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Abstract. The relevance of this study is conditioned upon the substantial importance of the history of the discovery and
research of Lyme borreliosis for medical science and veterinary medicine, since new theories, experiments, conclusions
are built on the research of scientists who have proved the existence of this disease in animals and humans, and
positive practices are accumulated regarding methods and schemes of treatment and prevention. The purpose of this
study was to analyse the literature primary sources covering the history of the discovery, the results of the study of
Lyme borreliosis disease to understand the features of its course and search for effective diagnostic and treatment
methods. The chronology of the main results confirming the existence of Lyme borreliosis caused by Ixodidae ticks is
summarised. Scientific sources covering the history of the discovery and research of Lyme borreliosis were analysed to
understand the features of its course and search for effective methods of laboratory diagnostics and treatment. The
main projects of the European Union programme aimed at financing research and innovative development “Horizon
2020” were determined. It was found that the projects in the field of Lyme borreliosis research also relate to certain
topics, namely the creation of tests for the detection of Lyme disease, the study of the vectors of the causative agents
of this disease, the development of an appropriate vaccine, and the assessment of the risks of consequences for human
and animal health. It was concluded that the main areas of research are as follows: persistence of diseases and their
causative agents transmitted by Ixodidae ticks; natural control of Ixodidae ticks; detection of pathogens in Ixodidae
ticks; level of infection of vertebrates; habitats and natural foci of vectors and their hosts; testing and medical trials;
effect of magnetic field on Borrelia; genome mapping of Borrelia species, visualisation of the human brain for disease
research; research by polymerase chain reaction; endocrine studies; immune complexes, diagnosis of neuropsychiatric
complications in children and adults. The practical value of this study lies in the awareness of modern scientists about
the chronology of the study of Lyme borreliosis, the main ways of distribution and methods of its diagnosis in animals
and humans, determining the prospects for further research according to the topical issues covered in this paper, which
are solved within the framework of international projects
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Introduction

Lyme borreliosis is a transmissible, naturally occurring
disease that is transmitted by Ixodidae ticks and caused
by borrelia (spirochetes). Most often, Borrelia burgdorferi
is detected, which is transmitted between Ixodidae ticks
and their hosts — animals and humans [1]. According to
A. Afzelius (1910) [2], A.C. Steere (1977) [3], W. Burgdorfer
(1984) [4], N.M. Magpies, V.V. Nedosekov et al. (2020) [5],
this disease is described by a variety of clinical symptoms,
as well as a tendency to a chronic and latent course in both
humans and animals. The natural reservoir of Borrelia
(spirochetes) is most often mouse-like rodents, birds, and
deer, less so — cattle, dogs, and other animal species [2; 3;
4]. However, the disease had a long history of its discovery,
justification, and proof of existence [5].

This paper is devoted to a retrospective of the de-
velopment and analysis of studies of Lyme borreliosis in
animals and humans. The study highlighted the key issues
that were investigated by scientists during studies of vari-
ous diseases in mammals, which gave them the opportunity
to draw conclusions about the existence of Lyme borreli-
osis disease and ways of infection with the pathogen. The
analysis of various scientific sources covering the history of
the discovery and the results of the study of Lyme borreli-
osis disease provided an opportunity for scientists to iden-
tify the features of the course of this disease and search for
effective diagnostic methods and treatment methods.

The historical aspect of the study of Lyme borreli-
osis was investigated by Ukrainian scientists: V.Yu. Klius
(2018) during the study of clinical and instrumental fea-
tures of chronic forms of Lyme disease with a predomi-
nant lesion of the nervous system and improvement of
their treatment tactics in humans [6]; I.I. Ben (2019) [7]
during working on the definition of clinical and epidemi-
ological characteristics of human granulocytic anaplasmo-
sis and creating an algorithm for diagnosing this disease;
V.A. Levytska et al. (2021) in her research on the animal
body protection system on transmissible diseases [1]; for-
eign scientists: M.P. Littman et al. (2018), provided recom-
mendations for the diagnosis, treatment, and prevention
of Lyme borreliosis in dogs and cats [8], A.G. Barbour and
R.S. Gupta (2021) investigated spirochaetes of the Borre-
lia genus, especially their morphology, biology, as well as
vector and pathogenicity for vertebrates to identify phy-
logenetic data confirming their conservation by reptiles,
monotremes, and birds [9]. Researchers ]J.R. Bobe et al. also
analysed Lyme disease prevention and control methods
and considered other issues in this area that have not yet
been studied (2021) [10]. X. Zhuang, X. Yang and others (2018)
investigated one of the determinants of Borrelia burgdorferi
virulence, designated in the study as Lmp1 and is a surface,
conserved and potential multi-domain protein that takes
part in various functions during the invasiveness (infectivity)
of Borrelia (spirochaetes) [11; 12].

