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Abstract

Periodontitis is a risk factor for infection by COVID-SARS-2 virus, increased morbidity of
COVID-19 disease, and aggravation of post-COVID syndrome. The incidence and severity of periodontitis
after the infection are greatly increased. There is a need for affordable and clinically efficient non-
surgical means to treat COVID-associated periodontitis. Fermented papaya gel (FPG) with anti-
bacterial, immunomodulating, and redox balancing properties was clinically efficient towards post-
COVID syndrome. An open randomised case control clinical trial on the efficacy of FPG applications
into gingival pockets of patients with periodontitis diagnosed after COVID was performed. The study
population consisted of patients recovered from severe/moderate COVID-19 disease 3-6 months ago. The
patients with mild periodontitis (n = 92) were recruited. Dynamics of clinical symptoms was assessed by
dental indexes CPITN and PMA at the entrance, on the 14th, 30th, and 60th days after standard therapy
(control groups) or its combination with 7g FPG a day/14 days (experimental group). The control groups
were formed of post-COVID and NO COVID periodontitis patients. Gingival crevicular fluid (GCF) was
analysed to quantify periodontitis pathogens, NO2/NO3, antioxidant capacity, inflammatory cytokines,
and MMP-8. At the entrance, 4 out of 6 periodontitis pathogens were present in larger quantities in both
post-COVID groups versus NO COVID group. The standard therapy alone was more efficient in the NO
COVID group. Addition of FPG to standard protocol resulted in more evident clinical, microbiological,
immunological, and biochemical improvements as compare to the control post-COVID patients. COVID-
associated periodontitis showed an alteration of periodontitis-related microbiota. Standard approach is
less effective for post-COVID versus NO COVID-19 periodontitis. FPG addition led to increased clinical
efficacy due to restoration of microbiota pattern and balance between pro-/anti-inflammatory cytokines,
normalisation of redox balance, and MMP-8.
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Introduction:

The COVID-19 pandemic has affected millions of people around the world and is considered
as a major health threat in many countries. This infectious disease caused by severe acute respiratory
syndrome coronavirus (SARS-2) affects not only the ungs, but many other vital organs as well, resulting
|n a high-risk of severe morbidity and mortality !'?. COVID-19 has been associated with periodontitis

!, which is regarded, mainly, in hypothetic with a question mark in the title publication though asone
of the most important and sometimes even leading risk factors for this viral infection . At present,
although several effective vaccines had been developed and applied for public vaccination that have
reduced the spread and severity of the disease, the problem of long “tail” of post-COVID complications
negatively affecting quality of life persists "'”. Periodontal health and oral health in general have been in
focus and reviewed in a number of publications as related to serious health problems in the post-COVID

period """, COVID-19 disease involves the lungs and other organs primarily through cytokine storm
and oxidative stress, which have been implicated in many other inflammatory disorders, including
periodontal diseases “'*'*, The post-COVID syndrome consists of a variety of symptoms expressed

beyond the acute phase of COVID-19 disease and its duration could extend as far as 200 days after
the COVID-19 disease was diagnosed !'"”. According to leading views, practically all adverse effects of
COVID-19 disease and post-COVID syndrome, including periodontitis, are secondary to pre-exiting
immune distress before the viral infection and/or aggravated in the course of the disease ', to hyper-
inflammation due to overload of pro-inflammatory cytokines (cytokine storm) 2" and hyper-activation
of neutrophils ', cell death by the neutrophil extracellular trapping (NETosis] ?**), and aggressive
oxidative stress ''*.. Of great importance, major risk factors for COVID-19 disease and periodontitis, such
as diabetes, obesity, cardio-vascular pathologies, etc., are overlapping #*?

Periodontitis is a chronic inflammatory infectious pathology caused by dental plaque bacteria.
The infection-induced inflammatory process leads to progressive destruction of the tissues supporting
the teeth, such as the gum, periodontal ligament, cementum, and alveolar bone. Periodontitis is
currently regarded as a dysbiotic inflammatory disease with a negative impact on both oral and extra-
oral sites %I, High throughput methods, such as proteomics and genomics, facilitated discriminative
and quantitative analyses of oral microbiota associated with periodontitis. The chronic inflammation of
perlodontaltlssues is induced by poly-microbial “complexes”of Gram-negative, mainly anaerobic micro
organisms %7 i.e., associations forming biofilms in gingival pockets and supra-gingival plaque =" In
such biofilms, mlcrobes are more pathogenic and less sensitive to traditional antibiotic theraples
owing to their innate or/and acquired capacity of adaptation to both anti-microbial drugs and host “**°.,
A few of the numerous microbes residing in the oral cavity, mainly anaerobic Gram-negative and Gram-
positive bacteria, may cause periodontal pathology. For example, a group of periodontal pathogens
of high risk consists of Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella
forsythia, and Treponema denticola, while pathogens of moderate risk in concentrations higher than the
threshold are Porphyromonas endodontalis, Fusobacterium nucleata, and Prevotella intermedia

