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ABSTRACT

Purpose

This clinical trial aimed to evaluate the use of mouthwash and dentifrice con-
taining an antimicrobial phthalocyanine derivative (APD) to reduce the clinical
symptoms in patients with COVID-19.

Methods

This randomized, triple-blind clinical trial enrolled 134 patients aged 18 years
or older who underwent COVID-19 testing through the use of nasopharyngeal
swab RT-gPCR in a reference center for the diagnosis of COVID-19, had no clin-
ical contraindications to mouthwash and gargle, and had access to cell phones
with communication applications. According to the use of a mouthwash and den-
tifrice containing antimicrobial phthalocyanine derivatives (APD), patients were
randomly assigned (1:1) to the APD or non-APD (control) group. All participants
were instructed to floss twice a day, brush teeth for 2 minutes 3 times a day, and
gargle/rinse (5 mL) for 1 min/3 times a day for 7 days. An online questionnaire
was sent to collect data on the clinical symptoms of COVID-19 3 times: TO (base-
line before using the oral hygiene products), T3 (3 days after), and T7 (7 days
after). The investigators, patients, and outcome assessors were blinded to group
assignment. The Mann-Whitney, Chi-Square, Fisher's exact, and Cochran’s tests
were used according to the nature of the variables studied, with the level of sig-
nificance set at P < .05.

Results

No statistically significant difference was found in the prevalence of symptoms
between groups at baseline. A statistically significant reduction in clinical symp-
toms was found in the control group (fatigue, shortness of breath, hoarse voice,
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sore throat, nasal congestion, and chest pain) and APD group (cough, fatigue,
shortness of breath, hyposmia/anosmia, dysgeusia, hoarse voice, sore throat,
nasal congestion, chest pain, diarrhea, and irritability/confusion) during the
follow-up period. There were statistically significant differences, with a higher
prevalence of symptoms in the control group at T3 and T7. Dysgeusia, sore
throat, and irritability/confusion were less prevalent in the APD group at T3, and
shortness of breath, hyposmia/anosmia, dysgeusia, hoarse voice, sore throat, di-
arrhea, and irritability/confusion were more prevalent in the control group at T7.

Conclusions

Based on this methodology, the results demonstrated that the regular use of
mouthwash and dentifrice-containing APD had a positive impact on the clinical

symptoms, as reported by patients with COVID-19.

INTRODUCTION

ral health care has been reported as one of the chal-

lenges of COVID-19."° Recent surveys have shown
that global neglect of dental care has affected the popula-
tion mainly due to the lack of self-care, which directly impacts
general health.”>“ Since the involvement of the mouth in the
pathophysiology of COVID-19? as a reservoir of SARS-CoV-2,
many studies have been carried out.

Antiseptic products have already been used in oral health
care. Moreover, during the pandemic, it was hypothesized
that these products could be used as adjuvants in the pre-
vention of COVID-19 infection, by reducing the oral vi-
ral load of SARS-CoV-2."%"? Recent studies have demon-
strated promising clinical and laboratory findings such as in-
traoral reduction of viral load of SARS-CoV-2, virucidal effi-
cacy against salivary SARS-CoV-2, anti-inflammatory effectiv-
ity, and possible benefit for COVID-19 with evidence-based
approach.'®'® In contrast, the daily use of certain oral hy-
giene virucidal products could cause adverse in patients ex-
posed to long-term povidone iodine (thyroid problems), and
chlorhexidine (alteration in taste, staining of teeth, and cal-
culus formation).'’-'

In the pandemic context, few oral antimicrobial products
have been investigated for the maintenance of oral hygiene
and as a measure to prevent COVID-19, especially those con-
taining chlorhexidine, hydrogen peroxide, povidone-iodine,
and, more recently, an antimicrobial phthalocyanine deriva-
tive (APD)."”?° Phthalocyanine derivative is a compound
with oxidizing properties, with principle of promoting self-
activation and continues production of reactive oxygen in
the presence of molecular oxygen. This production of reac-
tive oxygen with phthalocyanine derivative can occur either
associated with photodynamic therapy or free.” In previ-
ous studies using APD, the authors reported promising out-
comes such as reduction of clinical symptoms (sore throats,
mouth ulcers, and cough) and viral load of SARS-CoV-2.":
2123 However, as this is a new technology, there are no results
from clinical trials with APD in patients in the early stage of
the COVID-19 disease.
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In the current study, we tested the hypothesis that the use of
a mouthwash and dentifrice containing APD would reduce
the clinical symptoms of COVID-19 during the early stage of
the disease.

