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ABSTRACT

INTRODUCTION  Preliminary retrospective reports showed that zinc supplementation may decrease
mortality in patients with COVID-19, postulating the potential therapeutic efficacy of zinc in the manage-
ment of the disease.

oBJECTIVES We sought to summarize the studies published to date regarding the antiviral activity of
zinc in patients with COVID-19.

PATIENTS AND METHODS A meta-analysis was performed to compare the outcomes of hospitalized
patients receiving zinc supplementation and those treated with standard care. The primary outcome
was survival to hospital discharge. Secondary outcomes were in-hospital mortality and length of stay
in hospital or intensive care unit (ICU).

RESULTS Data relating to 1474 patients included in 4 studies were analyzed. Survival to hospital discharge
was 56.8% in the zinc group compared with 75.9% in the nonzinc group (P = 0.88). In-hospital mortality
was 22.3% in the zinc group compared with 13.6% in the standard care group (P = 0.16). The mean (SD)
length of hospital stay was 7.7 (3.7) days in the zinc group and 7.2 (3.9) days in the standard treatment
group (P <0.001). The mean (SD) length of ICU stay was 4.9 (1.7) days in the zinc group and 5.8 (1.9)
days in the standard care group (P = 0.009).

coNcLUSIONS  Zinc supplementation did not have any beneficial impact on the course of COVID-19
evaluated as survival to hospital discharge and in-hospital mortality. The zinc-supplemented group had
longer hospital stay despite shorter ICU stay. At present, there are no evidence-based data to support
routine zinc supplementation in patients with COVID-19.

INTRODUCTION  Ever since the pneumonia out-
break of unknown origin was reported in China
in late 2019, which expanded all over the world,
the global healthcare systems have been under
severe pressure.”? The new virus was called se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) by the international committee of
the Coronavirus Study Group.® Due to the rapid
spread of the disease, it was declared a pandem-
ic by the World Health Organization.” The major
strain on healthcare systems exerted by the virus
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raised an urgent need for new treatment options
to alleviate the SARS-CoV-2 pandemic. Efforts
were made to administer agents known to restrict
viral growth, including zinc. Zinc was shown to
inhibit the in vitro reproduction of coronavirus-
es’ and to participate in the immunological re-
sponse, especially involving T lymphocytes.®’
Zinc’s mechanism of action is pleiotropic and
associated with multiple pathways that partici-
pate in the inflammatory response. The baseline
function of zinc is the reduction of the oxidative



WHAT'S NEW?

Zinc supplementation was postulated to decrease mortality in patients with
COVID-19. We performed a meta-analysis to compare zinc with standard care
in this population. Zinc supplementation did not have any beneficial impact on
the course of the disease. The zinc-supplemented group had a longer length
of hospital stay. No evidence-based data support routine zinc supplementa-
tion in COVID-19.

stress and inflammation.? Additionally, zinc is as-
sociated with the negative feedback loop decreas-
ing the activity of nuclear factor kappa B, thus al-
leviating sepsis and excessive inflammation® and
potentially reducing the cytokine storm—a phe-
nomenon associated with severe COVID-19."° In-
terestingly, the interaction between the peptidase
domain of angiotensin-converting enzyme 2 and
SARS-CoV-2 spike protein, which is crucial for
the entry of the virus into the cell,'" is also mod-
ulated by zinc levels.?

Zinc supplementation was shown to decrease
mortality in severe pneumonia.’® At the very be-
ginning of the COVID-19 pandemic, the idea of
chloroquine derivatives as ionophores for intra-
cellular uptake of zinc into lysosomes was postu-
lated." Thus, investigators have focused their at-
tention on zinc as a promising agent in the man-
agement of COVID-19. To summarize the studies
conducted hitherto into the antiviral activity of
zinc in COVID-19 patients, a meta-analysis was
performed to compare the outcomes of the hos-
pitalized patients receiving zinc supplementation
and those treated with standard care.

The primary outcome was survival to hospital
discharge. Secondary outcomes were in-hospital
mortality and length of stay in the hospital or in-
tensive care unit (ICU).

