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Commentary

Background

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is responsible for the coronavirus disease 
2019 (COVID-19) pandemic gripping the globe in 2020.1 
During this difficult time, when health care systems and 
providers are constantly strained, the public is more 
likely to seek medical information from online sources. 
Prominent medical entertainment personalities have been 
featured on television programs and across social media 
platforms touting the use of certain dietary supplements 
to both protect individuals from contracting COVID-19 
and aid in its acute treatment. In fact, sales of dietary 
supplements such as elderberry and zinc have signifi-
cantly increased by as much as 255% and 415%, respec-
tively, in the single-week period ending March 8, 2020.2 
The US Food and Drug Administration (FDA) actively 
monitors for false marketing claims and has issued warn-
ing letters to multiple companies selling products with 
false claims for prevention and treatment of COVID-19, 
but more needs to be done.3 It is paramount that pharma-
cists, who are often on the front lines of this pandemic, 
be aware of the data supporting or refuting dietary sup-
plement use to help patients make informed decisions 
during this time of information overload and confusion. 
Here, we review select supplements that have been most 
frequently touted within social media and news outlets 
for COVID-19 prevention and/or treatment, including 
vitamin C, vitamin D, zinc, elderberry, and silver.

Vitamin C

Vitamin C (ie, ascorbic acid) has several physiological 
properties that make it an attractive option to both prevent 
viral infections and treat the resulting severe illness. These 
include, but are not limited to, scavenging oxygen free radi-
cals, decreasing the gene expression of proinflammatory 
cytokines, and enhancing microbial killing in certain cell 
types.4,5 Despite these theoretical benefits, evidence does 
not support the routine use of vitamin C for prevention of 
viral infections, including the common cold.6 Meta-analyses 
of clinical trial data does suggest a shortening in common 
cold duration by a modest 8% with regular vitamin C intake 
(amounts varying across studies).6 Whereas the common 
cold can be caused by a human coronavirus, COVID-19 is 
caused by a novel coronavirus with a different genome 
sequence.7 It cannot be assumed, therefore, that outcomes 
of vitamin C from the management of the common cold will 
translate to the management of COVID-19.

Some of the distinguishing features of a more severe 
COVID-19 infection course include development of acute 
respiratory distress syndrome (ARDS), secondary infection 
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(eg, bacterial pneumonia), and severe sepsis.7 Recently pub-
lished clinical trials have investigated vitamin C use as part 
of a management strategy for ARDS8 and septic shock.9 The 
CITRIS-ALI trial showed that giving intravenous (IV) vita-
min C 50 mg/kg every 6 hours for 96 hours did not signifi-
cantly alter disease severity scores, C-reactive protein levels, 
or thrombomodulin levels compared with placebo in patients 
with sepsis and ARDS, although 28-day all-cause mortality 
was significantly lowered and ICU-free days was signifi-
cantly shorter with vitamin C use.8 Similarly, the VITAMINS 
trial showed that a combination of IV vitamin C, hydrocorti-
sone, and thiamine did not improve duration of time alive or 
free from vasopressor administration compared with hydro-
cortisone alone in a population with septic shock.9

Physicians from China have stated on various media out-
lets that they have successfully treated more than 50 patients 
with moderate to severe COVID-19 with large doses of IV 
vitamin C (10 000-20 000 mg/d), leading to a shorter mean 
hospital length of stay compared with untreated patients 
with COVID-19 and no incidences of death.10 Details of this 
evidence are unavailable because these findings have not (at 
the time of this writing) been published in either preprint or 
peer-reviewed journals. It is also important to note that the 
high doses used in this study are not obtainable when using 
orally available over-the-counter versions of vitamin C. 
Moreover, the gastrointestinal adverse events (nausea, vom-
iting, heartburn, abdominal cramps) could be dose limiting, 
and pharmacists should advise patients against attempting to 
take that much daily supplement. High doses of vitamin C 
may be associated with formation of kidney stones, particu-
larly in those with high oxalate levels to begin with.11 
Randomized controlled trials of vitamin C are currently reg-
istered on the National Institutes of Health ClinicalTrials.
gov website examining monotherapy (NCT04264533, 
NCT04344184, NCT03680274, NCT04357782) for acute 
COVID-19 treatment, in combination with hydroxychloro-
quine to treat (NCT04328961) or prevent (NCT04326725, 
NCT04335084) COVID-19 and with other supplements for 
prevention (NCT04342728). The dosing of vitamin C in 
these trials varies widely, ranging from 250 to 500 mg orally 
daily to 24 g IV daily. Overall, it is important for pharmacists 

to highlight the lack of evidence that vitamin C can be taken 
to prevent or treat COVID-19. Instead, patients should con-
sult with trusted resources (Table 1) or their physician 
regarding the most effective way to avoid COVID-19.

Vitamin D

Vitamin D is a fat-soluble vitamin and is found in supple-
ments and foods as vitamin D2 (ergocalciferol) and D3 (cho-
lecalciferol), both of which require further metabolism into 
the active form, calcitriol.12 Vitamin D is the proposed 
driver of the “seasonal stimulus” hypothesis that emerged 
from epidemiological observations of the influenza A epi-
demics.13 This idea suggests that coinciding with peak 
influenza cases in the winter is a reduced exposure to the 
sun, leading to reduced synthesis and serum levels of vita-
min D, which in turn affects immune function.13 The com-
plex mechanisms by which vitamin D supports immune 
function have been reviewed extensively.13-16 To summa-
rize, vitamin D activity contributes to the maintenance of 
cell physical barrier integrity, enhanced antimicrobial pep-
tide expression, enhanced activity of our innate immunity 
through macrophages and monocytes, and shifting response 
of cells involved with innate and adaptive immunity, such 
as dendritic and T-cells, toward a more tolerable and anti-
inflammatory behavior.

