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Corresponding As of September 2020, SARS-CoV-2 has infected over 30 million people worldwide,
Woosung Hong, Medical Director, and the death toll has now risen to 950,000. Given that Povidone-iodine (PVP-I)
Mundipharma Korea Ltd. Medical had consistently been showing the virucidal efficacy against various types of
Department, Seoul 04637, Republic of viruses, such as SARS-CoV, MERS-CoV, and Ebola, we conducted this study to
Korea figure out the virucidal effect against SARS-CoV-2 by using a viral plague assay.
Man-Seong Park, Professor, Department We performed Kill-Time assays to assess the viral inactivation of SARS-CoV-2
of Microbiology, Korea University contaminants after the application of the PVP-I product (Betadine® Throat Spray,
College of Medicine, Seoul 02841, PVP-1 0.45%). This test consisted of clean and dirty conditions and was designed
Republic of Korea to check the viral titers at a contact time of 60 seconds, which were evaluated by
Phone : +82-2-6450-9345 plaque-reduction rates in Vero cells. This PVP-I product fully achieved >4 logio
Fax @ +82-2-568-5634 reductions in viral titers under both clean and dirty conditions. This level of reduction,
E-mail : WooSung Hong@mundipharma.co.kr; >4 logio (99.99%), in viral titers presented to be effective in terms of virucidal efficacy,

manseong.park@gmail.com according to the European standards, EN14476. This study revealed the virucidal

efficacy of Betadine® Throat Spray against SARS-CoV-2 virus. Given that the
convenience and availability of this product, we think that it may contribute to
inhibit viral infection and transmissibility as an active type of personal protective
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INTRODUCTION
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20194 gk 22 25} 2|0 2=l AZR2LHI0|2{A(novel coronavirus, SARS-CoV-2)
ZHe| PMAHRl gHhte 2 BE thFQ| Li2kS0| g4t W20 AFHES Ciot UCH TR
SHO| AlA=|11 20209 9 A R2LHI0[2 A HES-190] Z4FE AH>FE=2 & 3,000
QFH O[40|0{ 950+H Of 40| AtYst Ao 2 BT (1).

to this article was reported.
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2L €A (electron transport chain or respiratory chain)Ofl 2t045t= cytosolic enzymeXt M|ZZ2t9| %?—ELEHEEI
O|citS ASHAIH HE S REstl EHTO| DNAQI RNAS 287435} 5ot (3). Ad uhd ol AN 7|12 EES| &
Ctet 20| MAHE| T QICt (4). HH|E R0 A7 Fit= 22 Q2E 4 (element iodine, 1,)2} 510|202 2
t(hypoiodous acid, HIO)O|| 2|3t o2 A2{H Q=0q|, ZH|= E5 CHHRILY E|Z2Al(tyrosine)| H|&= (phenoilc group)oi|
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7] AF0lM, ZHl= 257} ”H*-?I%F s EEP% 2ole s
= AS0| E1E[0 HH|E 2259 Y4 ItsEE AlAISIULE (6).

HHIE 22C0| ZHQISH A Eate BiE2(0F HlO|2A, & & SH0[0f| 0|2= A2z YA ULt (7). O SO|M = HiolAaEs
=71g|, Hesl2nA, S2, B9, UEFAURL, AlZHAZTHI0|2HA U RZLIHIO|H AL ZH2 2| ERHI0|2{A (enveloped virus)
2} OH|e-, 2E}-, E2|2-, 2A|- 2 2| =Ht0|2{A(rhinovirus) 22 2|T|H|ERH}0|2 A (non-enveloped virus) S CHFSH HEO|2A
o gHiolHA 258 E0l= A2 ENEUC} (8-15).

