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Abstract: COVID-19, a recently emerged disease caused by SARS-CoV-2 infection, can present with
different degrees of severity and a large variety of signs and symptoms. The oral manifestations of
COVID-19 often involve the tongue, with loss of taste being one of the most common symptoms
of the disease. This study aimed to detect SARS-CoV-2 RNA and assess possible morphological
and immunopathological alterations in the lingual tissue of patients who died with a history of
SARS-CoV-2 infection. Sixteen cadavers from 8 SARS-CoV-2 positive (COVID-19+) and 8 negative
(COVID-19−) subjects provided 16 tongues, that were biopsied. Samples underwent molecular
analysis through Real-Time RT-PCR for the detection of SARS-CoV-2 RNA. Lingual papillae were
harvested and processed for histological analysis and for immunohistochemical evaluation for ACE2,
IFN-γ and factor VIII. Real-Time RT-PCR revealed the presence of SARS-CoV-2 RNA in filiform,
foliate, and circumvallate papillae in 6 out of 8 COVID-19+ subjects while all COVID-19− samples
resulted negative. Histology showed a severe inflammation of COVID-19+ papillae with destruction
of the taste buds. ACE2 and IFN-γ resulted downregulated in COVID-19+ and no differences were
evidenced for factor VIII between the two groups. The virus was detectable in most COVID-19+
tongues. An inflammatory damage to the lingual papillae, putatively mediated by ACE2 and
IFN-γ in tongues from COVID-19+ cadavers, was observed. Further investigations are needed to
confirm these findings and deepen the association between taste disorders and inflammation in
SARS-CoV-2 infection.

Keywords: SARS-CoV-2; tongue; lingual papillae; taste buds

1. Introduction

COVID-19, a recently emerged disease caused by SARS-CoV-2 infection, can present
with different degrees of severity and a large variety of signs and symptoms, including
taste and smell dysfunction, that are quite specific for this condition [1,2]. The change in
taste could be temporary or in some cases chronic. Wu et al. reported a 43% prevalence
of gustatory disorders in patients with COVID-19 and a study by Nouchi et al. reported
that 29% of the patients with olfactory or gustatory disorders develop a persistent form
of impairment in the subsequent months. SARS-CoV-2 infection has also been associated
with hyposalivation and xerostomia that could worsen taste perception [3–5].

COVID-19 may display other signs concerning the oral cavity beyond taste disfunction,
such as scattered reddish macules of the tongue, ulcers, or painful inflammation, as reported
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by some authors [6]. The tongue is also known to be involved in various alterations
associated with local and systemic diseases [7] with consequences on important functions
for humans, such as phonation, deglutition, touch, and taste.

Non-gustatory and gustatory papillae are located on the tongue dorsum. Non-
gustatory papillae are known as filiform papillae (FLP), are larger in number than gustatory
papillae, are characterized by a superficial layer of cornified epithelium with an underlying
connective axis, and have mainly mechanical and tactile functions.

The gustatory papillae can be distinguished in foliate (FP), circumvallate (VP), and
fungiform papillae (FGP). In the depth of the epithelial layer, the gustatory papillae host
taste buds (TB) characterized by specific sensory cells that transmit taste sensitivity.

TB are bulb-shaped structures composed of four cell types with different functions:
dark-toned cells (type I cells, 50–70%) that are glia-like cells with secretory and phagocytotic
functions, light-toned cells (type II cells, 15–30%) that sense the taste stimuli, taste cells
(type III, 5–15%) that transmit taste signals to sensory afferent fibers, and few basal cells
at the base of the structure (type IV) [8–10]. When a substance encounters the sensory
cells, their receptors, innervated by afferent neurons, transduce the different stimuli via
specific mechanisms.

