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Abstract
Introduction: Chemosensory dysfunction (CD) has proven 
valuable in prediction of COVID-19, as it is a frequent and 
specific symptom of the disease. The aim of this study was to 
investigate the duration of CD in patients with sudden sub-
jective olfactory and/or gustatory loss during the SARS-
CoV-2 pandemic. The secondary aim was to identify possible 
prognostic factors for the duration of CD. Methods: An on-
line baseline questionnaire was designed to assess subjec-
tive CD. Three rounds of follow-up questionnaires were sent 
out to any participants with persistent CD in 6-week inter-
vals, prospectively assessing subjective chemosensory func-
tion and extending the follow-up time of this cohort signifi-
cantly. Results: In total, 467 participants completed the 
baseline questionnaire. The most significant improvement 
and recovery of chemosensory function was observed with-
in the first month after the initial loss. Rates became stagnant 
after about 2 months, and only little improvement and re-
covery was seen after 2–4 months. After a mean follow-up of 
95.9 days (olfactory dysfunction) and 94.0 days (gustatory 
dysfunction), 86.7% of participants reported gustatory im-
provement and 82.6% reported olfactory improvement, 
while 55.0% reported full gustatory recovery and 43.8% re-

ported full olfactory recovery. Female gender was associated 
with better improvement of gustatory function. High subjec-
tive severity of chemosensory loss was associated with lower 
rates of olfactory and gustatory recovery as well as improve-
ment of olfactory function. Young age was not associated 
with a better prognosis. Discussion/Conclusion: Rates of im-
provement and recovery of chemosensory function de-
creased after 2–4 months after initial chemosensory loss, 
possibly indicating that prolonged and perhaps permanent 
chemosensory loss may be a complication of SARS-CoV-2 in-
fections. High subjective severity of CD may worsen the 
prognosis for improvement and recovery of chemosensory 
function. © 2021 S. Karger AG, Basel

Introduction

The newest member of the Coronaviridae family, 
SARS-CoV-2, has in the wake of the COVID-19 pandem-
ic become the center of attention in media, politics, and 
fields of medicine. As an airborne virus with the ability to 
survive on surfaces for hours to days [1], the spread of 
SARS-CoV-2 has proven notoriously difficult to control 
in spite of comprehensive efforts in most countries. Be-
sides behavioral regulation, social precautions, and the 
use of personal protective equipment, early and effective 
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identification of the infected is crucial in mitigating the 
spread. The World Health Organization has pinpointed 
viral testing as a key component for successful prevention 
of COVID-19 [2]. This has emphasized the need for op-
timizing test strategies and identification of symptoms in 
order to augment the effect of available SARS-CoV-2 test 
resources.

Surprisingly, the chemosensory senses have proven to 
outmatch all other symptoms in the prediction of COV-
ID-19 [3, 4]. Chemosensory dysfunction (CD, including 
anosmia, hyposmia, ageusia, and hypogeusia) occurs in a 
large proportion of COVID-19 patients. Two meta-anal-
yses found pooled prevalence of olfactory dysfunction of 
41.0–61.0% and gustatory dysfunction of 38.2–49.0% in 
COVID-19 patients [5, 6]. Some studies have reported a 
prevalence of CD in up to 88% of COVID-19-positive pa-
tients [7].

A recent study that objectively measured the patients’ 
chemosensory function using the Connecticut Chemo-
sensory Clinical Research Center orthonasal olfaction 
test (in hospitalized patients) and a newly evaluated self-
administered test (home-quarantined patients) [8] found 
a prevalence of objective CD in 84.8% of the patients 
within 4 days of disease onset [9]. When testing for the 
presence of antibodies against SARS-CoV-2 in the blood 
of individuals who have reported CD, 1 study found that 
78% of patients had antibodies in the blood [10].