The purpose of this study was to analyse the litera-
ture sources that cover the history of the discovery of Lyme
borreliosis, methods for diagnosing this disease and the
search for effective treatment.

The objectives of this study were to analyse the
state of the issue, its research in scientific publications; to
summarise Ukrainian and foreign practices in the historical
aspect of the occurrence of Lyme borreliosis, to describe the

chronology of research in this area and introduced meth-
ods for detecting pathogenic pathogens in Ixodidae ticks.

Results and Discussion

Retrospective analysis of Lyme borreliosis studies

The history of the discovery of Lyme borreliosis begins in
1909, when the Swedish botanist Adam Afzelius described
a case of chronic migratory erythema in a person, which
occurred at the site of a tick biteRetrospective analysis of
Lyme borreliosis studies

The history of the discovery of Lyme borreliosis
begins in 1909, when the Swedish botanist Adam Afzelius
described a case of chronic migratory erythema in a per-
son, which occurred at the site of a tick bite [5; 9]. A few
years later, the Austrian dermatologist B. Lipschutz [9] de-
scribed similar clinical manifestations in another patient
that lasted 7 months and proposed to call them “chronic
migratory erythema” (erythema chroniicum migrans, ECM)
due to the long-term course.

In further studies, scientists described headaches
and neurological disorders, cases of chronic lymphocytic
meningitis [13; 14] in humans that occurred after attacks
of Ixodidae ticks. Thus, in 1922, two French neurologists,
Ch. Garin and B.A. Paralysis [13] from Lyon provided the
first description of neurological complications in humans
after an attack of Ixodidae ticks and skin lesions. They
reported a 58-year-old man who developed reddened,
painful, and swollen skin lesions accompanied by ingui-
nal lymphadenopathy a few weeks after being attacked
by Ixodidae ticks. This was followed by bilateral gluteal
pain, intercostal pain, and finally painful unilateral right
shoulder plexopathy with deltoid amyotrophy. The sero-
logical test for syphilis (Wasserman test) was weakly posi-
tive. The researchers ruled out syphilis as the cause of the
clinical manifestations and provided a medical history as
an example of “paralysie par les tiques” (tick paralysis), or
disorders that can be caused by a tick-borne virus, but the
cause was attributed to ticks of the Dermacentor genus,
while the patient was found to have Ixodes hexagonus [5].

In 1930, S. Hellerstrom [14] recognised a causal
relationship between attacks and bites of Ixodidae ticks
described by dermatoses and neurological manifesta-
tions [15]. In 1941-1944 A. Bannwarth [12] in Germany re-
ported 14 patients who suffered from severe body, leg, and
arm pain after being attacked by Ixodidae ticks, facial paral-
ysis, and lymphocytic meningitis. However, the researcher
at that time did not establish a link between a previous
Ixodidae tick bite, migrating erythema, and neurological
disorders, and instead preferred allergies and rheumatism.

The cause of migrating erythema remained unclear
and unfounded. At the same time, S. Hellerstrom [14] and
W. Burgdorfer et al. [16] testified to the role of spirochetes
in the development of erythema migrans, which at that
time was investigated by C. Lenhoff [17], a member of
the Dermatology Clinic at the Karolinska Institute. He
claimed to have developed a staining technique based on
the interaction of mercuric chloride with spirochaetes,
which enabled him to identify “spirochaete elements” in
many human skin lesions of unknown aetiology, includ-
ing psoriasis, chickenpox, lymphadenosis (benigna cutis),
and “erythema-migrant” among other diseases. It turned
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out that his staining method is suitable for demonstrating
spirochaetes in culture but is not suitable for identifying
them in smears or in areas of tissue damage with migrating
erythema.

In 1943, B. Bafverstedt [18] reported on benign
lymphadenosis in humans, which developed as a result of
an attack of Ixodidae ticks. According to D. Lipsker and
B. Jaulhac (2009) [19], Ch. Brunnemann (2010) [20] at that
time, researchers observed skin lesions, namely swelling
and red spots. At the same time, S. Hellerstrom (1951) [21],
E. Binder et al. [22], H. GOtz [23], reported that the bite of
L ricinus causes oedema and erythema in humans. Howev-
er, the true aetiology remained unclear until arthritis and
erythema were discovered and investigated by scientists
in the northeastern United States [24].

