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Abstract Introduction Olfactory dysfunction (OD) has emerged as a notable symptom among
coronavirus disease 2019 (COVID-19) patients, with its prevalence varying amongdifferent
populations. Recognizing the need to provide therapeutic solutions for these individuals,
the present study seeks to comprehensively review the current evidence on potential
underlying mechanisms and treatment modalities to manage OD in COVID-19 patients.
Objective To review the recent evidence on treatments for OD in COVID-19. From the
beginning of the study until August 2nd, 2023, we conducted a systematic search on
four electronic databases, PubMed, Scopus, Embase, and Web of Science, to find
relevant publications.
Data Synthesis In the present study, 37 articles were selected for data extraction and
included in the final review. The total number of patients was of 3,560 (2,098 female
and 1,462 male subjects). The predominant disorders reported were hyposmia,
anosmia, and parosmia. In most of the studies, the pre and postintervention assess-
ments were the same, except for one study, in which the pre-intervention assessment
of the disorder was through the SST, Sniffin’ Sticks Test (SST), and the post-intervention
assessment was through the Visual Analog Scale (VAS) and the 22-item Sinonasal
Outcome Test (SNOT-22). The findings suggest olfactory training (OT), ivermectin,
palmitoylethanolamide, luteolin, and systemic corticosteroids, in combination with
topical corticosteroids, are potential therapies for COVID-19 patients with olfactory
impairment.
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Introduction

Changes in the sense of smell are a common phenomenon
among patients infected with coronavirus disease 2019
(COVID-19), accounting for up to 40% of all patients.1–3 In
most cases, olfactory dysfunction (OD) resolves after several
weeks from the infection; nevertheless, it has been shown that
nearly 20% of COVID-19 patients develop persistent OD,4,5

which can have several detrimental impacts on human health,
including, but not limited to, depression, social isolation,
malnutrition, and death. Therefore, understanding the patho-
physiology of OD in COVID-19 patients would be of great help
to enhance the quality of life of the affected patients.6–8

ThemechanismbehindODisnot yetclear;however, several
mechanisms, such as obstruction of the olfactory cleft and
mucosal thickening, have been proposed as the major ones
responsible for OD in the acute phase of the COVID-19 infec-
tion.9–11 Metabolic changes in core olfactory and high-order
neocortical areas,12 aswell as hypometabolism in thebilateral
parahippocampal and fusiform gyri and the left insula13 of
COVID-19 patients have been found, indicating that the virus
maycauseODby involving thecentral nervoussystem(CNS). It
has beenhypothesized thatmolecularmechanismsmayplaya
crucial role in the pathogenesis of OD, since there is a the
prevalence of OD in COVID-19 patients varies among different
populations,14,15 and the Omicron variant was found to con-
tribute to a lower OD prevalence comparedwith the Delta and
Alpha variants, which was confirmed in two large cohort
studies.16,17

There is an ongoing debate about the suitable pharmaco-
therapy for OD treatment. A few clinical trials have demon-
strated the short-term beneficial effects of oral or topical
corticosteroids; yet, to date, no large study has evaluated their
safety and efficacy.18 Therefore, further studies with larger
populations arewarranted. Additionally, there is accumulated
evidence in support of the fact that olfactory training (OT) can
notably improve olfactory function and should be considered
in new and existing COVID-19 patients.19,20

Given this context, in the present review, we discuss what
is known regarding the molecular mechanisms involved in
the pathogenesis of post-COVID-19 OD and examine the
available treatment options for the management of OD as a
complication of COVID-19.

Review of the Literature

Information Sources and Search Strategies
Wesystematically searched fourelectronicdatabases (PubMed,
Scopus, Embase, and Web of Science) to identify relevant

articles published until to August 2nd, 2023. Systematic
searches were conducted for relevant keywords in the titles
and abstracts.Moreover,we examined the reference lists of the
extracted articles to identify other relevant publications to
review the subject. Supplementary Material 1 provides details
of the search strategy.

Selection Process
The reference management tool EndNote X9 (Clarivate,
London, United Kingdom) was used to import all search
results and eliminate any duplicates. The titles and abstracts
were independently screened by two authors. Then, two
authors read the full text to evaluate them in light of the
inclusion and exclusion criteria, with any discrepancies
being settled by a third author. A summary of the study
selection procedure is presented in a Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram21 (►Fig. 1).

Eligibility Criteria
All types of peer-reviewed original literature that addressed
the molecular mechanisms behind post-COVID-19 OD and
the available management options for the affected patients
were included regardless of gender, nationality, race, reli-
gion, or publication date. Specific types of publications,
namely case reports, editorials, letters, reviews, systematic
reviews, andmeta-analyseswere excluded. Papers published
in languages other than Englishwere also excluded, aswell as
the studies whose full text could not be accessed.