Fermented Papaya (Carica papaya L.] preparations have been used in the folk medicine of South
East Asia for hundreds of years. They are considered in the Asian pharmacopoeias as treatment for
sore throats and wound healing, anti-malarial and anti-bacterial remedies. Numerous phytochemical,
pharmacological, and clinical discoveries of the mechanisms underlying their health properties
have become a basis for their popularity in Western medicine. Now fermented papaya products in a
form of food supplements, actives for oral care products, and cosmetics are commercialised around
the world. Fermented papaya possesses anti-inflammatory, antioxidant, and immune-modulatory
properties *Z and has been shown to have anti-diabetic effects in the animal and clinical studies
(43441 Recently, our group has published data on clinical efficacy of fermented papaya and noni towards
post-COVID syndrome, first of all, against long lasting impairment of cardio-vascular and respiratory
systems as well as altered immune system functions and redox imbalance """, Anti-microbial action,
anti-gingivitis, and anti-periodontitis effects of fermented papaya has been shown in the clinical
trial of oral administration of fermented papaya gel “”. The intracellular bacterial killing, initially
compromised in periodontitis glanulocytes and macrophages, was augmented due to unusual
“antibiotic-like” mechanism, when suppression of bacterial catalase, an inducible enzyme protecting
bacteria from the oxidative burst of the host phagocytes, occurred “!. Another mechanism of anti-
bacterial effects of fermented papaya has been attributed to the induction of NADPH-oxidase, a key
“oxidative burst” enzyme fighting bacterial infections “”. The pronounced redox balancing properties
and the stimulation of phagocytosis by fermented papaya have been demonstrated as well 0447

Keeping in mind that causative reasons for post-COVID complications, such as a greatly altered
immune response shifting from over-reaction (cytokine storm, increased immunoglobulins, and acute
generalised inflammation) to immune suppression (lymphopenia, secondary bacterial/viral infections,
and chronic inflammation) and peculiar redox changes could be balanced by the fermented papaya at
affordable costs and absolute safety (see references above).

In the present study, an open randomised case control clinical trial on the clinical efficacy of
topical application of fermented papaya gel (FPG) to gingival pockets of patients with mild periodontitis
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induced/followed by previous severe COVID-19 disease was carried out. We also tried to evaluate possible
mechanisms underlying this efficacy by assessing quantitative pattern of periodontitis pathogens, local
balance of cytokines related to chronic inflammation, content of matrix metalloprotease 8 (MMP-8), a key
enzyme related to the periodontal tissue loss, and redox status in gingival crevicular fluid (GCF).

Keywords :
clinical trial; COVID-19 disease; fermented papaya; gingival crevicular fluid; inflammatory
cytokines; MMP-8; periodontal pathogens; periodontitis; post-COVID; redox balance

Materials and Methods

Product for Examination

Standardised fermented papaya gel (FPG, manufacturer - Carica Ltd., Manila, The Philippines) is
a food grade product commercialised as a food supplement. FPG is produced by a long-term (more than
6 months) fermentation of wild non-cultivated species of mountain papaya fruit parts (skin and seeds)
driven mainly by Lactobaccilus casei and Koji yeasts. After the fermentation was completed, the final gel
was filtered and sterilised by autoclave. Seven grams of FPG were packed into sterile plastic syringes
with an application nozzle. The FPG has been widely studied for its health effects, such as antioxidant,
anti-inflammatory, metal chelating, anti-diabetic, anti-bacterial, and anti-post-COVID syndrome !7#3:45.4¢],

Patients and Study Design

Totally, 198 subjects who experienced COVID-19 infection/disease 3-6 months ago were
questioned on the state of their oral health during the disease and in the post-COVID period using
specially developed Questionnaire at Dentistry and Maxillofacial Surgery Department of the Kabardino-
Balkar Berbekov's State Medical University (Nal'chik, Russia).

Those who were diagnosed with a mild form of periodontitis and corresponded to Inclusion
Criteria, were asked to participate in the clinical study on the efficacy of FPG. The study enrolled a
group of 92 patients of both sexes (age range 35-55 years). The recruited patients suffered severe or
moderate COVID-19 disease 3-6 months before the recruitment. All patients were informed about the
goals and possible side effects of treatment in accord with the study protocol, which was scrutinised and
approved by the local Ethical Committee (Protocol MD-005-2021). The patients were randomly assigned
to experimental or control groups. All subjects consented to personal and anamnestic data collection and
biological material sampling.

Inclusion Criteria
Patients, who were infected by SARS-2-COVID virus 3-6 months prior to entering the trial; both
sexes; 30-65 years; mild periodontitis.

Exclusion Criteria

Out of the age range of 30-65 years; moderate and severe periodontitis; post-COVID period out
of the range of 3-6 months; periodontitis prior to SARS-2-COVID infection; hepatitis B, C, D, F, and G;
HIV infection; allergy in acute phase; acute infectious diseases; chronic diseases in acute phase.

Healthy donors matched by sex and age (n = 25, age range 33-57 years) were recruited from the
Medical Department staff and trainees, who donated gingival crevicular fluid (GCF). The normal ranges of
different markers in GCF derived from the measurements performed on this biological material.

No patients or controls entering the study had taken any drugs or nutraceutical supplements
known to interfere with the bacterial insemination, redox status, or inflammation for at least six weeks.
No alcohol- or drug-abusers were present in any of the recruited patients. All the patients were treated
by traditional hygienic and therapeutic protocols, if needed. Traditional treatment protocols included
education to oral hygiene, plaque removal, teeth enamel polishing, and elimination of tartar, if needed.
In addition, local instillations of 0.06% chlorohexidine gluconate into periodontal pockets were regularly
performed as antimicrobial and anti-inflammatory procedures.

The patients of the post-COVID experimental group (n = 24, age range = 35-60 years) additionally
received intra-gingival pocket applications (7g of fermented papaya gel (FPG) per patient per day) for 14
consecutive days. The FPG was kept inside the pocket for 15 min and then washed out by physiological
solution.

The patients of the post-COVID control group (n = 18, age range = 36-59 years) received standard
therapy described above.

The patients of NO COVID control group (n = 25, age range = 36-59 years) received standard
therapy.

All recruited periodontitis patients were visited 4 times for clinical assessment and biological
material collection. The clinical trial features are collected in Table 1.
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Table 1. Demographic distribution, clinical assessment, laboratory tests, and treatment of
patients with mild form of periodontitis in the experimental and control groups.

