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Tick-borne encephalitis and differential diagnosis
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ABSTRACT

INTRODUCTION: Tick-borne encephalitis (TBE) is an infection caused by the tick-borne encephalitis virus transmitted
to humans by tick bites. The prevalence of TBE is between 10,000 and 15,000 cases annually and is comparable in
Europe and Asia. About 10-20% of all infected persons are children. The vast majority of TBE cases, even up to 70—
—98% of them, are asymptomatic or undiagnosed. The main clinical symptoms are meningitis (present in 69%),
meningoencephalitis (30%), and meningoencephalomyelitis (1%). About 2.1% of patients develop long-term
neurological sequelae.

METHODS: The articles for our work were selected from three open-access databases. The databases were searched
using keywords such as: “infection/epidemiology” + “tick bites/tick-borne encephalitis” + “clinical
manifestation/pathogenesis/treatment” and “aseptic/viral/bacterial” + “‘encephalitis/meningitis”. Ultimately, 71 scientific
articles and 8 websites, published between 1995 to 2023 were used.

STATE OF KNOWLEDGE: TBE can be differentiated from diseases such as babesiosis, Lyme disease, southern tick-
-associated rash illness (STARI), chlamydiosis, ehrlichiosis, Colorado tick fever (CTF), Heartland virus (HRTV),
Powassan virus (POWYV), granulocytic anaplasmosis, tick-borne relapsing fever (TBRF), toxoplasmosis, tularemia,
rickettsioses; or similar symptomatology: stroke, brucellosis, infectious mononucleosis (IM), yellow fever (YF),
Japanese encephalitis (JE), other viral meningitis, encephalitis, spinal cord inflammation and aseptic meningitis.
CONcCLUSIONS: The differential diagnosis of TBE is extensive and should include a wide range of central
nervous system infections caused by both other infectious agents and non-infectious diseases.
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STRESZCZENIE

WPROWADZENIE: Kleszczowe zapalenie mozgu (tick-borne encephalitis — TBE) jest choroba wywolywana przez
wirusa kleszczowego zapalenia mozgu, ktory jest przenoszony przez ukaszenia kleszczy. Rozpowszechnienie TBE
ocenia si¢ na 10,000-15,000 przypadkow rocznie i jest porownywalne dla krajéw europejskich i azjatyckich. Okoto
10-20% wszystkich zainfekowanych osob jest w wieku dziecigcym. Znaczna wigkszosé, bo az 70-98% z nich, prze-
chodzi t¢ chorobg bezobjawowo lub jest niezdiagnozowana. Do gtéwnych objawow klinicznych zalicza si¢ zapalenie
opon moézgowo-rdzeniowych (obecne w 69% przypadkéw) i mozgu (30%) oraz rdzenia kregowego (1%). U okoto
2,1% pacjentow rozwijaja si¢ dlugotrwale nastgpstwa neurologiczne.

METODYKA: Artykuly do pracy zostaly wybrane z trzech ogolnodostepnych baz danych. Wykorzystano
w tym celu nastgpujace hasta: ,,infection/epidemiology” + ,.tick bites/tick-borne encephalitis” + ,,clinical manifesta-
tion/pathogenesis/treatment” oraz ,,aseptic/viral/bacterial” + ,,encephalitis/meningitis”. Ostatecznie wybrano 71 prac
naukowych i 8 witryn internetowych opublikowanych w latach 1995-2023.

STAN WIEDZY: TBE, ze wzgledu na wektor kleszczowy, moze by¢ roznicowane z takimi jednostkami chorobowymi
jak: babeszjoza, borelioza, potudniowa wysypka zwiazana z kleszczami (southern tick-associated rash illness —
STARI), chlamydioza, erlichioza, gorgczka kleszczowa Kolorado (Colorado tick fever — CTF), wirus Heartland
(HRTV), wirus Powassan (POWYV), anaplazmoza granulocytarna, dur powrotny (tick-borne relapsing fever — TBRF),
toksoplazmoza, tularemia, riketsjozy; lub z jednostkami o podobnej symptomatologii, takimi jak: udar mézgu, bruce-
loza, mononukleoza zakazna (infectious mononucleosis — IM), zo6tta febra (yellow fever — YF), japonskie zapalenie
moézgu (Japanese encephalitis — JE), inne wirusowe zapalenie opon moézgowo-rdzeniowych, mézgu, rdzenia krego-
wego oraz aseptyczne zapalenie opon moézgowo-rdzeniowych.

WNI10SKI: Diagnostyka réznicowa TBE jest obszerna i powinna obejmowac¢ szeroki zakres zakazen osrodkowego

uktadu nerwowego wywolanych zaréwno przez inne czynniki zakazne, jak i choroby niezakazne.

SLOWA KLUCZOWE

zakazenia, epidemiologia, diagnostyka roéznicowa, ukaszenia przez kleszcze, kleszczowe zapalenie mozgu

INTRODUCTION

Tick-borne encephalitis (TBE) is an infection caused
by the tick-borne encephalitis virus (TBEV)
transmitted to humans by tick bites. In Europe and
Asia, the incidence of TBE is comparable, ranging
from 10,000 to 15,000 cases annually [1]. It is worth
noting that about 10-20% of all infected persons are
children. This number, though, might be even higher
(up to 35-45%) due to the unspecific clinical
presentation of TBE in this age group, which means
that many correct diagnoses have been missed [1,2].
People who work in forests are at the highest risk of
tick-borne infection. The risk is also high among the
people who rest in meadows [3]. The vast majority of
TBE cases, even up to 70-98% of them, especially in
Europe, are asymptomatic or undiagnosed [1]. A small
number of patients has TBE with symptoms of
meningitis or encephalitis. The form of the disease can
be severe or mild [1,3]. Most studies indicate that
TBE in Europe is more severe among the elderly
(more severe among people who are over 60 years old
than among those who are younger than 60), although
a severe clinical course, permanent sequelae, and even
death have also been reported to occur among
children. The main clinical manifestation is meningitis
(present in 69%), meningoencephalitis (30%), and
meningoencephalomyelitis  (1%). About 2.1% of
patients develop long-term neurological sequelae.
Contrasting statistics have been recorded in Far-
-Eastern Asia where underage people have a more

difficult time with this disease [1]. This review is
a summary of the most important clinical findings in
the differential diagnosis of TBE.

