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Purpose: This study aimed to evaluate the virucidal efficacy of 0.4% povidone-iodine (PVP-I) nasal spray against SARS-CoV-2 in
the patients’ nasopharynx at 3 minutes and 4 hours after PVP-I exposure.

Patients and Methods: The study was an open-label, before and after design, single-arm pilot study of adult patients with RT-PCR-
confirmed COVID-19 within 24 hours. All patients received three puffs of 0.4% PVP-I nasal spray in each nostril. Nasopharyngeal
(NP) swabs were collected before the PVP-I spray (baseline, left NP samples), and at 3 minutes (left and right NP samples) and 4
hours post-PVP-I spray (right NP samples). All swabs were coded to blind assessors and transported to diagnostic laboratory and
tested by RT-PCR and cultured to measure the viable SARS-CoV-2 within 24 hours after collection.

Results: Fourteen patients were enrolled but viable SARS-CoV-2 was cultured from 12 patients (85.7%). The median viral titer at
baseline was 3.5 log TCIDso/mL (IQR 2.8-4.0 log TCIDso/mL). At 3 minutes post-PVP-I spray via the left nostril, viral titers were
reduced in 8 patients (66.7%). At 3 minutes post-PVP-I, the median viral titer was 3.4 log TCIDso/mL (IQR 1.8—4.4 log TCIDs¢/mL)
(P=0.162). At 4 hours post-PVP-I spray via the right nostril, 6 of 11 patients (54.5%) had either the same or minimal change in viral
titers. The median viral titer 3 minutes post-PVP-I spray was 2.7 log TCIDso/mL (IQR 2.0-3.9 log TCIDso/mL). Four hours post-PVP
-1 spray the median titer was 2.8 log TCIDso/mL (IQR 2.2-3.9 log TCIDs¢/mL) (P=0.704). No adverse effects of 0.4% PVP-I nasal
spray were detected.

Conclusion: The 0.4% PVP-I nasal spray demonstrated minimal virucidal efficacy at 3 minutes post-exposure. At 4 hours post-
exposure, the viral titer was considerably unchanged from baseline in 10 cases. The 0.4% PVP-I nasal spray showed poor virucidal
activity and is unlikely to reduce transmission of SARS-CoV-2 in prophylaxis use.
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Introduction
Coronavirus disease 2019 (COVID-19) is an acute viral respiratory infection caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) that emerged in December 2019 causing a pandemic that has killed millions.'
The SARS-CoV-2 can persist in the upper respiratory tract of the patients at least seven days and spreads mainly via
droplet and airborne transmission.? Patients are infectious for two to three days before the onset of symptoms and are
most contagious one to two days before the patients feel sick.’

Povidone iodine (PVP-I) possesses rapid in-vitro virucidal activity against SARS-CoV-2.*"" It can reduce SARS-CoV
-2 titers by approximately 100-fold within 30 seconds after 0.45-10% PVP-I exposure.’ It is a broad-spectrum antiseptic
and used for topical application in skin solutions and throat sprays.®'° PVP-I has a good safety profile and is available in
Thailand. The 0.4% PVP-I nasal spray is prepared and use to spray aerosols into nasal cavities and nasopharynx. The
aerosols containing PVP-I will lay down easily on the mucosa in the turbinate and nasopharynx and exert PVP-I virucidal
activity onsite. Nasal spray used by ordinary people is easy and more convenient than nasopharynx irrigation which

needs to adjust head position and the patients has to hold breathing while performing irrigation to avoid suffocation.
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Many researchers and clinicians hypothesized that a nasal spray of PVP-I would decrease viable virus titers in the
upper airway. One practice guideline advises the use of 0.4% PVP-I nasal application and 0.5% oropharyngeal
application to reduce the risk of COVID-19 transmission.'' However, evidence of in vivo efficacy against SARS-CoV
-2 in humans is very limited. Two previous studies reported that 0.5-1% PVP-I has virucidal efficacy against SARS-CoV
-2 in the oral cavity of COVID-19 patients,'>"?
PVP-I in humans.'* !¢

