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In vitro antibacterial activity of newly combined povidone—iodine plus lidocaine throat spray
against Streptococcus pyogenes
Tienake Trisauvapakl, Surapat Assawawiroonhakarn Chompunuch Klinmalai’
'Chakri Naruebodindra Medical Institute, Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Samut Prakan, Thailand
2Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok,
Thailand

Abstract

Background: In clinical practice, streptococcal pharyngitis is difficult to distinguish from self-limited
viral pharyngitis, resulting in overuse of antibacterial agents in patients with acute pharyngitis. Povidone—
iodine (PVP-I) oral preparation could be a treatment option for throat infection, sparing the risk of
antibiotic resistance of throat microflora. However, research on the antibacterial effect of PVP-I throat
sprays, which typically contain lower concentrations of PVP-I compared to other PVP-I oral preparations,
against Streptococcus pyogenes is limited and most commercial PVP-I oral preparations contain no
ingredients with analgesic activity. Thus, few studies have focused on the effect of analgesics on
antibacterial activity of PVP-I oral preparations.

Objectives: This study aimed to demonstrate in vitro bactericidal activity of a newly developed,
combined antiseptic—analgesic oral throat spray of PVP-I plus lidocaine against S. pyogenes.

Methods: Antibacterial activity of combined 0.45% PVP-I plus 0.3% lidocaine throat spray against a
reference strain of S. pyogenes was demonstrated using the bactericidal quantitative suspension test
EN13727:2012 + A2:2015. The test product was serially diluted to 0.09%, 0.045%, 0.009%, 0.0045%,
0.00045% and 0.000045% PVP-I solution. Suspensions of the reference strain were added to the PVP-1
test solutions for 30 seconds under dirty conditions and then spread on blood agar plates. Colony growth
on each plate was counted and compared with a negative control sample to evaluate the antibacterial effect
of the tested solutions.

Results: On 0.45%, 0.09%, 0.045% and 0.009% PVP-I plates, no surviving S. pyogenes colonies were
observed after 24 h of incubation at 37°C. On those plates with visible bacterial colonies, colony count
was inversely correlated with concentration of PVP-I. Compared with negative control plates, 0.0045%

and 0.00045% PVP-I plates showed 97.45% and 93.33% colony growth reduction, respectively.
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Conclusion: PVP-I, at concentrations of at least 0.009%, has demonstrated effective antibacterial activity
against S. pyogenes in vitro. Therefore, a throat spray formulation containing 0.45% PVP-I, which is 50
times more concentrated than 0.009% PVP-I, is capable of inhibiting bacterial growth. This concentration
may also alleviate concerns regarding clinical use, as the PVP-I concentration could be reduced through
physiological dilution or clearance mechanisms in vivo.

Keywords: Lidocaine, Povidone—iodine (PVP-I), Throat spray, Streptococcus pyogenes
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Introduction

Acute throat infection is a common problem of upper respiratory traction infection. Sore throat
can be uncomfortable and disruptive symptoms that can affect daily life. It is mostly caused by self-
limited viral infection, which requires no specific treatment. Only 5%—15% in adults and 20%-30% in
children with acute pharyngitis or pharyngotonsillitis has Streptococcus pyogenes as an etiology,l_3 needed
specific treatment with antibacterial agents intended for eradication of the bacteria itself and prevention of
acute rheumatic fever and other possible suppurative complications.“'6 Antiseptic throat sprays,
particularly povidone-iodine (PVP-I) throat spray, have been demonstrated to be effective virucidal and
bactericidal agents in various studies and should be considered a potential treatment option for patients
with sore throat. Although the virucidal activity of PVP-I throat sprays against common respiratory
viruses such as influenza, respiratory syncytial virus, and severe acute respiratory coronavirus has been
recently studied,” research on the antibacterial effect of PVP-I throat sprays, which typically contain
lower concentrations of PVP-I compared to other PVP-I oral preparations, against S. pyogenes is limited.”
" Furthermore, most commercial PVP-I oral preparations do not include ingredients with analgesic
properties. Previous research has suggested that there may be an antagonistic interaction between

lidocaine and PVP-I, which could potentially minimize the bactericidal activity of pvp-1."

Objectives

The objective of this study is to assess the bactericidal effect against S. pyogenes of PVP-I throat
spray at a concentration of 0.45% combined with lidocaine, which possesses both antibacterial and
analgesic properties, for possible use in patients with acute pharyngitis. Our aim was to determine the
minimum bactericidal concentration of PVP-I throat spray against this specific pathogen and to investigate

whether the addition of lidocaine had any impact on the antibacterial activity of the spray.

Methods

The antibacterial activity of PVP-I with lidocaine was evaluated using the bactericidal
quantitative suspension test according to European standard EN13727:2012 + A2:2015.° 8. pyogenes
ATCC 12344 was selected as a reference strain. This study did not involve human participants or animals.
The study protocol was approved by the Ethical Committee of the Faculty of Medicine, Ramathibodi

Hospital, Mahidol University (COA.MURA2021/572).
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The test product was 0.45% PVP-I plus 0.3% lidocaine throat spray. Using sterile distilled water,
the product was serially diluted to 0.09%, 0.045%, 0.009%, 0.0045%, 0.00045% and 0.000045% PVP-I
solution. Normal saline was used as a negative control. Suspensions of the reference strain were added to
the PVP-I test solutions and negative control under dirty conditions (3.0 g/L bovine serum albumin and
3.0 ml/L erythrocytes). After 30 seconds of contact between S. pyogenes and test solution, bactericidal
activity was neutralized with 3% Tween 80, 0.1% histidine, 0.3% lecithin and 0.5% sodium thiosulfate.
For each test suspension, a 1-mL sample was spread on a human blood agar plate. After 24 hours of
incubation at 37OC, the number of bacterial colonies on each plate was counted to determine antibacterial

efficacy.

