daily of elemental zinc) were
selected post hoc based on a no observed adverse effect
level of 50 mg and a higher risk of more severe AEs, such
as vomiting, with doses above 225 mg.49
Hunter J, et al. BMJ Open 2021;11:e047474. doi:10.1136/bmjopen-2020-047474

For SMD the minimally important difference (MID) was
set at 0.5.50 Except for an MID of 1-day reduction in the
duration of the common cold,51 there was little consensus
in the literature on the MID for the other measures of
effect; therefore, these were set post hoc. For symptom
severity on day 3 for mild RTIs, the MID for MD was set
at 1 point on a standardised scale that was the half-way
mark between two proposed MIDs (online supplemental
appendix 4).51 52 Based on a 33% probability of remaining
symptomatic on day 7 without any treatment,53 the MID
for HRs was set at 1.9 (ie, NNT=5).
The GRADE approach was used to grade the certainty
(quality) of the effects estimates and for the Summary
of Findings table (online supplemental appendix 5).54
When data from at least 10 studies were pooled, funnel
plots were created, visually inspected for publication bias
and statistically analysed using Egger’s regression for
continuous outcomes and the Harbord score for dichotomous outcomes. However, due to ongoing methodological uncertainties, no statistical test was used for HRs.55 56
Throughout the manuscript, zinc doses are reported as
milligrams (mg) of elemental zinc. Further details about
protocol and post hoc changes, RoB appraisal, statistical
methods and GRADE-certainty assessments can be found
in online supplemental appendices 3–5.
Patient and public involvement
The protocol was rapidly developed in response to
a call from the WHO for rapid evidence reviews to
inform self-
care and clinical practice during the
COVID-1 9 pandemic. The World Naturopathic Federation responded by setting review topics.32 The zinc
protocol was published prior to direct patient advocate involvement. Experienced Australian patient
advocates have since provided input on the outcome
measures and the presentation of the results and
discussion.

RESULTS
From the 1360 articles and registered trials screened
(online supplemental appendix 1), 28 unique RCTs,
reported in 25 articles, with 5446 participants met
the inclusion criteria (figure 1).51 57–80 Three were
published in Chinese language only.77–79 Online
supplemental appendix 2 lists the 95 RCTs evaluating
zinc in paediatric populations, articles published in
English that were excluded at full-p aper screen, and
the characteristics of the seven registered RCTs evaluating zinc for SARS-C oV-2 , all with pending results.
Study characteristics
Study participants were generally healthy with clinical
symptoms consistent with a mild to moderate viral
RTI (online supplemental appendix 3). None were
infected with the primary pathogen of interest SARS-
CoV-2 . Only 1 74 of the 20 RCTs 51 61–80 with community-
acquired RTI reported the number of participants
3
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outcomes measures and effect size and direction into
a piloted electronic spreadsheet that was verified by a
second reviewer. For articles published in Chinese the
second reviewer used Google translate to verify data
extraction. Single reviewers also appraised the risk of
bias (RoB) of study outcomes with the Cochrane RoB
2.0 tool38 that was verified by a second reviewer (online
supplemental appendix 3). However, discrepancies in
calibration led to the post hoc decision to apply recommended systematic review methods where two reviewers
independently appraise the RoB. Any disagreements or
uncertainties were discussed with the other reviewers and
resolved through consensus. Other review constraints
included only appraising the RoB of outcomes that were
meta-
analysed or the primary outcome, not imputing
missing data for secondary outcomes and not contacting
the authors. Instead, additional information from
previous systematic reviews was extracted.7 8 39 Data from
graphical reports were extracted with WebPlotDigitizer
V.4.2 (online supplemental appendix 4).40
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Search results flow chart. CTRs, clinical trial registries; RTIs, respiratory tract infections.

