Quantitative analysis of taste disorder in COVID-19 patients, the
hypersensitivity to salty quality
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Recently, many of the studies have illustrated that the new pandemic SARS-CoV-2 can affect Central Nervous System through the olfactory
bulb. In addition to investigating anosmia or hyposmia induced by this virus, a quantitative analysis was needed to clarify the taste and smell
disorder of the new coronavirus. The four basic taste quality with five concentrations for sweet, sour, bitter, and salty were administered to
75 subjects divided into three groups: COVID-19 patients with taste disorder, COVID-19 patients without taste disorder, and control group.
The results indicated the increment of sweet (2.68 + 0.14), sour (3.34 * 0.12) and bitter (3.39 + 0.2) thresholds in COVID-19 patients with
taste disorder in comparison with patients without taste disorder that the threshold were: 2 £ 0.16, 2.11 £ 0.2 and 2.55 + 0.5 for sweet, sour,
and bitter respectively. On the other hand, the patients inversely showed a significant decrease in the salty taste threshold (0.5] + 0.03)
compared to COVID-19 positive control groups (I.11 + 0.11).

Additionally, despite taste disorder in almost all of the patients with smell deficiency, only 30% of cases with taste disorder reported smell
deficiency. It may be concluded that some of the taste disorders in patients with COVID-19 disorder could be associated with taste receptors
dysfunction or the spread of infection to the cranial nerves responsible for the conduction of tastes sensation.
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well as taste disorders, the virus may cause headache, eye-ache,
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earache, dizziness and hallucination [3]. According to the
report of Moein et al., the publications included case reports
or self-report surveys among different countries, and re-
searchers proved the loss of smell and taste as a predictor of
COVID-19 and presented the first validated quantitative ol-
factory testing of the sense of smell [4]. Owing to taste
problems in many patients with smell loss, as well as the
interaction between smell and taste sensations, it appeared that
a quantitative taste test was necessary to determine whether
After the widespread of the new SARS-CoV-12 around the COVID-19 could damage taste afferent or not [5]. Accordingly,
world, many studies were conducted to investigate its severe in this study, we attempted to quantitatively measure the
respiratory syndrome. However, several studies focused on threshold of four basic tastes, namely sweet, salty, sour and

the effect of this virus on other organs such as cardiovascular bitter in patients suffered from COVID-19 and to assay the

systems and neural systems [l,2]. The studies demonstrated
that the new coronavirus could affect the central nervous
system through the olfactory bulb or blood circulation.

Furthermore, in addition to anosmia or hyposmia induction, as

correlation of this sense with other disorders such as pains and
some autonomic disorders in order to better identify the
neurological effect of the virus. We searched for the validation

of the hypothesis of measuring taste and smell as an easy and
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effective method to identify the disease and improve the

medical decision-making.

The current study was approved by the ethics committee of
Bagiyatallah University of Medical Sciences with the code of:
IR.MBSU.1399.096.The patients were invited to participate and
kindly requested to fill up the satisfaction letters.

Subjects and setting

A total of 75 subjects, between 35 and 65 years old (mean age
47 years) (42 men and 33 women), were included in this study.
They were divided into three groups: a) COVID-19 patients
with taste disorder (n = 35), b) COVID-19 patients without
taste disorder (COVID-19 positive control group, n = 20), and
c) a healthy control group (n = 20). The COVID-19 infections
were by PCR test.

Taste and smell evaluation

For the quantitative evaluation of taste disorder, we used a
special taste kit, which was inspired from the report of Ji-sun
Kim and et al,, in 2019 with a brief modification [5]. The four
basic taste quality with five concentrations for sweet, sour,
bitter and salty were used. The taste substances included su-
crose (sweet), NaCl (salty), tartaric acid (sour) and caffeine HCI
(bitter) (Table 1). In this study, we added three lower con-
centrations of salty quality to the table: the 1/2, 1/5 and 1/10 of
the lowest concentration. These three concentrations were
indicated with an asterisk in Table |.

