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STUDY OF A MARKER OF MICROBIAL CONTAMINATION — UREASE ACTIVITY
IN THE ORAL FLUID OF PATIENTS FOLLOWING SURGICAL INTERVENTION
FOR TUMOUR REMOVAL AND CHEMOTHERAPY AGAINST THE BACKDROP

OF ATHERAPEUTIC AND PREVENTIVE COMPLEX
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The study was devoted to the evaluation of the effect of a therapeutic complex of drugs on the marker of microbial
contamination in the oral cavity — urease activity in the oral fluid of patients after surgical removal of tumors and chemotherapy.
Thirty-five adults (25-55 years) were enrolled: a healthy control cohort, a comparison group receiving only standard oncologic
care, and a main group receiving standard care plus the therapeutic and preventive complex. Non-stimulated whole saliva was
collected at baseline and at 1, 3, 6, and 12 months post-surgery. Urease activity was quantified. Results were analysed with
Student’s t-test (p<0.01). The obtained findings indicate that adjunctive administration of the proposed therapeutic-prophylactic
complex effectively reduces bacterial contamination of the oral cavity in patients with head and neck cancer after surgery and
chemotherapy, thereby supporting the protective potential of this regimen in the correction of therapy-associated oral dysbiosis.
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AOCIIUKEHHS MAPKEPA MIKPOBHOI KOHTAMIHAIIIIT - AKTUBHOCTI YPEA3H
Y POTOBIU PIIUHI ITAIOIE€HTIB IIICJISA OITIEPATUBHOI'O BTPYYAHHS 3 BUJJAJIEHHSA
MYXJMH I XIMIOTEPAIIIL HA TJII JIIKYBAJIbBHO-MTPO®PLIAKTUYHOI'O KOMILJIEKCY

Jocnimxenns Oyao NMpUCBSYEHE OLIHII BIUIMBY TEPaleBTHYHOIO KOMIUIEKCY IIpenapariB Ha IOKa3HUK MIiKpOOHOTO
3a0pyJHEHHS] IOPOXKHUHU POTa — aKTHBHICTh ypea3w B POTOBIHM pifWHI Mami€eHTIB Micis XipypridvHOrO BHIAJCHHS ITyXJIMH Ta
ximiorepamii. JIo mocmimkenus Oyino 3amydeHo 35 nopociux ocibd (BikoMm 25—55 pokiB): KOHTPOIIbHY IPYIly 3I0POBHUX OCi0, rpyIy
HOPIBHSHHS, SKa OTPUMYBaJa JIMIIE CTAHAAPTHY OHKOJIOTIUHY IOIOMOIY, Ta OCHOBHY TIpyIly, SIKa OTPUMYyBaja CTaHAAPTHY
JIOTIOMOTY pa3oM i3 TepareBTHYHUM i mpodiTakTHYHUM KOMIUIekcoM. HecTuMyliboBaHy INIbHY CIHHY 30Mpajyd Ha HOYaTKy
nociimkeHHs ta yepes 1, 3, 61 12 micsuis micns onepauii. Busnadyanu akTuBHICTh ypeasu. Pe3ynbraru ananizyBaiu 3a 10MOMOTO0
t-kputepito Crpronenta (p<0,01). OTpumani gaHi cBigyaTh Ipo Te, 10 JOIATKOBE 3aCTOCYBaHHsI 3alIPOIIOHOBAHOTO TEPANIeBTHYHO-
npo(diTaKTHIHOTO KOMIUIEKCY €(pEeKTHBHO 3HIKY€ OaKkTepialbHy KOHTaMiHALiI0 POTOBOT HOPOXKHIHY y MAIlIEHTIB 3 PaKOM T'OJIOBH
Ta Ui MiCNs XipypridyHOro BTPYYaHHs Ta XiMmioTeparmii, [0 MiATBEPHXKYE 3aXUCHUH MOTEHIia] IbOrO PEKHMY B KOPEKIIl
acowuiioBaHoi 3 Teparni€ero Aucdio3y POTOBOI TOPOKHUHH.

