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Abstract
COVID-19 pandemic spreads worldwide, with more than 100 million positive cases and more than 2 million deaths. From the 
beginning of the COVID-19 pandemic, several otolaryngologists described many cases of a sudden loss of smell (anosmia) 
associated with the disease with or without additional symptoms. Anosmia is often the first and sometimes the only sign 
in the asymptomatic carriers of COVID-19. Still, this disorder is underestimated, and it is not life-threatening. However, it 
significantly decreases the quality of life. This olfactory dysfunction continues in several cases even after the nasopharyn-
geal swab was negative. The occurrence of anosmia can be used as a screening tool for COVID-19 patients and can be used 
to identify these patients to accomplish the isolation and tracking procedures. In this review, we highlighted the possible 
mechanisms of anosmia in COVID-19 patients, major pathologies and features of anosmia, implications of anosmia in early 
diagnosis of COVID-19, evaluation of the smell function during COVID-19, and management and treatment options of 
COVID-19 anosmia.
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Introduction

COVID-19 is caused by SARS-CoV-2, which is a new strain 
of the coronavirus. The pandemic had emerged in Wuhan, 
China, and spread rapidly throughout China and successively 
worldwide (Huang et al. 2020; Zhu et al. 2020). Many studies 
from the USA, Asia (China, South Korea, Iran), Europe 
(France, Spain, Italy, UK, Germany), and Australia have 
revealed various levels of smell loss (anosmia/hyposmia/
dysosmia) as an early symptom of COVID-19 (Abalo-Lojo 
et al. 2020; Aggarwal et al. 2020; Gautier and Ravussin 

2020; Gilani et al. 2020; Hopkins et al. 2020; Huang et al. 
2020, Merza et al. 2020). It was found that sudden anosmia 
in asymptomatic infected patients could be the early and 
only symptom of the disease. Self-isolation should be started 
before alerting the health authorities to patients who acquired 
anosmia (Roland et al. 2020; Yan et al. 2020).

COVID-19-related anosmia is often not associated with 
nasal obstruction (Huart et al. 2020; Lechien et al. 2020a, 
b, c; Altundag et al. 2021). In some studies, the incidence 
of anosmia has been observed up to > 80% of COVID-19 
patients; 11.8–35.5% of patients may have anosmia without 
any other clinical symptoms (Beltrán-Corbellini et al. 2020; 
Lechien et al. 2020a, b, c). A unique feature of the COVID-
19 anosmia is its transient course, which begins suddenly 
regardless of other features and improves gradually over a 
short period (about 2 weeks) (Lechien et al. 2020a, b, c). 
Other studies have supported the spontaneous improvement 
of anosmia with a mean duration of 2–3 weeks (Heidari et al. 
2020; Hornuss et al. 2020). However, patients with more 
than 1 month of anosmia, known as persistent anosmia, have 
also been observed (Kandemirli et al. 2021; Tsivgoulis et al. 
2021). Taking into consideration that olfactory epithelium 
undergoes regeneration over 6–8 weeks, COVID-19 could 
lead to anosmia of more than 2–3 weeks up to 6–8 weeks 
due to epithelial damage (Altundag et al. 2021).
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Anatomy and physiology of smell sensation

The olfactory epithelium, which is responsible for 
olfaction, is present in the upper part of each side of the 
nasal cavity. It overlies the superior turbinate, the roof, 
and the upper part of the nasal septum. The olfactory 
epithelium is also present in the anterolateral part of 
the middle turbinate and the posterior part of the nasal 
septum (Kern 2000). The olfactory epithelium consists of 
five main types of cells, namely, sustentacular cells, the 
olfactory sensory neurons (OSNs), duct cells of Bowman's 
glands, basal cells, and microvillar cells (van Riel et al. 
2015). The olfactory sensory neurons are bipolar cells 
projecting their dendritic processes externally into the 
nasal cavity (Liang 2018), and these dendritic processes 
present the olfactory receptors (ORs) are G-protein 
coupled receptors (Brennan 2018).