Observational data consistently associate low vitamin D 
levels with acute respiratory tract infections.17 Patients may 
also be at risk of ARDS with low vitamin D levels.18 Trial 
evidence is less consistent, perhaps because of heterogene-
ity in baseline vitamin D levels or the regimens studied.13,19 
The largest evaluation to date, an individual patient data 
meta-analysis, included more than 10 000 individuals from 
25 high-quality trials.19 Investigators concluded that oral 
vitamin D3 supplementation reduced the risk of acute respi-
ratory tract infections (number needed to treat [NNT] = 33; 
range = 20 to 101). Effects were stronger when baseline 
25-hydroxyvitamin D levels were <25 nmol/L (NNT = 8; 
range = 5 to 21) and with daily (vitamin D3 oral doses rang-
ing from 400 to 4000 IU) or weekly dosing versus regimens 
with bolus doses. No signals of serious adverse events were 

Table 1. Evidence-Based Resources for COVID-19 and Dietary Supplements.

Resource Weblink

Centers for Disease Control and Prevention, Coronavirus (COVID-19) https://www.cdc.gov/coronavirus/2019-ncov/index.html
ClinicalTrials.gov, listed clinical studies related to COVID-19 https://clinicaltrials.gov/ct2/results?cond=COVID-19
Infectious Diseases Society of America, COVID-19 Resource Center https://www.idsociety.org/public-health/COVID-19-

Resource-Center/
National Institutes of Health, Coronavirus (COVID-19) https://www.nih.gov/health-information/coronavirus
National Institutes of Health, Office of Dietary Supplements https://ods.od.nih.gov/
Natural Medicinesa https://naturalmedicines.therapeuticresearch.com/

aSubscription required.

https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://clinicaltrials.gov/ct2/results?cond=COVID-19
https://www.idsociety.org/public-health/COVID-19-Resource-Center/
https://www.idsociety.org/public-health/COVID-19-Resource-Center/
https://www.nih.gov/health-information/coronavirus
https://ods.od.nih.gov/
https://naturalmedicines.therapeuticresearch.com/
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identified; renal stones (0.2%) and hypercalcemia (0.5%) 
were rare overall and balanced between treatment arms.19

This prior knowledge currently underlies internet reports 
speculating a role for vitamin D in the COVID-19 pan-
demic. The former director of the Centers for Disease 
Control and Prevention (CDC)20 and faculty from the 
University of Turin in Italy have both suggested that ensur-
ing adequate vitamin D levels through safe sun exposure, 
food, or vitamin D supplementation may have a role in 
COVID-19 management.21 The report from Italy takes it 
further to suggest a possible role of IV calcitriol in patients 
with COVID-19 and compromised respiratory function and 
claims a “very high prevalence of hypovitaminosis D” in 
patients with COVID-19 in Turin. Data were not published 
at the time of writing this review. A single sample of 20 
patients hospitalized with COVID-19 and with available 
vitamin D levels suggests that vitamin D insufficiency is 
prevalent.22 Ongoing studies aim to evaluate the relation-
ship between vitamin D levels and prognosis in patients 
with COVID-19 as well as efficacy of vitamin D supple-
mentation as part of treatment.23,24

Without studies specific to COVID-19, whether taking 
daily vitamin D improves outcomes associated with 
COVID-19 is unknown. For the purpose of overall general 
health and in the setting of a high prevalence of vitamin D 
deficiency in America,25 patients should continue to follow 
recommendations for daily vitamin D consumption consis-
tent with the recommended daily allowance and tolerable 
upper intake level. For adults, this is within the range of 600 
or 800 IU to 4000 IU.12 Until scientific evidence emerges, 
patients should avoid excessive doses of vitamin D in hopes 
of preventing or treating COVID-19. Long-term consump-
tion of vitamin D in excess of 4000 IU is considered possi-
bly unsafe and could lead to hypercalcemia.26

Zinc

Zinc is a trace mineral that has been hypothesized to inhibit 
viral replication and attachment to the nasopharyngeal 
mucous, and through this mechanism, has been implicated 
in the management of the common cold.27,28 In vitro studies 
suggest that zinc modifies effects of several respiratory 
pathogens, including rhinovirus, respiratory syncytial virus, 
and SARS-COV.29-31

Results from clinical trials evaluating zinc supplements 
for the common cold have conflicted, and many suffer from 
methodological flaws.28 Similarly, conclusions of multiple 
meta-analyses vary in whether zinc significantly affects 
cold duration and to what extent patient and regimen char-
acteristics modify treatment effects.32-35 One comprehen-
sive systematic review with broad inclusion of studies 
found moderate quality evidence that zinc supplementation 
reduces common cold duration by 1.65 days.32 Considerable 

heterogeneity was found and partially explained by age, 
zinc dose, and salt form. Adverse events were more com-
mon with zinc compared with placebo.

