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Abstract

Objective This study aimed to define the clinical course of anosmia in relation to other clinical symptoms.

Methods 135 patients with COVID-19 were reached by phone and subsequently included in the study. Olfactory functions
were evaluated using a questionnaire for assessment of self-reported olfactory function. Patients were divided into four sub-
groups according to the presence of olfactory symptoms and temporal relationship with the other symptoms: group1 had only
olfactory complaints (isolated, sudden-onset loss of smell); group2 had sudden-onset loss of smell, followed by COVID-19
related complaints; group3 initially had COVID-19 related complaints, then gradually developed olfactory complaints; and
group4 had no olfactory complaints.

Results In total, 59.3% of the patients interviewed had olfactory complaints during the disease course. The olfactory dysfunc-
tion severity during COVID-19 infection was significantly higher in groupl compared to groups 2 and 3. In groups1-3, the
odor scores after recovery from COVID-19 disease were significantly lower compared to the status prior to disease onset.
The residual olfactory dysfunction was similar between groups! and 2, but was more evident than group3. Mean duration for
loss of smell was 7.8 +3.1 (2—-15) days. Duration of loss of smell was longer in groupsl and 2 than in group3. Odor scores
completely returned back to the pre-disease values in 41 (51.2%) patients with olfactory dysfunction. Rate of complete
olfactory dysfunction recovery was higher in group3 compared to groups1 and 2.

Conclusion In isolated anosmia cases, anosmia is more severe, and complete recovery rates are lower compared to the
patients who have other clinical symptoms.

Level of evidence Level 4.
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Introduction course of this pandemic, in addition to the initially described

symptoms like fever, cough, and shortness of breath, other
Coronavirus disease 2019 (COVID-19), caused by severe ~ symptoms that were not initially recognized like olfactory
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),  and gustatory dysfunctions have been started to be reported
has resulted in a worldwide pandemic [1]. Through the [2, 3]. Increased recognition of these olfactory/gustatory

P< Ahmet Necati Sanli 3 Department of General Surgery, Cerrahpasa Medical Faculty,
ahmetnecatisanli @ gmail.com Istanbul University-Cerrahpasa, Istanbul, Turkey

Department of Internal Medicine, Istanbul Medipol

Department of Otorhinolaryngology, Biruni University, University, Istanbul, Turkey

Istanbul, Turkey
Department of Otorhinolaryngology, Medicalpark Florya

Department of Otorhinolaryngology, Istanbul Sancaktepe, Hospital, Istanbul, Turkey

Education and Research Hospital, Istanbul, Turkey
Department of Radiology, The University of lIowa, Iowa,

Department of Radiology, Acibadem Kozyatagi Hospital, USA

Istanbul, Turkey
Department of Otorhinolaryngology, Istanbul

Department of Neurology, Istanbul Medipol University, University-Cerrahpasa, Istanbul, Turkey

Istanbul, Turkey

@ Springer


http://orcid.org/0000-0002-1483-8176
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-020-06496-5&domain=pdf

1892

European Archives of Oto-Rhino-Laryngology (2021) 278:1891-1897

symptoms is extremely important not just for patient man-
agement, but also for timely initiation of isolation precau-
tions to curb the spread of this pandemic. Additionally,
earlier detection of the disease may increase the overall
prognosis of the patient by earlier utilization of diagnostic
procedures and timely initiation of treatment [4].

There is increased recognition of loss of smell and taste
complaints in patients with confirmed COVID-19 infection
[5-7]. However, pathogenesis of anosmia related to SARS-
CoV-2 has not been clearly defined [5]. Olfactory dysfunc-
tion may be isolated and with sudden onset followed by
usual progression to anosmia over time. While incidence of
loss of smell has been reported in up to > 80% of COVID-19
patients in some series, 11.8-35.5% of patients may exhibit
olfactory dysfunction without any other symptoms [6, 7].
Majority of patients do not have nasal obstruction or rhinor-
rhea symptoms, and olfactory dysfunction usually occurs
without sinonasal disease, which renders COVID-19 related
olfactory dysfunction distinct from the rest of post-viral
olfactory dysfunction [5, 6].