The odorants, either inhaled through the nose or entered 
through the mouth, reach the olfactory epithelium, and 
bind to the olfactory receptors resulted in the formation 
of cyclic adenosine monophosphate (cAMP) and chloride 

ions efflux (Kern 2000; Attems et al. 2015). The action 
potential is then transmitted through the olfactory sensory 
neurons (OSNs) axons to the olfactory bulb on the ventral 
surface of the frontal lobe. After that, the signals are 
transmitted from second-order neurons (axons of mitral 
and tufted cells) to the olfactory areas in the anterior part 
of the temporal lobe (anterior olfactory nucleus), the 
olfactory tubercle, and the amygdala (Attems et al. 2015; 
Diodato et  al. 2016). Some fibers in the hippocampus 
cause memory and emotional response associated with 
smell sensation (Aqrabawi and Kim 2020).

Mechanisms of anosmia associated 
with COVID‑19 infection

Since anosmia is an early and occasionally the only symp-
tom of COVID-19 infection, researchers have proposed five 
possible mechanisms for the pathogenesis of anosmia associ-
ated with COVID-19 (Fig. 1). (1) Affection of Angiotensin-
Converting Enzyme 2 Receptors “ACE2,” (2) damage of 

Fig. 1  General scheme of the five possible mechanisms that illustrate 
how the SARS-Cov-2 virus may cause anosmia (adapted from Butowt 
and Bartheld  2021). (1) SARS-Cov2 causes a damage of ORN; (2) 
the virus causes a damage of sustentacular cells; (3) damage of the 
mitral cell in the olfactory bulb of the brain may also comprise the 

transmission of odor sensation. (4) Utilization of Zn by the virus pre-
vents its utilization by carbonic anhydrase which is a critical enzyme 
to maintain the smell function. (5) Following the infection, nasal 
obstruction caused by increased mucous may prevent the smell stimu-
lus from reaching ORN
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supporting cells of the olfactory epithelium, (3) affection of 
frontal lobe (olfactory centers), (4) inflammatory obstruction 
of olfactory clefts, and (5) effect of zinc deficiency.

Affection of Angiotensin‑Converting Enzyme 2 
Receptors “ACE2”

Although the exact mechanism has not been established, 
yet some studies—performed on either human specimen 
from different tissues or on animal models such as mice—
suggest that the entry of the SARS-CoV-2 virus into the cells 
depends on the expression of ACE2 and Transmembrane 
protease serine 2 (TMPRSS2) by the target cells (Hamming 
et al. 2004; Sungnak et al. 2020). By analysis 15 different 
organs collected from 93 patients’ biopsies, Hamming 
and colleagues showed that ACE2 is profusely present in 
human organs, especially in the epithelial of lung and small 
intestine suggesting that these places are targets of entry for 
the SARS-CoV (Hamming et al. 2004). Moreover, ACE2 
is expressed in human vascular endothelium explaining the 
pathogenesis of the SARS-CoV (Hamming et al. 2004). Using 
C57BL/6J mouse model, Bilinska et al. reported that ACE2 
and TMPRSS2 are expressed in murine sustentacular cells 
of the olfactory epithelium which are the target of SARS-
CoV-2 entry and anosmia (Bilinska et al. 2020). Sungnak 
and colleagues assessed the transcript expression of genes 
involved in the viral entry in healthy human donors using 
single-cell RNA sequencing, and they showed that ACE2 and 
TMPRSS2 genes are highly expressed in respiratory, intestinal, 
and corneal epithelial cells, together with innate immunity 
genes, suggesting the role of the previous genes in SARS-COV 
transmission and clearance (Sungnak et al. 2020).

