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ABSTRACT 

Lyme disease, primarily caused by the spirochete Borrelia burgdorferi transmitted by ticks of the genus Ixodes, is a growing 
public health problem in many regions of the world. The disease is characterized by a diverse clinical course, including early 
skin lesions such as erythema migrans, and late joint, neurological, cardiac, and, less frequently, chronic complications. The 
pathogenesis of Lyme disease is associated with the invasion of tissues by the spirochetes and their ability to evade the host 
immune response, leading to chronic inflammation. Diagnosis relies on a combination of clinical assessment and serological 
testing, while considering the limitations of false positive and negative results. Standard treatment includes antibiotic therapy 
tailored to the stage of disease. Prevention plays a key role and includes the use of repellents, appropriate clothing, 
environmental monitoring, and public education and awareness in endemic areas. Effective prevention and early diagnosis 
are essential to reduce morbidity and clinical complications. 
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Introduction 

The main pathogens causing Lyme disease are Borrelia burgdorferi, Borrelia garini and Borrelia afzelii. 

Infected ticks of the genus Ixodes are the main vector through which the disease is transmitted to humans 

through bites. [1] Erythema migrans, an expanding skin rash that most often appears at the site of a tick bite, 

is the most common clinical symptom of Lyme disease. The infectious agent can then spread throughout the 

body, affecting various tissues and organs, leading to symptoms affecting the skin, joints, heart, and nervous 

system. [2] Antibiotic therapy is the primary treatment for Lyme disease. The most commonly used 

medications include doxycycline, amoxicillin, cefuroximetil, azithromycin, and penicillin. [3] The aim of this 

article is to present the current knowledge on the epidemiology, etiology and clinical significance of Lyme 

disease, because understanding the mechanisms of infection as well as effective methods of prevention and 

diagnosis of this disease is crucial to limiting its impact on population health. 

 

Epidemiology 

Lyme disease is mainly endemic in regions with a temperate climate. Depending on the habitat range of 

Ixodes ticks, Lyme disease is also endemic in certain regions of North America, Europe, the Middle East, 

Australia, Southeast Asia, and areas of Russia. [1] Lyme disease cases are being reported more and more 

frequently on various continents, with a relatively high incidence of antibodies against Borrelia being observed 
in Central Europe and Western and Eastern Asia. [2] This upward trend is associated with reforestation, 

increases in deer and tick populations, and increased human exposure to ticks due to increased migration into 

forested areas and deer habitats. The risk of contracting Lyme disease is particularly high for people traveling 

to endemic regions, as well as for those who work in forests, nature parks or meadows, and for hikers who 

spend a lot of time in green areas. [1] In Asia, the main vector of Lyme disease is Ixodes persulcatus, on the 

Pacific coast I. pacificus, in Europe I. ricinus, and in the northeastern and central regions of the United States 

and in Canada I. scapularis. [4] 

 

Pathogenesis 

Lyme disease is a zoonotic disease transmitted from animals to humans. The etiological agent is the 

spirochete Borrelia burgdorferi, which inhabits the intestine of the Ixodes tick, which serves as the infection 

vector. The natural reservoir of the pathogen in the environment is small mammals, primarily mice, shrews, 

squirrels, and other small animal species. Human infection occurs as a result of tick nymphs attaching to the 

skin, which feed by sucking blood, and their greatest activity occurs in late spring and summer, which 

determines the seasonal nature of Lyme disease cases. [5] 

After biting, an infected tick injects Borrelia burgdorferi subcutaneously. In the first 24 hours after the 

bite, the risk of transmitting the infection is negligible, while effective transmission of the pathogen usually 

occurs around the third day of the tick's feeding. In Europe and Asia, there is a certain risk of infection 

transmission already within the first 24 hours after tick attachment, which is related to the presence of the 

species Ixodes ricinus and Ixodes persulcatus, which transmit different genospecies of spirochetes — Borrelia 

garinii and Borrelia afzelii. [6] As the tick feeds, its saliva, injected into the tissues along with the spirochete, 

modulates the host's local immune response, creating favorable conditions for the pathogen to multiply. The 

