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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 
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РОЗДІЛ 1. Емерджентні хвороби, біобезпека та Єдине здоров’я  
SECTION 1. Emergent diseases, biosafety and One Health 
 
DOI: 10.31073/onehealthjournal2025-III-01 
 
APPROACHES TO EPIDEMIOLOGIC SURVEILLANCE, DIAGNOSIS AND PREVENTION 

OF WEST NILE FEVER IN THE KYIV REGION 
Rodyna N.S.1,* (ORCID: 0000-0002-4338-8872), Kuzin I.V.2 (ORCID: 0000-0002-6418-6567), 
Maiboroda V.V.1 (ORCID: 0009-0001-1291-2424), Gerilovych A.P.3 (ORCID: 0000-0002-3280-
4172), Pohorielova O.V.1 (ORCID: 0009-0000-6068-350X), Kupriianova T.I.1 (ORCID: 0009-
0005-4242-1166), Mohylna L.O.1 (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, etc. 
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; Cvjetković, 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 
(Zúñiga, 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 (Yuill, 
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 
(Zúñiga, 2015). 
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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; Italy - since 1998 
(Hubálek, 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 (Hubálek, 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 
(Klingelhöfera, 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 mosquitofynhjgehusxybqes 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 (Cvjetković, 2023). The final hosts 
are humans and horses, as these species complete the cycle of transmission (Klingelhöfera, 
2023). 

Other modes of transmission are also known, including blood transfusion, organ 
transplantation, breast milk, and vertical transmission from mother to fetus (Klingelhöfera, 
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 
(Cvjetković, 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 (Cvjetković, 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 (Cvjetković 
I. H., et al., 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) 
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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, 

abs. value 
Relative density, 

(%) 
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 
 

 

 
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 
WNV: 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. 

 

 
Fig. 4. Seasonality for the WNF disease in the Kyiv Oblast for the period of 

observation from 2018 to 2024 
 

 
 

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). 

 

 
 
 

Fig. 6. Distribution of patients by primary diagnosis when seeking medical care in 
the Kyiv region for 2018-2024 

 

 
 

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 
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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. 

 
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). 
 

 
 

10

17
16

13

4

2

0

2

4

6

8

10

12

14

16

18

0-6 7-14 15-23 24-29 30-40 ≥50

Nu
m

be
r o

f c
as

es
 (a

bs
.)

Days



14
One Health Journal. 2025. Vol. 3. N. 3

Section 1
 
 

 
 

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 
serums 

Number of 
persons 

Number of 
persons 

АТ Ig М + 
АТ Ig G 

АТ Ig G 

2018 27 18 2 2 0 
2019 66 55 9 2 7(*) 
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. 

 

 
 
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 
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of the 
mate-
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Urine abs 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 

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 - - 
% - - 25,0 0,0 37,5 0,0 37,5 0,0 - - 

CSF abs - - 1 0 - - 1 0 - - 

% - - 3,6 0,0 - - 3,6 0,0 - - 

 

 
 
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. 
 
ПІДХОДИ ДО ЕПІДЕМІОЛОГІЧНОГО НАГЛЯДУ, ДІАГНОСТИКИ ТА ПРОФІЛАКТИКИ 
ГАРЯЧКИ ЗАХІДНОГО НІЛУ В КИЇВСЬКОЇ ОБЛАСТІ 
Родина Н. С.1,* (ORCID: 0000-0002-4338-8872), Кузін І.В.2 (ORCID: 0000-0002-6418-6567), 
Майборода В.B.1 (ORCID: 0009-0001-1291-2424), Герілович А.П.3 (ORCID: 0000-0002-
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0009-0005-4242-1166), Могильна Л.О.1 (ORCID: 0009-0006-1932-6539) 
1 - Державна установа «Київський обласний центр контролю та профілактики хвороб 
Міністерств охорони здоров’я України», Київ, Україна 
2 - Міністерство охорони здоров’я України, Київ, Україна 
3 - ГО «Інститут Єдиного Здоров’я», Харків , Україна 
 *e-mail: nrodyna@ukr.net 

Гарячка Західного Нілу (ГЗН) – трансмісивна вірусна інфекційна хвороба, збудником 
якої є вірус Західного Нілу (ВЗН), що належить до сімейства Flaviviridae, родини Flavivirus, 
геном якого представлений позитивною одноланцюговою РНК. У більшості людей 
перебіг хвороби легкий або без симптомів, але у деяких пацієнтів розвивається 
серйозний інфекційний процес з ураженням центральної нервової системи (Heymann, 
2022; Yuill, 2023; Cvjetković, 2023).  

Гарячка Західного Нілу є захворюванням, яке створює нові виклики для медичної 
галузі, ветеринарії, епідеміології, громадського здоров’я, вірусології та ентомології. З 
моменту відкриття цієї хвороби у 1937 році регулярно повідомлялося про ендемічні 
випадки та епізодичні спалахи в Африці та на Ближньому Сході (Zúñiga, 2015), а також в 
США, на півдні Канади, Мексиці, Центральній і Південній Америці, Карибських островах, 
Південній Європі, країнах колишнього Радянського Союзу, Індії та Індонезії (Yuill, 2023). 
Але найбільшої актуальності ГЗН набула у 1999 році, що було пов’язано зі спалахами у 
Сполучених Штатах Америки. Це стало поштовхом для запровадження диференційної 
діагностики енцефалітів спочатку в Північній Америці, а з часом на решті територій 
Американського континенту та в усьому світі. В Латинській Америці випадки ГЗН 
реєструвалися в Сальвадорі, Аргентині, Колумбії, Венесуелі та Коста-Ріці (Zúñiga, 2015). 

З літературних джерел відомо про спорадичні випадки і спалахи захворювань у 
людей і коней в Європі, зокрема: в країнах басейну Західного Середземномор’я з періоду 
1962-1964 років; в Румунії - з 1996-1997 рр.; в Чехії – з 1997 р.; Італії – з  
1998 р. (Hubálek, 1999). Екологічні фактори, у тому числі, пов’язані з діяльністю людини, 
які сприяють підвищенню щільності популяції комарів-векторів вірусу Західного Нілу, 
можуть призвести до збільшення частоти захворювань на гарячку Західного Нілу. До 
таких факторів відносять: сильні дощі з подальшими повенями, зрошення, підвищення 
температури оточуючого середовища (глобальне потепління), а також формування 
екологічних ніш, які створюють сприятливі умови для масового виплоду комарів (Hubálek, 
1999). Зміни клімату, зокрема, вплив глобального потепління, на сучасному етапі 
спричинило поширення вірусу Західного Нілу в більш холодних регіонах. Смертність і 
захворюваність людей є поширеними і постійно зростають, що має значний вплив на 
економічні витрати в сфері громадського здоров’я (Klingelhöfera, 2023). 

Основними векторами ВЗН є комарі роду Culex (Cx.), особливо Cx. pipiens, Cx. 
tarsalis, Cx. quinquefasciatus та інші види (Rochlin, 2019; Soto, 2023). Також зустрічаються 
повідомлення виявлення збудника ГЗН у комарів р. Aedes, хоча вони не вважаються 
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основними переносниками у природі. Наприклад, ВЗН був виявлений у самців комарів A. 
triseriatus, відловлених разом з C. salinarius в польових умовах, що вказує не лише на 
вертикальну передачу вірусу, оскільки лише самки харчуються кров’ю тварин, але й є 
підтвердженням, що вірус здатний уражувати комарів роду Aedes в природі (Colpitts, 
2012). Результати наукових досліджень векторів вченими довели вищий рівень 
зараженості і швидкість передачі ВЗН місцевих ізолятів з осередків Нідерландів 
комарами Ae. japonicus у порівнянні з природним переносником Cx. рipiens (Linthout, 
2024). Також, за результатами досліджень, проведених в Ізраїлі, встановлено передачу 
ВЗН комарами р. Anopheles, зокрема Anopheles tenebrosus та роду Aedes, зокрема Ae. 
caspius (Orshan, 2008). Також встановлено можливість передачі ВЗН комарами Ae. 
albopictus (Rothman S. E. et al., 2021).  

