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Abstract

Background/Objectives: COVID-19 predominantly affects the respiratory tract, leading to symptoms
such as fever, sore throat, cough, and nasal congestion. This study aimed to evaluate the efficacy and
safety of nasal spray, mouth spray, and mouthwash containing limonene, cetylpyridinium chloride
(CPC), and monolaurin in alleviating symptoms among patients with mild-to-moderate COVID-19.
Methods: A double-blind, randomized, placebo-controlled trial was conducted at Dontum Hospital,
Thailand, from May to November 2022. A total of 120 RT-PCR-confirmed COVID-19 patients were
randomly assigned to receive either the active antiviral formulations or placebo products. Symptom
severity was assessed on Days 1, 3, and 7 using a 7-point Likert scale. Patient satisfaction regarding
symptom relief and product attributes (color, smell, taste) was evaluated on Day 7 using a 5-point
Likert scale. The study was approved by the Ethics Committee of Silpakorn University (COE 65.0517-
081) and registered with the Thai Clinical Trials Registry (TCTR20240803002). Results: Compared to
the placebo group, the experimental group exhibited significantly faster symptom resolution,
particularly for sore throat, cough with mucus, and nasal congestion, with notable improvements
observed as early as Day 3 (p < 0.05). By Day 7, a higher proportion of patients in the experimental
group reported complete recovery (p < 0.05). Additionally, patient satisfaction scores for symptom
relief and product characteristics were significantly higher in the experimental group (p <0.001). No
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adverse events were reported in either group. Conclusions: The nasal spray, mouth spray, and
mouthwash formulations containing limonene, CPC, and monolaurin were effective and well-
tolerated in managing mild-to-moderate COVID-19 symptoms. These findings suggest their potential
as adjunctive therapies in outpatient settings. Further large-scale, multicenter studies are warranted
to confirm these results and assess long-term clinical benefits. Trial Registration: Thai Clinical Trials
Registry (TCTR20240803002).

Keywords: COVID-19; Antiviral products; Symptom relief; Patient satisfaction

1. Introduction

A novel coronavirus outbreak began in China at the end of 2019, leading to a global pandemic
by March 2020, as declared by the World Health Organization (WHO). This disease, named COVID-
19, is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. Coronaviruses,
including SARS-CoV-2, are enveloped, positive single-strand RNA viruses from the
Orthocoronavirinae subfamily, characterized by their “crown-like” spikes [2]. SARS-CoV-2 is a
zoonotic virus with a low to moderate mortality rate [2,3]. COVID-19 has a mean incubation period
of 5.2 days [4]. Symptoms usually begin with nonspecific signs, including fever, dry cough, and
fatigue. Multiple systems may be involved, including the respiratory, gastrointestinal,
musculoskeletal, and neurologic systems. The most common signs and symptoms are fever, cough,
and shortness of breath [5,6]. After the onset of illness, symptoms are generally mild, with a median
time to first hospital admission of 7 days [5]. Patients with fatal disease develop acute respiratory
distress syndrome, which worsens rapidly, leading to multiple organ failure [5,6].

The virus primarily infects cells via angiotensin-converting enzyme 2 (ACE2), which is
abundantly expressed in type II alveolar cells of the lung, making these cells the main viral target
[7,8]. However, significant viral replication occurs in the upper respiratory tract, with high
pharyngeal shedding observed during the initial week of symptoms [9]. The nasopharynx has a
higher viral load compared to the oropharynx, indicating that transmission can occur through both
saliva and nasal secretions [10]. Thus, targeting the upper respiratory tract could be crucial in slowing
disease progression and reducing transmission.

A systematic review and meta-analysis evaluated the efficacy of various nasal and mouth
products in COVID-19 management. A nasal spray containing 0.005% hypochlorous acid
demonstrated significant virucidal activity against SARS-CoV-2 in mild COVID-19 patients [11],
while a 0.23% povidone-iodine nasal rinse and mouthwash regimen significantly reduced viral load
and the infectious period, although it did not significantly impact quality-of-life measures in recently
vaccinated or mild cases [12]. Povidone-iodine was found to be more effective than chlorhexidine in
reducing SARS-CoV-2 salivary viral load [13], and mouthwashes with 0.07% cetylpyridinium
chloride effectively inactivated SARS-CoV-2 in saliva, suggesting their potential to reduce viral load
and transmission [14]. Cetylpyridinium chloride has also been shown to inhibit the interaction
between the viral spike protein and ACE2, reducing SARS-CoV-2 infectivity [15]. Despite these
promising results, further validation in larger studies is needed to confirm these findings.

