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Dear colleagues,

“One Health” is a worldwide applied
multidisciplinary approach aimed at
achieving optimal outcomes in the realm
of health and well-being via
interdisciplinary collaboration and
cooperation of human health, animal
health, plant health, and environmental
safety domains. It grows and develops at
the Global, country, region, and
institutional levels.

Our multisectoral team, leaded by
the State Scientific and Research
Institute for Laboratory diagnostics and
Veterinary and Sanitary Expertise
(SSRILDVSE) - leading veterinary
science and reference  activities
establishment of the State Food Safety
and Consumer Protection Service of
Ukraine and Non-Governmental
Organization One Health Institute (NGO OHI), created the One Health Journal in
2022. Our multisectorial editorial team and respected society of contributing
authors and reviewers demonstrated proficiency of our issue, that allowed to be
included in the State register of professional journals for veterinary, biological and
medical sciences in 2023-2024.

Our Editorial team hopes, that our collection will be interesting for wide
auditorium of scientists and practical specialists in human medicine, veterinary
medicine, biology, biotechnology and biosafety. We invite new authors for fruitful
collaboration and joint development of the One Health multidisciplinary approach
implementation.

This issue is dedicated to different medical, veterinary and ecological
problems in areas of infectious diseases, biological and food, and ecological
safety.

Sincerely yours,
Prof. Dr Anton Gerilovych,
Editor-in-Chief

ONE HEALTH
INSTITUTE
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PO3[IJ1 1. EmepaxeHTHi xBopobu, 6iobe3neka Ta €anHe 340poB’A
SECTION 1. Emergent diseases, biosafety and One Health

DOI: 10.31073/onehealthjournal2025-111-01

APPROACHES TO EPIDEMIOLOGIC SURVEILLANCE, DIAGNOSIS AND PREVENTION
OF WEST NILE FEVER IN THE KYIV REGION

Rodyna N.S."" (ORCID: 0000-0002-4338-8872), Kuzin |.V.2 (ORCID: 0000-0002-6418-6567),

Maiboroda V.V." (ORCID: 0009-0001-1291-2424), Gerilovych A.P.3 (ORCID: 0000-0002-3280-

4172), Pohorielova O.V." (ORCID: 0009-0000-6068-350X), Kupriianova T.I." (ORCID: 0009-

0005-4242-1166), Mohylna L.O." (ORCID: 0009-0006-1932-6539)

1 - State Institution "Kyiv Oblast Center for Disease Control and Prevention of the Ministry of

Health of Ukraine", Kyiv, Ukraine

2 - Ministry of Health of Ukraine, Kyiv, Ukraine

3 - One Health Institute, NGO, Kharkiv, Ukraine

* e-mail: nrodyna@ukr.net

Abstract. West Nile virus was first identified in Uganda in 1937 and remains a significant global
threat to public health today. This virus is able to adapt to different ecosystems and spread
geographically, especially in temperate climate areas of Europe and North America. Currently,
cases of West Nile fever are reported in the United States, southern Canada, Mexico, Central
and South America and the Caribbean, as well as in Africa, the Middle East, southern Europe,
India and Indonesia, efc.

West Nile fever has become more relevant in Ukraine, including in the Kyiv region in the last
10 years. According to data from the State Institution "Public Health Center of the Ministry of
Health of Ukraine"”, 99 cases of West Nile fever were registered in Ukraine in 2024, 43 of them
among residents of the Kyiv region.

The manifestations of the disease vary in severity from mild and asymptomatic forms to fever
clinic symptoms and central nervous system damage. However, there is no specific treatment
for West Nile fever. Timely detection of West Nile virus disease cases requires improved
laboratory diagnostics, national standards, and the development of an appropriate system of
surveillance for West Nile fever at the national level.

The authors present in this manuscript the results of the analysis of other countries' experience,
the presence of a surveillance system in Ukraine, approaches to the laboratory diagnosis of
West Nile fever, vectors control of West Nile virus on the example of the Kyiv region.

Key words: West Nile fever, West Nile virus, surveillance, laboratory diagnosis, prevention

West Nile fever (WNF) is a vector-borne viral infectious disease caused by West Nile
virus (WNV), which belongs to the family Flaviviridae, a family of Flaviviruses whose genome
is represented by a positive single-stranded RNA. In most people, the disease is mild or without
symptoms, but among some patients develop a serious infectious process with central nervous
system damage (Heymann, 2022; Yuill, 2023; Cvjetkovi¢, 2023).

WNF is a disease that poses new challenges for the medical field, veterinary medicine,
epidemiology, public health, virology and entomology. Since its discovery in 1937, endemic
cases and sporadic incidents have been regularly reported in Africa and the Middle East
(Zuniga, 2015), as well as in the United States, southern Canada, Mexico, Central and South
America, the Caribbean, Southern Europe, the former Soviet Union, India, and Indonesia (Y uill,
2023). However, WNF became most relevant in 1999, due to outbreaks in the United States.
This was the impetus for the introduction of differential diagnosis of encephalitis, first in North
America, and eventually in the rest of the Americas and around the world. In Latin America,
cases of WNV were reported in El Salvador, Argentina, Colombia, Venezuela, and Costa Rica
(Zuniga, 2015).

I One Health Journal. 2025. Vol. 3. N. 3 I
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Section 1

The literature sources report sporadic cases and outbreaks of the disease in humans and
horses in Europe, in particular: in the countries of the Western Mediterranean basin since 1962-
1964; in Romania - since 1996-1997; in the Czech Republic - since 1997; ltaly - since 1998
(Hubalek, 1999). Environmental factors, including those related to human activity, which
contribute to an increase in the density of mosquito vectors of WNV, can lead to an increase
in the incidence of West Nile fever. These factors include: heavy rains with subsequent floods,
irrigation, rising ambient temperatures (global warming), and the formation of ecological niches
that create favorable conditions for massive mosquito breeding (Hubalek, 1999). Climate
changes, in particular, the impact of global warming, has led to the current spread of West Nile
virus in colder regions. Human mortality and morbidity are widespread and constantly
increasing, which has a significant impact on the economic costs of public health
(Klingelhofera, 2023).

The main vectors of WNV are mosquitoes of the genus Culex (Cx.), especially Cx. pipiens,
Cx. tarsalis, Cx. quinquefasciatus and other species (Rochlin, 2019; Soto, 2023). There have
also been reports of WNV detection in Aedes mosquitoes, although they are not considered
the main vectors in nature. For example, WNV was detected in male
A. triseriatus mosquitoes captured with C. salinarius in the field, which indicates not only
vertical transmission of the virus, as only females feed on animal blood, but also confirms that
the virus is capable of infecting Aedes mosquitoes in nature (Colpitts, 2012). The results of
scientific studies of vectors by scientists have shown a higher level of infection and the rate of
transmission of WNV of local isolates from the Netherlands by Ae. japonicus mosquitoes
compared to the natural vector Cx. pipiens (Linthout, 2024). Also, according to the results of
studies conducted in Israel, the transmission of WNV by Anopheles mosquitoes, in particular
Anopheles tenebrosus and other Aedes mosquitoes, including Ae. caspius (Orshan, 2008).
The possibility of WNV transmission by Ae. albopictus mosquitoes has also been established
(Rothman, 2021)

In Ukraine, the circulation of WNV among ornithophilic mosquitofynhjgehusxybges of the
species Cx. riyens (in particular Cx. riyens pipiens) in the Northwestern Black Sea region has
been established, with additional vectors being mosquitoes of the species Ae. caspiusdorsalis,
Ae. Duplex Mart, Anopheles bifurcates, Culiseta annulata (Vynograd, 2022). In addition to
these species, typical representatives of ornithophilic mosquitoes in Ukraine are Cx. tarsalis,
Ae. caspius, Ae. flavescens, Ae. vexans, Ae. cantans, Ae. excrucians (Shul, 2017).

An equally important area is the study of closed biotopes of anthropurgic foci such as
flooded basements of residential buildings, cellars, stables, etc. The anthropophilic mosquitoes
Cx. pipiens molestus are significant vectors in these biotopes, which are able to ensure the
preservation and circulation of WNVs on a permanent basis (Shul, 2017).

The natural hosts of WNV are birds, which ensure the cycle of virus transmission in nature.
In the complex life cycle of WNV, many species of birds serve as reservoir hosts, while several
ornithophilic mosquito species of the genus Culex are considered to be the main vectors of the
infectious agent. In addition to birds, WNV infects and causes disease in various vertebrate
species such as horses, sheep, reptiles, cats and rodents (Cvjetkovi¢, 2023). The final hosts
are humans and horses, as these species complete the cycle of transmission (Klingelhdfera,
2023).

Other modes of transmission are also known, including blood transfusion, organ
transplantation, breast milk, and vertical transmission from mother to fetus (Klingelhéfera,
2023). Prior to the introduction of universal screening of donor blood supplies in the United
States, there was a significant risk of transfusion-related transmission of WNV despite the short
duration of viremia after infection, which was associated with asymptomatic course in 75% of
infected individuals. Universal screening of blood donors has almost eliminated the risk of WNV
transmission through blood transfusions, but this process is costly. Transmission of West Nile
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Virus through transplanted organs leads to extremely high morbidity and mortality (Petersen,
2019).

Due to the fact that only 1% of cases of WNV result in neuroinvasive diseases (meningitis,
encephalitis or poliomyelitis-like disease with acute flaccid paralysis), and most cases of WNV
in humans are asymptomatic and end self-recovery, and only 20% of cases are accompanied
by variability of clinical manifestations from mild febrile illness to severe lethal encephalitis
(Cvjetkovi¢, et al., 2023), timely and adequate differential diagnosis should be available to
establish the diagnosis.

Laboratory diagnosis of WNV is based primarily on the detection of specific IgM and IgG
antibodies in serum and cerebrospinal fluid (CSF), or detection of WNV RNA in whole blood,
serum, plasma, and CSF. Serologic diagnosis is complicated by cross-reactivity of antibodies
with other flaviviruses, persistence of IgM, and sometimes by the unavailability of paired serum
sampling and the inability to perform a neutralization test. In order to exclude possible cross-
reactivity with other flaviviruses, the United States Centers for Disease Control and Prevention
(CDC) and the European Center for Disease Control and Prevention (ECDC) recommend that
IgM-positive specimens be validated by antibody neutralization. The virus neutralization
reaction is a time-consuming test that requires the manipulation of cell culture and live virus
and must be performed under BSL-3 laboratory conditions that are not typically used in
conventional virology laboratories. Only an attenuated chimeric virus containing the WNV
protein coding sequences included in the flavivirus genome can be safely used in BSL-2
conditions, following appropriate biological pathogen containment practices (Cvjetkovic, 2023),
including risk assessment of possible contamination of the environment with the pathogen due
to laboratory manipulations (Gerilovych, 2025). It should also be borne in mind that the short
duration of viremia and viraemia (presence of virus in CSF) and low viral load in plasma and
CSF at the time of onset of the disease reduce the sensitivity of molecular diagnosis (Cvjetkovi¢
I. H., etal., 2023).

Serological testing should be used for routine laboratory screening based on the detection
of WNV-specific IgM and IgG antibodies in blood and CSF, followed by confirmation by real-
time PCR, which in turn is more likely to be negative due to the very short period of viremia
and untimely sampling of material for testing (Gdoura, 2022). The most common and affordable
diagnostic method is enzyme-linked immunosorbent assay (ELISA), and it should be borne in
mind that IgM antibodies to WNV are not detected until the fourth day of illness, the end of the
viremic period. A high level of IgM antibodies to WNV in a person with signs of encephalitis or
meningitis probably indicates an infectious process in the body, however, this type of
immunoglobulin can persist from several months to more than a year. A close antigenic
relationship with other flaviviruses should also be taken into account. Recent vaccination
against yellow fever or Japanese encephalitis can lead to false positive test results for the
presence of IgM antibodies to WNV. Other infectious agents, such as Dengue, St. Louis
encephalitis, and other arboviruses, can also give false-positive results when testing samples
for WNV due to cross-reactivity. Therefore, a fourfold increase in antibody titer should be
sought for diagnosis using serologic methods (Kemmerly, 2003).

The diagnosis of West Nile has evolved considerably with the adoption of advanced
molecular diagnostics and real-time PCR techniques. These improvements have greatly
enhanced the sensitivity, specificity, and efficiency of detection of this potentially life-
threatening infectious disease. Notably, the use of quantitative RT-PCR in urine (QRT-PCR)
has become a valuable tool, especially for confirming neuroinvasive disease caused by WNV.
Compared to blood testing, this approach has been used to detect the virus in urine at higher
concentrations and for longer periods of time. This has led to a marked improvement in the
confirmation rate of WNV cases, with 31.7% more cases detected than with serum testing
(Singha, 2025)

I One Health Journal. 2025. Vol. 3. N. 3 I
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The first report of the detection of WNV RNA in a patient's urine collected on the 8th day
after the onset of symptoms was published in 2005. According to the authors, WNV is excreted
in the urine during the viremic phase of the disease, which emphasizes the importance of early
urine collection and testing (Tonry, 2005).

According to the investigation of the 2018 outbreak of WNV in Tunisia, 107 patients with
neurological symptoms and serologic confirmation of WNV were identified. Urine samples were
collected from 95 patients and CSF samples from 35 patients. The results of the study showed
that WNV RNA was detected in 50.5% (48/95) of urine samples and in 2.8% of CSF samples
(1/35). The pathogen RNA was detected from 1 to 41 days after the onset of symptoms, but
the level of positive findings of 53.1% was observed within the first 10 days after the onset of
the first symptoms (Gdoura, 2022).

Objective. To evaluate the relevance of the problem of West Nile disease, the
effectiveness of epidemiological surveillance and the organization of laboratory diagnostics on
the example of Kyiv region.

Materials and methods. A descriptive and evaluative epidemiological analysis of the
incidence of WNF in the Kyiv region for the period 2018-2024 was conducted.

The incidence of WNV in Ukraine and current regulations on epidemiological surveillance,
case definition criteria and diagnosis of WNV were analyzed.

The study of biological material samples (blood serum, plasma, whole blood, urine) were
tested by real-time polymerase chain reaction (RT-PCR) at the Laboratory of Especially
Dangerous Pathogens (EDP) of the Biological Factors Research Department of the State
Institution "Kyiv Oblast Center for Diseases Control and Prevention of the Ministry of Health of
Ukraine" (Kyiv OCDC MOH) using commercial reagent kits West Nile Virus Real Time PCR
Detection Kit (manufactured by Cestest Biotec S.L./Spain) and the BioFire Global Fever
Special Pathogens Panel IVD (manufactured by BioFire Defense, LLC/USA). The paired sera
samples were tested by enzyme-linked immunosorbent assay (ELISA) at the EDP laboratory
of the Kyiv OCDC MOH.

The study of paired blood serum samples by immunofluorescence assay (IFA) was carried
out in the reference laboratory for the diagnosis of HIV/AIDS, virological and especially
dangerous pathogens of the State Institution "Public Health Center of the Ministry of Health of
Ukraine" (PHC), for which the authors express their gratitude to the staff.

Results. In Ukraine, the official registration of WNF cases been introduced since 2006.
In the Kyiv region, registration of single cases of WNV began in 2018, due to the introduction
of modern methods of laboratory diagnosis of the disease (ELISA and real time PCR). In the
period from 2018 to 2024, 62 cases of WNV were registered, which is 34.4% of the total number
of cases in Ukraine during the specified observation period. A significant increase in the
incidence in the Kyiv region was observed in 2024 with an intensity rate (IR) of 2.43 per 100
thousand people, which exceeded the IR in Ukraine by 11.5 times (Fig. 1). The annual
incidence rates until 2024 in Kyiv region significantly exceeded the IR in Ukraine, with the
exception of 2020 (Table 1).

No deaths were recorded among patients with WNF from 2018 to 2023, while in 2024 the
number of deaths amounted to 9 cases with a share of 20.9%. Among the deceased persons,
the proportion of men was 66.7% (6 people), and the average age was 67.3 years.

During the observation period, cases of WNV were recorded throughout the Kyiv region
(Fig. 2). The highest number of WNV cases was recorded in Fastiv (20), Brovary (15), and
Boryspil (11) districts (Table 2).

Among the total number of cases, 45 people (72.6%) were of active working age (20 to 60
years) and 17 people (27.4%) were of retirement and elderly age (61 to 90 years); 29 (46.8%)
were urban residents and 33 (53.2%) were rural residents. Data on the distribution of patients
by age and gender are demonstrated in Figure 3.
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Fig. 1. Incidence of West Nile Fever in Ukraine and Kyiv region for 2018 — 2024 (per
100 000 population)

Table 1
Incidence of WNF in Ukraine and Kyiv region for the period 2018-2024
Year Ukraine Kyiv Oblast
Cases IR Cases IR
2018 20 0,05 2 0,1
2019 26 0,06 4 0,2
2020 4 0,01 0 0,0
2021 6 0,01 5 0,3
2022 11 0,03 7 0,4
2023 14 0,03 1 0,05
2014 99 0,2 43 2,3
Total: 180 0,06 62 0,5
Table 2
Distribution of WNF cases by districts of Kyiv region for the period 2018-2024
District Number of cases, Relative density,
abs. value (%)
Fastiv 20 32,3
Brovary 15 24,2
Boryspil 11 17,7
Bucha 8 12,9
Vyshhorod 5 8,1
Obukhiv 2 3,2
Bila Tserkva 1 1,6
Total: 62 100,0
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Fig. 2. Territorial distribution of WNF cases in Kyiv region in 2018-2024
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Fig. 3. Distribution if WNF cases by gender and age in Kyiv Oblast for 2018-2024

In 61 cases (98.4%), residents of Ukraine who had not traveled abroad became ill, while
1 case (1.6%) was imported from abroad (the patient came from Douala, Republic of
Cameroon). According to the survey, in most cases, the patients reported mosquito bites.

Epidemiological investigations have identified the most likely places of infection: in 57
cases (91.9%), the infection occurred in the Kyiv region, in 4 (6.5%) - in other regions of Ukraine
(Kyiv city - 2 cases (3.2%), Zakarpattya and Odesa regions - 1 case (1.6%) each.

The reservoir for local infection is likely to be wild migratory birds living on or around
water. Given Ukraine's geographical location in the center of Europe, where migratory bird
routes from Asia and Africa to Europe intersect, there is a constant risk of introducing new
strains of viruses to Ukraine in general and to the Kyiv region in particular. Confirming that
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certain species of birds are reservoirs of the WNV and tracking the pathogen transmission
chain requires the introduction of monitoring studies of WNV circulation in bird populations by
laboratories and research institutes of veterinary medicine.

WNF is characterized by a summer-autumn seasonality of diseases. In the Kyiv region, the
largest number of cases over the past seven years was observed in the period from July to
September, while sporadic cases were recorded in June, October and November (Fig. 4).

Symptoms typical of acute respiratory viral infections (ARVI) prevailed in patients with
WNYV: fever in 62 people (100%), generalized body weakness in 44 (71%), headache in 39
(63%), and body aches in 11 (18%). The following were also noted: body rash in 25 patients
(40%), meningeal manifestations in 14 (22.6%); nausea in 13 (21%), loss of consciousness in
9 (14.5%), vomiting in 6 (10%), and others (Fig. 5).

Among the primary diagnoses, the following prevailed: "West Nile fever" - 15 cases
(24%), meningitis, meningoencephalitis - 14 (23 %), fever of unclear genesis - 13 (21%). The
distribution by primary diagnosis is shown in Fig. 6.
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Fig. 4. Seasonality for the WNF disease in the Kyiv Oblast for the period of
observation from 2018 to 2024
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Fig. 5. The main clinical symptoms in patients with WNF in the Kyiv region for 2018-
2024
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In 98.4% of cases of WNF (61 people), patients were hospitalized. The duration of the
period from the date of onset of clinical symptoms to hospitalization ranged from 1 to 30 days.
In 35 cases (57.4%), patients with WNF were hospitalized in healthcare facilities within 5 days
of the onset of the disease (Fig. 7, 8).

= WNF

59 3% 3% = meningiditis,

\\“ meningoencephalitis
13%
\ ARVI
= non-communicable dideases

= infectious exanthema

= unexplained fever

= enterovirus infection

Fig. 6. Distribution of patients by primary diagnosis when seeking medical care in
the Kyiv region for 2018-2024
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Fig. 7. Distribution of patients with WNF from the beginning of the disease to the day

of hospitalization in the Kyiv Oblast for the observation period 2018-2014
Duration from the first manifestations of the disease to the final diagnosis: "West Nile
Fever" ranged from 3 to 54 days. The largest number of cases was diagnosed within 14 days
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of the date of illness - 27 cases (43.5%). In 2 cases, mix-infections were diagnosed - "West
Nile Fever. Lyme disease" and "West Nile fever. Yersiniosis".
In all cases, the diagnosis of West Nile fever was confirmed by laboratory tests.
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Fig. 8. Distribution of WNF cases by time from onset to diagnosis over the follow-
up period 2018-2024

Laboratory diagnosis and timely confirmation of cases of this nosology is an important link
in the system of epidemiological surveillance of WNV, which requires increased vigilance of
health care workers and timely referral of clinical material from patients with suspected WNV,
meningeal and encephalitic manifestations and febrile conditions of unknown origin for
laboratory tests aimed at confirming the diagnosis or differential diagnosis (Rodyna, 2022).

To date, there are no developed and approved regulations on epidemiologic surveillance
and algorithms for laboratory diagnosis of WNF. The Order of the Ministry of Health of Ukraine
of 28.12.2015 No. 905 "On Approval of Criteria for Determining Cases of Infectious and
Parasitic Diseases Subject to Registration" (as amended) established laboratory criteria for
determining the case of WNF. For a confirmed case, one of the four criteria must be met based
on the results of laboratory tests: isolation of WNV virus from blood or CSF; detection of WNV
nucleic acid from blood or CSF; the appearance of specific antibodies to WNV (IgM) in the
cerebrospinal fluid; high IgM titer and detection of IgG to WNV, as well as the presence of
clinical criteria. A probable case is defined in the case of detection of antibodies to WNV in the
blood serum or an established epidemiological link and the presence of relevant clinical criteria.
The clinical criteria for WNF include any person with fever or clinical manifestations of
encephalitis or meningitis.

In Ukraine, there are no laboratories capable of performing neutralization tests, so other
methods are preferred such as ELISA, IFA, real time PCR.

In order to establish the diagnosis and differential diagnosis of febrile patients in the Kyiv
region, the EDP laboratory used mainly ELISA to detect IgM and IgG antibodies from 2018 to
2023 (Table 3).

In 2023, the testing of biological material samples by real time PCR was introduced. In
2024, 91 biological material samples from 54 people with suspected WNF were tested by real
time PCR, including 45 urine samples, of which 15 (33.3%) were positive (detected the RNA
of WNV); 32 whole blood samples (using the BIOFARE-29 system), of which 9 (28.13%) were
positive; 12 blood plasma samples and 2 CSF samples were negative (Fig. 9).
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Table 3
Volumes of the study of clinical material from people with West Nile fever diagnosis by
ELISA in the Kyiv region in the period 2018-2022

Years Examined Detected positive results
Number of | Number of | Numberof | ATIgM + ATIg G
serums persons persons ATlg G

2018 27 18 2 2 0
2019 66 55 9 2 70)
2020 10 9 0 0 0
2021 28 21 5 4 1
2022 53 34 11 4 7%
2023 11 6 0 0 0

Note: ) - not taken into account the obtained positive results for WNV detection, since there
were no studies of paired sera in dynamics for the final determination of the result or health
care doctors another diagnosis was made.
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Fig. 9. The proportion of positive for WNV RNA samples of biological material from
patients with suspected WNF disease in 2024

From 25 patients with a final diagnosis of West Nile fever, 28 urine samples were
examined, of which 13 (46.4%) samples were found to contain WNV RNA; 10 whole blood
samples, of which 5 (50.0%) samples contained WNV RNA; 8 blood plasma samples and 2
CSF samples did not contain WNV RNA (Table 4).

According to the results of the real time PCR test, the highest number of positive results
was observed in urine samples collected on days 11-14 of the disease - 6 (66.7%), and 5
(62.5%) on days 5-7 of the disease. Viral RNA was detected in the 1st urine sample collected
on day 2 (from the group of samples collected on days 1-4 of the disease) (Fig. 10).

Positive results of real time PCR tests were detected in 66.7% of patients' whole blood
samples on days 5-10 of the disease. At the same time, WNV RNA in blood and urine samples
was detected in 2 patients (4.7%) from day 5 to 11 of the disease.

As of the end of 2024, the EDP laboratory of the Kyiv OCDC MOH did not conduct ELISA
tests for the detection of antibodies to the causative agent of WNF, so blood serum samples
were sent to the reference laboratory of the State Institution "Public Health Center of the
Ministry of Health of Ukraine". A total of 33 blood serum samples from patients were examined,
including paired sera from 28 patients and single samples from 7 patients. According to the
results of the study, in 19 patients (67.9%) there was a 4-fold increase in antibody titer; in 4
(14.3%) - 8-fold; in 3 (10.7%) - 2-fold; in 2 (7.1%) — 16-fold and more (Fig. 11).
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Table 4
Number of examined and positive samples of biological material collected from
patients on the days of illness

Name Num Days of iliness
of the ber 14 5-7 8-10 1114 15 -16
mate- of
5 Q [}] Q [}] Q
rial Isamp 5 E 5 E e E e E .._9 2
es o » | © ® o B o @ o @
teste | o | - o] - o - o] - o)
d o o o o o
Urine abs 1 1 8 5 7 1 9 6 3 0
% 3,6 | 100,0 | 286 625|250 | 14,3 | 32,1 66,7 | 10,7 0,0
Blood abs 2 0 3 2 3 2 1 0 1 1
% 20,0 0,0 |30,0|66,7|30,0| 66,7 10,0 0,0 10,0 | 100,0
Plasma | abs - - 2 0 3 0,0 3 0,0 - -
% - - 2501| 0,0 [37,5| 0,0 37,5 0,0 - -
CSF abs - - 1 0 - - 1 0 - -
% - - 3,6 | 00 - - 3,6 0,0 - -
- blood 0
" = urine 66.7
§ blood 66.7
§ © urine 14.3
e blood 66.7
" urine 62.5
0 10 20 30 40 50 60 70 80

Part of the WNV RNA positive samples (%)

Fig. 10. Positive findings of WNV RNA (%) in biological material by disease days
according to the results of 2024 testing

In 12 patients diagnosed with WNV, urine and blood were collected along with paired blood
sera for examination by real time PCR. At the same time, in 9 (34.6%) patients with WNV,
whose sera showed a 4-fold increase in antibody titers and in 1 person (3.8%) with an 8-fold
increase in titers, pathogen RNA was simultaneously detected in urine. In addition, from the
group of patients with a 4-fold increase in serum antibody titers, positive results were obtained
in real time PCR in 2 patients: 1 patient (3.8%) had WNV RNA in urine and 1 (3.8%) in a whole
blood sample.
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Fig. 11. Distribution by increase in the titer of antibodies to WNV in patients in the
Kyiv region in 2024 (%)

Thus, due to the lack of the possibility of performing a neutralization reaction in cell culture
to confirm cases of WNF in Ukraine, it is necessary to develop national algorithms for
conducting research. For proper and timely diagnosis and response to cases (outbreaks) of
WNF, it is proposed to use a combination of serological and molecular genetic methods. The
results of the studies and the analysis of the literature sources indicate the feasibility of testing
urine samples by real time PCR in the early stages of the disease (up to 1 month), as well as
the need to include the detection of West Nile virus RNA in urine samples in the laboratory
criteria for a confirmed case of WNF.