More than six decades after the first report by
A. Afzelius, in the 1970s [2], W.E. Mast, W.M. Burrows (1976)
investigated an unusual epidemic of oligoarticular rheu-
matoid arthritis in children, adolescents, and adults in
Lyme, Connecticut (USA) [25]. At the same time, profes-
sor of rheumatology at Harvard University in Lyme, Con-
necticut (USA) A.C. Steere [3], studying 39 children and
20 adults, found an extraordinary incidence of juvenile
idiopathic arthritis, which occurred after an attack of Ixo-
didae ticks and was often combined with migratory ring-
shaped erythema.

Thus, in the 1970s, the number of cases of spotted
fever has increased in people who visited or lived in Rocky
Mountain Cities [4] (in the southern and north-eastern
United States; in Long Island and other coastal areas of
New England, and the Massachusetts offshore islands). This
disease was called Rocky Mountain spotted fever, (RMSF).
RMSF cases were documented by microbiologists W. Burg-
dorfer and A. Barbaur(1975, 1979, 1982, 1983, 1984) [4; 26].

In 1979, L. Reik et al. [27] identified neurological man-
ifestations among a group of sick people affected by Ixodidae
tick attacks. At the same time, neurological and cardiac disor-
ders were added to the already known manifestations on the

skin and affected joints, and, in general, a person developed
a complex systemic disease [8; 28].

It is also worth paying attention to the research
and development of the “Western blot” diagnostic tech-
nique, aimed at determining IgM and IgG to specific Bor-
relia antigens, which was carried out in the 1970s [5].

Most researchers attest that the Western blot evolved
from Southern blotting developed by Edwin Southern at the
University of Edinburgh in 1975 [5], then Northern blot-
ting [29] developed by George Stark’s group at Stanford in
1977 [30]. The results of these studies contributed to further
improvement of methods for detecting proteins using an-
tibodies, which improved the quality of diagnosis of Lyme
borreliosis in both humans and animals [31].

Following the observations made in Old Lyme [32],
a correlation was noted between skin rashes in sick people
who suffered from Ixodidae tick attacks and arthritis. For
epidemiological reasons, further studies have shown that
erythema migrans and arthritis are tick-borne diseases
and are associated with a carrier Ixodes scapularis [32].

Isolation of spirochetes from the intestines of
L scapularis ticks by W. Burgdorfer et al. [16] for the first
time testified to the presence of an aetiological factor
causing this disease, since these pathogenic microorgan-
isms demonstrated a reaction with immune sera from
sick people (USA) who suffered tick attacks and Lyme dis-
ease [28; 33].

Thus, the causative agent and carrier of Lyme dis-
ease were identified simultaneously. Just a few months
later, similar spirochaetes were also isolated in Europe
from I. ricinus, which is closely related to L. scapularis [8].
Extra studies conducted in the same and subsequent years
confirmed Burgdorfer’s conclusions [3; 9; 34]. In 1984,
spirochaetes were named after their discoverer as Borrelia
burgdorferi [35]. Furthermore, the disease was named after
the discovery site as “Lyme borreliosis”.

The existence of Lyme borreliosis caused by Ixodidae
ticks is evidenced by historical data summarised in Table 1.

Table 1. Chronology of the main results confirming the existence of Lyme borreliosis caused by Ixodidae ticks

Year N . . ot
scientific research Scientist, country Results of studies confirming Lyme borreliosis
1910 Arvid Azfelius, Sweden [2] Erythema migrans in humans are described
. . . The term “chronic migratory erythema”
R Wil AT kiaaa) 2 (erythema chroniicum migrans, ECM) is proposed
. . Meningopolyneuritis in a person after an attack of Ixodidae ticks
1922 Garin and Bujadoux, France [13] and its probable connection with erythema migrans are described
Meningitis is described and a cause-and-effect relationship
1930 Hellerstrom, Sweden [21] between Ixodidae tick attacks and neurological manifestations
and characteristic dermatoses in humans is established
1943 Bo Béfverstedt, Sweden [18] Lymphadenosis (benigna cutis) is described
Further descriptions of meningopolineuritis caused
1944 IR, € sty [0 by Ixodidae tick attacks
1948 Carl Lennhoff, Germany [17] Splrochae.tes are reported in human tissue samples
from biopsies (however, these were artefacts)
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Table 1, Continued

