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Lyme disease is a zoonotic infection caused by Borrelia
burgdorferi sensu lato, transmitted through Ixodes tick bites.
The infection has three stages. The early localized stage is
marked by erythema migrans. The early disseminated stage
involves the nervous system, heart, and skin. The late stage
produces chronic musculoskeletal and neurological issues.
Incidence is highest in Western Europe, the United States,
and some regions of Ukraine, with recent increases in
reported cases.

Neuroborreliosis develops in 10-15 % of patients,
usually 2—6 weeks after infection. Symptoms include
meningitis, radiculopathies, facial palsy, and other
neurological signs. Differences in clinical presentation
correspond to the regional distribution of Borrelia genotypes.
Diagnosis requires serological tests, cerebrospinal fluid
analysis, and molecular methods. Standard treatment is
antibiotic therapy with doxycycline or ceftriaxone for 14—
21 days.

Post-treatment Lyme disease syndrome affects 10—
20 % of patients, presenting with persistent fatigue and
cognitive deficits in the absence of active infection.
Management focuses on rehabilitation, including
physiotherapy and psychosocial interventions, to mitigate
neurological impairments and improve functional outcomes.

Prevention is essential to reduce disease incidence.
Key strategies include personal protective measures,
epidemiological monitoring, and ongoing vaccine
development. These measures are particularly important
in high-risk settings, such as among military personnel and
populations in areas with limited access to healthcare.

Key words: borreliosis (Lyme disease), neuroborreliosis,
diagnosis, epidemiology, post-treatment Lyme disease
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Lyme disease (Lyme borreliosis) is an infectious disease
caused by bacteria of the genus Borrelia (primarily Borrelia
burgdorferi sensu lato), transmitted to humans through the
bites of infected Ixodes ticks (Ixodes spp.) [1, 2].
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The disease has a systemic nature and can affect the
skin, joints, nervous system, and heart. Its course is often
staged, with characteristic clinical phases: early localized
stage — usually presenting with erythema migrans (skin
redness at the site of the bite, about 60 % of cases); early
disseminated stage — spread of the pathogen throughout
the body, with possible involvement of the nervous system,
heart, and skin; late stage — chronic damage to the
musculoskeletal system (arthritis) and nervous system
(neuroborreliosis), which is characterized by meningitis,
radiculitis, neuropathies, and other manifestations. The
prevalence increases with delayed diagnosis and treatment
initiation [3-5].

Aim to summarize current clinical, epidemiological, and
diagnostic features of neuroborreliosis in Ukraine and
worldwide, assess the relevance of the problem, and define
key directions for improving diagnosis, treatment, and
prevention.

For the preparation of this review, a systematic analysis
was conducted of scientific publications, official reports, and
recommendations of international organizations (EUCALB,
CDC, ECDC) from 2010 to 2025. Information sources
included the databases PubMed, Scopus, and Web of
Science, as well as open-access resources of scientific
publishers. The selection of publications was based on the
keywords: Lyme borreliosis, neuroborreliosis, diagnosis,
epidemiology, post-treatment Lyme disease syndrome,
prevention. Special attention was given to studies focusing
on clinical symptoms, diagnostic methods, therapy, and
epidemiology of neuroborreliosis in Ukraine and in regions
with similar endemic conditions. Both original studies and
systematic reviews/meta-analyses were analyzed.

Epidemiological Features of Lyme Disease

Lyme disease (LD) is one of the most widespread
natural focal tick-borne zoonoses in the Northern
Hemisphere. The European Centre for Disease Prevention
and Control (ECDC) estimates that more than 200,000—
300,000 cases occur each year in Europe, although the



true incidence is likely much higher due to underdiagnosis,
particularly of mild or atypical presentations [6].

Countries with the highest incidence include Germany,
Austria, the Czech Republic, Slovenia, the Baltic states,
and Scandinavian countries. European strains of Borrelia
burgdorferi sensu lato (particularly B. afzelii, B. garinii)
cause a broader spectrum of clinical manifestations,
complicating timely diagnosis [7].

