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Abstract

Olfactory and gustatory dysfunctions (OGD) are pathognomonic symptoms in patients with Coronavirus Disease 2019 
(COVID-19). This study reviews the associations of OGD with COVID-19 which will be useful for early diagnosis and 
self-isolation. Systematic searches of PubMed, Ovid Medline, Scopus, and EMBASE electronic databases were performed. 
Studies reporting OGD in COVID-19 patients were included. Data were pooled for meta-analysis. The outcomes were 
odds ratios (OR) of OGD in COVID-19 patients. Proportions of smell and/or taste dysfunctions in the COVID-19 pa-
tients were assessed. Fourteen studies (21,515 participants, age 49.12 years, 26% male) were included. The OR of olfac-
tory and/or gustatory dysfunctions in COVID-19 patients were 11.26 (95% confidence interval (CI) 5.41 to 23.4) when 
compared with acute respiratory infection (ARI) without detectable virus and 6.46 (95% CI 2.79 to 14.97) in patients 
with other respiratory viruses. The OR of olfactory dysfunction in COVID-19 patients were 11.67 (95% CI 6.43 to 21.17)  
when compared with the ARI patients without detectable virus and 4.17 (95% CI 1.34 to 12.98) with other respiratory 
viruses. The OR of gustatory dysfunction in COVID-19 patients were 12.70 (95% CI 7.9 to 20.44) when compared with 
the ARI patients without detectable virus and 4.94 (95%CI 1.59 to 15.31) with other respiratory viruses. Fifty percent  
(95% CI 36.7 to 63.3%) of COVID-19 patients had olfactory and/or gustatory dysfunctions. In summary, there are associ-
ations between OGD and COVID-19 patients. Patients presenting with ARI should be assessed for olfactory and gustatory 
functions.
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Introduction
Because of the rapid spreading of severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) infection, the Corona-
virus disease 2019 (COVID-19) outbreak was characterized as 
a pandemic by the WHO on March 11, 2020.1 Early diagnosis 
is essential because asymptomatic carriers and patients with 
mild symptoms are sources of infection, in other words super 
spreaders.2 While most presenting symptoms of COVID-19  
are non-specific such as fever, cough, and tiredness,3 there are 
anecdotal reports suggesting olfactory and gustatory dysfunc-
tions (OGD) as the early symptoms of paucisymptomatic pa-
tients.4-6 Although the sudden onset of anosmia accompanying 
with a taste disorder pattern is acknowledged as a presenting 
symptom of COVID-19, the true prevalence of OGD is not  
conclusive. 

Using The University of Pennsylvania Smell Identifica-
tion Test (UPSIT) for evaluation, Moein et al.7 demonstrated 
that ninety-eight percent of COVID-19 patients had olfactory  
dysfunction. Thus, disposable olfactory measures might be  
used for screening COVID-19 patients in the countries with 
the high incidence of COVID-19 with limited resources for 
performing real-time polymerase chain reaction (RT-PCR) for 
SARS-CoV-2. 

This systematic review aims to assess the associations of 
olfactory and/or gustatory dysfunctions with COVID-19 and 
to estimate the proportion of the patients with smell and taste  
dysfunctions among the COVID-19 patients.
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Recent findings
Search strategy

The study was registered with the international prospective 
register of systematic reviews PROSPERO (reference num-
ber CRD42020182107). This systematic review followed The 
Preferred Reporting Items for Systematic Reviews and Meta 
-Analyses (PRISMA).8 Electronic searches with PubMed, Ovid 
Medline, Scopus, and EMBASE were conducted. References  
of the included studies and additional sources were manu-
ally searched. The date of the last search was April 30, 2020.  
Combination of MESH terms and keywords were “smell”;  
“olfaction disorders”, “smell disorder”, “anosmia”, “hyposmia”, 
“olfactory dysfunction”, “olfactory loss function”, “taste”, “taste 
disorders”, “ageusia”, “dysgeusia”, “gustatory dysfunction”, “hy-
pogeusia”, “SARS-CoV-2”, “COVID-19”, “2019 Novel Coronavi-
rus”, “2019-nCoV”, “coronavirus disease”. The search was limit-
ed to human studies and English language publications. 