spirochetes multiply and migrate within the dermis, and skin lesions resulting from the host's inflammatory 

response, known as erythema migrans, are a characteristic symptom of infection. [5] The spirochetes show 

tropism not only for the joints, nervous system, heart and eyes, but their presence has also been confirmed in 

the lymph nodes, bone marrow, liver, spleen, testicles and placenta, which indicates their ability to disseminate 

early via the bloodstream. The detection of Borrelia burgdorferi or its genetic material in the blood or 

cerebrospinal fluid (CSF) in approximately 10% of patients with erythema migrans (EM) without systemic 

symptoms confirms the occurrence of spirochetemia and early penetration of the central nervous system. [7] 

Only a limited number of Borrelia burgdorferi genotypes are responsible for most cases of disseminated or 

chronic Lyme disease. Clinically, B. afzelii is most often associated with acrodermatitis chronica atrophicans 

(ACA), while B. garinii has a particular tropism for the nervous system, leading to neurological symptoms. 

Arthritis and neuroborreliosis are most often associated with B. burgdorferi infection. As a result of molecular 

mimicry, an autoimmune inflammatory reaction occurs, caused by cross-interaction of antibodies directed 

against membrane epitopes of spirochete proteins with antigens present in nervous and connective tissues. [1] 
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Clinical Picture 

Three characteristic clinical stages – early localized, early disseminated, and late – constitute the typical 

developmental course of Lyme disease. [8] Although the morphology of erythema migrans can be variable, a 

central brightening is often observed, giving the lesion a characteristic "bull's-eye" appearance. This erythema, 

typical of the early localized phase of Lyme disease, usually develops at the site of a tick bite. It begins as a 

small red spot that appears 2 to 30 days after exposure and then gradually enlarges over the following days or 

weeks, reaching a diameter of 5 to 60 cm and forming a ring-shaped skin lesion. Although the skin lesion 

usually resolves spontaneously within a few weeks or months, it may recur in about 20% of patients, and if 

left untreated, about 75% of patients develop further symptoms of early disseminated or late Lyme disease. 

[1,5] Flu-like symptoms such as fatigue, headache and general malaise may accompany the early, localized 

stage of infection. [5] Musculoskeletal and neurological symptoms predominate in the early disseminated form 

of Lyme disease, which typically develops 3–10 weeks after the tick bite, whereas dermatological and cardiac 

symptoms are relatively less common. [1] In 17%–57% of patients, secondary erythema migrans (EM) lesions 

are observed in locations distant from the tick bite, suggesting hematogenous or lymphatic dissemination. 

Compared with primary EM, secondary lesions are multiple, usually similar in size and shape, occur in one or 

two body regions, and are characterized by less swelling, central pallor, and milder local symptoms. [9,10]. In 

a small number of patients, the disease may present only as isolated erythema migrans (EM), whereas mild 
fever and regional lymph node enlargement are relatively common. [7] The most characteristic symptom of 

late-stage Lyme disease is arthritis, which in approximately 60% of untreated patients usually develops several 

months after the first symptoms appear. After a tick bite, B. burgdorferi spirochetes can spread throughout the 

body and settle in synovial joints, triggering an inflammatory response in the synovial tissue, including 

synovial hyperplasia, vascular proliferation, and mononuclear cell infiltration. [5] 

Borrelia lymphocytoma is a lesion that rarely occurs in the early stages of disseminated disease and 

usually appears 30–45 days after the tick bite, although it can occur earlier or up to six months after infection. 

In children, the lesion is primarily located on the earlobe, appearing as a single bluish-red nodule or plaque 

ranging from one to several centimeters in diameter. In adults, lesions may appear on the nipple, sometimes 

with mild pain, but rarely involve the scrotum, nose, or limbs. The lesion resolves within approximately 3 

weeks after antibiotic therapy, but the differential diagnosis should include lymphoma, leukemic infiltrates, 

lupus erythematosus, sarcoidosis, facial granuloma, and polymorphic light rash. [9] 

