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Key points

e The number of tick-borne diseases is increasing due to the geographical expansion of their tick vectors, higher frequencies
of infected ticks, increased awareness of infection, and improved diagnostics.

e Ticks are vectors of numerous viruses (arboviruses), bacteria, and parasites.

e Tick-borne encephalitis (TBE) and Lyme disease (LD) are the most common and most widely distributed tick-borne
infections in Europe. TBE is also endemic in northern and eastern Asia, while highly endemic areas for LD include the

northeastern and north-central United States.

e The epidemiology of tick-borne infections differs according to the geographic region and season of the year.

e Clinical manifestations of tick-borne diseases vary from asymptomatic infection or mild febrile disease to hemorrhagic fever

and neuroinvasive diseases.

e Diagnosis of tick-borne infections includes direct (cultivation, PCR/RT-PCR) and indirect methods (serology).

Introduction

Tick-borne diseases (TBDs) are emerging due to the
geographical expansion of their tick vectors and represent
an important public health problem worldwide." Ticks are
vectors of a wide variety of viruses, bacteria, and parasites.
Tick-borne viruses include a large group of arboviruses
(mainly flaviviruses and bunyaviruses) with diverse genetic
and pathogenic properties. Some arboviruses cause severe
disease with a high case fatality rate in humans, while
others may pose risks to public health, but their role in
human diseases is still unclear or neglected.2 Clinical
symptoms of tick-borne viral infections in humans range
from mild fever to neuroinvasive diseases or hemorrhagic
fevers.? The medically most important tick-borne bacteria
are Borrelia burgdorferi s.l. complex (Lyme disease; LD) and
other Borrelia spp. (relapsing fever), spotted-fever
Rickettsia spp., Anaplasma phagocytophilum (human
granulocytic anaplasmosis; HGA), and Ehrlichia chaffeensis
(human monocytic ehrlichiosis; HME). Babesiosis is the
most common human tick-borne parasitic disease of
increasing public health importance.1

Tick-borne flaviviruses are responsible for about 10,000
hospital admissions in Europe, Russia, China, and Japan
each year. Between 10,000 and 15,000 cases of Crimean-
Congo hemorrhagic fever (CCHF) are estimated to occur
each year, mostly in bunyavirus endemic countries.”* LD is

the most common tick-borne bacterial infection, with
approximately 85,000 annual cases in Europe and 300,000
cases in the USA.'According to epidemiological data, the
number of HGA cases in the USA has increased significantly
over time.” Over three decades, there has been a noticeable
increase in the identification of rickettsioses, mainly due to
the advances in molecular diagnostics that have facilitated
the identification of both previously recognized and novel
rickettsia species.6 The number of Babesia microti infections
has been on the rise in recent decades. More than 2,000
cases of babesiosis are documented in the USA each year,
however, the actual number is probably much higher.” In
addition, in the USA, babesiosis has been one of the main
causes of transfusion-transmitted infections.®

This chapter focuses on the epidemiology and clinical
characteristics of the most common medically important
tick-borne viral, bacterial, and parasitic diseases.

Tick-borne viruses

Among tick-borne arboviruses, tick-borne encephalitis virus
(TBEV) is the most important human pathogen. Other
medically important viruses include hemorrhagic fever
viruses: Crimean-Congo hemorrhagic fever virus (CCHFV),
Omsk hemorrhagic fever virus (OHFV), Kyasanur forest
disease virus (KFDV) and Alkhumra hemorrhagic fever virus
(AHFV) as well as other neurotropic arboviruses such as
Powassan virus (POWV) and Louping ill virus (LIV). There
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Table 1: The most common tick-borne viruses of medical importance

. . . Clinical presentation e eaier s
Virus Main vector(s) Reservoir(s) Geographic distribution
in humans

Meningitis, encephalitis, myelitis

Hemorrhagic fever

Febrile disease

Febrile disease, meningitis

Hemorrhagic fever

Hemorrhagic fever

Meningitis

Hemorrhagic fever

Febrile disease, meningitis

Europe, Asia

Asia, Arabian peninsula,
Middle East, Africa, Europe

USA
Canada, USA

Karnataka (India)

Russia
(Omsk, Novosibirsk, Kurgan,
Tjumen)