Eligibility criteria
Studies assessing olfactory and/or gustatory functions in 

patients with COVID-19 were identified. Only studies which 
confirmed the diagnosis of COVID-19 by a positive result of 
RT-PCR were included. OGD was assessed by either subjec-
tive evaluation (e.g. self-report questionnaires or surveys) or 
objective test (e.g. smell identification test or threshold test).  
Case series were excluded when only selected cases having 
OGD were reported. Primary outcomes were odds ratios (OR) 
of olfactory and/or gustatory dysfunctions in patients with 
COVID-19 compared to three control groups: normal subjects, 
acute respiratory infection (ARI) patients without detectable 
virus and ARI patients with other respiratory viruses. Second-
ary outcomes were proportions of the number of patients with 
OGD; olfactory and/or gustatory dysfunctions, olfactory dys-
function and gustatory dysfunction; among the COVID-19 pa-
tients.

Study selection process
Two review authors (MPH and KSe) independently screen-

ed the titles and abstracts based on predetermined eligibility  
criteria. Full texts of the selected articles were then reviewed 
by MPH and JK. Any disagreements in study selection were 
resolved by consulting the corresponding author (KSn) and a 
debate until getting a consensus.

Data extraction
Data sought by the review authors included study de-

sign, COVID-19 diagnostic method, sample size, number of 
COVID-19 patients and control, sex, mean age, methods of 
OGD evaluation, and characteristics of the control group. 

Risk of bias in individual studies
Quality of studies was independently assessed by 2 review-

ers (MPH and JK) following the modified Newcastle-Ottawa 
Scale (NOS) for non-randomised studies adapted for cross- 
sectional studies.9 The modified NOS is presented in Supple-
ment 1, https://figshare.com/articles/NOS/12233456. Four do-
mains were assessed: selection, comparability, exposure, and 
outcome. The total score of modified NOS was 10. The quality of

the studies was determined according to the score: low quality 
(score 0 to 4), medium quality (score 5 to 7) and high quality 
(score 8 to 10).

Data synthesis and statistical analysis
Data were pooled for meta-analysis. OR and 95% confi-

dence interval (CI) were used for dichotomous data. Discrep-
ancies in odds ratio among different studies were assessed us-
ing a heterogeneity (I2) statistic. An I2 of < 40%, 40-60% and  
> 60% represented low, moderate and substantial heterogene-
ity, respectively. When the heterogeneity was not substantial, 
a fixed-effect model (Mantel–Haenszel method) was used.  
A random-effects model was used for a more conservative 
estimate of the differences when the heterogeneity was sub-
stantial. Statistical assessments were performed using Open 
Meta Analyst version 10.10 and Review Manager (RevMan)  
version 5.3 (The Nordic Cochrane Centre, The Cochrane Col-
laboration, Copenhagen, Denmark).10 

Study selection
Sixty-five studies from electronic searches and two from 

manual searches were identified. Fifty irrelevant articles were 
excluded during title and abstract screening. Three articles 
were excluded after full-text review. Two articles were survey 
studies without RT-PCR diagnostic confirmation.6,11 One ar-
ticle reported 11 cases of isolated sudden onset anosmia but 
the RT-PCR was performed in only one case.5 Flow diagram 
of the study selection and reasons for exclusion are displayed  
in Figure 1. Finally, 14 studies were included in the qualitative 
synthesis and quantitative synthesis.7,12-24 Seven (50%) articles 
had one or more control groups, there were two case-control 
studies and five cross-sectional studies.7,12,13,18,20,22,23 In the two 
case-control studies, the study group was COVID-19 patients 
while the control group was normal subjects in one study and 
ARI patients with influenza in the other study.7,12 In the five 
cross-sectional studies, Wee et al. reported two control groups 
of ARI without detectable virus and ARI with other respi-
ratory viruses (ORV).22 The other four studies assessed ARI  
patients without detectable virus as a control.13,18,20,23 Seven 
(50%) articles were case series assessing olfactory and gusta-
tory functions in COVID-19 patients.14-17,19,21,24 Characteristics  
of the selected studies are shown in Table 1.

