BIMS

Borneo Journal of Medical Sciences

REVIEW ARTICLE

Gustatory Dysfunction in COVID-19: Solitary or Secondary?
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ABSTRACT

Severe  Acute  Respiratory  Syndrome
Coronavirus 2 (SARS-CoV-2)  causing
Coronavirus  Disease 2019  (COVID-19)
commonly presented with neurological and
respiratory disorders. Among the neurological
symptoms, headache, myalgia, dizziness,
impaired  consciousness, cerebrovascular
accident (CVA), olfactory dysfunction (OD),
and gustatory dysfunction (GD) are typical. GD
and OD have been included as new symptoms
of COVID-19 infection by the World Health
Organization (WHO). Taste disorders varied
from dysgeusia to ageusia. Similarly, OD or
smell disorder severity went from microsomia
or hyposmia to anosmia. The merit of these
neurological disorders is an early screening
criterion for a COVID-19 patient, especially
where the diagnostic resources are limited.
Most of the published articles demonstrate
these two dysfunctions together. Our concise
review aimed to determine whether GD in
COVID-19 s a solitary (independent) symptom
or a secondary (associated) symptom of OD.
Besides, we were looking at the possible
transmission pathways of SARS-CoV-2, if it can
be an early diagnostic symptom, a predictor of
severity, and a prognostic factor for impaired
outcome. We have limited our study to
publishing articles in English only. Therefore,
further evaluation might be recommended to
include studies published in other languages.
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INTRODUCTION

The current global long-term health crisis is
Corona Virus Disease 2019 (COVID-19), caused
by a novel virus, Severe Acute Respiratory
Syndrome Corona Virus 2 (SARS-CoV-2). It
claimed to become a pandemic after being
started in Wuhan, China, in the middle of
December 2019. On 11 March 2020, the World
Health Organization (WHO) declared the
infection a pandemic (Cucinotta et al., 2020).
Until November 2021, the deadly virus killed
over five million lives worldwide and infected
around 260 million people. Early diagnosis is
another challenge in COVID-19. The expensive
diagnostic kits are also not affordable in many
countries. Moreover, the virus changes its
character with time, and some new strains
have been found in a few countries. In this
circumstance, to save lives, besides vaccination
and treatment, it is essential to prevent
infection through early diagnosis, isolation, and
maintaining health hygiene by following the
standard operating procedure (SOP) strictly in
every sector. Preventive measures will benefit
countries that cannot do adequate vaccination
for their citizens. Early screening based on the
clinical presentation of COVID-19 could be the
most cost-effective preventative measure.

Initially, fever, unproductive cough,
myalgia, and tiredness are considered
early symptoms. The severe symptoms are
shortness of breath or breathing difficulty.
COVID-19 is commonly presented with
respiratory and neurological symptoms.
Among the neurological symptoms, headache,
myalgia, dizziness, impaired consciousness,
and cerebrovascular accident (CVA) have
been recorded. Olfactory dysfunction (OD)
and gustatory dysfunction (GD) are quite
established presentations claimed by many
articles and have been included as the new
most common symptom of COVID-19 infection
by the World Health Organization by June
2021 (WHO Health Topics, 2021). The GD in the
quality of life of COVID-19 patients imposed a
significant impact reported in clinical practice
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(Bigiani et al., 2020). It will be helpful if these
two symptoms can be scientifically established
as early symptoms of COVID-19. Screening of
patients will be faster and easier.

Furthermore, it will help ease the
isolation of the patient, save expenses, and
reduce the rapid spread of this deadly disease.
It will be conducive for countries with poor
infrastructure of health facilities. It could even
be a self-assessment tool for an individual
to rush for early expert help. Most of the
published articles described both symptoms
together. Our primary aim in this short review
was to find if the GD in COVID-19 is a solitary
(independent) symptom or a secondary
(associated) symptom due to OD. In addition,
we looked at the possible transmission
pathways of SARS-CoV-2 in GD and OD; and
whether it can be an early diagnostic symptom,
a predictor of disease severity, and an indicator
of prognosis for the impaired outcome.

Pathophysiology

The exact mechanism of entry of SARS-
CoV-2 into the central nervous system (CNS)
is not yet evident. Neurological symptoms
are common in COVID-19 patients, but
no evidence is found regarding the direct
invasion of intracranial inflammation by SARS-
CoV-2 (Kabir et al,, 2021). Possible explanations
are hematogenous spread from systemic
circulation (Baig et al, 2020) and trans-
synaptic transfer through the cribriform plate
and olfactory bulb (Netland et al., 2008). The
evidence of spreading to the brain was found
in the previous study on SARS-CoV and Middle
East Respiratory Syndrome Corona Virus
(MERS-CoV), the neurotransmitter pathways,
specifically through the serotonergic dorsal
raphe system. The study also suggested
spreading a virus through the Virchow-Robin
spaces (Li et al, 2016). However, research is
required if the same theory applies to the
spread of SARS-CoV-2. In an observational
study, Mao et al. (2020) demonstrated that
364 % of COVID-19 patients presented
with neurological symptoms. Xiao-Wei et al.