Probably due to the complexity and redundancy of the taste system, taste disorders
were usually uncommon, until the COVID-19 era. Their association to COVID-19 has been
reported as a distinct symptom since the first weeks of the pandemic but, up to now, the
pathogenesis of COVID-19 gustatory disorders has not been established with precision and
unanimousness [10,11]. COVID-19 taste disorders coexist frequently with smell disorders.
Anatomopathological studies on humans aiming to investigate smell disorders have re-
vealed a destruction of the receptors at the level of the olfactory epithelium, but no similar
findings were reported concerning TB [12–14]. Some authors have suggested that taste
disorders might be a consequence of the loss of smell [15], while others hypothesize that the
two symptoms are independent [16,17]. Investigating the histopathological characteristics
of the tongue, and in particular of its TB in COVID-19 subjects, might be useful to provide
further understanding of the mechanisms behind taste alterations.

SARS-CoV-2 is known to be present in the oral cavity during infection; in particular, it
is harbored by saliva, largely used for the molecular diagnosis of COVID-19 [18,19]. SARS-
CoV-2 enters the cell through ACE2, the angiotensin-converting enzyme 2, a membrane-
bound protein expressed on the surface of a number of cells, such as endothelial cells [20]
and epithelia of the upper aero-digestive tract, including the oral cavity [21]. In the latter,
ACE2 was mapped and has been shown to be strongly expressed in the lingual dorsum,
in the stratum granulosum of the epithelial layer of the lingual papillae, and in in type
II cells of TB [22]. After the virus enters the cell, the host antiviral defense in humans
acts through chemokines, cytokines, and through interferon (IFN), as already reported in
other inflammatory diseases. In particular, serum levels of IFN-γ in SARS-CoV-2 infected
patients are elevated due to activation of Th1 and Th2 cells [23], and this contributes to
different aspects of COVID-19 pathogenesis [24]. Some authors have reported that IFN-γ
inflammation triggered by several factors could lead to taste function alteration [25,26]. The
inflammation cascade in SARS-CoV-2 infection involves also thrombo-inflammation, with
an increased level of factor VIII, reported in several studies as the major cause of morbidity
and mortality in COVID-19 patients [27].

To test the hypothesis that SARS-CoV-2 infection may affect the lingual tissues, this
study investigated (i) the presence of SARS-CoV-2 inside the lingual tissues employing
Real-Time RT-PCR, (ii) the possible anatomic modifications of the lingual papillae through
histology, and (iii) the hypothesis of inflammatory mediated damage utilizing immunohis-
tochemistry for ACE2, IFN-γ and factor VIII.

2. Materials and Methods

The present study was performed on cadavers scheduled for autopsies required by
Italian law, to define the subjects’ cause of death. All the observations were, therefore,
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carried out on tissues that had already been dissected for autopsy purposes, in compliance
with Italian regulations. The biopsies were harvested from tissues included in the standard
functional dissection procedure, were minimal in number and dimensions, and performed
in such a way that the esthetic features of the cadaver could be maintained, as requested
by the law (art. 37 of Regolamento Polizia Mortuaria). Concerning privacy issues, an
anonymization procedure was applied, which makes it impossible to trace the identity of
the corpses.

Sixteen cadavers were collected between November 2020 and March 2021 at the
Institute of Forensic Medicine of Milan. The Institute provided for each cadaver, the cause
of death, while medical anamnesis referred to the patients’ state just before death, when
available (Table 1). All bodies were placed at freezing temperature of −3 ◦C from the
day of discovery/death up to 1–2 days before the autopsy. Defrosting was performed
at a temperature of 15 ◦C for about 24 h. The subjects were classified according to their
COVID-19 status at discovery/death as COVID-19 positive (COVID-19+) and COVID-19
negative (COVID-19−). All cadavers that resulted positive to a nasopharyngeal swab or to
an immune test after death were included in the COVID-19+ group. The study followed
the Italian general rules used for scientific research purposes, the Italian Mortuary Police
Regulation procedures and Italian law.

Table 1. Characterization of the studied population.