Although olfactory dysfunction is the predominant 
CD, it frequently occurs in combination with impaired 
taste and to some extent chemesthesis [11]. This has re-
sulted in the inclusion of sudden CD as a recognized 
symptom of COVID-19 [12] and actions to include smell 
tests as a screening for COVID-19 [3].

While the connection between COVID-19 and CD is 
well established [3], a more tenacious concern has sur-
faced for many patients after recovery from other COV-
ID-19 symptoms: when will I regain my sense of taste and 
smell? In late March 2020, the UK-based charity AbScent 

launched the Facebook group “COVID-19 Smell and 
Taste Loss.” Due to a deluge of members with persistent 
CD, this group exceeded 9,000 members in early October 
2020. Recent studies indicate that both subjective and ob-
jectively measured chemosensory function can be affect-
ed several weeks after recovery from other COVID-19 
symptoms [9, 13–16].

In patients with post-viral dysosmia prior to the CO-
VID-19 era, olfactory function has been shown to im-
prove in one-third of the patients over the course of 1 year 
[17]. However, this study was conducted in a specialized 
taste and smell clinic and as such represents the outcome 
of patients who have already suffered from dysosmia for 
several months.

While some studies indicate a high proportion of pa-
tients with an early recovery of the chemosensory func-
tion after 1 week [18], other studies indicate a gloomier 
prognosis for patients with a follow-up time of up to 10 
weeks [9, 13–16]. Studies with longer follow-up times are 
warranted to gain insights into the prognosis of COVID-
19-associated CD, as this can have substantial impact on 
both the patients recovering from COVID-19 and the re-
quirements of health-care systems to support complete 
recovery of patients.

The aim of the current study was to investigate the du-
ration of CD in patients with sudden-onset CD during the 
SARS-CoV-2 pandemic. Furthermore, the secondary aim 
was to identify possible prognostic factors for the dura-
tion of CD.

Materials and Methods

An online baseline questionnaire was designed in REDCap [19] 
and distributed online on social media, through national radio, 
national television, and on flyers in waiting rooms of general prac-
titioners and hospital outpatient clinics. Patients were eligible for 
filling out the survey if they were above the age of 18 and had ex-
perienced a sudden CD after February 27, 2020, when the first case 

Table 1. Demographics and subjective chemosensory function

Age, mean (IQR), years 43.6 (32–53)
Sex (male/female) 119/348
Smoking (former/present) 113/36
Subjective olfactory function before loss (VAS 0–100), median (IQR) 92 (81–100)
Subjective olfactory function after loss (VAS 0–100), median (IQR) 3 (0–15)
Subjective gustatory function before loss (VAS 0–100), median (IQR) 90 (82–100)
Subjective gustatory function after loss (VAS 0–100), median (IQR) 10.5 (1–28)

IQR, interquartile range; VAS, visual analog scale.
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of COVID-19 was confirmed in Denmark. RT-PCR test-verified 
COVID-19 was not a criterion for inclusion into the study, as CD 
was not acknowledged as a possible symptom of COVID-19 by the 
Danish health-care authorities until May 4, 2020 [20].

The baseline questionnaire included information on subjective 
olfactory, gustatory, and trigeminal sensory dysfunction, includ-
ing symptom onset, severity of CD (VAS score, range 0–100), and 
days until improvement and recovery. Gustatory dysfunction was 
assessed by asking participants if they had suffered loss of the abil-
ity to taste basic tastants (sweet, salty, sour, bitter, or umami), as 
this reduces the risk of participants misclassifying an olfactory dys-
function as a gustatory dysfunction. Furthermore, data were col-

lected on occurrence and timing of other COVID-19 symptoms, 
medical history, smoking, alcohol consumption, demographics, 
and earlier episodes of post-viral CD. Data from the first 109 re-
spondents of the baseline questionnaire have previously been pub-
lished [21].