В Україні встановлено циркуляцію ВЗН серед орнітофільних комарів виду Cx. рipiens 
(зокрема Cx. рipiens pipiens)  на території Північно-Західного Причорномор’я, 
додатковими векторами вважаються комарі видів Ae. caspiusdorsalis, Ae. Duplex Mart, 
Anopheles bifurcates, Culiseta annulata (Vynograd, 2022). Окрім перелічених видів, 
типовими представниками орнітофільних комарів на теренах України є  Cx. tarsalis, Ae. 
caspius, Ae. flavescens, Ae. vexans, Ae. cantans, Ae. еxcrucians (Shul, 2017). 

Не менш важливим напрямком є вивчення закритих біотопів антропургічних 
осередків, а саме: підтоплених підвальних приміщень житлових будинків, погребів, 
стаєнь тощо. Значимими векторами в цих біотопах є антропофільні комарі Cx. pipiens 
molestus, які здатні забезпечувати збереження та циркуляцію ВЗН постійно (Shul, 2017). 

Природними хазяями ВЗН є птахи, які забезпечують цикл передачі вірусу в природі. 
У складному життєвому циклі ВЗН багато видів птахів служать резервуарними 
господарями, в той час як кілька орнітофільних видів комарів роду Culex вважаються 
основними переносниками (векторами) інфекційного агента. На додаток до птахів, ВЗН 
заражає і викликає захворювання різних видів хребетних тварин, таких як коні, вівці, 
рептилії, кішки і гризуни (Cvjetković, 2023). Кінцевими хазяями є люди та коні, адже у цих 
біологічних видів завершується цикл передачі збудника (Klingelhöfera, 2023). 

Відомо також про інші способи передачі збудника інфекції, серед яких переливання 
крові, трансплантація органів, грудне молоко та вертикальна передача від матері до 
плоду (Klingelhöfera, 2023). До запровадження загального скринінгу запасів донорської 
крові в Сполучених Штатах існував значний ризик передачі ВЗН під час трансфузії, 
незважаючи на коротку тривалість вірусемії після інфікування, що було пов’язано з 
безсимптомним перебігом у 75 % інфікованих осіб. Універсальний скринінг донорів крові 
майже елімінував ризик передачі ВЗН через переливання крові, але цей процес тягне за 
собою великі витрати коштів. Передача вірусу Західного Нілу через трансплантовані 
органи призводить до надзвичайно високої захворюваності та смертності (Petersen, 
2019). 

У зв’язку з тим, що лише у 1 % випадків ГЗН виникають нейроінвазивні захворювання 
(менінгіт, енцефаліт або поліомієлітоподібна хвороба з гострим млявим паралічем), а 
більшість випадків ГЗН у людей має безсимптомний перебіг і закінчується самостійним 
одужанням, і лише у 20 % випадків хвороба супроводжується мінливістю клінічних 
проявів від легкої гарячкової хвороби до важкого летального енцефаліту (Cvjetković, 
2023), своєчасна та адекватна диференційна діагностика має бути доступною для 
встановлення діагнозу.  

Лабораторна діагностика ГЗН заснована в першу чергу на виявленні специфічних 
антитіл IgM і IgG в сироватці крові та спинномозковій рідині (СМР), або детекції РНК ВЗН  
в цільній крові, сироватці крові, плазмі та СМР. Серологічна діагностика ускладнюється 
перехресною реактивністю антитіл з іншими флавівірусами, персистенцією IgM, а інколи 
недоступністю парного зразка сироватки та відсутністю можливості провести тест 
нейтралізації. З метою виключення можливої перехресної реактивності з іншими 
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флавівірусами, Центри контролю та профілактики хвороб Сполучених Штатів Америки 
(CDC)  та Європейський центр з контролю та профілактики захворювань (EuroCDC) 
рекомендують здійснювати валідацію IgM-позитивних зразків шляхом реакції 
нейтралізації антитіл. Реакція нейтралізації вірусу є трудомістким тестом, який вимагає 
маніпуляцій з культурою клітин і живим вірусом і повинен проводитися в умовах 
лабораторії рівня BSL-3, які зазвичай не застосовуються в звичайних вірусологічних 
лабораторіях. Лише ослаблений химерний вірус, що містить послідовності кодування 
білка ВЗН, включені в основу геному флавівірусу, можна безпечно використовувати в 
умовах BSL-2 з дотриманням відповідної практики стримування біологічних патогенних 
агентів (Cvjetković, et al., 2023), включаючи оцінку ризиків щодо можливої контамінації 
патогеном зовнішнього середовища внаслідок лабораторних маніпуляцій (Gerilovych, 
2025). Також слід враховувати, що коротка тривалість віремії та вірорахії (наявності 
вірусу в СМР) та низьке вірусне навантаження в плазмі та СМР на момент початку 
хвороби знижують чутливість молекулярної діагностики (Cvjetković, et al., 2023).  

Серологічне дослідження доцільно використовувати для проведення планового 
лабораторного скринінгу, що ґрунтується на виявленні специфічних для ВЗН антитіл IgM 
і IgG в крові та СМР з подальшим підтвердженням шляхом дослідження СМР методом 
ПЛР в реальному часі, який в свою чергу частіше має негативні результати, що пов’язано 
з дуже коротким періодом вірорахії та несвоєчасним відбором матеріалу на дослідження 
(Gdoura, 2022). Найбільш поширеним і доступним методом діагностики є 
імуноферментний аналіз (ІФА), при цьому слід враховувати, що антитіла IgM до ВЗН не 
виявляються до четвертого дня хвороби – до кінця віремічного періоду. Високий рівень 
антитіл IgM до ВЗН у людини з ознаками енцефаліту або менінгіту, ймовірно, вказують 
на інфекційний процес в організмі, однак, даний вид імуноглобулінів може зберігатися від 
кількох місяців до більше року. Також слід враховувати тісний антигенний зв’язок з 
іншими флавівірусами. Недавня вакцинація від жовтої гарячки або японського 
енцефаліту може призвести до помилкових позитивних результатів тестування на 
наявність антитіл IgM до ВЗН. Інші інфекційні агенти – віруси Денге, енцефаліту Сент-
Луїса та інші арбовіруси також можуть надавати хибно-позитивні результати при 
тестуванні зразків на ГЗН внаслідок перехресної реакції. Тому для встановлення діагнозу 
із застосуванням серологічних методів слід шукати чотирикратний приріст титру антитіл 
(Kemmerly, 2003).     

Діагностика гарячки Західного Нілу значно розвинулася з прийняттям передової 
молекулярної діагностики та методів ПЛР у реальному часі. Ці удосконалення значно 
покращили чутливість, специфічність та ефективність виявлення цієї потенційно 
небезпечної для життя інфекційної хвороби. Примітно, що застосування кількісного RT-
ПЛР сечі (qRT-ПЛР) стало цінним інструментом, особливо для підтвердження 
нейроінвазивного захворювання спричиненого ВЗН. У порівнянні з аналізом крові, цей 
підхід був використаний для виявлення вірусу в сечі у більш високих концентраціях і 
протягом більш тривалих періодів часу. Це призвело до помітного поліпшення показників 
підтвердження випадків ГЗН, при цьому виявлено на 31,7% більше випадків, ніж при 
тестуванні сироватки (Singha, 2025).  

Перше повідомлення про виявлення РНК ВЗН в сечі пацієнта відібраної на 8-й день 
після появи симптомів було опубліковане в 2005 році. За даними авторів, ВЗН 
виділяється сечею під час віремічної фази хвороби, що підкреслює важливість раннього 
збору і тестування сечі (Tonry, 2005).  

За даними розслідування спалаху ГЗН в Тунісі у 2018 р. було виявлено 107 пацієнтів 
з неврологічними симптомами та серологічним підтвердженням ГЗН. У 95 пацієнтів були 
відібрані зразки сечі, а у 35 пацієнтів – зразки СМР. Результати досліджень показали, що 
РНК ВЗН була виявлена в 50,5 % (48/95) зразків сечі і в 2,8 % зразків СМР (1/35). РНК 
збудника була виявлена з 1 по 41 день захворювання від початку симптомів, однак рівень 
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позитивних знахідок 53,1% спостерігався протягом перших 10 днів від виникнення 
перших симптомів (Gdoura, 2022). 