United Kingdom, Ireland

Saudi Arabia, Egypt

Africa, Asia, Southern Europe

I. ricinus, Rodents
TBEV I. persulcatus
CCHFV* Hyalomma spp. Rodents, livestock
CTFV D. andersoni Rodents
Ixodes spp., Skunks, rodents, raccoons,
POWV D. andersoni foxes
KFDV H. spinigera Monkeys, rodents, birds
D. reticulatus, Rodents
OHFV D. marginatus
Liv I. ricinus Sheep
H. dromedarii, )
AHFV 0. savignyi Livestock
BHAV Haemaphysalis spp. Hedgehogs, squirrels, hares
KEMV I. persulcatus Rodents
LIPV I ricinus Rodents
TRBV I. ricinus Rodents

Febrile disease, meningitis,

encephalitis Asia (Siberia)
Meningitis Europe
Meningitis Europe

TBEV=tick-borne encephalitis virus, CCHFV=Crimean-Congo hemorrhagic fever virus, CTFV=Colorado tick fever virus, POWV=Powassan
virus, KFDV=Kyasanur forest disease virus, OHFV=0msk hemorrhagic fever virus, LIV=Louping ill virus; AHFV=Alkhumra hemorrhagic fever
virus, BHAV=Bhanja bandavirus, KEMV=Kemerovo virus, LIPV=Lipovnik virus; TRBV=Tribec virus, *Interhuman transmission possible

are many other still neglected viruses such as Bhanja
bandavirus (BHAV) and Kemerovo-related viruses. Severe
fever with thrombocytopenia syndrome virus (SFTSV),
Bourbon virus (BRBV), and Heartland virus (HRTV) are newly
emerged tick-borne viruses (Table 1).

Tick-borne encephalitis virus

TBEV (Orthoflavivirus encephalitidis virus, according to the
latest ICTV classification) is the most widely distributed
neurotropic arbovirus that belongs to the family
Flaviviridae, genus Orthoflavivirus, tick-borne encephalitis
serocomplex. Three main subtypes are European (TBEV-Eu),
Far-East (TBEV-FE), and Siberian (TBEV-Sib). Ixodes ricinus is
the main vector of the TBEV-Eu, while Ixodes persulcatus is
a vector for TBEV-FE and TBEV-Sib.”'°TBE is endemic in a
large area from Central Europe and Scandinavia to Japan.
Over the past two decades, the TBE incidence has increased
in endemic areas; however, sporadic cases were also
detected outside of known endemic regions. In many “non-
endemic” areas of Eurasia, there are no commercial tests

available or testing is not performed, therefore the possible
cases are not reported. Human infections usually occur
after a tick bite but the number of food-borne infections
(consumption of unpasteurized goat milk) is increasing. The
TBE-Eu is usually a biphasic disease. The first phase
corresponds with viremia, while in the second phase
symptoms of the central nervous system (CNS) occur
(meningitis, encephalitis, myelitis). It is generally considered
that TBEV-FE causes the most severe form of TBE and
usually has a monophasic course. The case-fatality rate is
0.5-2% for the TBEV-Eu and 20% for the TBEV-FE." The TBE
diagnosis is based on the detection of the intrathecal
production of specific IgM antibodies or TBEV RNA."

Crimean-Congo hemorrhagic fever virus

CCHFV is a bunyavirus of the family Nairoviridae, genus
Orthonairovirus. CCHFV strains are classified into seven
genotypes (I- VII). Ixodid ticks from the genus Hyalomma
are the main vectors of CCHFV. Different wild and domestic
animals, such as cattle, goats, sheep, and hares represent
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the virus reservoirs in nature.” Humans become infected by
a tick bite or exposure to body fluids from viremic animals
or humans.? People who have close contact with livestock
(shepherds, farmers, butchers, slaughterhouse workers, and
veterinarians) and those involved in outdoor activities
(soldiers, farmers, forest workers, and hikers) are at high
risk of exposure as well as healthcare personnel and close
family members involved in patient care. CCHFV is widely
distributed throughout Africa, the Middle East, Southeast
Asia, and southern and eastern Europe. In humans, CCHF
infections range from asymptomatic and mild infections
(the majority of CCHFV cases) to severe and occasionally
fatal hemorrhagic fever. In some regions, case fatality rates
can be higher than 30%.'* RT-PCR and serology (IgM
antibodies or a fourfold increase of I1gG antibodies) are used
for the diagnosis of CCHFV.*