PATIENTS AND METHODS

Trial Design

This was a randomized (1:1), triple-blind, parallel-group clin-
ical trial, conducted in a reference center that performed the
diagnosis of COVID-19. The study protocol was approved by
the National Commission of Research Ethics, Brazil, on Oc-
tober 22, 2020 (# 35,530,020.1.0000.8156), upon acquisition
of the Londrina Municipal Health Authority, and was regis-
tered in the Brazilian Registry of Clinical Trials (REBEC; RBR-
8 x 8 g36). This study was performed in accordance with the
Consolidated Standards of Reporting Trials (CONSORT).?

Participants

Eligible participants were adult patients aged 18 years or
older who underwent COVID-19 testing through nasopha-
ryngeal swab RT-gPCR, had no clinical contraindications to
the use of mouthwashes and gargle, and had access to cell
phones that had communication applications (WhatsApp).
The exclusion criteria were those with negative COVID-19
test results, those who did not answer the clinical question-
naires, and those who did not use oral products as recom-
mended. The recruitment of participants in this study took
place at a reference center for the diagnosis of COVID-19 in
Londrina, Brazil, from November 6, 2020, to November 19,
2020. Londrina had 580.000 habitats and a 7-day moving av-
erage of 124 new COVID-19 cases when this study was per-
formed.

Sample size calculation was performed based on the APD
group (time to clinical improvement, defined as the length
of stay in the hospital) of a previous study with hospitalized
patients’’ with an alpha level of 0.5 and a beta value of 0.2
to attain 80% test power; 40 patients were required for each
group. However, considering that approximately 80% of the
COVID-19 tests were negative at the referral center for this
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study, 250 patients were needed for each arm in October
2020.

Randomization and Blinding

Randomization was performed by an external investigator
(T. F) with no clinical involvement in the trial using a com-
puter program (Excel 2007, Microsoft Windows, Microsoft,
Chicago, IL), and was stratified by a group with a 1:1 allo-
cation using random block sizes of 20. This investigator in-
serted the codes according to the randomization schedule
in pre-packaged kits with a toothbrush, a floss, and an ex-
perimental mouthwash and dentifrice, both with APD (APD
group) and non-APD (control group). These kits were identi-
cal in appearance, taste, smell, and method of use, and the
allocation sequence was kept blinded by the other investi-
gators at all times. After conducting a swab test at the ref-
erence center and obtaining the patient’s consent, the kits
were delivered to patients by 2 investigators (D. G. and A.
B.) who assigned the participants to the interventions. The
kits were kept blinded to the patients at all times during the
clinical trial. Additionally, the analysis of the data and statis-
tical treatment were performed by an external investigator
with no clinical involvement in the trial (K. F), who was unable
to identify the intervention groups. Therefore, the investiga-
tors, patients, and outcome assessors were blinded to group
assignment.

Interventions
The patients were divided into 2 groups:

o Control group (N =250): oral hygiene was performed
with an experimental mouthwash and dentifrice, both
free of APD.

e The APD group (N =250): oral hygiene was performed
with an experimental mouthwash and dentifrice, both
containing APD.

Videos with instructions on oral hygiene were sent via What-
sApp. All participants were instructed to floss twice a day, use
the same amount of dentifrice, brush the teeth and tongue
for 2min/3 times a day, and then gargle/rinse with 5mL of
mouthwash for 1 min/3 times a day. They were also instructed
to wait for 30 minutes after using oral hygiene products to eat
or drink anything. This oral hygiene protocol was started on
the morning of the first day after swab collection and contin-
ued for 7 days. The participants did not use any other oral
hygiene products during the study period.

