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ABSTRACT

Introduction: Polyvinylpyrrolidone-iodine

(PVP-1) demonstrates broad-spectrum anti-in-
fective activity and is available in different for-
mulations for oral rinse and topical use in
medical and personal care settings. The novel
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has underscored the need to
supplement available preventive strategies.

Methods: We assessed virucidal activity of PVP-
I formulations, including 0.5% (w/v) solution,
5.0% (w/v) solution, 7.5% (w/v) scrub, and
10.0% (w/v) solution, versus placebos when
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challenged with coronaviruses in two in vitro
studies. Murine coronavirus strain A59 (Ameri-
can Type Culture Collection [ATCC]® VR-
764™), human coronavirus strain OC43 (Zep-
toMetrix Corp. #0810024CF), human coron-
avirus strain NL63 (ZeptoMetrix Corp.
#0810228CF), and human coronavirus strain
229E (ATCC® VR-740™) were used as surro-
gates for SARS-CoV-2. Both studies used the
American Society for Testing and Materials
in vitro time-kill method.

Results: All active PVP-I formulations in
study 1 demonstrated virucidal activity at 15,
with mean log,o reduction of greater than 4.56
or greater than 99.99% inactivation; a cytotoxic
effect against the National Collection of Type
Cultures clone 1469 host cells was observed
with 5.0% (w/v) solution, 7.5% (w/v) scrub, and
10.0% (w/v) solution. Active PVP-I formulations
in study 2 demonstrated effective virucidal
activity against coronaviruses in less than 15s;
logyo reduction in viral titer for each coron-
avirus strain was consistently higher for 10.0%
(w/v) solution and 0.5% (w/v) solution versus
7.5% (w/v) scrub.

Conclusion: Both studies demonstrated in vitro
virucidal activity of PVP-I formulations when
challenged with SARS-CoV-2 surrogate coron-
aviruses. Although promising, further investi-
gations are needed to evaluate SARS-CoV-2
inactivation.
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Why carry out the study?

The coronavirus disease of 2019 (COVID-
19) pandemic underscores the need to
supplement strategies to prevent virus
transmission in home-based, community,
and healthcare settings.

We assessed the virus inactivation effect of
different povidone-iodine formulations,
such as oral rinses, scrubs, and topical
solutions, against surrogate viruses for
severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in two

in vitro preclinical studies.

What was learned from the study?

Povidone-iodine demonstrated anti-
infective activity, with all active
formulations exhibiting effective in vitro
virucidal activity.

These results provide further
understanding of the virucidal activity of
povidone-iodine and serve as a
knowledge base for future studies,
including those evaluating SARS-CoV-2
inactivation.

INTRODUCTION

Polyvinylpyrrolidone-iodine (povidone-iodine
or PVP-I) is an antiseptic agent with broad-
spectrum anti-infective activity against a variety
of pathogenic microorganisms, such as gram-
negative and gram-positive bacteria, bacterial
spores, fungi, protozoa, and viruses [1-4]. Viru-
cidal activity against enveloped and non-en-
veloped viruses has been demonstrated [2, 5-7],
with a short contact time relative to other
commercially available antiseptic agents [7].

The efficacy and tolerability profile of PVP-I
compared with that of other agents, such as
chlorhexidine gluconate, polyhexanide, and
octenidine, has been well established [1-3, 8].
Regardless of clinical use spanning decades,
there has been no or low documented resistance
or cross-resistance [1-4]. Furthermore, the Uni-
ted States (US) Food and Drug Administration
confirmed this position in its final rule on non-
prescription antiseptic preparations intended
for professional use in healthcare settings by
not requiring resistance testing for certain
active ingredients, including PVP-I [9]. This
salient feature of PVP-I adds utility in the era of
antimicrobial resistance. Various PVP-I formu-
lations have been developed, including oral
rinses, gargles, topical solutions, and surgical
scrubs, and are available for topical or oral use
in healthcare, dental, and household settings
[2-4, 10].