The average incidence of LD in Western Europe is
approximately 22 cases per 100,000 population per year,
although distribution is highly uneven. In the Baltic states,
Scandinavia, as well as Switzerland, Slovenia, and Austria,
the rate exceeds 100 per 100,000 population [8]. In the
Netherlands, during the period 2015-2019, incidence
ranged from 111-131 per 100,000, and in certain regions
even exceeded 357 [4]. Ukraine remains at a lower average
level (14/100,000 in 2023), but there is a trend toward
increasing incidence after 2015 and 2022. In Sumy region,
the incidence reached 10.6 per 100,000 population (2019),
which significantly exceeds the Ukrainian average [2].

In the United Kingdom (England and Wales), laboratory-
confirmed incidence increased from 1.6 in 2013 to 2.77 in
2018, with an additional 1,000—2,000 clinically diagnosed
cases each year [9]. Primary care data confirm an increase
to nearly 1.95 per 100,000 population in 2016 [10]. Among
the regions of Scotland, the incidence rate is about 15 per
100,000 population [11] (Table 1).

Table 1
Incidence in the United Kingdom (England and Wales),
2013-2021
Year Laboratory-confirmed Incidence per 100,000
cases population

2013 936 1.64
2014 856 1.49
2015 1060 1.83
2016 1134 1.94
2017 1584 2.70
2018 1636 2.77
2019 1639 2.76
2020 1262 2.11
2021 1156 1.94

Note. These data do notinclude cases treated solely on clinical
grounds (without laboratory confirmation), which are often
assessed separately in addition (approximately 1,000—2,000
annually).

In the United States, about 35,000 confirmed cases are
reported annually, but the CDC estimates the actual
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incidence at over 476,000 cases each year, taking into
account underdiagnosis [9]. Approximately 63,000 cases
meet CDC criteria [12, 13]. The primary pathogen is B.
burgdorferi s.s., and the clinical manifestations of
neuroborreliosis (LNB) differ somewhat.

According to CDC data, the incidence of LD is about
7-8 cases per 100,000 population, but in high-endemic
areas (New England, Maine) it reaches 30-90 per 100,000
[5, 14, 15].

Despite the decline in the number of economic studies
in Europe, recent data indicate: in Belgium in 2019, the
annual cost of LD was about €5.6 million, of which 50 %
were direct medical expenses and 46 % productivity losses;
in late-stage disease (neuro/disseminated), costs are
significantly higher (~€5,148 per patient vs. ~€193 in early-
stage disease). In the Netherlands, costs were estimated
at ~€20 million/year; in Germany, up to €80 million/year,
with a large share of indirect costs (23-48 %) [16].

In the USA, total economic losses include substantial
costs for treatment, diagnosis, and loss of work capacity,
including losses due to diagnostic delays and the prolonged
post-treatment Lyme disease syndrome (PTLDS), observed
in 5-10 % of patients and often accompanied by chronic
pain, fatigue, and neurological symptoms [12].

According to official data from the Ministry of Health of
Ukraine, LD incidence has risen sharply over the past two
decades—from isolated cases in the 2000s to over 3,000—
5,000 officially registered cases annually by 2021. Endemic
areas remain Vinnytsia, Volyn, Zhytomyr, Kyiv, Lviv, Sumy,
and Cherkasy regions [2, 17].

The COVID-19 pandemic, and since 2022, the full-scale
war in Ukraine, have significantly complicated epidemiological
surveillance, diagnosis, and treatment of LD. Infection risk
is increased among military personnel, volunteers, internally
displaced persons, and residents of frontline and de-
occupied territories, who often remain in forested or steppe
areas that are natural habitats for ticks.

Armed Forces personnel remain in field conditions for
extended periods without access to personal protective
measures against ticks (repellents, daily checks, uniform
treatment, etc.). A significant proportion of patients cannot
seek medical care after a tick bite or when symptoms
appear, due to the lack of medical facilities, unstable
logistics, or active hostilities. Diagnostic challenges include
the absence of ELISA laboratories and immunoblot testing
in territories under active fighting or temporary occupation
(parts of Donetsk, Luhansk, Kherson, Zaporizhzhia, and
Kharkiv regions) [18, 19].

