Research Article

Bactericidal and virucidal action of cetylpyridinium chloride
and benzocaine lozenges against common oropharyngeal

pathogens

Bakterizide und viruzide Wirkung von Cetylpyridiniumchlorid-haltigen
Lutschtabletten gegen typische oropharyngeale Erreger

Abstract

Aim: Too often, antibiotics are prescribed in the treatment of
pharyngitis, which can contribute to antimicrobial resistance. We aimed
to assess the in vitro antiviral and antimicrobial activity of sugar-free
cetylpyridinium chloride (CPC)/benzocaine lozenges, which can poten-
tially offer a more suitable treatment for pharyngitis.

Methods: The antiviral activity of sugar-free CPC/benzocaine
(1.4 mg/10 mg) lozenges (Dolo-Dobendan 1.4 mg/10 mg lozenges)
was assessed using the DIN EN 14476:2019-10 suspension test
against bovine coronavirus (S379 Reims) or influenza virus A
(HAN1/Brisbane/59/2007) under clean and dirty conditions. Viral titers
were measured after 1, 5, 10, and 30 min exposure; a reduction of >4 Ig
was considered virucidal. For bovine coronavirus, large volume plating
was used due to cytotoxicity. Antimicrobial activity was measured against
11 microorganisms associated with pharyngitis, with contact times of
1, 5, and 10 min (+30 min for positive control).

Results: For influenza, sugar-free lozenges showed >4 Ig efficacy from
5 and 10 min exposure under clean and dirty conditions, respectively.
For bovine coronavirus, sugar-free lozenges exhibited >4 Ig efficacy at
10 min under both conditions. Bactericidal activity was observed against
nine of the challenge microorganisms within 5 min, with plate counts
of <10 colony-forming units (CFU)/mL for Pseudomonas aeruginosa,
Staphylococcus aureus, Arcanobacterium haemolyticum, Moraxella
catarrhalis, Porphyromonas gingivalis, Prevotelia intermedia, Strepto-
coccus dysgalactiae, and Streptococcus pyogenes, and <100 CFU/mL
for Streptococcus pneumoniae. Candida albicans and Escherichia coli
showed counts of <10 CFU/mL at 30 min.

Conclusions: Sugar-free CPC/benzocaine lozenges can be recommended
for uncomplicated pharyngitis and may be more appropriate than anti-
biotics, helping to mitigate antimicrobial resistance.

Keywords: antibacterial agent, virucidal agent, antiseptic agent, drug
resistance, benzocaine, cetylpyridinium, lozenges, pharyngitis, bovine
coronavirus, influenza virus A

Zusammenfassung

Zielsetzung: Bei der Behandlung von Pharyngitis werden Antibiotika zu
haufig verschrieben, was zu antimikrobiellen Resistenzen beitragen
kann. In der vorliegenden Arbeit wurden die antiviralen und antibakte-
riellen Eigenschaften von zuckerfreien Lutschtabletten mit Cetylpyridi-
niumchlorid (CPC) und Benzocain in vitro untersucht. Das stellt mogli-
cherweise eine geeignetere Behandlung fur typische Pharyngitiden dar.
Methode: Die antiviralen Eigenschaften von zuckerfreien CPC/Benzocain
(1,4 mg/10 mg) Lutschtabletten (Dolo-Dobendan 1,4 mg/10 mg
Lutschtabletten) wurden im Suspensionstest nach DIN EN 14476:2019-
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10 gegen das bovine Coronavirus (S379 Reims) und das Influenzavirus
A (H1N1/Brisbane/59/2007) unter hoher und niedriger Belastung un-
tersucht. Die Virustiter wurden nach 1, 5, 10 und 30 min Kontaktzeit
gemessen und eine Reduktion von >4 Ig wurde als viruzid angesehen.
Fur das bovine Coronavirus wurde zur Reduzierung der Zytotoxizitat das
Large-Volume-Plating-Verfahren angewendet. Die antimikrobiellen Ei-
genschaften wurden gegenuber 11 Mikroorganismen, die mit Pharyngitis
assoziiert sind, gemessen. Die Kontaktzeiten waren 1, 5 und 10 min
(+30 min fur die Positivkontrolle).