Participants who had not fully recovered at the time of the base-
line questionnaire could enter their email address and give consent 
to receive follow-up questionnaires. Three rounds of follow-up ques-
tionnaires were sent out to these participants with persisting CD in 
6-week intervals. The follow-up questionnaire included information 
on subjective olfactory, gustatory, and trigeminal sensory dysfunc-
tion, days until improvement and recovery, and information on any 

Fully recovered after taste + smell loss (n = 147/405)
Fully recovered taste but not smell (n = 37)
Fully recovered smell but not taste (n = 11)
Fully recovered after isolated taste loss (n = 17/31)
Fully recovered after isolated smell loss (n = 11/31)
No email and not fully recovered (n = 25)
Participants for further follow-up (n = 267)

Completed baseline questionnaire (n = 467)

Follow-up questionnaire 1 (n = 121)

Follow-up questionnaire 2 (n = 99)

Follow-up questionnaire 3 (n = 124)

Fully recovered after taste + smell loss (n = 20/107)
Fully recovered taste but not smell (n = 15/107)
Fully recovered smell but not taste (n = 1/107)
Fully recovered after isolated taste loss (n = 0/8)
Fully recovered after isolated smell loss (n = 0/6)
Participants for further follow-up (n = 247)

Fully recovered after taste + smell loss (n = 6/79)
Fully recovered taste but not smell (n = 11/79)
Fully recovered smell but not taste (n = 0/79)
Fully recovered after isolated taste loss (n = 0/8)
Fully recovered after isolated smell loss (n = 0/12)
Participants for further follow-up (n = 241)

Fully recovered after taste + smell loss (n = 5/114)
Fully recovered taste but not smell (n = 14/114)
Fully recovered smell but not taste (n = 1/114)
Fully recovered after isolated taste loss (n = 0/0)
Fully recovered after isolated smell loss (n = 0/10)
Participants for further follow-up (n = 236)*

Fig. 1. Flowchart for chemosensory recovery and improvement in follow-up questionnaires. *Among the 236 
participants who had not achieved complete sensory recovery, 64 participants had not replied to any of the follow-
up questionnaires.
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subsequent SARS-CoV-2 antibody test results. Data collection was 
initiated on April 22, 2020, and ended on August 28, 2020.

Statistics
Differences between groups for parametric continuous data 

were calculated with a 2-tailed Student’s t test, whereas Wilcoxon 
test was used for nonparametric data. Pearson χ2 test was used for 
evaluating differences in categorical variables between groups. For 
parametric data, mean values were calculated and displayed along 
with 95% confidence intervals (95% CI). For nonparametric data, 
averages were calculated as median values and interquartile ranges 
were added to ensure an adequate representation of the underlying 
distributions. However, for some parametric data points, inter-
quartile range values are added to illustrate the underlying distri-
bution of data.

Results

In total, 467 patients completed the baseline question-
naire (demographics are shown in Table 1). Of these, 405 
had a combined subjective olfactory and gustatory dys-
function, 31 had an isolated olfactory dysfunction, and 31 
had an isolated gustatory dysfunction. The majority of 
participants chose to enter an email address in the base-
line questionnaire (n = 415).

The baseline questionnaire was completed on average 
2 months after onset of CD (mean 65 days, 95% CI: 62.6, 
68.4). At this time, gustatory function was normalized for 
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Fig. 2. Chemosensory improvement and recovery during the ini-
tial 4 months. Note that complete improvement/recovery (y-axis) 
is based on the initial chemosensory loss in the baseline question-
naire. In total, 25/467 participants did not choose to add email ad-
dresses for further follow-up and 64 participants did not reply to 
any of the follow-up questionnaires. As such, the longer duration 
estimates are based on the 203 participants who filled out one or 

more follow-up questionnaires. Although the rates of improve-
ment/recovery may be underestimated after day 65 (duration of 
chemosensory loss in baseline questionnaire), there seems to be a 
decrease in recovery rates for both senses after 1–2 months. To 
ensure sufficient data for the graph, the follow-up time displayed 
was restricted to the mean follow-up time of the follow-up ques-
tionnaire participants (128 days).
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201 participants (46.1%), while 94 participants (21.6%) 
had not yet had any improvement. The recovery from ol-
factory dysfunction was even slower, as only 169 partici-
pants (38.8%) had recovered completely, while 110 par-
ticipants (25.2%) had not experienced any improvement 
of olfactory function. In total, 163 participants (34.9%) 
had recovered from their CD when the baseline question-
naire was completed.