Participants
There were 8,871 COVID-19 patients in a total of 21,515 

participants. Twenty-six percent were male.7,12,14-19,21,23,24 The 
mean age of the participants was 49.12 years.7,12,14-19,21,24 

Olfactory and gustatory evaluation
Two studies evaluated olfactory dysfunction using objec-

tive tests.7,21 One study used the UPSIT.7 The other study used 
the Connecticut Chemosensory Clinical Research Center test 
(CCCRC). The latter study used an odor identification test us-
ing common odors and a butanol threshold assessment. One 
study evaluated gustatory dysfunction by using a taste score 
which ranged from 0 to 4: Normal (score 4), mild hypogeusia  
(score 3), moderate hypogeusia (score 2), severe hypogeusia 
(score 1), and ageusia (score 0). The score was given according 
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Figure 1. Flow diagram of study selection for the systematic review and meta-analysis.
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Table 1. Characteristics of included studies.

First author Year Study design
Sample 

size 
(n)

Mean 
Age 

(Year)

Male 
(%)

COVID-19 
testing

Olfactory 
function test

Gustatory 
function test Control group Quality of 

study

Beltrán-
Corbellini12 2020 Case-control 119 61.35 56.3 RT-PCR Self-reported 

questionnaire
Self-reported 
questionnaire ARI with ORV Medium

Bénézit13 2020 Cross-sectional 257 NR NR RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire

ARI without 
detectable virus Medium

Giacomelli14 2020 Case series 59 60 67.8 RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire NR Low

Klopfenstein15 2020 Case series 54 47 33.3 RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire NR Medium

Lechien16 2020 Case series 417 36.9 36.9 RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire NR Medium

Mao17 2020 Case series 214 52.7 40.7 RT-PCR Structured 
interview

Structured 
interview NR Low

Menni18 2020 Cross-sectional 18401 43.72 26 RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire

ARI without 
detectable virus Medium

Moein7 2020 Case-control 120 46.55 66.7 RT-PCR Identification 
test

Self-reported 
questionnaire Normal subject Medium

Spinato19 2020 Case series 202 56 48 RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire NR Medium

Tostmann20 2020 Cross-sectional 269 NR NR RT-PCR Self-reported 
questionnaire NR ARI without 

detectable virus Medium

Vaira21 2020 Case series 72 49.2 37.5 RT-PCR
1.	BTT
2.	Identification 

test
Taste score NR Medium
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to the ability to perceive four primary tastes (sweet, salty, sour, 
and bitter).21 The other twelve studies used questionnaires, sur-
veys or phone calls for olfactory and gustatory function assess-
ments.12-20,22-24

Association between olfactory and/or gustatory dysfunctions 
and patients with COVID-19 

When compared to normal subjects, patients with COVID 
-19 had significantly higher odds of olfactory and/or gustato-
ry dysfunctions (OR 65.86, 95% CI 3.88 to 1118.69, p < 0.01, 
1 study, 120 patients).7 When compared to ARI patients with-
out detectable virus, patients with COVID-19 had signifi-
cantly higher odds of olfactory and/or gustatory dysfunctions 
(OR 11.26, 95% CI 5.41 to 23.4, p < 0.01, 3 studies, 19,528 
patients).13,18,22 An I2 of 84% represented substantial hetero-
geneity. Data are displayed in Figure 2A. When compared to 
ARI patients with ORV, patients with COVID-19 had signifi-
cantly higher odds of olfactory and/or gustatory dysfunctions 

Figure 2. Odds ratios in association with olfactory and/or gustatory dysfunctions: (A) COVID-19 patients versus ARI patients 
with no detectable virus. (B) COVID-19 patients versus ARI patients with other respiratory viruses. 
COVID-19 = coronavirus disease 2019, ARI = acute respiratory infection, nondetectable virus = ARI patients with no detectable virus, ORV = ARI patients with other 
respiratory viruses, M-H = Mantel–Haenszel method, random = random effects, fixed = fixed effects, CI = confidence interval, df = degrees of freedom.