Ergebnisse: Gegenlber dem Influenzavirus zeigten die Lutschtabletten
eine Reduktion von 24 Ig nach 5 bzw. 10 min sowohl unter niedriger
als auch unter hoher Belastung. Die Lutschtabletten zeigten gegenliber
dem bovinen Coronavirus unter beiden Bedingungen eine Reduktion
von 24 Ig nach 10 min. Eine bakterizide Wirkung wurde innerhalb von
5 min gegen neun der Mikroorganismen beobachtet, mit <10 kolonie-
bildenden Einheiten (KBE)/mL fur Pseudomonas aeruginosa, Staphylo-
coccus aureus, Arcanobacterium haemolyticum, Moraxella catarrhalis,
Porphyromonas gingivalis, Prevotelia intermedia, Streptococcus dysga-
lactiae und Streptococcus pyogenes und <100 KBE/mL fur Streptococ-
cus pneumoniae. Candida albicans und Escherichia coli wiesen nach
30 min Werte von <10 KBE/mL auf.

Schlussfolgerung: CPC/Benzocain (1,4 mg/10 mg) Lutschtabletten
kénnen bei unkomplizierter Pharyngitis empfohlen werden und bieten
moglicherweise eine gute Alternative bei nicht zielfiihrender Antibiose
und kénnen somit helfen, antimikrobielle Resistenzen einzudammen.

Schliisselwoérter: Bakterizid, virucid, Antiseptikum, Antibiotikaresistenz,

Benzocain, Cetylpyridinium, Lutschtablette, Pharyngitis, bovines

Coronavirus, Influenza virus A

Introduction

The cold and flu season occurs mainly during the winter
months in temperate climates, and in tropical regions
there are irregular outbreaks throughout the year [1], [2].
However, since the COVID-19 pandemic, the timing and
duration of flu seasons have become less predictable
[3]. Acute pharyngitis (sore throat) is a typical symptom
of upper respiratory tract infections (URTIs) and one of
the most common reasons for seeking medical care
globally [4], [5]. For example, in Germany, pharyngitis
accounts for 2.7% of all primary care consultations [6].

The most frequent cause of pharyngitis is a viral infection,
responsible for around 80% of adult cases [5], [7], [8],
[9]. Some of the most common enveloped viruses impli-
cated in the etiology of pharyngitis are coronaviruses,
ortho- and paramyxoviruses (e.g., influenza viruses) [10].
A number of bacterial species can also be responsible
for pharyngitis, but Streptococcus (S.) pyogenes (also
known as group A B-hemolytic Streptococcus [GABHS])
is the most common bacterial cause of pharyngitis [8],
[9]. Antibiotics are prescribed in most cases of
pharyngitis, despite the fact that the majority of cases
are caused by viral infections, and antibiotics are ineffec-
tive against viruses [5], [7], [8], [9]. Most cases of
pharyngitis are self-limiting, regardless of the etiology
[11], and improve without the need for antibiotics [9].
Inappropriate antibiotic usage for self-limiting conditions,
such as pharyngitis, contributes to antimicrobial resis-

tance, which is a global health threat [11], [12]. There is
a need for non-antibiotic treatments, such as topical for-
mulations that have antimicrobial and pain-relieving
qualities, so that antibiotics can be reserved for bacterial
pharyngitis and patients with an increased risk of com-
plications [7], [8]. In general, topical formulations are less
likely to cause antimicrobial resistance than systemic
antibiotics and have been proven to reliably deliver anti-
septically active substances to the throat mucosa [13],
[14].