Kui04oBi c;10Ba: myXJIMHY TOJIOBH Ta LIXI, ypeasa, POTOBa PiJMHa, JIiKyBaJIbHO-IPOQITaKTHIHUH KOMILIEKC.
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The oral mucosa normally hosts one of the such as Streptococcus and Actinomyces decline,
body’s largest and most diverse microbial while Gram-negative urease-producing species
communities [9], in close interplay with local innate (Fusobacterium nucleatum, Prevotella spp.) become
defenses. Saliva contains numerous antimicrobial enriched [3]. This dysbiotic environment, together
factors (e.g. secretory IgA, histatins, lactoferrin, with reduced salivary flow and depressed levels of
peroxidases and lysozyme) that help maintain a antimicrobial salivary proteins (e.g. lactoperoxidase,
symbiotic balance between commensals and the cystatins) after cancer therapy, compromises the oral
epithelium [6]. Tissue-specific immune mechanisms immune barrier [8, 11]. Indeed, recent proteomic
continuously surveil this barrier [4], preserving analyses have shown significant reductions in
homeostasis unless disrupted by insults. In cancer salivary defense proteins following head and neck
patients, however, multiple factors perturb this cancer treatment, suggesting weakened resistance to
balance. Surgical resection of head and neck tumors infection [11].
and subsequent chemotherapy inflict mucosal injury Given  this  heightened  vulnerability,
and pharmacologic immunosuppression that deplete multimodal prophylactic strategies are being
normal commensals while enabling overgrowth of explored to bolster oral immunity and limit microbial
opportunistic bacteria [7, 8]. For example, contamination. Numerous trials now report that
chemotherapy-induced mucositis is associated with a adjunctive probiotics (e.g. Streptococcus salivarius
shift in the oral microbiome — health-associated taxa K12, Lactobacillus and Bifidobacterium strains) can
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significantly reduce the incidence and severity of
chemotherapy- or radiotherapy-induced oral
mucositis [5, 10]. Similarly, natural antioxidants and
anti-inflammatory agents for instance, the
polyphenol curcumin — have shown promise in
protecting mucosal tissues by scavenging reactive
oxygen species and modulating inflammatory
signaling. These observations suggest that combining
antimicrobial, immunostimulatory and antioxidant
therapies may synergistically preserve mucosal
integrity and restrain dysbiosis during cancer
treatment.

The purpose of the study was to evaluate the
effect of a therapeutic complex of drugs on the
marker of microbial contamination in the oral cavity
— urease activity in the oral fluid of patients after
surgical removal of tumors and chemotherapy.

Materials and methods. Biochemical studies
of oral fluid were conducted in 35 patients aged 25—
55 years. The study cohort comprised 25 patients
with histologically verified malignant tumours of the
head and neck who had undergone tumour resection
surgery and were scheduled for adjuvant
chemotherapy; the control cohort comprised 10
somatically and dentally healthy volunteers whose
systemic medical examination and oral status were
within normal limits. Individuals who did not meet
these inclusion criteria or declined informed consent
were excluded. No participants were withdrawn,
replaced, or lost to follow-up after enrolment.
Biochemical studies were carried out in the
«Laboratory of biochemistry and vivarium» of the SE
“The Institute of stomatology and maxilla-facial
surgery National academy of medical sciences of
Ukraine” (SE “ISMFS NAMS”). The study was
carried out from 6 February 2023 to 19 February 2024.

Patients with head and neck cancer underwent
surgery to remove tumors and were prescribed
chemotherapy. The patients observed were divided
into two groups as follows:

— Comparison group — after surgery, patients
were prescribed treatment in accordance with the
“Standards for the Diagnosis and Treatment of
Cancer Patients”, n=10;

— Main group — after surgery, patients were
prescribed a therapeutic and prophylactic complex in
addition to the basic standard treatment for cancer
patients, n=15.

