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Review of taste and  
taste disturbance in 
COVID-19 patients

Guangzhao Guan, Alison Mary Rich, Ajith Polonowita, Li Mei

ABSTRACT
Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is responsible for the coronavirus disease 
2019 (COVID-19) pandemic that has become a significant global public health concern. The virus gains entry 
to cells via angiotensin-converting enzyme-2 (ACE2) receptors, which have been found to be the functional 
receptor for SARS-CoV-2 infection. High expression of ACE2 is found in type II alveolar cells, macrophages, 
bronchial and tracheal epithelial cells and in the oral cavity, particularly on the tongue. Taste disturbance is 
one of the early symptoms of COVID-19, suggesting that taste cells in taste buds are vulnerable to SARS-CoV-2 
infection. Taste is modulated by hormones that are regulated in the renin-angiotensin-aldosterone system. 
Hypothetical causes of taste disturbance by SARS-CoV-2 may be due to direct cell and/or neuronal injuries, 
inflammatory responses and dysregulation of ACE2.

Coronavirus disease 2019 (COVID-19) is 
an infectious disease caused by severe 
acute respiratory syndrome corona-

virus-2 (SARS-CoV-2), which was reported 
by the World Health Organization (WHO) 
on 31 December 2019. The exact route of 
transmission is not yet fully solved. It is 
thought to be via respiratory droplets, simi-
lar to the spread of influenza virus. Besides 
respiratory droplets, SARS-CoV-2 RNA can 
be found in the blood and stool specimens 
and have been found to contaminate objects 
and surfaces such as plastic and stainless 
steel, copper and cardboard for more than 
three days.1,2 Fomite transmission is likely 
to be a further mode of transmission for 
SARS-CoV-2.3 However, vertical transmission 
(transplacental transmission and breast 
milk) and faecal–oral (or faecal-aerosol) of 
SARS-CoV-2 rarely occurs.4 The spectrum of 
the illness of COVID-19 ranges from asymp-
tomatic to critical (respiratory failure and/or 
multiorgan dysfunction); fortunately, most 
infections are not severe.5

How does SARS-
CoV-2 enter cells?

Angiotensin-converting enzyme-2 (ACE2) 
is well known to be the receptor respon-
sible for allowing SARS-CoV-2 to enter 

cells.6 Once the viral spike protein binds to 
ACE2, it is primed by the transmembrane 
protease serine 2 (TMPRSS2) of host cells, 
thereby facilitating viral entry. Organs with 
high numbers of cells expressing ACE2 
and TMPRSS2 are considered to be poten-
tially high-risk sites for initial SARS-CoV-2 
infection.7,8 High expression of ACE2 and 
TMPRSS2 proteins are found in the tongue, 
hard palate, nose, larynx and hypopharynx, 
trachea, oesophagus and lung.8 ACE2 is 
highly expressed in the oral cavity, with the 
majority (96%) of the ACE2-positive cells 
being found in tongue epithelium.9

Taste and COVID-19
Patients with COVID-19 have reported 

lack of taste (ageusia) and decreased taste 
(hypogeusia) as well as taste disturbance 
with bitter, sour or metallic sensations on 
the tongue.10,11 Reports have confirmed that 
taste disturbance/loss is an early symptom 
of subclinical SARS-CoV-2 infection.10 An 
Italian cross-section study found that 
33.9% patients reported at least one taste 
or olfactory disorder and 18.6% both.12 A 
multi-center European study of 417 hospi-
talised COVID-19 patients found that 88% of 
the patients had dysgeusia,13 and in a group 
of 59 COVID-19 positive patients in the USA, 
71% of patients experienced taste loss.14 
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However, the exact mechanism leading to 
taste alteration remains unclear.