1949 Hellerstrom, Sweden [21] A suggestion appeared that splrgchaetes may be
the cause of human disease
1949 Thyresson, Sweden [37] Successful treatment pf sick people_vylth penicillin
for chronic acrodermatitis
1951 Hellerstrom, Sweden [21] Successful treatment of people after attacks of Ixodidae ticks
1954 Gotz, Germany [23] It was established that Ixodidae ticks are the carrier of chronic
’ Y human acrodermatitis (Acrodermatitis chronica atrophicans)
. A link was found between arthritis in humans
= Lifnd(er e ell, Ceimrny [16] and attacks of Ixodidae ticks
1974 K. Weber, Germany [36] Successful treatment of people with ECM with antibiotics
E.M. Southern (1975) [37]; & » s :
1975-1979 J.C. Alwine, D.J. Kemp, G.R. Stark Them‘é‘iisggrxazlgtevgiigzgsuc
(1977) [38] P
Spirochetes were first isolated from the intestines
1983 W. Burgdorfer, USA [26] of ticks I. scapularis, which confirms the aetiological
factor that causes Lyme borreliosis
. Damage to the central nervous system in humans
R VBLSE IS B k) after an attack of Ixodidae ticks was described
1984-1985 F.W. Hyde, R.C. Johnson [33] Cultivation qf B. b.urgdorferl in skin samples
and in fluids was developed

According to the literature, occurrence of Lyme bor-
reliosis is geographically associated with mountainous and
wet areas in Sweden, Germany, and the United States [39-
41]. At the same time, these studies are becoming global in
the 21 century due to environmental changes, the devel-
opment of microbiology, epizootology, modern technolo-
gies, and the latest methods for diagnosing transmissible
infections and infestations [5; 42].

In 1991, the Lyme Disease Association was estab-
lished in the United States, [40] and in 2000 it became an
official national organisation. Its mission was to promote
awareness and control of the spread of Lyme disease and
other tick-borne diseases; to identify and investigate com-
plications using modern diagnostic methods; to raise and
allocate funds for research and other issues related to Lyme
and tuberculosis; to provide monetary support to seriously
ill people with transmissible diseases and conduct educa-
tional activities. The Association’s website [40] covers the
following issues:

- conducting scientific conferences (archives, videos,
data on requirements for scientific research, conditions of
participation, etc.);

- regarding Lyme and other transmissible diseases
(diagnosis, statistics, etc.);

— maps of registered transmissible diseases and their
spread in the United States and other countries (https://
lymediseaseassociation.org/LDA_Apps/content/Maps/in-
dex.html);

- reports on cases of Lyme borreliosis in humans;

- description of grants and requirements for scientific
research submitted for grants;

- extra information for sick people (advanced methods
of treatment of patients with Lyme borreliosis, methods

of diagnosis, testing, characteristic and uncharacteristic
clinical manifestations of the disease, treatment regimens,
complications, genomics, vector transmission, certain as-
pects of pathogenesis, resistance of pathogens to medica-
tions, prevention measures, financing, long-term course of
the disease and its impact on the general condition of the
patient, care centres, etc.);

— on preventive measures for Lyme borreliosis in pets
(problems that pet owners face when detecting the dis-
ease; measures and means of prevention; a list of acari-
cidal drugs to prevent attacks of Ixodidae ticks; diagnostic
methods and approaches in the treatment of animals with
transmissible diseases, etc.).

Lyme Disease Association Inc. Columbia University
and the Vagelos College of Physicians and surgeons have
been jointly hosting the Annual Scientific Conference
“Lyme and other tick-borne diseases: research for treat-
ment” since 2000 [41]. Each conference presents reports
from more than a dozen national and international scien-
tists and physicians who speak on a wide variety of topics,
including epidemiology, information on pathogens that
cause tick-borne diseases, diagnostic methods, treatments,
cognitive difficulties, vaccines, veterinary problems, the
spread of Ixodidae ticks, and genome mapping.

Notably, the Association awarded 122 grants for
research on Lyme disease and diseases transmitted by Ix-
odidae ticks. In the United States, and in partnership with
a branch, the Association established the world’s first
Centre for the study of the chronic course of Lyme dis-
ease, which was opened at Columbia University in 2007.
The centre brings together researchers from various fields
of medicine and veterinary medicine from all over the
United States [42].
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Since 1999, the Association has sponsored 20 sci-
entific and medical conferences and 18 conferences held
jointly with the Columbia University College of Physicians
and Surgeons. It also funds cutting-edge research projects
with more than 36 different researchers and institutions
across the country, including Columbia University College
of Physicians and Surgeons, Medical School of New Jersey,
Fox Chase Cancer Centre, UC Davis, University of Pennsyl-
vania, Bringham & Women’s Hospital, New York College of
Medicine, Rockefeller University, Tulane Regional Primate
Center, University of North Florida, NTH/NASA and UDSA,
etc. [42].

The results of the Association’s research projects are
published in 56 peer-reviewed scientific journals, such as the
American Medical Association (JAMA), The Proceedings of
the National Academy of Science, The Psychiatric Clinics of
North America, Infection; Psychiatric Clinic of North Amer-
ica; Neurology, JSTBD, Clinical Microbiology, International
Neuropsychological Society and Infection and Immunology;
New, Infectious Diseases (CDC); Bacteriology, Entomology;
Neuropsychiatry and Clinical Neurosciences; International
Journal; Neuropsychological Society; Infection and immunity;
Gene, Genetics and PLOS 1 [42].