The most common neurological symptom in early Lyme disease is facial nerve palsy, occurring in 

approximately 3% of patients, particularly in children with meningeal symptoms. Cranial neuropathies are 

observed in a total of 5–20% of patients with this form of infection. If left untreated, some patients develop 

migratory enthesitis, which initially affects polyarticular joints and then, within 1–2 days, transforms into a 

monoarticular form, most often affecting the knee, ankle, or wrist joints. Inflammatory episodes typically last 

about a week and may recur every 2–3 months, but tend to resolve spontaneously over time—over a period of 

approximately 10 years. [1,11,12] 

Neurological symptoms occur in approximately 15% of untreated patients and include lymphocytic 

meningitis, cranial neuropathies, primarily unilateral facial nerve palsy, less frequently bilateral, motor or 

sensory radiculoneuropathy, mononeuritis multiplex, cerebellar ataxia, and myelitis. Patients may report 

headaches, neck stiffness, and altered mental status. The classic triad of neurological symptoms includes 

meningitis, cranial neuropathy, and radiculoneuropathy, although all these elements do not occur 

simultaneously. In endemic regions, Lyme disease should be considered in the differential diagnosis of 

unilateral seventh nerve palsy, also known as Bell's palsy. Rarely, late-onset disease manifests as subacute 

encephalopathy or axonal polyneuropathy, usually accompanied by disturbances of consciousness, cognitive 

function, insomnia, or personality changes. [13] 

Clinical cardiac involvement in Lyme disease patients occurs in 4–10% of patients, of whom 90% 

develop myocarditis. Physical examination reveals bradycardia in approximately 35% of patients and 

tachycardia in approximately 15%. Typical symptoms include dyspnea, chest pain, irregular heartbeat, and 

syncopal episodes. The most common forms of cardiac involvement include atrioventricular conduction and 

rhythm disturbances, pericarditis, and postural orthostatic tachycardia syndrome. [4] 

Symptoms of meningitis typically develop between 2 and 10 weeks after infection. If eye problems, 

such as double vision, occur, they are most often caused by cranial neuropathy. Inflammation of the cornea or 

iris, on the other hand, leads to eye pain and blurred vision. Typically, after several months, and sometimes 

only years, after infection, borreliosis encephalopathy becomes apparent, which is a late complication of the 

disease. [1] Late, or chronic, Lyme disease typically develops after a long latency period, spanning months or 
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years after the initial infection. This stage is characterized by persistent nonspecific symptoms that may or may 

not be reflected in clinical and laboratory tests. [7,13] 

Marques divides chronic Lyme disease into four categories. Category 1 includes symptoms of unknown 

cause, with no evidence of Borrelia burgdorferi infection. Category 2 refers to a well-defined illness unrelated 

to B. burgdorferi infection. Category 3 encompasses symptoms of unknown cause in patients who have 

antibodies against B. burgdorferi but no history of objective clinical findings consistent with Lyme disease. 

Finally, Category 4 corresponds to post-Lyme disease syndrome. In clinical practice, most patients described 

as having "chronic Lyme disease" fall into categories 1 and 2. [14] 

Neurological and rheumatological manifestations, as well as atrophic dermatitis chronica atrophica 

(ACA), are the most typical manifestations of this phase of the disease.[9] 

Chronic atrophic dermatitis of the extremities (ACA) is a late manifestation of Lyme disease, developing 

months or years after infection, primarily in older adults due to persistent infection with the spirochete Borrelia. 

Lesions typically occur on the distal limbs, particularly around bony prominences, reflecting the pathogen's 

preference for cooler skin areas. The disease pathogenesis involves a chronic inflammatory response mediated 

by T lymphocytes and limited cytokine expression, with concomitant downregulation of MHC class II 

molecules on Langerhans cells.[15,16] 