Both  cohorts received  guideline-based
oncologic care (tumour resection followed by
adjuvant chemotherapy in accordance with Order No.
247/2016), while the main cohort additionally
underwent a staged therapeutic-prophylactic
complex designed to modulate gut/oral microbiota,
enhance osteogenesis, and limit oxidative-
inflammatory damage. Pre-operative phase (days —14
to 0): Orthomol Pro 6 (INN: Lactobacillus spp. +
Bifidobacterium spp. multistrain probiotic; Orthomol
GmbH, Germany) — one capsule once daily after
meals for 14 days. Post-operative phase: Orthomol
Osteo® granules (INN: cholecalciferol 20 pg with
calcium, vitamin K1, magnesium and collagen-
supporting  micronutrients; Orthomol GmbH,
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Germany) — one sachet dissolved in 150-200 mL
water, taken once daily after meals for 30 days;
Quertin chewable tablets (INN: quercetin 60 mg;
InterChem S.A., Ukraine) — one tablet three times
daily 30 min before meals for 60 days; Lizomucoid
dental elixir (INN: lysozyme hydrochloride 1 mg
mL™" with herbal antiseptics; SPA “Odeska
Biotekhnolohiya”, Ukraine) — 1 teaspoon diluted in
60 mL of water, rinse for 1 min after meals twice
daily for 30 days; Maripolymiel® phytogel (INN:
seawater  trace-element concentrate 2% +
peppermint hydro-alcoholic extract 5 % with sodium
benzoate, carboxymethylcellulose and menthol; SPA
“Odeska Biotekhnolohiya”, Ukraine) — thin-layer
gingival applications (one pump) three to four times
daily after meals for 10 days. The entire regimen was
re-initiated six months post-surgery to consolidate
clinical benefits; no dose modifications or patient
withdrawals occurred.

Patients were treated in accordance with the
Standards for Diagnosis and Treatment of Cancer
Patients, in particular the clinical protocol for
providing medical care to patients with oral and
oropharyngeal cancer — Order of the Ministry of
Health of Ukraine No. 247 of March 28, 2016. “On
Amendments to Order No. 554 of the Ministry of
Health of Ukraine dated September 17, 2007, “On
Approval of Protocols for the Provision of Medical
Care in the Specialty of Oncology” as well as the
protocols for the provision of medical care to patients
with malignant neoplasms developed by the National
Cancer Institute in 2011.

All treatment, preventive and diagnostic
measures were carried out only after the patients
signed a voluntary informed consent in accordance
with the principles of bioethics set forth in the
Declaration of Helsinki “for Ethical Principles for
Medical Research Involving Human Subjects” and
“Universal Declaration on Bioethics and Human
Rights (UNESCO)”. All participants were adults,
cognitively competent, and not otherwise classified
as a vulnerable population under Good Clinical
Practice. Studies recommended by the Commission
on Bioethical Expertise (conclusion of the bioethics
commission of the SE “ISMFS NAMS”, protocol No.
1011 of 04/14/2022).

Oral fluid was collected in the morning, on an
empty stomach, by spitting into sterile centrifuge
tubes (without prior cleaning or rinsing of the oral
cavity) for 5-10 minutes. Before performing
biochemical analysis, the oral fluid was thawed at
room temperature, centrifuged at 2,500 rpm for 20
minutes at a temperature of +4°C (bench centrifuge
RS-6, MedTech, Ukraine), and the supernatant was
collected for biochemical analysis. Biochemical
studies of urease activity — a marker of microbial
contamination of the oral cavity — were carried out in
the oral fluid of patients [1]. Determination of urease
activity was performed by a colorimetric method
based on the ability of urease to hydrolyse urea with
the formation of ammonia. The ammonia formed in
the reaction interacts with Nessler’s reagent,
producing a yellow colour, the intensity of which is
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directly proportional to urease activity in the studied
sample. For the assay, 0.4 mL of 0.1 M urea solution
and 0.2 mL of oral fluid were mixed and incubated
for 1 hour at 37°C. After incubation, 4.4 mL of
distilled water and 1.0 mL of Nessler’s reagent were
added. In parallel, control samples for each specimen
were prepared without incubation. All samples were
centrifuged for 20 min at 2500 rpm, and the optical
density was measured spectrophotometrically at 440
nm against the reagent blank. Urease activity was
calculated from the difference between the optical
density of the test and control samples and expressed
in pkat/L of oral fluid [1].