Natural products, particularly medicinal plant extracts, offer a promising alternative to
conventional anti-SARS-CoV-2 drugs due to their safety, affordability, and availability [16]. D-
limonene, a key component of orange and lemon essential oils, has shown potential in anti-SARS-
CoV-2 applications. It inhibits the viral genome without exhibiting mutagenic or cytotoxic effects and
possesses favorable pharmacokinetics [17]. Due to its structure, which is similar to thymidine, D-
limonene has an enhanced affinity for viral components and interferes with the PI3K/Akt/IKK-o/NF-
kB p65 signaling pathway, potentially reducing the risk of COVID-19-related pulmonary fibrosis [18].
As a natural monoterpene, limonene is known for its rapid absorption and high bioavailability in
mucosal tissues, such as the oral and nasal cavities. These properties allow it to maintain effective
concentrations at viral entry sites, potentially boosting its antiviral activity. Additionally, limonene
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has demonstrated anti-inflammatory and immune-modulating effects, which could help alleviate
symptoms in patients with COVID-19 [19-21].

Monolaurin, a monoglyceride found in coconut oil, is FDA-recognized as safe and demonstrates
potent antiviral and antibacterial activity [22]. It disrupts viral envelopes and enhances immune
function by modulating cytokine responses and attracting leukocytes [23,24]. Monolaurin shows
promise as a dietary supplement for boosting immunity and combating viral infections, including
SARS-CoV-2 [25,26]. This review explores monolaurin's properties and its potential as a COVID-19
treatment alternative.

Lately, the use of a portable inhaler device for inhalation treatment has been proposed for
COVID-19 due to its ease of use and accessibility. This method could facilitate early antiviral
administration, helping to prevent the progression and spread of the virus. Since SARS-CoV-2
transmits via airborne particles, the ciliated nasopharyngeal epithelium and oral cavity are identified
as primary sites of infection [27,28]. Research indicates that the ACE2 receptor is more abundantly
expressed in the nasal cavity than in peripheral lung tissue [28], suggesting that the nasal cavity is
the principal entry point for the virus into the human body [29,30]. In a meta-analysis examining the
virucidal efficacy of various preparations against SARS-CoV-2 in vivo, aggregated data indicated that
the use of a mouth rinse or nasal spray significantly decreased the salivary viral load [16].

The aim of this study was to conduct a clinical trial to evaluate the efficacy of two distinct
formulations for the treatment of COVID-19. The nasal formulation, designed for spray application,
contained D-limonene and cetylpyridinium chloride. The oral formulation, intended for use as both
a mouth spray and a mouthwash, incorporated D-limonene, monolaurin, and cetylpyridinium
chloride. The trial assessed the concurrent use of these formulations as a nasal spray, mouth spray,
and mouthwash in COVID-19 patients.

2. Methods

2.1. Study Design

This double-blind, randomized, placebo-controlled trial (RCT) was conducted at Dontum
Hospital in Nakhon Pathom, Thailand, between May 17 and November 5, 2022. The study protocol
was initially revised according to the committee’s comments before the research commenced, and no
further amendments were made during the course of the study. The trial adhered to the principles
outlined in the Declaration of Helsinki and followed Good Clinical Practice (GCP) guidelines.
Reporting of the study followed the CONSORT (Consolidated Standards of Reporting Trials)
statement [31]. The study registration was completed under project code REC 65.0323-053-2479 with
a certification date of May 17, 2022, and an expiry date of May 16, 2023. The study protocol was
approved by the Ethics Committee for Research in Human Subjects under the Silpakorn University
Research, Innovation, and Creativity Administration Office, Thailand (approval number: COE
65.0517-081, effective from May 17, 2022, to May 16, 2023). The study was registered in the Thai
Clinical Trials Registry (TCTR) with the trial registration ID TCTR20240803002, approved on August
3, 2024. Detailed information about the trial design, participants, interventions, and outcomes is
provided in accordance with these guidelines.

2.2. Participants

Identification of potentially eligible participants was conducted by screening requests for
molecular diagnostics of SARS-CoV-2, which were processed at the regional reference laboratory for
COVID-19 diagnostics. Eligibility was confirmed through positive reverse transcription polymerase
chain reaction (RT-PCR) results obtained from Dontum Hospital (Nakhon Pathom, Thailand).
Specifically, the study focused on individuals aged 18 years or older who reside in the municipality
of Nakhon Pathom, Thailand, and who are not pregnant (in the case of females). Potentially eligible
participants underwent initial pre-screening at Dontum Hospital by research staff, who inquired
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about symptoms of the disease. Those who expressed willingness to participate received treatment
at the hospital under the care of specialist doctors.

For enrollment in the study, subjects were required to present with asymptomatic or mild-to-
moderate clinical illness, exhibiting at least one COVID-19-attributable symptom (e.g., fever, cough,
sore throat, runny nose, nasal congestion, parosmia) emerging less than 3 days prior to potential
enrollment. The severity of disease was defined according to World Health Organization (WHO)
criteria [32]. Principal exclusion criteria included treatment with medications known or presumed to
have antiviral activity, significant co-morbidities, hypersensitivity to any ingredients in the
developed anti-SARS-CoV-2 nasal and mouth formulations, cognitive impairment, use of high-flow
nasal cannula or non-invasive ventilation, alcohol or substance misuse, confirmed pregnancy,
lactation, or recent or prior participation in other clinical investigations.