Data Collection

For the analysis of clinical symptoms, a research instrument
was used to collect the self-reports of the episodes, in their
natural environment, through an application, according to a
previous study.”® Each participant previously received (at the
baseline) instructions for responding to links via mobile mes-
sages via WhatsApp. The questionnaire was sent to collect
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the demographic characteristics of the patients, clinical data
on COVID-19 (symptoms), and oral hygiene product compli-
ance using the Mentimeter system (Mentimeter AB, Stock-
holm, Sweden) 3 times: TO (baseline, before using the oral
hygiene products), T3 (3 days after), and T7 (7 days after). All
questionnaires were answered in the evening and identified
using a randomization code.

For the diagnosis of COVID-19, the samples were processed
in 2 laboratories (Central Laboratory of Parana State - Lacen,
Curitiba, PR, Brazil, and Research Laboratory in Applied Im-
munology, Department of Pathology, Clinical Analysis and
Toxicology, State University of Londrina, Londrina, PR, Brazil),
following the same protocol. The analysis of RNA viral load
was performed by RT-PCR using TagPath COVID-19 multi-
plex Real-Time RT-PCR test for detection of 3 viral genes
(ORF1ab, N, and S genes). Cycle threshold values < 37 for
2 or more genes were considered positive for COVID-19.

The primary outcome of the effectiveness of the mouthwash
and dentifrice-containing APD for the COVID-19 patients
was the comparison of patients who achieved an improve-
ment in clinical symptoms from baseline (T0) to T7.

Statistical Analysis

The Statistical Package for Social Sciences (version 18.0) was
used to conduct all analyses, establishing a confidence inter-
val of 95% and a level of significance of 5% (P < .05) for all
tests.

To compare the demographic characteristics among the
groups, the Mann-Whitney test was used to compare the
age, BMI, and the period between symptom onset and swab
collection, and the Chi-Square test was used to compare the
results as per the sex. Additionally, the Chi-Square test or
exact Fisher test was used to compare the signs and symp-
tom prevalence between the groups at baseline. Addition-
ally, Cochran’s test was used to compare the signs and symp-
toms within the treatment groups during the follow-up pe-
riod.

To deal with missing data, strategies were carried out regard-
ing outcomes under the assumptions of missing at random
or not at random. The chosen method was the last observa-
tion carried forward, which is a type of single imputation, as it
substitutes the censored data for the last observed value, un-
der the assumption that this value likely has not changed. In-
deed, this conservative method is widely accepted and even
recommended by the FDA, since it mimics real-life scenarios
of non-compliance of the patients.?*:?

RESULTS

Of the 741 individuals assessed for eligibility, 500 were en-
rolled in the study. After confirming the diagnosis of COVID-
19 using RT-PCR, 307 negative cases were lost to follow-up,
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Figure 1. CONSORT flow diagram.
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Assessed for eligibility (n=741)

Excluded (n=241)
+ Not meeting inclusion criteria (n=5)
+ Declined to participate (n=236)

A 4

Randomized (n=500)

AL [ Allocation ] A4
Control Group (n=250) APD Group (n=250)
+ Received allocated intervention (n=250) + Received allocated intervention (n=250)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
v [ Follow-Up ] v
A J
Lost to follow-up (n=162) Lost to follow-up (n=145)
¢ Negative COVID-19 test (n=162) ¢ Negative COVID-19 test (n=145)
v [ Analysis ] v
A Yy

Analysed (n=75)
+ Excluded from analysis (did not answer the
questionnaire or did not use the products as
recommended) (n=13)

and 59 were excluded from analysis because they did not an-
swer the clinical questionnaires or did not use the products
as recommended. As shown in the study flowchart (Figure
1), 134 individuals were assessed and all the symptoms were
compared during the follow-up period.

Table 1 shows that the groups were paired as per the de-
mographic and clinical characteristics, early pharmacologi-
cal treatment use for COVID-19, and the possible occurrence
of symptoms in relatives of participants enrolled in the study.

Table 2 shows the symptoms observed at TO, T3 and T7. No
statistically significant difference was found in the prevalence

- Volume 000, Number XX

Analysed (n=59)
+ Excluded from analysis (did not answer the
questionnaire or did not use the products as
recommended) (n=46)

of symptoms between groups at baseline. The most preva-
lent symptoms were fatigue, shortness of breath, hoarse
voice, dysgeusia, and hyposmia/anosmia, with a similar
prevalence in both groups at baseline; those with a preva-
lence higher than 20% at the initial assessment were in-
cluded in the analysis. When comparing the prevalence of
symptoms within the groups, dysgeusia, sore throat, irritabil-
ity/confusion were less prevalent in the APD group at T3. Ad-
ditionally, at the follow up at day T7 day, shortness of breath,
hyposmia/anosmia, dysgeusia, hoarse voice, sore throat, di-
arrhea, and irritability/confusion were more prevalent in the
control group.
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Variables
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lation (n=134).

