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ABSTRACT

COVID-19 caused by an emerging pathogen SARS-CoV-2 is able to lead to various pathologi-
cal conditions in the oral cavity. Of huge importance is the risk of xerostomia which can occur in
both during the height of the disease and after recovery from this novel coronavirus infection. A
possible risk factor for xerostomia in patients with COVID-19 may be the impact of SARS-CoV-2
on the expression of angiotensin-converting enzyme 2 by salivary gland cells. Efforts are under
way in many countries to treat and minimize the so called post-COVID syndrome. Our clinical
and epidemiological study was aimed at studying the effectiveness of the treatment of xerostomia
in patients with COVID-19. The research question required an observational, prospective, sam-
pling, controlled open before-after intervention study design. This paper describes the potential
of using modern moisturizing polycomponent toothpastes in patients with signs of xerostomia
who have undergone COVID-19.

The study included 40 patients of both sexes, aged 32 to 44 years. 78+6.6% were female par-
ticipants. Research methods such as medical and dental examination, sialometry test for measur-
ing saliva flow, as well as statistical analysis and interpretation were used.

Our research has shown that the application of moisturizing toothpaste can improve saliva-
tion and subjective sensations of this group of patients. In addition, we have outlined approaches
to the construction of further clinical and epidemiological studies of effectiveness of interven-
tions similar in nature. In turn, this will allow us to make more accurate and maximally unbiased
judgments about prophylactic and therapeutic effects of such interventions.
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INTRODUCTION

tries, as well as the extreme politicization of vac-
cination campaigns, do not lose their relevance.
Cases of this infection are being reported in all re-
gions of the world, its spread is characterized by a
significant medical and social burden, which is
largely due to the high frequency of complications
from various organs and systems of the human

The emerging coronavirus infection (COVID-
19) pandemic continues to be the focus of scien-
tific attention around the world [WHO, 2021]. On
our planet the number of people infected with
COVID-19 in April 2021 exceeded 137 million
people, while 2.2% of the disease resulted in death
[John Hopkins COVID map, 2021]. At present, co-

lossal efforts are being made to contain the epi-
demic spread of SARS-CoV-2. Nevertheless, CO-
VID-dissidence, infodemia, the often emerging
rejection of anti-epidemic measures in some coun-
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body. It is no coincidence that one can hear more
and more often about the post-COVID syndrome
and how to deal with it [Nalbandian A, 2021]. The
significance and etiopathogenetic role of COVID-
19 in persons with oral cavity diseases is of scien-
tific interest.

The literature describes the following manifes-
tations of COVID-19 in the oral cavity: halitosis,
candidiasis, chronic recurrent herpes, chronic re-
current aphthous stomatitis, enanthema in the area
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of the hard palate. This list can be supplemented
by xerostomia, which can occur both in the midst
of an illness and after a coronavirus infection
[Makedonova Ju et al., 2021; Sugihartono T, 2020;
Satygo E, Bakulin I, 2021]. Xerostomia in patients
with COVID-19 was firstly mentioned in [Chen L
et al, 2020]. In a number of studies, the authors
point to the manifestation of xerostomia as a har-
binger of clinical symptoms of the disease, as well
as one of the complaints of patients after suffering
COVID-19 [Sinjari B et al., 2020; Saniasiaya J,
2021; Farshidfar N, Hamedani S, 2021].

According to [Fantozzi P et al., 2020], xerosto-
mia turned out to be one of the most common
symptoms (45.9%) in patients with COVID-19,
outstripping olfactory dysfunctions in frequency
(41.4%) and somewhat yielding to taste dysfunc-
tions (59.5%). Of note, every third patient pre-
sented a combination of xerostomia with other
manifestations. Another study suggested more than
half (56%) of female patients could report xerosto-
mia [Biadsee A et al., 2020]. Hyposalivation was
observed in 18% of the examined patients. This
study did not reveal significant differences in sali-
vation between men (1.14+0.65) and women
(1.12+0.43; p=0.928) [Omezli M, Torul D, 2021].

Xerostomia is known to develop secondary to a
violation of the sense of smell, and this condition
is the result of mouth breathing. However, no sig-
nificant correlation was found between xerostomia
and nasal congestion in patients with COVID-19
[Biadsee A et al., 2020].