Therefore, the aim of this study was to measure the speed of virucidal activity at three minutes and the sustainability

while other studies have not demonstrated a virucidal effect of 1-2%

of virucidal action at four hours after administration of a 0.4% PVP-I nasal spray in the patients with laboratory-
confirmed COVID-19 infection. If the virucidal effect of PVP-1 was rapid and at least 10-fold reduction from baseline
was demonstrated in the patients’ nasopharynx, it would be beneficial to public and healthcare professionals since PVP-I
nasal spray would become a simple and cost-effective measure for preventing cross-contamination and community
transmission of SARS-CoV-2.

Materials and Methods

This was an open-label, before and after study design, single-arm pilot study conducted from February 15, 2021, to
March 15, 2021, at Siriraj Hospital and Samut Sakhon Hospital in Thailand and the patients were followed up for 24
hours in the hospital. The study protocol was approved by the Siriraj Institutional Review Board, Mahidol University,
Thailand (COA. 408/2020), and by the Ethic Committees of Samut Sakhon Hospital (SKH REC 10/2564/V.1). Written
informed consent was obtained from all study participants. This study has been registered at Thai Clinical Trials Registry
under registration id. TCTR20210125002. The authors confirmed that all ongoing trials for PVP-1 were registered before
the patient enrollment.

Eligible patients were adults aged 18—60 years with asymptomatic or mild disease due to SARS-CoV-2 with a cycle
threshold (Ct) value less than 25 of either the N gene or ORF1ab by reverse transcriptase polymerase chain reaction (RT-
PCR) in the 24 hours before study enrollment. Patients with an iodine allergy or thyroid disease, pregnant or lactating
women, and patients who had received antiviral agents (ie, remdesivir and favipiravir) were excluded.

The 0.4% PVP-I was made by mixing 10% PVP-I solution with normal saline in 1:30 ratio and used as nasal spray.
The following intervention was performed sequentially in all patients; 1) specimen collection by nasopharyngeal (NP)
swab via the left nostril (pre-exposure specimen), 2) administration of 0.4% PVP-I nasal spray via the left and right
nostrils, 3) wait 3 minutes and collect NP swab specimens through the left and right nostrils, 4) wait 4 hours and collect
an NP swab specimen through the right nostril, 5) all participants were hospitalized to observe symptoms and side effects
for at least 24 hours after the PVP-I nasal spray. All NP specimens were assigned numbers to blind laboratory technicians
and kept in viral transport media (VTM) at 4 °C and sent to the microbiology laboratory for testing by RT-PCR and viral
culture within 24 hours.

The rapidity of 0.4% PVP-I antiviral activity was demonstrated by comparing the numbers of viral titer in the left side
of nasopharynx (pre-exposure specimen) before and at 3 minutes after PVP-I exposure. The comparison between the
average viral titer in the left side of nasopharynx (pre-exposure specimens) and that of the right side of nasopharynx at 3
minutes after PVP-I exposure was performed to provide an additional information of virucidal speed assuming that the
viral titers of the left and right sides of nasopharynx were equal before the PVP-I exposure. The sustainability of antiviral
activity was evaluated by comparing the viral titers in the right side of nasopharynx at 3-minutes and 4-hours after PVP-I
exposure.