Details of olfactory dysfunction in COVID-19 patients
are still vague and more research to define its relation to
other clinical findings, course over time, and potential patho-
genesis would help to better characterize and understand
the disease.

This study aimed to determine the clinical features of
olfactory dysfunction observed in patients with COVID-
19 and describe its temporal evolution through the disease
course and relation to other clinical symptoms.

Materials and methods
Participants

In this study, we aimed to evaluate the temporal evolution of
odor disorder in a cohort of COVID-19 patients admitted to
our hospital. We retrospectively reviewed the hospital data-
base for COVID-19 patients presenting to a single institu-
tion. COVID-19 infection was confirmed either by polymer-
ase chain reaction (PCR) on a swab test and/or findings of
pneumonia consistent with COVID-19 pneumonia on chest
computed tomography (CT). We identified a total of 217
patients discharged prior to end of March 2020. Detailed
medical histories of the patients were obtained from hos-
pital records. Patients with previous head trauma, chronic
sinonasal disease, neurological disease, metabolic disease,
pregnancy, and age < 18 years were excluded.

The patients were then contacted via phone calls and a
survey using structured questionnaires focusing on general
clinical findings and sense of smell was performed. Infor-
mation on the presence of olfactory dysfunction, its onset,
overall course and accompanying findings was obtained.
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Patients’ complaints related to COVID-19 were listed in a
chronological order. This study was approved by the Insti-
tutional Ethical Committee (KAEK No: 315) and was per-
formed in accordance with the Declaration of Helsinki.

Based on olfactory dysfunction status, general symptoms,
ENT symptoms, and the clinical course of these symptoms,
the patients were divided into four groups: Group 1 included
patients with isolated, sudden-onset loss of smell and no
other complaints during disease course or follow-up, but
hospitalized for chest CT findings; group 2 included patients
with initial sudden-onset loss of smell, followed by COVID-
19 related symptoms like fever, cough, shortness of breath,
sore throat, and diarrhea; group 3 included patients with
initial COVID-19 related complaints and gradual develop-
ment of olfactory dysfunction; and group 4 included patients
with COVID-19 related complaints without any olfactory
dysfunction during the disease.

Evaluation of olfactory function

Olfactory functions were evaluated using the question-
naire by phone for the assessment of self-reported olfac-
tory function and olfaction-related quality of life, which
tests the subjective olfactory capability (SOC) [8]. Due to
COVID-19 measures, these patients were not further evalu-
ated with objective olfaction tests such as Sniffin” Sticks test
to minimize disease spread and contamination risk. SOC
of the patients before the disease, during the disease, and
during the recovery period was assessed. In order to assess
the olfactory discrimation, patients were asked to rate odor
identification from common household supplies including
spice (tangerine, mint, clove, ginger), drink (Turkish coffee
or Turkish raki), a cleaning supply (Clorox or soap) and
lemon cologne (widely available across households due
to traditional usage, and frequently used as a disinfectant
during the pandemic). Self-scoring was used to assess the
olfactory function. All the patients were asked to rate their
ability to smell on a scale of 1-10 (0, unable to smell; 10,
best possible sense of smell) [8]. This form was specifically
integrated with questions regarding the olfactory function
during the disease in order to assess the subclinical course
of olfactory dysfunction in patients with COVID-19.
Differences in the self-rating scores prior to and during
the disease among groups 1, 2, and 3 were used as an indica-
tor of the severity of olfactory dysfunction. When calculat-
ing the olfactory dysfunction recovery rate, the difference
between the odor score at the end of the first month and the
odor score prior to disease was expressed as percentile.