with a proven viral infection. Six RCTs inoculated
participants with a human rhinovirus strain (HRV 2,
13, 23 or 39). 51 58–60 Most participants were younger
than 65 years. Two RCTs also included older children
and adolescents, notwithstanding, the mean age was
around 37 years.63 66 Two RCTs included older adults
from different ethnic backgrounds in the USA, many
of whom had chronic disease comorbidities and
were taking long-
t erm medication. 57 76 In another
RCT, around one-third of participants had a history
of asthma.67 In the two RCTs that used oral zinc for
prevention, zinc deficiency was excluded prior to
enrolment.75 76
Most studies were single centre, two-
arm RCTs
(n=26)57–78 80 and were conducted in the USA
(n=19),51 57 59–66 68 70–73 75 76 followed by western Europe
(n=5), 58 67 69 80 China (n=3) 77–79 and Australia (n=1). 74
The median sample size for prevention studies was 53
(range 32–1945) and for treatment studies 78 (range
12–279). At least half reported the RCT had sufficient
statistical power for the study’s primary outcome(s).
4

All but two RCTs reported at least one result that
was used in a meta-a nalysis of a critical or important
outcome.57 79 None of the RCTs reported mortality or
other clinical outcomes relevant to severe or critical
illness from acute viral RTIs or QoL outcomes. Four
RCTs evaluated zinc for prevention, 75–78 and 17 RCTs
for treatment 51 61–74 79 80 of symptoms consistent with
a community-a cquired viral RTI. Of the six RCTs that
inoculated participants with HRV, four RCTs evaluated
zinc for both prevention and treatment, 58–60 one RCT
for treatment only51 and one assessed the tolerability
and AEs of a zinc lozenge.58 Another RCT assessed
AEs and safety of a zinc lozenge used by older adults.57
The most common zinc formulations were lozenges
followed by nasal sprays and gels containing either zinc
acetate or gluconate salts. The daily dose of prophylactic oral zinc for community-
a cquired infections
was 15 mg75 or 45 mg76 for 7 or 12 months, respectively. Sublingual lozenge doses to prevent or treat
HRV inoculation and community-a cquired infections
ranged between 45 mg and 300 mg daily and were used
Hunter J, et al. BMJ Open 2021;11:e047474. doi:10.1136/bmjopen-2020-047474
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Figure 1
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for up to 2 weeks. 51 58–61 63–67 69 71–74 Doses for topical
nasal zinc to prevent or treat community-
acquired
infections were substantially lower (0.9–2.6 mg/
day). 62 66 68 70 77–79 Twenty-five RCTs compared zinc to
a placebo that was matched or partially matched. Two
4-a rm RCTs used an active control lozenge containing
quinine hydrochloride 51 and a 2-arm RCT used a nasal
spray containing naphazoline hydrochloride.79
Certainty and quality of the evidence
Most of the prevention, duration, severity and AE
outcomes had at least some concerns about their
Hunter J, et al. BMJ Open 2021;11:e047474. doi:10.1136/bmjopen-2020-047474

overall RoB (online supplemental appendix 3 and
figures 2–5). Consequently, except for the prevention of RTIs following HRV inoculation58–60 and risk
of non-serious AEs with zinc compared to an active
control,60 79 the GRADE certainty/quality of evidence
was downgraded by one level for RoB (online supplemental appendix 5). This included the outcomes in
which some studies had a high RoB, as the estimates
of effects were robust following removal of these RCTs
(online supplemental appendix 4). Serious AEs and
symptom severity outcomes were downgraded another
5
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Figure 2 Prevention of respiratory tract infections (RTIs). Risk of community-acquired RTI, clinical colds from human rhinovirus
(HRV) inoculation and non-serious adverse effects from prophylaxis. RoB-2 risk of bias legend: (1) randomisation process, (2)
deviations from intended interventions, (3) missing outcome data, (4) measurement of the outcome, (5) selection of the reported
result. M-H, Mantel-Haenszel; PEP, post-exposure prevention; PREP, pre-exposure prevention; RoB, risk of bias.

