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The omicron variant of severe acute respiratory syndrome coronavirus 2 causes much less olfactory dysfunction than the previous 
variants. There are several potential mechanisms for how omicron may change tissue tropism and spare olfactory function. The 
new mutations make omicron more hydrophobic and alkaline than previous variants, which may reduce penetration of the mucus 
layer. Overall, the new mutations minimally change receptor binding affinity, but entry efficiency into host cells is reduced in cells 
expressing transmembrane serine protease 2 (TMPRSS2). Because the support cells in the olfactory epithelium abundantly express 
TMPRSS2, these main target cells in the olfactory epithelium may become infected less by the new omicron variant.
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When the coronavirus virus 2019 
(COVID-19) pandemic developed in 
East Asia early in 2020, loss of smell or 
taste was a rare symptom [1]. Within 
a few months of the pandemic, new se-
vere acute respiratory syndrome (SARS) 
coronavirus 2 (SARS-CoV-2) variants 
emerged. Most of these variants caused 
a much more frequent loss of smell, pre-
sumably due to the D614G spike muta-
tion [2]. Curiously, the omicron variant 
retains the D614G mutation, yet it largely 
spares chemosensory function when 
compared with the previous variants. 
In this perspective piece, we focus on the 
sense of smell, because much of subjec-
tive taste dysfunction is thought to be 
caused by loss of smell [3], and olfac-
tory dysfunction in COVID-19 is better 
understood than taste dysfunction. We 
examine the epidemiological evidence 

and the emerging insights into the net 
effect of omicron’s numerous spike mu-
tations on properties of the virus that 
may modify its impact on the olfactory 
epithelium, including mucus penetra-
tion, angiotension-converting enzyme 2 
(ACE2) binding, host cell entry, and im-
mune responses. Relevant properties of 
omicron can be tested in animal models 
and will provide new insights into the 
mechanism of anosmia in COVID-19.

EPIDEMIOLOGY OF VARIANTS 
AND OLFACTORY DYSFUNCTION

Loss of smell became a cardinal symptom 
of COVID-19 infection with the predom-
inance of variants containing the D614G 
mutation [4] (Figure 1A). This differ-
ence between variants was surprising, 
given the fact that all SARS-CoV-2 vari-
ants identified to date use the same virus 
entry receptor, ACE2, to enter host cells 
[2, 5, 19]. Variants with the D614G mu-
tation appeared to be more successful at 
infecting the support cells in the olfac-
tory epithelium [2, 20]. This observation 
established the concept that certain spike 
mutations may affect the prevalence 
of this COVID-19 symptom, although 
minor spike mutations present in alpha, 
beta, and delta variants minimally altered 

the virus’s ability to induce chemosensory 
deficits according to epidemiological re-
ports [6, 7] (Figure 1A).

The emergence of the omicron var-
iant recently identified in South Africa 
presents a new twist. This new variant 
has a much higher transmissibility and 
therefore spreads rapidly. The omicron 
variant contains the largest number of 
unique mutations in the spike protein, 
compared with earlier variants [21]. Even 
though the omicron variant retains the 
D614G mutation [21], the prevalence of 
chemosensory dysfunction with this var-
iant is low (Table 1 and Figure 1A). Based 
on the first 12 reports, including 190 778 
patients, we calculated a pooled weighted 
estimate of olfactory dysfunction for the 
omicron variant of 13%, which is 3–4-
fold lower than the prevalence in regions 
and times when the alpha and delta vari-
ants prevailed [2, 5–7]. Why does omi-
cron largely spare olfaction?

SOLUBILITY OF OMICRON IN 
OLFACTORY MUCUS

To access the olfactory epithelium, vir-
uses and other pathogens have to dissolve 
in and penetrate the mucus layer that al-
lows odorants to reach the olfactory re-
ceptors but also protects the olfactory 
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epithelium from toxins and pathogens 
[22]. Hydrophilic and acidic proteins are 
more soluble in the mucus and penetrate 
the mucus barrier without the need of 
specific carrier proteins [22]. Many of the 
omicron variant’s mutations introduce 
new hydrophobic stretches in the spike 
protein [23]. In addition, owing to its 
new mutations, omicron’s spike protein is 
more alkaline than the Wuhan and delta 
strains [23]. Omicron thus may have a 

lower solubility in mucus and therefore 
may generate a reduced infection of the 
olfactory epithelium. Since the com-
position of the olfactory mucus differs 
significantly from that of other mucus 
layers—in the respiratory tract [24], for 
example—reduced access of omicron 
to the olfactory epithelium may be rela-
tively specific and could contribute to the 
sparing of olfaction in patients infected 
with the omicron variant.

