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THE IMPACT OF COVID-19 ON ORAL FLUID PROPERTIES:
MINERAL POTENTIAL AND ANTIMICROBIAL ACTIVITY IN
THE CONTEXT OF DENTAL CARIES RISK

Introduction. Numerous scientific papers have emphasised that
COVID-19 should not be considered solely as an acute respiratory viral
infection, as this disease can affect not only the respiratory system but
also other organs and systems, exerting a complex effect on health and
well-being, including the salivary glands and saliva. Considering that
teeth are constantly bathed in saliva, the composition and properties of
this oral fluid play a significant role in the onset and progression of
dental caries, which created the prerequisites for our study.

The purpose of the current study was to evaluate the impact of
COVID-19 on the properties of oral fluid — particularly mineral potential
and antimicrobial activity — in order to substantiate the risk of dental
caries.

Materials and Methods. In accordance with the aims and objectives
of the study, 110 patients aged 18 to 35 years were examined and divided
into two groups: patients with a history of COVID-19 confirmed by
polymerase chain reaction (PCR) test (2 to 6 months prior) and
conditionally healthy individuals. The first group was further divided into
three subgroups according to the severity of COVID-19, classified by the
WHO: mild, moderate, and severe. The objectives were to determine the
mineral potential and antimicrobial activity of the oral fluid.

Results. The observed changes in the concentration of calcium-
phosphate compounds indicated an imbalance in the mineral metabolism
of the oral fluid. The concentrations of calcium and phosphorus were
directly associated with disease severity, decreasing progressively from
the first to the third subgroup. The lowest values of calcium and
phosphorus were recorded in patients of the third subgroup, measuring
1.0840.034 mmol/L and 2.09+0.074 mmol/L, respectively, with a
significant reduction in alkaline phosphatase activity (28.26+4.70 U/L)
in this subgroup.
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The assessment of the antimicrobial activity of oral fluid revealed
that microbial contamination of the oral cavity increased among patients
with COVID-19. A pattern similar to that observed for mineral potential
was noted in the third subgroup with severe disease, where urease
activity was 0.148+0.013 U/mL and lysozyme activity was 77+11
pg/mL. As a result, the dysbiosis index significantly deviated from the
normal value of 1, reaching 4.78+0.5, which, based on the interpretation,
corresponded to a clinically subcompensated stage.

Conclusions. Based on the conducted studies, it should be noted that
patients with a history of COVID-19 are more susceptible to dental hard
tissue caries due to a reduction in the natural protective and restorative
mechanisms of enamel crystal structure.

Keywords: caries, COVID-19, lysozyme, urease, calcium,
phosphorus, demineralisation.
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BILJIUB COVID-19 HA BJACTHBOCTI POTOBOI PIJIUHU:
MIHEPAJIbHUM TIOTEHIIAJI TA AHTHUMIKPOBHA
AKTHUBHICTD Y KOHTEKCTI PU3UKY PO3BUTKY
KAPIECY 3YBIB

Beryn. Ha  choroani  4McieHHI  HayKOBi  JOCIHIJDKEHHS
niakpeciooTh, o COVID-19 He MoXHA pO3TIISLIATH JIMLIE K TOCTPY
pecripaTopHy BipyCHY iH(EKIIi0, OCKIJIBKHU I 3aXBOPIOBAHHS 3/aTHE
ypaxyBaTH HE TUIbKM IUXaJbHY CHCTEMY, a W IHII OpraHd Ta
CHCTEMH, KOMIUIEKCHO BIUIMBAlOYM Ha 37I0pOB’S Ta CaMOIIOYYTTH,
BKIIIOYHO 31 CIMHHHMH 3aJI03aMHU Ta CIMHOIO 30KpeMa. 3Ba)kalo4M Ha
Te, MO 3yOU MOCTIITHO OMUBAIOTHCS CITMHOKO, CKIIAJ i BIACTHBOCTI M€l
pOTOBOI pIOWHM BiAIrparoTh 3HAYHY pOJb y BUHUKHEHHI Ta
mporpecyBaHHi Kapiecy 3y0iB, IM0 U CTBOPWIO NEPEIYMOBH [0
MPOBE/ICHHSI HAIIOTO JIOCIIKSHHSI.

MeTta cnpaB:KHBOIO JOCJHiIKeHHS TOJArajia B OLIHI[I BIUIMBY
COVID-19 Ha BnacTHBOCTI pPOTOBOi pIMHHU, 30KpeMa MOKa3HUKU
MiHEpaJIbHOTO TMOTEHIialy Ta AaHTUMIKPOOHOI aKTHUBHOCTI, 3aJyIs
JTIOBEJICHHS PU3UKY PO3BHUTKY Kapiecy 3y0iB.

