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ABSTRACT

Introduction: Olfactory symptoms have been reported as particular in COVID-19
patients. Objective: To synthesize and analyze the existing evidence on the monitoring
loss of sense of smell and taste in COVID-19 patients, and for how long symptoms persist
after the virus is no longer active in the organism. Methods: A search was implemented
in PubMed, Embase, Scopus, Science Direct, and Web of Science databases. This
systematic review and meta-analysis were conducted according to PRISMA, and the
risk of bias was assessed through the Newcastle-Ottawa Scale. The review protocol is
registered in PROSPERO. Results: Our systematic review included data from 14 articles
with a total of 2143 participants. The most reported sensory symptom of COVID-19 was
anosmia, which was detected in 1499 patients, being the only symptom to appear in all
studies. Ageusia was detected in 595 patients, dysgeusia in 514 patients, and hyposmia
in 209 patients. The studies provided the number of 729 patients with sensory symptoms
during the acute COVID-19 infection of 15 days, and 1020 patients with lasting sensory
symptoms, presenting sensory dysfunctions after the average latent period of 15 days of
the acute COVID-19 infection. Conclusion: Evidence points to the loss or dysfunction
of taste and smell as one of the symptoms of COVID-19 persisting for an average time
of 15 days, with 44% of COVID-19 patients with persistent symptoms for more than
15 days. Nevertheless, most studies do not perform a follow-up with those patients.

Therefore, further research on sensory symptoms and their follow-up is required.

Keywords: anosmia; ageusia; Coronavirus; dysgeusia; sensation disorders.

INTRODUCTION

On December 31, 2019, the World Health Organization (WHO) reported pneumonia
of unknown cause originated in Wuhan, China. Later, it was discovered that this new
pneumonia was a type of severe acute respiratory syndrome (SARS), a disease caused
by a new type of Coronavirus (SARS-CoV-2). In January 2020, the WHO reported the
outbreak of the new disease, and on February 11 of the same year, the disease that was
causing the respiratory syndrome was named COVID-19 (Coronavirus Disease 2019),
with more than 452 million confirmed cases and more than 6,029 million deaths from
the disease worldwide by March 20222
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After several reports about olfactory dysfunction symp-
toms in COVID-19-positive patients, the American Academy
of Otolaryngology-Head and Neck Surgery and the British
Association of Otorhinolaryngology added anosmia and dys-
geusia to the list of common symptoms during COVID-19 infec-
tion*%. The symptoms of sensory dysfunction can be described
as dysgeusia (alteration of the sense of taste) and hyposmia (al-
teration of the sense of smell). The complete absence of sensitiv-
ity to sensory stimuli can be described as anosmia (total loss of
sense of smell) and ageusia (total loss of sense of taste). In studies
evaluating the prevalence of these symptoms, it was found that
the prevalence of hyposmia and dysgeusia can reach 86% in the
populations analyzed. These sensory symptoms were considered a
clinical criterion for COVID-19 prognostic factor'>”.

There are several well-done and widely viewed systematic re-
views with meta-analyses evaluating smell and taste dysfunction
associated with COVID-19*’. These studies presented a pool prev-
alence for smell loss of 77%® an alteration of the sense of smell
and taste with 31% in severely symptomatic patients, and 67% in
mild-to-moderate symptomatic patients’; and a pooled propor-
tion of 41% of patients presenting with olfactory dysfunction, and
38,2% gustatory dysfunction'®. However, our current study exam-
ines beyond the prevalence of smell and taste dysfunction in the
setting of COVID-19, adding a novel twist that includes the evalu-
ation of the prevalence of persistent smell and taste symptoms by
examining the percentage of COVID-19-positive patients with
symptoms lasting beyond 15 days.

This systematic review and meta-analysis aimed to examine
the emerging evidence as to the rates of olfactory and gustato-
ry manifestations in COVID-19-positive patients, and for how
long symptoms persist after the virus is no longer active in the

organism.

METHODS

This systematic review and meta-analysis were conducted ac-
cording to the recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment'’. The review protocol is registered in PROSPERO and is
available online (CRD42020216612).

Research strategy and selection criteria.

