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Abstract Background: The SARS-CoV-2 virus continues to spread rapidly across the globe af-
flicting many with Coronavirus Disease 2019 (COVID-19). As the infection rates rise, a growing
number of SARS-CoV-2 positive individuals have been reported to complain of olfactory distur-
bances at an alarming rate. Postviral olfactory dysfunction (PVOD) is a well-known phenome-
non that may explain the olfactory dysfunction reported by SARS-CoV-2 infected individuals.
Methods: A scoping literature review was performed to identify studies that investigated the
mechanisms of postviral olfactory dysfunction. Studies demonstrating pathophysiological, his-
tological, immunochemical, and epidemiological outcomes of PVOD were included.
Results: Fourteen studies were included in addition to one international news article. Three
studies reported destruction of the olfactory epithelium following intranasal inoculation of
various viral strains in mice. Three studies isolated pathogenic, anosmia inciting viruses (Para-
influenza virus, Human Coronavirus, Rhinovirus) through nucleic acid amplification. Eleven
studies demonstrated female predilection in patients with PVOD and COVID-19 associated ol-
factory dysfunction, of which the majority were over 50 years old.
Conclusions: PVOD and COVID-19 associated olfactory dysfunction demonstrates considerable
similarities in epidemiological trends and disease sequela of other viruses to suggest identical
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pathophysiological mechanisms. Further studies such as intranasal inoculation and histological
biopsies are needed to support our hypothesis.
Copyright ª 2020 Chinese Medical Association. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The rapidly spreading SARS-CoV-2 virus continues to
devastate the globe since its emergence in late 2019 and
continues to afflict many with the deadly coronavirus dis-
ease 19 (COVID-19).1 It behaves similarly to previous
discovered known coronaviruses strains (SARS-CoV and
MERS), viruses known to cause severe respiratory disease.
However, the virus has also demonstrated a more indolent
process, such as a short course of an upper respiratory
infection (URI) in those that do not have multiple comor-
bidities.1,2 Smell disturbance is common following a viral
URI and as more is discovered about SARS-CoV-2, olfactory
disturbances are becoming more apparent in this popula-
tion, often in otherwise asymptomatic patients.3 Anosmia,
hyposmia, and dysgeusia in SARS-CoV-2 positive patients
has been rapidly gaining attention throughout the medical
sphere as another potential screening symptom. Multiple
otolaryngologic associations have reported that rates of
olfactory and gustatory dysfunction have been increasing at
alarming rates too fast to be considered normal, especially
in the setting of the current pandemic.3,4

Postviral olfactory dysfunction (PVOD) is one of the most
common causes of olfactory dysfunction. Olfactory
dysfunction typically results from head trauma, conductive
(airway obstruction) disorders, or olfactory sensor neural
disruptions.5e8 The underlying pathophysiology of PVOD is
poorly understood, however. A delay in seeking care, dif-
ficulty in isolating causative viruses, and the absence of
standardized methods available to diagnose PVOD may all
contribute to the challenging etiology.9

The current understanding and sequence of olfactory
dysfunction following a viral URI begins as nasal mucosal
inflammation, disrupting natural airway conduction within
the nasal cavity, and inhibiting the delivery of odorants to
the olfactory epithelium. The persistence of olfactory
dysfunction following recovery from the URI is likely
explained by direct damage to the olfactory epithelium and
olfactory bulb by the virus itself.5,6,10

We review the existing literature on PVOD and compare
it with the rapidly growing evidence of COVID-19 related
olfactory dysfunction. Our purpose is to provide evidence
that may suggest that SARS-CoV-2 infection is a likely cause
of the increased rates of reported anosmia, hyposmia, and
dysgeusia in SARS-CoV-2 positive patients.
Methods