Since 2017, the Kyiv region has not been monitoring arboviral infection vectors, including
WNV, due to the lack of an entomology professionals. According to the archival data of the
Kyiv OCDC MOH, until 2017, mosquito species of the genera Culex, Aedes and Anopheles,
which are part of the virus transmission chain in closed and open habitats, were common
throughout the region. Therefore, the development of a strategy to reduce the incidence of
WNV using an integrated approach that combines monitoring and vector management;
preventive measures aimed at reducing the number of mosquitoes and improving habitats is
an urgent area at the regional level.

Conclusions

1. In 2024, there was a significant increase in the incidence of West Nile fever in
Kyiv region compared to previous years, and the intensity rate exceeded the rate in Ukraine by
11.5 times. This is due to a number of factors including proper organization of laboratory
diagnostics; raising awareness of the spread of the disease at the regional level among
healthcare workers and timely referral of material for testing; uncontrolled spread of vectors -
ornithophilic mosquitoes; lack of a monitoring strategy and measures to regulate the number
of vectors.

2. The results of laboratory tests using serological and molecular genetic methods
have identified gaps in laboratory diagnostics in Ukraine. Today, there is an urgent necessity
to develop a national standard for epidemiological surveillance and define algorithms for
laboratory diagnosis of West Nile fever using a combination of molecular genetics and
serological methods. Given the data from the literature sources of foreign authors and our own
research on the determination of the genetic material of West Nile virus in urine samples, it is
advisable to amend laboratory tests to confirm the case by adding the following: detection of
West Nile virus nucleic acid fragments in urine.
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3. The prospects for the near future are as follows: development of a regional
strategy to overcome West Nile virus; improvement of laboratory diagnostics by expanding the
range of methods that allow timely detection of West Nile virus and diagnosis of the disease in
patients; introduction of next-generation sequencing of the virus detected in the tested samples
to control the circulation of pathogens of different geographical origin and geographic
information mapping.
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"apsadka 3axigHoro Hiny (M3H) — TpaHcmicuBHa BipyCHa iHgekuinHa xBopoba, 36yaHMKOM
aKoi € Bipyc 3axigHoro Hiny (B3H), wo HanexnTb oo cimenctea Flaviviridae, poguHn Flavivirus,
reHOM $IKOro npeacTaBneHnn MNO3UTUBHOK oaHonaHutrosoto PHK. Y Ginbwocti niogen
nepebir xsopobwu nerknn abo 6e3 cumMnTOMIB, ane y [OesKuX MNauieHTiB pPO3BMBAETHLCA
CEPNO3HUN IHAEKLINHUI NpoLec 3 ypaXeHHsAM LeHTparbHOI HepBoBOI cuctemu (Heymann,
2022; Yuill, 2023; Cvjetkovi¢, 2023).

Mapsyka 3axigHoro Hiny € 3axBOplOBaHHAM, Sike CTBOPHOE HOBI BUKITUKU ONA MeOUYHOI
ranysi, BeTepuHapii, enigemionorii, rpoMagCcbkoro 340poB’s, Bipycosoril Ta eHTomororii. 3
MOMEHTY BIgKpUTTA uiei xBopobu y 1937 poui perynsapHoO nosigoOMNANOCA Npo eHAeMiYHi
BMNaAKu Ta enidoanyHi cnanaxu B Adpuui Ta Ha bavmkHbomy Cxogai (Zufiga, 2015), a Takox B
CWA, Ha niBgHi Kanagn, Mekcuui, LleHTpanbHin i [MiBaeHHin Amepuui, Kapnbcbknx octpoBax,
MiBoeHHIn €Bponi, kpaiHax konuwHboro PagsHcekoro Coto3y, IHAiTl Ta IHaoHesi i (Yuill, 2023).
Ane Hanbinbwoi akTyanbHocTi I3H Habyna y 1999 poui, wo 6yno nos’sisaHo 3i cnanaxamu y
CnonyyeHux LTatax Amepukn. Lle ctano nowToBXoM Ansi 3anpoBafKeHHS AndepeHLuinHoi
AiarHoCcTukn eHuedanitis cnovatky B [MiBHIYHIM AMepuui, a 3 YacoM Ha pewlTi TepuTopin
AMEPUKaAHCBKOrO KOHTMHEHTY Ta B YyCbOMy CBIiTi. B JlatnHcbkin Amepuui Bunagku [3H
peecTtpyBanucs B Canbagopi, ApreHTuHi, Konymb6ii, BeHecyeni Ta KocTa-Piui (Zufiga, 2015).

3 niTepaTypHUX DKepen BigOMO MpPO CnopaguydHi BUNAOKW i cnanaxu 3axBOplOBaHb Y
nogen i koHen B €Bponi, 30kpema: B KpaiHax 6acenHy 3axigHoro CepegseMHOMOp’a 3 nepiogy
1962-1964 pokiB; B PymyHil - 3 1996-1997 pp.; B Yexii — 3 1997 p.; lranii — 3
1998 p. (Hubalek, 1999). ExonorivHi dpakTopu, y TOMYy Ynchi, NOB’AA3aHi 3 AiSASIbHICTIO NOOUHM,
AKi CNPUAKTb NIABULLEHHIO LWINBHOCTI Nonynsauii Komapis-BekTopis Bipycy 3axigHoro Hiny,
MOXYTb Npu3BecTM A0 36ifblUEeHHS YacTOTU 3axBOpPKOBaHb Ha rapayky 3axigHoro Hiny. o
Taknx akTopiB BiQHOCATb: CUMbHI OOLi 3 NoAanNbWMMM NOBEHSAMMWU, 3POLLEHHS, MigBULLEHHSA
TemnepaTypu OTOYYK4Oro cepefosuwia (rnobanbHe NOTENiHHA), a TakoX (opMyBaHHS
€KONOTiYHNX Hilll, AKi CTBOPIOIOTb CNPUATINBI YMOBW A1 MacoBoro sunnogy komapis (Hubalek,
1999). 3MmiHn knimaTy, 30Kpema, BNAMB rnobanbHOro MOTEMsliHHA, Ha CyyYacHoOMy eTani
CrpUYnHUNO nowmpeHHs Bipycy 3axigHoro Hiny B 6inbw xonogHux perioHax. CMepTHICTD i
3axXBOPIOBAHICTb NMIOAEN € NMOLUIMPEHUMMU i NMOCTIMHO 3POCTalTb, LLO MA€ 3HAYHUM BNIMB Ha
€KOHOMIiYHi BUTpaTn B chepi rpomagcekoro 3gopos’sa (Klingelhdfera, 2023).

OcHoBHuMK BekTopamn B3H € komapi poay Culex (Cx.), ocobnueo Cx. pipiens, Cx.
tarsalis, Cx. quinquefasciatus Ta iHwi Bugmn (Rochlin, 2019; Soto, 2023). Takox 3ycTpivyatoTbca
noBigOMIEHHS BUABNEHHNA 30yaHuka M3H y komapiB p. Aedes, xo4a BOHU He BBaXatTbCs
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OCHOBHMMM NepeHOCHUKamm y npupogi. Hanpuknaa, B3H 6yB BusiBneHun y camuis komapis A.
triseriatus, BigpnosneHnx pasom 3 C. salinarius B NOfbOBMX YMOBaX, LLO BKa3ye He nule Ha
BepTUKanbHy nepeaadvy BipyCy, OCKIfIbKM fULIE CaMKM XapudyloTbCs KPOB'KO TBapWH, ane u €
NiATBEPAXEHHAM, LLO BipyC 340aTHUM ypaxyBaTu komapis pogy Aedes B npupogi (Colpitts,
2012). PesynbTaTu HayKOBUX [OCHIOXEHb BEKTOPIB BYEHMMW [OOBENM BULLUK PiBEHb
3apaxeHocTi i weuakictb nepepadvi B3H wmicuesux isonatiB 3 ocepenkie HigepnaHais
Komapamun Ae. japonicus y NOPiBHSIHHI 3 npupoaHMMm nepeHocHukom Cx. pipiens (Linthout,
2024). Takox, 3a pesynbTaTaMmu SOCigKeHb, NpoBeAeHUX B I13paini, BCTAHOBNEHO nepenady
B3H komapamu p. Anopheles, 3okpema Anopheles tenebrosus Ta pogy Aedes, 3okpema Ae.
caspius (Orshan, 2008). Takox BCTaHOBNEHO MOXnuBICTb nepefadi B3H komapamu Ae.
albopictus (Rothman S. E. et al., 2021).

B YkpaiHi BctaHoBReHo uunpkynsuito B3H cepen opHiTodinbHUX komapis Bugy Cx. pipiens
(3okpema Cx. pipiens pipiens) Ha TepuTopil [liBHIYHO-3axigHoro [MpuyopHoOMOp’a,
A00aTKOBUMW BeKTOpaMu BBaXXaloTbCA KoMapi BuAiB Ae. caspiusdorsalis, Ae. Duplex Mart,
Anopheles bifurcates, Culiseta annulata (Vynograd, 2022). OkpiMm nepenidyeHnx Buais,
TUNOBMMW NMpeAcTaBHMKaMN OPHITOINbHUX KOMapiB Ha TepeHax YkpaiHu € Cx. tarsalis, Ae.
caspius, Ae. flavescens, Ae. vexans, Ae. cantans, Ae. excrucians (Shul, 2017).

He MeHW BaXnMBMM HaNPAMKOM € BUMBYEHHA 3akpuTux O6ioToniB aHTponypriyHmnx
ocepefkis, a came: NiATOMNNEHMX MigBanNbHUX NPUMILLEHb XUTNOBUX OyAuHKIB, norpebis,
CTaeHb TOWO. 3HaYMMMMKM BeKTopamu B Lmx BioTonax € aHTponodinbHi komapi Cx. pipiens
molestus, ki 3naTtHi 3abeanedyBaTtn 36epexeHHs Ta umpkynauito B8H noctinHo (Shul, 2017).

MpupogHumn xasaamm B3H € ntaxu, siki 3abesnevyoTb LMK nepeaadi Bipycy B Npupoai.
Y cknagHomy >xuTteBomy uwmkni B3H 6Garato BuaiB ntaxiB cnyxaTb pe3epByapHUMU
rocrnogapsamu, B TOM 4ac SK Kinbka OpHITOMiNbHUX BUAIB koMmapiB pogy Culex BBaxalTbCA
OCHOBHMMM NepeHOCHUKamu (BeKTopamm) iHgekuinHoro areHta. Ha gogartok go nrtaxis, B3H
3apaxae i BUKINKAE 3axBOPKOBAHHSA Pi3HUX BUAIB XpebeTHUX TBapuH, TakMxX SK KOHi, BiBLi,
penTunii, Kiwkun i rpudyHn (Cvjetkovi¢, 2023). KiHueBMMN XxassasMn € NogmM Ta KOHI, amKe y Umx
GionoriyHMx BMAiB 3aBepluyeTbes UMK nepepadi 3dyaHuka (Klingelhofera, 2023).

Bigomo Takox npo iHwWi cnocobu nepegadvi 36yaHuka iHeKUii, cepen KX nepenmBaHHs
KpOBI, TpaHCNNaHTauia opraHis, rpygHe MOJSIOKO Ta BepTuKanbHa nepegada Big maTepi Ao
nnoay (Klingelhéfera, 2023). [Jo 3anpoBag)XeHHs 3aranibHOro CKPWHIHIY 3anaciB 4OHOPCLKOT
KpoBi B CnonyyeHux LUTatax icHyBaB 3Ha4Hui pusmk nepefadi B3H nig yac TpaHcdyail,
He3BaXKaloun Ha KOPOTKY TpuBanicTb Bipycemil nicns iH(ikyBaHHSA, wo 6yno noe’si3aHo 3
B6escumnToMHUM nepebirom y 75 % iHdikoBaHMX OCib. YHiBepcanbHUM CKPUHIHT OHOPIB KPOBI
Manxe enimiHyBaB pu3nk nepegadi B3H 4yepes nepenuBaHHA KpoOBi, ane uen npouec TarHe 3a
coboto Benuki Butpatn KowrTiB. MNepenaya Bipycy 3axigHoro Hiny 4yepes TpaHCnnaHTOBaHI
opraHu npuM3BOAUTL A0 HaL3BMYANMHO BUCOKOI 3axXBOPHOBAHOCTI Ta cMepTHocTi (Petersen,
2019).

Y 3B’a3ky 3 TUMm, o nuwe y 1 % sunaakis '3H BMHUKaOTb HENPOIHBA3MBHI 3aXBOPIOBAHHS
(MeHiHriT, eHuedanit abo noniomienitonogidbHa xsopoba 3 rocTpym MIsIBUM napaniyem), a
Ginbwicte BuNagkie N3H y nogen mae 6e3cMMNTOMHMI Nepeodir i 3aKiHYyETbCA CaMOCTIMHUM
ogyXaHHaM, | nmwe y 20 % BunagkiB xBopoba CynpoBOAKYETbCA MIHMMBICTIO KRiHIMHUX
NposBIB Bif Nerkoi rapa4ykoBoi XBOpobU A0 Bakkoro netanbHoro eHuedanity (Cvjetkovic,
2023), cBoeyacHa Ta agekBaTHa AudpepeHUinHa diarHoCTMKa mMae OyTu OOCTYMHOK Ans
BCTAHOBNEHHS JiarHo3y.

JNNabopatopHa pgiarHoctuka 3H 3acHoBaHa B nepLuy 4Yepry Ha BUSIBIIEHHI cneumdivyHnX
aHTuTin IgM i IgG B cupoBaTui KpoBi Ta cNnMHHOMO3KOBIN piguHi (CMP), abo aeTtekuii PHK B3H
B LiNbHi KpoBi, cuposaTui kposi, nna3mi Ta CMP. CeponoriyHa giarHoCcTuKa yCKnagHIETbCA
nepexpecHoO peakTUBHICTIO aHTUTIN 3 iIHWKMK donasisipycamu, nepcucteHdieto IgM, a iHkonu
HeJOCTYMHICTIO MapHOro 3paska CUpOoBaATKM Ta BIACYTHICTIO MOXIMBOCTI MPOBECTU TecCT
HenTpanizauii. 3 MeTOl BWKIMIOYEHHA MOXIUBOI MNEPEXPECHOI PEaKTUBHOCTI 3 iHWMMMK
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dnasiBipycamu, LleHTpu KoHTponto Ta npodinaktnkm xsopob CnonyyeHux LUTaTiB AMepuku
(CDC) Ta €Bponencbkun LEHTP 3 KOHTPOSo Ta npodinaktukn 3axsoptoBaHb (EuroCDC)
pekoMeHayTb  34iicHIoBaTM  Banigauito  IgM-no3vTtMBHMX  3paskiB  LWNASXOM  peakuil
HenTpanisauii aHTuTIN. Peakuia HenTpanisauii Bipycy € TpyAOMICTKUM TECTOM, KM BMarae
MaHinynsauin 3 KynbTypoK KMiITUH | XWUBMM BIPyCOM i MOBMHEH MNPOBOAUTUCHA B YMOBaX
nabopatopii piBHs BSL-3, dki 3a3BuM4yan He 3aCTOCOBYKOTbCHA B 3BUMYANHUX BipyCOMOriYHUX
nabopatopisx. Jluwe ocnabneHnn XxumMepHWii Bipyc, O MICTUTb NOCMIAOBHOCTI KOAYBaHHSA
6inka B3H, BknoyeHi B 0OCHOBY reHoMy donasiBipycy, MOXHa 6e3ne4yHO BUMKOPUCTOBYBATU B
ymoBax BSL-2 3 gOoTpMMaHHAM BignNOBIAHOI NPAKTUKM CTPUMYyBaAHHS GiONOriYHMX NaTOreHHUX
areHTiB (Cvjetkovi¢, et al., 2023), BkNOYarun OLIHKY PU3UKIB LLOAO MOXIIMBOI KOHTaMiHauil
naToreHOM 30BHIWHBLOrO cepefoBua BHAcNgAoKk nabopaTtopHux marinynsauin (Gerilovych,
2025). Takox cnig BpaxoByBaTu, WO KOpPOTKa TpMBaniCTb BipeMil Ta Bipopaxii (HasiBHOCTI
Bipycy B CMP) Ta Hu3bKe BipycHe HaBaHTaXeHHs B nna3mi Ta CMP Ha MOMeHT no4atky
XBOPOOU 3HMXKYHOTb YyTNMBICTb MONEKynsipHoi agiarHocTuku (Cvjetkovic, et al., 2023).

CepornoriyHe [JoCniaXeHHs OOuinbHO BMKOPUCTOBYBATU ANS NPOBEOEHHS MMaHOBOro
nabopaTopHOro CKPUHIHTY, LWLO I'PYHTYETLCA Ha BUABNEHHI cneundivyHmx ans B3H antuTin IgM
i 1I9G B kpoBi Ta CMP 3 noganslimm NiaTBEpAXKeHHAM Wwnsgxom gocnigxeHHs CMP meTtogom
MJIP B peanbHOMY 4aci, SKnin B CBOK Yepry YacTille Mae HeraTuBHi pesynbTaTy, Lo NoB’si3aHO0
3 OyXe KOPOTKMM nepiogom Bipopaxii Ta HecBoedYacHUM BiAbopoM maTepiany Ha OOCHiLXKEHHS
(Gdoura, 2022). HanbGinbw nNOWMPEHUM | OOCTYNHUM METOAOM  AiarHOCTUKU €
iMyHOpepmeHTHUI aHani3 (IPA), npu ubomy crig BpaxosysaTtw, Wo aHTuTina IgM go B3H He
BUSABNAIOTLCA A0 YETBEPTOro AHA XBOPOOM — A0 KiHUSA BipeMiyHOro nepiogy. Bucokun piBeHb
aHTUTIn IgM go B3H y noguHn 3 o3Hakamn eHuedanity abo MeHiHriTy, NMOBIPHO, BKa3yloTb
Ha IHPEeKLiMHMI NpoLeC B OpraHiami, ogHak, 4aHun Bug, iMyHornobyniHis moxe 36epiratuca Big
KinbkoX MicauiB Ao Ginblwe poky. Takox cnig BpaxoByBaTW TiCHUMA a@HTUFEHHU 3B’A30K 3
iHW1UMKM  donaeiBipycamn. HepaBHs BakuuMHauiss Bi4 >KOBTOI rapsidkm abo  SANOHCLKOro
eHuedanity Moxe nNpu3BecTM A0 MNOMMUIKOBUX MO3UTUBHUX pe3yrbTaTiB TeCTyBaHHA Ha
HaaBHICTb aHTUTIN IgM go B3H. IHwWi iHdekuinHi areHTn — Bipycn [OeHre, eHuedanity CeHT-
Nyica Ta iHWi apboBipycn TakoX MOXYTb HagaBaTW XUOHO-NO3UTMBHI pe3ynbTaTu npu
TeCTyBaHHi 3pa3kiB Ha ["3H BHacnigok nepexpecHoi peakuii. ToOMy Ansi BCTAHOBIEHHS AiarHO3y
i3 3aCTOCYBaHHAM CepOororiYHNUX MeTOAIB Cnif WyKaTu YOTUPUKPATHUIA NPUPICT TUTPY aHTUTIN
(Kemmerly, 2003).

HiarHocTuka rapsayvkm 3axigHoro Hiny 3HayHO po3BUHyNacs 3 MPUUAHATTAM NepenoBol
MOMEKYNApHOI giarHocTukn Ta metogis MJIP y peanbHoMy yaci. Lli yaockoHaneHHst 3Ha4yHo
MNOKPALLMNN  YYTNMBICTb, CNeuUIYHICTE Ta eqEeKTUBHICTb BUABMEHHSA Ui€l MNOTEHUINHO
Hebe3neyHoT Ans XUTTSA iHGEeKUiNHOT XBOpobu. MNMpUMITHO, L0 3acToCyBaHHS KinbkicHoro RT-
MP ceyi (qRT-MJIP) cTtano UiHHUM (HCTPYMEHTOM, OCOGNMBO ANs  NiOTBEPAXEHHS
HEenpOIHBA3MBHOIO 3axBOPKOBAHHSA cnpuymHeHoro B3H. Y nopiBHsHHI 3 aHaniaom KpoBi, Len
nigxig 6yB BMKOPUCTAHUN AN BUSBNEHHA BipyCcy B cedi Y Binblu BMCOKMX KOHUEHTpauisx i
npoTdarom BGinbLU TpuBanux nepioais Yacy. Lle npuaseno 4O NOMITHOrO NONINWeEHHS NOKa3HUKIB
nigTBepakeHHa Bunagkis 3H, npu ubomy BusiBneHo Ha 31,7% 6Ginbwe BuNagkis, HX Npu
TecTyBaHHi cupoBatku (Singha, 2025).

Mepwe nosigomneHHs npo BuaBneHHs PHK B3H B ceuvi nauieHTa BigibpaHoi Ha 8- aeHb
nicna nosieu cumntomiB 6yno ony6bnikoBaHe B 2005 poui. 3a gaHumu astopis, B3H
BUOINAETLCA CEeYeEto Nig Yac BipeMiYHOT dha3m XBopobu, Lo NigKkpecntoe BaXXNMBICTb paHHBOroO
300py i TecTyBaHHs cedi (Tonry, 2005).

3a gaHumun poscnigyBaHHsa cnanaxy '3H B TyHici y 2018 p. 6yno suasneHo 107 nauieHTiB
3 HEBPOJIOTYHNUMM CUMMTOMaMKU Ta ceposioriyHim nigTeepakeHHaM [3H. Y 95 nauieHTis 6ynu
BifibpaHi 3pasku cedi, a y 35 nauieHTiB — 3pa3km CMP. PesynbTtatn gocnigeHb nokasanm, Lo
PHK B3H 6yna BusiBrieHa B 50,5 % (48/95) 3paskiB ceui i B 2,8 % 3paskisB CMP (1/35). PHK
30ygHuka 6yna BusiBneHa 3 1 no 41 aeHb 3aXBOPHOBaHHS Big No4YaTKy CUMNTOMIB, OAHAK PiBEHb
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no3nTUBHMX 3Haxigok 53,1% cnoctepiraBca npotarom nepwnx 10 AHIB Bi4 BUHUKHEHHS
nepwwmx cumntomie (Gdoura, 2022).

MeTta pob6otu. OuiHNUTK akTyanbHICTb NPo6rIeMn 3axBOPHOBAHOCTI Ha rapsadky 3axigHoro
Hiny, AieBicTb enigemionoriyHoro Harnsigy Ta opradisauito nabopaTopHOI AiarHOCTUKM Ha
npuknaai Kniscbkoi obnacri.

MaTtepiann Ta M™Metoau. [lpoBedeHO OMUCOBO-OLIHOYHMI enigeMionoriyHum  aHanis
3axsoptoBaHocTi Ha '3H B KuiBcbkinn obnacTi 3a nepiog 2018-2024 pp.

lNMpoaHanizoBaHo 3axBoptoBaHiCTb Ha [BH B YkpaiHi Ta Aitodi HOpMaTUBHO-NPAaBOBI akTw
LLoA0 enigemMionoriyHoro Harnagy, KpuTepiiB BU3Ha4YeHHsA Bunagky ta giarHoctuku M3H.

HocnigkeHHsa 3paskiB GionoriyHOro maTtepiany (CMpoBaTKM KPOBI, nnasma, LinbHa KpoB,
ceya) 3dincHoBanocs Metogamu noniMepasHol NaHUroBol peakuii B peansHomy vaci (MNJ1P-
PY) Ha ©6asi nabopatopii ocobnueo HebesneuHmx iHdekuin (OHI) Bigainy AocnigXkeHHs
GionoriyHmx paktopis [epxaBHOi ycTaHOBU «KWIBCbKMIA OBMACHU LEHTP KOHTPOSO Ta
npodinaktnkn xBopob MiHicTtepcTtBa oxopoHn 3gopoB’s Ykpaium»y (Y «Kuiscbkuin OLIKIMTX
MO3») 3 BMKOpUCTaHHAM KomepLinHux Habopis peareHTiB West Nile Virus Real Time PCR
Detection Kit (Bupo6bHuk Certest Biotec S.L., Spain) Ta cneuianbHoi naHeni natoreHis BioFire
Global Fever Special Pathogens Panel IVD (BupobHuk BioFire Defense, LLC, USA).
JocnigXeHHa napHUX CUPOBATOK KPOBi METoAOM iMyHOepMeHTHoro aHanisy (IPA)
nposogunoca Ha 6asi nadopatopii OHI AY «Kniscbkun OLKIMX MO3».

[ocnigpxeHHsA 3paskiB NapHUX CUPOBATOK KPOBI METOAOM iMyHOMDSTyOpeCUeHTHOro aHanisy
(IPnA) 3givicHioBanucs B pedepeHc-nabopatopii 3 giarHoctuku BIJT/CHIAy, BipyconoriyHux Ta
ocobnmBo-Hebe3neyHnx naTtoreHiB [epkaBHOl ycTaHOBM «LleHTp rpoMaacbKoro 340poB’s
MOS YkpaiHn» 3a W0 aBTOpU BUCIOBIIOTL NepCcoHany BOAYHICTb.

