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Introduction
A vector is an arthropod or an invertebrate host that transmits 

the infection by inoculation into the skin or mucous membrane by 
biting or depositing infective material on the skin, food, or other 
objects.1 There are many vector-borne zoonoses, such as babesiosis, 
dengue fever, eastern equine encephalitis, ehrlichiosis, epidemic 
typhus, Japanese encephalitis, Kysanur forest disease, leishmaniasis, 
Lyme disease, murine typhus, plague, rickettsial pox, scrub typhus, 
trypanosomiasis, West Nile fever, yellow fever, and others that are 
reported from developing as well as developed nations of the world.1–6 
Among these, Lyme borreliosis (LB), or Lyme disease, is an important 
zoonotic, vector-borne disease caused by spirochete Borrelia 
burgdorferi. Besides humans, the natural infection has been reported 
in several species of animals, including deer, dogs, horses, mice, 
raccoons, squirrels, and opossums.1 Among vector-borne diseases, 
LB is the most frequently reported disease in the United States.7 The 
skin rash was earlier called Erythema Chronicum Migrans, which 
later became popular as Erythema Migrans (EM). It is one of the 
earliest and specific symptoms of LB. The pathogenic spirochete 
Borrelia burgdorferi of the sensu lato complex is the causative agent 
of the disease and is mainly harbored by ticks. Bite of the infected 
tick, especially of the Ixodes genus, is the primary route of disease 
transmission to humans.7,8 There are three stages of pathogenesis: early 
stage or the localized disease, second stage or early dissemination, and 
third stage or late dissemination. Non-specific flu-like symptoms such 
as fever, headache, and muscle pain could be the primary symptoms 
of the disease. Erythema migrans is an early indication of LB. In the 
absence of proper treatment, erosive arthritis, a condition similar to 
rheumatoid arthritis, may develop and, ultimately, lead to chronic 
progressive encephalitis and encephalomyelitis. Cardiac abnormalities 
and unilateral facial paralysis are also associated with LB.7,9 Enzyme-
linked immunosorbent assay (ELISA) is the most common diagnostic 
test for LB, but it may give false positive results. Immunoblot (western 
blot) generally confirms or validates the ELISA.10 Therefore, two-tier 
testing is recommended by CDC to confirm the diagnosis of Lyme 

disease. ELISA test, along with western blot, offers 99.9% precision. 
There is no current vaccine for LB, which makes the disease important 
from a public health point of view. Thus, this review aims to provide a 
general overview of Lyme disease, including pathogen characteristics, 
diagnosis, treatment, epidemiology, prevention, and control measures. 

Historical background 
In 1975, Lyme disease was first identified in the rural part of 

Connecticut, where mysterious outbreaks of rheumatoid arthritis-like 
symptoms were reported in the affected people.11 During the outbreak, 
an unusual cluster of children (51 cases) who have rheumatoid arthritis 
in a small coastal town in Connecticut called Lyme was reported. The 
team headed by Allan C. Steere, MD, and Stephen E. Malawista, 
MD, of Yale School of Medicine, investigated the outbreak and 
soon suggested the association of the disease occurrence with the 
bites of infected ticks, specifically of the family Ixodidae.12 In 1977, 
Yale scientists identified and named the cluster “Lyme arthritis.” 
However, the name was changed to “Lyme disease” in 1979 when 
newly reported symptoms were associated with the disease.13 Later, 
in 1982, Dr. Willy Burgdorfer discovered the bacterium Borrelia 
burgdorferi, the causative agent of the disease, and named after him.14 
The typical skin lesion of LB, i.e., erythema chronicum migrans (now, 
Erythema migrans), is the term initially used by Swedish physician 
Arvid Afzelius in 1909.8 Erythema migrans looks like bull’s eye rash, 
occurring 3-30 days after an infected tick bites the person. The rash 
may appear like a ringworm infection but differs due to the warmness 
of the lesion without any itching. Later studies documented that the 
onset of arthritis was a late symptom of a multi-system Lyme disease. 