Over-the-counter (OTC) medicated throat lozenges con-
taining antiseptics and anesthetics are one option for the
symptomatic relief of sore throat. Some have proven ef-
ficacy and provide immediate release of active ingredients
directly at the site of infection, which offers rapid sympto-
matic relief [7], [8], [15], [16], [17]. Cetylpyridinium
chloride (CPC) is an antiseptic found in throat lozenges
that has been described as a successful bactericide
against gram-positive and, in higher concentrations, some
gram-negative bacteria [10], [17]. CPC also has variable
antifungal activity, and some studies suggest its efficacy
against certain enveloped viruses [10], [17]. Anesthetics
provide symptomatic pain relief and are often combined
with antiseptics in throat lozenge formulations [17]. Loz-
enges containing CPC and benzocaine are well estab-
lished for the symptomatic relief of sore throat and have
a favorable safety profile. These medicated lozenges have
been available OTC for several decades in certain coun-
tries [10], [18]. However, the virucidal and antimicrobial
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effects of these lozenges have not been widely reported
to date. Using CPC mouthrinse at a concentration of
0.05% results in an immediate reduction in bacterial
counts by 2.0 to 2.5 Ig steps. The effect reverts to about
1 1g step after 1 hour [19]. CPC is virucidal against both
susceptible and resistant strains of influenza viruses at
concentrations between 5.0 and 12.5 pg/mL without
leading to the development of resistance, and it also re-
duces influenza-associated mortality and morbidity [20].
As a result of the COVID-19 pandemic, the use of antisep-
tics considerably increased due to their antiviral proper-
ties against SARS-CoV-2 [21]. There is a need for robust
antiviral data that are applicable to the clinical situation.
The European tiered approach on the virucidal standard,
EN 14476, helps provide recommendations regarding
the choice of antiseptics that can be used with proven
virucidal efficacy [22]. Viral infections are associated with
an increased incidence or severity of bacterial co-infec-
tions, which may contribute to severe disease [23], [24].
Therefore, combining antiviral and antimicrobial proper-
ties in OTC treatments may possibly prevent potential co-
infections and improve outcomes. This study assessed
the in vitro antimicrobial and antiviral activities of sugar-
free CPC/benzocaine lozenges against pathogens known
to cause pharyngitis.

Materials and methods
Antiviral method

Antiviral test

CPC 1.4 mg/benzocaine 10 mg sugar-free lozenges (Dolo-
Dobendan®, Reckitt Benckiser Deutschland GmbH,
Heidelberg, Germany) were dissolved in 6 mL of distilled
water (per lozenge) to make a final concentration of 80%.
The test sample was prepared according to DIN EN
14476:2019-10 (phase 2/step 1). The sugar-free test
samples were added to a suspension of influenza virus
A/HA1N1/Brisbane/59/2007 or bovine coronavirus strain
‘S379 Riems’ and an interfering substance, which con-
sisted of clean conditions with 0.3 g/L bovine serum al-
bumin (BSA) or a tripartite soil load according to the Or-
ganisation for Economic Co-operation and Development
(OECD) with 5% BSA fraction V, 5% yeast extract, 0.4%
mucosal protein mucin. The test temperature used was
20°C+1°C, which corresponds to the ‘worst case’ test
condition according to the EN 14476 standard. The con-
tact times were 1, 5, 10, and 30 min. At the end of each
contact time, 0.5 mL of the test sample was immediately
diluted in 4.5 mL of an ice-cold maintenance medium to
suppress the virucidal action of the test sample. Ten-fold
dilutions of the maintenance medium and test sample
mixture were transferred onto Madin-Darby canine kidney
(MDCK) and Ovis aries (CCLV-Rie11) cells in 96-well mi-
crotiter plates for influenza and bovine coronavirus, re-
spectively. After incubation at 37 °C+1°C in a humidified
atmosphere under 5.0% CO,, the plates were observed

for viral cytopathic effect (CPE), and titers of viral infectiv-
ity were calculated using the Spearman and Karber
method (Ig 50% tissue culture infectious dose [TCID, ]/mL
with 95% confidence interval). Reduction of virus infectiv-
ity was calculated using the differences of Ig virus titer
with the control (without test lozenge) and after treatment
with the lozenge. A reduction of 24 Ig was considered
virucidal. In cases of cytotoxicity in the test samples
against bovine coronavirus, a large-volume plating (LVP)
method was carried out by inoculating the total volume
from the first non-cytotoxic dilution.