Data Collection Process
The relevant information, including the first author’s name,
the year of publication, the country, age and gender of the
patients, sample size, study type, disorder type, duration of
the disorder, type of preintervention disorder assessment,
type and duration of the intervention, improvement rate,
type of postintervention disorder assessment, mechanism of
treatment, and presence of other diseases were extracted by
two authors for each selected study and presented in tables
(►Table 1 and 2). The present report was formulated accord-
ing to the PRISMA 2020 statement.22

Risk of Bias Assessment
The revised Cochrane Risk of Bias Tool for Randomized Trials,
version 2.0 (RoB 2), was used to assess the risk of bias of
randomized controlled trials (RCTs).23 In addition, to assess
observational studies (cohort and case-control studies) for
potential biases, the Newcastle-Ottawa Scale (NOS) was

Conclusion Although the review suggested several medications for OD treatment,
further research must delve into the specific impact of OT, a non-pharmacological
modality, regarding the mitigation of OD. By continuing to investigate and refine these
therapeutic approaches, we can better support COVID-19 patients and improve their
quality of life while navigating the challenges posed by OD.
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employed.24 The risk-of-bias assessments were conducted
independently by two authors. To achieve consensus, a third
authorwas recruited to resolve any disagreements (►Table 3).

In the initial database search, 2,140 articles were retrieved,
595 of which were duplicates. The remaining 1,545 articles
were screened considering the inclusion and exclusion, and
ultimately 37 articles were selected for the final analysis and
data extraction. ►Fig. 1 illustrates the details of the article
selection process.

In the present review,most of the studieswere fromEgypt
(n¼9), Italy (n¼8) and the United States (n¼4). Turkey,
Germany, and the United Kingdomwere represented by two
studies each, and Greece, Spain, Iran, Belgium, Japan, Brazil,
Iraq, The Netherlands, India, and France each contributed
with one study. The total number of patients examined in
these studies was of 3,560, (2,098 female and 1,462 male
subjects) (►Table 1 and 2).

Regarding the types of disorders, most were issues related
to hyposmia, anosmia, and parosmia. In most of the studies,
the pre and post-intervention disorder assessments were the
same, and were performed using the Visual Analogue Scale
(VAS), the Sniffin’ Sticks Test (SST), electroencephalography

(EEG), the University of Pennsylvania Smell Identification Test
(UPSIT), the Clinical Global Impressions–Improvement (CGI-I)
scale, the Numerical Rating Scale (NRS), the Connecticut
Chemosensory Clinical Research Center (CCCRC) test, among
others, except for one study25 in which the preintervention
disorder assessment included the SST, and the postinterven-
tion disorder assessment was performed through the VAS and
the 22-item Sinonasal Outcome Test (SNOT-22), and another
study26 in which the preintervention assessment was per-
formed using the SST and, after the intervention, the Thresh-
old, Discrimination, Identification (TDI) scores, Taste Strip Test
(TST), the Olfactory Disorders Questionnaire (ODQ), and the
self-reportedVAS score. In the investigations, it was found that
the average time for recovery of the sense of smell was longer
in diabetic patients comparedwith non-diabetic ones.27More
details of this review are presented in ►Tables 1 and 2.

Among the pharmacological therapies, the combination of
palmitoylethanolamide (PEA) and luteolin was the most com-
mon interventionevaluated inthe includedstudies.Topicaland
systemic corticosteroids, local ivermectin, herbal remedies,
platelet-rich plasma injection, zinc sulfate, theophylline, and
omega-3 were the other interventions assessed in the studies.

Fig. 1 Flow diagram of the current study.
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Table 1 Description of the demographic information of patients

ID First author
(reference)

Country Type of Study Sex Age (years) Number of
patients (N)