Control group (n=75) APD group (n=59) P-value

Age, y (Median =+ Interquartile range)

BMI (Median = Interquartile range)

Sex

Female, n (percentage)

Male, n (percentage)

Polypharmacy use

Yes, n (percentage)

No, n (percentage)

Early pharmacological treatment for COVID
Yes, n (percentage)

No, n (percentage)

Symptoms’ presence in relatives after treatment
Yes, n (percentage)

No, n (percentage)

Period between symptoms onset and swab collection, days (Median +
Interquartile range)

BMI: body mass index; APD: the antimicrobial phthalocyanine derivative.
@ Mann-Whitney test

b chi-square test

€ exact Fisher test;

Additionally, Table 3 depict the major symptom variation af-
ter the intervention in the control and APD groups. A reduc-
tion in symptoms (fatigue, shortness of breath, hoarse voice,
sore throat, nasal congestion, and chest pain) was observed
in the control group. In contrast, according to Cochran’s test,
a marked reduction in all major symptoms was observed in
the APD group intervention. No side effects of oral hygiene
products were reported in this study.

Table 4 shows a comparison of symptom prevalence during
follow-up between the control and APD groups. There were
statistically significant differences, with a higher prevalence
of symptoms in the control group at T3 and T7.

DISCUSSION

In light of the ongoing discussion on COVID-19 and oral
health management,”*?4% the overarching aim of this
triple-blind randomized clinical trial was to evaluate the use
of mouthwash and dentifrice containing APD to reduce clin-
ical symptoms in patients with COVID-19. The results of this

34.2+£20.9 355+21.4 0.47°
256+6.6 267 +6.3 0.25°
48 (64.0) 35(59.3) 0.58°
27 (36.0) 24 (40.7)
05 (6.7) 02 (3.4) 0.46¢
70 (93.3) 57 (96.6)
22 (29.3) 19 (32.2) 0.85°
53 (70.7) 40 (67.8)
08 (10.7) 04 (6.8) 0.55¢
67 (89.3) 55 (93.2)
4+3 4542 0.33°

study indicated a reduction in clinical symptoms that were
self-reported by patients at home, while corresponding data
was collected through a questionnaire.?® The prevalence of
symptoms was examined at baseline (T0), 3 (T3), and 7 (T7)
days after using APD in oral hygiene products and compared
to the control group. These results are in accordance with
clinical and laboratory evidence built over this pandemic pe-
riod on the beneficial effect of using APD in oral care prod-
ucts against COVID-19 in the studies samples.'*16:20-23

In one of these APD studies, the authors reported that hospi-
talized patients with COVID-19 experienced faster recovery
and hospital discharge without disease progression after us-
ing an adjuvant APD rinse protocol.?’ The same protocol was
used by non-hospitalized patients diagnosed with COVID-19
and was reported in 2 case series.””.?* In these studies, the
patients experienced a reduction in clinical symptoms such
as sore throat, cough, and mouth sores and became asymp-
tomatic after a few days of use APD rinse protocol. In ad-
dition, a pilot study showed a reduction in the viral load of
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Table 2. Comparison of the prevalence of symptoms among groups at TO, T3 and T7 days of follow-up.

TO T3 T7
Symptoms observed Control APD P-value Control APD P-value Control APD P-value

group group group group group group

(n=175) (n=59) (n=75) (n=59) (n=175) (n=59)