Antimicrobial method

Antimicrobial activity test

CPC 1.4 mg/benzocaine 10 mg sugar-free lozenges (Dolo-
Dobendan®, Reckitt Benckiser Deutschland GmbH,
Heidelberg, Germany) were dissolved at 42-44°Cin 5 mL
of artificial saliva medium (ARTS), which contains 0.1%
meat extract (Sigma 70164), 0.2% yeast extract
(LPO021), 0.5% proteose peptone (LPO085), 0.02% po-
tassium chloride (Fisher P/4240), 0.02% sodium chloride
(Sigma S7653), 0.03% calcium carbonate (Fisher
C/1040), 0.2% glucose (Fisher G/0450), and 0.2% mucin
from porcine stomach, type 2 (Sigma M2378), per loz-
enge. Three test samples were prepared for each chal-
lenge microorganism.

Each CPC/benzocaine test sample (4.9 mL) and positive
control (4.9 mL of ARTS) were inoculated with 100 uL of
the appropriate challenge microorganisms outlined in
Table 1, to provide an inoculum level of >1.0x10 colony-
forming units (CFU)/mL. The solution was mixed thor-
oughly using a vortex mixer and incubated at 36-38°C.
Inoculum suspensions were prepared in triplicate for each
of the 11 challenge microorganisms. Antimicrobial activity
was measured after 1-, 5-, 10- and 30-min contact times
(30 min only for the positive control) by removing 1 mL
of the test sample and placing it into 9 mL of neutralizing
diluent with 0.1% peptone water, 1% tween 80, 0.3% le-
cithin, and sodium chloride (PTLS). Solutions were serially
diluted to 10™° and incubated on appropriate nutrient
agar medium for at least 3 days (Table 1). Antimicrobial
activity (in CFU/mL) was calculated for each challenge
microorganism and time point (average of three repli-
cates).

Method suitability testing

The test was performed in a manner similar to that of the
antimicrobial activity test, with minor differences
(Table 2). The method suitability test was carried out to
verify that any antimicrobial activity in the sample was
effectively neutralized.
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Table 1: Unique identifier, nutrient agar, and incubation conditions for each test organism (1 mL and 0.5 mL plated)

Test sample Test organism Culture collection and Nutrient aqar Incubation
quantity 9 strain identifier 9 temperatures
Candida (C.) albicans NCPF3179 g S;?g:éaa“gdar
1mL Escherichia (E.) coli NCIMB8545 (ATCC8739) 30-35°C
- Tryptone soya
Pseudomonas (P.) aeruginosa NCIMB8626 (ATCC9027) agar
Staphylococcus (S.) aureus NCTC7445
Moraxella (M.) catarrhalis NCTC3622 35-37°C
Arcanobacterium (A.) haemolyticum NCTC9998 Chocolate agar (?;50/:3070(2:)
1 0,
Streptococcus (S.) pneumoniae NCTC 12977 (ATCC49619) with slg’ozorse
0.5mL S. pyogenes NCTC12696
- 35-37°C
S. dysgalactiae ATCC12388 (anaerobically)
Prevotella (P.) intermedia NCTC13070 Brucella blood
Porphyromonas (P.) gingivalis NCTC11834 agar

Table 2: Differences in methods between the method suitability test and the antimicrobial activity test

Feature

Antimicrobial activity test

Method suitability test

Positive control | ARTS

Peptone system

Negative control | Not applicable

Sterile diluent without inoculation

Inoculum level |>1.0x 104 CFU/mL

100 CFU/mL

Dilution series |10

10~" and 102

ARTS=artificial saliva medium; CFU=colony-forming units

Results
Virucidal efficacy

Influenza virus

Sugar-free lozenges exhibited a virucidal efficacy of >4 Ig
from 5 and 10 min onwards under clean conditions and
with a tripartite soil load, respectively (Table 3).