SARS-CoV-2 virus utilizes these receptors for 
entry without inducing a local inflammatory response; 
therefore, more than 50% of the infected patients have 
smell dysfunction despite the absence of nasal congestion 
or rhinorrhea (Kaye et al. 2020; Lechien et al. 2020a, b, 
c). Many cells express ACE2 throughout the body such 
as olfactory epithelium (Brann et al. 2020), ciliated and 
goblet cells of respiratory epithelium, oral mucosa, salivary 
glands, epithelium of the tongue including taste buds 
(Chen et al. 2020a) which can explain the occurrence of 
both anosmia and ageusia concurrently; although each 
one of them may occur separately. SARS-CoV-2 virus is 
suggested to cause anosmia by binding to ACE2 receptors 
on OSNs, sustentacular cells, and Bowman’s glands leading 
to functional damage and disruption (Cooper et al. 2020; 
Li et al. 2020a, b). Importantly, the expression of these 
receptors is low in the olfactory sensory neurons, so another 
suggested possibility is through infection of sustentacular 
cells and Bowman’s glands which showed higher expression 
of these entry proteins than the OSNs; damage of these cells 
may cause disruption of the function of OSNs.

Damage of supporting cells of the olfactory 
epithelium

Sustentacular cells are supporting cells for the olfactory neu-
rons, and they are supplying the neuronal cells with nutri-
ents, getting rid of residual odorant-binding proteins, and 
maintaining the structural integrity of the olfactory epithe-
lium (Heydel et al. 2013; Cooper et al. 2020). SARS-CoV-2 
virus is present mostly in the sustentacular cells and peri-
cytes due to the abundance of ACE2 and TMPRSS2 where 
the damage of these cells was done both metabolically and 
functionally leading to smell abnormalities up to complete 
loss of smell sensation (Bryche et al. 2020; Meinhardt et al. 
2021).

Bertrand Bryche et al. showed the effect of SARS-CoV-2 
infection on the olfactory system in golden Syrian hamsters 
using confocal double-label immunostaining and revealed 
that there was great damage to a large number of susten-
tacular cells and a major loss of cilia necessary for odor 
detection.

Anosmia and hyposmia caused by SARS-CoV-2 are 
caused by either direct effect of the virus on the susten-
tacular cells leading to functional disturbance or indirect 
effect on olfactory sensory neurons leading to metabolic and 
functional disturbance (Heydel et al. 2013). Another pos-
sible mechanism of anosmia is the inflammatory response 
released against the virus including the release of pro-
inflammatory cytokines such as tumor necrosis factor-alpha 
(TNF-α) leading to damage of the olfactory epithelium 
which results in dysfunction of the sensory odorant neurons 
(Bryche et al. 2020; Meinhardt et al. 2021).

The regeneration of damaged olfactory sensory neurons 
usually takes from 8 to 10 days followed by another 5 days 
for the maturation of their dendritic processes (Schwob et al. 
1995; Schwob 2002; Brann and Firestein 2014; Liang 2018), 
which is longer than the recovery period of the smell dys-
function associated with SARS-CoV-2 that usually resolve 
or markedly improve in about one week (Lechien et al. 
2020a, b, c; von Bartheld et al. 2020), while damaged sus-
tentacular cells require a shorter time to regenerate (Schwob 
et al. 1995; Schwob 2002) which is more consistent with the 
duration of COVID-19 anosmia.

Affection of the frontal lobe (olfactory centers)

Although it is obvious that the respiratory tract is the most 
important site of infection, the brain has been shown to 
be affected by the virus or viral products. Lambrecq et al. 
(2021) reported frontal EEG changes in 24 cases out of 
35 positive COVID-19 patients (Lambrecq et al. 2021). 
Large cohort studies concluded that delirium and frontal-
type behavioral changes were often described in COVID-
19 patient (Helms et al. 2020). SARS-CoV-2 virus invades 
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the central nervous by binding to ACE2 receptor; however, 
the exact pathophysiology of SARS-CoV-2 neuro-invasive-
ness in different brain tissues during infection is still not 
completely understood (Li et al. 2020a, b). The expanded 
neurological manifestations associated with the infection 
led some researchers to believe that SARS-CoV-2 is neu-
rotropic (Butowt and Bilinska 2020; Gomez-Pinedo et al. 
2020; Paniz-Mondolfi et al. 2020; Politi et al. 2020). How-
ever, there is currently a lack of precise experimental proof 
of SARS-CoV-2 neuroinvasiveness in various brain tissues. 
In fact, it is still unknown if and how SARS-CoV-2 infects 
distinct parts of the brain after crossing the blood–brain bar-
rier (Zhang et al. 2021).