1

5|, ZHlE 22E= M MAZHez ZH2E7| =1,

= D2LIHIO|2{A(MERS-CoV)Q| ZsS H|Z4d3H(viral inactivation )6}

IZLHHO[H AL A S-192] Q! HtO|2{AQl SARS-CoV-20]| CiEt 3tHto
£ A7 ste &s0] SRILACE (18, 19). 0|2 20| HH|= 22E= &

OIEV‘ S Chefet Hio|2{ 201 SfHto]2q 20 AS0[ 2ARUE| AL (Table 1) (20-22).
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Table 1. Virucidal activity of povidone-iodine products

. Povidone-iodine Duration (sec) .
Virus concentration (%) Condition Log10 reduction factor Reference
15
SARS-CoV 0.23 Clean & Dirty >4log Eggersetal, 2018
SARS-CoV-2 0.45to0 10 CI?:egn >4log Anderson et al., 2020
15, 30, 60 >5log (4log at 0.5%, .
0.5,1 Clean & Dirty 15 sec) Hassandarvish et al., 2020
15
MERS-CoV 0.23 Clean & Dirty >4log Eggersetal, 2018
15 Eggers et al., 2015 (Infec
1.4.7.5 Clean & Dirty »4log Dis Ther)
15, 30, 60 Eggers et al., 2015 (BMC
MVA - o 0.032to 10 Clean & Dirty >4log (above 0.4) Infec Dis)
(Modified vaccinia virus 15 30. 60 £ tal. 2015 (nf
Ankara .Y, ggers etal,, nfec
) 0.001t07.5 Clean & Dirty >4log (above 0.1) Dis Then)
Non-enveloped human 15, 30. 60, 120
rotavirus strain Wa 0.0023, 0.023, 0.23 Clean >4log (only at 0.23) Eggersetal., 2018
Influenza virus A 15, 30 >4log (except at
subtype H1N1 0.0023,0.023,0.23 Clean & Dirty 0.0023) Eggersetal., 2018
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MATERIALS AND METHODS
HiO[2{ A AME THY

ZHE 22E QT AT 0| HF22 IRZLHI0IHAZHS-19 FY HIOZA0| st /n viro 2887t AlEES ASAC
tO

SARS-CoV-2 HtO|2{A0f e ZH|= 22C A Z9| Ho|2{A AZ Eik(virucidal effect)= 0| SSEE2E7ISTo Z2LHI0|2
22t 23S EV|EF T T2 HHI0|MA0| &5 EAEO| AHRE EN14476 A=A E|IAE WS EE5I2H, Hio|A A ZFIHE
Old Zaste Al A0l

AlZHol| et Fotste YAlS EPE*EP. R 7|&0]| wat vtol2{A AT Hviral titer) 7t CHZR THH| 4 logio
HIO|AE AMESHE 250 ATH TESHUCE (20).

HHO[2{ A B QS

SARS-CoV-2 H0|21A (nCoV/Korea/KUMC-01/2020)= Vero MZOf| SAIAIZ
M BIS| At AlRHEAE BIO|2AS ZH[5H7| 2laf, ME ©E0f Bio[2{AS &
RACH B = SEHS 2H2(5H0 Y Z22|2 02t = -80Cof| ERSHRACE

O, Vero MZ= 5% FBSE Z &St DMEM HjZ|0f|
1zl

o
HAIZ 3 3702 5% CO, BHY7 IOl 32t ujeyat

THE 2000 HESY 24

HNEEX Al8le ZHIE 22C Q15 AXp|0| A ZS 1084 CHA| 5|M5t 5 v ZHE 2257t 32
El Vero MEE 37°COA 37t Yot = MZHHZNE 22510, M2 _OI 2 EEIZI =7 fé* -é%% S| Mbf~E 2fQI5I0 M=
‘3 o2 E 245t

THIE 220 HIO|HA HHSsE (Kl Time) 24

HHIE QL0 HIo|2HA B &S FItety| flsl, ZHE 22E Q% AXZ|0| A2 HH0|2{A EAUut 20T 6027 &5