1 Abdelalim27 Egypt Prospective randomized
controlled trial

F¼ 54;
M¼ 46

29 100

2 Abdelazim43 Egypt Prospective randomized
double-blinded
controlled clinical trial

F¼ 31;
M¼ 19

Treatment group
¼ 39.25� 7.23; control
group¼38.37�8.58

50

3 Lechien JR31 Egypt Prospective randomized
double-blinded
controlled clinical trial

F¼ 30;
M¼ 28

Treatment group
¼ 38.67� 7.21; control
group¼39.87�6.58

58

4 Saussez S32 Egypt Prospective randomized
double-blinded
controlled clinical trial

F¼ 38;
M¼ 26

Treatment group
¼ 36.87� 5.25; control
group¼37.98�6.27

64

5 Abdelmaksoud44 Egypt Prospective randomized
controlled trial

F¼ 56;
M¼ 78

N/A 134

6 Marinosci A34 Egypt Pilot study F¼ 40;
M¼ 20

Treatment group
¼ 28.9� 6.31; control
group¼30.07�5.74

60

7 Kandemirli35 Turkey Prospective randomized
controlled trial

F¼ 52;
M¼ 23

33 75

8 Boscolo-Rizzo P36 Egypt Randomized
controlled trial

F¼ 24;
M¼ 72

Treatment group
¼ 30.9� 14; control
grou¼ 29.1�9.6

96

9 Gerkin RC37 Italy Single-blinded
randomized clinical trial

F¼ 8;
M¼ 4

42.2�14.1 12

10 De Luca41 Italy Longitudinal study F¼ 43;
M¼ 26

40.6�10.5 69

11 Helman SN39 Italy Prospective study F¼ 31;
M¼ 14

39.5�12.8 45

12 Kim DH40 Italy Prospective randomized
controlled trial

F¼ 70;
M¼ 60

Treatment group
¼ 36.7� 11.8; control
group¼50.5�12.7

130

13 De Luca P41 Italy Multi-center
double-blinded
randomized
placebo-controlled
clinical trial

F¼ 121;
M¼ 64

43.5þ14.6 185

14 Gracia DI42 Italy Double-blinded
placebo-controlled
multicenter randomized
clinical trial

F¼ 108;
M¼ 94

Control group¼ 40.9
� 11.7; once daily
PEA–LUTþolfaction
training¼42.7� 13.5;
once daily PEA–LUT
¼ 39.8� 11.5;
twice daily
PEA–LUT¼ 37.1� 13.9

202

15 Pendolino AL25 Greece Prospective cohort F¼ 89;
M¼ 42

51.45�7.2 131

16 Gracia42 Spain Prospective cohort F¼ 8;
M¼ 7

40 15

17 Abdelmaksoud AA44 United States Triple-blinded, phase 2,
placebo-controlled
randomized clinical trial

F¼ 36;
M¼ 15

46�13.1 51

18 Di Stadio A45 Germany Prospective
case control

F¼ 54;
M¼ 32

46.9 86

19 Kim DH40 Egypt Randomized
clinical trial

F¼ 38;
M¼ 28

39.3 66
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Moreover, OT, which is described as exposure twice a day to a
set of four odors, including rose, eucalyptus, lemon, and cloves,
from media such as brown jars or markers,28 was the most
frequent non-pharmacological intervention applied in the
included studies.

Discussion

The precise prevalence of OD caused by COVID-19 is difficult
to establish; it depends on the severity of the disease, the
geographic region, and the technique of measuring. Two

Table 1 (Continued)

ID First author
(reference)

Country Type of Study Sex Age (years) Number of
patients (N)

20 Abdelalim AA27 Iran Prospective
double-blinded
randomized
clinical trial

F¼ 38;
M¼ 39

32.24 77

21 Rashid RA46 United States Single-blinded
randomized
clinical trial

F¼ 236;
M¼ 39

41 275

22 Rydzewski B47 United States Prospective cohort F¼ 39;
M¼ 10

41�16 49

23 Lechien31 Belgium Prospective cohort F¼ 23;
M¼ 34

40.55�11.66 57)

24 Schepens EJA26 United Kingdom Randomized clinical trial F¼ 163;
M¼ 26

44 189

25 Schepens EJA49 United States Prospective
randomized
double-blinded
placebo-controlled
clinical trial

F¼ 92;
M¼ 25

41 117

26 Zhang AJ50 Egypt Randomized clinical trial F¼ 39;
M¼ 201

51.9�7.1 240

27 Ono51 Japan Retrospective
case-control

F¼ 39;
M¼ 38

37.3 87

28 Pendolino25 United Kingdom Cohort study F¼ 28;
M¼ 16

40.5 44

29 Pires52 Brazil Randomized clinical trial F¼ 52;
M¼ 28

36.7�10.3 80

30 Rashid53 Iraq Double-blinded
randomized
placebo-controlled
clinical trial

F¼ 198;
M¼ 78

29 276

31 Saussez 54 Italy Prospective
observational
controlled study

F¼ 40;
M¼ 31

43.5 71

32 Schepens55 The Netherlands Double-blinded
randomized clinical trial

F¼ 73;
M¼ 42

48.5 115

33 Schmidt56 Germany Randomized clinical trial F¼ 14;
M¼ 6

33.9�11.9 20

34 Singh57 India Prospective
interventional study

F¼ 32;
M¼ 88

50.88�15.93 120

35 Vaira58 Italy Multicenter
randomized
case-control study

F¼ 11;
M¼ 9

42.1 20

36 Vandersteen59 France Randomized clinical trial F¼ 26;
M¼ 17

41 43

37 Yaylacı 60 Turkey Prospective
controlled study

F¼ 24;
M¼ 19

38�14 51)

Abbreviations: F, female; LUT, luteolin; M, male; N/A, not available; PEA, palmitoylethanolamide.
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recent systematic reviews29,30 have reported prevalence of
loss of smell ranging from 43% to 62%. Additionally, data
from sizable European cohorts31,32 indicate prevalence rates
between 50% to 85%. Based on the current evidence, Europe
and North America are the regions with the highest preva-
lence rates.