All this occurs in Ukraine amid an overburdened
healthcare system, with LD testing being a low priority.
Disease symptoms (weakness, headache, muscle pain,
fatigue) may be mistaken for combat stress, exhaustion, or
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other conditions. Finally, the absence of a national screening
or medical follow-up program for military and civilians after
a tick bite exacerbates the problem.

Prevalence of Neuroborreliosis

Neuroborreliosis (LNB) is a serious complication of LD.
The infection may manifest as aseptic meningitis,
radiculopathies, mono- or polyneuritis, cranial neuropathies,
and less commonly, encephalomyelitis [20, 21].

In Denmark, according to a national study (2015-2019),
the annual incidence of laboratory-confirmed LNB was
2.8-3.4 per 100,000, peaking in summer months. The
highest rates were recorded among children (5-14 years)
and older adults (65-74 years) [20, 22]. In Germany, the
average LD incidence was 33.9/100,000, with about 5-15 %
of cases having neurological complications [23].

Since 2018, the EU has recommended that member
states report LNB cases separately as a specific clinical
manifestation of LD. In the UK, incidence is significantly

lower, with the highest rates in Scotland. LNB remains
under-researched: official data do not allow an accurate
estimation of LNB incidence, although clinical cases are
regularly reported [24].

Mechanisms of Borrelia entry into the CNS include
paracellular, transcellular, and other pathways, causing both
meningeal inflammation and direct neuronal damage with
activation of autoimmune mechanisms (molecular mimicry)
[25, 26].

European LNB most often presents as painful
radiculopathy (70 %), meningitis, facial palsy (40 %), and
in late forms: encephalitis, myelitis, vasculitis [8, 26]. In the
USA, LNB is mostly limited to encephalopathy, reported by
some patients but not yet clearly linked to Borrelia infection.
Facial palsy is more common, often bilateral; radicular pain
or encephalitis occur less frequently compared to Europe.
CNS symptoms appear on average 2—6 weeks after
infection (Table 2) [24-26, 28].

Table 2
Clinical features of LNB: regional comparison
Region Incidence of LD per 100,000 Shj\rl%c’f Main clinical manifestations
Europe 20-100+, Eastern European 10-15% [ Radiculopathy (70 %), meningitis, facial paralysis (40 %),
countries 20—40 encephalitis/myelitis (less common) [8]
UK <20 (usually <5) low Often limited to mild forms, data is fragmentary
Ukraine 14 (2023), growth after 2015 25 % Neurological signs are common, requiring attention to early
diagnosis (CSF, serology) [18, 19]
USA 476,000 clinically confirmed 10-15% | Facial paralysis prevails, meningitis is less common, late
forms are an exception
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Neuroborreliosis: clinical signs depending on form
and localization

Three main forms of LNB are distinguished: PNS form
(peripheral nerve involvement) — cranial nerves (often
cranial nerve VII — facial nerve) and peripheral mono- or
polyneuritic symptoms (in 5-10 % of cases);
Extraparenchymal CNS form — inflammation of the
meninges (lymphocytic meningitis) (about 10 %);
Parenchymal CNS form — involvement of brain or spinal
cord tissue — encephalitis or myelitis (7—14 %) [29].

By onset period, early and late stages are distinguished.
Early LNB develops 2—-18 weeks after infection, often PNS
form, meningoradiculitis, facial palsy; late LNB — months/
years after initial infection. It may manifest as chronic
meningitis, encephalitis, myelitis, or polyneuropathy [21,
30-32].

PNS form (radiculitis and cranial nerves): radiculitis
(meningoradiculitis / Bannwarth’s syndrome) — in Europe
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occurs in 66—70 % of adults with LNB (Denmark 2015—
2017). Facial palsy — detected in 41-43 % of cases in the
same Danish cohort. Among children, up to 55 % of cases
with neurological involvement are recorded [29, 33, 34].
Multiple mononeuritis is less common, presenting as
isolated nerve manifestations and sensory disturbances
[35].

Extraparenchymal CNS form (meningitis) — lymphocytic
meningitis, in combination with radiculopathy in the form of
Bannwarth’s syndrome — a characteristic sign of early
European LNB [33].

Parenchymal CNS form (encephalitis or myelitis) in
Europe is very rare (<5—-7 %) but documented; in the USA
— ultra-rare (<0.1 %) [29, 34, 36] (Table 3).