In postmortem study of positive COVID-19 patients died 
in the hospitals in Germany, it was reported that SARS-
CoV-2 was detected in the brain of 53% (21/40) of examined 
patients, though there was no clear evidence that SARS-
CoV-2 damages the CNS (Matschke et al. 2020). Postmor-
tem study of a 74-year-old male infected with SARS-CoV-2 
in China reported the presence of SARS-CoV-2 in the fron-
tal lobe tissues in the neural and capillary endothelial cells 
(Paniz-Mondolfi et al. 2020). In Italy, autopsy of a male 
54-year patient showed severe tissue damage, involving the 
olfactory nerve, the gyrus rectus, and the brain stem with 
detectable virus in the tissues (Bulfamante et al. 2020). In 
addition, analysis of human transcriptome databases showed 
that ACE2 receptor is strongly expressed on many brain 
locations, including the olfactory bulb, the pericytes, and 
endothelial cells supporting the permissiveness of the CNS 
to SARS-CoV-2 infection (Chen et al. 2020b). Sustentacu-
lar cells of the olfactory epithelium are primary supporting 
cells for the epithelium and important for the metabolism of 
olfactory neurons and odor perception; therefore, the dam-
age induced by SARS-CoV-2 in these cells may contribute 
to the olfactory impairments in COVID-19 patients (Bilinska 
et al. 2020). Interestingly, the previous variant of corona-
virus, SARS-CoV-1, that first emerged in China in 2002, 
could infect the olfactory neurons of mice transgenic for 
human ACE2. The initial infection was followed by rapid 
transneuronal transport of the virus to different areas of brain 
and was associated with death of the animal (Netland et al. 
2008).

On the other hand, other studies on human, hamster, and 
mice reported that the SARS-COV2 does not/ or less infect 
the olfactory receptor neurons (Bilinska et al. 2020; Brann 
et al. 2020; Bryche et al. 2020; Bilinska et al. 2021). The 
discrepancies in reports of the ability of the virus to infection 
the neurons may be attributed to the difference in the meth-
ods used to describe the expression of the receptor. Majority 
of the reports did not provide accurate quantitative analyses 
of the receptor expression. In addition, it is possible to get 
false positive results from immune fluorescence images of 
an infected sustentacular cell that phagocytosed a neuron 

or its debris. These cells which contain the viral protein co-
localized with a neuronal marker. Moreover, studies-based 
detection of the spike protein in the brain may provide false 
positive results result from the shed spike protein without 
containing the virus (reviewed by Butowt et al. (2021)).

Inflammatory obstruction of olfactory clefts

Most COVID-19 patients suffer from obstruction of 
olfactory clefts totally which causes olfactory dysfunction 
(Eliezer et  al. 2020), but the exact cause of olfactory 
clefts obstruction remains unknown (Trotier et al. 2007). 
Laurendon et al. found olfactory clefts accompanied by mild 
edema and olfactory bulbs in both sides in MRI of COVID-
19 patient (Laurendon et al. 2020). The interaction between 
SARS-CoV-2 and ACE2 may be the cause of this edema that 
could be one of the causes of anosmia.

Effect of zinc deficiency

Zinc (Zn) is an essential nutrient in the human body. It 
is needed for cell growth, differentiation, and survival 
(Andreini et al. 2006). Also, Zn acts as a cofactor for pro-
teins through catalytic functions of enzymes and transcrip-
tion factors and acting as a second messenger (Fukada and 
Kambe 2018). Zinc deficiency is a predisposing factor of 
COVID-19 because its deficiency causes thymic atrophy and 
depression in both adaptive and innate immune responses 
which increase the susceptibility to infection (Shankar and 
Prasad 1998). SARS-CoV-2 virus causes Zn deficiency after 
infection through the utilization of cellular Zn for viral rep-
lication and chelation (Wessels et al. 2020). The level of 
Zn is decreased to in 60% of patients with a viral infection, 
and stayed low for several weeks (Srinivas et al. 1988). Zn 
deficiency is a common cause of anosmia because of the 
decrease in the function of zinc-dependent metalloenzyme 
called carbonic anhydrase (CA) which is a critical enzyme 
to maintain the smell function (Komai et al. 2000). Hence, 
Zn level is correlated to COVID-19 anosmia.