Emergence of the novel severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) in
2019 and its spread globally over the following
year have proven to be an unprecedented public
health crisis [11]. At the peak, global daily cases
were almost 1.5 million in December 2020, and
global daily deaths were almost 18,000 in Jan-
uary 2021 [11]. The coronavirus disease of 2019
(COVID-19) pandemic has brought into focus
the urgent need for effective physical interven-
tions to mitigate virus transmission in home-
based, community, and healthcare settings
[12, 13], especially in the absence of definitive
treatments and expanded access to available
vaccines globally.

With a renewed focus on hand hygiene [12],
evaluations of the virucidal activity of rinses,
solutions, and scrubs have seen a significant
uptake as the global community seeks to build
an effective armamentarium against SARS-CoV-
2. With respect to oral hygiene, PVP-I mouth-
wash was included in the list of non-drug
experimental therapies against SARS-CoV-2
early in the pandemic [14]. Several in vitro
studies have evaluated PVP-I formulations
against SARS-CoV-2 and other viruses, includ-
ing the Ebola virus and Middle East respiratory
syndrome coronavirus (MERS-CoV)
[5, 6, 15-20]. PVP-I formulations have been
evaluated for wuse in high-risk clinical
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procedures involving the oropharynx and
nasopharynx or in surgical practice [21-23] as a
means to supplement available strategies, such
as personal protective equipment [24], and
prevent or reduce virus transmission during the
ongoing pandemic.

Herein, we report findings from two in vitro
studies that assessed the virucidal activity of
different PVP-I formulations compared with
matching placebos against the alphacoron-
avirus and betacoronavirus genera, which are
surrogates for SARS-CoV-2. Study 1 assessed the
efficacy of different PVP-I formulations against
murine betacoronavirus strain AS59 using the
American Society for Testing and Materials
(ASTM) in vitro time-kill method. Study 2 eval-
uated the virucidal properties of different PVP-1
formulations challenged with human beta-
coronavirus strain OC43, human alphacoron-
avirus strain NL63, and human
alphacoronavirus strain 229EF using a virucidal
suspension test (i.e., ASTM in vitro time-kill
method).

METHODS

Study Design and Rationale

Coronaviruses have originated from many dif-
ferent animal species, including bats, cattle,
camels, civets, and rodents [25]. They are
known to cause mild to serious respiratory,
gastrointestinal, and neurological diseases. Effi-
cient viral transmission appears to depend upon
the viral proteins and unique cell surface
receptor(s) on the invaded cell types. The pre-
sent preclinical in vitro study was undertaken to
better understand the broad-spectrum antiviral
activity of PVP-I and to determine, if any, dif-
ferential effectiveness for various PVP-I formu-
lations against various coronavirus strains. In
this study, the efficacy of different PVP-I for-
mulations was compared with matching place-
bos against human and murine coronavirus
surrogates for SARS-CoV-2.

Test Formulations

Different test formulations, including active
PVP-1 (Betadine®, Avrio Health L.P., Stamford,
USA) and placebo, were assessed: 0.5% (w/v)
solution, placebo 0.5% (w/v) solution, 5.0% (w/
v) solution, 7.5% (w/v) scrub, placebo 7.5% (w/
v) scrub, and 10.0% (w/v) solution in study 1
and 0.5% (w/v) solution, placebo 0.5% (w/v)
solution, 7.5% (w/v) scrub, placebo 7.5% (w/v)
scrub, and 10.0% (w/v) solution in study 2.