2.3. Interventions

The nasal formulation contained D-limonene (0.2% w/w) and cetylpyridinium chloride (0.05%
w/w), while the mouth formulation consisted of D-limonene (0.3% w/w), monolaurin (0.2% w/w),
and cetylpyridinium chloride (0.05% w/w), all incorporated in a homogenized liquid carrier.
Monolaurin was included exclusively in the oral formulation, as there are no documented reports of
its use in nasal applications. The nasal formulation demonstrated a 2.9063 + 0.1197 log reduction and
99.87 + 0.0369% efficacy against SARS-CoV-2 within 120 s, while the mouth formulation exhibited a
3.875 + 0.1021 log reduction and 99.99 + 0.0032% efficacy within the same time frame [33]. Both
formulations complied with safety standards for heavy metal content and microbial contamination.
They were prepared by pharmacists at Dontum Hospital, following established protocols from
previous studies [34,35]. Owing to their safe composition, no special handling was required.

The nasal formulation, delivered in a 15-ml amber glass bottle with a nasal spray head, was used
to reduce SARS-CoV-2 nasal viral load. Each dose involved applying 0.26 ml into each nostril three
times daily, with instructions to clear mucus first, spray twice while inhaling, and avoid nose blowing
for 15 min.

The mouth formulations were provided in two packaging formats: a 240-ml polyethylene
terephthalate (PET) bottle for the mouthwash and a 15-ml amber glass bottle with a spray head for
the mouth spray. These formulations were used to hydrate the oral cavity and reduce viral load. For
the mouthwash, 10 ml was gargled twice daily, once in the morning after brushing and again before
bedtime. For the mouth spray, 0.33 ml was applied directly to the mouth and throat three times a
day.

Both patients and caregivers were blinded to the intervention in this double-blind trial. Patients
received packets containing nasal spray, mouth spray, and mouthwash, which either included the
active ingredients or a placebo (without active ingredients), and remained hospitalized throughout
the study.

In terms of safety and stability, D-limonene is classified as Generally Recognized as Safe (GRAS),
indicating its relative safety for use [36]. Monolaurin is also classified as GRAS for human
consumption and can be used as a food additive [37]. Due to its broad-spectrum antiviral activity and
favorable safety profile, monolaurin is being explored for incorporation into various antiviral
formulations. Cetylpyridinium chloride is similarly designated as GRAS and is commonly used as
an active ingredient in mouthwashes and lozenges to reduce viral load [38]. In research and
formulation contexts, cetylpyridinium chloride, D-limonene, and monolaurin are often utilized at
concentrations ranging from 0.05% to 0.075% w/w, 0.2% to 0.3% w/w, and 0.1% to 0.2% w/w,
respectively [39-41]. These concentrations are selected to achieve a balance between efficacy and
safety. For specific applications, such as nasal sprays, mouth sprays, or mouthwashes, these ranges
are considered effective in providing antiviral activity while minimizing the potential for irritation.
The shelf life of the formulations was determined through stability testing conducted at 25 °C + 2°C
and 75% + 5% relative humidity. These tests confirmed that the products remained stable for at least
12 months, ensuring their consistency throughout the study period.
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2.4. Outcomes

The primary endpoint was to evaluate the efficacy of the investigational products in alleviating
COVID-19 symptoms at any point during the treatment period (days 1 to 7), as determined through
patient self-assessments. Secondary endpoints included comparing the duration of symptom
improvement or complete resolution between the experimental and control groups. Additional
secondary outcomes were the frequency of adverse events (AEs) and patient satisfaction, which was
measured using a 5-point Likert scale.

2.5. Sample Size

The sample size was calculated to detect a clinically meaningful difference in symptom
reduction between the experimental and control groups, assuming an effect size of 20%, based on
expert opinion and similar interventions for respiratory conditions. This effect size was considered
clinically significant for the management of common COVID-19 symptoms (e.g., fever, sore throat,
cough, and nasal congestion). To achieve 80% statistical power at a two-sided significance level (a)
of 0.05, the standard deviation (o) was set at 0.5 [42]. The sample size for comparing two independent
means was determined using the following formula (Eq. 1):

n=[(Za2+ Zp)/(Al0)]*> Equation 1

where:
Zo2 = 1.96 (for a two-sided significance level of 0.05)
Zp = 0.84 (for 80% power)
A = 0.2 (effect size)
o = 0.5 (standard deviation)

Using these values, the minimum required sample size was 49 participants per group, which
was rounded up to 50. To account for a potential 30% dropout rate, the target enrollment was
increased to 65 participants per group, resulting in a total of 130 participants for the trial. Ultimately,
data were successfully collected from 120 participants —61 in the experimental group and 59 in the
control group. Despite being slightly below the target, both groups exceeded the minimum required
sample size, thereby maintaining the study’s intended statistical power and ensuring the robustness
of the findings.