Colorado tick fever virus

Colorado tick fever virus (CTFV) is a neglected virus that
belongs to the family Spinareoviridae, genus Coltivirus.
Transmission to humans occurs through a bite of the adult
Rocky Mountain wood tick, Dermacentor andersoni. Both
adults and nymphs are permanently infected, providing an
overwintering mechanism for the virus.”> Because D.
andersoni shows a broad host feeding preference, different
vertebrate hosts have been identified as competent
reservoirs for CTFV. The golden-mantled ground squirrel
(Callospermophilus lateralis) is considered the most
prominent natural reservoir of CTFV, while the other
reservoirs include chipmunks, mice, rats, and hares. The
CTFV is distributed in the western United States and
southwestern Canada which correlates with the distribution
of its tick vector. Human CTFV infections usually occur in the
mid-summer when people are working or recreating in tick
habitats. Infection in humans generally presents as a self-
limiting febrile disease. Early diagnosis is primarily achieved
using an RT-PCR or a 4-fold rise in 1gG serology.®

Powassan virus

POWV is a tick-borne arbovirus of the family Flaviviridae,
genus Orthoflavivirus. Two distinct genotypes are POWV
lineage 1 and 2 (POWV-1 and POWV-1). Most human cases
of POWV have been reported in the Great Lakes and
Northeast regions of the USA and eastern Canada. In North
America, the virus has been detected in four Ixodes species
and Dermacentor andersoni ticks. The two enzootic cycles
of POWV-1 include Ixodes cookei and groundhogs or
mustelids, and Ixodes marxi and squirrels. POWV-2 is
maintained in one enzootic cycle, primarily between Ixodes
scapularis and the white-footed mouse.”” Unlike some
other tick-borne pathogens, such as borrelia and babesia,
which require tick attachment for 48 and 24 hours for
transmission, POWV transmission can occur 15 to 50
minutes after ticks attach. In humans, POWV causes
sporadic but severe encephalitis; however, the disease
severity can vary significantly. Case fatality rates are ~20%

in adults and ~7% in children. Long-term neurological
complications are frequently observed in adults.® The
cerebrospinal fluid (CSF) serology is still the gold standard
for confirmation of POWV neuroinvasive disease.™

Kyasanur forest disease virus

KFDV is a tick-borne arbovirus that belongs to the family
Flaviviridae, genus Orthoflavivirus. After the first
identification of KFDV in 1957 in monkeys from the
Kyasanur Forest of Karnataka, India, 400-500 human cases
have been reported annually. Haemaphysalis spinigera is
the main vector of KFDV. Although the virus has been
isolated from rodents, ground-dwelling birds, porcupines,
cattle, and bats, only primates appear to develop the
disease. Humans become infected by the bite of infected
ticks or by handling of infecting mammals and birds.” In
humans, KFDV causes hemorrhagic fever with a case fatality
rate of 3-5%. Some patients (10-20%) develop a secondary
phase of fever relapse with meningoencephalitis. Diagnosis
is usually confirmed by RT-PCR in a blood sample. Humans
usually show high-level viremia (about 10° pfu/mL) around
day 3 after the onset of symptoms that persist for up to two
weeks. The ELISA can be used for the detection of IgM and
IgG antibodies.”* A formalin-inactivated whole KFDV vaccine
produced in chick embryo fibroblasts is available.”

Omsk hemorrhagic fever virus

OHFV is an arbovirus closely related to TBEV (family
Flaviviridae, genus Orthoflavivirus). Humans become
infected through tick bites or contact with the blood, feces,
or urine of infected rodents, mainly muskrats (Ondatra
zibethicus).”® The disease is prevalent in four regions of
western Siberia in Russia (Kurgan, Tyumen, Omsk, and
Novosibirsk). The Ixodidae ticks Dermacentor reticulatus
and Dermacentor marginatus are the main hosts for OHFV
in the forests and steppes of Siberia. Very recently, the
OHFV RNA has been detected in the CSF of two patients
from Almaty, Kazakhstan. In addition, the virus was
detected in ticks in the Akmola region in Kazakhstan. The
disease occurs mainly in muskrat trappers (60%). Hunters
are at risk of infection when skinning infected animals.
Omsk hemorrhagic fever (OHF) is a self-limiting acute
disease in most cases, although a small proportion
progresses to hemorrhagic disease. The fatality of OHF is
low (0.5-3%). Diagnosis of OHF is based on RT-PCR, OHFV-
NS1 antigen detection, and serology.” Data suggest that
the TBE vaccination provides a high degree of protection
against OHF.”