Virus Strains and Host Cells

In study 1, murine coronavirus strain AS59
(American Type Culture Collection [ATCC]®
VR-764™), a betacoronavirus from the same
genus that includes SARS-CoV-1, SARS-CoV-2,
and MERS-CoV, was used as a surrogate for
SARS-CoV-2; the strain was sourced from Dr.
Nerea Irigoyen (Department of Pathology,
University of Cambridge, UK). Mouse hepatitis
virus A59 was used as a surrogate test virus for
SARS-CoV-2 in study 1 since it is a representa-
tive member of the genus betacoronavirus
within the subfamily Coronavirinae-2, of which
SARS-CoV-2 is a member [26-28]. The National
Collection of Type Cultures (NCTC) clone 1469
cells (ATCC® CCL-9.1™; newborn mouse liver
cells) were used as host cells. In study 2, test
formulations were challenged with three
human viral strains that served as surrogates for
SARS-CoV-2 [29]: coronavirus strain OC43
(ZeptoMetrix Corp. #0810024CF), coronavirus
strain NL63 (ZeptoMetrix Corp. #0810228CF),
and coronavirus strain 229E (ATCC® VR-
740™), MRC-5 cells (ATCC® CCL-171™;
human lung fibroblast cells), Vero cells (ATCC®
CCL-81™; green monkey epithelial kidney
cells), and HCT-8 cells (ATCC® CCL-244"™;
human colon adenocarcinoma epithelial cells)
were used as host cells.

Facilities

The assays were performed at separate facilities:
study 1 at BluTest Laboratories Ltd., Glasgow,
UK, and study 2 at BioScience Laboratories, Inc.
(BSLI), Bozeman, Montana, USA. Standard
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equipment and supplies were used; calibration
was in accordance with the standard operating
procedure (SOP) of each facility. This article is
based on in vitro studies and did not include
research on human participants or animals
performed by any of the authors.

Preparation of Test Formulations, Virus
Suspensions, and Host Cells

For study 1, higher-concentration PVP-I formu-
lations (i.e., 5.0% (w/v) solution, 7.5% (W/v)
scrub, and 10.0% (w/v) solution) were diluted
1:10 in sterile distilled water for neutralization
validation and the in vitro time-kill assay; the
remaining test formulations (i.e., 0.5% (w/v)
solution, placebo 0.5% (w/v) solution, and pla-
cebo 7.5% (w/v) scrub) were used undiluted. For
study 2, all test formulations were used as
received from the study sponsor; final test for-
mulations had a concentration of 90%.

Virus strains were propagated and stored per
standard procedure for production of high-titer
virus stock (BSLI SOP L-2102); aliquots of stock
virus suspension stored at —70 °C were thawed
before use. ATCC-obtained host cells were
maintained as monolayers in disposable cell
culture labware in accordance with standard
procedure (BSLI SOP L-2084). Before testing,
these cultures were seeded onto multiwell, cell
culture-treated plates. Vero and HCT-8 cell
monolayers were 80-90% confluent and less
than 48 h old before virus inoculation; MRC-5
cells were 80% confluent and approximately
51 h old. The growth medium (i.e., RPMI-1640
or 1X Eagle’s Minimum Essential Medium with
10% fetal bovine serum and 1% antibiotic and 1-
glutamine) was replaced with the maintenance
medium (i.e., RPMI-1640 or 1X Eagle’s Mini-
mum Essential Medium with 2% fetal bovine
serum and 1% antibiotic and L-glutamine) to
support virus propagation.

Assessment of Cytopathic/Cytotoxic
Effect

Cytopathic/cytotoxic effect in host cells was
monitored to  determine the lowest

concentration of PVP-I that was noncytopathic
and noncytotoxic.

Neutralization Validation

Neutralization validation was performed to
confirm the effectiveness of the procedure in
neutralizing the active virucidal component
with each formulation; this was performed for
the median tissue culture infective dose
(TCIDsp) input virus, positive control, negative
control, and test formulations. Standard testing
methods based on ASTM were employed. Neu-
tralization was validated when virus recovery in
the positive control matched that in the neu-
tralized formulation.