Marepiaim Ta MeTOOM AOCTIAKeHHM. 3TiTHO 3 METOI Ta
3aBJaHHAMH JOCTIJUKeHHS Oyno mnpoBeneHo obcrexxeHHs 110
marieHTiB BikoM Bifg 18 mo 35 pokiB, mo Oymm posmomineHi Ha 2
TpyIU: MAIiEHTH, IKUM OyB BcTaHOBiIeHHU fqiarHo3 COVID-19 tectom
moJiiMmepasnoi sanirorosoi peakuii (IIJIP-tect) B anamuesi (Big 2 10 6
MICSIiB TOMY), @ TaKOX YMOBHO-3710poBi ocobu. [lepma rpyna Oyma
po3mojieHa Ha TPH MATPYHH 3TiAHO 31 CTYNEHAMH TSDKKOCTI
nepeHeceHoro  3axpoproBanHs Ha COVID-19 BignosimHo 10
knacudikanii BOO3 — merkuit cTymiHb, cepenHid Ta TKKUHA. Bymn
MOCTaBJICH] HACTYIHI 3aBIaHHS: BU3HAYWTH MIHEpaJbHUH IOTEHIIial
Ta aHTUMIKPOOHY aKTHBHICTb POTOBOI PiJMHHU.

PesyabraTn pocaimkenHs. OTpuMmaHi 3MiHH B KOHIICHTpAIil
KaJbLil-pochaTHUX CIIOJIYK JO03BOJIMJIM BCTAHOBUTH IOPYIICHHS
piBHOBarm MiHEpaJbHOTO OOMiHY poToBOi pinuHu. KoHueHTpamii
KaJpIio Ta gocdopy nepedyBain B MpsAMIiid 3aJeKHOCTI BiJl CTyNEHS
TSDKKOCTI 3aXBOPIOBAHHS Ta 3HIKYBAJIWCSA BiJl MEPIIOi MATPYNH 10
TpeThoi. HaliHmk4e 3HaueHHs KaibIlito Ta pocdopy Oymo 3adikcoBaHO
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y Mali€eHTiB TPeThOi miarpynu ta cranosmio 1,08+0,034 ta 2,09+0,074
BIIMOBITHO, TIPH IIbOMY IOJATKOBO CIiJ 3BEPHYTH yBary Ha 3HAYHE
3MEHIIEHHS nyxkHOi Qocharazm B mid miArpymi
mocmimkeHnx — 28,26+4,70. Ominka aHTUMIKpOOHOI aKTHBHOCTI

aKTMBHOCTI

POTOBOI pIOWMHH [O3BOJMIA 3pOOWTH BUCHOBKH HIOA0 30UTBIICHHS
PiBHS MiKpOOHOTO OOCIMEHIHHS POTOBOI OPOKHIHH CEpel MAIli€HTIB,
HepeXBOPIIH COVID-19, mnpu upoMy aHaJOTi4HI
MpUTaMaHHI JIOCITI PKSHHIO MiHEPaJILHOTO
MOTEHIIATy, CIIOCTEPIraiucs y TPeTid MArpymi 3 TSHKKUM CTyIEHEM
3aXBOpIOBaHHS, J€ 3HaueHHs ypeasu craHoBwio 0,148+0,013, a
nmizorumy — 77+11. Sk Hacmimok, IHIACKC CTYMEHs MUC0i03y 3HAYHO

K1 Ha

3aKOHOMIPHOCTI,

BiJIpI3HSABCA BiJl BCTAHOBJICHHX HOPMOIO 3HAa4YeHHS 1, Ta JHOpiBHIOBaB
4,78+0,5, mo 3a iHTepIIpeTalielo Pe3yNbTaTiB BiAMOBIAANO KIiHITHO
CcyOKOMITEHCOBaHiH cTamii.

BucnoBku. Ha mifcraBi mpoBereHUX MOCTIIKEHB CIiJl 3a3HAYNTH,
mo mnamientd, ki Manmu Bumagok COVID-19 B anmamnesi, OuIbII
CXWIBbHI JI0 YPa)XXCHHS TBEPJAMX TKaHMH 3yOIB Kapio3HUM MHpPOLIECOM
4yepes3 3HIDKCHHS MPHUPOJAHUX MEXaHI3MIB 3aXHCTy Ta BIIHOBJICHHS

KPHUCTAIIYHOI CTPYKTYPH eMaJi.

Kuarouogi cioBa: kapiec, COVID-19, nizonum, ypeasa, KanblIliid,
dhocdop, neminepanizaris.