Bovine coronavirus and cytotoxic effect

Cytotoxicity (deformation of cells and destruction of cell
monolayer) made it impossible to achieve the required
4 Ig reduction against bovine coronavirus and was detect-
ed in the test samples. Therefore, to be able to detect a
titer reduction of over 4 Ig levels, the LVP method was
carried out. Sugar-free lozenges tested against bovine
coronavirus showed a virucidal efficacy of 2.67 Ig reduc-
tion under clean conditions and a 3.4 Ig reduction with
a tripartite soil load at the 5-min time point. Sufficient
virucidal efficacy was also demonstrated at the 10-min
time point: 23.0 Ig reduction under clean conditions and
4.06 Ig reduction with a tripartite soil load (Table 4).

Microbicidal efficacy

Validity of neutralization

For all microorganisms, except S. pneumoniae, the counts
for the 10" dilution test result (107 dilution with
S. pneumoniae) did not vary by more than a factor of two
from the peptone control result. This suggests that any
antimicrobial activity present had been sufficiently re-
moved at this dilution and that the method was suitable.
The method suitability test was valid because the in-
oculum levels of each of the microorganism species were
10-150 CFU and there was no growth in any of the neg-
ative controls.

In vitro antimicrobial activity of
CPC/benzocaine sugar-free lozenges

S. aureus and S. pyogenes showed counts of <10 CFU/mL
at the 5-min time point onwards, whereas C. albicans and
E. coli showed counts of <10 CFU/mL at the 30-min
timepoint for all replicates. S. pneumoniae showed counts
of <100 CFU/mL at the 1-min time point onwards for all
replicates. A total of six bacterial species showed counts
of <10 CFU/mL at the 1-min time point onwards for all
replicates (A. haemolyticum, M. catarrhalis, P. gingivalis,
P. intermedia, P. aeruginosa, S. dysgalactiae; Table 5).
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Table 3: Virucidal effect of CPC/benzocaine sugar-free lozenges against influenza viruses (H1N1)

Interfering Cyto- Titer of the virus Titer of the “residual virus” Reduction factor with 95% CI
substance | toxicity | control (Ig TCIDso/ | inactivation (Ig TCIDso/mL) with 95% CI

mL) with95% Cl "4 min | 5min | 10min | 30min | 1min | 5min | 10 min | 30 min
Clean 25 7.67 4.17 <25 <25 <25 35 2517 | 2517 | 25.17
conditions +0.33 +0.42 +0.00 +0.00 +0.00 +0.54 | +0.33 | +0.33 | +0.33
DSA yeast | 25 75 583 | 433 35 <5 | 167 | 317 | 40 | 250
mucin +0.00 +0.42 +0.33 +0.00 +0.00 +0.42 | +0.33 | +0.00 | +0.00

BSA=bovine serum albumin; TCIDsx=50% tissue culture infectious dose

Table 4: Virucidal effect of CPC/benzocaine sugar-free lozenges against bovine coronavirus

Interfering Cyto- Titer of the virus Titer of the “residual virus” . . o
substance | toxicity | control (g TCIDs/ | inactivation (Ig TCIDs/mL) with 95% c1 |  Reduction factor with 95% Cl

mL) with 9% Cl ["4"min [ 5min | 10min | 30min | 1min | 5min | 10 min | 30 min
Clean 35 6.5 3.83 3.67 <3.5 <35 2.83 2.67 23.0 23.0
conditions ’ +0.00 +0.42 +0.33 +0.00 +0.00 +0.33 | +0.42 | +0.00 | +0.00
Clean con-

i 7.0 Not Not Not Not Not 4.06 Not
ditions (LVP 05 +0.45 detected | detected | detected 2.94 detected | detected | +0.45 | detected
method)