News reports are starting to emerge with claims that zinc 
may have a role in COVID-19 management, and this may 
be a result of prior knowledge that some coronaviruses can 
cause the common cold.36-38 A physician in New York is 
claiming to have near perfect clinical response to prescrib-
ing his patients a combination of hydroxychloroquine, 
azithromycin, and zinc, although data supporting these 
claims have not been published.39

There are no studies evaluating zinc for COVID-19 man-
agement to date, although a few trials are currently regis-
tered to test zinc as part of a regimen to treat COVID-19.40 
Some patients may choose to take zinc during this pan-
demic, but reputable data are lacking. Oral zinc supplemen-
tation is likely to be safe up to 40 mg/d in adults, but safety 
is less certain with greater doses that are implicated in com-
mon cold management.41 Adverse effects include, but are 
not limited, to nausea, vomiting, and changes in taste. The 
nasal preparation should not be used because of reports of 
the permanent loss of the sense of smell.

Elderberry

Elderberry (Sambucus nigra) is hypothesized to have anti-
viral properties because of its ability to modulate inflamma-
tory cytokines42 and has been tested both in vitro43-47 and in 
vivo against varying viruses.48-52 At the time of writing, 
there are no published studies evaluating the use of elder-
berry and COVID-19. Although elderberry and its phenolic 
acid components exhibit antiviral activity against human 
coronavirus HCoV-NL63 in vitro,44 this cannot be extrapo-
lated to COVID-19 as previously mentioned.7

Randomized, double-blind, placebo-controlled trials 
evaluating elderberry for treatment of influenza have sug-
gested that elderberry may reduce symptom duration.48-50 
The utility of these findings is unclear because of the small 
sample size, lack of objective outcomes, omission of inten-
tion-to-treat analysis, and lack of adverse event report-
ing.48-50 The trials do not align with standard of care because 
patients who received the annual influenza vaccine were 
excluded.48-50 In these trials, 1 tablespoon of elderberry oral 
solution was administered 4 times daily for 3 to 5 days 
within 24 to 48 hours of initial symptoms.48,49 Elderberry 
175-mg lozenges were administered 4 times daily for 2 days 
within 24 hours of symptoms.50

The results of a randomized, double-blind, placebo-con-
trolled trial evaluating elderberry in air travelers suggested 
that elderberry may reduce cold symptom duration and 
severity.51 Elderberry capsules were initiated at 600 mg daily 
10 days prior to travel. One day prior to travel, the dose was 
increased to 900 mg daily and continued for 4 to 5 days after 
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arrival.51 Patients with chronic respiratory diseases such as 
asthma, chronic obstructive pulmonary disease, and cystic 
fibrosis were excluded. Half of the participants reported 
using additional symptom-relief medications for an average 
of 1.5 days during the trial, limiting the application of these 
findings.51

Elderberry is likely safe when cooked and consumed in 
moderation.42 It is dangerous to consume uncooked elder-
berry, bark, root, leaves, and unripe berries because of the 
risk of cyanide toxicity.42 Elderberry should be used with 
caution in patients with diabetes because of its ability to 
stimulate insulin and promote glucose metabolism.42 Other 
potential adverse effects of elderberry include nausea, vom-
iting, diarrhea, tachycardia, hypotension, hypokalemia, and 
dehydration resulting from diuresis.38 Elderberry may have 
the ability to stimulate cytokines53 and, thus, may interfere 
with immunosuppressant therapy. Additionally, elderberry 
may alter theophylline levels.42

Although there exists a hypothetical benefit of elder-
berry for the treatment of viral infections, conclusive evi-
dence from high-quality clinical trials is lacking, and data 
addressing elderberry’s role with COVID-19 are absent.

Silver

Colloidal silver has been used for medicinal purposes 
throughout history because of its proposed antibacterial54 
and antiviral properties.55,56 Colloidal silver describes silver 
particles suspended in liquid.57 It is heavily marketed 
despite discouraging safety and efficacy data.58,59 Silver 
toothpaste and silver solution were recently promoted by 
social media personalities as potential cures for 
COVID-19.60,61

In 1999, the FDA declared that over-the-counter prod-
ucts containing silver were not recognized as safe or effec-
tive and that any colloidal silver product marketed for a 
medical purpose was misbranded.59 Extensively docu-
mented in the literature, the most common side effect of 
silver exposure is argyria, an irreversible gray or blue-gray 
skin discoloration.59,62,63 Systemic silver exposure may 
have additional harmful effects on the gastrointestinal sys-
tem, liver, kidney, and other major organs.62 Long-term 
ingestion of silver has resulted in reports of neurotoxicity, 
seizure, acute psychosis, acute myeloid leukemia,63 and leu-
kocytoclastic vasculitis.64

Despite the FDA’s warning, colloidal silver is still read-
ily available and advertised to the public.58,59 Until new evi-
dence supports safety and efficacy, patients should not 
consume over-the-counter colloidal silver products.

Viewpoint

Pharmacists are an accessible drug information resource 
who have the ability to provide real-time data-driven 

education to patients and providers. News and social media 
reports should not be the sole source for evidence-based 
information. During this pandemic when information 
quickly evolves in the presence of contradicting messages 
and misinformation, the role of the pharmacist is essential.