Мета роботи. Оцінити актуальність проблеми захворюваності на гарячку Західного 
Нілу, дієвість епідеміологічного нагляду та організацію лабораторної діагностики на 
прикладі Київської області. 

Матеріали та методи. Проведено описово-оціночний епідеміологічний аналіз 
захворюваності на ГЗН в Київській області за період 2018-2024 рр.  

Проаналізовано захворюваність на ГЗН в Україні та діючі нормативно-правові акти 
щодо епідеміологічного нагляду, критеріїв визначення випадку та діагностики ГЗН. 

Дослідження зразків біологічного матеріалу (сироватки крові, плазма, цільна кров, 
сеча) здійснювалося методами полімеразної ланцюгової реакції в реальному часі (ПЛР-
РЧ) на базі лабораторії особливо небезпечних інфекцій (ОНІ) відділу дослідження 
біологічних факторів Державної установи «Київський обласний центр контролю та 
профілактики хвороб Міністерства охорони здоров’я України» (ДУ «Київський ОЦКПХ 
МОЗ») з використанням комерційних наборів реагентів West Nile Virus Real Time PCR 
Detection Kit (виробник Cеrtest Biotec S.L., Spain) та спеціальної панелі патогенів BioFire 
Global Fever Special Pathogens Panel IVD (виробник BioFire Defense, LLC, USA). 
Дослідження парних сироваток крові методом імуноферментного аналізу (ІФА) 
проводилося на базі лабораторії ОНІ ДУ «Київський ОЦКПХ МОЗ».  

Дослідження зразків парних сироваток крові методом імунофлуоресцентного аналізу 
(ІФлА) здійснювалися в референс-лабораторії з діагностики ВІЛ/СНІДу, вірусологічних та 
особливо-небезпечних патогенів Державної установи  «Центр громадського здоров’я 
МОЗ України» за що автори висловлюють персоналу вдячність. 

Результати. В Україні офіційна реєстрація випадків захворювання на гарячку 
Західного Нілу запроваджена з 2006 р. В Київській області реєстрація поодиноких 
випадків ГЗН розпочалася з 2018 р., що пов’язано із запровадженням сучасних методів 
лабораторної діагностики даної хвороби (ІФА та ПЛР-РЧ). В період з 2018 по 2024 рр. 
було зареєстровано 62 випадки ГЗН, що становить 34,4% від загальної кількості випадків 
по Україні за зазначений період спостережень. Значний ріст захворюваності в Київській 
області спостерігався у 2024 р. з інтенсивним показником (ІП) 2,43 на 100 тисяч 
населення, що перевищило ІП по Україні в 11,5 рази (Рис. 1). Щорічні показники 
захворюваності до 2024 р. по Київській області значно перевищували ІП по Україні за 
виключенням 2020 р. (Таблиця 1). 

 
Рис. 1. Захворюваність на гарячку Західного Нілу в Україні та Київській 

області за 2018 – 2024 рр. (показники на 100 тис. нас.). 
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Таблиця 1 
Захворюваність на ГЗН в Україні та Київській області за період 2018 – 2024 рр.  

Рік Україна Київська область 
абс. ІП абс. ІП 

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 

Разом: 180 0,06 62 0,5 
 
Летальних випадків серед захворілих на ГЗН з 2018 по 2023 рр. не зафіксовано, тоді 

як у 2024 році їх кількість становила 9 випадків з часткою 20,9%. Серед померлих осіб 
питома вага чоловіків становила 66,7% (6 осіб), а середній вік склав – 67,3 роки. 

За період спостереження випадки ГЗН фіксувалися по всій території Київщини (Рис. 
2). Найбільшу кількість випадків ГЗН зареєстровано у Фастівському (20), Броварському 
(15) та Бориспільському (11) районах (Таблиця 2). 

 

 
 
Рис. 2. Територіальний розподіл випадків ГЗН в Київській області в період 

2018-2024 рр. 
 
Серед загальної кількості захворілих – 45 осіб (72,6%) активного працездатного віку 

(від 20 до 60 років) та 17 осіб (27,4%) пенсійного та похилого віку (від 61 до 90 років); 
міські жителі – 29 (46,8%) та мешканці сільської місцевості – 33 (53,2%). Дані щодо 
розподілу захворілих за віком і статтю наведені на Рис. 3. 

У 61 випадку (98,4%) захворіли жителі України, які не виїздили за кордон, тоді як 1 
випадок (1,6%) був завезеним з-за кордону (захворіла особа прибула з міста Дуала, 
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2). Найбільшу кількість випадків ГЗН зареєстровано у Фастівському (20), Броварському 
(15) та Бориспільському (11) районах (Таблиця 2). 

 

 
 
Рис. 2. Територіальний розподіл випадків ГЗН в Київській області в період 

2018-2024 рр. 
 
Серед загальної кількості захворілих – 45 осіб (72,6%) активного працездатного віку 

(від 20 до 60 років) та 17 осіб (27,4%) пенсійного та похилого віку (від 61 до 90 років); 
міські жителі – 29 (46,8%) та мешканці сільської місцевості – 33 (53,2%). Дані щодо 
розподілу захворілих за віком і статтю наведені на Рис. 3. 

У 61 випадку (98,4%) захворіли жителі України, які не виїздили за кордон, тоді як 1 
випадок (1,6%) був завезеним з-за кордону (захворіла особа прибула з міста Дуала, 
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Республіка Камерун). За результатами опитування у більшості випадків захворілі 
відзначали укуси комарів.  

Таблиця 2 
Розподіл  випадків ГЗН по районах Київської області 

за період 2018 – 2024 рр. 
 

Район Кількість випадків, 
абс. 

Питома вага, 
(%) 

Фастівський 20 32,3 
Броварський 15 24,2 
Бориспільський 11 17,7 
Бучанський 8 12,9 
Вишгородський 5 8,1 
Обухівський 2 3,2 
Білоцерківський 1 1,6 
Разом: 62 100,0 

 
 

 
Рис. 3. Розподіл захворілих на ГЗН за статтю та віком у Київська область за 

2018-2024 рр., абс. 
Епідеміологічними розслідуваннями визначені найбільш ймовірні місцевості 

інфікування хворих: у 57 випадках (91,9%) інфікування відбулося на території Київської 
області, у 4 (6,5 %) – на території інших регіонів України (м. Київ – 2 випадки (3,2 %), 
Закарпатська та Одеська області – по 1 випадку (1,6 %). 

Резервуаром при місцевому інфікуванню ймовірно стали дикі перелітні птахи, що 
мешкають на воді чи навколо неї. Враховуючи географічне розташування України – у 
центрі Європи, де перехрещуються міграційні шляхи перелітних птахів з країн Азії, 
Африки до Європи постійно існує ризик занесення нових штамів вірусів в Україну в цілому 
та на територію Київської області зокрема. Підтвердження належності певних видів 
птахів до резервуарів збудника ГЗН та відстеження ланцюга передачі збудника потребує 
запровадження моніторингових досліджень циркуляції ВЗН в популяціях птахів 
лабораторіями та науковими інститутами ветеринарної медицини.  

Для ГЗН притаманна літньо-осіння сезонність захворювань. В Київській області 
найбільша кількість випадків за останні сім років спостерігалася в період з липня по 
вересень, тоді як в червні, жовтні та листопаді реєструвалися спорадичні випадки (Рис. 
4). 
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У захворілих на ГЗН переважали симптоми, притаманні гострим респіраторним 
вірусним інфекціям (ГРВІ): підвищення температури тіла (лихоманка) –  у 62 осіб (100%), 
загальна слабкість тіла – 44 (71%), головний біль – 39 (63%), ломота у тілі – 11 (18%). 
Також  відмічалися: висип на тілі у 25 захворілих (40%), менінгеальні прояви – 14 (22,6 
%); нудота – 13 (21%), втрата свідомості – 9 (14,5%), блювота – 6 (10%) та інші (Рис. 5). 