S yeast | 6.0 383 | 35 | <35 35 | 217 | 225 | 225 | 225
mucin ’ 10.45 10.42 $0.00 +0.00 +0.00 +0.61 +0.45 | +0.45 | +0.45
BSA, yeast

extract and 05 6.5 Not Not 3.1 279 Not 3.4 4.01 Not
mucin (LVP ’ +0.47 detected | detected ’ ’ detected | +0.47 +0.47 | detected
method)

BSA=bovine serum albumin; LVP=large volume plating; TCIDsc=50% tissue culture infectious dose

Table 5: Average colony count of each plate over three replicates for all the challenge microorganisms

Mean Ig reduction (CFU/mL)

Challenge —
microorganism Positive control Test sample

at 30 min 1min | 5min | 10 min |30 min
S. pneumoniae 1.2x10% <100 <100 <100 <100
P. intermedia 860 <10 <10 <10 <10
P. aeruginosa 8.5x10° <10 <10 <10 <10
S. dysgalactiae 6.1x10% <10 <10 <10 <10
A. haemolyticum 5.4x105 <10 <10 <10 <10
M. catarrhalis 2.5x10% <10 <10 <10 <10
P. gingivalis 1.1x105 <10 <10 <10 <10
S. pyogenes 3.1x104 27 <10 <10 <10
S. aureus 8.9x10°5 1.4x104 <10 <10 <10
C. albicans 4.1x10°5 4.1x105 [ 1.8x10% | 4.0x10* [ <10
E. coli 5.1x10% 7.3x10% | 4.1x10% | 1.3x10% | <10

CFU=colony-forming unit

Discussion

OTC antiseptic/anesthetic lozenges are helpful in the
management of sore throat, offering easy access to
symptomatic relief and providing a more suitable alterna-
tive treatment to antibiotics, which contribute to antimi-
crobial resistance [9], [18]. Most upper respiratory tract
infections are self-limiting and do not require antibiotics;
therefore, if more patients are encouraged to use self-

management options, it could help reduce the inappropri-
ate use of antibiotics [25]. Generating robust in vitro data
is essential to understand the efficacy of antiseptics so
that they can be presented as a valid alternative to
primary-care visits. Antiseptic lozenges are widely avail-
able for the treatment of pharyngitis [26], and having a
better understanding of their efficacy can support the
recommendation of these treatments at the appropriate
place in the care pathway, and also differentiate them
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from non-medicated, purely demulcent throat sweets or
moisturizing medicinal devices. CPC/benzocaine is a well-
established treatment for pharyngitis [18]; however, it is
important to understand its full antimicrobial activity to
possibly prevent potential complications and secondary
infections.

This study examined the antiviral and antimicrobial action
of sugar-free CPC/benzocaine lozenges. Both the
coronavirus and influenza virus are common causes of
pharyngitis, and various institutes monitor the infection
rates of these viruses [27]. Additionally, the possibility of
co-infections with these viruses could impact disease
severity [28], [29]. Therefore, these two viruses were in-
cluded in this study. The findings of this in vitro study
confirmed a virucidal efficacy of sugar-free CPC/benzo-
caine lozenges on the enveloped viruses bovine
coronavirus and influenza virus. According to the
European standard employed, a reduction of viral infectiv-
ity by >4 Ig levels is regarded as virucidal activity [22].
The sugar-free lozenge demonstrated virucidal activity
consistent with the time a lozenge remains in the mouth
(within @ meantstandard deviation of 6.77+2.01 min)
[9]: at 10 min with the bovine coronavirus for both inter-
fering substances; with influenza virus, at 10 min onwards
using the tripartite soil load and at 5 min onwards using
clean conditions. The results observed for influenza virus
HAN1 and bovine coronavirus could be transferable to
other influenza viruses and to human variants of
coronavirus, respectively [30], [31].

