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Abstract
Background: Emerging reports suggest that new onset of smell or taste loss are potential early clinical markers of SARS-CoV-2
infection, but it remains unclear as to what extent. Therefore, the purpose of this study is to systematically assess the prevalence
of self-reported altered sense of smell or taste in patients with confirmed SARS-CoV-2 infection, overcoming the limitations of
individual studies by meta-analysis of pooled data.
Methods: The databases Medline, Embase, Web of Science, Scopus and MedRxiv's set were searched from inception to the 4th
May 2020. This study was conducted following the PRISMA checklist.
Results: 18 studies met the eligibility criteria out of the 171 initially screened citations. The overall prevalence of alteration of the
sense of smell or taste was 47% , but estimates were 31% and 67% in severe and mild-to-moderate symptomatic patients, respectively. The loss of smell and taste preceded other symptoms in 20% of cases and it was concomitant in 28%.
Conclusions: Based on this meta-analysis, we recommend self-isolation and testing, where possible, for patients complaining
smell or taste impairment during COVID-19 pandemic in order to prevent spread of disease and propose the inclusion of loss of
smell and taste as recognized symptoms of SARS-CoV-2 in the World Health Organization and other relevant regulatory body’s
lists.
Key words: SARS-CoV-2, Covid-19, anosmia, smell loss, ageusia, taste loss

Introduction
The COVID-19 pandemic, driven by the SARS-CoV-2 novel coronavirus infection, has spread globally since December 2019. The
typical spectrum of clinical presentation of COVID-19 has been
reported as ranging from asymptomatic infection to severe
respiratory failure, with the main symptoms being fever, dry and
productive cough, fatigue, myalgia, and dyspnoea (1).

the integrity of olfactory sensory neurons, but not olfactory
sensory neurons, co-express the transmembrane serine protease 2 and angiotensin-converting enzyme 2 (ACE2), the two key
players in the binding and entry of the SARS-CoV-2 into human
cells (3). Consequently, altered sense of smell or taste have been
first anecdotally and then more robustly reported in COVID-19
patients across Europe and Asia (4-6).

Previous strains of coronavirus have showed central nervous system involvement, propagating from within the olfactory bulb,
through the olfactory neuroepithelium (2). More recently, it was
observed that that olfactory sustentacular cells that maintain

Early, largely anecdotal, reports suggest that new onset of smell
or taste loss are potential early symptoms or subclinical markers
of SARS-CoV-2 infection, but it remains unclear to what extent.
The identification of a comprehensive spectrum of symptoms
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associated to SARS-CoV-2 infection is of clinical interest to
identify infected patients for isolation as early as possible where
access to testing is restricted, or to facilitate early targeted testing where possible. For this purpose, it is of primary importance
to define symptoms that patients can identify by themselves,
without needing to visit healthcare professionals to perform
formal olfactory testing, which is not widely available outside
of research settings or highly specialized clinics. Therefore, the
purpose of this meta-analysis is to systematically assess the
prevalence of self-reported altered sense of smell or taste in
patients with confirmed SARS-CoV-2 infection, overcoming the
limitations of individual studies by meta-analysis of pooled data.

Figure 1. Flowchart of literature search strategy.

Materials and methods

https://www.mlanet.org/page/covid-19-literature-searching).

Search strategy
This study was conducted following the preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
checklist (7). The search strategy was developed and conducted

In addition, the preprint archives MedRxiv and BioRxiv were also
searched for grey literature relating to anosmia/ageusia, and
COVID-19 using the following search string: (covid-19 or covid19