Significant progress has been made 
to elucidate the cellular and molecular 
mechanisms of coronavirus-induced taste 
dysfunction. There are five elements of taste 
perception: saltiness, sourness, bitterness, 
sweetness and umaminess. Gustaoception is 
based on the detection of chemical stimu-
lants by taste buds in the oral cavity. Taste 
buds are mainly located on the tongue, 
but they are also found on the soft palate, 
upper oesophagus and epiglottis. Taste 
buds are innervated by the seventh, ninth 
and tenth cranial nerves. There are at 
least five types of taste cells (Figure 1), 
with type I cells being the most abundant 
in taste buds.15 Salty taste is thought to 
be mediated by amiloride-sensitive and 
insensitive receptors on type I cells,16,17 
although others have suggested they provide 
glial-like support functions and are non-ex-
citable.18 Type II cells have at least three 
subsets which respond to sweet, umami and 
bitter tastants. Type II cells express glial 
glutamate/aspartate taste receptor type 1 
(T1r) and 2 (T2r) on the surface. T1r2 and 
T1r3 heterodimer is a sweet taste receptor; 
T1r1 and T1r3 heterodimer is an umami 
taste receptor; T2r receptor is a bitter taste 
receptor.19 Although both T1r and T2r are 
closely related to the G-protein-coupled 
pheromone receptors V2R and V1R,20 T2r 
genes form a larger multigene family than 
T1r genes. In contrast to the presence of 
three T1r genes in the mammalian genome, 
more than thirty T2r genes exits in human.21 
Type III cells have identifiable synaptic 
contacts with the gustatory nerves and are 
believed to express sour taste receptor (The 
proton-selective ion channel Otop1) on the 
surface.22 Type IV cells are the undifferen-
tiated cells at the bottom of the taste bud.23 A 
new study has shown that salty taste might 
be transduced by taste cells that express 
the amiloride-sensitive epithelial sodium 
channel/calcium homeostasis modulator 1 
and 3 (ENaC+ CALHM1/3+).24

Gustatory information from taste receptor 
cells in the tongue is transmitted to the 
primary gustatory cortex in the brain via 
multiple neural stations.25 Currently, two 
different models have been suggested to 
account for the information coding in the 
gustatory system. One theory, referred to 

as an “across-fibre pattern recognition,” 
suggests that each chemical has its pathway 
pattern, and that the information is 
transmitted by multiple afferent nerves. 
Therefore, the recognition and classification 
of the taste are based on these complex 
patterns across all of the afferent nerve 
fibres, rather than by activity in any single 
nerve fibre.26 The second theory, referred 
to as “labeled lines,” suggests that indi-
vidual taste receptor cells will respond 
to only a single taste quality. Each taste 
quality is transmitted by separate afferent 
pathways to the gustatory. Experimental 
results have shown special molecules 
called “semaphorins” might be responsible 
for establishing and maintaining appro-
priate connectivity between taste-receptor 
cells and their ganglion neurons.27 These 
specialised proteins might be involved in 
maintaining the “labeled lines” between 
peripheral receptors and their respective 
central projection area.26 However, the true 
mechanism remains unclear, and gustatory 
information coding may utilise both types of 
mechanisms.

Renin-Angiotensin-
Aldosterone System, 
COVID-19 and taste 

SARS-CoV2 is thought to gain entry into 
cells by binding to ACE2, a key regulatory 
enzyme of the angiotensin hormonal system. 
The Renin-Angiotensin-Aldosterone System 
(RAAS) is a significant hormone system that 
regulates blood pressure, fluid and elec-
trolyte homeostasis and systemic vascular 
resistance. There is growing evidence that 
taste function is modulated by hormones 
that govern the RAAS.28 ACE2 is a key regu-
latory enzyme that degrades angiotensin 
II into angiotensin (1–7) and cleaves angio-
tensin I to angiotensin (1–9). It belongs to the 
membrane-bound carboxypeptidase family 
and is widely expressed and distributed 
in the human body, including in the heart, 
kidney, ileum and lung.29 ACE2 has been 
found to be a functional receptor for SARS-
CoV-2 infection and that the virus gains its 
entry to the cell via this receptor.30 Extensive 
expression of ACE2 on the tongue in human 
was shown in an animal model, where 
renin, angiotensinogen, ACE1 and ACE2 
were present in the taste buds of fungiform 
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Figure 1: The five different taste cells and their receptors (Adapted from Normura et al.24).
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and circumvallate papilla.31 These results 
indicate that the tongue, especially the 
taste buds, may be an important target for 
SARS-CoV-2 infection. It had been thought 
that ACE2-positive cells were associated 
with taste buds,32 but it has now been found 
that ACE2 is enriched in the non-gustatory 
filiform papillae and not in the taste buds. 
Only a small proportion of type III taste cells 
of the tongue showed positive expression.33 
Further studies are required to clarify 
whether ACE2-positive cells are concen-
trated in taste buds, in filiform papillae or 
both. 