Our search strategy was organized and discussed by all research-
ers in the group and performed by two authors (JDCP and YSB),
who conducted the search and identified studies published be-
tween January 01, 2020, and August 20, 2021, applying the eligibil-
ity criteria, independently. The systematic search was implemented
in PubMed, Embase, Scopus, Science Direct, and Web of Science
databases. The search strategy and keywords were inserted in the
fields of “title and abstract’, with the use of the Booleans Operators
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“AND” and “OR” to obtain better search results, and was used as
follows: (“COVID-19”) AND (“brain” OR “nervous system”) AND
(“human”) AND (“anosmia” OR “hyposmia” OR “nerve damage”).
The initial search was screened for duplicates. Then, two authors
(JDCP and YSB) identified, independently, potential articles that
met the established criteria by firstly screening titles and abstracts,
and then screening full text for inclusion according to eligibility for
the review question “How long do patients with COVID-19 have

lasting symptoms of loss of smell and taste?”

Inclusion and exclusion criteria

This systematic review used the PICO Approach (population,
intervention, control, and outcome), which is considered a strat-
egy for framing good research questions for the inclusion criteria
of the studies. The study population group consisted of patients
diagnosed with COVID-19 with lasting symptoms of smell and
taste loss, and the intervention that we observed was about groups
that had symptoms of loss of sense of smell and taste after being
diagnosed and recovering from acute COVID-19 infection. The
comparison was about the number of days that the participants
had the lasting effects of loss of sense of smell and taste, and our
main outcome is to analyze the olfactory and gustatory rate and
how long the symptoms persisted after the virus was no longer
active in the body. Articles were excluded in case of no full text
available, no available English version, all types of reviews, as well
as letters to the editor, perspective, or opinions that do not contain

original data of interest.

Data extraction and quality assessment

Data were extracted from each article and presented in a
spreadsheet containing the following information: title, authors,
journal, country, study type (i.e., case report or case-control stud-
ies), Ethics Committee (if the study was approved by one or not),
total number, age, and gender of participants, control group (if
presented), anosmia, ageusia, hyposmia, dysgeusia, patients with
more than one symptom at once, days with persistent symptoms,
and main findings. In case of discrepancies, the scenario to resolve
divergences was evaluated.

The Newcastle-Ottawa Scale'> was used for the quality as-
sessment evaluation of each study performed by independent
researchers. This scale assigns a maximum of 9 points to stud-
ies of the highest quality according to 3 parameters: selection
(4 points), comparability (2 points), and exposure (case-control
studies) or outcome (cohort studies; 3 points). Low, moderate,
and high-quality studies were assigned scores of 0-3, 4-6, and
7-9, respectively.

Statistical analysis

The results of the meta-analysis using the random effect were
presented graphically as a forest plot, plotting the prevalence of
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olfactory and gustatory dysfunctions in COVID-19, and the long-
term period of the sensory symptoms of the patients across the
studies. The effect sizes were calculated as the difference between
the prevalence of anosmia vs total, hyposmia vs total, ageusia vs
total, dysgeusia vs total, and the number of patients that had a
time of recovery of more than 15 days vs total. Diamonds were
used to plot the summary prevalence for all studies, and the indi-
vidual study estimates were represented as black boxes on the con-
tinuous horizontal line, with their center representing the point
estimated and their extremes the 95% CI”. The meta-analysis
was performed with the R language and environment for statisti-
cal computing'. The main R packages used in this meta-analysis

were dplyr'®, tidyr', stringr’’, ggplot2'¥, and metafor".

RESULTS

Search results
Our search strategy was performed in line with the recommen-

dations of the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA), with a diagram detailing the study
retrieval process through the distinct phases of this systematic re-
view. The initial search resulted in a collection of 2,809 records.
After the removal of duplicates, 2,426 original articles were left for
screening, excluding unrelated articles (n=2,236); review articles
(n=56); and articles with no available English version (n=77). The
remaining 57 articles were entered into full-text screening using
the inclusion and exclusion criteria. After eligibility was assessed,
articles with no relation to loss of smell or taste were excluded
(n=29); articles that presented data of persistent symptoms of loss
of sense of smell and taste for less than 15 days (n=9); and arti-
cles with no full text available were also excluded (n=>5). The final
qualitative and quantitative (meta-analysis) synthesis included 14
articles (Figure 1).

