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Introduction
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Epidemiological and statistical methods were used to analyze the epidemiological situation regarding Lyme borreliosis in
humans and domestic dogs in Ukraine. The data of the Central Health Service of the Ministry of Health of Ukraine on the inci-
dence of Lyme borreliosis in humans over the last 20 years of passive epidemiological observation (2003-2022) were analyzed,
and time trends and seasonal dynamics of incidence were studied. The prevalence of Lyme borreliosis among domestic dogs over
the last decade (2013-2022) was analyzed based on data from a survey of veterinarians. Cross-regional geographic trends in the
prevalence of Lyme borreliosis in humans and domestic dog populations are compared. The obtained data indicate an increasing
trend in the incidence of Lyme borreliosis in Ukraine over the past two decades. The peak of incidence was recorded in 2018 —
12.77 cases per 100,000 population. Over the 5 years, from 2018 to 2022, Ukraine experienced the highest level of Lyme disease
incidence, which was 45.16 cases per 100,000 population and statistically higher than the incidence rates in 20032007 (2.86 cases
per 100,000 population) and 2008-2012 (13.33 cases per 100,000 population), confirming a trend of increasing disease prevalence
over the years. Seasonal dynamics are observed, with the highest incidence rates occurring during the summer months, especially
in June, July, August, and the early autumn month of September, as indicated by a seasonal disease index exceeding one. The
study revealed geographical variations in the prevalence of Lyme borreliosis among both humans and domestic dogs. Over the
past 10 years, from 2013 to 2022, regions of Northern and Central Ukraine, including Kyiv, Sumy, Chemihiv, Cherkasy, Vinnyt-
sia, and Poltava oblasts, have shown relatively higher rates of Lyme borreliosis in both humans and domestic dogs. Conversely, the
southem regions of Ukraine consistently report lower incidence rates of Lyme borreliosis in both populations, especially in Odesa,
Mykolaiv and Kherson oblasts. The similarity of the geographical distribution of Lyme borreliosis among humans and domestic
dogs is confirmed statistically. The study findings highlight the growing public health burden of Lyme borreliosis and the impor-
tance of ongoing disease surveillance. In addition, they highlight the valuable contribution of veterinary data on the incidence of
Lyme borreliosis in domestic dogs, providing a passive but important source of additional information. In addition, the study results
provide valuable information on the geographic distribution of Lyme borreliosis in both humans and domestic dogs, which will aid
in the development of targeted intervention strategies aimed at mitigating the impact of the disease in selected high-risk regions. A
deeper understanding of the epidemiological aspects of the disease will contribute to the development of science-based strategies
for the prevention and control of Lyme borreliosis, in accordance with the concept of One Health.

Keywords: Lyme borreliosis; epidemiological surveillance; One health; public health; animal health.

common vector-bome zoonoses is Lyme borreliosis (LB), which is a
widespread disease in Europe and the United States caused by spirochetes

“One Health” is a comprehensive approach to addressing health issu-
es in humans, animals, and the environment on a single platform. Based
on the One Health concept, the WHO, OIE, and FAO organizations have
proposed the “Tripartite Collaboration on Zoonotic Diseases” as a tool for
implementing relevant measures and principles at the local, national, and
global levels. The experience of several countries indicates the advantages
of using an interdisciplinary approach to eliminate health threats in the
“human — animal — environment” interface. Zoonotic disease control issu-
es cannot be effectively addressed by the efforts of a single sector or dis-
cipline alone. Collaboration among all sectors and profiles responsible for
human health, animal health, and the environment is required. The One
Health approach should be applied not only in the face of current zoonotic
threats and should not be discontinued after an emergency situation has
been resolved but should be carried out in a routine and sustainable man-
ner. Zoonotic transmissible diseases are the subject of application of the
principles of the One Health concept (Ghai et al., 2022). One of the most