2.6. Randomization and Blinding

Patients who met all inclusion and exclusion criteria were informed about the study, and
informed consent was obtained from those willing to participate. Upon enrollment, each patient was
assigned a sequential serial number based on the order in which they enrolled. Randomization was
then performed using these serial numbers to allocate patients to one of the trial groups. The
pharmacist played a critical role in maintaining the double-blind design, ensuring that neither the
outcome assessors nor the patients were aware of group assignments.

2.7. Study Procedures

On day 0, after applying the inclusion and exclusion criteria and obtaining informed consent,
eligible participants were attended to in the isolation room. A qualified physician collected relevant
medical history, current medications, and COVID-19-related symptoms, conducted a physical
examination, and recorded primary vital signs, including body temperature, heart rate, and oxygen
saturation (measured with a fingertip pulse oximeter).

To ensure compliance with GCP guidelines, the study implemented rigorous monitoring and
oversight procedures. Clinical monitoring was conducted by a designated monitor who made regular
visits to verify protocol adherence and ensure data integrity. Additionally, an independent Data and
Safety Monitoring Board (DSMB) reviewed safety data and monitored AEs throughout the study.
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All randomized participants received standard care, tailored to their age and medical history,
with a focus on supportive measures for asymptomatic and mild-to-moderate COVID-19 cases [43].
Adequate hydration and rest were provided, with identical meals served at each mealtime to ensure
consistency. Participants were closely monitored for signs of complications, such as increased
shortness of breath or chest pain, which could indicate disease progression.

2.8. Data Collection and Compliance

An online Google Form questionnaire, accessible via QR code scan, was provided along with
instructions for its completion. The questionnaire included inquiries about the severity of symptoms
(such as sore throat, cough, mucus, runny nose, nasal congestion, fever, and headache) and any AEs
experienced after administering the antiviral products. Patients rated their overall satisfaction with
the severity levels of symptoms after using the virucidal products on a 7-point Likert scale, which
included the options: worse, as before, slightly better, moderately improved, much better, completely
recovered, and no previous symptoms. Patients completed the online Google Form questionnaire on
three separate days: days 1, 3, and 7. AEs and vital signs were assessed at each visit. To ensure
treatment compliance, from days 1 to 7, the research staff reviewed the use of the products with each
participant before each scheduled spray administration. After completing the treatment on day 7, the
remainder of the investigational product was retrieved. On the same day, following a physical
examination, all participants were asked to rate the overall tolerability and sensory satisfaction with
the investigational products. This assessment was conducted using a 5-point Likert scale, ranging
from very unsatisfied to very satisfied [44].

2.9. Statistical Analysis

Patient demographics and clinical characteristics were summarized using descriptive statistics,
including frequencies and percentages. Qualitative variables were presented as counts and analyzed
using chi-square tests. Statistical significance was defined as p-values less than 0.05. For quantitative
variables, independent z-tests were applied. Additionally, a t-test was utilized to compare patient
satisfaction with antiviral products. All statistical analyses were performed using SPSS software
(version 23).

3. Results

Between May 17 and November 5, 2022, 134 patients were assessed for eligibility. Fourteen
patients were excluded based on the exclusion criteria. A total of 130 patients were enrolled in the
study and were randomized equally into either the experimental or control group. Of these 130
patients, 10 were lost to follow-up (four in the experimental group and six in the control group).
Therefore, the observations reported in this study are based on 120 patients, divided into the
experimental group (1n=61) and the control group (#=59) (Figure 1).
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Figure 1. CONSORT flow chart between the study group.

Reflecting the clinical spectrum of SARS-CoV-2 infection as outlined by the National Institutes
of Health (NIH), the symptomatic presentation of COVID-19 can vary significantly among
individuals. Symptoms range from asymptomatic or mild (green category) to moderate (yellow
category), severe, or critical illness (red category) [45]. This study focused on patients categorized in
the yellow category. Patients in this group exhibited moderate symptoms, including fatigue, chest
tightness, difficulty breathing, rapid breathing, cough, tiredness when coughing, dizziness, vomiting,
pneumonia, and diarrhea occurring at least three times per day. Additionally, complications related
to risk factors or underlying conditions were present, such as being over 60 years of age, chronic
obstructive pulmonary disease, lung diseases, chronic kidney disease, coronary artery disease, stroke,
uncontrolled diabetes, obesity (weighing more than 90 kg), liver cirrhosis, and low immunity.