PATIENTS AND METHODS This systematic re-
view and meta-analysis were carried out follow-
ing the Preferred Reporting Items for Systemat-
ic Reviews and Meta-Analyses (PRISMA) guide-
lines and the recommendations of the Cochrane
Collaboration.'®

Search strategy Two authors (LS and MP) inde-
pendently searched PubMed, Scopus, and the Co-
chrane Library for articles published in English
from the inception of the databases until Feb-
ruary 10, 2021. The search was performed using
the following terms: SARS-CoV-2 OR COVID-19
OR coronavirus AND zinc. The references listed in
the identified articles were also reviewed. A man-
ual search for the related articles was conducted
in order to identify all eligible studies and achieve
minimal publication bias.

Inclusion and exclusion criteria  Studies included
in this meta-analysis fulfilled the following PI-
COS criteria: 1) participants: patients with a con-
firmed diagnosis of COVID-19; 2) intervention:
zinc supplementation; 3) comparison: standard

care; 4) outcomes: detailed information for sur-
vival; and 5) study design: randomized controlled
trials, quasi-randomized or observational studies
comparing the effect of zinc and standard care on
patient outcomes. Studies were excluded if they
were reviews, animal studies, case reports, let-
ters, conference or poster abstracts, or articles
not containing original data.

Study selection  The studies were independently
screened by 2 authors (LS and MP) who assessed
the study titles and abstracts for potential eligi-
bility. After reviewing the full texts, eligible stud-
ies were included according to the previously de-
termined study inclusion criteria. Discrepancies
in the selection of articles were resolved by con-
sensus with a third reviewer (JS).

Data extraction Raw data were extracted using
a standardized, premade form. Care was taken
to avoid including data from duplicate publica-
tions. In the event of any suspected data discrep-
ancies, the relevant author was contacted direct-
ly. Data extracted from eligible studies includ-
ed the following characteristics: study and year,
country, type of participants, number of partic-
ipants, types of therapy, mortality rate, adverse
event occurrence as well as length of stay in hos-
pital or ICU.

Risk of bias assessment Two investigators (LS
and AG) independently extracted individual study
data and assessed studies for risk of bias. Any dis-
agreements were discussed and resolved in a con-
sensus meeting with the third reviewer (MJJ).
The risk of bias was assessed using the ROBINS-I
tool in nonrandomized trials'® and the RoB 2 tool
in randomized studies.!” The Robins application
was used to visualize risk of bias assessments.'®
The scale has 7 main domains (confounding, par-
ticipant selection, classification of interventions,
deviation from intended interventions, missing
data, outcome measurement, and selection of
reported results) and assigns 1 point for each of
the following 4 judgments: critical, serious, mod-
erate, and low. The review authors’ judgments
about each risk of bias item are provided in Sup-
plementary material, Figures S1-S3.

Statistical analysis ~ Statistical analysis was per-
formed in Review Manager, version 5.4 (Nordic
Cochrane Center, The Cochrane Collaboration,
Copenhagen, Denmark). The Mantel-Haenszel
method was used to analyze dichotomous out-
comes, and results were reported as risk differ-
ence (RD) with 95% CI and 2-tailed P values. Con-
tinuous outcome differences were analyzed us-
ing an inverse variance model with 95% CI, and
values were reported as mean differences (MD).
When the continuous outcome in a study was re-
ported as median, range, and interquartile range,
means (SD) were estimated using the formula
described by Hozo et al.'® Heterogeneity in each
analysis was quantified by the 12 and I statistics.
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Heterogeneity was detected with the x? test with
n-1 degrees of freedom, which was expressed as
I?. Values of I? greater than 50% and greater than
75% were considered to indicate, respectively,
moderate and significant heterogeneity among
studies. A P value of less than 0.05 was consid-
ered statistically significant.