METHODS

The articles for our work were selected using open-
-access electronic sources like Pubmed, Google
Scholar, and cdc.gov. Pubmed is a search engine that
uses the largest and the most important American
database for medicine called Medline. This database
contains an abundance of trustworthy scientific
articles adhering to the principles of evidence-based
medicine, which makes them an important source of
clinical knowledge. Google Scholar on the other hand,
is the most popular and known search engine; its
search scope is one of the widest among other search
engines, which includes science articles, books and
resources from repositories of scientific organizations
from many fields automatically sorted in terms of
author rank, source, publication content and the
number of citations. Cdc.gov is a website maintained
by the American Department of Health and Human
Services and its mission is to protect the public’s
health, among others, by providing information about
diseases. All these sources allow us to preserve
a proper balance between reliability and keeping
a broad view on our topic, although limitations for this
method were difficult in reviewing them
systematically, which could cause a lack of some
information.
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In order to select appropriate articles, we used
keywords such as  “tick-borne  encephalitis”
(+ “epidemiology/clinical manifestation/pathogenesis/
treatment”). The articles about the diseases with
neurological symptoms were selected using words
such as “infection/epidemiology/differential diagnosis
ftick  Dbites/tick-borne encephalitis”, “encephalitis/
meningitis” and “aseptic/viral/bacterial”. The searches
were complemented by a manual search of any
additional suitable articles that were cited in the
reference lists. The inclusion criteria were the
publication type (review, systematic review, case
report, observational studies) and published in
English. The exclusion criterion was the article type
(personal communication).

Ultimately, we used 71 scientific articles published
between 1995 to 2023 from a variety of sources,
which were searched using the keywords, and
8 websites.

The final content of our review was repeatedly read,
verified and corrected by all the authors so that
questionable fragments were discussed and corrected
together.

STATE OF KNOWLEDGE

Clinical subtypes

As mentioned, TBE is a disease caused by TBEV,
which, according to the most recent taxonomic
scheme, belongs to the tick-borne flavivirus group,
family Flaviviridae, genus Flavivirus. The natural
reservoirs and hosts of TBEV are small wild rodents,
whereas humans are only accidental hosts. TBEV is
transmitted to humans mainly by hard tick bites. There
are three main subtypes of this virus, the European,
the Siberian, and the Far-Eastern subtype [2]. Figure 1
illustrates the course of typical TBE infections.

The clinical symptoms vary greatly and mainly
depend on the subtype of the virus that the patient has
been infected with. Furthermore, the subtypes of
TBEV are typical of specific regions of the world
causing the diagnosis, treatment and prognosis to
depend heavily on the geographical location of the
acquired infection. Table I provides a summary of the
neurological symptoms and a comparison of the
disease course among the individual subtypes.

The European TBEV subtype

The European TBEV subtype is mainly found, as the
name suggests, in Europe, although it has also been
identified in the West Urals and Siberia. The highest
numbers of TBE were noted in Slovenia
(14.1/100,000 inhabitants per year), Estonia
(11.1/100,000), Lithuania (10.6/100,000), and Latvia
(8.8/100,000), according to data from 2005-2009 [1].

236

However, infections also occur in many other
countries of Western and Central Europe and
Scandinavia, especially in Austria, Croatia, Czech
Republic, Estonia, Finland, Germany, Hungary,
Latvia, Lithuania, Poland, Slovakia, Slovenia,
Sweden, and Switzerland [2]. The main vector in the
region mentioned above is Ixodes ricinus (l. ricinus),
which is mostly active twice a year, the first time in
June and July, the second time in September and
October, which is reflected in the disease peaks in
these months [1,2].

The subtype typically induces a biphasic disease
with a severe neurologic deficit in approximately 10%
of patients and a case-fatality rate of less than 2%
(In Austria 1% fatality before common vaccinations)
[1,2].

The initial phase occurs as a moderate fever, body
pain (myalgia, arthralgia), fatigue (1-2 days), malaise,
anorexia, nausea, pain in the neck, shoulders, and
lower back, and sometimes headache. That phase is
related to the viremia of TBEV, which occurs during
the incubation time that is 7-14 days after the
infection (3—4 days for alimentary transmission) and
lasts between 2-7 days [1,2]. The second phase is
preceded by 1-21 days (usually a week) of a stable
condition or even an asymptomatic interval. That
phase takes the form of meningitis (50% of adult
patients), meningoencephalitis (40% of adult patients),
or meningoencephalomyelitis (around 10%) [1].

Some sources explain that viruses of this subtype
attack only the lymphoid tissue at first, and the glial
cells are infected only during the second
inflammation, which contributes to the two-phase
manifestation of the disease [2].

Zajkowska et al. [4] report an important reason that
led to the misdiagnosis of TBE infections in Poland
during the past years. Due to the fact that testing for
TBE requires additional costs while the treatment is
only symptomatic, some cases are assigned in the 10th
revision of the International Classification of Diseases
(ICD-10) as different nosologic units. Only about half
of TBE cases were reported to the surveillance system
as A84 (ICD-10 code for tick-borne viral
encephalitis).

The number of TBE cases reported in Poland proves
to be higher when considering the samples from
patients that were reported with an irrelevant ICD-10
code, especially in the area of the Silesian, Lubusz and
Subcarpathian Voivodeships [4].

The Siberian TBEV subtype

The discussed subtype is endemic in Siberia, the
Baltic states, and northern Finland. The main tick
vector there is Ixodes persulcatus (I. persulcatus),
which also occurs in other parts of Russia, Eastern
Europe, and Far-Eastern Asia. The peaks in activity
occur in May and June [1].
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Fig. 1. Diagram of course of typical tick-borne encephalitis (TBE) infections.