A total of 120 COVID-19 patients were studied, with their baseline characteristics summarized
in Table 1. The median age distribution between the control group (n = 59) and the experimental
group (n = 61) was similar, with no significant difference (p = 0.657). In the control group, 42.4% (n =
25) were male and 57.6% (n = 34) were female, while in the experimental group, 39.3% (n = 24) were
male and 60.7% (n = 37) were female, showing no significant difference in sex distribution (p = 0.911).
The distribution of underlying diseases, including hypertension, diabetes, hyperlipidemia, and
others, was comparable between the two groups. No statistical analysis was performed for each
individual condition due to the small number of patients per subgroup. Most participants in both
groups reported no underlying diseases.

Table 1. Demographics and clinical characteristics of patients.

. L. Experimental grou Control grou
Characteristic P (1 =61) group o =5fg) P p value

Age, % (n)

18-30 years 18.0 (11) 27.1 (16)

31-40 years 27.9 (17) 22.0 (13)

41-50 years 29.5 (18) 22.0 (13) 0.657

51-60 years 14.8 (9) 18.6 (11)

> 60 years 9.8 (6) 10.2 (6)
Sex, % (n)

Male 39.3 (24) 42.4 (25) 0.911

Female 60.7 (37) 57.6 (34) '
Underlying disease, % (1)

Hypertension 4.9 (3) 5.1(3) -
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Diabetes 49 (3) 1.7 (1)
Hyperlipidemia 3.3(2) 5.1(3)
Heart disease 0.0 (0) 3.4(2)
Asthma 0.0 (0) 1.7 (1)
Thrombocytopenia 1.6(1) 0.0 (0)
Spondylosis 4.9 (3) 0.0 (0)
Renal disease 3.3(2) 0.0 (0)
Thyroid disease 1.6 (1) 0.0 (0)
No underlying disease 75.4 (46) 83.1 (49)

Table 2 presents the patient-reported severity levels of four key symptoms —fever and headache,
sore throat, cough and mucus, and runny nose/nasal congestion —at baseline (Day 1) and on Days 3
and 7 after treatment. Symptom severity was assessed using a 7-point Likert scale, ranging from
“worse” to “completely recovered.”

For fever and headache, significant differences between the experimental and control groups
were observed at all time points. On Day 1, a significantly greater proportion of patients in the
experimental group reported being “moderately improved,” “much better,” or having “no previous
symptoms” (p = 0.038). By Day 3, the experimental group showed markedly greater improvement,
with 13.1% reporting “much better” and 27.9% reporting “moderately improved,” compared to only
1.7% and 22.0%, respectively, in the control group (p <0.001). On Day 7, complete recovery was more
frequent in the experimental group (45.9% vs. 25.4%; p = 0.019), and no patients in either group
reported worsening symptoms.

Regarding sore throat, no significant difference was observed on Day 1 (p = 0.605). However, by
Day 3, the experimental group demonstrated significantly greater symptom improvement (p = 0.007),
with higher rates of “moderately improved” (23.0% vs. 13.6%) and “much better” (11.5% vs. 1.7%).
On Day 7, the experimental group exhibited significantly better outcomes (p < 0.001), including a
higher rate of “completely recovered” (26.2% vs. 3.4%) and fewer reports of persistent or unchanged
symptoms.

For cough and mucus, no significant difference was observed on Day 1 (p =0.229). However, by
Day 3, significant improvements were evident (p = 0.046), with more patients in the experimental
group reporting being “moderately improved” (19.7% vs. 15.3%) or “much better” (11.5% vs. 1.7%).
On Day 7, the difference remained significant (p = 0.011), with 14.8% of patients in the experimental
group achieving complete recovery compared to only 1.7% in the control group.

As for runny nose and nasal congestion, the between-group difference approached significance
on Day 1 (p = 0.072). A statistically significant difference was observed by Day 3 (p < 0.001), with a
notably higher proportion of patients in the experimental group reporting being “much better”
(21.3% vs. 1.7%) or “moderately improved” (19.7% vs. 13.6%). By Day 7, the improvement was even
more pronounced (p < 0.001), with 31.1% of patients in the experimental group reporting complete
recovery compared to only 3.4% in the control group, and no patients in either group reporting
persistent or worsening symptoms.

Overall, the results suggest that the experimental treatment led to a more rapid and complete
resolution of symptoms, particularly for sore throat, nasal congestion, and cough-related complaints.
Notably, no patients in either group experienced a worsening of symptoms by Day 7, and no AEs
were reported within 7 days of admission or during the 1-month follow-up after discharge.

Table 2. Outcome variables of study groups assessed 1, 3, and 7 days after treatment.

