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ABSTRACT

Background: The presence of olfactory dysfunction or “loss of smell” has been reported as an atypical symptom in
patients with coronavirus disease 2019 (COVID-19). We performed a systematic review and meta-analysis of the avail-
able literature to evaluate the prevalence of “loss of smell” in COVID-19 as well as its utility for prognosticating the disease
severity.

Methods: An exhaustive search of the PubMed/Medline, Embase, Web of Science, Cochrane Library, LitCovid NIH, and
WHO COVID-19 database was conducted through August 6, 2020. All studies reporting the prevalence of “loss of smell”
(@anosmia and/or hyposmia/microsmia) in laboratory-confirmed COVID-19 patients were included. Pooled prevalence for
cases (positive COVID-19 through reverse transcriptase (RT-PCR) and/or serology 1gG/IgM) and controls (negative RT-PCR
and/or serology) was compared, and the odds ratio (OR), 95% confidence interval (Cl) and the p-value were calculated. A
p-value of <0.05 was considered statistically significant.

Results: A total of 51 studies with 11074 confirmed COVID-19 patients were included. Of these, 21 studies used a control
group with 3425 patients. The symptom of “loss of smell” (OR: 14.7, Cl: 8.9—24.3) was significantly higher in the COVID-19
group when compared to the control group. Seven studies comparing severe COVID-19 patients with- and without “loss of
smell” demonstrated favorable prognosis for patients with “loss of smell” (OR: 0.36, Cl 0.27—0.48).

Conclusions: Olfactory dysfunction or “loss of smell” is a prevalent symptom in COVID-19 patients. Moreover, COVID-19
patients with “loss of smell” appear to have a milder course of the disease.

Keywords: COVID-19; Olfactory dysfunction; Loss of smell; SARS-CoV-2; Coronavirus. [Am J Med Sci 2021;361(2):216-
225.]

INTRODUCTION

he pandemic coronavirus disease-2019 (COVID-

19) is caused by severe acute respiratory syn-

drome coronavirus-2 (SARS-CoV-2)." The pan-
demic has resulted in significant economic and
healthcare burden. Along with the pulmonary symptoms,
the disease is also associated with neurological manifes-
tations such as headache, impaired consciousness,
altered gait/ataxia, seizures, diarrhea, nausea/vomiting,
loss of smell, and altered taste/dysgeusia.”>* The dis-
ease severity is associated with laboratory abnormalities
such as low albumin, elevated interleukin 6, increased
alanine/aspartate aminotransferase, increased total bili-
rubin, increased procalcitonin, increased C-reactive pro-
tein (CRP), etc.*®

216

The “loss of smell” is an atypical symptom of COVID-
19 and has been reported with varying prevalence in liter-
ature. Further, it has been observed that loss of smell is
usually associated with milder form of disease compared
to severe disease.” We performed a systematic review
and meta-analysis of available studies to evaluate the
prevalence of “loss of smell” in COVID-19 and its utility
as a prognostic indicator.

METHODS

Search Strategy

A systematic search of the PubMed/Medline,
Embase, Web of Science, Cochrane Library, LitCovid
NIH, and WHO COVID-19 databases through August 6t
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2020, was conducted. The author (W.L.S.) created the
initial search strategy using the vocabulary for “COVID-
19” and “smell,” which was cross-checked by another
reviewer (M.A.). We highlight an example search strategy
using EMBASE in Supplementary table 1. Two indepen-
dent reviewers (M.A. and H.H.) performed the initial
screening and data extraction from the articles. Any dis-
crepancy in article screening or data extraction was
resolved through mutual discussion.

Inclusion and exclusion criteria

Only articles reporting the laboratory confirmed
COVID-19 patients and “loss of smell” were included.
Articles were excluded if they had <10 cases of interest.
Articles with suspected cases of COVID-19 without a
definitive laboratory diagnosis were also excluded. An
adherence to “Preferred Reporting Items for Systematic
Reviews and Meta-Analyses” (PRISMA) guidelines was
observed.