According to the results of the project of the
“LymeAid 4 Kids” Association, the data were used to ap-
ply for an NIH grant in the amount of 4.7 million US dol-
lars. Considerable genome mapping, initially funded by the
Association, has shown that different Borrelia species can
exchange genetic material with each other, which is ben-
eficial for their survival and probably interferes with the
ability of an infected human or animal body to fight path-
ogens [43; 44].

Current state of diagnosis, prevention, and treatment of
Lyme borreliosis in humans and animals

From 2012 to 2021, many projects related to research in
the field of Lyme borreliosis are being implemented under
the program of the European Union aimed at financing re-
search and innovative development “Horizon 2020” [45].
68 results were found for the keywords “Lyme borreliosis”
on the EU website “Horizon2020” [45].

The analysed projects allowed identifying the main
topics of research on this disease, the which relevance is
timeless.

Thus, in projects that have won the competition in
the EU Horizon 2020 programme, scientists pay attention
to [45]:

- creating tests to detect Lyme disease, for example:

“DualDur: A Disruptive Diagnostic Technology that Ena-
bles for the First Time an Early and Accurate Diagnosis of the
tick-borne Lyme Disease”, 2018-2021, 2024, Hungary [46];

“Development of a prophylactic vaccine and diagnostic
markers to prevent and diagnose Lyme borreliosis specific
to Europe and North America”, 2004-2007, Austria [47];

“A novel immunity-based test for early diagnosis of Lyme
disease”, 2016-2020, Netherlands, Germany, Austria [48];

“Highly sensitive and specific low-cost lab-on-a-chip
system for Lyme disease diagnosis”, 2010-2013, Spain, Ger-
many, Portugal, Italy, Finland, Belgium [49];

“Demonstration Activities for the clinical validation of
the prototype HILYSENS Lab-on-a-Chip”, 2014-2016, Por-
tugal, Spain, Germany, Italy, Sweden [50];
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- research of Lyme borreliosis carriers, for example:

“Exploring the salivary transcriptome of Ixodes rici-
nus, the Lyme disease vector in Europe, and the poten-
tial role of its cystatins in pathogen transmission”, 2010-
2014, Czech Republic [50];

“Co-evolution and implementations of vector adap-
tation: a case study on seabird ticks and Borrelia”, 2008-
2010, France [51];

“Effects of co-infections on the emergence of an avian
disease Mycoplasma gallisepticum”, 2018-2022, Bel-
gium [52];

“Phylogeny of borrelia genus”, 1996-1999, France,
Spain [53];

“Co-evolution and implementations of vector adap-
tation: a case study on seabird ticks and Borrelia”, 2008-
2010, France [54];

- development of a vaccine against Lyme borreliosis,
for example:

“Development of a prophylactic vaccine and diagnos-
tic markers to prevent and diagnose Lyme borreliosis spe-
cific to Europe and North America”, 2004-2007, Austria,
Czech Republic, Germany, Sweden [55];

“Functional genomics study of lysyl-trna synthesis
as a target for the diagnosis and treatment of microbial
infections and mitochondrial myopathies”, 2000-2003,
France, Ireland, Germany [56];

“Anti-tick Vaccines to Prevent Tick-borne Diseases in
Europe”, 2013-2018, Netherlands, Slovakia, Czech Republic,
Spain, Germany [57];

- assessment of the risks of Lyme borreliosis con-
sequences in relation to human and animal health for
example:

“Lyme borreliosis in north Africa: risk assessment and
implementations for tick management and for control of
the human disease”, 2000-2004, France, Argentina, Tunisia,
Morocco, Portugal, Belgium, Switzerland [58];

“Complexity and predictability of epidemics: towards
a computational infrastructure for epidemic forecasts”,
2008-2013, Italy [59].

Notably, all projects that take place under the EU
programme Horizon2020 have substantial results and are
published in journals indexed by international databases
such as Scopus and Web of Science. For instance, accord-
ing to the project “A novel immunity-based test for ear-
ly diagnosis of Lyme disease” [60], the following articles
were published in 2020: “Allergenomics of the tick Ixodes
ricinus reveals important o-Gal-carrying IgE-binding pro-
teins in red meat allergy” [61].

