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monitored more closely in the early stages of COVID-19, for 
early diagnosis of severity of illness. An understanding of 
how the severity of COVID-19 infection and LOS are associ-
ated has profound implications for the clinical management 
and mitigation strategies for the disease.
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Introduction

Despite the efforts of rapidly distributing the coronavirus 
disease (COVID-19) vaccine, various severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) genetic 
variants have emerged and are spreading quickly world-
wide with deadly outcomes. Few experts believe that the 
COVID-19 pandemic would last longer than expected 
(Boehm et al. 2021). Thus, there is a need for early rec-
ognition of COVID-19 disease and disease severity for the 
rational management of the pandemic. The clinical manifes-
tations of SARS-CoV-2 infection range from asymptomatic 
infections to severe neurological complications (Gandhi 
et al. 2020a). Acute respiratory syndrome with non-specific 
signs or symptoms caused by COVID-19 are fever, cough, 
chills, dyspnea, myalgia, and sore throat (Baj et al. 2020). 
Also, patients with COVID-19 may experience a period of 
chemosensory disorders including anosmia without any 
other symptoms early in the disease (Meng et al. 2020a). 
These disorders are more frequently observed in females and 
younger patients and less frequently in patients who smoke 
or have co-morbidities (Talavera et al. 2020). Olfactory dys-
functions (OD) are widespread in COVID-19 and olfactory 
recovery could take from one week to more than one month 
with different patterns of recovery (Amer et al. 2020). On the 
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other hand, the prevalence of OD in COVID-19 patients was 
significantly higher with objective evaluation than subjective 
measurements (Hannum et al. 2020).

Chemosensory disorders can be used as a diagnostic 
marker for early COVID-19 disease (Liang et al. 2020). 
Early detection for chemosensory disorders, including anos-
mia, in non-severely ill or otherwise asymptomatic individu-
als, may be a helpful strategy to prevent transmission of the 
initial stage of the disease. A study reported that patients 
with anosmia have a lower mortality rate and intensive 
care unit (ICU) admission (Talavera et al. 2020). Similarly, 
olfaction complaints were reported more in patients with 
mild flu syndrome than in patients with severe flu syndrome 
(Mendonça et al. 2021). Some previous systematic reviews 
and meta-analyses demonstrated the prevalence and vari-
ous relevant factors that affect chemosensory dysfunction 
in COVID-19 (Aziz et  al. 2021; Hajikhani et  al. 2020; 
Tong et al. 2020; von Bartheld et al. 2020). Although these 
reviews are fairly comprehensive, have early initial data, and 
are current, they still have remained uncertain to evaluate 
OD objectively and with classification of COVID-19 sever-
ity. Thus, a meta-analysis including recently updated and 
objective olfactory evaluation data is required to identify a 
clear association between COVID-19 severity and anosmia.

Our objective was to examine the association between 
COVID-19 severity and loss of smell (LOS) in patients with 
COVID-19. We also proposed a possible mechanism behind 
the correlation between COVID-19 severity and LOS, which 
may explain why patients without anosmia may develop 
severe forms of COVID-19.

Materials and methods

Data sources

To identify eligible studies published until February 28, 
2021, the COVID-19 portfolio of the National Institute 
of Health (NIH) (https://​icite.​od.​nih.​gov/​covid​19/​search/) 
was searched using the keywords, “anosmia,” “olfactory 
disorders,” and “loss of smell.” This site offers a detailed, 
expert-curated source of NIH publications and preprints 

pertaining either to COVID-19 or SARS-CoV-2, with cur-
rent data that are updated regularly. Thus, grey literatures are 
also included in our analysis. Additionally, we conducted a 
second search of databases such as PubMed, EMBASE and 
NIH COVID-19 portfolio from Dec 2019 to June 2021 with 
various related search terms to ensure the comprehensive 
literature search on the related topic and to add newly pub-
lished studies. The search term and search strategy applied 
for the literature search are provided in the Supplementary 
Table S1 and S2.