PesynbTatn. B YKkpaiHi oiuinHa peecTpauia BMnagkiB 3axBOPHOBAHHA Ha rapsayky
3axigHoro Hiny 3anpoBagxeHa 3 2006 p. B Kuiscbkin obnacti peectpauia NOOOUHOKUX
Bunagkie N'3H posnoyanacsa 3 2018 p., L0 NOB’A3aHO i3 3anNpoBaKEHHSIM Cy4acHUX MEeTOoAIB
nabopaTtopHoi giarHoCcTUKM aaHoi xsopobu (IPA ta MJIP-PY). B nepiog 3 2018 no 2024 pp.
6yno 3apeecTtpoBaHo 62 Bunaaku '3H, wo ctaHoBuTb 34,4% Bia 3aranbHOI KiNlbKOCTI BUNAAKiB
no YKpaiHi 3a 3azHa4yeHnin nepiog cnocrepexeHb. 3HA4YHUIN PIiCT 3aXBOPOBAHOCTI B KMIBCHKIN
obnacTti cnoctepiraBcsa y 2024 p. 3 iHTeHcuBHUM nokasHukom (IM) 2,43 Ha 100 Tmcavy
HaceneHHda, wo nepesuwmno I no YkpaiHi 8 11,5 pasu (Puc. 1). LopiyHi nokasHuku
3axsoptoBaHocTi fo 2024 p. no Kuiscbkin obnacti 3Ha4yHO nepesuwyBanu I no YkpaiHi 3a
BuKntodeHHam 2020 p. (Tabnuuga 1).
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Puc. 1. 3axBoptoBaHicTb Ha rapsa4ky 3axigHoro Hiny B YkpaiHi Ta KuiBcbkKin
obnacrTi 3a 2018 — 2024 pp. (noka3Huku Ha 100 TKc. Hac.).
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Tabnuus 1

3axBoproBaHicTb Ha '3H B YKkpaiHi Ta KniBcbkin obnacrti 3a nepiog 2018 — 2024 pp.

Pik YKpaiHa KviBcbka obnactb
abc. in abc. in

2018 20 0,05 2 0,1
2019 26 0,06 4 0,2
2020 4 0,01 0 0,0
2021 6 0,01 5 0,3
2022 11 0,03 7 0,4
2023 14 0,03 1 0,05
2014 99 0,2 43 2,3
Pasom: 180 0,06 62 0,5

JleTanbHnx BMNagkiB cepen 3axeopinux Ha M3H 3 2018 no 2023 pp. He 3adhikcoBaHO, Toai
Ak y 2024 poui ix KinbkicTb ctaHoBuna 9 sunagkis 3 yactkowo 20,9%. Cepen nomepnux ocib
nMTOMa Bara 4YonogikiB ctaHoBuna 66,7% (6 ocib), a cepefHin Bik cknas — 67,3 poku.

3a nepiog cnoctepexeHHsa Bunagku ['3H dikcysanuca no Bcin Teputopii KniswmHmn (Puc.
2). Hanbinbly kinbkicte Bunagkie '3H 3apeectpoBaHo y dacTtiscbkomMy (20), BpoBapcbkomy
(15) Ta Bopucninbcekomy (11) paroHax (Tabnuus 2).

Puc. 2. TeputopiansHun po3snoain Bunagkie NBH B KuiBcbkin obnacti B nepioa
2018-2024 pp.

Cepeq 3aranbHol KinbkocTi 3axBopinux — 45 ocib (72,6%) akTMBHOro npauesgaTHoro Biky
(B8i@ 20 po 60 pokiB) Ta 17 oci6 (27,4%) neHcinHoro Ta noxunoro Biky (Big 61 go 90 pokis);
Micbki xuteni — 29 (46,8%) Ta MewwkaHui cinbcbkol MicuesocTi — 33 (53,2%). HaHi wopo
pO3noAiny 3axBopifnx 3a BiKOM i CTaTTiO HaBedeHi Ha Puc. 3.

Y 61 Bunagky (98,4%) 3axsopinu xuteni YKpaiHu, siki He BUI3gunn 3a KOPAOH, ToAi sk 1
Bunagok (1,6%) 6yB 3aBe3eHUM 3-3a KOpPAOHY (3axBopina ocoba npubyna 3 micta [yana,
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Pecnybnika KamepyH). 3a pesynbTatamm OnNuTyBaHHA Yy O6inbLUOCTI BMMNaAKiB 3axBopifi
Bi3Ha4anu ykycu komapis.
Tabnuuys 2
Posnoain Bunaakie N3H no panoHax KniBcbKkoi obnacTi
3a nepioa 2018 — 2024 pp.

PanoH KinbkicTb BMnaakis, NMutoma Bara,
a6c. (%)
dacTiBCbkUI 20 32,3
BpoBapcbkui 15 24,2
Bopucninbcbkumn 11 17,7
By4aHcbkun 8 12,9
Buwwropogcokmnn 5 8,1
O6yxiBCbKni 2 3,2
binouepkiBcbkuin 1 1,6
Pasom: 62 100,0
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Puc. 3. Po3noain 3axBopinux Ha N3H 3a crtaTTio Ta Bikom y KuiBcbka obnactb 3a
2018-2024 pp., abc.

EnigemionoriyHnmmn  poscnigyBaHHsS MW  BU3HAYeHi Hanbinbll WMOBIPHI  MiCLEBOCTI
iHbikyBaHHA xBopux: ¥y 57 Bunagkax (91,9%) iHdikyBaHHA Biabynoca Ha TepuTtopil Kniscbkol
obnacrTi, y 4 (6,5 %) — Ha TepuTopil iHWNX perioHiB YkpaiHn (M. Kuie — 2 Bunagku (3,2 %),
3akapnaTtcbka Ta Opgecbka obnacti — no 1 sunagky (1,6 %).

PesepByapom npu micueBoMy iH(PiKyBaHHIO MMOBIPHO CTanu AuKi NepeniTHi nTaxu, Wo
MELLKalTb Ha BOAi Y HaBKOSO Hel. BpaxoBykoun reorpadivyHe posTawlyBaHHA YKpaiHu — y
ueHTpi €Bponu, Ae nepexpeLLyroTbCa MirpauinHi Wnsxu nepeniTHUX nraxiB 3 kpaiH Aasil,
Adpukn 0o €B8ponm NOCTINHO ICHYE PU3NK 3aHECEHHA HOBUX LUTAMIB BipYCiB B YKpaiHy B Liflomy
Ta Ha TepuTopito KniBcbkoi obnacti 3okpema. [MigTBEpAXEHHS HaNEXHOCTi NMeBHMX BUAIB
nTaxiB 4o pesepByapiB 36yaHuka M'3H Ta BigcTexxeHHsA naHutora nepeaadi 3éyaHunka notpebye
3anpoBaXXeHHA MOHITOPUHIOBUX AocnigxeHb umpkynauii B3H B nonynauisx nraxis
nabopaTtopiamMu Ta HayKOBUMM IHCTUTYTaMn BETEPUHAPHOT MEANLMHM.

Ona M3H nputamaHHa NiTHBO-OCIHHA CE30HHICTb 3axBoptoBaHb. B KwuiBcbkii obnacTi
HamOinbla KiNbKiCTb BMMNaAKiB 3a OCTAHHI CiM POKIiB crnocTepiranacsa B nepiog 3 NUMNHA No
BepeceHb, TOAi K B YepBHi, XXOBTHI Ta nucTonagi peectpysanuca cnopaguydHi sunagkm (Puc.
4).
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Y 3axBopinux Ha BH nepeBaxann CUMNTOMW, NMPUTaMaHHi FOCTPMM pecnipaTopHUM
BipycHuUM iH(pekuiam (FPBI): niaBuwieHHa Temnepatypu Tina (nMxomaxka) — y 62 oci6 (100%),
3aranbHa cnabkictb Tina — 44 (71%), ronosHun 6inb — 39 (63%), nomota y Tini — 11 (18%).
Takox BigMidanuca: Bucun Ha Tini y 25 3axsopinux (40%), meHiHreaneHi nposisn — 14 (22,6
%); Hynota — 13 (21%), BTpaTa ceigomocTi — 9 (14,5%), 6ntoBoTta — 6 (10%) Ta iHwWi (Puc. 5).

Cepepn nepBuHHUX giarHosiB nepeBaxanu: «lrapadvka 3axigHoro Hiny» — 15 sunaakis (24
%), MEeHIHriT, MeHiHroeHuedanit — 14 (23 %), nuxomaHka HedAcHoro reHesy — 13 (21 %).
Posnogin 3a BcTaHOBNEHUM NepBUHHUM AiarHO30M HaBegeHun Ha Puc. 6.
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Puc. 4. Ce3oHHicTb anAa 3axBoproBaHHA Ha 3H B KuiBcbkin obnacTti 3a nepiog
cnocTtepexeHHA 2018-2014 pp.
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Puc. 5. OcHOBHi KniHiYHi cumnTomMuM y 3axBopinux Ha N3H y KniBcbkin obnacTi 3a
2018-2024 pp.

Y 98,4% Bunagkax N'3H (61 ocoba) nauieHT nepebyBanu Ha cTauioOHapHOMY fiKyBaHHI.
TpuBanicTb nepiogy Bi4 AaTyM noyaTky MOSABM  KNiHIYHMX CUMMTOMIB [0 rocniTanisauii
konusanacs Big 1 go 30 gi6. Y 35 sunagkax (57,4%) 3axsopini Ha '3H ©ynu rocnitanisoBaHi
A0 3aKnagiB 0XOpPOHWU 300pOB’A NpoTAaroM 5-tn Ai6 Big noyaTky 3axBoptoBaHHs (Puc. 7, 8).
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Puc. 6. Po3noain nauieHTiB 3a nepBMHHUM AiiarHO30M Mpu 3BepHEHHI 3a MeAUYHOIO
ponomoroto y Kuiscbkin obnacti 3a 2018-2024 pp.
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Puc. 7. Po3noain 3axBopinux Ha [3H Big noyatky 3axBOplOBaHHA A0 AOHA
rocnitanisauii y KniBcbkin obnacri 3a nepiog cnoctepexeHb 2018-2014 pp.

TpuBanicTb Big Neplwunx MNpPosiBiB XBOPOOM A0 BCTAHOBMEHHS 3aKMOYHOMO AiarHo3y:
«lMapsiuka 3axigHoro Hiny» konuBanacs Big 3 oo 54 gi6. Hanmbinblwy KinbkicTb BUNagkis
AiarHoctoBaHo npotarom 14 fi6 Big Aatv 3axeBoptoBaHHA — 27 Bunagkis (43,5%). Y 2-x
BMNagkax BCTAHOBMEHO MiKCT-iHdekuii — «Mapsadka 3axigHoro Hiny. XBopoba Jlanma» Ta
«lMapsiuka 3axigHoro Hiny. €pcuHios».
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Y BCix BuMnagkax AiarHo3 «[apsdka 3axigHoro Hiny» niarBepmxeHo nabopaTopHUMM
MeTogamMun OOCHigKEHHS.
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Puc. 8. Po3nopgin BunaakiB 3axBoptoBaHHA Ha 3H 3a TepmiHOM Big noyaTky
3axBOpPHOBaHHA [0 BCTaHOBIEHHA AiarHo3y 3a nepioa cnocrepexeHHs 2018-2024 pp.

BaxnuBolo naHkol B cuctemi enigemionoriyHoro Harnggy 3a 3H € nabopaTtopHa
AiarHoctTMka Ta CBOeYyacHe nNiATBepo)KEHHS BWUMNadKiB AaHol Ho3onorii, wo notpebye
NiABULLEHHS HAaCTOPOXEHOCTI MeaAWYHUX npauiBHUKIB Ta CBOEYACHOrO CKepOBYBaHHS
KniHiYHOro maTtepiany Big nauieHTIB 3 NigO3polo Ha 3axBoptoBaHHA [3H, MeHiHreanbHUMN i
eHuedaniTHAMKM nposiBaMM Ta rapsyKOBUMM CTaHaAMM  HEBIAOMOINO MOXOMKEHHSA ANs
nabopaTtopHMX AOCNIAXKEHb CNPAMOBAHMX Ha NiIATBEPKEHHA AiarHo3y abo audepeHuinHol
piarHocTtukun (Rodyna, 2022).

Ha cboroaHiWwHin geHb BiACYyTHI po3pobneHi Ta 3aTBepoKeHi HOPMaTUBHO-NPAaBOBI aKTh
LLoao enigemMionoriyHoro Harnsay Ta anroputmie nabopatopHoi giarHoctukm '3H. Hakasom
MiHicTepcTBa 0xopoHU 300poB’st YkpaiHu Big 28.12.2015 p. Ne 905 «[lpo 3aTBepmXeHHSA
KpUTepiiB, 3a AKMMN BU3HAYaOTbCA BUNAAKN iHPEKLIMHNX Ta Nnapa3uTapHUX 3aXBOPIOBaHb, SKi
nignaraioTe peecTtpauii» (i3 3MiHamMn) BCTaHOBMEHO NlabopaToOpHi KpUTepii BM3HAYEHHS
Bunagky '3H. [lna nigTBepa)xeHoro BMnaaky mae 6yt JOTPMMaHO OOUH 3 YOTMPbOX KpUTEPIiB
3a pesynbtatamm nabopatopHuX gocnigXeHb: BuAineHHa Bipycy M3H 3 kposi abo niksopy;
BUAINEHHA HyKneiHoBol kncnotu Bipycy ['3H 3 kposi abo CMP; nosiea cneumdivHnx aHTUTIN 4o
B3H (IgM) B cnnHHOMO3KoBIN piaunHi; Bucokun Tutp IgM Ta BuasneHHs IgG go B3H, a Takox
HasIBHICTb KMiHIYHUX KpuTepiiB. VIMOBIpHMI BMNagOK BM3HAYAETLCH Y BUNAAKY BUSIBIIEHHS
aHTuTin go B3H y cupoBaTui kpoBi abo BCTaHOBMEHUM enigemMionoriyHMm 3B’SA3KOM Ta 3a
HaABHOCTI BigMOBIAHUX KNiHIYHMX KpuTepiiB. [ig kniHivHi kputepil 3H nignagae 6yab-gka
ocoba 3 rapsdkoto abo sika Mae KniHiYHI NPosABK eHuedaniTy Y MeHiHriTy.

B YkpaiHi BigcyTHi nabopaTtopii, 34aTHi NpOBOANTWN OOCNIAXKEHHSA peakuieto HenTpanisadi,
TOMY nepeBara HagaeTbes iHWUM MeTodam: |PA, IdnA, MNMJ1P-PY.

3 MeTO BCTAHOBMEHHS AiarHo3y Ta NpoBeAeHHSA AnepeHLUiNHOT AiarHOCTUKM rapsaYKOBUX
3axBopinux B KuiBcbkii obnacti nabopartopieto OHI 3 2018 no 2023 pokun 3acToCcOBYBaBCS
nepeBaxHo metoq |IPA Ha BuaBneHHs aHTutin IgM Tta IgG (Tabnuus 3).

3 2023 p. 3anpoBagXeHo gocnigXeHHs 3paskiB GionoriyHoro matepiany metogom MJ1P-
PY. Y 2024 p. B MJIP-PY 6yno gocnigxeHo 91 3pa3ok GionoriyHoro matepiany Big 54 oci6 3
nigospoto Ha M'3H, y Tomy yuncni: 45 3paskiB cedi, 3 HUX 15 (33,3%) no3anTueHUX (BnsieneHo PHK
30ygHuka M3H); 32 3pasku uinbHoi kposi (Ha cuctemi BIOFARE-29), 3 HMX NO3nTUBHUX — 9
(28,13%); 12 3paskiB nna3mu KpoBi Ta 2 3pa3ku NikBopy — HeratueHi (Puc. 9).
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Tabnuys 3
O6carn pocnigxeHHA KNiHiYHOro maTtepiany Big noaen Ha rapsayky 3axigHoro Hiny
metoaom IPA B KniBchbkin obnacti B nepioa 2018-2022 pp.

Pokn O6c¢cTexeHo BusiBneHo no3uTuBHI pe3ynbTaTtn
KinbkicTb KinbkicTb KinbkicTb ATIgM + ATIgG
CUPOBAaTOK oci6 oci6 ATlg G

2018 27 18 2 2 0

2019 66 55 9 2 70

2020 10 9 0 0 0

2021 28 21 5 4 1

2022 53 34 11 4 7™

2023 11 6 0 0 0

Mpumimka: ) - He epaxoeaHi ompumaHi no3umusHi pesynsmamu Ha [3H uepes

HeMOXrueicmb po8eOeHHs1 OOCMIOXEHb MapHUX rnapHUX cupo8amokK Kposi y OuHamiui Ons
ocmamoY4yHo20 nMidmeepOXXeHHs pe3yribmamy abo rikapsmu 3aknadie 0XopoHU 300po8’s, de
nepebysasiu nayieHmu, aucmassieHo iHwuu dia2Ho3.

34 333

32
30 28.3
5 28
26
24
Ceua LlinbHa KpoB

YacTKa NO3UTUBHUX
3paski., %

HalimeHyBaHHA 3pa3Kka

Puc. 9. Yactka no3utuBHux Ha Bmict PHK 30yaHuka '3H 3paskiB GionoriuHoro
MaTepiany Bif 3axBOpiNMX 3 NiA03pol Ha 3axBoproBaHHA y 2024 p.

Big 25 xBopwux i3 3akniOYHUM giarHo3oM «rapsadka 3axigHoro Hiny» 6yno gocnigpkeHo
28 3pa3skiB ceui, 3 HUX B 13 (46,4%) 3pa3kax BuasneHo PHK 36ygHuka M3H; 10 3paskiB uinbHoI
KpoBi, 3 Hux B 5 (50,0%) 3paskax suasneHo PHK 30ygHuka '3H; 8 3paskiB nnas3mu Kposi Ta 2
3pasku nikeopa — PHK B3H He BusiBneHo.

3a pesynbTatamm pgocnigpkeHb metogom [MJIP-PY Hanbinbwa KinbKiCTb MNO3UTUBHMX
pes3ynbTaTiB cnocTepiranacsa B 3paskax ceui, BigiopaHux Ha 11-14 noby 3axBoproBaHHSA — 6
(66,7%), BinibpaHnx Ha 5-7 foby 3axBoptoBaHHA — 5 (62,5%). B 1-my 3pasky ceui, BigibpaHomy
Ha 2 goby (3 rpynu Biabopy 3paskis 3 1 no 4 noby 3axsoptoBaHHs) BusBneHo PHK Bipycy (Puc.
10).

Mo3ntmneHI pe3ynbTaTtn gocnigpkeHb metogom MJIP-PY BusiBneHi B 3paskax UinbHOI KPOBI
nauieHTiB Ha 5-10 goby 3axBoptoBaHHs B 66,7 %. OgHovdacHo PHK B3H B 3paskax kposi i ceui
BUSBNeHi y 2 3axBopinux (4,7 %) 3 5 no 11 goby 3axBoproBaHHS.

CtaHom Ha kiHeub 2024 poky nabopaTtopieto OHI Y «KuiBcbknin OLIKIMX MO3» He
npoBoaMnnca aocnigpkeHHa metogom IPnA Ha BUM3HaYeHHs aHTUTIN o 36yagHuka 3H, Tomy
3pasku CMPOBATOK KPOBi ckepoByBanucs 0o pedepeHc-nadopatopii Y «LIM3 MOS3 YkpaiHny.
Byno pgocnigpxeHo 33 3pa3ka cMpoBaToK KPOBI Bif 3axBOpinux ocib, 3 Hux Big 28 ocib — napHi
cnpoBaTku, Big 7 ocid — ogHokpaTHuin BioOip. 3a pesynbtatamu gocnigxeHs y 19 ocid (67,9
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%) cnocTepiranoca HapocTaHHa TUTPY aHTUTIN y 4 pasu; y 4 (14,3 %) —y 8 pasis; y 3 (10,7 %)
—B 2pa3n;y2 (7,1 %) 16 i Buwe pasis (Puc. 11).

Tabnuys 4
KinbkicTb gocnipxeHnx Ta no3MTUBHUX 3pa3kiB GionoriyHoro marepiany,
BigiOpaHuX Big XBOPUX MO AHAX 3aXBOPHOBAHHA

HasBa Kinb- [Hi 3axBOprOBaHHA
maTe- KicTb 1-4 5-7 8-10 1114 15 -16
piany 3pas-
gocni- o b ud o C o [ o [ o
o s o s o s o s o s
fareno 1 8 E |3 | & |3 £ 3 £ 3| k&
(17} 8 (7] 2 (] 2 (17} 2 (17} 2
cC cC c cC c
Ceua abc 1 1 8 5 7 1 9 6 3 0
% 3,6 100,0 | 28,6 | 62,5 | 25,0 14,3 32,1 66,7 10,7 0,0
KpoB abc 2 0 3 2 3 2 1 0 1 1
% 20,0 0,0 30,0 | 66,7 | 30,0 66,7 10,0 0,0 10,0 100,0
Mnasma abc - - 2 0 3 0,0 3 0,0 - -
% - - 25,0 0,0 37,5 0,0 37,5 0,0 - -
NikBop abc - - 1 0 - - 1 0 - -
% - - 3,6 0,0 - - 3,6 0,0 - -
2
§ < Kpos 0
o <
£ 7 ceua 66.7
I
©
2]
3 kpos [N 66.7
s <
X o0
o cevya 14.3
©
>
& kpos [N 66.7
=
.; ceva 62.5
=N
0 10 20 30 40 50 60 70 80

YacTKa NO3nTUBHMX 3pa3Kis Ha BmicT PHK B3H, %

Puc. 10. MNo3sntueHi 3Haxigkm PHK B3H (%) y GionoriyHomy matepiani no AHax
3axBOpPKOBaHHSA 3a pe3ynbTatamu gocnimkeHb 2024 p.
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10.7 &

14.3

67.9

B 2 pa3u B 4 pa3u y 8 pasis B 16 i 6inbwe pasis

Puc. 11. Po3nopgin 3a HapocTtaHHAM TUTpPY aHTUTIN Ao B3H y 3axBopinux B KUiBCbKin
obnacrti B 2024 p. (%)

Y 12 oci6 3 giarHo3om '3H pa3om 3 napHMMK cupoBaTKamMu KpOBi Bigbupanacsa ceva Ta
KpoB ansa pocnigkeHHa metogom [MJIP-PY. Mpn ubomy y 9 (34,6%) 3axeopinux Ha M3H, B
cupoBaTkax SIKMX CrnocTepiraBcs NpUPICT TUTPY aHTUTIN B 4 pa3n 1a y 1 ocobun (3,8 %) 3
HapocTaHHsAM TUTpiB y 8 pasiB, ogHoyacHo BusiBneHo PHK 36yaHuka B ceudi. Takox 3 rpynu
NauieHTIB 3 HAPOCTAHHAM TUTPIB aHTUTIN B cuMpoBaTLi KPOBi B 4 pa3u OTpMMaHi NO3UTUBHI
pesynbTtatn B MNMJIP-PY y 2 oci6: y 1 ocobu (3,8%) BusisneHo PHK B3H B cevi tay 1 (3,8%) B
3pasky LinbHOI KPOBI.

Takum 4YMHOM, 4yepes BIOCYTHICTb MOXMMBOCTI MPOBEAEHHA peakuii HeuTpanisauil Ha
KynbTypi KNITUH AN nigTeepmxeHHa sunagkis '3H B YkpaiHi Bumarae po3pobkun anroputmis
NPOBEeAEHHS [OOCMiMpKEHb Ha HauioHanbHOMY piBHIi. [na HaneXHoro i CBOEYacHOro
BCTAHOBIIEHHA [JiarHo3y Ta pearyBaHHA Ha Bunagku (cnanaxu) [8H nponoHyeTbes
3acTocoByBaTM KOMBiHALiO CEPONOriYHNX Ta MOSNEKYNAPHO-TEHETUYHNX MeTOoAiB. Pe3ynbTatun
npoBedeHnX AoChifKeHb Ta aHania nitepaTtypHuUX [Kepen BKadylTb Ha [OOUiNbHICTb
npoBefeHHA OocniaKeHHA 3paskiB cedi metogom lMJ1P-PY Ha paHHiX eTanax 3axBOpOBaHHS
(8o 1 micsus), a Takox HeobXxigHiCTb BHeceHHsA BuaBneHHa PHK Bipycy 3axigHoro Hiny B
3paskax cedi 4o nabopaTtopHuMx KpuTepiiB NigTeepaxeHoro sunagky '3H.

3 2017 p. B KuiBCcbKin 06nacTi He 3AIMCHIETLCA MOHITOPUHI BeKTopiB apboBipyCHUX
iHdekuin, y Tomy uncni B3, wo nos’da3aHo 3 BigCyTHICTIO npodecioHana 3 eHTomonorii. 3rigHo
apxiBHux gaHmx Y «Kniscbkmnnt OLLKIMTX MO3» go 2017 p. Ha BCin TepuTopii 0611acTi NOWNpPEHI
Bnaun komapis pogis Culex, Aedes ta Anopheles, siki € cknagoBuMm naHutora nepegadi Bipycy
B 3aKpUTUX Ta BigkpuTux Biotonax. Tomy, akTyarbHUM HanNPSIMKOM Ha perioHanbHOMY PiBHi €
po3pobka cTpaTerii 3HMKEHHS piBHS 3aXBOPOBaHOCTI Ha ["3H i3 3acTocyBaHHAM KOMMITEKCHOIO
nigxogy, wo o6’egHye MOHITOPUHI | ynpasfiHHA BeKkTopamu; nNpodinakTUyHi  3axoaw,
CNpPsSIMOBaHI Ha 3HWXXEHHS YNCENbHOCTI KOMapiB Ta 0340POBMEHHSA GioToni..