Yes (%) Yes (%) Yes (%) Yes (%) Yes (%) Yes (%)
Cough 26.7 35.6 0.27 16.0 22.0 0.37 18.7 16.9 0.79
Fatigue 61.3 54.2 0.69 46.7 39.0 0.37 320 23.7 0.29
Shortness of breath 53.3 54.3 0.43 42.7 28.8 0.09 37.3 203 0.03
Hyposmia/ Anosmia 44.0 52.5 0.33 52.0 441 0.36 49.3 32.2 0.04
Dysgeusia 453 50.8 0.66 49.3 30.5 0.03 413 22.0 0.02
Hoarse voice 54.7 57.6 0.73 48.0 322 0.07 B3 15.3 0.02
Sore throat 38.7 30.5 0.33 29.3 13.6 0.03 14.7 1.7 0.01
Nasal congestion 320 28.8 0.69 26.7 16.9 0.18 14.7 8.5 0.27
Chest pain 24.0 28.8 0.53 16.0 10.2 0.32 10.7 12.1 0.80
Diarrhea 21.3 22.0 0.92 18.7 8.5 0.09 183 0.0 0.01
Irritability/confusion 29.3 28.8 0.95 29.3 10.2 0.01 20.0 6.8 0.03

Data are shown as n and percentage; P: Chi-Square test; statistical significance set at P < .05; APD: the antimicrobial phthalocyanine derivative.

SARS-CoV-2 after brushing teeth with a dentifrice contain-
ing APD,'* and an in vitro study demonstrated SARS-CoV-2
inactivation on the use of a mouthwash (90%) and dentifrice
(99.99%), both containing APD.

Understanding the pathophysiology of COVID-19 with the
entry of SARS-CoV-2 through the upper airway, affinities for
the nasal and oral mucosae, and the salivary glands as reser-
voirs of the virus,”*" is important for conducting investiga-
tions in our study. A recent study found the presence of
SARS-CoV-2 in periodontal tissue and concluded that pe-
riodontal tissue can be a target for SARS-CoV-2 and con-
tribute to the presence of the virus in saliva.® In another
study,* the authors recommend that oral hygiene be main-
tained, if notimproved, during COVID-19 to reduce bacterial
load in the oral cavity and the potential risk of superinfection.
The authors also stated that poor oral hygiene is considered
a risk factor for complications of the disease, especially in
patients with comorbidities. Thus, the habit of oral hygiene
through mechanical cleaning should be more rigorously as-
sociated with chemical action against microorganisms, such
as SARS-CoV-2.

In the current study, no statistically significant difference
was found in the prevalence of clinical symptoms between

_ Volume 000, Number XX

groups at baseline (Tables 1 and 2). There was a signifi-
cant reduction in 6 self-reported symptoms in the control
group during the follow-up period and a significant improve-
ment (P < 0.05) in all major COVID-19 symptoms in the APD
group (Table 3). Both groups presented with symptom re-
duction; however, the APD group showed a significant re-
duction during the follow-up period (94.9%-49.2%, Table 4)
and these results may be related to the mechanical, an-
timicrobial, anti-inflammatory, and tissue regeneration ac-
tions.'>16.20-23 Based on these studies, we did not include a
placebo group in this study because the timing of the pan-
demic required a clinical study to provide direct benefits
to all the research participants. Moreover, according to the
safety outcomes, no side effects of the oral hygiene proto-
col were reported by the patients. Therefore, the use of oral
hygiene as a strategy to reduce COVID-19 symptoms should
be considered.

Evidence suggests that mechanical oral hygiene can reduce
the viral load on the mouth and oropharynx, prevent up-
per respiratory tract infections, and reduce infectivity.® 133,34
However, in our study, we believe that mechanical action was
an adjunct that potentiated the action of APD in reducing
the load of SARS-CoV-2, which was clinically demonstrated
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Table 3. Major prevalence of symptoms during follow-up period in the control and APD groups.

Control group APD group
Symptoms observed TO T3 T7 P-value TO T3 T7 P-value

(n=75) (n=75) (n=75) (n=59) (n=59) (n=59)

Yes (%) Yes (%) Yes (%) Yes (%) Yes (%) Yes (%)
Cough 26.7 16.0 18.7 0.10 35.6 22.0 16.9 0.01
Fatigue 61.3 46.7 32.0 0.00 54.2 39.0 23.7 0.00
Shortness of breath 53.3 42.7 37.3 0.04 54.3 28.8 20.3 0.00
Hyposmia/Anosmia 44.0 52.0 49.3 0.31 52.5 441 322 0.02
Dysgeusia 45.3 49.3 41.3 0.38 50.8 30.5 22.0 0.00
Hoarse voice 54.7 48.0 33.3 0.00 57.6 32.2 15.3 0.00
Sore throat 38.7 29.3 14.7 0.00 30.5 13.6 1.7 0.00
Nasal congestion 32.0 26.7 14.7 0.01 28.8 16.9 8.5 0.00
Chest pain 24.0 16.0 10.7 0.03 23.7 10.2 12.1 0.00
Diarrhea 21.3 18.7 133 0.34 22.0 8.5 0.0 0.00
Irritability/confusion 29.3 29.3 20.0 0.1 28.8 10.2 6.8 0.00

Data are shown as n and percentage; P: Cochran’s test; Statistical significance was set at P < .05.