Louping ill virus

Louping ill virus (LIV) is a tick-borne arbovirus closely
related to TBEV, and belongs to the Flaviviridae family,
genus Orthoflavivirus. Although LIV has previously been
found exclusively on the British Islands, it has recently been
discovered in Norway and on the Danish island of Bornholm
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in the Baltic Sea. Ixodes ricinus is the only known tick vector
for LIV while sheep, mountain hares, and red grouse are the
most important hosts.”® Human infections caused by LIV are
rare and occur after a tick bite or occupational exposure to
infected sheep tissues. Risk groups include professionally
exposed individuals who have contact with sheep or other
potentially infected animals, such as abattoir workers,
butchers, and veterinarians. LIV infections in humans are
mostly asymptomatic or present as a flu-like disease, while
mild meningoencephalitis is rare.”’

Alkhumra hemorrhagic fever virus

AHFV is a tick-borne virus of the family Flaviviridae, genus
Orthoflavivirus. The virus was first isolated in 1995 from a
32-year-old male butcher from Alkhumra district (Jeddah,
Saudi Arabia), who died of hemorrhagic fever. Since then,
AHFV cases have been reported among residents of Saudi
Arabia and tourists in Egypt and Djibouti. The AHFV
epidemiology is not fully understood. Epidemiological
studies have shown that AHFV cases were linked to direct
or indirect contact with infected blood/organs of
slaughtered livestock and ingestion of infected raw milk.
The transmission through a tick bite has also been reported
in the literature. The hard tick Hyalomma dromedarii and
the soft tick Ornithodoros savignyi are potential vectors of
AHFV.”® Clinical symptoms in humans range from subclinical
or mild to severe and rapidly fatal infection.” Acute febrile
flu-like illness, hepatitis, and hemorrhagic manifestations
are the main clinical features of AHFV infection. Mortality in
hospitalized patients may reach 30%. RT-PCR or serology
can confirm the diagnosis.28

Kemerovo related viruses

The Kemerovo serogroup (family Reoviridae, genus
Orbivirus) contains more than 50 tick-borne viruses of
which only Kemerovo virus (KEMV), Lipovnik virus (LIPV),
and Tribec virus (TRBV) have been associated with human
diseases. An illness caused by the KEMV virus was first
described in the taiga landscape in the Kemerovo region in
Western Siberia in 1962, where the virus was isolated from
ticks and the CSF of patients with meningitis and
meningoencephalitis after a tick bite. In a natural cycle,
rodents are reservoirs and I. persulcatus tick is a vector of
KEMV. In humans, KEMV causes febrile disease and
occasionally meningitis.*>*' LIPV was isolated from . ricinus
ticks collected in 1963 in Lipovnik village, Slovakia.
Meningoencephalitis and polyradiculitis have been linked to
LIPV in the Czech Republic. TRBV was isolated in 1963 from
I. ricinus ticks and the blood of small rodents in the Tribec
mountains, Slovakia.>* A TRBV was detected from Siberia to
central Europe by virus isolation from ticks and antibodies
detected in animals. In humans, TRBV-specific antibodies
were detected in patients with febrile disease and
meningit‘is.ao’ﬁ’34

Bhanja bandavirus

BHAV is a neglected tick-borne bunyavirus of the family
Phenuiviridae, genus Bandavirus. The virus was isolated in
1954 from the Haemaphysalis intermedia tick collected
from goats in Bhanjanagar, India, while the first human case
of BHAV infection was reported in 1974. BHAV is widely
distributed in central Europe, the Mediterranean basin, the
Middle East to India, and in Sub-Saharan Africa, however,
human clinical infections are rare. The natural reservoirs of
BHAV are sheep, goats, hares, hedgehogs, and squirrels,
while Haemaphysalis ticks are the main vectors in Europe.™
Only a few human cases of neuroinvasive diseases caused
by BHAV have been reported.****RT-PCR and serology are
used for the diagnosis of BHAV infection.**

Dabie bandavirus (Severe fever with
thrombocytopenia syndrome virus)