Study Definition

Severe disease is defined as the presence of either
respiratory distress (i.e., rate >30/min, PaO2/FiO2 <300,
and/or SpO2 <93%), need for hospitalization, and/or
death. Given the heterogeneity in defining the “loss of
smell” across studies, we included the concepts of
“anosmia (complete loss of smell)” and “hyposmia/
microsmia (diminished or partial loss of smell)” collec-
tively as “loss of smell”. Positive COVID-19 cases are
defined as patients with laboratory confirmed COVID-19
(through reverse transcriptase polymerase chain reaction
(RT-PCR) and/or serological evidence of COVID-19
through 1gG/IgM). Controls are defined as patients with
negative RT-PCR and/or serological testing.

Statistical measures and synthesis of results

The pooled prevalence of cases (COVID-19) and con-
trols (non-COVID-19) were compared using the DerSimo-
nian-Laird/Random-effect meta-analysis, and outcomes
were reported using forest plots, proportions with 95%
confidence interval (Cl), odds ratio (OR) with 95% ClI, p-
value (<0.05 was considered statistically significant) and
I? heterogeneity (>50% considered substantial heteroge-
neity).>~"" Meta-analysis was conducted using compre-
hensive meta-analysis (BioStat, Englewood, New Jersey,
USA) and Open Meta Analyst (CEBM, University of
Oxford, Oxford, United Kingdom).

Risk of bias

Publication bias was assessed using a funnel plot
and Egger’s regression analysis. If significant publication
bias was suspected, we utilized the “trim-and-fill”
method and Fail-Safe N test. The presence of bias in the
individual study was assessed using the Quality in Prog-
nostic Studies (QUIPS) tool.'?

Olfactory Dysfunction in COVID-19

RESULTS

A total of 51 studies were included based on the
search strategy mentioned previously (Fig. 1). Publication
bias based on prevalence for “loss of smell” was noted
based on visual assessment of the funnel plot and
Egger’s regression analysis (p = 0.01). We then used the
“trim-and-fill” method to create adjusted funnel plot that
did not significantly differ from the original funnel plot
(Supplementary Fig. 1). The Fail-Safe N test was 504
with an alpha of 0.05. This signifies that 504 studies with
effect size zero will be needed to nullify the effect noted
for the current analysis. Using the QUIPS tool, only seven
studies were considered low risk. The other remaining
studies either did not account for confounders in their
statistical analyses or outcome/prognostic factors were
not adequately assessed (Table 1).

A total of 11074 COVID-19 patients (mean age
46.7 + 10.4 years and males 46.9%) were included in the
final analysis (Table 2).>"3752 The overall prevalence of
“loss of smell” in COVID-19 patients was 52.0% (CI:
42.5%-61.6%, I = 99.4%) (Fig. 2). A total of 21 studies
compared these symptoms in COVID-19 patients
(n = 2196) and controls (n = 3425), 1314.18.19.21.25.27.28.34
—87,39,40,45,47-49,59.60.62 «| 555 of smell” was associated
significantly more in the COVID-19 group compared to
non-COVID-19 group (OR: 14.7, Cl: 8.9—24.3, p < 0.001,
1> = 83.2%) (Fig. 3). Among COVID-19 patients, the odds
of patients with severe disease and “loss of smell” were
significantly lower when compared to patients with
severe disease and without “loss of smell” (OR: 0.36, CI
0.27-0.48, p < 0.01, 12 = 27.4% (Fig. 4).%21:32:37:52,54.57

DISCUSSION

We summarized the overall prevalence of “loss of
smell” for COVID-19 patients and compared with control
patients i.e. those without laboratory confirmation of
COVID-19 from the same study period. The overall prev-
alence of “loss of smell” was significantly higher for the
COVID-19 group compared to control group. In addition,
“loss of smell” had a lower association with severe
COVID-19 compared to COVID-19 patients without “loss
of smell”.

