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Intra-nasal zinc level relationship to COVID-19 anosmia and
type 1 interferon response: A proposal

Abstract

Anosmia is common among COVID-19 patients and anos-

mia assessment is proposed to be useful in the early diag-

nosis and prognosis of patients. Data on the pathogenesis

of anosmia during COVID-19 suggest potential olfactory

nerve involvement. Zinc is an essential micronutrient

that regulates the immune responses, and zinc deficiency

is known to induce anosmia and ageusia. We previously

proposed that a drop in nasal zinc level is a normal nasal

immune response to acute viral infections, including

SARS-CoV-2 infection, and play a role in the pathogene-

sis of anosmia. The drop in the local zinc level in

response to SARS-CoV-2 may lead to lower type 1 inter-

ferons and shift toward Th2 immune responses; if pro-

longed, it may lead to increased viral replication and

more severe disease. In people who are at risk for base-

line systemic zinc deficiency, such as the elderly and

those with chronic diseases such as, chronic lung disease,

diabetes, cardiovascular disease, and cancer, SARS-

CoV-2 infection-induced drop in nasal zinc level may be

more severe and prolonged and lead to an insufficient

anti-viral nasal immune response and control the spread

of the virus systemically and to the lungs. A better

understanding of the clinical implications of baseline sys-

temic zinc deficiency on anosmia and nasal immune

responses may allow the development of new treatment

strategies to slow down or stop the systemic invasion of

SARS-CoV-2.
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A significant portion of the common cold and COVID-19 patients

develop anosmia and taste dysfunction, and the pathogenesis is

thought to be multi-factorial, including inflammation, obstruction, and

neuro-epithelial damage.1

Wessels et al has recently proposed that zinc deficiency is a

predisposing factor for SARS-CoV-2 infection.2 As with every infection,

the virus further decreases the serum and nasal zinc; which may reach a

critically low level.2 We have recently proposed that the local drop-in

nasal zinc levels may induce transient anosmia due to decreased func-

tion of zinc-dependent metalloenzyme carbonic anhydrase (CA); which

maintains taste and smell function.3 The drop in zinc level may also lead

to a shift toward Th2 cytokine predominance with decreased Th1 cyto-

kine production.4 Recent data suggest that early type 1 interferon

response is important to control SARS-CoV-2 replication.5,6 Here we

build on to our initial proposal3 and suggest that SARS-CoV-2 infection

of the nasal epithelium may have differential effects on the olfactory

nerve function and nasal immune responses among people with normal

baseline zinc level and those who are zinc deficient. People with base-

line zinc deficiency may have prolonged anosmia and blunted interferon

type 1 responses and more severe COVID-19 (Figure 1).

As an essential micronutrient and the second most abundant trace

element in the human body after iron, zinc (Zn) is taken in through food

and distributed throughout the whole body.7 It plays a role in every

aspect of an immune response, including thymus health.7 Zinc deficiency

is well-known to cause anosmia and taste dysfunction.8

During immune activation and infections, zinc is redistributed in

tissues and immune system cells.7,9,10 This is important to mount

appropriate host defenses against invading pathogens.

A local shift in Zn homeostasis in the nose during common colds

may lead to a local Th2 phenotype.11 Early Th2 immune responses in

the nasopharynx during viral upper respiratory tract infections may

have various effects. Among people with a history of chronic rhinitis,

where the predominant cytokine environment is Th2, there is a persis-

tence of seasonal human coronaviruses HCoV-NL63 (uses ACE-2

receptor), OC43, and 229E in the nose without symptoms.12,13 This

may potentially suggest that COVID-19 positive people with chronic

rhinitis may be at higher risk for asymptomatic shedding.

The data show that, in some patients, Zn supplementation

reduces the risk for respiratory infections, and high dose zinc lozenge
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treatment of four COVID-19 patients (ages between 26 and 63 years