The follow-up questionnaires were sent out to all par-
ticipants who had not fully recovered (n = 292) and had 
entered their email address in the baseline questionnaire 
(n = 267; missing email address for 25 participants with-
out full recovery). Of these, 203 participants completed 
one or more follow-up questionnaires (Fig. 1). For these 
participants, follow-up time increased from 62.3 days 
(95% CI: 57.8, 66.7) to 128.8 days (95% CI: 122.8, 134.9). 
During the additional follow-up (n = 203), 66 participants 
experienced full gustatory recovery and 33 participants 
experienced full olfactory recovery (Fig. 2). At the end of 
the study (mean follow-up of 94.5 days), 82.6% of par-
ticipants reported olfactory improvement (360/436) and 
86.7% of participants reported gustatory improvement 
(378/436), while 43.8% reported full olfactory recovery 
(191/436) and 55.0% reported gustatory recovery 
(240/436) (Table 2).

Possible Prognostic Factors for the Duration of CD
Age did not significantly differ between the groups 

who had experienced gustatory improvement (mean dif-
ference: −0.47 years [95% CI: −3.6 to 2.7], p = 0.7674), 

gustatory recovery (mean difference: −0.64 years [95% 
CI: −3.1 to 1.8], p = 0.6056), olfactory improvement 
(mean difference: −0.63 years [95% CI: −3.7 to 2.5], p = 
0.6919), or olfactory recovery (mean difference: 0.09 
years [95% CI: −2.4 to 2.6], p = 0.9461) (Fig. 3). While fe-
males had a higher likelihood of gustatory improvement 
(χ2 = 5.358, p = 0.0206), no gender difference was found 
in gustatory recovery (χ2 = 0.087, p = 0.7675), olfactory 
improvement (χ2 = 0.146, p = 0.7020), or olfactory recov-
ery (χ2 = 0.590, p = 0.4423).

Smoking status did not seem to influence gustatory 
improvement (χ2 = 0.431, p = 0.8060); however, a history 
of smoking (past and current smokers) was associated 
with lower rates of gustatory recovery (χ2 = 13.843, p = 
0.0078). No significant associations were found for olfac-
tory improvement (χ2 = 0.802, p = 0.9381) or olfactory 
recovery (χ2 = 5.871, p = 0.2090).

A high subjective severity of initial olfactory dysfunc-
tion (visual analog scale [VAS]) was associated with both 
lower rates of olfactory improvement (mean VAS score 
difference: 5.6 [95% CI: 1.2, 9.9], p = 0.0124) and recovery 
(mean VAS score difference: 14.0 [95% CI: 9.6, 18.5], p < 
0.0001). A high subjective severity of initial gustatory dys-
function was associated with lower rates of gustatory re-
covery (mean VAS score difference: 9.4 [95% CI: 4.3, 
14.6], p = 0.0004), while no association was found be-
tween subjective severity of initial gustatory dysfunction 
and gustatory improvement (mean VAS score difference: 
0.3 [95% CI: −5.4 to 6.1], p = 0.9052).