Серед первинних діагнозів переважали: «Гарячка Західного Нілу» – 15 випадків (24 
%), менінгіт, менінгоенцефаліт – 14 (23 %), лихоманка неясного генезу – 13 (21 %). 
Розподіл за встановленим первинним діагнозом наведений на Рис. 6.  

 
 

Рис. 4. Сезонність для захворювання на ГЗН в Київській області за період 
спостереження 2018-2014 рр. 

 

 
 

Рис. 5. Основні клінічні симптоми у захворілих на ГЗН у Київській області за  
2018-2024 рр. 

 
У 98,4% випадках ГЗН (61 особа) пацієнти перебували на стаціонарному лікуванні. 

Тривалість періоду від дати початку появи клінічних симптомів до госпіталізації 
коливалася від 1 до 30 діб. У 35 випадках (57,4%) захворілі на ГЗН були госпіталізовані 
до закладів охорони здоров’я протягом 5-ти діб від початку захворювання (Рис. 7, 8). 
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Рис. 6. Розподіл пацієнтів за первинним діагнозом при зверненні за медичною 
допомогою у Київській області за 2018-2024 рр. 

 

 
 

Рис. 7. Розподіл захворілих на ГЗН від початку захворювання до дня 
госпіталізації у Київській області за період спостережень 2018-2014 рр. 

 
Тривалість від перших проявів хвороби до встановлення заключного діагнозу: 

«Гарячка Західного Нілу» коливалася від 3 до 54 діб. Найбільшу кількість випадків 
діагностовано протягом 14 діб від дати захворювання – 27 випадків (43,5%). У 2-х 
випадках встановлено мікст-інфекції – «Гарячка Західного Нілу. Хвороба Лайма» та 
«Гарячка Західного Нілу. Єрсиніоз». 
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У всіх випадках діагноз «Гарячка Західного Нілу» підтверджено лабораторними 
методами дослідження. 

 

 
Рис. 8. Розподіл випадків захворювання на ГЗН за терміном від початку 

захворювання до встановлення діагнозу за період спостереження 2018-2024 рр. 
 
Важливою ланкою в системі епідеміологічного нагляду за ГЗН є лабораторна 

діагностика та своєчасне підтвердження випадків даної нозології, що потребує 
підвищення настороженості медичних працівників та своєчасного скеровування 
клінічного матеріалу від пацієнтів з підозрою на захворювання ГЗН, менінгеальними і 
енцефалітними проявами та гарячковими станами невідомого походження для 
лабораторних досліджень спрямованих на підтвердження діагнозу або диференційної 
діагностики (Rodyna, 2022). 

На сьогоднішній день відсутні розроблені та затверджені нормативно-правові акти 
щодо епідеміологічного нагляду та алгоритмів лабораторної діагностики ГЗН. Наказом 
Міністерства охорони здоров’я України від 28.12.2015 р. № 905 «Про затвердження 
критеріїв, за якими визначаються випадки інфекційних та паразитарних захворювань, які 
підлягають реєстрації» (із змінами) встановлено лабораторні критерії визначення 
випадку ГЗН. Для підтвердженого випадку має бути дотримано один з чотирьох критеріїв 
за результатами лабораторних досліджень: виділення вірусу ГЗН з крові або ліквору; 
виділення нуклеїнової кислоти вірусу ГЗН з крові або СМР; поява специфічних антитіл до 
ВЗН (IgM) в спинномозковій рідині; високий титр IgM та виявлення IgG до ВЗН, а також 
наявність клінічних критеріїв. Ймовірний випадок визначається у випадку виявлення 
антитіл до ВЗН у сироватці крові або встановленим епідеміологічним зв’язком та за 
наявності відповідних клінічних критеріїв. Під клінічні критерії ГЗН підпадає будь-яка 
особа з гарячкою або яка має клінічні прояви енцефаліту чи менінгіту.   

В Україні відсутні лабораторії, здатні проводити дослідження реакцією нейтралізації, 
тому перевага надається іншим методам: ІФА, ІФлА, ПЛР-РЧ. 

З метою встановлення діагнозу та проведення диференційної діагностики гарячкових 
захворілих в Київській області лабораторією ОНІ з 2018 по 2023 роки застосовувався 
переважно метод  ІФА на виявлення антитіл IgM та IgG (Таблиця 3). 

З 2023 р. запроваджено дослідження зразків біологічного матеріалу методом ПЛР-
РЧ. У 2024 р. в ПЛР-РЧ було досліджено 91 зразок біологічного матеріалу від 54 осіб з 
підозрою на ГЗН, у тому числі: 45 зразків сечі, з них 15 (33,3%) позитивних (виявлено РНК 
збудника ГЗН); 32 зразки цільної крові (на системі BIOFARE-29), з них позитивних –  9 
(28,13%); 12 зразків плазми крові та 2 зразки ліквору – негативні (Рис. 9). 
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Таблиця 3 
Обсяги дослідження клінічного матеріалу від людей на гарячку Західного Нілу 

методом ІФА в Київській області  в період 2018-2022 рр. 
 

Роки Обстежено  Виявлено позитивні результати 
Кількість 
сироваток 

Кількість 
осіб 

Кількість 
осіб 

АТ Ig М + 
АТ Ig G 

АТ Ig G 

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

Примітка: (*) - не враховані отримані позитивні результати на ГЗН через 
неможливість  проведення досліджень парних парних сироваток крові у динаміці для 
остаточного підтвердження результату або лікарями закладів охорони здоров’я, де 
перебували пацієнти, виставлено інший діагноз. 

 
 

 
 
Рис. 9. Частка позитивних на вміст РНК збудника ГЗН зразків біологічного 

матеріалу від захворілих з підозрою на захворювання у 2024 р. 
 

Від 25 хворих із заключним діагнозом «гарячка Західного Нілу» було досліджено 
28 зразків сечі, з них в 13 (46,4%) зразках виявлено РНК збудника ГЗН; 10 зразків цільної 
крові, з них в 5 (50,0%) зразках виявлено РНК збудника ГЗН; 8 зразків плазми крові та 2 
зразки ліквора – РНК ВЗН не виявлено. 

За результатами досліджень методом ПЛР-РЧ найбільша кількість позитивних 
результатів спостерігалася в зразках сечі, відібраних на 11-14 добу захворювання – 6 
(66,7%), відібраних на 5-7 добу захворювання – 5 (62,5%). В 1-му зразку сечі, відібраному 
на 2 добу (з групи відбору зразків з 1 по 4 добу захворювання) виявлено РНК вірусу (Рис. 
10). 

Позитивні результати досліджень методом ПЛР-РЧ виявлені в зразках цільної крові 
пацієнтів на 5-10 добу захворювання в 66,7 %. Одночасно РНК ВЗН в зразках крові і сечі 
виявлені у 2 захворілих (4,7 %) з 5 по 11 добу захворювання. 

Станом на кінець 2024 року лабораторією ОНІ ДУ «Київський ОЦКПХ МОЗ» не 
проводилися дослідження методом ІФлА на визначення антитіл до збудника ГЗН, тому 
зразки сироваток крові скеровувалися до референс-лабораторії ДУ «ЦГЗ МОЗ України». 
Було досліджено 33 зразка сироваток крові від захворілих осіб, з них від 28 осіб – парні 
сироватки, від 7 осіб – однократний відбір. За результатами досліджень у 19 осіб (67,9 
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%) спостерігалося наростання титру антитіл у 4 рази; у 4 (14,3 %) – у 8 разів; у 3 (10,7 %) 
– в  2 рази; у 2 (7,1 %) 16 і вище разів  (Рис. 11). 

