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Summary

Ticks and the pathogens they transmit are an ever-present global health problem. In Poland,
the most common species of these arachnids are Ixodes ricinus (castor bean tick) and
Dermacentor reticulatus (ornate cow tick). There arerisks associated with the parasitic effects
of ticks. During their feedings, they can have direct and indirect effects on the affected host.
Both arthropod species are characterized by a large number of species of microorganisms
they transmit causing bacterial, viral, and parasitic diseases. Bacterial infections are the
most common among tick-borne diseases. These include Lyme disease, human granulocytic
anaplasmosis, tularemia, and Q fever. An increasingly common clinical issue prompting the
current research is co-infections, i.e. simultaneous infection of the host by several pathogens.
Aninfection caused by multiple pathogensresultsin severe and atypical symptoms, prolonged
duration of disease, as well as reduced response to treatment. Taking into account the ubiquity
of ticks in the environment, only a thorough understanding of tick-borne diseases, including
infectious agents and vectors, can lead to better control of this problem worldwide.

Keywords: human granulocytic anaplasmosis, co-infections, Q fever, Lyme disease,
tularemia

Streszczenie

Kleszcze oraz przenoszone przez nie patogeny wcigz stanowig aktualny problem zdrowotny
o charakterze globalnym. W Polsce najbardziej rozpowszechnionymi gatunkami tych pa-
jeczakow sa kleszcze Ixodes ricinus (kleszcz pospolity) i Dermacentor reticulatus (kleszcz
takowy). Mozliwe zagrozenia zwigzane s z pasozytniczym oddzialywaniem kleszczy. Ich
Zerowanie wywiera bezposredni i posredni wptyw na zaatakowany organizm. Oba gatunki
stawonogéw charakteryzuja sie duza liczbg gatunkéw przenoszonych mikroorganizméw,
wywotujacych choroby bakteryjne, wirusowe oraz pasozytnicze. Infekcje bakteryjne sg
najbardziej liczng grupa sposrdd chordb odkleszczowych, Zalicza sie do nich m.in. bore-
lioze, anaplazmoze granulocytarng, tuleremie i goraczke Q. Coraz czeSciej pojawiajacym sie
zagadnieniem klinicznym, stanowiacym aktualny problem badawczy, sg koinfekcje, czyli
wspéizakazenie organizmu kilkoma patogenami. Zakazenie spowodowane przez rézne pa-
togeny skutkuje wystepowaniem nasilonych i nietypowych objawdéw, wydtuzonym czasem
trwania choroby, jak rowniez brakiem odpowiedzi organizmu na zastosowane leczenie.
Biorac pod uwage wszechobecno$¢ kleszczy w $rodowisku, tylko doktadne zrozumienie
choréb odkleszczowych, w tym czynnikéw zakaZnych oraz wektoréw, moze doprowadzi¢
do lepszej kontroli tego problemu na catym $wiecie.

Stowa kluczowe: anaplazmoza granulocytarna, koinfekcje, goraczka Q, borelioza, tulare-
mia
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Introduction

The negative impact of tick-borne diseases on public health has been present for several decades. Between
1940 and 2004, zoonotic diseases accounted for more than 60% of all human infectious diseases. Of these,
22.8% were infections involving tick vectors [1]. Tick-borne pathogens and the diseases they cause are a current
and increasing human health problem worldwide. This problem is closely linked to the constantly increasing
incidence of ticks, the vectors responsible for human transmission. This increase is attributed to many factors
such as climate change which is one of the major contributors. The climate is warming up with shorter, milder
winters and higher humidity levels affecting a range of habitats for ticks. As a result, the duration the arachnid
is active is being extended. This disrupts the established patterns of peak occurrences during the months of
May-June and September-October.

Rapid urbanization and habitat modification are other factors. Until recently, the main habitat for ticks
was meadows and wooded areas. However, these arachnids are increasingly being seen in cities where people,
through the promotion of healthy lifestyles, spend more time outdoors without adequate protection against
ticks [2]. This phenomenon is also influenced by economics, population growth, and population fluctuations.
Additionally, internal changes within ticks and improved adaptation mechanisms to survive resultin an increase
their abundance [3].