BucHoBku:

1. Y 2024 p. B KuiBcbkin obnacti cnocTtepiranoca 3HavyHe niaBULLEHHS pPiBHS
3axXBOPKOBAHOCTI Ha rapsadky 3axigHoro Hiny y nopiBHAHHI 3 nonepegHiMu pokamu, a
IHTEHCUBHWIW MOKa3HWK MepeBuWMB MNOKasHWK no YkpaiHi B 11,5 pasu. Lle nos’azaHo 3
KOMMMEKCOM (DaKTOpPIB: HaNEXHOK OpraHizauieto nabopaTtopHOi AiarHOCTUKK; MNiABULLEHHSM
piBHA 06I3HAHOCTI NPO MNOLUMPEHHS 3axXBOPHOBAHHSA Ha piBHI obnacTi cepepn npauiBHUKIB
3aKknagiB OXOpPOHM 300POB’A Ta CBOEYACHE CKepyBaHHS MaTepiany Ha [LOCHigKeHHS;
BGe3KOHTPONbHE MOLUMPEHHSA BEKTOPIB — OPHITOMINBHUX KOMapiB; BIOACYTHICTb cTpaTterii
MOHITOPUHIY Ta 3axofiB, CNIPAMOBAHUX Ha peryrnoBaHHSA YMCENbHOCTI BEKTOPIB.
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2. Pesynbtatm nabopaTtopHuMx [OCRIAXKEHb i3 3aCTOCYBaHHAM CEpOonioriyHMXx Ta
MOSEKYNSAPHO-TreHETUYHUX MeToAdiB  flabopaTopHUX AOCHIAXKEHb O03BONUNN  BUSIBUTH
nporanvHu B nabopaTopHin giarHocTuui B YKpaiHi. CborogHi icHye HaranbHa noTtpeba B
po3pobui HauioHanbHOro CTaHA4apTy LWOAO0 3AIMCHEHHA enigemMionoriYyHoro Harnsgy Ta
BM3HAYEHHS anropuTMiB nabopaTopHOI AiarHOCTUKM rapayvku 3axigHoro Hiny i3 noegHaHHAM
MONEKYNAPHO-TEeHETUYHUX Ta CeponoriYHnX Metogis. Bpaxosyoun aaHi nitepaTypHUX gxepen
IHO3EeMHMX aBTOPIB Ta BNacHUX A0CHiAXeHb LWOA0 BU3HAYEHHS FEHETUYHOro MaTepiany Bipycy
3axigHoro Hiny B 3paskax ceuvi, AOUiNbHO BHECTM 3MiHM 00 nabopaTopHMX OOCHiAKEHb ANS
NiaTBEPAXEHHSA BUNaaKy AOMNOBHEHHSIM: BUSBIIEHHS (pparMeHTIiB HYKIeIHOBOI KMCMOTH BipyCy
rapsaykm 3axigHoro Hiny B ceui.

3. [MepcnekTuBammn Ha HamMbNMX4M Yac BM3HAYEHO: po3pobka perioHanbHOI cTpaTerii 3
nogonaHHa rapsdkm 3axigHoro Hiny; BAockoHaneHHa nabopaTopHOI AiarHOCTMKM LUNSIXOM
PO3LUNPEHHA CNEKTPY METOAIB, SKi 4O3BOSSATE CBOEYACHO BUSABIIATUY BipyC rapsiuku 3axigHoro
Hiny Ta piarHoctyBatm xBOpoOy Yy nauieHTiB; 3anpOBaXeHHSs1 CEKBEHYBAHHA HACTYMHOro
MOKOMIHHS BipyCy, BUSIBIIEHOrO B AOCIIIKEHUX 3paskax ONA KOHTPOSO UMPKYyNAuil naTtoreHis
Pi3HOro reorpadivyHOro NOXO4XKeHHs Ta reociHgopmaLinHOro kapTorpadgysaHHS.
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niaxoaom Ao ENIAEMIONONIYHOro HArnAay, AIArHOCTUKU TA MNMPO®ITAKTUKU
FAPAYKU 3AXIAHOIO HINY B KUIBCbKOI OBJIACTI

PoauHa H. C."" (ORCID: 0000-0002-4338-8872), KysiH |.B.? (ORCID: 0000-0002-6418-6567),
Maii6opoaga B.B." (ORCID: 0009-0001-1291-2424), epinosuy A.MN.2 (ORCID: 0000-0002-
3280-4172), Moropenosa O.B." (ORCID: 0009-0000-6068-350X), Kynpisa+Hosa T.l." (ORCID:
0009-0005-4242-1166), MoruneHa J1.0." (ORCID: 0009-0006-1932-6539)

1 - depxaBHa yctaHoBa «KWIBCbKMMN 0BMACHUM LEHTP KOHTPOM Ta npodinakTukn xsopob
MiHicTepcTB OXOpOHUM 340p0OB’A YKpaiHu», Knie, YkpaiHa

2 - MiHicTepcTBO OXOpPOHW 300p0B’st YKpaiHu, Kuie, YkpaiHa

3 - IO «lHcTuTyT €anHoro 3a0poB’a», XapkiB , YkpaiHa

*e-mail: nrodyna@ukr.net

Pe3rome. Bipyc 3axidHozo Hiny, enepwe susisneHuli 8 YzaHOi ¢ 1937 poui, 3anuwaembcs
3HayHor 25106asbHOK 3a2p030t0 Cb0200eHHS 011 2poMadckbKo20 300p08’s. Bipyc 30amHul
adanmysamucsi 0 pi3HUX ekocucmeM i rnowuproeamucs eeozpaghiyHo, 0cobriueo 8 NoMipHUX
pezioHax €gporiu ma [ligHiyHoi Amepuku. Cb0200Hi surnadku eapsiyku 3axiOHozo Hiny
peecmpyembcs 8 CrioniydeHux LLImamax Amepuku, Ha niedHi KaHadu, Mekcuuyi, LieHmparnbHid
i ligdeHHit Amepuyi ma Kapubcbkux ocmpoegax, a makox e Agppuui, Ha brniuxHbomy Cxo0i, y
liedeHHil €eporii, IHOii ma IHOoHe3ii mouwjo.
3a ocmaHHi 10 pokie eapsiyka 3axiOHo2o Hiny Habyna we binbwoi akmyarnbHocmi 8 YKpaiHi,
30kpema U e Kuiscbkiti obnnacmi. 3a daHumu [epxasHoi ycmaHosu «LleHmp 2pomadcbKo2o
30opoe’ss MiHicmepcmea oxopoHuU 30opos’s YkpaiHu» nuwe y 2024 poui e YkpaiHi 6yrno
3apeecmposaHo 99 eunadkKie 3axeoproeaHHs Ha 2apsyky 3axidHoz2o Hiny, ceped skux 43
cepeld mewkaHuie Kuiscbkoi obracmi.
[posisu xeopobu sapitotomb 3a cmyrneHeM MsXXKocmi 8i0 fieekux | 6e3cuMnmomMHuUx ¢popm 00
2apsYKOBUX CMaHig ma ypaxeHHs1 ueHmparsbHOI Hepeogoi cucmemu. Pa3zom 3 mum, He iCHye
crieyugiyHo20 nikyeaHHs 2apsiyku 3axioHozo Hiny. CeoeyacHe susierieHHs surnaodkie xeopobu,
Crpu4yuHeHoi 8ipycom 3axioHoz20 Hirny eka3ye Ha HeobxiOHicmb 800CKOHaseHoi labopamopHoi
OiaegHOCMUKU,  HauioHanbHUX cmaHOapmie ma po3bydosu  HanexHoi cucmemu
enidemiorniogiyHo20 Haasnsi0y 3a 2apsidkoro 3axiOHozao Hirny Ha pigHi Oepxasul.
Y Oanil nybnikaujii asmopamu npedcmaessieHo pe3yribmamu aHarsnidy 00cei0y iHWUX KpaiH,
Oitoyoi 8 YkKpaiHi cucmemu ernidemiorniogiyHo20 Haersnsdy, nidxodie 0o rabopamopHor
OiaczHoCcmMuKku eapsiYku 3axiOHoao Hiny, KoHMposio 3a eekmopamu eipycy 3axioHoz2o Hiny Ha
npuknadi Kuiecbkoi obriacmi.
KnrouoBi cnoBa: rapsdka 3axigHoro Hiny, Bipyc 3axigHoro Hiny, enigemionoriyHuin Harnsa,
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Abstract. Atopic dermatitis (AD) is a chronic autoimmune disease characterized by rashes,
itching, and dryness of the skin. The drugs of choice for the treatment of AD are steroidal anti-
inflammatory drugs, the disadvantage of which is the development of undesirable side effects.
Based on this, the search for effective and at the same time safe methods of treating AD is an
urgent task of medicine. Based on this, the use of cell and tissue therapy drugs is promising,
which have proven themselves as correctors of the immune system, acting on various
pathogenetic links of this type of disease.
The aim of the study was didacated to evaluation of the immunomodulatory activity of
lyophilized (IHCBL) and cryopreserved human cord blood leukoconcentrate (cHCBL) in a
comparative aspect in the AD model.
The experiments were conducted on 6-month-old Wistar Albino rats. When AD was induced,
a focus of inflammation on the back of the rats (3—4 cm?) was formed by daily rubbing of a 5%
alcohol-acetone solution of 2,4-dinitrochlorobenzene (DNCB) for 21 days. The suspensions of
IHCBL and cHCBL were administered intraperitoneally at a dose of 0.5 ml of 5 x 10° cells one
day after the end of DNCB administration. On the 3 and 7" day after treatment, certain
subpopulations of lymphocytes (CD3*, CD4*, CD8*, CD16*, CD4*CD25%), the level of
circulating immune complexes, serum concentrations of immunoglobulin A and E, adhesive
and phagocytic activity of peritoneal cavity cells were determined.
For AD induced by DNCB, characteristic systemic changes in the immune status are expressed
in changes in the indicators of cellular and humoral immunity. Thus, in rats with AD, changes
in the cellular immunity in the spleen were detected: namely, a decrease in the number of total
T-lymphocytes and their subpopulations (CD4* and CD8* cells). Against this background,
changes in the humoral and monocyte-phagocytic immunity were noted. The work proved the
immunocorrective activity of cHCBL and IHCBL in DNCB-induced AD. In addition, the features
of the immunocorrective effect of each of the cord blood preparations, i.e. cHCBL and IHCBL,
were noted.
In an experimental model of atopic dermatitis, the therapeutic effect of IHCBL and cHCBL has
been proven, namely the ability to correct the state of the impaired immune system of animals.
At the same time, a higher immunomodulatory activity of IHCBL was noted compared to
cHCBL, which opens up prospects for the use of IHCBL in clinical practice.
Keywords: atopic dermatitis, human cord blood Ileukoconcentrate cryopreservation,
lyophilization, immune system

Atopic dermatitis (AD) is a chronic, recurrent allergic skin disease that causes
inflammation, redness, and irritation of the skin. The main factors in the development of AD
include both genetic and environmental factors. The pathogenesis of AD is multifactorial,
including defects in the cell-mediated immune response, dysfunction of the skin barrier, and
changes in the skin microbiota (Boothe, 2024). At the same time, the association of AD with
the development of autoimmune genesis disorders is noted (Floca, 2022; De Bruyn Carlier,
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2021). The rationale for this concept is the activation of certain parts of the immune system
with elements of autoimmune aggression in patients with AD.

An important diagnostic characteristic of mammalian immune system (IS) disorders is
the nature of changes in the cellular and humoral components of immunity (Makowska, 2023).
AD, in which immune mechanisms are the basis of skin lesions, is no exception. The immune
response in AD is characterized by a two-stage inflammatory phase (Baidya, 2025). The “acute
phase” is dominated by the T-helper T-type (Th2) immune response, which is characterized by
the production of Th2 cytokines such as interleukin (IL)-4 and IL-13. These cytokines activate
the production of immunoglobulin E (IgE) and cause IgE-mediated hypersensitivity and
eosinophilic inflammation. In the “chronic phase”, the Th2-dominant immune response shifts
to a stage of predominance of T1 (Th1) helper cells, characterized by decreased levels of IL-4
and IL-13 and increased levels of IL-5 and IL-12.

T regulatory cells (T-reg) are an important subpopulation of immunocompetent cells
(ICCs) that ensure the formation and maintenance of peripheral tolerance to auto- and
alloantigens (Goswami 2022). The scientific literature indicates an increase in the number of
T-reg cells in the peripheral blood in AD, but with reduced immunosuppressive activity (Inaba,
2023; Reduta, 2023). Due to the ambiguity and sometimes contradictory data on the
pathogenetic mechanisms of AD, researchers face an important task of finding effective drugs,
including biologically active substances, that help to correct the function of the IS in patients
with AD (Alvarenga, 2024). Currently, pharmacy offers a wide range of immunomodulators that
have been used in the treatment of AD (Drucker, 2022). These include preparations of animal,
plant, and other origin. These drugs do not always demonstrate a high therapeutic effect, and
the results of their use in the treatment of AD are sometimes controversial and ambiguous.
This fact necessitates the further development and use of new effective and safe
immunomodulatory and anti-inflammatory agents to correct the immunocompetence of
patients with AD. In this regard, attention should be paid to the multidisciplinary
immunocorrective activity of cell therapy drugs. For example, mesenchymal stem cells (MSCs)
are used in the treatment of AD (Najera, 2023). Having a high reparative and regenerative
potential, these cells have immunomodulatory properties, including tolerogenic ones (Volkova,
2017; Yu, 2023). One of the most promising areas in this field is the development of drugs
based on human cord blood (HCB) (Koval, 2021; Koval, 2023; Goltsev, 2020). The therapeutic
activity of HCB cells is associated with a unique cellular composition and mechanism of action
aimed at normalizing both the state of the IC and the general homeostasis of the body (Wang,
2023; Goltsev, 2023).

A large number of scientific papers indicate the possibility of using HCB cells in the
treatment of a wide range of inflammatory processes with elements of autoimmune reactions,
namely ischemic stroke, psoriatic arthritis, type | diabetes, Crohn's disease, etc.

The demand for the use of human cord blood leukoconcentrate (HCBL) in clinical
practice has determined the need to develop effective methods for their long-term preservation
(lyophilization, cryopreservation) (Koval, 2019; Goltsev, 2023; Jahan, 2021). It is important to
note that these methods of cryopreservation and lyophilization can act as modifiers of both the
structural and functional status of a biological object, in some cases enhancing its therapeutic
potential (Goltsev, 2003; Sirous, 2010; Koval, 2019). In view of the above, we conducted a
series of experimental studies to determine the effectiveness of the developed new therapeutic
approach to the treatment of AD, focusing on the nature of changes in the IS indicators in
experimental pathology. This pathology is relevant for humane medicine, and we have worked
on it to transfer the proposed method of treating AD to clinical practice.

The aim of the study was to develop a new therapeutic approach to the treatment of AD
using lyophilized and cryopreserved human cord blood leukoconcentrate with an emphasis on
the evaluation of their immunomodulatory activity.
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Methods and materials. The experiments were performed on male rats of 6 months of
age weighing 180-200 g in accordance with the rules of the European Convention for the
Protection of Vertebrate Animals Used for Experimental or Other Scientific Purposes (The
European Convention, 1986), as well as in accordance with the Law of Ukraine "On the
Protection of Animals from Cruelty" (No. 3447-1V of 21.02.2006). The laboratory animals used
in the experimental work were kept in the vivarium of the IPC&C of the National Academy of
Sciences of Ukraine.

Leukoconcentrate was obtained from human whole cord blood (HBC) by passive
sedimentation in a density gradient with the addition of a 6% polyglucin solution. HCBLs were
poured 1 ml into sterile penicillin vials, which were placed on the shelf of the freeze-drying unit
UZzV-2 (EP IPC&C NAS of Ukraine), and then lyophilized according to the method of Goltsev
et al. Samples of lyophilized human cord blood leukoconcentrate (HCBL) were stored at a
temperature of 4 ° C. Rehydration of IHCBL was performed by adding 1 ml of saline to the vials
for 10 min, stirring gently to prevent foaming. We cryopreserved HCBLs in disposable plastic
tubes (Nunc, USA) on the programmatic freezer UOP-6 (EP IPC&C NAS of Ukraine) according
to the method of Tsutsaieva et al. The samples of cLECs were stored at 196° C in a low-
temperature bank of the IPC&C of the NAS of Ukraine. Thawing of cHCBL was performed in a
water bath at 40-41° C. The number of nuclear cells was determined in 1 ml of cHCBL
suspension by counting them in a Goryaev chamber. The viability was assessed by flow
cytometry (FACS Calibur (BD Bioscience, USA)) using propidium iodide.

AD induction was performed according to the method of the authors (Koval, 2021). This
method is based on the use of the hapten 2,4-dinitrochlorobenzene (DNCB), which is able to
penetrate the stratum corneum, the upper layer of the skin and covalently modify endogenous
proteins, which then acquire the properties of contact allergens. The experimental animals
were rubbed daily for 21 days with 0.5 ml of a 5% alcohol-acetone solution of DNCB in
previously depilated areas of the back skin (3-4 cm?).

A total of 35 rats were observed and randomly divided into 5 groups: 1 - intact (control)
(n=7); 2 - AD without treatment (n = 7); 3 - AD + standard treatment (prednisolone ointment)
(n=7);4-AD + cHCBL (n=7); 5- AD + IHCBL (n = 7). All treatments were started one day
after the end of DNCB application.

The immunomodulatory effect of IHCBL was assessed by the degree of recovery of the
immune system on days 3 and 7 after treatment.

The number of individual subpopulations of immune cells in the spleen was determined
by cytofluorimetry using monoclonal antibodies (MAbs) labeled with FITC (BD, USA) to CD3*
(total T lymphocytes), CD4* (T helper cells), CD8" (T suppressors), CD16" (natural killer cells).
To estimate the number of T-reg in the spleen, we used MAT to CD4 and CD25 membrane
structures (BD Pharmingen, USA). Immunoglobulins of the same isotypes were used as
isotypic controls. Cell fluorescence was determined using a FACS Calibur flow cytometer (BD,
USA). All procedures and manipulations with cells were performed in a standard way according
to the manufacturer's instructions. Data analysis was performed using WinMDI 2.8 software (J.
Trotter, Scripps Research Institute, LA lolla, USA). At least 10,000 cells were analyzed in each
sample.

The study used blood serum sampling, which was carried out in a 10 ml test tube without
anticoagulant. Circulating immune complexes (CICs), the concentration of total
immunoglobulin A (IgA) and IgE were determined in the obtained sera. To determine the level
of IgA in rat serum, the Mancini radial immunodiffusion method was used (Poruchynska, 2021).
The concentration of total IgE in the serum of experimental animals was determined by
enzyme-linked immunosorbent assay (Anatskyi, 2017). Circulating immune complexes were
detected spectrophotometrically (Anatskyi, 2017). The adhesion ability of peritoneal cavity
(PC) cells was determined in plastic cups (Spectar, Serbia) at 37° C for 45 min, after which
they were gently washed off three times with medium 199. The percentage of adherent cells
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(AC) was determined as the difference between the number of cells added and the number of
cells in the supernatant (Koval, 2021). The phagocytic activity of AP cells (macrophages) was
assessed according to (Koval, 2021, Tatarchuk, 2006).

The results of the study were expressed as median with lower and upper quartiles (Me
(LQ; UQ)) and processed using nonparametric statistics using the Statistica 10.0 program
(StatSoft, Inc., USA). For multiple comparisons, the Kruskal-Wallis rank analysis of variation
was used, and differences were considered statistically significant at P < 0.05. In the case of a
statistically significant difference, a pairwise comparison of groups was performed using the
Mann-Whitney test with the Bonferroni correction when evaluating P values.

Results. The development of immunoinflammatory processes in the mammalian body,
regardless of their localization, is manifested by changes in the indicators of both cellular and
humoral immunity. The development of AD is no exception to this rule. Indeed, in our studies,
in animals with AD, we observed a decrease in the spleen of the total population of T-
lymphocytes (CD3" cells) on day 3 by almost 3 times, on day 7 by 2.7 times (Fig. 1). After
treatment of cHCBL and IHCBL animals, a significant increase in the number of CD3" cells was
observed on day 3 compared to that of untreated animals, but only on day 7 did this indicator
reach the values of the control group (intact animals). In prednisolone-treated animals, an
increase in this indicator relative to untreated animals was observed from day 3, but even on
day 7 it was lower than in intact animals.

-~ K-Wtest: H=30,87; p <0,001 K-W test: H =28,65; p <0,001

Fig. 1. Dynamics of the total T-lymphocyte population (CD3* cells) in the spleen
of rats with induced atopic dermatitis before and after treatment (n=7).

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p < 0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.

The number of T-helper cells with CD4* phenotype in rats with AD decreased by more
than 2 times compared with the norm during all study periods.

Evaluation of the dynamics of changes in the content of CD4* cells in rats of the
experimental groups showed a significant increase after treatment in the groups of animals
treated with both cryopreserved and lyophilized cells, i.e., cHCBL and IHCBL. At the same
time, already on day 3 of the study, a significant increase in this indicator was noted in these
groups (up to 24.4% and 25.6%, respectively) (Fig. 2). After 4 days, a further tendency to
increase this indicator was noted - its value increased to 30.4 and 28.9%, respectively. In the
group of animals treated with prednisolone, this indicator was inferior to that of animals treated
with IHCBL, amounting to 20% on day 3 and 22.6% on day 7.

The development of AD in animals was accompanied throughout the study period by a
decrease in the number of suppressor/cytotoxic T lymphocytes (CD8*). The level of this
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subpopulation of immunocompetent cells (ICC) significantly decreased by day 3, reaching
minimum values by day 7 of the study (Fig. 3). Such a significant decrease in the subpopulation
of suppressor/cytotoxic T lymphocytes capable of suppressing the activity of syngeneic and
allogeneic Kkillers, helper cells, delayed hypersensitivity effectors and lymphocyte blast
transformation reaction (LBTR) clearly indicates the development of an inflammatory process
in AD animals. In animals with AD with a "burdening" state of IS, the use of IHCBL showed a
significant therapeutic effect. Thus, with the use of both cHCBL and IHCBL, starting from the
3rd day, the CD8* T-lymphocyte content improved sufficiently and did not differ significantly
from the values of intact control. It is significant that after prednisolone treatment, despite the
higher values compared to untreated animals, this indicator did not reach the values of intact
control at all observation periods.
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Fig. 2 Dynamics of T-helper (CD4* cells) content in the spleen of rats with induced
atopic dermatitis before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p <0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.
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Fig. 3 - Dynamics of the content of suppressor/cytotoxic T-lymphocytes (CD8* cells) in
the spleen of rats with induced atopic dermatitis before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p <0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p < 0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.
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Fig. 4. Dynamics of natural killer cells (CD16* cells) in the spleen of rats with
induced atopic dermatitis before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p <0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.

As noted above, T-reg cells with the CD4* CD25" phenotype, which have
immunosuppressive activity, are of utmost importance in the development of autoimmune
allergic diseases. It is known that these cells are formed both in the thymus and in the
peripheral blood from CD4* CD25  cells to provide tolerance to their own antigens in the body
of animals. The particular importance of these cells increases with the development of certain
pathologies, including autoimmune diseases and inflammatory diseases. The obtained results
showed that the content of these cells showed signs of multidirectional changes in the spleen
of animals with AD. Thus, the number of T-reg at the beginning of the experiment (day 3)
decreased almost 3.5 times compared to the control level and increased 1.3 times above the
intact control values on day 7 (Fig. 5). Similar sharp changes in the T-reg content in both
directions were observed in the groups of treated animals. It is significant that a similar pattern:
a decrease at the beginning of the experiment and an increase in the middle and end of the
experiment in the amount of T-reg was recorded in animals treated with prednisolone. After
treatment of animals with AD with cHCBL, the T-reg index did not differ significantly from the
values in intact controls on day 7. In the animals treated with IHCBL, close values of this
indicator to the control occurred only on day 7 of the study. These results indicate that the state
of the unique link of the IS, which is T-reg, depends on many factors that change both in the
physiological state of the organism, and even more so in the conditions of imbalance of its
homeostatic stability, including AD.
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Fig. 5. Dynamics of T-regulatory cells (CD4* CD25* cells) in the spleen of rats with
induced atopic dermatitis before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p < 0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.

Circulating immune complexes (CICs) are structures that are formed as an obligatory
structural and functional component of the mammalian immune system and consist of different
types of immunoglobulins. Changes in their concentration are an indicator of both the degree
of activity of the humoral immune system (antibody production) and the activity of cells with
phagocytic activity, primarily macrophages.

As a result of the studies, a sufficient increase in the level of CEC in the peripheral blood
in rats at all stages of AD development was determined compared with the intact control group:
1.3 times on day 3, 1.4 times on day 7 (Fig. 6). It is significant that only on day 7 after the use
of both cHCBL and IHCBL the CEC content reached the normal level. At the same time, after
treatment of rats with AD with prednisolone at all stages of the study, the level of CEC remained
higher than that of intact animals. It is known that an increase in the concentration of CEC
beyond the normal range can be due to at least two reasons. One is the activation of IC cells
to hyperproduce antibodies (immunoglobulins of various types) for one reason or another. In
addition, a decrease in the number of cells with phagocytic activity (MPS cells) and their
absorptive activity. That is, the development of pathology in the form of AD contributes to the
development of such a situation with MPS cells. That is, the treatment of animals with AD with
HCBL, both in the form of cHCBL and IHCBL, led to an improvement in the functioning of MF
of rats with AD.
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Fig. 6. Dynamics of circulating immune complexes (CIC) in the peripheral blood
of rats with induced atopic dermatitis before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p <0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p <0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.

The role of IgE in the induction and maintenance of allergic diseases, including AD, is
known. As can be seen from Fig. 7, the average content of total IgE in rats with AD exceeded
(P < 0.01) the same indicator in intact rats. This indicator reached its maximum value on day 7
of the experiment and amounted to 186.7 u (Fig. 7). Our results on the increase in the content
of total IgE in rats with AD determine the diagnostic value of IgE in the pathogenesis of AD,
confirming the allergic etiology of the disease. After treatment of rats with cHCBL and IHCBL,
the level of IgE remained increased on day 3 of the study, and on day 7 it decreased to the
control level. It is important that despite the positive dynamics, the level of IgE in rats treated
with prednisolone even on day 7 remained higher than that of the group of intact animals.

IgA is the most actively produced immunoglobulin in the human body and the second
most abundant isotype in the blood serum, second only to IgG. This immunoglobulin, as the
main class of antibodies in the secretions that wash these mucous membranes, acts as an
important first line of defense.