In Russia, TBE manifests as an abortive form which is
also called the “fever form” and is reported to
represent up to 50% of all clinical presentations in
Siberia, whereas 80% of cases occur as fever without
neurological sequelae, 7-8% as the paralytic form, 4—
-5% as Kozhevnikov epilepsy, and 7% of infected
people die as a consequence of acute encephalitis [2].
According to the case report written by Stragapede
et al. [5], a patient with 1gG and IgM antibodies for
TBE, detected in the serum, was treated with
intravenous acyclovir and ceftriaxone. Two weeks
later, the patient was admitted to the local Neurology
Unit, diagnosed with aura continua as a manifestation
of epilepsia partialis continua (EPC) owing to TBE
and treated with intravenous Levetiracetam (1000 mg
bid). An EEG was repeated the next day and showed
a reduction in epileptiform activity. Eggers et al. [6],
on the other hand, describe EPC as frequently
drug-resistant, where polytherapy with various
combinations  of  intravenously  administered
antiepileptic drugs is necessary. In the European
survey, the relatively best results for continuous
treatment were obtained with topiramate and
levetiracetam. It is also suggested that EPC has the
tendency to be a drug-resistant condition [7,8]. The
case-fatality rate is 2-3% (rarely exceeding 6-8%),
and some reports from Russia suggest an association
with chronic progressive TBE [1,2].

The Far-Eastern TBEV subtype

The same subtype is characteristic of Far-Eastern Asia
and Japan, but it has also been identified in central and
eastern Siberia. Ixodes persulcatus, as mentioned
above, occurs in Asia, and the natural vector in Japan
is Ixodes ovatus (l. ovatus) [1]. It often causes an
illness with a gradual onset with a more severe course,
higher rates of severe neurological sequelae, and
a fatality rate of 20-40% (60% in Far-Eastern Russia)
[1,2]. Severe neurological sequelae are caused by
major damage to different parts of the brain and spinal
cord, which result in the development of focal
meningoencephalitis or polioencephalitis, loss of
consciousness, and prolonged convalescence with
a feeling of persistent fatigue [2]. Studies performed
on animals support the high neurovirulence of
TBEV-FE [9]; therefore, this subtype may take the
form of a chronic progressive disease. Both mutation
in the TBEV NS1 gene as well as an inappropriate
T-cell immune response are associated with the severe
course of infection with the Far-Eastern subtype [1].
The neurological disease severity is linked to several
defined differences in the viral strain’s genome.
Changes in the host’s immune responses are linked to
the neurological disease [10]. Some studies show that
this has to do with the viral tropism of this subtype for
the neurons of the brain and spinal cord, leading to its
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Table I. Comparison of disease course among individual subtypes (based on [1,2,63,78,79])

Form & subtype Frequency Duration Neurological symptoms Complications and prognosis
fisbiblabos) 33% of all from few hours to no neurological symptoms no damage to CNS and full recove
European subtype symptomatic cases 7 days 9 ymp 9 &
Meningeal 50% of all : ; : ; i
Etropean sublype symptomatic cases lasting 7-14 days meningeal signs, vertigo, photophobia gradual recovery
Encephalitic 40% of all hemiplegia is hallucinations, fibrillar constrictions, damage to CNS, 30% of cases are fatal, very slow
(Meningoencephalitic) o emipleg tongue fasciculations, tremor of extremities, hemiparesis, hemiplegia, epileptic fits, convalescence with nervous exhaustion, rarely focal or
symptomatic cases irreversible ; . . PR . . o f

European subtype personality changes, behavioral disorder, cognitive disturbances generalized seizures, delirium, psychosis

. . i 10% of all . )
Myelitic (Poliomyelitic, symptomatic cases up to 2 weeks or flaccid paresis, wrist drop, “hung head”, periodic muscle contractions, muscles poor prognosis when medulla oblongata and central portions of

Meningoencephalomyelitic)

(almost always with

occasionally several

atrophy

brainstem are involved, quite rarely paresis or paralysis of lower

European subtype encephalis) months limbs

Focal ingo/poly-

er(:z:pm;::go — 40% of all damage to CNS major damage to different parts of brain and spinal cord with more severe form of high rates of severe
symptomatic cases is irreversible symptoms of encephalitic form neurological sequelae, fatality rate of 20-60%

Far-Eastern subtype

Polyradiculoneurittis

0.9% for cranial

usually subsides after

damaged peripheral nerves, pain in peripheral nerves, meningeal and focal

normally complete recovery;

European subtype nerve 3-6 weeks neurological symptoms, cranial nerve involvement often occurs with Lyme disease
Post-encephalitic syndrome 40% to 50% of lasting up to spinal nerve paresis, hearing impairment, dysarthria, severe mental and cognitive lona-term impact on patient's quality of lfe. forced lifestvle
Far-Eastern subtype and patients after acute 18 months and 11.3%  disorders, dysarthria, apathy, irritability, memory and concentration disorders, tinnitus 9 P patients qualtly R y

; - s . X . change, and sometimes constant complications
European subtype TBE are permanent disturbance of vision, balance and coordination disorder, flaccid paresis or paralysis

perivascular infiltration in brain and spinal cord, Kozhevnikov epilepsy, progressive
Chronic 1.7% of all long-term delayed neuritis of shoulder plexus, lateral sclerosis, dispersed sclerosis, Parkinson-like pronounced dissimilarities in incubation, onset of symptoms
Siberian subtype symptomatic cases sequelae disease, progressive muscle atrophy, physical deterioration, mental deterioration, and survival time, fatal cases

dementia
: . te phase for monoparesis of lower extremity, slightly paretic leg, hyperreflexia of patella, sided . .

Stroke-like single cases acu . . . . : ; ! permanent weakness in arms and legs, recurrence of dysarthria
Ets = s £ described 26 days, some mild hearing loss, dysmetria, hyperreflexia of biceps and quadriceps, allodynia of and hearing problems

symptoms remain

upper arm, lower distal power, dysarthria

CNS - central nervous system; TBE - tick-borne encephalitis.
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degeneration due to the direct replication of the virus
in these cells [1].

Pathophysiology

When an infected tick bites a person, replication
occurs in local subcutaneous tissues. Probably the first
cells where replication of the virus takes place are the
Langerhans cells. These cells are also responsible for
transporting the virus to the regional lymph nodes.
From this site, the TBE virus gradually disseminates
throughout the organism causing viremia. The viremic
phase is clinically the initial phase of TBE when the
virus crosses the blood-brain barrier [1,11]. A few
possible routes of how the TBEV breach the barriers
have been postulated. The diffusion of the virus
between the capillary endothelial cells in the brain
seems to be the most probable route. The other
possible routes are peripheral nerves or the highly
susceptible olfactory neurons. Neurons are the main
targets of TBEV infections [1].