RNA was extracted from 200 pL of viral transport media from the NP swab samples using MagDEA® Dx kit
(Precision System Science, Chiba, Japan), and SARS-CoV-2 RT-PCR was performed by amplification of SARS-CoV-2
N and ORFlab fragments using the Detection Kit for 2019 Novel Coronavirus (2019-nCoV) RNA (PCR-Fluorescence
Probing) (Da An Gene Co., Ltd. of Sun Yat-sen University, Guangdong, China), with a cycle threshold <40 considered
positive.17 For the viral culture test, titers were determined as the 50% tissue culture infectious dose (TCIDsg) of the
virus. Vero E6 cells expressing the type II transmembrane serine protease (Vero-TMPRSS2)'® were seeded into 96-well
plates and incubated with a serial dilution of the nasopharyngeal specimen. Cytopathic effects were evaluated daily until
a 7-day incubation was completed.
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Assuming that 70% of the pairs switch from the initial values of viable SARS-CoV-2 counts in cell culture to less
than 10 fold after 3 minute of PVP-I nasal exposure and 0% from the initial value to higher viable viral count after 3
minutes of PVP-I nasal exposure, and after applying continuity correction, the pilot study would require a sample size of
10 pairs to achieve a power of 80% and a two-sided significance of 5% for detecting a difference of —0.70 between the
discordant proportions.'®

Statistical Analysis
Demographic data were described with descriptive statistics. Quantitative data were described with mean + standard
deviation, or median and interquartile range. Qualitative data were described in frequency (percent). The median of Ct
value and viral titers were compared at each time point using the Wilcoxon signed-rank test and Mann—Whitney U-test.
A p-value of <0.05 was considered statistically significant.

The study complies with the World Medical Association (WMA) Declaration of Helsinki.

Results

Fourteen patients were enrolled, and viable culture was obtained from 12 patients (85.7%) (Figure 1). Six patients were
male (50%) with a median age 34.0 years (interquartile range (IQR) 27.5-45.0 years). Nine patients had mild disease and
three patients had asymptomatic infection. The median duration from symptom onset to study enrollment was 3.0 days
(IQR 1.5-4 days) (Table 1). No adverse events from PVP-I administration were observed during hospitalization.

[ Enrollment ] Assessed for eligibility (n=14)

I » | Excluded (n=0)

\ 4

nasal spray (n=14)
+ Before and after study design

- All was allocated to povidone iodine (PVP-I)
[ Allocation |

\ 4

Follow-up at 4 hours after PVP-I nasal spray

[ Follow-Up ]

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysed (n=12)
[ Analysis ] + Excluded from analysis (due to viable SARS-
CoV-2 was not detected in cell culture) (n=2)

Figure | CONSORT flow diagram of the pilot study.
Note: Adapted from Schulz KF, Altman DG, Moher D, for the CONSORT Group. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group
Randomised Trials. PLoS Med. 2010;7(3): e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.”
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Table | Demographic Data of 12 Patients with Culturable NP Samples

ID | Age Range | Sex BMI Disease Duration from Symptom Onset to TCIDso/mL (Baseline, Left Side of
(Years) (kg/m?) Severity Enrollment (Days) Nasopharynx)

| 51-55 F 20.7 Mild 3 640

2 26-30 F 25.1 Mild 3 640

3 21-25 M 235 Mild 2 40,960

4 46-50 M 19.7 Mild 4 2560

5 41-45 M 22.7 Asymptomatic NA 10,240

6 41-45 F 20.1 Mild | 10,240

7 41-45 M 235 Asymptomatic NA 640

8 26-30 F 27.3 Mild | 2560

9 21-25 M 24.0 Mild 4 10,240

10 31-35 M 26.0 Asymptomatic NA 5120

I 26-30 F 26.4 Mild 3 40,960

12 3640 F 414 Mild 4 640

Abbreviations: ID, identification number; F, female; M, male; NA, not applicable;TCIDso, median tissue culture infectious dose; NP, nasopharyngeal.