Results

Figure 1 and Table 1 show bacterial counts of S. pyogenes on human blood agar plates after
contact with different concentrations of PVP-I plus lidocaine solution. There were no S. pyogenes colonies
on the 0.45%, 0.09%, 0.045% and 0.009% PVP-I plates. Bacterial growth was observed on the 0.0045%,
0.00045% and 0.000045% PVP-I plates. On those plates with visible bacterial colonies, colony count was
inversely correlated with the concentration of the test solution. Compared with the control solution, the
0.0045% and 0.00045% PVP-I plates showed 97.45% and 93.33% colony growth reduction, respectively.
Colony count on the 0.000045% PVP-I plates, the lowest concentration tested, was 2.0 X 10’ CFU/mL,

which was close to 1.65 X 10’ CFU/mL observed with the negative control.

Figure 1 Bacterial counts of Streptococcus pyogenes on human blood agar plates after contact with
different concentrations of povidone—iodine (PVP-I) plus lidocaine solution. a: 0.45% PVP-1. b: 0.09%
PVP-1. ¢: 0.045% PVP-I. d: 0.009% PVP-L. e: 0.0045% PVP-L f: 0.00045% PVP-I. g: 0.000045% PVP-L.

h: normal saline solution (negative control).
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Table 1 Colony counts of Streptococcus pyogenes on human blood agar plates after contact with different

concentration of PVP-I plus lidocaine solution

PVP-I concentration (%) Colony counts on blood agar (CFU/mL)
0.45 0
0.09 0
0.045 0
0.009 0
0.0045 42X 10°
0.00045 1.1 X 10°
0.000045 2.0 X 10’
NSS (negative control) 1.65 X 10’

Abbreviation: CFU, colony forming unit; NSS, normal saline solution; PVP-I, povidone—iodine.

Discussion
PVP-I is a commonly used antiseptic in many medical situations worldwide. The antibacterial

activities of PVP-I in many preparations have been extensively tested.” '

PVP-I gargles and throat
sprays are effective against a wide range of bacteria, including both gram-positive and gram-negative
species.7'15 Although, other preparations of PVP-I have been found to be effective against S.
pyogenes,M’lS’29 the antibacterial effect of PVP-1 throat sprays, which typically contain lower
concentrations of PVP-I compared to other PVP-I oral preparations, is limited. Our study showed that
0.45% PVP-I plus 0.3% lidocaine throat spray had a bactericidal effect against S. pyogenes, providing
evidence of the antibacterial effect of PVP-I throat spray against this common pathogen. We showed that
0.009% PVP-I, which was a 50-fold dilution of the test product, was sufficient to totally inhibit growth of
S. pyogenes under simulated in vitro dirty conditions. Lower concentrations down to 0.00045% PVP-I, a
1000-fold dilution of the test product, showed some antibacterial effect. These findings may reflect that
PVP-I, at concentrations of at least 0.009%, has demonstrated effective antibacterial activity against S.
pyogenes in vitro. Therefore, a throat spray formulation containing 0.45% PVP-I, which is 50 times more
concentrated than 0.009% PVP-1, is capable of inhibiting bacterial growth. This concentration may also

alleviate concerns regarding clinical use, as the PVP-I concentration could be reduced through

physiological dilution or clearance mechanisms in vivo.
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There is concern regarding the effect of lidocaine on the antibacterial activity of PVP-I in some
clinical situations, especially in ocular surgery, where lidocaine gel is regularly used as a topical
analgesic.lé'19 Application of lidocaine before PVP-I preparation decreases the antibacterial effect of PVP-
I on standard agar plates and corneoscleral tissue. However, application of PVP-I preparation before
lidocaine, or simultaneous application of both, does not affect antibacterial activity of PV-I preparations.”—
* Our combined PVP-I plus lidocaine throat spray showed good antibacterial activity, confirming that
simultaneous application of lidocaine and PVP-I does not cause antagonistic interaction.

PVP-I has been used worldwide for >50 years;30 therefore, its safety profile has been thoroughly
studied. Local side effects in the oral mucosa and systemic side effects, including those involving thyroid
hormone production and function, are minimal with PVP-I oral preparations at concentrations commonly
use in medical practice.m'33 Thus, 0.45% PVP-I plus 0.3% lidocaine throat spray should be a safe
treatment option for sore throat.

This in vitro study supports the antibacterial effect of PVP-I and lidocaine against S. pyogenes, an
important cause of acute bacterial pharyngitis, and marks a step toward use of combined antiseptic—
analgesic throat sprays in clinical practice. Future in vivo studies should be conducted to clarify the

clinical significance of the product in patients with acute pharyngitis.

Conclusions
The newly developed 0.45% PVP-I plus 0.3% lidocaine throat spray has good in vitro bactericidal
activity against S. pyogenes. This throat spray could be a potential candidate for treatment of patients with

acute sore throat in the era of antibacterial resistance.
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