by a medical librarian (VP). Prior to conducting the searches, the
search terms were peer reviewed by another medical librarian
according to PRESS criteria. (https://www.sciencedirect.com/
science/article/pii/S0895435616000585).
The databases Medline (via Ovid), Embase (via Ovid), Web of Science (core collection) and Scopus were searched from inception
to the 4th May 2020 with variants of the following search terms,
which were in the title, abstract and keyword fields, as well as in
MeSH term field when these existed in the database.
((("Corona virinae" or "corona virus" or Coronavirinae or coronavirus or COVID or nCoV) adj4 ("19" or "2019" or novel or new)) or
(("Corona virinae" or "corona virus" or Coronavirinae or coronavirus or COVID or nCoV) and (wuhan or china or chinese)) or "Corona virinae19" or "Corona virinae2019" or "corona virus19" or
"corona virus2019" or Coronavirinae19 or Coronavirinae2019 or
coronavirus19 or coronavirus2019 or COVID19 or COVID2019 or
nCOV19 or nCOV2019 or "SARS Corona virus 2" or "SARS Coronavirus 2" or "SARS-COV-2" or "Severe Acute Respiratory Syndrome
Corona virus 2" or "Severe Acute Respiratory Syndrome Coronavirus 2").ti,ab,kw. OR Coronaviridae Infections/ or Severe Acute
Respiratory Syndrome/ or Coronavirus Infections/ or SARS Virus/
or Coronavirus/ AND (((sense or sensitiv* or loss or lose or lost or
alter* or distort* or perception* or perceiv*) adj2 (smell* or tast*
or gustation)) or anosmia* or ageusia* or dysgeusia* or parageusia* or hypogeusia* or dysosmia* or par?osmia* or hyposmia
or cacosmia* or ((smell* or tast* or olfact*) adj2 (dysfunction*
or disorder*)) or phantosmia or troposmia).ti,ab,kw. or olfaction
disorders/ or taste disorders/ or ageusia/ or dysgeusia/ or smell/
or taste/ or taste perception/ or olfactory perception/
The search string relating to COVID-19 was adapted from a preexisting search by Ellen Aaronson at Mayo Clinic Libraries (see:

or coronavirus or corona virus) AND (anosmia or ageusia or
olfaction or olfactory or smell or taste).
The authors also screened all articles in MedRxiv's set of
COVID-19 and Otolaryngology subject preprints for relevance:
https://www.medrxiv.org/collection/otolaryngology.
Two authors (DB and JP) independently screened the full texts
of all the relevant articles identified against the inclusion criteria
(Figure 1); a third author (PBR) settled discordances.
Selection criteria
Non-English studies were excluded. Studies containing aggregated data or duplicated data from previously published
work were excluded, as were review articles, case reports, and
editorials. Studies were included in the analysis if they met the
following criteria: 1. the number of total patients and of those
with altered sense of smell or taste were reported; 2. symptoms
were assessed in temporal proximity to the collection of swabs
for PCR or hospitalization; 3. altered sense of smell or taste was
self-reported; 4. confirmed SARS-CoV-2 positive patients by PCR.
Data extraction and statistical analysis
The total number of patients and those with altered sense of
smell or taste were extracted from each original paper. The summary prevalence of altered sense of smell and corresponding
95% CI were estimated through a random intercept logistic
regression model using the metaphor R package (8). Statistical
heterogeneity among studies was evaluated using the I2 and t2
statistics (9). Influence analysis was performed, and pooled RR
was calculated by omitting one study at a time. Publication bias
was assessed through funnel plot (10) and asymmetry was tested
using a weighted linear regression of the study prevalence (11).
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Table 1. Demographic and clinical characteristics of the study population.
Author (Reference)

Mao (5)
Giacomelli (13)
Levinson
Menni

(12)

(18)

Spinato (6)
Moein

(14)

Bénézit

(20)

Klopfenstein (33)
Lechien

(21)

Beltrán-Corbellini (15)
Hornuss

(16)

Tostmann (22)
Vaira
Wee

(23)

(25)

Yan (24)

Type of patients

Eligible

Enrolled

Women (%)

Median
age, range
(years)

Symptoms’
evaluation

China

Severe

-

214

59%

53 (±16)a

Medical records

Italy

Severe

88

59

32%

60 (50-74)

Ad hoc questions

Israel

Severe

45

42

45%

34 (15-82)

Ad hoc questions

U.K.

