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Abstract

Objective. Loss of smell and taste are considered potential
discriminatory symptoms indicating triaging for coronavirus
disease 2019 (COVID-19) and early case identification.
However, the estimated prevalence essential to guide public
health policy varies in published literature. This meta-
analysis aimed to estimate prevalence of smell and taste loss
among COVID-19 patients.

Data Sources. We conducted systematic searches of
PubMed, Embase, Web of Science, and Google Scholar data-
bases for studies published on the prevalence of smell and
taste loss in COVID-19 patients.

Review Methods. Two authors extracted data on study char-
acteristics and the prevalence of smell and taste loss.
Random-effects modeling was used to estimate pooled pre-
valence. Subgroup analysis and meta-regression were con-
ducted to explore potential heterogeneity sources. This
study used PRISMA and MOOSE guidelines.

Results. Twenty-seven of 32 studies reported a prevalence of
loss of smell, taste, or both from a combined sample of
20,451 COVID-I19 patients. The estimated global pooled pre-
valence of loss of smell among 19,424 COVID-19 patients
from 27 studies was 48.47% (95% Cl, 33.78%-63.29%). Loss
of taste was reported in 20 studies and 8001 patients with an
estimated pooled prevalence of 41.47% (95% Cl, 3.13%-
31.03%), while 13 studies that reported combined loss of
smell and taste in 5977 COVID-19 patients indicated a
pooled prevalence of 35.04% (95% Cl, 22.03%-49.26%).

Conclusions. The prevalence of smell and taste loss among
COVID-19 patients was high globally, and regional differ-
ences supported the relevance of these symptoms as impor-
tant markers. Health workers must consider them as
suspicion indices for empirical diagnosis of severe acute
respiratory syndrome coronavirus 2 infection.
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he coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2
(SARS-Cov-2, also referred to as nCov-2) was first
reported in Wuhan, China, in December 2019; was declared
a pandemic by the World Health Organization (WHO) 3
months later; and currently is spreading exponentially
across over 200 countries of the world.! It is a respiratory
syncytial disease that is like SARS and Middle East respira-
tory syndrome (MERS-CoV). The natural history of the cau-
sative agent SARS-COv-2 is still evolving, including the
mode of presentations. Major symptoms such as fever, rhi-
norrhea, sore throat, weakness/fatigue, abdominal pain, diar-
rhea, loss of appetite, cough, headache, and worsening
difficulty with breathing have been documented.” The nasal
cavities and oropharynx are a common portal of entry, and
it is known that the viral organism gets adapted and multi-
plies therein before being propagated to the lower respira-
tory tract, where the pathological damages and sequalae
occur. Respiratory complications such as pneumonia, lung
fibrosis, and death have also been reported in severe cases.’
Coronavirus is a contagious, virulent organism with an
incubation period ranging from 2 to 14 days within which
asymptomatic patients can transmit infection. It is difficult
to identify carriers and asymptomatic patients during the incu-
bation period. Therefore, stringent measures are currently
being applied, including social distancing, handwashing,
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wearing of face masks, total lockdown of cities and countries,
aggressive contact tracing, and community testing all in the
bid to prevent, control, and contain the spread of the disease.'
Identification of early symptoms and signs that could indicate
COVID-19 infections is a veritable tool for triaging and early
identification of patients.’

Several studies from the United States, China, South
Korea, Iran, Australia, France, Spain, Italy, United Kingdom,
and Germany strongly confirmed different degrees of loss of
smell (anosmia/hyposmia/dysosmia) and loss of taste (ageusia/
hypogeusia/dysgeusia) as early symptoms of COVID-19.*% 1t
was observed that sudden loss in smell and taste could be the
only features in asymptomatic newly infected individuals and
could also serve as early symptoms of the disease. In fact,
the American Academy of Otolaryngology—Head and Neck
Surgery Foundation and Ear, Nose, and Throat Society of the
United Kingdom (ENTUK) recommended that patients pre-
senting with these clinical features should commence self-
isolation before alerting the health authorities.>*** Despite the
many opinions of ear, nose, and throat (ENT) and public health
experts on the importance of loss of smell and taste, it was only
sometime in May 2020 that the WHO began to recognize them
as key symptoms of COVID-19.*

Information from individual published reports from many
countries on the association of loss of smell and taste with
COVID-19 has accumulated over a short period of time, but
evidence remains controversial as emerging estimates of
pooled prevalence come from relatively small studies.?*%>7
The few accessible literature reviews on loss of smell and
taste in COVID-19 patients do not include a meta-analysis
that should provide global or regional pooled estimates.**’
There has also been an increase in published studies since
these reviews appeared in the literature. To this end, we
conducted a systematic review and meta-analysis of data on
loss of smell and/or taste loss in COVID-19 patients to
determine global and regional prevalence.