Table 2. Olfactory and gustatory loss for patients with and without confirmed COVID-19

Olfactory dysfunction Gustatory dysfunction

total confirmed 
COVID-19

unknown 
COVID-19

difference total confirmed 
COVID-19

unknown 
COVID-19

difference

Patients 436 188 248 436 183 253
Gender (female), n (%) 323 (74.1) 148 (78.7) 175 (70.6) p = 0.0542 (χ2) 332 (76.1) 148 (80.9) 184 (72.7) p = 0.0489 (χ2)
Age, mean (95% CI), years 43.0 (41.7–44.2) 43.0 (41.3–44.8) 42.9 (41.2–44.7) p = 0.9395 

(t test)
43.8 (42.6–45.1) 43.3 (41.5–45.1) 44.2 (42.5–46.0) p = 0.4605 

(t test)
Sensory abilities before loss, median 
(IQR)

92 (81–100) 94.5 (84–100) 91 (81–100) p = 0.0383 
(Wilcoxon)

90 (82–100) 92 (82–100) 89 (81–98) p = 0.0958 
(Wilcoxon)

Sensory abilities after loss, 
median (IQR)

3 (0–15) 1 (0–8) 5 (0–20) p = 0.0002 
(Wilcoxon)

11 (1–28) 7 (0–22) 12 (2–35) p = 0.0087 
(Wilcoxon)

Days to improvement, mean (n) 
(95% CI)*

28.3 (n = 360) 
(25.7–30.9)

26.9 (n = 152) 
(23.3, 30.6)

29.3 (n = 208) 
(25.7, 32.9)

p = 0.3606 
(t test)

23.5 (n = 378) 
(21.3–25.7)

22.5 (n = 160) 
(19.3–25.6)

24.3 (n = 218) 
(21.1–27.4)

p = 0.4198 
(t test)

Days to recovery, mean (n) 
(95% CI)*

27.9 (n = 191) 
(24.5–31.2)

28.3 (n = 71) 
(22.6–34.1)

27.6 (n = 120) 
(23.5–31.7)

p = 0.8350 
(t test)

28.4 (n = 240) 
(25.4–31.5)

29.3 (n = 92) 
(24.0–34.6)

27.9 (n = 148) 
(24.2–31.6)

p = 0.6620 
(t test)

Days of follow-up (total), 
mean (n) (95% CI)*

95.9 (n = 436) 
(91.3–100.5)

87.4 (n = 188) 
(80.4–94.4)

102.3 (n = 248) 
(33.4–38.8)

p = 0.0016 
(t test)

94.0 (n = 436) 
(89.5–98.5)

87.1 (n = 183) 
(80.1–94.1)

99.0 (n = 253) 
(93.1–104.9)

p = 0.0111 
(t test)

Days of follow-up (no improvement), 
mean (n) (95% CI)*

110.5 (n = 76) 
(98.8–122.2)

102.6 (n = 36) 
(85.9–119.2)

117.7 (n = 40) 
(100.9–134.4)

p = 0.1992 
(t test)

114.3 (n = 58) 
(101.9–126.7)

112.7 (n = 23) 
(92.6–132.9)

115.4 (n = 35) 
(98.8–131.9)

p = 0.8366 
(t test)

Days of follow-up (no recovery), 
mean (n) (95% CI)*

117.9 (n = 245) 
(111.8–124.0)

105.3 (n = 117) 
(96.6–114.1)

129.3 (n = 128) 
(121.2–137.4)

p < 0.0001 
(t test)

116.8 (n = 196) 
(109.9–123.7)

102.6 (n = 91) 
(92.6–112.7)

129.1 (n = 105) 
(120.0–138.2)

p = 0.0001 
(t test)

95% CI, 95% confidence interval; IQR, interquartile range. * Note that not all patients had improved or recovered after the sensory loss at the time of data collection.
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Discussion

Main Findings
This study examined the severity, improvement, and 

recovery of subjective CD in a cohort during the SARS-
CoV-2 pandemic. We found that prolonged subjective 
olfactory and gustatory dysfunction after COVID-19 is 
not uncommon. The rate of recovery was most signifi-
cant during the first month after the initial CD. As 
shown in Figure 2, rates of improvement and recovery 
decreased between 1 and 2 months after the onset of 
CD.