Data processing was carried out with
STATISTICA 6.1. Prior to parametric testing, the
Shapiro-Wilk normality test was applied to each
continuous variable; none showed significant
deviation from a Gaussian distribution (p>0.05).
Therefore, inter-group comparisons were performed

with the two-tailed Student’s t-test. When pair-wise
contrasts were required (Control x Comparison,
Control x Intervention, Comparison x Intervention),
the family-wise type-I error rate was controlled with
the  Bonferroni  adjustment.  Between-group
differences were deemed statistically significant at
p<0.003 [2].

Results of the study and their discussion. In
our studies, we investigated a marker of microbial
contamination — urease activity in the saliva of
patients with head and neck cancer; the results of
these measurements are summarised in Table 1. This
indicator was selected because it reflects the
metabolic activity of urease-producing opportunistic
microflora in the oral cavity under conditions of
impaired mucosal homeostasis. Its determination at
different time points enabled tracing the direction and
persistence of biochemical changes during the
postoperative and post-chemotherapy periods.

Table 1

The effect of therapeutic and preventive measures on urease activity in the saliva of patients with head
and neck cancer over the course of observation, mU/ml (M+m)

Terms Terms of the study
Groups Initial state | After 1 month | After 3 months | After 6 months | After 1 year
Reference \ialues for 0.058+0.003
the norm, n=10
0.365+0.028 0.326+0.025 0.285+0.020 0.250+0.017 0.270+0.021
Comparison, n=10 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
pi>0.3 p1<0.001 p1<0.002 p1<0.01
0.380+0.030 0.294+0.024 0.210+0.017 0.100+0.010 0.079+0.005
Main, n=15 p<0.001 p<0.001 p<0.001 p<0.001 p<0.002
p2>0.8 p1<0.05 p1<0.02 p1<0.001 p1<0.001
p2>0.4 p2<0.01 p2<0.001 p2<0.001

Note. p — significance of differences from the norm; p1 — significance of differences from the initial state. p» — significance of

differences from the indices in groups.

It is known that there is a direct correlation
between the oral microbiome and local immunity.
Furthermore, data are available on the composition of
the microbiota in malignant tumours of the oral cavity.

Urease is an enzyme that is not produced by
somatic cells or probiotic bacteria, but is secreted
only by opportunistic and pathogenic microflora [4].
The data in the table indicate that, at the initial stage
of observation in cases of oncological pathology,
there is an increase in microbial colonisation of the
oral cavity and a shift in the balance of the oral
microflora towards pathogenic and opportunistic
pathogens. At the same time, urease activity was
increased by more than sixfold relative to normal
values, which is an indicator of increased
contamination of the oral cavity with opportunistic
microbiota and creates conditions for the
development of oral dysbiosis.

Treatment administered according to the
standard protocol for cancer patients in the control
group resulted in a non-significant reduction in
urease activity of 10.7% (p1>0.3) during the
postoperative period, one month after the start of
treatment. Subsequently, a statistically significant
reduction in the marker under investigation was
recorded — by 21.9 % after 3 months (p1<0.001), by
31.5 % after 6 months (p1<0.002), and by 26.0 %
(p<0.01) after 12 months, relative to baseline data.
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More significant positive changes were noted in
patients’ oral fluid following the removal of
malignant head and neck tumours after
chemotherapy, against the background of the
additional prescription of a therapeutic and
prophylactic regimen (twice a year) alongside the
main standard therapy. Thus, after just one month,
the activity of the studied parameter decreased
significantly by a factor of 1.3 (p<0.05), after 3
months by a factor of 1.8 (p<0.02), after 6 months by
a factor of 3.8 (p<0.001), and at the final stage of the
study after 12 months by a factor of 4.8 (p<0.001),
almost reaching normal levels.

Thus, the reduction in urease activity in the oral
fluid of patients with head and neck tumours that we
observed, against the background of the additional
use of the therapeutic and prophylactic regimen,
indicates a reduction in bacterial contamination of the
oral cavity due to the enhanced protective properties
of the proposed treatment regimen.