In untreated rats with AD, the level of IgA decreased more than 5-fold already on day 3
of the pathology, remained at the same level on day 7 (Fig. 8). The IgA levels in rats with AD
treated with cHCBL changed unidirectionally, significantly increasing by day 3 of treatment and
remaining at the achieved level during the subsequent study period. In the group of rats with
AD after treatment with IHCBL, the profile of temporal dynamics during the study was
completely different, despite the fact that the level of IgA on days 3 and 7 was 3.6 and 3.4
times higher than in untreated animals, respectively. After prednisolone treatment, the level of
IgA was 3 times higher than in untreated animals on days 3 and 7. Thus, as can be seen from
Fig. 8, its immunomodulatory potential in relation to this indicator was inferior to that of cHCBL
and IHCBL.
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Fig. 7. Dynamics of immunoglobulin E (IgE) content in the blood serum of rats
with induced atopic dermatitis before and after treatment

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p < 0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.

It is known that the adhesive potential of animal HCs is a manifestation of the expression
of membrane surface receptors such as integrins and selectins. Changes in the body during
inflammation can cause a change in the degree of expression of these molecules on the
surface of macrophages, thereby modifying their adhesive potential. It should be noted that a
change in the adhesive activity of macrophage-phagocyte cells may be a consequence of
"affinity modification" as a result of which intracellular signals lead to conformational changes
in the extracellular binding sites of adhesion molecules. As can be seen from Fig. 9, the number
of adherent cells in the PP in rats with AD increased on day 3 of the experiment and continued
to remain at a significantly high level on day 7.

In the group of animals treated with cHCBL and IHCBL, the number of adherent cells
was restored to the control level from day 3 of the study and remained at this level until the end
of the experiment. After treatment with prednisolone, this indicator, despite a slight decrease
in relation to that of untreated animals, remained higher than the control values for all study
periods.
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Fig. 8. Dynamics of immunoglobulin A (IgA) content in the blood serum of rats
with induced hypertension before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p <0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.
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Fig. 9. Dynamics of the number of adherent cells in the peritoneal cavity of rats
with induced atopic dermatitis before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p <0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.

In a wide range of quantitative and qualitative indicators of the status of the ICC, the
phagocyte bactericidal index (PBI) occupies an important place. During the observation period,
it was found that in rats with AD, this index decreased sufficiently on days 3 and 7 of the
experiment (Fig. 10).

On day 3, in rats treated with cHCBL and IHCBL, the index of PBI was 1.6 times higher
than in untreated rats, and on day 7 - 1.8 times higher (p<0.01). Despite the increase in PBI
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rate in prednisolone-treated rats compared to untreated animals, it remained lower than in the
control and in the groups of rats treated with IHCBL at all stages of the study.

3 K-W test: H=29,11; p <0,001 K-W test: H=30,83; p <0,001

T
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Fig. 10. Dynamics of the phagocyte bactericidal index (PBI) of peritoneal cavity
cells of rats with induced atopic dermatitis before and after treatment.

Notes: * - the difference is statistically significant relative to the control (group 1) (p < 0.01); ** -
the difference is statistically significant relative to untreated animals with atopic dermatitis (AD, group
2) (p <0.01). The upper and lower borders of the columns correspond to the 75th and 25th percentiles,
respectively; the length of the column is the interquartile range; the horizontal line of the column is the
median; error bars are the minimum and maximum values.

Discussion. In the experimental model of DNHB-induced AD, we studied the
peculiarities of changes in the parameters of the cellular and humoral immunity and evaluated
the possibility of their correction using various forms of cord blood leukoconcentrate. Our data
indicate that a characteristic feature of AD is a violation of the cellular immunity, in the form of
a decrease in the number of total T-lymphocytes and certain subpopulations of them, natural
killer cells. The peculiarities of changes in the content of T-reg cells depending on the stage of
AD have been established. Thus, in the early stages (day 3), the number of these cells against
the background of AD development was significantly lower than in healthy animals, whereas
on day 14 it was significantly higher than in the control. This is in line with clinical data (Inaba,
2023), which noted a higher T-reg content in patients with AD compared to healthy people.
Along with this, our studies demonstrated an increased level of IgE, the level of which increased
with the development of AD, which coincides with the clinical data of other authors (Atwal,
2023; Pellefigues C. 2020).

One of the main tasks of therapeutic approaches to the treatment of AD is to restore the
functional state of the IS impaired by this pathology. Such an approach can be based on the
use of human cord blood leukoconcentrate (HCBL), which is essentially a part of the fetal blood.
Cord blood and its components are widely used in modern medical and biotechnological
programs due to their unique multifunctional properties (Wang, 2023).

The paper provides a clear evidence base for the ability of HCBLSs to act as a therapeutic
agent for experimental AD in animals, accompanied by the manifestation of immunomodulatory
properties against the background of restoration and approximation of the indicators of the IS
of rats with AD to the values of healthy animals. The clinical efficacy of cord blood cells has
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been shown in many inflammatory and autoimmune diseases (Coutts M, 2017; He B, 2015;
Berglund S; 2017; Zhang, 2018; Qi, 2020).

It is well known that both the degree of manifestation of a particular allergic disease and
the manifestation of the therapeutic effect of various drugs in relation to it depend on the timing
of the identification of these indicators (Mochulska, 2015). Earlier, we showed the ability of
HCBLs to reduce the manifestation of dysregulation of the state of the IS in AD on day 14 of
the development of this pathology (Koval, 2021). In the present study, we focused on the effect
of HCBL on the indicators of IS in animals with AD at the early stages of this pathology (days
3 and 7 of AD development). We consider the immunocorrective effect of cryopreserved and
lyophilized HCBLs in rats with AD as evidence of a pathogenetically based and targeted
treatment regimen for the pathology in the experimental setting, which is based on the
dysfunction of the IS. The ability of these cells to produce certain regulatory mediators in the
treatment of AD is multifaceted and is determined by the level of expansion of the
immunoinflammatory process in the body. The diversity of mechanisms of action of HCBL on
different parts of the IS involved in the pathogenesis of AD ensured the correction and
harmonization of the immune response of cellular and humoral immunity. Our work has shown
that this kind and level of activity is characteristic of HCBL, since after the use of HC the
immunomodulatory effect was less pronounced. At the same time, the nature of the effect of
cHCBL and IHCBL on the indicators of IS depended on the stage of the experimental
pathology. It should also be noted that the degree and nature of the effect of cryopreservation
factors on a biological object depend on the conditions of the freezing-thawing process
(Ostankov 2008).

In this case, the results of a comparative assessment of the effect of lyophilized and
cryopreserved HCBL are quite interesting. As can be seen from our data, a more pronounced
positive effect on the Treg content was observed in animals treated with IHCBL. Moreover, this
effect was observed only on day 3 of observation. Obviously, the differences in the
immunomodulatory effect of lyophilized material (IHCBL) on the Treg content in the spleen
compared to cryopreserved material (cHCBL) may be due to a number of reasons. Firstly, a
special change in the quantitative and qualitative composition of HCBLs after lyophilization. It
has been established that some lyophilization regimens, including the one used in this study,
can have a selective effect on certain subpopulations of cord blood cells, increasing the content
of T-reg cells (Koval, 2019). Possessing a high proliferative activity, they can increase the pool
of T-reg cells in the spleen when administered to animals with AD using lyophilized material.
The different ability of cryopreservation and lyophilization to change the profile of mediators
produced by HCBLs may determine their different therapeutic potential.

Conclusions. The results of the study showed that the development of AD induced by
DNCB throughout the experiment is accompanied by a violation of the cellular immunity,
namely, a decrease in the number of CD3+, CD4+, CD8+, CD16+ cells in the spleen. At the
same time, in the early stages (3 days), a decrease in the content of CD4+CD25+ cells (Treg)
is observed. Against this background, an increase in the production of IgE and CEC with an
antiphasic increase in the concentration of IgA was recorded. Significant in the context of AD
development is the established fact of imbalance of the MPS, namely, an increase in the
number of adhesive cells against the background of a decrease in their phagocytic activity. The
fact of increased activity of T-reg cells formation in the spleen on day 7 with no potential to
resist the manifestation of pathology signs (AD) is noteworthy.

Minimization of signs of the degree of inflammatory process manifestation with the use
of both forms of cord blood leukoconcentrates in animals with AD demonstrates the
multidirectionality of both the mechanism and targeting of targets for the manifestation of the
immunocorrective activity of HCBL at different levels of the body organization, which leads to
the normalization of immunity. It is important to conclude that the anti-inflammatory targeting
profile for both forms of HCBL is significantly greater than that of HC.

I One Health Journal. 2025. Vol. 3. N. 3 I
43



Section 1

10.

11.

12.

13.

14.

15.

REFERENCES
Boothe W.D., Tarbox J.A., Tarbox M.B. (2024 ) Atopic dermatitis: pathophysiology. Adv Exp
Med Biol.;1447:21-35. DOI: https://doi.org/10.1007/978-3-031-54513-9_3.
Floca E., Gaga R., Sur G., Lupan |., Armat |., Samasca G., Sur L.M. (2022) A new
autoimmune disease: atopic dermatitis in children. Allergol Immunopathol (Madr);
50(6):17-21. DOI: https://doi.org/10.15586/aei.v50i6.655.
De Bruyn Carlier T., Badloe F.M.S., Ring J., Gutermuth J., Kortekaas Krohn I. (2021)
Autoreactive T cells and their role in dermatitis. Autoreactive T cells and their role in atopic
dermatitis. J Autoimmun.; 120:102634. DOI: https://doi.org/10.1016/j.jaut.2021.102634.
Makowska K., Nowaczyk J., Blicharz L., Waskiel-Burnat A., Czuwara J., Olszewska M.,
Rudnicka L. (2023) Immunopathogenesis of atopic dermatitis: Focus on interleukins as
disease drivers and therapeutic targets for novel treatments. Int J Mol Sci.; 24(1):781. DOI:
https://doi.org/10.3390/ijms24010781
Baidya A., Mabalirajan U. (2025) Pathogenesis and management of atopic dermatitis:
insights into epidermal barrier dysfunction and immune mechanisms. Explor Asthma
Allergy; 3:100973 DOI: https://doi.org/10.37349/eaa.2025.100973.
Goswami T.K., Singh M., Dhawan M., Mitra S., Emran T.B., Rabaan A.A., Mutair A.A.,
Alawi Z.A., Alhumaid S., Dhama K. (2022) Regulatory T cells (Tregs) and their therapeutic
potential against autoimmune disorders - Advances and challenges. Hum Vaccin
Immunother. Dec 31;18(1):2035117. DOI:
https://doi.org/10.1080/21645515.2022.2035117.
Inaba M., Fukushima H., Hara M., Hosaka S., Fujiyama S., Maruo K., Nomura T., Okiyama
N., Takada H. (2023) Antigen-specific T cell balance reveals why patients with atopic
dermatitis fail to achieve immune tolerance. Clin Immunol.; 252:109649. DOI:
https://doi.org/10.1016/j.clim.2023.
Reduta T., Bacharewicz-Szczerbicka J., Stasiak-Barmuta A., Kaminski T.W., Flisiak I.
(2023) Osteopontin and regulatory T cells in the effector phase of allergic contact
dermatitis. J Clin Med.; 12(4):1397. DOI: https://doi.org/10.3390/jcm1204139.
Alvarenga J.M., Bieber T., Torres T. (2024) Emerging biologic therapies for the treatment
of atopic dermatitis. Drugs.; 84(11):1379-1394. DOI: https://doi.org/10.1007/s40265-024-
02095-4.
Drucker A.M., Morra D.E., Prieto-Merino D., Ellis A.G., Yiu Z.Z.N., Rochwerg B., Di Giorgio
S., Arents B.W.M., Burton T., Spuls P.l.,, Schmitt J., Flohr C. (2022) Systemic
immunomodulatory treatments for atopic dermatitis: update of a living systematic review
and network meta-analysis. JAMA Dermatol; 158(5):523-532. DOl:
https://doi.org/10.1001/jamadermatol.2022.0455.
Najera J., Hao J. (2023) Recent advance in mesenchymal stem cells therapy for atopic
dermatitis. J Cell Biochem.; 124(2):181-187. DOI: https://doi.org/10.1002/jcb.30365.
Volkova N., Yukhta M., Goltsev A. (2017) Mesenchymal stem cells in restoration of fertility
in experimental pelvic inflammatory disease. Stem Cells Int.; 2017:2014132. DOI:
https://doi.org/10.1155/2017/2014132.
Yu S., Lu J. (2023) The potential of mesenchymal stem cells to induce immune tolerance
to allogeneic transplants. Transpl Immunol.; 81:101939. DOI:
Koval A.K., Lutsenko O.D., Bondarovych M.O., Ostankov M.V., Goltsev A.M. (2021) The
role of cord blood in the regulation of the cellular and humoral link of immunity in
experimental atopic dermatitis. Innov. Biosyst. Bioeng.; 5(3):167-177. DOIl:
https://doi.org/10.20535/ibb.2021.5.3.238976. [in Ukrainian].
Koval A.K., Bondarovych M.O., Goltsev A.M. (2023) The role of cord blood in the regulation
of the cellular and humoral link of immunity in experimental atopic dermatitis. Innov Biosyst
Bioeng., 7(3):3-20 DOI: https://doi.org/10.20535/ibb.2023.7.3.280873. [in Ukrainian].

I  One Health Journal. 2025. Vol. 3. N. 3 I

44



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Section 1

Goltsev A.M., Fuller B.J., Bondarovich M.O., Babenko N.M., Gaevska Yu.O., Buriak |.A.,
Dubrava T.G., Yampolska K.Ye., Lutsenko O.D., Ostankov M.V. (2020) COVID-19 as a
potential target for cryobiology and cryomedicine. Probl Cryobiol Cryomed.; 30(2),107-131.
DOI: https://doi.org/10.15407/cryo30.02.107.

Wang J., Metheny L. (2023) Umbilical cord blood derived cellular therapy: advances in
clinical development. Front Oncol; 13:1167266. DOI:
https://doi.org/10.3389/fonc.2023.1167266.

Goltsev A.M., Bondarovych M.O., Volkova N.O., Lutsenko O.D., Gaevska Yu.O., Babenko
N.M., Chelombytko O.V., Ostankov M.V., Vvedenskyi D.B., Kisielova H.G., Dubrava T.G.
(2023) Cryobiology and cryomedicine techniques' boosting in wartime. Probl Cryobiol
Cryomed; 33(2):077-102. DOI: https://doi.org/10.15407/cryo33.02.077.

Lebedynets V.V., Ostankova L.V., Bondarovych M.O., Lebedynets D.V., Ostankov M.V.,
Lutsenko O.D., Grisha |.G., Goltsev A.M. (2022) Lyophilized human cord blood
leukoconcentrate affects the immune system of rats with ischemic stroke. Probl Cryobiol
Cryomed.; 32(4):277-291. DOI: https://doi.org/10.15407/cryo32.04.277.

Coutts M., Soriano R., Naidoo R., Torfi H. (2017) Umbilical cord blood stem cell treatment
for a patient with psoriatic arthritis. World J Stem Cells; 9(12):235-240. DOI:
https://doi.org/10.4252/wjsc.v9.i12.235.

He B., Li X, Yu H., Zhou Z. (2015) Therapeutic potential of umbilical cord blood cells for
type 1 diabetes mellitus. J Diabetes.; 7(6):762-73. DOI: https://doi.org/10.1111/1753-
0407.12286.

Berglund S., Magalhaes |., Gaballa A., Vanherberghen B., Uhlin M. (2017) Advances in
umbilical cord blood cell therapy: the present and the future. Expert Opin Biol Ther.;
17(6):691-9. DOI: https://doi.org/10.1080/14712598.2017.1316713

Zhang J., Lv S, Liu X., Song B., Shi L. (2018) Umbilical cord mesenchymal stem cell
treatment for Crohn's disease: a randomized controlled clinical trial. Gut Liver.; 12(1):73-8.
DOI: https://doi.org/10.5009/gnl17035

Qi T., Gao H., Dang Y., Huang S, Peng M. (2020) Cervus and cucumis peptides combined
umbilical cord mesenchymal stem cells therapy for rheumatoid arthritis. Medicine
(Baltimore).; 99(28):e21222. DOI: https://doi.org/10.1097/MD.0000000000021222.

Koval G.K., Lutsenko O.D., Grisha I.G., Sokil L.V., Bondarovych M.O., Ostankov M.V.,
Yampolskaya K.Ye., Ostankova L.V., Goltsev A.M. (2019) Impact of lyophilization on
integrity of structural and functional characteristics of human cord blood leukoconcentrate.
Probl Cryobiol Cryomed; 29(4):332-343 DOI: https://doi.org/10.15407/cry029.04.332.
Goltsev A.M., Lutsenko O.D., Ostankova L.V., Bondarovych M.O., Ostankov M.V., Sokil
L.V., Grisha I.H., Chernyshenko L.G. (2023) Modern approaches and perspectives of
human cord blood nucleated cells' freeze-drying. Probl Cryobiol Cryomed.; 33(4):227-249.
DOI: https://doi.org/10.15407/cryo33.04.227 .

Jahan S., Kaushal R., Pasha R., Pineault N. (2021) Current and future perspectives for the
cryopreservation of cord blood stem cells. Transfus Med Rev.; 35(2):95-102. DOI:
https://doi.org/10.1016/j.tmrv.2021.01.003.

Goltsev A.N., Rassokha I.V., Lutsenko E.D., Dubrava T.G., Ostankova L.V. (2003)
Intercellular interactions in the immunocompetent sphere at rheumatoid arthritis following
the application of hematopoietic embryonic liver cells. Probl Cryobiol.; (3):45-53.

Sirous M.A., Goltsev A.N., Rassokha I.V., Goltsev K.A. (2010) Application of cryopreserved
fetal liver cells to treat autoimmune haemolytic anemia. Probl Cryobiol.; 20(2):217.
Goltsev A.M., Mosiichuk V.V., Goltsev K.A., Tarannik H.K., Sokil L.V., Ostankov M.V., et
al., inventors (2017); IPC&C NAS of Ukraine, assignee. Method for lyophilization of cord
blood leukoconcentrate. Ukraine patent 117780U. 2017, July 10. [in Ukrainian].
Tsutsaieva A.O., Hryschenko V.l., Kudokotseva O.V., Schehlov A.V., Tupchiienko H.S.,
Prokopiuk O.S., inventors (2000); IPC&C NAS of Ukraine, assignee. Method for

I One Health Journal. 2025. Vol. 3. N. 3 I

45



Section 1

cryopreservation of hematopoietic cells of cord blood. Ukraine patent 31847A. 2000, Dec
15. [in Ukrainian]

32. Zalkan P.M., levleva E.A. (1965) Experimental model of allergic dermatitis. In: Dolgov A.P.,
Raben A.S., Antonev A.A., editors. Topical issues of professional dermatology. M.:
Meditsina;. p. 106-12.

33. Imunolohiia: metodychni rekomendatsii do praktychnykh robit (2021); za red. Poruchynska
T.F., Lutsk, 2021; 103 s.

34. Metodychni vkazivky do praktychnykh zaniat z dystsypliny "Henetychna inzheneriia ta
osnovy imunolohii" dlia zdobuvachiv druhoho (mahisterskoho) rivnia vyshcheho osvity zi
spetsialnosti 162 "Biotekhnolohii ta bioinzheneriia"; za red. Anatskyi AS, Kamianske:
DDTU, 2017; 62 s.

35. Tatarchuk O.M., Kudryavceva V.E., Garkava K.G. (2006) Phagocytic system state in
duodenal ulcer patients. Biosystems Diversity.; 14(2):170-174. [in Ukrainian].

36. Ostankov M.V., Bondarovich N.A., Rassokha I.V., Goltsev A.N. (2008) Substantiation of
the possibility of use of embryonic nerve cells in treatment of organ-specific autoimmune
diseases. Probl Cryobiol.;18(3):302-5

37. Atwal S., Ong P.Y. (2023) Elevated serum total IgE is associated with eczema
exacerbation in children hospitalized for atopic dermatitis. Pediatr Dermatol.; 40(2):301-
304. doi: 10.1111/pde.1524,

38. Pellefigues C. (2020) IgE Autoreactivity in Atopic Dermatitis: Paving the Road for
Autoimmune Diseases? Antibodies (Basel).; 9(3):47. doi: 10.3390/antib9030047.

39. Mochulska O.M. Clinical characteristics of atopic dermatitis course depending on the
severity in children at different age periods nowadays. Actual Problems of Pediatrics,
Obstetrics and Gynecology. 2015; (2): 43-47.

OOCNIMKEHHA IMYHOKOPEINYIOYOI AKTUBHOCTI KPIOKOHCEPBOBAHOIO TA
NIO®INIBOBAHOIO NNEMKOKOHUEHTPATY KOPOAOBOI KPOBI NIOAWUHU B
EKCNEPUMEHTANBbHIA MOAENI ATOMNIYHOIrO OEPMATUTY
Kosanb ".K.", Fonbues A.M. 2" (ORCID: 0000-0002-5289-5876)
1 - lHcTuTyT npobnem kpioGionorii i kpiomeanuuHn HauioHanbHOI akagemii Hayk YKpaiHw,
XapkiB, YkpaiHa
2 - MixxBigomMumnm HaykoBuIr LeHTpP Kkpiobionorii i kpiomegmumun HAH, AMH ta MO3 YkpaiHu,
XapkiB, YkpaiHa, email: cryopato@gmail.com

Pesome. AmoniyHut depmamum (AL) € XpOHIYHUM 3axe8opro8aHsIM aymoiMyHHO20
2eHesy, WO xapaKkmepu3yembCs sucunaHHaIMU, ceepbiHHsM, cyxicmio wikKipu. lNpenapamamu
subopy rikyeaHHss AL € cmepoiOHi npomusanarsbHi 3acobu, HedOslIKOM SIKUX € PO38UMOK
HebaxaHux nobiyHuUx egekmie. Buxoda4yu 3 Uub020 MOWYK eheKmueHuUx i 8 OOHoYac
6esneyHux memodig nikyeaHHs1 AL € akmyarnibHUM 3a80aHHsIM MeOuyuHu. lepcriekmugHum
8UX005HU 3 UbO20 € 3acmocy8aHHs [rpernapamig KAImUHHOI | mKaHUHHOI mepariii,
3apekomeHOygasiu cebe SIK KOpeKmopu cmaHy IMyHHOI cucmemu, wo Oiromb Ha pPi3Hi
rnamoegeHemuYHi JlaHKU mako20 murly 3axeopro8aHHs.
Mema OQocniOxeHHs1 ronseana y OUIHUI 8 [OPIBHANIbHOMY acrekmi iMyHOKope2y4yoi
akmueHocmi niogpinizoeaHozo (nJIKKJI) i KpiokoHcepsogaHO20 f1elKOKOHUeHmMpamy Kopdosoi
kpoesi nroduHu (KJTIKKJ1) Ha modeni AL.
EkcnepumeHmu 6ynu nposedeHi Ha 6-micsa4yHuUX wypax niHii Bicmap. lNpu iHOykuii AL eocHuUWwe
3ananeHHs1 Ha OinsiHUi criuHu ulypie (3—4 cm?) gpopmysarnu wodeHHUM emupaHHsIM 5 %-Ho2o
CrupmMoeo-auemoHo8020 Po34uHy 2,4-0uHimpoxmnopbeHsony (OHXB) npomseom 21 dobu.
CycneHnsito KITKKIT i nJIKKJT egodunu eHympiwHbo4YepesuHHo no 0,5 mn y 0o3i 5-10° knimuH
yepe3s 0oby rnicrns 3akiH4eHHs1 3acmocyeaHHs [JHXB. Ha 3 ma 7 006y nicns nikyeaHHs1 6ynu
8U3HaueHi rnesHi cybnonynsauii nimgpoyumie (CD3*, CD4*, CD8*, CD16*, CD4*CD25"), pieeHb
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UUPKYITOYUX IMYHHUX KOMII/IEKCI8, KOHUeHmpauii imyHoanobyniHie A ma E y cuposamui
Kposei, adz2e3usHa i hazoyumapHa akmugHICmb KimuH rnepumoHearsibHOI MOPOXHUHU.

Ana AL, iHOykoeaHozo [JHXB, xapakmepHi cucmeMHi 3MiHU IMyHHO20 cmamycy, Wo
MaHichecmyrombs €Sl 3MIHaMUu MOKa3HUKI8 KIIimUHHO20 | 2yMopasibHo20 iMyHimemy. Tak, y
wypie 3 AL y wypie susierieHo 3MiHU KIIMUHHOI faHKU IMyHImemy y cenie3iHui: a came
3HUXEHHS Kirlbkocmi 3az2arnbHux T-niimgpoyumis i ix cybronynsayit (knimud CD4* i CD8*). Ha
uboMy mrni 8i03HaqyeHi 3MIHU e2ymMopasibHOI ma MOHOoUuumapHo-tha2ouumapHOi naHKu
iMmyHimemy. Y pobomi dosedeHa iMmyHokopeaytoda akmueHicmb KJTKKJST i nJIKKJT npu HX6
iHOykosaHomy AL]l. Kpim moz2o 8id3HayYeHi 0cobriueocmi iMyHOKOPe2yo4o20 eghekmy KOXHO20
3 npenapamie kopdoeoi Kposi, mobmo KJIKKJ1 i nfIKKJ1

B ekcnepumeHmarnnbHitiMmoderni amoriyHo2o depmamumy 008e0eHO iKysasbHUll eghekm
nJIKKI1T ma KJTIKKJT, a came 30amHicmb Kopez2ysamu cmaH MopyweHoi iMyHHOI cucmemu
meapuH. [llpu ubomy, giOmiyeHa binbw eucoka iMyHomoOynwrda akmueHicmb JIKK/1 e
rnopieHsHHI 3 KJIKKJT, wo eiOkpueae nepcriekmueu 3acmocysaHHss NJIKKIT y KniHiYHIt
npakmuui.

