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Summary

Goals of our research work are to analyze frequency and prevalence of Lyme borreliosis
(LB), to understand engagement of nervs system in pathological process. Also to assess clinical
Lyme disease (LD) stages, features, diagnosis, treatment and prevention methods based on the
collected data and literature. The data on diagnosis, treatment, prevention of LD and neurobor-
reliosis (LNB) are carefully gathered from international and domestic publications at PubMed
over 2015-2020 years. LB has stages in the course of the disease. The clinical manifestations of
this disease are different. LD affects the central and peripheral nervs system, has a multiorgan
character, possibly an acute and chronic course of the disease. At the moment, there are various
methods for the diagnosis, treatment and prevention of LB, but pathogenesis of the disease has
not been sufficiently studied, methods of vaccination have not yet been developed. Damage of
nervs system in chronic LD requires further study of the pathogenetic mechanisms and factors
of the development of this pathology.
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1. Introduction

The first Lyme disease (LD) case were identified in Ukraine in 1994. Lyme disease (LD)
official records started only since 2000. Nowadays, Lyme disease (LD) cases are registered in
all regions across country (Nakaz MOZ Ukrainy Ne 218, 2005). Lyme borreliosis (LB) mor-
bidity in Ukraine continuously growing. It is now officially classified as an infectious disease
that causes or could potentially cause significant morbidity and mortality (Centralized Infor-
mation System for Infectious Diseases of the WHO Regional Office for Europe). Multicounty
LD cases analysis shows that LD most frequently occur in the forest area in moderate-con-
tinental climate zone. It is possible to identify zoo-areas for certain species of ixodes mite
(IM). The pathogenesis of LD had been relatively little examined. After mite bites and enters
Borrelia into human skin, the pathological process begin to develop and causes interaction
between numerous factors, peculiar and non-peculiar resistance of macroorganisms (Wacker-
nagel et al., 2005). Nowadays, the tick and mite-borne borreliosis that characterized by a pre-
dominant lesion of the nervs system, named “neuroborreliosis” (Zinchuk, 2010). Frequency
and severity of lesions of the nervs system depend on LD patients’ place of residence — on
average it ranges from 11-40%%. For example, in Central and North America it is about
11% (Centralized Information System for Infectious Diseases of the WHO Regional Office
for Europe; Hansen et al., 1991), in the European Union — 29-33% (Infektsiinyi biuleten
pro stan infektsiinoi zakhvoriuvanosti v Ukraini, 2016; Popovych, 2006), in Asia — 16%.
The lack of classification of broad spectrum of neurological and psychosomatic disorders
in its acute and chronic stages predetermined needs for this research. Deep comprehensive
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clinical, neurological and instrumental peculiarities of nervs system lesions in LB became the
topic of our research.

2. The purpose, materials and methods of the study

Aim of our study is to analyze LB frequency and prevalence. Based on literature review
we trying to understand how nervs system involved in the pathological process. We aim to assess
specific features of the LD clinical conditions, diagnosis, treatment, prevention at each stage.
We use carefully selected data from our review of world and domestic literature at PubMed for
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the period 2015-2020 years. The search criteria: “Lyme disease”, “neuroborreliosis”, “chronic

form”, “acute period”, “lesions” nervs system”,““laboratory diagnosis”, “serological diagnosis”,
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“cognitive disorders”, “etiopathogenetic therapy”, “prevention of Lyme disease”. We follow
European and Ukrainian guidelines on the diagnosis, treatment and prevention of LD and LNB.

3. Etiopathogenesis of Lyme borreliosis

LB is an infectious communicable disease caused by the spirochete Borrelia burgdorferi
sensu lato and carrier is [xodes mites. LB spreads globally, but most often causing health problems
in the northern hemisphere, including Ukraine. The LD population risk group includes 30-60 years
old. Percent of infected women is the highest. Children are only about 10% of the total number of
LD patients (Nakaz MOZ Ukrainy Ne 218, 2005). Borrelia can persist in the human body for up to
10 years (Miklossy et al., 2004). The antigenic heterogeneity of these bacteria can alter antigenic
structure, inhibition of complement-dependent phagocytosis. L form transformation of Borrelia
into cyst maybe one of those 31 factors that ensure long-term persistence of the pathogen and
evasion of the immune response and development of chronic forms (Zinchuk, 2010). The patho-
genesis of LD studied unsufficiently. Pathological process developed after the suction of the mite
and the entry of Borrelia into human skin, causing interaction with various factors of specific and
nonspecific resistance of the macroorganism (Wackernagel et al., 2005).