SFTSV is one of the emerging pathogenic tick-borne viruses
reported in patients with severe fever, thrombocytopenia,
and leukocytopenia and an initial fatality rate of up to
30%.%” SFTSV was first discovered in China (2009) and later
in South Korea and Japan. Some patients reported a history
of tick bites, and the virus was detected primarily in
Haemaphysalis longicornis ticks originating from regions
where the patients lived.*® Several studies indicated that
infected patients can spread the virus to family members or
healthcare workers, primarily through contact with
contaminated blood or body fluids.*®> Hemorrhagic fever
with thrombocytopenia, leukocytopenia, and increased liver
enzymes are the main clinical and laboratory findings in
patients with severe SFTSV infection. Fatalities mainly occur
in patients over 50, with mortality rates ranging from 10 to
19%. RT-PCR is the gold standard diagnostic method for the
detection of SFTSV.*

Bourbon virus

Bourbon virus (BRBV) is a recently discovered tick-borne
virus of the genus Togotovirus, family Orthomyxoviridae
that was first identified in a fatal human case in Bourbon
County, Kansas, USA in 2014. The virus has been associated
with several cases of severe acute febrile illness in patients
in the Midwest US, but since 2020, the BRBV has been
reported in North Carolina, Virginia, New Jersey, and New
York State. Amblyomma americanum is considered to be
the primary vector of BRBV, while the mammalian reservoir
has not been identified yet. However, serological testing
has identified white-tailed deer and raccoons as potential
sentinels to track the spread of BRBV. Clinical symptoms of
BRBV infection include fever, weakness, fatigue, myalgia,
arthralgia, and nausea that occur 2-7 days after a tick bite.
Shock, organ failure, cardiac dysregulation, pleural
effusions, and acute bone marrow suppression were linked
to fatal cases. RT-PCR is used to diagnose the BRBV.***?
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B. burgdorferi s.l. I. ricinus

B. miyamotoi I. ricinus

B. duttoni, B. hispanica,

B. persica Ornithodoros spp.

A. phagocytophilum l. ricinus

A. americanum,

E. chaffeensis ..
1 1. ricinus

R. conorii (subsp. conorii, indica,

) . . R. sanguineus
israelensis, caspia)

R. rickettsii A. americanum

R. africae Amblyoma spp.
R. aeschlimannii Amblyomma,
Dermacentor
R. heilongjiangensis Dermacentor,
' gjang Haemaphysalis
R. australis Ixodes spp.

R. helvetica D. reticulatus
. Bothri
R honei ot rlocrotqn
hydrosauri
R. japonica D. taiwanensis

R. massiliae
R. monacensis

A. sylvaticum

A. dissimile
R. philipii D. occidentalis

R. sibirica (subsp. sibirica, D. nuttalli,

mongolitimonae) D. marginatus
R. slovaca D. marginatus

- A. testudinarium,

R. raoultii Dermacentor spp.

R. tamurae A. testudinarium

Erythema migrans, meningitis

Febrile disease

Relapsing fever

Human granulocytic
anaplasmosis
Human monocytic ehrlichiosis

MSF, Indian tick typhus, Israeli
spotted fever, Astrakhan fever

Rocky Mountain spotted fever

African tick bite fever
Similar to MSF

Far-eastern spotted fever

Queensland tick typhus

Fever, headache, rash
Flinders Island spotted fever

Japanese or Oriental spotted
fever
Similar to MSF
Fever, rash

Pacific Coast tick fever

Siberian tick typhus,
lymphangitis-associated
rickettsiosis

TIBOLA, DEBONEL

TIBOLA, DEBONEL

Local skin inflammation

TIBOLA= tick-borne lymphadenitis, DEBONEL= dermacentor-borne necrosis erythema lymphadenopathy

Table 2: Epidemiological and clinical characteristics of the most common tick-borne bacteria

Bacteria Main vector(s) Clinical presentation in G.eog'rap.h|c
humans distribution

North America, Europe,
Asia

North America, Europe,
Asia

North America, Europe,
Asia

USA, Europe, Southeast
Asia

USA, Europe

Europe, Africa, India,
Asia, Middle East
North America
Africa

Europe, Africa, Asia

China, Japan

Australia, Torres Strait
Islands
Europe, Asia
Flinders Island, Australia

Japan, South Korea,
Thailand
Sicily, France
Europe
California, Pacific Coast

Russia,
Mongolia

Europe, Asia

Europe, Asia

Japan

Heartland virus

Heartland virus (HRTV) is an emerging bunyavirus first
discovered in the USA in 2009. Originally classified in the
genus Phlebovirus, family Phenuiviridae, the virus is now
reclassified in the Bandavirus genus alongside BHAV and
SFTSV. HRTV infections are reported mainly east of the
Mississippi River, mostly in the summer months. The Lone
Star tick, Amblyomma americanum is considered the