Mild-to Moderate

-

579

69%

41 (±12)a

Ad hoc questions

Italy

Mild

283

202

52%

56 (20-99)

SNOT-22

Iran

Severe

-

60

33%

46 (±12)

Medical records

France

Mild-to Moderate

-

68

-

-

France

Mild-to-Severe

-

114

67%

47 (±16)a

Medical records

France, Spain,
Belgium, Italy

Mild-to-Moderate

1566

1420

68%

39 (±12)

Ad hoc questions

Spain

Severe

86

79

39%

62 (±17)a

Medical records

Germany

Severe

-

45

44%

56 (±17)a

Medical records

The Netherlands

Mild

-

90

79%

-

Italy

Mild-to-Moderate

-

72

63%

56 (-)

Singapore

Mild-to-Severe

-

154

-

-

U.S.A.

Mild-to-Moderate

-

102

49%

43 (34-54)

Ad hoc questions

a

Ad hoc questions

a

Ad hoc questions
a

Medical records
Self-reported

Severe

-

26

65%

54 (40-65)

Ad hoc questions

France, Spain,
Belgium, Italy

Mild-to-Moderate

-

417

63%

37 (19-77)

sQOD-NS

Kaye (19)

U.S.A. Mexico, Italy,
U.K., other

Anosmic,
Mild-to-Moderate

240

237

54%

36 (2-89)

Validated questions

Yan (17)

U.S.A.

Mild-to-Moderate

102

59

49%

-

10-point Likert scale

Lechien

a

Country

(4)

Mean value ± standard deviation; SNOT-22: Sino-Nasal Outcome Test 22; sQOD-NS: short version of the Questionnaire of Olfactory Disorders-

Negative Statements.

Analysis was stratified by severity of symptoms, i.e., studies in
severely symptomatic patients versus studies in patients with
mild-to-moderate symptoms.
The results of the meta-analysis were presented graphically as
a forest plot, plotting the prevalence as a black square, whose
size was inversely proportional to standard error. Diamonds
were used to plot the summary prevalence for all studies and
by study setting; their centre represents the point estimate and
their extremes the 95% CI. Statistical significance was set at
P<0.05 (two sided).

Two studies (21,24) included all cases reported in two previously
published papers (4,17) enriching them with further cases; as the
first published papers provided information on the timing of the
onset of smell and taste impairment not present in the casesenriched papers, they were considered only for this purpose.
Another study was conducted on anosmic patients only and
was considered only in the evaluation of the timing of the onset
of smell impairment (19). Thus, out of 3563 single cases included
in the meta-analysis, 3326 have been considered for prevalence
calculation. Three studies (4,6,17) assessed alteration of sense of
smell or taste through a validated questionnaire whereas ad hoc
questions where used in other studies.

Results
The meta-analysis flowchart is presented in Figure 1. 18 studies
met the eligibility criteria out of the 171 initially screened
citations. Table 1 provides a detailed description of the clinical
and demographic characteristics of all included studies. Six
studies (5,12-16) were conducted on hospitalized patients with
severe symptoms, nine studies (4,6,17-23) enrolled patients with
mild-to-moderate symptoms and three studies enrolled both
mild-to-moderate and severe symptomatic patients (19,24,25).

Overall, the prevalence of alteration of sense of smell or taste
was 47% (95% CI: 36%-59%); great heterogeneity was observed,
with prevalence ranging from 11% to 84% (Figure 2). Funnel plot
(Supplementary Figure 1) reflects the potential for publication
bias, thus asymmetry was not statistically significant (p=0. 08).
Notably, great heterogeneity emerged with respect to patients’
clinical condition (Figure 3): among 525 severely symptomatic
patients, only 139 subjects reported alteration of sense of smell
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Figure 2. Forest plot of the prevalence of alteration of the sense of smell
or taste in 3315 patients. Each study prevalence is displayed through as
a black square, whose size was inversely proportional to standard error;

Figure 3. Forest plot of the prevalence of alteration of the sense of smell

horizontal bar represents 95% confidence interval. Diamond represents

according to patients’ clinical condition (severe versus mild-to-moderate

the summary prevalence for all studies.

symptoms). Each study prevalence is displayed through as a black
square, whose size was inversely proportional to standard error; horizontal bar represents 95% confidence interval. Diamonds represent the

or taste, leading to a pooled symptom’s prevalence of 31% (95%
CI: 22%-42%). The prevalence was much higher among patients
with mild-to-moderate symptoms (67%; 95% CI: 58%-75%);
the study by Lechien (21) was the most influent, which exclusion
lowered the pooled estimate to 62% (95% CI: 57%-68%; data not
shown).

summary prevalences.