 
Таблиця 4 

Кількість досліджених та позитивних зразків біологічного матеріалу, 
відібраних від хворих по днях захворювання 

Назва 
мате-
ріалу 

Кіль-
кість 
зраз-
ків, що 
дослі-
джено 

Дні захворювання 
1-4 5-7 8-10 11-14 15 -16 
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Сеча абс 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 

Кров абс 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 

Плазма абс - - 2 0 3 0,0 3 0,0 - - 
% - - 25,0 0,0 37,5 0,0 37,5 0,0 - - 

Ліквор абс - - 1 0 - - 1 0 - - 

% - - 3,6 0,0 - - 3,6 0,0 - - 

 

 
 
Рис. 10. Позитивні знахідки РНК ВЗН (%) у біологічному матеріалі по днях 

захворювання за результатами досліджень 2024 р. 
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Рис. 11. Розподіл за наростанням титру антитіл до ВЗН у захворілих в Київській 
області в 2024 р. (%) 

 
У 12 осіб з діагнозом ГЗН разом з парними сироватками крові відбиралася сеча та 

кров для дослідження методом ПЛР-РЧ. При цьому у 9 (34,6%) захворілих на ГЗН, в 
сироватках яких спостерігався приріст титру антитіл в 4 рази та у 1 особи (3,8 %) з 
наростанням титрів у 8 разів, одночасно виявлено РНК збудника в сечі. Також з групи 
пацієнтів з наростанням титрів антитіл в сироватці крові в 4 рази отримані позитивні 
результати в ПЛР-РЧ у 2 осіб: у 1 особи (3,8%) виявлено РНК ВЗН в сечі та у 1 (3,8%) в 
зразку цільної крові. 

Таким чином, через відсутність можливості проведення реакції нейтралізації на 
культурі клітин для підтвердження випадків ГЗН в Україні вимагає розробки алгоритмів 
проведення досліджень на національному рівні. Для належного і своєчасного 
встановлення діагнозу та реагування на випадки (спалахи) ГЗН пропонується 
застосовувати комбінацію серологічних та молекулярно-генетичних методів. Результати 
проведених досліджень та аналіз літературних джерел вказують на доцільність 
проведення дослідження зразків сечі методом ПЛР-РЧ на ранніх етапах захворювання 
(до 1 місяця), а також необхідність внесення виявлення РНК вірусу Західного Нілу в 
зразках сечі до лабораторних критеріїв підтвердженого випадку ГЗН. 

З 2017 р. в Київській області не здійснюється моніторинг векторів арбовірусних 
інфекцій, у тому числі ВГЗ, що пов’язано з відсутністю професіонала з ентомології. Згідно 
архівних даних ДУ «Київський ОЦКПХ МОЗ» до 2017 р. на всій території області поширені 
види комарів родів Culex, Aedes та Anopheles, які є складовими ланцюга передачі вірусу 
в закритих та відкритих біотопах. Тому, актуальним напрямком на регіональному рівні є 
розробка стратегії зниження рівня захворюваності на ГЗН із застосуванням комплексного 
підходу, що об’єднує моніторинг і управління векторами; профілактичні заходи, 
спрямовані на зниження чисельності комарів та оздоровлення біотопів.  

 
Висновки:  

1. У 2024 р. в Київській області спостерігалося значне підвищення рівня 
захворюваності на гарячку Західного Нілу у порівнянні з попередніми роками, а 
інтенсивний показник перевищив показник по Україні в 11,5 рази. Це пов’язано з 
комплексом факторів: належною організацією лабораторної діагностики; підвищенням 
рівня обізнаності про поширення захворювання на рівні області серед працівників 
закладів охорони здоров’я та своєчасне скерування матеріалу на дослідження; 
безконтрольне поширення векторів – орнітофільних комарів; відсутність стратегії 
моніторингу та заходів, спрямованих на регулювання чисельності векторів. 

7.1
14.3

67.9

10.7

в 2 рази в 4 рази у 8 разів в 16 і більше разів
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2. Результати лабораторних досліджень із застосуванням серологічних та 
молекулярно-генетичних методів лабораторних досліджень дозволили виявити 
прогалини в лабораторній діагностиці в Україні. Сьогодні існує нагальна потреба в 
розробці національного стандарту щодо здійснення епідеміологічного нагляду та 
визначення алгоритмів лабораторної діагностики гарячки Західного Нілу із поєднанням 
молекулярно-генетичних та серологічних методів. Враховуючи дані літературних джерел 
іноземних авторів та власних досліджень щодо визначення генетичного матеріалу вірусу 
Західного Нілу в зразках сечі, доцільно внести зміни до лабораторних досліджень для 
підтвердження випадку доповненням: виявлення фрагментів нуклеїнової кислоти вірусу 
гарячки Західного Нілу в сечі.  
3. Перспективами на найближчий час визначено: розробка регіональної стратегії з 
подолання гарячки Західного Нілу; вдосконалення лабораторної діагностики шляхом 
розширення спектру методів, які дозволяють своєчасно виявляти вірус гарячки Західного 
Нілу та діагностувати хворобу у пацієнтів; запровадження секвенування наступного 
покоління вірусу, виявленого в досліджених зразках для контролю циркуляції патогенів 
різного географічного походження та геоінформаційного картографування.  
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ГАРЯЧКИ ЗАХІДНОГО НІЛУ В КИЇВСЬКОЇ ОБЛАСТІ 
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3280-4172), Погорєлова О.В.1 (ORCID: 0009-0000-6068-350X), Купріянова Т.І.1 (ORCID: 
0009-0005-4242-1166), Могильна Л.О.1 (ORCID: 0009-0006-1932-6539) 
1 - Державна установа «Київський обласний центр контролю та профілактики хвороб 
Міністерств охорони здоров’я України», Київ, Україна 
2 - Міністерство охорони здоров’я України, Київ, Україна 
3 - ГО «Інститут Єдиного Здоров’я», Харків , Україна 
 *e-mail: nrodyna@ukr.net 

 
Резюме. Вірус Західного Нілу, вперше виявлений в Уганді в 1937 році, залишається 
значною глобальною загрозою сьогодення для громадського здоров’я. Вірус здатний 
адаптуватися до різних екосистем і поширюватися географічно, особливо в помірних 
регіонах Європи та Північної Америки. Сьогодні випадки гарячки Західного Нілу 
реєструється в Сполучених Штатах Америки, на півдні Канади, Мексиці, Центральній 
і Південній Америці та Карибських островах, а також в Африці, на Ближньому Сході, у 
Південній Європі, Індії та Індонезії тощо.  
За останні 10 років гарячка Західного Нілу набула ще більшої актуальності в Україні, 
зокрема й в Київській області. За даними Державної установи «Центр громадського 
здоров’я Міністерства охорони здоров’я України» лише у 2024 році в Україні було 
зареєстровано 99 випадків захворювання на гарячку Західного Нілу, серед яких 43 
серед мешканців Київської області. 
Прояви хвороби варіюють за ступенем тяжкості від легких і безсимптомних форм до 
гарячкових станів та ураження центральної нервової системи. Разом з тим, не існує 
специфічного лікування гарячки Західного Нілу. Своєчасне виявлення випадків хвороби, 
спричиненої вірусом Західного Нілу вказує на необхідність вдосконаленої лабораторної 
діагностики, національних стандартів та розбудови належної системи 
епідеміологічного нагляду за гарячкою Західного Нілу на рівні держави. 
У даній публікації авторами представлено результати аналізу досвіду інших країн, 
діючої в Україні системи епідеміологічного нагляду, підходів до лабораторної 
діагностики гарячки Західного Нілу, контролю за векторами вірусу Західного Нілу на 
прикладі Київської області. 
Ключові слова: гарячка Західного Нілу, вірус Західного Нілу, епідеміологічний нагляд, 
лабораторна діагностика, профілактичні заходи 
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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 (lHCBL) 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 cm2) was formed by daily rubbing of a 5% 
alcohol-acetone solution of 2,4-dinitrochlorobenzene (DNCB) for 21 days. The suspensions of 
lHCBL and cHCBL were administered intraperitoneally at a dose of 0.5 ml of 5 × 106 cells one 
day after the end of DNCB administration. On the 3rd and 7th 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 lHCBL in DNCB-induced AD. In addition, the features 
of the immunocorrective effect of each of the cord blood preparations, i.e. cHCBL and lHCBL, 
were noted. 
In an experimental model of atopic dermatitis, the therapeutic effect of lHCBL 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 lHCBL was noted compared to 
cHCBL, which opens up prospects for the use of lHCBL in clinical practice. 
Keywords: atopic dermatitis, human cord blood leukoconcentrate 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 I 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-IV 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 
UZV-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 lHCBL 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 cm2).  