LB develop in stages without clear identifier from one stage to another. LB can also
mimicking a number of other diseases (Centralized Information System for Infectious Diseases
of the WHO Regional Office for Europe; Zinchuk, 2010):

Stage 1 (local infection): at the tick bite place 80-90% of patients develop a local infec-
tion in the form of migrating erythema, develop flu-like symptoms, including fever, headache,
arthralgia, myalgia. These symptoms can occur from a few days to weeks after infection.
Migratory erythema is a reliable clinical marker of LB. At the same time, migratory erythema
is reported only in approximately 25-50%% of acute cases of LB.

Stage 2 (dissemination stage) occurs in few weeks, sometimes months. From the bite
place the pathogen enters with lymph and blood into internal organs, lymph nodes and joints. It
can also cause symptoms of damage of the cardiovascular and nervs systems.

Stage 3 (organs damage): may take months and years after the onset of the disease.
This is a chronic form of LB when body develops persistent arthritis and chronic neurological
symptoms. The chronic form has a recurrent nature with alternating exacerbations, asymptom-
atic and gradual progression of disease (Bush et al., 2018). The acute period of Lyme disease
corresponds to a period of 1 to 3 months, sub-acute — from 3 to 6 months, chronic — when the
persistence of symptoms of LB continue for more than 6 months. There is strong correlation
between severity and duration of LD. Chronic infection can be in continuous and recurrent
forms (Bush et al., 2018).
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Clinical manifestations of LB is multidimensional and can affect multiple organs. LB
can runs with syntropic involvement in the pathological process of various patient's organs and
systems, such as skin, musculoskeletal system, nervs system, heart, liver, eyes (Zinchuk, 2010).
Therefore, the LD differs by stages and systemic manifestations.

4. Clinical manifestations of Lyme borreliosis

Central nervs system lesions in the acute period of LD. In this stage tick-borne borrelio-
sis characterized by a predominant lesion of the nervs system, use the term “neuroborreliosis”.
Statistical analysis of the LD cases with a predominant lesion of the central nervous system
shows that during the acute period of the disease its main forms are meningitis and menin-
goencephalitis. Clinical research revealed a number of key features that are common for the
meningeal clinical conditions of the disease — headache of varying intensity, nausea, vomiting,
photophobia, increased sensitivity to light and sound, pain when moving the eyeballs (Nakaz
MOZ Ukrainy Ne 218, 2005).

Lesions of the peripheral nervous system in the acute period of LD. Long-term studies of
LD at different stages indicate that during the acute period of the disease in most cases there are
neurological manifestations of lesions of the peripheral nervous system (Bremell et al., 2011;
Wang et al., 2014; Kravchuk et al., 1992; Halperin et al., 1991). The variety of the peripheral
nervous system lesions during the acute period of the disease can be described by two syn-
dromes — algic and amyotrophic (Badalyan et al., 1994; Pachner et al., 1995). Algic syndrome
manifested by neuralgia, myalgia, plexalgia, polyradiculopathy (Bremell et al., 2011, Wang
et al., 2014, Kravchuk et al., 1992). Amyotrophic syndrome accompanied by segmental radic-
uloneuritis, sporadic facial nerve neuritis, mononeuritis in the area of bite, limb paresis, radic-
uloalgia, plexalgia, mono- and polyneuritis, radicular sensory disorders in all parts of the spine
(Bremell et al., 2011; Wang et al., 2014).

An amyotrophic syndrome in LB may develop own symptoms such as Bannwart's lym-
phocytic meningopolyradiculoneuritis with headache, fever, radicular pain, weakness and loss
of sensitivity, which develops in approximately 15% of untreated patients (Wang et al., 2014).
Neurological disorders appear after erythema is over. It manifested by pain in spinal nerves
roots or cervical and thoracic spine lesions (Bremell et al., 2011). The meningial symptoms are
weakly expressed or can be absent (Halperin et al., 1991).