Eligibility criteria

Any articles in English that were novel reports of LOS in 
patients with confirmed COVID-19 were included. We 
excluded studies that did not report quantitative data, review 
articles, studies with a small sample size (≤ 10 patients), 
conference abstracts, letter to the editor, randomized con-
trolled trial studies and cohorts where patients were not dif-
ferentiated as hospitalized and non-hospitalized or as severe 
and non-severe. When COVID-19 severity was not classified 
in the respective studies, severe COVID-19 patients were 
defined as patients requiring intensive care or those who 
died and non-severe COVID-19 patients were defined as 
patients requiring no intensive care, or those who were alive. 
Furthermore, when studies classified COVID-19 severity as 
mild, moderate, and severe, we excluded the total number 
of participants with moderate disease to ensure that severe 
and non-severe patients were separated consistently through-
out the study. This meta-analysis only included studies that 
reported anosmia as a separate event; any studies that tar-
geted patients with olfactory and/or gustatory disorders were 
excluded.

Selection process

Records were managed in EndNote version 20. Studies 
were screened by two independent researchers (S.P. and 
E.Y.) based on titles and abstracts. Studies that reported 
anosmia in the confirmed COVID-19 patients were advanced 
to the second round of screening. Full texts were reviewed 
using prespecified selection criteria. Any disagreement 
between the two authors was addressed through discussion.

https://icite.od.nih.gov/covid19/search/
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Data extraction and collection

The following categories of information were obtained: first 
author’s name; date of publication; type of study, the country 
where the study was performed, sex distribution, number of 
confirmed patients in each classified groups, and number of 
patients with LOS. When a study included both subjective 
self-reporting and objective olfactory evaluation data, we 
collected objective olfactory evaluation data for the analysis 
to obtain accurate and objective data on LOS. We included 
the peer-reviewed version when preprints were published in 
a peer-reviewed journal.

Assessment of bias

The quality assessment of the included studies was con-
ducted according to the checklist provided by the Newcas-
tle–Ottawa Scale (NOS) (Wells et al. 2021) for cohort and 
case control studies, whereas for cross-sectional studies, 
Joanna Briggs Institute (JBI) was used (Moola et al. 2020). 

Publication bias was evaluated by examining the funnel plot 
and Egger’s test (Egger et al. 1997). A p value < 0.05 was 
considered statistically significant.

Data synthesis

All statistical analyses were conducted using the Compre-
hensive Meta-Analysis (Biostat, Englewood, NJ, USA) pro-
gram. We estimated the odds ratio (OR) with a 95% confi-
dence interval (CI) for OD in severely ill versus non-severely 
ill patients with COVID-19 and inpatients versus outpatients 
with COVID-19, according to the weighted pooled average 
effect measures based on the size and precision of each 
study. Both meta-analyses were two-sided, testing the null 
hypothesis that the estimated OR was 1. We also conducted 
a sensitivity analysis with published studies excluding grey 
literatures to compare and analyse the OR of LOS. Heteroge-
neity within the study was calculated by the I2 statistic (Hig-
gins et al. 2003). Random-effect models were used because 
heterogeneity existed among the included studies.

Fig. 1   Flowchart of study selection in accordance with PRISMA guidelines. In total, first and second comprehensive search of databases pro-
vided 45 studies involving confirmed cases according to severity and hospitalization status with respect to anosmia
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Results

Study selection

In total, we identified 5505 studies through first literature 
search (3885 after removal of duplicates), including pre-
prints that had not yet been peer-reviewed. After screening 
by title and abstracts, 3298 studies were excluded and 101 
studies were fully reviewed, of which 30 met the inclusion 
criteria. While our second search provided 3677 papers 
(2686 after removal of duplicates), including preprints 
before peer review;  2133 studies were excluded after 
screening by title and abstracts; 118 studies were fully 
reviewed, of which 34 met the inclusion criteria. After 
removing the duplicates that met the inclusion criteria 
from two searches, 45 studies were included in the final 
analysis (Fig. 1).