The obtained results indicate that patients with
head and neck cancer after tumour resection and
chemotherapy develop pronounced microbial
contamination of the oral cavity, as evidenced by a
more than sixfold increase in urease activity in oral
fluid relative to reference values. Such changes are
consistent with current concepts of the oral mucosa
as a highly specialised barrier system, the stability of
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which depends on the coordinated interaction
between local immune factors, salivary protective
components, and the resident microbiota [9,10].
When this equilibrium is disrupted by oncologic
treatment, conditions arise for opportunistic
microbial overgrowth and persistence of dysbiotic
alterations. Our findings agree with the data of Hong
et al. [8], who demonstrated that chemotherapy-
induced oral mucositis is associated with detrimental
bacterial dysbiosis and a shift in the microbial
community toward taxa linked to inflammatory and
destructive changes. In this context, the marked
elevation of urease activity observed in our patients
can be interpreted as a biochemical manifestation of
such dysbiotic restructuring, since urease is produced
by opportunistic and pathogenic microorganisms
rather than by host cells or probiotic flora. This
interpretation is supported by the study of Dahlén et
al. [4], who confirmed the diagnostic value of urease
activity assessment for evaluating the presence and
metabolic activity of urease-producing oral bacteria.

The gradual but incomplete decrease in urease
activity in the comparison group suggests that
standard oncologic management alone does not fully
restore the microbial balance of the oral cavity during
long-term follow-up. At the same time, the
significantly greater reduction of this marker in the
main group, especially at 6 and 12 months, indicates
that the proposed therapeutic-prophylactic complex
exerted a substantial corrective influence on the oral
ecosystem. These results are in line with the
conclusions of Yang et al. [11], whose meta-analysis

Conclusions

demonstrated that probiotic-based interventions may
reduce treatment-related oral complications by
modulating the microbiota and supporting mucosal
homeostasis. In our study, the inclusion of a
multistrain probiotic, together with local and
systemic agents possessing antimicrobial, anti-
inflammatory, and protective properties, was
associated with an almost complete normalisation of
urease activity by the end of follow-up. This
favourable trend may also be considered in the
broader context of data reported by Golusinska-
Kardach et al. [7], who emphasised that head and
neck cancer is closely linked with qualitative and
quantitative alterations of the oral microbiome, and
that correction of these disturbances may have both
supportive and preventive clinical significance.
Therefore, our findings substantiate the view that
adjuvant therapeutic-prophylactic strategies aimed
at microbiota stabilisation and enhancement of oral
barrier resistance can improve the biochemical
indicators of oral health in this category of
patients.

Limitations. A limitation of this study is that
the evaluation was conducted within a single-centre
clinical design and focused on a single defined
follow-up model after surgery and chemotherapy,
which may limit the extrapolation of the results to
other treatment settings. In addition, the observation
period, although sufficient to assess one-year
dynamics, does not allow conclusions to be drawn
regarding the longer-term stability of the obtained
effects.

1. Patients with malignant tumours of the head and neck after surgical treatment and chemotherapy
demonstrated a marked increase in urease activity in oral fluid, exceeding reference values by more than sixfold,
which indicates pronounced microbial contamination of the oral cavity and the development of dysbiotic

alterations.

2. Standard treatment according to current oncologic protocols was associated with only moderate
improvement in the studied parameter during follow-up, since urease activity in the comparison group remained
significantly elevated relative to normal values throughout the observation period.

3. Additional administration of the proposed therapeutic-prophylactic complex led to a significantly more

pronounced reduction in urease activity than standard treatment alone: by 1.3 times after 1 month, by 1.8 times
after 3 months, by 3.8 times after 6 months, and by 4.8 times after 12 months compared with baseline, with near-
normalisation of the indicator by the end of follow-up.

4. The obtained results substantiate the antimicrobial and protective efficacy of the proposed therapeutic-
prophylactic complex and support its further use and investigation as an adjunctive strategy for reducing oral
bacterial contamination and preventing dysbiosis-related complications in patients with head and neck cancer
undergoing combined treatment.
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BRIDGING THE GAP IN EMERGENCY CARE THROUGH
THE IMPACT OF TELEMEDICINE ON PATIENT OUTCOMES IN REMOTE REGIONS

e-mail: mic_amu@mail.ru

A total of 1115 patients who received emergency medical services between 2015 and 2020 were included in the study. These
patients were divided into two groups: the traditional group (527 patients who received standard emergency medical services from
2015 to 2018 and the telemedicine group (588 patients who received additional remote consultative support via telemedicine from
2018 to 2020. Descriptive statistics, logistic regression, ROC analysis, and independent-samples tests were employed to identify key
predictors of critical conditions and to assess the effectiveness of telemedicine in patient management. According to the results, 496
patients were identified as having a high likelihood of needing telemedicine. The results of the study demonstrated that telemedicine
significantly enhances the management of critical emergencies in rural areas, leading to improved patient outcomes. These findings
underscore the potential for telemedicine to transform healthcare, particularly in resource-limited settings.