Virucidal Suspension Test Using the Time-
Kill Method

For study 1, triplicates were set up for each
designated exposure time point. The first well
contained 0.8 mL of the test formulation at a
specific concentration and 0.1 mL of sterile
water. The procedure was initiated when 0.1 mL
of virus was added to this well and mixed.
Samples were incubated for designated exposure
times of 15s, 30s, 60s, and 5 min. Upon the
specified time indicated, a 0.1-mL volume from
the well was sampled and applied gently to the
surface of a prepared MicroSpin S-400 HR col-
umn and eluted per manufacturer’s instruc-
tions. The void volume eluent (0.1 mL) was
applied to a well containing 0.9 mL of 5%
bovine serum albumin in phosphate-buffered
saline at 20 £ 1 °C and incubated for 5 min at
20 + 1 °C. Following incubation, 0.1 mL of the
mixture was diluted in 0.9 mL of cell culture
media before being serially diluted up to a
concentration of 107° and plated per the stan-
dard TCIDsy reads/calculations; results were
recorded. Subsequent analyses were performed
using the well-established Spearman-Kéarber
method of quantification [30]. Positive controls
were set up alongside the test formulation being
processed; the positive-control well contained
0.8 mL of cell culture media, 0.1 mL of sterile
water, and 0.1 mL of the virus. Positive controls
were assessed at O s and 5 min; negative controls
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were assessed at 15s and 5 min. The negative
control runs were identical to the test formula-
tion runs, except water was substituted for the
virus suspension.

For study 2, a virucidal suspension test based
on ASTM E1052-11 (Standard Test Method to
Assess the Activity of Microbicides against
Viruses in Suspension) was also performed. A
0.5-mL aliquot of test virus was added to 4.5 mL
of undiluted test formulation to obtain a 90%
(w/v) concentration of the test formulation. The
challenge virus suspension was exposed to the
test formulation for the designated exposure
times (i.e., 0 [< 155s], 155,305, 60 s, and 5 min).
Immediately after exposure, the test virus sus-
pension was neutralized in Dey-Engley neu-
tralizing broth, mixed thoroughly, and serially
diluted in the maintenance medium. Each
dilution was plated in four replicates.

Analytical Methods

Viral titers in both studies were determined
using the quantal test (Spearman-Kérber
method) [30] and expressed as TCIDs( using the
following formula: log TCIDso = L — d(s — 0.5)/
inoculum volume, where L is the negative logq
of the lowest dilution, d is the difference
between the dilution steps, and s is the sum of
proportions of the positive wells per test dilu-
tion. Reduction in test virus infectivity of each
strain was calculated as the difference in
log,o TCIDso/mL between the virus control and
the test virus; this was done at the designated
exposure times (i.e., 15s, 30, 60s, and 5 min
for study 1 and O [< 155s], 155, 30s, 60s, and
Smin for study 2). The percentage reduction
was also calculated and reported.

RESULTS

Study 1

All test formulations were validated for neu-
tralization across triplicates at 60 s exposure
time (data not shown). Active PVP-I formula-
tions demonstrated effective virucidal activity
against the murine coronavirus strain A59 at

15s under test conditions. The mean logio
reductions in viral titer after exposure to test
conditions are presented in Table 1. Three of the
PVP-I formulations (i.e., 0.5% (w/v) solution,
5.0% (w/v) solution, and 10.0% (w/v) solution)
demonstrated high virucidal activity against the
murine coronavirus strain A59 at 15s, with a
mean log;o reduction of greater than 4.56 or
greater than 99.99% viral inactivation; this was
lower for 7.5% (w/v) scrub, which had a mean
logyo reduction of greater than 3.56. Placebo
0.5% (w/v) solution showed the lowest virucidal
activity against the murine coronavirus strain
AS59 (mean log;o reduction of 0.17 at 15s).
Mean log;o reductions in viral titer for all test
formulations are illustrated in Fig. 1.