Aemop,
CmMomMamoJozii, Xapkiscokuti

e-mail: ed.diasamidze@knmu.edu.ua

HAYIOHANbHULL

ABBREVIATIONS
COVID-19 - coronavirus disease
PCR — polymerase chain reaction

eionogioansuuit 3a aucmyeanua. Eneyooca [iacamiose,
MeOudHUl

Kagedpa opmoneduyHoi ma XipypeiyHoi

YHigepcumem, M. Xapxis, VYkpaina,

SARS-CoV-2 — severe acute respiratory syndrome coronavirus 2

INTRODUCTION / BCTYIT

The oral cavity is a complex ecological system, the
health of which depends entirely on the interaction of
external (social, individual, biological) and internal
factors (condition of the mucous membrane,
periodontal  tissues, composition of bacterial
microflora, activity of the local immune system,
biochemical and biophysical parameters of saliva) [1].
The WHO Global Report, published in 2024, presented
alarming statistics on oral health, pointing to 3-5
billion disease cases worldwide [2]. The Global
Burden of Disease research program estimates that
about two billion people suffer from untreated
permanent tooth decay, making it the most common
dental disease [3].

The new coronavirus (SARS-CoV-2), detected in
China at the end of 2019, has caused a worldwide
pandemic. This virus causes acute respiratory
syndrome (COVID-19), which is characterized by
potentially fatal interstitial bilateral pneumonia [4, 5].

Numerous scientific studies have emphasized that
COVID-19 cannot be considered only an acute

respiratory viral infection. Regardless of the presence
or extent of lung damage, the SARS-CoV-2 virus can
affect other organs and systems [6, 7].

Based on the analysis of the information studied, it
can be concluded that coronavirus disease is a
multifaceted problem. Its impact extends to the
respiratory system and covers a much wider range of
lesions, including salivary glands and saliva. Saliva
plays a key role in maintaining the homeostasis of the
oral cavity and maintaining the balance between the
demineralization and remineralization processes,
which is extremely important for enamel's high
structural and functional resistance.

Considering that teeth are constantly washed with
saliva, the composition and properties of this oral fluid
play a significant role in the onset and progression of
dental caries. Various inorganic (water and
electrolytes) and organic (proteins and peptides)
components can protect teeth from caries [8]. This
protective effect is achieved through several functions,
such as clearing food and sugar residues, aggregating
and eliminating microorganisms, buffering acids,
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maintaining supersaturation of tooth minerals, forming
the acquired pellicle, and providing antimicrobial
protection [9].

The search for molecular indicators of the impact
of the new coronavirus disease on oral fluid will allow
us to examine this infection from the depths of
fundamental biochemical processes and, based on this
approach, to identify the most accurate and
comprehensive diagnostic criteria that will allow us to
optimize the prevention and treatment of caries.

The objective of the paper was to assess the
impact of COVID-19 on the properties of oral fluid, in
particular mineral potential and antimicrobial activity,
in order to prove the risk of dental caries.

MATERIALS AND METHODS

In accordance with the aim and objectives of the
study, a total of 110 patients aged 18 to 35 years who
sought dental care at the Department of Dentistry,
Kharkiv National Medical University, were examined.
The patients were divided into two groups: those with
a history of COVID-19 confirmed by a polymerase
chain reaction (PCR) test 2 to 6 months prior to the
study and a control group of conditionally healthy
individuals.

The first group was further subdivided into three
subgroups based on the severity of COVID-19
according to the WHO classification: mild, moderate,
and severe.

The assessment of the mineral potential of oral
fluid included the following parameters: calcium
(measured by reaction with arsenazo I11), phosphorus

(measured by reaction with molybdate), and alkaline
phosphatase (analyzed using a colorimetric method
with a diethanolamine buffer).

The evaluation of antimicrobial activity involved
the assessment of lysozyme levels (determined by
spectrophotometry according to A.P. Levitsky’s
modification, based on the measurement of changes in
optical density due to the lysis of Micrococcus
lysodeikticus cells by lysozyme), urease activity
(measured by determining ammonia concentration
using Nessler’s reagent), and the dysbiosis index
(calculated as the ratio of specific urease activity in
oral fluid to the specific activity of lysozyme).

Statistical analysis was performed using the
Statgraphics Centurion XVI software package, with
the calculation of the mean value and its standard error
(M +m). The statistical significance of differences
between the obtained data was assessed using the
Student's t-test (at a significance level of p < 0.05).

Calcium and phosphorus are essential components
for maintaining strong and healthy teeth, as their
presence in saliva and plaque plays a crucial role in the
processes of demineralization and remineralization. It
has been demonstrated that the levels of calcium and
phosphorus in saliva and plaque are inversely
proportional to the incidence of caries, with high
concentrations of calcium in saliva providing a
protective effect against caries [10, 11]. Our study
revealed a significant decrease in the mineral potential
of saliva, with a marked decrease in the indicators
corresponding to the severity of COVID-19 (Table 1).