Olfactory and gustatory changes are one of the most
underreported symptoms in COVID-19 and can some-
times be only presenting symptoms in these patients.®
As demonstrated in our study, “loss of smell” was asso-
ciated with somewhat favorable prognosis of the disease
and hence careful screening should be undertaken to
identify potential patients with COVID-19. These patients
should undergo testing to rule out COVID-19. This will
help in preventing the spread of the virus

We noted significant variations in the reporting of
symptoms (i.e., dysosmia/anosmia/hyposmia/micro-
smia) in the studies. Mao et al. noted “loss of smell” in
5.1% of their cohort, while Moein et al. noted that roughly
98% of patients had “loss of smell”.?'® Earlier studies
such as by Mao et al. relied on the retrospective data
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FIGURE 1. PRISMA flow diagram.

collection and questionnaire based survey. As the olfac-
tory symptoms became well-recognized, the newer
studies might have assessed these patients specifically
for these symptoms, resulting in a higher prevalence
of olfactory symptoms. Further, only few studies objec-
tively evaluated the “loss of smell” using validated
tools.8:20:25:35:42,44.60.61 The ghjective methods used in
literature to assess “loss of smell” included: “Sniffin Sticks
test”, “The University of Pennsylvania Smell Identification
Test (UPSIT)”, “Quick Smell Identification Test (Q-SIT)”,
and “Connecticut Chemosensory Clinical Research Cen-
ter Test (CCCRC test)”. We feel that the actual prevalence
of olfactory symptoms could be much higher than what is
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reported as we have combined data from relatively older
studies as well. Our results should be interpreted as such
keeping in mind this important limitation.

Only 7 studies compared the disease severity in
patients with “loss of smell” versus those without “loss
of smell”. Although our results are limited due to the very
small sample size, “loss of smell” was characterized by
the less severe disease compared to those without this
symptom. This finding is noteworthy and needs to be fur-
ther explored in more extensive studies. The limitation of
our analysis is the observational nature of the studies
with significant variations in the reporting of symptoms
and follow-up. A temporospatial association of the
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Table 1. The Quality in Prognostic Studies (QUIPS) table for risk of bias

Study, year Participation Attrition Prognostic factor Outcome Study Statistical
(The study sample (The proportion measurement measurement confounders analysis?
represents of study sample (Prognostic factor  (The outcome (Potential (Statistical
population of providing is adequately of interest is confounders analysis
interest on key outcome data measured in adequately are accounted appropriately
characteristics?) is adequate?) study subjects?) measured in for?) designed for
study subjects?) the study?)
Abalo-Lojo Yes Yes No Partly No No
Aggrawal Yes Partly No Partly No Yes
Altin Yes Yes Yes Yes No Yes
Beltran-Corbellini Yes Yes Yes Yes Yes Yes
Brandstetter Yes Yes Yes Yes No Yes
Carigan Yes Yes Yes Yes Yes Yes
Chiesa-Estomba Yes Yes No Yes No No
Chiesa-Estomba 2 Yes No No Yes No Yes
D'Ascanio Yes Yes Yes Partly Partly Yes
Dawson Yes Yes Yes Yes No Yes
Dell'Era Yes Yes No Yes Yes Yes
Giacomelli Yes Yes No Yes No No
Gorzkowski Yes Yes No Partly No Yes
Guner Yes Yes No Partly No Yes
Haehner Yes Partly Yes Yes No No
Hintschich Yes Partly Yes Yes No Yes
Hornus Yes Yes Yes Partly No No
Izquierdo-Dominguez Yes Yes Yes Yes Yes Yes
Jalessi Yes Yes No Yes Yes Yes
Kai Chua Yes Yes Yes Yes No No
Kempker Yes Partly Yes Yes No No
Kim Yes Partly No Partly No No
Klopfenstein Yes Yes No Partly No Partly
Lechien (1) Yes Yes No Partly Yes Partly
Lechien (2) Yes Yes Partly Partly Yes Yes
Lechien (3) Yes Yes No Partly Yes Yes
Lechien (4) Yes Yes No Partly Partly Partly
Lee Yes No Yes Yes Yes Yes
Liang Yes Yes No Partly No Yes
Magnavita Yes Yes Yes Yes No Yes
Mao Yes Yes No Partly Partly Partly
Martin-Sanz Yes Yes Yes Yes No Yes
Mishra Yes Yes No Partly No No
Moein Yes Yes Yes Yes Yes Partly
Noh Yes Yes No Partly No Yes
Paderno (1) Yes No No Partly Yes Yes
Paderno (2) Yes Yes No Partly Yes Yes
Parente-Arias Yes Yes No Partly No Yes
Patel Yes No No Partly Partly No
Petrocelli Yes No No Partly No Yes
Qiu Yes Yes No Partly Partly Yes
Romero-Sanchez Yes Yes No Partly Yes No
Sakalli Yes Yes No Partly Yes Yes
Sayin Yes Partly Yes Yes Yes Yes
Tostmann Yes Yes Yes Yes Partly Partly
Tsivgoulis Yes Partly Yes Yes Yes No
Vaira (1) Yes Yes No Partly No Partly
Vaira (2) Yes Yes No Partly No Yes
Yan (1) Yes Yes Yes Yes Yes Yes
Yan (2) Yes Yes No Partly Yes Yes
Zayet Yes Yes Yes Yes Yes Yes
Copyright © 2020 Southern Society for Clinical Investigation. Published by Elsevier Inc. All rights reserved. 219
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Table 2. Study characteristics, baseline demographics and prevalence of “loss of smel

