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Abstract
Introduction and Objective. Zinc is a trace element that plays a role in stimulating innate and acquired immunity. The 
aim of the study was to determine the antiviral effect of the administration of zinc in COVID-19 patients.   
Materials and Method. A literature search was performed in P Web of Science, PubMed, Scopus and Cochrane databases 
from 1 January 2020 – 22 August 2022. In addition, reference lists of the included articles and their related citations in 
PubMed were also reviewed for additional pertinent studies.  
Results. A total of 9 eligible studies were identified. In-hospital mortality in zinc supplementation patients, and patients 
treated without zinc, varied and amounted to 21.6% vs. 23.04% difference (OR=0.71; 95%CI: 0.62–0.81; p<0.001). 28-day 
to 30-day mortality in patients treated with zinc was 7.7%, compared to 11.9% for patients treated without zinc (OR=0.61; 
95%CI: 0.35–1.06; p=0.08). In-hospital adverse events among patients treated with and without COVID-19 did not show 
any statistically significant differences in relation to acute kidney injury occurrence (12.8% vs. 12.4%, respectively; OR=0.63; 
95%CI: 0.19–2.12; p=0.45, as well as need for mechanical ventilation (13.2% vs. 14.1%; OR=0.83; 95%CI: 0.52–1.32; p=0.43).   
Conclusions. Zinc supplementation is associated with lower COVID-19 in-hospital mortality. Additionally, it is risk-free 
in COVID-19 patients since there have been no negative side effects, such as acute renal damage or the requirement for 
mechanical ventilation compared to patients without COVID-19. Due to scientific evidence and the role it represents in 
the human body, zinc supplementation should be taken into consideration for COVID-19 patients as an adjunct therapy. 
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INTRODUCTION AND OBJECTIVE

Since the outbreak of the coronavirus disease in 2019 
(COVID-19), a pandemic caused by the severe respiratory 
syndrome coronavirus 2 (SARS-CoV-2), millions of people 
have died and the medical system has faced significant 
difficulties [1, 2]. The pandemic is still not fully under control 
and continues to pose a threat to human life [3], despite 
the availability of vaccinations, new antiviral medications, 
and virus mutations that have increased survival rates. 
Additionally, the enhanced infectiousness of the newer novel 
SARS-CoV-2 virus varieties means the possibility of disease 

resurgence persists, with the consequence of subsequent 
overloading of the healthcare systems [4, 5, 6]. For this 
reason, it is necessary to continue the search for methods 
of hospitalization prevent and to mitigate the severity of 
COVID-19 infection when it occurs [7, 8].

Age, lifestyle, socio-economic status, and nutritional state 
are some of the numerous variables known to affect how 
a patient reacts to the virus [9, 10]. There is evidence that 
some micronutrient supplements may also help the immune 
system of a COVID-19 patient to maintain integrity. Due to 
their immunomodulatory effects, essential micronutrient 
supplements [11, 12, 13, 14, 15], e.g., zinc, have recently 
received critical examination. Zinc is a micronutrient critical 
for the growth, development, and maintenance of immune 
barriers, such as the skin and mucous membranes. For a 
variety of factors, including both direct and indirect antiviral 
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action, zinc may also play a significant role in the clinical 
course of a patient.

The baseline function of zinc is believed to be the reduction 
of oxidative stress and inflammation [16]. Zinc is essential for 
the development of immune cells, especially T lymphocytes 
(Fig. 1), the lack of which reduces helper T cell activation 
and CD8 + T cell responses [17]. Zinc deficiencies are thus 
associated with viral infections, and patients deficient in zinc 
are at an increased risk of death from pneumonia [18], likely 
the result of de-creased antiviral antibody production [19].

Furthermore, zinc is important in macrophage function. 
When macrophages are stimulated, zinc plays a role in 
the synthesis of IFN-, IL-2, and IL-12. IL-12 causes the T 
cytotoxic cells and NK cells to become activated. These 
cells play significant roles in lowering susceptibility to 
infectious illnesses brought on by both viral and bacterial 
pathogens. Zinc deficiency also causes IL-10 production to be 
dysregulated, which also has an impact on the Th1 response 
and macrophage activities [20]. Finally, zinc supplementation 
has been demonstrated to decrease the production of TNF- 
and IL-1 in healthy individuals [21].