The involvement of vectors in disease transmission may vary 
according to geography. For example, Ixodes scapularis (the deer 
tick) transmits disease in the United States, whereas other species 
of Ixodes ticks have been reported from Europe and Asia.12 Infected 
ticks constitute the main risk of contracting Lyme disease; however, 
mosquitoes can also play a role in disease transmission.15
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Abstract

Vector-borne diseases are a significant cause of morbidity and mortality in humans and 
animals worldwide. Lyme disease, or Lyme borreliosis, is an important emerging vector-
borne anthropozoonosis caused by Borrelia burgdorferi. It belongs to the genus Borrelia, 
phylum Spirochetae. B. burgdorferi is a gram-negative, flagellated spirochete having 
loosely coiled spiral morphology. Lyme disease is distributed in many parts of Asia, 
Europe, and the United States. It is the most common arthropod-borne disease in the United 
States. Due to its dramatically increased prevalence, the disease has become a significant 
public health problem in many parts of the United States. Hunters, hikers, campers, and 
travelers involved in outdoor activities in forested areas are at risk of getting the infection. 
Lyme disease is characterized by a fever that may continue for five days. It is transmitted 
by the bite of the Ixodid tick (also known as the black-legged tick), commonly found on 
deer, rodents, and other small mammals. If diagnosed early, the disease can be managed 
with antibiotics and supportive treatment. Severe complications may occur in immune-
compromised, viral-infected, and malnourished individuals. Due to poor diagnosis and the 
unavailability of vaccines, prevention from tick bites becomes the key strategy to fight the 
disease.

Keywords: Borrelia burgdorferi, ixodes tick, lyme disease, spirochetes, public health, 
vector-borne zoonoses
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Since the late 1980s, the incidence of Lyme disease has 
dramatically increased, especially in the United States. It has become 
a significant public health problem in many areas of the United States, 
with the reporting of ∼30,000 cases per year.16 However, increasing 
evidence from recent studies as well as the CDC estimated that the 
actual number of diseased people is approximately ten times more 
than the yearly reported number.14,17,18

Epidemiology
Etiology 

Borrelia burgdorferi is a tick-borne obligate parasite whose life 
cycle alternates between arthropod vectors and mammalian hosts. It 
belongs to the genus Borrelia, phylum Spirochetae, which includes 
a number of borreliae. B. burgdorferi is a gram-negative, flagellated 
spirochete having loosely coiled spiral morphology and measure 
typically from 5-50 μm in length and up to 0.5 μm in width.19 The 
cell wall of Borrelia consists of a plasma membrane, a peptidoglycan 
layer, and an outer membrane. B. burgdorferi differs from other 
spirochetes because it has linear chromosomes and circular plasmids. 
A microaerophilic atmosphere with 300C–340C temperature is the 
best for the growth of the organism. Under optimum circumstances, 
it multiplies every 8–12 h throughout the log phase of growth. Even 
though Borrelia is gram-negative, it’s quite different from typical gram-
negative bacteria. B. burgdorferi possesses many immunoreactive 
glycolipids on its surface but lacks LPS, which usually presents in the 
outer membrane of gram-negative bacteria.20 The Osps (outer surface 
proteins) in the outer membrane play a vital role during disease 
transmission from the vector to the susceptible host. B. burgdorferi 
has periplasmic flagella located in the periplasmic space, whereas 
other bacteria usually have them outside of the cell. Flagellin is the 
main structural component of flagella. It provides unique rotational 
motility and confines the overall shape of the Borrelia. 

Geographical distribution 

LB has been described in many countries of the world, including 
India.1,21–23 The causative agent belongs to the Borrelia burgdorferi 
sensu lato (sl) complex (s.l.- meaning “in the broad sense). The 
complex consists of worldwide distributed ~20 genospecies with a 
complex genome.24 Although there are around 18 Borrelia species 
known that are transmitted by Ixodes ticks,11 only a few have been 
considered critical human pathogens, such as B. burgdorferi sensu 
stricto, B. garinii, and B. afzelii, depending upon the location.25 

Borrelia burgdorferi sensu stricto (s.s.- “in the strict sense”) is the 
single species in that complex that is responsible for nearly all cases of 
Lyme disease in North America.26,27 In the US, LB is primarily caused 
by B. burgdorferi and, to a minor extent, by B. mayonii, recently 
reported from the upper midwestern states.16 In Europe and Asia, 
B. afzelii and B. garinii, respectively, are the most common species 
causing LB.24 Another pathogenic borrelia species, i.e., Borrelia 
miyamotoi, was identified from Japan.28 B. burgdorferi sensu lato 
species have been isolated from various animals and ticks, but B. 
burgdorferi sensu stricto is zoonotic in nature and has been isolated 
only from humans.27

The temperate climate of the northern hemisphere is favorable for 
the survival of the Ixodes ticks.9 In North America, Ixodes scapularis 
is the primary species that transmits LB.29 Ixodes ricinus in Europe, 
whereas Ixodes persulcatus is the predominant tick species responsible 
for disease transmission in most parts of Russia and Asia.24 Borrelia 
spp. is not a recently emerged bacterium. The history of bacterial 
evaluation indicates that diverse lineages of B. burgdorferi existed 

for a very long time in the Northern part of America before the onset 
of the human outbreak. The existing LB epidemic is the consequence 
of ecological alterations and human encroachment that have pushed 
deer, ticks, and, finally, bacteria to invade human dwellings.13,14 