501010.10.02

Bénézit 2020

Heterogeneity: Tau2 = 0.34; Chi2 = 12.70, df = 2 (P = 0.002); I2 = 84%
Test for overall effect: Z = 6.48 (P < 0.00001)

Study or Subgroup

44 68 26 189 30.9% 11.49 [6.02, 21.95]

Events Total Events Total Weight
Odds Ratio

M-H, Random, 95% CI
Odds Ratio

M-H, Random, 95% CI

Menni 2020
Wee 2020

Total (95% CI)
Total events

4668
35

4747

7178
154

7400

2436
9

2471

11223
716

12128

40.7%
28.4%

100.0%

6.71 [6.28, 7.17]
23.10 [10.83, 49.30]

11.26 [5.41, 23.40]

Covid-19 Nondetectable virus
A

Favors “nondetectable virus” Favors “Covid-19”

501010.10.02

Beltrán‐Corbellini 2020

Heterogeneity: Chi2 = 0.82, df = 1 (P = 0.36); I2 = 0%
Test for overall effect: Z = 4.35 (P < 0.0001)

Study or Subgroup

31 79 5 40 65.6% 4.52 [1.60, 12.79]

Events Total Events Total Weight
Odds Ratio

M-H, Fixed, 95% CI
Odds Ratio

M-H, Fixed, 95% CI

Wee 2020

Total (95% CI)
Total events

35

66

154

233

2

7

71

111

34.4%

100.0%

10.15 [2.37, 43.50]

6.46 [2.79, 14.97]

Covid-19 ORV
B

Favors “ORV” Favors “Covid-19”

Table 1. (Continued)

First author Year Study design
Sample 

size 
(n)

Mean 
Age 

(Year)

Male 
(%)

COVID-19 
testing

Olfactory 
function test

Gustatory 
function test Control group Quality of 

study

Wee22 2020 Cross-sectional 941 NR NR RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire

ARI with ORV
ARI without 
detectable virus

Low

Yan (a)23 2020 Cross-sectional 262 NR 37.4 RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire

ARI without 
detectable virus Medium

Yan (b)24 2020 Case series 128 48.25 47.6 RT-PCR Self-reported 
questionnaire

Self-reported 
questionnaire NR Medium

(OR 6.46, 95% CI 2.79 to 14.97, p < 0.01, 2 studies, 344 pa-
tients).12,22 An I2 of 0% represented no heterogeneity. Data are 
displayed in Figure 2B. 

Association between olfactory dysfunction and patients with 
COVID-19 

When compared to normal subjects, patients with COVID 
-19 had significantly higher odds of olfactory dysfunction 
(OR 48.68, 95% CI 2.85 to 831.50, p < 0.01, 1 study, 120 pa-
tients).7 When compared to ARI patients without detectable 
virus, patients with COVID-19 had significantly higher odds 
of olfactory dysfunction (OR 11.67, 95% CI 6.43 to 21.17,  
p < 0.01, 3 studies, 788 patients).13,20,23 An I2 of 50% represent-
ed moderate heterogeneity. Data are displayed in Figure 3.  
When compared to ARI patients with ORV, patients with 
COVID-19 had significantly higher odds of olfactory dys-
function (OR 4.17, 95% CI 1.34 to 12.98, p = 0.01, 1 study, 119  
patients).12 

NR = not reported. ORV = other respiratory viruses, ARI = acute respiratory infection, BTT = butanol threshold test,  RT-PCR = reverse transcription polymerase 
chain reaction.
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Figure 3. Odds ratio in association with olfactory dysfunction: COVID-19 patients versus ARI patients with no detectable virus. 
COVID-19 = coronavirus disease 2019, ARI = acute respiratory infection, nondetectable virus = ARI patients with no detectable virus, M-H = Mantel–Haenszel 
method, random = random effects, CI = confidence interval, df = degrees of freedom. 