Group Diagnosis Number | Age, | Treatment | Clinical Laboratory Visits for clinical
Number | years assessment tests assessment and
biological material
collection
Post-COVID, Mild 24 35-60 | Fermented | Dental indexes Cytokines Visit 1 - before
periodontitis | periodontitis, papaya CPITN, PMA (IL-18, IL-6, Visit 2 - 14 days after
fermented COVID-19, 3-6 gel (FPG) +Questionnaire IL-17A, IL-10), | the trial beginning
papaya (FPG) | months ago application NO2/NO3, Visit 3 - 30 days after
daily for MMP-8, AOA the trial cessation
14 days + in crevicular Visit 4 - 60 days after
standard fluid, the trial cessation
RT-PCR for
periodontal
pathogens
Post-COVID, mild 18 36-59 | standard Dental indexes Cytokines Visit 1 - before
periodontitis | periodontitis, CPITN, PMA (IL-18, IL-6, Visit 2 - 14 days after
COVID-19, 3-6 +Questionnaire IL-17A, IL-10), | the trial beginning
months ago NO2/NQO3, Visit 3 - 30 days after
MMP-8, AOA the trial cessation
in crevicular Visit 4 - 60 days after
fluid, the trial cessation
RT-PCR for
periodontal
pathogens
Periodontitis | mild 25 36-59 | standard Dental indexes Cytokines Visit 1 - before
control periodontitis, CPITN, PMA (IL-18, IL-6, Visit 2 - 14 days after
NO COVID +Questionnaire IL-17A, IL-10), | the trial beginning
NO2/NO3, Visit 3 - 30 days after
MMP-8, AOA the trial cessation
in crevicular Visit 4 - 60 days after
fluid, the trial cessation
RT-PCR for
periodontal
pathogens
Healthy NO 25 33-57 - Dental indexes cytokines
controls periodontitis CPITN, PMA (IL-18, IL-6,
NO COVID IL-17A, IL-10),
NO2/NO3,
MMP-8, AOA

in crevicular
fluid,

Clinical Assessment

A Questionnaire on the oral health status of post-COVID patients (n = 198) was composed and the
patients were asked to answer the questions.

Clinical efficacy of FPG was assessed by objective clinical indices of mild periodontitis [42,48,49].
These indices included the gingival and plaque indexes, for example, the state of gingival inflammation was
evaluated by Parma’s papillae-gum margin-alveolar (PMA] index and the International CPITN test. All the
indexes were determined 4 times at days 0, 14, 30, and 60 of the clinical study.

Biological Material Collection and Processing

The gingival crevicular fluid (GCF) was collected after 12 hours of complete fasting and limitation/
abstinence from water consumption. The oral site of biological material collection was determined by a
dentist. In the case of gum inflammation, the GCF was collected from the inflamed points. At least two
samples from different points were taken from a patient. In brief, a sterile Watmann’s paper pin of 3mm
width was carefully introduced into the tooth pocket or into the gingival sulcus and kept in place for 2 min.
The filter paper pin was then transferred either into vials containing 2 mL phosphate buffer solution for
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biochemical tests or into DNA test tubes for RT-PCR analyses for differential microbial counts. Plaque
was collected from six teeth by a sterile dental probe and mixed with GCF of the same patient to be
further examined by RT-PCR. Vials and DNA test tubes were immediately placed into a thermo container
and analysed within 4 hours.

Reagents and Assay Kits

The majority of chemical reagents and solvents, H202 standard, and mediums for human and
bacterial cell cultivation were purchased from Sigma Chemical Co. (St. Louis, MO, USAJ; kits for enzyme
activities and nitrite/nitrate assays were from Cayman Chem. Co. (Ann Arbor, MI, USAJ; monoclonal
antibodies for enzyme-linked immunosorbent assay (ELISA) interleukin and total human MMP-8 Kits
were from R&D Systems (Minneapolis, MN, USAJ; kits for protein determination were from Bio-Rad
Laboratories (Bio-Rad Inc., Hercules, CA, USA).

Differential Bacterial Concentrations in GCF and Plaque Determined by a Quantitative Real-Time
Rewverse Transcription Polymerase Chain Reaction (qrPCR) Method

DNA was isolated from samples of GCF and plaque and kept on ice for no more than 12 h.
DNA was amplified with iQTM Supermix using the MiniOpticon Real-Time PCR Detection System (Bio-
Rad, Hercules, CA, USA]. All real-time assays were carried out under the following conditions: 35
cycles of denaturation at 95 °C for 15 s; annealing and extension at 60 °C for 60 s. Melt curve analysis
was performed to confirm the specificity of the amplified products. All samples were run in triplicate,
and relative expression was determined by normalising samples to housekeeping genes. The primers
corresponding to six periodontal pathogens of high and medium risk as well as periodontitis-associated
bacteria [50] were used [Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Treponema
denticola, Tanerella forsythia, Prevotella intermedia, and Fusobacterium nucleatum). The results were
expressed as a sum of lg (Ylg) of bacterial number in the mixture of GCF and plaque sample of 10
randomly selected patients of each group. These calculations were done for each pathogen.

Reduction-Oxidation (Redox) Assays

The GCF levels of nitrites/nitrates (NO2 0/NO3 [, expressed as ymoles/L or uM) were measured
spectrophotometrically by Griess reagent Kit, following the manufacturer’s instructions. The total
antioxidant activity (total AOA) of GCF was measured by the method described elsewhere. In brief, 100
pL of egg yolk was mixed with 10 pL GCF, collected from gingival sulcus or a periodontal pocket. Then,
100 pL of FeS04 was added and the volume was adjusted to 1 mL by a physiological solution. The mixture
was incubated at room temperature for 30 min, and 0.5 mL of 20% trichloroacetic acid plus 0.1 mL of
0.01 M butyl hydroxy toluol (ionol] in ethyl alcohol were added. The tubes were centrifuged at 1500x g
for 10 min and supernatant was collected. The mixture of 0.7 mL of supernatant and 0.6 mL of 0.5%
thiobarbituric acid (TBA) was heated at 100 °C for 30 min, cooled down, and an absorbance at a wave
length of 532 nm was determined. Antioxidant activity was expressed in % of the control samples without
biological material.