A scoping literature review was performed starting on
March 27, 2020. Articles reporting on viral olfactory
dysfunction were collected by reviewing publications listed
in the PubMed database. A search strategy was employed
with the following search strings: “virus” OR “viral” OR
“infectious” AND “postviral olfactory dysfunction” OR
“viral anosmia” OR “viral hyposmia”. We reviewed articles
regarding viral-associated anosmia, the histological
changes observed in humans and animals with PVOD, and
PVOD related epidemiological studies. Reference lists of all
obtained articles were examined for additional studies
meeting inclusion criteria. In attempts to search for COVID-
19 associated anosmia articles, the following search strat-
egy in the PubMed database was employed with the
following search strings: “SARS-CoV-2” or “2019-nCov” or
“Coronavirus” or “COVID-19” and “Anosmia” or “hyposmia”
or “loss of smell” or “smell”. Given the recent appreciation
of COVID-associated OD and expectation of limited peer
reviewed publications, we also conducted a search through
the gray literature in Medrvix, an archive for pre-print, non-
peer reviewed manuscripts relating to the medical, clinical,
and related health sciences. We also reviewed shared
manuscripts listed on the American Academy of Otolaryn-
gology- Head and Neck Surgery website. Three articles
relating to COVID-19 associated olfactory dysfunction were
obtained.
Results

The initial literature review with the first set of search
strings yielded 81 abstracts. A review of potential abstracts
identified 35 articles that described postviral olfactory
dysfunction. Of these articles, 10 were unable to be
translated into English and 14 did not have enough
extractable data. The remaining 11 articles were included
in the final review. The secondary literature review with
the second set of search strings yielded 0 abstracts. Review
through the gray literature yielded 3 articles that described
COVID-19 associated olfactory dysfunction. One interna-
tional news article was included that described COVID-19
epidemiological data. Given the expected heterogeneity in
outcome metrics, no meta-analysis or statistical tests were
performed.

Animal models

In animal models investigating PVOD, multiple authors
demonstrate similar histological findings in olfactory
epithelium and bulb following intranasal inoculation with
different viral strains in mice.11e13 Following intranasal
inoculation with Sendai virus 52, a mouse counterpart to
human parainfluenza virus, immunofluorescence revealed
sparse apoptosis and decreased proliferation of the olfac-
tory epithelium. Inoculated mice exhibited anosmia
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behavior changes with failed buried food test challenges,
where the degree of olfaction loss is quantified by failure or
prolonged duration of the mice to find buried food pellets
compared to control mice.11 In the study done by Mori
et al,12 mice were inoculated with Influenza A R404BP
strains. Histologically, the authors identified apoptosis of
the olfactory neurons within the olfactory epithelium. In
another study, histological changes were varied between
the olfactory epithelium and the olfactory bulb in response
to intranasal inoculation with Mouse Hepatitis Virus, a
mouse counterpart to Human Coronavirus in the study done
by Schwob et al. Minimal destruction was observed in ol-
factory epithelium in acute infection in contrast to signifi-
cant degenerative spongiosis seen in the olfactory bulb
(Table 1).13

Human models

Similar histological findings were observed in human ol-
factory epithelium following a viral illness in the studies
done by Jafek et al, Yamagishi et al, Douek et al, and Moran
et al. Though the causative virus was not identified in these
studies, all subjects exhibited fairly identical histological
patterns such as disorganization, scarring, and atrophy of
the olfactory epithelium with respiratory tissue metaplasia.
Marked reduction of olfactory epithelial density and re-
ceptors were also noted. The authors observed that
hyposmic subjects had a lesser extent of olfactory epithe-
lial destruction compared to anosmic subjects.14e17

Anosmia associated viral strains

Few authors have performed studies identifying the viral
strains responsible for anosmia. Following intranasal inoc-
ulation with human coronavirus (229E), previously healthy
adult subjects demonstrated atypical upper respiratory
virus sequela of nasal obstruction and rhinorrhea, in addi-
tion to varying degrees of olfactory dysfunction ranging
from mild dysosmiato complete anosmia as measured by
butanol threshold tests.10 Sugiura et al18 deduced that the
likely viral strain responsible for most PVOD was Para-
influenza virus. They compared epidemiologic incidence
rates of PVOD with the incidence rates of various anosmia-
associated viruses. They found that the incidence rates of
PVOD and parainfluenza virus were nearly identical.
Increased antibody titers to Parainfluenza virus were also
obtained in affected individuals, further supporting their
observations. Suzuki et al. Wang et al and Landis et al
isolated various viral strains in patients that presented with
acute PVOD. With a combination of reverse transcriptase
Table 1 Histological and immunofluorescent changes following