Study characteristics

After the screening, fourteen studies were eligible®* with a
total of 2.143 participants with confirmed COVID-19 infection,
which were included in the analysis. All the studies reported

on the sensory symptoms of COVID-19, presenting a specified

PubMed | | EMBASE | | Scopus | | Science Direct | | Web of Science
- (n=81) (n=905) (n=74) (n=706) (n=1043)
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n=77)
1 . Full-text articles
= Full-text artl'clé ?ssessed excluded, with reasons
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w (n=57) (unrelated to loss of
smell or taste n=29;
—_J persistent symptoms of
smell and taste loss
lower than 15 days
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g Studies included in available n=5)
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S . .
S (meta-analysis) synthesis
= (n=14)

Figure 1: PRISMA flow diagram depicting the flow of information through the distinct phases of this systematic review and meta-analysis.
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period of the symptoms. A summary of the main characteris-
tics of each study, including the type of publication, country,
publication source, age of the participants from the study, male-
to-female ratio, and prevalence of each olfactory and gustatory
condition is presented in the supplemental material (SP1).

The results of the quality assessment of the studies were con-
ducted according to the Newcastle-Ottawa Scale shown in the
supplemental material (SP2 and SP3). The estimated scores of all
the included studies were in the range of 4-9 points.

All the studies reported some dysfunction or loss of smell and
taste that surpasses the period of the acute symptomatic window
of 15 days®. The sex ratio of the individuals per study was 59.92%
of females, and 36.58% of males.

Fourteen studies assessed the complete loss of smell (anosmia),
with an overall average of 53% of the general percentage of symp-
toms taken from the calculated proportion.

Additionally, eight studies assessed the prevalence of a partial
sense of smell (hyposmia), with an overall average of 8% of the
general percentage of symptoms. With anosmia being the highest
ratio of symptoms, and hyposmia being the lowest ratio, ageusia,
and dysgeusia have presented a similar percentage, with an over-
all average of 21% and 18%, respectively. The studies provided
the number of 729 patients with sensory symptoms in the aver-
age latent period of 15 days, while there are still onset respira-
tory symptoms. After 15 days, 1020 patients were still presenting
symptoms of anosmia, dysgeusia, hyposmia, and ageusia, some of

those reaching a long-term period.

Concerning olfactory symptoms

Complete loss of smell (anosmia) was detected in 1499/2143
COVID-19 patients, appearing in all 14 studies*®*, which were
analyzed to investigate the association between anosmia and
the occurrence of COVID-19. The number of cases of anosmia
per study ranged from 3 to 548, with prevalence estimates rang-
ing from 32% to 100% among COVID-19-positive patients.
For this analysis, a mean effect size was statistically significant,
with Cochran’s Q, approximated from the chi-square distribu-
tion (Q=193.71, degrees of freedom [df]=13, p<0.001), and the I
value of 90.8%, confirming the heterogeneity of the meta-analysis
across the subjective studies. The pooled estimate for the preva-
lence for the overall cohort was 61% with a 95% CI of 49-72%
(Figure 2).

A decreased sense of smell (hyposmia) was detected in 209/2143
COVID-19 patients, appearing in eight studies?»?>?32527:231:33,
which were analyzed to investigate the association between hy-
posmia and the occurrence of COVID-19. The number of cases
of hyposmia per study ranged from 1 to 73, with prevalence es-
timates ranging from 11% to 68% among COVID-19-positive
patients. For this analysis, a mean effect size was statistically sig-
nificant, with Cochrans Q, approximated from the chi-square
distribution (Q=32.99, degrees of freedom [df]=7, p<0.001), and
the I? value of 94.4%, confirming the heterogeneity of the meta-
analysis across the subjective studies. The pooled estimate for the
prevalence for the overall cohort was 21% with a 95% CI of 9-32%
(Figure 3).

Figure 2: Forest plot meta-analysis of the prevalence of anosmia in 1,499 COVID-19 patients. Each study prevalence is displayed as a
black square; the horizontal bar represents 95% CI (confidence interval). The diamond represents the summary prevalence for all studies.
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Figure 3: Forest plot meta-analysis of the prevalence of hyposmia in 209 COVID-19 patients. Each study prevalence is displayed as a
black square, the horizontal bar represents 95% CI (confidence interval). The diamond represents the summary prevalence for all studies.