501010.10.02

Bénézit 2020

Heterogeneity: Tau2 = 0.14; Chi2 = 4.01, df = 2 (P = 0.13); I2 = 50%
Test for overall effect: Z = 8.08 (P < 0.00001)

Study or Subgroup

31 68 19 189 36.0% 7.50 [3.83, 14.69]

Events Total Events Total Weight
Odds Ratio

M-H, Random, 95% CI
Odds Ratio

M-H, Random, 95% CI

Tostmann 2020
Yan (a) 2020

Total (95% CI)
Total events

37
40

108

79
59

206

7
33

59

190
203

582

27.4%
36.6%

100.0%

23.03 [9.60, 55.23]
10.85 [5.60, 21.01]

11.67 [6.43, 21.17]

Covid-19 Nondetectable virus

Favors “nondetectable virus” Favors “Covid-19”

Association between gustatory dysfunction and patients with 
COVID-19 

When compared to normal subjects, patients with COVID 
-19 had significantly higher odds of gustatory dysfunction  
(OR 37.73, 95% CI, 2.19 to 649.03, p = 0.01, 1 study, 120 pa-
tients).7 When compared to ARI patients without detectable 
virus, patients with COVID-19 had significantly higher odds 
of gustatory dysfunction (OR 12.70, 95% CI 7.90 to 20.44,  
p < 0.01, 2 studies, 519 patients).13,23 An I2 of 0% represent-
ed no heterogeneity. Data are displayed in Figure 4. When  
compared to ARI patients with ORV, patients with COVID-19 
had significantly higher odds of gustatory dysfunction (OR 
4.94, 95% CI 1.59 to 15.31, p < 0.01, 1 study, 119 patients).12 

Proportions of olfactory and gustatory dysfunctions in 
COVID-19 population

When data of patients with COVID-19 were pooled for 
analysis, the proportion of olfactory and/or gustatory dys-
functions among the COVID-19 patients was 0.5 (95% CI 
0.36 to 0.63, p < 0.01, 8 studies, I2 = 96.83%);7,13,14,17-22 olfactory  
dysfunction was 0.45 (95% CI 0.22 to 0.69,  p < 0.01, 11 stud-
ies, I2 = 99.2%);7,12-17,20,21,23,24 and gustatory dysfunction was 
0.47 (95% CI 0.17 to 0.76, p < 0.01, 9 studies, I2 = 99.47%).7,12-

14,16,17,21,23,24 Heterogeneity was substantial for all analyses. Data 
are displayed in Figure 5.

Figure 4. Odds ratio in association with gustatory dysfunction: COVID-19 patients versus ARI patients with no detectable 
virus. 
COVID-19 = coronavirus disease 2019, ARI = acute respiratory infection, nondetectable virus = ARI patients with no detectable virus, M-H = Mantel–Haenszel 
method , fixed = fixed effects, CI = confidence interval, df = degrees of freedom. 

501010.20.05

Bénézit 2020

Heterogeneity: Chi2 = 0.08, df = 1 (P = 0.77); I2 = 0%
Test for overall effect: Z = 10.48 (P < 0.00001)

Study or Subgroup

42 68 20 189 47.1% 13.65 [6.96, 26.78]

Events Total Events Total Weight
Odds Ratio

M-H, Fixed, 95% CI
Odds Ratio

M-H, Fixed, 95% CI

Yan (a) 2020

Total (95% CI)
Total events

42

84

59

127

35

55

203

392

52.9%

100.0%

11.86 [6.06, 23.19]

12.70 [7.90, 20.44]

Covid-19 Nondetectable virus

Favors “nondetectable virus” Favors “Covid-19”

Beltrán-Corbellini 2020

Overall (I2 = 96.83%, P < 0.001)

Studies

0.392 (0.285, 0.500)

Estimate (95% C.I.)