Patients and providers should not rely on dietary supple-
ments to prevent or cure COVID-19.65 Current guidelines 
for the treatment of COVID-19 do not comment on dietary 
supplements and, currently, do not recommend any phar-
macological interventions widely with the exception of use 
through clinical trials.66-68 Pharmacists have the responsi-
bility to ensure that patients have accurate information 
regarding the current lack of data supporting efficacy of 
these supplements in COVID-19. On the other hand, 
patients may choose to self-treat with these supplements 
because they are easily accessible and may provide a sense 
of security. This practice can be dangerous as seen in the 
death of a man who ingested chloroquine phosphate, a fish 
tank cleaner, to prevent COVID-19.69 In these cases, phar-
macists have the responsibility to ensure patient safety 
regardless of whether they agree with the patient’s choice 
to self-treat. This is possible by screening for contraindica-
tions and drug or disease state interactions that are known 
to exist for the specific dietary supplement. In addition, 
pharmacists should educate patients on the potential harms 
and monitoring parameters known for these supplements. 
Resources such as the Natural Medicine Database or the 
National Institute of Health Office of Dietary Supplements 
website provide clinician- and consumer-directed informa-
tion that is evidence based.70

The best method to prevent spread of COVID-19 is to 
avoid being exposed.71 Currently, the CDC recommends to 
avoid touching the face with unwashed hands, wearing a 
cloth face cover over the nose and mouth in public, and 
covering the mouth and nose when coughing or sneezing.71 
It is recommended to wash hands with soap and water for 
at least 20 s to prevent transmission.71 When soap and 
water are unavailable, hand sanitizer containing at least 
60% alcohol may be used instead.71 The CDC recommends 
avoiding contact with others who are sick and to practice 
social distancing measures. Finally, highly touched sur-
faces should be cleaned and disinfected daily. Patients, 
providers, and pharmacists should refer to the CDC web-
site for regular updates regarding prevention strategies and 
recommendations.

Declaration of Conflicting Interests 

The authors declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.



824 Annals of Pharmacotherapy 54(8)

ORCID iDs 

William L. Baker  https://orcid.org/0000-0003-2172-0931

Diana M. Sobieraj  https://orcid.org/0000-0002-5227-0681

References

 1. Paules CI, Marston HD, Fauci AS. Coronavirus infections—
more than just the common cold. JAMA. 2020;323:707-708. 
doi:10.1001/jama.2020.0757

 2. Grebow J. Dietary supplement sales skyrocket during corona-
virus pandemic. https://www.nutritionaloutlook.com/article/
dietary-supplement-sales-skyrocket-during-coronavirus-pan-
demic. Published April 1, 2020. Accessed April 2, 2020.

 3. US Food & Drug Administration. Coronavirus update: FDA 
and FTC warn seven companies selling fraudulent products 
that claim to treat or prevent COVID-19. https://www.fda.
gov/news-events/press-announcements/coronavirus-update-
fda-and-ftc-warn-seven-companies-selling-fraudulent-prod-
ucts-claim-treat-or. Published March 9, 2020. Accessed April 
2, 2020.

 4. Biancatelli RMLC, Berrill M, Marik PE. The antiviral prop-
erties of vitamin C. Expert Rev Anti Infect Ther. 2020;18:99-
101. doi:10.1080/14787210.2020.1706483

 5. Kashiouris MG, L’Heureux M, Cable CA, Fishder BJ, 
Leichtle SW, Fowler AA. The emerging role of vitamin C as 
a treatment for sepsis. Nutrients. 2020;12:E292. doi:10.3390/
nu12020292

 6. Hemilä H, Chalker E. Vitamin C for preventing and treat-
ing the common cold. Cochrane Database Syst Rev. 
2013;(1):CD00980. doi:10.1002/14651858.CD000980.pub4

 7. Wang LS, Wang YR, Ye DW, Liu QQ. A review of the 2019 
novel coronavirus (COVID-19) based on current evidence. Int J 
Antimicrob Agents. 2020; 55:105948. doi:10.1016/j.ijantimicag 
.2020.105948

 8. Fowler AA III, Truwit JD, Hite RD, et al. Effect of vitamin 
C infusion on organ failure and biomarkers of inflammation 
and vascular injury in patients with sepsis and severe acute 
respiratory failure: the CITRIS-ALI randomized clinical trial. 
JAMA. 2019;322:1261-1270. doi:10.1001/jama.2019.11825

 9. Fujii T, Luethi N, Young RJ, et al. Effect of vitamin C, hydro-
cortisone, and thiamine vs hydrocortisone alone on time alive 
and free of vasopressor support among patients with septic 
shock. The VITAMINS randomized clinical trial. JAMA. 
2020;323:423-431. doi:10.1001/jama.2019.22176

 10. Cheng R. Hospital treatment of serious and critical COVID-
19 infection with high-dose vitamin C. http://www.drwlc.
com/blog/2020/03/18/hospital-treatment-of-serious-and-criti-
cal-covid-19-infection-with-high-dose-vitamin-c/. Published 
March 18, 2020. Accessed April 2, 2020.

 11. National Institutes of Health Office of Dietary Supplements. 
Vitamin C. https://ods.od.nih.gov/factsheets/VitaminC-Health 
Professional/#h8. Accessed April 30, 2020.

 12. National Institutes of Health Office of Dietary Supplements. 
Vitamin D. https://ods.od.nih.gov/factsheets/VitaminD-Health 
Professional/. Accessed April 5, 2020.