In turn, the emergence of new pathogens may be related to the high variability and plasticity of the pathogens’
genomes [4]. Fortunately, the awareness and seriousness of the effects tick-borne diseases cause are steadily
growing. The knowledge gained about ticks, the pathogens they transmit, and the symptoms of the diseases
these pathogens cause is increasing at many levels. Research being conducted on the cellular and molecular
levels is essential to understand the characterization and pathogenesis of these pathogens [1].

Aim of the work
This study examines select contemporary issues concerning vectors, pathogens, and tick-borne diseases.
Ticks as vectors of infection

TicksbelongtothesubclassAcari,class Arachnida, phylum Arthropods,andareagroup ofvectorscharacterized
by a high diversity of transmitted pathogens. They are present worldwide and, depending on the species, are
found in a diverse range of wet and dry environments. To date, 900 species of ticks have been identified [5].
They are divided into two families: hard ticks (Ixodidae) and soft ticks (Argasidae). Ixodidae contains over 700
species that are divided into 7 genera, of which Ixodes, Dermacentor, Haemaphysalis, Hyalomma, Amblyomma, and
Rhipicephalus are the main ones [5]. In Poland, there are 19 species of ticks of which Ixodes ricinus (castor bean
tick, Figure 1) and Dermacentor reticulatus (ornate cow tick, Figure 2) are the most common. Current research
identifies I. ricinus as the vector for the largest number of pathogen species. D. reticulatus transmits a smaller
number of microbial species and feeds mainly on animals. Overall, the highest incidence of tick-borne infections
are recorded for pathogens of the Borrelia spp., Babesia spp., Rickettsia spp. and Anaplasma spp. [6].
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Figure 1. Morphological structure of the female and male Ixodes ricinus tick

Notes: Photographs taken by Estera Michaluk, PhD, using a scanning electron microscope (SEM) at the IT and Construction
Laboratory of the Innovation Research Centre of the John Paul II University of Applied Sciences in Biala Podlaska, Poland.
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Dermacentor reficulafus male Dermacentor reficulatus female
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Figure 2. Morphological structure of the female and male Dermacentor reticulatus tick

Notes: Photographs taken by Estera Michaluk, PhD, using a SEM at the IT and Construction Laboratory of the Innovation
Research Centre of the John Paul Il University of Applied Sciences in Biala Podlaska, Poland.

There are risks associated with the parasitic effects of ticks. Their feeding has direct and indirect effects
on the affected host. Ticks go through four stages of development: eggs, larvae, nymphs, adult male/female.
For each stage, blood must be ingested by them to cause molting. Therefore they consume blood at every stage
of their development cycle. Although ticks typically parasitize only once during each life stage, they may have
several hosts if they do not complete the feeding [7]. This enables them to transmit many pathogens that cause
infectious diseases such as Lyme disease, granulocytic anaplasmosis, tularemia, and Q fever.

A tick’s search for a host is essential for their survival and, for this reason, they have a very sophisticated
system for detecting the right hosts [5]. Organs such as the sensory setae or Heller’s organ allow arachnids to
respond to odors, radiating heat, and breath. The odors they are attracted to include the ammonia in urine and
animal feces, as well as the butyric acid and lactic acid found in sweat. In their search for a host, they additionally
respond to stimuli such as vibration, sound, and touch [3]. Hard ticks usually bite during the day and after
approximately 24 hours, the cells of the salivary glands break down allowing the release of pathogens into the
host [8]. The act of a blood draw can occur in two ways: slow and rapid. Slow blood drawing in females can last
up to 10 days, increase their body weight from 2 to 50 mg, and gently stretch their body shells. Redness is often
observed at the puncture site. Rapid suction lasts from 12 to 24 hours and is associated with a weight increase
of 50 mg to as much as 250 mg. During this stage, the blood drawn is concentrated by returning it to the body
of the host [9]. Regardless of species, ticks can draw up to 3 cm? of blood during a feeding period. In the case of
larvae and nymphs, the amounts are much smaller and there is usually no inflammation making the diagnosis
of infestation much more difficult.