Bénézit 2020 0.647 (0.533, 0.761)
Giacomelli 2020 0.339 (0.218, 0.460)
Menni 2020 0.650 (0.639, 0.661)
Moein 2020 0.350 (0.229, 0.471)
Spinato 2020 0.644 (0.578, 0.710)
Vaira 2020 0.736 (0.634, 0.838)
Wee 2020 0.227 (0.161, 0.293)

Ev/Trt

31/79
44/69
20/59

4668/7178
21/60

130/202
53/72

35/154

0.500 (0.367, 0.633) 5002/7872

Olfactory and/or Gustatory dysfunctionsA. 

0.2 0.3 0.4 0.5 0.6 0.7 0.8
proportion

Figure 5. Proportions of patients with olfactory and gustatory dysfunctions in the patients with COVID-19: (A) Olfactory and/
or Gustatory dysfunctions. (B) Gustatory dysfunction. (C) Olfactory dysfunction. 
COVID-19 = coronavirus disease 2019, C.I. = confidence interval, Ev = event, Trt = total.  
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Figure 5. (Continued)

Beltrán-Corbellini 2020

Overall (I2 = 99.2%, P < 0.001)

Studies

0.316 (0.214, 0.419)

Estimate (95% C.I.)

Bénézit 2020 0.456 (0.338, 0.574)
Giacomelli 2020 0.237 (0.129, 0.346)
Klopfenstein 2020 0.474 (0.382, 0.565)
Lechien 2020 0.856 (0.822, 0.890)
Mao 2020 0.056 (0.025, 0.087)
Moein 2020 0.283 (0.169, 0.397)
Tostman 2020 0.468 (0.358, 0.578)

Ev/Trt

25/79
31/68
14/59

54/114
357/417
12/214
17/60
37/79

0.457 (0.220, 0.693) 706/1349

Vaira 2020 0.611 (0.499, 0.724) 44/72
Yan (a) 2020 0.678 (0.559, 0.797) 40/59
Yan (b) 2020 0.586 (0.501, 0.671) 75/128

Olfactory dysfunctionC. 

0.2 0.4 0.6 0.8
proportion

Beltrán-Corbellini 2020

Overall (I2 = 99.47%, P < 0.001)

Studies

0.354 (0.249, 0.460)

Estimate (95% C.I.)

Bénézit 2020 0.618 (0.502, 0.733)
Giacomelli 2020 0.288 (0.173, 0.404)
Lechien 2020 0.888 (0.857, 0.920)
Mao 2020 0.051 (0.022, 0.081)
Moein 2020 0.233 (0.126, 0.340)
Vaira 2020 0.542 (0.427, 0.657)
Yan (a) 2020 0.712 (0.596, 0.827)

Ev/Trt

28/79
42/68
17/59

342/385
11/214
14/60
39/72
42/59

0.470 (0.173, 0.768) 605/1124

Yan (b) 2020 0.547 (0.461, 0.633) 70/128

Gustatory dysfunctionB. 

0.2 0.4 0.6 0.8
proportion

Risk of bias of the included studies
Eleven of the included studies had medium quality 7,12,13,15, 

16,18-21,23,24 and three studies had low quality.14,17,22 In general,  
the included studies had low scores on selection domain  
because most studies used self-report as ascertainment of out-
come except the studies from Moein et al. and Vaira et al.7,21

Discussion
To the best of our knowledge, this is the first meta-analysis 

that assessed the associations between OGD and COVID-19 
patients. Although recent reports noticed a high incidence of 
isolated sudden anosmia without other signs and symptoms 
in a large group of patients, the quality of the evidence was  
low.6,11  Patients with COVID-19 tend to have mild severity of 
nasal and pharyngeal symptoms or asymptomatic condition 
which make some of them become super spreaders.25 Thus, an 
assessment of initial pathognomonic symptoms and signs for 
early detection is essential to help preventing the spreading of 
the virus. Evidence based on a pooled data analysis is required 
in order to help physicians identify the suspect patients such 
as patients with ARI and OGD as patients under investigation. 