There is still no clear understanding of how the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus causes olfactory impairment.4 Numerous viruses pro-
duce conductive olfactory dysfunction, along with nasal
congestion, inflammation, and rhinorrhea, which prevents
individuals from detecting odors during the acute stage of

Table 3 Risk of bias assessment according to the Newcastle-Ottawa Scale (NOS)

ID First author Selection
(out of 4)

Comparability
(out of 2)

Exposure/Outcome
(out of 3)

Total
(Out of 9)

1 Abdelalim27 4 1 3 8

2 Abdelazim43 4 1 3 8

3 Abdelalim AA27 3 1 3 7

4 Hummel T28 3 1 3 7

5 Abdelmaksoud44 4 1 3 8

6 von Bartheld CS30 4 2 3 9

7 Kandemirli35 4 1 3 8

8 Saussez S32 4 1 3 8

9 Parma V33 3 1 3 7

10 De Luca41 4 1 3 8

11 Bilinska K35 3 1 3 7

12 Boscolo-Rizzo P36 4 1 3 8

13 Gerkin RC37 4 1 3 8

14 Gerkin RC38 4 1 3 8

15 Helman SN39 3 2 3 8

16 Gracia42 4 2 3 9

17 De Luca P41 4 2 3 9

18 Gracia DI42 3 2 3 8

19 Pendolino AL25 4 2 3 9

20 Abdelazim MH43 4 2 3 9

21 Abdelmaksoud AA44 3 2 2 7

22 Di Stadio A45 4 2 3 9

23 Lechien31 4 2 3 9

24 Abdelalim AA27 3 2 3 8

25 Rashid RA46 3 2 2 7

26 Rydzewski B47 4 2 3 9

27 Ono51 4 1 3 8

28 Pendolino25 4 2 3 9

29 Pires52 4 1 3 8

30 Rashid53 4 2 3 9

31 Saussez 54 3 1 3 7

32 Schepens55 3 2 3 8

33 Schmidt56 4 2 3 9

34 Singh57 3 2 2 7

35 Vaira58 4 1 2 7

36 Vandersteen59 4 1 3 8

37 Yaylac60 3 2 3 8
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the infection. These symptoms are less frequent in COVID-19
and, when they occur, they do not accurately reflect the level
of olfactory impairment.33 The symptoms may also result
from potential injury to or death of olfactory neurons or cells
in the olfactory bulb; however, since most people who
experience loss of smell due to COVID-19 recover quickly,
this is less likely, because olfactory neurons lack angiotensin-
converting enzyme 2 (ACE2) receptors, which enable viral
entrance into cells. The ACE2 receptors and the supporting
components for olfactory neurons34 can be detected in the
olfactory epithelium. Notably, the olfactory epithelium’s
sustentacular cells, which are essential for olfactory neuron
functionality, can become infected,35 suggesting that their
inflammation and infection could adversely affect olfaction.

Many people with COVID-19-related olfactory impairment
only experience transient symptoms, and they quickly regain
their normal senseof smell.9,10Somestudieshave indicated full
recoverywithin two to fourweeks.31,36However, for a subsetof
patients, olfactory issues persist even after other COVID-19
symptoms have resolved. According to data from the Global
ConsortiumofChemosensoryResearch,37up to50.7%of people
maycontinue to experience olfactory impairment 40 days after
the initiation of COVID-19. Given the prevalence of infections
(> 295million infectionsworldwide as of December 2021) and
the 5% to 7% of subjects who were found to be functionally
anosmic 12 months after exposure, � 15 million people could
develop persistent anosmia, carrying a sizable burden of OD
and a long-term disruption in quality of life.36,38

Highlighting the frequent remission of olfactory im-
pairment within a month of the COVID-19 infection, we find
it crucial to distinguish this in the evaluation of preventive and
therapeutic strategies. Unlike previous systematic reviews
composed mostly of RCTs,29,39,40 the current review is more
inclusive, encompassing three prospective or longitudinal
cohort studies that track participants over time.25,41,42