Open access

level for imprecision due to the small pooled-sample
sizes (online supplemental appendix 5). There was
considerable statistical heterogeneity for the zinc
versus placebo duration outcomes (figure 4). The HR
effect estimate was downgraded one level for inconsistency, as the heterogeneity was partially explained by
clinical and methodological diversity in the subgroup
and sensitivity analyses (online supplemental appendix
4) and the 95% CI mostly overlapped (figure 3).
However, the mean days duration was downgraded
by two levels, due to conflicting evidence from clinically important positive and negative effects, minimal
overlapping of the 95% CI (figure 3) and neither the
subgroup nor sensitivity analyses substantially reduced
the heterogeneity (online supplemental appendix 4).
At least 11 RCTs were industry funded, with a further
seven receiving partial industry support (online
6

supplemental appendix 3). Publication bias was not
strongly suspected (online supplemental appendices
4, 5).
Findings from prevention studies
Community-acquired infections
When oral or topical nasal zinc was compared with placebo
controls, there was moderate certainty/quality evidence
of a 32% lower RR of developing mild to moderate symptoms consistent with a viral RTI (IRR 0.68, 95% CI 0.58
to 0.80) (figure 2).75–78 Five RTIs per 100 person-months
of zinc use were prevented (95% CI 1 to 8, NNT=20).
The largest reductions in RR were for moderately severe
symptoms consistent with an influenza-like illness (eg,
elevated temperature). There was an 87% lower risk of
developing moderately severe symptoms (IRR 0.13, 95%
Hunter J, et al. BMJ Open 2021;11:e047474. doi:10.1136/bmjopen-2020-047474
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Figure 3 Symptom severity. Mean symptom severity scores following treatment for community-acquired respiratory tract
infections and clinical colds from human rhinovirus (HRV) inoculation. RoB-2 risk of bias legend: (1) randomisation process, (2)
deviations from intended interventions, (3) missing outcome data, (4) measurement of the outcome, (5) selection of the reported
result. RoB, risk of bias.
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Figure 4 Duration of illness. Risk of remaining symptomatic and mean days duration following treatment for community-
acquired RTI or clinical colds from HRV inoculation. RoB-2 risk of bias legend: (1) randomisation process, (2) deviations from
intended interventions, (3) missing outcome data, (4) measurement of the outcome, (5) selection of the reported result. HRV,
human rhinovirus; RoB, risk of bias; RTI, respiratory tract infection.
Hunter J, et al. BMJ Open 2021;11:e047474. doi:10.1136/bmjopen-2020-047474
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Figure 5 Adverse effects from zinc used to treat RTIs. Risk of any non-serious adverse effects during treatment of an acute
respiratory tract infection. RoB-2 risk of bias legend: (1) randomisation process, (2) deviations from intended interventions, (3)
missing outcome data, (4) measurement of the outcome, (5) selection of the reported result. M-H, Mantel-Haenszel; RoB, risk of
bias; RTI, respiratory tract infection.
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Human rhinovirus inoculation
The effect of zinc lozenges compared with placebo for
preventing RTIs caused by HRV inoculation was evaluated in two pre-exposure prevention (PrEP) RCTs with
53 participants,58 60 and two post-
exposure prevention
(PEP) RCTs with 54 participants.59 Zinc had no effect
on the risk of developing a clinical cold (RR 0.96, 95%
CI 0.77 to 1.21, moderate certainty/quality) (figure 2).
There were no significant differences between the effects
of zinc compared with placebo for either the PrEP or PEP
subgroup, or in the subgroup analysis comparing the two
groups (figure 2). There were similar non-significant findings for the risks of developing a laboratory confirmed
infection (online supplemental appendix 4).