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 + lHCBL (n = 7). All treatments were started one day 
after the end of DNCB application.  

The immunomodulatory effect of lHCBL 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 Iolla, 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 

 
 

 
 

(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 lHCBL 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. 

 
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 lHCBL. 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 lHCBL, 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 

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

K-W test: H =28,65; p <0,001 K-W test: H =30,87; p <0,001 
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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 killers, 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 lHCBL showed a 
significant therapeutic effect. Thus, with the use of both cHCBL and lHCBL, 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. 
 

 
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. 

 

  
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. 

K-W test: H =30,24; p <0,001 K-W test: H =30,60; p <0,001 

K-W test: H =25,97; p <0,001 K-W test: H =26,08; p <0,001 
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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 lHCBL, 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. 

 
 
 
 
 

K-W test: H =24,02; p <0,001 K-W test: H =28,37 p <0,001 
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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 lHCBL 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 lHCBL, led to an improvement in the functioning of MF 
of rats with AD. 

 

K-W test: H =26,79; p <0,001 K-W test: H =30,13; p <0,001 

 
 

 
 

 
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 lHCBL, 
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 lHCBL, 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 lHCBL. 

K-W test: H =24,47; p <0,001 K-W test: H =22,80; p <0,001 
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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 lHCBL, 
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 lHCBL, 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 lHCBL. 

K-W test: H =24,47; p <0,001 K-W test: H =22,80; p <0,001 
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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 lHCBL, 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. 

K-W test: H =22,70; p <0,001 K-W test: H =16,61; p =0,002 
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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. 

 

 
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 lHCBL, 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 

K-W test: H =26,63; p <0,001 K-W test: H =28,19; p <0,001 

K-W test: H =19,88; p <0,001 K-W test: H =15,23; p =0,004 
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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 lHCBL at all stages of the study. 

 
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 HCBLs 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 

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

 
 

 
 

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 HС the 
immunomodulatory effect was less pronounced. At the same time, the nature of the effect of 
cHCBL and lHCBL 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 lHCBL. Moreover, this 
effect was observed only on day 3 of observation. Obviously, the differences in the 
immunomodulatory effect of lyophilized material (lHCBL) 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. 
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ДОСЛІДЖЕННЯ ІМУНОКОРЕГУЮЧОЇ АКТИВНОСТІ КРІОКОНСЕРВОВАНОГО ТА 
ЛІОФІЛІЗОВАНОГО ЛЕЙКОКОНЦЕНТРАТУ КОРДОВОЇ КРОВІ ЛЮДИНИ В 
ЕКСПЕРИМЕНТАЛЬНІЙ МОДЕЛІ АТОПІЧНОГО ДЕРМАТИТУ  
Коваль Г.К. 1, Гольцев А.М. 1,2 * (ORCID: 0000-0002-5289-5876) 
1 - Інститут проблем кріобіології і кріомедицини Національної академії наук України, 
Харків, Україна 
2 - Міжвідомчий науковий центр кріобіології і кріомедицини НАН, АМН та МОЗ України, 
Харків, Україна, email: cryopato@gmail.com 

Резюме. Атопічний дерматит (АД) є хронічним захворюваням аутоімунного 
генезу, що характеризується висипаннями, свербінням, сухістю шкіри. Препаратами 
вибору лікування АД є стероїдні протизапальні засоби, недоліком яких є розвиток 
небажаних побічних ефектів. Виходячи з цього пошук ефективних і в одночас 
безпечних методів лікування АД є актуальним завданням медицини. Перспективним 
виходячи з цього є застосування препаратів клітинної і тканинної терапії, 
зарекомендували себе як коректори стану імунної системи, що діють на різні 
патогенетичні ланки такого типу захворювання. 
Мета дослідження полягала у оцінці в порівняльному аспекті імунокорегуючої 
активності ліофілізованого (лЛККЛ) і кріоконсервованого лейкоконцентрату кордової 
крові людини (кЛККЛ) на моделі АД.  
Експерименти були проведені на 6-місячних щурах лінії Вістар. При індукції АД вогнище 
запалення на ділянці спини щурів (3–4 см2) формували щоденним втиранням 5 %-ного 
спиртово-ацетонового розчину 2,4-динітрохлорбензолу (ДНХБ) протягом 21 доби. 
Суспензію кЛККЛ і лЛККЛ вводили внутрішньочеревинно по 0,5 мл у дозі 5-106 клітин 
через добу після закінчення застосування ДНХБ. На 3 та 7 добу після лікування були 
визначені певні субпопуляції лімфоцитів (CD3+, CD4+, CD8+, CD16+, CD4+CD25+), рівень 

 
 

 
 

циркулюючих імунних комплексів, концентрації імуноглобулінів A та E у сироватці 
крові, адгезивна і фагоцитарна активність клітин перитонеальної порожнини.  
Для АД, індукованого ДНХБ, характерні системні зміни імунного статусу, що 
маніфестують ся змінами показників клітинного і гуморального імунітету. Так, у 
щурів з АД у щурів виявлено зміни клітинної ланки імунітету у селезінці: а саме 
зниження кількості загальних Т-лімфоцитів і їх субпопуляцій (клітин CD4+ і CD8+). На 
цьому тлі відзначені зміни гуморальної та моноцитарно-фагоцитарної ланки 
імунітету. У роботі доведена імунокорегуюча активність кЛККЛ і лЛККЛ при ДНХБ 
індукованому АД. Крім того відзначені особливості імунокорегуючого ефекту кожного 
з препаратів кордової крові, тобто кЛККЛ і лЛККЛ  
В експериментальніймоделі атопічного дерматиту доведено лікувальний ефект 
лЛККЛ та кЛККЛ, а саме здатність корегувати стан порушеної імунної системи 
тварин. При цьому, відмічена більш висока імуномодулююча активність лЛККЛ в 
порівнянні з кЛККЛ, що відкриває перспективи застосування лЛККЛ у клінічній 
практиці. 
Ключові слова: атопічний дерматит, лейкоконцентрат кордової крові людини, 
кріоконсервування, ліофілізація, імунна система. 
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зниження кількості загальних Т-лімфоцитів і їх субпопуляцій (клітин CD4+ і CD8+). На 
цьому тлі відзначені зміни гуморальної та моноцитарно-фагоцитарної ланки 
імунітету. У роботі доведена імунокорегуюча активність кЛККЛ і лЛККЛ при ДНХБ 
індукованому АД. Крім того відзначені особливості імунокорегуючого ефекту кожного 
з препаратів кордової крові, тобто кЛККЛ і лЛККЛ  
В експериментальніймоделі атопічного дерматиту доведено лікувальний ефект 
лЛККЛ та кЛККЛ, а саме здатність корегувати стан порушеної імунної системи 
тварин. При цьому, відмічена більш висока імуномодулююча активність лЛККЛ в 
порівнянні з кЛККЛ, що відкриває перспективи застосування лЛККЛ у клінічній 
практиці. 
Ключові слова: атопічний дерматит, лейкоконцентрат кордової крові людини, 
кріоконсервування, ліофілізація, імунна система. 
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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 (Savić Gajić, 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 CaCl₂ 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 CaCl₂ 
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 CaCl₂ 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 CaCl₂ 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 × 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 × 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 rpm 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 ± 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. 
 

 
Fig. 2. Alginate film samples obtained by spraying calcium chloride solution onto 

a sodium alginate solution with a concentration of 10 (a, b) or 20 (c, d) g/L and 
thicknesses of 1 (a, c) 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)109 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)109 CFU/mL (fig. 4, b). 

