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Abstract
Purpose of Review  A number of sequelae after acute coronavirus disease 2019 (COVID-19) significantly affect the quality of 
life of patients. The chemosensory disorders including olfactory dysfunction (OD) and gustatory dysfunction (GD) are two 
of the commonest symptoms complained by patients with COVID-19. Although chemosensory function has been reported 
improved in over 60% of COVID-19 patients in a short time after acute infection, it may last as a major symptom for patients 
with long COVID-19. This narrative review discussed current literatures on OD and GD in long COVID-19 including the 
prevalence, risk factors, possible mechanisms, and potential therapies.
Recent Findings  Although the prevalence of OD and GD has declined continuously after acute COVID-19, a considerable 
number of patients had persistent chemosensory disorders 3 months to 2 years after symptom onset. Female gender, initial 
severity of dysfunction, nasal congestion, emotional distress and depression, and SARS-CoV-2 variants have been identified 
as risk factors for persistent OD and GD in long COVID-19. The pathogenesis of OD and GD in long COVID-19 remains 
unknown, but may be analogous to the persistent OD and GD post common respiratory viral infection. Corticosteroids and 
olfactory training might be a potential choice regarding the treatment of lasting OD and GD after SARS-CoV-2 infection; 
however, more studies are needed to prove it.
Summary  OD and GD are common long-term consequences of COVID-19 and influenced by gender, initial severity of 
dysfunction, emotional distress and depression, and SARS-CoV-2 variants. More studies are needed to illustrate their patho-
genesis and to establish therapeutic strategies.

Keywords  Olfactory dysfunction · Gustatory dysfunction · Recovery · Long COVID-19

Introduction

The global pandemic of coronavirus disease 2019 (COVID-
19) caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection is the worst catastrophic public 
health event of the twenty-first century so far. In addition 
to the fatal cases in the first few weeks after infection, up 
to 69% of COVID-19 survivors may develop long-term 
sequelae [1, 2]. This is called post-COVID-19 condition or 
“long COVID-19,” which has been used to describe sus-
tained symptoms beyond 3 months of SARS-CoV-2 infec-
tion [3]. In a recent meta-analysis including 72 articles, 167 
COVID-19-related long-term sequelae have been identi-
fied in 88,769 patients, and the most frequently reported 
sequelae were fatigue (27.5%), somnipathy (20.1%), anxi-
ety (18.0%), dyspnea (15.5%), post-traumatic stress disorder 
(14.6%), hypomnesia (13.4%), arthralgia (12.9%), depres-
sion (12.7%), and alopecia (11.2%) over 3–13.2 months 
of follow-up [4]. Although the acute phase treatment for 
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COVID-19 is well developed, there is still a long way to 
go in the evaluation of the clinical course and management 
of long-term complications of COVID-19. The chemosen-
sory disorders including olfactory dysfunction (OD) and 
gustatory dysfunction (GD) are the two frequently reported 
symptoms of acute COVID-19 [5, 6], affecting over 70% of 
COVID-19 patients in Western countries [7, 8]. The persis-
tence of OD and GD symptoms after acute COVID-19 is 
attracting more and more interest and attention from health 
professionals and publics since it will significantly impact 
on the quality of life of patients with long COVID-19. The 
clinical course of chemosensory disorder post-COVID-19 
and the influencing factors are important to identify, which 
may guide the management of long COVID-19.

OD and GD in Acute and Short‑Term 
COVID‑19

Studies from different geographic areas have found that the 
prevalence of OD ranged from 33 to 85.6%, and that of GD 
varied from 64 to 88% in patients with acute COVID-19 [5, 
6, 9, 10]. Although the prevalence of chemosensory dis-
orders is high in acute COVID-19, the recovery starts in a 
few weeks after infection. A study from the UK used symp-
tom rating scales to determine the OD and GD at 4 weeks 
after disease onset and demonstrated that 89% of the SARS-
CoV-2–positive mildly symptomatic patients with abrupt 
changes in their sense of smell or taste reported a complete 
resolution or improvement of chemosensory symptoms [11]. 
Consistently, a number of following investigations showed 
that about 64% to 89% of COVID-19 patients with OD, and 
70% to 89% of COVID-19 patients with GD reported the 
improvement of symptoms within 3 months after disease 
onset [12–14]. Although the recovery rate of OD and GD in 
a short time post-SARS-CoV-2 infection seems promising, 
the high infectious rate of SARS-CoV-2 worldwide would 
still translate to a large number of patients having persistent 
OD and GD after acute COVID-19. Therefore, it is critical 
to determine the clinical course of OD and GD in long-term 
follow-up and the relevant prognostic factors, and to estab-
lish effective interventions.

