European Archives of Oto-Rhino-Laryngology (2021) 278:2187-2191
https://doi.org/10.1007/500405-020-06285-0

REVIEW ARTICLE q

Check for
updates

Anosmia: an evolution of our understanding of its importance
in COVID-19 and what questions remain to be answered

3

Sven Saussez'>3® . Jerome R. Lechien'*3#. Claire Hopkins®®

Received: 8 July 2020 / Accepted: 10 August 2020 / Published online: 9 September 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Background From the start of the pandemic, many European otolaryngologists observed an unprecendented number of
anosmic patients. Early reports proposed that anosmia could be the first or even the only symptom of COVID-19 infection,
prompting calls for self-isolation in affected patients.

Methods In the present article, we review the COVID-19 anosmia literature and try to answer the following two questions:
first, why is COVID-19 infection responsible for such a high incidence of anosmia? Second, in patients with more severe
forms is anosmia really less prevalent and why?

Results In terms of the etiology of olfactory dysfunction, several hypotheses were proposed at the outset of the pandemic;
that olfactory cleft inflammation and obstruction caused a localized conductive loss, that there was injury to the susten-
tacular supporting cells in the olfactory epithelium or, given the known neurotropic potential of coronavirus, that the virus
could invade and damage the olfactory bulb. Olfactory cleft obstruction may contribute to the olfactory dysfunction in some
patients, perhaps most likely in those that show very early resolution, it cannot account for the loss in all patients.
Moreover, disordered regrowth and a predominance of immature neurons have been shown to be associated with parosmia,
which is a common finding amongst patients with Covid-related anosmia. A central mechanism therefore certainly seems to
be consistent with the group of patients with more prolonged olfactory deficits. Sustentacular cells showing ACE-2 immuno-
histochemical expression 200 to 700 times greater than nasal or tracheal epithelia seem to be the main SARS-CoV-2 gateway.
As the pathophysiology of COVID-19 anosmia seems to be better understood, the question of why patients with a moderate
to severe form of COVID-19 infection have less olfactory involvement remains unresolved. Different potential explanations
are discussed in this review.

Conclusions The last 5 months have benefited from great international collaborative research, first highlighting and then
proving the value of loss of smell and taste as a symptom of COVID-19. Adoption of loss of smell into the case definition
by international public health bodies will facilitate control of disease transmission.
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this context, we carried out the first European study describ-
ing the importance of this symptom among patients with
a mild form of COVID-19 infection, where we described
that 86% of 417 patients with a mild to moderate form of
COVID-19 (proven by polymerase chain reaction (PCR)
testing) presented with anosmia and 88% dysgeusia [2]. In
a subsequent series of 2013 patients with a mild to moderate
form of COVID-19, the importance of this symptom was
confirmed, since anosmia was the most frequent symptom
affecting 87% of patients [3].

We then looked to address the next important question—
what proportion of patients presenting with isolated and/
or initial severe anosmia, with or without additional upper
respiratory symptoms during the COVID pandemic, were
actually COVID-positive? To answer this question, we con-
ducted a prospective study enlisting patients with recent and
severe anosmia in the weeks following our first observations.
First, we carried out a study of 78 patients with sudden and
initial anosmia. We were thus able to show that if the swab
was performed within the first 14 days of symptoms, 87% of
these anosmic patients were COVID-19 + [4]. Using sero-
logical testing (Zentec kit), we confirmed with the group
showing symptoms for more than 14 days that 93% of anos-
mic patients were COVID-19+.

Our study then turned to psychophysical measurements of
olfaction using ‘Sniffin Sticks’, which were carried out in 86
patients with mild forms of COVID-19 associated with sub-
jective anosmia [5] and 47 more severely affected patients
who were hospitalized. In mild to moderate COVID-19
patients managed as outpatients, this identified 41 anosmic
(47.7%), 12 hyposmic (14.0%), and 33 normosmic (38.3%)
patients.[5]. In contrast, the psychophysical olfactory evalu-
ations of hospitalized patients reported that 4 (8.5%) and 9
(19.1%) patients reported anosmia and hyposmia. However,
testing in hospitalized patients was, by necessity, performed
at a later time point in the disease process, potentially allow-
ing for recovery. Romero-Sanchez and colleagues described
on a large clinical series of 841 patients hospitalized with
COVID-19 that 57.4% developed some form of neurologi-
cal symptom. Among these, anosmia concerned only 5% of
patients [6].