Knro4yoBi cnoBa: artoniyHuin gepmaTuT, JeMKOKOHUEHTpaT KOpAOBOI KPOBi  fOOMHM,
KpiOKOHCepBYBaHHS, fnioginisayis, iMyHHa cuctema.
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PO3[0lN1 2. Bnaronony44sa AOBKiNNA Ta ekonoriyHa 6e3neka
SECTION 2. Environmental well-being and safety
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VIABILITY AND IMMOBILIZATION EFFICIENCY OF PROBIOTIC LACTOBACILLUS

BULGARICUS STRAIN IN ALGINATE FILMS

Trufanov O.V. (ORCID: 0000-0002-3978-3335), Martsenyuk V.P. (ORCID: 0000-0002-3051-
952X), Stepanyuk L.V. (ORCID: 0000-0001-6491-8791)
Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkiv, Ukraine, email: olegtrufanov2015@gmail.com

Abstract. The study investigates the production and characterization of alginate films for the
immobilization and delivery of the probiotic bacterium Lactobacillus bulgaricus 1Z 03501.
Alginate films were synthesized using ionotropic gelation with calcium chloride, and four
different protocols were evaluated. The films were characterized in terms of their physical
properties, dissolution behavior, and the viability of immobilized bacteria. The results
demonstrate that alginate films can be successfully produced using a spraying method, and
that the immobilization process does not negatively affect the viability of L. bulgaricus
1Z 03501. The developed alginate films show potential for application as wound dressings for
probiotic delivery.

Key words: alginate films, Lactobacillus bulgaricus 1Z 03501, immobilization, probiotics,
ionotropic gelation, wound dressing

Probiotic bacteria, when administered in adequate amounts, confer a health benefit to the
host, expanding their applications across various fields, including food, pharmaceuticals, and
medicine. Notably, the use of probiotics for wound healing has gained attention due to their
potential to modulate the wound microenvironment and promote tissue regeneration (Lukic,
2017).

Probiotics, live microorganisms typically found in fermented foods (e.g., yogurt, kefir,
sauerkraut) and supplements, offer several health benefits (Gul, 2024). They improve gut
health by balancing the microbiota, essential for proper digestion, nutrient absorption, and
immune function (Mazziotta, 2023). Probiotics also stimulate the immune system, protect
against infections, and reduce inflammation, potentially benefiting conditions like inflammatory
bowel disease, arthritis, and asthma (Cristofori, 2021). Emerging research suggests they may
also improve mental health by reducing anxiety and depression (Bistas, 2023).

For wound healing, probiotics are particularly beneficial because they create a favorable
environment for tissue repair (Bekiaridou, 2021). They produce antimicrobial substances that
inhibit harmful bacteria and fungi, reduce inflammation, and promote tissue growth,
accelerating healing (Vazquez-Munoz, 2021; Sharma, 2025).

Alginate, a natural polysaccharide derived from brown algae, is widely used for hydrogel
and film production due to its biocompatibility, biodegradability, and ease of ionotropic gelation
with divalent cations like calcium (Savi¢ Gaji¢, 2023). Alginate, a complex carbohydrate
composed of mannuronic and guluronic acid repeating units, is non-toxic and can be broken
down by microorganisms (Murphy, 2023). Alginate films serve as carriers for delivering
bioactive agents, including probiotic bacteria, to specific application sites (Medeiros, 2022).
These films protect probiotics from harsh gastrointestinal conditions and facilitate controlled
release (Vijayaram, 2024).

This study aims to develop and characterize alginate films for the immobilization and
delivery of the probiotic bacterium Lactobacillus bulgaricus 1Z 03501. Different film preparation
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methods were evaluated, and the resulting films were assessed for their physical properties,
dissolution behavior, and immobilized bacterial viability.

Materials and Methods

Preparation of sodium alginate solution and alginate films. To prepare a sodium alginate
solution, 75 mL of distilled water was combined with 2 g of sodium alginate in a 100 mL glass
volumetric flask. The mixture was stirred at room temperature for two hours at 90 rpm using a
magnetic stirrer. Once the sodium alginate had swollen, the solution was heated to 50 °C and
maintained at this temperature for 30 minutes to facilitate dissolution. After complete
dissolution, 6 mL of glycerol was introduced, and the solution was allowed to cool to room
temperature. The final volume was then adjusted to 100 mL with distilled water. The prepared
solution underwent sterilization by tyndallization, which included three consecutive heating
cycles at 100 °C for 60 minutes each, with incubation at 37 °C between cycles.

Alginate films were synthesized using the ionotropic gelation technique, following four
previously established methodologies with specific modifications.

The first method involved combining calcium chloride and sodium alginate solutions, as
described by Brachkova et al. (2011). A volume of 3 mL of 0.4 M CaCl, solution, pre-cooled to
4 °C, was introduced into a thermostable silicone mold, followed by the addition of 9 mL of a
sodium alginate solution (20 g/L) containing 6% (v/v) glycerol, also pre-cooled to 4 °C. The
components were manually stirred using a glass rod, left undisturbed for 15 minutes, and
subsequently rinsed with distilled water to eliminate excess calcium chloride ions.

The second method, adapted from Wang et al. (2019), was employed to produce alginate
hydrogel films through a rehydration approach. A sodium alginate-glycerol solution was poured
into a silicone mold, identical to that used in the first method, to form a layer 4 mm in thickness.
This layer was air-dried at room temperature for 24 hours, followed by an additional drying step
at 37 °C for one hour. Once dried, the film was rehydrated by adding 10 mL of 0.4 M CaCl,
solution to the mold, allowing ionotropic gelation to occur over a period of 5-10 minutes. The
gelled film was then rinsed with distilled water, and any residual moisture on its surface was
blotted away using filter paper.

The third method was designed for the fabrication of alginate cryogels. A 4 mm thick layer
of sodium alginate solution with glycerol was prepared according to the second method, after
which it was cooled to -20 °C and maintained at this temperature for two hours. Following
freezing, 10 mL of 0.4 M CacCl, solution, pre-chilled to 4 °C, was poured over the frozen alginate
solution. The sample was left at room temperature for two hours, allowing it to thaw completely
and form a cryogel. The resulting cryogel film was then transferred to a separate container,
where an additional 10 mL of 0.4 M CacCl, solution was added. After a 15-minute incubation,
the film was thoroughly washed with distilled water.

The fourth method involved aerosol treatment of the sodium alginate solution with calcium
chloride. For this purpose, a sodium alginate solution (10 or 20 g/L) with or without glycerol
(6%, v/v) was dispensed into silicone molds with a square bottom (42 x 42 mm) in volumes of
1.74, 3.33, 5.29, and 7.1 mL, forming layers of 1-, 2-, 3-, and 4-mm thickness, respectively.
The molds were leveled horizontally, and a 0.4 M calcium chloride solution was sprayed onto
the surface. The samples were left to react for 5-20 minutes and washed with distilled water.

Evaluation of film dissolution in chelating agent solutions. Each obtained film was cut in
half with scissors, yielding rectangular fragments approximately 20 x 40 mm in size. The
fragments were then immersed in penicillin vials containing 20 mL of distilled water and left for
10 minutes to remove residual calcium chloride solution.

The washed film fragments were transferred to clean penicillin vials, where 10 mL of
either ethylenediaminetetraacetic acid (EDTA, 40 g/L) or sodium citrate (SC, 40 g/L) solution
was added. The samples were maintained at 20 °C with periodic shaking. The dissolution time
of the film samples was recorded, with dissolution assessed visually.
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Immobilization of L. bulgaricus culture in alginate films. A sterile sodium alginate solution
(30 g/L) was used as a stock solution. To prepare alginate hydrogel films containing
immobilized probiotic bacteria, 2 mL of the sodium alginate stock solution was drawn into a
sterile disposable syringe and transferred to a sterile vial. Then, 4 mL of a
L. bulgaricus 1Z 03501 starter liquid culture in Blaurock medium was added and mixed. A
series of 100-fold serial dilutions of both the starter culture and the alginate-bacteria mixture
were prepared in Blaurock medium, incubated for 48 hours at 37 °C, and analyzed to determine
the concentration of viable cells (CFU/mL).

The alginate-bacteria mixture was then dispensed into sterile silicone molds with a square
bottom (42 mm per side) in 3.33 mL portions, forming a layer approximately 2 mm thick. The
molds were leveled horizontally. A sterile 0.4 M calcium chloride solution was sprayed onto the
surface and left for 15 minutes to facilitate gelation. The resulting films were visually inspected
and photographed.

Each film was transferred to a separate 100 mL vial containing 20 mL of sterile distilled
water and incubated for 30 minutes with continuous stirring at 60 rpom on a shaker to remove
residual calcium chloride. Then each film was transferred to a 50 mL vial containing 20 mL of
sterile sodium citrate solution (40 g/L) and kept at room temperature (20 °C) with periodic
shaking.

Samples were collected from the water used to wash the film and from the solution
obtained after dissolving the film in sodium citrate. A series of serial dilutions were prepared to
determine the concentration of viable cells. The cultures were incubated in Blaurock medium
in test tubes at 37 °C for 48 hours, after which colony counts were performed.

Statistical analysis. Data are presented as the mean t standard deviation (SD) unless
otherwise specified. Statistical analysis was performed using the IBM SPSS statistical
software. The significance of differences between groups was determined by one-way ANOVA
followed by Tukey's post hoc test. A p-value of less than 0.05 (p<0.05) was considered
statistically significant. Statistically significant differences (p<0.05) are indicated with an
asterisk (*) All experiments were conducted in triplicate, and data were analyzed from three
independent experiments.

Results. Through the addition of sodium alginate solution to a calcium chloride solution
according to the first protocol, an amorphous structure of approximately 4 cm in diameter with
a gel-like consistency of about 5 mm thickness was obtained, exhibiting a round shape but
lacking the appearance of a film. This structure maintained its shape and linear dimensions for
10 days when kept in sterile distilled water at 8 °C.

Under the second protocol, namely by performing ionotropic gelation during the
rehydration of the dry sodium alginate film in a calcium chloride solution, elastic and strong
alginate film with a thickness of approximately 1 mm was obtained. This film retained its
mechanical properties for 10 days when immersed in sterile distilled water at a temperature of
8 °C.

Following the protocol for preparing alginate cryogel, soft-to-touch, sponge-like porous
alginate film with a thickness of approximately 2-3 mm was obtained, which maintained their
mechanical properties for 10 days when kept in sterile distilled water at a temperature of 8 °C
albeit with a reduction in linear dimensions observed during this period.

Using the fourth method, films with varying qualities were obtained, dependent on the
concentration of sodium alginate and the thickness of the solution layer.

Treatment of a 20 g/L sodium alginate solution resulted in films with unsatisfactory
mechanical properties, regardless of layer thickness (1 to 4 mm). Specifically, the film obtained
from a 1 mm thick solution layer exhibited uneven thickness (Fig. 1, a). In layers 2 to 4 mm
thick, unpolymerized solution was observed within the films (Fig. 1, b-d). It is hypothesized that
these unsatisfactory results were due to both the high concentration of sodium alginate and
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the presence of glycerol, which may interfere with the formation of ionic crosslinks between
calcium ions and the carboxyl groups of alginic acid.

Fig. 1. Alginate film samples obtained by spraying calcium chloride solution onto
a sodium alginate solution with a concentration of 20 g/L and thicknesses of 1 (a), 2 (b),
3 (c), and 4 (d) mm

Aerosol treatment of sodium alginate solutions (both 10 and 20 g/L) with calcium chloride,
using a 1 mm thick solution layer, resulted in transparent films with uneven thickness (Fig. 2,
a, c). However, when using a 2 mm thick solution layer and a 10 g/L sodium alginate
concentration, a film of uniform thickness and regular shape was produced (Fig. 2, b).
Conversely, at a 20 g/L sodium alginate concentration with a 2 mm layer, unpolymerized liquid
sodium alginate solution remained within the film after treatment, leading to film deformation
(Fig. 2, d). Therefore, based on visual characteristics, the film formed from a 10 g/L sodium
alginate solution with a 2 mm layer thickness was selected for further studies.

i
B T

Fig. 2. Alginate film samples obtained by spraying calcium cIoride solution onto
a sodium alginate solution with a concentration of 10 (a, b) or 20 (¢, d) g/L and
thicknesses of 1 (a, ¢) or 2 (b, d) mm

Both sodium citrate and EDTA effectively dissolved alginate films, with the dissolution
rate inversely proportional to the initial sodium alginate concentration and layer thickness.
Notably, the concentration of the sodium alginate solution had a more significant impact on the
dissolution rate than its thickness. Furthermore, EDTA exhibited a higher dissolution rate than
sodium citrate. Complete dissolution was observed within 12—-38 minutes (fig. 3).
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Fig. 3. Time required for alginate films dissolution (min) depending on sodium
alginate solution concentration, layer thickness, and chelating agent composition.

The starter culture contained (1,2+0,1)x10° viable L. bulgaricus 1Z 03501 cells per mL
(fig. 4, a). Mixing the culture with the sodium alginate solution did not result in a decrease in
the CFU concentration, calculated per fraction of the culture incorporated into the film, which
was (1,6+0,1)x10° CFU/mL (fig. 4, b).
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Fig. 4. Viable cell counts of L. bulgaricus 1Z 03501 (CFU/mL): (a) initial culture, (b)
culture/sodium alginate mixture, (c) film wash (distilled water), (d) film dissolution
(sodium citrate).

After complete dissolution of the calcium alginate film in sodium citrate solution, the
concentration of viable L. bulgaricus 1Z 03501 cells was (1.4+0,2)x10° CFU/mL, or 4.2x108
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CFU per 1 mL of film volume. This represents about 40% of the cell concentration in the sodium
alginate mixture with the starter culture prior to gelation. It is hypothesized that the loss of cells
occurred during the calcium chloride solution fixation of the sodium alginate gel. In our opinion,
this cell loss is insignificant. Nonetheless, the film production method developed in this study,
which involves spraying a fixing solution onto the surface of the sodium alginate mixture,
requires further optimization to minimize probiotic cell loss.

The wash water from the calcium alginate-based films contained (1.7+0.1) x10* CFU/mL.
This corresponds to a total of (3.4 + 0.2)x10° CFU washed from a single film, which is
equivalent to (1.0+0.1)x10% CFU per 1 mL of film. This represents approximately 0.02% of the
cell concentration within the film (4.2x108 CFU/mL).

Discussion. The first protocol, involving the addition of sodium alginate solution to calcium
chloride solution, resulted in an amorphous structure rather than a defined film, rendering it
unsuitable for wound dressings. This indicates that simple mixing does not provide sufficient
control over the gelation process for uniform film formation. This finding aligns with the
understanding that controlled ionotropic gelation is essential for stable and mechanically robust
alginate structures. Factors such as ion diffusion rate and mixing method significantly influence
gelation kinetics and hydrogel properties.

Hydrogels produced using the second (rehydration) and third (cryogel) protocols met the
mechanical and organoleptic requirements for wound dressings. The rehydration method
yielded a tough film, while the cryogel method resulted in a porous, sponge-like structure. This
difference is attributed to distinct gelation mechanisms and structural changes induced by each
method. The rehydration method likely creates a denser polymer network, contributing to
toughness. Conversely, the cryogel method's freezing process forms ice crystals that, upon
thawing, leave pores within the alginate matrix (Tan, 2021).

Given its relatively high toughness, the rehydration method appears suitable for
producing alginate wound dressings with immobilized therapeutic agents, such as probiotic
microorganisms, bacteriophages, or nanoparticles, for infected wound treatment. The film's
toughness would provide a protective barrier, while the immobilized agents offer targeted
therapy.

The cryogel method is convenient for producing porous, sponge-like hydrogels that can
be seeded with cell preparations (fibroblasts, mesenchymal stem cells) to impart regenerative
properties to wound dressings (Razavi, 2019). The porous structure facilitates cell infiltration
and proliferation, making cryogels attractive for tissue engineering applications (Carriero,
2023).

The fourth protocol, spraying calcium chloride onto the alginate solution, proved most
suitable for immobilizing probiotic bacteria. It avoids steps that could compromise bacterial
viability and enables rapid production of alginate films with satisfactory mechanical
characteristics. The aerosol application of calcium chloride likely promotes uniform and gentle
gelation, minimizing damage to encapsulated bacteria.

Thus, spraying a fixing solution onto a sodium alginate/L. bulgaricus 1Z 03501 culture
produced an alginate film with mechanical properties suitable for gel wound dressings. The
ionotropic gelation method did not negatively affect bacterial cell viability, a crucial finding for
therapeutic efficacy. Furthermore, this method demonstrated high efficiency in incorporating
the probiotic culture, good bacterial cell retention, and low cell release during washing. The
high encapsulation efficiency indicates effective bacterial entrapment within the alginate matrix.
The low cell release confirms good retention, essential for controlled delivery.

Conclusions. Immobilization of viable L. bulgaricus 1Z 03501 in alginate films, by mixing
a cell suspension with 10 g/L sodium alginate solution followed by calcium chloride aerosol
treatment, demonstrates high cell inclusion during ionotropic gelation and low cell loss during
leaching. This method offers a promising approach for developing alginate-based wound
dressings for probiotic delivery. Efficient immobilization and retention of viable probiotic cells
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within alginate films opens possibilities for novel therapeutic applications in wound healing and
other medical areas. Future research should focus on optimizing film properties, evaluating in
vivo efficacy, and exploring combination therapies with other wound healing agents.

REFERENCES

1. Lukic J., Chen V., Strahinic |., Begovic J., Lev-Tov H., Davis S.C., Tomic-Canic M.,
Pastar I. (2017) Probiotics or pro-healers: the role of beneficial bacteria in tissue repair. Wound
Repair Regen; 25(6):912-922. doi: 10.1111/wrr.12607.

2. Gul S., Durante-Mangoni E. (2024) Unraveling the Puzzle: Health Benefits of
Probiotics—A Comprehensive Review. Journal of Clinical Medicine; 13(5):1436.
https://doi.org/10.3390/jcm13051436.

3. Mazziotta C., Tognon M., Martini F., Torreggiani E., Rotondo J.C. (2023) Probiotics
Mechanism of Action on Immune Cells and Beneficial Effects on Human Health. Cells.;
12(1):184. doi: 10.3390/cells12010184.

4. Cristofori F., Dargenio V.N., Dargenio C., Miniello V.L., Barone M., Francavilla R.
(2021) Anti-Inflammatory and Immunomodulatory Effects of Probiotics in Gut Inflammation: A
Door to the Body. Front Immunol. 12:578386. doi: 10.3389/fimmu.2021.578386.

5. Bistas K.G., Tabet J.P. (2023) The Benefits of Prebiotics and Probiotics on Mental
Health. Cureus. 15(8):e43217. doi: 10.7759/cureus.43217.

6. Bekiaridou A., Karlafti E., Oikonomou |.M., loannidis A., Papavramidis T.S. (2021)
Probiotics and Their Effect on Surgical Wound Healing: A Systematic Review and New Insights
into the Role of Nanotechnology. Nutrients. 13(12):4265. https://doi.org/10.3390/nu13124265.

7. Vazquez-Munoz R., Dongari-Bagtzoglou A. (2021) Anticandidal Activities by
Lactobacillus Species: An Update on Mechanisms of Action. Front Oral Health. 16; 2:689382.
doi: 10.3389/froh.2021.689382. PMID: 35048033; PMCID: PMC8757823.

8. Sharma A., Lee H.-J. (2025) Antimicrobial Activity of Probiotic Bacteria Isolated from
Plants: A Review. Foods. 14(3):495. https://doi.org/10.3390/foods14030495.

9. Savi¢ Gaji¢ I.M., Savi¢ I.M., SvirCev Z. (2023) Preparation and Characterization of
Alginate Hydrogels with High Water-Retaining Capacity. Polymers. 15(12):2592.
https://doi.org/10.3390/polym15122592.

10. Murphy E.J., Fehrenbach G.W., Abidin I.Z., Buckley C., Montgomery T., Pogue R.,
Murray P., Major |., Rezoagli E. (2023) Polysaccharides—Naturally Occurring Immune
Modulators. Polymers. 15(10):2373. https://doi.org/10.3390/polym15102373.

11. Medeiros J., Otoni C.G., Niro C.M., Sivieri K. (2022) Alginate films as carriers of
probiotic bacteria and Pickering emulsion. Food Packaging and Shelf Life. 34:100987.
doi:10.1016/j.fpsl.2022.100987.

12. Vijayaram S., Sinha R., Faggio C., Ringe E., Chou C.C. (2024) Biopolymer
encapsulation for improved probiotic delivery: Advancements and challenges. AIMS Microbiol.
10(4):986-1023. doi: 10.3934/microbiol.2024043.

13. Brachkova M.l., Marques P., Rocha J., Sepodes B., Duarte M.A., Pinto J.F. (2011)
Alginate films containing Lactobacillus plantarum as wound dressing for prevention of burn
infection. J. Hosp. Infect. 79 (4), 375-377. doi: 10.1016/j.jhin.2011.09.003.

14. Wang T., Wang J., Wang R., Yuan P., Fan Z., Yang S. (2019) Preparation and
properties of ZnO/sodium alginate bi-layered hydrogel films as novel wound dressings. New J.
Chem. 43, 8684—-8693. doi: 10.1039/CO9NJ00402E.

15. Tan M., Mei J., Xie J. (2021) The Formation and Control of Ice Crystal and Its Impact
on the Quality of Frozen Aquatic Products: A Review. Crystals. 11(1):68.
https://doi.org/10.3390/cryst11010068.

16. Razavi M., Qiao Y., Thakor A.S. (2019) Three-dimensional cryogels for biomedical
applications. J Biomed Mater Res A. 107(12):2736-2755. doi: 10.1002/jom.a.36777.

I  One Health Journal. 2025. Vol. 3. N. 3 I
o4



Section 2

17. Carriero V.C., Di Muzio L., Petralito S., Casadei M.A., Paolicelli P. (2023) Cryogel
Scaffolds for Tissue-Engineering: Advances and Challenges for Effective Bone and Cartilage
Regeneration. Gels. 9(12):979. doi: 10.3390/gels9120979.

XXUTTE3OATHICTb TA E®EKTUBHICTb IMMOBINI3AUII MPOBIOTUYHOIO LWITAMY
LACTOBACILLUS BULGARICUS B ANIbINHATHUX MNIBKAX
TpydaHos O.B. (ORCID: 0000-0002-3978-3335), MapueHtok B.1. (ORCID: 0000-0002-3051-
952X), CtenaHntok J1.B. (ORCID: 0000-0001-6491-8791)
I[HCTUTYT npobnem kpiobionorii Ta KpiomeguumHn HauioHanbHOI akagemii Hayk YkpaiHu,
Xapkis, YkpaiHa, email: olegtrufanov2015@gmail.com
Pe3rome. Po3pobrieHo Memod oOmpuMaHHS anbaiHamHdi nieku 0ns  iMmobinizauil
npobiomu4yHoz2o wmamy Lactobacillus bulgaricus 1Z 03501. nieku 6ynu ompumaHi Memodom
IOHOMPOINHO20 26e/51IeyMBOPEHHSI 3 BUKOPUCMAHHSAM  XJ10pudy Kasnbuito 3a Yomupma
ornmumizoeaHUMU rpomokosiamu. [ocrioxeHo hi3uyHi ernacmugocmi rieokK, KiHemuky ix
PO3YUHEHHSI Ma 8r1/1u8 Ha Xumme3damHicme iMMobinizogaHux 6bakmepili. BcmaHoeneHo, wo
aepo30silbHe HaAHEeCEHHS PO34UHY X/70puly KanbUito Ha PO3YUH arnbaiHamy Hampilo €
ornmumalsibHUM MemoOoM ¢bopMyeaHHs nnieoK. [NlokazaHo, wo iIMMObIni3auisi He 3HUXYeE
xumme3sOamHicmsb L. bulgaricus 1Z 03501. AnbeiHamHi rinieku 3 npobiomukamu, ompumaHi 8
OaHil pobomi, € nepcrekmueHUMU Orisi BUKOPUCMAHHSA 8 SIKOCMi paH03a20t08aslbHUX
rnokpummis.
KnwouoBi cnoBa: anbriHaTHi nniBkun, Lactobacillus bulgaricus 1Z 03501, immobinisauisq,
NPoGiOTUKM, IOHOTPOMHE renieyTBOPEHHS, paHO3arolBanbHe NOKPUTTS.
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PO3Al1 3. 3pgopoB’sa TBapuH
SECTION 3. Animal health
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EVALUATION OF EFFECTIVENESS OF PROBIOTIC FEED ADDITIVE IN EXPERIMENT

ON LAYING HENS

Bezpalko 0.0." (ORCID: 0009-0006-5925-8083), Ushkalov V.O." (ORCID: 0000-0001-5694-
632X), Machuskyy O.V." (ORCID: 0000-0002-5228-1110), Vygovska L.M." (ORCID: 0000-
0002-5631-9139), Ushkalov A.V." (ORCID: 0000-0001-8317-7909), Melnyk V.V." (ORCID:
0000-0002-6958-2577), Romanko M.Ye.? (ORCID: 0000-0003-0285- 5603)
1 — National University of Life and Environmental Sciences, Kyiv, Ukraine; e-mail:
ushkalov63@gmail.com;
2 — State Scientific and Research Institute of Laboratory Diagnostics and Veterinary and
Sanitary, Kyiv, Ukraine

Abstract. The paper represents the impact of a probiotic feed supplement on the clinical and
biochemical parameters of laying hens in an amateur private farm setting for organic product
production. The experiment was conducted on laying hens aged 160 days (n=200) of the
Leghorn breed of egg production, floor-housed on deep litter, weighing 1500-1600 g. Before
the experiment, the birds were categorised into groups of 100 based on the principle of
analogues. Following a 14-day acclimatisation period, a probiotic feed additive (L. casei, L.
delbrueckii, B. licheniformis, B. subtilis at a concentration of 10 CFU/mL each) was
incorporated into the diet of the experimental group in addition to the complete diet at a dosage
of 1.0 cm? per kg of feed for 30 days. The control group of poultry got a full meal according to
the standards for laying hens. Before administering the medications, and on 15" and 30" days
post-initiation of probiotic feeding, the birds were slaughted under preparatory inhalation
chloroform anaesthesia (n=10). Blood samples, together with tissue and organ specimens,
were collected for microbiological and biochemical analyses. The results suggest that the use
of probiotic feed additives did not significantly alter the quantitative composition of indicator
microflora. However, there was a tendency (on the 30th day of the experiment) to increase the
content of Lactobacillus spp. and Bacillus spp. by 14.6% and 8.7%, respectively; a tendency
to decrease the content of potential pathogenic microorganisms was also detected -
Staphylococcus spp. 19.6%, Candida spp. 15.2%, Enterococcus spp. 1.47%, E. coli 13.0%.
Administration of probiotics to laying hens resulted in a significant increase in serum
immunoglobulin G levels throughout the experiment, with the peak IgG concentration in the
experimental group observed on the 30" day, demonstrating an increase of 11.3% (p<0.05).
On the 30" day of the trial, immunoglobulin M and A levels rose by 14.6% and 10.2% (p<0.05),
respectively, while circulating immune complexes increased by 26.3%. The nonspecific
resistance indicators in the experimental group of hens exhibited an upward trend: the
phagocytic index, bactericidal activity, and lysozyme activity rose by 11.5%, 12.0%, and 13.9%,
respectively. The clinical and biochemical findings of the trial indicate that the suggested
composition of probiotic bacteria is non-harmful to laying hens. The observational data
demonstrate no adverse effect on egg production.