Pathological changes are localized in the gray matter
and are present in the medulla oblongata, cerebellum,
pons, brainstem, spinal cord, basal ganglia, thalamus,
and the motor area of the cerebral cortex. The most
extensive meningitis occurs in the region of the
cerebellum. In most cases, we can observe
lymphocytic  perivascular infiltrations,  neuron
necrosis, and the accumulation of glial cells. We can
usually observe infiltration with lymphocytes and
neutrophils in the cerebral and spinal meninges
[1,11,12].

Diagnosis

The diagnosis of TBE should be suspected in patients
living in endemic areas with symptoms indicating
meningitis or meningoencephalitis. In the summer and
fall seasons, the risk of infection is higher.
Furthermore, a case of TBE can be defined by
cerebrospinal fluid (CSF) pleocytosis (> 5 x 108
cells/L) and the presence of specific IgM and 19G
antibodies. Virus-specific IgM is present in the acute
phase, while virus-specific 1gG can be detected in
a sample at least 2 weeks later. Potential cross-
-reactivity in serological tests may manifest among
individuals afflicted with infections caused by Dengue
or Zika viruses [13,14,15].

In the diagnosis of TBE, it is possible to isolate the
TBE virus from blood serum and CSF. The genome of
the virus can be detected by RT-PCR (a reverse
transcriptase-polymerase chain reaction) both in the
blood serum and in the CSF in the acute phase of the
disease. Nevertheless, these methods are not helpful in
clinical diagnosis because patients usually see their
doctors in the second phase of their disease (due to
clinical symptoms), when the virus is no longer
present there [11,16].

Treatment and prophylaxis

Patients  diagnosed with TBE are treated
symptomatically. Depending on the severity of
symptoms, hospitalization may be necessary [17,18].
According to the surveillance and outbreak report,
Tick-borne encephalitis in Europe, 2012 to 2016,
written by Beauté et al. [19], 8,081 cases were
reported with hospitalization status, 7,672 (94.9%)
were admitted to hospital. A huge prospective study of
656 patients conducted in Germany revealed that 12%
of patients were treated in the intensive care unit, and
assisted ventilation was required in 5% of these cases
(especially when neuromuscular paralysis occurs,
which leads to respiratory failure). Cerebral edema
should be taken into consideration as a potential
complication of TBE. In order to lower the intracranial
pressure, a 20% mannitol solution along with
hypertonic  fluids of 3% sodium chloride are
administered intravenously (they must be used
carefully owing to the risk of severe dehydration,
especially in older patients). In individual severe
cases, the procedure of decompressive craniotomy or
treatment with therapeutic hypothermia may be
necessary [13,20]. Case reports of corticosteroid usage
have been published, although they are not supported
by any controlled trial; therefore, corticosteroid
treatment cannot be recommended as a standard
treatment approach. The emergence of epileptic
seizures requires the immediate administration of
anticonvulsive agents. Routine anti-epileptic therapy
includes  the intravenous  administration  of
benzodiazepines, fosphenytoin, valproic acid, and/or
levetiracetam. There is ongoing research on specific
substances displaying antiviral activity against TBEV.
The nucleoside analog 7-deaza-2’-C-methyladenosine
(7-deaza-2’-CMA), which has shown good antiviral
activity and low cytotoxicity in porcine kidney cells
and human neuroblastoma cells, is a promising
candidate  for  further  investigation  [1,21].
Unfortunately, no medication intended for the causal
treatment of TBE has been registered yet.
Symptomatic treatment includes the administration of
antipyretics, analgesics, antiemetics, and maintenance
of water and electrolyte balance aimed to alleviate the
iliness. Due to the absence of elective treatment, we
are obligated to rely on efficient prophylaxis to
prevent disease-related morbidity and mortality. For
over thirty years, European vaccines have been
instrumental in significantly mitigating the incidences
of TBE infections, which proves their high
effectiveness. Currently, in Europe and Russia, there
are a few types of licensed vaccines, including
FSME-Immun®  (Baxter, Austria), Encepur®
(Novartis Vaccines, Germany), EnceVir® (Scientific
Production Association Microgen, Russia), and TBE
vaccine Moscow® (Federal State Enterprise of
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Chumakov Institute of Poliomyelitis and Viral
Encephalitides, Russian Academy of Medical
Sciences, Russia). FSME-Immun® and Encepur® are
available in the European Union and have been
authorized by the European Medicines Agency (EMA)
[1,21]. The process of immunization is closely
connected with virions, and more specifically, with
envelope protein E, which is responsible for
significant functions such as virion assembly,
membrane fusion, and binding to receptors.
An excellent example of the efficacy of the
aforementioned boosters is the Austrian population,
where mass vaccinations using FSME-Immun®
injections resulted in a substantial decrease in the
number of cases — from 600 in 1981, down to
approximately 50-60 in the following years
[15,17,19]. Nonetheless, according to the newest
ECDC tick-borne encephalitis surveillance report, the
number of new cases is constantly increasing.
Comparing with the 2019 data, the number of
confirmed TBE cases has substantially risen, from 96
in 2016 to 250 in 2020 [12,22].

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of TBE should include
a wide range of central nervous system (CNS)
infections caused by both other infectious agents and
non-infectious diseases. There is also the potential for
concurrent exposure to multiple infectious factors,
particularly in the context of travel. In the first phase
of TBE, when the symptoms are nonspecific,
gastroenteritis should be considered [1]. However, in
the next phase when symptoms related to the CNS
develop, the differential diagnosis is extensive and
should include the following diseases.

Tick-borne diseases (in order of occurrence in
America)

Chlamydia

Ticks are known to transmit many pathogenic
microbes. The presence of organisms like Chlamydia
has been noted in I. ricinus ticks. There are a few
chlamydial species such as Chlamydia pneumoniae,
Chlamydia trachomatis and Chlamydia psittaci, which
are the primary human pathogenic species. Chlamydia
pneumoniae is a pathogen that causes respiratory
infections. This microorganism also causes other
disorders, including disorders of the CNS; therefore,
it should be included in the differential diagnosis of
TBE [23,24].