Authors Animal Inciting Virus Human Virus
Counterpart

H

Tian11 Mouse Sendai Virus 52 Parainfluenza A
Mori12 Mouse Influenza A R404BP Influenza A A
Schwob13 Mouse Mouse Hepatitis Virus Human Coronavirus S

o

polymerase chain reaction (RT-PCR) and PCR performed on
specimens obtained from nasal discharge, turbinate
epithelium, or cerebrospinal fluid, multiple viral strains
were identified including but not limited to Human Coro-
navirus, Rhinovirus, and Parainfluenza virus (Table 2).19e21

Potter et al22 analyzed the seasonal variation of PVOD in
587 patients in both influenza and non-influenza cohorts.
They found that non-influenza related PVOD had the high-
est prevalence between March through June.

Epidemiologic observations

In epidemiological studies of PVOD, the majority of which
were in Asian countries, considerable common alities exist
within those afflicted. Although PVOD may occur at any
age, it seems more prevalent in those that are over 50, with
a predilection toward women. 77.5% of patients diagnosed
with PVOD were women (Table 3). The authors describe
that the duration of olfactory dysfunction or rate persis-
tence is unpredictable and does not appear to have any
association with age, race, or gender.7,18,20,23,24

COVID-19 associated olfactory dysfunction

Given the relatively new appreciation of COVID-19 associ-
ated olfactory dysfunction, there have not been any animal
or human studies using this strain to induce anosmia.
Epidemiological surveys conducted in Daegu City, South
Korea report 15% of SARS-CoV-2 positive individuals have
new onset olfactory or gustatory abnormalities, of which
61.3% were between the ages of 20 and 40.25 In a retro-
spective case series by Mao et al26 neurological manifes-
tations in SARS-CoV-2 positive patients were investigated.
Their study reports that 5.1% and 5.6% experienced hypo-
smia and hypogeusia, respectively; which were among the
most prevalent peripheral nervous system impairments.
58% were over the age of 50 and 59.3% were female within
their entire cohort. Conducted within 4 weeks after the
country declared COVID-19 pandemic status, an epidemio-
logical survey in Iran suggests 76% of COVID-19 infected
patients experienced olfactory dysfunction following a flu-
like illness, of which 71% were women.4 This sudden surge
in olfactory dysfunction coincided with the country’s rapid
increase inSARS-CoV-2 positive cases. The average age of
those surveyed was 32.5 years old. In a large European
multi-center epidemiological study by Lechien et al3 they
found that 85.6% of laboratory confirmed SARS-CoV-2 pa-
tients complained of new onset olfactory dysfunction; 88%
complained of gustatory dysfunction. Among those studied,
females were disproportionately affected at 63% (Table 4).
intranasal inoculation of various viral strains in mice.

istology/Immunofluorescence

poptosis and decreased proliferation of olfactory epithelium
poptosis of olfactory neurons
cant turnover of olfactory epithelium, spongiosis of
lfactory bulb



Table 2 Pathogenic viruses identified in patients with PVOD utilizing various isolating techniques.

Authors Inciting or Pathogenic Virus Viral Isolation Method

Åkerlund10 Human Coronavirus 229E Intranasal inoculation with HCV 229E
Sugiura18 Parainfluenza virusa Combination of Epidemiologic data,

identification of viral traits, viral antibody titers
Suzuki19 Rhinovirus, Coronavirus 229E,

Parainfluenza virusa
PCR, RT-PCR of nasal discharge

Wang20 Parainfluenza virus RT-PCR of turbinate epithelium
Landis21 Herpes Simplex Virus Type 1 PCR of CSF

PVOD: postviral olfactory dysfunction.
a Additional viral strains identified including: Picornavirus and Ebstein-barr virus.
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In this study, 73% report resolution of olfactory function
within 8 days, however 63% of patients report persistent
olfactory loss after resolution of their URI. It appears that
the onset of olfactory dysfunction was nonspecific, such
that it appeared before, during, or after URI symptoms.3