Pathogens can persist in a tick for a long time resulting in their transmission. Transmission can be vertical
as pathogens are transmitted from females to their eggs or horizontal from tick to tick via a host. The longer the
duration of a blood draw the higher the risk of infection [10]. The pathogens carried by ticks are located in the
salivary glands, midgut, hemolymph, and reproductive system. Although they are highly pathogenic towards
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vertebrates these pathogens rarely cause symptoms in the body of the arachnid. However, pathogens have been
observed to cause developmental disorders, interfere with organ functioning, and in severe infections that kill
the tick. The literature shows tick mortality to be highest from infections of the Babesia spp. protozoan [11].
Studies on nymphs have suggested infection with B. burgdorferi s.l. spirochaetes can affect a tick’s host-seeking
activity [12] and resistance to low temperatures [13]. Pathogens in the body of ticks multiply facilitating their
migration and colonization of the next host [14]. Consequently, they undoubtedly are a group of greatimportance
in the spread of infections.

Tick-borne diseases

Ticks are responsible for transmitting many infectious agents including bacteria, viruses, and parasites. The
health problems associated with these micro-organisms include mainly zoonotic diseases transmitted while
humans are used as accidental hosts. It should also be noted that the presence of these pathogens in ticks alone
does not necessarily result in an infection. In the case of bacteria and parasites, the transmission does not occur
immediately. These pathogens must migrate towards the salivary glands of the arachnids, a process that takes
up to 24 hours [15].

Borrelia burgdorferi and Lyme disease

Lyme disease is the most common tick-borne bacterial disease in Europe, and its main vector is L. ricinus. The
etiological agent of this infection is the highly motile B. burgdorferi s.l. spirochetes. These spirochetes can adopt
varying sizes and shapes depending on the environment in which they are found. They are microaerophiles that
live as both external and intracellular parasites during different periods of their life cycle [16]. The reservoir
for B.burgdorferi s.l. consists of numerous animal species but rodents are the most common. B.burgdorferis.l. is
a highly invasive agent and is responsible for a large number of infections in Poland. The National Institute of
Hygiene in Poland (org. Paristwowy Zaktad Higieny, PZH) reported 20,629 cases in 2019 [17]. Worldwide, there
are 12 genera in the B. burgdorferi complex, however, not all of them cause human infections.

Lyme borreliosis is very difficult to diagnose due to its variable clinical presentation and incubation period
of 2 to 4 weeks. Based on signs and symptoms, Lyme disease is classified into three stages: early localized,
early disseminated, and late disseminated. In the early localized stage of the disease, symptoms include fever,
chills, headache, fatigue, muscle/joint pain, and rashes consisting of at least one erythema migrans (EM). The
early disseminated stage can occur a few days to a few weeks after the onset of symptoms. During this stage,
patients continue to experience fever, fatigue, headache, and muscle/joint pain. However, the appearance of
more severe symptoms affecting the neurologic and circulatory systems develop. These can include nerve
palsies, symptomatic neuropathies, meningitis, heart palpitations, fainting, chest pain, and shortness of breath.
Inflammatory cardiomyopathy is a rare complication that can occur when the spirochetes attack heart tissue
with symptoms appearing on average 2 and 4 weeks after onset of Lyme disease. In the late disseminated stage of
Lyme disease, the symptoms become chronic. Patients can develop neurologic abnormalities commonly referred
to as neuroborreliosis in addition to chronic arthritis, severe pain in the extremities, and multiple inflammatory
conditions [18].

The preliminary diagnosis of Lyme disease is based on serological ELISA testing. If a positive or doubtful
result is obtained, a western blot test is performed to confirm the diagnosis. Treatment consists of antibiotic
therapy for 2 to 4 weeks but can vary based on provider preference. Additionally, there is no permanent immunity
against Lyme disease, therefore, if a patient is constantly exposed to tick bites, the disease may recur [3].