In European countries, the most frequently recorded
combination is radiculalgia (66—70 %) and facial palsy
(41-43 %) —the classic Bannwarth’s syndrome. In children:
facial palsy (55 %), other cranial neuropathies, lymphocytic



meningitis (27 %) [29, 34]. According to observations in
England, cases of facial palsy in the context of LD are
increasing (3.5 % of LD cases present with Bell's palsy
overall). Testing for LD is recommended in patients with
Bell's palsy, especially in summer or after visits to high-risk
areas [37] (Table 3).

For North America, facial palsy is the most common
manifestation (5-15 %) of all LNB cases, often combined
with mild meningitis (75 %). Radiculopathies are much less
common (<10 %, possibly underestimated). The
development of encephalitis or myelitis is extremely rare
(<0.1 %) [29, 36] (Table 3).

In domestic publications, clear data on the frequency
of different LNB forms are scarce, but based on the
significant rate of neurological symptoms (25 % of LD cases
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have neurological signs), it can be assumed that PNS forms
with facial palsy and radiculopathy are also common. Late
diagnosis without proper CSF analysis is often observed
[34, 38] (Table 3).

Post-treatment Lyme disease syndrome (PTLDS)
occurs in about 10 % of patients (more often in the USA)
after therapy and manifests as prolonged fatigue, cognitive
impairment [35]. Persistent neurological manifestations are
complications of late or incomplete treatment, presenting
as motor disorders, cognitive changes, psychiatric
disturbances, and even borrelial vasculitis or stroke [39].

The median time from symptom onset to hospitalization
for adults in Europe is 21 days; for children, it is significantly
shorter — 10 days — which improves prognosis [40, 41].

Table 3

Summary of neuroborreliosis signs by form

Form/Localization

Europe
(adults and children)

UK

USA

Ukraine (limited data)

PNS form Radicular pain — 66—70 %, | Increasing Bell's palsy | Facial paralysis 25 % of neurological
facial paralysis — 41-55 % | (3.5 %) 5-15 %, radiculitis cases, PNS forms,
<10 % often late
Extraparenchymal Combination with Limited data; Meningitis — 75 % of | Presumably frequent
CNS form radiculopathy is typical diagnostic interest facial paralysis cases | in combination with
(meningitis) PNS forms

Parenchymal CNS
form

Rare encephalitis/myelitis

in7-14 % studied

Very rare; poorly

<0.1 % ultra-rare No reported cases

Main Diagnostic Strategies for Lyme Disease

Diagnosis of LD traditionally relies on a combination of
clinical signs, serological tests, and cerebrospinal fluid
(CSF) cytological examination. The most common global
approach is two-tiered serology. In the USA, according to
CDC recommendations, the first stage involves an ELISA
test; if positive or equivocal, it is followed by a blot analysis:
IgM is used for diagnosis within 30 days from symptom
onset, and IgG after 30 days [33, 42].

The European strategy is similar but includes an
additional verification of the antibody index in CSF (Antibody
Index, Al) to confirm LNB [43]. In the United Kingdom,
general European approaches are applied, with additional
testing in certain cases, for example, Bell's palsy [33]. In
Ukraine, ELISA and immunoblotting are used; however, EIA
(enzyme immunoassay) / NPA (negative percent agreement
between a new test and a reference method) standards
have not been fully implemented, which reduces the
uniformity of diagnostics.

In the analysis of CSF, the main diagnostic indicators
in Europe include lymphocytic pleocytosis, increased protein
levels, and a positive Al test, whereas in the United States,

Al is applied less commonly [44]. PCR testing of CSF,
especially assays aimed at ospA or 16S rRNA, shows high
specificity but relatively low sensitivity (25—-38 %), which is
particularly evident during the early stages of the disease
[43] (Table 4).

As for alternative methods, the introduction of
algorithms relying on two ElAtests instead ofimmunoblotting
deserves attention, as this approach allows automation
and increases sensitivity at early disease stages. PCR
combined with genotyping is another promising option,
especially in children, since the parallel use of ospA and
16S rRNA markers may facilitate the identification of early
LNB cases. Further studies are also exploring urinary
antigen testing and the refinement of serological
diagnostics [3, 33, 43].