Study characteristics

Our study comprised 39 cohorts, 5 cross-sectional stud-
ies, and one case–control study. Publication years ranged 
from April 2020 to June 2021. The studies were conducted 
in Iran (n = 7), Spain (n = 6), United States (n = 4), France 
(n = 4), Italy (n = 4), China (n = 3), Turkey (n = 3), Nigeria 
(n = 2), Germany (n = 2), India (n = 2), United Kingdom 
(n = 1), Ireland (n = 1), Oman (n = 1), Brazil (n = 1), Chile 
(n = 1), Greece (n = 1), Georgia (n = 1), and one study con-
ducted in two countries (Belgium and France). Of the 45 
included studies, 34 studies were focused on severely ill ver-
sus non-severely ill patients, and 11 studies were focused 
on hospitalized versus non-hospitalized patients. In total, 
there were five preprints and 40 peer-reviewed studies. A 
total of 42,120 patients (5349 severe patients, 32,009 non-
severe patients, 2241 hospitalized patients, and 2521 non-
hospitalized patients) with COVID-19 from 45 studies were 
included in the analysis. Table1 shows the characteristics of 
the included studies.

Assessment of bias

For assessing the risk of bias within cohort and case–control 
studies, we used the NOS method, and all included studies 

were of moderate to high quality, with scores over 6 (Supple-
mentary Table 3 and 4). For assessing the risk of bias within 
cross-sectional studies, we used JBI method, and all stud-
ies were included in our analysis (Supplementary Table 5). 
Inspection of funnel plots visually showed no apparent 
asymmetry for the analyses of OR for disease severity 
(Fig. 2a) or hospitalization (Fig. 2b). Egger’s test did not 
show publication bias in our analyses of disease severity or 
hospitalization (p = 0.548 and p = 0.184, respectively).

Association between COVID‑19 severity and LOS

In total, 34 studies provided information on the severity of 
COVID-19 disease. Of them, four studies were preprints 
(Al Harthi et al. 2020; Bertlich et al. 2020; Papizadeh et al. 
2020; Patel et al. 2020), and 30 articles were published stud-
ies (Aggarwal et al. 2020; Alasia et al. 2021; Alizadehsani 
et al. 2021; Allenbach et al. 2020; Amanat et al. 2021; Boro-
bia et al. 2020; Delorme et al. 2021; Elimian et al. 2020; 
Ermis et al. 2021; García-Azorín et al. 2021; Ghaffari et al. 
2021; Goyal et al. 2021; Izquierdo et al. 2020; Kadiane-
Oussou et al. 2020; Kocayığıt et al. 2021; Lechien et al. 
2021; Liotta et al. 2020; Mao et al. 2020; McElvaney et al. 
2020; Muñoz-Rodríguez et al. 2021; Printza et al. 2021; 
Romero-Sánchez et al. 2020; Salepci et al. 2021; Sobhani 
et al. 20212021; Song et al. 2021; Studart-Neto et al. 2020; 
Sun et al. 2021; Tomlins et al. 2020; Vaira et al. 2020; Vial 
et al. 2020). The OD were present in 482 severely ill and 
2640 non-severely ill patients with COVID-19. The asso-
ciation between COVID-19 severity and smell disorder 
was statistically significant with an OR of 0.527 (95% CI 
0.373–0.744; p < 0.001), suggesting that loss of smell was 
less frequent in severely ill patients (Fig. 3). In a sensitivity 
analysis using published studies alone, the OR was 0.478 
(95% CI 0.344–0.665; p < 0.001) (Supplementary Fig. S1).

Association between COVID‑19 hospitalization 
and LOS

Our meta-analysis comprises a total of 11 reports that 
included data on the hospitalization status of patients. Of 
them, one was a preprint (Zobairy et al 2020), and the others 
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Table 1   Characteristics of the included Studies