Lesions of the central nervous system in the chronic stage of neuroborreliosis. At the
chronic stage of the LD, lesions of the central and peripheral nervous system are occurred
with the same frequency (Matschke et al., 1987). The central nervous system lesions can be in
a form of encephalopathy, encephalitis, encephalomyelitis, cerebrovascular neuroborreliosis
(Mancardi et al., 1989, Reimers et al., 1992). At a chronic stage central nervous system demage
can be in the form cerebral vasculitis (cerebrovascular neuroborreliosis). It takes 3-7 months
from the beginning of the disease (Krupp et al., 1991; Kortela et al., 2017). This pathology
carecterised by moderate manifestations of meningeal and progressive psycho-organic syn-
dromes (memory impairment, personality change), periodic ischemic disorders in various vas-
cular associated areas, thromboembolism of the main vessels with the development of ischemic
strokes or subarachnoid hemorrhage (Kuntzer et al., 1991).

Lesions of the peripheral nervs system in the chronic conditions of neuroborreliosis.
Lesions of the peripheral nervous system in chronic LNB are mainly chronic radiculoneurop-
athy, polyneuropathy (Bremell et al., 2011). Months or even years after the onset of the dis-
ease, some patients may develop chronic polyradiculoneuropathy with sensory symptoms or
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radicular pain. The pathology of chronic radiculoneuropathy reveals axonal degeneration with
perivascular mononuclear infiltration (Wang et al., 2014, Kravchuk et al., 1992).

At the same time pains often observed in cervical, thoracic, lumbosacral area of a spine,
radicular pains, paresthesias of extremities, luck of sensitivity both symmetrical, and unilateral
(Badalyan et al., 1994, Pachner et al., 1995). Muscle atrophy can be in the areas of innervation
of the affected nerves (Halperin et al., 1991). Patients with chronic radiculoneuropathy often
complain of radicular pain or distal paraesthesia in the extremities, less often — pain in the torso.
Sometimes these manifestations are accompanied by muscle weakness (Pachner et al., 1995,
Halperin et al., 1991).

5. Modern methods of diagnosing Lyme disease

A combination of clinical and epidemiological and laboratory results is recommended
for the diagnosis of LNB. Patients with pre-existing migratory erythema and epidemiological
risk may be diagnosed with acute LNB without laboratory tests. Laboratory tests are needed
to confirm the diagnosis for all other patients, but their correct interpretation depends on the
symptoms and duration of the disease.

However, a causal relationship between neurological symptoms and borreliosis infection
cannot be easily established in patients with polyneuropathy / polyneuritis whose blood tests
are positive for Borrelia (Lantos, 2015), as Borrelia-specific antibodies are detected in approxi-
mately 5-20% of healthy people. People depend on the endemicity of the region and age group
(Izquierdo et al., 1992).

Therefore, the causal relationship between neurological symptoms and borreliosis
infection cannot be easily established for patients with polyneurosis. Thus, the main symp-
toms of LNB are radicular pain, paresis of the extremities and facial nerve, meningitis. How-
ever, there are a large number of neurological symptoms that are less common and can be
attributed to borreliosis infection only by appropriate studies of cerebrospinal fluid (CSF)
(Johnson et al., 2014).

Antil now detection of antibodies to B. burgdorferi in CSF in patients with LB with signs
of nervous system damage remains uncertain. The appearance of B. burgdorferi in CSF stimu-
late intrathecal immune response usually after 2 weeks of neurological manifestations. Accord-
ing to many authors, is one of the major diagnostic criteria for LNB (Izquierdo et al., 1992).

There is another point of view that the absence of pleocytosis and intrathecal synthesis of
antibodies to B. burgdorferi does not exclude LNB even in the long term (Johnson et al., 2014).
E. Roaldsnes et al. argue that the likelihood of LNB is low in the absence of typical symptoms
of the disease, even when anti-Borrelia antibodies are detected in the serum.

Recently, the concentration of chemokine CXCL13 in the cerebrospinal fluid has been
introduced aa a new diagnostic tool for LDL. It is used to complement antibody-based diagnos-
tic methods. Other cytokines have also been analyzed as diagnostic markers. According to the
recommendations of the European Federation of Neurological Societies (EFNS), the following
3 criteria should be considered for a reliable LNB testing, and 2 of them — for a probable LNB
(Cameron et al., 2016):

— neurological symptoms;

— pleocytosis CSF (cerebrospinal fluid);

— Borrelia-specific antibodies produced intrathecally. Polymerase chain reaction (PCR)
may be confirmatory if the duration of symptoms is <6 weeks, when antibodies to Borrelia may
be absent.
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Otherwise, PCR is not recommended. There is also insufficient evidence to recommend
the following tests for diagnostic purposes: microscopic analysis, chemokine CXCL 13, detec-
tion of antigens, immune complexes, lymphocyte transformation test, cyst formation, lympho-
cyte markers (Cameron et al., 2016).