OD and GD at 3–12 Months After Symptom 
Onset

1.	 Subjective Self-Reported OD and GD: Based on the 
self-reported evaluation, OD and GD have been found 
improved 3–12 months after disease onset by a plenty 
of studies as illustrated in Table 1 [15••]. For example, 
Nguyen et al. found that 24% of 125 patients with ini-
tial OD and GD reported persistent symptoms 7 months 

after the onset of COVID-19 in France by using a tel-
ephone questionnaire [16]. An Israel study recruited 
65 non-hospitalized patients with OD and GD, and by 
using a web-based questionnaire, showed that a complete 
recovery of smell and taste function occurred in 52% 
and 61.5% of COVID-19 patients at 8-month follow-
up, respectively [17]. A prospective longitudinal study 
from the UK evaluated 434 COVID-19 patients with 
OD and GD through an email-based survey and found 
that there was a significant improvement in the sever-
ity of OD where over 40% of the patients had a normal 
sense of smell and only 2.8% remained complete loss 
of smell at 6-month follow-up [18]. In addition, it was 
found that the ratio of patients with GD decreased from 
94.8 to 35.3% at 6-month follow-up [18]. A longitudinal 
web-based survey of 290 COVID-19 patients with OD in 
the USA found that 36% of them reported incompletely 
recovered olfactory function and 58% still complained of 
taste problems at 6 months after the onset of symptoms 
[19]. A study from Brazil showed that the reported preva-
lence of OD and GD was 72.9% and 67.4%, respectively, 
at the moment of diagnosis, and after a mean follow-up 
period of 6 months, 45% and 50% of affected patients 
still had some degree of chemosensory symptoms [20]. 
A prospective study recruited 1009 COVID-19 patients 
with OD and 780 with GD and evaluated the chemosen-
sory function by phone call survey or physically to docu-
ment the change 6 months after the onset of symptoms 
[21]. It found that 34% of the patients with OD and GD 
were not completely recovered. Given to difference in the 
initial severity of chemosensory dysfunction, evaluation 
method, follow-up time, and the definition of recovery 
(recovery vs partial recovery vs full recovery), there are 
considerable variations in the prevalence of persistent 
DO and GD 3 to 12 months post-COVID-19. In a recent 
meta-analysis of reconstructed time-to-event individual 
patient data from 18 studies, it showed that at 30, 60, 
90, and 180 days post-COVID-19, respectively, about 
74%, 86%, 90%, and 96% of patients self-reported smell 
recovery and 79%, 88%, 90%, and 98% of patients self-
reported taste recovery [15••]. About 5.6% and 4.4% of 
patients might develop long-lasting self-reported smell 
and taste dysfunction [15••]. However, sensitivity analy-
ses in this meta-analysis suggest these could be underes-
timated [15••].

2.	 OD and GD Evaluated by Psychophysical Test: The 
majority of studies determined chemosensory disor-
ders based on self-reported symptoms in COVID-19 
patients. However, self-reporting may lead to an under-
estimation of the prevalence of OD and GD [22, 23]. 
Therefore, several recent studies have attempted to esti-
mate the chemosensory disorders in long COVID-19 by 
using psychophysical tests. Hintschich et al. used the 
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NHANES Pocket Smell Test and Taste Strips Test to 
assess olfaction and gustation function and found that 
40% and 32.5% of the patients still suffered from OD 
and GD 8 months after acute COVID-19, respectively 
[24]. Another study, based on a self-administered che-
mosensory test identifying 3 substances, found that 64% 
and 51.4% of patients had OD and GD 7 months after 
symptom onset, respectively [25]. Similarly, a prospec-
tive study using a psychophysical test found that 42.6% 
of 190 outpatients experienced persistent OD and 16.3% 
of patients had persistent GD at 6-month follow-up, 
respectively [26]. Cristillo et al. studied hospitalized 
patients with the Sniffin’ Sticks test and found that the 
prevalence of OD was 50% at 6 months after disease 
onset [27]. Based on the psychophysical test, the preva-
lence of chemosensory disorders in long COVID-19 
ranges from 40 to 65% at 6–12 months follow-up, which 
is higher than those self-reported (Fig. 1).