At 3 minutes post-PVP-I nasal spray, eight of the 12 patients (66.7%) had a reduction of viral titers. The median viral
titer at baseline was 3.5 log TCIDsy/mL (IQR 2.8-4.0 log TCIDs¢/mL), and the median viral titer at 3 minutes post-PVP
-1 exposure was 3.4 log TCIDso/mL (IQR 1.8-4.4 log TCIDso/mL) (P=0.162) (Tables 2 and 3). A median value of 0.1
log reduction of viable viruses (IQR —0.05-0.23 log reduction) and 75.0% virus reduction (IQR —225.0-93.8%) were
found. The median baseline Ct value of the N gene was 19.84 (IQR 17.77-21.52), whereas the median Ct value of the
N gene at 3 minutes post-PVP-I was 19.49 (IQR 16.95-23.10) (P=0.569). The median baseline Ct value of the ORFlab
gene was 19.84 (IQR 16.82-22.22), and the median Ct value of the ORFlab gene at 3 minutes post-PVP-I was 19.17
(IQR 15.81-24.87) (P=0.469).

The median viral titers of the left and right NP specimens at 3 minutes post-PVP-I exposure were 3.4 log TCIDso/mL
(IQR 1.8-4.4 log TCIDso/mL) and 2.7 log TCIDso/mL (IQR 2.0-3.9 log TCIDs¢/mL), respectively (P=0.433). The
median Ct value of the N gene of the left and right-side NP specimens at 3 minutes post-PVP-I were 19.49 (IQR 16.95—
23.10) and 19.58 (IQR 17.69-21.30), respectively (P=0.977). The median Ct value of the ORF1ab gene of the left and
right-side NP specimens at 3 minutes post-PVP-I were 19.17 (IQR 15.81-24.87) and 20.86 (IQR 16.78-23.06),
respectively (P=0.885).

At 4 hours post-PVP-I nasal spray, six of the 11 patients (54.5%) were observed to have either the same titer or
a minimal reduction of viral titers, and five patients had increased titers from the samples collected at 3 minutes post-PVP
-1. The median viral titer at 3 minutes post-PVP-I exposure was 2.7 log TCIDso/mL (IQR 2.0-3.9 log TCIDso/mL), and
the median viral titer at 4 hours post-PVP-I exposure was 2.8 log TCIDso/mL (IQR 2.2-3.9 log TCIDs¢/mL) (P=0.704).
The median Ct value of the N gene at 3 minutes post-PVP-I exposure was 19.58 (IQR 17.69-21.30), and the median Ct
value of the N gene at 4 hours post-PVP-I exposure was 20.19 (IQR 18.01-22.16) (P=0.339). The median Ct value of the
ORFlab gene at 3 minutes post-PVP-I exposure was 20.86 (IQR 16.78-23.06), and the median Ct value of the ORFlab
gene at 4 hours post-PVP-I was 21.49 (IQR 16.69-23.38) (P=0.433).

Only one case (no. 12) showed viral titers decreased approximately ten folds. The rest showed only within 1-4 fold
reduction which could be due to sampling variation or weak PVP-I anti-viral activity. Five cases even had increased viral
titers after PVP-I exposure (Table 4). Overall, the decrease of viral titers is not rapid and not as much as shown by the
in vitro test which is about at least 100-fold decrease in 30 seconds contact time after PVP-I exposure.” At 4 hours after

PVP-I exposure, minimal or no change in viral titer was demonstrated. Compare to the baseline value of viral culture
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Table 2 Cycle Threshold (Ct) Values for Culturable NP Samples

ID | N ORFlab N ORFlab N ORFlab N ORFlab
(Baseline, Lt) (Baseline, Lt) (3 min, Lt) (3 min, Lt) (3 min, Rt) (3 min, Rt) (4 h, Rt) (4 h, Rt)