According to the reference, the researchers scaled the
concentrations of each taste from | to 5 to quantify the
thresholds®. The different solutions were filled in sterilized
microtubes and swabbed on the patients’ tongues with a
cotton-tipped applicator. The test began with the different
flavoured solutions placed in front of the tongue from low to
high concentration. The patients washed their mouths with
water between each concentration. The flavours were admin-
istered in the order of sweet, sour, salty, and bitter, respec-
tively. The sour, salty, and bitter solutions were positioned on
the right lateral, left lateral, and back of the tongue, respectively.
A demographic questionnaire was designed to assess other
clinical symptoms.

Statistical analysis

The statistical analysis was performed by using SPSS version 24
software, both one-way ANOVA and chi-square test as a case-
control analysis done for evaluation and comparison of thresh-

olds of four taste quality in different groups and also Pierson’s

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 43, 100919

Taste qualities and concentration series for the

taste solution test

Taste quality No.I No.2 No.3 No.4 No.5
Sweet (Sucrose) 0.003 0.025 0.1 0.2 0.8
Sour (Tartaric acid) 0.003 0.0125 0.05 0.1 0.2
Salty (NaCl) 0.0002 0.002 0.02 0.04 0.08
0.0001*
0.00004*
0.00002*
Bitter (Caffeine) 0.00001 0.0002 0.001 0.005 0.04

The values are expressed as g/ml. The lower concentrations than 0.0002 g/ml of
NaCl were presented with * in the table.

chi-square with exact Fisher’s test was performed for assess-
ment of taste threshold relation to other clinical symptoms. In
this analysis, Cramer’s value as effect size was evaluated. The
Linear Discriminant Analysis (LDA) has been done for demon-
stration of the power of prediction of COVID-19 by different
kinds of taste thresholds.

The results revealed an increase in the threshold for sweet,
sour, and bitter tastes in the COVID-19 patients with taste
disorders. The mean and standard error of the mean (SEM) for
sweet, sour, and bitter tastes were 2.68 + 0.14, 3.34 + 0.12, and
3.39 £ 0.2 in COVID-19 with taste disorder and 2 * 0.16,
2.11 £0.2 and 2.55 £ 0.5 in COVID-19 patients without taste
disorder and 1.29 £ 0.14, .29 £ 0.1] and 1.58 £ 0.17 in healthy
control group respectively. There was a significant decrease in
the threshold for the salty taste (0.51 + 0.03) in patients with
taste disorder compared to the healthy control (I + 0) and the
COVID-19 positive control groups (1.11 £0.11) (p <0.001 and
p < 0.01) (Figs. | and 2). Fig. 3 has schematically represented
the percentage of changes in taste quality threshold in COVID-
19 patients with taste disorder.

As Table | presents, owing to the high sensitivity of patients
to salty taste, we followed the experiment with lower con-
centrations as 1/2, 1/5 and 1/10 of the 0.0002 g/ml. Fig. 2 illus-
trated the sensitivity of the patient to the lower concentration
of salty taste and indicated a reduction in the threshold for salty
taste quality towards lower concentrations than 0.0002 g/ml, as
shown in Table | (1/2,1/5 and 1/10 of 0.0002 g/ml).

Table 2 indicates the clinical symptoms in patients, including
headache (87.1%), dry mouth (54.83%), dry eyes (25.8%), loss
of smell (38.7%), earache (29%), eye pain (25.8%), and dizzi-
ness (22.5%).

Moreover, Pearson’s chi-square demonstrated significant
relationships between thresholds for sweet, sour, and bitter

tastes and disorders such as dry mouth, earache, headache, and
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loss of smell. The values of Cramér’s V test indicated a strong
association between these variables (Table 3).