A cohort study by Moein et al27 quantified the presence of
olfactory dysfunction using the University of Pennsylvania
Smell Identification Test (UPSIT) in 60 COVID patients and
corresponding age-matched controls. 98% of COVID patients
had some degree of olfactory dysfunction with statistically
significant decreased UPSIT scores compared to their con-
trols (Table 4).
Discussion

Viral similarities in disease sequela

SARS-CoV-2 shares similarities to other PVOD causing vi-
ruses. Influenza virus, rhinovirus, human coronavirus, par-
ainfluenza virus, and metapneumovirus among others have
Table 3 Epidemiological data of PVOD cases from various coun

Authors Country n (Total PVOD c

Mori23 Japan 190
Liu7 China 143
Sugiura18 Japan 266
Wang20 South Korea 25
Deems24 United States of America 192
Totals e 816

POVD: Postviral olfactory dysfunction.
a Predominant age range diagnosed with PVOD.

Table 4 Epidemiological data of COVID-19 associated olfactory

Authors or Sources Country N (total
COVID cases)

JoongAng25 South Korea 3191
Mao26 China 214
Bagher4 Iran 10 069
Lechien3 Belgium, France,

Italy, Spain
417

Moein Iran 60
Totals e 13 951

n.m.: not mentioned; *mean age.
the capability of causing pneumonia and severe respiratory
symptoms in susceptible populations but more frequently,
these viruses mainly causes mild URI. Sporadically, these
viruses cause olfactory dysfunction.18e20,28,29 Similarly,
SARS-CoV-2 is seen to demonstrate a similar range of dis-
ease severity; from otherwise benign anosmia to severe
pneumonia and acute respiratory distress syndrome.1,2

Epidemiological similarities

Epidemiologic studies have demonstrated certain similar-
ities between PVOD groups. Reviewing the literature, PVOD
tends to affect women more when compared to men, more
so as women approach older age. Certain presumptions
have been made regarding these findings, such that estro-
gen may play a protective role in olfaction. Deems et al
identified that the majority of women with PVOD in their
study were postmenopausal, supporting estrogen’s protec-
tive role in olfaction. In another study, when post-
menopausal estrogen therapy was accounted for in women
diagnosed with PVOD, the women taking estrogen had
tries.

ases) Mean Age (years) Gender Predilection (%)

55 Female (87.4)
47 Female (70.6)
50e60a Female (86)
51 Female (80)
55 Female (63.5)
e 77.5%

dysfunction from various countries.

Age Distribution
[years, (%)]

Gender
Predilection (%)

Olfactory
Dysfunction (%)

20e40 (61.3) n.m. 15.3
>50 (58) Female (59.3) 5.1
32.5* Female (71) 76
36.9* Female (63) 85.6

46.55* Male (66) 98
e 56.8 56
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better olfactory detection than those who were not taking
estrogen. Furthermore, it was observed that women had
better olfaction performance status compared to men.18

From preliminary data presented, SARS-CoV-2 infection
demonstrates considerable epidemiological similarities,
especially the considerable evidence of women being
disproportionately affected. As already mentioned, this
finding may be in part from the protective effect of estro-
gen, possibly in its role in reducing inflammation.3 One
observable difference is that COVID related olfactory
dysfunction seems to predominantly affect the younger
population. Selection bias may be a possible explanation
for the older age observed by Mao et al2 granted their
cohort consisted of acutely ill, hospitalized patients.
Considering that COVID-19 disproportionately causes more
severe symptoms in the elderly that may require hospital-
ization, the presence of olfactory dysfunction in younger
and non-hospitalized patients may not be fully repre-
sented. Persistence and recovery rates were only measured
in one study (Leichen et al), therefore only limited com-
parisons can be made. Although duration and recovery
rates of COVID related olfactory dysfunction have been
measured, prognostic factors remain inconclusive unless
additional long-term follow-up studies are conducted. The
pathophysiology for PVOD is definitionally separate from
olfactory dysfunction caused by allergic rhinitis and rhino-
sinusitis. Several patients with COVID related olfactory
dysfunction were reported to have rhinitis, rhinosinusitis,
or previous sinus surgery comorbidities e potentially con-
founding the incidence of viral induced olfactory dysfunc-
tion, considering previous PVOD studies intentionally
excluded patients with conductive olfactory dysfunction.
However, the presence of conductive olfactory dysfunction
does not exclude a superimposed PVOD. Peak PVOD in non-
influenza viruses coincides with the prevalence of COVID on
the east coast of the United States. Thus, the increase in
PVOD may be difficult to attribute solely to COVID when
many viruses cause PVOD during this time period.
Histological changes reflect severity of olfactory
disturbance