In the present analysis, treatments such as topical and
systemic corticosteroids, OT, local ivermectin, PEA, and
luteolin seemed promising. In contrast, herbal remedies,
platelet-rich plasma injection, zinc sulfate, theophylline,
and omega-3 appeared to be ineffective.43–45 Using PEA
and luteolin, which are effective treatment options in two
studies,36,37 in combination with saline irrigation may help
this situation progress faster, because the delivery of medi-
cation to the olfactory cleft may be increased compared with
that of standard nasal spray administration, and this may be
further enhanced by using particular head positions.25,40

Luteolin and PEAmayact to lessen nasal cavity inflammation
and hasten the process of epithelium regeneration. The
present review suggests that the exclusive use of systemic
corticosteroids might mirror conditions such as diabetes
mellitus and prolonging OD recovery. The underlying pro-
cesses for these conditions seem interconnected, attributed
to compromised immune cell function and diminished ca-
pacity to repair the olfactory epithelium.27,46

The findings of the present study suggest that the use of
topical corticosteroids can expedite recovery from COVID-19-
inducedODwithin2 to4weekspost-treatment. Thesefindings
are consistent with the theory that olfactory impairment in

COVID-19 is primarily a result of an inflammatory process in
the olfactory epithelium, in which intranasal corticosteroids
might providebeneficial anti-inflammatory effects.46 Intrana-
sal corticosteroids reduce local inflammation and may also
improve olfaction by changing the activity of olfactory recep-
tor neurons due to their effects on the sodium/potassium
adenosine-triphosphatase Naþ/Kþ-ATPase enzyme.47 It is in-
teresting to note that two of the trials in the current study
demonstrated that combining systemic steroids with OTwas
more beneficial than using systemic steroids alone.32 It should
be mentioned that, despite the potential advantages of these
pharmacotherapies, a recent position paper on OD48 empha-
sizes the lack of high-level evidence to support any pharmaco-
logic treatment in the management of OD.

Despite the comprehensive insight that the present review
offers on OD treatment in COVID-19, some limitations should
be considered in the interpretation of the results. First, the
included studies used various techniques and medication
treatments for olfactory rehabilitation, potentially leading to
heterogeneous results;however, theyareprobablyminimal, as
the bulk of the research methods were comparable across the
intervention and control groups, and the pre- and post-inter-
vention treatments were identical, except for one study.26

Therewerealsodiscrepancies in intervention timing, quantity,
and dosage across trials. Large-sample RCTs and prospective
cohort studies are essential to validate our findings. The
reliability of our evidence is generally low, mainly due to the
limited sample sizes in single studies and potential perfor-
mance bias from a lack of participant blinding.

Our data are supported by anecdotal links between COVID-
19-induced OD, inflammation in the olfactory cleft, and mag-
netic resonance imaging (MRI) evidence of viral infiltration
into the olfactory bulb.49,50 We believe that by reducing
mucosal inflammation and olfactory cleft blockages, nasal
steroids can aid in olfactory rehabilitation. However, this
remains a topic for debate. While combining saline irrigation
with treatments like PEA and luteolin might accelerate recov-
ery, OT remains a viable strategy, especially when pairedwith
other therapies.

Final Comments

Coronavirus disease 2019 has been found to cause anosmia
and hyposmia more frequently than other viral infections of
the upper respiratory tract. This not only has emotional
ramifications for patients but also reduces their ability to
detect environmental dangers such as fires and gas leaks.
Consequently, doctors must have effective treatments avail-
able for patients presenting with COVID-19-related olfactory
impairments. For an enhanced quality of life, it is vital to
devise strategies that can expedite the disease’s resolution.
The current research indicates that OT, ivermectin, PEA,
luteolin, and systemic corticosteroids, when paired with
topical corticosteroids, emerge as potential treatments for
those suffering from olfactory deficits due to COVID-19.
Future studies should particularly explore the efficacy of
OT, a non-pharmacological intervention, in addressing this
concern.

International Archives of Otorhinolaryngology © 2024. The Author(s).

Treatments for Olfactory Dysfunction in COVID-19 Mehraeen et al.



Ethics Approval and Consent to Participate
Not applicable

Consent to Publication
Not applicable.

Availability of Data and Material
The authors state that all information provided in the
present article could be shared.

Authors’ Contributions
EM: conception and design of the study, and final
approval of the version to be submitted; SS: conception
and design of the study, critical review for important
intellectual content, and final approval of the version to
be submitted; LM: acquisition, analysis, and interpreta-
tion of data; SY, PM, SSTZ, SD, AM, EK and FA: drafting of
the article.

Funding
The authors declare that they did not receive funding from
agencies in the public, private, or not-for-profit sectors for
the conduction of the present study.

Conflict of Interests
The authors have no conflict of interests to declare.

Acknowledgments
The present study was conducted in collaboration with
Khalkhal University of Medical Sciences, and Tehran
University of Medical Sciences.