The implication of anosmia in early 
diagnosis of COVID‑19

Anosmia is an early and sometimes the only symptom of 
COVID-19, which could be a beneficial tool for early detec-
tion and prevention of further spread of the pandemic for the 
following reasons:

• The high prevalence of anosmia in COVID-19 patients. 
A multicenter case series that was conducted on 1420 
European COVID-19 cases (laboratory-diagnosed with 
RT-PCR), using a standardized questionnaire, showed 
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that 997 cases (70.2%) reported smell loss (Lechien et al. 
2020a, b, c). Another multicenter European study, that 
used certain questionnaires based on the smell and taste 
component of the National Health and Nutrition Exami-
nation Survey and the short version of the Questionnaire 
of Olfactory Disorders-Negative Statements (sQOD-NS), 
showed that out of 417 laboratory-confirmed COVID-
19 cases with RT-PCR, 357 cases (85.6%) had olfactory 
dysfunction, among them, there was 284 (79.6%) having 
anosmia (Lechien et al. 2020a, b, c).

• Anosmia can be the earliest symptom of COVID-19 
(Lechien et al. 2020a, b, c; Vaira et al. 2020a, b). The 
prospective multicenter cohort study done on 55 French 
patients mainly complaining of loss dysfunction with 
51 of them were COVID-19 positive based on RT-PCR; 
olfactory dysfunction revealed that the impairment of the 
smell sensation was the first symptom in 16 (29.1%) of 
the patients (Salmon Ceron et al. 2020).

• Anosmia as a symptom of COVID-19 can be of sudden 
onset, spontaneous recovery, and a variable duration (it 
may last below or more than 5 days with a maximum of 
2 weeks in some cases, but it can last even more than 
this period in other patients). Anosmia was also reported 
without any association of nasal obstruction or rhinor-
rhea in a considerable proportion of COVID-19 cases 
(Lechien et al. 2020a, b, c). In an aforementioned study, 
made on 55 patients in France, there were 47 (88.7%) 
out of 53 of them complained of a sudden onset of smell 
affection (Salmon Ceron et al. 2020). Besides this, in a 
study performed in Italy on 53 COVID-19 cases who 
experienced chemo-perceptive affection, 35 (66%) of 
them reported spontaneous complete recovery of their 
chemosensory dysfunction; nonetheless, by using the 
Connecticut Chemosensory Clinical Research Center 
olfaction test and another standardized test for taste, 
the results asserted that there were still 80% of these 
patients with some levels of chemosensory diminution 
(Vaira et al. 2020a, b). In addition, it was reported by an 
abovementioned study (of 1420 cases) that of those with 
smell loss (997 cases), there were 29.4% without nasal 
obstruction and 38.5% without rhinorrhea (Lechien et al. 
2020a, b, c).

• Smell affection due to COVID-19 is very common in 
young patients who spend a lot of their time outdoors 
leading to more spread of the disease (Lechien et al. 
2020a, b, c; Salmon Ceron et al. 2020).

All these reasons encourage using smell tests as a screen-
ing tool for COVID-19. In spite of the predicted low speci-
ficity of these tests, as anosmia is a common symptom of the 
abovementioned diseases and it can be caused by some of 
the drugs used for COVID-19 treatment, their predicted high 
sensitivity (for the reasons mentioned above) may be useful 

in early detection of cases or even asymptomatic carriers, 
and the presence of other coexisting COVID-19-related 
symptoms (e.g., fever, dry cough) during smell testing time 
can support the test positive result; then, the diagnosis can 
be confirmed in positively tested subjects by viral detection 
methods.