Anaplasma phagocytophilum and human granulocytic anaplasmosis (HGA)

HGA is a severe infectious disease that was originally described in the United States where it became known
as granulocytic ehrlichiosis caused by Ehrlichia phagocytophilum. However, a taxonomic change identified the
organism belonged to the genus Anaplasma resulting in a name change to Anaplasma phagocytophilum [19].
A. phagocytophilum is a Gram-negative bacterium that attacks white blood cells (neutrophils, monocytes,
macrophages) and is mainly located in the vacuoles of cells. The most frequent vectors for this pathogen are ticks
of the Ixodidae family: Ixodes ricinus in Europe, Ixodes persulcatus in Asia, and Ixodes scapularis, Ixodes pacificus,
and Ixodes spinipalpis in North America. The number of anaplasmosis cases in humans are steadily increasing. A.
phagocytophilum also causes tick fever in ruminants, anaplasmosis in horses, and febrile illnesses in cats and dogs
[20].
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Characteristic symptoms of HGA include fever, headache, hematological abnormalities including leukopenia
and thrombocytopenia, and increased serum aminotransferase as a parameter indicative of liver damage.
Symptoms typically appear 5 to 14 days after coming into contact with an infected tick. Most cases of
granulocytic anaplasmosis occur in areas with a high prevalence of Lyme disease and babesiosis — which may
indicate that the transmission of these three pathogens are by the same vector species [21]. Ticks infected with
A. phagocytophilum are found throughout Poland with frequencies ranging from 4% in western Poland to 15% in
the area of Biatystok in eastern Poland [16]. Each year, dozens of people report symptoms consistent with HGA
infection. Typically, the disease is self-limited for immunocompetent individuals with a mortality rate of <1%.
However, inimmunocompromised patients, the elderly, patients undergoing treatment with immunosuppressive
agents, and cancer patients the mortality varies between 7-10% [22].

During the first week of the disease, diagnosis is based on the direct detection of DNA from the HGA etiologic
agent using polymerase chain reaction (PCR) testing. The sensitivity of the PCR test varies between 67-90%.
Microscopic examination of the peripheral blood smear with staining using a Giemsa stain has a sensitivity of
25-70%. The diagnosis can also be based on the detection of antibodies which usually appear 7-14 days after the
onset of disease symptoms.

The treatment of human granulocytic anaplasmosis is considered on an individual basis, but the most
commonly used group of antibiotics are tetracyclines with doxycycline being used the most. The duration of
antibiotic therapy is important for complete recovery, especially in mixed infection, and should consist of 7-14
days [23-25].

Rickettsia spp. and spotted fevers

Rickettsia bacteria are small, Gram-negative pathogens that are transmitted by ticks. They are primarily
responsible for spotted fevers with about 30 rickettsial species have been identified. According to the European
Centre for Disease Prevention and Control, 5,903 cases were diagnosed in Europe between 2000 and 2010 [26].

Rickettsioses causing spotted fevers are characterized by non-specific clinical symptoms. The incubation
time from the moment of contact with a tick is on average 3 to 12 days. Symptoms associated with infection
include fever, headache, muscle/joint pain, and a maculopapular rash. There is often a scab at the site of the tick
bite. The symptoms are usually mild and treatment consists of taking doxycycline for 7-14 days [26].

Serological testing is a popular diagnostic method for rickettsioses, but seroconversion does not occur for
about 20 days. Molecular studies can also be conducted to detect a common gene within the group of bacteria
that causes spotted fevers [26].

Francisella Tularensis and tularemia

Tularemia is a highly contagious zoonotic disease caused by a Gram-negative, aerobic bacilli named
Francisella tularensis. This group of bacteria is divided into two subspecies: F. tularensis subsp. tularensis (type
A), whose presence has been reported in North America, Austria, and Slovakia, and F. tularensis subsp. holarctica
(type B), seen throughout the northern hemisphere and Australia [27]. These pathogens are found in various
regions of the world but remain relatively scarce, although their numbers are increasing. The reservoirs of these
microorganisms are mainly rodents, mice, rats, squirrels, hares, rabbits, and wild birds. F. tularensis can be
transmitted to humans through the skin, conjunctiva, oral or respiratory routes, contact with infected animals,
contaminated aerosols, contaminated food/water, and vectors such as Ixodes and Dermacentor ticks [28].