 Angiotensin II and aldosterone are the 
key hormones that regulate sodium and 
water balance in the taste system. Amiloride 
is an inhibitor of the epithelial sodium 
channel, which has been suggested to be 
one of the sensors of salty taste.28,34 Mice 
which lacked epithelial sodium channels on 
taste cells demonstrated a complete loss of 
amiloride-sensitive sodium taste responses 
but retained normal responses to sweet, 
umami, bitter and sour.34 Humans do not 
appear to have a strong amiloride-sensitive 
salt taste transduction mechanism, when 
compared with other species.35 Therefore, 
amiloride-sensitive channels may play 
little role in the perception of saltiness 
in humans. An animal study has shown 
that administration of aldosterone could 
increase the amiloride-sensitivity of the rat 
chorda tympani nerve response to sodium 
chloride.36 Aldosterone pre-treatment, a 
low sodium diet or both could enhance the 
expression of the epithelial sodium channel 
in fungiform, foliate and circumvallate taste 
buds. The total number of amiloride-sen-
sitive cells increased after aldosterone 
treatment.37 Such responses are thought to 
be due to the synthesis and translocation of 
the epithelial sodium channel from intra-
cellular locations to the apical membrane 
in the taste cells.37 Hence aldosterone could 
enhance amiloride-sensitive salt taste 
responses.

Angiotensin II is one of the powerful 
key active products of RAAS and plays an 
essential role in the regulation of vascular 
tone, cardiac function and renal sodium 
reabsorption. Angiotensin II is degraded 
into angiotensin (1–7) by endopepti-
dases or carboxypeptidases such as ACE2. 
Angiotensin II is thought to be a potent 

stimulator of sodium appetite and pref-
erence.31 Angiotensin II is further converted 
by aminopeptidase A and aminopeptidase 
N into other metabolite peptides with 
different bioactivities. Angiotensin II, the 
biologically active component of renin-an-
giotensin system, acts through two receptor 
subtypes, the AT1 and the AT2 receptors.38 
AT1 receptors are widely distributed 
throughout the body, including vascular 
smooth muscle, kidney, heart and brain, and 
they are responsible for mediating cardio-
vascular effects such as vasoconstriction, 
aldosterone synthesis and secretion, and 
sodium reabsorption. AT2 receptors are 
thought to have the opposite effect of AT1.39 
In taste buds, AT1 receptors are expressed 
in some type I and type II taste cells, but 
not AT2, suggesting that the taste organs 
may be one of the peripheral targets of 
angiotensin II.40 An animal immunohisto-
chemistry study revealed that AT1 receptors 
were co-expressed with amiloride-sensitive 
salty receptors, epithelial sodium channels 
and sweet taste receptors (T1r3).28 Interest-
ingly, angiotensin II could induce gustatory 
nerve responses to sweeteners, but not to 
certain salty substances such as potassium 
chloride, sour, bitter or umami tastants.28 
These results suggested that angiotensin 
II not only acts on the taste organ but also 
modulates the gustatory nerve responses 
to salty and sweet taste.40 However, angio-
tensin II displays an acutely suppressed 
effect on salty taste while aldosterone acts as 
a slow enhancer in peripheral taste organs. 
Concurrently, angiotensin II increases sweet 
taste sensitivity; hence it may contribute to 
increased calorie intake.16