Subject ID Age (Years) Gender Death-Autopsy
Time Lapse (Days) Pre-Death State Cause of Death

COVID-19 positive

1 41 M 9 Unknown Traffic accident

2 65 M 17 Influenza-like symptoms Bilateral pneumonia

3 67 M 7 Unknown Cardiac arrest

4 73 M 7
Previous hospitalization for

COVID-19 related respiratory
symptoms

Cardiac arrest

5 57 M 57 Influenza-like symptoms Pulmonary edema

6 47 M 10 Influenza-like symptoms Pulmonary edema

7 25 M 11 Influenza-like symptoms Cardiac arrest

8 47 M 16 Influenza-like symptoms Cardiac arrest

COVID-19 negative

9 68 M 6 Influenza-like symptoms in HIV+ Cardiac arrest

10 50 M 8 Influenza-like symptoms Cardiac arrest

11 85 M 5 Unknown Stroke

12 77 F 30 Unknown Cardiac arrest

13 51 M 8 Influenza-like symptoms Cardiac arrest

14 72 M 11 Unknown Cardiac arrest

15 63 F 3 Unknown Trauma

16 78 M 7 Unknown Cardiac Arrest

2.1. Sample Collection

The tongue of the 16 subjects was macroscopically examined to identify VP, FP, FGP,
and FLP, and to evaluate the possible macroscopic alteration of the gustatory and non-
gustatory papillae in COVID-19+ and COVID-19− subjects. In particular, the number and
size of the VP for each tongue were measured, as VP are easy to identify and susceptible to
alterations [28]. The examiner who performed the macroscopic analysis (DH) was blind
concerning the groups (Figure 1).
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Figure 1. Picture of a human tongue from a cadaver. VP: circumvallate papillae; FP: foliate papillae;
FLP: filiform papillae; FGP: fungiform papillae.

Cylindrical biopsies of the papillae were performed using a 4–6 mm punch to achieve a
minimally invasive sampling (Biopsy Punch, Kai medical, 3-9-5 Iwamoto-cho, Chiyoda-ku,
Tokyo 101-8586, Japan). The obtained samples were then halved longitudinally, and the
first fragment was destined for histological and immunohistochemical analysis while the
second one was destined for molecular analysis for SARS-CoV-2 extraction.

The halves destined to histology were fixed in 10% formalin/0.1 M phosphate buffer
saline (PBS) (pH 7.4) at room temperature and the second halves were fixed in RNAlater®

(Qiagen, Düsseldorf, German).

2.2. Specimen Processing
2.2.1. Molecular Processing

After RNAlater solution removal, the samples were cut into small pieces using a n◦ 21
blade, and about 100 µg of the sample were treated with 20 µL of Proteinase K 800 U/mL
(New England Biolabs, 240 County Road, Ipswich, MA 01938-2723, USA) and 500 µL of
phosphate buffer saline w/o Ca++/Mg++ (Promo Cell), vortexed, and then incubated
overnight, at 56 ◦C 800 rpm, to obtain protein degradation. Nucleic acids were extracted
from the supernatant obtained with centrifugation at 1200× g × 5′, using the NucliSENS®

easyMAG™ automated platform (BioMérieuxbioMérieux bv, Lyon, France, Benelux B.V.)
in accordance with the specific B2.0 protocol with off-board lysis, not diluted silica, and a
final elution volume of 55 µL [29]. Extraction quality was assessed by the amplification of
the human RNase P gene and adequate samples were tested for SARS-CoV-2 by Real-Time
RT-PCR according to the diagnostic protocol of the CDC targeting N1 and N2 regions
[CDC. Research Use Only 2019-Novel Coronavirus (2019-nCoV) Real-time PCR Primers
and Probes. Available from: https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-
panel-primer-probes.html] (accessed on 2 April 2022). In each Real-Time RT-PCR test,
negative (DNase and RNase free water) and positive (2019-nCoV_N Positive Control, IDT)
controls were included