Key words: telemedicine, emergency response, traffic accidents, acute coronary syndrome, remote areas, high-risk
patients.

Jxananos M.P.

MOJOJIAHHSI PO3PUBY Y HAJIAHHI HEBIJKJIAJJHOI MEJMYHOI JOIOMOI'!
3A PAXYHOK BILIUMBY TEJEMEJULIMHU HA PE3YJIBTATHU JIIKYBAHHSI ITALIIEHTIB
Y BIJJIAJIEHUX PETTOHAX

JHo nocmimkenns Oymno BrirodeHo 1115 martieHTiB, sSKi OTpUMay HEBIAKIAIHY MEIUYHY JOMOMOry B mepion 3 2015 mo 2020 pik.
[arrienTiB Oys10 PO3IICHO HA JIBI IPYIIH: TpajuIliiiHa rpyma (527 TMalli€HTiB, SKi OTPUMYBAIIM CTAHIAPTHY SKCTPEHY MEMYHY JIOTIOMOTY Y
2015-2018 pp.) Ta rpyna TenemequuuHU (588 MarlieHTIB, 5IKi, OKPIM CTAHIAPTHOI JIOTIOMOTH, OTPUMYBAJIN JUCTAHIIIHHY KOHCY/ITATHBHY
MATPHMKY 3a JIormoMororo teneMemuuuHA y 20182020 pp.). i BUSBICHHS KITIOYOBHX HPEIUKTOPIB KPUTUYHMX CTaHIB Ta OLIHKA
e(EKTUBHOCTI TEJIEMEIUIMHH Y BEJICHHI TAIlIEHTIB 32CTOCOBYBAIIHCS METOIIM OIMCOBOI CTATHCTHKH, JIOTiCTHYHA perpecis, ROC-aHani3 ta
KpuTepii HOPIBHSHHS He3aIeXHUX BUOIPOK. 3riJiHO 3 pesyisraramu, y 496 marjieHTiB Oylo BHSBICHO BHCOKY HMOBIPHICTh HEOOXiTHOCTI
TEJIEMEAMYHOI MATPUMKH. Pe3ynbrard JOCIIPKEHHS NPOIEMOHCTPYBAIH, 1O TEJICMEIUIMHA ICTOTHO TOKPAIIye BEICHHS KPUTHYHUX
HEBIJIKJIAHUX CTaHIB y CUThCHKUX paiOHax, IO MPHU3BOIUTH JO MOJIMIICHHS KIHIYHUX pe3ynsrariB. OTprMaHi JaHi IMiIKPECIIOTh
HOTEeHIIia)T TeJIEMEMIIHH Y TpaHc(opMallil CHCTEMH eKCTPEHOT JOMOMOTH, OCOOJIMBO B yMOBaX OOMEKEHHX PECypCiB.

KurodoBi cjioBa: TeneMenuuuHa, HEBilKIagHA IONIOMOra, JOPOXKHBO-TPAHCHOPTHI MPHUIOAM, TOCTPUH KOPOHAPHHI
CHHZPOM, BiJJIaJICHI PETiOHH, MALi€HTH TPy BUCOKOTO PH3HKY.
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Despite advances in healthcare services, the an additional 143 million surgical interventions
provision of quality emergency medical services annually to prevent disability and other
(EMS) in rural areas remains an unresolved issue. complications [5, 10, 15].

Currently, nearly 5 million people worldwide lack the A modern form of EMS has been worldwide
necessary infrastructure for providing emergency provided through telemedicine (TM). TM supports
care, leading to delayed hospitalization and a need for the provision of more specialized care by enabling
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