Day 1 Day 3 Day 7
Symptom and severity Experim Control Exie:me Control Ex[:le:Lme Control
level
eve group (ir(_nslg) p value group g:(_):g) p value group (ir(_):g) p value
(n=61) (n=61) (n=61)
Fever and headache, % (1) 0.038 <0.001 0.019
Worse 13.1(8) 10.2(6) 493) 684 0.0(0) 0.0(0
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As before 42.6 (26) 69.5 (41) 18.0 (11) 11.9(7) 0.0 (0) 0.0(0)

Slightly better 21.3 (13) 16.9 (10) 23.0 (14) 54.2(32) 0.000) 1.7(1)

Moderately

improved 49(3) 0.0(0) 27.9 (17) 22.0(13) 00(0) 34()

Much better 49(3) 0.0(0) 13.1(8) 1.7(1) 41.0 (25) 66.1(39)

Completely

recovered 0.0 (0) 0.0(0) 0.0(0) 0.0(0) 45.9 (28) 25.4(15)

No previous

symptoms 13.1(8) 34(2) 13.1(8) 3.4(2) 13.1(8) 3.4(2)
Sore throat, % (1) 0.605 0.007 <0.001

Worse 9.8(6) 10.2(6) 33(2) 68(4) 0.0 (0) 0.0(0)

As before 62.3 (38) 69.5 (41) 24.6 (15) 23.7 (14) 1.6(1) 0.0(0)

Slightly better 19.7 (12) 16.9 (10) 34.4 (21) 50.8 (30) 13.1(8) 1.7(1)

Moderately

improved 1.6(1) 0.0(0) 23.0 (14) 13.6(8) 18.0 (11) 33.9 (20)

Much better 33(2) 0.0(0) 11.5(7) 1.7(Q1) 37.7 (23) 57.6 (34)

Completely

recovered 0.0(0) 0.0(0) 0.0(0) 0.0(0) 262 (16) 3.4(2)

No previous

symptoms 33(2) 34(Q) 33(2) 34(2 33(2) 34()
Cough and mucus, % (1) 0.229 0.046 0.011

Worse 13.1(8) 6.8(4) 14.8(9) 8.5(5) 0.0 (0) 0.0 (0)

As before 63.9 (39) 78.0 (46) 29.5 (18) 32.2(19) 0.0 (0) 0.0 (0)

Slightly better 14.8(9) 11.9(7) 21.3 (13) 39.0 (23) 18.0 (11) 30.5(18)

Moderately

improved 1.6(1) 0.0(0) 19.7 (12) 15.3(9) 42.6 (26) 52.5(31)

Much better 33(2) 0.0(0) 1157) 1.7(1) 21.3 (13) 11.9(7)

Completely

recovered 0.0(0) 0.0(0) 0.0 (0) 0.0(0) 14.8(9) 1.7(1)

No previous

symptoms 33(2) 34(Q) 33(2) 34(2 33(2) 34()
Runny nose and nose congestion, % (1) 0.072 <0.001 <0.001

Worse 14.8(9) 8.5 (5) 82(5) 85(5) 0.0(0) 0.0(0)

As before 49.2 (30) 76.3 (45) 27.9 (17) 22.0 (13) 0.0(0) 0.0(0)

Slightly better 24.6 (15) 11.9 (7) 19.7 (12) 50.8 (30) 0.0(0) 0.0(0)

Moderately

improved 49(3) 0.0(0) 19.7 (12) 13.6(8) 16.4 (10) 25.4 (15)

Much better 33(2) 0.0(0) 21.3(13) 1.7(1) 49.2 (30) 67.8 (40)

Completely

recovered 0.0 (0) 0.0(0) 0.0 (0) 0.0(0) 31.1(19) 3.4(2)

No previous

symptoms 33(2) 34(Q2) 33(2) 34(2 33(2) 34()

Patient-reported severity levels of symptoms with the antiviral products were assessed using a 7-point Likert

scale.

Patient satisfaction was assessed using a 5-point Likert scale [45], focusing on both symptom
relief and product attributes such as color, smell, and taste. Table 3 presents satisfaction levels after 7
days of antiviral product use in the experimental group (n = 61) and control group (n = 59). To
compare the two groups, independent f-tests were performed.

The results indicated that participants in the experimental group reported significantly higher
satisfaction regarding symptom relief compared to those in the control group. Specifically, for relief
of fever and headache, the experimental group had a mean satisfaction score of 4.02 + 0.39, which
was significantly higher than the control group’s score of 3.71 + 0.53 (f = 3.60, p < 0.001). Similarly, for
sore throat relief, the experimental group reported a mean score of 4.02 + 0.34, compared to 3.69 +
0.50 in the control group (¢ =4.10, p < 0.001).

For cough and mucus relief, the experimental group demonstrated greater satisfaction (mean =
3.97, SD = 0.37) than the control group (mean = 3.63, SD = 0.55), with a statistically significant
difference (t = 3.96, p < 0.001). A similar pattern was observed for relief of runny nose and nasal
congestion, with the experimental group scoring 4.10 + 0.40 versus 3.66 + 0.55 in the control group (¢
=5.02, p <0.001).
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In terms of product characteristics, participants in the experimental group also expressed higher
satisfaction with the color, smell, and taste of the products (mean = 4.07 + 0.36) compared to the
control group (mean =3.78 + 0.50; ¢t = 3.62, p <0.001).