Study, year

Abalo-Lojo, 2020
Aggrawal, 2020
Altin, 2020
Beltran-Corbellini, 2020
Brandstetter, 2020
Carigan, 2020
Chiesa-Estomba

(1), 2020
Chiesa-Estomba

(2), 2020
D'Ascanio, 2020
Dawson, 2020
Dell'Era, 2020
Giacomelli, 2020
Gorzkowski, 2020
Guner, 2020
Haehner, 2020
Hintschich, 2020
Hornus, 2020
|zquierdo-Dominguez, 2020
Jalessi, 2020
Kai Chua, 2020
Kempker, 2020
Kim, 2020
Klopfenstein, 2020
Lechien (1), 2020
Lechien (2), 2020
Lechien (3), 2020
Lechien (4), 2020
Lee, 2020
Liang, 2020
Magnavita, 2020
Mao, 2020
Martin-Sanz, 2020

Country

Spain

USA

Turkey

Spain

Germany

Canada

South America
(multiple countries)

Europe (multiple
countries)

Italy

USA

Italy

Italy

France

Turkey

Germany

Germany

Germany

Spain

Iran

Singapore

USA

Korea

France

18 European hospitals

Belgium

12 European hospitals

Belgium

Canada

China

Italy

China

Spain

Center
(single,
dual,
multi)

Single
Single

Dual
Dual
Single
Single
Multi

Multi

Single
Single
Single
Single
Single
Single
Single
Single
Single
Multi

Single
Single
Single
Single
Single
Multi

Single
Multi

Single
Single
Single
Multi

Multi

Single

Study
Period

Mar 1-Apr 4
Mar 25-Apr 20
Mar 23-Mar 25

Mar 10- Mar 23

Febr 1-Apr 24
Mar-Apr
Mar 10- Mar 30

Mar 1- Mar 31
Mar 10-Apr 10

Mar 21-Apr 18
Feb-Mar

Mar 23-Apr 4
Mar 12-16
March 1-Mar 17

Mar 22-Apr 10
Mar 20-Apr 16
Mar 16-Apr 15
Mar 16-Apr 12
Mar 27-Apr 30
Jan 16 -Feb 19
Mar 1-Apr7

in COVID and control group (N: No. of patients)

Type of
study

Cohort

Cohort

Cohort
Case-control
Cohort
Case-control
Cross-sectional

Cohort

Case-control
Cohort
Cross-sectional
Cross-sectional
Cross-sectional
Cohort
Cross-sectional
Cohort
Cross-sectional
Cross-sectional
Cohort

Cohort

Cohort
Cross-sectional
Cohort
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cohort
Cross-sectional
Cohort
Case-control

Total
Patients,
non COVID
group, N

40
40
170
134

513

140

Total
Patients,
coviD
group, N

131
16
81
79
31

134

542

1231

43
42
355
59
229
202
34
4
45
846
92
31
51
172
114
417
86
1420
47
56
86
82
214
215