Study Study site Peer reviewed Olfactory assess-
ment method

Study design Total patients Total females Total males Total LOS

Severity of COVID-19 disease (severe versus non-severe)
 Aggarwal 

(2020) May
US Yes Retrospective 

data collection 
from medical 
record

Cohort 16 4 12 3

 Al Harthi 
(2020) Jul

Oman No Retrospective 
data collection 
from medical 
record

Cohort 102 23 79 7

 Alasia (2021) 
Jan

Nigeria Yes Retrospective 
data collection 
from medical 
record

Cohort 646 172 474 75

 Alizadehsani 
(2021) April

Iran Yes Descriptive Cohort 123 61 62 33

 Allenbach 
(2020) Oct

France Yes Retrospective 
data collection 
from medical 
record

Cohort 150a – – 16

 Amanat (2021) 
Mar

Iran Yes Self-reported Cohort 873 317 556 561

 Bertlich (2020) 
May

Germany No SNOT-22 ques-
tionnaire and 
BSIT

Cohort 47 13 34 14

 Borobia (2020) 
Jun

Spain Yes Retrospective 
data collection 
from medical 
record

Cohort 2226 1152 1074 284

 Delorme 
(2021) Jun

France Yes Retrospective 
data collection 
from medical 
record

Cohort 244 97 147 39

 Elimian (2020) 
Dec

Nigeria Yes Retrospective 
data collection 
from medical 
record

Cohort 3215a – – 23

 Ermis (2021) 
Mar

Germany Yes Retrospective 
data collection 
from medical 
record

Cohort 53 21 32 14

 García-Azorín 
(2021) Apr

Spain Yes Self-reported Cohort 206b – – 36

 Ghaffari (2021) 
Jan

Iran Yes Questionnaire Cohort 361 147 214 69

 Goyal (2021) 
Jun

India Yes Questionnaire Cohort 398c – – 163

 Izquierdo 
(2020) Oct

Spain Yes Retrospective 
data collection 
from medical 
record

Cohort 10,504 – – 300

 Kadiane-Ous-
sou (2020) 
Nov–Dec

France Yes Retrospective 
data collection 
from medical 
record

Cohort 114 48 66 54
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Table 1   (continued)

Study Study site Peer reviewed Olfactory assess-
ment method

Study design Total patients Total females Total males Total LOS

 Kocayığıt 
(2021) Apr

Turkey Yes Retrospective 
data collection 
from medical 
record

Cohort 82 36 46 14

 Lechien (2021) 
Jan

Belgium and 
France

Yes Sniffin-sticks 
and SNOT-22 
method

Cohort 233d 154 79 118

 Liotta (2020) 
Nov

US Yes Retrospective 
data collection 
from medical 
record

Cohort 509 – – 58

 Mao (2020) 
Apr

China Yes Subjective Cohort 214 127 87 11

 Mcelvaney 
(2020) Sep

Ireland Yes Descriptive Cohort 40 15 25 7

 Muñoz-Rod-
ríguez (2021) 
Apr

Spain Yes Retrospective 
data collection 
from medical 
record

Cohort 12,126 5667 6359 653

 Papizadeh 
(2020)

Iran No Retrospective 
data collection 
from medical 
record

Cohort 186 88 98 44

 Patel (2020) 
oct

India No Retrospective 
data collection 
from medical 
record

Cohort 549 151 398 22

 Printza (2021) 
Mar

Greece Yes Phone interview Cohort 90c – – 34

 Romero-
Sánchez 
(2020) Aug

Spain Yes Retrospective 
data collection 
from medical 
record

Cohort 841 368 473 41

 Salepci (2021) 
Feb

Turkey Yes Interview Cross-sectional 223 110 113 71 

Sobhani (2021) 
Feb

Iran Yes Interview Cohort 397 174 223 29

 Song (2021) 
Feb

China Yes Data collected 
from medical 
record and 
reevaluated by 
phone inter-
view

Cohort 1172 595 577 134

 Studart-Neto 
(2020) Aug

Brazil Yes Retrospective 
data collection 
from medical 
record

Cohort 89 34 55 8

 Sun (2021) 
May

China Yes Data collected 
from medical 
record and 
reevaluated by 
phone inter-
view

Cohort 932 557 375 29

 Tomlins (2020) 
Aug

UK Yes Retrospective 
data collection 
from medical 
record

Cohort 95 35 60 3
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Table 1   (continued)

Study Study site Peer reviewed Olfactory assess-
ment method

Study design Total patients Total females Total males Total LOS

 Vaira (2020) 
July

Italy Yes CCCRC​ Cohort 220c – – 148

 Vial (2020) 
Dec

Chile Yes Retrospective 
data collection 
from medical 
record

Cohort 88e 45 43 7

Status of hospitalization (inpatients versus outpatients)
 Avcı et al. 