Toxoplasmosis

Toxoplasmosis is a worldwide disease spread by the
intracellular protozoan parasite Toxoplasma gondii
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(T. gondii) [25]. Humans usually become infected
after the ingestion of food or water that contains
oocysts excreted in the feces of infected felines. The
consumption of either undercooked or raw meat with
tissue cysts is another possibility of acquiring the
infection [25,26]. The primary infection with T. gondii
can usually go unnoticed due to an asymptomatic
course; however, in immunodeficient patients, the
disease may start more severely. The most common
clinical manifestation is isolated lymphadenopathy,
either cervical or occipital with lymph nodes that are
not tender, do not suppurate, and become discrete and
non-supportive [27,28]. The accompanying symptoms
often include fever, sore throat, malaise, abdominal
pain, myalgia, hepatosplenomegaly, maculopapular
rash, and night sweats. A concerning sign in
laboratory tests may be a small number of atypical
lymphocytes (less than 10%). Another manifestation
of T. gondii infection is known as ocular
toxoplasmosis and usually comprises recurrent
episodes of necrotizing retinal inflammation with
subsequent scarring. The lesion destroys the
architecture of the neural retina and can even affect
the choroid (retinochoroiditis). The well-known
“headlight in the fog” appearance is relevant to the
presence of active retinal lesions along with a severe
inflammatory reaction [29].

Another condition known as Toxoplasma encephalitis
(TE) occurs mostly in patients suffering from AIDS
or other diseases which impair the immune system.
A huge variety of nonspecific symptoms such as
seizures, ataxia, or weakness, impede the diagnosis.
The presence of numerous brain abscesses is also very
specific in TE.

Multiple analyses carried out on cadavers revealed
that the most frequent sites of T. gondii brain infection
are the basal ganglia and the corticomedullary junction
[30]. Studies have also shown that T. gondii may also
be a strong risk factor for the development of
schizophrenia or other behavioral disorders in humans
[31].

Lyme disease

One of the most important tick-borne infections of
the temperate northern hemisphere is Lyme disease.
It manifests itself in two ways. Specific ways include
a unique skin lesion, called erythema migrans,
enabling immediate diagnosis in highly endemic areas
of Lyme disease. Nevertheless, sometimes this disease
manifests itself in a nonspecific way with a headache,
arthralgia, a low-grade fever, or it may even be
asymptomatic.

In the differential diagnosis of TBE, Lyme
neuroborreliosis should first be taken into account.
The neurological symptoms of the early stage of the
disease include cranial and peripheral neuropathy and
meningitis, rarely meningoencephalitis. The most
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frequently affected cranial nerve is the facial nerve,
but there is also the possibility of involvement
extending to the eighth nerve, resulting in hearing
loss, and the oculomotor nerves, leading to diplopia.
In the rare, late stage of neuroborreliosis, patients may
experience chronic fatigue, memory problems and
cognitive impairment, which are associated with
inflammation of the brain. The diagnosis relies on
distinct clinical symptoms, serological tests, in
addition to the analysis of CSF, and the treatment is
mainly with ceftriaxone or doxycycline.

The commonly neglected disease symptoms of the
cardiac or neurological systems include myocarditis,
and an atrioventricular block of intensity between the
first-degree (Wenckebach) to complete heart block.
In this case and in areas with a rare occurrence of
Lyme disease, laboratory testing should be performed
by a two-step algorithm including an initial ELISA
test, followed by a western blot test, which allows
a sensitive and specific diagnosis. As a treatment for
the early stage of Lyme disease, doxycycline or
amoxicillin are mostly used to shorten disease
duration as well as to prevent the development of the
late stage. In addition, anti-inflammatory medications
may be helpful for joint symptoms, while
hospitalization and monitoring of the patient for some
time may be advisable for cardiac complications [32].

Rickettsioses

Rickettsiae are intracellular gram-negative bacteria
that are usually classified into two main groups: the
spotted fever group (SFG) and the typhus group (TG).
The first group of bacteria induces diseases associated
with infections throughout the world, like spotted
fevers (e.g. Rocky Mountain spotted fever), while the
second group of bacteria is responsible for causing
endemic and epidemic typhus [33,34]. Most species
are endemic as a result of climate differences, where
the vector and the natural host cannot meet.
Nonetheless, two of them, Rickettsia felis (from SFG)
and Rickettsia typhi (from TG) are globally distributed
[33,34]. The course of the disease depends on the
pathogen involved, and currently, the highest
mortality is caused by Rickettsia rickettsii associated
with Rocky Mountain spotted fever. The symptoms
include high fever, headache, muscle pain, nausea,
vomiting, anorexia, abdominal pain, and diarrhea [34].
Infection may be limited to local skin lesions, such as
eschar or red macules, with local inflammation and
rash or it can be disseminated, which is often
associated with a more severe course involving severe
vasculitis with endothelial damage, cutaneous
Necrosis, or gangrene, pneumonitis,
meningoencephalitis, up to multiple organ failure [33].
Serological tests are utilized to diagnose these
diseases by detecting antibodies with indirect

immunofluorescence and sole titer above 1:1024 [34].
The laboratory tests indicate thrombocytopenia,
hyponatremia, leukopenia, and an elevation of
transaminase. [33,34]. In the treatment, doxycycline
remains the standard drug of choice. Alternatively
tetracycline, oxytetracycline, and chloramphenicol
have proven efficiency [34].

Human granulocytic anaplasmosis

Human granulocytic anaplasmosis (HGA) is a tick-
-borne acute zoonosis caused by Anaplasma
phagocytophilum — a bacterium that infects
neutrophils intracellularly [35]. Ungulates, such as roe
deer, as well as rodents, are the major reservoir of this
pathogen [36]. The greatest diagnostic concern is the
absence of specific symptoms and the coexistence
with other tick-borne diseases, particularly Lyme
borreliosis [37]. Clinical presentation usually consists
of pyrexia exceeding 38.5°C, gastrointestinal issues
(nausea, diarrhea, vomiting), respiratory (shortness of
breath, cough) or neurological (headache, confusion,
malaise) signs, excessive sweating, myalgia, and
arthralgia [38]. Patients may also experience a non-
-pruritic rash with erythema and elevated liver tests
[37]. Severe manifestations of HGA are rare, but they
might occur in elderly people who are burdened with
autoimmune diseases and an overall weakened
immune system. Renal failure is a possible, life-
-threatening condition [39,40].

Babesiosis

Babesiosis (piroplasmosis) is a malaria-like parasitic
disease caused by protozoa of the genus Babesia,
which are transmitted by ticks. Microscopic parasites
infect red blood cells. Babesiosis is asymptomatic in
most people, but the course of the disease may be
severe or even life-threatening to people with immune
deficiencies or the elderly. The clinical symptoms
resemble malaria. They include high fever, chills,
headaches, muscle aches, and gastrointestinal
problems. The symptoms also include hemolytic
anemia, hepato- and splenomegaly, and sometimes
renal failure as well as pulmonary edema. In order to
diagnose babesiosis, the microscopic examination of
blood smears is necessary (Giemsa Stain or Wright
Stain) [3,41].