known as the Borrelia burgdorferi sensu lato complex (B. burgdorferi
s.1). The B. burgdorferi s. 1. complex currently includes about 21 geno-
types, but B. burgdorferi sensu stricto, B. garinii and B. afzelii are consi-
dered the most important genotypes in the development of clinical LB
infection (Steere et al., 2016; Barbour & Qiu, 2019; Vandekerckhove
etal., 2019). Borrelia is transmitted by ticks of the Ixodidae family, which
throughout their life cycle, except for the egg stage, feed on the blood of
lizards, birds, various animal species and humans (Zé.kovské et al.,, 2020).
Humans and companion animals accidentally enter the epizootic cycle of
B. burgdorferi s. 1. through the bites of ixodid ticks and are not part of
natural foci of LB. In Europe, including Ukraine, I ricinus ticks play a
significant role in the spread of LB pathogens, and in America, mainly
1 scapularis (Rizzoli et al., 2014; Rubel et al., 2016; Rogovskyy et al.,
2017). The geographical range of ixodid ticks is expanding under the in-
fluence of environmental factors, especially global warming and changes
in human land use (Medlock et al.,, 2013; McVicar et al., 2022). As a
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result, the risk of LB infection is increasing. Thus, the problem of the
spread of LB involves a complex interaction between humans, wildlife,
pets, ticks and the environment (Springer et al., 2020). To fight LB, we
must consider not only the clinical aspects of the disease, but also develop
a comprehensive approach to reducing the risk of infection of humans and
companion animals with Borrelia. Therefore, research on borreliosis
infection should have an interdisciplinary perspective, in line with the One
Health concept. This approach recognizes the interconnectedness of hu-
man, animal and environmental health, which is essential for effective LB
management.

In Ukraine, passive surveillance for LB in humans has been con-
ducted since 2000, resulting in an average of more than 2 500 laboratory-
confirmed diagnoses annually (Nebogatkin & Shulhan, 2020). However,
it is important to recognize that these statistics may underestimate the actu-
al incidence. According to the Centers for Disease Control and Prevention
(CDC), the true extent of LB may be higher than reported (Kuehn, 2013).
Therefore, independent risk studies are an important complement to sur-
veillance results. Currently, there is no specific prevention of LB in hu-
mans. The only vaccine previously offered in the United States, LYME-
Rix, was discontinued in 2002 due to limited consumer demand (Poland,
2011). Several Lyme vaccines for dogs are available on the veterinary
market, including Biocan B, Borrelim 3 and Nobivac Lyme. However, in
Ukraine, vaccination against LB is not consistent and is not integrated into
animal vaccination protocols.

Dogs are more likely than humans to come into contact with ticks in
the natural environment and are more likely to be exposed to LB patho-
gens (Duncan et al., 2005). After B. burgdorferi s. 1. enters the dog's body,
a powerful immune response develops. Only 5-10% of 75% of dogs
seropositive for borrelia develop clinical Lyme borreliosis, in other cases
the disease is subclinical. It has been previously reported that the seropre-
valence of LB in dogs in Europe ranges from 0.0% to 57.5% in regions
with different levels of endemicity (Panteleienko et al., 2021). However,
given the large number of wild reservoir hosts, the direct impact of dogs
on the natural epidemiological cycle is likely to be minimal (Springer
etal., 2020).

The purpose of this study is to conduct a comprehensive study of LB
in Ukraine, which includes the study of disease trends among humans as
well as among the domestic dog population. In addition, the study aims to
identify correlations between the prevalence of LB in the human popula-
tion and in the dog population, to determine interregional geographical
trends in the prevalence of LB in Ukraine, time trends and seasonal dy-
namics, and to assess the potential application of the One Health concept
in the management of LB in Ukraine.

Materials and methods

Data collection. At our official request to the Center for Public Health
of the Ministry of Health of Ukraine, we received summary data for
2003-2022 on the incidence of LB in different regions of Ukraine. In ad-
dition, from the official website of the Center for Public Health of the Mi-
nistry of Health of Ukraine, we used publicly available summary data on
the incidence of LB for each month in Ukraine, starting in 2017.

The baseline data on the number of cases of LB in domestic dogs
were partially taken from our previous study of the results of a survey of
veterinarians (Panteleienko et al., 2022). For this study, the data were
converted from the number of cases of LB in dogs to an intensity rate per
100 thousand domestic dogs for each region of Ukraine over a 10-year
period (2013-2022). In order to find out the approximate size of the pet
dog population in the administrative regions of Ukraine, the data were ext-
rapolated, assuming that the number of dogs owners is close to the size of
the pet dog population. This is reported in the open data of a survey con-
ducted by Kantar TNS and published by BBC News Ukraine (BBC
News Ukraine, 2019), which states that approximately 44% of respon-
dents own dogs. The data on the average population size in the regions of
Ukraine were obtained from open data on the website of the State Statis-
tics Service of Ukraine (2023) under the Creative Commons Attribution
4.0 International, 2023 license.