Of the 203 participants who completed one or more 
follow-up questionnaires (response rate 76%), only 33 
participants reported full olfactory recovery and 66 par-
ticipants reported full gustatory recovery. At the end of 
the study (mean follow-up of 94.5 days), 86.7 and 82.6% 
of patients had experienced gustatory and olfactory im-
provement respectively, and 55.0 and 43.8% had experi-
enced full gustatory and olfactory recovery.

Young age was not associated with faster improve-
ment or recovery of chemosensory function. While re-
covery rates did not differ between genders, females were 
more likely to experience at least some improvement of 
gustation. A history of smoking was associated with low-
er rates of gustatory recovery. High subjective severity of 
initial sensory loss was associated with lower rates of im-
provement and recovery of olfaction and improvement of 
gustation.

Comparison with Previous Studies
Several studies have looked into chemosensory im-

provement and recovery after COVID-19 with follow-up 
times of 1–3 months (Table 3). Our data recapitulate the 
finding of previous studies that the rates of improvement 
and recovery of chemosensory function are high within 
the first month after symptom onset.

However, we found relatively low rates of recovery of 
chemosensory function compared to previous studies, 
with the mean time to recovery being approximately 4 
weeks. This can be partly explained by the fact that our 
follow-up time was longer than in previously published 
studies, causing patients with long recovery times to raise 
the mean. This however does not explain why a compar-
atively large proportion of our cohort had not recovered 
at follow-up. This could be due to a selection bias caused 
by the recruitment method, as it might have favored par-
ticipants who are more conscious of their sense of smell 
and taste and may therefore be more sensitive to an im-
pairment of these. Also, the baseline questionnaire was 
answered on average 2 months after the onset of CD, pos-
sibly favoring participants with a persistent dysfunction. 
As a rapid recovery of CD is seen in up to two-thirds of 
patients following COVID-19 [22], the included partici-
pants in the current study might mainly reflect the tem-
poral dynamics of CD in patients with prolonged CD.

Our data show that the rates of improvement and re-
covery become stagnant after about 2 months and only 
little improvement is seen during 2–4 months of follow-
up. This highlights the potential of subjective CD as a 
long-term complication of COVID-19, indicating that 

20 30 40 50 60 70 80 90
Participant age, years

20 30 40 50 60 70 80 90
Participant age, yearsa b

Fig. 3. Distribution of age and recovery. a Age distribution of participants with olfactory dysfunction (full color) 
and recovery (gray stripes) distribution. b Age distribution of participants with gustatory dysfunction (full color) 
and recovery (gray stripes) distribution.
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further research is needed to determine whether COVID-
19-related chemosensory loss can be permanent. Further-
more, uncertainties due to subjective assessment of che-
mosensory function and heterogeneity of study popula-
tions complicate the interpretation of current data and 
need to be addressed by future research.

Young age was not associated with faster improve-
ment or recovery of chemosensory function. Although 
this is in line with other studies on COVID-19-related 
olfactory loss [9, 16], it is surprising given that young age 
has previously been shown to be correlated with a better 
prognosis after post-viral anosmia [17].

Female gender was associated with a higher likelihood 
of gustatory improvement, while no significant associa-
tion was found between gender and gustatory recovery 
nor olfactory improvement/recovery. In all, 65.8% of par-

ticipants were female, indicative of females being more 
often affected by subjective CD or a selection bias due to 
the recruitment method, which might favor female par-
ticipation as females tend to be more conscious of their 
own health.

The true association between gender and improve-
ment/recovery of chemosensory function after COV-
ID-19 remains controversial, as different studies present 
contradictory results. Whereas some studies found no 
significant association [9], other studies have reported 
that female gender was associated with both better and 
worse prognosis of regaining normal olfactory function 
[13, 14].