Within the framework of the new research and pros-
pects for studying Lyme disease, scientists propose to contin-
ue investigating the system of antigenic variations encoded
in the vls system, which allows tracking genetic changes in
B. Burgdorferi using the next-generation DNA sequencing
method developed by Pacific Biosciences [62]. As evidenced by
C. Winslow, J. Coburn, the mechanisms of this segmental sys-
tem of gene conversion and the system of antigenic variations
that enable B. burgdorferi to maintain invasions (infections)
deserve additional study. Scientists also consider it important
to identify and investigate more genes necessary for invasive-
ness (infectivity) and virulence of B. burgdorferi, which will ex-
pand the understanding of pathogen biology and contribute
to the improvement of the proposed tests and vaccines [63].
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Within the framework of the new EU programme
Horizon Europe [64], conducted since 2021, research on
Lyme borreliosis continues.

Under such conditions, researchers pay special at-
tention to the study of the causative agent Borrelia burg-
dorferi. Thus, for example, researchers T. Casselli, A. Divan,
E.E. Vomhof-DeKrey, H.L. Pecoraro, C.A. Brissette [65] con-
ducted experiments on the infection of white mice with
Lyme disease pathogens and Borrelia burgdorferi. A murine
model of Lyme disease demonstrates that Borrelia burgdor-
feri colonizes the dura mater and induces inflammation in
the central nervous system The researchers concluded that
the results of such studies provide insight into the poten-
tial mechanisms of pathologies of the central nervous sys-
tem (CNS) in humans and animals associated with Lyme
disease, and also describe a model system that will allow
future research to assess bacterial and host and environ-
mental factors that may contribute to the severity of CNS
damage by the B. burgdorferi pathogen [65].

Lyme borreliosis research in Ukraine

In Ukraine, the first cases of the disease in humans have
been known since 1994. However, official registration of
the disease began in 2000 [66]. The Order of the Ministry
of Healthcare of Ukraine [66] states that 562 cases of this
disease were detected in 2000-2004. According to the “List
of enzootic territories of Ukraine with tularaemia, leptospi-
rosis, other particularly dangerous infections and their pre-
vention measures for 1999-2003” [66], among all regions of
Ukraine, only in the territory of Kirovohrad and Luhansk
regions, no cases of the disease were registered.

In 1995-2004, the Danylo Halytskyi Scientific Re-
search Institute of Epidemiology and Hygiene of Lviv Na-
tional Medical University [7] at the request of medical and
preventive institutions conducted laboratory examinations
of 1,907 sick people from 20 regions of Ukraine. At the same
time, 1108 (58.1%) seropositive individuals were identified,
of which the diagnosis was confirmed in 412 (37.2%) cases.
It is important to note that the role of pathogens in the
infectious pathology of the population was confirmed in
the studies; various clinical manifestations of the disease
(Afcelius erythema, ring-shaped erythema mite, acroder-
matitis, chronic atrophic acrodermatitis, skin lymphaden-
osis, serous meningitis, radiculoneuritis, Bannwart’s lym-
phocytic meningoradiculoneuritis (Bannwart’s syndrome),
chronic arthritis, etc.).

It is also important to pay attention to pharma-
ceutical research for the treatment of Lyme borreliosis in
humans and animals. Initially, researchers and veterinary
doctors chose specific therapeutic paints that proved ef-
fective for some protozoal diseases in animals caused by
arthropods and Ixodidae ticks [1]. Thus, among the phar-
maceutical products used in the world veterinary practices
for the treatment of animals with piroplasmidosis, drugs
with an active basis have received the widest recognition —
Ionic associate of 4,4-(diazoamino)-dibenzimidine with
N-acetyl glycinate (diminazene aceturate) [1; 67; 68]. This
active substance is active against protozoan pathogens
from the genera Babezia, Trypanosoma and Thelleria, and
has an antibacterial and fungistatic effect. In pharmaceu-
ticals and preparations, this active substance is combined
with an antipyretic and an analgesic — phenazone (azidine,

azidine-vet, batrizan, berenil, bbveriben, diamidine, neosi-
dine, pyrosan, trypanol, etc.). In the 1970s, the above-men-
tioned manufacturers in their guidelines recommended
using this drug in the form of injections only for productive
animals (large and small cattle) in a 7% aqueous solution
at the rate of 3.5 mg of diminazene per 1 kg of body weight,
and for horses — 5 mg/kg. For these species of animals, it
was recommended to re-introduce the drug solution after
a day in the same dose [8]. Over time, Ukrainian scientists
and practitioners began to introduce azidine to sick dogs in
the form of a 7% solution at the rate of 3.5 mg/kg [61]. In
Ukraine, the production of a drug called azidine-vet based
on diminazene was first started at Brovapharma LLC in
2000 [61]. However, it was already clear at that time that
not all animals could easily tolerate the above suggested
doses of the drug. The animals also did not always recover.
They frequently had complications from both the disease
and these drugs. Therefore, veterinary doctors conducted
more studies in practice and determined the effectiveness
of new drugs for Lyme borreliosis.