Statistical analysis

Statistical analyses were performed using SPSS for Win-
dows, version 21 (SPSS, Chicago, IL, USA). Shapiro—-Wilk
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test was used to check the normal distribution of the vari-
ables. Continuous variables were presented as mean + stand-
ard deviation (SD), and categorical variables as frequency
(n) and percentage (%). Kruskal-Wallis test, Mann—Whitney
U test, and Wilcoxon signed-rank test were used to compare
the scores prior to disease, during the disease and recovery
period. A two-sided p value <0.05 was considered statisti-
cally significant.

Results

Out of a total of 217 patients presented with COVID-19
during March 2020, 38 patients could not be reached subse-
quently, two patients succumbed to the disease, three patients
had chronic olfactory issues, 10 patients did not accept the
survey, and 29 patients could not provide clear informa-
tion about the symptoms. Thus, a total of 135 patients (61
females and 74 males) aged 39.8 + 11.3 (18-66) years were
interviewed. Average duration between the onset of olfactory
dysfunction and survey was 31.9+2.8 (21-40) days.

Group 1 comprised 14 patients (10.4%), group 2 of 42
patients (31.1%), group 3 of 24 patients (17.8%), and group
4 of 55 patients (40.7%). In total, 59.3% of the patients had
olfactory complaints. Further information on demographic
data and clinical characteristics of the groups are provided
in Table 1.

Cases with olfactory dysfunction (groupss I-III) were
significantly younger with female predominance (mean
age 37.1+10.6 (22-65) years; 58.8% females) compared
to patients without olfactory dysfunction (group 4; mean
age 43.7+11.3 (18-66) years; 25.5% females) (p=0.001
and p <0.001, respectively). There was no significant differ-
ence in age distribution among the subgroups with olfactory
dysfunction.

Self-rating olfactory scores prior to disease were higher
in group 1 (9.4+0.5 (9-10)) than in group 2 [8.8 +1
(6-10)] and 3 [8.8+1.3 (6-10)] (p=0.005 and p=10.03,
respectively) (Fig. 1), (Table 2). The olfactory dysfunction
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Fig. 1 Self-rating olfactory scores

severity during COVID-19 infection was significantly higher
in group 1 (8.4+1.9 (3-10)), compared to group 2 [7.6+2
(3-10)] and 3 [6.2 +2.6 (1-10)], (Fig. 1), (Table 2). Simi-
larly, olfactory dysfunction severity in group 2 was signifi-
cantly higher than group 3 (Table 2) Total loss of smell (self-
rating score: 0) was reported in a total of 64.3%, 59.5%, and
29.2% of patients in groups 1, 2, and 3, respectively (Fig. 2).

In these three groups, the odor scores after recovery from
COVID-19 infection were significantly lower compared to
scores prior to disease onset. The residual olfactory dys-
function was similar between groups 1 and 2, but was more
evident than group 3 (p=0.01).

Olfactory scores completely returned back to the pre-
disease scores in 51.2% of patients (41 patients) with olfac-
tory dysfunction, with a mean duration of olfactory dys-
function of 7.8 +3.1 (2—15) days. Sense of smell recovered
by 75-100% in 75% of patients with a mean duration of
olfactory dysfunction in 8.4 + 3.4 days. Rate of complete
olfactory dysfunction recovery was higher in group 3 com-
pared to groups 1 and 2 (28.6% in group 1, 50% in group
2, and 66.7% in group 3; p=0.023 and p=0.189, respec-
tively) (Fig. 2). Similarly, recovery of olfactory dysfunction
by 75-100% was more prevalent in group 3 compared to
groups 1 and 2 (57.1% in group 1, 66.7% in group 2, and

Table 1 Demographics and

o o Groups Age (years) Gender (F/M) n (%) Comorbidities (%) Smoking
clinical characteristics of the
groups Group 1 n=14 35.4+9.5(25-54) 12 (85.7%)/2 (14.3%) Bronchitis 14.3% 2 (14.3%)
Group 2 n=42 37.6+11 (22-65) 26 (61.9%)/16 (38.1%)  Hypertension 7.1% 4(9.5%)
Bronchitis 7.1%
Cardiac disease 2.4%
Group 3 n=24 37.2+10.6 (23-61) 9 (37.5%)/15 (62.5%)  Hypertension 4.2% 9 (37.5%)
Bronchitis 4.2%
Group 4 n=55 43.7+11.3 (18-66) 14 (25.5%)/41 (74.5%)  Cardiac disease 5.5% 11 (20%)