In the aforementioned animal studies, similar histological
findings in the olfactory parenchyma is observed, irre-
spective of the viral strains chosen for intranasal inocula-
tion. The animal models also demonstrate similar changes
in anosmia related behavior, such that mice were incapable
of detecting buried food compared to control mice
following infection.11 Almost identical histological changes
in post viral human olfactory epithelium strengthens the
hypothesis that nearly all viral strains associated with
anosmia cause direct olfactory epithelial damage. The
varying severities of olfaction dysfunction (hyposmia or
anosmia) is proposed to reflect the degree of epithelial
destruction, viral load, and viral serotype.10,15,19,30

Certainly, a reduction in olfactory receptors within the ol-
factory epithelium would decrease odor binding capability.
Furthermore, if extensive destruction occurs at the level of
the olfactory bulb, a lack of signal transduction may
contribute to the severity of olfactory dysfunction as
well.13 These findings may be an indicator to the varying
degrees of olfactory dysfunction relating to SARS-CoV-2
positive patients. In addition to olfactory dysfunction,
SARS-CoV-2 positive patients have also reported symptoms
of dysgeusia, which is expected considering gustatory
function being highly dependent on olfaction.24 Several
SARS-CoV-2 positive patients reported a solitary gustatory
dysfunction, unaccompanied by olfactory dysfunction.3

Further studies need to be conducted to elucidate if an
actual primary gustatory dysfunction exists rather than a
consequence of subclinical olfactory dysfunction as sug-
gested by Deems et al.24
Proposal for further studies

Olfactory dysfunction is a complex issue, especially PVOD.
Despite the various studies discussing PVOD, authors
encounter similar obstacles during investigation. Only a few
authors have performed studies attempting to isolate viral
strains. This is in part because individuals who finally seek
medical attention for anosmia present months to years
after their viral illness, thinking initially that their olfactory
disruption is temporary. By the time patients present,
nucleic acid amplification techniques to identify the caus-
ative virus can no longer be performed as they are no longer
acutely symptomatic from their initial URI. Theoretically,
SARS-CoV-2 may be isolated in otherwise asymptomatic,
anosmic, SARS-CoV-2 positive patients in the same method
by Suzuki et al, Wang et al, or Landis et al.19e21 Presently,
we hesitate to suggest an attempt to isolate SARS-CoV-2
from infected patients unless adequately protected with
appropriate personal protective equipment. It has been
shown that nasal manipulation, especially endoscopic pro-
cedures, routinely performed by otolaryngologists, are
highly aerosolizing procedures.31,32 Currently, multiple
otolaryngologic associations are collecting data regarding
COVID related anosmia. Although we propose that there is
enough existing literature to suggest that COVID-19 related
olfactory dysfunction occurs in the same mechanism as the
established viral-induced olfactory dysfunction gathered in
this review, future studies are needed to confirm our
suspicions.
Conclusion

Postviral olfactory dysfunction is a diagnosis with highly
complex pathophysiology. Multiple studies have demon-
strated similar histologic findings in the olfactory paren-
chyma in both animal and human subjects that exhibited
anosmia following a viral infection. Multiple viruses have
been implicated and isolated as the causative agents in
patients with PVOD. With the epidemiological evidence
that has been presented regarding COVID-19 and olfactory
dysfunction thus far, we believe COVID-19 related olfac-
tory dysfunction is likely demonstrating a similar mecha-
nism of what has already been described in the literature
regarding PVOD. Further studies, such as histological bi-
opsies of olfactory epithelium and viral isolation of SARS-
CoV-2 in infected patients will further solidify our
hypothesis.
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