In the advanced stage of chronic atrophic dermatitis of the extremities (ACA), extensive lesions occur 
covering large areas of the skin, characterized by induration, hypersensitivity, and a tendency to develop ulcers 

that are difficult to heal. In rare cases, malignant transformation in the form of squamous cell carcinoma or 

sarcoma may occur. The atrophic phase develops gradually over many years, leading to thinning, dryness, and 

translucency of the skin with visible superficial vessels. The disease—unlike other forms of Lyme disease—

does not tend to resolve spontaneously. The most common extracutaneous manifestation is peripheral 

neuropathy. In the earlier, inflammatory phase of ACA, poorly defined, blue-red patches appear, which 

gradually expand peripherally, forming well-defined plaques. Occasionally, papules, nodules, or swelling are 

present, and linear fibrous nodules are observed near joints—most commonly elbows and knees—which may 

coincide with or precede ACA lesions. Some patients also experience enlarged lymph nodes. [9] Borrelia 

burgdorferi spirochetes can be isolated from skin lesions in chronic atrophic dermatitis of the extremities (ACA) 

up to 10 years after the onset of symptoms, and the presence of numerous plasma cells in sclerotic skin 

infiltrates is a significant diagnostic clue suggesting this condition. In the atrophic phase, epidermal thinning, 

vasodilation, and lymphocyte and plasma cell infiltration in the upper dermis are observed. In the inflammatory 

phase, a dense perivascular and periadnexal infiltrate composed of lymphocytes, histiocytes, and plasma cells 

occurs, accompanied by edema and homogenization of collagen fibers. Skin lesions of ACA, particularly on 

the lower extremities, may clinically resemble venous or arterial insufficiency, eczema, localized scleroderma, 

lichen sclerosus and atrophic lichen (LSA), or posttraumatic or post-cold exposure lesions. [17] 

 

Diagnosis: 

Confirming the presence of Borrelia burgdorferi in the affected organ is difficult due to the limited yield 

of laboratory culture, the diagnosis of Lyme borreliosis relies primarily on characteristic clinical symptoms, 

positive serological tests, and epidemiological history, including a tick bite or travel to an endemic area. In the 

initial phase of the disease, only 25–30% of patients remember a tick bite, highlighting the importance of the 

epidemiological context. Standard laboratory tests rarely provide definitive confirmation of infection: white 

blood cell counts may remain normal or slightly elevated, while hemoglobin, hematocrit, creatinine, and 

urinalysis are usually within the reference range; serum aminotransferases may show a slight increase, and 

rheumatoid factor and ANA tests remain negative, while the erythrocyte sedimentation rate (ESR) is often 

elevated. If indicated, diagnostics include additional tests such as an electrocardiogram, echocardiogram, 

cerebrospinal fluid analysis, or imaging studies. In patients without obvious skin lesions, important diagnostic 

indications include cranial neuritis, lymphocytic meningitis, radicular pain with dermatomal sensorimotor 

neuropathy, as well as carditis or joint swelling, which should be confirmed by a positive serological test or 

immunoblot. [1,7,9] A definite diagnosis of Lyme neuroborreliosis is made when the patient has compatible 

neurological symptoms, lymphocytic pleocytosis in the cerebrospinal fluid, and the presence of antibodies 

against B. burgdorferi in the intrathecal space. [18] 

When cardiac involvement is suspected in patients with Lyme disease, a complete cardiac evaluation is 

recommended, including a 12-lead ECG and 24-hour Holter monitoring to analyze the rhythm, PQ interval, 

QRS width, and ectopic beats. Additionally, a chest X-ray and echocardiography are performed to assess 

ejection fraction, wall motion, and the presence of pericardial effusion. In selected cases, cardiac magnetic 
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resonance imaging (MRI) or myocardial biopsy for histological examination and Borrelia culture are indicated. 

Electrophysiological testing is used only in specific situations due to its invasive nature and the potential risk 

of arrhythmia. [4] 

In the diagnosis of arthritis caused by Lyme disease, it is crucial to identify typical clinical symptoms, 

take into account the history of exposure to the pathogen in endemic regions, and confirm the infection with 

serological tests. [19] 

 

Serologic and molecular diagnostic methods 

Laboratory serological confirmation of the presence of specific antibodies is based on a two-step 

diagnostic algorithm. The first step involves screening using enzyme-linked immunosorbent assays (ELISA, 

EIA, ELFA), as well as chemiluminescent immunoassays (CLIA) or fluoroimmunoassays (FIA). Positive or 

borderline results require further verification in the second step, performed using a confirmatory Western 

immunoblot assay. [4] The sensitivity of serology in Lyme disease depends significantly on the clinical 

presentation, reaching an average of approximately 50% in patients with erythema migrans, 77% in 

neuroborreliosis, and up to 97% in patients with atrophic dermatitis atrophica (ACA). The immune response 

also progresses in stages: IgM antibodies to B. burgdorferi usually appear within 2–4 weeks of the onset of 

skin lesions, while an increase in IgG antibody concentration is observed approximately 4–6 weeks after 
infection. IgG levels peak within the first six months and may remain elevated for many months or even years. 