Adverse events
No serious AEs were reported were reported in the
four RCTs that used zinc for prevention (low certainty/
quality).75–78 Anosmia (loss of sense of smell) was not
reported by the 1447 participants who used a zinc nasal
spray nor the 1354 participants who used a placebo spray
for 1 month (low certainty/quality).77 78 Compared with
placebo, no differences in copper plasma concentration
were found in the two smaller RCTs that evaluated 15 mg
of oral zinc for younger adults over 7 months75 or 45 mg
for older adults over 12 months76 (low certainty/quality).
No differences in the of risk non-serious AEs from zinc
compared with placebo controls were found (IRR 1.63,
95% CI 0.81 to 3.31, low certainty/quality).75 77 78
Findings from treatment studies
Symptom severity
Compared with placebo, a clinically important reduction
of more than one point in the day 3 symptom severity
scores was found for sublingual and topical nasal zinc
(MD −1.21, 95% CI −1.74 to −0.66, low certainty/quality)
(figure 3).60–63 65 In contrast, no differences in average daily
symptom severity scores were found (SMD −0.15, 95% CI
−0.43 to 0.13, low certainty/quality).59 60 64 Subgroup analyses found no significant differences according to zinc
administration route or type of viral infection (online
supplemental appendix 4).
Symptom duration
During the first week of illness, participants who used
sublingual or topical nasal zinc were 1.8 times more likely
Hunter J, et al. BMJ Open 2021;11:e047474. doi:10.1136/bmjopen-2020-047474

to recover before those who used placebo (HR 1.83, 95%
CI 1.07 to 3.13, low certainty/quality) (figure 4).61–63 66–72
An estimated 19 more adults per 100 were likely to
remain symptomatic at the end of the first week if they
used placebo rather than zinc (95% CI 2 to 38, NNT=5).
Compared with placebo, zinc also reduced the mean
duration of symptoms by 2 days (MD −2.05, 95% CI −3.50
to −0.59, very low certainty/quality) (online supplemental
appendix 4).61–65 68–74 Results from the subgroup analyses
that compared zinc salts, administration routes and zinc
lozenge doses were inconsistent (online supplemental
appendix 4). There was low certainty/quality evidence
that zinc lozenges were equivalent to an active control
(HR 1.06, 95% CI 0.79 to 1.41; MD −0.14 days, −1.20 to
0.92) (figure 4).51
Adverse events
No serious AEs were reported in the 19 RCTs that reported
AEs (low certainty/quality).51 59–73 79 However, the risk
of any type of non-serious AE was higher from zinc use
compared with placebo (RR 1.41, 95% CI 1.17 to 1.69)
(figure 5), with 14 more adults per 100 experiencing a non-
serious AE (95% CI 9 to 20, NNH=7, moderate certainty/
quality).59 60 62 63 66–71 73 Specifically, zinc increased the risk
of nausea or gastrointestinal discomfort (RR 1.46, 95%
CI 1.03 to 2.06),59 61 63 65–68 71–74 mouth irritation or soreness from sublingual lozenges (RR 1.55, 95% CI 1.05 to
2.29),59 61 63 65 66 72 73 and taste aversion from sublingual
lozenges (RR 2.11, 95% CI 1.47 to 3.04),59 61 63 65 66 69 71 72 74
but not nasal irritation or pain from topical nasal sprays
or gels (RR 1.22, 95% CI 0.72 to 2.05) (online supplemental appendix 4).60 62 70 Zinc lozenges were more likely
than nasal sprays and gels to cause any type of non-serious
AE (p=0.02) (online supplemental appendix 4). There
was no difference in the rates of non-serious AE from zinc
lozenges compared with active controls (RR 1.12, 95% CI
0.76 to 1.65) (figure 5).51 79

DISCUSSION
Principal findings
This rapid systematic review and meta-analysis advances
the evidence on the effects of zinc for mild to moderate
RTIs in adults without zinc deficiency.7–10 39 81 82 However,
despite additional searches through to August 2020, none
of the RCTs were for the primary population of interest
that was SARS-CoV-2 infection as the results from the
registered clinical trials were all pending.