RESULTS Characteristics of the studies included
in the meta-analysis A flow diagram summariz-
ing the literature search is presented in FIGURE 1.
The search of electronic databases initially iden-
tified 217 articles for review. Of those, 194 stud-
ies were excluded as being unrelated. The remain-
ing 23 articles were carefully examined to deter-
mine whether they met the authors’ inclusion
criteria. Ultimately, 4 articles that met the in-
clusion criteria and contained the necessary data
for the planned comparison were identified.??-?*

In total, 761 patients were treated with zinc
supplementation, and 712 with standard care.
Three of the studies were conducted in the United
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- Full-text invalid study (n = 5)

- Reviews or included invalid data studies (n = 9)
- Editorials or letters or congress abstracts (n = 3)
- Duplicate reports (n = 2)

Flow diagram showing stages of database searching and study selection as per the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines

States and one in Egypt. The details of the select-
ed trials are summarized in TABLE 1. The method-
ology characteristics and comorbidities of pa-
tients in the included studies are presented in
Supplementary material, Tables S1 and S2, re-
spectively. The mean (SD) age of the patients
treated with zinc was 59.7 (15.4) years, com-
pared with 58.6 (17.2) years in the standard care
group (MD, -0.89; 95% CI, -5.27 to 3.48; P = 0.69;
I? = 88%).

Outcomes Survival to hospital discharge was
reported in 2 studies and was 56.8% in the zinc
group compared with 75.9% in the nonzinc group
(RD, 0.01; 95% CI, -0.07 to 0.08; P = 0.88; I = 0%,
FIGURE 2). Three studies reported in-hospital mor-
tality, which was 22.3% in the zinc group com-
pared with 13.6% in the standard care group (RD,
-0.03; 95% CI, —-0.09 to 0.03; P = 0.16; I = 45%;
FIGURE 3).

The mean (SD) length of hospital stay was 7.7
(3.7) days in the zinc group and 7.2 (3.9) days in



TABLE 1 Characteristics of the included studies

Parameter Treatment Abd-Elsalam et al Carlucci etal (2020)

Thomas et al (2021) Yao etal (2021)

(2020)

Country - Egypt United States United States United States
Study design - Randomized Retrospective analysis Prospective randomized Single-institution
controlled study controlled open-label trial ~ retrospective study

Patients, n Zinc 96 411 58 196

Standard care 95 521 50 46
Age, y, mean (SD)  Zinc 43.48 (14.62) 63.19(15.18) 44.1 (14.8) 65 (4)

Standard care 43.64 (13.17) 61.83(15.97) 42 (14.6) 71 (7.5)
Body mass index,  Zinc NS 29.4 (1.3) 30.4 (3.4) 28.8 (1.1)
mean (SD) Standard care NS 29.4(12) 31.5(3.6) 26.2 (2)

Abbreviations: NS, not specified

Zinc Standard care Risk difference Risk difference
Study or subgroup ~ Events Total Events Total Weight,%  M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Abd-Elsam et al,? 2020 91 96 90 95 56.2 0.0 (-0.06, 0.06)
Yao et al,® 2021 75 196 17 46 43.8 0.01(-0.14, 0.17)
Total (95% Cl) 292 141 100 0.01 (-0.07, 0.08)
Total events 166 107

Heterogeneity: x? = 0.04; df = 1 (P = 0.85); > = 0%
Test for overall effect: Z = 0.15 (P = 0.88)

0.25 05
Standard care

~0.25 0
Zinc

05

FIGURE 2 Forest plot of survival to hospital discharge of zinc and standard care groups. The center of each square represents the weighted risk
difference for individual trials, and the corresponding horizontal line stands for 95% CI. The diamonds represent pooled results.

Abbreviations: M-H, Mantel-Haenszel model

Zinc Standard care Risk difference Risk difference
Study or subgroup Events Total Events Total Weight, %  M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Abd-Elsametal,?2020 5 96 5 95 42.7 -0.0 (-0.06, 0.06)
Thomas et al,?2 2021 0 58 0 50 24.0 0.0 (-0.04, 0.04)
Yao et al,® 2021 73 196 21 46 333 -0.08 (-0.24, 0.07)
Total (95% Cl) 350 191 100 -0.03 (-0.09, 0.03)

Total events 78 26
Heterogeneity: x2 = 3.61; df = 2 (P = 0.16); I* = 45%
Test for overall effect: Z = 0.92 (P = 0.36)

0.25 05
Standard care

0.5 0
Zinc

05

FIGURE 3  Forest plot of in-hospital mortality of zinc and standard care groups. The center of each square represents the weighted risk difference for
individual trials, and the corresponding horizontal line stands for a 95% CI. The diamonds represent pooled results.