[1,9] False positive results may occur in the course of mononucleosis, syphilis or autoimmune diseases, while 

false negative results are often observed in the early stages of Lyme disease. [9] Recent years have seen the 

development of new commercial serological tests for detecting Borrelia, including the TickPlex ELISA-based 

test, which additionally utilizes an antigen for round (perisister) Borrelia. An improved version of this test 

allows for the simultaneous detection of IgM and IgG antibodies to several tick-borne bacterial and viral 

pathogens, and reports indicate its usefulness in various stages of Lyme borreliosis. [4] For the diagnosis of 

neuroborreliosis, the Infectious Diseases Society of America prefers assessing intrathecal antibody production 

in cerebrospinal fluid samples, considering it more reliable than direct detection of the pathogen. PCR testing 

can be used in selected patients with late-stage arthritis or neuroborreliosis, especially since it demonstrates 

the highest sensitivity in synovial fluid samples from individuals with untreated late-stage arthritis. However, 

urine antigen testing has a high false-positive rate and is generally inaccurate. [13] 

 

Treatment 

The best treatment results are achieved when therapy is started at an early stage of the disease. Treatment 

of late stages of the disease, especially those with neurological or rheumatological manifestations, is less 

effective, and the response to antibiotic therapy may be limited. [9] Prevention of the development of the 

disease can be effective if the tick is removed within 24 hours of attachment, using precise, fine-tipped gripping 

tools placed directly on the skin surface, taking care to avoid pressure on the tick's body. In the case of early, 

limited stage of Lyme disease, oral treatment is recommended, with therapeutic management focused primarily 

on the clinical manifestations of the disease. Indications for intravenous treatment include patients with 

symptomatic involvement of the nervous or cardiovascular system and refractory arthritis. [1,7] 

In the treatment of Lyme disease, doxycycline is the drug of first choice; in the case of early erythema 

migrans (EM) the recommended dose is 100 mg administered orally twice daily for 14–21 days, while in the 

course of BL and ACA the duration of therapy should be 3–4 weeks. 

In the treatment of erythema migrans (EM), several studies have shown that azithromycin administered 

initially at a dose of 500 mg twice daily on the first day, followed by 500 mg once daily for the next four days, 

achieves efficacy comparable to other treatment methods. [20] 
Borrelia lymphocytoma, the early form of disseminated Lyme disease, is primarily treated with oral 