 13. Cannell JJ, Vieth R, Umhau JC, et al. Epidemic influenza 
and vitamin D. Epidemiol Infect. 2006;134:1129-1140. 
doi:10.1017/S0950268806007175

 14. Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and 
immune function. Nutrients. 2013;5:2502-2521. doi:10.3390/
nu5072502

 15. Aranow C. Vitamin D and the immune system. J Investig 
Med. 2011;59:881-886. doi:10.231/JIM.0b013e31821b8755

 16. Grant WB, Lahore H, McDonnell SL, et al. Evidence that 
vitamin D supplementation could reduce risk of influenza and 
COVID-19 infections and deaths. Nutrients. 2020;988:2-19. 
doi:10.3390/nu12040988

 17. Jolliffe DA, Griffiths CJ, Martineau AR. Vitamin D in the 
prevention of acute respiratory infection: systematic review 
of clinical studies. J Steroid Biochem Mol Biol. 2013;16:321-
329. doi:10.1016/j.jsbmb.2012.11.017

 18. Dancer RCA, Prekh D, Lax S, et al. Vitamin D deficiency 
contributes directly to the acute respiratory distress syn-
drome (ARDS). Thorax. 2015;70:617-624. doi:10.1136/tho-
raxjnl-2014-206680.

 19. Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin D 
supplementation to prevent acute respiratory tract infections: 
systematic review and meta-analysis of individual participant 
data. BMJ. 2017;356:i6583. doi.org/10.1136/bmj.i6583

 20. Frieden T. Former CDC Chief Dr. Tom Frieden: Coronavirus 
infection risk may be reduced by vitamin D. https://www.
foxnews.com/opinion/former-cdc-chief-tom-frieden-corona-
virus-risk-may-be-reduced-with-vitamin-d. Published March 
23, 2020. Accessed April 4, 2020.

 21. Unito News. La carenza di vitamina D: un fattore di rischio 
per l’infezione da Coronavirus? https://www.unitonews.it/
index.php/it/news_detail/la-carenza-di-vitamina-d-un-fat-
tore-di-rischio-linfezione-da-coronavirus. Published March 
26, 2020. Accessed April 4, 2020.

 22. Lao FH, Majumder R, Torabi R, et al. Vitamin D insuffi-
ciency is prevalent in severe COVID-19 [published online 
April 28, 2020]. MedRxvi. doi:10.1101/2020.04.24.20075838

 23. Chinese Clinical Trial Registry. Impact of vitamin D defi-
ciency on prognosis of patients with novel coronavirus pneu-
monia (COVID-19). http://www.chictr.org.cn/showprojen.
aspx?proj=49302. Published February 10, 2020. Accessed 
April 4, 2020.

 24. ClinicalTrials.gov. Dietary supplements related to search. 
https://www.clinicaltrials.gov/ct2/results/browse?cond= 
COVID-19&brwse=diet_alpha_all. Accessed April 30, 2020.

 25. Forrest KYZ, Stuhldreher WL. Prevalence and correlates of 
vitamin D deficiency in US adults. Nutr Res. 2011;31:48-54. 
doi:10.1016/j.nutres.2010.12.001

 26. Natural Medicines Database. Vitamin D. https://natural-
medicines.therapeuticresearch.com/. Accessed April 5, 
2020.

 27. Hulisz D. Efficacy of zinc against common cold viruses: 
an overview. J Am Pharm Assoc (2003). 2004;44:594-603. 
doi:10.1331/1544-3191.44.5.594.hulisz

 28. Caruso TJ, Prober CG, Gwaltney JM Jr. Treatment of natu-
rally acquired common colds with zinc: a structured review. 
Clin Infect Dis. 2007;45:569-574. doi:10.1086/520031

 29. te Velthius AJW, van den Worm SHE, Sims AC, Baric RS, 
Snijder EJ, van Hemert MJ. Zn(2+) inhibits coronavirus 
and arterivirus RNA polymerase activity in vitro and zinc 
ionophores block the replication of these viruses in cell  

https://orcid.org/0000-0003-2172-0931
https://orcid.org/0000-0002-5227-0681
https://www.nutritionaloutlook.com/article/dietary-supplement-sales-skyrocket-during-coronavirus-pandemic
https://www.nutritionaloutlook.com/article/dietary-supplement-sales-skyrocket-during-coronavirus-pandemic
https://www.nutritionaloutlook.com/article/dietary-supplement-sales-skyrocket-during-coronavirus-pandemic
https://www.fda.gov/news-events/press-announcements/coronavirus-update-fda-and-ftc-warn-seven-companies-selling-fraudulent-products-claim-treat-or
https://www.fda.gov/news-events/press-announcements/coronavirus-update-fda-and-ftc-warn-seven-companies-selling-fraudulent-products-claim-treat-or
https://www.fda.gov/news-events/press-announcements/coronavirus-update-fda-and-ftc-warn-seven-companies-selling-fraudulent-products-claim-treat-or
https://www.fda.gov/news-events/press-announcements/coronavirus-update-fda-and-ftc-warn-seven-companies-selling-fraudulent-products-claim-treat-or
http://www.drwlc.com/blog/2020/03/18/hospital-treatment-of-serious-and-critical-covid-19-infection-with-high-dose-vitamin-c/
http://www.drwlc.com/blog/2020/03/18/hospital-treatment-of-serious-and-critical-covid-19-infection-with-high-dose-vitamin-c/
http://www.drwlc.com/blog/2020/03/18/hospital-treatment-of-serious-and-critical-covid-19-infection-with-high-dose-vitamin-c/
https://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional/#h8
https://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional/#h8
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/
https://www.foxnews.com/opinion/former-cdc-chief-tom-frieden-coronavirus-risk-may-be-reduced-with-vitamin-d
https://www.foxnews.com/opinion/former-cdc-chief-tom-frieden-coronavirus-risk-may-be-reduced-with-vitamin-d
https://www.foxnews.com/opinion/former-cdc-chief-tom-frieden-coronavirus-risk-may-be-reduced-with-vitamin-d
https://www.unitonews.it/index.php/it/news_detail/la-carenza-di-vitamina-d-un-fattore-di-rischio-linfezione-da-coronavirus
https://www.unitonews.it/index.php/it/news_detail/la-carenza-di-vitamina-d-un-fattore-di-rischio-linfezione-da-coronavirus
https://www.unitonews.it/index.php/it/news_detail/la-carenza-di-vitamina-d-un-fattore-di-rischio-linfezione-da-coronavirus
http://www.chictr.org.cn/showprojen.aspx?proj=49302
http://www.chictr.org.cn/showprojen.aspx?proj=49302
https://www.clinicaltrials.gov/ct2/results/browse?cond=COVID-19&brwse=diet_alpha_all
https://www.clinicaltrials.gov/ct2/results/browse?cond=COVID-19&brwse=diet_alpha_all
https://naturalmedicines.therapeuticresearch.com/
https://naturalmedicines.therapeuticresearch.com/