K. Stiasny et al. conducted an experiment, which
allowed determining that the most successful is the treat-
ment of animals and humans within 24-48 h after the di-
agnosis of the disease [69]. They also noted that treating
animals and humans with arthritis without intensive and
prolonged administration of antibiotics does not contrib-
ute to recovery and restoration of limb function.

For Lyme borreliosis, according to V.F. Galat [70],
the most effective are antibiotics of the tetracycline series —
tetracycline, doxycycline hydrochloride, oxytetracycline
hydrochloride, etc. However, other groups of antibiotics are
also used, namely penicillin — benzylpenicillin sodium salt,
Bicillin-1, 3, 5; ampicillin, ampiox, etc.; groups of cephalo-
sporins — claforan, cefuroxime, cefazolin, etc. [70].

For erythema migrans, azithromycin (sumamed) is
prescribed — 1 g on the first day, and then 500 mg for 4 days
(children — 10 mg/kg). If a person was not treated at an early
stage, then drugs are used depending on the lesions [71]:

- neuroborreliosis - ceftriaxone (or cefotaxime), 2 g in-
travenously for 2 weeks (sometimes up to 1 month);

— arthritis and cardioborreliosis — doxycycline 100 mg
2 times a day for 2 weeks (sometimes up to 1 month);

— chronic atrophic acrodermatitis — ceftriaxone, 2 g for
3 weeks (from 14 to 30 days) or doxycycline, amoxicillin, etc.

Currently, according to N.M. Soroka and V.V. Ne-
dosekov [5], a vaccine has been developed for humans and
animals (artificially synthesised surface protein OspA),
which is considered an effective means of preventing Lyme
borreliosis.

Conclusions

An analysis of historical data on the discovery and research
of Lyme borreliosis allowed describing the chronology of
the main results supporting the existence of Lyme borreli-
osis caused by Ixodidae ticks, which included the following
events: the recording and description of erythema migrans
in humans; definition of the term “chronic migratory er-
ythema”; description of meningopolyneuritis in a person
after an attack of Ixodidae ticks and putting forward a
version regarding its connection with erythema migrans;
establishment of a cause-and-effect relationship between
attacks of Ixodidae ticks and neurological manifestations
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and characteristic dermatoses in humans and further re-
search of this problem; detection of Borrelia (spirochaetes)
in biomaterials of people with migratory erythema and
without erythema, but with nervous disorders; successful
treatment of sick people with penicillin for chronic acro-
dermatitis and after attacks of Ixodidae ticks; establishing
that the carrier of human chronic acrodermatitis is Ixo-
didae ticks; successful treatment of people with chronic
erythema migrans with antibiotics; development of the
“Western blot” diagnostic method; isolation of spirochaetes
from the intestines of I scapularis ticks, which confirms

the aetiological factor that causes Lyme borreliosis; de-
velopment of methods of cultivation of B. burgdorferi in
skin samples and in fluids. According to these discoveries,
research projects are being continued in the world prac-
tice in such areas as identifying the characteristics of the
kinetics of B. burgdorferi colonisation and related immune
reactions in the central nervous system of animals during
the early and subacute stages of invasion; development
and testing of immune-based tests for early diagnosis of
Lyme disease; study of the influence of ecology on the ge-
nome of B. burgdorferi, etc.
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IcTopis BigKpHUTTA Ta KOCITiKEeHB JIaiiM-00pesrio3y B TBAPHHH i JIIOAUHHA

Haranis MuxainiBaa Copoka, Okcana OnekciiBHa KpaBuyk, Onmena BacuiiBHa JKypeHKo

HarrionasnbHuit yHiBepcuTeT 6iopecypciB i MpUpOmOKOPUCTYBaHHS YKpaiHu
03041, Byin. l'epoiB O60oponu, 15, M. Knis, Vkpaina