old, with a history of exposure to confirmed COVID-19 patients) at

George Washington University has shown clinical benefit.11,14 We

propose that during acute HCoV and SARS-CoV-2 infections an

appropriate local host immune response may include an initial tempo-

rary Zn accumulation in the immune cells with a drop in nasopharyn-

geal Zn level.15 This transient nonproductive immune response may

induce type 2 cytokines (such as IL4 and IL13) with reduced ACE-2

expression, sneezing, anosmia, and poor taste early on to prevent the

virus from establishing a productive infection (Figure 1). Subse-

quently, with the virus's entry into the cells and the onset of active

replication, a type I innate immune response will be activated with

type 1 interferon release and suppress SARS-CoV-2 replication and

improve the outcome in infected patients.5 In in vitro experiments,

interferon-β-1a treatment of Vero E6 cells 1 hour after SARS-CoV-2

infection inhibited viral replication and clinical trials showed promis-

ing results.6 Recently, data from a phase 2 double-blind placebo-

controlled clinical trial with interferon-β-1a treatment inhaled once

daily within 3 days of symptom onset showed favorable results

among 101 COVID-19 hospitalized or high-risk patients (ie, those

with diabetes or elderly) treated by nine specialists, and lowered the

risk of developing the severe disease among 79% of those treated

compared with placebo.16

The broader immune system activation will control and clear the

viral replication and induce memory immune responses. Since the

nasal mucosa is in continuum with the larger mucosal system (gastro-

intestinal [GI], respiratory, urinary, and genital tracts), appropriate

nasal immune activation will prepare the lungs for a proper immune

response to the virus in case there is aspiration or inhalation due to

high viral load.17 In animal models, activation of the nasal mucosa by

viral antigens was shown to prime the immune environment in the

lungs by increasing the infiltration with activated macrophages in the

absence of direct pulmonary infection.17 A recent community-based

cohort study conducted in London, UK, among 567 participants,

showed that 69.8% of those with complete anosmia were more likely

to develop IgG antibody against SAR-CoV-2 as compared with 23.6%

of those who had partial or 6.6% who had no anosmia.18 Most

patients, 52.1%, with anosmia had mild disease with no lower respira-

tory symptoms such as cough.18 The data supports our proposal that

anosmia is an indication of an appropriate immune response to viral

infections in the nasopharynx. The article went on to conclude that

the acute loss of smell should be used as a criterion for the processes

of containing the spread of SAR-CoV-2.18 This further demonstrates

the importance of identifying anosmia in patients in regard to postural

infections such as SAR-CoV-2.

In individuals who are zinc deficient at baseline, such as the

elderly, nursing home residents, those with chronic obstructive pul-

monary disease (COPD), bronchial asthma, cardiovascular diseases,

autoimmune diseases, kidney diseases, dialysis, obesity, diabetes, can-

cer, atherosclerosis, liver damage/cirrhosis and immunosuppression,

there may be a nonproductive immune response, insufficient Th1

response and inadequate type 1 interferon release with faster disease

progression, invasive disease and worse outcome.2 Among people

with low baseline zinc levels but no comorbidities, there may be pro-

longed asymptomatic shedding and invasive disease but less severe

outcome.2

Anosmia may be an indicator of acute viral infection, early non-

productive immune response, and COVID-19 prognosis. Yan CH and

colleagues from the University of California San Diego observed that

patients with anosmia were less likely to require hospitalization and

that COVID-19 resolved together with the resolution of anosmia.19

Another study from Iran suggested that patients with anosmia were

less likely to have fever, cough, and dyspnea compared with those

without anosmia (87.9% vs 37.38%, 67.7% vs 18.98% and 18.6% vs

14.38%, respectively) and hospitalization rate was low (1.1%) among

patients with anosmia.20

In healthy people with a viral infection, zinc levels dropped below

average in 60% of those tested and stayed low for several weeks.21

Among patients admitted to the intensive care unit with critical illness

and sepsis, serum zinc levels were low; which correlated with

increased cytokine levels and worse cardiovascular outcomes.22 In the

mouse model, dietary zinc deficiency was shown to potentiate

ventilator-induced lung injury.23 Wessels et al have recently demon-

strated that zinc supplementation improved the clinical outcome in

mouse acute lung injury models.24 Baseline serum zinc level may be

measured among people admitted to the hospital with signs and

F IGURE 1 SARS-CoV-2 infection in the nose, when compared
with healthy individuals A, may lead to a drop in local zinc levels, B,
and may lead to anosmia. In patients who are already zinc deficient, C,
such as patients with diabetes, vegetarians or elderly patients, intra-
nasal zinc levels may be low at baseline and become severely
depressed due to SARS-CoV-2 infection, D. This may lead to
ineffective immune responses in the nose with higher virus
replication. A, Healthy (normal local zinc levels). B, During COVID-19
(low local zinc levels). C, Zinc deficient person (low zinc levels at
baseline). D, Zinc deficient COVID-19 infected person (severely low
local zinc levels)
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symptoms of COVID-19 and planned for intubation, and those who