Concerning gustatory symptoms

Complete loss of taste functions (ageusia) was detected in
595/2143 patients, appearing in eight studies>2>2"283233 which
were analyzed to investigate the association between ageusia and
the occurrence of COVID-19. The number of cases of ageusia
per study ranged from 2 to 279, with prevalence estimates rang-
ing from 4% to 92% among COVID-19-positive patients. For
this analysis, a mean effect size was statistically significant, with
Cochrans Q, approximated from the chi-square distribution
(Q=328.23, degrees of freedom [df]=7, p<0.001), and the I* value
of 97.2%, confirming the heterogeneity of the meta-analysis across
the subjective studies. The pooled estimate for the prevalence for
the overall cohort was 46% with a 95% CI of 26-66% (Figure 4).

The distortion or alteration of the sense of taste (dysgeusia) was
detected in 514/2143 patients, appearing in six studies?>?23%3,
which were analyzed to investigate the association between dys-
geusia and the occurrence of COVID-19. The number of cases of
dysgeusia per study ranged from 1 to 342, with prevalence estimates
ranging from 17% to 100% among COVID-19-positive patients.
For this analysis, a mean effect size was statistically significant,
with Cochran’s Q, approximated from the chi-square distribution
(Q=179.12, degrees of freedom [df]=5, p<0.001), and the I? value of
96.8%, confirming the heterogeneity of the meta-analysis across the
subjective studies. The pooled estimate for the prevalence for the
overall cohort was 53% with a 95% CI of 24-82% (Figure 5).

Period of the symptoms
The olfactory and gustatory disorders appeared simultaneously
with the general symptoms of COVID-19. Most studies??»242527-2

https://doi.org/10.7322/abcshs.2022057.2114

acknowledged the time above 15 days with no other follow-up.
These studies assessed 1131 patients of which 246 followed the
characteristic showing symptoms but with no follow-up. Two
studies®**! assessed 147 patients, in which 42 patients presented
symptoms for over 20 days and no more specific follow-up. One
study®® had a follow-up with five patients, and 3 were symptomatic
for more than 30 days. One study 32 had a follow-up with 151
patients, with 11 patients showing symptoms up until 108 days.
Two studies?®* had a follow-up of 6 months with a total of 161
patients. In one study®, the sensory symptoms were presented
in 18 patients for the 6-month mark. In another study?, one pa-
tient had the symptoms for 159 days, and six patients’ symptoms
lasted up until 194 days. One study®' conducted in France, had
a follow-up of 12 months, with all 548 participants presenting
symptoms for more than 30 days, the follow-up was conducted
in association with sensory training that showed better outcomes
to olfactory function improvement, up until the end of the study
at the 12-month mark, 70 patients were still presenting sensory
symptoms.

The long-last sensory symptoms were detected in 1020/2143
patients, appearing in all 14 studies?®*, which were analyzed to
investigate the association between the cases with sensory symp-
toms after 15 days and the general occurrence of COVID-19. The
number of cases that showed sensory symptoms for more than 15
days, per study ranged from 3 to 548, with prevalence estimates
ranging from 9% to 100% among COVID-19-positive patients.
For this analysis, a mean effect size was statistically significant,
with Cochran’s Q, approximated from the chi-square distribution
(Q=763.63, degrees of freedom [df]=13, p<0.001), and the I* value
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Figure 4: Forest plot meta-analysis of the prevalence of ageusia in 595 COVID-19 patients. Each study prevalence is displayed as a black
square, the horizontal bar represents 95% CI (confidence interval). The diamond represents the summary prevalence for all studies.

Figure 5: Forest plot meta-analysis of the prevalence of dysgeusia in 514 COVID-19 patients. Each study prevalence is displayed as a
black square, the horizontal bar represents 95% CI (confidence interval). The diamond represents the summary prevalence for all studies.

0f 98.3%, confirming the heterogeneity of the meta-analysis across
the subjective studies. The pooled estimate for the prevalence for
the overall cohort was 44% with a 95% CI of 28-60% (Figure 6).

DISCUSSION
This systematic review and meta-analysis provide a synthesis of
early evidence on the persistent loss of smell and taste in COVID-

19-positive patients. A meta-analysis using the random-effect

https://doi.org/10.7322/abcshs.2022057.2114

model computed an overall prevalence estimate of 44% of patients
with SARS-CoV-2 infection experience persistent and chronic
olfactory and gustatory dysfunction, which have been shown to
result in a decreased quality of life and leads to nutrition issues>%.