A possible cause/risk factor for xerostomia in
patients with COVID-19 may be the impact of
SARS-CoV-2 on the expression of angiotensin-
converting enzyme 2 by salivary gland cells. In
turn, this reduces their secretory function [Xu H et
al, 2020], promotes the development of inflamma-
tion of the salivary glands [Wang C et al,. 2020],
and zinc deficiency [Jothimani D et al., 2020; Vo-
gel-Gonzalez M et al., 2021]. Moreover, a number
of authors point to the neuroinvasive and neuro-
tropic potential of the beta-coronavirus SARS-
CoV-2 [Freni F et al., 2020; Belchior Fontenele
M, Pedrosa M, 2021].

In light of the above data and the persisting epi-
demiological risks associated with the ongoing

spread of COVID-19, it is relevant to search for
treatments with proven efficacy and safety that are
able to eliminate the symptoms of xerostomia. In
addition, this has a significant contribution to im-
proving the quality of life of patients with a history
of previous COVID-19.The objective of this study
was to improve the effectiveness of the treatment
of xerostomia in patients who have undergone
COVID-19.

MATERIAL AND METHODS

We conducted an observational, prospective,
sampling, controlled open before-after interven-
tion study. The work was based on follow-up of 40
patients of both sexes aged 32 to 44 years (the
mean age 37.6+10.2), after recovery from COVID-
19. All persons underwent treatment and were
under dispensary check-up at the dental clinic of
Privolzhsky Research Medical University (Nizhny
Novgorod). Among the participants, there were
more female patients (78+6.6%). All participants
were residents of the city of Nizhny Novgorod.

Patients of both sexes, with complaints of dry mouth,
a history of confirmed COVID-19 were eligible for this
study. Non-inclusion criteria included concomitant dis-
eases of the oral mucosa, with prescription of antihyper-
tensive drugs or antidepressants. Exclusion criteria
were a patient’s refusal from treatment and participation
in the study, low compliance. The patients (n=40)
were divided into two groups (I and Il groups) of
20 people, comparable in age, sex, ethnicity, sever-
ity of manifestations of xerostomia. Moreover, the
study design included a control group which con-
sisted of 20 people aged 35+3.7 years without clin-
ical signs of dry mouth.

In | group we administered a bun-
dle of hygienic measures which in-
cluded a moisturizing toothpaste con-
taining sodium salt of pyrrolidone-car-
bolic acid, betaine, mallow extract and
xylitol (President PROFI AQUA
Xerostomed® manufactured by
Zelenaya Dubrava, Russia). In Il
group, toothpaste with a fluorine
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content of 1350 ppm was used for oral hygiene.
The multiplicity and mode of using toothpastes in
both groups were identical, i.e. twice a day, in the
morning and in the evening. The course of inter-
vention lasted 30 days. All participants completed
follow-up.

The patients underwent sialometry according to
the procedure of Pozharitskaya (1994): in the
morning from 8 till 10 am, without prior food in-
take and brushing the teeth, saliva was collected
by spitting into a graduated test tube with a divi-
sion value of 0.1 ml for 10 minutes. After collect-
ing saliva three times, an averaged value of an in-
dividual level of salivation of each patient was
calculated, and then we determined a degree of
xerostomia [Makeeva I et al., 2013].

Statistical analysis: With respect to the distri-
bution normality (Shapiro-Wilk test, QQ-plots,
fig. 1), continuous outcomes were accompanied by
either mean (standard deviation) or median (inter-
quartile range). We used the Pearson yx? test or
Fisher’s exact test for the analysis of categorical
outcomes. We used either the ANOVA method or
Kruskall-Wallis tests to compare the volume of sa-
liva. Paired samples were handled with Wilcoxon
test. When the comparison among all groups
showed a significant difference, we did pairwise
comparisons with Mann-Whitney test. Correlation
analysis implied either Spearman (p) or Pearson (1)

Expected normal value

%

1.0 1|.5 2:0 2.|5 3I.0 3.I5 4.0 4.5
Observed values

Ficure 1. Skewed distribution of the outcome values in group

1: A — before, B — after using experimental toothpaste.

correlation. Hypothesis testing was two-sided and
we considered p values of less than 0.05 to be sig-
nificant. IBM SPSS 24 and R (v 4.0.2; R Founda-
tion for Statistical Computing, Vienna, Austria)
were applied for analysis.

REsuLTs

The study was conducted from November 2020
to March 2021.In general, after the usage of the
experimental toothpaste in | group, there was an
increase in the volume of saliva compared to base-
line period (Fig. 2), while in Il group there were no
differences in the evaluated outcome at the two
time points of the study.