| 21.96 23.00 25.42 26.52 23.44 2461 21.93 2291

2 22.64 24.18 23.99 25.45 20.71 2234 2447 26.12

3 19.71 21.31 21.54 23.13 19.32 20.62 2041 21.68

4 20.73 20.14 20.18 21.47 19.79 21.16 19.96 21.29

5 17.73 19.00 18.54 19.83 19.74 21.09 2223 2349

6 18.45 19.53 19.23 18.08 18.69 19.87 18.20 19.32

7 20.40 2252 23.62 26.22 21.49 23.63 21.27 23.10

8 19.96 18.46 19.10 17.72 17.03 15.72 18.21 16.91

9 16.19 15.08 16.42 15.17 17.36 16.29 17.94 16.61

10 17.89 16.27 16.39 15.07 15.73 14.50 16.76 15.39

I 16.30 15.20 15.40 14.36 19.41 18.23 16.91 15.83

12 21.78 20.38 19.75 18.51 24.40 23.30 24.68 2347

Abbreviations: ID, identification number; Lt, left nasopharyngeal samples; Rt, right nasopharyngeal samples; NP, nasopharyngeal.

Table 3 Viral Titers for Culturable NP Samples

ID TCIDso/mL (Baseline, Lt.) TCIDso/mL (3 min, Lt.) TCIDso/mL (3 min, Rt.) TCIDso/mL (4 h, Rt.)
[ 640 10 80 160
2 640 40 160 10

3 40,960 2560 10,240 10,240
4 2560 40,960 320 640
5 10,240 5120 320 160
6 10,240 1280 10,240 1280
7 640 160 40 320
8 2560 2560 640 640
9 10,240 40,960 640 5120
10 5120 40,960 40,960 40,960
I 40,960 10,240 2560 20,480
12 640 40 0 0

Abbreviations: ID, identification number; Lt, left nasopharyngeal samples; Rt, right nasopharyngeal samples; NP, nasopharyngeal.

obtained from left nasopharynx of each individual, seven specimens showed about tenfold reduction of viral titer, 22
specimens revealed within 4 folds reduction and 7 specimens showed no change or even increase in viral titer. Overall,
the PVP-I did not demonstrate the rapid and strong virucidal activity as has been shown by the in vitro test. Raw data of
clinical setting and viral culture at baseline; 3 min, Lt.; 3 min, Rt.; and 4 h, Rt. were available in the attached file
(391,630-raw-data-from-clinical-trial-pvp-i.xlsx). Individual deidentified participant data on demographic data, clinical
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Table 4 Change in Viral Titers After 3 Minutes and 4 Hours Exposure to PVP-| as Compared to the Baseline Value from Left NP

Specimens
ID = 10-Fold Reduction Within 4 Fold Reduction No Change or Increase
| 3 min, Lt. 3 min, Rt; 4h, Rt. 0
2 4h, Rt. 3 min, Lt.; 3 min, Rt. 0
3 0 3 min, Lt; 3 min, Rt.; 4h, Rt. 0
4 0 3 min, Rt.; 4h, Rt. 3 min, Lt.
5 0 3 min, Lt.; 3 min, Lt; 4h, Rt. 0
[ 0 3 min, Lt,; 4h, Rt. 3 min, Lt.
7 3 min Rt. 3 min, Lt.;4h, Rt.
8 0 3 min, Rt.; 4h, Rt. 3 min, Lt.
9 0 3 min, Rt.; 4h, Rt. 3 min, Lt.
10 0 0 3 min, Lt; 3 min, Lt; 4h, Rt.
I 3 min, Rt. 3 min, Lt; 4h, Re. 0
12 3 min, Lt; 3 min, Rt,; 4h, Rt. 0 0
Total specimens 7 22 7

Abbreviations: ID, identification number; Lt, left nasopharyngeal samples; Rt, right nasopharyngeal samples; NP, nasopharyngeal.

symptoms, viral cultures before and after PVP-I exposure or other study documents are available from the publisher or
from the first author for one year after publication through the following e-mail address. (e-mail address: rujipas.
sir@mabhidol.ac.th; rujipas21@gmail.com).

Discussion

The TCIDso/mL of the 12 patients with culturable NP samples varied from 640 to 40,960, which was not related to either
disease severity or the onset of clinical symptoms when NP swabs were taken. Because all cases recovered uneventfully,
the initial values of TCIDso/mL did not predict the treatment outcome. However, the sample size was small and this study
was not designed for evaluating the relationship between the initial viral titers and disease severity or clinical outcome.