The Linear Discriminate Analysis (LDA) was the other sta-
tistical analysis to survey the predictive role of taste examina-
tion for COVID-19 patients. This test indicted 89.3%
correction of the quantitative taste examination for dis-
tinguishing patients from healthy persons. In this regard, the
coefficients or weighs of each taste quality were presented in
the first column, which represents the best coefficient for sour
taste (0.92). The sweet taste with 0.74 and bitter with 0.41
coefficients subsequently was in the later degree. Because of a
decrease in the salty taste threshold instead of an increase in
these patients, the coefficient of salt variable reached —0.015 in
the function. The Lambda number indicated the value of the
LDA classifier (Table 4).

The quantitative and subjective assessment of the four taste
qualities showed an increase in the threshold of sweet, sour,
and bitter qualities in COVID-19 patients. But, the threshold
for salty taste was considerably reduced.

The epidemiological studies showed that 41%—62% of COVID-
19 patients were diagnosed with smell and taste disorders so that
some studies suggested these disorders could be COVID-19
related [6,7]. Most of the data reported that taste pathogenesis
in COVID-19 is based on self-reporting through questionnaires or
phone interviews. They reported gustatory dysfunctions as
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lllustration of hypersensitivity to salty taste. The cases with
COVID-19 infection and taste deficiency showed hypersensitivity to
NaCl concentrations lower than 0.0002 g/ml (0.0001, 0.00004 and
0.00002 g/ml). The number | in the Y-axis of the figure referred to
0.0002 g/ml of NaCl.*** indicted to P < 0.0001.

ageusia or hypogeusia with prevalence ranging from 5.6% to 62.7%
[6—8] According to a study, 48—49% of COVID-19 patients
experienced impairment of two or more taste qualities, and 60%
of those who reported a taste loss also described a decrease in
their perception of at least one specific taste quality [8].

There is a directly proportional connection between olfac-
tory and gustatory, and the pathology of these two is closely
related to each other [9,10]. There are many reasons for gus-
tatory pathology, including upper airway infection, destruction
of papillae or taste buds, poor oral health, and post-viral cranial
nerve damage [9,I1]. In COVID-19 patients with taste and
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Evaluation of four taste quality thresholds. The significant increment of thresholds for sweet, sour, and bitter tastes was shown in patients with

COVID-19 and taste disorders. The salty taste indicated hypersensitivity in these patients. ** indicated P < 0.01 and ***P < 0.001.
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‘/

Schematic representation of taste quality threshold changes in
patients with taste disorder. The numbers indicated the percentage of

increase or decrease of thresholds.

smell disorder, the lack of nasal congestion or discharge could
be attributed to sensorineural damage [7].

Structurally, though, gustatory cells are located in the
sensory ganglion of the facial, glossopharyngeal, and vagus
nerves. They serve the taste buds located on two-thirds of the
anterior tongue, baseline tongue,

pharynx, and larynx,

respectively [9,12].

This study demonstrates the correlation between changes in
taste thresholds and some neurologic symptoms (headache,
earache, and dry mouth). It may indicate that many neurological
abnormalities in COVID-19 typically observed in other com-
mon respiratory virus infections (influenza) may relate to the
nervous system’s post-infectious inflammatory conditions or
the neurotropic property of the pathogen. However, COVID-
19 is more deleterious than other common viral respiratory
disorders [13].

The damage to the taste buds caused by the novel coro-
navirus is not yet reported. Still, it may be considered due to
the considerable increases in different taste thresholds. The
significant expression of ACE-2 receptors in the tongue
described by single-cell RNA-sequencing studies may suggest
this hypothesis [7].

CT, MRI, and neurologic examination are the complemen-
tary methods that suggested a better understanding of the taste
disorder mechanism [14].