The use of such tests as seeding, PCR or detection of B. burgdorferi antigens is limited.
As of today, there is no serological test that can distinguish between past and active LB dis-
ease. PCR sensitivity is 25-30% in early LB, and 10% in chronic LNB. The main disadvan-
tage of PCR is the large number of false-negative results (Cameron et al., 2016). Serological
methods are based on the determination of a specific immune response to B. burgdorferi
antigens. The most commonly used are the indirect immunofluorescence test (IDIF), enzyme-
linked immunosorbent assay (ELISA), and immunoblot (Western-blot) (Kaya et al., 2008,
Spirin et al., 2012).

A two-level antibody test, consisting of ELISA or RIF analysis followed by immunoblot-
ting are available. It is widely used despite significant limitations in sensitivity, especially in
early infection (30-40%) and in the convalescence phase after treatment with early LB antibiot-
ics. A combination of clinical and epidemiological and laboratory research methods is effective
in the LNB diagnosis.

6. Preventive and treatment strategies for patients with neuroborreliosis

To prevent LB, it is very important to remove ticks before they disappear. The risk of
transmission of Borrelia increases with increasing bite time of the mite. Transmission does not
occur immediately when ticks attach to the skin. There is a delay, which may depend on what
type of Borrelia infects the mite. Ticks should be removed immediately with tweezers to pre-
vent transmission of Borrelia. If parts of the suction organ remain in the skin, they can later be
removed with a needle or curettage. If the head or suction organ remains in the skin, the risk of
Borrelia transmission does not increase.

The bodies of nymphs and adult mites should not be compressed when they are filled
with blood to prevent possible transmission of Borrelia. After removal of the tick, the patient
should be informed of the need to monitor the site of the tick bite for the next 6 weeks (Cam-
eron et al., 2016).

Some studies have reported that the risk of infection after a tick bite can be reduced by a
single prophylactic injection of 200 mg of doxycycline (87% efficacy) (Saccomano et al., 2018).
In this case, J. Piesman et al. experimentally found that doxycycline treatment on the day of
removal of a potentially infected mite protected 74% of mice. When treatment was delayed
until 24 hours after removal mites, only 47% of mice were protected. Prophylactic treatment
was completely ineffective >2 days after tick removal. According to the authors, the dynamics
of preventive treatment with antibiotics in mice may differ from the treatment of humans. Given
the results of animal studies, the management of patients, however, should be approached with
caution. The results suggest that antibiotic treatment for the prevention of LB is more effective
if performed immediately after removal.

There is only a very narrow window for prophylactic treatment, which may be effective
after mite removal (Saccomano et al., 2018). Due to the possible effects on the intestinal flora
and the risk of developing resistance due to frequent prophylaxis. Oral prophylaxis with doxy-
cycline is not recommended in Europe. Currently, no vaccine is approved for the prevention of
LB, although vaccination with recombinant LYMErix vaccine, which reduced the number of
new infections in vaccinated adults by almost 80%. was approved in the United States in 1999.

273



SCIENTIFIC JOURNAL OF POLONIA UNIVERSITY 44(2021) 1

But it was later withdrawn from the market by the manufacturer for economic reasons. This
monovalent vaccine is not suitable for Europe because it protects only against B. burgdorferi
sensu stricto and not against the B. afzelii and B. garinii genotypes that are more common
in Europe. A polyvalent OspA vaccine developed in Europe, but it is not approved yet (Mid-
delveen et al., 2018).

Today, all stages of LB are treated with antibiotics. Doxycycline, penicillin G, amoxi-
cillin and ceftriaxone are the antibiotics of choice in the treatment of LNB. In the case of early
LNB, doxycycline and beta-lactam (penicillin G, ceftriaxone and cefotaxime) antibiotics are
equally effective in terms of regression of neurological symptoms and are tolerated equally.
According to guidelines from the European Federation of Neurological Societies, adult patients
with reliable or possible acute LNB (symptom duration <6 months) should be offered a single
14-day course of antibiotic treatment (Mygland et al., 2018). Oral doxycycline (200 mg / day)
and intravenous ceftriaxone (2 g / day) are equally effective in patients with peripheral ner-
vous system symptoms, including meningitis. Patients with manifestations of central nervous
system damage are prescribed intravenous ceftriaxone (2 g / day) for 14 days; with late LNB
(duration of symptoms> 6 months) — within 3 weeks (Mygland et al., 2018). It is reported that
most patients have good results and symptoms disappear within 12 months regardless of the
antibiotic used. There is evidence that doxycycline, penicillin G, ceftriaxone, and cefotaxime
are effective in the treatment of European LNB.