SARS- CoV-2 receptor, ACE-2, in the respiratory tree making the
nasal epithelium a likely target of viral infection (27).

Four studies
in mildly-to-moderately symptomatic patients reported information on timing of onset of alteration of
sense of smell or taste with respect to other symptoms. Among
patients with alteration of sense of smell or taste, this symptom preceded the others in 20% (95% CI: 13%-29%) of cases,
whereas it was concomitant in 28% (95% CI: 22%-36%). Alteration of sense of smell or taste occurred after other symptoms
in 54% (95% CI: 37%-70%) of symptomatic cases. Prevalence
do not add up to 100% since not all studies reported complete
information on timing of symptoms’ onset (Figure 4).
(4,6,17,19)

Discussion
The results from this meta-analysis suggest a robust association
between altered sense of smell or taste and confirmed SARSCoV-2 infection. The overall prevalence of smell or taste impairment in patients with COVID-19 was 47%, which rises up to 67%
in patients with mild-to-moderate symptoms; 20% of all patients
reported it as an isolated or as the first presenting symptom.
The presence of the loss of smell is not surprising, as many
human respiratory viral strains, including coronavirus have been
observed to cause post-viral anosmia (26). Human coronaviruses
have been indeed demonstrated to invade the central nervous
system through the olfactory neuroepithelium and propagate
from within the olfactory bulb (2). Furthermore, nasal epithelial
cells were observed to display the highest expression of the

First clues of an association between an altered sense of smell
or taste and the SARS-CoV-2 infection came from anecdotal
reports describing an increase in reports of these symptoms
occurring at the outset of the COVID-19, such that the British
Association of Otorhinolaryngologists (28) and the American
Academy of Otolaryngology-Head and Neck Surgery (29) issued
warnings to consider the diagnosis of SARS-CoV-2 with isolated
lost or altered sense of smell or taste. At the end of March, Gane
et al. documented the first case report of isolated sudden onset
anosmia in a confirmed case of SARS-CoV-2 infection as well as a
small case series highlighting the increase in referrals for sudden
onset anosmia at the beginning of the spread of SARS-CoV-2 infection in the United Kingdom (30). Other indirect evidence came
from a non-peer reviewed manuscript, made available on a preprint server reporting a linear correlation between prevalence of
COVID-19 and olfactory impairment in Iran (31). Since these early
reports there has been a rapid evolution in the peer reviewed
literature.
This meta-analysis focused on self-reported impairment of sense
of smell or taste, to provide robust data on symptoms that can
be assessed during patient’s anamnesis without the need of
specialist tests. These results are however further supported by
the first study also assessing olfactory dysfunction through objective testing (14). An Iranian study, conducted on 60 SARS-CoV2-positive inpatients and age matched controls, assessed the
olfactory status through a validated 40-odorant test, reporting
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facilitate the rapid dissemination of SARS-CoV-2 (32).
This meta-analysis has its limitations in the nature of the paper
analysed: symptoms were self-reported, based on cross-sectional surveys or retrospective case series, and thus may suffer
from sub-optimal sensitivity. These types of studies are in fact
intrinsically predisposed to selection bias. Some of the studies
involved small number of subjects; studies based on crosssectional survey of defined patient cohorts had a response rate
ranging from 58% (17) to 93% (12). Other studies relied on voluntary
completion of a questionnaire or use of an online symptom tracker; the respondents may therefore have an age and gender bias
related to the tendency to engage with such studies. Publication
bias is also possible, as suggested by funnel plot inspection: this
is plausible, considering the rapid spread of the epidemic and
the urgency to disseminate scientific data.
More specifically, the two studies by Lechien et al. includes a
mixed population of respondents from different settings and

Figure 4. Forest plot of the timing of onset of alteration of sense of smell
or taste with respect to other symptoms. Each study prevalence is displayed through as a black square, whose size was inversely proportional
to standard error; horizontal bar represents 95% confidence interval.
Diamonds represent the summary prevalences.