Hypertension 5.5%
Diabetes 3.6%
Bronchitis 3.6%

Values are presented as mean + standard deviation (SD), F' Female, M Male
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Table 2 Olfactory function Group 1 Group 2 Group 3 p! p2 p3
features of groups
Before olfactory 9.4+0.5 (9-10) 8.8+1(6-10) 8.8+1.3(6-10) 0.005° 0.03" 0.911
scores (self-
rating)
OD severity 8.4+1.9 (3-10) 7.6+2(3-10) 6.2+2.6(1-10) 0.040° 0.003"  0.048"
Duration (days) 83+29(5-14) (85+£3.6(2-15) 6.3+1.5(4-10) 0.909 0.036"  0.032°

Values are presented as mean + standard deviation (SD); OD Olfactory dysfunction; P! Group 1 vs. Group
2; P? Group 1 vs. Group 3; P> Group 2 vs. Group 3

*Mann-Whitney U test

217 patlents admitted to the hospital

135 paltns were Interviewed via phone

Group 3 Group 4
(gradual onset anosmia after clinical symptoms)
n:24 (%17.8)

Group 2
(sudden onset anosmia as the initial symptom)
n:42 (%31.1)

Group 1
(Isolated-sudden onset anosmia)

(no anosmia)

n:14 (%10.4) n:55 (%40.7)

’ n:21 (%50) ‘

n:9 (%64.3) ‘ | N4 (%28.6) ’ ‘ n:25 (%59.5) ‘ ’ n:7 (%29.2) ’ ’ n:16 (66.7)

;}—} Total loss of smell
I:)—} Complete recovery rates

Fig.2 The flowchart summarizing percentages of total loss of smell and complete recovery rates by groups

100% in group 3, p=0.01 and p <0.001, respectively). Dura-

tion of loss of smell was longer in groups 1 (8.3+2.9 (5-14)

days) and 2 [8.5+3.6 (2-15) days] than in group 3 (6.3 £ 1.5 Patients with OD  Patients without ~ p

(4-10) days] (p=0.036 and p =0.032, respectively; Table 2). (Groups 2-3) n (%) OD (Group 4) n
Cases who developed other COVID-19 related symptoms (%)

after initial olfactory dysfunction, interval between olfac-

Table 3 Olfactory dysfunction and coexisting COVID-19 related
symptoms

Symptoms

Fever 39 (59.1%) 30 (54.5%) 0.615
tory dysfunction and other COVID-19 related findings was Cough 35 (53%) 21 (38.2%) 0.103
1.6+2.6 (0-15). Fever (59.1%), cough (53%), and diarthea ;. ihea 30 (45.5%) 6 (10.9%) 0.000"
(45.5%) were the most common findings in patients with  yjiccle ache 14 (21.2%) 7 (12.7%) 0.220
olfactory dysfunction. Olfactory dysfunction and co-exist-  pjigyneq 8 (12.1%) 4 (7.3%) 0.374
ing typical COVID-19 symptoms are presented further in  nyqa1 congestion 12 (18.2%) 3(5.5%) 0.034*
Table 3. Nasal congestion symptoms was more prevalentin - gaadache 5 (7.6%) 6 (10.9%) 0.525
cases with olfactory dysfunction [12 cases (18.2%)] com-  Ty64¢ pain 3 (4.5%) 8 (14.5%) 0.057
pared to patients without olfactory dysfunction [3 cases  gyoye 14 (21.2%) 18 (32.7%) 0.153
(5.5%)1 (p=0.034). Appetite loss 5(7.6%) 3(5.5%) 0.640