Tularemia

Tularemia is a rare zoonotic infection caused by the
gram-negative bacterium, Francisella tularensis
(F. tularensis) [42,43]. The main vectors of
transmission are arthropods such as ticks, and
deerflies, whereas small animals like rabbits, hares, or
beavers serve as amplifying hosts. The etiological
agent can be transmitted to humans by direct contact
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with the infected animals, contaminated food or water,
and the aforementioned hematophagous vectors [42].
The clinical presentation depends on the bacterial
subspecies, the route of transmission, and the patient’s
condition. It ranges from mild to life-threatening.
At first, patients usually develop fever and
enlargement of the lymph nodes. A complicated
course of the disease may include suppuration,
pneumonia and meningitis [42]. A skin ulcer appears
in the area of bacteria entry along with
lymphadenopathy of regional lymph glands (often the
armpit or groin). Another typhoidal form can manifest
as a combination of some general symptoms, the most
severe of which is the pneumonic variation with
symptoms such as cough, chest pain, and shortness of
breath. It may occur due to breathing dust and aerosols
containing F. tularensis or when the bacteria spread
through the bloodstream to the lungs [42,43].

Ehrlichiosis

Ehrlichiosis is a bacterial infection spread to people
mostly through the bite of infected ticks and is mainly
found in regions where the lone star tick (Amblyomma
americanum) is present. Symptoms usually begin 1-
—2 weeks after an infected tick bite. In the early phase,
patients with ehrlichiosis typically present with
nonspecific symptoms such as fever, muscle aches,
and chills. Gastrointestinal problems and rash may
also be symptoms of the early stage of the disease.
A rash occurs mainly in children. Sometimes,
untreated ehrlichiosis can develop into a serious
iliness. CNS disorders like meningitis and
meningoencephalitis occur in up to 20% of patients.
In certain cases, patients may develop acute
respiratory distress syndrome (ARDS), coagulopathy,
cardiovascular failure, or sepsis-like symptoms.
It is worth paying attention to leukopenia,
thrombocytopenia, and slightly elevated transaminase
levels in laboratory tests during diagnostics [44,45].

Heartland virus

The Heartland virus (HRTV) is transmitted by the
lone star tick (Amblyomma americanum) bite, while
animals such as raccoons or deer may serve as
a reservoir [46]. Clinically, the symptoms are
nonspecific, and they include an acute onset of fever,
fatigue, anorexia, diarrhea, myalgia, leukopenia, and
thrombocytopenia [47]. The aforementioned clinical
signs have a close resemblance to -ehrlichiosis;
nevertheless, administering appropriate antibiotics
results in clinical improvement within 48-72 hours in
the case of ehrlichiosis, whereas no significant
improvement is achieved in the case of HRTV.
The virus is said to be genetically closely related to
the severe fever with thrombocytopenia syndrome
(SFTS) virus, a tick-borne phlebovirus with a similar
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clinical manifestation in China, Korea, and Japan [48].
In order to examine the virus’ genetic material
(ssRNA) in blood, an RT-PCR test can be performed
[46]. IlIness caused by HRTV infection often requires
hospitalization and there are several cases reported
that resulted in death [49,50]. In the fatal cases, all of
those infections progressed to develop acute renal
injury and failure, respiratory failure, and hypotension
consistent with sepsis [48].

Tick-borne relapsing fever

Tick-borne relapsing fever (TBRF) is a bacterial
infection caused by Borrelia (B.) spirochetes, which
might be transmitted to humans by exposure to an
infected soft-shelled Ornithodoros tick. The Borrelia
species implicated in the etiology of TBRF encompass
B. hermsii, B. parkeri, B. turicatae, B. hispanica,
B. crocidurae, B. duttoni, and B. miyamotoi [51,52,
53]. The incubation period of TBRF lasts around 4-—
-18 days, while the early stage of this disease is
characterized by recurring febrile episodes (up to
106.7°F or 41.5°C), accompanied by a variety of non-
-specific symptoms, such as headache, myalgia,
arthralgia, nausea, and chills. Patients may even
become tachycardic, tachypneic and delirious or
agitated [51,53]. The bouts of fever last around three
days and are separated by afebrile periods of
approximately 7 days in duration. This sequence is
induced by the unique ability of TBRF spirochetes,
which can alter their outer-membrane lipoprotein
(vmp) causing repetitive stimulation of the infected
host’s immune system [51,52]. Neurological
complications that may occur include meningitis,
encephalitis, hemiplegia, facial palsy, radiculopathy,
or even subarachnoid hemorrhage in some cases.
Observations of cases of meningoencephalitis linked
to B. miyamotoi in immunocompromised patients
indicate that these pathogens in such a population
may act as opportunistic pathogens. Furthermore, the
course of febrile episodes in an infection with this
pathogen differs from the classic course of TBRF
[51]. A greater number of febrile episodes increases
the possibility of the aforementioned disorders. The
diagnosis is usually made after the microscopic
identification of spirochetes in peripheral blood
samples along with the noticeable thrombocytopenia.
However, the blood should be collected during the
febrile episode as those pathogens are not visible once
the temperature decreases [53,54]. The treatment
consists of beta-lactams, tetracyclines, or macrolides.
TBRF is commonly linked with residing in rodent-
-infested houses in the mountains or potholers who
occupy themselves with exploring caves [52,53].
A clinically similar febrile illness that requires
distinction from TBRF is louse-borne relapsing fever
(LBRF), caused by B. recurrentis. The distinction
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between these entities can be achieved using
molecular techniques [51].

Powassan virus

The Powassan virus (POWYV) is a flavivirus that is
spread through the bite of an infected black-legged
“deer” tick (Ixodes scapularis) [1,3]. Since the late
1990s, a recent increase in exposure to infected ticks
may result in a larger number of Powassan cases [55].
Powassan virus disease should be considered in any
patient who presents with a febrile or acute
neurological illness and who has recently had a likely
exposure to ticks. The clinical symptoms reported
most frequently in the studies included fever,
headache, confusion, generalized weakness and
fatigue, encephalopathy, neurological symptoms, focal
deficit, and vomiting. The incubation period for the
POWYV ranges from 1 to 4 weeks. The disease might
progress to encephalitis, meningoencephalitis, or
aseptic meningitis [1,3,55].