New evidence about zinc prophylaxis found that
compared with placebo, zinc reduced the risk of developing symptoms consistent with a community-acquired
viral RTI. The prophylactic effects were greatest for
reducing the RR of developing more severe symptoms,
such as fever and influenza-like illnesses. However, only
four studies were identified, and none used laboratory
tests to confirm a viral infection.
When zinc was used to treat symptoms consistent with
mild to moderate viral RTIs, new evidence found that
9
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CI 0.04 to 0.38) compared with a 28% lower risk of developing milder symptoms (eg, common cold) (IRR 0.72,
95% CI 0.61 to 0.85) (moderate certainty/quality).76–78
However, due to more people contracting mild RTIs, the
absolute risk reduction/risk difference was higher. Five
mild RTIs were prevented per 100 person-months (95%
CI 2 to 7, NNT=20) compared with one moderate RTI per
100 person-months (95% CI 1 to 2, NNT=100) (online
supplemental appendix 4).76–78 Subgroup analysis found
no significant differences according to age or zinc administration route or dose (online supplemental appendix
4).
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Strengths and weakness of the review
Limitations to the certainty (quality) of the evidence
included concerns about the RoB for most prevention,
severity and duration outcomes, along with imprecision
in the symptom severity lowering effects and inconsistencies in the treatment effect sizes for symptomatic
duration. Further details about the impact of individual
studies on GRADE certainty assessment of RoB, heterogeneity, imprecision and the overall quality of the evidence
can be found in online supplemental appendix 5.
The findings build on previous reviews.7–10 39 81 82
Compared with two other systematic reviews conducted
in the same period,10 82 substantially more studies were
identified in this review. This in part was due to searching
non-English language databases and affirms calls to carefully consider which methods to restrict when conducting
rapid reviews of traditional and complementary medicine.83 Other strengths included being the first systematic review of zinc for RTIs to synthesise hazard ratios
for symptomatic duration, day 3 mean symptom severity
scores around the peak of illness and risks of AEs. RoB
appraisal at the outcome level rather than the study level
helped optimise GRADE-certainty assessments that were
both conducted following calibration exercises. Notwithstanding, there is always a degree of judgement that may
vary between reviews. For instance, when appraising the
available evidence for risk of serious AEs, we rated down
one level for RoB and another for imprecision. However,
it might also be reasonable to judge the RoB as not serious
and the overall GRADE assessment as moderate, rather
than low certainty/quality evidence. The assessments of
publication bias were a potential limitation. While publication bias was not strongly suspected, visual inspection
10

of funnel plots are necessarily subjective56 and a statistical
test for hazard ratios was not performed.
Like other rapid reviews, single reviewers conducted
many of the tasks that increases the risk of errors and
inconsistencies. Nevertheless, we applied rigorous
checks. For example, the use of a detailed data extraction
form led to our reviewers being the first to notice that
there were two 4-arm RCTs51 in which the control lozenge
contained an active ingredient, quinine hydrochloride
that has broad-spectrum antiviral effects.84 Reclassifying
them as an active control addressed unexplained inconsistencies identified by previous reviewers.39 Sensitivity analysis confirmed that the inclusion of these two RCTs, both
with non-significant findings, did not substantially change
the effect estimates for symptom duration (online supplemental appendix 4). We also determined that two earlier
reviews9 11 had incorrectly included the day 4 symptom
severity scores from two RCTs61 65 in their meta-analysis of
average daily symptom severity. When these are removed,
we found the effect of zinc was no longer significant.
Finally, while all protocol changes were declared, this
increases the risk of selective reporting bias. Initiating the
rapid review in the early stages of the COVID-19 pandemic
necessitated rapid protocol development and registration. To help mitigate bias we sought blinded advice from
our content experts and consumer/patient advocates and
post hoc decisions were conservative with the rationale
reported. Notably, while the published amendments34 to
the protocol inclusion/exclusion criteria led to RCTs that
inoculated participants with HRV also being included,
the additional findings did not favour zinc. Post hoc decisions also ensured that the very serious indirectness of
the available evidence was not overstated in the context
of SARS-CoV-2 prevention or treatment.