antibiotics: doxycycline (100–200 mg/day), amoxicillin (500 mg three times a day), or cefuroxime (500 mg 
twice a day) for 14–21 days. Alternatively, azithromycin is used for 5 days. In the case of systemic symptoms 
or failure of oral treatment, intravenous treatment with ceftriaxone or cefotaxime is indicated. Therapy usually 
lasts 2–3 weeks, and efficacy is assessed by the resolution of skin lesions. [1] Lyme arthritis is treated orally 
with doxycycline 100 mg twice daily, amoxicillin 500 mg three times daily, or cefuroxime axetil 500 mg twice 
daily for 28 days. In refractory or severe cases, intravenous ceftriaxone 2 g daily is used for 2–4 weeks. The 
effectiveness of therapy is assessed by the resolution of joint symptoms. [1,5] Alternatively, amoxicillin, 
cefuroxime, or erythromycin can be used to treat Lyme disease. In cases with multiple erythema migrans 
lesions, in pregnant women, or in immunocompromised patients, parenteral therapy may be more appropriate: 
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intravenous (IV) ceftriaxone 2 g once daily or IV penicillin G 18–24 million units daily administered every 
four hours for 10–14 days. [21] In cases of persistent ACA, it may be necessary to use the same therapeutic 
regimens. The daily dose of antibiotics in children under 8 years of age is: cefuroxime 30–40 mg/kg, 
amoxicillin 25–50 mg/kg and azithromycin 20 mg/kg on the first day, then 10 mg/kg for the following days, 
with the duration of treatment being the same as in adults. [9] During pregnancy, the first-line drugs are 
amoxicillin, azithromycin, and third-generation cephalosporins, administered in the same doses and for the 
same duration as in non-pregnant women, while doxycycline is contraindicated in pregnant and breastfeeding 
women and in children under 8 years of age. [22] Elevated levels of IgM and IgG antibodies against B. 
burgdorferi may persist for a long time after successfully completed therapy, but this does not indicate either 
ineffective treatment or persistent infection. Therefore, current guidelines emphasize that serological tests 
should not be repeated to confirm treatment efficacy or document recovery. Nevertheless, serological results 
are sometimes misinterpreted—their limitations, including the possibility of false-positive or false-negative 
results, can lead to unnecessary diagnosis and unjustified antimicrobial treatment. A new IgG enzyme 
immunoassay based on C6 peptide has also emerged in diagnostics, with sensitivity and specificity similar to 
the standard two-step protocol. However, further studies assessing the usefulness of this test are needed before 
its optimal diagnostic role can be clearly determined. [13] 

 
Risk Reduction 
Tick-borne disease prevention encompasses a range of measures to reduce the risk of exposure to vectors. 

One key element is reducing tick populations through the use of acaricides such as carbaryl and deltamethrin, 
as well as controlling the animal reservoirs that support their life cycle. Equally important is the use of personal 
protective equipment, including repellents applied to both skin and clothing, which effectively reduce the 
likelihood of infection. Appropriate clothing also plays a crucial role – wearing long pants and long-sleeved 
clothing reduces the area of exposed skin, and regular, thorough body checks allow for rapid detection and 
removal of ticks. Avoiding environments typical of tick habitats remains the primary form of protection. For 
pharmacological prevention, a single dose of 200 mg of doxycycline administered orally within 72 hours of 
tick contact is being considered, although this approach is still under debate and is not a definitively accepted 
strategy. [23] Vaccines targeting protein A (OspA), found on the outer surface of Borrelia burgdorferi, are 
considered a promising strategy for Lyme disease prevention. The most advanced vaccine of this type was 
LYMErix—a recombinant lipoprotein OspA—which, after demonstrating 70–80% protective efficacy after 
three doses, was approved for clinical use by the FDA/USFDA in individuals over 16 years of age. However, 
it was subsequently withdrawn from the market in 2002 due to reports of adverse events, particularly arthritis, 
although the causal relationship remained controversial. Intensive work is currently underway on second-
generation vaccines based on updated antigens and improved immunization platforms, aimed at improving the 
safety and effectiveness of Lyme disease prevention. [1,9,24,25,26] 

 
Conclusions 
Lyme disease, although traditionally associated with endemic regions, is increasingly being diagnosed 

outside of these regions. Early implementation of appropriate antibiotic therapy is usually associated with a 
good prognosis, although recurrence of infection cannot be ruled out. However, early diagnosis can be 
significantly challenging, especially in the absence of a clear epidemiological context, typical clinical 
symptoms, or readily available, inexpensive, and highly sensitive diagnostic tests. Therefore, increasing public 
awareness and strengthening public health surveillance of this disease are crucial. Making Lyme disease a 
mandatory notifiable entity—as proposed in India, among others—could be a significant step toward 
improving monitoring and early case detection. Although Lyme disease is a fully treatable disease, it remains 
frequently underdiagnosed in primary care. Its early cutaneous manifestations are particularly significant, as 
they can precede more severe complications such as arthritis, neurological, or cardiac disorders. Proper 
identification of skin lesions can therefore enable earlier diagnosis of the disease and prevent progression to 
more advanced stages. Therefore, raising awareness among both the public and family physicians is crucial to 
improving early diagnosis of Lyme disease and reducing its late clinical consequences. 
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