Colorado tick fever

Colorado tick fever (CTF) is a rare disease caused by
the Rocky Mountain wood tick (Dermacentor
andersoni), which is found in the United States and
Canada. The first clinical symptoms that appear about
a week after the tick bite are similar to those of
influenza. Fever and muscle aches are typical, and
vomiting may also occur. About 50% of patients
develop “biphasic fever”. After a few days, the fever
goes down and then a short period of fever reappears.
Sometimes, patients have abdominal pain and a sore
throat as well. In certain cases, patients may
experience a more severe disease with symptoms such
as bewilderment and a stiff neck. These symptoms
mean that the CNS has been attacked. Blood smears
are very important for diagnosis, which are stained by
immunofluorescence for the presence of the virus.
There are no vaccines or medications to treat CTF.
Patients are treated symptomatically [56,57].

Tick paralysis

Some ticks in North America and Australia, like
Dermacentor andersoni and Ixodes holocyclus, have
been known to cause ataxic-type gate symptoms called
tick paralysis. The clinical presentation imitates the
Guillain-Barré syndrome, leading to the misdiagnosis
of these diseases. Nevertheless, tick paralysis develops
much faster, typically in 2—6 days, without raising the
protein concentration in CSF and disappears similarly
as quick in a few hours or days after successfully tick
removal [58].

Southern tick-associated rash illness

Southern tick-associated rash illness (STARI) is
a zoonotic disease described to occur in humans
following bites of Amblyomma americanum. The
characteristic skin manifestation of STARI is an
annular rash with central clearing that resembles
the erythema migrans observed in Lyme disease.
In addition, patients can manifest influenza-like
symptoms, such as fever, chills, body aches and
malaise [41,59]. The diagnosis should be based on the
clinical manifestation and geographic location since
there is no established diagnostic method for
identifying STARI at this time. Patients with
suspected STARI tend to show a favorable response to
doxycycline [41].

Severe fever with thrombocytopenia syndrome

Severe fever with thrombocytopenia syndrome
(SFTS) is a tick-borne viral infection caused by the
severe fever with thrombocytopenia syndrome virus
(SFTSV). The first case was identified in China. It is
characterized by an acute onset of fever,
thrombocytopenia, leukocytopenia, diarrhea,
vomiting, and multi-organ dysfunction. SFTS can lead
to severe illness with a high fatality rate [60].

Neoehrlichiosis

Neoehrlichiosis is an infectious disease attributed to
the gram-negative bacterium Candidatus
Neoehrlichia mikurensis, transmitted by 1. ricinus
ticks. Infection typically presents with symptoms
such as headache, fever, arthralgia, nausea, may
lead to thrombotic or hemorrhagic complications
and aneurysms. The infection may exhibit either an
acute or chronic course. A case resembling recurrent
fever with thrombotic complications has been
delineated [61].

TBE may also be confused with other diseases
because of the common symptoms of the nervous
system

Stroke

Increasingly more research indicates that TBEV
infection influences brain perfusion. The symptoms of
TBE can also simulate a stroke of this organ [62].
Common signs for both of these disease entities are
headache, vertigo, nausea, vomiting, consciousness
disorders and meningeal symptoms. For focal strokes,
pyramidal symptoms, sensory disorders and cranial or
peripheral nerve pathology appear more frequently,
nontheless, they can also be present for 8.3-33.3%
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TBE patients. On the other hand, additional infection
symptoms like fever, blood leukocytosis and
pleocytosis in CSF and a raised level of C-reactive
protein are more characteristic for TBE [62,63].
Besides that, a serology test to detect specific
antibodies and a lack of acute focal ischemia changes
in tomography or magnetic resonance can be very
helpful [62]. Its pathomechanism has not been fully
determined, although some speculations indicate the
role of inflammation atrophy of the deep gray matter,
especially the thalamus and microangiopathy [62,63].

Human brucellosis

Brucellosis is the most common worldwide zoonosis.
Infection of this gram-negative bacteria occurs by
the consumption of unpasteurized dairy products and
by direct contact with infected animals [64,65].
In Poland, individual cases are reported every year
(the last two date from 2017) [66]. The common
symptoms of brucellosis are nonspecific as fever,
chills, headache, sweating, weakness myalgia and
arthralgia. Other symptoms depend on the involved
systems and include arthritis, spondylitis, epididymo-
-orchitis, acute renal failure, endocarditis, splenic
abscess, abortion, and neurobrucellosis.
Neurobrucellosis appears in 2—7% of child cases as
meningitis, encephalitis, and myelitis. Some other
neurological symptoms that may appear are impaired
consciousness, seizures, sensory deficit, motor deficit,
increased deep tendon reflexes and even hemiparesis
[64]. Diagnosis should be based mainly on the
isolation of brucella bacteria from the blood or body
tissues supported by a compatible clinical picture and
nucleic acid amplification detection methods. In the
treatment of neurobrucellosis, aminoglycosides in
combination  with  doxycycline,  trimethoprim-
-sulfamethoxazole or a fluoroquinolone and rifampicin
are used [65].

Infectious mononucleosis

Infectious mononucleosis (IM) is a lymph node
disease manifested as fever, sore throat, lymph node
enlargement, fatigue, rushes and pharyngeal
inflammation, characteristic of the human population,
among people between the age of 15 and 24.
Generally, it affects the posterior cervical, axillary or
inguinal nodes causing them to enlarge [67].
However, some studies show that sometimes,
especially for children less than 4 years old, this
disease can be complicated with neurological
problems such as convulsions or cranial nerve
involvement.  Furthermore,  meningoencephalitis,
aseptic meningitis, transverse myelitis or peripheral
neuritis can occur, but that clinical presentation
of IM has not yet been well described due to the
lack of cases [67,68]. In that case, differentiation
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from TBE may be required. In order to exclude 1M,
a blood test with a white blood cell count that detects
the presence of atypical lymphocytosis must be
performed [67].