Interpretation of the Al varies by region: in Europe, a
positive Al is considered a key proof of confirmed LNB,
whereas in the USAitis not included in the official diagnostic
criteria. For PCR in CSF, a positive result directly confirms
the presence of the pathogen; however, a negative result
does not exclude the diagnosis due to sensitivity of <40 %
[45-4T7].
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Diagnostic algorithms by region

Table 4

Stage USA (CDC) Europe (EFNS/AWMF) United Kingdom Ukraine
Clinical + history EM/facial palsy/ CNS/PNS signs Facial palsy, Neurology + tick bite
radiculitis + tick bite anamnesis initially
Serology 2-tier serology 2-tier serology + Al in CSF | 2-tier serology ELISA -
immunoblotting
CSF in neurological cases mandatory if LNB in seropositive used, but rarely
after positive ELISA suspected cases + clinical
signs
PCR in CSF optional, low sensitivity | for Al-negative acute cases | as indicated limited use
Final interpretation | IgM/IgG immunoblotting | Al + pleocytosis as in Europe no standard algorithm

Serological tests (ELISA/EIA) become informative only
2-4 weeks after infection, and false-negative results are
possible in the early stages. For immunoblotting in the USA,
the positivity criteria require the presence of at least two of
three specific proteins for IgM and five of ten for IgG [33].

Recent improvements include a two-tier algorithm with
two ElAtests, which provides quantitative results and better
early-stage diagnosis. Molecular methods, particularly PCR
with genotyping, show considerable potential both before
and during treatment, and have already been implemented

in pediatric practice in Europe. In Germany, S3 guideline
systems offer structured recommendations for diagnosis
and treatment in both adults and children, contributing to
the standardization of approaches [33, 34, 43, 48] (Table 5).

In Ukraine, a comprehensive algorithm is currently
lacking. Al testing for CSF is almost never used, and PCR
remains at an experimental stage with limited application.
There are no national protocols for determining CSF Al,
highlighting the need for modernization of diagnostic
approaches [49].

Table 5

Comparison of specific features of neuroborreliosis diagnostic algorithms worldwide

Stage Ukraine

USA (CDC)

Europe (EFNS/Germany)

Initial assessment Symptoms + ELISA

Clinical evaluation + 2-tier serology

Clinical evaluation + Al +
immunoblotting

Immunoblotting Actively used

Standard 2-tier serology

Less frequently (not always)

Al in CSF Mostly absent Not used Mandatory for LNB
PCR Rarely available Limited use Used as needed
CSF analysis Depends on clinician | Sometimes performed Standard for suspected LNB

Note. Al (Antibody Index) — in Ukraine, it is not officially validated in most laboratories but is recommended for implementation

following EFNS/NICE guidelines.

Approaches to Lyme Disease Therapy and Treatment
Effectiveness

The EFNS and AWMF S3 guidelines (Germany, 2020)
recommend doxycycline (200 mg/day orally), ceftriaxone
(2 g/day intravenously), or cefotaxime/penicillin G as first-
line antibiotics for LNB therapy. The duration of therapy is
stage-dependent: in early LNB (symptoms for less than 6
months), treatment usually lasts 14 days, whereas in late
LNB (symptoms persisting more than 6 months), it may be
extended up to 21 days, which represents the maximum
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recommended course [48, 50]. Analysis of randomized
controlled trials (RCTs) and non-randomized studies (NRS)
in 2023 confirmed that doxycycline and B-lactam antibiotics
are equally effective. Extending therapy beyond 21 days
offers no additional benefit, and corticosteroids for facial
palsy show no efficacy [51].

IDSA and AAN recommendations (USA, 2020) largely
align with European approaches. Doxycycline or ceftriaxone
is prescribed for 14-21 days depending on disease form
and severity, consistent with EFNS guidelines [52].



According to the British Infection Association (BIA),
doxycycline is prescribed for 14-21 days for facial palsy or
uncomplicated meningitis. For complex meningitis or late
LNB, intravenous ceftriaxone is preferred, with treatment
up to 28 days. If B-lactams are contraindicated, oral
amoxicillin or cefuroxime can be used [53].