Methods

Data Sources and Search Strategy

We searched for published studies that reported findings on
abnormalities of smell and taste in patients with ‘‘acute
respiratory coronavirus 2 (SARS-CoV-2)” infection or
COVID-19 using PubMed, Embase, Web of Science, and
Google scholar (https://scholar.google.com). These data-
bases were searched for studies with data on the incidence
or prevalence of loss of smell and/or taste between
December 2019 and May 2020. The studies were restricted
to only those studies involving human subjects and written
in English. The search strategy used the exploded Medical
Subject Headings terms and text words: ((((((“‘COVID-
19°%)) OR (““COV-2"")) OR (“Corona virus 2”’)) OR (coro-
navirus)) AND (((((“loss of smell’’) OR (Anosmia)) OR
(Hyposmia)) OR (olfaction)) OR (‘“‘olfactory loss’’))) AND
((((((ageusia) OR (Hypogeusia)) OR (dysgeusia)) OR (“‘gus-
tatory loss’’)) OR (gustation)) OR (‘“‘loss of taste’”)). In
addition, we searched some reference lists of relevant

articles by hands to identify further relevant literatures, but
no additional articles were found. The details of terms used
and the search steps are presented in Supplemental Tables
S1 and S2 (in the online version of the article). We also
imported the relevant articles to EndNote X8 and deleted
duplicate publications from the databases.

Study Selection and Eligibility Criteria

We included published journal articles that reported data on
any incidence or prevalence of loss of smell and/or taste in
COVID-19 patients. The titles and abstracts of the articles
selected for the studies with objectives/focus on the desired
results were further reviewed in details. The steps followed
in the selection process were as shown in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram (Figure 1). The decision to
include a study was based on the presence of data on loss of
smell and taste in COVID-19 patients in the abstract or in
the body of the article. Subsequently, each eligible article
was read to fully identify the relevant data. Only studies
that met the inclusion criteria were reviewed and analyzed.
We recognized that different researchers used different case
definitions for smell and taste loss. We have therefore
defined our outcome of interest as a partial or complete loss
of smell, taste, or both. Thus, the 3 results examined in this
systematic review were ‘‘partial or complete loss of smell,”
“partial or complete loss of taste,”” and “‘concurrent partial
or complete loss of smell and taste.”

Inclusion and exclusion criteria. We have included studies that
investigated or described the mechanism of loss of smell
and taste, the prevalence of loss of smell and taste, and the
stage of occurrence of loss of smell and taste in patients
with diagnosis of COID-19. Conversely, studies that were
published as letters to the editor, conference proceedings,
and editorials as well as animal studies were excluded from
review and meta-analysis.

Assessment of Quality of Studies

Three reviewers separately (T.S.I., A.J.F., and A.E.O.)
reviewed the titles and abstracts to provide full-text reviews
of studies. The quality of the studies was evaluated using
the standard assessment criteria of the Joanna Briggs
Institute (JBI)*® in cohort and cross-sectional studies and
case series. The following elements were used: (1) appropri-
ateness of inclusion criteria; (2) description of study subject
and setting; (3) valid and reliable measurement of exposure;
(4) objective, standard criteria; (5) identification of confoun-
ders; (6) strategies for handling confounders; (7) outcome
measurement; and (8) appropriateness of statistical analysis.
Studies of the quality scale that exceeded 50% and higher
were considered as low risk of bias. Any disparities were
resolved by consensus.

Data Extraction

The review was carried out following the MOOSE (Meta-
analyses Of Observational Studies in Epidemiology)
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Figure |. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for study selection and exclusion.

checklist. The database abstraction proforma was developed
after iterative database searches and screenings for all titles
and abstracts to find full-text studies for a thorough analysis.
Data were extracted, and all data collected using Microsoft
Excel 2016 were reconciled by 2 authors (TSI and AJF).
The third author (A.E.O.) compared the extracted informa-
tion to the original data reported in the selected full text (or
in the documentation provided by the authors) to ensure the
accuracy of the extracted data. Where necessary, any identi-
fied errors were discussed and corrected.