Overall satisfaction scores were significantly higher in the experimental group (mean = 4.03, SD
= 0.30) than in the control group (mean = 3.69, SD = 0.48), with a t-value of 4.61 and p <0.001.

These findings suggest that the antiviral products used in the experimental group were more
effective in alleviating COVID-19 symptoms and were better received in terms of sensory attributes,
resulting in significantly higher patient satisfaction.

Table 3. Level of patients' satisfaction with antiviral products after 7 days of use in COVID-19 treatment (1 =

p value <0.001

120).
Satisfaction level Experimental group (n=61) Control group (1 =59)

Relieving fever and headache, % (1)
Very satisfied 8.2 (5) 34 (2)
Satisfied 85.2 (52) 64.4 (38)
Neutral 6.6 (4) 32.2(19)
Unsatisfied 0.0 (0) 0.0 (0)
Very unsatisfied 0.0 (0) 0.0 (0)

Mean 4.02 3.71

SD 0.39 0.53

t score 3.60

p value <0.001

Relieving sore throat, % (1)
Very satisfied 6.6 (4) 1.7 (1)
Satisfied 88.5 (54) 66.1 (39)
Neutral 49 (3) 32.2(19)
Unsatisfied 0.0 (0) 0.0 (0)
Very unsatisfied 0.0 (0) 0.0 (0)

Mean 4.02 3.69

SD 0.34 0.50

tscore 4.10

p value <0.001

Relieving cough and mucus, % (1)
Very satisfied 4.9 (3) 3.4(2)
Satisfied 86.9 (53) 55.9 (33)
Neutral 8.2 (5) 40.7 (24)
Unsatisfied 0.0 (0) 0.0 (0)
Very unsatisfied 0.0 (0) 0.0 (0)

Mean 3.97 3.63

SD 0.37 0.55

t score 3.96

p value <0.001

Relieving runny nose and nose congestion, % (1)
Very satisfied 13.1 (8) 34(2)
Satisfied 85.2 (52) 59.3 (35)
Neutral 1.6 (1) 37.3 (22)
Unsatisfied 0.0 (0) 0.0 (0)
Very unsatisfied 0.0 (0) 0.0 (0)

Mean 4.10 3.66

SD 0.40 0.55

t score 5.02
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Color, smell, and taste of the products, % (1)

Very satisfied 9.8 (6) 34 (2)
Satisfied 88.5 (54) 71.2 (42)
Neutral 1.6 (1) 254 (15)
Unsatisfied 0.0 (0) 0.0 (0)
Very unsatisfied 0.0 (0) 0.0 (0)
Mean 4.07 3.78
SD 0.36 0.50
t score 3.62

p value <0.001
Overall satisfaction

Mean 4.03 3.69
SD 0.30 0.48
t score 4.61

p value <0.001

Patient-reported overall satisfaction with the antiviral products was assessed using a 5-point Likert scale.

4. Discussion

This clinical trial investigated the efficacy of newly developed nasal and mouth formulations for
treating COVID-19. Our findings provide evidence that a nasal formulation containing D-limonene
(0.2% w/w) and cetylpyridinium chloride (0.05% w/w), and a mouth formulation containing D-
limonene (0.3% w/w), monolaurin (0.2% w/w), and cetylpyridinium chloride (0.05% w/w) can
significantly improve symptoms in COVID-19 patients with moderate (yellow category) illness,
within 7 days of treatment. Similarly, treatment with antiviral products was generally associated with
a shorter time to symptom improvement and faster recovery, crucial for limiting virus spread.
Throughout the entire follow-up period, no AEs were observed in any patients from either the
experimental or control groups. The SARS-CoV-2-targeting products were found to be safe and well-
tolerated in both treatment and control groups. Additionally, a complementary in vitro study
demonstrated a high level of virucidal activity of the nasal and mouth formulations against SARS-
CoV-2, a pathogen linked to significant clinical and socioeconomic challenges worldwide [46]. In the
present work, the virucidal agents in nasal spray, mouth spray, and mouthwash might prevent or
mitigate COVID-19 transmission between household members, and thus preventing coronavirus
spread among family members. The therapeutic effect of these formulations on SARS-CoV-2 has not
been previously studied in a clinical trial; however, various studies have demonstrated the
therapeutic potential of these natural product substances.

Recent studies have highlighted the antiviral, anti-inflammatory, antioxidant, and
immunomodulatory effects of D-limonene, monolaurin, and cetylpyridinium chloride. D-limonene,
a compound found in lime and orange essential oils, has shown promise as an anti-SARS-CoV-2 agent
due to its non-mutagenic, non-cytotoxic nature and favorable pharmacokinetics [47,48]. It has been
shown to inhibit inflammatory mediators, reduce oxidative stress, and modulate immune responses
[49-52], making it a potential therapeutic for COVID-19. Its antioxidant activity is particularly
noteworthy, as oxidative stress and redox imbalances can worsen viral infections and contribute to
viral mutations [53-55].