Abbreviations: see FIGURE 2

the standard treatment group (MD, 0.3; 95% CI,
0.18-0.41; P <0.001; I? = 0%; Supplementary ma-
terial, Figure S3). The mean (SD) length of ICU stay
was reported only by Carlucci et al*' and was 4.9
(1.7) days in the zinc group and 5.8 (1.9) days in
the standard care group (MD, -0.9; 95% CI, -1.58
to -0.22; P =0.009).

DISCUSSION The main finding of this meta-
-analysis is that zinc supplementation has no pos-
itive impact on the course of COVID-19, evaluated
in terms of survival to hospital discharge and in-
-hospital mortality. The zinc-supplemented group
had a significantly longer hospital ICU length of
stay, although the latter result might be ques-
tionable due to the considerable discrepancy in
the size of the analyzed groups and the predom-
inant role of the study by Carlucci et al?' in this
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synthesis (weight, 99.5%). Our findings contra-
dict the unambiguous advantages of zinc anti-
viral activity in clinical practice, both in mono-
therapy and in combination with hydroxychloro-
quine/ chloroquine, which increases intracellular
zinc transport. The National Institute of Health
recommends a daily dose of zinc of up to 8 mg for
adult women and 11 mg for men,?* while the dose
used in clinical trials ranges up to 50 mg daily.?®
Overdosing of zinc causes nausea, vomiting, di-
arrhea, lethargy, and disorders of copper metab-
olism,?® further discouraging zinc supplementa-
tion in COVID-19 patients.

The study by Carlucci et al*' was the only one to
show that the addition of zinc sulfate decreased
mortality or transfer to hospice, but only in
the case of patients who were never admitted
to the ICU. In this study, patients treated with
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zinc sulfate had higher baseline absolute lym-
phocyte counts, which is in agreement with pre-
vious finding that zinc stimulated lymphocyto-
genesis.?” Based on the results, it might be hy-
pothesized that zinc is a useful tool in preventing
progression of the disease, but once it progress-
es to the cytokine storm, the zinc activity is no
longer viable.?® However, owing to the retrospec-
tive design of the study by Carlucci et al,*' cau-
tion should be exercised in drawing conclusions.
The following randomized controlled trials, that
is, Abd-Elsalam et al?’ and Thomas et al,?? failed
to reveal any beneficial role for zinc in the thera-
peutic management of COVID-19, compared with
standard of care.

The hypothesis that there is a relationship be-
tween zinc supplementation and COVID-19 out-
comes was based on the results of a retrospec-
tive study in a relatively small cohort of 275 pa-
tients that showed the median blood zinc level
to be significantly lower in COVID-19 patients
with poor clinical outcome than in patients with
good clinical outcome (840 mg/1 vs 970 mg/l;
P <0.0001).® Based on the results of this meta-
-analysis, despite some evidence that low zinc lev-
els are associated with a worse prognosis, at pres-
ent there are no evidence-based data to support
the concept of zinc supplementation in patients
with COVID-19.

We acknowledge the limitations of our analysis.
First, 2 studies provided retrospective data, while
only 2 offered prospective data. Also, there was
alow number of enrolled individuals in our anal-
ysis. Furthermore, there are notable differences
in zinc formulation supplements that greatly af-
fect absorption of zinc and might not be mutually
compared. For example, oral zinc picolinate sup-
plementation has different absorption compared
to zinc citrate, sulphate, or gluconate. Hence,
our results should be interpreted with caution.
For a definitive answer to this question, it would
be necessary to conduct double-blind placebo-
-controlled trials.

Conclusions Despite early evidence support-
ing the potential benefits of zinc supplemen-
tation in COVID-19 patients, which was based
on retrospective studies and in vitro findings,
the effectiveness of zinc supplementation in
the treatment of COVID-19 was not proven in
this meta-analysis.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.
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