Mean age,

COVID
group
(years)
50.4
65.5
54.2

571
34

41
58.1

50
60
39.7
50.6

37
56
56.8
52.9

41.7
39.2
58.8
38

25.5

Male

gender,

CcovID
group (%)
56 (42.6%)
12 (75.0%)
48 (60.8%)
30 (14.9%)

218 (40.2%)

48 (53.3%)
192 (54.1%)
40 (67.8%)
82 (35.8%)
132 (59.5%)
15 (44.1%)
13 (31.7%)

62 (67.4%)

0(19.6%)
66 (38.4%)
30 (34.9)
22 (46.8%)
23 (41.1%)
44 (51.2%)

44 (20.5%)

“Loss of
smell” in
COVID group,
N (%)

77 (58.8%)
(1 8.8%)

50 (61.7%)
25 (31.6%)
6 (51.6%)
(51 5%)

44 (819%)

970 (78.8%)

26 (60.5%)
18 (42.9%)
237 (66.8%)
14 (23.7%)
140 (61.1%)
19 (8.6%)
21 (61.7%)
22 (53.7%)
38 (84.4%)
454 (53.6%)
22 (23.9%)
7 (22.6%)
48 (94.1%)
68 (39.5%)
54 (47.4%)
357 (85.6%)
53 (61.6%)
997 (70.2%)
13 (27.6%)
1 (565.4%)
4 (39.5%)
35 (42.7%)
11 (5.1%)
138 (64.1%)

“Loss of
smell” in
non COVID
group, N (%)

1(2.1%)

47 (10.1%)
8 (26.7%)
12 (26.7%)
43 (30.1%)
22 (3.2%)
27 (11.6%)

3 (4.2%)

4(0.8%)

30 (24.8%)

(continued on next page)
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Table 2. (continued)

lce

Study, year Country Center Study Type of Total Total Mean age, Male “Loss of “Loss of

(single, Period study Patients, Patients, CcoviD gender, smell” in smell” in
dual, nonCOVID COVID group CoviD COVID group, non COVID
multi) group, N group, N (years) group (%) N (%) group, N (%)

Mishra, 2020 India Single . Cross-sectional 74 74 . 43 (58.1%) 11 (14.8%) 1(1.4%)

Moein, 2020 Iran Single March 21 - Apr5  Case-control 60 60 46.6 40 (66.7%) 59 (98.3%) 11 (18.3%)

Noh, 2020 Korea Single NR Cohort - 199 38 69 (34.7%) 52 (26.1%) -

Paderno (1), 2020 [taly Single Mar 27-Apr 1 Cohort - 151 45 56 (37.1%) 126 (83.4%) -

Paderno (2), 2020 [taly Single Mar 27-Apr 1 Cross-sectional - 508 55 284 (655.9%) 283 (55.7%) -

Parente-Arias, 2020 Spain Single Mar 3-Mar 24 Cohort = 151 = 53(35.1%)  75(49.7%) =

Patel, 2020 UK Single Mar 1-Apr 1 Cross-sectional - 141 45.6 83(58.8%) 80 (56.7%) -

Petrocelli, 2020 Italy Single Apr 16-May 2 Cohort — 300 43.6 75(25.0%) 184 (61.3%) —

Qiu, 2020 China, France, Germany  Multi Mar 15-Apr 5 Cohort - 394 - - 154 (40.9%) -

Romero-Sanchez, 2020 Spain Dual Mar 1-Apr 1 Cohort - 841 66.4 473 (56.2%) 41 (64.1%) -

Sakalli, 2020 Turkey Single - Cross-sectional - 172 37.8 84 (48.8%) 18 (10.4%) -

Sayin, 2020 Turkey Single = Cross-sectional 64 64 37.8 25(39.1%) 41 (64.1%) 13 (20.3%)

Tostmann, 2020 Netherlands Single Mar10-Mar29  Cross-sectional 190 79 - - 37 (46.8%) 7 (3.7%)

Tsivgoulis, 2020 Greece Single Mar 19- Apr 8 Case-control 22 22 55 6 (54.5%) 17 (77.3%) 8(36.4%)