A median one-fold reduction of SARS-CoV-2 viral titer from nasopharyngeal swabs at 3 minutes post-PVP-I
exposure in the left side of nasopharynx was observed. This was in marked contrast to in vitro studies that reported as
much as a 100-fold reduction in viral titer.” At 4 hours post-exposure to 0.4% PVP-I nasal spray, the viral titer in the right
side of nasopharynx was unchanged from baseline in 10 cases.

Although the in vitro rapid activity of PVP-I against SARS-CoV-2 has been established in several studies,”’ evidence
of in vivo activity in humans is limited. Two studies have reported that PVP-I administration into the upper aerodigestive
tract of COVID-19 patients was associated with lower SARS-CoV-2 viral load and Ct values.'*'? However, other studies
have not confirmed their results.'*'® To measure potential reductions in viral shedding, the RT-PCR alone is insufficient
and viral culture is needed. Using viral culture, PVP-I administration probably reduced infectious viral titers in the upper
respiratory tract of COVID-19 patients in two recent studies.”'** Friedland et al demonstrated that 0.5% PVP-I nasal
spray was associated with a reduction of viral titers in five of the six study participants (83%) five minutes after PVP-1
application.?' Seikai et al revealed that gargling with PVP-I was associated with significantly decreased viral titers at 60
minutes after PVP-I exposure.”

This present study demonstrated that PVP-I nasal spray had poor in vivo efficacy in this study. This could be explained
by several factors including insufficient concentration, improper formulation and/or amount of PVP-I, inadequate duration
of exposure, inappropriate method of administration, and mucociliary clearance of PVP-I from the nasal cavity.?' As

Infection and Drug Resistance 2022:15

7534

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Sirijatuphat et al

aforementioned, 0.45—-10% PVP-I exposure showed the good in vitro virucidal activity against SARS-CoV-2,” however, in
previous human studies, the concentrations of PVP-I applications were ranged from 0.5% to 2%"'%71¢ and the studies that
used higher concentrations (1% or 2%) of PVP-I did not demonstrate the virucidal efficacy of SARS-CoV-2 in COVID-19
patients. The 0.4% PVP-I that used in this study was based on the recommendations from the clinical practice guidelines,''
and this concentration may not be adequate for SARS-CoV-2 eradication in nasal pathways of humans. Moreover, the PVP-
I in this study was applied by nasal spray without clear penetration of the patient’s nasopharynx and the NP swabs were
collected for determining the viral titers by culture method, therefore, inadequate PVP-I exposure at the nasopharynx may
be occurred.

Our study also revealed that 0.4% PVP-I nasal spray did not change the Ct value of the N and ORFlab segments and
did not interfere with PCR-mediated laboratory diagnosis of COVID-19. Finally, 0.4% PVP-I administered as a nasal
spray was safe and well-tolerated.

This present study had some limitations. First, this was a small, single-arm, pre- and post-exposure pilot study,
therefore, the study result may differ from larger-scale studies. Second, the study participants were likely infected with
the strain B.1.36.16 of SARS-CoV-2 that caused infections in Thailand during the study period.?® Our findings may not
be generalizable to other variants of SARS-CoV-2.

However, since the PVP-I has been shown to exhibit broad-spectrum, rapid virucidal activity against various
respiratory viruses by the in vitro tests, the finding of our study in patients infected with SARS-CoV-2 should give
warning against its use for prophylaxis in ordinary people.

Conclusion

The 0.4% PVP-I nasal spray had minimal virucidal activity in the nasopharynx of infected patients. Hence, it is unlikely
that this treatment would reduce airborne or droplet transmission of COVID-19. Other preventive measures such as
vaccination, face masking, and personal protective equipment should be emphasized to limit COVID-19 transmission.
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