A Narrative Review on Technology-enhanced Learning in Undergraduate Medical Education

(2020) claimed in their study that 8.9 % of
COVID-19 patients presented with symptoms
of peripheral nervous system disorder, among
which hypogeusia and hyposmia were
remarkable with hypoplasia and neuralgia.
The SARS-CoV-2 has an affinity for CNS targets
(Montalvan et al., 2020). In the nucleus of the
ventrolateral medulla and tractus solitarius, a
high virus expression was observed (Doobay
et al, 2007; Palace et al., 2018). The virus is
known to present a particular affinity to nerve
tissue, neurotropism, which may contribute
to OD and GD (Lechien et al., 2020). The area
near the olfactory bulbs in the brain, known
as the frontobasal region, is considered the
overlapping area between taste and the
olfactory system. The vascular pericytes
contain angiotensin-converting enzyme 2
(ACE2) receptors. The SARS-CoV-2 has a high
binding affinity to this ACE2. Any damage to
this brain area by SARS-CoV-2 infection can
alter gustatory and olfactory function (Lechien
et al., 2020; Walls et al., 2020). Delayed or lack
of recovery from GD and OD in many COVID-19
patients also supports the neurological
damage due to severe inflammation by SARS-
CoV-2. The taste renin-angiotensin system
(RAS) can be involved in the GD of COVID-19
patients (Bigiani et al., 2020). An experimental
study showing the expression of ACE2 in the
taste organs of mice suggested that it may
influence the development of GD in COVID-19
patients (Lechien et al., 2020). A previous
animal study on rhesus monkeys showed
that the early target of SARS coronavirus
is the epithelial cells lining salivary gland
ducts (Liu, 2020). As both SARS-CoV and
SARS-CoV-2 have phylogenetic similarity,
alteration of taste function is possible in the
COVID-19 patient. ACE2 has been identified
as the cellular receptor for SARS-CoV-2 (Zhou
et al,, 2020). Diffuse expression of the ACE2
receptor was found on the mucous membrane
of the tongue and the whole oral cavity (Xu
et al, 2020). So, based on this hypothesis,
viral infection can disrupt the composition of
saliva, the usual transduction of taste, or the
continuous normal taste bud renewal process
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(Wang et al., 2009). Volume and composition
alteration of saliva can also disrupt taste
sensation (Matsuo, 2020). Numerous studies
highlighted the action of ACE2 in regulating
taste perception after analysing the chemo-
sensitive side effects of angiotensin Il blockers
and ACE2 inhibitors. The mechanism of
action is not yet precise regarding ACE2
inhibitors causing taste dysfunction, but it is
not related to the zinc level in serum or saliva
(Suliburska, 2012; Tsuruoka et al., 2005). SARS-
CoV-2 occupies the binding sites of sialic
acid on the taste buds and could accelerate
the degradation of the gustatory particles. It
may have the ability to bind with sialic acid
receptors (Milanetti et al., 2021), which was
observed in the MERS-CoV Previously (Park
et al.,, 2019). The fundamental component of
salivary mucin is sialic acid. It prevents the
premature enzymatic degradation of the
glycoproteins inside the taste pores (Witt et al.,
1992). Reducing salivary sialic acid increases
the gustatory threshold (Pushpass et al., 2019).
It is also possible that OD can influence GD.
OD can block the perception of the flavour
of food due to the intimate relationship
between these two chemosensory systems.
A chemosensory network called a flavour
network is formed by the orbitofrontal cortex,
frontal operculum, anterior insula, and anterior
cingulate cortex in the chemosensory regions
of the brain. The interaction of this network
with other heteromodal regions, including the
ventrolateral prefrontal and posterior parietal
cortex, is responsible for flavour perception
(Small et al., 2005). Independent GD cases were
reported in 10.2-22.5% of patients (Giacomelli
etal, 2020; Lechien et al., 2020; Yan et al., 2020).