The loss of sense of smell (anosmia) emerged as one of the
revealing symptoms of COVID-19, being noted in 73% of pa-
tients before diagnosis, and considered as a clinical criterion for
COVID-19 prognostic factor, being the first symptom for some
patients and, sometimes, the only one**”*%. In a report of the
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Figure 6: Forest plot meta-analysis of the prevalence of 1,020 patients with COVID-19 sensory symptoms for more than 15 days. Each
study prevalence is displayed as a black square, the horizontal bar represents 95% CI (confidence interval). The diamond represents the

summary prevalence for all studies.

multicenter prospective European study, an olfactory and gusta-
tory dysfunction occurred in 85.6% and 88.8% of patients, respec-
tively, with a majority of patients (65.4%) experiencing abnormal-
ities in olfaction after the appearance of the general symptoms®~*.

A study with 72 COVID-19-positive patients showed that
34% of the patients have a low rate of spontaneous recovery of
sensory dysfunctions for 30 days or more?. Most patients regain
their sense of smell and taste after recovering, usually within
weeks, as occurs during the latent period of respiratory symp-
toms in COVID-19. However, in a minority of patients, the loss
of sense of smell and taste persists, causing a significantly im-
paired quality of life'?.

A study with 319 patients reported a prevalence of safety-related
issues, such as the inability to smell smoke/fire that others could per-
ceive, was the most common complaint from 45% of the patients.
Due to smell and taste disturbances, 87% of the patients in the survey
reported a reduced enjoyment of food, which can increase the risk of
nutritional deficit and nutritional risk due to excessive consumption
of salt and sugar, which can lead to health issues®.

An online self-reported questionnaire survey on the quality of
life in COVID-19 patients showed that 76% of the patients reported
a general decline in their quality of life. Patients with smell dysfunc-
tion felt an interference with daily activities and an all-around de-
terioration in well-being. The patients with olfactory loss presented
less awareness of personal hygiene, decreased pleasure in food or
drinks, poor appetite, and various degrees of difficulty with cooking
and detecting the right amount of seasoning or spoiled food, which
can lead to malnutrition and weakness 38.

https://doi.org/10.7322/abcshs.2022057.2114

Studies demonstrated the substantial impact of persistent ol-
factory and gustatory dysfunction, irrespective of cause, on qual-
ity of life and personal safety, also leading to the development of
psychological disorders, being an important risk factor for mental
health deterioration®*. A study utilizing Cox proportional haz-
ards models had findings implicating that patients with sensory
symptoms of anosmia and ageusia have a 30% higher increase in
the instantaneous risk of suicidal ideation or depression®.

Depression had a substantial incidence in patients with
COVID-19, alongside post-traumatic stress disorder (PTSD),
anxiety, obsessive-compulsive (OC) symptoms, and insom-
nia®. A report outlined that 15.8% of patients affected by smell
loss had depression as the main effect on their well-being 38°.
However, those studies did not have a baseline level of depres-
sion or any other psychiatric disease before the patient had
developed COVID-19, thus interpreting this evidence less
straightforward®*.

The studies selected for this systematic review presented a big
ratio between loss of smell at 53% and loss or dysfunction of taste
at 21% and 18%, respectively. Dysgeusia may be related to altera-
tion in the perception of taste due to loss of sense of olfaction
since smell is intricately linked to taste®. All studies assessed the
lack of smell and taste through a survey instrument, which the pa-
tients filled out based on their own experiences, therefore it is nec-
essary to consider that patients with anosmia may have deduced
that they also have dysgeusia, because one is integral to the other.
From this, it is concluded that some of the statistics collected may
not be presented as accurately.
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Conclusion

Our meta-analysis has demonstrated that the olfactory and gus-

tatory symptoms persisted for more than 15 days in 44% of the

COVID-19-positive patients analyzed. Those sensory symptoms

such as sudden dysfunction or absence of sensitivity to sensory stim-

uli in COVID-19 patients can have a profound impact on the quality

of life if presented for a longer period, which is the case for 1020

(44%) patients analyzed, as smells serve as a primary alarm system

warning of dangers in our environment. Thus, monitoring patients

who continue with persistent symptoms of loss of sense of smell and

taste for an extended period is extremely important to understand

and assess the health of those who continue to present the symptoms.
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