References
1 Seiden AM. Postviral olfactory loss. Otolaryngol Clin North Am

2004;37(06):1159–1166
2 Welge-Lüssen A, Wolfensberger M. Olfactory disorders following

upper respiratory tract infections. Adv Otorhinolaryngol 2006;
63:125–132

3 Mehraeen E, Behnezhad F, Salehi MA, Noori T, Harandi H, Seye-
dAlinaghi S. Olfactory and gustatory dysfunctions due to the
coronavirus disease (COVID-19): a review of current evidence.
Eur Arch Otorhinolaryngol 2021;278(02):307–312

4 Butowt R, von Bartheld CS. Anosmia in COVID-19: Underlying
Mechanisms and Assessment of an Olfactory Route to Brain
Infection. Neuroscientist 2021;27(06):582–603

5 Esposito F, Cirillo M, De Micco R, et al. Olfactory loss and brain
connectivity after COVID-19. Hum Brain Mapp 2022;43(05):
1548–1560

6 Di Stadio A, Severini C, Colizza A, De Vincentiis M, La Mantia I.
Investigational drugs for the treatment of olfactory dysfunction.
Expert Opin Investig Drugs 2022;31(09):945–955

7 Schirinzi T, Landi D, Liguori C. COVID-19: dealing with a potential
risk factor for chronic neurological disorders. J Neurol 2021;268
(04):1171–1178

8 Tan BKJ, Han R, Zhao JJ, et al. Prognosis and persistence of smell and
taste dysfunction in patients with covid-19: meta-analysis with
parametric cure modelling of recovery curves. BMJ 2022;378:
e069503

9 GalougahiMK,Ghorbani J,BakhshayeshkaramM,NaeiniAS,HaseliS.
Olfactory bulbmagnetic resonance imaging inSARS-CoV-2-induced
anosmia: the first report. Acad Radiol 2020;27(06):892–893

10 Keshavarz P, Haseli S, Yazdanpanah F, Bagheri F, Raygani N,
Karimi-Galougahi M. A systematic review of imaging studies in
olfactory dysfunction secondary to COVID-19. Acad Radiol 2021;
28(11):1530–1540

11 Politi LS, Salsano E, Grimaldi M. Magnetic resonance imaging
alteration of the brain in a patient with coronavirus disease 2019
(COVID-19) and anosmia. JAMA Neurol 2020;77(08):1028–1029

12 Niesen M, Trotta N, Noel A, et al. Structural and metabolic brain
abnormalities in COVID-19 patientswith sudden loss of smell. Eur
J Nucl Med Mol Imaging 2021;48(06):1890–1901

13 Donegani MI, Miceli A, Pardini M, et al. Brain metabolic correlates
of persistent olfactory dysfunction after SARS-Cov2 infection.
Biomedicines 2021;9(03):287

14 Korber B, Fischer WM, Gnanakaran S, et al; Sheffield COVID-19
Genomics Group. Tracking changes in SARS-CoV-2 spike: evi-
dence that D614G increases infectivity of the COVID-19 virus. Cell
2020;182(04):812–827.e19

15 von Bartheld CS, HagenMM, Butowt R. The D614G virus mutation
enhances anosmia in COVID-19 patients: evidence from a sys-
tematic review andmeta-analysis of studies from South Asia. ACS
Chem Neurosci 2021;12(19):3535–3549

16 Menni C, Valdes AM, Polidori L, et al. Symptom prevalence,
duration, and risk of hospital admission in individuals infected
with SARS-CoV-2 during periods of omicron and delta variant
dominance: a prospective observational study from the ZOE
COVID Study. Lancet 2022;399(10335):1618–1624

17 Whitaker M, Elliott J, Bodinier B, et al. Variant-specific symptoms
of COVID-19 among 1,542,510 people in England. medRxiv 2022:
2022.05. 21.22275368.

18 Wu TJ, Yu AC, Lee JT. Management of post-COVID-19 olfactory
dysfunction. Curr Treat Options Allergy 2022;9(01):1–18

19 Hura N, Xie DX, Choby GW, et al , Eds. Treatment of post-viral
olfactory dysfunction: an evidence-based review with recom-
mendations. International forum of allergy & rhinology; 2020:
Wiley Online Library.