(2020) Aug
Turkey Yes Retrospective 

data collection 
from medical 
record

Cohort 1197 497 700 529

 Bakhshaee 
(2021) May

Iran Yes Subjective Cohort 502 – – 173

 Bianco (2021) 
April

Italy Yes Self-reported Cross-sectional 50 21 29 26

 D’Ascanio 
(2021) Jan

Italy Yes Questionnaire Case–control 43 14 29 26

 Izquierdo-
Domínguez 
(2020) June

Spain Yes Questionnaire Cross-sectional 846 400 446 454

 Killerby (2020) 
Jun

Georgia Yes Retrospective 
data collection 
from medical 
record

Cohort 531 303 228 134

 Nouchi (2021) 
Oct

France Yes Interview Cross-sectional 390 188 202 129

 Paderno (2020) 
Aug

Italy Yes Questionnaire Cross-sectional 508 223 285 283

 Vahey (2021) 
Feb

US Yes Phone interview Cohort 364 176 187 176

 Yan (2020) 
July

US Yes Self-reported Cohort 128 67 61 75

 Zobairy (2020) 
July

Iran No Questionnaire Cohort 203 91 112 25

Note When included studies did not classify COVID-19 severity, severe patients were defined as patients requiring intensive care or those who 
died, and non-severe patients were patients requiring no intensive care or patients who were alive
Dashes denote numbers unstated in the source
LOS loss of smell, CCCRC​ clinical research center orthonasal olfaction test, SNOT-22 sino-nasal outcome tool-22, BSIT brief smell identifica-
tion test
a Total sample size with anosmia status
b Information about the severity of COVID-19 was available for 206 patients
c Moderate sample size was excluded
d Sample size of the objective olfactory evaluation was included
e Only inpatients sample size was included since anosmia was present as a separate variable
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were published studies (Avcı et al. 2020; Bakhshaee et al. 
2021; Bianco et al. 2021; D’Ascanio et al. 2021; Izqui-
erdo-Domínguez et al. 2020; Killerby et al. 2020; Nouchi 
et al. 2021; Paderno et al. 2020; Vahey et al. 2021; Yan 
et al. 2020). The LOS was present in 735 inpatients and 
1295 outpatients. The OR was 0.283 (95% CI 0.173–0.462, 
p < 0.001), indicating that the incidence of OD is lower 
among hospitalized patients (Fig. 4). The sensitivity analy-
sis without grey literatures showed an odds ratio of 0.240 
(95% CI 0.148–0.389, p < 0.001) (Supplementary Fig. S2).

Discussion

In this systematic review and meta-analysis, we included 
45 studies involving a total of 42,120 COVID-19 patients 
evaluating the association of COVID-19 severity or hospi-
talization status with LOS, which showed that the odds of 
LOS were significantly lower in severely ill or hospitalized 
patients than in non-severely ill or non-hospitalized patients 
(OR 0.527 [95% CI 0.373–0.744; p < 0.001] and OR 0.283 
[95% CI 0.173–0.462; p < 0.001], respectively). In com-
parison to previous systematic reviews and meta-analyses 
(Aziz et al. 2021; Hajikhani et al. 2020; Tong et al. 2020; 
von Bartheld et al. 2020), we evaluated the association of 
COVID-19 severity with LOS, excluding gustatory dys-
function and combined disorders. To the best of our knowl-
edge, our study is the first large-scale analysis to report the 
association between COVID-19 severity (mild verse severe 
forms) and LOS.

A subgroup analysis reported that as the number of hos-
pitalized patients in a study increased, LOS became less 
common (b = − 0.019, p < 0.001) (von Bartheld et al. 2020). 
Similarly, another study reported that the odds of patients with 
severe COVID-19 disease and LOS were significantly lower 
when compared to patients with severe COVID-19 disease 
and without LOS (OR = 0.36, CI 0.27–0.48; p < 0.01) (Aziz 
et al. 2021). Similar to these findings, we found that severe or 
hospitalized COVID-19 patients are less likely to experience 
LOS than non-severe or non-hospitalized COVID-19 patients.