In clinical practice in Ukraine, doxycycline (100 mg twice
daily) is used, and in severe cases — ceftriaxone, cefotaxime,
or penicillin G intravenously. Alternatives for allergies or
first-line therapy failure include oral or IV amoxicillin,
azithromycin or clarithromycin (less effective, mainly for
mild cases), and oral cefuroxime axetil (sometimes to
complete a parenteral course). Standard treatment duration
is 14 days, occasionally extended to 21 days [49].

A 2023 systematic review and meta-analysis, including
2 RCTs and 5 NRS (2015-2023), confirmed that doxycycline
and B-lactam antibiotics are equally effective. Extending
therapy beyond 21 days provides no additional benefit, and
corticosteroids for facial palsy do not improve outcomes
[51, 52].

A retrospective study by Stupica et al. (2021, Central
Europe) demonstrated that patients with confirmed LNB
(based on intrathecal antibody synthesis combined with
typical clinical presentation) had a better prognosis than
those with probable LNB. Persistent neurological deficits
were lower in the confirmed group. Comparative studies of
oral versus intravenous antibiotics confirmed that oral
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doxycycline is non-inferior to 1V ceftriaxone for typical
peripheral (PNS) LNB forms, while ceftriaxone is
recommended for central forms (CNS) — encephalitis and
myelitis [53].

Prognosis after Treatment

In pediatric cohorts, including the Shved cohort,
complete recovery occurs in 80-90 % of children within
two months after therapy. Adults show significant
improvement, but 10-20 % of late-stage cases retain
persistent neurological symptoms. European and American
sources estimate that about 10 % of patients develop
PTLDS post-treatment, manifesting as fatigue and
cognitive impairment, which is not corrected by additional
antibiotic courses [35].

In Ukrainian practice, doxycycline and ceftriaxone
remain the main treatments for LNB. Corticosteroids for
facial palsy are not used due to lack of benefit. Antibiotic
therapy typically lasts 14-21 days, with occasional
extension. Prognosis for early LNB forms is generally
favorable, although the lack of systematic data on intrathecal
antibodies complicates precise assessment of treatment
effectiveness.

Rehabilitation of Patients after Neuroborreliosis

Rehabilitation aims to restore neurological function,
prevent symptom chronicity, and reduce PTLDS risk.
Duration: 3 weeks to 6 months, with at least 2—3 sessions
per week during the first 3 months [54-57] (Table 6).

Table 6

Main Directions of Rehabilitation

Direction Methods

Comment

Neurological rehabilitation Physiotherapy, kinesitherapy,

electrostimulation

For radiculopathies, pareses

Speech therapy correction | Work with facial palsy

Often in children/adults with bulbar dysfunction

Psychotherapy / CBT

Individual sessions for depression, anxiety

Effective for cognitive complaints

Coghnitive training Neuropsychological exercises

For patients with memory/concentration
disorders

Massage, osteopathy For myofascial pain syndromes

Used in EU (Germany, Poland)

Post-Treatment Lyme Disease Syndrome (PTLDS)

According to the CDC (2021), post-treatment Lyme
disease syndrome (PTLDS) is defined as the persistence
of symptoms lasting longer than six months after adequate
antibiotic therapy for Lyme disease (LD), in the absence of
evidence for ongoing active infection. The most frequently
reported manifestations are chronic fatigue (affecting more
than 60 % of patients), cognitive impairment (30-50 %),
recurrent headaches, musculoskeletal pain, and symptoms
resembling fibromyalgia [58—60].

The prevalence of this condition varies by region: in
the USA, it is observed in 10-15 % of patients after
treatment for neuroborreliosis, in EU countries — 5-10 %
(specifically in Germany and France). Ukraine lacks formal
statistical data; however, (according to KMIS, 2023),
unofficial estimates suggest that as many as 10 % of
patients might be impacted [59, 60].Treatment approaches
for PTLDS are based on international guidelines: repeated
courses of antibiotics are not recommended. The main
focus is on symptomatic treatment and provision of
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psychosocial support aimed at improving patients’ quality
of life [61].
Prevention

Prevention includes a set of individual and population-
level measures aimed at avoiding tick contact, prompt
removal of ticks, and reducing the risk of infection after a
tick bite.