Major pathologies and features of anosmia

Many agents and various pathologies can cause anosmia 
such as COVID-19, Parkinson’s disease, Alzheimer’s dis-
ease, rhinosinusitis (influenza & allergic rhinitis), drugs, 
normal aging, stroke, human immunodeficiency virus, head 
trauma, environmental exposure (smoking, air pollution), 
depression, and schizophrenia. In various pathological con-
ditions, anosmia is a reliable early symptom. Viral infec-
tions, such as SARS-CoV-2 and influenza virus, are common 
causes of anosmia (Table 1).

Anosmia caused by influenza and common cold 
viruses

Upper respiratory tract infections (URTIs) are a major cause 
of anosmia (Kalogjera and Dzepina 2012). The permanent 
smell loss in adulthood is most commonly caused by URS 
viruses (influenza, colds) (Deems et al. 1991). Rhinoviruses 
(RVs) are the main cause of common colds (Blaas 2016). 
The sense of smell can be affected by the viruses through 
two mechanisms of action. The first mechanism, induced by 
RVs and other coronavirus infections except SARS-CoV-2, 
is inducing inflammation in the nasal mucosa coating nasal 
passages. The mucosa becomes swollen and coated with 
a covering of nasal discharge leading to nasal obstruction 
which causes anosmia by preventing the odorant molecules 
from reaching and binding to their targeting receptors or by 
reducing the airflow which reduces the number of odorant 
molecules entering the nasal cavity (Akerlund et al. 1995; 
Rebholz et al. 2020). The second mechanism includes the 
damaging of the olfactory epithelium and its included nerves 
and cells (Welge-Lüssen and Wolfensberger 2006).

Anosmia after flu infection is possible as with other 
viruses (Suzuki et al. 2007). Loss of olfactory and taste sen-
sations has not been discussed within the clinical features 
of the flu in medical literature (Paules and Subbarao 2017; 
Cavallazzi and Ramirez 2018). In a retrospective and obser-
vational study conducted in NFC (Nord Franche-Comté) 
Hospital, including 70 patients with confirmed COVID-19 
and 54 patients with influenza Type A and B, loss of smell 
and taste sense was confirmed in 17% and 20%, respectively 
in the influenza group, while in the COVID-19 patients, the 
loss of smell and taste was recorded in 53% and 49%, respec-
tively (Zayet et al. 2020).
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Anosmia in allergic rhinitis

Allergic rhinitis affects the nasal cavity because of the exces-
sive inflammatory response of the immune system to sev-
eral allergens present in the air such as bacteria, viruses, 
mold, dust, and pollen. The symptoms of allergic rhinitis are 
developed due to damage of the olfactory mucosa includ-
ing sneezing, rhinorrhea, nasal itching, nasal blockage, and 
conjunctivitis, and loss of sense of smell and taste (Rebholz 
et al. 2020). Anosmia is also associated with allergic rhinitis 
(Imamura and Hasegawa-Ishii 2016; Rebholz et al. 2020). 
In the case of rhinitis/sinusitis, the interruption of airflow 
loaded with molecular particles to olfactory sensory neurons 
due to nasal obstruction is the main cause of loss of olfac-
tory sense, but damage to the olfactory mucosa is also one 
of the possible causes (Imamura and Hasegawa-Ishii 2016).