Table 1 — Indicators of Mineral Metabolism in Oral Fluid among the Examined Patients

Main Group
Study Parameters Control Group
Mild Form Moderate Form Severe Form (n=20)
(n =26) (n=42) (n=22)
Total Ca, 1.42+0.049* 1.23+0.044* 1.08+0.034* 1.88+0.054
mmol/I
P (inorganic), 2.63+0.109* 2.24+0.057* 2.09:+0.074* 3.95+0.212
mmol/I
Alkaline 63.25:£4.52%* 45.30+3 45 28.26+4.70* 75.15+5.75
phosphatase, U/l

Notes:

1. * —statistical significance of the difference in the studied indicators compared to the control group of

healthy individuals. *p < 0.001

2.** _gtatistical significance of the difference in the studied indicators compared to the control group of

healthy individuals. *p < 0.05

The data presented in the table show that the
observed changes in the concentration of calcium-
phosphorus compounds indicate an imbalance in the
mineral metabolism of the oral fluid. This imbalance
may serve as an additional factor contributing to the

development of a cariogenic environment in the oral
cavity. Furthermore, the reduced concentration of
alkaline  phosphatase  negatively  impacts  the
mineralization process, rendering enamel less resistant
to acids, thereby increasing the risk of caries,
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particularly in individuals with other risk factors, such
as poor oral hygiene, inadequate nutrition, or conditions
leading to decreased enamel mineralization.

Given that dental caries is a prevalent disease caused
by specific bacteria, primarily Streptococcus mutans,
the activity of oral defense mechanisms is crucial for
preventing carious lesions [12]. As a cationic protein,
lysozyme facilitates bacterial aggregation and adhesion,
and activates bacterial autolysins that degrade bacterial

cell walls [13]. It is important to note that a decrease in
the immunological and antimicrobial properties of oral
fluid leads to an increase in the concentration of urease,
which correlates with the excessive growth of
opportunistic microflora [14], since urease is not
produced by somatic cells but is synthesized by
opportunistic and pathogenic bacteria.

The results of the relevant studies are presented in
Table 2.

Table 2 — Urease and Lysozyme Activity, and Degree of Dysbiosis in Oral Fluid among the Examined

Patients
Study Parameters Maln Sroup Control Group
y Mild Form Moderate Form Severe Form (n=20)
(n=26) (n=42) (n=22)
Lysozyme Activity, U/ml 110£10%** 89+12** 77+11* 137+8
Urease Activity, pkat/l 0.096+0.011* 0.131+0.012* 0.148+0.013* 0.055+0.002
Degree of Dysbiosis, U 2.17+0.3* 3.66:+0.2* 4.78+0.5* 1+0.01

Notes:

1. * —statistical significance of the difference in the studied indicators compared to the control group of

healthy individuals. *p < 0.001

2.** _statistical significance of the difference in the studied indicators compared to the control group of

healthy individuals. *p < 0.01

3.*** _statistical significance of the difference in the studied indicators compared to the control group of

healthy individuals. *p < 0.05

As shown by the data in the table, urease activity in
patients with COVID-19 was higher than in the group of
conditionally healthy individuals, indicating an increase
in microbial contamination of the oral cavity. Notably,
lysozyme activity was reduced in patients with a history
of COVID-109.

A typical consequence of increased urease activity
and decreased lysozyme activity was an elevated degree
of dysbiosis. This suggests a disruption in the balance of
the normal microbiota, likely due to a deficiency in
local nonspecific immunity.

Based on the aforementioned findings, the following
conclusions were drawn:

1. The systematization of the results obtained
from the examined patients revealed higher mean urease

activity in the first group compared to the second group,
indicating increased microbial colonization, as reflected
in the dysbiosis index.

2. Patients with COVID-19 also exhibited
reduced lysozyme activity, confirming the impairment
of local nonspecific oral immunity.

3. The assessment of the mineral metabolism of
oral fluid revealed significant differences in the
concentrations of key inorganic components,
particularly calcium and phosphorus, as well as the
activity of mineral homeostasis regulators such as
alkaline phosphatase, especially in the context of severe
COVID-19, which may contribute to the development
of a cariogenic situation and subsequent enamel
demineralization.

PROSPECTS FOR FUTURE RESEARCH / HEPCIIEKTUBH IO JAJIBIINX JOCJII’KEHb

The results obtained in this study should be considered when planning treatment and preventive measures for
patients with COVID-19, who represent a special group with an increased risk of caries development. A deeper
understanding of the onset and progression of hard tissue damage could provide a basis for the development of more
effective treatment methods, which represents a key direction for further research.
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