Viral infection has long been known as one of the key eti-
ologies of smell disorder along with trauma, chronic rhinosi-
nusitis, aging and neurological diseases.26 Viral olfactory dys-
function, known as post-viral olfactory loss, may result from

nerve impairment.27 Based on our findings, the odds ratio of  
olfactory dysfunction in SAR-CoV-2 infection was 11.67 (95% 
CI 6.43 to 21.17). The odds ratio of chronic rhinosinusitis  
with polyps having hyposmia was 2.38 (95% CI 1.34 to 4.23) 
and anosmia was 13.21 (95% CI 5.68 to 30.70).28 Unlike patients 
with nasal mucosal congestion and conductive olfactory loss, 
the COVID-19 patients had mild nasal congestion.29,30 Mech-
anism of action for developing OGD in the infected SARS-
CoV-2 patients is not known. The pathogenesis of OGD in 
population with COVID-19 was postulated. Angiotensin-con-
verting enzyme 2 (ACE2) and transmembrane serine protease  
2 (TMPRSS2) are located on the surface of non-neuro cells, 
including nasal and oral epithelial cells.31 When SARS-CoV-2 
entered the nasal and oral epithelium through the ACE2 and 
TMPRSS2, it might cause damages to olfactory and gustatory 
receptor cells and infiltrate the brain leading to impaired cen-
tral nervous system (CNS).31-34 Another hypothesis indicat-
ed that SARS-CoV2 may degrade CNS by demyelination and  
stimulation of T cell-mediated autoimmune reactions against 
CNS antigens. Consequently, impaired nerves can result in the 
alteration of olfactory and gustatory functions.35 

The recent article by Mao et al.17 showed central and pe-
ripheral neurologic manifestations, including smell and taste 
impairments in the hospitalized COVID-19 patients. Evidence 
from a previous study in SARS-CoV revealed that the cerebral
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involvement of the virus might happen during the early and 
late phase of infection.36 Moreover, the impaired cranial nerves 
(VII, IX, X), gustatory system (N. glossopharyngeus, N. facia-
lis, and N. vagus) and receptors cease the taste transportation 
and lead to gustatory dysfunction. Amongst gustatory dysfunc-
tion patterns, dysgeusia is the most common impairment.26  
Jang et al.37 reported an asymptomatic COVID patient who 
initially complained of the metallic taste during his quaran-
tine. Our meta-analysis showed a higher odds of having OGD 
in COVID-19 patients compared to ORV patients. Thus, these 
findings elicited the different pathogenesis of OGD between  
the two groups. 

The prevalence of OGD in our meta-analysis was around 
fifty percent based on eight studies. The 95% CI range was 
wide and the heterogeneity was substantial. This is in line  
with previously published articles showing that the preva-
lence of OGD ranged from 23.7% to 85.6%.14,16 The great va-
riety of the proportions should be due to a substantial het-
erogeneity which includes the differences in COVID-19 
severity, clinical diagnostic criteria and the methods for olfac-
tory and gustatory evaluation. Although OGD is not a com-
mon finding, it is strongly associated with COVID-19. This 
finding might help the COVID-19 diagnosis. Yan et al.24 re-
vealed that anosmia had a strong association with the outpa-
tient with COVID-19 while pulmonary signs and symptoms 
were strongly associated with the hospitalized patients with  
COVID-19. 

This study had several limitations. Most included stud-
ies were conducted in Europe and America, and therefore, it 
might not represent the epidemiological picture of OGD in 
the whole COVID-19 population. Further, just a small number 
of patients were studied by these fourteen articles. This could 
be due to a serious situation which patients were isolated or 
admitted in quarantine wards. To conduct research was com-
plicated and patients did not volunteer to participate in the 
studies. Objective tools for chemosensory testing during the 
COVID-19 pandemic were not suggested due to a high risk 
of the SARS-CoV-2 spreading. Thus, self-report seems to be 
practical. In addition, there was a possibility of negative pub-
lication bias to report COVID-19 patients with normal smell  
function.

Conclusion
This study showed associations of OGD with COVID-19 

patients. Not only individual sense was altered but the risk of 
impairment of both senses was also high. Patients present-
ing with ARI should be assessed for olfactory and gustatory  
functions.
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