Key words: probiotics, microflora, resistance, antioxidant system, productivity

The constraints of antibiotic use in poultry industry have prompted the pursuit of
alternate ways to mitigate health issues. Probiotic bacterial preparations are regarded as the
primary category of products for sustaining microbial homeostasis; these agents facilitate the
modulation of the intestinal microbial environment to benefit the host by mitigating the adverse
effects of pathogenic microorganisms (van der Klein, 2024).
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Several researchers observed the beneficial impact of probiotic bacteria
(Limosilactobacillus spp., Enterococcus faecium, Bifidobacterium spp.) on the equilibrium of
intestinal microflora, enhancing digestion and modulating the immune system across various
animal species (Rehman, 2020; RamLucken, 2020; Shehata, 2022; Zhang, 2022; Lytvynenko,
2024).

The results of studies (Abd EI-Ghany, 2022) aimed at developing treatment regimens
for necrotic enteritis caused by C. pefringens in broiler chickens have demonstrated the
feasibility of using postbiotics and probiotics in combination therapy regimens.

The studies conducted by Romanovych (2019) theoretically and experimentally
substantiated the potential of utilising Saccharomyces preparations and the BPS-44
preparation (Bacillus subtilis) to enhance post-vaccination immunity and antioxidant capacity
in broiler chicken vaccinated against Gumboro disease.

The probiotic culture Bacillus subtilis DSM 32424, when administered with drinking
water to laying quails, has been demonstrated to suppress the proliferation of faecal
staphylococci and enhance the carotenoid content in the yolk (Ermakova, 2021; Bouchicha,
2022). It is assumed that incorporating this probiotic into the quail diet positively influences
both the parent stock and their offspring.

It was discovered that the incorporation of the probiotic strain Limosilactobacillus
fermentum 2 and 3 positively influenced the feed conversion ratio, weight gain, phagocyte
activity, and the proportions of T-lymphocyte subpopulations (CD8+ and CD4+CD8+), thereby
affirming the immunostimulatory effect of L. fermentum 2 and 3 (Hudec, 2024).

Numerous research findings suggest that probiotics aid in the restoration of intestinal
barrier function, enhance nutrient absorption, and diminish intestinal inflammation, among
other benefits (Bernard, 2023; Cao, 2023; Goodoory, 2023; Lamari, 2021; Ban, 2021).

Scientific research (Li, 2024) supports the efficacy of L. salivarius (4x108 CFU/g) on the
potential adverse effects of diet infected with aflatoxin B1. The researchers investigated the
impact of Lactobacillus salivarius in a 63-day study including 300 Landes goslings, who were
administered suitable dosages of aflatoxin and 4x108 CFU/g L. salivarius as a fundamental
component of the primary diet. The findings indicated that Lactobacillus salivarius mitigated
the adverse effects of aflatoxin on gosling development, feed intake, average daily weight gain,
and immunoglobulin levels; sequencing of the cecal microbiota revealed that the incorporation
of L. salivarius increased the population of Bacteroidetes and Lactococcus. The incorporation
of 4x108 CFU/g of L. salivarius, amidst chronic aflatoxin exposure, sustained an adequate level
of productivity and immune function, enhanced jejunal morphology, diminished liver
inflammation, altered cecal microbial composition, and favourably influenced the growth and
development of geese.

Cui (2024) demonstrate that the isolate B. velezensis CAU277 showed a specific
prophylactic efficacy against the detrimental impact of C. jejuni in vitro and in vivo.

Our research aimed to assess the feasibility of utilising strains identified in prior studies
for their capacity to generate high-density biofilms, exhibit antagonistic activity against
pathogenic microorganisms and withstand the harsh conditions of the digestive tract (L. casei
—4//1, L. delbrueckii 1/5, B. licheniformis 2/6, B. subtilis 1/21) to sustain homeostasis in laying
hens and affect their productivity.

The aim of this experimental study was to assess the efficacy of a probiotic feed additive
(PFA) in laying hens within production settings and its impact on the physiology of the target
avian species.

Materials and methods. The experiments were carried out at the Department of
Epizoology, Microbiology, and Virology of the National University of Life and Environmental
Sciences of Ukraine in Kyiv, as well as at a private farm producing "organic" products in the
Vinnytsia region. The study involved 200 laying hens of the Leghorn breed, floor-housed on
deep litter, aged 160 days, and weighing between 1500 and 1600 g. Before the
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commencement of the experiment, the birds were categorised into groups of 100 each (n=100).
Following a 14-day acclimatisation phase, the diet of the experimental group of chickens was
augmented with dietary supplement probiotic feed additive (PFA) (comprising Bacillus
licheniformis 2/6, B. subtilis 1/21, L. delbrueckii 1/5, and Lactobacillus casei — 4/1, each at a
minimum concentration of 106 CFU/mI) at a dosage of 1.0 cm? per kg of feed for 30 days. The
control group of birds was administered the dietary supplement KD by the standards for egg-
laying hens.

Research on birds was conducted in compliance with the requirements of the Law of
Ukraine "On the Protection of Animals from Cruelty to Animals" and Directive 2010/63/EU of
the European Parliament and of the Council of September 22, 2010, on the protection of
animals used for scientific purposes. purposes.

Before administration, and 15 and 30 days after the initiation of drug administration,
birds were decapitated (n=10) following preliminary inhalation of chloroform anaesthesia and
total exsanguination. Blood samples were collected for clinical and biochemical analyses, and
post-mortem pathological examinations were conducted to obtain tissue and organ samples
for microbiological investigations.

Quantitative determination of microorganisms and their identification was carried out by
inoculation of tenfold dilutions of cecal contents onto media. Detection of microorganisms of
the genus Lactobacillus was carried out on MRS medium, Bifidobacterium — on Bifidum
medium; Staphylococcus — on hemoagar with 7% NaCl; Streptococcus — on Garrot medium;
Enterococcus — on enterococcus agar; fungi of the genus Candida — on Sabouraud medium;
E. coli—on Endo medium, respectively. The number of microorganisms in 1.0 g was expressed
as colony-forming units (CFU/qg).

To assess the impact of the analysed PFA samples by the clinical and biochemical
markers, blood samples were collected from poultry before and during drug administration. To
evaluate the detoxification capabilities of the liver and kidneys, the concentrations of creatinine,
glucose, uric acid, total proteins, and their albumin and globulin fractions were measured,
alongside the enzymatic activity levels of aspartate-aminotransferase (AST, KF 2.6.1.1),
alanine-aminotransferase (ALT, KF 2.6.1.2), alkaline phosphatase (AP, KF 3.1.3.1), and y-
glutamyltranspeptidase (GGT, KF 2.3.2.2) using an automatic biochemical analyser LabLine-
010 (Austria) with reagent test kits produced by CORMAY (Poland). The quantities of
erythrocytes and leukocytes, as well as the total haemoglobin content, were assessed utilising
the methodologies outlined (Vlizlo, 2012). The bactericidal activity of blood serum (BABS) was
assessed using the Escherichia coli strain 2017/4 tx2) from the National University of Life and
Environmental Sciences (NULES) collection as the test microorganism (Vlizlo, 2012). The
bactericidal and lysozyme activity of blood serum (LABS), neutrophil phagocytic activity, and
phagocytic index were examined utilising the methodologies outlined by Vlizlo (2012).

The concentration of circulating immune complexes of medium molecular weight (CIC)
was assessed using the Grinevich (1981) technique. Protein complexes of antigen-antibody
were precipitated using PEG-6000, and seromucoids (Sm) were analysed
spectrophotometrically by measuring the difference in optical density at 260 nm and 280 nm,
as detailed in the study by Men'shikov (1987). The degree of lipid peroxidation (LPO) was
assessed by measuring the generation of diene conjugates (DC) and TBA-active compounds
in heptane-isopropanol extracts using the method developed by Gavrylova and Mishkorudna
(1985). The degree of oxidative modification of proteins (OMB) in membrane fractions was
assessed by the generation of carbonyl derivatives of neutral (NH) and basic (OH) nature, as
per Archakov and Mykhosoev (1998). Aldehyde- and ketoderivatives of neutral character were
measured at a wavelength of 370 nm, whereas those of basic character were measured at 430
nm, as outlined in the study by Arachkov and Mykhosoev (1998). The condition of the
antioxidant system (AOS) was assessed using the enzymatic activity of catalase (KF 1.11.1.6),
utilising H202 spectrophotometrically at a wavelength of 410 nm (Korolyuk M. A., 1988). The
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total antioxidant activity (AOA) of lipids isolated from blood plasma was assessed as outlined
in the study by Klebanov (1988).

The obtained results of the study and the differences between them were subjected to
a one-way analysis of variance (ANOVA), (t-test), according to the Dunnett criterion with an
error rate of 0.05 (P<0.033*; 0.002**; 0.001***), using GraphPad Prism 8.3.0 for Windows.

Results and discussion. No changes in the general condition of the experimental
chickens were detected during the experiment. The chickens were mobile, took food and water
well, and had a characteristic appearance for the breed: the comb and wattles were shiny,
bright red, the beak was yellowish, the plumage was white, smooth and shiny, dense, and fit
well to the body surface. On the 28" day of the experiment, when the chickens of the
experimental and control groups were dissected, no changes in the internal organs under the
influence of the probiotic were noted.

It should be noted that 559 eggs were obtained from the control group of chickens during
the observation period (30 days), and 686 from the experimental group, respectively, which
was 22.7% more than in the control group. According to the results of the veterinary and
sanitary assessment of eggs from chickens of the experimental and control groups by DSTU
5028:2008 "Chicken eggs for food. Technical conditions", it was established that their quality
indicators met the requirements: the egg shell was smooth, strong, and without damage; the
yolk was yellow, evenly colored, of elastic consistency; the protein was clean, transparent,
viscous, without signs of spoilage; the smell was characteristic of fresh eggs. According to the
results of weighing, the eggs were divided into several categories. In the control group, 7.0%
of eggs had a mass from 35 to 44.9 g (category "small"); 47.5% of eggs were classified as
"first" category; 45.5% of eggs were classified as "higher" category (weight from 63 to 72.9 g).
In the experimental group, 55.7% of eggs were classified as the "first" category; 37.6% — as
"higher" and 6.7% of eggs were classified as the "selected" category (weight 73 g and more),
respectively. That is, based on the results of observation of experimental poultry, it is possible
to conclude that adding probiotic supplements to the feeding had a positive effect on the
quantitative and qualitative indicators of egg production.

In bacteriological studies of the droppings/rectal content of chickens, the goal was to
determine changes in the content of indicator bacteria (Table 1).

The results obtained indicate that the use of probiotic feed additives did not significantly
change the quantitative composition of the indicator microflora. However, on the 15th and 30th
day of the experiment, an increase in the content of Lactobacillus spp. and Bacillus spp. by
14.6% and 8.7% (p<0.05), respectively, was detected in the chickens of the experimental
group, as well as a tendency towards an increase in the number of Bifidobacterium spp. (2.3%)
and a decrease in the content of potential patogenic microorganisms - Staphylococcus spp.
(19.5%; (p<0.05)), Candida spp. (15.2%; (p<0.05)), Enterococcus spp. (1.5%), E. coli (13.0%;
(p<0.05)), respectively.

In poultry, the indices of immunocompetent protein fractions were assessed (Table 2):
in the blood of the control group hens, the level of y-globulins ranged from (35.8£1.30%) to
(36.7£0.80%), whereas in the experimental group, this parameter was marginally elevated at
(36.1£0.55%). Significant alterations in y-globulin levels were noted in the blood of laying hens
in the experimental group on the 15th and 30th days of the study, indicating an elevated degree
of immunological reactivity in the avian subjects. The concentration of $-globulins in avian
blood varied within physiological limits. The primary role of B-globulins is to transport iron to
sites of utilisation or storage organs (liver, spleen); hence, the stability of this signal
underscores the innocuousness of the experimental PFA.

The lack of an elevation in seromucoids (a-fetoproteins - immunosuppressive proteins)
in the blood serum throughout the experiment suggested that no immunosuppressive
responses developed in the chickens during the administration of the experimental PFA. The
aggregate quantity of immunoglobulins and their proportional composition in laying hens with
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PFA are presented in Table 3: following the administration of the probiotic, the immunoglobulin
levels markedly elevated on the 30th day of the experiment, exhibiting an increase of 11.3%
(p<0.05) in comparison to the control group of chickens.

Table 1

Concentration of indicator bacteria (Lactobacillus spp., Bifidobacterium spp.,
Enterococcus spp., E. coli, Candida spp.) in the chicken droppings during 30-day
exposure to PFA (CFU/g; n=10; (p<0.05) — versus control)

Period of sampling after start of probiotic supplement, days

Groups
Before supplement | 15 ‘ 30
Lactobacillus spp. x107

Experiment 7.32+0.2 7.96 + 0.24* 8.33 + 0.21*

Control 7.06 + 0.21 7.19+0.23 7.27 +0.24
Bacillus spp. x107

Experiment 7.13+0.23 7.86 + 0.21* 7.96 + 0.2*

Control 7.03 +0.21 7.31+0.23 7.32+0.24
Bifidobacterium spp. x108

Experiment 7.47 +0.23 7.55+0.21 7.66 + 0.23

Control 7.37+0.25 7.43 +0.22 7.49 +0.22
Staphylococcus spp. x10°

Experiment 511 +0.13 5.03 +0.11 4.28 + 0.24*

Control 5.04 +0.2 5.21+0.21 5.32+0.15
Enterococcus spp. x10°

Experiment 4.46 +0.19 5.58 + 0.20 5.34 +0.18

Control 4.45+0.19 5.46 + 0.18 542 +0.18
E. coli x108

Experiment 5.33 +0.20 4.74 +0.22 4.69 +0.19*

Control 5.35+0.15 5.36 + 0.19 5.39+0.18
Candida spp.x10°

Experiment 435+ 01 410+0.2 3.80 + 0.19*

Control 4.39+0.2 4.44 +0.16 448 + 0.17

Table 2

The level of immunocompetent protein fractions in the blood serum of laying hens
during 30-day exposure to PFA (Mtm; n=10; (p<0.05) — versus control)

Period of y-globulins, % B-globulins, % seromucoids, mg/cm?
sampling
*day) control experiment control experiment control experiment
before 2.2040.12 2.21+0.08
administ- | 35.8+1.30 36.1+£0.55 10.6+0.50 11.1£0.31
ration
15 36.2+0.78 40.4+0.67* 11.1£0.27 | 11.9+0.33 2.300.22 2.360.11
30 36.7£0.80 | 41.7#1.09** | 11.3+0.35 | 12.9%0.53* | 2.42%0.16 2.38£0.17

The administration of PFA resulted in a sustained elevation in the bloodstream of laying
hens of immunoglobulin G levels throughout the experiment, peaking on the 30th day in the

experimental

group,

surpassing control

values by 11.3%

(p<0.05).

The

levels of

immunoglobulins M and A increased by 14.6% and 10.2% (p<0.05), respectively, on the 30th
day of the experiment; the concentration of circulating immune complexes of average
molecular weight rose by 26.3% (p<0.05) compared to the control group.
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Table 3
Total content of immunoglobulins and their fractions in the blood serum of
laying hens during 30-day exposure to PFA (Mtm; n=10; (p<0,05) — versus control)

Period of | ot amount l9, Ig G, gldm? Ig M, g/dm? Ig A, g/dm? CIC, mg/cm?
sampling 9 . . . . .
(day) control expﬁzlme control er;(gﬁ? control erﬁgﬁ? control eﬂfgﬁ? control eégﬁ,['
Defore | 2155% | 23505 | 46.23x | 17.31+ | 214+ | 227+ | 285¢ | 303x | %OF | 016

ration ) ) 0.34 0.81 0.04 0.1 0.17 0.13 ) ’

15 23.12+ 25.22+ 17.33+ | 18.82+ | 2.27+ 2.47% 3.12+ 3.29+ 0.19+ 0.21%
143 1.22 0.58 0.73 0.16 0.13* 0.12 0.12 0.09 0.01*
30 23.65+ 26.34% 17.73+ | 19.74% | 2.39+ 2.74% 3.15+ 3.47+ 0.19+ 0.24+
1.33 1.43* 0.78 0.45* 0.22 0.13** 0.13 0.15* 0.03 0.02*

Table 4 illustrates our findings about the markers of nonspecific resistance in the bodies
of experimental hens. Consequently, in the blood of hens from the experimental group, the
phagocytic index exhibited an average rise of 11.5% (p<0.05), while serum bacterial activity
and serum lysozyme activity rose by 12.0% and 13.9% (p<0.05), respectively, compared to the
control group.

Table 4
The indices of non-specific resistance in the blood of laying hens during 30-day
exposure to PFA (Mt*m, n=10; (p<0.05) — versus control)

Period of Phagocytic activity, Phagocytic index, Lisozyme activity Bactericidal activity
| % units (LABS), % (BABS), %
sampling - ,
(day) | control | experiment | control | experiment | control expﬁzlme control expe[lmen
pefore | 2762+ | 27.98+ | 1.55¢ | 160+ | 1853:| 18.95: | 49.19% | 50.06¢
. 0.81 0.75 0.08 0.07 0.44 0.65 0.48 0.55
ration
15 28.13% 28.48+% 1.58+% 1.69% 18.91% 21.11% 50.11% 52.79%
0.72 0.88 0.05 0.10 0.50 0.49* 0.42 0.99*
30 27.95% 28.85% 1.56% 1.74% 19.02+ 21.68% 49.38% 55.32%
0.76 0.64 0.06 0.09 0.48 0.70* 0.39 0.60***

The erythrocyte and leukocyte levels in the blood of hens administered PFA with their
food ration remained within the control values throughout the trial (Table 5). The sole exception
was the elevation in total haemoglobin levels in the blood of hens in the experimental group,
averaging 18.5% (p<0.05) compared to the control values of the indicator.

Table 6 presents the results of studies of the protein profile and nonspecific resistance
status in the serum of experimental poultry during 30-day exposure to PFA. Thus, in chickens
of the experimental group under the influence of PFA, an increase in the level of total proteins
was recorded, starting from the 14" day after the start of the supplement, which on average
amounted to 8.4% (p<0.05) respectively relative to the control values of this indicator.

The growth of total protein levels in the blood serum of the experimental group of
chickens is correlated with a rise in the total globulin count, while the albumin fraction remains
at the control (physiological) level. Consequently, the experimental group of hens exhibited an
average rise of 8.1% (p<0.095) in total globulin content compared to the control group. The
observed rise in total globulin levels following 30 days of probiotic supplementation in the diet
remained within physiological norms for this parameter.

The results, along with the data on the dynamics of haematological markers and
alterations in the proteinogram, compellingly demonstrate the adaptogenic effect of
experimental PFA on nonspecific resistance and protein metabolism in experimental chicken.
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The findings obtained show that the application of PFA enhanced both cellular and humoral
components of immunological reactivity in experimental laying hens.

Table 5

Contencentrations of erythrocytes, leukocytes and total hemoglobin in the blood of
laying hens during 30-day exposure to PFA (Mtm; n=10; (p<0.05) — versus control)

Group Period of study, days
Before administration | 15 | 30
Erythrocytes, 10'%/dm?®
Control 4.14+0.10 3.9910.26
Experiment 4.08:0.14 4.24+0.12 3.76+0.05
Leukocytes, 10%dm?
Control 22.16+2.12 23.28+3.42
Experiment 21.381.07 19.95+2.74 20.20+1.56
Total hemoglobin, g/dm?

Control 92.0945.30 91.52+4.41
Experiment 91.32+4.28 99.24+3.61 108.48%3.25**

Table 6

The indices of protein profile and non-specific resistance in the blood serum of laying
hens during 30-day exposure to PFA (Mtm; n=10; (p<0.05) — versus control)

Period of Total protein, g/dm? Albumins, g/dm? Total globulins, g/dm?®
sampling, . , .
days control experiment control experiment control experiment
Before
- : 57.90+ 59.60+ 16.23+ 16.27+
adm|cr)1r|]strat| 303 290 0.24 056 41.67+£1.05 | 43.33+1.00
58.68+ 63.35% 15.63+ 17.00+
15 248 297 126 0.82 43.05+1.47 46.35%1.25
59.50+ 65.10% 16.03+ 18.10+ *
30 1.25 1.55* 199 1.05 43.47+1.01 | 47.00%1.25

The liver is known to directly or indirectly engage in all metabolic processes of the body,
linking portal and systemic circulation, thereby playing a crucial role in metabolic regulation
and rendering the body particularly susceptible to endogenous and exogenous factors. Table
7 represents the findings of investigations on the primary biochemical markers in the blood
serum of poultry, reflecting the functional status of the liver and kidneys in experimental hens.
It was shown that following a 30-day dietary consumption of PFA, no statistically significant
variations in the levels of glucose, uric acid, and creatinine were seen in the blood serum of

chickens.

Table 7

Content of glucose, ureic acid, and creatinine in the blood serum of laying hens during
30-day exposure to PFA (Mim; n=10; (p<0.05) — versus control)

Group of poultry Period of study, days
Before administration | 15 30
Glucose, mM/dm?
Control 5.7610.24 5.79+0.41
Experiment 5.77+0.23 5.69:0.34 5.800.32
Ureic acid, yM/dm3
Control 296.22+15.20 290.62+10.55
Experiment 302.06+10.12 304.32+13.88 298.08+8.70
Creatinine, yM/dm?
Control 106.74+8.06 111.80+7.10
Experiment 113.02+£10.26 116.22+7.13 119.45+9.96
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The results of studies of changes in activity of the main hepatospecific enzymes in the
blood serum of experimental poultry are presented in Table 8.

Table 8

Activity of hepatospecific enzymes in the blood serum of laying hens during 30-day

exposure to PFA (Mtm; n=10; (p<0.05) — versus control)

Period of ALT activity, AST activity, AP activity,
sampling mM/h dm? mM/h dm? nM/sec dm?
(days) control experiment control experiment control experiment
Before
administ- | 0.38+0.02 | 0.38+0.13 3.67+0.08 3.71£0.13 | 2924.84183.7 | 2926.5+301.2
ration
15 0.40+0.04 | 0.41+0.17 3.64+0.13 3.55+0.17 3028.5+227.5 | 2728.3+211.6
30 0.37+0.01 | 0.40+0.14 3.54+0.12 3.57+0.32 3126.4+192.5 | 3031.8+173.2

The results indicate that the functional status markers of the liver and kidneys in birds,
both before and during the administration of PFA, did not statistically vary from the control
group and remained within physiological limits.

The levels of lipid peroxidation (LPO) in the blood serum of laying hens throughout the
experiment are presented in Table 9. It was shown that prolonged administration of PFA did
not result in substantial alterations in the intensity of lipid peroxidation processes, as evidenced
by the levels of its products in the blood plasma of experimental hens. The results suggest that
the levels of lipoperoxidation products, MDA and DC, in the blood of the experimental group of
chickens, did not substantially differ from the control values.

The overproduction of membrane-altering hazardous byproducts from lipid peroxidation
indicates an imbalance in the enzymatic and non-enzymatic components of the antioxidant
system (AOS), which is crucial for the regulation and prognosis of cell membrane defence. The
markers reflecting the condition of the enzymatic connection and overall AOS in the bodies of
experimental laying hens were examined (Table 10).

Table 9
Intensity of lipid peroxidation in the blood serum of laying hens during 30-day
exposure to PFA (Mtm; n=10; (p<0,05) — versus control)

Intensity of LPO, products of lipid peroxidation
Period of sampling DC, uM/dm? MDA, AD

(days)

control experiment control experiment

Before 26.06£1.23 | 24.92+2.16 5.92+0.42 5.86+0.26

administration
15 24.88+2.32 25.68+2.40 6.00+0.37 6.23+0.48
30 25.58+1.18 24.74+1.42 6.22+0.60 6.18+0.42

The alterations in the condition of antioxidant resource levels in the natural pool, as
shown by the total AOA metric in the bodies of experimental hens, were more significant due
to the impact of PFA. From the 15th to the 30th day of the experiment, a rise in total AOA
activity was observed, attributed to an increase in the AOA indicator by an average of 17.5%
and 19.6% (p<0.05), alongside a reduction in catalase activity, which decreased by an average
of 20.1% and 22.4% (p<0.05) compared to control values. The findings concerning the
alterations in LPO/AOA indicators in experimental poultry demonstrate the regulatory influence
of the probiotic supplement on LPO intensity levels and suggest the activation of adaptive and
compensating mechanisms in the physiology of laying hens.
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Based on the results of the clinical and biochemical experiments on laying hens, it can
be stated that the proposed composition of probiotic bacteria is harmLess and its modulating
effect on the state of metabolic and immune reactions in the body of the target bird does not
cause side effects.

Table 10
Activity of the indices of antioxidant system in blood serum of laying hens during 30-
day exposure to PFA (M+m; n=10; (p<0.05) — versus control)

Group of poultr Period of study, days
P ot poullly "R ofore administration | 15 | 30
Catalase activity, nM H202/sec mg of protein
Control 45.28+1.81 44.90+3.33 45.19+2.62
Experiment 45.32+1.74 35.48+2.52* 35.07+2.05*
Total AOA, % inhibition
Control 48.5+2.8 49.7+4.3 48.1+£3.7
Experiment 48.312.4 58.4+3.0* 57.5+2.3*

Conclusion. Analysis of bacteriological studies of the rectal contents of laying hens
revealed that the administration of a probiotic feed additive (Bacillus licheniformis 2/6, B.
subtilis 1/21, L. delbrueckii 1/5, and Lactobacillus casei) did not significantly alter the
quantitative composition of the indicator microflora and did not adversely impact egg
productivity and quality. Analysis of the clinical and biochemical study data indicates that PFA
does not adversely affect the homeostasis of the bird. Conversely, the 30-day incorporation of
PFA into the feeding regimen of laying hens induces modulation of metabolic and immune
responses in the avian subjects, evidenced by the enhancement of cellular and humoral
immune reactivity indicators, total antioxidant activity, and protein profile.

