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Elucidation of the mechanism of taste dysfunction caused by SARS-CoV-2
(COVID-19)

Yamamoto, Toru
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections can
cause loss or alteration of taste and smell as early symptoms or sequelae, but the detailed
mechanism behind this phenomenon remains unclear. Here, we investigated whether the SARS-CoV-2 spike

protein induces taste cell apoptosis and expression of the apoptosis-related cytokine TNF-a in
male Sprague-Dawley rats. TUNEL assay results revealed a significantly higher apoptosis index for
taste cells in the SARS-CoV-2 group than for those in the control group. An immunohistochemistry
analysis indicated significantly more TNF-a -positive cells in the SARS-CoV-2 group compared with
the control group. These data suggest that the SARS-CoV-2 spike protein promotes taste cell
apoptosis and the release of apoptosis-related cytokine TNF-a , implicating its contribution to the
taste malfunction caused by coronavirus disease 2019 (COVID-19).
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Figure 1. Expression of ACE2 receptor in rat taste buds of circumvallate papillae.
Primary: anti-ACE2 (21115-1-AP; Proteintech), 1:400. Secondary: Alexa Fluor 488 (The Jackson
Laboratory), 1:500. Scale bar Z 100 mm (50 mm in the enlarged window).
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Figure 2. Histological changesin rat taste buds after application of SARS-CoV-2 proteins.
Application of SARS-CoV-2 recombinant spike and nucleocapsid proteins, but not SARS-CoV-2 proteins
denatured by heat, decreased the taste bud number, taste bud area, and taste bud cell number. (A) Saline
group; (B) Nerve transection group (C); SARS-CoV-2 protein group; (D) Denatured SARS-CoV-2 protein
group. (E) Double staining of taste bud cells with UEA-I and DAPI. (F) Taste bud count; (G) Taste bud
area; (H) Taste bud cells count 12 days after treatment. Scale bar Z 100 mm *, P< 0.05, **, P< 0.01, vs
Saline group, one-way ANOVA, followed by Dunnett’s multiple comparison test, n = 4.
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Figure 3. Céll apoptosisin rat taste buds of circumvallate papillae.

TUNEL staining of taste buds in the Albumin (control) (A, B) and SARS-CoV-2 (C, D) groups; arrows
indicate TUNEL positive cells; scale bars= 100 um (A, C) or 50 um (B, D) (E): Apoptosis index in the
Albumin and SARS-CoV-2 groups. *: P < 0.05 vs Albumin group, unpaired t-test; n = 10/group.
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Figure 4. Immunohistochemical analysis of TNF-a in taste bud cells.

(A-B). Representative immunohistochemistry images of taste budsinthe Albumin (control) (A) and SARS-
CoV-2 (B) groups; arrows indicate immunoreactivity for TNF-o; scale bar = 100 um (C): Percentage of
TNF-a-positivity (%) among the cells in the Albumin and SARS-CoV-2 groups. *: P < 0.05 vs Albumin
group, unpaired t-test; n = 10/group.
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