Transmission

Generally, the Ixodes tick has a 2-year life cycle consisting of three 
stages of life: larva, nymph, and adult, and mostly found in deciduous 
and mixed forests with mild winters and warm, humid summers.30 
Borrelia organisms cannot transmit vertically in arthropods (i.e., 
through egg infection) and, thus, adopted a strategy for spreading the 
infection to and from the hosts while the arthropod feeds upon the host. 
Each molting into the next stage of Borrelia occurs after a blood meal. 
There is host specificity depending upon the stage of the life cycle. It 
was found that larvae and nymphs feed mainly on the white-footed 
mouse, whereas fully-grown females feed mainly on white-tailed deer 
or any infected animal reservoir.14 The tick inserts its hypostome into 
the skin of the host and, first, injects the complex mixture of bioactive 
chemicals into the host. Later while sucking blood, Borrelia can be 
ingested, which travels with the hemolymph to the midgut. Once it 
reaches the midgut, B. burgdorferi remains dormant until the tick 
molts and attains the next developmental stage. In order to transmit 
the infection to the host, it is a must for B. burgdorferi to remain 
attached to the host for at least 36 to 48 hours.31

The choice of host plays a vital role in disease transmission. 
Although both nymph and adult ticks can transmit LB to humans,32 
nymphal ticks are accountable for most human infections since they 
are tinier than adults and difficult to detect. Small mammals, such as 
white-footed mice, shrews, voles, chipmunks, squirrels, skunks, etc., 
act as the primary hosts, as well as reservoirs of larvae and nymphs of 
Ixodes tick harboring LB in endemic areas. Whereas large mammals, 
especially deer, are the preferred host of adult ticks and are essential for 
efficient egg production by female ticks.11,14 Until now, ≈237 animal 
species have been found as hosts for maintaining the population of I. 
ricinus. They, therefore, are available to act as competent reservoir 
hosts for multiple tick-borne diseases, including LB.33

Clinical spectrum
Lyme disease is a multisystemic infection affecting several 

organs, such as the heart, joints, brain, and central nervous system, 
and can result in many diverse symptoms. Clinical presentation of the 
disease is often divided into early and late stages. Early LB includes 
characteristic symptoms of skin rash (erythema migrans), fatigue, 
chills and fever, muscle pain, headache, pain in joints, and swollen 
lymph nodes. Reddish or purple-colored skin rash normally appears 
3 to 14 days after the bite of an infected tick. Common sites to find 
ticks are the thighs, groin, trunk, and armpits of a host. The rashes are 
not painful but usually warm to the touch. Sometimes, patients with 
early LB do not develop or notice any rash and instead have “flu-like” 
symptoms of headache, fever, and muscle pain. It is not necessary that 
all rashes that appear at the site of a tick bite are due to Lyme disease. 
It could be an allergic reaction to tick saliva after a tick bite and may 
cause confusion with an erythema migrans. Therefore, a differential 
diagnosis is needed. Allergic reactions due to tick saliva may result in 
a rash, usually within a few hours after the tick bite, which commonly 
does not expand and disappears within a few days of the bite.31 

Symptoms of late-stage LB: Some signs and symptoms of Lyme 
disease appear weeks or months after a tick bite and are considered 
late stages. Arthritis, with brief attacks of pain and swelling, usually 
occurs in one or more large joints, especially the knees. Numbness, 
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pain, nerve paralysis (often one side of the facial muscles), and 
meningitis with fever, stiff neck, and headache are the symptoms 
associated with the nervous system. On rare occasions, irregular heart 
rhythms may occur in patients. Other disease complications may 
include memory or concentration issues, headache, fatigue, and sleep 
disturbances that sometimes resume even after treatment.9

Diagnosis
The clinical history plays a vital role in the diagnosis of LB. The 

appearance of the characteristic rash, i.e., erythema migrans, with a 
history of potential tick exposure in an endemic area is very suggestive 
of LB. Early diagnosis and treatment are essential for a good prognosis 
of the disease. In the absence of treatment, the disease progresses 
to affect the vital parts of the body like the heart, nervous system, 
and major joints. The human body releases immunoglobin M (IgM) 
and immunoglobin G (IgG) in response to B. burgdorferi infection, 
which has diagnostic importance. These B. burgdorferi-specific 
immunoglobulins, IgM and IgG, will appear in serum 2-4 and 4-6 
weeks after infection, respectively, and both will peak approximately 
6-8 weeks after infection. CDC recommends a two-tiered serological 
test for the diagnosis of LB. The first step consists of an enzyme 
immunoassay or immunofluorescent assay using a B. burgdorferi 
sensu stricto lysate or whole cells, respectively. In the second step, an 
immunoblot for B. burgdorferi sensu stricto specific-IgM or IgG using 
a whole cell lysate is recommended. The two-tier routine is to be 
followed if the patient presents with relevant symptoms and history. 
Both tests must show positive results to consider the diagnosis as true 
positive.34 The absence of erythema migrans in some patients may 
pose an additional diagnostic complication. It is advised that patients 
with a history of tick bites and the presence of skin lesions should be 
thoroughly investigated for Lyme disease.