Ct & o AAMs| 8¥stH Cta2t 2Tt ZHE 22F QIF AZ20| AZ 800 uLs 0.3g/L BSAZ} £0{ U= 200 w PB g

(Clean ZZ)A|Z| 7L} &= 3g/L BSA 2! 3 ml/L sheep erythrocytes?t S0 Q= 200 ul PBSO| E&(Dirty Z)stCt &gt
HE

29 100 ulojl 5x10’PFU/mIO| £0f Q= BiO|2{A 84 100 uLE @1 6027+ 228 A|ZICH £5} %T 200 wE Hz|5t0] Bhol

A ZS 5l 10HI4 THA| 5|AMS RISICH 5|A15H MES Vero cello] 100 4! @1 1X|Z2H SQF 37°C IV |0IlA Z-LA|ZICEH 14
7H SOt ZUHAIZI & PBSE MZZE MZ5t1 overlay mediag &7t5t0] plaque assayE 2I&SHCH 37°C, 5% CO, Hi7(0f 3-47¢
B = plaqueS &HQI510] HIO|2{A HIIE 2SI} CHRFE22E PVP-| A& CHAl 800 UL PBSE AFESIICE (Fig. 1).

RESULTS

2 22 Vero MZLOj| CHSH ZH|E 22C AE2| MESEES HA 245 & 0|9 AL| A2 S HIIGIRACH ZHE Q2LE Q&
2I2|0] HE2 1,000HH 0|4t 5|4 E HL, Vero MZEOAM S42 22| UUCE ZHE LLE A|F2| HIO|HA AFE EUHE =0l
57| 2|5l SARS-CoV-2 HIO|ZAE THIE 22C HZE0f| 602 SO = 25}UCt 0| A|HES £ T2 HIO|HA HH HAS0| ZH|=E
22C A 450l 2|5t 240| otL|2t ZH|E 22E 2 Qo REE MESH2Z HIo[HA SAI0] AX|<[0f LIEH 23 012] 240l5t7|
25l ZSHAIES £MFICH O A}, Fig. 20]| 7|&E A2 TH|= 22E9) HfOIEV\ AtHE D= MZS4of 2f5t Z40] ofL|at O 2}
A 229 450 o|gt Ho2 It Kill Time A& 21}, clean RZ0|M EH|E 22 15 ATYY0] AE2 HH0|2{A HIHE 5
logio O|4F ZEAA|ZHC (Fig. 3). 3t dirty ZHMME HEO|2{A HII7t 4 Logio O 4t 7:.* |0 HIO|HAE 99.99% O|4 AtHA|Z|=

BEE BFUCt (Fig. 3, Fig. 4).
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g
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Fig. 1. Virucidal assay to assess /n vitro virucidal effect of povidone-iodine product.

_— SARS-CoV-2
Dilution = - -
Clean condition \ Dirty condition PBS
Control 4+ + +
10" +4+++ +4+++ +4+++
1072 +4+++ +4+++ +4+++
1073 +4+++ +4+++ +4+++

Fig. 2. Neutralization assay under clean & dirty condition (Control: virus only, +: virus recovered, -: no virus recovered).

DISCUSSION

DRUHI0|AZAZ-199| RS Sfo] HEHSH 27| ATH U BBHQI A Ba| 27} 22 O 3|7} YAHO2 M3 0|
20HS 0f, Hl24 A} 93 9BS AAAZ 4 UCk T3, WY LoIAS Chadt 85 A0l 22 252 MRS HojA B}
of 212 Y 9|R7I0| B 242 93t HIHQl 9|ARa| YHO| ORAE|0f0} BTt

