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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) primarily infects the respiratory tract, causing inflam-
mation, and subsequently the lungs, causing severe pneumo-
nia. SARS-CoV-2 can also infect other tissues in the body. 
Intravascular infections cause thrombosis. Systematic infec-
tion causes a cytokine storm and subsequent shock symptoms, 
followed by multiple organ failure, and finally, the fatality rate 
increases. SARS-CoV-2 is transmitted among people main-
ly by inhalation of virus-containing aerosols expelled from the 
mouth and nose of an infected person during coughing, sneez-
ing, and talking. A large number of viral particles are pre-
sent in an infected person's saliva,1) which is one of the main 
sources of infection. We considered that reducing the infectiv-
ity of the virus in saliva would be effective for the prevention 
of viral transmission. Several tea derived-compounds, such 
as catechins and theaflavins, have been reported to decrease 
infectivity of SARS-CoV-2.2,3) This study evaluated the effi-
cacy of short-term treatment with tea-derived compounds on 
SARS-CoV-2 infectivity in saliva.

MATERIALS AND METHODS

Drugs   Theaflavin 3,3’-gallate (TF3), tannic acid (TA), 
epigallocatechin gallate (EGCG), and theasinensin A (TSA) 
solutions as well as two black tea-derived theaflavin concen-
trates (TF35 and TF80) and a green tea-derived catechin con-
centrate (polyphenon E)4) were tested for their antiviral effica-
cy against SARS-CoV-2.

Virus treatments   WK-521, a prototype Wuhan strain, 
and TY38-873, a recently developed Omicron BA.1 strain of 
SARS-CoV-2 were used in this study. Viral solution (100 µl) 
containing 1 × 105 TCID50 and equal volume of solution con-
taining drugs were mixed in DMEM with 2% fetal calf serum 
or normal human saliva purchased from Lee BioSolutions, Inc. 
(Maryland Heights, MO, USA). The mixture was then incu-
bated for 5, 10, or 20 min at room temperature. The reaction 
was stopped by adding 200 µl of stop solution [10% polyvi-
nylpolypyrrolidone in PBS], which contains excess amounts 
of polyphenol adsorbent5) for maintaining accurate reaction 
time. After incubation for 20 min, the mixture was centri-
fuged at 9,800 g for 5 min, and the supernatant was collected. 
The supernatant was diluted 10 times and was used to inocu-
late E6/TM2 cells (TMPRSS2-expressing VeroE6 cells);6) the 
amount of virus in the culture supernatant was measured using 
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quantitative RT-PCR 24 h post inoculation 7). The antiviral 
efficacy of the drugs was evaluated by percentages of untreat-
ed samples as 100%.

RESULTS

Antiviral Efficacy in Culture Medium   The antiviral effi-
cacy of 1 mM TF3, TA, EGCG, and TSA solutions and 1 mg/
ml of TF35, TF80 and polyphenon E against the Wuhan strain 
was evaluated. TF3, TF35, and TF80 were more effective in 
reducing infectivity than the other drugs (Fig. 1).

Antiviral Efficacy in Human Saliva   The antiviral effi-
cacy of TF3, TF35 and TF80 were evaluated in human sali-
va (Fig. 2). The antiviral efficacy of the tested components, 
except TF3, on the Wuhan strain became stronger with time 
at both high (1 mM or 1 mg/ml, Fig.2. A) and low concentra-
tions (0.25 mM or 0.25 mg/ml, Fig.2. B). However, their effect 
on the Omicron strain was stable, with slight changes over 
time (Fig.2. C and D). Overall, the tested concentrations of 
the antiviral components were more effective against Wuhan 
than against Omicron, and the antiviral effects against both 
strains were higher at high concentrations than that achieved 

Fig. 1.   Antiviral Efficacy of Tea Derived-Compounds Against Wuhan Strain of SARS-CoV-2
A mixture of the virus and the compound was incubated for 5, 10, and 20 min at room temperature. Reaction was stopped using 200 µl of 10% polyvinylpolypyrrolidone in 

PBS. Following incubation for 20 min, the mixture was centrifuged, and the supernatant was collected. The supernatant was used to inoculate TMPRSS2-expressing Vero E6 cells, 
and the amount of virus in the culture supernatant was measured after 24 h using quantitative RT-PCR. Antiviral efficacy of the drugs was evaluated using the efficacy of untreated 
samples as 100%. In this experiment, 1 mM theaflavin 3,3’-gallate (TF3), tannic acid, epigallocatechin gallate, and theasinensin A and 1 mg/ml of two black tea-derived theaflavin 
concentrates (TF35 and TF80) and a green tea-derived catechin concentrate (polyphenon E) were used. At least three experiments were performed, and one of the typical results is 
shown.