OD Olfactory dysfunction

Discussion
Olfactory dysfunction has been reported at a high rate in

COVID-19 patients in more recent studies, with suggestions
to include sudden-onset anosmia as a screening criterion
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*Mann-Whitney U test

for COVID-19 [8, 9]. Initial experience regarding the dif-
ferences in clinical presentations/disease course of these
patients has been published in large-case series; however, no
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subgroup analysis to better delineate the study populations
has been performed [6, 7, 9]. The distinguishing feature of
the current study is segregation of COVID-19 related olfac-
tory dysfunction into different patterns to better characterize
the clinical course of COVID-19 related olfactory dysfunc-
tion. In this study, we observed three different patterns of
olfactory dysfunction in COVID-19 disease as (1) isolated,
sudden-onset loss of smell and no other complaints during
disease course or follow-up; (2) initial sudden-onset loss of
smell, followed by other COVID-19 symptoms; (3) initial
COVID-19 complaints and gradual development of olfac-
tory dysfunction.

Various hormonal and genetic factors may account for the
gender differences in the clinical course of viral infections
[10]. COVID-19 is more common, has more severe course,
and is associated with higher mortality rates in males [11]
While COVID-19-associated loss of smell is associated with
a milder clinical course and more common in female [6, 12].
In our study, COVID-19 related olfactory dysfunction was
more prevalent in females, and patients with olfactory dys-
function were younger compared to those without hyposmia/
anosmia. This might be related to better sense of smell in
women than men and increased sensitivity of females to any
change in olfactory function as they use their sense of smell
more frequently in daily life.

Pathogenesis of COVID-19 anosmia

Several theories have been proposed to explain the patho-
genesis of COVID-19 related anosmia. One plausible mech-
anism is high viral load in nasal mucosa with secondary
inflammation which may result in direct injury to olfactory
epithelium [13]. Another plausible mechanism involves
angiotensin converting enzyme 2 (ACE2) receptors [14].
The olfactory epithelium has been found to express ACE2
and TMPRSS2, which may enable SARS-CoV-2 to invade
the olfactory mucosa and olfactory bulb, and result in sub-
sequent dysfunction [14—16]. However, ACE2 expression
is mainly seen in non-neuronal cell types like sustentacu-
lar, Bowman’s gland, and microvillar cell, favoring indirect
mechanisms of injury [17].

An interesting observation in this study was the more
severe and longer olfactory dysfunction in patients with
isolated, sudden-onset loss of smell compared to patients
who gradually developed olfactory dysfunction. This sug-
gests that initial loss of the olfaction due to immune response
at nasal cavity may help alleviate the systemic effects of
COVID-19. This is also supported by the observations that
COVID-19 patients with olfactory dysfunction have milder
disease course and better prognosis compared to COVID-
19 cases without anosmia. Whether this mechanism helps
prevent both central neuroinvasion and viremia should be
further studied.

In our study, similar to the previous literature, younger
patients with COVID-19 had more frequent and severe olfac-
tory dysfunction. However, Brann et al. reported that juve-
nile mice had lower expression of ACE2 and TMPRSS?2 in
the olfactory epithelium and subsequently had lower olfac-
tory dysfunction [17]. This discrepancy suggests that mecha-
nisms other than ACE2 and TMPRSS2 pathway might be
involved in COVID-19 related anosmia.

Olfactory cleft width is an important parameter affecting
olfaction [18]. Our research group has previously showed
olfactory cleft width as a risk factor for COVID-19 related
anosmia [19, 20]. As olfactory cleft width and volume
increases, there is increase in mucosal surface area which
may lead to higher viral load and resultant neuronal and sus-
tentacular cell damage. Anosmia might be related to inflam-
mation localized to olfactory cleft and seen in patients with
nasal reaction due to viral load.

Clinical features of COVID-19 anosmia

A distinctive feature of COVID-19-associated anosmia is
its transient course, with its sudden onset independent of
other features, with gradual improvement over a short course
(about 2 weeks) [6].