2

Z|Z20|l& ol2{st S22 = JHRIE S & (personal protective equipment, PPE)Z2| &8 &I Al& R|2I0] A71E|D =0, £5
FHRASH A7 ENE HiZERLZE ZH|E RS H[Y L 40| &5 UE Ao EEtEE ARSI UCH E§F 5&2 ZH|E
2= H|Z U FZ0|M 2t o] 23 7|7t YSE|0] 0|8 HIHCZ &85 4 Q= HiE S 0|0| OFAZ|Q{CtD THEE &~ QUC}
(23). AUSTAAet 22 57| WA= 242 LA 5 um) 27|2 Qs 2217t 58 4110 M2H7| L 7| E otHM 37|12 712
ME|2]2F SET|IMEZEHI0|2]{A(respiratory syncytial virus)Lt S2234E5 &7 Z2LHHI0|Z{A(SARS-CoV), E5557|12
T DZLIHIO|2{A(MERS-CoV) & ZZLIHIO|2{AZHS-19 (SARS-CoV-2) S2 F2 H|LO| Ale| &, 2 & & 50| 20 Hn}E|
= Q22 LA UCH (24, 25). O[2{5t MO}t A4S nefed f, 47| B0t otL2t XH|E QQEE 88 1, H|Y L QIR A
=4 2 HEl= Z2LBI0[HAZHES-190] Oish 2 &0 2 =30| € & US A= TEEIC}
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(A)
Clean contidion Dirty condition
6.20 6.20
S 5.20 & 520
g 4.20 2 420
1 )
= 3.20 - 3.20
2 2
= 2.20 - 2.20
[, "
2 1.20 . £ 120
> >
0.20 0.20
-0.80 -0.80
60 sec 60 sec
Control 6.31 Control 6.04
m PVP-|1 0.45% 1.4 m PVP-l 0.45% 2.2
Control ®PVP-l 0.45% Control EPVP-l1 0.45%
(B) The virus removal rate of the test group (PVP-I, 0.45%) compared to the control group
Condition Clean condition Dirty condition
Percentage (%) 99.999 99.99

Fig. 3. /n vitro virucidal effect of povidone-iodine against SARS-CoV-2. (A) The virus titers under clean and dirty conditions
(log10) (B) The comparison of viral titers under clean & dirty conditions (%).
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Clean condition
102 103 10 10° 10° 107 titer | average
113 x 107
PFU/mI
Input 1.5x107
PFU/ml
1.87 x 107
PFU/mI
101 102 103 10% 10" 10°¢ titer average
2.0% 10°
PFU/mI
control 2.05 x 10°
tres) PFU/mI
2.1x10°
PFU/mI
4x10"
PVP- PFU/mI
0.45% 2.5 x 10*
Lred PEUfmI
s 1x10!
PFU/mI

Dirty condition

102 10% 10* 105 10 107 titer | average

9.85 x 10°
PFUfml
7
- 1,11 x 10
PFU/mI
1.23 x 107
PFUfml

101 102 103 10* 10° 10° titer | average

1.27 x 10°
PFU/ml
Control 1.1x108
(PBS) PFU/mI
9.25 x 10°
PFU/mI
1.7 x 10?
. PFU/ml
0,453 1.58 x 10°
|Butackne”
—— PFU/mI
A 1.25 x 107
PFU/ml

Fig. 4. The plaque assay for titration of SARS-CoV-2 virus from control and experimental groups.

ACKNOWLEDGMENTS

We would like to thank the researchers isolated the SARS-CoV-2 virus from clinical samples.

200 Copyright © 2020 Journal of Bacteriology and Virology



The Virucidal Effect of PVP-l on COVID-19 KR Shin, et al.

REFERENCES

1) WHO. WHO Coronavirus Disease (COVID-19) Dashboard 2020 [cited 2022 23 June]. Globally, as of 3:50pm CEST, 22
June 2020, there have been 8,860,331 confirmed cases of COVID-19, including 465,740 deaths, reported to WHO.].
Available from: https://covid19.who.int/1.

2) Zhang J, Xie B, Hashimoto K. Current status of potential therapeutic candidates for the COVID-19 crisis. Brain Behav
/mmun 2020;87:59-73.