Temporal analysis of the incidence of LB in humans. To assess the
temporal trends in the incidence of LB, we analyzed the dynamics of the
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incidence by year from the beginning of the observation period from 2003
to 2022. We also analyzed the dynamics of the incidence of LB by five-
year observation periods: 20032007, 2008-2012,2013-2017, and 2018
2022. For each of the five years of observation, the average value of inten-
sive morbidity rates per 100 thousand humans was calculated.

Seasonality of morbidity. To analyze the seasonality of Lyme borre-
liosis, we calculated the seasonal dynamics of the incidence of LB from
January 2017 to December 2022 in the form of a seasonal index. To cal-
culate the seasonal index, the following steps were taken: calculate the
average value for each month for all years from 2017 to 2022; calculate
the total average of all values; calculate the seasonal index for each month
by dividing the average value for that month by the total average. A sea-
sonal index higher than 1 indicates that this month usually has a higher
than overall average incidence rate, while an index lower than 1 indicates
that it usually has a lower than overall average incidence rate.

Regional and geographical dynamics of the incidence of LB in hu-
mans and domestic dogs. At this stage, we analyzed the prevalence of BL
in the human and domestic dog populations by calculating the average
value of intensive incidence rates per 100 thousand population over the
past 10 years (2013-2022). The interregional difference in the incidence
of LB among humans and domestic dogs was determined. Administrative
regions were conditionally divided into 5 geographic zones, in particular:
1 — Northern Ukraine: Zhytomyr, Kyiv, Chemihiv, Sumy regions; 2 —
Eastern Ukraine: Kharkiv, Luhansk, Donetsk regions; 3 — Center of Uk-
raine: Vinnytsia, Cherkasy, Poltava, Kirovohrad regions; 4 — Western Uk-
raine: Volyn, Rivne, Lviv, Temopil, Zakarpattia, Ivano-Frankivsk, Cher-
nivtsi, Khmelnytsky regions; 5 — Southerm Ukraine: Dnipro, Zaporizhzhia,
Mykolaiv, Odesa, Kherson regions and the Autonomous Republic of
Crimea.

Statistical analysis. The normality of the data distribution was chec-
ked using the Shapiro-Wilk test. To determine the statistical difference in
the intensity of the incidence of LB between the years of observation and
the difference in the intensity of the incidence of LB between regions, the
Kruskal-Wallis test and Dunn's test was used. The results were considered
statistically significant if the p-value was less than 0.05. Simple linear
regression was used to determine the dynamics of the growth of the inci-
dence of LB over the years. The correlation between years (time) and the
incidence of Lyme borreliosis, as well as the correlation between the inci-
dence of human LB and the incidence of dog LB was determined using
the Spearman correlation coefficient. For statistical analysis, the Jamovi
computer program (Australia, 2023, version 2.4) was used [obtained from
WWW jamovi.org].

Mapping. The maps were created using Microsoft Excel on the basis
of Bing, © GeoNames, Microsoft, Navinfo, TomTom, Wikipedia.

Results

The analysis of the dynamics of LB incidence showed that the lowest
level was registered at the beginning of the observation period in 2003
with a rate of 0.4 cases per 100,000 population (%/pa). In 2007 and 2013,
there was an increase in the incidence of LB t0 0.99 %00 and 4.25 %0,
respectively. The incidence rate in these years was statistically higher than
in previous years of observation (P < 0.01). In general, the incidence of
LB in Ukraine has been gradually increasing over the years, reaching its
peak in 2018 at 12.77 %oo00-

Over the last 20 years (2003-2022) of epidemiological surveillance,
the highest incidence rates of LB were recorded in Kyiv city (13.00 %),
Cherkasy (12.19 %00), Kyiv (10.43 Y000) and Sumy (9.03 %) regions,
and the lowest in Zaporizhzhia, Mykolaiv, Odesa and Kherson regions —
from 0.35 %000 0 1.62 Y000 In other regions of Ukraine, the incidence of
LB ranged on average from 2.15 %00 0 7.6 %o (Fig. 1).