Hypothetical causes 
of taste disturbance 

by SARS-CoV-2
Taste loss associated with 
impairment of smell

The majority of taste disorders are 
caused by impairment of smell rather than 
gustatory loss. However, COVID-associated 
chemosensory impairment is not limited to 
smell but also affects taste.12 Often anosmia 
and loss of taste are prodromal symptoms 
when serum cytokine levels are low. A 
recent European study has shown that 
anosmia was present in 47% confirmed 
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COVID-19 patients.41 It has been reported 
that smell loss (peak on day three) is 
earlier than taste loss (peak on days three 
to seven).42 A recent study has shown that 
COVID-19 is associated with olfactory loss 
but not with gustatory dysfunction when 
tested.43 The cause of smell dysfunction in 
COVID-19 is not fully understood but may 
be associated with (1) nasal obstruction, 
congestion and rhinorrhea, (2) death of 
olfactory receptor neurons, (3) damage of 
the olfactory centers by viral infiltration and 
(4) reduction of support cells in the olfactory 
epithelium.44

Direct taste cell damage
Taste buds contains both short-lived and 

long-lived cell populations.45 The average 
turnover rate of taste cells is between eight 
and twelve days, but some of them (type III 
cells) can survive longer.46,47 The homeo-
stasis of taste buds is well maintained across 
the lifespan. However, disturbances can 
occur under various pathological conditions. 
Disruption to taste bud homeostasis, such 
as abnormal or suboptimal cell turnover, 
differentiation and degeneration, predis-
poses to taste disturbance associated with 
diseases and ageing.46 Taste disturbance is 
well known to be related to a wide range 
of viral infections, including SARS-CoV-2.14 
Hypogeusia and dysgeusia are common 
complaints of patients with upper respi-
ratory viral infections and oral cavity 
infections. Similar to respiratory epithelium, 
both human and animal studies have 
demonstrated that ACE2, which is used for 
entry by SARS-CoV-2, is widely expressed in 
the tongue.9,31 As a result, the tongue can be 
a potential target. SARS-CoV-2 is capable of 
replication in the upper respiratory tissues.48 
Similarly, the destruction of taste cells may 
be mediated by direct exposure to the virus 
and active replication of the virus inside 
the host cells. The damaged taste cells may 
release more viral particles; as a result, 
the adjacent taste cells, epithelial cells and 
neurons could be affected.

Neural injury and taste dysfunction 
in COVID-19

The maintenance of taste buds is highly 
dependent on the gustatory nerves.49,50 
Damage to the peripheral or central nervous 
system can affect the taste. It is known 
that human coronaviruses may invade the 

nervous system and cause neurological 
symptoms.51 Animal studies revealed 
that SARS-CoV or Middle East respiratory 
syndrome coronavirus (MERS-CoV) are 
capable of causing nerve damage.52,53 When 
the virus was given transnasally to mice, 
it spread further to the brain by damaging 
olfactory nerves.53 Several cases of neuro-
logical involvement during SARS and MERS, 
and the potential mechanisms, have already 
been described in the literature.51,54 For 
example, SARS-CoV can induce neurological 
diseases such as epilepsy, polyneuropathy, 
olfactory neuropathy, stroke, encepha-
litis and chronic post-SARS syndrome and 
autonomic dysfunction.55 Almost one fifth 
of MERS-CoV-infected patients developed 
neurological symptoms during the acute 
infection.56 Similar to SARS-CoV, SARS-
CoV-2 profits from the ACE2 receptor to 
enter the intracellular space. Expression 
of ACE2 receptors has been found in glial 
cells, neurons, endothelial cells and smooth 
muscle cells.55 Therefore, the nervous 
system can be a potential target of COVID-19. 
Similar to SARS-CoV, SARS-CoV-2 may enter 
the central nervous system via the systemic 
circulation or via the cribriform plate of the 
ethmoid bone.53 Some COVID-19 patients 
have signs and symptoms of intracranial 
infection, such as dizziness, headache, 
impaired consciousness, acute cerebrovas-
cular disease, ataxia and seizure.57,58 Apart 
from the central nervous system, increasing 
evidence demonstrates that coronavirus 
can invade peripheral nerve endings and 
cause damage, and subsequently gain access 
to other tissues.59 Taste impairment, smell 
impairment, vision impairment and nerve 
pain were the main peripheral nervous 
system manifestations.57 