2.2.2. Histological Processing and Morphological Analysis

Samples were fixed, dehydrated in increasing concentration of ethanol (from 70% to
100%), clarified in xylol, and embedded in paraffin. From each specimen FP, VP, FLP were
collected, for a total of 48 samples. FGP were not identified in any of the cadavers. Serial
6 µm sections were obtained to locate TB position and then mounted on 3-aminopropyl-
trietoxi-xilane coated slides. Sections were then hydrated in decreasing concentrations of

https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-probes.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-probes.html
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xylol and ethanol. Hematoxylin and eosin (HE) and silver impregnation (SI) (Bielschowsky
method modified by Gless-Marsland) staining were performed to evaluate the morphology
of lingual papillae and TB and the nervous fiber network respectively. Further, the sections
were immunostained with ACE2 (BIOSS, code bs-1004R), INF-γ (RD, clone 25718) and factor
VIII (DAKO, code GA527) antibodies [30]. The recovery of the antigen was performed with
Proteinase K solution at 37 ◦C in a humidified chamber for 20 min. Slides were incubated
for 50 min at room temperature with each of the antibodies. The sections were washed
with PBS solution three times for 5 min, treated with the polymer labelling kit (Ultravision
Quanto DetectionSystem HRP, Thermo Scientific, Loughborough, Leicestershire, UK), and
revealed with diaminobenzidine (Ultravision DAB, ThermoScientific) [31]. The sections
were counterstained with Mayer’s hematoxylin, dehydrated, cover-slipped, and captured
by a high-resolution digital scanner (Aperio Scan Scope System CS2, Leica Biosystem,
Buccinasco, Italy). Digital slides were navigated from 50× to 400×magnification.

3. Results
3.1. Study Population

The present study analyzed 8 COVID-19+ and 8 COVID-19− tongues, defined by
means of nasopharyngeal swab and immune test. The COVID-19+ group consisted of
8 male individuals and the negative group included 6 male and 2 female subjects. The mean
age was 52.75 ± 14.81 years for COVID-19+ and 68.00 ± 11.85 years for COVID-19−. All
cadavers were stored in a deep freezer pending the autopsy. The mean time lapse between
death and autopsy date was 16.75 days in COVID-19+ and 9.75 days in COVID-19—group
(t-test: p = 0.048).

3.2. COVID-19+
3.2.1. Molecular Analysis

Nucleic acids were successfully extracted from all the samples. Real-Time RT-PCR
test revealed the presence of SARS-CoV-2 RNA in FLP, VP, and FP in 6 subjects out of 8
diagnosed as positive (Table 2).

Table 2. Molecular and macroscopic results of the analyzed papillae.

Subject ID Real-Time RT-PCR VP (n) VP Dimension (mm)

COVID-19 positive
1 Negative / /
2 Positive 8 4–5
3 Negative 7 3
4 Positive 7 6
5 Positive 6 5
6 Positive 8 4
7 Negative 9 2–3
8 Negative 8 4–5

COVID-19 negative
9 Negative 11 2–6
10 Negative 6 3
11 Negative 7 4
12 Negative 9 3–4
13 Negative 8 4
14 Negative 7 4
15 Negative 9 2–3
16 Negative 8 4–5

3.2.2. Morphological Analysis
Macroscopic Analysis

The anatomical structure of the tongue was well preserved in 7 out of 8 samples in the
COVID-19+ group. The tongue of subject ID1, who died in a traffic accident, was strongly
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traumatized and did not allow a proper morphological assessment (Tables 1 and 2, subject
ID 1). The examination of the tongues revealed great interindividual variability in terms of
morphology, number, and the dimension of VP. The COVID-19+ group showed an average
number of 6.85 ± 1.06 VP with an average dimension of 4.28 ± 1.11 mm (Table 2).