Treatment
Doxycycline is the first choice for the treatment of erythema 

migrans. However, treatment of early localized/disseminated erythema 
migrans by doxycycline, amoxicillin, and cephalosporins (oral) was 
found equally effective, with more than 90% response.35 According 
to randomized trials, doxycycline for 10 days is as effective as 15 or 
21 days.34 An open-label alternate treatment trial among 200 patients 
reported that in cases of multiple erythema migrans, oral doxycycline 
treatment for 14 days is as effective as intravenous ceftriaxone.9 
Intravenous ceftriaxone treatment for at least 14 days usually treats 
Lyme neuroborreliosis. The neurologic sequelae, impaired cognition, 
and other long-term complications of the diseases were found to be 
similar regardless of the treatment regime.36 For the treatment of Lyme 
arthritis, oral doxycycline is recommended for 30 days. If the patient 
still shows symptoms of arthritis, re-treatment is done by giving either 
doxycycline or intravenous ceftriaxone. Ten to twenty percent of 
patients may develop a condition called “antibiotic refractory” Lyme 
arthritis that is unresponsive to antimicrobial therapy. It requires 
injections of corticosteroids and non-steroidal anti-inflammatory 
drugs directly administered into the joint (intra-articular injection).12,37 
A systematic review on the efficacy and safety of pharmacological 
treatments for acute Lyme neuroborreliosis is presented by Dersch 
and co-workers.38

Prevention and control
Avoidance of tick-infested areas is the best approach to prevent 

incidences of LB. However, occupational exposure, recreational 
activities, and people living in proximity to woods are more 

susceptible to disease occurrence. In such circumstances, applying 
insect repellents [diethyl-meta-toluamide (DEET)] and full body 
coverage may effectively prevent tick bites. A head-to-toe bath within 
2 hours after exposure may also be an effective way to avoid infection. 
Usually, ticks take more than 2 hours to fully attach to the host body, 
so an immediate bath is an effective way to wash off any ticks from 
the body. Regular checking of the clothes, entire body surface, and 
especially body folds for the presence of ticks. No vaccine is currently 
available to prevent human LB.39,40

Conclusion and recommendations
The dedicated research in B. burgdorferi ecology revealed many 

Borrelia spp. isolates recovered from many vertebrates, including 
humans. However, only three spp. B. burgdorferi s. s. (in North 
America and Europe), B. afzelii and B. garinii (in Europe and Asia) 
were found to be pathogenic to humans for a long time. The Lyme 
disease pathogen, Borrelia burgdorferi, is a gram negative, motile 
bacterium. Rodents act as the reservoir, and deer are the primary 
hosts of Ixodes ticks, an arthropod vector responsible for disease 
transmission. Since reporting the first outbreak in the US, it has 
become the most commonly reported tick-borne illness in the US and 
is also prevalent in central Europe. Moreover, the worldwide burden 
of the disease has amplified, and now the LB has extended into the 
locations where the disease was not reported earlier. After two days 
of exposure to a tick bite, the infection may appear as an unexpected 
fever or rash. The clinical signs of the diseases may vary from flu-like 
symptoms to severe arthritis and neurological conditions. The disease 
can be treated with antibiotics esp., doxycycline, in order to relieve 
the disease. Diagnosis of the disease is still in the nascent stage. Even 
though diseases is associated with a considerable loss in terms of 
health, economy, and social aspect, there is still a need for in-depth 
knowledge of the ecology of Borrelia species involved in human LB 
worldwide. In this scenario, the best approach is the avoidance to tick 
encounters. Therefore, the following conclusion and recommendations 
are forwarded from the precautionary point of view:

a) Animals should be kept away from tick-infested areas. 

b) Animals should be de-wormed whenever the season is changed 
with appropriate acaricides.

c) It is advised to create tick-safe zones in and around your garden/ 
yard.

d) People living in endemic areas should perform daily tick checks 
on their bodies and be alert for unexpected fever or rash.

e) Emphasis is given to early diagnosis and prompt therapy to 
prevent the complications.
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