Cytokine and matrix metalloproteinase 8 (MMP-8) Assays

The GCF levels of pro-inflammatory interleukins 1beta (IL-18), IL-6, IL-17A, and anti-
inflammatory interleukin 10 (IL-10) were measured by enzyme-linked immunosorbent assay (ELISA)
purchased from R&D Systems (Minneapolis, MN, USA), following the manufacturer’s instructions.
Cytokine concentrations were expressed in pg/mL of GCF, and each protein factor was quantified in
the linear range of its calibration curve. The total MMP-8 protein content in GCF was determined by a
sandwich ELISA assay (R&D Systems) following the manufacturer’s instructions.

Statistical Analysis

All biochemical measurements were done in triplicate, and data were statistically evaluated.
Statistical analysis of clinical and laboratory data was performed using the STATISTICA 6.0 program
(StatSoft Inc., Tulsa, OK, USA). Reported data were treated as continuous. Normality of data was checked
using the Shapiro-Wilk test. Since the distribution of the data in the groups was significantly different
from normal, non-parametric statistics was used. Values were presented as mean * standard error of
the mean of triplicate analyses. The Mann-Whitney U-test for independent samples was employed for
comparison between placebo and experimental groups. Significance was assumed at a p-value of <0.05.

Results

Oral health of patients during COVID and post-COVID period

During visits to dentistry unit, 198 post-COVID patients of both sexes (age range 35-60 years)
were questioned on their oral problems during and after COVID disease (Table 2). The Questionnaire
contained several most common complaints connected to COVID described in the literature [12,13]. The
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answers were collected for patients survived severe form of COVID disease (n = 25), moderate (n = 60),
and mild, mainly, asymptomatic form (n = 113). As expected, people after mild asymptomatic COVID
have less frequent complaints to gum bleeding, gum pain at chewing, and halitosis during COVID and
in the post-COVID than people during/after severe or moderate form of the disease. The duration of
the oral problems was shorter than 2 weeks for the great majority of these patients and at the moment
of questioning (3-6 months post-COVID] none of them experienced oral health problems. On contrast,
about 60% of responders from severe and moderate post-COVID groups complained gum bleeding
started during COVID disease, which was aggravated post-COVID in 40% of them. The frequency of gum
pain ranged from 60% to 70% for both groups. Complaints to halitosis during COVID expressed 75% of
post moderate COVID versus 44% of post severe COVID subjects. In the post-COVID period, this problem
persisted in 64% of post severe COVID and in 49% of post moderate COVID patients. Majority of patients
of the former group (68%) kept complaining for more than 3 months after COVID disease while the latter

group patients mainly stopped complaining after 2-4 weeks.

Table 2. Complaints of post-COVID patients on oral health problems.

Groups [n = 198; age range - 35-60 years; F/M = 101/96), Answers

Question

Group 1, post-severe
COVID [n = 25)
Answers, number (%)

Group 2, post-moderate
coviD [n = 60]
Answers, number (%)

Group 3, post-mild/
asymptomatic COVID
(n=113)

Answers, number (%)

Gum bleeding during
COVID disease

YES - 15 (60%])
NO - 10 (40%)

YES - 35 (58,3%)
NO - 25 (41,7%)

YES - 12 (10,6%)
NO - 101 (89,4%)

Gum bleeding post-
CcoviD

Aggravated - 10 (40%)
diminished - 10 (40%)
no change - 5 (20%)

Aggravated - 25 (41,7%)
diminished - 10 (16,6%)
no change - 25 (41,6%)

Aggravated - 0
diminished - 12 (10,6%)
no change - 101 (89,4%)

Gum pain during
chewing

YES - 15 (60%)
NO - 10 (40%)

YES - 35 (58,3%)
NO - 25 (41,7%)

YES - 12 (10,6%)
NO - 101 (89,4%)

Itching, burning,
pain post-COVID

YES - 18 (72%])
NO - 7 (28%)

YES - 35 (58,3%)
NO - 25 (41,7%)

YES - 12 (10,6%)
NO - 101 (89,4%)

Halitosis during
COVID disease

YES - 11 (44%)
NO - 14 (56%)

YES - 45 (75%)
NO - 15 (25%)

YES - 32 (28,3%)
NO - 81 (71,7%)

Halitosis in post-
coviD

YES - 16 (64%)
NO - 9 (26%)

YES - 29 (49,3%)
NO -31(51,7%)

YES - 5 (4,4%)
NO - 107 (95,6%)

How long were

pain, bleeding, and
halitosis after COVID
disease

> 3 months - 17 (68%)
2 weeks - 4 (16%)

1 month - 1 (4%)

2-3 months - 3 (12%)
no complaints - 0

> 3 months - 5 (8,3%)

2 weeks - 15 (25%)

1 month - 20 (33,4%)

2-3 months - 5 (8,3%)

no complaints - 15 (25%)

> 3 months - 2 (1,7%)

2 weeks - 10 (8,8%)

1 month - 10(8,8%])

2-3 months -0

no complaints - 91 (80,5%])