High subjective severity of initial olfactory dysfunc-
tion was associated with lower rates of olfactory improve-
ment and recovery. This is in line with findings from 

Table 3. Overview of previous studies [9, 13–16, 35]

Study Method of chemosensory 
assessment

Population, n 
(mean age, 
years)

Follow-up 
time, mean 
(days)

Olfactory function 
at follow-up

Gustatory function 
at follow-up

Chiesa-
Estomba 
et al. [35]

Prospective, survey-based, 
telemedicine

751 (41) 47.7 Full recovery: 49%; 
improvement: 14%; 
no improvement: 37%

–

Vaira 
et al. [9]

Connecticut Chemosensory 
Clinical Research Center 
orthonasal olfaction test 
(hospitalized patients) or self-
administered olfactory and 
gustatory psychophysical test 
(home-quarantined patients)

138 (51.2) 60 5.8% with severe 
dysfunction

4.3% with severe 
dysfunction

Amer 
et al. [13]

Prospective, 
questionnaire-based

96 (34.3) 30 Full recovery: 33.3%; 
improvement: 41.7%; 
no improvement: 25%

–

Brandão Neto 
et al. [14]

Prospective, interview-based 655 (37.7) 76 Full recovery: 53.8%; 
partial improvement: 
44.7%; 
no improvement: 1.4%

Full recovery: 68.3%; 
partial improvement: 
27.6%; no 
improvement: 4.1%

Otte 
et al. [16]

Olfaction was tested using 
Sniffin’ Sticks (Burghart 
Messtechnik GmbH, Wedel, 
Germany), and gustation was 
tested using taste sprays

91 (43.01) 57.9 Hyposmia: 45.1%; 
normal range: 53.8%

–

Iannuzzi 
et al. [15]

Sniffin’ Sticks (Burghart 
Messtechnik GmbH, Wedel, 
Germany)

30 (47.5) ∼55 27% remained hyposmic; 
no patients remained 
anosmic

Only studies that have looked into improvement and recovery from COVID-19-related chemosensory dysfunction with follow-up 
times of more than 1 month were included.
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Amer et al. [13] who found that hyposmic patients recov-
ered faster than anosmic patients. However, caution is 
warranted in the interpretation of the subjectively rated 
severity of CD due to the risk of recall bias, which may 
affect the judgment of patients who were still suffering 
from CD when answering the questionnaires.

Consequences for Patients and Health-care System
Our findings indicate that prolonged CD across all age 

groups is common after COVID-19 and may constitute a 
significant burden for both patients and health-care ser-
vices. Further characterization of CD after COVID-19 is 
needed in order to identify and treat patients in the best 
possible way.

Limitations
Not all participants in the current study had RT-PCR-

verified COVID-19, and there is thus a risk that some pa-
tients with CD not caused by COVID-19 were included in 
the study population. CD was not acknowledged as a pos-
sible symptom of COVID-19 by the Danish health-care 
authorities until May 4, 2020 [20]. Consequently, partici-
pants with isolated CD or only mild secondary symptoms 
during this period did not meet the requirements for 
SARS-CoV-2 testing at the time of symptom debut. While 
this is a clear limitation of the study, Haehner et al. [23] 
found that the symptom smell loss during this period of 
the pandemic had a high specificity (97%) for a positive 
RT-PCR test for SARS-CoV-2 in a cohort of 500 patients 
who presented with symptoms of a common cold to a co-
rona testing center. Furthermore, a large symptom-based 
study on more than 3.2 million UK users of the COVID 
Symptom Study app found that the predictive ability of 
loss of smell and taste was higher than fever or persistent 
cough in the 76.260 users who had been tested for SARS-
CoV-2 and that 65% of individuals with a positive test had 
complaints of taste and smell loss [3]. Due to the high 
specificity of CD as a symptom of COVID-19, all patients 
in this study are interpreted as COVID-19 patients, de-
spite the lack of RT-PCR confirmation. There was no sta-
tistically significant difference in the number of days to 
improvement/recovery for neither olfaction nor gustation 
between RT-PCR-confirmed cases and non-RT-PCR-
confirmed participants. Furthermore, the average age of 
patients with smell loss in this cohort (mean 43.0 years) 
does not differ between RT-PCR status but is substantial-
ly lower than the normal age span for Danish patients pre-
viously seen with olfactory loss (median 57 years) [24].