MOLECULAR MECHANISMS OF 
HOST CELL ENTRY

Mechanisms underlying anosmia in 
COVID-19 involve high binding affinity 
of the virus to ACE2 and efficient viral-
host membrane fusion, which collec-
tively lead to high efficiency of cell entry 
of the virus to nonneuronal cells of the 
olfactory epithelium within the nasal 
cavity [19, 20, 25, 26]. This conclusion is 
further supported by protein structural 
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Figure 1.  Anosmia prevalences associated with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants (A) and proposed experimental strategy to eluci-
date the mechanism underlying varying anosmia prevalences in an animal model (B). A, Graph shows pooled anosmia prevalence for the original D614 strain [2], the G614 
variant according to multiple meta-analyses [2, 5], and the alpha [6, 7] and delta [7] variants and our pooled estimate for the omicron variant according to the first 12 studies 
from 4 continents (Table 1). The approximate time periods of variant predominance are indicated on the x-axis. These periods overlap somewhat, because variants were 
dominant in different regions of the world at different times. For data compiled from multiple studies, error bars indicate the 95% confidence interval. Note that the D614G 
mutation generally leads to higher anosmia prevalence but not for omicron. B, As a strategy to elucidate mechanisms, a suitable mouse model expressing the viral entry 
receptor (human angiotension-converting enzyme [hACE2]) is infected with either a virus variant inducing a high prevalence of anosmia (eg, alpha or G614) or a virus variant 
inducing low anosmia prevalence (eg, omicron). The animals undergo standard behavioral testing to measure and verify the time needed to find a hidden cookie. The olfactory 
epithelium and brains (olfactory bulbs) of the same animals are then processed for various morphological, histochemical, and biochemical analyses to quantify the amount 
of virus that infected the olfactory epithelium, to identify infected cell types, and to measure the extent and timing of damage and other parameters in the olfactory system. 
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data on the D614G mutation, which pre-
dicts increased virus entry into the host 
cell because of reduced target cell–inde-
pendent premature spike shedding (thus 
making more spike trimers accessible for 
ACE2 binding) and also by enhancing the 
membrane fusion step [25].

Does the omicron variant spare olfac-
tion because it has a lower binding affinity 
to ACE2? There is an emerging consensus 
that the net effect of all 15 mutations 
present in the receptor binding domain 
of omicron’s spike does not significantly 
alter its affinity to the ACE2 receptor [21, 
27, 28]. Therefore, omicron’s sparing of 
olfaction cannot be due to lower ACE2 
binding. But what are the effects of 
omicron’s mutations on other steps of the 
cell entry process? Importantly, viruses 
can use 2 distinct cell entry routes: one 
by surface membrane fusion involving 
the protease expressing transmembrane 
serine protease 2 (TMPRSS2) and the 
other by endosomal membrane fusion 
through cathepsins [28–30]. 

Omicron can use both entry routes 
but prefers the endosomal route to 
TMPRSS2-mediated membrane fusion. 
This suggests that it has a lower cell entry 
efficiency because of lower membrane 
fusion in cell types that robustly express 
TMPRSS2 [21, 28–31]. Because support 
cells in the olfactory epithelium express 
the highest level of TMPRSS2, omicron 

may be less efficient in infecting these 
cells, resulting in a lower frequency of 
anosmia [32]. Replication of omicron is 
markedly attenuated in both the upper 
and the lower respiratory tract [29, 31]. 
Such a tissue-specific difference of om-
icron infectivity also seems to apply to 
the olfactory epithelium [28, 33]. Indeed, 
a recent study shows that omicron pro-
duces only mild infection of the olfactory 
mucosa but causes significant disease in 
the respiratory mucosa in hamsters [33], 
although the specific cell types that be-
come infected in the olfactory epithelium 
after omicron inoculation remain to be 
identified (Figure 1B).

Taking into account the properties of 
the new omicron variant, it is possible to 
design experiments in animal models, 
ideally in human ACE2 knock-in mice, 
that compare the disease caused by in-
fection with omicron with that caused 
by other variants known to induce high 
prevalence of anosmia. If the omicron 
variant infects fewer olfactory epithe-
lial cells, especially support cells, this 
will suggest that the lower incidence of 
anosmia is caused by less efficient cell 
entry into this cell type. However, if the 
cell type–specific and temporal extent 
of infection in the olfactory epithelium 
is similar for both variants, it would 
argue against a central role of the sup-
port cell and would rather suggest that 

virus-induced host immune responses 
[34] may trigger the sudden anosmia ex-
perienced by patients with COVID-19 
(Figure 1B). Accordingly, the omicron 
variant and its effects on chemosensory 
epithelia may help elucidate the biolog-
ical mechanisms underlying olfactory 
dysfunction in COVID-19.