Clinical assessment of periodontitis in post-COVID and NO-COVID Patients

Visual observation by dentists, macro photos, and dental indexes served as a clinical confirmation
of mild periodontitis diagnosis. Upon diagnosis, all periodontitis patients received standard therapeutic
protocols for 2 weeks. For 24 post-COVID patients diagnosed with periodontitis, in addition to standard
therapy, the intra gum pocket administration of 7g FPG for 14 consecutive days was recommended. The
changes in dental indexes scores during the therapy and 30 and 60 days after it are shown in Figure 1.
Both indexes, CPITN and PMA were highly increased over the normal ranges before therapy but there was
no statistically significant difference between the control and experimental groups. Immediately after the
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therapy completion (the 14th day), indexes in the experimental group were normalised and remained
at the upper level of normality for 60 days after therapy cessation. As for the 1st control group (post-
COVID, mild periodontitis, standard treatment], both indexes diminished versus background values but
remained much greater than normal values for the whole period of observation. Periodontitis NO-COVID
patients (the 2nd control group) responded to standard therapy in a more satisfactory way than the post-
COVID controls but still were out of the normality range for 60 days of observation.

Figure 1. Dynamics of dental indexes in periodontitis patients: effects of fermented papaya gel

50 Ll
4.5 4 Epost-COVID FPG mpon-COVID = NOCOVID x 1 2 Bpent-COVID FPG 9 post-COVID  # NOCOAID
m o
40 A
m 4
40.0
E g 38401
g £ %0 {
m -
2040 -
150
104
50
- - —_— - (1]
14 days treatment 30 days after 60 days after before lddaystreatment 30 days after 60 days after
(a) (b)

(FPG).

(a) index CPITN, score, (b) index PMA, score. 1 - p <0,05 versus before the trial; 2 -p <0,05 versus previous
visit; 3 —p <0,05 versus periodontitis NO COVID; 4 - p <0,05 versus healthy donors.

Photo 1: illustrates effects of therapy: standard protocol + FPG for 14 days.

(a) (b)

Photo 1: Post-COVID periodontitis patient before (a) and after (b) the treatment by standard therapy
plus fermented papaya gel administration (intra gum pocket, 7g, 14 days).

Periodontitis Pathogen load in the mixture of gingival crevicular fluid (GCF) and plaque of post-
COVID and NO-COVID patients with Periodontitis

Quantitive determination of periodontitis pathogens (Figure 2] in the mixture of GCT and
plaque by RT-PCR showed that high and medium risk bacteria [Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Treponema denticola, and Prevotella intermedial load was initially significantly
heavier for 2 post-COVID groups than for NO-COVID group while the background load with Tanerella
forsythia and Fusobacterium nucleatum did not differ for all groups studied. Both therapies resulted in
statistically significant unload of all periodontal pathogens studied (P<0.05 for the control post-COVID
group and P<0.01 for the experimental post-COVID and NO COVID groups)
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Figure 2: Differential bacterial load in the mixture of plaque and gingival crevicular fluid (n =

10 in each group) before and after the trial
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Xaxis: Y lg of bacterial number was calculated for 10 patients/samples. Y axis: post-COVID FPG corresponds
to post-COVID group before (orange colour) and after (green colour) a 14-day-long standard therapy + FPG
applications; post-COVID group before (orange colour) and after (green colour) a 14-day-long standard
therapy; NO COVID group before (orange colour) and after (green colour) a 14-day-long standard therapy.

When the efficacy of anti-bacterial therapies (standard protocol and standard protocol+FPG) was
calculated in the percentage to initial bacterial load for a single patient (Table 3], the anti-bacterial action
of standard therapy towards all but A. actinomycetemcomitans periodontal pathogens was always higher
in the NO COVID than in the post-COVID group, while standard+FPG therapy was always more effective
as compare to standard therapy alone in the post-COVID groups. Experimental therapy versus NO COVID
standard therapy was more effective against A. actinomycetemcomitans, T. forsythia, and P. intermedia,
equally effective against F. nucleatum, and less effective against P. gingivalis and T. denticola.
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Table 3: Efficacy of anti-bacterial therapy (% of initial load) on periodontal pathogens

in post-COVID groups and NO COVID group of patients with mild periodontitis.

Periodontitis pathogen Groups (n =10) and treatment
post-COVID, standard | post-COVID, standard | NO COVID, standard
+ FPG treatment, treatment, treatment,
bacteria number bacteria number bacteria number
(average lg/person) (average lg/person) (average lg/person)
Before After (% | Before | After (% Before After (%
of initial of initial of initial
load) load) load)
Aggregatibacter 3,6 0,8 4,1 1,8 2,7 1,4
actinomycetemcomitans (25%]) (44%) (52%)
Porphyromonas gingivalis | 4,3 1,6 3,7 1,5 2,8 0,8
(37%]) (40%) (28%])
Treponema denticola 3,9 1,5 4,2 1,8 2,8 0,1
(38%]) (43%]) (3%)
Tanerella forsythia 3,0 0,4 3,5 1,7 2,7 0,9
(13%]) (48%) (33%)
Prevotella intermedia 4,1 11 3,2 1,7 2,5 1,1
(27%]) (53%]) (44%)
Fusobacterium nucleatum | 3,0 0,8 2,9 1,8 2,8 0,8
(27%]) (62%]) (28%])

Pro-inflammatory and anti-inflammatory cytokines in the gingival crevicular fluid (GCF) of post-
COVID patients and NO-COVID patients with periodontitis

There was an evident and expected imbalance of pro- and anti-inflammatory cytokines
characteristic for both COVID-19 disease and periodontitis (Figure 3). At the entrance to the trial, levels of
pro-inflammatory cytokines IL-18 (Figure 3a), IL-6 (Figure 3b), and IL-17A (Figure 3c) were highly increased
over the normality range while anti-inflammatory IL-10 content was much lower than the normal values
(Figure 3d). Of note, the initial degree of over expression and suppression of all inflammatory cytokines
studied did not statistically differ for the three groups.