Participants were recruited through advertisements 
on social media, national radio, national television, and 

on flyers in waiting rooms of ENT practitioners and hos-
pital outpatient clinics. The consequential selection bias 
may cause an overestimation of the prevalence and sever-
ity of CD in the baseline questionnaire. However, this 
does not account for the prolonged CD in the follow-up 
questionnaires. As such, this study confirms that CD after 
COVID-19 can be prolonged.

Data on olfactory and gustatory function are based on 
the participants’ subjective experience and have not been 
verified by validated testing or clinical consultation. This 
holds the inherent risk of over- or underestimating the 
prevalence and duration of CD due to recall bias as well as 
misinterpretation of symptoms. Many cases of subjective 
ageusia cannot be substantiated by validated testing, 
which is most probably caused by people mistaking a loss 
of retronasal olfaction for ageusia [24]. However, 1 study 
showed by means of objective testing that dysgeusia can 
occur in COVID-19 patients independently of dysosmia 
and should therefore not be neglected, although the sub-
jective prevalence and duration probably are overestimat-
ed by most studies [25]. Subjective assessment of olfaction 
has been shown to predict abnormal olfactory function in 
COVID-19 patients [26] and generally correlates well with 
objective testing in anosmic patients [24].

Loss to follow-up complicates the interpretation of the 
proportion of patients with a persistent CD at the end of 
the study period, as participants who regained chemosen-
sory function might be less likely to answer further fol-
low-up questionnaires. The response rate to those was 
76%. Females and young people were overrepresented in 
this cohort, which may be evidence of a selection bias, 
previously discussed.

Deciphering the Pathogenesis of COVID-19-Related 
CD
So far, no consensus has been reached about the patho-

genesis of COVID-19-related CD. Data on improvement 
and recovery rates, as well as possible prognostic factors, 
may prove valuable in the quest to understand the patho-
logic mechanisms of COVID-19-related CD. Several 
plausible mechanisms for the CD have been proposed.

Early in the pandemic, ACE2, a hormone receptor 
found in many organs and tissues and required for the 
entrance of SARS-CoV-2 into the cell, was shown to be 
expressed in the CNS [27]. This led to the hypothesis that 
the olfactory bulb may function as an entry point for the 
SARS-CoV-2 into the CNS [28, 29].

Newer studies have since shown that ACE2 is not ex-
pressed in olfactory neurons but is expressed by sustentacu-
lar cells, olfactory stem cells and pericytes (perivascular 
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cells) of the olfactory epithelium [30, 31]. Other researchers 
have proposed that the innate inflammatory response or 
inflammatory cytokines such as interleukin-6 may play a 
central role in CD [32, 33]. Mueller et al. [34] proposed that 
younger COVID-19 patients have a higher risk of develop-
ing CD, because the youthful immune system reacts faster 
and more aggressively in the olfactory epithelium and in the 
process might damage the olfactory neurons.

Conclusion

The most significant improvement and recovery of 
chemosensory function was observed within the first 
month after the initial loss. Rates became stagnant after 
about 2 months, and only little improvement and recov-
ery was seen after 2–4 months, possibly indicating that 
lasting and perhaps permanent CD may be a complica-
tion of SARS-CoV-2 infections.

At the end of the study, 86.7% of participants had ex-
perienced gustatory improvement and 82.6% had experi-
enced olfactory improvement, while 55.0% had experi-
enced full gustatory recovery and 43.8% full olfactory re-
covery. Female gender was associated with faster 
improvement of gustatory loss, whereas no association 
between gender and improvement or recovery from ol-
factory loss was found. High subjective severity of chemo-
sensory loss was associated with lower rates of olfactory 
and gustatory recovery as well as improvement of olfac-
tory function.
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