Microscopic Analysis

Figure 2 illustrates in a panel the morphological features of VP and FP in the COVID-19+
and COVID-19− groups. All COVID-19+ papillae showed inflammatory infiltrate and
fibrosis. The greatest alteration was observed in VP. The analysis of HE stained VP at low
magnification revealed that tissue integrity and structure were maintained. The structure
of the papillae was preserved, and the continuity of the vallum with the Von Ebner Gland
was appreciable (Figure 2A). At higher magnification (200×) no dysplastic changes were
detected (Figure 2F). The superficial epithelial layer of VP seemed to be disengaged in 62%
of the cases (5 out of 8) from the basement membrane (Figure 2B), with epithelial thinning in
some areas of the papilla while other areas showed just a single layer of basal cells or even
a complete loss of the epithelium (12%, 1 out of 8) (Figure 2D,F). At 400×magnification of
papilla vallum, where the epithelial layer was still present, the epithelial structure of the
buds seemed to be damaged, the typical onion shape was not preserved, and the pore was
not appreciable (Figure 2B). The HE staining revealed also the presence of stromal fibrosis
and inflammatory infiltrate characterized by elongated cells with a fibroblastic morphology
in the sub-epithelial layer and a lymphoid patch rich in lymphocytes deeply in the center
of the VP (100%, 8 out of 8) (Figure 2A,B). In one case (subject ID 5, Figure 2C,D), the VP
showed epithelial-connective protrusions in the whole profile of the papilla.
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and fourth rows, namely images (B,D,F,H,J,L), represent their respective details at different magnifica-
tions; (A) overview of a COVID-19+ papilla with an apparently normal morphology; (B) magnification
of the vallum shows TB disengaged from the epithelium (blue arrow) and a connective tissue infil-
trate including cells with fibroblastic morphology (yellow arrow); (C) overview of a papilla with
superficial extroflections; (D) higher magnification shows de-epithelialization of the papilla with a
dense inflammatory infiltrate and fibrosis; (E,F) papilla in which some portions of the epithelial layers
are absent; (G–K) overview of a COVID-19− papilla with preserved architecture; (H–L) a higher
magnification shows a physiological TB aspect.

FP showed a preserved architecture, at high magnification, a very dense inflammatory
infiltrate with stromal fibrosis was visible (Figure 3).
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Figure 3. Histological sections of FP, HE staining. (A) COVID-19+ with a normal structure; (B) higher
magnification shows a dense inflammatory infiltrate and fibrosis; (C) overview of COVID-19− papilla;
(D) a higher magnification shows a TB, the green arrow points at the taste pit.

FLP showed a well-preserved structure in all samples, no signs of disaggregation of
the layers were observed, the epithelium and the connective tissue did not show signs of
alteration of the microstructure of the papilla (Figure 4). Silver impregnation showed no
signs of alteration of the nervous fibers (Figure 5).

The immunostaining showed the expression of ACE2 (Figure 4) in the nuclei and
cytoplasm of the spinous and basal cells in a punctuate pattern in the COVID-19+ tissues.
ACE2 signal was largely observed in COVID-19+ samples in the cells around blood vessels
and the duct cells of Von Ebner glands. ACE2 expression was also appreciable in TB cells.
The expression of IFN-γ (Figure 4) was comparable to ACE2 concerning the localization
and the intensity of the immunohistochemical signal (Figure 4). A strong staining response
for factor VIII antibody was observed in the cytoplasm of the endothelial cells in all the
specimens. A pronounced reaction was evident in both small and large vessels as well as
in the plasma contained in the vessels.
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Figure 5. Evaluation of nerve fibers networks in VP and FP, staining with silver impregnation
(Bielschowsky method modified by Gless-Marsland). (A) Overview of COVID-19+ VP; (B,C) details
of TB in COVID-19− FP ((C) is a magnification of the area in the rectangle of (B)).

3.3. COVID-19−
3.3.1. Molecular Analysis

All the samples were adequate to the Real-Time RT-PCR analysis and tested negative
for SARS-CoV-2 RNA.
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3.3.2. Morphological Analysis
Macroscopic Analysis

All COVID-19− samples showed a well-preserved anatomical structure. The macro-
analysis of VP evidenced an average number of 8.12 ± 1.55 papillae with a dimension of
3.87 ± 0.99 mm (Tables 1 and 2).

Microscopic Analysis

COVID-19− samples evidenced a low degree of inflammation. The analyzed gusta-
tory papillae, VP and FP, maintained their architecture with no signs of dysplasia or any
alteration. TB were appreciable, maintaining the typical bulb shape apically converging
in the taste pit (Figure 2). The SI staining showed no signs of nervous fibers alteration for
COVID-19− samples (Figure 3). COVID-19− samples showed intense staining for ACE2
and IFN-γ expressed in the same area as COVID-19+ samples, in the granulosum and basal
layer of the epithelium (Figure 4). Factor VIII expression was comparable to COVID-19+
samples (Figure 4).