Both therapeutic protocols applied (standard and standard+FPG for 14 days) resulted in
amelioration of the initial alterations from the normality. However, standard therapy alone in the control
post-COVID group was less efficient as compare to the control NO-COVID group. The difference was
statistically significant (Figures 3a-3d). FPG added to standard treatment practically normalised levels of
pro-inflammatory IL-18, IL-6, and IL-17A proteins. This normalising effect persisted for at least 60 days
after the therapy was terminated in accord with the clinical trial protocol (Figures 3a-3c). There was a
clear-cut statistical difference between the effects of standard protocol+FPG and standard protocol alone.
Regarding anti-inflammatory IL-10, FPG was again much more efficient against standard therapy in the
post-COVID groups and slightly more efficient
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Figure 3: Effects of fermented papaya gel (FPG) intra-gum pocket administration (7g, 14 days) on the

content (pg/mL) of inflammation-related cytokines in the GCF.
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Versus NO COVID control group (Figure 3d). The positive effect became gradually more visible after 14
days of the therapy. Collectively, standard therapy was able of restoring the balance pro-/anti-inflammatory
cytokines in close vicinity to pathological site (GCF) mainly in periodontitis patients who did not experienced
COVID-19 disease. At the same time, its efficacy decreased in the post-COVID patients. Addition of FPG to
standard protocol of treatment greatly improved its immuno-modulating action in post-COVID periodontitis

patients.

(a) IL-18; (b) IL-6; [c) IL-17A; (d) IL-10. Green areas correspond to the normal range of values in GCF of
donors without periodontitis. 1 —p <0,05 versus control post-COVID group; 2 - p <0,05 versus the same
group before the trial; 3 -p <0,05 versus previous visit; 4 —-p <0,05 versus periodontitis NO COVID group

; 5 - p <0,05 versus healthy donor
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Markers of oxidative stress in gingival crevicular fluid (GCF) of post-COVID and NO-COVID periodontitis

patients

The following markers of redox balance shift in favour of oxidation (oxidative stress) in GCF were monitored:
the content of nitrites and nitrates (expressed as a ratio NO2/NQO3), the products of nitric oxide and
superoxide anion-radicals interaction, and the total antioxidant activity (AOA), which reflects the capacity
of GCF to inhibit lipid peroxidation induced by ferrous ions (Fe+2). The content of oxidative agents nitrites/
nitrates was significantly increased over the normal values at the entrance in the trial while AOA was

International Journal of Dentistry and Oral Health , Volume 8 Issue 5, July 2022.




53

Post-COVID Periodontitis: Clinical Efficacy of Fermented Carica Papaya L. and Possible Mechanisms

suppressed. Here, the degree of oxidative stress was higher in post-COVID groups versus NO COVID
periodontitis group (Figures 4a and 4b). After a-14 day-long treatment, the content of oxidants in the
experimental group reached the upper border of normal range and remained as low up to the end of
observation (60 days). In the control (post-COVID, no FPG) group, NO2/NO3 ratio remained higher-than-
normal at all points of the observation while AOA was low and gradually decreasing with the time. There
were statistically significant differences between the experimental and post-COVID control groups at all
points of measurements. Statistical differences were also confirmed between the two control groups and

between the experimental and NO COVID control groups.

Figure 4: Effects of fermented papaya gel (FPG] intra-gum pocket administration (7g, 14 days] on
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the nitrites/nitrates content in and antioxidant capacity (AOA) of the GCF.

Figure 5: Dynamics of MMP-8 protein content (pg/mL] in GCF: effect of FPG local administration
to post-COVID periodontitis patients.
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1 -p <0,05 versus control post-COVID periodontitis; 2 - p <0,05 versus before the trial; 3 -p <0,05 versus
previous visit; 4 -p <0,05 versus periodontitis no COVID; 5 - p <0,05 versus healthy donors.
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(a) Dynamics of nitrites/nitrates content (uM] in GCF. Green area corresponds to a range of normal
values; (b) Dynamics of AOA (%) of the GCF. Green area corresponds to a range of normal values. 1 -p
<0,05 versus control post-COVID periodontitis; 2 - p <0,05 versus the same group before the trial; 3 -p
<0,05 versus previous visit; 4 —p <0,05 versus periodontitis NO COVID; 5 - p <0,05 versus healthy donors.

Matrix metalloprotease 8 [MMP-8] protein in the gingival crevicular fluid of post-COVID and NO-
COVID periodontitis patients

Indeed, MMP-8 protein levels were over-expressed in the beginning of the study, especially, in the
two post-COVID groups (Figure 5). They sharply dropped by the end of the treatment period and remained
practically at the normal range of values for the experimental FPG group while higher-than-normal for
the both control groups. There was no statistical difference between the two control groups.

Discussion

A preliminary questioning of post-COVID patients [n = 198) on the state of their oral health during
and after the COVID-19 disease showed that majority of patients (>50%]), who survived severe disease
and a moderate form of COVID-19 complained for gum bleeding, pain, itching, and burning that lasted
for more than 3 months after the infection (Table 2). Halitosis, which appeared during COVID disease
was aggravated afterwards in post severe COVID patients (44% versus 64% complaining patients) and
diminished in post moderate COVID patients (75% versus 50% complaining patients). Patients after mild
or asymptomatic COVID-19 expressed less complaints to major oral problems (approx. 10% complaining
patients) moreover the problems disappeared rapidly in the post-COVID period (after 3 months only 1,7%
complaining subjects remained]. Our data correspond to previously published observations on the oral
health problems connected to COVID-19 """/ Furthermore, it has been noticed that gingival bleeding and
pain preceded first symptoms of COVID infection and were coincidental with positive PCR testing, fever,
and other clinical signs of the COVID-19 disease [50]. Here, we showed for the first time dependance
of the incidence of oral health problems with severity of COVID-19 disease. It seems that long-lasting
gingivitis after severe and moderate forms of COVID is a major risk factor for the development of COVID-
associated periodontitis.