primary vector of HRTV zoonotic transmission. It is also
possible that Amblyomma or Haemaphysalis tick species are
the sole reservoirs of HRTV. Numerous possible
amplification hosts, including raccoons, white-tailed deer,
coyotes, domestic dogs, and opossums, have been
identified based on serosurveillance studies. However,
clinical infections have been reported only in humans.*
Clinical symptoms of HRTV infection include fever,
headache, fatigue, myalgia, nausea, and diarrhea with
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leucopenia and thrombocytopenia. RT-PCR is most
commonly used for the diagnosis of HRTV. The plaque
reduction neutralization test (PRNT) is used for screening
both human and animal serum samples in serosurveillance
studies.*

Tick-borne bacteria

Borrelia burgdorferi s.l., a causative agent of LB, is the most
frequently detected tick-borne bacteria with a worldwide
distribution.”® Cases of HGA have been identified in the
upper Midwest and the Northeast USA, Northern Europe,
and Southeast Asia.”” The majority of HME cases in the USA
are caused by E. chaffeensis.”® Spotted-fever group (SFG)
rickettsia are a neglected group of bacteria of the genus
Rickettsia, family Rickettsiaceae that includes numerous
emerging infectious diseases with a worldwide
distribution.*® The main tick-borne bacteria are presented in
Table 2.

Borrelia spp.

The three main species of Borrelia burgdorferi sensu lato
(s.l.) complex associated with human LD are B. burgdorferi
sensu stricto (s.s.), Borrelia afzelii and Borrelia garinii.
Ixodes ricinus is the main tick vector in Europe. Ixodes
persulcatus and Ixodes hexagonus are also proven vectors
of B. burgdorferi s.|. Rodents are the principal reservoir
hosts of borrelia. Clinical manifestations of LD may be
localized (erythema migrans) or disseminated (arthritis,
carditis, neuroborreliosis).”® Serology tests (ELISA, IFA,
immunoblot) for the detection of borrelia antibodies in the
blood or CSF are most commonly used for the diagnosis of
LD. Therapy of LD depends on the patient's age and the
stage of the disease. Doxycycline is recommended for
patients older than 8 years with localized disease. Patients
under the age of 8 should receive amoxicillin or cefuroxime.
Parenteral therapy may be required for more severe
manifestations such as arthritis, carditis, meningitis, or
encephalitis.”

Relapsing fever (RF) is another tick-borne borreliosis
distributed in the Northern Hemisphere, Africa, and Central
America. Borrelia duttoni, B. hispanica, and B. persica are
the main tick-borne borreliae transmitted by soft-bodied or
argasid ticks. Small rodents and other mammals, including
bats serve as a reservoir for tick-borne Borrelia species.>
Clinical symptoms of RF typically include a high fever for a
few days followed by a period of well-being and another
relapse. Without antibiotic therapy, relapses can occur
several times.”® The diagnosis of RF can be confirmed by
direct microscopic detection of borrelia in Giemsa-stained
blood films, serologic analysis, or PCR. RF is treated with
doxycycline. Penicillin or erythromycin are preferred in
pregnant women and children under 8 years of age.’’

Borrelia miyamotoi is a new tick-borne Borrelia species
discovered in Japan in 1995. The pathogenicity was
suggested in 2011 in Russia when 51 patients with
suspected tick bites developed a nonspecific febrile illness
and B. miyamotoi was confirmed by PCR or specific
antibodies. Immunocompetent individuals present with a
mild flu-like disease, but the disease may be more severe in
immunocompromised patients. PCR that detects B.
miyamotoi DNA in blood or CSF and serologic assays are
used for disease confirmation.> Borrelia miyamotoi
infections are treated with doxycycline. Amoxicillin and
ceftriaxone have also been successfully used for the
treatment of B. miyamotoi.55

Anaplasma phagocytophilum

A. phagocytophilum, an obligate intracellular bacteria is the
most important species within the Anaplasma genus that
causes HGA. The Ixodes ricinus tick is the main vector of
HGA in Europe, while I. scapularis and [. pacificus are
vectors in the USA.®Whereas some patients with HGA
remain asymptomatic, others develop a nonspecific febrile
disease, and only a small proportion develop severe
disease. The most common symptoms of HGA include fever,
headache, malaise, myalgia, and arthralgia. The mortality
rate is about 0.6%. Whole-blood PCR is the most sensitive
method to diagnose HGA. A Giemsa-stained peripheral
blood smear may reveal morulae within the
polymorphonuclear leukocytes. IFA can be used for the
detection of specific 1gM and/or IgG antibodies.’
Doxycycline is the recommended first-line therapy for
HGA."