Drug‑induced anosmia

Among COVID-19 patients, about 13% of the cases of anos-
mia are reported to be induced by drugs (Tuccori, Lapi et al. 
2011). Many drugs impair the smell function (Ackerman 
and Kasbekar 1997; Fernández Fernández et al. 2000; Kraus 
and Vitezic 2000; Manzano Alonso et al. 2001; Chen et al. 
2002; Kharoubi 2003; Ferraro et al. 2019) (Table 2). Smell 
disorders associated with drugs have two possible; direct 
and indirect. The direct mechanism includes a disturbance 
in both neurotransmitter function and neural interaction in 
sensory coding brain areas. The indirect mechanism includes 
modifications to the chemical environment of the sensing 
receptor, as well as physical barriers that prevent chemi-
cal molecules from reaching receptors (Doty and Bromley 
2004). The macrolide azithromycin, used as a part of the 
treatment plan, is known to cause several chemosensory 
side effects including anosmia and parosmia (Ferraro et al. 
2019). Also, drugs used for the treatment of hypertension 
(such as ACEIs and ARBs) and DM (such as thiazolidin-
edione) which are major comorbidities of COVID-19 infec-
tion are believed to cause upregulation of ACE2 receptors in 
both olfactory and oral mucosa which may worsen anosmia 
caused by COVID-19 infection (Fang et al. 2020).

Management and treatment options 
of COVID‑19 anosmia

Corticosteroids are used to treat edema and inflammation 
associated with COVID-19 anosmia. However, the French 
Society of Otolaryngology recommends that corticosteroids 
should not be used in the treatment of SARS-CoV-2 anosmia 
(Russell et al. 2020). Therefore, precautions should be taken 
when using steroids in such situations to avoid complications 
associated with this therapy such as immunosuppression. Ta
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Using steroids intranasally is helpful in reducing the exacer-
bation of viral infection in the upper respiratory tract, olfac-
tory dysfunction, and epithelial damage with less compli-
cation (Stenner et al. 2008; Jung and Kim 2020). Another 
strategy of the therapy is the administration of nasal saline 
irrigations containing drugs that act by competitive inhibi-
tion of ACE2 receptor (Wong et al. 2004), followed by nasal 
and oral corticosteroids (Lechien et al. 2020a, b, c).

ENT UK published a guide for the management of the 
loss of smell associated with COVID-19. They recommend 
considering referral when the symptoms of smell loss last 
more than 4–6 weeks in negative patients and do not have 
any other cause identified, or more than 3 months in COVID-
19 patients. In addition, the UK guidance recommended all 
patients with anosmia for more than 6 weeks with addi-
tional neurological symptoms regardless of COVID status 
to undergo MRI imaging of the brain (Walker et al. 2020) 
(Fig. 2). Patients are advised to follow the first-line treat-
ment measures, which is the use of topical corticosteroid 

sprays and smell training until the specialist visits. There 
is a simple available method for the recovery of anosmia, 
which is smell training (Hummel et al. 2009; Damm et al. 
2014; Pekala et al. 2016; Hummel et al. 2018; Kattar et al. 
2021). The exposure to odours frequently for a prolonged 
time reduces the threshold to these odours and produces a 
sensitizing effect (Miwa et al. 2019).

Using theophylline to inhibit phosphodiesterase activity 
is a general approach for the improvement of the olfactory 
sensitivity by prolonging the intracellular signalling cascade 
which increases odor perception; however, this pharmaco-
logical choice is not effective in most cases (Gudziol and 
Hummel 2009). Therefore, several doctors suggested that the 
surgical intervention could be a solution to anosmia. How-
ever, it remains difficult to predict the extent of improvement 
in the olfactory function after the operation (Scangas and 
Bleier 2017). Coffee can affect the sense of smell in COVID-
19 patients, because of its caffeine content. It improves the 
cases but the recovery rates depend on if the cases have 

Table 2  Drugs cause anosmia

Family Members

Angiotensin-converting 
enzyme inhibitors

Captopril, Enalapril.

Anti-hypertensive Diltiazem, Nifedipine, Amlodipine, Felodipine, Candesartan.
Antibiotic agents Azithromycin, Amikacin, Doxycycline, Ciprofloxacin, Cocaine, Cytosine, arabinoside.
CNS drugs Levodopa, Phenytoin, Tricyclic antidepressants, Amitriptyline, Imipramine, Lithium, Nortriptyline, Clozapine.
Anti-cancer Cisplatin, Methotrexate, Vincristine.
Anti-diabetic drugs Glipizide, Insulin, Metformin, Levothyroxine.
Others Auranofin, Colchicine, Gold, Methimazole, Corticosteroids (nasal), Propylthiouracil, β-Blockers, Fluvastatin, 

Interferon-α, Lovastatin, Midodrine, Pegylated, Diuretics, interferon, Terbinafine, Xylocaine (nasal), 
Flunisolide, Tobacco products, and smoking.

