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Abstract

Objective: The aim of the present case-control study was to evaluate the morpholog-
ical aspects of the epithelial cells from the dorsum of the tongue and the expression of
the SARS-CoV-2 Spike protein in these cells, in patients with and without COVID-19
infection.

Methods: 24 individuals with at least one symptom of COVID-19 were recruited
among inpatients from Hospital Universitario Pedro Ernesto (Rio de Janeiro, Brazil).
14 patients who tested positive for COVID-19 by RT-PCR were included in the case
group, and 10 patients who tested negative were included in the control group.
Cytological smears from the dorsum of the tongue were obtained from all patients
and analyzed using immunohistochemistry directed against SARS-CoV-2-Spike pro-
tein. Morphological changes in epithelial cells were analyzed using light microscopy.
Results: Immunohistochemistry showed that 71% of the COVID-19 patients pre-
sented epithelial cells positive for the presence of the SARS-CoV-2 Spike protein, and
all cells coming from patients in the control group were negative. Cytological analy-
sis showed significant differences when comparing epithelial cells from COVID-19-
positive and COVID-19-negative patients.

Conclusion: COVID-19 may generate dimensional changes in tongue epithelial cells;

however, further studies are necessary to understand how this happens.
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Xu chen et al. (2020) have described that the SARS-CoV-2

SARS-CoV-2 is a new enveloped RNA beta-coronavirus that causes
a severe acute respiratory syndrome known as COVID-19, declared
a pandemic by the World Health Organization (WHO) in 2020, caus-
ing over 3 million deaths (Lu et al., 2020; Zou, Ruan et al., 2020).
Human-to-human transmission of COVID-19 occurs due to close
contact with an infected person, exposure to respiratory or saliva
droplets (Li et al., 2020; WHO, 2020).

receptor-binding domain has a strong interaction with human
ACE2 molecules, and this finding suggests that ACE2-expressing
cells may act as targets to SARS-CoV-2 infection (Zou, chen et al.,
2020). Previous data have shown that ACE2 is highly expressed
in the oral mucosa, especially in epithelial cells of the tongue and
salivary glands, suggesting that these sites may act as a poten-
tial reservoir of the virus (Xu, Zhong et al.,, 2020; GTEx Portal).
In addition, tongue ulcers have been associated with SARS-CoV-2
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infection and have been suggested as a manifestation of the dis-
ease (Riad et al., 2020).

The aim of the present study was to evaluate the morphological
aspects of the epithelial cells from the dorsum of the tongue and
the expression of the SARS-CoV-2 Spike protein in these cells, in
patients with and without COVID-19 infection.

2 | MATERIALS AND METHODS

Reporting of this case-control study follows the STROBE guidelines
(EImetal.,2007). The studywas approved by the Ethical Committee from
Pedro Ernesto University Hospital (CAAE-31222820.6.0000.5259), all
individuals included in the study gave a written consent to participate,
and the study was performed in accordance with the Declaration of
Helsinki (World Medical Association, 2013).

2.1 | Sample size calculation

Sample size calculation using EPI Info™ software (Centers for Disease
Control and Prevention, Atlanta, GA, U.S.) was based on the follow-
ing estimates: a error of 0.05; B error of 0.20 (80% power). Frequency
of SARS-CoV-2-Spike protein expression in COVID-19+ patients was
arbitrarily set at 90% and in control group at 25%. Assuming an un-
matched case-control study design with groups of equal size, these
estimates into the equation yield a sample size of 20 individuals (10

per group).

2.2 | Population

Twenty-four individuals were recruited among inpatients from
Hospital Universitario Pedro Ernesto (Rio de Janeiro, Brazil). All of
them had at least one symptom of COVID-19 (fever, coughing, head-
ache, sore throat, diarrhea, or loss of taste/smell). Fourteen of these
participants tested positive for COVID-19 by RT-PCR assay (kit
SARS-CoV-2 Bio-Manguinhos, Rio de Janeiro, Brazil) and were in-
cluded in the case group, and 10 of the participants tested negative
and were included in the control group. Table 1 shows demographic
and clinical data such as age, gender, smoking status, distribution of
symptoms, clinical status, and ethnicity from individuals in case and

control groups.