Cytotoxic effects against NCTC clone 1469
host cells were observed with some of the PVP-I
formulations (i.e., 5.0% (w/v) solution, 7.5%
(w/v) scrub, and 10.0% (w/v) solution).
Accordingly, these formulations were tested at
1:10 dilution instead as this was the lowest
concentration of PVP-I that was noncytotoxic
against NCTC clone 1469 host cells. Further-
more, 7.5% (w/v) scrub showed a lower log;o
reduction at 1:10 dilution.

The efficacy of positive and negative virus
controls was also evaluated for each test for-
mulation at exposure times of Os and 5 min,
and 15s and 5 min, respectively. The positive
controls for all test formulations, including
active and placebo, showed mean log;o reduc-
tions in infectivity of 6.00 at Os and 6.06 at
5 min. For negative controls across all test for-
mulations, no differences were observed in
mean log;o reductions in infectivity for expo-
sure at 15 s versus 5 min; mean log;, reductions
in infectivity of 1.50 were observed for 0.5% (w/
v) solution, placebo 0.5% (w/v) solution, 5.0%
(w/v) solution, and 10.0% (w/v) solution; 2.50
for 7.5% (w/v) scrub; and 3.50 for placebo 7.5%
(w/v) scrub.

Study 2

All test formulations were validated for neu-
tralization along with neutralizer toxicity con-
trols (data not shown). Across test formulations,
the three PVP-I formulations demonstrated
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M 15 seconds ™ 30 seconds M 60 seconds M 5 minutes

4.56 4.56 4.56 4.56

Mean log,, reduction in viral titer

0.17 .41 022 028

0.5% (w/v)
solution

Placebo 0.5% (w/v)
solution

5.0% (w/v)
solution

4.56 4.56 4.56 4.56

4.56 4.56 4.56 4.56

3.56 3.56 3.56 3.56

2.56 2.56 2.56 2.56

7.5% (wiv) Placebo 7.5% (w/v)
scrub scrub

10.0% (w/v)
solution

Test formulations

Fig. 1 Mean log;, reductions in viral titer as a function of exposure time for the six test formulations, including PVP-I and

placebo (study 1). PVP-I polyvinylpyrrolidone—iodine, w/v weight per volume

effective virucidal activity against the coron-
avirus strains in less than 15 s, with mean log;¢
reduction in viral titers and some variability by
PVP-I formulation and coronavirus strain; the
infective dose and mean log;o reductions in
viral titer after exposure to test conditions are
presented in Table 2. The 0.5% (w/v) solution
reduced the infectivity of all three coronavirus
strains; the mean log;, reduction was the
highest within 15 s of exposure for coronavirus
strain NL63 (4.75 log;o or greater than 99.99%
viral inactivation). The 10.0% (w/v) solution
also reduced the infectivity of all three coron-
avirus strains; the mean log;o reduction within
15 s of exposure was the highest for coronavirus
strain NL63 (at least 5.25log,o or greater than
99.99% viral inactivation). Viral inactivation
within 15 s across all coronavirus strains was the
lowest for 7.5% (w/v) scrub compared with the
other active PVP-I formulations. The mean log;¢
reductions in viral titer for each coronavirus
strain are illustrated in Fig. 2; these were con-
sistently higher for 0.5% (w/v) solution and
10.0% (w/v) solution compared with 7.5% (w/v)
scrub and placebos.

Under the experimental conditions used,
cytopathic or cytotoxic effect against host cells
was observed for some test formulations: for
coronavirus strain OC43, 0.5% (w/v) solution
for exposure of 0 (< 15s), placebo 0.5% (w/v)
solution for all exposure times, 7.5% (w/v) scrub
for all exposure times, placebo 7.5% (w/v) scrub

for all exposure times, and 10.0% (w/v) solution
for exposure of 0 (< 15s).

DISCUSSION

Though PVP-I has been shown to be a broad-
spectrum antiseptic agent, activity against
murine and human coronavirus strains has not
been previously reported in the literature. Our
research using surrogate coronaviruses expands
on the body of virucidal effectiveness data of
PVP-I. Testing against surrogates helps inform
several different research needs related to the
novel coronavirus, including strain-to-strain
comparisons, replicating test methods, and
improving statistical confidence. Agent-surro-
gate comparison testing is also useful to ascer-
tain if SARS-CoV-2 has unnatural
environmental or antimicrobial persistence
compared with other coronaviruses [31].