Adams et al 825

culture. PLoS Pathog. 2010;6:e1001176. doi:10.1371/jour-
nal.ppat.1001176

 30. Saura RO, Crowe JE. Effects of zinc salts on respiratory 
syncytial virus replication. Antimicrob Agents Chemother. 
2004;48:783-790. doi:10.1128/AAC.48.3.783–790.2004

 31. Korant BD, Kauer JC, Butterworth BF. Zinc ions inhibit 
replication of rhinovirus. Nature. 1974;248:588-590. 
doi:10.1038/248588a0

 32. Science M, Johnstone J, Roth DE, Guyatt G, Loeb M. Zinc 
for the treatment of the common cold: a systematic review 
and meta-analysis of randomized controlled trials. CMAJ. 
2012;184:E551-E561. doi:10.1503/cmaj.111990

 33. Hemila H. Zinc lozenges may shorten the duration of colds: 
a systematic review. Open Respir Med J. 2011;5:51-58. 
doi:10.2174/1874306401105010051

 34. Hemila H. Zinc lozenges and the common cold: a meta-
analysis comparing zinc acetate and zinc gluconate, and the 
role of zinc dosage. JRSM Open. 2017;8:2054270417694291. 
doi:10.1177/2054270417694291

 35. Hemila H, Petrus EJ, Fitzgerald JT, Prasad A. Zinc acetate 
lozenges for treating the common cold: an individual patient 
data meta-analysis. Br J Clin Pharmacol. 2016;82:1393-
1398. doi:10.1111/bcp.13057

 36. Neff T. Coronavirus: to zinc or not to zinc? https://www.
uchealth.org/today/zinc-could-help-diminish-extent-of-
covid-19/. Published March 25, 2020. Accessed April 5, 
2020.

 37. Kasprak A. Did a noted pathologist write this viral corona-
virus advice letter? https://www.snopes.com/fact-check/zinc-
lozenges-coronavirus/. Published March 2, 2020. Accessed 
April 5, 2020.

 38. Centers for Disease Control and Prevention. Common human 
coronaviruses. https://www.cdc.gov/coronavirus/general-
information.html. Accessed April 5, 2020.

 39. Louise N. Dr. Vladimir Zelenko has now treated 699 corona-
virus patients with 100% success using Hydroxychloroquine 
Sulfate, Zinc and Z-Pak [UPDATES]. https://techstartups.
com/2020/03/28/dr-vladimir-zelenko-now-treated-699-coro-
navirus-patients-100-success-using-hydroxychloroquine-sul-
fate-zinc-z-pak-update/. Published March 28, 2020. Accessed 
April 5, 2020.

 40. ClinicalTrials.gov. Zinc. https://www.clinicaltrials.gov/ct2/
results?cond=COVID-19&intr=%22Zinc%22. Accessed April 
30, 2020.

 41. Natural Medicines Database. Zinc. https://naturalmedicines.
therapeuticresearch.com/. Accessed April 5, 2020. 

 42. Ulbricht C, Basch E, Cheung L, et al. An evidence-based 
systematic review of elderberry and elderflower (Sambucus 
nigra) by the Natural Standard Research Collaboration. J Diet 
Suppl. 2014;11:80-120. doi:10.3109/19390211.2013.859852

 43. Roschek B, Fink RC, Mcmichael MD, Li D, Alberte RS. 
Elderberry flavonoids bind to and prevent H1N1 infection 
in vitro. Phytochemistry. 2009;70:1255-1261. doi:10.1016/j.
phytochem.2009.06.003

 44. Weng JR, Lin CS, Lai HC, et al. Antiviral activity of Sambucus 
FormosanaNakai ethanol extract and related phenolic acid 
constituents against human coronavirus NL63. Virus Res. 
2019;273:197767. doi:10.1016/j.virusres.2019.197767

 45. Krawitz C, Mraheil MA, Stein M, et al. Inhibitory activity 
of a standardized elderberry liquid extract against clinically-
relevant human respiratory bacterial pathogens and influenza 
A and B viruses. BMC Complement Altern Med. 2011;11:16. 
doi:10.1186/1472-6882-11-16

 46. Manganelli REU, Zaccaro L, Tomei PE. Antiviral activity 
in vitro of Urtica dioica L, Parietaria diffusa M et K and 
Sambucus nigra L. J Ethnopharmacol. 2005;98:323-327. 
doi:10.1016/j.jep.2005.01.021