2.3 | Cytological and
Immunohistochemical analysis

A cytological smear containing superficial epithelial cells from the
dorsum of the tongue by scraping with a spatula was obtained from
all patients. The cells were distended in six histological glass slides
for each patient and fixed in 95° alcohol. Smears were stained with
hematoxylin and eosin and Papanicolaou, and one histological

slide from each patient was submitted to immunohistochemistry
directed against SARS-CoV-2 Spike protein (mouse monoclonal
antibody anti- SARS-CoV-2 Spike protein, clone 1A9, Invitrogen,
Massachusetts, US, dilution 1:200) through the immunoperoxi-
dase technique followed by diaminobenzidine as chromogen and
counterstaining with Carazzi hematoxylin. The hematoxylin and
eosin and Papanicolaou-stained smears were analyzed by two ex-
aminers (BM and TG) in high power using light microscopy, and
two desquamate epithelial cells from each patient were measured
in four planes: maximum cell diameter, maximum perpendicular to
this measure, maximum diameter of the nucleus, and maximum
perpendicular to this measure. All measures were performed by
using the Image J software (NIH, Bethesda, MD, USA). All immu-
nohistochemical slides were analyzed by a single oral pathologist
(FRP) and interpreted as positive or negative for the presence of
SARS-CoV-2 Spike protein.

2.4 | Statistical Analysis

Data were analyzed using Statistical Package for Social Sciences
(SPSS Statistics 20, IBM Corporation, Armonk, NY, USA). After
verifying that the data were not normally distributed, non-
parametric Mann-Whitney (U) test was used. Significance level
was set at 0.05.

3 | RESULTS

An intraclass correlation coefficient to determine the agree-
ment between the two examiners (BM and TG) on the four
measured plans was calculated and ranged from 0.97 to 0.99.
Cytological analysis showed significant differences in all meas-
ures when comparing epithelial desquamate cells derived
from COVID-19-positive and COVID-19-negative patients
(Table 2). Immunohistochemistry showed that 10 out 14 (71%)
of the COVID-19 patients presented epithelial cells positive for
the presence of the SARS-CoV-2 Spike protein, and all cells com-
ing from patients in the control group were negative (Figure 1).
When comparing the cellular and nuclear measures in cells ob-
tained from COVID-19 patients expressing (10 patients) or not
(4 patients) the SARS-CoV-2 Spike protein, no significant dif-
ferences were found. In contrast, when comparing the cells
obtained from COVID-19 patients expressing the SARS-CoV-2
Spike protein with cells from all other patients that did not ex-
press the SARS-CoV-2 Spike protein (14 patients), the maximum
perpendicular diameter of the cell was larger in the second group
while no differences were found for the other three measures
(Figure 2). No other morphological changes suggestive of viral
infection (such as multinucleation, and nuclear hyperchromatism
and vacuolization) were observed in cells obtained from COVID-
patients and in cells expressing SARS-CoV-2 Spike protein. No
intraoral lesions were observed in this population.
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TABLE 1 List table showing age, gender, smoking status, distribution of symptoms, clinical status and ethnicity among individuals in case
and control groups
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Loss of
Sore taste or

Patient Group Gender Age Smoking Fever Coughing Headache throat Diarrhea smell Clinical status Ethnicity

1 Case Male 57 Yes Yes Yes No No No No Moderate COVID-19  Mixed

2 Case Female 75 No Yes Yes Yes Yes Yes Yes Moderate COVID-19  Mixed

3 Case Male 70 Yes No No Yes No No No Moderate COVID-19  Mixed

4 Case Female 53 Yes No Yes No No No Yes Moderate COVID-19  Mixed

5 Case Male 79 Yes Yes Yes Yes Yes Yes No Moderate COVID-19  Black

6 Case Male 47 Yes No Yes Yes Yes Yes No Moderate COVID-19  Mixed

7 Case Male 61 No No Yes Yes Yes Yes No Moderate COVID-19  Mixed

8 Case Male 55 No Yes Yes Yes No No Yes Moderate COVID-19  Mixed

9 Case Male 67 Yes Yes Yes Yes No No Yes Moderate COVID-19  Mixed
10 Case Male 28 No No No No No No No Mild COVID-19 Caucasian
11 Case Female 83 No No No Yes No No No Moderate COVID-19  Black
12 Case Female 23 No Yes No Yes Yes Yes Yes Moderate COVID-19  Mixed
13 Case Male 46 No Yes Yes Yes No No Yes Moderate COVID-19  Mixed
14 Case Male 32 No Yes No No No No No Mild COVID-19 Mixed
15 Control Female 32 No No No Yes No No No Non-COVID-19 Mixed
16 Control  Female 26 No No No Yes No No No Non-COVID-19 Mixed
17 Control  Male 17 No No No Yes No No No Non-COVID-19 Caucasian
18 Control Female 24 No No No Yes No No No Non-COVID-19 Caucasian
19 Control  Male 25 No No No Yes No No No Non-COVID-19 Black
20 Control Female 53 Yes No No Yes No No No Non-COVID-19 Mixed
21 Control  Male 53 Yes No No Yes No No No Non-COVID-19 Mixed
22 Control Female 70 Yes No No Yes No No No Non-COVID-19 Mixed
23 Control Female 24 No No No Yes No No No Non-COVID-19 Caucasian
24 Control  Male 25 Yes No No Yes No No No Non-COVID-19 Mixed