Personal protection represents a cornerstone of primary
prevention. Applying repellents to exposed skin and
clothing, wearing tightly woven light-colored garments with
long sleeves, performing routine body inspections after
outdoor exposure, and removing ticks within 24 hours
substantially lower the risk of infection. For military
personnel operating in field or forested conditions, these
measures should be an essential component of medical
support [2, 6, 49].

Post-exposure antibiotic prophylaxis is indicated in the
case of a bite from a potentially infected tick. The optimal
approach is a single dose of doxycycline 200 mg orally
(4.4 mg/kg for children over 8 years) no later than 72 hours
after tick removal. According to multicenter randomized
trials, this method provides approximately 87 % effectiveness
in preventing Lyme disease [49, 61].

Vaccination is currently under redevelopment. The first
registered vaccine, LYMErix (1998, USA), was withdrawn
due to safety concerns. Ongoing clinical trials are evaluating
the VLA15 vaccine (Valneva/Pfizer), which targets multiple
OspA serovariants and is planned for introduction in Europe.
In parallel, multivalent protein and DNA-based vaccines are
under development, aiming to prevent Lyme disease and
its neurological complications [62, 63].

Educational programs are a critical addition to medical
measures. In EU countries, extensive awareness campaigns
conducted through schools, media, and healthcare
institutions have demonstrated effectiveness in lowering
tick exposure and encouraging timely medical consultation
[64, 65]. In Ukraine, these efforts remain mostly limited to
local initiatives, highlighting the necessity to enhance the
role of family physicians, medical volunteers, and
community-driven programs.

Conflict situations increase infection risk, particularly
for military personnel, internally displaced individuals, and
residents in areas with limited access to laboratory
diagnostics (ELISA, immunoblotting). The lack of a national
prevention strategy for tick-borne infections highlights the
urgent necessity to establish state policies in accordance
with international standards and adapted to wartime
conditions.
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Conclusions

Lyme disease is a multisystem zoonotic infection posing
a significant public health burden in temperate regions,
including Ukraine, the European Union, the United Kingdom,
and the United States. Neuroborreliosis develops in
approximately 10-15 % of cases, usually 2—6 weeks after
infection, and may involve the central and peripheral
nervous systems, manifesting as aseptic meningitis, cranial
neuropathies, radiculoneuritis, encephalopathy, cognitive
deficits, myelitis, or ataxia.

Lyme disease presents with different clinical patterns
depending on geographic location. In Europe, Borrelia
garinii is the dominant species, often producing neurotropic
manifestations, including meningitis and nerve root
inflammation. In contrast, in the United States, B. burgdorferi
sensu stricto is more frequently linked to joint involvement
and meningoencephalitis. In Ukraine, several Borrelia
genotypes, including B. afzelii and B. garinii, circulate
simultaneously, resulting in a wider range of clinical
manifestations.

Diagnosis relies on a sequential strategy. Initial ELISA
testing is followed by confirmation using immunoblotting.
Examination of cerebrospinal fluid commonly reveals
lymphocytic pleocytosis, elevated protein levels, and an
increased Borrelia-specific IgG index. CXCL13 has been
recognized as a potential early biomarker for central nervous
system involvement.

Early initiation of therapy ensures high treatment
efficacy. Intravenous ceftriaxone is the preferred regimen,
whereas oral doxycycline is appropriate for less severe
cases. Extending or repeating antibiotic courses is not
advised for patients who continue to experience symptoms
following standard therapy. Post-treatment Lyme disease
syndrome occurs in approximately 10—20 % of patients and
is characterized by persistent fatigue, musculoskeletal
discomfort, and cognitive deficits. Optimal management
relies on a multidisciplinary approach, including cognitive-
behavioral therapy, physical rehabilitation, and psychosocial
support.