Data analysis. The extracted data were entered into Microsoft
Excel and analyzed using Stata/SE 12.1 for Windows
(StataCorp LP). After quality assessment, the included studies
were subjected to meta-analysis using ‘‘metaprop,” ‘‘meta-
funnel,” and “metabias.”” We used the random-meta-analysis
model of weighted inverse variances to obtain an overall
summary assessment of the prevalence across studies. A sen-
sitivity analysis for the consistency of the summary estimate
was conducted. The bias in publication was assessed using
funnel plots and Egger’s linear regression test. The I statis-
tics also measured the heterogeneity of the studies. In addi-
tion, publication bias was investigated using the trim-and-fill
analysis (funnel plots). We presented the results of subgroup
analysis by study designs and continents where studies were
carried out.

Results
Characteristics of the Studies Included in the Review

A total of 240 articles were identified through literature
searches. Figure | shows the study selection and exclusion
flowchart. After removal of duplicates, 233 articles were
screened by title and abstract, and 37 were found to be eligi-
ble for full-text assessment. Of these full-text articles, 32
studies with a total of 20,451 COVID-19 patients were suit-
able for meta-analysis. The key features and results of the
evaluation of risk of bias for the included studies are sum-
marized in Table I. The included studies were conducted
in 13 countries. Although 7 (21.9%) and 6 (18.8%) of the
studies included in this review were published in Italy and
France, contributing 1609 and 2793 to the study population,
respectively, the United Kingdom, with 3 studies, contribu-
ted the largest number (9988) to the sample size. Of the 32
studies included in the meta-analysis, 27 reported loss of
smell, 20 reported loss of taste, and 13 reported both loss of
smell and taste as a single entity. Regarding the study
designs, there were 20 cross-sectional studies, 6 prospective
cohorts, 3 case-control studies, and 3 retrospective analyses
of hospital records. The JBI quality appraisal checklists
indicated that 29 were rated good while 3 were of fair qual-
ity. The study sample size and outcome reported in the stud-
ies are also presented in Table 1.
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Table I. Characteristics and Outcomes of Assessment of Risk of Bias for the Included Studies.

First author Study design Country Quality? Sample size Instrument used

Abalo-Lojo® Cross-sectional Spain Good 131 Self-reporting questionnaire

Aggarwal® Retrospective United States Good 16 Questionnaire

Beltran-Corbellini’ Case-control Spain Good 79 Questionnaire

Bénézit®® Cross-sectional France Good 68 Web-based questionnaire

Carignan® Case-control Canada Good 134 Telephone interview questionnaire

Coelho’ Cross-sectional United States Good 93 Web-based survey

Giacomelli*® Cross-sectional Italy Good 59 Questionnaire

Gudbjartsson Cross-sectional Iceland Good 1221 Questionnaire

Hopkins'? Cross-sectional United Kingdom Good 382 Online survey

Hopkins*' Cross-sectional United Kingdom Good 2428 Survey

Kim'3 Cross-sectional South Korea Good 213 Questionnaire based survey

Klopfenstein'* Retrospective France Fair 114 Medical files

Lechien*? Cross-sectional France Good 86 Nutritional health and nutritional
examination survey

Lechien®? Cohort France Good 417 Questionnaire

Lechien** Cohort France Good 2013 Sniffin’ sticks and questionnaire

Lee'” Cross-sectional South Korea Good 3191 Telephone interview

Levinson®® Cross-sectional Israel Good 42 Questionnaire and phone interview

Liguori'” Cross-sectional Italy Good 103 Anamnestic interview

Liu?®® Cohort Taiwan Good 321 Open access data

Mao?! Cross-sectional China Good 214 Electronic medical records

Menni? Cross-sectional United Kingdom Good 7178 Smartphone based app

Merza® Cross-sectional Iraq Fair 15 Questionnaire

Moein?* Cohort Iraq Good 60 Pennsylvania Smell Identification Test

Paderno* Cross-sectional Italy Good 508 Survey-based questionnaire

Speth?® Cross-sectional Switzerland Good 103 Telephone questionnaire

Spinato?’ Cohort Italy Good 202 Questionnaire

Vaira®’ Cohort Italy Good 345 Connecticut Chemosensory Clinical
Research Center Orthonasal Olfaction Test

Vaira®’ Cross-sectional Italy Good 72 Connecticut Chemosensory Clinical
Research Center Orthonasal Olfaction Test

Vaira®’ Cross-sectional Italy Good 320 Medical records

Yan*° Case-control United States Good 59 Internet-based platform

Yan®'! Cross-sectional United States Good 169 Self-reported questionnaire

Zayet* Retrospective France Fair 95 Questionnaire

?Quality rated as poor, fair, or good.