Our findings on virucidal activity were con-
sistent with the results of other studies,
including in vitro studies and an in vivo simu-
lation study, of PVP-I formulations tested
against viruses [5, 6, 15, 18, 32], and an
observed log;, reduction in the viral titer of at
least 4, per European Standards of disinfectant
efficacy [33]. PVP-I virucidal activity was
observed within or at 15s and persisted until
5 min, the last measured exposure time in both
studies, and was indicative of rapid and pro-
longed viral inactivation. Virucidal activity
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varied by PVP-I formulation: in study 1, it was
higher for 0.5% (w/v) solution, 5.0% (w/v)
solution, and 10.0% (w/v) solution against
murine coronavirus strain A59 at designated
exposure times compared with 7.5% (w/v)
scrub; in study 2, it was consistently higher for
0.5% (w/v) solution and 10.0% (w/v) solution
against three coronavirus strains compared with
7.5% (w/v) scrub. It must be noted that 7.5%
(w/v) scrub exhibited a lower log;o reduction
(i.e., less than 4 log;o reduction) at 1:10 dilution
in study 1 compared with the other PVP-I for-
mulations. This PVP-I formulation is designed
as a sudsing cleanser for use in a medical/sur-
gical setting. The sudsing is achieved through
the inclusion of nonionic surfactants (e.g.,
nonoxynol-9). Following the mechanical action
of handwashing, the cleanser and any associ-
ated pathogens are subsequently washed off the
skin. Washing off the cleanser and associated
pathogens in the clinical setting may be an
important consideration in interpreting these
in vitro study findings. Furthermore, it was
hypothesized that some of the coformu-
lant(s) may have contributed to host cell cyto-
toxicity as the undiluted placebo 7.5% (w/v)
scrub, which had the same formulation but
without active PVP-I, also demonstrated similar
cytotoxic effect against NCTC clone 1469 host
cells, potentially leading to lower log,o reduc-
tion values. In addition, since at least one of the
nonionic surfactants in the formulation is
known to exhibit microbicidal effects (e.g.,
nonoxynol-9) [34, 35], it is not surprising that
the placebo 7.5% (w/v) scrub exhibited some
antiviral activity in these studies.

While recognized as safe and effective, there
is a lack of clear consensus on US guidance
related to benchmarks for virucidal efficacy
testing (i.e., the magnitude of reduction in viral
infectivity) [36]. Technical guidance has been
established in Europe (i.e., European Standards
or EN) to define requirements for test methods,
including in vitro testing methods to ascertain
the disinfectant efficacy [37] of agents such as
PVP-], and the magnitude of log;o reduction in
viral titer (at least 4) [33, 38]. This benchmark is
often reported as evidence of the efficacy of
disinfectant activity and for comparison of
results [5, 18], including for various antiseptic

agents. In one study that included PVP-I, tri-
closan, chlorhexidine digluconate, octenidine
dihydrochloride, and polyhexanide, the opti-
mal efficacy of PVP-I was demonstrated over
shorter and more immediate contact times of
1 min [39]. Another study assessed the bacteri-
cidal and virucidal efficacy of PVP-I [7.5% (w/v)
scalp and skin cleanser], chlorhexidine glu-
conate [4.0% (w/v) hand cleanser], and the ref-
erence handwash using the European Standard
EN1499 and demonstrated a significantly
higher mean log;o reduction with PVP-I com-
pared with chlorhexidine gluconate for differ-
ent volumes and contact times [32].