By the end of April 2021, the international 
literature contained reports of 73 patients 
with COVID-19 presenting with concurrent 
Guillain Barré syndrome (GBS) .60 Most had 
early stage COVID-19 with mild respiratory 
symptoms. One case report described a 
COVID-19 patient without any respiratory 
symptoms, but with loss of smell and taste 
preceding GBS.61 Apart from direct cell 
injury, viral infection can lead to increase 
in the activity of sensory nerves as well as 
change in gene expression causing alter-
ations in sensory nerve phenotype.62 There 
is increasing evidence to show that viral 



95

ReVIeW ARtIcLe

NZMJ 4 February 2022, Vol 135 No 1549
ISSN 1175-8716   © NZMA
www.nzma.org.nz/journal

infections, especially of the respiratory tract, 
are likely to be associated with neuroplas-
ticity within both the sensory and autonomic 
systems.63 It is therefore likely that SARS-
CoV-2 may impair the function of peripheral 
nerve endings around the taste buds via 
a direct effect and/or neuroplasticity, thus 
causing taste disturbance in COVID-19 
patients. However, it is important to state 
that the impairment of the taste cells and 
the peripheral nerve injury is temporary, 
as most of COVID-19 patients fully recover 
from taste disturbance. Nerve regeneration 
is robust even after the nerve is injured64 
and taste buds can regenerate from stem 
cells either outside the taste buds or from 
remnants of the taste buds. However, given 
the lack of convincing demonstration of 
ACE2 receptor expression on the taste cell 
membrane or innervating nerves, the virus 
probably does not cause taste loss through 
direct infection of these cells. Instead, taste 
buds might be damaged by inflammation 
caused by the infection.

Inflammatory responses and taste
SARS-CoV-2 infected cells induce inflam-

mation locally and systemically 65 and 
activation of inflammatory pathways can 
alter taste bud homeostasis. For example, 
systemic inflammation could reduce 
the number of stem cells which leads to 
reduction of numbers and function of 
taste buds in animal studies.46,66 If SARS-
CoV-2 directly infects tongue cells, the local 
inflammatory process could alter stem cell 
properties and ultimately influence taste 
perception. Data have suggested that taste 
disturbance might be a result of insufficient 
taste receptor cell renewal due to SARS-
CoV-2 infection.67 Inflammatory cytokines 
are important regulators of taste organs, and 
taste cells are acutely sensitive to inflam-
matory factors.68 During viral infections, 
elevated levels of inflammatory cytokines 
may induce profound changes in the phys-
iology and related behaviours of the taste 
organs.69 Several inflammatory cytokine 
receptors such as tumour necrosis factor 
(TNF), interferon (IFN), interleukins (IL) 1, 
6, 10 and 12 and toll-like receptors (TLR) 
are widely expressed in different types 
of taste cell.70,71 Cytokines such as IL-10 
and IL-1 play critical roles in maintaining 
the structural integrity of the peripheral 
gustatory system and normal taste function 

after nearby injury.72,73 In contrast, TNF-α, 
IFN-γ and IL-6 have been shown in an 
animal model to be capable of inhibiting 
taste cell renewal, decreasing proliferation 
of progenitor taste cells and shortening 
the lifespan of taste cells.71 TNF receptors 
1 and 2, expressed in taste cells, are modu-
lated by the TNF signalling pathway that is 
involved in amiloride-sensitive and insen-
sitive sodium salt transport systems in the 
cells.69 This pathway may contribute to taste 
disturbance associated with infections and 
inflammatory disease, as an elevation of 
TNF-α could decrease the sodium salt flux 
in the polarised taste cells with subsequent 
changes in sodium salt taste function.66 
IFNs are a group of signalling proteins that 
are produced and released by host cells in 
response to the presence of viral infection. 
IFNs play an important role in antiviral 
immunity, including SARS-CoV-2 infection, 
and IFN therapy is considered as a potential 
treatment against COVID-19. However, 
virally induced IFNs, acting either locally 
or systemically, could directly act on the 
receptors of taste cells via TLR and IFN 
pathways therefore (1) affect their cellular 
function in taste transduction, (2) induce 
premature death of taste cells or (3) skew 
the representation of different taste cell 
types, and subsequently lead to the devel-
opment of taste disturbance.70,74