Previous studies [22,56] have established that monolaurin possesses antibacterial, immune-
enhancing, and antiviral properties, making it a valuable agent against viral infections. Monolaurin
enhances immune function by modulating immune responses, controlling pro-inflammatory
cytokines, and recruiting leukocytes to infection sites. Additionally, it exhibits antiviral activity,
particularly against enveloped viruses like influenza and coronaviruses, by disrupting viral
membranes, preventing viral protein binding, and inhibiting viral RNA assembly. These properties
make monolaurin a promising candidate for boosting immune function and combating viral
infections, including SARS-CoV-2.
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Literature reviews suggested that mouth rinses containing cetylpyridinium chloride can reduce
COVID-19 severity by lowering SARS-CoV-2 oral viral load and transmission risk from droplets or
aerosols [57,58]. Cetylpyridinium chloride disrupted viral metabolism and cell membranes, showing
superior antiviral activity against both enveloped and nonenveloped viruses compared to other
agents like chlorhexidine [59,60]. Recent findings also indicated its effectiveness against influenza
through a direct attack on the viral envelope, establishing it as a common ingredient in oral rinses,
throat lozenges, and sprays [61,62].

D-limonene, monolaurin, and cetylpyridinium chloride possess the potential to mitigate the
severity and progression of various diseases owing to their immunomodulatory, anti-inflammatory,
and antimicrobial properties [63—66]. The efficacy of these compounds at low concentrations has been
evaluated in several RCTs [22,67,68]. Therefore, this study contributes to the existing experimental
evidence regarding the potential additive clinical benefits of these compounds, leveraging their well-
documented antiviral and antibacterial properties, as well as their safety record.

The role of developed products as antiviral, anti-inflammatory, antioxidant, and
immunomodulatory agents underscores their potential for treating COVID-19 patients. With their
lipophilic structures and established use in various studies, they are recognized as safe, effective, and
preferred adjuvants, enhancing symptom management in COVID-19 cases. Treatments targeting
antiviral, anti-inflammatory, antioxidant, and immune modulation pathways have been explored as
potential strategies for severe COVID-19 cases [69,70]. The results of this clinical trial suggest that
administering developed products to SARS-CoV-2 infected patients with moderate (yellow category)
illness may improve several clinical outcomes.

The study assessed patient satisfaction levels using a 5-point Likert scale, revealing a link
between increased satisfaction (as shown in Table 3) and decreased severity of COVID-19 symptoms
(asindicated in Table 2). While some patients experienced lingering symptoms after 7 days of product
use, most expressed satisfaction. Notably, patients in the experimental group (receiving products
with active ingredients) reported significantly higher satisfaction and better COVID-19 disease status
compared to the control group (receiving products without active ingredients). For symptoms like
fever, headache, sore throat, cough, mucus, runny nose, and nasal congestion, the experimental
group consistently showed more "satisfied" and "very satisfied" responses, suggesting more effective
symptom relief. In contrast, the control group had a higher percentage of neutral responses,
indicating less noticeable improvement. None of the patients in either group reported being
unsatisfied, suggesting both treatments were tolerable and beneficial. Further studies with larger
sample sizes are recommended to confirm these findings and assess long-term outcomes.

This RCT indeed had several limitations. Firstly, it was designed at a time when there was
limited data on SARS-CoV-2 viral kinetics and multiple viral strains were in circulation. Secondly,
variations in nasal anatomy among patients, potentially including swollen nasal mucosa, were not
fully accounted for. Thirdly, since patients self-administered the spray, there may have been
differences in ability to correctly perform spraying and gargling techniques among individuals.
Finally, the study was conducted during a period of prevalent Alpha and Delta variants. While these
limitations are noteworthy, they also present opportunities for further research to address and refine
the effectiveness of the interventions under investigation.

5. Conclusions

The findings from this double-blind, randomized, placebo-controlled trial provide clinical
evidence supporting the efficacy and safety of nasal spray, mouth spray, and mouthwash containing
limonene, cetylpyridinium chloride, and monolaurin in the management of mild-to-moderate
COVID-19. Compared with placebo, the experimental formulations significantly accelerated
symptom resolution, particularly in sore throat, cough with mucus, and nasal congestion, with
notable improvements observed as early as Day 3. By Day 7, a greater proportion of patients in the
experimental group reported complete recovery, and no symptom worsening or adverse events were
observed. Moreover, patient satisfaction with both symptom relief and product characteristics was
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significantly higher in the experimental group. These results suggest that the tested antiviral products
may serve as effective and well-tolerated adjunct therapies for symptomatic COVID-19 relief in
outpatient settings. Further large-scale and multi-center studies are warranted to validate these
findings and assess their long-term clinical utility.
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