4. Discussion

This preliminary study aimed to verify the presence of SARS-CoV-2 in the lingual
tissues of cadavers resulted positive to COVID-19 and to describe their histological and
immunohistochemical gustatory and non-gustatory papillae’s features.

The cadavers classified as COVID-19+ resulted positive to nasopharyngeal swab or
to immune test; therefore, the COVID-19+ group consisted of subjects who had resulted
positive to SARS-CoV-2 at the time of death or had been positive to the virus in the
previous months.

Previous studies already reported the presence of the RNA of SARS-CoV-2 in living
subjects from formalin-fixed paraffin-embedded lingual and gland tissues [32]. Our work
evidenced the presence of SARS-CoV-2 RNA in lingual samples obtained from COVID-19+
cadavers and preserved in RNAlater solution, highlighting the availability of SARS-CoV-2
in the oral tissues also after death.

Six out of eight COVID-19+ samples resulted positive to SARS-CoV-2 Real-Time RT-
PCR analysis. One of the two negative samples belonged to subject ID1, a man who died
following traumatic injuries and whose tongue could, therefore, not be morphologically
analyzed. This subject’s COVID-19 status was casually revealed during routine hospital
tests but was not anticipated by any COVID-19 symptomatology. Such finding could
suggest the hypothesis that the virus might not harbor the oral tissues since the very
early phases of the disease. As a matter of fact, the penetration capacity of the virus
inside the tissues in asymptomatic subjects or in the early stages of the disease is very
controversial [33], despite SARS-CoV-2 can be early detected in the saliva [18,19]. The other
negative sample belonged to subject ID3 whose anamnestic data were unknown and whose
COVID-19 diagnosis followed an immune test that resulted positive for IgG. Therefore,
this subject might have been COVID-19− at the time of death. The VP of subject ID3 were
characterized by a very thin layer of epithelial cells, absent in some portions of the papilla
(Figures 2E,F and 3A), with an infiltrate of fibroblastic-like cells, signs that could suggest a
chronic damage of the papillae.

The morphological evaluation of the tongues evidenced no macroscopic differences
between the two groups. The microscopic observation showed a high degree of inflam-
mation and destruction of TB with the disengagement of the superficial epithelial layers
in COVID-19+ papillae, suggesting that SARS-CoV-2 could have induced an inflamma-
tory damage to the sensory cells of TB. Some authors have reported that SARS-CoV-2
may compromise the infected cells by viral distribution within the cytoplasm and with
consequential and extensive vacuolization and apoptosis, in an ex vivo study on airway
epithelium organotypic culture and cadaver [34,35]. SARS-CoV-2 could damage in the
same way the gustatory sensory cells, namely through viral replication and subsequent
inflammation and the destruction of TB. TB damage can cause gustatory impairment with
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recovery times that vary among patients. Ninety percent of the patients regain taste func-
tion in 4–15 days, a time lapse compatible with the life span of the gustatory sensory cells
(15–20 days) [36]. Longer recovery times may be due to the neuroinvasive or neurotropic
properties of SARS-COVID-2 or to impaired taste receptor stem cells activity [10,22,37].

In the present study, the presence of ACE2 was observed in the nuclei and cytoplasm
of the stratum granulosum of the lingual tissues. It was also detected, by Sakaguchi et al.
and Sawa et al., in the healthy mucosa of the keratinized stratified squamous epithelia
of the tongue and non-keratinized stratified squamous epithelia of the lip and cheek,
in the cytoplasm and on the cell membrane, mainly in the stratum granulosum [38,39].
Okada et al., 2021, reported that gustatory and non-gustatory lingual papillae and gustatory
sensory cells also express ACE2 [10]. In the present study, we observed a downregulated
expression of ACE2 in COVID-19+ tissues compared to COVID-19− ones: the ACE2
signal was observed in a punctuate pattern in COVID-19+ samples while it was denser in
COVID-199− papillae. Several studies have demonstrated that SARS-CoV infection can
downregulate ACE2 expression on cells causing severe organ injury, in the pulmonary
tissues [40–43]. Our findings seem to confirm that SARS-CoV-2 might have the same effect
on the tongue.