Ehrlichia spp.

The genus Ehrlichia includes several tick-borne obligate
intracellular bacteria that infect humans and other
mammals. The most important species are Ehrlichia
chaffeesis, which causes HME, and Ehrlichia ewingii, which
causes Ehrlichia ewingii ehrlichiosis. The Lone Star tick (A.
americanum) is the most common vector in the USA,48
while [. ricinus is a vector in Europe.57 Ehrlichia infections
are reported most often in the elderly. Since children
frequently develop milder or subclinical infections, the
disease is probably underreported in this population group.
Patients with ehrlichiosis typically present with a flu-like
febrile disease. CNS involvement including meningitis and
meningoencephalitis occurs in up to 20% of patients.*® The
overall case fatality rate is 1%. Diagnosis of ehrlichiosis is
usually confirmed using PCR or serology. Tetracyclines are
highly efficacious for the therapy of ehrlichiosis.*®

Rickettsia spp.

Tick-borne rickettsioses are caused by obligate intracellular
bacteria belonging to the spotted fever group (SFG) of the
Rickettsia genus. The most widely distributed SFG rickettsia
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include Rickettsia rickettsii (Rocky Mountain spotted fever;
RMSF), R. conorii (Mediterranean spotted fever; MSF), R.
africae  (African tick bite fever), R. helvetica, R.
aeschlimannii, R. slovaca (tick-borne lymphadenitis; TIBOLA
Dermacentor-borne necrosis erythema lymphadenopathy;
DEBONEL), and R. raoultii.®*’In addition to pathogenic
rickettsia species, there are many potentially pathogenic
“candidates” for new species. Most SFG rickettsiae are
transmitted by ixodid tick bites during blood feeding. The
distribution of SFG rickettsioses varies geographically and
correlates with the distribution of tick vectors.® Localized
rickettsial infections appear as an eschar (also known as a
"tache noir") at the site of tick inoculation. However,
disseminated infection can cause severe vasculitis and
endothelial damage, which can manifest as cutaneous
necrosis and digital gangrene, pneumonitis,
meningoencephalitis, and multiorgan failure.®* Serology
(IFA) is most commonly used for the diagnosis of
rickettsioses. PCR enables species-specific identification.®*
Doxycycline is the therapy of choice for SFG rickettsial
diseases.”

Tick-borne parasites

Babesia microti, B. divergens, B. duncani and B. venatorum
are the main zoonotic babesia species that can cause
human diseases. Babesia microti is the most reported
species in North America, while B. divergens is the most
common cause of human babesiosis in Europe. The tick
vectors of babesia include I. scapularis (North America), I.
ricinus (Europe), and I persulcatus (Asia). Babesiosis is
typically asymptomatic and self-limiting in healthy
individuals. However, in elderly, splenectomised, and other
immunocompromised individuals the disease may be
severe with hemolytic anemia, splenomegaly,
hepatomegaly, and renal failure, sometimes with fatal
outcomes.”® Peripheral thick and thin blood smear
examination has been the standard method for diagnosing
human babesiosis. Serological tests (EIA, IFA, IB) have been
used to support or confirm the diagnosis of babesiosis in
endemic regions. PCR targeting the Babesia spp. is 18S
rRNA can also be used.® The current therapy for human
babesiosis includes combinations of atovaquone and
azithromycin or clindamycin and quinine.®

Concluding remarks

The number of TBDs is increasing, and this trend is expected
to continue. Based on information from animal
experiments, a large number of potential tick-borne
pathogens have already been proposed. It was also noted
that the clinical spectrum of TBDs is becoming more
diverse, including underrecognized manifestations of
previous well-known pathogens. To effectively develop
strategies to mitigate the increasing incidence of TBDs, a
deeper understanding of the ecological and biological

factors driving the expansion of tick vectors and reservoir
host distributions, as well as the microbiological dynamics
within ticks that modulate pathogen emergence, is
required.®®
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