Depending on the mode of entry of F. tularensis, the following clinical forms of the disease are distinguished:
ulcerative-nodular, ocular-nodular, anginal, visceral, and pulmonary. Tularemia can produce asymptomatic,
mild, or acute diseases. In Europe, more than 95% of cases occur after contact with an infected tick and take the
ulcerative-nodular form. The incubation period depends on the infecting dose and the virulence of the pathogen,
but, on average, it is short, lasting 3 to 4 days [29]. Initially, the disease begins with acute and influenza-like with
general debility, high fever, chills, headache, and muscle/joint pain. If symptoms are overlooked and not treated
properly complications may occur. In 30% of tularemia patients, they can develop lymph node abscesses. Less
commonly, meningitis and infections of the heart, bone, and soft tissue can occur [27].

Given the varied symptoms, the diagnosis of tularemia is based on serological, microbiological, and molecular
tests. Serum tests evaluate for the presence of both IgM and IgG antibody levels. Antibodies to F. tularensis
antigens appear in the patient’s blood 10 to 14 days after the onset of the first clinical symptom with the highest
levels observed after 4-7 weeks of infection. Microbiological tests are based on the cultivation of microorganisms
from clinical materials such as sputum, throat swabs, blood, and gastrointestinal samples. Such analyses are
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a valuable source of information with regard to the diagnosis of infection, epidemiology, and differentiation of
F. tularensis bacilli. Molecular methods, e.g. PCR and its variations, make it possible to search for bacterial gene
fragments in various types of clinical materials [29].

Coxiella burnetii and Q fever

Q fever is a common zoonotic disease around the world with cases having also been reported in Poland. The
Gram-negative bacterium responsible for this infection is Coxiella burnetii. They are initially found in monocytes
and macrophages of humans and animals and from there spreads to tissues. C. burnetii is highly infectious — the
presence of as few as 10 bacterial cells can cause infection. Commonly, these microorganisms are found in two
forms: a large-cell, proliferating variant (LCV) and a small-cell, non-proliferating variant (SCV) [30,31].

The reservoirs for C. burnetii include mainly cattle, sheep, goats, but also reptiles, birds, and marine mammals
can be a source of infection. The respiratory route is the most common way in which infections can develop
through contact with infected animals. Bacteria can also be found in contaminated urine, raw milk, feces,
and animal carcasses [32,33]. Ticks play a secondary role in the spread of C. burnetii infections, although it is
estimated that approximately 40 species may serve as reservoirs for these bacteria. In 2018, ticks collected in
north-eastern Poland were found to harbor C. burnetii bacteria at a rate of 0.45% - 3.45% [34].

The clinical manifestations of Q fever are mainly flu-like: fever, headache, and joint/muscle pain with atypical
pneumonia and hepatitis occurring in later stages. The incubation time ranges from 9 to as many as 40 days.
Fortunately, these infections are rare as epidemiological data in Poland have only reported one case since 2010
[31].

The diagnosis of Q fever is based both on serological and molecular tests. Serologic tests aim to determine
the presence of antibodies against C. burnetii in the patient’s blood. While molecular tests try to detect bacterial
DNA in clinical samples [35].

Co-infections

An increasingly growing research and clinical problem is that of tick-borne co-infections. It is a phenomenon
in which one organism is infected by several pathogens of different types, but also by microorganisms belonging
to the same genus, causing so-called mixed infections [36]. A significant number of co-infections involve two to
three etiological agents which typically include Borrelia burgdorferis.l, Anaplasma phagocytophilum, and Babesia
spp- An infection caused by multiple pathogens results in severe and atypical symptoms, prolonged duration of
disease, as well as reduced response to treatment [6,37].

The best-known co-infection in ticks and humans is the co-infection of A. phagocytophilum and B. burgdorferi
s.l. This co-infection results in an accelerated and increased entry of Borrelia spirochetes into human internal
organsresultinginamore severe progression of Lyme disease [38]. Thisoccurs because oftheimmunomodulatory
actions of A. phagocytophilum. This bacterium affects the activity of granulocytes impairing the ability of the
infected organism’s immune system making it easier for a second pathogen to colonize. The easier penetration
into tissues by B. burgdorferi s.I. and the more severe course of Lyme disease is due to a decrease in interferon
and interleukin-12 levels caused by the co-infection with A. phagocytophilum [39].