Each five-year period of epidemiologic surveillance of LB incidence
since 2003 has shown an upward trend in incidence (Fig. 2). During the
first five years of epidemiologic surveillance (2003-2007), the total inci-
dence rate was 2.86 %y In the next five years (2008-2012), the inci-
dence increased 4.7-fold, reaching 13.33 % om0, but 10 statistical difference
was found between these periods (P = 0.3446). In 2013-2017, the inci-
dence of LB increased by 2.4 times (31.72 %00) compared to the previous
five-year observation period, 2008-2012, and was statistically different at
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P=10.0362, and the incidence was 11 times higher than in the first five years
of observation, 20032007 (P = 0.0011). Over the past five years, from 2018
to 2022, the incidence of LB in Ukraine increased to 45.16 %y, which is
1.4 times higher than in 2013-2017 (P = 0.1622), 3.4 times higher than in

2008-2012 (P = 0.0004), and 15.8 %y times higher than in 20032007
(P =0.00002). Linear regression analysis showed a consistent increase in
LB incidence over the years, with a strong positive relationship between
years and incidence (R =0.87; P <0.001; B = 0.56).

Years of epidemiological surveillance (2003-2022)

Regions

2003 2004 2005 2006 2007 2008 2009 2010 2011

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cherkasy 148 277 355 450 661 836 889 1076 9.96 24.28 13.86 2598 JANAG| 2540 17.04 1321 24.09
Kyiv 091 OBl 289 412 554 526 724 781 1570 11.84 17.55 30.08 29.00 2225 18.76 29.06
Sumy 147 413 377 398 581 518 600 421 1344 1150 17.37 23.04 22.89 18.16 15.10 20.55
Vinnytsia 095 222 496 475 465 578 531 11.79 1048 15.11 2390 8.05 6.05 14.06
Ternopil 145 265 275 553 546 6359 680 10.75 10.50 15.53 17.43 19.92 9.21 10.33[25.80
Poltava 137 138 060N 188 358 327 3.01 1055 8.74 14.88 17.69 17.43 1120 11.38 26.91
Chernihiv 210 248 3.06 663 340 491 580 813 10.60 1042 1425 17.10 521 397 17.56
Lviv 1.00 124 128 2. 231 331 383 482 3.3 416 539 722 595 1232 13.00 9.60 675 529 1121
Zhytomyr 178 319 422 369 4.10 538 541 921 1225 1209 975 7.11 13.04
Rivne 348 235 391 390 208 682 7.5 827 1231 828 536 538 10.46
Kharkiv 162 192 192 296 359 205 838 519 684 13.07 10.79 5.11 556 3.06
Dnipropetrovsk 196 337 387 223 263 921 721 880 840 725 384 3.18 6.12
Khmelnytsky 08377001 282 391 254 898 14.12 1133 6.66 447 7.09
Donetsk 093 097 138 I. . . 80 423 561 688 218 466 322 496 442 356 258 422 0B
Chernivtsi 080 WO 144 JOGT 1.77 177 331 320 740 465 477 645 12.42
Ivano-Frankivsk 1.16 094 0.87 182 225 189 290 2.83 471 428 451 248 183 1237
Zakarpattia 145 | 1.02 096 255 271 239 756 661 415 264 689
Kirovograd 285 1.85 434 792 800 479 3.02 668
Volyn 0.87 0.97 0.87 193 298 3.75 424 570 JOERN 126 6.25
Luhansk 236 1.82 3.22 0BG 1.52 1108 2.09 283 1.76 191 2.86
Zaporizhzhya ; 1.32 101" 1.79 276 142 240 213 232 141 148 138
Mykolaiv 095 2.16 226 193

Odesa 097 1.64 152

Kherson
Crimea 0.81

1.02 0.87 1.33

1.18

0.75

1.38 2.15

099 1.34 2.12 2.77 3.49 3.61

425 3.77 7.96 6.45 9.29 12.77 10.62 6.56 5.85 9.36

Fig. 1. Dynamics of human incidence of LB over 20 years (2003—2022) in the regions of Ukraine (0/0000)
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Fig. 2. Dynamics of growth in the incidence of LB in Ukraine