Physical interventions to reduce viral trans-
mission during the current COVID-19 pan-
demic in healthcare, community, and home-
based settings include maintaining hand
hygiene by frequent and proper handwashing
[12] and the use of personal protective measures
[14, 24]. In vitro studies of PVP-I using chal-
lenge testing have assessed virucidal efficacy,
including against coronaviruses such as SARS-
CoV-2 [15-19]. In one study, all four PVP-I for-
mulations (10.0% (w/v) antiseptic solution,
7.5% (w/v) antiseptic skin cleanser, 1.0% (w/v)
gargle and mouthwash, and 0.45% (w/v) throat
spray) achieved at least 99.9% viral inactivation
or at least a 4log;o reduction in viral titer
within 30 s of contact [15]. In a study evaluating
the in vitro virucidal activity of PVP-I gargle and
mouthwash, the undiluted (PVP-I 1% w/v) and
1:2 dilution (PVP-I 0.5% w/v) formulations
demonstrated rapid virucidal activity (at least
4logyo reduction in viral titer) at 15s [18].
Although a gap exists in the interpretation of
findings from in vitro studies and evidence from
clinical studies is needed, effective anti-infec-
tive therapy has the potential to contribute
significantly to ensuring safer healthcare and
household environments, especially in the cur-
rent pandemic.

Through our in vitro studies, we demon-
strated the virucidal activity of a variety of PVP-I
formulations, such as gargle/oral rinse, solution,
and scrub, at different concentrations and with
complementary uses in medical, dental, or sur-
gical settings and personal care settings, when
challenge tested against alphacoronavirus and
betacoronavirus strains that served as surrogates
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a. Coronavirus strain 0C43
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b. coronavirus strain NL63
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C. Coronavirus strain 229E
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Fig. 2 Mean log;o reductions in viral titer as a function of exposure time for the five test formulations, including PVP-I and
placebo (study 2). Coronavirus strains a OC43, b NL63, ¢ 229E. PV'P-I polyvinylpyrrolidone-iodine, w/v weight per

volume

for SARS-CoV-2. It is encouraging to see recent
preclinical and clinical evidence demonstrating
PVP-I-mediated in vitro inactivation of SARS-
CoV-2 [40-45] as well as reduction in viral load

using PVP-I oral formulations in randomized
clinical trials on patients with COVID-19
[46, 47]. Our findings and studies by other
groups, together, strengthen the evidence for
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implementing the use of various PVP-I formu-
lations in medical and personal care settings
against a family of coronavirus strains, includ-
ing SARS-CoV-2, as a broad-spectrum virucidal
agent that neutralizes human and murine
coronaviruses, potentially informing behaviors
and preventing transmission during future
pandemics. In these unprecedented times, the
ongoing research using PVP-I provides addi-
tional safeguards to enhance existing preven-
tive strategies and increase our armamentarium
to prevent and reduce SARS-CoV-2 transmission
in medical and community settings. To prevent
virus transmission among patients, healthcare
workers, and caregivers during the COVID-19
pandemic, future clinical studies on PVP-I
effectiveness should include evaluation of the
following: virucidal activity against SARS-CoV-
2; optimal delivery methods or formulations,
including oral rinse, intranasal spray, or scrub;
and optimal concentrations of different formu-
lations for SARS-CoV-2 inactivation. Our study
has some limitations. First, the in vitro nature of
the study design prevents clinical interpretation
of the findings. Second, there is a paucity of US
standards for evaluating the in vitro virucidal
efficacy of anti-infective agents against an
established benchmark related to the magni-
tude of log;o reduction in viral titer and infec-
tivity. Such a benchmark would provide a
much-needed tool to evaluate the virucidal
activity or efficacy of disinfectants.

CONCLUSION

Both studies demonstrated the in vitro virucidal
activity of different PVP-I formulations against
coronaviruses using the time-kill method.
While these in vitro findings are promising,
they should serve as a basis for clinically focused
investigations to generate evidence on optimal
concentrations and delivery methods and to
evaluate the virucidal activity of PVP-1 formu-
lations against SARS-CoV-2.
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