Prevalence of Loss of Smell and/or Taste in

COVID-19 Patients

Twenty-seven publications® that reported data on loss of
smell were used for estimation of its prevalence with a total
of 19,424 COVID-19 patients. Accordingly, the prevalence
of loss of smell among COVID-19 patients ranged from
4.23% in Lee et al'” to 98.33% in Moein et al.>* The esti-
mated global pooled prevalence of loss of smell among
COVID-19 patients was 48.47% (95% CI, 33.78%-63.29%).
There were 6 publications from Asia,”'>!7-2!2%% 17 from
Europe,* and 4 from North America®®°° that reported data
on loss of smell. The estimated pooled prevalence of loss of

smell in the populations of Asia, Europe, and North
America regions was 54.52% (95% CI, 39.32%-69.32%),
40.98% (95% CI, 20.71%-62.91%), and 33.19% (95% CI,
8.50%-64.25%), respectively (Figure 2).

Loss of taste was reported in 20 studies® included in the
review with data from a total of 8001 patients. The esti-
mated prevalence of COVID-19 ranged from 3.10% in Lee
et al'” to 82.01% in Lechien et al.* The estimated pooled
prevalence of loss of taste in COVID-19 patients was
41.47% (95% CI, 3.13%-31.03%). Loss of taste was
reported in 5 publications from Asia,”'>'7?'% 11 from
Europe,’ and 4 from North America.®®*3* The estimated

“References 5-9, 12-14, 17, 19, 21, 22, 24, 26, 29, 31, 32, 39-48.
TReferences 5, 12, 14, 19, 22, 26, 29, 32, 39-44, 46, 48, 49.

¥References 5-9, 13, 14, 17, 19, 21, 26, 29, 32, 43-45, 47, 48, 51, 52.
SReferences 5, 14, 19, 26, 29, 32, 43, 44, 47, 48, 51.
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Figure 2. Forest plot for loss of smell in COVID-19 patients.

pooled prevalence of loss of taste in the populations of
Europe, North America, and Asia regions was 53.29% (95%
CI, 44.83%-61.66%), 38.57% (95% CI, 7.87%-75.30%), and
14.19% (95% CI, 3.13%-31.03%), respectively (Figure 3).

Thirteen studies! reported combined loss of smell and
taste with data from a total of 5977 COVID-19 patients.
The estimated prevalence of COVID-19 in the 13 studies
ranged from 7.96% by Lee et al'” to 75.74% Yan et al.*' The
estimated pooled prevalence of combined loss of smell and
taste in COVID-19 patients was 35.04% (95% CI, 22.03%-
49.26%). Both loss of smell and taste were reported in 5 pub-
lications each from Asia’"'"**?*% and Europe’2"4**%4° and
3 from North America.**>' The estimated pooled prevalence
of loss of smell and taste in the populations of Europe, North
America, and Asia regions was 31.26% (95% CI, 13.64%-
52.22%), 66.84% (95% CI, 56.18%-76.70%), and 15.89%
(95% CI, 8.15%-25.42%), respectively (Figure 4).

Homogeneity and sensitivity analysis. The heterogeneity assess-
ment of the 27 studies that reported data on loss of smell is
shown in Figure 2. The /* statistics showed that the studies
were significantly heterogenous within the groups with var-
iation above 99%, but there was no significant heterogeneity

IReferences 5, 7-9, 17, 20, 23, 27, 31, 40, 45, 48, 49.

T
50

100 150

between groups (P = .374). However, the sensitivity analy-
sis of the data showed, however, that the sizes of effects in
the studies are similar despite the successive omission and
that the 95% CIs significantly overlap (see Suppl. Table 3
in the online version of the article).