3.	 OD and GD Evaluated by Both Subjective Self-
Reported Symptoms and Psychophysical Tests: A 
study from Italy recruited 145 mild to moderate COVID-
19 patients who completed a 6-month follow-up [22]. 
This study used both self-reported symptoms and Smell 
Identification Test (CA-UPSIT) to evaluate olfac-
tory function, and found that despite 77% of patients 
reported a normal sense of smell, over 60% of patients 
were determined to have persistent OD by the psycho-
physical test at 6 months from the diagnosis of COVID-
19. A weak correlation was observed between the self-
reported alteration of the sense of smell and olfactory 
test scores [22]. Previously, self-reported symptoms and 
psychophysical tests of OD have been compared in sev-
eral studies, and no significant correlation was revealed 
[27–29•]. It suggests that psychophysical tests should 
be incorporated in the evaluation of recovery of OD and 
GD in long COVID-19 in order to avoid the underesti-
mation of dysfunction based on self-reported evaluation 
[22, 27, 28] (Fig. 1).

OG and GD at Follow‑Up Longer than 12 
Months After Symptom Onset

Fewer studies investigated the recovery of olfactory and gus-
tatory function longer than 12 months after COVID-19. As 
illustrated in Table 2, a study of 178 patients in Italy found 
that OD and GD were self-reported in 25.8% and 21.3% of 
patients at one year after the onset of COVID-19, respec-
tively [30]. Tan et al. followed up previously hospitalized 
COVID-19 patients in London and revealed that 12.8% of 
patients reported persistent problems with smell or taste 
1 year after infection [31]. Fernandez-de-Las-Penas et al. 
enrolled 1593 hospitalized patients and found that 3.1% Ta
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of patients still had OD and 1.75% of patients had GD at 
13-month follow-up by telephone review of self-reported 
symptoms [32]. Ferreli et  al. enrolled 97 patients with 

COVID-19-related OD and found that 13.1% of patients 
reported OD at 18-month follow-up by telephone review of 
self-reported symptoms [33]. A matched case–control study 

Fig. 1   The recovery rates of OD and GD in long COVID-19 and associated risk factors. OD, olfactory dysfunction; GD, gustatory dysfunction

Table 2   Loss of smell and taste in the long COVID-19 (over 12 months)*

ARTIQ  Acute Respiratory Tract Infection Questionnaire, GD  gustatory dysfunction, NM  not mentioned, OD  olfactory dysfunction,  SNOT-
22 sinonasal outcome test-22
* The publications were searched in Pubmed till Aug 1, 2022

Author/area Study type Time period 
after onset of 
disease

Severity of 
COVID-19 at 
baseline

The number of 
patients with 
OD/GD at 
baseline

OD/GD 
evaluation 
method

OD outcomes GD outcomes

Fortunato et al./
Italy [30]

prospective 
longitudinal

12 months Mild 178 Telephone 
interview

25.8% patients 
experienced 
OD

21.3% patients 
experienced GD

Tan et al./UK 
[31]

cross-sectional 12 months Hospitalized 149 Telephone 
interview

12.8% of 
patients 
reported OD 
or GD

12.8% of patients 
reported OD 
or GD

Fernandez-de-
Las-Penas 
et al./Spain 
[32]

prospective 
longitudinal

13 months Hospitalized 1593 Telephone 
interview

3.1% of patients 
with OD

1.75% of patients 
with GD

Ferreli et al./
Italy [33]

prospective 
longitudinal

18 months NM 97 Telephone 
interview

13.1% of 
patients 
reported OD

NM

Boscolo-Rizzo 
et al./Italy 
[34]

matched case–
control

13 months Mild 100 ARTIQ, SNOT-
22, and 
sniffin’ sticks 
test/taste 
strips test

OD was identi-
fied in 46% 
of cases and 
10% of healthy 
controls

GD was identified 
in 27% of cases 
versus 10% of 
healthy controls

Boscolo-Rizzo 
et al./Italy 
[35•]

longitudinal 24 months Mild 119 ARTIQ, SNOT-
22

11.8% still 
reported OD 
or GD

11.8% still 
reported OD 
or GD
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from Italy compared the chemosensory disorders in long 
COVID-19 patients and normal controls without SARS-
CoV-2 infection using psychophysical tests [34]. This study 
found that OD was identified in 46% of cases and 10% of 
controls, while GD was in 27% of cases versus 10% of 
controls at 13 months post-COVID-19 [34]. By setting the 
control group, this study confirmed the long-lasting chem-
osensory disorders due to COVID-19. The longest follow-
up time of COVID-19-related OD and GD so far is about 
2 years. Paolo Boscolo-Rizzo et al. reported that 11.8% 
of 119 COVID-19 patients still complained of OD or GD 
2 years after the onset of symptoms by telephone evaluation 
with SNOT-22 [35•].