Specific to SARS-CoV-02 infection, zinc may also inhibit 
its in vitro reproduction and proliferation by preventing 
the synthesis of RNA [22, 23]. Additionally, by modulating 
cytokine mRNA levels, and inhibiting the expression 
of essential proteins and enzymes required for mRNA 
maturation and stability [24, 25, 26], zinc may play a role in 
preventing the progression of COVID-19 and its resultant 
cytokine storm [27]. The current state of knowledge provides 

an insight into whether zinc is helpful in reducing the risk 
of COVID-19 infection [28].

Considering its potential antiviral and protective potential 
when used in the setting of a SARS-CoV-2 infection, the 
aim of the study was to perform a meta-analysis comparing 
outcomes in hospitalized COVID-19 patients receiving zinc 
supplementation vs. those receiving conventional treatment, 
in order to determine the antiviral effect of the administration 
of zinc in COVID-19 patients.

MATERIALS AND METHOD

A systematic review and meta-analysis was prepared 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) guide-
lines [29]. The protocol of the systematic review and meta-
analysis was registered on the PROSPERO database (Reg. 
No.: CRD42022349549). Due to the character of the study 
(meta-analysis), ethical approval or patient consent were 
not applicable.

Search strategy. Two reviewers (M.P. and M.O.P.) 
independently searched four major electronic databases 
(Web of Science, PubMed, Scopus and Cochrane Central 
Register of Controlled Trials) from 1 January 2020 – 22 
August 2022, to identify studies examining the effect of zinc 
supplementation on the course of COVID-19. Electronic 
database evaluation was supplemented by searching Google 

Figure 1. The effect of zinc on the body
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Scholar. A specific and appropriate search strategy was used 
for each database, utilizing the following searching terms: 
‘zinc’, ‘SARS-CoV-2’ and ‘COVID-19’. Search results were 
managed using EndNote software (version X7; Thomson 
Reuters); in addition, reference lists of the included articles 
and their related citations in PubMed were also reviewed for 
additional pertinent studies.

Study selection. All original English language studies 
comparing COVID-19 patient’s treatment with and without 
zinc supplementation were included. Exclusion criteria were 
as follows: (1) studies involving data from paediatric patients; 
(2) case reports, editorial, conference papers, reviews; (3) 
studies lacking research indicators required for meta-analysis.

Two reviewers (L.S. and M.P.), independently screened the 
titles and abstracts of the studies retrieved by the databases 
against the search criteria. Afterwards. the full texts of all 
potentially relevant articles were retrieved and independently 
assessed by the same reviewers. If any disagreement arose 
regarding the selection of literature papers, disagreement was 
resolved through discussion with another reviewer (M.O.P.).

Data extraction. Two investigators (M.O.P. and M.P.) 
independently performed the study selection for studies 
that met the above inclusion criteria. Potential disagreement 
during data extraction was resolved through discussion 
with another reviewer (L.S.). Data were collected using a 
predefined form. Data extracted included details regarding 
the publication data (i.e. first author name, year of publication, 
study design), population data (i.e. number of participants, 
age, male gender), mortality outcomes (in-hospital mortality 
and 28-d/30-d mortality), as well as adverse events.

Quality and risk of bias assessment. Two reviewers (M.P. 
and R.M.) independently assessed the individual studies 
for risk of bias. Any discrepancies were resolved by an 
independent third reviewer (L.S.). The RoB 2 tool (revised 
tool for risk of bias in randomised trials) was used to assess 
the quality of randomised studies [30]. For non-randomized 
trials, the ROBINS-I tool (to determine the risk of bias in 
non-randomized studies of interventions) was used [31]. 
For the RoB-2 tool, the following biases were assessed: (1) 
arising from the randomization process, (2) due to deviations 
from intended intervention, (3) due to missing outcome 
data, (4) in measurement of the outcome, and (5) bias in 
selection of the reported result. In contrast, in the case of 
the ROBINS-I tool, the following domains were assessed: 
(1) bias due to confounding, (2) bias due to selection of 
participants, (3) bias in classification of intervention, (4) bias 
due to deviations from intended interventions, (5) bias due 
to missing data, (6) bias in measurement of outcomes, and 
(7) bias in selection of the reported result. The risk of bias 
assessments for randomized trials was visualized using the 
Robvis application [32].