D. Bremell and L. Dotevall evaluated the effectiveness of oral doxycycline in the
treatment of LNB with central nervous system symptoms. The number of cerebrospinal fluid
mononuclear cells was used as a surrogate marker of treatment outcome. The study included
26 patients with central nervous system damage and 115 patients with symptoms of periph-
eral nervous system damage. Treatment with oral doxycycline led to a similar decrease in the
number of mononuclear cells in the cerebrospinal fluid of patients with LNB and symptoms of
central nervous system lesions compared with patients with LNB with symptoms of periph-
eral nervous system damage. All patients with central nervous system lesions showed clinical
improvement after treatment, although 62% had residual symptoms at the end of follow-up.
The results indicate that oral doxycycline is an effective treatment for LNB, regardless of the
severity of symptoms (Bremell et al., 2014).

R. Dersch et al. found a statistically significant difference between doxycycline and
beta-lactam antibiotics in terms of residual neurological symptoms after 4-12 months of treat-
ment in a systematic review of 16 studies. Significantly fewer neurological symptoms were
observed after taking cefotaxime compared to penicillin. At the same time, side effects were
significantly lower when prescribing penicillin (Dersch et al., 2016).

S. Rauer et al. argue that in the treatment of early LDL, oral doxycycline is well tolerated
and its effectiveness is equivalent to the effectiveness of intravenous beta-lactam antibiotics
(penicillin G, ceftriaxone and cefotaxime). In this case, 14 days is enough for the treatment of
early, and 14-21 days — for the treatment of chronic LNB. Prolonged administration of antibi-
otics for many weeks or even months in chronic LNB with nonspecific symptoms has no addi-
tional benefit and creates a risk of serious side effects (Rauer et al., 2018).

According to A. Krause and V. Fingerle, early Lyme disease is almost always cured by
a single course of antibiotics, which also prevents further disease progression. After antibi-
otic therapy of late manifestations of LNB, the symptoms disappear slowly, and remission is
usually achieved in weeks or even months (Krause et al., 2009). Combination antimicrobial
therapy or courses of antibiotics longer than 4 weeks in chronic LNB are not recommended
(Krause et al., 2009).
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Thus, early antimicrobial treatment is effective in most cases of LNB and most patients
return to their pre-morbid health after the recommended treatment. However, despite targeted
antibiotic therapy, persistent forms of LNB with manifestations of so-called “subjective” symp-
toms that can last for a significant period of time after treatment (for at least 6 months).

Thus, U. Koedel and H. W. Pfister emphasize the existence of nonspecific symptoms
of LDL that remain despite conventional therapy: a syndrome called post treatment Lyme dis-
ease syndrome (PTLDS). IDSA has provided a formal definition of PTLDS, but its pathogen-
esis and even its existence need further elucidation. PTLDS is not associated with a specific
genotype of B. burgdorferi. The authors note that these patients in most cases do not suffer
from persistent B. burgdorferi infection and do not benefit from additional antibiotic therapy
(Koedel et al., 2017). There are currently no FDA-approved treatments for PTLDS. The safety
and efficacy of non-recommended and / or adjunctive treatments have not been sufficiently
studied and agreed by the medical community.

Both in vitro and in vivo, it has been found that antibiotic resistance and recurrence
of LB are associated with biofilm-like formations of B. burgdorferi, B. afzelii and B. garinii,
allowing Borrelia spp. to resist adverse environmental conditions, and indicating the possible
role of the formed biofilm in the development of various manifestations of LB, including LNB.
The prevention of LB is the use of personal protective equipment when visiting natural foci.
It is important to remove ticks as early as possible. In some Studies have reported a reduction
in infection through emergency prevention. Vaccination methods have not been definitively
developed. The main treatment for LB is antibacterial therapy.

7. Conclusions

The question of pathogenetic mechanisms and risk factors for the development of pathol-
ogy of the nervous system in chronic LB remains open. Nervous system compromised in LB is
an urgent issue that requires improvement of methods of early diagnosis, treatment and preven-
tion. The analysis of the literature suggests that a comprehensive research of nervous system
damage at all stages of LB, urge the needs for further research.
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