Similarly, the forest plot from meta-analysis of data from
20 studies on loss of taste shown in Figure 3 indicates that
the studies were substantially heterogeneous, and the I* sta-
tistics indicate that the estimated variations ranged from
95.48% among studies conducted in Europe to 97.88% in
those published from Asia. Overall, the pooled estimated
heterogeneity was 99.52% (P < .001). Nevertheless, the
sensitivity analysis of the data on loss of smell showed that
effect study sizes across the studies were comparable with
consecutive omission of study and that 95% ClIs signifi-
cantly overlapped (see Suppl. Table S4 in the online version
of the article).

For studies that reported both loss of smell and taste, the
analysis of 13 studies significantly showed heterogeneity,
and the overall variation was estimated to be about 98.87%
(P); P < .001. However, the sensitivity analysis of the data
revealed that the effect sizes were similar across the studies
with consecutive omission, and the 95% ClIs overlapped
considerably (see Suppl. Table S5 in the online version of
the article).
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Figure 3. Forest plot for loss of taste in COVID-19 patients.
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Figure 4. Forest plot for loss of smell and taste in COVID-19 patients.

Further subanalysis by study designs revealed that cross-
sectional (I = 99.76%; P < .001), retrospective (I* = 82.5;
P = .003), case-control (I* = 88.5.4; P < .001), and cohort
studies (I = 96.97; P < .001) for loss of smell were signifi-
cantly heterogeneous (Figure 5). Similar results were also
obtained for the subanalyses by study designs for loss of
taste (Figure 6) and a combination of loss of smell and

taste (Figure 7). The extent of the heterogeneity varied sig-
nificantly across the 4 types of study designs.

Assessment of publication bias. As displayed on the funnel
plot in Figure 8, the distribution of the 27 studies that
reported loss of smell in COVID-19 patients appears sym-
metrical, indicating absence of bias. This observation was
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Figure 5. Forest plot of loss of smell by types of study design.
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Figure 6. Forest plot of loss of taste by types of study design.
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Figure 7. Forest plot of loss of smell and taste by types of study design.
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Figure 8. Funnel plots for loss of smell.

also corroborated by Egger’s and Begg’s tests, which
showed that there was no statistically significant publication
bias (P = .930). Although the distribution of the 20 studies
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Figure 9. Funnel plots for loss of taste.

that reported loss of taste appears asymmetrical, there were
more studies on the right side of the vertical middle line
(Figure 9), and Egger’s and Begg’s tests suggest that there
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Funnel plot with pseudo 95% confidence limits
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Figure 10. Funnel plots for loss of smell and taste.

was no statistically significant publication bias (P = .167).
Contrary to observations of an absence of publication biases
among studies that reported loss smell and loss of taste, the
distribution of the 13 studies that reported concurrent loss
of smell and taste indicates remarkable publication bias
(Figure 10). Notably, there were more studies on the right
side of the vertical middle line than on the left, and a con-
siderably small-size study is extremely close to the effect
size (ES) axis. Egger’s and Begg’s tests also indicated sig-
nificant bias (P = .006).

Discussion

This systematic review revealed that a remarkable number
of studies have investigated loss of smell and taste across 3
continents over a period of 5 months in 2020 with obvious
lack of quantitative data from Australia, Africa, and South
America (Table I). There were more studies from Europe
than from the remaining 2 continents with data on loss of
smell and taste in COVID-19. Our search, limited to only
studies published in English, might have restricted inclusion
of studies published in other languages. However, there
appeared to be no study from the African continent, and this
might be a reflection of poor responses of scientists to the
pandemic in the region.

Since inception of the COVID-19 pandemic, reports on
the burden of olfactory and gustatory dysfunctions in
COVID-19 patients are still evolving. To our knowledge, up
to the time of this writeup, there were only 3 published sys-
tematic reviews with meta-analyses of individual data on

the subject. The estimated global pooled prevalence of loss
of smell among 19,424 COVID-19 patients from 27 pub-
lished articles included in this present study was 48.47%
(95% CI, 33.78%-63.29%). This estimate is slightly lower
than the prevalence reported by Tong et al*® (52.73%) and
Costa et al*® (60.7%), which included only 10 and 6 publi-
cations, respectively, with relatively smaller sample sizes.
Conversely, Agyeman et al>® obtained a global estimate of
41.0% from 24 studies involving a study population of
8438, which is comparatively lower than the values obtained
in the present study.