Statistical analysis. The meta-analysis was conducted in 
accordance with the Cochrane handbook. Data was analyze 
using the STATA software (version 14, StataCorp LLC, 
College Station, TX, USA) and RevMan software (version 5.4, 
The Nordic Cochrane Center, The Cochrane Collaboration, 
2014). The results are presented as forest plots using odds 
ratios (ORs) for dichotomous data, and the mean difference 
(MD) for continuous data with 95% confidence intervals 

(CIs). When data were reported as median with interquartile 
range, estimated means and standard deviations with the 
formula described by Hozo were used [33]. Heterogeneity 
was quantitatively assessed using Cochran’s Q statistics and 
Higgins’s Index (I2), with 25%, 50% and 75% considered 
moderate, substantial and considerable heterogeneity, 
respectively [34]. The random-effects model was used for 
I2 > 50%; otherwise, the fixed effects model was employed. 
Egger’s test and funnel plots were used to assess potential bias 
and perform funnel plot tests for asymmetry to investigate 
potential publication bias if there were more than 10 trials 
in a single meta-analysis, with p < 0.05 considered to present 
statistical significance.

RESULTS

Results of the Search and Study Characteristics. In total, 
2174 studies were identified from various databases during 
the literature search. After eliminating 1,233 duplicated 
articles, 941 articles were screened according to the titles and 
abstracts. Thereafter, 918 irrelevant studies were removed. 
After reading the full text for the second selection step, 
14 articles were excluded. Finally, a total of 9 studies were 
identified for this meta-analysis [35–43]. Figure 2 presents the 
flow diagram of study identification and selection. Results of 
the quality assessment of all included studies are shown in 
Supplementary Figures 1–4. All the case series were judged 
to be of adequate quality. The characteristics of each included 
study are shown Table 1.

Among all the included studies, 5 were designed as 
randomized controlled trials, among 9 studies, 6 were 
published in the USA, and one in each of the following 
countries: Egypt, Saudi Arabia, and Australia.

Zinc supplementation outcomes. Five trials reported in-
hospital mortality among patients with and without zinc 

Figure 2. PRISMA flow diagram of the study selection process
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supplementation [36–39, 43]. Pooled analysis showed that 
in-hospital mortality in zinc supplementation patients, 
and patients treated without zinc, varied and amounted to 
21.6% vs. 23.04% difference (OR = 0.71; 95%CI: 0.62 – 0.81; 
p<0.001 (Fig. 3). Sub-analysis by group, depending on the 
type of study, showed that compared to the control group, 
zinc supplementation was associated with lower in-hospital 
mortality in randomized trials (12.0% vs. 17.2%; OR = 0.66; 
95%CI: 0.53 – 0.82; p<0.001), as well as in retrospective 
studies (29.7% vs. 34.7%; OR = 0.74; 95%CI: 0.62 – 0.89; 
p=0.001).

Pooled analysis of 28-day to 30-day mortality in patients 
treated with zinc was 7.7% compared to 11.9% for patients 
treated without zinc (OR = 0.61; 95%CI: 0.35 – 1.06; p=0.08 
(Fig. 4) [35, 36, 40, 41, 42]. Sub-analysis, depending on the type 
of study, showed that 28-d/30-d mortality supplementation, 
compared to the control group, was 3.0% vs. 3.5%, respectively 
(OR=0.91; 95%CI: 0.36 to 2.32; p=0.84). In contrast, in a 
retrospective study by Al Sultaman et al., 30-day mortality 
in the case of using zinc was statistically significantly lower 
than in the control group (23.2% vs. 37.8%, respectively; OR 
= 0.50; 95%CI: 0.25 – 0.98; p=0.04).