 

 
 
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)109 CFU/mL, or 4.2108 
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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) 104 CFU/mL. 
This corresponds to a total of (3.4 ± 0.2)105 CFU washed from a single film, which is 
equivalent to (1.0±0.1)105 CFU per 1 mL of film. This represents approximately 0.02% of the 
cell concentration within the film (4.2108 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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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) 104 CFU/mL. 
This corresponds to a total of (3.4 ± 0.2)105 CFU washed from a single film, which is 
equivalent to (1.0±0.1)105 CFU per 1 mL of film. This represents approximately 0.02% of the 
cell concentration within the film (4.2108 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. 
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Резюме. Розроблено метод отримання альгінатні плівки для іммобілізації 
пробіотичного штаму Lactobacillus bulgaricus 1Z 03501. Плівки були отримані методом 
іонотропного гелеутворення з використанням хлориду кальцію за чотирма 
оптимізованими протоколами. Досліджено фізичні властивості плівок, кінетику їх 
розчинення та вплив на життєздатність іммобілізованих бактерій. Встановлено, що 
аерозольне нанесення розчину хлориду кальцію на розчин альгінату натрію є 
оптимальним методом формування плівок. Показано, що іммобілізація не знижує 
життєздатність L. bulgaricus 1Z 03501. Альгінатні плівки з пробіотиками, отримані в 
даній роботі, є перспективними для використання в якості ранозагоювальних 
покриттів. 
Ключові слова: альгінатні плівки, Lactobacillus bulgaricus 1Z 03501, іммобілізація, 
пробіотики, іонотропне гелеутворення, ранозагоювальне покриття. 
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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 106 CFU/mL each) was 
incorporated into the diet of the experimental group in addition to the complete diet at a dosage 
of 1.0 cm³ 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 15th and 30th 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. 19.5%, 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 30th day, demonstrating an increase of 11.3% (p˂0.05). 
On the 30th 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 El-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/ml) at a dosage of 1.0 cm3 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/g). 

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 γ-
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 H2O2 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 28th 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 γ-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 γ-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 β-globulins in avian 
blood varied within physiological limits. The primary role of β-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 (α-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 spр., 

Enterococcus spp., E. сoli, Candida spp.) in the chicken droppings during 30-day 
exposure to PFA (CFU/g; n=10; (р˂0.05) – versus control) 

 

Groups 
Period of sampling after start of probiotic supplement, days 

Before supplement 15 30 
Lactobacillus spp. х107 

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. х107 

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. х106 

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. х105 

Experiment 5.11 + 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. х105 

Experiment 4.46 + 0.19 5.58 + 0.20 5.34 + 0.18 
Control 4.45 + 0.19 5.46 + 0.18 5.42 + 0.18 

E. сoli х106 
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.х103 

Experiment 4.35 + 0.1 4.10 + 0.2 3.80 + 0.19* 
Control 4.39 + 0.2 4.44 + 0.16 4.48 + 0.17 

 
Table 2 

The level of immunocompetent protein fractions in the blood serum of laying hens 
during 30-day exposure to PFA (М±m; n=10; (р˂0.05) – versus control) 

Period of 
sampling 

*day) 

γ-globulins, % β-globulins, % seromucoids, mg/cm3 

control experiment control experiment control experiment 

before 
administ-

ration 
35.8±1.30 36.1±0.55 10.6±0.50 11.1±0.31 

2.20±0.12 2.21±0.08 

15 36.2±0.78 40.4±0.67* 11.1±0.27 11.9±0.33 2.30±0.22 2.36±0.11 

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.  

 
 

 
 

Table 3 
Total content of immunoglobulins and their fractions in the blood serum of 

laying hens during 30-day exposure to PFA (М±m; n=10; (р˂0,05) – versus control) 
 

Period of 
sampling 

(day) 

Total amount Ig, 
g/dm3 Ig G, g/dm3 Ig M, g/dm3 Ig A, g/dm3 CIC, mg/cm3 

control experime
nt control experi

ment control experi
ment control experi

ment control experi
ment 

before 
administ-

ration 

21.55± 
1.23 

23.36± 
1.00 16.23± 

0.34 
17.31± 

0.81 
2.14± 
0.04 

2.27± 
0.11 

2.85± 
0.17 

3.03± 
0.13 

0.16± 
0.08 

0.18± 
0.05 

15 23.12± 
1.43 

25.22± 
1.22 

17.33± 
0.58 

18.82± 
0.73 

2.27± 
0.16 

2.47± 
0.13* 

3.12± 
0.12 

3.29± 
0.12 

0.19± 
0.09 

0.21± 
0.01* 

30 23.65± 
1.33 

26.34± 
1.43* 

17.73± 
0.78 

19.74± 
0.45* 

2.39± 
0.22 

2.74± 
0.13** 

3.15± 
0.13 

3.47± 
0.15* 

0.19± 
0.03 

0.24± 
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 (М±m, n=10; (р˂0.05) – versus control) 

Period of 
sampling

(day) 

Phagocytic activity, 
% 

Phagocytic index, 
units 

Lisozyme activity 
(LABS), % 

Bactericidal activity 
(BABS), % 

control experiment control experiment control experime
nt control experimen

t 
before 

administ
ration 

27.62± 
0.81 

27.98± 
0.75 

1.55± 
0.08 

1.60± 
0.07 

18.53± 
0.44 

18.95± 
0.65 

49.19± 
0.48 

50.06± 
0.55 

15 28.13± 
0.72 

28.48± 
0.88 

1.58± 
0.05 

1.69± 
0.10 

18.91± 
0.50 

21.11± 
0.49* 

50.11± 
0.42 

52.79± 
0.99* 

30 27.95± 
0.76 

28.85± 
0.64 

1.56± 
0.06 

1.74± 
0.09 

19.02± 
0.48 

21.68± 
0.70* 

49.38± 
0.39 

55.32± 
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 14th 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˂0.05) 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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Table 3 
Total content of immunoglobulins and their fractions in the blood serum of 

laying hens during 30-day exposure to PFA (М±m; n=10; (р˂0,05) – versus control) 
 

Period of 
sampling 

(day) 

Total amount Ig, 
g/dm3 Ig G, g/dm3 Ig M, g/dm3 Ig A, g/dm3 CIC, mg/cm3 

control experime
nt control experi

ment control experi
ment control experi

ment control experi
ment 

before 
administ-

ration 

21.55± 
1.23 

23.36± 
1.00 16.23± 

0.34 
17.31± 

0.81 
2.14± 
0.04 

2.27± 
0.11 

2.85± 
0.17 

3.03± 
0.13 

0.16± 
0.08 

0.18± 
0.05 

15 23.12± 
1.43 

25.22± 
1.22 

17.33± 
0.58 

18.82± 
0.73 

2.27± 
0.16 

2.47± 
0.13* 

3.12± 
0.12 

3.29± 
0.12 

0.19± 
0.09 

0.21± 
0.01* 

30 23.65± 
1.33 

26.34± 
1.43* 

17.73± 
0.78 

19.74± 
0.45* 

2.39± 
0.22 

2.74± 
0.13** 

3.15± 
0.13 

3.47± 
0.15* 

0.19± 
0.03 

0.24± 
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 (М±m, n=10; (р˂0.05) – versus control) 

Period of 
sampling

(day) 

Phagocytic activity, 
% 

Phagocytic index, 
units 

Lisozyme activity 
(LABS), % 

Bactericidal activity 
(BABS), % 

control experiment control experiment control experime
nt control experimen

t 
before 

administ
ration 

27.62± 
0.81 

27.98± 
0.75 

1.55± 
0.08 

1.60± 
0.07 

18.53± 
0.44 

18.95± 
0.65 

49.19± 
0.48 

50.06± 
0.55 

15 28.13± 
0.72 

28.48± 
0.88 

1.58± 
0.05 

1.69± 
0.10 

18.91± 
0.50 

21.11± 
0.49* 

50.11± 
0.42 

52.79± 
0.99* 

30 27.95± 
0.76 

28.85± 
0.64 

1.56± 
0.06 

1.74± 
0.09 

19.02± 
0.48 

21.68± 
0.70* 

49.38± 
0.39 

55.32± 
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 14th 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˂0.05) 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 (М±m; n=10; (р˂0.05) – versus control) 
Group Period of study, days 