Our review revealed that loss of taste was a less fre-
quently reported symptom than loss of smell in COVID-19
patients with an estimated pooled prevalence of 41.47%
(95% CI, 3.13%-31.03%). This estimate is comparable with
38.2% by Agyeman et al>> but lower than 43.93% and 56.4%
by Tong et al*® and Costa et al,® respectively. It is worth
noting that the number of articles and study population
involved in the present review were remarkably larger
than all the 3 earlier published systematic reviews with
meta-analyses on loss of smell and taste in COVID-19
patients *%3%-33

One major difference between the present study and other
available and accessible similar systematic reviews®®*%> is
that we included studies that investigated prevalence of com-
bined loss of smell and taste. To this end, our study showed
that the estimated pooled prevalence of combined loss of
smell and taste in COVID-19 patients was 35.04% (95% CI,
22.03%-49.26%). This value was obtained from 13 studies
that involved 5977 COVID-19 patients. These 13 studies
included 5 each from Asia and Europe and 3 from North
America. The combination of loss of smell and taste was less
reported in the literature, as there were no data for the
remaining 19 of 32 studies included in this review.

Overall, this review has shown that loss of smell and
taste, either singly or combined, are important clinical fea-
tures of COVID-19 as at least 1 of every 3 affected individ-
uals is likely to exhibit any of these symptoms. Our data
clearly corroborate the earlier position of various research-
ers*>? and the later adoption by the WHO as important dis-
criminatory symptoms of COVID-19.%° In addition to the 3
most common symptoms (fever, dry cough, and tiredness)
listed by the WHO, clinicians or health care providers in
countries where COVID-19 spread persists should con-
stantly pay attention to these symptoms.’® The clinical
implication of this is that the chance of detection and suspi-
cion index of health workers in resource-limited countries
where access to the COVID-19 test is limited will increase
by paying attention to sudden loss of smell and/or taste. The
ENT Society of United Kingdom hypothesized that patients
with only anosmia, who do not meet the criteria for self-
isolation, might be hidden carriers or ‘““vectors’ that have
potential to facilitate rapid spread of COVID-19 in the com-
munity.®> The American Academy of Otolaryngology—Head
and Neck Surgery has suggested the possibility of COVID-
19 infection in individuals with sudden anosmia/hyposmia
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and ageusia/dysgeusia in the absence of other respiratory
symptoms such as nasal obstruction and rhinorrhea.*® It was
suggested that such individual(s) should self-isolate for 14
days to reduce the number of hidden carriers capable of
spreading the infection.

The exact pathophysiology of the loss of smell and taste
in coronavirus infection is yet to be fully understood. Some
authors have postulated that the SARS-CoV-2 virus infects
cells through interactions between its spike (S) protein and
the angiotensin-converting enzyme 2 (ACE2) protein recep-
tor on the target cells likely by the cell surface protease
transaminase protease serine 2 (TMPRSS2).>*> The respira-
tory epithelium and its supporting olfactory cells harbor the
highest concentration of ACE2 and TMPRSS2 receptors and
therefore appear to serve as a reservoir for replication of the
SARS-CoV-2 virus.

The proximity of the respiratory epithelial cells (chief
reservoir site), the supporting olfactory cells (second most
susceptible site), and the olfactory bulb highly suggests
brevity in the period of exposure to infection and involve-
ment of the olfactory bulb, leading to paresis or paralysis in
sense of smell. This may support the hypothesis of early
dysfunctional sense of smell and taste in COVID-19.
Patients with severe hyposmia or anosmia usually complain
of loss of taste, as reported by most articles included in this
systematic review and meta-analysis. This is due to loss in
the contribution of smell to their perception of flavor. One
could argue that hypogeusia or ageusia in COVID-19 is due
to hyposmia or anosmia rather than true pathologic hypo-
geusia/ageusia. This evidence could also explain the under-
lying pathogenic mechanism of smell and taste loss in
COVID-19.