20 Kattar N, Do TM, Unis GD, Migneron MR, Thomas AJ, McCoul ED.
Olfactory training for postviral olfactory dysfunction: systematic
review and meta-analysis. Otolaryngol Head Neck Surg 2021;164
(02):244–254

21 PRISMA. PRISMA Flow Diagram 2020 [Available from: http://
prisma-statement.org/prismastatement/flowdiagram.aspx

22 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. BMJ 2021;372(71):n71

23 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ 2019;366:l4898

24 Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa
scale (NOS) for assessing the quality of nonrandomised studies in
meta-analyses. Ottawa:Ottawa Hospital Research Institute 2011;
2(01):1–12

25 Pendolino AL, Ottaviano G, Nijim J, et al. A multicenter real-life
study to determine the efficacy of corticosteroids and olfactory
training in improving persistent COVID-19-related olfactory dys-
function. Laryngoscope Investig Otolaryngol 2022;8(01):46–54

26 Schepens EJA, Blijleven EE, BoekWM, et al. Prednisolone does not
improve olfactory function after COVID-19: a randomized, dou-
ble-blind, placebo-controlled trial. BMC Med 2022;20(01):445

27 Abdelalim AA, Mohamady AA, Elsayed RA, Elawady MA, Ghallab
AF. Corticosteroid nasal spray for recovery of smell sensation in
COVID-19 patients: A randomized controlled trial. Am J Otolar-
yngol 2021;42(02):102884

28 Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ‘Sniffin’ sticks’:
olfactory performance assessed by the combined testing of odor
identification, odor discrimination and olfactory threshold. Chem
Senses 1997;22(01):39–52

29 Rocke J, Hopkins C, Philpott C, Kumar N. Is loss of sense of smell a
diagnostic marker in COVID-19: A systematic review and meta-
analysis. Clin Otolaryngol 2020;45(06):914–922

International Archives of Otorhinolaryngology © 2024. The Author(s).

Treatments for Olfactory Dysfunction in COVID-19 Mehraeen et al.

http://prisma-statement.org/prismastatement/flowdiagram.aspx
http://prisma-statement.org/prismastatement/flowdiagram.aspx


30 von Bartheld CS, Hagen MM, Butowt R. Prevalence of Chemo-
sensory Dysfunction in COVID-19 Patients: A Systematic Review
and Meta-analysis Reveals Significant Ethnic Differences. ACS
Chem Neurosci 2020;11(19):2944–2961

31 Lechien JR, Chiesa-Estomba CM, De Siati DR, et al. Olfactory and
gustatorydysfunctionsasaclinicalpresentationofmild-to-moderate
formsof thecoronavirusdisease (COVID-19):amulticenterEuropean
study. Eur Arch Otorhinolaryngol 2020;277(08):2251–2261

32 Saussez S, Vaira LA, Chiesa-Estomba CM, et al. Short-TermEfficacy
and Safety of Oral and Nasal Corticosteroids in COVID-19 Patients
with Olfactory Dysfunction: A European Multicenter Study.
Pathogens 2021;10(06):698

33 Parma V, Ohla K, Veldhuizen MG, et al; GCCR Group Author. More
Than Smell-COVID-19 Is Associated With Severe Impairment of
Smell, Taste, and Chemesthesis. ChemSenses 2020;45(07):609–622

34 Marinosci A, Landis BN, Calmy A. Possible link between anosmia
and COVID-19: sniffing out the truth. European archives of oto-
rhino-laryngology: official journal of the European Federation of
Oto-Rhino-Laryngological Societies (EUFOS): affiliated with the
German Society for Oto-Rhino-Laryngology -. Head Neck Surg
2020;277(07):2149–2150

35 Bilinska K, Butowt R. Anosmia in COVID-19: A Bumpy Road to
Establishing a Cellular Mechanism. ACS Chem Neurosci 2020;11
(15):2152–2155

36 Boscolo-Rizzo P, Borsetto D, Fabbris C, et al. Evolution of Altered
Sense of Smell or Taste in Patients With Mildly Symptomatic
COVID-19. JAMA Otolaryngol Head Neck Surg 2020;146(08):
729–732

37 Gerkin RC, Ohla K, Veldhuizen MG, et al. The best COVID-19
predictor is recent smell loss: a cross-sectional study. medRxiv
2020;14:2020.07.22.201572632020.07.22.

38 Vaira LA, Hopkins C, Petrocelli M, et al. Efficacy of corticosteroid
therapy in the treatment of long- lasting olfactory disorders in
COVID-19 patients. Rhinology 2021;59(01):21–25

39 Helman SN, Adler J, Jafari A, et al. Treatment strategies for
postviral olfactory dysfunction: A systematic review. Allergy
Asthma Proc 2022;43(02):96–105

40 Kim DH, Kim SW, Kang M, Hwang SH. Efficacy of topical steroids
for the treatment of olfactory disorders caused by COVID-19: A
systematic review and meta-analysis. Clin Otolaryngol 2022;47
(04):509–515

41 De Luca P, Camaioni A, Marra P, et al. Effect of Ultra-Micronized
Palmitoylethanolamide and Luteolin on Olfaction andMemory in
Patients with Long COVID: Results of a Longitudinal Study. Cells
2022;11(16):2552