After analyzing the data on the incidence of humans with LB for each
month of epidemiological surveillance from 2017 to 2022, it was found
that the incidence rate fluctuates throughout the year and has seasonal
dynamics (Fig. 3). The seasonal incidence index in June (2.1), July (2.8),
August (2.5) and September (1.6) exceeds one, indicating that in these
months the incidence of LB is usually higher compared to the overall
average incidence of 0.75 cases per 100,000 population. In other months
of the year, the average incidence of LB has a seasonal index of less than
one. In particular, in November, the seasonal index is 0.8, in May — 0.7, in
December — 0.5, in January and April — 0.2, in February and March —0.1.
Statistical analysis confirms the difference in morbidity rates between
months during the year (P < 0.001). The analysis of seasonal dynamics
shows that the highest incidence of LB is observed in the summer months
(1.85 %00, which is 2.2 times higher than in autumn (0.84 %y, P =
0.0825), 5.4 times higher than in winter (0.34 %y, P = 0.0002), and
8.0 times higher than in spring (0.23 %0, P=0.0006).

An analysis of data over the past decade (2013-2022) on the inci-
dence of LB in humans and domestic dogs revealed a strong positive
correlation between the incidence rates in the regions of Ukraine (R =
0.89; P < 0.001). In particular, the highest incidence rates of LB were
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observed in Cherkasy region (207.97 %00 — humans; 33.31 % — dogs),
Kyiv city (201.06 %0 — humans; 23.54 %m0 — dogs), Kyiv region
(187.92 Y00 — humans; 31.14 %00 — dogs), Sumy (153.13 %/pge — hu-
mans; 20.24 %/ —dogs), Vinnytsia (134.13 %m0 — humans; 13.63 %0 —
dogs), and Ternopil (133.13 %0 — humans; 15.81 %y — dogs) regions
for both humans and domestic dogs (R = 0.89; P = 0.0436). Conversely,
the lowest incidence rates of LB among humans and domestic dogs were
recorded in Zakarpattia (37.71 %0 — humans; 5.28 %y — dogs), Volyn
(28.53 Y00 — humans; 4.63 %o — dogs), Zaporizhzhia (18.41 %pe —
humans; 3.59 %0 — dogs), Mykolaiv (11.31 % — humans; 7.03 %0 —
dogs), Odesa (7.34 %00 — humans; 134 Y0 — dogs) and Kherson
(4.14 %00 — humans; 2.19 Y0 — dogs) regions (R = 0.83; P = 0.042)
(Table 1, Fig. 4).

3.00 269
250 \2-35
5 200
=1
£150
=
g 1.00
§ : 0.63
039 0.180.13 9.100-14
0.00
S AP DES &L
‘b@‘b *0‘@"D @é ?g @ \0 \0 Yy@ \@’éo C'J\'so 4@&0 Q}éo
e %@Q Oéo <

Months

Fig. 3. Dynamics of the incidence of LB during the year in Ukraine
(data are presented in the form of seasonal indices for 2017-2022)

Luhansk and Donetsk oblasts and the Autonomous Republic of Cri-
mea were excluded from the correlation analysis due to the lack of infor-
mation on the number of cases of LB in domestic dogs from these regions.
In addition, given that Luhansk and Donetsk oblasts belong to the Eastern
geographic region, we did not estimate the prevalence of LB in domestic
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dogs in this area and did not compare it with other geographic regions.
It should be noted that in Luhansk region, the average value of the intensi-
ty index of human incidence of LB over the past 10 years was 17.72 %,
and for Donetsk region over the same period was 37.05 %0. But in 2022,
the level of data on the infectious disease incidence of the population from
these two regions of Ukraine is almost absent due to the aggression of the
Russian Federation. Statistical reports of the Public Health Center of the
Ministry of Health of Ukraine show that in Donetsk region in 2022,
0.37 %00 cases were registered, which is 91.38% less than in 2021, and in
Luhansk region —0.09 %y, which is 96.72% less, respectively.