Fig. 2  Flow chart for management and treatment options of COVID-19 anosmia (adapted from Walker et al. 2020)
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any chronic disease such as hypertension, diabetes, or heart 
diseases—or not (Asiyeh et al. 2021). The recovery rate in 
cases without any chronic disease was higher than in cases 
with chronic diseases (Asiyeh et al. 2021).

Evaluation of the smell function 
during COVID‑19

There is a large number of smell tests that have been devel-
oped, such as the Connecticut Chemosensory Clinical 
Research Center olfactory test (CCCRC), the University 
of Pennsylvania Smell Identification Test (UPSIT), and the 
Self-administered Computerized Olfactory Testing System 
(SCOTS) (Cain et al. 1983; Doty et al. 1984; Doty 2007; 
Jiang and Liang 2015). We are focusing here on the first 
two mentioned tests because they were applied to evaluate 
olfactory dysfunction in COVID-19 patients.

The CCCRC test

It measures the smell threshold and odor identification 
ability.

The threshold measuring test

n-Butanol is used as the test substance. The highest con-
centration of this substance applied in this test is 4% and 
the concentrations are then decreased by 3 folds for each 
subsequent solution of n-butanol through the rest of the 
containers. Every container in the test has an opening that 
fits for one nostril. The subject is asked to sniff from an n- 
butanol container and a blank container (as a control) at each 
time to determine which container emits a stronger odor. The 
threshold is determined after 4 times of the correct answer 
at the same concentration. The average score of both nostrils 
represents the total score. Then, the composite score is deter-
mined; it ranges from 0 to 50, corresponding to the scores 
of the threshold test (Cain et al. 1983; Vaira et al. 2020a, b).

The odor identification test

It is composed of ten familiar odorants and ten distractors. 
The odorants are presented to each nostril, one at a time. The 
subject is asked to choose the correct odorant after smelling 
it. If the subject claims inability to smell an item, he/she 
does not have to identify it. The score scale of the odor iden-
tification (ID) test is from 1 to 10, and the composite score 
scale is from 0 to 50. The overall composite score (olfactory 
threshold composite score + odor identification composite 
score) is then calculated and compared to normative values 
(Cain et al. 1983; Vaira et al. 2020a, b).

Despite the elegant approach, the test has some disadvan-
tages (e.g., no standardization of odorants of the identifica-
tion test, inability to detect malingerers, and the test duration 
is relatively long (about 35 min)) (Doty 2007).

The UPSIT (the 40‑odorant identification test)

This test is present in the form of 4 ten-page booklets, every 
page contains a “scratch and sniff” strip embedded with a 
specific microencapsulated odorant and a multiple-choice 
question about it. The odor can be sniffed by one or both nos-
trils at a time. After sniffing the odorant, the patient selects a 
choice related to the odor out of four alternatives per ques-
tion even if the odor is not perceived. After determining 
the total score of the test (according to the total number of 
the correct answers), the score is compared with standard 
database scores to estimate the degree of the patient's smell 
function (Doty et al. 1984; Doty 2007). This test is not a 
time-consumer (it takes about 10 to15 min). Table 3 shows 
the standard cut-off points of the total scores of UPSIT and 
CCCRC test (Moein et al. 2020; Vaira et al. 2020a, b).

Conclusion

The prevalence of anosmia is high among COVID-19 
patients and may affect the quality of their life. Anosmia 
associated with COVID-19 can be the only disease-
presenting symptom that puts ENT doctors in the first 
line of COVID-19 contact. Therefore, anosmia must be 
considered by health workers an indication of suspicion for 
empirical diagnosis of COVID-19 infection. ENT specialists 
recommend several approaches for treatment of COVID-19 
associated anosmia including pharmacological, surgical and 
smell training approaches.
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