While self-reported new onset loss of smell is important
from an infection control perspective, as it allows patients
to recognize COVID infection and self-isolate at an early
stage; however, psychophysical testing has demonstrated that
self-reporting underestimates the true prevalence of olfac-
tory dysfunction [7, 8]. Most self-reported questionnaires
combine smell and taste disorders, due to the difficulty in
distinguishing perception of true taste and flavor, Psycho-
physical gustatory tests confirm the presence of true gusta-
tory dysfunction in nearly half of patients tested, but with
mean scores returning to normal within 3 weeks of onset
[9]. Finally, preliminary data concerning the recovery from
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anosmia also provide some useful observations in under-
standing the physiopathology of this condition.

First, we studied the self-reported early recovery of
anosmia in a clinical series of 382 patients. 86.4% reported
complete anosmia and a further 11.5% a very severe loss of
smell at the time of completing the first survey. At follow-up
1 week later, 80.1% reported lower severity scores at follow-
up, 17.6% were unchanged and 1.9% had deteriorated [10].
Subsequently, in a prospective clinical series of 88 COVID-
19 self-reported anosmic patients, we observed that 79.5%
of patients recovered in the 2 first months following onset.
According to the psychophysical olfactory evaluations;
25.0% rapidly recovered normal olfactory function within
the first 15 days following the onset of anosmia, while 10.2%
required 16-30 days, 28.4% recovered between day 31—45,
and 15.9% between 4670 days after onset. We demonstrated
that baseline severity of olfactory loss was predictive for
persistent loss. We have also shown that self-reporting over-
estimates true recovery rates, with patients self-reporting
complete recovery being found to have persistent mild to
moderate hyposmia on psychophysical testing [11].

These various observations led us to ask two further
important questions: first, why is COVID-19 infection
responsible for such a high incidence of anosmia? Second,
in patients with more severe forms is anosmia really less
prevalent?

In terms of the etiology of olfactory dysfunction, several
hypotheses were proposed at the outset of the pandemic; that
olfactory cleft inflammation and obstruction caused a local-
ized conductive loss, that there was injury to the sustentacu-
lar supporting cells in the olfactory epithelium or, given the
known neurotropic potential of coronavirus, that the virus
could invade and damage the olfactory bulb. To address at
the first question, we performed sinus computed tomogra-
phy (CT) on 16 patients with persistent anosmia on psycho-
physical olfactory evaluation. Surprisingly, we found that the
olfactory cleft was completely clear in 7 patients, while only
3 patients were completely opacified on CT imaging, and
partially opacified in the remaining 6 (Fig. 1). The sinuses
and nasal cavities showed no evidence of mucosal thick-
ening. This suggests that while olfactory cleft obstruction
may contribute to the olfactory dysfunction in some patients,
perhaps most likely in those that show very early resolution,
it cannot account for the loss in all patients. Chen and col-
leagues have studied the immunohistochemical expression
of ACE-2, the SARS-CoV 2 target receptor protein, in 11
specimens of neuro-olfactory epithelia [12]. They showed
that ACE-2 immunohistochemical expression was 200 to
700 times greater in the sustentacular cells of the olfactory
neuroepithelium than nasal or tracheal epithelia [12]. In
this context, we also examined the immunohistochemical
expression of ACE2 using two independent antibodies in 70
head and neck tissues. Interestingly, results obtained were
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Fig.1 CT-Scan Finding of COVID-19 anosmic Patients and ACE-2
immunolabelling of olfactory neuroepithelium and middle turbinate.
a Sinus CT-Scan showing completely opacified olfactory cleft in
COVID-19 anosmic patient; b Using a ACE-2 monoclonal antibody
targeting the extracellular part of the receptor, we were able to show
that the neuroepithelium (*) expressed a significantly larger amount
of ACE-2 compared to middle turbinate (**)