In our study, IFN-γ was observed in the stratum granulosum of the lingual papillae.
IFN-γ was less expressed in COVID-19+ tissues than in COVID-19− ones, with a similar
distribution as ACE2, suggesting that IFN-γ could be strictly related to ACE-2, whose
receptor is an interferon-stimulated gene, as reported by Ziegler et al. [44,45]. IFN-γ is an
antimicrobial cytokine whose signaling has been demonstrated to be increased following
SARS-CoV-2 infection, locally and systemically, and seems to play a crucial role in the
response to infection-induced inflammation also in TB [42,43,46]. In a study in mice, the
authors reported that mimicking bacterial and viral infections altered gene expression
patterns in TB cells. When either IFN-α or IFN-γ were systemically administered, a
significant increase in the number of TB cells undergoing programmed cell death was
observed. The authors concluded that “bacterial and viral infection-induced IFNs can
act directly on taste bud cells, affecting their cellular function in taste transduction, and
that IFN-induced apoptosis in taste buds may cause abnormal cell turnover and skew
the representation of different taste bud cell types, leading to the development of taste
disorders” [47]. In general, taste dysfunctions in patients with viral and bacterial infections
or other inflammatory illnesses seem to be related to infection-induced inflammation, which
can affect TB through cytokine signaling pathways.

As far as it concerns factor VIII, the immunostaining evidenced no differences between
COVID-19+ and COVID-19− samples. Thrombo-inflammation and hypercoagulability
have been reported in several studies to be the major cause of morbidity and mortality
in patients with COVID-19 [27,48]. SARS-CoV-2 acts directly and indirectly on platelets
and endothelium causing inflammation and coagulopathy leading to increased thrombus
formation, emboli, and hemorrhage [27]. Wichmann et al. evidenced massive pulmonary
embolism arising from lower extremities deep vein thrombi as the direct cause of death
in 4 out of 12 COVID-19+ autopsies [49]. Levels of prothrombotic acute phase reactants,
such as fibrinogen, von Willebrand factor, and factor VIII, that are commonly elevated
during inflammatory conditions, have been reported to be increased in patients with
COVID-19 compared to healthy individuals, implicating the endothelium, platelets, and
the coagulation system as potential mediators of coagulopathy and thrombosis in COVID-
19. However, factor VIII levels were demonstrated to be higher in blood samples of patients
with COVID-19 [27]. In our study, the distribution of factor VIII in the lingual tissue was
similar in COVID-19+ and COVID-19− samples. Other authors analyzed its presence in the
lung tissue of COVID-19+ and COVID-199− cadavers and observed a greater expression in
COVID-19+ samples [50]. However, the pulmonary endothelium produces locally factor
VIII, as it is an extrahepatic site of its production, and this might explain the difference
between results [51].
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This article provides one of the first reports about the morphological, immunohisto-
chemical, and molecular features of the lingual papillae in COVID-19+ cadavers compared
to COVID-19−. Limitations of this study are the small sample size and a limited knowledge
of the subjects’ medical history. For example, it is not known whether COVID-19+ subjects
had gustatory disfunctions prior to death, or if they were on any medications that could
alter or influence their inflammatory response. Such limitations prompt for further research
before assuming a connection between our findings and taste alterations. The COVID-19+
group showed a longer time lapse between death time and autopsies/biopsies compared
to the negative group, with a significant p-value. However, since cadaver storage by
deep-freezing allows proper preservation of the samples and the time lapse that occurred
between the discovery/death and the freezing lasted maximum 2 days, this time difference
could have hardly affected the quality and characteristics of the samples [52,53].

5. Conclusions

In conclusion, in our study, we evidenced an inflammatory damage to the lingual
papillae, probably mediated by ACE2 and IFN-γ, in COVID-19+ cadavers. Further in-
vestigations are needed in order to confirm these findings and to deepen the association
between taste disorders and inflammation following SARS-CoV-2 infection.
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