The analysis of the data on the incidence of LB by geographical regions
shows a similar epidemiological situation among the populations of humans
and domestic dogs and a similar geographical distribution of the disease.
The highest incidence rates of LB are observed in the Northem regions, both
among domestic dogs (22.83 %) and humans (144.61 %uy). The Central
region has slightly lower incidence rates — 17.27 %0 among domiestic

Table 1

dogs and 126.88 %/, among humans. A relatively low incidence of LB is
observed in the Western region (12.38 %y for domestic dogs and
77.15 %00 for humans), and the lowest in the Southern region, except for
the Autonomous Republic of Crimea (5.57 %y for domestic dogs and
20.15 %y for humans). The similarity of the geographical distribution of
LB in the Northem, Central, Western and Southem regions among humans
and domestic dogs is confirmed by a strong positive correlation between the
intensity of the disease (R = 0.9859; P = 0.0141). In addition, it was found
that in the Eastern region, the prevalence of LB among humans is 39.62
%o The prevalence of LB among dogs in the Eastern geographic region
was not determined due to the lack of data from Luhansk and Donetsk ob-
lasts. We did not compare the prevalence of LB in domestic dogs from the
Eastern region with other geographic regions and included them in the corre-
lation analysis. The difference in the prevalence of LB between different
geographic regions is statistically significant for both the domestic dogs
population (P =0.0003) and the human population (P = 0.0016).

The incidence of human and domestic dogs with LB in different regions of Ukraine over the past 10 years (2013-2022)

Regions Average population Approximate number Total number of cases of LB Intensive morbidity rates, Yoo
el in the regions of domestic dogs * domestic dogs ** humans domestic dogs humans
Cherkasy 1214571 534411 178 2526 3331 20797
city Kyiv 2896 188 1274323 300 5823 2354 201.06
Kyiv 1758722 773 838 241 3305 31.14 18792
Sumy 1089265 479277 97 1668 2024 153.13
Vinnytsia 1567 889 689871 94 2103 13.63 134.13
Temopil 1049322 461702 73 1397 15.81 133.13
Poltava 1409 544 620200 81 1760 13.06 124.86
Chemihiv 1018246 448 028 98 1000 21.87 9821
Zhytomyr 1223497 538339 85 1012 15.79 82.71
Lviv 2508 620 1103793 132 2030 11.96 8092
Rivne 1148933 505531 51 810 10.09 70.50
Kharkiv 2 669 846 1174732 120 1711 1022 64.09
Khmelnytsky 1271 146 559304 56 802 10.01 63.09
Dnipropetrovsk 3201 060 1408 466 123 1907 873 59.57
Chemivtsi 898530 395353 45 418 1138 46.52
Kirovograd 949115 417611 38 385 9.10 40.56
Ivano-Frankivsk 1365892 600993 63 549 1048 40.19
Zakarpattia 1249058 549 586 29 471 528 3771
Donetsk 4043 520 1779 148 no data 1580 no data 3705
Volyn 1030426 453388 21 294 463 28.53
Zaporizhzhya 1711088 752879 27 315 359 1841
Luhansk 2097056 922704 no data 389 no data 17.72
Mykolaiv 1132131 498138 35 128 7.03 1131
Odesa 2371798 1043591 14 174 134 734
Kherson 1039582 457416 10 43 2.19 4.14

Note: * the number of domestic dogs was calculated by extrapolating data based on the assumption that about 44% of the Ukrainian population owns dogs; ** the number of

cases of LB in domestic dogs is based on a survey of veterinarians.

4.63
10.09

3108

1841

Intensive incidence rate per 100 thousand population .
(humans) 4.14 207.97

No data
b

Fig. 4. The epidemiological situation with LB among domestic dogs (@) and humans (b) over the past 10 years (2013-2022), Ukraine

11.96

1001 e

5og 1048 1363
1
7.03 a5
L 219

Intensive incidence rate per 100 thousand population -

(domestic dog) 1.34 33131

No data

a
Discussion

The study analyzes the epidemiological landscape of LB in humans
and domestic dogs in Ukraine. Its main objectives were to study the trends
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in the incidence of LB in humans, analyze the seasonal dynamics of the
disease, and compare regional prevalence in human and dog populations.
After analyzing the data on the incidence of LB in Ukraine, it was found
that in 2003 the incidence rate was 043 %0, in 2022 —9.36 /00, and the
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highest rates were recorded in 2018 — 12.77 %y0. Although over the past
20 years there have been some fluctuations in incidence rates, the analysis
of data for 5-year periods of epidemiological surveillance shows an up-
ward trend in the incidence of LB and is confirmed statistically (R = 0.87;
P <0.001; = 0.56). In particular, in the first 5 years of LB case registra-
tion, 20032007, the intensity rate was 2.86 % om0, and in the last 5 years,
2018-2022, the intensity rate was recorded at 45.16 %p. In general, the
results of this study are consistent with the previous findings of the analy-