Funding. Research was carried out with the financial support of the Ministry of Education and
Science of Ukraine under project 110/4-pr-2023
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Pe3srome. Y cmammi npedcmasneHo ennue rpobiomu4yHoi KopmMoeoi 0obasku Ha KIliHiKO-
6ioXiMIiYHI MOKa3HUKU KypeU-Hecy4OK 8 yMogax aMamopCbKO20 rpueamHo20 2ocrodapcmea 3
8upobHuUymMea opeaHiyHoi rnpodykujii. [Jocnid npogodusniu Ha Kypsix-Hecydkax eikom 160 0i6
(n=200) nopodu rie220pH SAEYHO20 HarnpsMy MPOOYKMUBHOCMI, WO ympuMy8asucs Ha nidnosi
Ha enubokiu nidcmunui, macoro 1500-1600 2. [lleped nodyamkom docnidy nmuuyto 6yro
po3arnodineHo Ha epynu no 100 e2onie 3a npuHyurnom aHanoeis. llicis 14-0eHHoz20 nepiody
aknimamusauii 00 payioHy 00cCniOHOI epyrnu 0o0amkogo 00 MOBHOPAaUIOHHO20 KOMbBIKopMy
esodunu npobiomuyHy 0Oobaeky (L. casei, L. delbrueckii, B. licheniformis, B. subtilis y
KoHuyeHmpauii 106 KYO/mn koxHa) y 003i 1,0 cm® Ha ke kopmy erpodoex 30 0Hie. KoHmporibHa
epyna nmuui ompumyearna noeHopauioHHUli KomMb6ikopm 3a Hopmamu Orisi Kypel-HECYYOK.
[leped ssedeHHsIM riperniapamis, a makox Ha 15-my ma 30-my 006y nicris noyamky
320008y8aHHS  npobiomukie  nmuuyto  3abueanu nid  Mi020mMo8YUM  iH2ansauiiHUM
xr1opoghopMHUM Hapko3oMm (n=10). 3pa3ku Kpoei, a makox 3pa3ku mkKaHUH ma opaaHig
gi0bupanu 0na MikpobionoziyHo2o ma 6ioximiyHo20 aHarnizie. OmpumaHi pe3yrbmamu
ceidyame rpo me, W0 3acmocysaHHs rpobiomudyHuUx Kopmosux 006agoK cymmeago He 3MIHUIIO
KinbkicHUU cknad iHOukamopHoi mikpogpriopu. Mpome criocmepizanacs meHOeHuis (Ha 30-my
006y docnidy) 0o 36insweHHs emicmy Lactobacillus spp. ma Bacillus spp. Ha 14,6% ma 8,7%
8i0rMoBIOHO, 8USIBIIEHO MaKOX MEHOEHUi0 00 3MEHWEHHST 8Micmy MOMeHUYitiHO namo2eHHUX
MikpoopzaaHiamie - Staphylococcus spp. Ha 19,5%, Candida spp. Ha 15,2%, Enterococcus spp.
Ha 1,47%, E. coli Ha 13,0%. 3acmocysaHHsi npobiomukie KypsiM-Hecy4ykam rpuseesio 00
3Ha4YyHOo20 nidsuWeHHs pieHs iIMyHo2106yniHy G y cuposamuji Kpoai npomsiaoMm ycb020 00csidy,
npudomy nik KoHueHmpauii 1gG y 0QocnidHit epyni criocmepiecascsa Ha 30-my 006y,
rnpodemoHcmpyesaswu 3pocmarHs Ha 11,3% (p<0,05). Ha 30-U OeHb OocriOeHHs1 pieeHb
imyHoanobyniHie M ma A 3pic Ha 14,6% ma 10,2% (p<0,05) 8i0nogiOHO, a YUPKYMHOYUX
IMyHHUX KoMmrinekcie - Ha 26,3%. [Noka3Huku HecrieyugiyHoi peaucmeHmHocmi 8 00crioHiU
epyni Kyped manu meHOeHuito 00 3pocmaHHs: ¢hazoyumapHul iHOekc, bakmepuyudHa
akmusHicmb ma akmusHicme nizoyumy 3pocnu Ha 11,5%, 12,0% ma 13,9% eidnosioHo.
KniHiyHi ma 6ioximiyHi pe3ynbmamu 00ocrniOXeHHs cei0d4amb Mpo me, Wo 3arporioHoeaHa
komno3uyisa npobiomuyHux 6akmepil He € WkKIONueow Ond Kypeu-Hecyqok. [aHi
criocmepexxeHb ceid4amb fpo 8iOCYMHICMb He2amueHO20 81/1U8Y Ha HECYYiCMb.
KniouyoBi cnoBa: npo6ioTvkn, MiKpodriopa, Pe3nUCTEHTHICTb, aHTUMOKCMAAHTHA CUCTEMA,
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Abstract. The use of animals in scientific research, particularly in biomedical, pharmacological,
and veterinary fields, is an important component of scientific progress. However, numerous
ethical issues arise regarding their welfare and humane treatment. The aim of this study is to
analyze the ethical and legal aspects of using animals in scientific experiments, especially in
biomedical and veterinary fields, as well as to evaluate the regulatory acts. A combined
approach was used, including theoretical analysis and research of regulatory acts and scientific
publications through PubMed and Google Scholar databases. European legislation actively
regulates this issue through documents such as Directive 2010/63/EU of the European
Parliament and Council. It defines the principles of humane treatment of animals, including
minimizing their use in research, applying alternative methods (Replacement), reducing the
number of animals (Reduction), and improving experimental methods (Refinement). Moreover,
each scientific project involving the use of animals must undergo ethical review, conducted by
a commission consisting of specialists in science, ethics, and veterinary medicine. This
ensures a balance between scientific needs and animal rights. In Ukraine, there is also a
gradual development of legislation regarding animal rights protection. In particular, the Law of
Ukraine «On the Protection of Animals from Cruelty» establishes the basic principles of
humane treatment of animals. However, there are significant issues, including the insufficient
clarity of some provisions, which may be ambiguously interpreted. Additionally, the
requirements for using animals in scientific research remain insufficiently strict, and the control
over their enforcement is ineffective.
Thus, to achieve higher standards of animal protection in Ukraine, it is necessary to improve
the legislation, specify norms, and strengthen control over their compliance. It is important to
create a system that ensures humane treatment of animals in all spheres, including scientific
research, veterinary medicine, daily life, and cultural institutions. Only through continuous
improvement of legal mechanisms can an effective balance between scientific progress and
the ethics of using animals in research be achieved.

Keywords: veterinary medicine, animal experiments, legislative initiatives, animal protection,
biomedical research.

The use of experimental animals in biomedical, pharmacological, and veterinary
research is a crucial aspect of scientific and technological development (Ashall, 2018; Kiraga,
2023). However, the use of living organisms, particularly vertebrate animals, is accompanied
by numerous ethical dilemmas that require a responsible and justified approach. The central
figure in these discussions is the veterinarian — a specialist who is not only responsible for the
physical health of animals but also plays a role in ensuring the ethical standards of experiments
(Moses, 2018). Given the growing societal attention to animal rights, humane treatment, and
bioethical principles, the ethical aspect of the veterinarian's work in in vivo research has gained
particular importance in the scientific and professional community (Morgan, 2007; Diaz, 2021).

Animal testing is an indispensable part of scientific research aimed at developing new
drugs, cosmetics, and other medical innovations (Jhandai, 2024). At the legislative level, using
of animals in research within the European Union is regulated by a number of regulations, the
main goal of which is to reduce animal suffering and ensure high ethical standards (RSPCA,
2017). In particular, these initiatives aim to minimize the use of animals in scientific research,
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allowing their use only when it is impossible to obtain the necessary information through
alternative methods. A key role in this process is played by the European Parliament and
Council Directive 2010/63/EU, which is the main legal act regulating the use of animals in
research (EU, 2010).

The issue of the ethics of using animals for scientific experiments is one of the most
acute in veterinary and biomedical sciences (Hernandez, 2018). This issue is particularly
relevant in the context of the professional activity of the veterinarian, who is responsible for the
ethical and legal assessment of animal welfare. As science and technology advance, in vivo
research methods are increasingly used, but societal sensitivity to the potential suffering of
animals is also growing (Bassil, 2023). Therefore, the modern veterinarian is not only a clinician
but also an important participant in the ethical review process of scientific research.

Historically, attitudes toward animals have changed over the centuries. In ancient Greek
philosophy, particularly in Aristotle's views, animals were considered lower beings in the
hierarchy of living organisms (Koff, 2023). Later, Christian theology denied the moral status of
animals, focusing on human interests. However, in the 18th century, philosopher J. Bentham
first raised the issue of animal suffering as an ethical category, noting that «the question is not
whether they can talk, but whether they can suffer» (Springer, 2021).

Modern ethical models, including utilitarianism, deontology, and virtue ethics, define the
framework for ethical discussions regarding animals (Quain, 2021). The utilitarian approach,
represented by Peter Singer, allows the use of animals if the benefits to humanity outweigh the
suffering of animals. The deontological approach, on the other hand, emphasizes the intrinsic
value of animals, regardless of their usefulness to humans.

The issue of animal testing dates back to ancient times, but the first legislative attempts
to regulate this field only appeared in the 19th century. Specifically, in 1876, the United
Kingdom passed the Animal Protection Act regarding scientific research. European legislation
in this area began to take shape in the mid-20th century, when the first rules for regulating the
use of animals in scientific research were adopted (Campbell, 2013).

Since the early 1990s, the issue of international regulation of animal testing has become
a global concern. The European Union has actively worked on creating a unified legal
framework that would reduce the use of animals in research, enhance their protection, and
promote the development of alternative research methods.

The aim of this study is to analyze the ethical and legal aspects of animal use in
scientific experiments, particularly in biomedical, pharmacological, and veterinary fields, and
to evaluate existing regulations governing this process. Studying the legislative initiatives of
the European Union and Ukraine concerning animal protection, as well as exploring the
mechanisms for implementing humane treatment principles in the context of scientific research,
will help identify existing problems in the legislative sphere and suggest ways to address them.

Materials and Methods. The study employed a combined approach, which included
both theoretical analysis and practical research based on available literature and legal
regulations governing the use of animals for scientific purposes. The primary sources of data
were legislative documents, as well as scientific publications concerning the ethics of using
animals in biomedical and veterinary research. The evaluation of publications was conducted
using databases such as PubMed and Google Scholar to collect the most relevant and
influential articles.

Results. The assessment of European laws that define animal testing regulations.
European legislation regarding animal testing encompasses a wide range of legal acts aimed
at achieving a balance between scientific progress and ethical requirements for animal
protection (Ashall, 2018; Kiraga, 2023). The main goal of these regulations is to minimize
animal suffering, reduce their use in research as much as possible, and promote the
development of alternative research methods. The legal framework established by the EU is
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based on principles of ethics, science, and human rights, particularly in terms of humane
treatment of animals (Hernandez, 2018).

One of the key acts in European legislation is the Directive of the European Parliament
and Council 2010/63/EU of September 22, 2010, concerning the protection of animals used for
scientific purposes (EU, 2010). This document outlines the fundamental principles,
implementation mechanisms, and control over the use of animals in scientific research,
providing insight into how animal testing is regulated in EU member states.

The foundation of legislation regarding animal use in scientific research is the 3R
principle (Replacement, Reduction, Refinement). This principle requires the application of three
main approaches at each stage of an experiment. First, the principle of Replacement, which
stipulates that animals should be replaced with alternative methods whenever possible. Such
methods include the use of cell cultures, mathematical models, computer simulations, and
others. Second, Reduction, which refers to minimizing the number of animals used in research
to the minimum necessary to obtain statistically significant results. Third, Refinement, which
involves improving research methods and animal care to reduce their suffering. This includes
raising standards of animal housing, reducing pain and stress during experiments (Jhandai,
2024).

According to Directive 2010/63/EU, every scientific project involving the use of animals
must be assessed by an ethical committee composed of experts in science, ethics, human
rights, and veterinary care. These committees evaluate the scientific justification for using
animals, assess potential animal suffering, and ensure compliance with the 3R principles. They
have the authority to stop research if ethical standards are violated. Furthermore, all institutions
conducting research with animals must obtain the relevant licenses, confirming the
researchers' qualifications and that the conditions for animal housing meet legal requirements.

Compliance with the norms of this directive is monitored both at the national level and
at the EU level. National regulatory bodies conduct regular inspections of laboratories and
research institutions to ensure that animal housing conditions meet established requirements
and that procedures do not violate ethical standards. In case of violations, fines or even closure
of institutions may be imposed. An important aspect of the Directive is the ban on using animals
for testing cosmetics and their ingredients, which resulted from years of advocacy by human
rights organizations and gained widespread support in the EU.

The implementation of this directive in the national legislations of EU member states
involves adapting national laws to the general requirements of the EU, with the possibility of
setting additional requirements for more effective animal protection. However, in practice,
some countries face challenges in monitoring and verifying compliance with these norms,
which leads to differences in the level of enforcement of the directive's requirements (Springer,
2021; Jhandai, 2024).

The European Union actively supports the development of alternative research methods
through funding scientific projects aimed at developing new technologies that can replace
animals in research. This includes research in the areas of cell cultures, organoids,
mathematical models, and artificial intelligence. The key task is to develop methods that can
eliminate the need for animals in testing drugs and cosmetic products.

Thus, European legislation on animal testing is based on the principles of ethics,
science, and human rights. The application of the 3R principles, the mandatory involvement of
ethical committees, the certification of institutions, and the active support of alternative
research methods contribute to achieving a balance between scientific needs and humane
treatment of animals, reducing their use in research and ensuring proper protection (Campbell,
2013).

Despite the significant steps the European Union has taken to ensure humane treatment
of animals in science, several issues remain unresolved. These include the development of
alternative methods, ensuring consistent implementation of the directive across all member
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states, and overcoming the technical limitations of existing methods. Therefore, it is essential
to continue supporting scientific research aimed at finding effective alternatives to animal
testing and strengthening the monitoring and reporting system.

Analysis of Ukrainian Legislation on Animal Protection. Animal rights protection in
Ukraine is an important component of the country's legal system, which is becoming
increasingly relevant with each passing year in the context of integration into international legal
standards and the development of civil society. Ukrainian legislation in this area covers various
aspects, from legislative initiatives to specific norms and procedures that regulate humane
treatment of animals, their housing, use in scientific research, and veterinary care. However,
certain issues remain on the path to effective protection of animals from cruelty that need to be
addressed.

The protection of animal rights in Ukraine has a constitutional foundation, although this
issue is not reflected in a separate article in the Constitution of Ukraine. However, Article 50 of
the Constitution of Ukraine states that everyone has the right to a safe environment for life and
health, which includes not only natural resources but also living organisms, including animals.
This creates a basis for understanding the importance of animal protection in the context of
ecological safety and overall well-being. However, the absence of a separate article directly
guaranteeing animal rights is a significant gap in Ukrainian legislation, as it may affect the legal
significance of subsequent regulatory acts.

One of the main legislative acts regulating animal protection issues is the Law of Ukraine
«On the Protection of Animals from Cruel Treatment», adopted in 2006 (Law of Ukraine «On
the Protection of Animals from Cruel Treatment», 2006). This law defines the basic principles
of humane treatment of animals, prohibiting cruelty, torture, injury, killing, and the creation of
conditions that could lead to animal suffering. It also provides for the establishment of minimum
standards for the keeping of animals, which is an important step in ensuring their welfare.
However, the law does not contain sufficiently clear norms concerning the use of animals in
scientific research or the keeping of wild animals in captivity, which has been criticized by
human rights defenders and experts.

The Law of Ukraine «On Veterinary Medicine», adopted in 1992, is an important
regulatory act in ensuring animal health (Law of Ukraine «On Veterinary Medicine», 1992). It
establishes the basic principles of veterinary care and monitoring animal health, including on
farms, in zoos, and other places. However, despite the existence of this law, many aspects of
veterinary control remain unregulated, especially regarding the keeping of animals that are not
used for economic benefit, such as pets or animals in zoos and circuses.

The Law of Ukraine «On Environmental Protection» includes the protection of living
organisms but is general in nature and does not provide specific norms for the protection of
animals when it comes to their use in scientific research or humane treatment in cultural
institutions such as zoos or circuses (Law of Ukraine «On Environmental Protection», 1991).

One of the main problems of Ukrainian legislation is the lack of clarity in some norms,
creating space for different interpretations. For example, the concept of «cruel treatment» in
the Law «On the Protection of Animals from Cruel Treatment» is often not specified, allowing
for ambiguous application of legal norms. Moreover, the existing norms regarding animal
housing, particularly in zoos, circuses, and other specialized institutions, do not meet
appropriate standards. This includes issues such as limited space, inadequate medical care,
and food shortages for animals.

Another significant issue is the insufficiently strict requirements for the use of animals in
scientific research. Many research institutions continue to apply outdated methods that do not
meet international standards for minimizing animal suffering. The lack of effective control over
compliance with animal protection laws, as well as an imperfect system of responsibility for
violations, creates additional difficulties in ensuring adequate protection for animals.
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To improve the situation, it is necessary to enhance existing legislation by clearly
defining animal rights, implementing requirements for their protection in all areas, including
scientific, domestic, and cultural sectors. It is also essential to develop specific regulatory acts
for specific categories of animals, such as pets, wild animals in captivity, and animals used in
research. Furthermore, monitoring compliance with animal protection requirements should be
strengthened, and effective mechanisms for monitoring and accountability should be created.

Thus, animal rights protection in Ukraine requires not only strengthening the legislative
framework but also improving control and oversight mechanisms. Systemic reforms in this area
aim to ensure more humane treatment of animals and improve the effectiveness of law
enforcement, contributing to the adherence to international human rights standards and
environmental protection.

Conclusion. The use of animals in scientific research, particularly in biomedical,
pharmacological, and veterinary fields, is a vital component of progress in science and
technology. However, this raises serious ethical concerns that require a responsible approach
to animal welfare. At the European Union level, there are a number of legislative initiatives
regulating the use of animals in research, notably Directive 2010/63/EU, which encourages the
application of the 3Rs principles (Replacement, Reduction, Refinement) to minimize animal
suffering and promote the development of alternative research methods. Increased attention
to research ethics, as well as the involvement of ethical committees, are essential elements to
ensure humane treatment of animals. From a Ukrainian perspective, the situation also requires
attention. The country’s legislation is gradually integrating into international standards, but
significant gaps remain, notably the lack of clearly defined animal rights at the constitutional
level, and insufficiently developed norms regarding their use in scientific research. Legislative
acts such as the LU «On the Protection of Animals from Cruel Treatment» and the LU «On
Veterinary Medicine» need to be improved to create clearer and more effective control
mechanisms. To ensure proper animal protection in Ukraine, it is necessary to enhance the
existing legal framework, clarify terms and norms, and improve compliance monitoring. An
important step is the development of specific regulatory acts that will address the needs of
different categories of animals and ensure their humane treatment in all spheres of public life,
particularly in scientific research.
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NMPABOBI ACNEKTU TA ETU4YHI HOPMUA BUKOPUCTAHHA TBAPUH Y HAYKOBUX
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Pe3rome. BukopucmaHHsi meapuH y Haykosux OOCrIOXeHHSIX, 30kpema 8 6ioMeduYHUX,
apmakosnoeiyHUX ma eemepuHapHUX 2ary3siX, € BaX/IUBOK CKI1al080K HayKo8020
rpoepecy, rnpome BUHUKae b6e3ni4 emuyHux numaHb wodo IiXHbo2o0 00bpobymy ma
2yMaHH020 cmaesieHHs. Memoto OocridxeHHs € aHarsi3a emu4yHuUx | rpaeosux acriekmie
BUKOPUCMAaHHSI meapuH y HayKoeux eKcriepumeHmax, 3okpema 6 b6iomedu4yHux ma
8emepuUHapHUX ealy3siX, @ makoX OUIHKa ICHyrYUX HOPMamueHUX akmige. BukopucmaHo
KombiHosaHul nidxid: meopemuy4yHUl aHari3 i 00CIOXXEHHS HOPMamueHUX akmig ma HayKosux
ny6rikauit 4epe3 6a3u d0aHux PubMed ma Google Scholar. €eponelicbke 3aKkoHO0aecmeo
aKmMueHO peayrnioe ue rnumaHHs 4yepe3 maki OoKymeHmu, sk [Jupekmuea €8ponelicbKo20o
napnameHmy i Padu 2010/63/€C. BoHa eu3Hayae rnpuHyunu 2ymMaHHo20 cmaesieHHsi 00
meapuH, BKIoYaryYu MiHIMI3ayio IXHbO20 8UKOpUCMaHHS 8 OO0C/IOXEHHSIX, 3acmoCy8aHHs
anbmepHamueHuUx memoodie (Replacement), 3meHweHHs Kinbkocmi meapuH (Reduction) i
800CKOHaneHHss memodie rnpoeedeHHs ekcriepumeHmie (Refinement). Kpim mozo, KoxeH
Haykoeuli npoekm, wo rnepedbavyae BUKOPUCMAHHS MBapuH, Mae npoxooumu emuyHy
ekcriepmu3sy, sika 30iliCHIEMbCS Komicieto, 00 ckrady SKOi 8xo0smb crieujasicmu 3 HayKu,
emuku ma eemepuHapii. Lle do3eornsie 3abesnedyumu banaHc Mk Haykosumu nompebamu ma
npaseamu meapuH. B YkpaiHi makox crnocmepicaembcsi rocmyrnosut  po38UMOK
3akoHoO0ascmea w000 3axucmy rpae meapuH. 3okpema, 3akoH YkpaiHu «[lpo 3axucm
meapuH 8i0 XOPCMOKO20 MOBOOXKEHHSI» 8U3HA4Ya€e OCHOBHI MPUHUUMNU 2yMaHHO20 CMaeieHHs
00 meapuH. OOHaK iCHyromb 3Ha4Hi rnpobriemu, 30KkpemMa 8 HedocmamHil Yimkocmi 0esiKux
HOPM, WO MOXymb 6ymu mpakmoeaHi HeOOHO3Ha4yHo. KpiMm mozao, sumoau 00 8UKOPUCMaHHS
meapuH y HayKosux G0C/IOKEHHSIX 3auwaromecsi HeOoCmamHbO Cy80pUMU, @ KOHMPO/Ib 3a
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Section 3

IXHIM OompuMaHHAM — HeegeKkmueHUM. TakumM YUHOM, Orii OOCsieHEeHHSI OinblW 8UCOKUX
cmaHdapmie 3axucmy meapuH 6 YKpaiHi HeobxiOHO ydoCKOHanumu 3akoHo0ascmeo,
KOHKpemu3dygamu HOPMU ma [ocuiumu KOHMpOosib 3a ixHiM dompumaHHsM. Baxiniueo
cmeopumu cucmemy, wo 3abesneqyums 2ymMaHHe cmaesieHHss 00 meapuH 8 yCix cghepax,
30KpeMa 8 HayKosux OOCI/IOXeHHSIX, eemepuHapii, nobymi ma KyrbmypHUX ycmaHos8ax.
Tinbku 4yepe3 rnocmilHe B800CKOHalNeHHS paso8uUX MEeXaHi3Mie MOXHa docsamu
egekmueHo20 barnaHCy MiXX HaykKo8UM [pO2pecoM ma emuKok 8UKOPUCMAaHHS meapuH y
OOCIiOXEHHSIX.

Kno4oBi cnoBa: BeTepuMHapHa MeauuMHA, €KCNepMMEHTW Ha TBapuHax, 3akoHoAaBMi
iHiLiaTUBK, 3aXMUCT TBApWH, BioMeanyHi 4OCHIOXKEHHS.
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The private scientific institution “One
Health Scientific and Research Institute”
and the NGO “One Health Institute”

E e present an original Ukrainian translation of

W the CDC manual “Biosafety in

P

Microbiological and Biomedical
Laboratories,” 6th edition.

Against the backdrop of the consequences of the full-scale
military aggression of the Russian Federation against the
Ukrainian people, Ukrainian independence, and statehood, and
in light of the growing threats of military and terrorist actions
aimed at destroying critical infrastructure, food, and energy
security, the aspects of biological safety and biological
protection have become extremely important.
A critical component of developing modern systems of state
regulation of biosafety and bioprotection is the implementation
of proper practices to prevent the spread of pathogens and
ensure compliance with safety requirements in the laboratories
of research institutes, healthcare institutions, the public health
system, and bioproduction facilities.
It is significant that a draft Law of Ukraine “On Biological Safety
and Biological Protection” is under consideration, with experts
from the One Health Institute contributing to its development.
There is much work ahead in creating subordinate legislation for
the future law and developing institutional policies.
In response to the demands of the present day, there is an urgent need to strengthen the system of state
regulation of biological safety and biological protection in Ukraine, including aspects of controlling the
circulation of pathogens, creating conditions for safe diagnostic work, and producing specific protective
measures for humans, animals, and plants.
Previously, a team of specialists from the PNU “One Health Research Institute” and the NGO “One Health
Institute,” with the kind permission of the World Health Organization, completed an adapted Ukrainian
translation of the WHO Biosafety Manual, which is based on a risk-oriented approach to ensuring biological
safety and providing biological protection.
Now, with permission from the U.S. Centers for Disease Control and Prevention and the National Institutes
of Health, and in collaboration with our scientific consultants, we have prepared an adapted Ukrainian
translation of the manual “Biosafety in Microbiological and Biomedical Laboratories,” 6th edition,
which is based on a directive approach to creating laboratory and production conditions for biomedical
research while adhering to biosafety and bioprotection standards.
In presenting this document, we sincerely hope that this initiative will benefit the medico-biological scientific
and practical community in building and strengthening national standards for biological safety and biological
protection in Ukraine.

Sincerely yours

Anton Gerilovych,

Director General of the One Health

Scientific and Research Institute, PSI

For more information, please follow the link:
https://www.onehealthinstitute.org.ua/publications/
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