The precise location and extent of the damage caused 
by SARS-CoV-2 in OD are not well known. The nose is 
exposed to the outer environment and is involved in sev-
eral innate defence responses. Consequently, a portion of 
the heterogeneity in the clinical status of COVID-19 may 
be affected by the fluctuation of nasal infectivity driven by 
the environment (Wu et al. 2020). The event of chemosen-
sory disorders in patients with mild COVID-19 underpins 
the hypothesis that early infection and active replication 
occurs in the upper respiratory tract, followed by subse-
quent aspiration to the lower lung that leads to severe illness 
(Wölfel et al. 2020). Recognition of the virus in the nasal 
cavity activates the immune system, which then recruits the 
cytokines and other inflammatory mediators that can initiate 
an antiviral response within the nasal epithelium (Rodriguez 
et al. 2020; Sepahi et al. 2019). These cytokines can cause 
apoptosis of olfactory receptor neurons (ORN) or damage 

Fig. 2   Funnel plots representing effect estimates and standard errors 
of each report in the meta-analysis. Funnel plots for estimated a odds 
ratio for the association between COVID-19 severity and smell dis-
order and b odds ratio for the association between hospitalization of 
patients with COVID-19 and smell disorder. The white circle repre-
sents values for reports included in each analysis. The sides of the tri-
angle illustrate the expected inverted funnel shape
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Fig. 3   Severely ill patients with COVID-19 are associated with a significantly lower risk of smell disorder. The table summarizes the number of 
patients with loss of smell (LOS) and the total number of confirmed COVID-19 cases who were either severe or non-severe from 34 reports. For 
each analysis (grey boxes), the forest plot shows the estimated odds ratio (OR) for the association of LOS with severe COVID-19 cases, with a 
95% confidence interval (CI; horizontal black lines). The estimated pooled OR (grey diamond) was 0.527 (95% CI 0.373–0.744), which was sig-
nificantly different from 1 (p < 0.001), according to a two-sided test. A random-effects model was used to calculate effects and summaries
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sustentacular cells or cause loss of cilia, thereby prompting 
LOS (Butowt and von Bartheld, 2020).

Patients with mild COVID-19 showed early viral clear-
ance compared with severely ill patients (Liu et al. 2020). 
Severely ill COVID-19 patients demonstrated higher lev-
els of cytokines than non-severely ill COVID-19 patients 
(McElvaney et al. 2020). It was reported that patients with 
anosmia presented lower serum cytokine levels and chest 
computed tomography scans were more subtle and showed 
milder disease, with a lower progression rate and quicker 
radiological recovery compared with those without anos-
mia. (Sanli et  al. 2020) The authors also hypothesized 
that the olfactory epithelium is the first line of defence 
against viruses, and patients who could generate an antivi-
ral response at the olfactory epithelium may have a milder 

disease but experience LOS (Sanli et al. 2020). This form of 
nasal defence mechanism may prevent virus replication and 
propagation into the lower respiratory system (Gallo et al. 
2020; Matricardi et al. 2020).

Nasal mucociliary clearance time was prolonged in hos-
pitalized COVID-19 patients without chemosensory deficits 
than in healthy otolaryngology outpatients with non-nasal 
symptoms (Koparal et al. (2020)). Impaired mucociliary 
clearance may promote SARS-CoV-2 spread into the deeper 
lung parenchyma (Robinot et al. 2020). Nasal mucociliary 
clearance, which is a form of nasal defence mechanism, pro-
pels the overlying mucus admixed with foreign entities from 
the airways to the oropharynx where it is either swallowed or 
expectorated to protect the individual from a lower respira-
tory tract infection (Chilvers and O’Callaghan 2000). Thus, 

Fig. 4   Patients hospitalized with COVID-19 are associated with a significantly lower risk of smell disorder. The table summarizes the number 
of patients with loss of smell (LOS) and the total number of confirmed COVID-19 cases who were either hospitalized or non-hospitalized from 
11 reports. The forest plot demonstrates the estimated odds ratio (OR) for the correlation of LOS with hospitalized COVID-19 cases for each 
analysis (grey boxes), with a 95% confidence interval (CI; horizontal black lines). The pooled OR (grey diamond) was estimated to be 0.283 
(95% CI 0.173–0.462). A two-sided test confirmed that the estimated pooled OR was significantly different from 1 (p < 0.001). Effects and sum-
maries were calculated using a random-effects model weighted by the study population
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there may be a correlation between anosmia and mucociliary 
clearance time, which may cause variations in COVID-19 
severity; this needs further investigation.