Actually, 92 post-COVID patients (mild periodontitis diagnosed for the first time after COVID-19
disease) recruited to the clinical study, experienced either severe or moderate COVID-19 disease 3-6
months before entering the trial. Topical administration of FPG was well tolerated by the participants
so they all (100%, no drop-outs) completed the study without adverse effects. Satisfactory and durable
clinical efficacy was confirmed by repeated measurements of periodontitis severity indices (Figures 1a
and 1b) and macro photographs (Photo 1). Of note, both indices, CPITN and PMA, were indistinguishable
for 3 groups at the entrance point of the study. These indices corresponded to mild periodontitis by
definition so presence or absence of previous COVID-19 disease could not influence them. Both indices
were normalised in the experimental group by the 14th day of treatment and remained at the upper
normality level for 60 days of post-treatment observation. As for control groups of NO COVID and post-
COVID, standard therapy was efficient and statistically significantly diminished CPITN and PAM, however,
efficacy was more evident in NO COVID than in post-COVID group. At the same time, standard treatment
alone has never brought indices to normality. On this basis, we concluded that standard therapy
(mechanical removal of subgingival plaque and local antibiotic) is not sufficient to treat COVID-associated
periodontitis and might require additional therapeutic approaches specifically targeting post-COVID
aetiology and pathogenic mechanisms of periodontitis. Addition of FPG could be also recommended to
NO COVID periodontitis patients to facilitate desired clinical results.

The key pathogenic feature of periodontitis involves the interplay of microbiota present in the
plague and GCF with the innate and adaptive immune host responses. Inflammation and destruction
of periodontal tissues occur due to inadequate host responses to a microbial biofilm containing gram-
negative pathogens. In the present study, we measured the presence and quantity of 5 well established
periodontitis pathogens and 1 bacteria numerically dominant in dental plaque biofilms, and greatly
increased in number at sites of periodontitis although not responsible for destructive periodontal
disease (F. nucleatum] . All 6 microorganisms belong to Gram-negative pathogens being mainly
obligatory anaerobic. Only A. actinomycetemcomitans is a facultative anaerobic microbe with a good
tolerance to oxygen. These microbial species are thought to be implicated into aggressive and chronic
periodontal disease as well as in rheumatoid arthritis through citrullination of neutrophil proteins that
are autoantibodies in both pathologies ™. An autoimmunity develops also during COVID-19 disease and
persists in the post-COVID period that hypothetically connects the viral disease to chronic poly-microbial
periodontitis %%/, The differential microbial quantitation was determined in a mixture of plagque and
GCF, biological material taken from the closest vicinity to a pathological site and reflecting changes in
the quantity and specificity of periodontal microbiota. Initially, the bacterial load was heavier in the 2
post-COVID groups than in the control NO COVID group excluding for the load with £ nucleatum and T.
forsythia, which were found similar (Figure 2). On these grounds, one can conclude that during quite
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long post-COVID period (3-6 months) previous or still persisting in the gum pockets viral infection * has
significant negative impact on the local periodontal microbiota thus aggravating risk/severity of COVID-
associated periodontitis.

Since poly-microbial infection is a major etiological factor in periodontitis, the primary lines of

standard treatment included mechanical removal of microbial biofilms and topical antibiotics. The need
for repeated painful cleaning procedures and the acquired resistance of dental bacteria to antibiotics
prompted an extensive search for alternative, nontoxic, clinically and cost-effective remedies to
decrease local bacterial overload. Among the most effective disrupters of microbial biofilms, flavonoids,
2-aminoimidazole alkaloids, and halogenated furanones of plant origin have been identified “”*°]. FPG is
a concentrate of plant-derived secondary metabolites with anti-bacterial properties .. Indeed, additional
application of FPG to intra gum pockets was more effective than standard therapy alone in the GCF
unload from pathogens in post-COVID groups (Table 3). Of great interest, standard therapy was extremely
effective against high risk periodontal pathogens P. gingivalis and T. denticola while the same therapy
was much less effective in the post-COVID group. The observed difference could not be explained merely
by the heavier microbial load in the control post-COVID group. Since bacteria killing potential of local
antibiotic used for standard therapy is equal for both groups, viral infection could suppress somehow
constitutive and induced anti-microbial defence mechanisms in the periodontal tissue.
These mechanisms are numerous and include chemotaxis of immune cells, first of all granulocytes, to
infected cite, their stimulation to produce cytokine and reactive oxygen species, activation of defensins,
anti-microbial proteins, neutrophil extracellular trapping (NET), over-expression of Toll-like receptors,
and many others "“*, In response to this massive anti-microbial attack, microbes evolved their own
defence, like mutations, inhibition of NET components, microbial anti-oxidant enzymes/systemsinduction,
matrix metalloproteases induction, defensins’ destruction, etc. “**“, The exact mechanisms of interplay
between COVID infection and periodontal microbiota remained unknown. From our previous publications
11254 we could assume that FPG could have an additional to standard therapy impact to unload GCF from
A. actinomycetemcomitans by suppression of microbial catalase in these partly aerobic microbes induced
by H202 produced by stimulated granulocytes in response to microbial infection. Furthermore, FPG is an
activator of phagocytosis and intracellular microbial killing “*9“%¢/, Even not being direct antibiotic, FPG
suppresses microbial survival by different mechanisms. Therefore, it could be considered as an adjuvant
to standard antibiotic therapy.