Yellow fever

Yellow fever (YF) is an acute viral hemorrhagic
disease in tropical Africa and Latin America that is
transmitted by infected mosquitoes (Haemagogus,
Sabethes and Aedes species) [69,70]. Patients may
report symptoms such as fatigue, yellowing of the skin
or eyes, headache and muscle pain, often with severe
pain in the back. Then, after a period of provisional
remission that usually lasts from 24 to 48 hours,
symptoms may recur and be frequently accompanied
by liver and kidney disease. Dark urine, vomiting,
jaundice and hemorrhagic diathesis are among the
presenting symptoms in patients. Edema and
hemorrhage of the CNS may also occur. Yellow
fever is diagnosed by detecting the antigen using
a monoclonal immunoassay of the enzyme in serum
samples. The detection of viral genome sequences by
PCR and ELISA tests are also used. Since there is
currently no reliable treatment or vaccine available,
the most important approach is to focus on prevention
[69,71].

Japanese encephalitis

The Japanese encephalitis (JE) virus is related to the
TBEV, both of which are neurotropic flaviviruses;
therefore, differential diagnosis seems necessary.
Initially, the virus was endemic to the areas of
Indonesia-Malaysia and Southeast Asia, but for the
past 70 years, this area has been gradually expanding.
Humans, as dead-end hosts, become accidentally
infected as a result of a bite by an infected mosquito.
The disease mainly affects children and travelers from
regions where JE is absent, and it is associated with
the development of strong immunity after the first
infection. The symptoms are usually absent or flu-like.
0.1% to 4% of cases (depending on the region)
develop nonspecific febrile illness, aseptic meningitis,
or even severe encephalitis with a clinical
manifestation that is very similar to TBE. In the
diagnostic ELISA test, there is moderate pleocytosis
and a slight protein rise in CSF, while the
characteristic computed tomography (abnormal in
56% patients with JE) or magnetic resonance imaging
(abnormal in all patients with JE) shows abnormal
lesions mainly in the thalamus and basal ganglia [72].

Other viral meningitis and encephalitis

Viral infection of the CNS is classified as aseptic
inflammation according to some sources because of
the fact that viral infections are more difficult to detect
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than bacterial infections, as well as owing to the
similarity of symptoms to a truly aseptic form.
Inflammation can affect both the meninges and the
brain because of the anatomic continuum between
these biological structures. Changes in the mental
status and the focal or diffuse neurological signs
indicate encephalitis, while fever, gastrointestinal
symptoms, and meningeal symptoms point to
meningitis, and a mix of these symptoms is typical for
meningoencephalitis. The diagnosis is based on
finding pleocytosis of the cerebrospinal fluid and no
growth on routine bacterial culture. Nucleic acid
sequence-based  amplification  tests  (NAAT),
especially PCR, have become the revolutionary
golden standard for the detection of specific viruses.
The common etiological factors in this case are non-
-polio human enteroviruses (NPEV, 23-61% of all
detected viral meningitis), mumps virus (7.5-15.8%),
lymphocytic choriomeningitis virus (LCMV, 1.9-
—9.7%), Herpes simplex virus (HSV, 0.5-18%) [73].

Aseptic meningitis and encephalitis

There are three other causes of CNS inflammation
besides infection: certain systemic diseases, drugs or
neoplastic change. Regardless of that, up to two-thirds
of aseptic meningitis cases are labeled as idiopathic.
The systemic diseases, in the course of which CNS
inflammation may develop, include neurosarcoidosis,
Behget’s disease, Sjogren’s syndrome, systemic lupus
erythematosus, or granulomatosis with polyangiitis
(formerly Wegener’s granulomatosis). In order to
differentiate between these diseases, it is crucial to
conduct a detailed interview and physical examination
with attention to non-neurological signs characteristic
of this disease. Additional tests, such as
immunological  tests, imaging  studies, or
ophthalmological consultation, are also often helpful.
Drug-induced encephalitis or meningitis is difficult to
recognize due to the absence of specific symptoms
and a diagnostic method capable of its detection.
Nevertheless, the lack of evidence of other pathologies
may be a clue to checking the medications taken by
the patient. For example, limited biochemical
abnormalities in laboratory tests or correct results of
brain imaging can help rule out many other causes.
The ultimate proof is attaining full recovery after
discontinuation of the suspected medication. The most
common related drugs are non-steroidal anti-
-inflammatory drugs (NSAIDs), some antibiotics,
intravenous  immunoglobulin,  or  monoclonal
antibodies. Finally, there are neoplastic meningitis and
encephalitis. Solid cancer in 4-15% of cases and
hematological malignancy in 5-15% of cases are

mainly responsible for this type of meningitis. Breast
cancers, lung cancers, and melanoma among solid
cancers and leukemia and Ilymphoma among
hematological malignancies are the ones that stand out
as the most common causes. Performing several
analyses of 10 ml of fresh CSF by well-trained
cytologists is a useful practice in the diagnosis [73].

West Nile fever

West Nile fever is caused by the West Nile virus
(WNV). In most cases, it is transmitted to humans
through the bite of an infected mosquito, but infection
is also possible through the blood (e.g. blood
transfusion). The clinical symptoms of West Nile
fever are similar to TBE, and they occur in two
phases. Initially, nonspecific symptoms such as fever
and muscle pain occur. In the second phase, the
development of encephalitis, which can be potentially
fatal, can be observed [74,75]. Cross-reactive
antibodies develop during the infection of the West
Nile fever, which can be a challenge during
differential diagnosis [1]. Symptomatic treatment is
given to patients with mild symptoms, whereas those
with neurological symptoms require treatment in an
intensive care unit [74].

Autoimmune encephalitis

Autoimmune encephalitis (AE) is an inflammatory
disease marked by a subacute decline in short-term
memory, accompanied by psychiatric symptoms,
seizures, as well as numerous other disorders
affecting the CNS. Autoimmune encephalitis
manifests in two types: classic AE, with onconeural
antibodies causing brain damage, responds modestly
to immunosuppression, and AE with neuronal
surface antibodies (nsAb) directly affecting the brain
often shows a better response to immunotherapy
[76,77].

CONCLUSIONS

This review summarizes the most important clinical
findings in the differential diagnosis of TBE. The
similarity of the symptoms of TBE to the diseases
presented above makes the diagnosis difficult and
requires a detailed comparison not only of the clinical
symptoms but also of the results of additional tests.
It is also pertinent to accentuate the specific
significance of immunization in the prevention of
TBE infections.
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