Risk Factors of Persistent OD and GD After 
COVID‑19

Given the lasting of OD and GD in a considerable number of 
patients even 2 years after disease onset, it is crucial to deter-
mine the demographic and clinical factors associated with 
chemosensory disorders in long COVID-19. There is a con-
troversy regarding the age and persistent OD and GD in long 
COVID-19. Some studies indicated a positive correlation 
between age and the prevalence of OD in long COVID-19 
[1, 2]. It might be explained by more comorbidities and con-
sequently more medications used in elderly patients, which 
might influence the clinical course of OD and GD [20, 27]. 
In contrast, some studies showed that younger age was a risk 
factor for OD and GD [24–27], and some found no correla-
tion between age and OD [16, 36]. Since the prevalence of 
OD in the general population increases with aging [37], the 
association between age and chemosensory disorders in long 
COVID-19 should be determined with a comparison of age 
and gender-matched subjects without COVID-19. Female 
patients were found more likely to report persistent symp-
toms of OD and GD than male patients [15••, 24–26, 36] 
(Fig. 1). Patients with greater initial severity of chemosen-
sory dysfunction were less likely to recover [15••, 24], and 
phantosmia was associated with a lower probability of com-
plete recovery of olfactory function [21] (Fig. 1). In addition, 
dyspnea and nasal obstruction were found as predictors of 
poor olfactory and gustatory function recovery [38] (Fig. 1). 
Allergies and prior radiotherapy of the head and neck region 
had a significant influence on GD [24]. Emotional distress 
and depression have been reported associated with OD and 
GD in long COVID-19 [34] (Fig. 1). Consistently, in the 
recent elegant meta-analysis by Tan et al., female gender, 
greater initial severity of dysfunction, and nasal conges-
tion have been identified as risk factors for poor recovery 
of chemosensory dysfunction [15••] (Fig. 1). Importantly, 
SARS-CoV-2 variants have been found with different abil-
ity to cause chemosensory disorders. Individuals with mild 

COVID-19 infection during the Gamma and Omicron waves 
had a lower risk of reporting OD than individuals infected 
during the period of the original lineages [39]. Thus, dif-
ferent SARS-CoV-2 variants can lead to different clinical 
courses of OD and GD (Fig. 1).

The Pathogenesis of OD and GD in Long 
COVID‑19

SARS-CoV-2 uses the receptors angiotensin-converting 
enzyme 2 (ACE2) and transmembrane serine protease 2 
(TMPRSS2) for entering host cells [40]. Enrichment of 
ACE2 and TMPRSS2 is found in the olfactory epithelium, 
a phenomenon that is particularly pronounced in sustentacu-
lar non-neural and neural stem cells [41, 42]. Although the 
pathogenesis of OD in the acute phase has been described, 
the etiology of lasting OD in long COVID-19 is barely 
studied. By drawing on the findings from other viral infec-
tion diseases which may cause long-term OD, we may infer 
the potential mechanisms of OD in long COVID-19. In a 
3-month follow-up study based on MRI, significantly higher 
bilateral gray-matter volumes in olfactory cortices as well 
as a prevailing reduction of diffusivity in white matter have 
been reported [43], which implied the persistent alteration 
of olfactory center in long COVID-19. In addition, previous 
studies suggested that the basic process of olfactory coding 
is modified following the initial viral insult, inducing perma-
nent impairment of olfaction [44]. This theory is supported 
by human fMRI studies showing abnormalities in olfactory 
functional connectivity in patients with post-viral olfactory 
dysfunction (PVOD) as compared to controls [45]. It has 
been shown that influenza A and respiratory syncytial virus 
infection lead to prolonged changes in synaptic plasticity 
even after virus clearance [46, 47]. Neuroinvasive propen-
sity has been documented in almost all the β-coronaviruses 
(CoVs), including SARS-CoV [48], MERS-CoV [49], and 
HCoV-229E [50]. ACE2 expression is delineated in olfac-
tory neurons [51], indicating that SARS-CoV-2 might enter 
the brain via the olfactory nerves and impact the forma-
tion of olfactory sensation [52]. However, the direct damage 
caused by SARS-CoV-2 to the olfactory pathway in the cen-
tral nervous system is not supported by the study by Khan 
et al. [53]. Based on postmortem studies, they found that 
the sustentacular cells were the main target cell type in the 
olfactory mucosa, and no evidence supported the infection 
of olfactory sensory neurons or olfactory bulb parenchyma 
[53]. Therefore, the alteration of the olfactory pathway in 
the central nervous system in COVID-19 patients might not 
be caused by the direct attack of SARS-CoV-2, but by some 
indirect ways. One possible mechanism of long-term OD 
may be related to chronic unresolved inflammation in long 
COVID-19. A recent study revealed that the plasma levels 
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of cytokines such as IL-4 and IL-6 remained upregulated in 
individuals recovered from COVID-19 [54]. The persistent 
peripheral and neuroinflammation may contribute to neuro-
logical sequelae in long COVID-19. Obviously, more studies 
are needed to clarify the pathogenesis of long-term OD and 
GD after SASR-CoV-2 infection.