 ACE2 and taste dysfunction
After the SARS-CoV-2 has gained access 

to host cells via interaction with ACE2 
receptors, the virus then downregulates 
ACE2 expression on the cell surface so that 
this enzyme is unable to exert protective 
effects in the tissues.75 As a result, some 
of the acute tissue injures in COVID-19 
patients are thought to be due to the locally 
increased level of uncoupled angiotensin II 
activity.76,77 The exact mechanism remains 
unknown. Both animal and human studies 
of influenza, respiratory syncytial virus and 
SARS-CoV reveal that downregulation of 
ACE2 expression may promote acute lung 
injury.78–80 A study of 12 COVID-19 patients 
suggested that downregulation of ACE2 
may be associated with high viral load and 
severe lung injury.77 The local effects of 
downregulation of ACE 2 could facilitate 
this damaging effect or delay cell turnover. 
Reducing uncoupled angiotensin II proteins 
by the administration of ACE2 seems to 
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alleviate tissue damage in some situations.80 
Such a process might occur in the taste 
buds, as the RAAS plays an important role 
in the taste process as mentioned above. 
Furthermore, ACE2 and aminopeptidase N 
are RAAS proteases that facilitate proteo-
lytic cleavage of proteins and peptides that 
are involved in the taste perception.81 These 
proteases activate the taste receptors by 
releasing the residues from proteolysis of 
tastants. After SARS-CoV-2 infection, ACE2 
is shown to be internalised into cytoplasm 
upon virus binding, thereby reducing the 
ACE2 availability in the cell membrane.82 
Taste disturbance may be as a result of 
insufficient RAAS proteases activity due to 
internalization of the ACE2 receptors by 
SARS-CoV-2 infection. Moreover, imbalance 
of the circulating ACE2 caused by the inter-
nalisation of the ACE2 receptors promotes 
the activation of aldosterone. The salivary 
glands respond to the aldosterone by reab-
sorbing sodium. The reabsorption of sodium 
results in the osmotic reabsorption of water, 
which might alter the salivary flow and then 
lead to hyposalivation and taste disturbance. 
This hypothesis suggests that overactivation 
of the RAAS lead to both xerostomia and 
taste disturbance due to high levels of ACE2 
and aldosterone.83,84 Therefore, taste distur-
bance might occur as a result of taste cell 
injuries, ACE2 downregulation, insufficient 
RAAS proteases activity and overactivation 
of the RAAS. However, SARS-CoV-2-infected 
patients exhibit loss of all taste perception, 
suggesting that the effect of ACE2 on 
particular taste cells may not be a major 

contributor. The pathogenesis of COVID-19 
in patients taking RAAS-inhibitors is contro-
versial and the effects of these inhibitors on 
ACE2 remain uncertain. Current evidence 
does not support concerns that the use 
of RAAS inhibitors is associated with an 
increased risk of SARS-CoV-2 infection or 
poor prognosis.85 COVID-19 patients with 
cardiovascular diseases are advised to 
continue their RAAS inhibitors, since the 
inappropriate discontinuation of, or changes 
in medication, might lead to changes in 
blood pressure or the progression of related 
diseases.86 

Conclusion
Taste buds may be potential targets of 

SARS-CoV-2 since most studies have shown 
many important proteins of the RAAS are 
highly expressed in taste buds. The under-
lying pathogenetic mechanisms of taste 
disturbance in COVID-19 patients may be 
due to direct but temporary taste cell and 
peripheral nerve ending damage, inflam-
matory responses and dysregulation of 
ACE2. However, more studies are needed 
before conclusive evidence is provided.
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