This study used bacterial species present in pharyngitis
with a broad range of cell structures and sensitivities,
including gram-negative anaerobes (P. intermedia,
P. gingivalis), gram-positive cocci (S. pyogenes, S. pneu-
moniae, S. dysgalactiae, S. aureus), and bacilli (A. hae-
molyticum), as well as gram-negative cocci (M. catarrhalis)
and bacilli (P. aeruginosa, E. coli) [8], [32], [33].
S. pyogenes was of particular interest because it is the
most frequent cause of bacterial pharyngitis [8], [9]. Ad-
ditionally, M. catarrhalis is often found in conjunction
with S. pyogenes in patients with certain types of
pharyngitis (e.g., tonsillopharyngitis) and has been shown
to enhance the adhesion of S. pyogenes to the
nasopharyngeal epithelium [34], [35], [36]. Although
E. coli does not typically cause pharyngitis, it was included
because of its known connection with antimicrobial resis-
tance [37]. In addition, the study also included C. al-
bicans, a yeast that can cause acute pharyngitis [38].
Currently, there are limited data on the efficacy of sugar-
free antiseptic/anesthetic lozenges. However, this study
showed that sugar-free CPC/benzocaine lozenge
demonstrated bactericidal activity against all challenge
microorganisms, and results were consistent with the
time a lozenge takes to dissolve in the mouth; within
5 min [9], nine of the challenge microorganisms (P. aeru-
ginosa, S. aureus, A. haemolyticum, M. catarrhalis,
P. gingivalis, P. intermedia, S. dysgalactiae, S. pneumoni-
ae, and S. pyogenes) achieved a plate count of
<10 CFU/mL. Within 30 min, all of the challenge microor-
ganisms achieved a plate count of <10 CFU/mL.

Having a lozenge with antiviral and antibacterial proper-
ties is important; for instance, influenza virus is activated
by furin protease from bacteria, so influenza virus is more
infectious if bacteria are present [39]. However, often
only antibiotics are prescribed, which does not treat the
viral infection [7], [15]. This common misuse can signifi-
cantly contribute to antimicrobial resistance [7], [12].
Therefore, it is important to use products with both anti-
viral and antibacterial properties to help avoid unneces-
sary prescription of antibiotics, and hence reduce antimi-
crobial resistance [9].

Limitations

Firstly, only in vitro testing was performed, which does
not fully reflect the throat environment and cannot pre-
cisely replicate how the lozenges would act in a patient’s
throat. For example, the study only focused on planktonic
bacteria in isolation; however, the throat may contain a
greater range of bacteria.

In addition, the in vitro method cannot determine the ef-
fect of biofilms within the oropharyngeal space, or the
effect of the immune system on antimicrobial activity;
generating biofilm data and in vivo testing would be an
interesting next step.

However, the in vitro method allows rapid generation of
robust data for numerous microorganisms simultaneously.
The in vitro/in vivo correlation is a biopredictive mathe-
matical model that can help establish a relationship
between in vitro and in vivo efficacy [18]. Therefore, in
vitro data could also be used to potentially predict lozenge
efficacy in vivo.

Conclusions

Sugar-free  CPC/benzocaine lozenges demonstrated
bactericidal activity against all challenge microorganisms,
as well as antifungal activity against C. albicans, with the
possibility of viral load reduction in the throat. Results
were consistent with the time a lozenge takes to dissolve
in the mouth. Thus, sugar-free CPC/benzocaine lozenges
can be recommended as an effective OTC option for pa-
tients with uncomplicated pharyngitis, offering rapid anti-
microbial and antiviral effects.

It is important to note that inclusion of the topical anes-
thetic benzocaine means these lozenges also provide
effective pain relief [18], [40]. In contrast, antibiotics do
not provide immediate symptomatic relief, nor are they
active against the common viral infections, and inappro-
priate prescription practices will lead to antimicrobial
resistance [11].

This study provides robust data to demonstrate antiviral,
antibacterial and anesthetic effects of CPC/benzocaine
lozenges, showing that they are an effective treatment
for self-management of self-limiting upper respiratory
tract infections. CPC/benzocaine lozenges could also re-
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duce antibiotic prescribing for self-limiting viral
pharyngitis and help reduce antimicrobial resistance.
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