Figure 4. Forest plot of 28-day – 30-day mortality among COVID-19 patient with and without zinc supplementation. The centre of each square represents the odds 
ratios for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds indicate pooled results

Figure 3. Forest plot of in-hospital mortality among COVID-19 patient with and without zinc supplementation. The centre of each square represents the odds ratios for 
individual trials; the corresponding horizontal line represents a 95% confidence interval. The diamonds indicate pooled results

Figure S1. A summary table of review authors’ judgements for each risk of bias 
item for each randomized study

Figure S2. A plot of the distribution of review authors’ judgements across 
randomized studies for each risk of bias item

Figure S3. A summary table of review authors’ judgements for each risk of bias 
item for each non-randomized study

Figure S4. A plot of the distribution of review authors’ judgements across non-
randomized studies for each risk of bias item
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In-hospital adverse events among patients treated with and 
without COVID-19 did not show any statistically significant 
differences in relation to acute kidney injury occurrence 
(12.8% vs. 12.4%, respectively; OR = 0.63; 95%CI: 0.19 – 2.12; 
p=0.45), as well as the need for mechanical ventilation (13.2% 
vs. 14.1%; OR = 0.83; 95%CI: 0.52 – 1.32; p=0.43).

DISCUSSION

Data from this systematic review and meta-analysis were 
compiled from 9 studies which investigated the effects of zinc 
supplementation on the mortality rate of COVID-19 patient. 
The main finding was that zinc supplementation improved 
the outcomes of COVID-19 when measured in terms of 
in-hospital mortality. The zinc-supplemented group had a 
significantly lower mortality rate in COVID-19 patients. 
Administration of zinc to patients with COVID-19 should be 
considered, especially in patients in whom it is significantly 
reduced, as this may result in the reduced production of 
antibodies against the virus and impeded activation of 
cytotoxic T lymphocytes and NK cells that enable the fight 
against infection [44, 45, 46].

Recent studies have also shown that a higher zinc level 
suppresses the expression of ACE2, which may reduce the 
SARS-CoV-2 virus interaction with its receptor. Conversely, 
lower zinc levels may increase the interaction of ACE2 with 
the viral spike protein, which may suggest the mechanism 
of a preventive role of zinc in COVID-19 [47].

Previously published meta-analyses indicated the high 
efficacy of zinc on mortality in COVID-19 patients [48]. 
One such meta-analysis confirmed that the use of zinc was 
associated with significantly lower mortality; pooled OR 
[95%CI] was 0.57 [0.43 – 0.77] (p < 0.001) [49]. However, 
that meta-analysis included a much smaller number of study 
participants compared to the current study. It should be noted 
that even earlier meta-analyses showed that oral and nasal 
zinc was effective in reducing the duration of viral infection 
and the intensity of symptoms [50]. However, the results of 
analysis of the influence of zinc on the prevention of viral 
infection are inclusive [51].

However, a recently published meta-analysis has led to 
quite different conclusions. Beran et  al. investigated how 
supplementation with vitamin C, D, and zinc affects mortality 
in cases of COVID-19 [52]. The intubation rate and length 
of hospital stay were assumed as secondary endpoints. The 
meta-analysis showed that neither vitamin C, vitamin D, 

nor zinc reduced the mortality rate in COVID-19. Only 
the use of vitamin D influenced the intubation rate and 
length of hospital stay. The authors concluded that although 
zinc did not affect mortality, it cannot be ruled out that 
it affects the intensity of the symptoms of infection and 
improves the quality of life. It was not without significance 
that the studies included in the meta-analysis did not identify 
patients with initial deficiency [52]. The studies published 
at the beginning of the pandemic, however, emphasized 
that zinc should be recommended for patients hospitalized 
due to COVID-19. The authors emphasized a significantly 
higher benefit-risk ratio in the case of short but intensive 
supplementation, and the cost-effectiveness of such therapy 
[53, 54]. Earlier scientific works also indicated an attempt 
to use zinc in complex therapies, e.g., triple-therapy based 
on zinc, low-dose hydroxychloroquine, and azithromycin. 
The development of knowledge has shown, however, that 
this approach is not an effective therapeutic solution [42]. 
Moreover, QT prolongation may pose a significant risk, 
although, the frequency of adverse events remains relatively 
low [55].

In the context of supplementing micro- and macronutrients 
in COVID-19, 2 aspects remain invariably important. First, 
identifying patients with clinically significant deficiencies 
and replenishing the deficiencies as quickly as possible. 
Secondly, micronutrient and macronutrient deficiencies may 
be a predictor of a more severe course of infection and more 
rapid progression. Both aspects are related to each other and 
show clinically important implications for routine practice 
[56, 57].