Is zinc more than a dietary supplement?
The role of zinc in viral RTIs appears to extend beyond
supplementing nutritional intake to prevent or treat zinc
deficiency.85 The two RCTs that used prophylactic oral
zinc excluded zinc deficiency prior to enrolment.75 76
While none of the other RCTs excluded deficiency, the
risk was low as participants were generally healthy and
the three RCTs conducted in China all used a low dose
intranasal zinc spray (1.15 mg daily)77–79 that is unlikely
to have substantial systemic effects.86 The rationale for
topical intranasal and sublingual zinc is based on the in
vitro effects of zinc ions that can inhibit viral replication,
stabilise cell membranes and reduce mucosal inflammation.14 86 However, other mechanisms may also be at play,
at least for sublingual and oral administration as activation of T lymphocytes, monocytes and granulocytes has
been observed in healthy young adult males within 24–48
hours of taking 15 mg of oral zinc daily.87
Implications for clinicians and consumers
Zinc is readily available for consumers to self-prescribe.
The marginal benefits, strain specificity, drug resistance and potential risks of other over-the-counter and
Hunter J, et al. BMJ Open 2021;11:e047474. doi:10.1136/bmjopen-2020-047474
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compared with placebo, there were clinically important
reductions in day 3 symptom severity, but not average
daily symptom severity scores. The difference in the
severity results may reflect reporting bias and imprecision,
as results could not be extracted for 1358 59 66–74 79 of the
20 RCTs58–74 79 that evaluated symptom severity, and there
was only one overlapping RCT60 in the two meta-analyses
conducted. Like previous reviews,7–10 39 81 compared with
placebo there were clinically important reductions in
symptomatic duration from zinc use. However, there was
also an increased risk of non-serious adverse effects that
may reduce the tolerability or acceptability of some zinc
formulations.
In contrast to these promising findings, following
human rhinovirus inoculations, compared with placebo,
sublingual zinc did not reduce the risk of developing an
infection or symptoms of a clinical cold, nor were there
any significant effects on symptom severity or duration of
illness when zinc was compared with an active control.
While the number of studies and sample sizes were small,
it still raises the questions about the in vitro versus in vivo
antiviral effects of zinc ions, at least against rhinoviruses,
and comparative effectiveness.
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respectively.75 76 However, contamination of the zinc intervention was found in one RCT,75 both RCTs were small
and may be underpowered to detect a difference, only
a single marker of copper status was measured,103 and
intestinal absorption of zinc is influenced by a variety of
factors including diet, medications, chronic diseases and
increasing age.15 17
Implications for research
Given the limited therapeutic options for preventing
and treating viral RTIs, further research is indicated
to better understand zinc’s mechanisms of action, the
optimum administration routes, formulations and dose,
the minimum time-frame in which zinc should be started
following an acute infection and the duration of therapy.
Except for one RCT that evaluated the effects of zinc on
cognitive function,58 80 the symptomatic and functional
impact on the participants’ QoL was not assessed. These
outcomes are important to patients. Questionnaires like
24
the Wisconsin Upper Respiratory Symptom Survey-
that assess both symptom severity and QoL are therefore
recommended.104
The review findings align with calls for more immuno-
nutrition research, particularly in populations with a
higher SARS-CoV-2 risk.17 105 Results from seven RCTs evaluating various zinc doses, salts and administration routes
for the prevention or treatment of SARS-CoV-2 are all
pending. These RCTs will continue to be tracked and the
review periodically updated and reported until there is
moderate certainty/quality in the evidence, or no results
are pending. However, based on the limited information
reported in the protocols, some of the choices for zinc
interventions appear to be arbitrary. Future SARS-CoV-2
clinical trials should consider replicating the RCTs with
positive results for other viral RTIs and consider focusing
on high-risk groups. Trials also need to determine if zinc
requires a carrier or an ionophore, such as hydroxychloroquine,28 and compare the risks and benefits. According
to our review findings and preliminary in vitro SARS-CoV
research,12 it is plausible that zinc may be effective when
used on its own.