AHoTanifs. AKTyaJIbHICTh CTATTi 3yMOBJIEHA CYTTEBMM 3HAUYEHHSIM iCTOPii BiZKPUTTS Ta HOC/iakeHb JlaiiM-60pesniosy
IIJISI MeIMYHOI HAayKU i, 30KpeMa, BeTepMHapHOi MeAUIIMHM, OCKIJIbKY Ha JOC/iIKeHHSIX YUeHUX, SIKi ToBeu iCHyBaHHS
i€l XBOpo6M y TBApUH i TIOOAMHM, GYAYIOTHCS HOBi Teopii, eKCriepuMeHTH, BUCHOBKYM, HAKOTIMUYEThCS TTO3UTUBHUIA
JOCBIiI IIOTO METO/iB i cXeM JIiKyBaHHS Ta MPodiaKTUKM. MeTO0 JOCTiIKeHHs OYB aHasIi3 TiTepaTypHUX MepIIoasKepes
i3 BMCBiTIIEHHS icTOPii BiIKPUTTS, pe3yibTaTiB HOCTiIKEeHHST XBOpo6u JIaiiM-60pestios3y I po3yMiHHS 0COGIMBOCTEN
ii mepe6iry Ta mouryky eeKTUBHMX METOAIB AiarHOCTUKY Ta 3aC00iB JIiKyBaHHs. Y3araJbHEHO XPOHOJIOTiI0 OCHOBHUX
pesy/bTaTiB, 110 IMiATBEPIKYIOTh iCHyBaHHS JIaiiM-60pesiosy, CIpUUMHEHOTO iKCOMOBUMM Kiilamu. IIpoaHanisoBaHO
HayKOBi Ikepena 3 BUCBITIIeHHs icTopii BiIKPUTTS Ta moctigkeHb JlaitM-60penio3y s pO3yMiHHSI 0COGIMBOCTEI
il mepe6iry Ta mouryky eeKTMBHUX METO[iB JIaGOpAaTOPHOI [iarHOCTUKY Ta 3ac06iB JiKyBaHHS. BU3HAUEHO OCHOBHI
MIPOEKTH IIporpamu €Bporeiicbkoro Coio3y, sIKi CpssMOBaHi Ha GiHaHCYBaHHS JOCTiIKeHb Ta iHHOBAIiMHUX PO3PO6OK
«TopusoHT 2020». 3’ICOBAHO, 10 MTPOEKTY 3 HATIPSIMY TOCTiIKEeHHS JIaiiM-60penio3y TaKoXK CTOCYIOThCS TTIEBHUX TEM,
30KpeMa, CTBOPEHHS TECTiB IJisl BUSIBIEHHS XBOPoOU JlaiiMa, TOCTiIKeHHSI TepeHOCHUKIB 30YIHUKIB Iliei XBOPOOH,
PpO3po6ieHHs BiAIOBiMHOT BaKIMHM, OI[iHIOBAHHS PU3MKIB HACAIOKIB IIO[0 3M0POB’S JIIOAVHM Ta TBapuH. 3pobieHi
BUCHOBKH, 110 OCHOBHMMM HampsiMamMyu po6OTH €: CTiiiKicTh XBOpOO i iXHiX 30yIHMUKIB, 5IKi MepemaloThCs iKCOLOBUMMU
KJIilaMu; MTPUPOAHUI KOHTPOIb iKCOMOBUX KITiIiB; BUSBIEHHS TTaTOTeHHUX 36YIHMKIB B iKCOMOBUX KIIilllax; piBeHb
3apakeHHST XpebGeTHUX TBApMH; apeaayu Ta MPUPOIHI BOTHUINA ITEePEHOCHMKIB i iX Xa3siB; TeCTyBaHHS Ta JIiKyBaJbHi
BUIIPOOYBAHHS; BIUIMB MAarHiTHOTO TOJsT Ha 6opetiii; kKaprorpadyBaHHs reHOMYy BuaiB Borrelia, Bisyamisaiiss Mo3Ky
JIIOIVMHY 33 JOC/TiIKeHHSI XBOPOOM ; MOCTiI)KeHHS 3a TT0J1iMepasHO0 JIAHIIOTOBOIO PeaKili€l0; eHIOKPUHHI JOCTiIKeHHS ;
iMYHHi KOMIUIEKCH, JiarHOCTMKA HeMPOIICUXiaTPUUYHMX YCKIaJHEHb Yy AiTell i mopocaux. [IpakTuyHa L[iHHICTh HAYKOBOTO
OOCJTiIKEHHST TIOJIITa€ y MOiH(GOpMOBAaHOCTI CydyaCHUX HAYKOBIIB IOAO XPOHOJOTii BMBUEHHS 3aXBOPIOBAaHHS Ha
Jlaiim-60pesio3, OCHOBHMX LUISIXiB PO3IOBCIO/IKEHHS i METO[iB 1OT0 MiarHOCTUKM Y TBAPMHMU i JTIOAVMHY, BU3SHAUEHHS
TepPCIeKTUB MOJAIbIINX JOCTiIKEeHb 3TiIHO 3 BUCBITIEHMMY Y CTATTi aKTyaJbHUMU ITPO6IeMaMu, 1[0 BUPIIIYIOThCS Y
Meskax MisKHApOITHMX ITPOEKTIB

KirouoBi cioBa: ikcomosi ki, 6opernii, cripoxeTn, yKycu iKCOgOBUX KITiIIiB
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