considerably different, in that no labeling was detected by
the monoclonal antibody (detecting the ACE-2 extracellular
part), unlike the polyclonal antibody (detecting the ACE-2
intracellular part). Using the polyclonal antibody, our immu-
nohistochemical findings were of moderate and expanded
staining of epithelial cells, particularly in nasal and oral
mucosae, salivary glands and vocal cords, and a weaker dis-
tribution in tonsil, pharyngeal and laryngeal supra-glottic
epithelia. Since we observed minimal immunohistochemical
labeling using the monoclonal antibody, we could hypoth-
esize that the ACE-2 ectodomain was cleaved by ADAM-17.
Indeed, Lambert and colleagues have shown that the protein
ADAM-17 was responsible for the cleavage of ACE2 [13].
Later, researchers investigated this cleavage in the airway
epithelium and confirmed the involvement of this metallo-
proteinase in the cleavage of ACE2. Remarkably, they have
demonstrated that this soluble form remains enzymatically
active but partially inhibits the entry of SARS-CoV into cells
and therefore limits infection. It is easily assumed that the
binding of the virus to the soluble form drastically reduces
entry and therefore replication in cells. In addition, they also
located the protein cleavage site, namely between amino
acids 716 and 741, corresponding to the area targeted by
our monoclonal antibody. The cell-associated form of ACE2
(detected by the monoclonal antibody) is, therefore, neces-
sary as a gateway for SARS-CoV-2 [14]. Using the same
monoclonal antibody, we were also able to confirm that the
neuroepithelium expressed a significantly larger amount
of ACE-2 compared to middle turbinate or polyps (Fig. 1).
Despite this potential mechanism for epithelial injury, nasal
cytological studies in 18 COVID-19 patients, of which 12
reported smell impairment, lacked typical findings of viral
induced cellular injury [15], suggesting that direct effects of

the virus on the olfactory epithelium cannot likely account
for the severity of loss seen in many patients.

However, coronaviruses have long been identified as a
family of viruses that may be associated with anosmia. In
2007, Suzuki et al. demonstrated that coronavirus may be
detected in the nasal discharge of patients with olfactory dys-
function. Moreover, they observed that some patients with
normal acoustic rhinometry did not recover their olfaction,
suggesting that nasal inflammation and related obstruction
were not the only etiological factors underlying the olfactory
dysfunction in viral infection [16]. Netland and colleagues
have demonstrated on transgenic mice that SARS-CoV may
enter the brain through the olfactory bulb, leading to rapid
transneuronal spread [17]. Interestingly, authors demon-
strated that the virus antigen was first detected 60 to 66 h
post-infection and was most abundant in the olfactory bulb.
Regions of the cortex (piriform and infralimbic cortices),
basal ganglia (ventral pallidum and lateral preoptic regions),
and midbrain (dorsal raphe) were also strongly infected after
the virus had spread [17]; these regions are connected with
the olfactory bulb. The rapid spread of SARS-CoV in the
brain was also associated with significant neuronal death.

Emerging autopsy reports have shown SARS-CoV-2
tracking along the olfactory bulb, gyrus rectus and medulla
of a patient with COVID related anosmia who subsequently
died [18, 19]. More recent imaging reports in the literature
show evidence of hyperintense signal and oedema of the
olfactory bulb which subsequently resolved [20, 21], giv-
ing further support to a central mechanism of anosmia in
this group. Previous models of olfactory injury have dem-
onstrated the regenerative capacity of the olfactory epithe-
lium, showing that the basal cells may regenerate and grow
new axons back to the olfactory bulb [22]. ‘Rewiring’ of the
olfactory bulb, or failures therein may account for problems
with discrimination [23]. Scar tissue formation may pre-
vent regrowth, and reducing scar formation using systemic
corticosteroids is supported in animal models [24]. Disor-
dered regrowth and a predominance of immature neurons
have been shown to be associated with parosmia, which is a
common finding amongst patients with Covid-related anos-
mia [25]. A central mechanism therefore certainly seems
to be consistent with the group of patients with more pro-
longed olfactory deficits. If sustentacular cells seem to be
the main SARS-CoV-2 gateway, Chung and colleagues were
hypothesized that the infiltration of the olfactory mucosa
by CD68 + macrophages expressing SARS-CoV-2 antigens
could account for the loss of function [26].