DISCUSSION

The GD alters the perception of the taste: sweet,
sour, bitter, and salty. In a COVID-19 patient,
alteration of the gustatory function could be
related to the spread of SARS CoV-2 into the
nerve ending of taste buds. Most of the time,
the GD is self-reported. Only 5% of pure taste
disorders were evaluated in specialized smell
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and taste consultation (Bigiani et al., 2020). The
prevalence of self-reported taste dysfunction
could reach 56.4% of patients (Lechien et
al., 2020). COVID-19 patients presented with
GD, OD, and other neurological disorders
even though the respiratory symptoms were
most common (Mao et al,, 2020; Wang et al,,
2020). COVID-19-related GD is mainly self-
reported, which could be unreliable and often
confused with loss of perception of aroma due
to olfactory dysfunction (Soter et al., 2008). A
few recent studies investigated taste function
assessment using electrophysiological or
psychophysical tools. Even unreliable, based
on self-reporting cases hypothetically, it
can be assumed that half of the COVID-19
patients should have intact GD (Lechien et al.,
2020). The outcome of current studies on self-
reported GD in COVID-19 patients suggested
the need for future studies to be conducted
using electrophysiological or psychophysical
taste evaluation. At least evaluation using taste
strips or electrogustometry will be reliable
(Bigiani, 2020; Pavlidis et al., 2014; Soter, 2008;
Vaira et al.,, 2020).

A systematic review and meta-analysis
were conducted, and 24 studiesinvolving 8,438
confirmed diagnostic patients infected with
SARS-CoV-2 from 13 countries. Agyeman et al.
(2020) described the pooled prevalence of OD
and GD were 41.0% and 38.2%, respectively. Of
the 24 studies, only five (21%) used objective
assessments, and 19 (79%) were self-reported
cases. In addition, the author reported the
prevalence of GD in 5,649 patients involved
in 15 studies, of which only two (13%) used
objective assessments and the remaining 13
(87%) based on self-reports. The reported
prevalence of GD ranged from 5.6% to 62.7%,
and the pooled prevalence was 38.2%.

Lechien et al. (2020), in a multicentre
European study involving 417 diagnosed
SARS CoV 2 infected patients with mild to
moderate symptoms, reported OD and GD in
85.6% and 88.8% of patients, respectively. OD
of different severity levels was reported in 357
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patients (85.6%), among which anosmia was
reported in 284 (79.6%) and hyposmia in 73
(20.4%) patients. The relationship between
the appearance of OD with general nasal
symptoms was 11.8%, 65.4%, and 22.8%
before, after, and simultaneous, respectively.
GD was reported by a total number of 342
(88.8%) patients. Among them, 78.9% had
reduced taste function, and 21.1% had a
distorted ability to taste flavours. Thirty-two
patients were confused if they had GD. Twenty
out of 43 patients reported OD who did not
have GD. The remaining 19 have neither GD
nor OD. 53.9% and 22.5% of cured patients
reported having residual isolated OD and GD,
respectively. Both OD and GD persisted among
23.6% of them. The association between these
two disorders was significant (p<0.001).

Twenty-four studies from 13 countries
with data from 8,438 confirmed COVID-19
patients were included in a study by Agyeman
etal,, 2020.In their systematic review and meta-
analysis, 41.0% of patients presented with OD
and 38.2% with GD. Carrillo-Larco et al. (2020)
in a systematic review included six studies
(n = 2,757) from the UK (n = 1,702), China (n
= 214), US (n = 262), Iran (n = 120), Israel (n =
42); in which only two studies reported the
association between OD and GD in COVID-19
patients; the review also included data from
four European countries (n = 417), chosen
from 31 related reports. In their analysis, the
range of anosmia was found to be between
22 - 68%. The GD was described as a variable
between dysgeusia (33%), ageusia (20%), and
taste distortion (21%). There were six-fold
and ten-fold higher odds of being COVID-19
positive among the patients who reported OD
and GD, respectively.

In a meta-analysis by Hajikhani et al.
(2020), 3,739 COVID-19 patients from 15
studies were included. Among them, 1,729
reported GD and 1,354 with OD. The estimated
prevalence rates of GD and OD were 49% and
61%, respectively. Dysgeusia and hypogeusia
were more common than ageusia, and
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similarly, hyposmia was more common than
anosmia. Ibekwe et al. (2020) included 32
studies in their systematic review and meta-
analysis, among which 27 studies containing
data from 20,451 confirmed COVID-19 patients
were analyzed, and the prevalence of OD, GD,
or both was reported. Twenty-seven studies
reported OD in 19,424 (48.47%) patients, 20
studies reported GD in 8,001 (41.47%) patients,
and 13 studies reported both symptoms in
5,977 (35.04%) patients.

CONCLUSION

Most studies we reviewed hypothetically
supported GD as an independent symptom
of SARS-CoV-2 infection. We also noticed
that most of the cases of GD in COVID-19
patients are self-reported. Therefore, further
studies on taste function assessment using
electrophysiological or psychophysical tools
are required. Our concise review concludes
that GD could indicate a disease-associated
symptom. Neither the symptom nor the
recovery period has been proven to be the
indicator of the severity of the disease. SARS-
CoV-2 does not cause permanent damage
to gustatory function. Post-mortem forensic
pathological analysis is crucial in patients who
died of COVID-19 to understand GD’s exact
nature and location.
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