are deficient may be treated.25 It would be useful to look at the clini-

cal and anosmia outcome of zinc supplementation among people of

different age groups, with and without comorbidities, and are at risk

for zinc deficiency at baseline as well.23,24 Smell and taste decline with

aging and by certain treatments, such as chemotherapy. Aliani et al

investigated the impact of oral zinc supplementation on anosmia in

the elderly; the results were inconclusive.25 Lyckholm et al investi-

gated whether oral zinc supplementation would restore taste and

smell dysfunction due to chemotherapy.26 There was no significant

difference between the control group and the group receiving zinc

supplementation.26 The potential reason behind the failure of oral zinc

supplementation to restore smell and taste in these two studies may

be due to the fact that the mechanisms of anosmia in the elderly and

those who are undergoing chemotherapy are different from those

with acute viral infection. For example, during chemotherapy treat-

ment, there is both direct damage to the neuronal cells and suppres-

sion of the carbonic anhydrase enzyme. In addition, patients

undergoing chemotherapy tend to take various other medications

which can induce anosmia. During aging, there are many factors that

can induce anosmia. Chronic rhinitis is associated with anosmia and

occurs more frequently in the older individuals, and certain medica-

tions such as beta-blockers and ACE inhibitors that induce anosmia

are more commonly prescribed to older individuals.27

In another randomized, double-blind, placebo-controlled cross-

over study, Henkin et al looked at the effects of zinc sulfate supple-

mentation on taste and smell dysfunction among 106 patients with

taste and smell dysfunction secondary to a variety of etiological fac-

tors.28 They did not observe a significant difference in anosmia

between zinc sulfate vs placebo treatment groups.28 This could be

explained by the fact that the study enrolled patients with more than

10 different underlying conditions, each with a small sample size, and

the pathogenesis of anosmia may be different in each one of these

cohorts and may not be related to low local zinc levels. In addition,

almost half of the enrolled patients had post influenza related anos-

mia; which could have improved over time regardless of zinc supple-

mentation, even during placebo period. Future studies assessing the

impact of zinc supplementation on anosmia and COVID-19 outcome

should consider patient demographics, other underlying conditions.

Nasal and salivary zinc levels may be compared with assess

whether there is appropriate gastrointestinal absorption and penetra-

tion into the nasal mucosa; however, local nasal and oral mucosal zinc

levels may be low despite normal systemic zinc levels. Clinical studies

assessing the effect of zinc supplementation on oro-nasopharyngeal

Sars-CoV-2 responses should collect data on medication exposure.

For example, an angiotensin-converting enzyme (ACE) inhibitor com-

monly used for the treatment of hypertension, captopril, may

decrease zinc levels over a period of 6 months and this may be associ-

ated with respiratory side effects of ACE inhibitors.29

Direct intra-nasal zinc administration has been shown to induce

olfactory nerve damage and anosmia.30 Since SARS-CoV-2 is found

not only in the nose but also in the mouth and gastrointestinal tract,

the clinical trials assessing the effect of zinc supplementation on

SARS-CoV-2 response may compare the effect of supplementation

with oral zinc formulations at maximum daily dosages recommended

by the FDA with placebo.31 The study groups may be younger individ-

uals (<65 years of age) who are at risk for systemic zinc deficiency

prior to COVID-19, such as people with diabetes or those with poor

nutrition. Prolonged use of thiazide diuretics could deplete zinc tissue

levels.32 Studies may compare the rate of anosmia and COVID-19

outcome between people who are on medications that lower systemic

zinc levels such as ACE inhibitors and thiazide diuretics those who

are not.

The studies on coronavirus seroconversion have shown that nasal

immunoglobulin responses are essential in controlling viral replication

and disease severity.33 Data are needed on the relationship between

the occurrence of anosmia, nasal and serum zinc levels, nasal and

serum anti-SARS-CoV-2 immune responses, as well as COVID-19

severity and prognosis. A better understanding of the mechanisms of

zinc's role in anosmia may also help develop criteria for early zinc sup-

plementation, antiviral, convalescent plasma, recombinant antibody

treatment, and immunization with or without adjuvanted vaccines

that may be more effective among those immune deficient.
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