As the pathophysiology of COVID-19 anosmia seems
to be better understood, the question of why patients with
a moderate to severe form of COVID-19 infection have
less olfactory involvement remains unresolved. Yan et al.
also found that self-reported olfactory loss associates with
milder forms of disease in patients who did not require
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hospitalization [27]. There is a risk that this represents recall
bias due to the increased and over-riding severity of res-
piratory symptom, and delays in the testing of such patients
compared to those with mild disease. If it is indeed true
that anosmia is less prevalent in more severe forms, what
mechanism may account for this?

Our study comparing mild to severe forms of COVID-19
infection provides some leads. In patients with efficient local
immunity, replication of the virus in the nasal and olfactory
mucosa may lead to a local inflammatory reaction, involving
neuroepithelium and bulb regions (as observed in our brain
MRI cases series), and a related otolaryngological pattern
of the disease. In that way, we observed that severe patients
have less ear, nose and throat complaints than mild patients
[2, 3], where the ENT symptoms are prevalent. Considering
the hypothesis that patients with a mild form of COVID-19
infection have stronger local immunity, and therefore gen-
erate higher rates of local symptoms, conversely patients
with severe forms (and with weaker local immunity) would
less frequently report ENT symptoms but more respiratory
complaints. However, our preliminary results tend to show
that patients with a severe or critical forms have higher IgG
levels in the serum and nasal secretions than patients with
mild form.

Older patients are at higher risk of more severe disease;
of course olfactory function diminishes with increasing age
[28] and, therefore, hospitalized patients may simply have
higher rates of pre-existing loss, and may be less able to
detect further decline. Brekenridge and colleagues have
described age-related loss of sustentacular cell nuclei as
well as olfactory receptor neuron nuclei in animal models
[29]. Knowing that sustentacular cells of the neuroepithe-
lium are those which express the most ACE-2, the gateway
to SARS-CoV2, one could imagine that the degenerative
impairment linked to the age of these cells could explain the
less significant incidence anosmia in elderly patients with a
severe form of COVID-19 infection. Nasal gene expression
of ACE2 was studied on biobank samples taken from indi-
viduals aged between 4 and 60 years old, and was found to
increase with age; unfortunately, samples from older patients
were not available for comparison [30]. As COVID related
anosmia appears rare in childhood, and most prevalent in
the 4050 year old age group, perhaps this is related to peak
expression in ACE2R and other entry proteins? Of course,
this hypothesis calls for further research, but may provide
some explanation for the age-related variation in prevalence.

Finally, it has been shown in mouse models that apoptosis
of infected olfactory receptor neurons may prevent antero-
grade propagation of the virus to the olfactory bulb and to
the central nervous system [31] Thus, given the capacity
to of the olfactory neurones to regenerate, this may be a
programmed protective response to neurotropic viruses that
lessens the severity of infection, and the lower prevalence
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of anosmia in more severe disease may reflect a failure of
this line of defense.

In summary, the last 3 months have benefited from great
international collaborative research, first highlighting and
then proving the value of loss of smell and taste as a symp-
tom of COVID-19. Adoption of loss of smell into the case
definition by international public health bodies will facilitate
control of disease transmission. We have evolved from using
self-reported symptoms to incorporating psychophysical
testing and imaging into our evaluation and are now able to
lend support to hypotheses regarding the underlying etiol-
ogy. Evaluation of recovery will be ongoing, and we need
to better understand how to improve and accelerate recov-
ery. Finally, we need to establish what factors determine the
severity of olfactory loss to evaluate whether preventative
of olfactory loss is a possibility. There are already over 200
published manuscripts on this subject—we are sure that
there will be many more.
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