42 Gracia DI, Ortiz M, Candela T, et al. Design and Evaluation of a
Potential Non-Invasive Neurostimulation Strategy for Treating
Persistent Anosmia in Post-COVID-19 Patients. Sensors (Basel)
2023;23(13):5880

43 AbdelazimMH, AbdelazimAH,MoneirW. The effect of intra-nasal
tetra sodium pyrophosphate on decreasing elevated nasal calci-
um and improving olfactory function post COVID-19: a random-
ized controlled trial. Allergy Asthma Clin Immunol 2022;18(01):
67

44 Abdelmaksoud AA, Ghweil AA, Hassan MH, et al. Olfactory Dis-
turbances as Presenting Manifestation Among Egyptian Patients

with COVID-19: Possible Role of Zinc. Biol Trace Elem Res 2021;
199(11):4101–4108

45 Di Stadio A, Bernitsas E, La Mantia I, et al. Targeting Neuro-
inflammation to Alleviate Chronic Olfactory Dysfunction in Long
COVID: A Role for Investigating Disease-Modifying Therapy
(DMT)? Life (Basel) 2023;13(01):226

46 Rashid RA, Zgair A, Al-Ani RM. Effect of nasal corticosteroid in the
treatmentofanosmiadue toCOVID-19:A randomiseddouble-blind
placebo-controlled study. Am J Otolaryngol 2021;42(05):103033

47 Rydzewski B, Pruszewicz A, Sulkowski WJ. Assessment of smell
and taste in patients with allergic rhinitis. Acta Otolaryngol 2000;
120(02):323–326

48 Hummel T, Whitcroft KL, Andrews P, et al. Position paper on
olfactory dysfunction. Rhinol Suppl 2017;54(26):1–30

49 Kandemirli SG, Altundag A, Yildirim D, Tekcan Sanli DE, Saatci O.
Olfactory Bulb MRI and Paranasal Sinus CT Findings in Persistent
COVID-19 Anosmia. Acad Radiol 2021;28(01):28–35

50 Zhang AJ, Lee ACY, Chu H, et al. Severe Acute Respiratory Syn-
drome Coronavirus 2 Infects and Damages the Mature and
Immature Olfactory Sensory Neurons of Hamsters. Clin Infect
Dis 2021;73(02):e503–e512

51 Ono R, Arita R, Takayama S, et al. Kampomedicine promotes early
recovery from coronavirus disease 2019-related olfactory dys-
function: a retrospective observational study. Front Pharmacol
2022;13:844072

52 Pires ÍAT, Steffens ST, Mocelin AG, et al. Intensive olfactory
training in post-COVID-19 patients: a multicenter randomized
clinical trial. Am J Rhinol Allergy 2022;36(06):780–787

53 Rashid RA, Zgair A, Al-Ani RM. Effect of nasal corticosteroid in the
treatment of anosmia due to COVID-19: A randomised double-
blind placebo-controlled study. Am J Otolaryngol 2021;42(05):
103033

54 Saussez S, Vaira LA, Chiesa-Estomba CM, et al. Short-TermEfficacy
and Safety of Oral and Nasal Corticosteroids in COVID-19 Patients
with Olfactory Dysfunction: A European Multicenter Study.
Pathogens 2021;10(06):698

55 Schepens EJA, Blijleven EE, BoekWM, et al. Prednisolone does not
improve olfactory function after COVID-19: a randomized, dou-
ble-blind, placebo-controlled trial. BMC Med 2022;20(01):445

56 Schmidt F, Azar C, Goektas O. Treatment of Olfactory Disorders
After SARS - CoViD 2 Virus Infection. Ear Nose Throat J 2023;
•••:1455613231168487

57 Singh CV, Jain S, Parveen S. The outcome of fluticasone nasal spray
on anosmia and triamcinolone oral paste in dysgeusia in COVID-
19 patients. Am J Otolaryngol 2021;42(03):102892

58 Vaira LA, Hopkins C, Petrocelli M, et al. Efficacy of corticosteroid
therapy in the treatment of long- lasting olfactory disorders in
COVID-19 patients. Rhinology 2021;59(01):21–25

59 Vandersteen C, Payne M, Dumas L-É, et al. Olfactory training in
post-COVID-19 persistent olfactory disorders: value normaliza-
tion for threshold but not identification. J Clin Med 2022;11(12):
3275

60 Yaylacı A, Azak E, Önal A, Aktürk DR, Karadenizli A. Effects of
classical olfactory training in patients with COVID-19-related
persistent loss of smell. Eur Arch Otorhinolaryngol 2023;280
(02):757–763

International Archives of Otorhinolaryngology © 2024. The Author(s).

Treatments for Olfactory Dysfunction in COVID-19 Mehraeen et al.