In 1 group at baseline, the volume of saliva
ranged from 1.5 to 3.4 ml, with a median value of
2.2 (2.0-2.48). The data changed in the direction of
increase at the end of the study: fluctuations from
1.8 to 4.0 ml, the median accounted for 2.45 (2.2-
2.88).In 11 group, there was no marked change in
the amount of saliva separated in patients with xe-
rostomia before and after the course of using the
tested toothpaste: 2.35+0.5 and 2.35+0.45 respec-
tively. Measurements of the outcome in this group
ranged from 1.4 to 3.4. Note that in the control
group, the range of values was from 4.4 to 5.0 ml,
while the median level was 4.8 (4.6-5.0).

The study design involved both “before-after”
comparisons, and the comparison of all the three
groups with each, which is described in detail
below. In I group, after the completed course of
using the toothpastes (Fig. 3), we revealed statisti-
cally significant differences in outcomes compared
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Fieure 2. Change in the amount of saliva in the com-
parison groups.
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Fircure 3. A general trend in dryness of oral cavity in
group 1 (black dots and straight lines denote data for
individual patients).

Before

to the baseline period (Z=-3.77; p<0.0001). A di-
rectly opposite situation was observed in Il group
(p=0.1 period before vs. period after).

When comparing the groups with each other,
the following was established. Before using the
experimental toothpaste I and Il groups did not dif-
fer significantly (the mean rank for | group 20.05;
the mean rank for the second group 20.95; Mann-
Whitney U-test=191.0; p=0.8).

After completing the treatment course, there
were also no statistically significant differences
between the compared groups (the mean rank for
the first group 22.78; the mean rank for Il group
18.23; Mann-Whitney U- test=154.5; p=0.8).At
the same time, as can be seen on figure 4, the
amount of saliva in | group was slightly higher
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FiGure 4. The effect of toothpastes after the complete
course (groups 1 and 2, the control group).

(median 2.45) than in Il group (median 2.3). This
was although a remarkable result: even such a not
very large difference in the measurements of sa-
liva, according to the subjective feelings of the pa-
tients, apparently had a clinical significance.

For multiple comparisons, we used the Krus-
kall-Wallis test, followed by pairwise comparisons
using the Mann-Whitney test (with an appropriate
p-value correction). In general, there were statisti-
cally significant differences in the amount of sa-
liva between the designated groups (chi2=40,238;
p<0.0001). Both comparison groups significantly
differed from the control group with respect to the
amount of saliva (p<0.0001 in both cases) at the
end of therapy. Having said that, |1 and Il groups
did not differ from each other (p=0.221).

Discussion

We performed a clinical and epidemiologic
study which allowed evaluating the potential of
using modern moisturizing multicomponent tooth-
pastes in patients with signs of xerostomia who
have undergone COVID-19. It was hypothesized
that participants who underwent a complete course
of a novel moisturizing toothpaste could benefit in
terms of clinical improvement. Studying the effec-
tiveness of such complex interventions as tooth-
pastes is traditionally associated with certain meth-
odological nuances that must be taken into account
when developing a study design as well as a design
of statistical analysis [Furness S, 2011].

This study has several strengths. First, we mea-
sure an outcome of interest (quantitative evalua-
tion of excreted saliva) both in I group (experi-
mental), as well as in the comparison Il group in
two periods, namely: before using of the tested
toothpastes, and then again after the course of
treatment. To ensure the possibility of establishing
a causal relationship between the effect of moistur-
izing toothpaste and the severity of xerostomia, the
study design implied a participation of a control
group. The controlled nature of the study made it
possible to adjust for the effect of changes in the
patient’s condition, which could occur over time.

Before-after design is known to be very effi-
cient when immediate impact is to be studied and
when relatively short courses of toothpaste are
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used. In addition, the chosen study design avoided
ethical difficulties that could potentially arise in
randomized trials. We also note the relatively low
cost, resource consumption, simplicity, as well as
convenience for an individual and a researcher.

One inherent weakness of this study can be a
high risk of selection bias which can affect the ob-
served changes in measurements, due to the possi-
ble presence of unidentified differences between the
compared groups. Another important limitation was
the absence of randomization of participants, which
may lead to confounding by indication. At the same
time, we recorded a status of the patients before
starting treatment, and we also made a comparison
with the control group. Although we have tried to
gather the necessary information on potential con-
founders, there might still be a risk of unidentified
confounding. Within the posed research question,
attempts were made to correct the effect which we
observed from the use of the moisturizing tooth-
paste in terms of the regression to the mean.
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