TABLE 2 Comparison of the cytological measures according to COVID-19 infection and SARS-CoV-2 Spike protein expression

COVID-19-infected Non-COVID-19 Patients expressing Patients not
patients-derived patients-derived the SARS-CoV-2 Spike  expressing the SARS-
epithelial cells epithelial cells protein CoV-2 Spike protein
Parameter Mean (SD; +95%Cl) Mean (SD; +95% CI) P-value Mean (SD; +95%Cl) Mean (SD; +95%Cl) P-value
N 14 10 - 10 14 -
Maximum cell diameter  18.460 (6.30; +1.69) 23.531 (7.95; +2.55) 0.001" 18.900 (6.92; +2.22) 21.768 (7.62; +2.04) 0.104
(mm)
Maximum 16.983 (6.16; +1.60) 20.210 (7.18; +2.3) 0.018" 16.392 (6.16; +1.97) 19.710 (6.88; +1.85) 0.015"
perpendicular
to maximum cell
diameter (mm)
Maximum nuclear 2.763 (654,21; +0.26) 3.267 (1.17; +0.37) 0.032 2.779 (891,4; +0.28) 3.112(1.17; +0.32) 0.123
diameter (mm)
Maximum 2.679 (935,2; +0.25) 3.120(1.00; +0.33)  0.025 2.695 (920,5; +0.29) 2.983(1.01; +0.27) 0.109

perpendicular to
maximum nuclear
diameter(mm)

*statistically significant (p<0.05);SD- standard deviation; 95%Cl - Confidence Interval 95%Legends to Figures.
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FIGURE 1 Immunoexpression of Spike protein in desquamated tongue epithelial cells (Immunoperoxidase; 1a, 1b and 1c, respectively,

100x, 400x and 1000x magnification)

4 | DISCUSSION

In this study, morphological changes in epithelial cells were particu-
larly associated with positivity of RT-PCR assay in nasopharyngeal
swabs, as this method is the gold standard for diagnosis of SARS-
CoV-2 infection and is a much more sensitive detection technique
than immunohistochemistry. It is possible that the lower sensitivity
of immunohistochemistry assay may have influenced the results.

Expression of ACE2, furin, and TMPRSS2 has been demon-
strated in tongue epithelial cells, which reinforces the perspective
that the oral mucosa, and specifically this anatomical region, is an
access route to SARS-CoV-2 infection (Zhong et al., 2020). It has
been suggested that these features would explain the mechanism
of dysgeusia in these patients and also that removing the tongue
coating would reduce the risk of virus exposure (Sakaguchi et al.,
2020).

The results of this study showed that the presence of SARS-
CoV-2 Spike protein can be demonstrated in desquamated epithelial
cells from the dorsum of the tongue, one of the cell-based disease
models for COVID-19 (Mhaske et al., 2020). It also highlighted that

epithelial cells obtained from the dorsum of tongue of COVID-19
patients show morphological alterations when compared with
COVID-19-negative patients, although no morphological alterations
classically associated with other viral infections were observed, as
previously demonstrated (Parada et al., 2021).

In this study, ethnic background, gender, proportion of smok-
ers, and distribution of symptoms were similar in both groups.
However, the mean age of the control group was lower (34.9 yrs)
than in the case group (55,4 yrs), which may have act as a
confounder.

There is few published information on cytological alterations in
epithelial, endothelial and other cellular types associated with the
presence of SARS-CoV-2 virus. Morphological changes also seen in
other viral infections, such as the presence of multinucleated and/
or ballooned keratinocytes, acantholytic cells, desquamated cells,
amphophylic granular cytoplasm, hyperchromatic nuclei, as well
as apoptotic cells, some of them with hialine cell membrane, have
been described in cutaneous and pulmonar lesions associated with
SARS-CoV-2 virus infection (Batah and Fabro, 2021; Rongioletti
et al., 2021). The present results showed that oral mucosal epithelial
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(b)

(d)

FIGURE 2 Cytological features of desquamated tongue epithelial cells derived from a COVID-19-infected patient (test group) (2a, 100x
magnification; 2b, 400x magnification) in comparison with desquamated tongue epithelial cells derived from a non-COVID-19-infected

patient (control group) (2c, 100x magnification; 2d, 400x magnification)

cells from SARS-CoV-2-infected patients showed no morphological
changes typically associated with viral infections. However, they
showed smaller cellular and nuclear diameter when comparing to
non-SARS-CoV-2-infected patients. As these morphological changes
are described during the early phases of apoptosis, further studies
with larger samples are encouraged to analyze their relationship
to the presence of SARS-CoV-2 in epithelial cells form normal oral
mucosa.

In conclusion, COVID-19 may generate dimensional changes in
tongue epithelial cells; however, further studies are necessary to un-

derstand how this happens.
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