Table 4. Prevalence of symptoms during follow-up period
between groups.

Group TO (%) T3 (%) T7 (%)
Control 94.7 82.7 69.3
APD 94.9 64.4 49.2
P-value 0.95 0.02 0.02

Data are shown as n and percentage; P: Chi-Square test; statistical sig-
nificance set at P < .05; APD: the antimicrobial phthalocyanine deriva-
tive.

by the greater reduction in self-reported symptoms by pa-
tients in the APD group. Thus, as previously reported, the
use of APD in oral care products could positively contribute
to the improvement of clinical symptomatology in patients
with COVID-19.%

In addition to mouth and pharyngeal symptoms, diarrhea
could happen during COVID-19 infection since SARS-CoV-
2 can reach and replicate in intestinal epithelia direct from
the mouth.®® In this study, diarrhea was self-reported by pa-

tients in both groups at baseline, and at the end of 1 week
(T7) none of the patients who used the oral hygiene APD pro-
tocol presented the symptom, unlike the group that did not
use it (Table 2). In the Control Group, of the 16 initial cases,
02 remained with diarrhea and 07 new cases appeared dur-
ing the 7-day follow-up period (data not shown). Thus, based
on self-related of the patients, we believe that the oral hy-
giene protocol may have contributed to the non-appearance
of new cases of diarrhea during the evaluated period, from
the reduction of the SARS-CoV-2 viral load in the mouth and
pharynx of the patients.

The main limitation of this study was that the clinical data
on COVID-19 symptomatology were collected from an elec-
tronic system at home. Despite the ease of obtaining infor-
mation considering the context of the pandemic, without
face-to-face interaction with the patients, we could not ex-
clude any symptoms not exclusively associated with COVID-
19. Another limitation was that the individual outcomes of
the patients taking systemic medications were not evalu-
ated. Despite the homogeneity of the samples at baseline
regarding medication use, symptom relief may also be re-
lated to supportive medications. The third limitation was
compliance with certifying the correct use of oral hygiene
products. As it was also conducted electronically, the data

Month 2022



JID: YMED
The Journal of EVIDENCE-BASED DENTAL PRACTICE

from this study were entirely dependent on the fidelity of par-
ticipants’ responses. Finally, the lack of a placebo group was
also a limitation of the study. Despite these limitations, the
significant reduction in symptoms during the follow-up pe-
riod revealed a promising path for the use of oral hygiene
care.

The COVID-19 pandemic has presented moments of exac-
erbation and improvement, and currently, the arrival of new
variants of the virus shows that the fight against SARS-CoV-2
should be maintained. Additionally, recent studies demon-
strate the effects of mouthwash in reducing the viral load in
the saliva of infected individuals. Therefore, the strategy of
using oral hygiene products containing antimicrobial agents
is an important adjuvant against SARS-CoV-2.

CONCLUSION

Clinical symptoms were reduced in the control group (fa-
tigue, shortness of breath, hoarse voice, sore throat, nasal
congestion, and chest pain) and APD group (cough, fatigue,
shortness of breath, hyposmia/anosmia, dysgeusia, hoarse
voice, sore throat, nasal congestion, chest pain, diarrhea,
and irritability/confusion) during the follow-up period. Dys-
geusia, sore throat, and irritability/confusion were less preva-
lent in the APD group at T3, and shortness of breath, hypos-
mia/anosmia, dysgeusia, hoarse voice, sore throat, diarrhea,
and irritability/confusion were more prevalent in the control
group at T7.

Based on this methodology, the results demonstrated that
the regular use of mouthwash and dentifrice-containing APD
had a positive impact on the clinical symptoms reported by
patients with COVID-19.
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