Before administration 15 30 
Erythrocytes, 1012/dm3 

Control 4.08±0.14 4.14±0.10 3.99±0.26 
Experiment 4.24±0.12 3.76±0.05 

Leukocytes, 109/dm3 
Control 21.38±1.07 22.16±2.12 23.28±3.42 
Experiment 19.95±2.74 20.20±1.56 

Total hemoglobin, g/dm3 
Control 91.32±4.28 92.09±5.30 91.52±4.41 
Experiment 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 (М±m; n=10; (р˂0.05) – versus control) 

Period of 
sampling, 

days 

Total protein, g/dm3 Albumins, g/dm3 Total globulins, g/dm3 

control experiment control experiment control experiment 

Before 
administrati

on 

57.90± 
3.03 

59.60± 
2.90 

16.23± 
0.24 

16.27± 
0.56 41.67±1.05 43.33±1.00 

15 58.68± 
2.48 

63.35± 
2.27 

15.63± 
1.26 

17.00± 
0.82 43.05±1.47 46.35±1.25 

30 59.50± 
1.25 

65.10± 
1.55* 

16.03± 
1.22 

18.10± 
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 (М±m; n=10; (р˂0.05) – versus control) 
Group of poultry Period of study, days 

Before administration 15 30 
Glucose, mM/dm3 

Control 5.77±0.23 5.76±0.24 5.79±0.41 
Experiment 5.69±0.34 5.80±0.32 

Ureic acid, μM/dm3 
Control 

302.06±10.12 
296.22±15.20 290.62±10.55 

Experiment 304.32±13.88 298.08±8.70 
Creatinine, μM/dm3 

Control 
113.02±10.26 

106.74±8.06 111.80±7.10 
Experiment 116.22±7.13 119.45±9.96 

 

 
 

 
 

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 (М±m; n=10; (р˂0.05) – versus control) 

Period of 
sampling 

(days) 

ALT activity, 
mM/h dm3 

AST activity, 
mM/h dm3 

AP activity, 
nM/sec dm3 

control experiment control experiment control experiment 
Before 

administ-
ration 

0.38±0.02 0.38±0.13 3.67±0.08 3.71±0.13 2924.8±183.7 2926.5±301.2 

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 (М±m; n=10; (р˂0,05) – versus control) 

Period of sampling 
(days) 

Intensity of LPO, products of lipid peroxidation 

DC, μM/dm3 MDA, ΔD 

control experiment control experiment 

Before 
administration 26.06±1.23 24.92±2.16 5.92±0.42 5.86±0.26 

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. 



63
One Health Journal. 2025. Vol. 3. N. 3

Section 3
 
 

 
 

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 (М±m; n=10; (р˂0.05) – versus control) 

Period of 
sampling 

(days) 

ALT activity, 
mM/h dm3 

AST activity, 
mM/h dm3 

AP activity, 
nM/sec dm3 

control experiment control experiment control experiment 
Before 

administ-
ration 

0.38±0.02 0.38±0.13 3.67±0.08 3.71±0.13 2924.8±183.7 2926.5±301.2 

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 (М±m; n=10; (р˂0,05) – versus control) 

Period of sampling 
(days) 

Intensity of LPO, products of lipid peroxidation 

DC, μM/dm3 MDA, ΔD 

control experiment control experiment 

Before 
administration 26.06±1.23 24.92±2.16 5.92±0.42 5.86±0.26 

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. 



64
One Health Journal. 2025. Vol. 3. N. 3

Section 3
 
 

 
 

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 (М±m; n=10; (р˂0.05) – versus control) 
Group of poultry Period of study, days 

Before administration 15 30 
Catalase activity, nM Н2О2/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 48.3±2.4 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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Резюме. У статті представлено вплив пробіотичної кормової добавки на клініко-
біохімічні показники курей-несучок в умовах аматорського приватного господарства з 
виробництва органічної продукції. Дослід проводили на курях-несучках віком 160 діб 
(n=200) породи леггорн яєчного напряму продуктивності, що утримувалися на підлозі 
на глибокій підстилці, масою 1500-1600 г. Перед початком досліду птицю було 
розподілено на групи по 100 голів за принципом аналогів. Після 14-денного періоду 
акліматизації до раціону дослідної групи додатково до повнораціонного комбікорму 
вводили пробіотичну добавку (L. casei, L. delbrueckii, B. licheniformis, B. subtilis у 
концентрації 106 КУО/мл кожна) у дозі 1,0 см³ на кг корму впродовж 30 днів. Контрольна 
група птиці отримувала повнораціонний комбікорм за нормами для курей-несучок. 
Перед введенням препаратів, а також на 15-ту та 30-ту добу після початку 
згодовування пробіотиків птицю забивали під підготовчим інгаляційним 
хлороформним наркозом (n=10). Зразки крові, а також зразки тканин та органів 
відбирали для мікробіологічного та біохімічного аналізів. Отримані результати 
свідчать про те, що застосування пробіотичних кормових добавок суттєво не змінило 
кількісний склад індикаторної мікрофлори. Проте спостерігалася тенденція (на 30-ту 
добу досліду) до збільшення вмісту Lactobacillus spp. та Bacillus spp. на 14,6% та 8,7% 
відповідно; виявлено також тенденцію до зменшення вмісту потенційно патогенних 
мікроорганізмів - Staphylococcus spp. на 19,5%, Candida spp. на 15,2%, Enterococcus spp. 
на 1,47%, E. coli на 13,0%. Застосування пробіотиків курям-несучкам призвело до 
значного підвищення рівня імуноглобуліну G у сироватці крові протягом усього досліду, 
причому пік концентрації IgG у дослідній групі спостерігався на 30-ту добу, 
продемонструвавши зростання на 11,3% (p˂0,05). На 30-й день дослідження рівень 
імуноглобулінів М та А зріс на 14,6% та 10,2% (р˂0,05) відповідно, а циркулюючих 
імунних комплексів - на 26,3%. Показники неспецифічної резистентності в дослідній 
групі курей мали тенденцію до зростання: фагоцитарний індекс, бактерицидна 
активність та активність лізоциму зросли на 11,5%, 12,0% та 13,9% відповідно. 
Клінічні та біохімічні результати дослідження свідчать про те, що запропонована 
композиція пробіотичних бактерій не є шкідливою для курей-несучок. Дані 
спостережень свідчать про відсутність негативного впливу на несучість. 
Ключові слова: пробіотики, мікрофлора, резистентність, антиоксидантна система, 
продуктивність 
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biomedical and veterinary fields, as well as to evaluate the regulatory acts. A combined 
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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 
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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 
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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. 
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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; Díaz, 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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прогресу, проте виникає безліч етичних питань щодо їхнього добробуту та 
гуманного ставлення. Метою дослідження є аналіз етичних і правових аспектів 
використання тварин у наукових експериментах, зокрема в біомедичних та 
ветеринарних галузях, а також оцінка існуючих нормативних актів. Використано 
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їхнім дотриманням – неефективним. Таким чином, для досягнення більш високих 
стандартів захисту тварин в Україні необхідно удосконалити законодавство, 
конкретизувати норми та посилити контроль за їхнім дотриманням. Важливо 
створити систему, що забезпечить гуманне ставлення до тварин в усіх сферах, 
зокрема в наукових дослідженнях, ветеринарії, побуті та культурних установах. 
Тільки через постійне вдосконалення правових механізмів можна досягти 
ефективного балансу між науковим прогресом та етикою використання тварин у 
дослідженнях. 
Ключові слова: ветеринарна медицина, експерименти на тваринах, законодавчі 
ініціативи, захист тварин, біомедичні дослідження. 
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The private scientific institution “One 
Health Scientific and Research Institute” 
and the NGO “One Health Institute” 
present an original Ukrainian translation of 
the CDC manual “Biosafety in 
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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