12.39

Intensive incidence rate per 100 thousand population
(domestic dog) 457 22 83

H Northern o Central Western Southern No data

sis of the incidence of LB in Ukraine (Rogovskyy et al., 2020). Similar
incidence rates of LB were observed in Poland, where 49.3 %o were
registered in 20152019 (Paradowska-Stankiewicz et al., 2023). In con-
trast, other countries bordering Ukraine, such as Slovakia, Russia, and
Belarus, have much lower rates of LB incidence — below 20 %pp0-
In European countries such as Belgium, Finland, the Netherlands, and
Switzerland, the incidence of LB has exceeded 100 %y in different pe-
riods (2005 to 2020) (Voyiatzaki et al., 2022; Burn et al., 2023).

7715

39.62

20.15

Intensive incidence rate per 100 thousand population |
(humans) 20.15 144.61
ENorthern ® Central ®Western & Eastern Southern  No data

b

Fig. 5. Prevalence of LB in different geographical regions in the domestic dog population (a)
and in the human population (b) in Ukraine over the past 10 years (2013-2022)

It has been established that LB in Ukraine has a pronounced seasona-
lity and is characterized by significant fluctuations in the intensity of the
disease throughout the year. High incidence rates are consistently obser-
ved in the warm period, mainly in the summer months and early autumn,
in September, while in other seasons significantly lower incidence rates
are recorded. Our results are consistent with a previous study that de-
scribed the seasonal trends of LB in 20172019 in Ukraine (Nebogatkin
& Shulhan, 2020). This distinct seasonality is inextricably linked to the
behavior of ixodid ticks, which are the main vectors of B. burgdorferi s. 1.
The onset and cessation of host-seeking activity of ixodid ticks are closely
related to temperature thresholds. In particular, £ ricinus, the key vector of
B. burgdorferi s. 1, requires relative humidity above 45% and a stable
average daily temperature of 7-8 °C to start searching for a host. In partic-
ular, observations in Central Europe have shown that /. ricinus ticks re-
main largely inactive during the winter months, typically from November
to February. In contrast, from March to October, they are more active in
search of a host. With the onset of the autumn season, nymphs and adult
1 ricinus ticks become more sensitive to lower temperatures, often ente-
ring a state of behavioral diapause. Importantly, during the feeding pro-
cess, infected ticks can transmit B. burgdorferi s. 1. to susceptible hosts,
including humans and dogs. Various environmental factors such as tem-
perature, humidity and precipitation are reliable predictors of the spatial
and temporal distribution of ticks (Hubalek et al., 2003; Daniel et al., 2015;
Voyiatzaki et al., 2022).

Sentinel animal surveillance is not a new practice in the study of zoo-
notic diseases, and the use of dogs as sentinels to detect the risk of human
exposure to LB has been previously described (Skotarczak et al., 2005;
Mir6 et al., 2013; Milich et al., 2022). The data of our study indicate a
similar epidemiologic picture of LB in the human population and in the
dog population over the past ten years (2013-2022) in Ukraine. High
incidence rates of LB in humans and domestic dogs were observed in the
North of Ukraine, with the highest values in Kyiv, Sumy, and Chemihiv
regions. The combined incidence rate of LB in the Northem regions for
2013-2022 for the human population was 144.61 %0, and for domestic
dogs —22.83 %y0. The incidence rate was somewhat lower in the Central
part of Ukraine, in particular in Cherkasy, Vinnytsia and Poltava, and the
combined incidence rate of LB for the human population was 126.88 %00
and for domestic dogs — 17.27 %xo. The incidence of LB was significant-
ly lower in the Southem regions of Ukraine (20.15 %y — humans;
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5.57 Yoo — domestic dogs). The difference in the incidence of LB in
humans and domestic dogs in different regions can be explained by the
indirect influence of climatic features for these geographical areas.
In particular, the more arid climate of the South of Ukraine may prevent
the spread of vector-competent /. ricinus ticks, while the temperate climate
and forested areas of the Northern and Central regions facilitate the circu-
lation of the LB pathogen (Panteleienko et al., 2022). In addition, our
study found a strong correlation and linear relationship between the preva-
lence of LB among humans and domestic dogs in Ukraine (R =0.83; P=
0.042). This similarity in the prevalence of LB in humans and domestic
dogs is not unique and is consistent with previous studies. For example, in
the United States, a positive correlation was found between LB-seropositi-
ve dogs and the incidence of LB in humans (R?= 0.75; P < 0.001) (Mead
et al,, 2011). Moreover, there are studies that confirm the link between
humans and domestic dogs based on quantitative assessments, which
ultimately supports the role of domestic dogs as an early warning system
for human LB (Liu etal., 2019).