Furthermore, the salty taste threshold decrease was
notable, which was different from the other study, which re-
ported the salty taste impairment as other taste quality in
COVID-19 patients [8]. According to the literature, postnasal
drip, dry mouth or dehydration, gastroesophageal reflux dis-
ease, infection, oral thrush, burning sensation in the mouth,
hormonal imbalances, and medication side effects are possible
causes of salty taste symptoms [|5]. Because sodium deficiency
can cause detrimental health issues, salty taste is crucial for
detecting sodium ions, which play essential roles in osmotic
balance, water homeostasis, pH regulation, and nerve activity.
Moreover, the imbalances of angiotensin I, a suppressor of the
salt taste sensitivity, and aldosterone, a slow enhancer, may

play a role in this hypersensitivity. These vital hormones may

Demonstration of percentage of some disorders in patients with taste deficiency

Dry mouth Dry eyes Dizziness Headache Earache Eye ache Smell deficiency
Patient with taste disorder 54.83% 25.80% 22.58% 87.10% 29% 25.8% 30%
Patient without taste disorder 77.77% 33.33% 33.33% 55.55% 11.1% 55.5% 0%
Control 0% 0% 0% 0% 0% 0% 0%

The relation between tastes thresholds and some disorders according to Pearson’s chi-square analysis. The significant

value indicated with an asterisk

Dry mouth Dry eyes Dizziness

Headache

Earache Eye ache Smell Qualitative

Cramer’s V P value Cramer’s V P Value Cramer’s V P Value Cramer’s V P value Cramer’s V P value Cramer’s V P value Cramer’s V P value

Sweet 0.478 0.007*  0.251 0.326 0.251 0.326 0.524
Salty 0.218 0.113 0218 0.235 0.160 0.235 0.004
Sour  0.505 0.009* 0.294 0313 0.294 0313 0.572
Bitter 0.486 0.014* 0.239 0.553 0.235 0.553 0.553

0.002* 0.327 0.117 0.225 0.577  0.552 0.001*
0979  -0.097 0.471 -0.239 0.136  0.331 0.015%
0.001* 0.436 0.033* 0.258 0.629 0494 0.01*

0.002* 0.415 0.05% 0.271 0.581  0.388 0.088*

The Cramer's Value interpreted as a measure of the strength of an association between two variables and the coefficient ranges from 0 to |
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The results of Linear Discriminate Analysis indicted
to 89.3% correction of quantitative taste examination for
distinguishing of patients from healthy, and the coefficients
or weighs of each taste quality are presented in the first
column. The Lambda number indicated to the value of the
LDA classifier

Discriminant Function

Coefficients Wilks’ Lambda  Sig. correctly classified

Sour 0.929 0.410 0.000 89.3%
Sweet 0.740
Bitter 0.415
Salty —0.015

exist in peripheral taste organs and contribute to salt intake
and ingestive behaviour [16]. Based on the investigations, the
relationship between salt taste sensitivity threshold (STST),
blood pressure, and sodium intake [|7] may be considered in
COVID-19 patients.

Other studies addressed the regulatory role of salt taste
sensitivity in sodium homeostasis [I8]. It is suggested that
(angiotensin 1l and aldosterone), sodium concentration of
plasma and saliva, and amiloride-sensitive receptors facilitate
the mechanism of this hypersensitivityl|9. Considering that
changes in sodium hemostasis and sodium regulator hormone
imbalance have been reported in COVID-19 infection [19,20].

Moreover, the components of saliva could explain the dif-
ferences in salt perception among patients. It is reported that
higher amounts of endopeptidases in saliva liquid could increase
salt sensitivity. The researchers suggest that the saliva enzymes
cloud produce salt-enhancing peptides and increase the sodium

entrance through modifying sodium channels [21].

In conclusion, our results are consistent with other investigations
indicating that taste modality is a good predictor for the COVID-
|9 virus infection. Additionally, the hypersensitivity to salt may
exist in COVID-19 infection and increase the threshold for
sweet, sour, and bitter tastes. The taste bud damage or cranial
nerve disorder are the possibilities of increased threshold and
the hypersensitivity to salty taste more likely related to changes
in sodium hemostasis or saliva components. For a better un-
derstanding, more investigations are needed.
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