 47. Chen C, Zuckerman DM, Brantley S, et al. Sambucus nigra 
extracts inhibit infectious bronchitis virus at an early point dur-
ing replication. BMC Vet Res. 2014;10:24. doi:10.1186/1746-
6148-10-24

 48. Zakay-Rones Z, Varsano N, Zlotnik M, et al. Inhibition of 
several strains of influenza virus in vitro and reduction of 
symptoms by an elderberry extract (Sambucus nigra L) dur-
ing an outbreak of influenza B Panama. J Altern Complement 
Med. 1995;1:361-369. doi:10.1089/acm.1995.1.361

 49. Zakay-Rones Z, Thom E, Wollan T, Wadstein J. Randomized 
study of the efficacy and safety of oral elderberry extract in 
the treatment of influenza A and B virus infections. J Int Med 
Res. 2004;32:132-140. doi:10.1177/147323000403200205

 50. Kong F. Pilot clinical study on a proprietary elderberry 
extract: efficacy in addressing influenza symptoms. Online J 
Pharmacol Pharmacokinet. 2009;5:32-43.

 51. Tiralongo E, Wee SS, Lea RA. Elderberry supplementa-
tion reduces cold duration and symptoms in air-travellers: a 
randomized, double-blind placebo-controlled clinical trial. 
Nutrients. 2016;8:182. doi:10.3390/nu8040182

 52. Kinoshita E, Hayashi K, Katayama H, Hayashi T, Obata A. 
Anti-influenza virus effects of elderberry juice and its frac-
tions. Biosci Biotechnol Biochem. 2012;76:1633-1638. 
doi:10.1271/bbb.120112

 53. Barak V, Halperin T, Kalickman I. The effect of Sambucol, 
a black elderberry-based, natural product, on the production 
of human cytokines: I. Inflammatory cytokines. Eur Cytokine 
Netw. 2001;12:290-296.

 54. Prabhu S, Poulose EK. Silver nanoparticles: mechanism of 
antimicrobial action, synthesis, medical applications, and 
toxicity effects. Int Nano Lett. 2012;2:32. doi:10.1186/2228-
5326-3-10

 55. Xiang DX, Chen Q, Pang L, Zheng CL. Inhibitory effects 
of silver nanoparticles on H1N1 influenza A virus in vitro. 
J Virol Methods. 2011;178:137-142. doi:10.1016/j.jvi-
romet.2011.09.003

 56. Bogdanchikova NE, Kurbatov AV, Tret’yakov VV, Rodionov 
PP. Activity of colloidal silver preparations towards small-
pox virus. Pharm Chem J. 1992;26:778-779. doi:10.1007/
BF00770635

 57. Fung MC, Bowen DL. Silver products for medical indications: 
risk-benefit assessment. J Toxicol Clin Toxicol. 1996;34:119-
126. doi:10.3109/15563659609020246

 58. Griffith RD, Simmons BJ, Abyaneh MAY, Bray FN, Falto-
Aizpurua LA, Nouri K. Colloidal silver: dangerous and readily 
available. JAMA Dermatol. 2015;151:667-668. doi:10.1001/
jamadermatol.2015.120

 59. Over-the-counter drug products containing colloidal silver 
ingredients or silver salts. Department of Health and Human 

https://www.uchealth.org/today/zinc-could-help-diminish-extent-of-covid-19/
https://www.uchealth.org/today/zinc-could-help-diminish-extent-of-covid-19/
https://www.uchealth.org/today/zinc-could-help-diminish-extent-of-covid-19/
https://www.snopes.com/fact-check/zinc-lozenges-coronavirus/
https://www.snopes.com/fact-check/zinc-lozenges-coronavirus/
https://www.cdc.gov/coronavirus/general-information.html
https://www.cdc.gov/coronavirus/general-information.html
https://techstartups.com/2020/03/28/dr-vladimir-zelenko-now-treated-699-coronavirus-patients-100-success-using-hydroxychloroquine-sulfate-zinc-z-pak-update/
https://techstartups.com/2020/03/28/dr-vladimir-zelenko-now-treated-699-coronavirus-patients-100-success-using-hydroxychloroquine-sulfate-zinc-z-pak-update/
https://techstartups.com/2020/03/28/dr-vladimir-zelenko-now-treated-699-coronavirus-patients-100-success-using-hydroxychloroquine-sulfate-zinc-z-pak-update/
https://techstartups.com/2020/03/28/dr-vladimir-zelenko-now-treated-699-coronavirus-patients-100-success-using-hydroxychloroquine-sulfate-zinc-z-pak-update/
https://www.clinicaltrials.gov/ct2/results?cond=COVID-19&intr=%22Zinc%22
https://www.clinicaltrials.gov/ct2/results?cond=COVID-19&intr=%22Zinc%22
https://naturalmedicines.therapeuticresearch.com/
https://naturalmedicines.therapeuticresearch.com/


826 Annals of Pharmacotherapy 54(8)

Services (HHS), Public Health Service (PHS), Food and 
Drug Administration (FDA). Final rule. Fed Regist. 1999;64: 
44653-44658.

 60. Schwartz MS. Missouri sues televangelist Jim Bakker for sell-
ing fake coronavirus cure. https://www.npr.org/2020/03/11 
/814550474/missouri-sues-televangelist-jim-bakker-for-
selling-fake-coronavirus-cure. Published March 11, 2020. 
Accessed April 7, 2020.