Nasal obstruction-related loss of smell is very common in
viral infections; however, anosmia associated with COVID-
19 is not commonly accompanied by nasal obstruction/con-
gestion [6, 14, 21]. Similarly, in our study, the association of
olfactory dysfunction with nasal congestion was found to be
low with a ratio of 18.2%. Kaye et al. reported that in cases
with COVID-19 anosmia 25% had nasal congestion and 18%
had rhinorrhea [22]. This supports the hypothesis that mech-
anisms other than obstruction are involved in COVID-19
anosmia. Olfactory scores completely returned back to the
pre-disease scores in 51.2% of patients after a mean duration
of 7.8 +3.1 (2-15) days. The rates of complete and partial
recovery of olfactory dysfunction in Kaye et al.’s study were
13% and 14%, respectively [22]. Our study had significantly
higher olfactory function recovery rate. Available literature
supports spontaneous improvement with a mean duration
of 2-3 weeks [23, 24]. However, cases with symptoms last-
ing more than 1 month, so called persistent anosmia, have
also been reported [25-27]. Considering the fact that olfac-
tory epithelium undergoes regeneration over 6—8 weeks,
SARS-COV2 may result in anosmia longer than 2-3 weeks
due to the epithelia damage caused [28]. Kandemirli et al.
and Klein et al. reported cases with persistent anosmia at
4-month and 6-month period, respectively, suggesting that
there might be other potential mechanisms beyond epithelial
damage that lead to permanent anosmia. Further data on this
permanent anosmia are important to highlight the pathogen-
esis of COVID-19 anosmia.

@ Springer
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The difference of our study from similar studies in the
literature is as follows: we evaluated the severity and dura-
tion of anosmia, and total recovery rates in isolated anosmia
cases compared to the patients who have anosmia accompa-
nying other clinical symptoms. We found that that patients
with isolated, sudden-onset loss of smell had more severe
olfactory dysfunction, which seemed to correlate with the
longer recovery times in these patients.

Temporal relationship to other clinical symptoms

The most common presenting symptoms of COVID-19
including fever, cough, and headache can be seen in other
nonspecific viral upper respiratory tract infections [2, 29,
30]. In our study, fever (59.1%), cough (53%), and diarrhea
(45.5%) were the most common symptoms encountered in
patients with olfactory dysfunction. Olfactory dysfunction
may start before, after, or simultaneously with these clini-
cal symptoms, or it may be the only symptom. Kaye et al.
reported that olfactory dysfunction preceded COVID-19
diagnosis in 73% of cases and 27% of cases had anosmia
as an isolated symptom [22]. In our study, with lower rates,
olfactory dysfunction preceded COVID-19 diagnosis in
41.5% of cases, and in 10.4% of cases, anosmia was the sole
symptom.

Different studies across the world assessed the olfactory
function based on questionnaires to limit contamination and
spread. For the same reason, we used a similar question-
naire-based approach instead of objective psychophysical
olfactory test. This constitutes the main limitation of our
study [5-7, 31]. Additionally, survey was performed after
hospital discharge with a relatively long-interval questioned
during the disease course introducing an element of recall
bias. Another limiting factor is the single-center nature of
the study with relatively limited number of total cases.

Conclusion

The fact that more than 50% patients with COVID-19
develop sudden-onset anosmia prior to respiratory symptoms
makes it an important ancillary sign for the disease. Detailed
evaluation of the characteristics of olfactory dysfunction and
early identification and isolation of symptomatic and asymp-
tomatic carriers are important both for patient management
and contact isolation.

Our study described the different temporal evolution of
COVID-19-related anosmia with other clinical symptoms
to further characterize this symptom. In isolated anosmia
cases, anosmia was more severe and complete recovery rates
were lower compared to the patients who have other clinical
symptoms. Further studies on the pathogenesis of COVID-
19-related olfactory dysfunction will contribute not only to
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the pathogenesis of post-viral olfactory loss (PVOL), but
also to the immune response in COVID-19 infection.
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