3) Kanagalingam J, Feliciano R, Hah JH, Labib H, Le TA, Lin JC. Practical use of povidone-iodine antiseptic in the
maintenance of oral health and in the prevention and treatment of common oropharyngeal infections. /nt J Clin Pract
2015,69:1247-56.

4) Bigliardi PL, Alsagoff SAL, El-Kafrawi HY, Pyon JK, Wa CTC, Villa MA. Povidone iodine in wound healing: A review of
current concepts and practices. /nt ./ Surg 2017,44:260-8.

5) Eugene S. Barabas HGB. Analytical Profiles of Drug Substances and Excipients. In: Brittain HG, editor. Povidone -
lodine. 251998. p. 341-462.

6) Beukelman CJ, van den Berg AJJ, Hoekstra MJ, Uhl R, Reimer K, Mueller S. Anti-inflammatory properties of a
liposomal hydrogel with povidone-iodine (Repithel) for wound healing in vitro. Burns 2008;34:845-55.

7) Hierholzer G, Reimer K, Weissenbacher E. Topische Infektionstherapie und Prophylaxe. Aktueller Stellenwert von
PVP-Jod. Stuttgart: Thieme; 1996.

8) Wood A, Payne D. The action of three antiseptics/disinfectants against enveloped and non-enveloped viruses. ./ Hosp
Infect 1998;38:283-95.

9) Kawana R, Kitamura T, Nakagomi O, Matsumoto |, Arita M, Yoshihara N, et al. Inactivation of human viruses by
povidone-iodine in comparison with other antiseptics. Dermatology 1997;195:29-35.

10) Wutzler P, Sauerbrei A, Klocking R, Brogmann B, Reimer K. Virucidal activity and cytotoxicity of the liposomal
formulation of povidone-iodine. Antiviral Res 2002;54:89-97.

11) Sauerbrei A, Sehr K, Eichhorn U, Reimer K, Wutzler P. Inactivation of human adenovirus genome by different groups
of disinfectants. / Hosp Infect 2004,57:67-72.

12) Kariwa H, Fujii N, Takashima I. Inactivation of SARS coronavirus by means of povidone-iodine, physical conditions,
and chemical reagents. Jon J Vet Res 2004;52:105-12.

13) Ito H, Ito T, Hikida M, Yashiro J, Otsuka A, Kida H, et al. Outbreak of highly pathogenic avian influenza in Japan and
anti-influenza virus activity of povidone-iodine products. Dermatology 2006;212:115-8.

14) Ito H, Hikida M, Yashiro J, Kida H, Ito T. Virucidal efficacy of povidone-iodine products against swine influenza viruses.
Jon J Chemother2009;57:508-10.

15) Sauerbrei A, Wutzler P. Virucidal efficacy of povidone-iodine-containing disinfectants. Lett App/ Microbiol
2010;51:158-63.

16) Eggers M, Eickmann M, Zorm J. Rapid and Effective Virucidal Activity of Povidone-lodine Products Against Middle
East Respiratory Syndrome Coronavirus (MERS-CoV) and Modified Vaccinia Virus Ankara (MVA). Infect Dis Ther
2015;4:491-501.

17) Kariwa H, Fujii N, Takashima I. Inactivation of SARS coronavirus by means of povidone-iodine, physical conditions and
chemical reagents. Dermatology 2006;212:119-23.

www.ksmkorea.org / www.ksov.org 201



B Journal of
Bacteriology and Virology VOL 50. NO 3. September 2020

18) Anderson DE, Sivalingam V, Kang AEZ, Ananthanarayanan A, Arumugam H, Jenkins TM, et al. Povidone-iodine
demonstrates rapid in-vitro virucidal activity against SARS-CoV-2, the virus causing COVID-19 disease. /nfect Dis Ther
2020;9:669-75.