Normal reaction of human organism to infection is inflammation and oxidative burst of
granulocytes, then, of other immune cells. Both events are the first line defence against microbial/viral
invasions. Local and generalised oxidative stress since long time have been considered as molecular
hallmark of periodontitis. Redox imbalance (reductive/oxidative shift in favour of oxidation) has been first
hypothesised and then, found in COVID and post-COVID patients "*'".. An increased lipid peroxidation
and decreased antioxidant activity have been found in saliva, GCF, and blood plasma of patients with
periodontitis “”%¢/, Periodontitis severity and bone resorption markers, such as osteoprotegerin levels
and receptor activator of nuclear factor kappaB (NFOB] ligand, were closely associated with total oxidant/
antioxidant balance in (GCF)®".

Our findings that initial levels of nitrites and nitrates in GCF, reflecting nitric oxide overproduction
and an elevated risk of peroxynitrite formation, were greatly increased compared to normal values in
all groups studied, especially, in post-COVID groups [Figure 4a), that well correlated with the previous
publications on periodontitis “” and post-COVID-19-connected nitrosative stress “”. NO COVID group
was characterised by lower-than-COVID-connected NO2/NO3 levels in GCF. We assumed that previous
COVID-19 disease contributed to the local production of nitrogen reactive species. As expected, addition
of FPG to therapeutic protocol practically normalised NO2/NQO3 levels for a long period of time thus,
diminishing the risk of nitrosative damage of periodontal tissue and following inflammation-promoting
effects “’". The dynamics of AOA in GCF was completely inverse as compare to that for NO2/NO3 (Figure
4b). While background AOA of NO COVID group was at normal levels, GCF AOA of post-COVID groups
was significantly suppressed. FPG administration significantly increased compromised capacity of GCF
to attenuate ferrous ions-driven lipid peroxidation mainly due to high metal chelating potential of the
fermented product ““. It has also been reported ' that saliva and its major components, such as albumin
and mucin, substantially increase antioxidant capacity of fermented papaya by solubilisation of plant-
derived polyphenols.

Collectively, redox balance in GCF was partly or completely restored after both standard and
standard+FPG therapies although the latter protocol was more effective.

Chronic local inflammation in periodontitis was confirmed by the remarkably increased initial
levels of major pro-inflammatory cytokines (IL-10, IL-6, and IL-17A]) and suppressed level of anti-
inflammatory cytokine IL-10 involved in the development of periodontitis and its severity in GCF (Figures
3a-3d). Highly increased circulating levels of these inflammation-related cytokines while suppressed
content of anti-inflammatory IL-10 have been recently shown in COVID-19 patients ¢, These cytokines
are essential components of cytokine storm, a pathogenetic marker of life threatening viral disease. Their
levels gradually lowered in the post-COVID period but persisted in patients with post-COVID syndrome """,
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The therapeutic course of FPG led to complete and durable normalisation of cytokine status
locally in a close vicinity to pathological site. Previous publications have shown that the marked
reduction of clinical parameters corresponded to decreased levels of IL-10 and thiobarbituric acid
reactive substances in GCF after successful periodontal treatments “*¢“. Higher-than-normal amount
of IL-10 before therapy correlated with disease severity, while an inverse relationship between IL-10 and
IL-10 has been shown “°\. Similar conclusions regarding salivary IL-10 dynamics have been drawn in a
case-control clinical study enrolling the patients before and after successful periodontal therapy “°'.

Matrix metalloprotease 8 [MMP-8] or collagenase 2 belongs to a family of metalloproteases.
MMP-8is the only mammalian enzyme to degrade collagens, triple helical proteins, which are the major
components of bones, cartilage, and dentin ", The MMP-8 enzyme is secreted from neutrophil granules
in response to inflammatory signal. The MMP-8 is also thought to be a key factor regulating 27 IL-6 and
IL-8 expressions in the innate immune response “°/, The enzyme is one of the most studied biomarkers of
periodontitis, its severity, and efficacy of a periodontitis treatments *”7%, Systematic reviews have shown
MMP-8 to be a reliable tool for diagnosing periodontal diseases “""". We found [Figure 5) that initial
MMP-8 levels in GCF of all three groups of periodontitis patients were remarkably higher-than-normal
that correlated with the previously published data. We also noticed that the enzyme protein content
was statistically significantly lower in the control NO COVID group. It might mean that previous or/and
persisting exposure to viral infection further induced MMP-8 synthesis and release from neutrophils,
phagocytosing functions and energy (ATP) storage of which were significantly altered by COVID infection
119, Complex therapy with FPG applications practically normalised MMP-8 content by the 14th day, the
effect lasted until the end of the study. Mono therapy with topical antibiotic was less effective in post-
COVID than in NO COVID subjects. The dynamics of GCF MMP-8 may be explained in obvious terms
of elimination of infectious agents, attenuation signals to granulocytes to release MMP-8-containing
granules, followed by the inhibition of MMP-8-regulated production of inflammatory cytokines.

Conclusions

COVID-associated periodontitis is characterised by an alteration of periodontitis-related
microbiota, redox balance, and MMP-8 contentin gingival crevicular fluid. Standard therapeutic protocols
(mechanical removal of plague and topical antibiotic] are less effective for post-COVID versus NO
COVID-19 periodontitis. FPG addition to standard therapy led to substantially increased clinical efficacy,
mainly, due to restoration of microbiota pattern and balance between pro-/anti-inflammatory cytokines,
normalisation of redox balance, and MMP-8 content. Topical administration of FPG in combination with
conventional protocols could be feasible, safe, and cost-effective mean to prevent and treat both COVID-
associated and not associated periodontitis at initial stages.
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