Respiratory neurotropic viruses can invade the central 
nervous system (CNS) from the nasal cavity via ORN or 
channels formed by olfactory ensheathing cells across the 
cribriform plate (van Riel et al. 2015). In contrast, virus 
induced ORN apoptosis could constitute a neuroprotective 
feature by blocking the entry of virus to the olfactory bulb 
and CNS (Mori et al. 2002). SARS-CoV-2 neuroinvasion 
might infect the respiratory centre of the brain causing the 
respiratory breakdown of patients with COVID-19 (Gan-
dhi et al. 2020b; Machado et al. 2020). Thus, anosmia in 
patients with mild disease may indicate a lower chance 
of SARS-CoV-2 transfer to the CNS; consequently, these 
patients experience non-severe respiratory and neurological 
manifestations. Figure 5 demonstrates the possible mecha-
nism behind the correlation between COVID-19 severity and 
LOS, that could explain why patients without anosmia can 
develop severe forms of COVID-19.

Several new variants of SARS-CoV-2 have been discov-
ered, which might be more contagious, have serious effects, 
pose a possible diagnostic risk and current vaccines may 
not offer overall protection against it (Boehm et al. 2021). 
The severity of disease in patients with mild symptoms of 
COVID-19 could progress in approximately a week (Huang 
et al. 2020). In contrast, most patients experience anosmia 
within one week, and clinical improvement may occur in 
the following weeks (Santos et al. 2021). Therefore, early 
prediction of COVID-19 severity is crucial. A large-scale 
meta-analysis reported that despite the similar proportion 
of sex distribution, male patients have approximately three 
times higher odds of requiring ICU admission and deaths 
than female patients (Peckham et al. 2020). It was reported 
that elderly males over 80 years old with comorbidities are 

more likely to progress to critically ill condition (Meng et al. 
2020b). On the other hand, anosmia is reported to be more 
frequent in females (Talavera et al. 2020). Thus, from our 
findings, we recommend close monitoring of patients who 
do not experience anosmia symptom, particularly those at 
high risk of disease progression such as elderly males with 
comorbidities, during the first week of COVID-19 symptom 
onset for early diagnosis of severity of illness. A meta-anal-
ysis demonstrated that initial COVID-19 symptoms such as 
fever, cough, dyspnea, diarrhoea, abdominal pain, anorexia, 
and fatigue are more frequently seen in severe COVID-19 
patients compared to mild patients (He et al. 2021). Our 
finding strongly suggests anosmia, along with other potential 
parameters could be a potential factor for predicting early 
COVID-19 severity, thereby facilitating early intervention 
and rational distribution of resources.

Since most of the studies asked about changes in chem-
osensory perception, subjects with pre-existing LOS would 
generally not have been included, and some studies spe-
cifically excluded patients with pre-existing OD; therefore, 
studies would not have given false positives.

In conclusion, our study shows that severely ill or hospi-
talized COVID-19 patients are less likely to develop anos-
mia than non-severely ill or non-hospitalized COVID-19 
patients. Several meta-analyses demonstrated the prevalence 
of anosmia in COVID-19 patients; however, they were una-
ble to assess the association of OD with COVID-19 severity 
(severe versus non-severe forms). While we attempted to 
include only objective evaluation data on LOS, only few 
studies have conducted objective olfactory evaluations char-
acterized by the severity of COVID-19; thus, our study also 
includes subjective olfactory data. Further investigation of 
more studies with a large number of participants using only 
olfactory evaluation data could be considered to validate the 
findings of current meta-analysis.
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