Vaira (1), 2020 [taly Single Mar 31 - Apr 6 Cross-sectional - 72 - - 60 (83.3%) -

Vaira (2), 2020 Italy Mutli - Cohort = 345 48.5 146 (42.3%) 241 (69.9%) =

Yan (1), 2020 USA Single Mar 3 -Mar 29 Cross-sectional 203 59 - 29 (49.2%) 40 (67.8%) 33(16.3%)

Yan (2), 2020 USA Single Mar 3 - Apr 8 Cohort — 128 — — 75 (59.6%) —

Zayet, 2020 France Single Feb 26-Mar 14 Cohort 54 70 50.4 29 (41.4%) 37 (54.2%) 9(16.7%)
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Studies

Estimate

Abalo-Lojo 2020 0.588
Aggrawal 2020 0.188
Altin 2020 0.617
Beltran-Corbellini 2020 0.316
Brandstetter 2020 0.516
Carigan 2020 0.515
Chiesa-Estomba 2020 0.819
Chiesa-Estomba 2 2020 0.788
D'Ascanio 2020 0.605
Dawson 2020 0.429
Dell'Era 2020 0.668
Giacomelli 2020 0.237
Gorzkowski 2020 0.611
Guner 2020 0.086
Haehner 2020 0.618
Hintschich 2020 0.537
Hornus 2020 0.844
lzquierdo—Dominguez 2020 0.537
Jalessi 2020 0.239
Kai Chua 2020 0.226
Kempker 2020 0.941
Kim 2020 0.395
Klopfenstein 2020 0.474
Lechien (1) 2020 0.856
Lechien (2) 2020 0.616
Lechien (3) 2020 0.702
Lechien (4) 2020 0.277
Lee 2020 0.554
Liang 2020 0.395
Magnavita 2020 0.427
Mao 2020 0.051
Martin-Sanz 2020 0.642
Mishra 2020 0.149
Moein 2020 0.983
Noh 2020 0.261
Paderno (1) 2020 0.834
Paderno (2) 2020 0.557
Parente-Arias 2020 0.497
Patel 2020 0.567
Petrocelli 2020 0.613
Qiu 2020 0.391
Romero-Sanchez 2020 0.049
Sakalli 2020 0.105
Sayin 2020 0.641
Tostmann 2020 0.468
Tsivgoulis 2020 0..773
Vaira (1) 2020 0.833
Vaira (2) 2020 0.699
Yan (1) 2020 0.678
Yan (2) 2020 0.586
Zayet 2020 0.529

Overall (1"2=99.42 % , P< 0.001) 0.520

(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.

(0.

(95% C.T.)
503, 0.672)
000, 0.379)
511, 0.723)
214, 0.419)
340, 0.692)
430, 0.600)
787, 0.852)
765, 0.811)
459, 0.751)
279, 0.578)
619, 0.717)
129, 0.346)
548, 0.674)
049, 0.122)
454, 0.781)
384, 0.689)
739, 0.950)
503, 0.570)
152, 0.326)
079, 0.373)
877, 1.000)
322, 0.468)
382, 0.565)
822, 0.890)
514, 0.719)
678, 0.726)
149, 0.404)
423, 0.684)
292, 0.499)
320, 0.534)
022, 0.081)
578, 0.706)
068, 0.230)
951, 1.000)
200, 0.322)
775, 0.894)
514, 0.600)
417, 0.576)
486, 0.649)
558, 0.668)
343, 0.439)
034, 0.063)
059, 0.150)
523, 0.758)
358, 0.578)
598, 0.948)
747, 0.919)
650, 0.747)
559, 0.797)
501, 0.671)
412, 0.646)
425, 0.616)

Ev/Trt

77/131
3/16
50/81
25/79
16/31
69/134
444/542
970/1231
26/43
18/42
237/355
14/59
140/229
19/222
21/34
22/41
38/45
454/846
22/92
7/31
48/51
68/172
54/114
357/417
53/86
997/1420
13/47
31/56
34/86
35/82
11/214
138/215
11/74
59/60
52/199
126/151
283/508
75/151
80/141
184/300
154/394
41/841
18/172
41/64
37/79
17/22
60/72
241/345
40/59
75/128
37/70
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FIGURE 2. Forest plot demonstrating overall prevalence of “loss of smell” in COVID-19 patients.

disease severity and the symptom was not possible.
However, our study is novel as we performed a pooled
analysis combining the statistical power and further
compared and demonstrated the prevalence in the con-

trol group.