 61. Marantz A. Alex Jones’ bogus coronavirus cures. The New 
Yorker. https://www.newyorker.com/magazine/2020/04/06/
alex-jones-bogus-coronavirus-cures. Published March 30, 
2020. Accessed April 7, 2020.

 62. Chung IS, Lee MY, Shin DH, Jung HR. Three systemic 
argyria cases after ingestion of colloidal silver solution. 
Int J Dermatol. 2010;49:1175-1177. doi:10.1111/j.1365-
4632.2009.04380.x

 63. Keung YK, Wang T, Hu EHL. Acute myeloid leukemia with 
complex cytogenetic abnormalities associated with long-
term use of oral colloidal silver as nutritional supplement—
case report and review of literature. J Oncol Pharm Pract. 
2020;26:212-215. doi:10.1177/1078155219832966

 64. Mohan N, Gomez C, Khawar N, Narula P, John M. Colloidal 
silver ingestion associated with leukocytoclastic vasculitis 
in an adolescent female. Am J Case Rep. 2019;20:730-734. 
doi:10.12659/AJCR.915499

 65. TRC Natural Medicines. Don’t rely on natural products and 
“immune boosters” for COVID-19 prevention. https://nat-
uralmedicines-therapeuticresearch-com.ezproxy.lib.uconn.

edu/news/news-items/2020/april/dont-rely-on-natural-prod-
ucts-and-immune-boosters-for-covid-19-prevention.aspx. 
Accessed April 7, 2020.

 66. Centers for Disease Control and Prevention. Information for 
clinicians on investigational therapeutics for patients with 
COVID-19. https://www.cdc.gov/coronavirus/2019-ncov/
hcp/therapeutic-options.html. Accessed April 30, 2020.

 67. Bhimraj A, Morgan RL, Shumaker AH, et al. Infectious 
Diseases Society of America guidelines on the treatment and 
management of patients with COVID-19. https://www.idso-
ciety.org/globalassets/idsa/practice-guidelines/covid-19/treat-
ment/idsa-covid-19-gl-tx-and-mgmt-v1.0.4.pdf. Accessed April 
30, 2020.

 68. National Institutes of Health. COVID-19 treatment guide-
lines. https://covid19treatmentguidelines.nih.gov/. Accessed 
April 30, 2020.

 69. Shepherd K. A man thought aquarium cleaner with the same 
name as the anti-viral drug chloroquine would prevent coro-
navirus: it killed him. https://www.washingtonpost.com/
nation/2020/03/24/coronavirus-chloroquine-poisoning-
death/. Published March 24, 2020. Accessed April 7, 2020.

 70. National Institution of Health Office of Dietary Supplements. 
Dietary supplement fact sheets. https://ods.od.nih.gov/. 
Accessed April 7, 2020.

 71. Centers for Disease Control and Prevention. Coronavirus 
disease 2019 (COVID-19): how to protect yourself & others. 
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-
sick/prevention.html. Accessed April 7, 2020.

https://www.npr.org/2020/03/11/814550474/missouri-sues-televangelist-jim-bakker-for-selling-fake-coronavirus-cure
https://www.npr.org/2020/03/11/814550474/missouri-sues-televangelist-jim-bakker-for-selling-fake-coronavirus-cure
https://www.npr.org/2020/03/11/814550474/missouri-sues-televangelist-jim-bakker-for-selling-fake-coronavirus-cure
https://www.newyorker.com/magazine/2020/04/06/alex-jones-bogus-coronavirus-cures
https://www.newyorker.com/magazine/2020/04/06/alex-jones-bogus-coronavirus-cures
https://naturalmedicines-therapeuticresearch-com.ezproxy.lib.uconn.edu/news/news-items/2020/april/dont-rely-on-natural-products-and-immune-boosters-for-covid-19-prevention.aspx
https://naturalmedicines-therapeuticresearch-com.ezproxy.lib.uconn.edu/news/news-items/2020/april/dont-rely-on-natural-products-and-immune-boosters-for-covid-19-prevention.aspx
https://naturalmedicines-therapeuticresearch-com.ezproxy.lib.uconn.edu/news/news-items/2020/april/dont-rely-on-natural-products-and-immune-boosters-for-covid-19-prevention.aspx
https://naturalmedicines-therapeuticresearch-com.ezproxy.lib.uconn.edu/news/news-items/2020/april/dont-rely-on-natural-products-and-immune-boosters-for-covid-19-prevention.aspx
https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html
https://www.idsociety.org/globalassets/idsa/practice-guidelines/covid-19/treatment/idsa-covid-19-gl-tx-and-mgmt-v1.0.4.pdf
https://www.idsociety.org/globalassets/idsa/practice-guidelines/covid-19/treatment/idsa-covid-19-gl-tx-and-mgmt-v1.0.4.pdf
https://www.idsociety.org/globalassets/idsa/practice-guidelines/covid-19/treatment/idsa-covid-19-gl-tx-and-mgmt-v1.0.4.pdf
https://covid19treatmentguidelines.nih.gov/
https://www.washingtonpost.com/nation/2020/03/24/coronavirus-chloroquine-poisoning-death/
https://www.washingtonpost.com/nation/2020/03/24/coronavirus-chloroquine-poisoning-death/
https://www.washingtonpost.com/nation/2020/03/24/coronavirus-chloroquine-poisoning-death/
https://ods.od.nih.gov/
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html