The prevalence of co-infections in tick vectors is influenced by their geographical distribution and by endemic
infections among them and their hosts. Currently, co-infection studies are being conducted worldwide in
common tick species, i.e. Ixodes ricinus and Dermacentor reticulatus. Reis et al. [40] collected 227 I. ricinus ticks in
France and demonstrated co-infections in 16.3%. They found the most common co-infections were with Borrelia
spp. and Anaplasma spp. (5.75%). The authors of this study consider this phenomenon to be very common in this
tick species given their diversity of hosts. Co-infections with B. burgdorferi s.l. and A. phagocytophilum in Ixodes
ricinus ticks collected from north-eastern Poland was also shown by Roczen-Karczmarz et al. [41]. In their study,
out of the 236 ticks that were collected, 14% were found to be co-infected with these two pathogens. In Germany,
Hildebrandt et al. [42] detected co-infections with Coxiella burnetii. Among the 1,000 ticks collected, Borrelia
spirochetes were involved in 87.5% of the co-infections. The study further investigated 9 out of the 19 Coxiella-
positive ticks. One tick was found to be infected with C. burnetii and B. microti. Two nymphs were found to have
a triple co-infection with C. burnetii, B.burgdorferi s.l., and B. garinii in one, and C. burnetii, Rickettsia Helvetica,
and B.burgdorferi s.l. in the second.

Compared to Ixodes ricinus ticks, the Dermacentor reticulatus species are considered a less competent vector
for pathogens. However, new findings on tick-borne pathogens seem to be slowly pushing this thesis into
oblivion. The numbers of etiological agents detected in infections are still lower than in I. ricinus overall, but this
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is steadily increasing when compared to previous years. In addition, the importance of D. reticulatus as a vector
is significantly weakened by the relatively short activity period as nymphs and their ability to survive without
a host for 3-4 years [8]. In 2017, Zajac et al. [43] collected 634 ticks from eastern Poland. Their analyses found
co-infections with two pathogens in 54 (8.5%) samples, among which a co-infection with A. phagocytophilum
and Tick-borne encephalitis virus (TBEV) was detected in 0.32%. In Serbia, Tomanovic et al. [44] examined 53
D. reticulatus ticks and detected co-infections in 18.9%. The majority of these co-infections were with Francisella
spp. and Babesia canis (17.0%), and, in one case, Francisella spp. and C. burnetii. In south-eastern Poland, co-
infections in Dermacentor reticulatus ticks were studied by Roczen-Karczmarz et al. [41]. Of the 237 specimens
analyzed, a co-infection with B. burgdorferis.1. and A. phagocytophilum was detected in 12.24%.

As demonstrated, the literature illustrates the clinical significance of co-infections in both Ixodes ricinus and
Dermacentor reticulatus. However, the co-infection phenomenon itself has been studied more extensively for I.
ricinus.

Conclusions

Since the beginning of the 20" century, there has been an increase in the number of ticks, the emergence of
new species, and a constantly expanding geographical distribution range. The main consequence of their feeding
is the transmission of pathogens causing diseases in humans and animals, including Lyme disease, granulocytic
anaplasmosis, tularemia, and Q fever. At the same time, public awareness of tick-borne diseases, their pathogens,
and vectors is increasing. Ticks have and always will be a real threat to public health as it is impossible to
eliminate arachnids from the human biotope. For this reason, measures have to be taken to find out more about
them and reduce the risk and incidence of the diseases. This requires increased efforts in detecting infected ticks
and the pathogens they transmit, reporting human cases, and collecting accurate data on the overall risk. From
an analytical standpoint, it is important to increase database information on the microbiome of ticks and to
understand the mechanisms involved in transmission to be aware of their potential as vectors. All these efforts
are made to ensure that doctors, veterinarians, and health professionals have access to up-to-date information
onrecognized and newly emerging infectious agents. The early diagnosis and selection of appropriate treatment
can reduce serious infections and complications associated with tick-borne diseases.

It is also important to educate the public about the real danger of ticks and the need for preventive actions.
Unfortunately, there is no way to absolutely, 100% protect against tick attacks. However, preventive measures
including the use of repellents, appropriate protective clothing, and checking one’s body are important to do
each time one goes outdoors. In conclusion, and taking into account the ubiquity of ticks in the environment,
only a thorough understanding of tick-borne diseases, including infectious agents and vectors, can lead to better
control of this problem worldwide.
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