COMPARISON OF OMICRON, 
PREVIOUS SARS-COV-2 
VARIANTS, AND SARS 
CORONAVIRUS 1

The omicron variant shares some fea-
tures with SARS coronavirus 1 (SARS-
CoV-1), mainly a higher dependence on 
the endosomal route for cell entry and 
lower viral-host membrane fusigenic 
activity [26, 28]. The ability of SARS-
CoV-2 variants alpha and delta to induce 
rapid anosmia may require the TMPRSS2 
route of cell entry and high membrane 
fusion capacity combined with effec-
tive furin cleavage, and only this route 
may enable the enhanced infectivity 
needed for rapid induction of anosmia 
in COVID-19. SARS-CoV-1 and the om-
icron variant appear to fail to induce fre-
quent anosmia because they use the less 
efficient endosomal route. Why is the 
endosomal route to enter support cells 
not an effective way to infect this cell 
type? Cells have evolved strategies to pre-
vent entry of viruses at the endocytosis 

Table 1. Studies Reporting the Prevalence of Loss of Smell for the Omicron Variant

Date of 1st Publication Reference Author(s)/Source Country Cohort Size, No. of Patients Patients With Loss of Smell, No. (%) 

27 Nov 2021 [8] Telegraph South Africa 70 0 (0)

16 Dec 2021 [9] Brandal et al Norway 81 12 (14.8)

17 Dec 2021 [10] CDC US 43 3 (8)

17 Dec 2021 [11] Times of India India 32 0 (0)

14 Jan 2022 [12] UKHSA UK 182 133 23 677 (13)

17 Jan 2022 [13] Kim et al Korea 40 1 (2.5)

18 Jan 2022 [7] Vihta et al UK 7000a 910 (13)

25 Jan 2022 [14] Hajjo et al Jordan 500 6 (1.2)

27 Jan 2022 [15] Søraas et al Norway 52 8 (15)

03 Feb 2022 [16] Helmsdal et al UK 21 4 (19)

12 Feb 2022 [17] Maisa et al France 468 39 (8.3)

18 Feb 2022 [18] Boscolo-Rizzo et al Italy 338 83 (24.6)

Total … … … 190 778 24 743 (12.97b)

Abbreviations: CDC, Center for Disease Control and Prevention; UK, United Kingdom; UKHSA, UK Health Security Agency; US, United States.
aEstimate based on graph provided by Vihta et al [7], fig 1A]. 
bThis percentage—12.97%—was the weighted pooled estimate of the prevalence of loss of smell. The mean percentage in these studies was 10%.
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step by expressing endosomal restric-
tion factors such as interferon-induced 
transmembrane proteins [35]. Olfactory 
support cells may express such factors 
and are therefore better protected from 
endosomal virus entry but are more sus-
ceptible to cell surface entry mediated by 
TMPRSS2.

OLFACTION THRESHOLDS FOR 
FUNCTIONAL LOSS

Only 5%–10% of functional olfactory 
neurons are required for a relatively 
normal sense of smell [36]. Therefore, 
minor changes in mucus penetration or 
cell entry efficiencies can have signifi-
cant (magnified) effects on reaching this 
threshold. To cause anosmia, it can be es-
timated that the virus needs to eliminate, 
within a 3–4-day period (before their re-
generation), at least 90% of all support 
cells. Because of the above-mentioned 
mechanisms, omicron and the D614 
strain may struggle to eliminate 90% of 
cells, and then the infected patients will 
not experience anosmia (but possibly 
hyposmia, when appropriately tested; 
Supplementary Figure 1).

CONCLUSIONS

The emerging data on the omicron var-
iant show that such an important and 
characteristic symptom of COVID-19 as 
chemosensory dysfunction is not fixed at 
a certain level but changes during virus 
evolution as a result of new mutations. 
This is important information not only 
for researchers but also for patients and 
clinicians. In the second phase of the pan-
demic, when the alpha and delta variants 
dominated, chemosensory dysfunction 
helped quickly identify new infection 
outbreaks and patients at risk. With the 
appearance of the omicron variant, this 
will no longer be possible. However, the 
good news is that now a much smaller 
fraction of patients with COVID-19 will 
suffer from chemosensory dysfunction, 
including those who maintain such dys-
function for a prolonged duration (“long 
COVID”), which significantly diminishes 
quality of life.

Supplementary Data

Supplementary materials are available at 
The Journal of Infectious Diseases online. 
Supplementary materials consist of data 
provided by the author that are published 
to benefit the reader. The posted mater-
ials are not copyedited. The contents of 
all supplementary data are the sole re-
sponsibility of the authors. Questions or 
messages regarding errors should be ad-
dressed to the author.
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