CONCLUSIONS
In adult populations in which zinc deficiency is unlikely,
our review found when zinc was used for prophylaxis,
there was a lower risk of contracting a clinical illness
consistent with a community-
acquired viral RTI, but
not following direct HRV inoculation. When used for
treatment, zinc was found to shorten the duration of
symptoms and reduce day 3 symptomatic severity, but
not overall daily symptom severity. While there was an
increased risk of non-serious AEs that may limit tolerability for some, the risk of serious AEs was low. Limitations
to the GRADE certainty/quality assessments of the available evidence included a high RoB and/or small sample
sizes in primary studies, and considerable heterogeneity
in the duration effect estimates. We were unable to answer
11
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prescription medications88–98 makes zinc a viable ‘natural’
alternative for the self-management of non-specific RTIs.
It also provides clinicians with a management option for
patients who are desperate for faster recovery times and
might be seeking an unnecessary antibiotic prescription.
However, clinicians and consumers need to be aware
that considerable uncertainty remains regarding the
clinical efficacy of different zinc formulations, doses and
administration routes,39 67 81 86 and the extent to which
efficacy might be influenced by the ever changing epidemiology of the viruses that cause RTIs. The largest body
of evidence comes from sublingual lozenges and zinc
gluconate and acetate salts, suggesting these are suitable
choices. Yet, this does not mean that other administration
routes and zinc salts are less effective. The new evidence
on the prophylactic effects of low dose nasal sprays77 78
adds weight to the otherwise inconclusive findings from
the handful of RCTs evaluating zinc nasal sprays or gels for
acute treatment.62 66 68 70 79 A minimum therapeutic dose
for zinc is also yet to be determined. An earlier review
suggested the minimum dose for sublingual lozenges
is 75 mg.8 However, our analysis does not support this
conclusion. Further, a daily oral dose of 15 mg has been
shown to upregulate lymphocytes within days,87 99 so it is
plausible that much lower doses might also be effective.
The minimum time frame in which zinc should be
started is also unclear. Most of the RCTs included in this
review commenced zinc within 24 hours from the onset
of symptoms and some guidelines have claimed that zinc
‘only works if you start taking them within 24 hours’.5 Yet,
in the post hoc subgroup analyses, the duration of illness
was also reduced in the subset of RCTs in which participants commenced zinc up to 3 days from the onset of
symptoms. Further, in a preliminary analysis for one of
the included RCTs, the investigators briefly report that
the significant reduction in the duration of symptoms
remained when participants with symptoms of up to 10
days duration were included in the analysis.63
Alongside potential benefits, consumers also seek
detailed information about adverse effects and tolerability. Zinc was found to increase the risk of non-serious
AEs. No serious AEs were reported, suggesting the risk is
low. However, it cannot be ruled out as RCTs, especially
those with small samples, are not well placed to identify
rare events. If the rule of three is applied to determine
maximum risk,100 then the upper 95% CI for a serious AE
from prophylactic zinc would be 1.7/1000 person-months
and for therapeutic zinc, 2.9/1000 participants. Indeed,
postmarketing surveillance has identified cases of long-
lasting anosmia associated with a zinc gluconate nasal
gel.101 102 Reassuringly, a loss of smell was not reported by
any of the 1364 young adults who used nasal sprays for 1
month. Notwithstanding, anosmia is an early SARS-CoV-2
symptom, so any use of topical nasal zinc during the
pandemic should be carefully considered and monitored.
Copper deficiency is another concern. Plasma copper
levels and other laboratory parameters were stable
following 15 mg and 45 mg for 7 months and 12 months,
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