Rehabilitation is especially important for individuals with
ongoing neurological impairments. Techniques such as
physiotherapy, focused cognitive training, and vestibular
exercises support functional recovery and enhance daily
living activities. Preventive strategies remain essential to
curb disease incidence. These include public health
education, personal protective measures, epidemiological
monitoring, and ecological management of ticks and
reservoir hosts in endemic areas. Advances in vaccine
research continue to offer potential for secondary
prevention.
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CyMcbkuii nepxaBHUiA yHiBepcuteT

PE3KOME. /lalim-60penio3 — cucmemMHe 300HO3HE 3a-
XBOPHOBaHHS, WO BUK/IUKAEMbCS1 6bakmepismu Borrelia
burgdorferi sensu lato ma nepedaemsbcsi yepes yKycu
Kniwis pody Ixodes. XapakmepHa noemariHa K/iHi4Ha
KapmuHa BK/1I0Ha€E PaHHIO /10KaslizoBaHy cmadito 3 Mi-
2PYHH0K epumeMOr0, paHH0 ducemMiHoBaHy cmadito i3
3a/1y4eHHsIM HepPBOBOI cucmemMu, cepysi ma wkipu, a
makox Mi3H cmaogito 3 XPOHIYHUMU YPaXXeHHSIMU Oro-
PHO-PYyX0B020 anapamy | Hepsosoi cucmemu. Nowupe-
Hicmb Jlalim-6openio3y 3Ha4yHa y [isHIYHIG niBKy/i 3
HalsuwuMu PiBHSIMU 3axsBoproBaHOCMI y KpaiHax 3a-
XiOHOI €8ponu, CLUA ma okpemux pezioHax YkpaiHu,
0e oCmaHHIM 4acoMm BiO3HA4YaEMbCS 3POCMAHHS Kiflb-
Kocmi sunadkis.

Helipobopenios suHukae y 10-15 % nayieHmis, nepe-
BaXKHO Yyepe3 2—6 MUXKHIB MiC/15 IHQIKyBaHHS1, MpPosiB/is-
0YUCb MEHIH2imoMm, paoukysionamismu, Aulyb0B8UM
napasivyemM ma iHWuUmMu HeBpPo/102i94HUMU CUMITMOMaMU.
BiomiHHOCMI Y K/IHIYHUX O3HaKax Helipobopesiiosy 3y-

Moas/ieHi 2eoepachiyHUMU 0C06/1UBOCMSIMU YUPKYASAUIT

Pi3HUX 2eHomunig Borrelia. [iazHocmuka rnoeoHye ce-
Pos102i4HI Memoou, aHasli3 CrIUHHOMO3K0BOI PiOUHU ma
MOJIEKY/ISIPHI O0C/TIOXEeHHS, MoOi 5K JliKyBaHHS 6a3sy-
embcsi Ha aHmubiomukomeparnii (0OKCUYUK/IiH, yeg-
mpiakcoH) 3 mpusasicmio kypcy 14-21 doba. [Nocmme-
panesmuyHuli cuHopom Jlalim-60pesniosy, Wjo BUHUKAE
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y 10-20 % nayieHmis, xapakmepu3yembCsi mMpusasorn
BMOMOK Ma KO2HIMUBHUMU MOPYWeEHHSIMU 6e3 03HaK
aKkmusHoI iHgbekyil. Peabinimayisi, Wo Bk/o4ae pisio-
meparnito ma ncuxoemouyiltiHy MompuMKy, € HEBIO'€MHOI0
4acmUuHOK BeOeHHS XBOPUX i3 HeBPO/I02IHHUMU YCK/1a0-
HeHHAMU. TTpoghinakmuka, Wo OXOr/IHE IHOUBIOYa/IbHI
3axodu 3axucmy, enioHaesisio ma po3pobKy BaKUUH,
3a/1UAEMbCS KIIIOYOBUM (hakmopoM 3MEeHWEHHS Pis-
HS1 3aXB0OpPHOBAHOCMI, 0CO6/IUBO B yMOBaX MioBUWEHO20
pu3uKy ceped BIlICbKOBUX | HAacE/IeHHS1 y pe2ioHax 3
06MeXxeHUM docmyrnomM 00 MeOUYHUX roc/ya.
Knrouosi criosa: /laliM-6openios, Helipobopenios, dia-
2Hocmuka, enidemiosioziss, nocmmepanesmuyHul
CuHApom Jlalima, npogpinakmuka, MiyHe 300po8’ss ma
6718200M10/1y 4451,
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