The Treatment of OD and GD in Long 
COVID‑19

Although high percentages of patients reported improvement 
of OD and GD after 3 months of disease onset, a large num-
ber of patients would have lasting chemosensory disorders 
given over 600 million people globally confirmed as having 
COVID-19 as of September 2022. It is important to estab-
lish efficient therapies for OD and GD in long COVID-19 
[55]. Oral and topical corticosteroids are frequently used in 
the treatment of PVOD [56–58]. Topical corticosteroids may 
be beneficial for acute OD after SARS-CoV-2 infection. A 
prospective interventional study reported statistically signifi-
cant improvement in recognizing odors after treating with 
fluticasone nasal sprays for 5 days immediately after proven 
SARS-CoV-2 infection [59]. Nevertheless, there is contradic-
tory evidence concerning the effectiveness of intranasal corti-
costeroids. Another prospective, randomized, controlled trial 
was performed in patients with anosmia after COVID-19. The 
results showed that the addition of mometasone furoate nasal 
spray to olfactory training did not provide superior benefits 
over olfactory training alone in a 3-week treatment period 
[60]. For oral corticosteroids, a study was conducted on 72 
COVID-19 patients 5 weeks after the loss of their smell [61]. 
The participants were under olfactory training and were given 
methylprednisolone for 10 days or not [61]. It was found that 
only those having methylprednisolone treatment simultane-
ously had significantly improved olfactory scores [61].

Although the corticosteroid treatments showed benefit 
in acute COVID-19 with OD, do these treatments have a 
beneficial effect on long-term OD? There is no direct evi-
dence demonstrating the effect of corticosteroids on long-
term OD after COVID-19. Nevertheless, in theory, the use 
of corticosteroids in the acute phase of COVID-19 with OD 
may prevent the development of chronic inflammation and 
subsequent persistent damage of the mucosa of the olfac-
tory region, and therefore may reduce the risk of long-term 
OD. Apparently, more clinical experiments are warranted to 
evaluate the efficacy of topical and oral corticosteroids for 
the prevention and treatment of long-term OD.

Olfactory training is an effective intervention for PVOD 
[62–64]. A recent meta-analysis demonstrated that 12-week 
olfactory training was able to significantly improve the 
olfactory function of patients with PVOD [65]. Denis et al. 
described a trial wherein 548 participants with persistent 

OD for one to over 12 months after COVID-19 underwent 
olfactory training with concurrent visual depictions of the 
scents. After 4 weeks, 64% of patients reported improved 
symptoms [66]. Despite the major limitation of the lack of 
a control cohort, the results demonstrated that a large pro-
portion of patients experienced clinically significant benefit 
from olfactory training. Nevertheless, high-level evidence is 
needed to confirm the effectiveness of olfactory training for 
OD in long COVID-19.

Conclusion and Take‑Home Messages

In conclusion, although the prevalence of OD and GD has 
declined continuously after acute COVID-19, a considerable 
number of patients reported chemosensory disorders as a 
long consequence of COVID-19. Further investigations are 
required to clarify the long clinical course of OD and GD in 
COVID-19 patients. The risk factors of persistent OD and 
GD after COVID-19 have been revealed to be female gender, 
initial severity of dysfunction, nasal congestion, emotional 
distress and depression, and SARS-CoV-2 variants. The use 
of corticosteroids in the acute phase of COVID-19 may be 
able to prevent chronic inflammation and the development 
of persistent OD and GD theoretically; nevertheless, clinical 
evidence is needed to support the use of corticosteroids for 
chemosensory disorders in long COVID-19. Olfactory train-
ing is an effective therapy for PVOD and can be considered 
for the treatment of long COVID-19-related OD, which is also 
pending the confirmation with high-level clinical evidence.
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