19) Hassandarvish P, Tiong V, Sazaly AB, Mohamed NA, Arumugam H, Ananthanarayanan A, et al. Povidone iodine
gargle and mouthwash. Br Dent /2020;228:900.

20) Eggers M, Koburger-Janssen T, Eickmann M, Zorn J. In vitro bactericidal and virucidal efficacy of Povidone-lodine
gargle/mouthwash against respiratory and oral tract pathogens. /nfect Dis Ther2018,7:249-59.

21) Eggers M, Eickmann M, Kowalski K, Zorn J, Reimer K. Povidone-iodine hand wash and hand rub products
demonstrated excellent in vitro virucidal efficacy against Ebola virus and modified vaccinia virus Ankara, the new
European test virus for enveloped viruses. BMC infect Dis 2015;15:375.

22) Eggers M, Eickmann M, Zorn J. Rapid and effective virucidal activity of povidone-iodine products against Middle
East respiratory syndrome coronavirus (MERS-CoV) and modified vaccinia virus ankara (MVA). /nfect Dis Ther
2015;4:491-501.

23) Vukkadala N, Qian ZJ, Holsinger FC, Patel ZM, Rosenthal E. COVID-19 and the otolaryngologist: preliminary evidence-
based review. Laryngoscope 2020.

24) Gralton J, Tovey ER, McLaws ML, Rawlinson WD. Respiratory virus RNA is detectable in airborne and droplet particles.
J Med Viro/2013,85:2151-9.

25) Organization WH. Consensus document on the epidemiology of severe acute respiratory syndrome (SARS). World
Health Organization, 2003.

26) Kirk-Bayley J, Challacombe S, Sunkaraneni VS, Combes J. The Use of Povidone lodine Nasal Spray and Mouthwash
During the Current COVID-19 Pandemic May Protect Healthcare Workers and Reduce Cross Infection. 2020:SSRN
Electronic J 3563092.

27) Mady LJ, Kubik MW, Baddour K, Snyderman CH, Rowan NR. Consideration of povidone-iodine as a public health
intervention for COVID-19: Utilization as “Personal Protective Equipment” for frontline providers exposed in high-risk
head and neck and skull base oncology care. Ora/ Onco/2020;105:104724.

28) The committee for The Japanese Respiratory Society guidelines in management of respiratory infections. Prevention
of hospital-acquired pneumonia (strategies for prevention of hospital-acquired infections). Respirology 2004;9:548-S50.

29) Ather A, Patel B, Ruparel NB, Diogenes A, Hargreaves KM. Coronavirus disease 19 (COVID-19): implications for
clinical dental care. / Endod 2020;46:584-95.

30) Bali RK, Chaudhry K. Maxillofacial surgery and COVID-19, The Pandemic!!. J Maxillofac Oral Surg 2020;19:159-61.

31) Parhar HS, Tasche K, Brody RM, Weinstein GS, O’'Malley Jr BW, Shanti RM, et al. Topical preparations to reduce SARS-
CoV-2 aerosolization in head and neck mucosal surgery. Head Neck 2020;42:1268-72.

32) Pattanshetty S, Narayana A, Radhakrishnan R. Povidone-iodine gargle as a prophylactic intervention to interrupt the
transmission of SARS-CoV-2. Ora/ Dis 2020;10.1111.

33) Bidra AS, Pelletier JS, Westover JB, Frank S, Brown SM, Tessema B. Rapid In-Vitro Inactivation of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Using Povidone-lodine Oral Antiseptic Rinse. / Prosthodont
2020;29:529-33.

34) Darling AJ, Boose JA, Spaltro J. Virus assay methods: accuracy and validation. Biologicals 1998;26:105-10.

35) LaBarre DD, Lowy RJ. Improvements in methods for calculating virus titer estimates from TCID50 and plague assays.
J Virol Method's 2001;96:107-26.

202 Copyright © 2020 Journal of Bacteriology and Virology