Fig. 2.   Antiviral Efficacy of Theaflavin 3,3’-Gallate (TF3) and Two Black Tea-Derived Concentrates (TF35 and TF80) Against Wuhan and Omicron Strains 
of SARS-CoV-2 in Human Saliva

Wuhan and Omicron strains present in human saliva were treated with these drugs. Antiviral efficacy of each drug at high (1 mM TF3, 1 mg/ml TF35 and TF 80) and low (0.25 
mM TF3, 0.25 mg/ml TF35 and TF 80) concentrations was evaluated. A and B show antiviral efficacy against Wuhan strain at high and low concentrations, respectively, whereas C 
and D show the efficacy against Omicron strain at different concentrations. At least three experimental repeats were performed in triplicate, and one of the typical results is shown.
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at low concentrations. For example, after 10 min of treatment 
at 1 mM, the antiviral activity of TF3 against the Wuhan strain 
decreased to approximately 0.05%, whereas that against the 
Omicron strain decreased to approximately 3%.

DISCUSSION

TF3 is a theaflavin, which is the main component of black 
tea, and TF80 contains richer theaflavins (such as TF3) than 
TF35 were effective. However, catechins such as EGCG and 
polyphenon E were less effective, although some previous 
reports have shown the antiviral efficacy of green tea-derived 
catechins and related chemicals.2, 8) We suggest that the differ-
ence in antiviral efficacy may depend on assay methods, such 
as reaction time, reagent concentration, and stop solution. 
Consistent with these results, TF35 containing catechins such 
as EGCG had a lower antiviral effect than TF80, which did not 
contain catechins; this result may be attributable to the differ-
ence in the amount of theaflavins, such as TF3.

The difference in the antiviral efficacy between Wuhan and 
Omicron strains can be attributed to the change in the mode 
of the Omicron strain infection, which is caused by the muta-
tion of the spike protein,2) although detailed analysis is needed 
to explain the difference. Even if the reduction rate (MOCK%) 
is approximately 3%, 9.7 × 104 TCID50 equivalent numbers 
of viruses are inactivated. Furthermore, if the reduction rate 
was approximately 0.05%, the number of viruses equivalent to 
9.995 × 104 TCID50 was inactivated. These results suggested 
that large amounts of both viruses were inactivated.

Our results indicated that TF3, TF35, and TF80 decreased 
the infectivity of both the tested strains present in saliva. Fur-
thermore, in our study, quenching catechin reactions with 
excess amounts of adsorbents allowed us to observe precise 
time-dependent effects, whereas previous studies not using 
a stop solution could not reveal this information.2,3,8) Our 
results should not be realized for infectious respiratory aero-
sols. However, considering many cases suspected to be infect-
ed during eating and drinking, saliva should be considered to 
play an important role in transmission of infectious viral parti-
cles. TF35 used in this study is used to be commercially avail-
able as a catechin tablet containing 250 mg TF35/tablet. In 
our previous analysis, the tablet was placed in the oral cavi-
ty for 5 to 10 min, and approximately 10 ml saliva was secret-
ed in this duration. Hence, in this study, treatments for 5 min 
and 10 min with 0.25 mg/ml TF35 were considered equivalent 
to the consumption of one tablet. Black tea has been report-
ed to inactivate SARS-CoV-2;9) however, the antiviral efficacy 
of drinking tea may be transient. Considering these facts, it is 
expected that keeping tablets or candies containing the black 
tea-derived theaflavin concentrates TF35 and TF80, including 
TF3, in the oral cavity for 5 to 20 min, can possibly inactivate 
the virus in the saliva and would be effective in suppressing 
the spread of infection through the saliva.
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