There are 3 major postulated mechanisms by which
viruses affect smell. First, viral infection of the nasal
mucosa could trigger inflammation of both respiratory and
olfactory mucosa to create a barrier to odor chemicals
(inhaled aromatic particles in the air) between the dendritic
cells of the olfactory sensory neurons and olfactory mucosa,
thereby leading to disruption in odor detection.’® The
second mechanism is by direct virus attack on the olfactory
receptors, causing their damage with resultant inhibition of
transmission of odor signals. This leads to either temporal
or permanent loss of smell.””>® The third mechanism is that
the virus, being neurotropic, could penetrate through the cri-
briform plate to infect the olfactory bulb and follow the
olfactory pathway to attack the olfactory cortex of the tem-
poral lobe of the brain responsible for smell. The coronavirus
footprint has been found in the cerebrospinal fluid and brain
of COVID-19 patients, thereby clinically verifying viral ence-
phalitis.>® Any or all these 3 may be possible mechanism(s)
for loss of smell and, by extension, taste in COVID-19,
although this is still subject to further investigation.

The strength of this systematic review lies in the large
number of included studies and size of the population as
well as the geographical spread (Figure 1). In addition, we
have used both quantitative and qualitative methods to
establish the validity and inclusiveness of the review.

However, no attempt was made at exploring data that may
explain the mechanisms or causality of loss of smell and
taste in COVID-19 patients. We used a meta-analysis approach
to estimate global and regional prevalence by pooling indi-
vidual data from published studies (Figures 2-4). The
study validity was further strengthened by the subanalyses
of the wvarious studies according to the pooled study
designs (Figures 5-7) across the various geographical
locations. We adopted the use of random-effect models
because of the level of heterogeneity envisaged a priori,
coupled with the fact that the included studies were
adjudged to have fair to good quality in the assessment of
bias (Table 1). Table | also showed that only 3 of the 32
articles included in the meta-analysis used a quantitative
validated test instrument to determine loss of smell and
taste. This is understandable because the highly contagious
and emerging nature of COVID-19 does not allow close
contact testing for research at its early phase.

One issue that may limit generalization of our meta-
analysis results is the statistical heterogeneity of the
included studies, as demonstrated by the high variability
values of greater than 80% in all the forest plots (Figures 2-
4). On visual inspection of the funnel plots (Figures 8-10),
the individual study effects vary remarkably, suggesting
publication bias as a possible source of the observed hetero-
geneity, but the sensitivity analysis showed that the confi-
dence intervals of all the studies consistently overlapped,
and the effect sizes did not vary significantly with succes-
sive exclusion of studies (see Suppl. Tables S1-S5 in the
online version of the article). The statistical heterogeneity in
the results can be attributed to either clinical or methodolo-
gical diversity or both. The heterogeneity could have been
caused by variations in the studies in the regions. We miti-
gated the likelihood of data extraction errors as a potential
cause of significant heterogeneity by involving 2 indepen-
dent investigators in the identification and extraction of
individual study data. Nevertheless, clinical variation and
varying methods of smell and taste loss assessment may
most likely have resulted in heterogeneity, but the patient
characteristics are unlikely to have fully accounted for het-
erogeneity in the design of the study. Considerable statisti-
cal variation resulting from methodological variability or
outcome estimation variations indicates that not all studies
included estimate the same magnitude loss of smell or taste
but do not inherently imply a significant variation in the
prevalence. Another issue that might limit the external
validity and precision of our estimated prevalence is the
exclusion of articles not written in English. Given the fact
that our review was done during the pandemic, it was
impracticable to get quick and accurate translation and
interpretation of articles written in languages other than
English.

Although we conducted a comprehensive literature search
using bibliographic databases and gray literature sources via
Google Scholar and Africa Journal Online (AJOL), some
unpublished articles and those not indexed in an electronic
database linked to our intended sources of gray literature
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may have been inadvertently excluded. In the future, sys-
tematic reviews of smell and taste loss will need to con-
sider the inclusion of publications written in languages
other than English. It is conceivable that certain demo-
graphic and environmental characteristics as well as preex-
isting diseases such as hypertension and diabetes may
influence the prevalence of loss of smell and/or taste,
which were not captured in our review. Future study will
need to consider investigation of the possibility of these
associations of different factors related to prevalence of
loss of smell and/or taste.

Conclusion

The prevalence of loss of smell and taste among COVID-19
patients was high globally and regionally. The observed
magnitude of the reported loss of smell and taste among
patients suggests that these symptoms are important markers
of the disease. Therefore, health workers need to consider
loss of smell and taste as indices of suspicion for empirical
diagnosis of coronavirus infection.
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