This study, when viewed within the framework of One Health, em-
phasizes the complex interrelationship between human, animal and envi-
ronmental health. Lyme borreliosis is not confined to one area; it affects
both humans and animals and is influenced by environmental factors.
The growing prevalence of LB in Ukraine highlights not only the threat to
public health but also the impact on animal populations, especially dogs.
This complexity underscores the need for a holistic approach to under-
standing and managing LB, as it requires collaboration between human
and animal health and environmental and climate sciences. By studying
the disease from this multifaceted perspective, this study aimed to improve
our understanding of its epidemiology and regional distribution, which
will allow us to develop more effective and evidence-based prevention
and control strategies. The study is consistent with the principles of One
Health, recognizing the complex interactions between humans, wildlife,
domestic animals, ticks and the environment in the spread of LB (Ellwan-
ger et al,, 2022; Ghai et al., 2022). The results of the study add to the
knowledge of the role of domestic dogs in the epidemiology of LB.
The strong positive correlation between the incidence rates in humans and
domestic dogs emphasizes the importance of including veterinary data in
disease surveillance activities. Integration of veterinary data into human
disease surveillance will help to assess the risks of LB infection and wam
of its dynamics. Given that dogs are also at high risk of B. burgdorferi s. 1.
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infection, the study emphasizes the importance of considering LB preven-
tion strategies for domestic dogs. Currently, only one vaccine for dogs
against LB is registered on the Ukrainian veterinary market — Borrelym 3
(Bioveta, Czech Republic). However, in Ukraine, vaccination against LB
is not integrated into vaccination protocols. Efforts to promote vaccination
and preventive measures could significantly reduce the incidence of LB in
the pet dog population.

Thus, the impact of LB goes beyond public health and encompasses
various aspects of environmental and climate sciences, veterinary medi-
cine and animal health. Adding to the knowledge of LB through scientifi-
cally based independent research can contribute to improved LB control
strategies. Such an approach would not only protect public health, but also
protect the welfare of pets, particularly dogs, which are an integral part of
many households in Ukraine.

Conclusions

Over the past two decades, there has been an upward trend in the in-
cidence of LB in humans in Ukraine (R = 0.87; P < 0.001; B = 0.56).
The highest incidence rates of LB occur in the summer months, in June,
July, August and the first month of autumn — September. There are geo-
graphical differences in the prevalence of LB in Ukraine. The Northern
and Central regions, including Kyiv, Sumy, Chemihiv, Cherkasy, Vinny-
tsia, and Poltava oblasts, have consistently higher rates of LB among both
humans and domestic dogs compared to the Southem regions of Ukraine,
in particular Odesa, Mykolaiv, and Kherson oblasts, where the incidence
of LB is much lower. There was a strong correlation (R = 0.9859, P =
0.0141) between the geographical distribution of LB among humans and
domestic dogs, as well as a difference in the prevalence of LB between
different geographical regions for both the domestic dog population (P =
0.0003) and the human population (P = 0.0016). The strong positive cor-
relation between the incidence of LB among humans and domestic dogs
in Ukraine emphasizes the potential of using dogs as sentinels for early
warning systems in disease monitoring and management. Integration of
veterinary data into human disease surveillance activities can help assess
the risk of infection with LB and provide insight into its dynamics. It is
important to consider prevention strategies for domestic dogs, including
vaccination of domestic dogs against LB, especially in high-risk regions.
Understanding LB from a One Health perspective can help to develop
more effective, evidence-based prevention and control strategies, protect-
ting both public health and the welfare of domestic dogs, which are also at
risk of LB infection.

The research was conducted within the framework of the scientific topic of the De-
partment of Epizootiology and Infectious Diseases, Faculty of Veterinary Medicine
of Belotserkiv National University "Study of epizootology, diagnosis, treatment and
prevention of transmissible animal diseases" (state registration number
0121U110292).
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