a prevalence of smell dysfunction of 98%, with 58% rated as
anosmic, while only 18% of controls were found to have smell
dysfunction, of which all were mild with none rated as anosmic.
It is interesting that only 35% of patients self-reported loss of
smell and taste, suggesting that self-rating of sense of smell or
taste will likely underestimate the true prevalence of olfactory
dysfunction in COVID-19 patients.
Through a systematic review of the literature we selected
paper sreporting the prevalence of self-reported smell or taste
impairment in confirmed cases of SARS-CoV-2 infection. The
following observations can be highlighted from this systematic
review and meta-analysis. First, we found that the prevalence
of an altered sense of smell or taste is highly dependent on
the setting. While in patients with severe symptoms the overall
prevalence was 31%, it raised to 67% in mild-to-moderate
symptomatic home-isolated patients. Possibly, in patients with
more severe COVID-19 symptoms, symptoms around olfaction
may not have been elicited and recorded, or simply neglected
in the setting of more severe respiratory symptoms. In addition,
some authors speculate that paucisymptomatic patients may be
affected by nasal-centric viral spread, whereas patients requiring
hospitalization may be experiencing a more pulmonary-centric
viral infection leading to increased rate of respiratory failure and
need for hospitalization (17). In addition, the loss of smell or taste
can precede (20%) or be concomitant to other presentation
symptoms (28%). Thus, smell or taste impairment may be the
first symptom of SARS-CoV-2 infection in a substantial proportion of cases. Consequently, current guidelines should recognize
isolated sudden onset of the loss of smell or taste as a criterion
for self-isolation. It has been shown, indeed, that undocumented
asymptomatic or mildly symptomatic infections substantially

incorporates a high proportion of volunteer health-care workers,
thus suffering by a potential recruitment bias that, as stated by
the authors, may have led to an overestimation of the loss of
sense of smell and taste in that case series (4,21) [4,21]; the study
by Yan et al. had a low response rate to the survey so having the
risk the participants were a non-representative sample (17); both
the retrospective observational case series by Mao et al. (5) and
Klopfenstein et al. (33) might have underestimated the burden of
the loss of sense of smell and taste in their series as they proceeded to extract data from medical records, therefore certain mild
symptoms, including smell and taste impairment, might not be
captured in all patients. Finally, as this is a rapidly evolving area,
we also included pre-print literature. However, we did not find
severe methodological problems in the not yet peer-reviewed
papers we included and by excluding these papers we would
have lost an important source of information.
We have not attempted to differentiate between self-reported
loss of smell or loss of taste. It has been shown that patients will
often report perceived loss of taste in cases of olfactory dysfunction due to impaired flavour perception; a high incidence
in flavour disturbance being reported by patients with sudden
post-viral olfactory loss (34), despite normal gustatory function.
Furthermore, focused items on taste perception (relating to salt,
sweet, bitter or sour tastes) may not be reliable in differentiating
disturbances in the perception of taste and flavour (35). We therefore feel that in order to be of greatest practical application,
self-rated disturbance of smell or taste should be considered in
combination for the purposes of case-identification.

Conclusion
In conclusion, this analysis has summarised the current evidence
base, overcoming the limitations caused by small sample size.

434

Self-reported alteration of smell or taste in COVID-19 patients

Based on this meta-analysis, we therefore consider it reasonable
to recommend self-isolation for patients complaining of smell
or taste impairment, pending execution and the result of formal
testing where capacity exists, during COVID-19 pandemic. Sudden onset of these symptoms may be used for tracking and as
a screening tool for this disease. There is also a need for raising
awareness and educating patients: that mildly symptomatic
patients with only the loss of sense of smell or taste may indeed
become a source of SARS-CoV-2 dissemination if they continue
to work or socialize. It is also quite important to educate healthcare professionals, in particular general practitioners and otolaryngologists, to the fact that an impairment of the sense of smell
or taste could be a suspicious symptom of SARS-CoV-2 infection,
thus, to prevent spread of disease, they should avoid nasal
endoscopy, and employ full personal protective equipment to
reduce transmission. When the peak of the pandemic will cease,
bringing with it easing of the protection measures and social
restrictions, recognizing these symptoms, will become even
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