Currently, it is known that zinc plays a very important 
role in the human body; therefore, its supplementation 
should be considered in patients with COVID-19, although 
more detailed data is needed. Zinc supplementation can 
result in adverse consequences, including nausea, vomiting, 
diarrhea, lethargy, and disorders of copper metabolism. 
Therefore it is necessary to conduct extensive randomized 
controlled studies to determine the appropriate dose of zinc 
supplementation in patients with COVID-19 [58, 59]. It should 
also be borne in mind that long-term zinc supplementation 
can lead to copper deficiency. Copper deficiency, on the 
other hand, has serious health consequences, including 
neurological deficits (cognitive disorders), osteoporosis and 
hepatosplenomegaly [60].

Limitations of the study. The current study also has 
limitations since the number of studies currently available do 

Table 1. Baseline characteristics of included trials

Study Country Study design
With zinc supplementation Without zinc supplementation

No. of patients Age Gender male No. of patients Age Gender male

Abd-Elsalam et al. 2021 Egypt Randomized trial 96 43.48 ± 14.62 52 (54.2%) 95 43.64 ± 13.17 64 (67.4%)

Al Sulaiman et al. 2021 Saudi Arabia Retrospective study 82 58.2 ± 13.9 65 (79.3%) 82 58.0 ± 16.5 54 (67.2%)

Berti et al. 2022 USA Retrospective study 489 65.5 ± 9.35 323 (67.9%) 587 67.8 ± 9.7 369 (62.8%)

Carlucci et al. 2020 USA Retrospective study 411 63.19±15.18 264 (64.2%) 521 61.83±15.97 320 (61.4%)

Frontera et al. 2020 USA Randomized trial 1006 63.75 ± 3.5 604 (60.0%) 2467 63.25 ± 4.5 1344 (38.8%)

Gordon et al. 2021 USA Randomized trial 104 74.0 ± 6.74 40 (38.5%) 96 71.1 ± 8.15 37 (38.5%)

Patel et al. 2021 Australia Randomized trial 15 59.8 ± 16.8 11 (73.3%) 18 63.8 ± 16.9 10 (55.5%)

Thomas et al. 2021 USA Randomized trial 58 44.1 ± 14.8 21 (36.2%) 50 42.0 ± 14.6 19 (38.0%)

Yao et al. 2021 USA Retrospective study 196 65 ± 4.0 110 (56.1%) 46 71 ± 6.5 27 (58.9%)
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not provide sufficient data on the impact of various dosages, 
and the proper length of therapy, on the desired outcome. 
Additionally, various zinc supplementation durations and 
dosages were employed in each of the studies cited in the 
current study. The recommended duration of treatment 
with zinc, however, remains unknown. To determine the 
precise impact of the intervention on different variables, 
evaluation of the impact using a common protocol is needed. 
This includes the effects of supplementation in individuals 
with severe baseline zinc insufficiency, and in patients with 
varying coexisting comorbid illnesses.

Another limitation is the diversity of the therapeutic 
standard for the treatment of COVID-19. Throughout the 
epidemic, a different scope and access to the recommended 
therapies has been observed. It is also difficult to define 
the standard of care. Additionally, early mortality after 
admission to hospital, e.g., within 24 hours, should also 
exclude patients from studies aimed at demonstrating the 
effectiveness of zinc supplementation. The fact that numerous 
clinical trials have been conducted during the pandemic 
should also be carefully considered. The effects of investigated 
medicinal products and the potential interaction with zinc 
cannot be completely excluded. To fully comprehend these 
limitations, more substantial randomized controlled trials 
with adequate sample sizes are required. Determination of 
the initial concentration of micro- and macro-elements and 
identification of clinically significant deficiencies will enable 
better stratification of the study population. Consequently, it 
will allow for the creation of evidence-based therapy.

CONCLUSIONS

Zinc supplementation is associated with lower COVID-19 in-
hospital mortality. Additionally, it is risk-free in COVID-19 
patients since there have been no negative side-effects, such 
as acute renal damage or the requirement for mechanical 
ventilation, compared to patients without COVID-19. 
Due to scientific evidence and the role it represents in the 
human body, zinc supplementation should be taken into 
consideration for COVID-19 patients as an adjunct therapy. 
However, due to the small number of studies included in 
the presented meta-analysis, more significant randomized 
studies with large patient populations are required to draw 
definite conclusions regarding the beneficial effects of zinc 
supplementation in COVID-19 patients.
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