222

In conclusion, we demonstrate here that alteration in
smell is prevalent in COVID-19 and should be included
as one of the essential symptoms to screen the popula-
tion. Further larger studies are urgently needed to evalu-
ate the utility of olfactory dysfunction in patients with
COVID-19, as demonstrated in our study. Therefore,
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl i
Altin 2020 129.857 (7.708, 2187.640) 50/81 0/40 -
Beltran—Corbellini 2020 4.167 (1.337, 12.984) 25/79 4/40 —I—
Brandstetter 2020 44.267 (13.116, 149.405) 16/31 4/170 .
Carigan 2020 22.646 (9.337, 54.927) 69/134 6/134 —.—.—
Dawson 2020 35.250 (4.435, 280.145) 18/42 1/48 L =
Haehner 2020 14.401 (6.772,  30.625) 21/34 47/466 R
Hintschich 2020 3.184 (1.153; 8.792) 22/41 8/30 —a— '
Hornus 2020 14.929 (5.264, 42.334) 38/45 12/45 — .
lzquierdo-Dominguez 2020 2.693 (1.838, 3.947) 454/846  43/143 - i
Kai Chua 2020 8.803 (3.428, 22.603) 7/31 22/686 —
Kempker 2020 121.481 (35.384, 417.075) 48/51 27/232 | —_——
Lee 2020 28.107 (7.888, 100.149)  31/56 3/71 —.
Magnavita 2020 94.761 (32.285, 278.136) 35/82 4/513 i —a—
Martin-Sanz 2020 6.571 (4.023, 10.733) 138/215 30/140 N
Mishra 2020 12.746 (1.601, 101.483) 11/74 1/74 =
Moein 2020 262.818 (32.773, 2107.661) 59/60 11/60 i =
Sayin 2020 6.993 (3.159,  15.481) 41/64 13/64 +
Tostmann 2020 23.031 (9.604, 55.230) 37/79 7/190 ——
Tsivgoulis 2020 5.950 (1.586, 22.328) 17/22 8/22 —._._
Yan (1) 2020 10.845 (5.599 21.009) 40/59 33/203 ——
Zayet 2020 5.606 (2.382, 13.193) 37/170 9/54 +
Overall (1%2=83.21 % , P< 0.001) 14.744 (8.946, 24.301) 1214/2196 293/3425 c
[ T T T T T :I T T T T T T ]
015 031 077 153 306 766 1474 3084 766 15319 30638  765.96 1531.91

FIGURE 3. Forest plot comparing prevalence

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
D'Ascanio 2020 0.113 (0.027, 0.467) 7/26 13/17
Izquierdo-Dominguez 2020 0.406 (0.288, 0.571) 316/454 333/392
Mao 2020 0.521 (0.134, 2.020) 3/11 85/203
Paderno (2) 2020 0.309 (0.212, 0.450) 130/283 165/225
Patel 2020 0.617 (0.307, 1.242) 24/80 25/61
Romero-Sanchez 2020 0.422 (0.199, 0.896) 9/41 320/800
Yan (2) 2020 0.184 (0.071, 0.481) 7/75 19/53
Overall (102=27.36 % , P=0.220) 0.360 (0.271, 0.480) 496/970 960/1751

QOdds Ratio (log scale)|

Control Group COVID-19 group

in COVID-19 vs control group for “loss of smell”.

' T T T T T T
0.14 027 036 1.37
QOdds Ratio (log scale)

2.02

"Loss of Smell" Group No "Loss of Smell" Group

FIGURE 4. Forest plot comparing severe cases in COVID-19 group presenting with “loss of smell” to patients without “loss of smell”.

alteration in the sense of smell should be added as a
screening question to identify not only the symptomatic
disease but also possible healthy (or presumed asymp-
tomatic) carriers of the disease.
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