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Tick-borne encephalitis (TBE) is one of the most important infectious diseases of the
central nervous system in dogs from endemic areas. While in humans survival rate and
long-term outcomes are well described, these data are lacking in veterinary literature. The
aim of the present paper is to characterize the clinical aspects of TBE and to investigate
fatality rate, long-term outcome and the long-term neurological sequelae in a population
of dogs infected with TBE. We performed a retrospective analysis of 54 dogs diagnosed
with TBE at the veterinary hospital of the University of Zurich between 1999 and 2016.
Medical data such as signalment, clinical presentation, results of diagnostic procedures,
treatment and outcome were collected and analyzed. Statistical analysis including a
cox proportional hazard model using a backward stepwise regression approach was
performed. In 62% of the TBE cases unspecific signs were described before the onset of
neurological signs, resembling a biphasic appearance that is well known in human TBE.
Case fatality rate was 33% and all dogs died within the first 4 months after diagnosis.
Long-term neurological sequalae were detected in 17% of the TBE cases. For each day
of clinical signs before hospital entry the odds of sequalae increased by a factor of 1.88
(Cl 1.04-3.15). Older dogs and dogs presented with seizure activity had an increased
hazard risk of death (Hazard ration = 1.2, p = 0.03; and 9.38, p = 0.001, respectively).
In conclusion, despite TBE being a life-threatening disease with severe clinical signs, the
survival rate in our study was 67%. However, long-term sequalae can be of concern
especially in dogs with longer clinical course.

Keywords: dog, TBE, meningoencephalomyelitis, outcome, cervical weakness, neurological sequelae

INTRODUCTION

Tick-borne encephalitis (TBE) is a viral disease, endemic in Europe, causing mainly nonspecific
febrile illness followed by a remission phase in people. After this initial phase the disease may affect
the nervous system in up to 50% of the cases. In approximately 30% to 80% of recovered patients,
long-term neurological sequelae are observed (1-4). The disease is caused by the European subtype
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of Flavivirus (TBEV), a single positive stranded RNA virus, that
infects dogs, horses, domestic and wild ruminants, rodents, wild
boars, and humans. In Eurasia, TBE has not only been associated
with this subtype but also with the Siberian and the Far-Eastern
subtypes that tends to show a mono-phasic pattern (1, 2). The
TBEV is mainly inoculated by Ixodes spp. (4, 5) and Dermacentor
spp. (6) ticks in Europe. The prevalence of TBEV within the
tick population ranges from 0.1 to 5% in the European countries
(7, 8). In Switzerland, the prevalence is around 0.46% even in
previously considered safe regions such as the southern site of the
Alps (8). Epidemiologically, TBE is endemic in 27 countries with
a 400% increase of morbidity between 1974 and 2003 in Europe
(1). In Switzerland, TBEV is causing over 100 reported human
cases annually. In 2020, 455 cases were recorded (9).

The overall TBEV seroprevalence in canines varies but has
been estimated in a recent metanalysis to range from 0 to
53.6% in dogs with neurological signs (10). Due to continuous
climate changes and international transportation, TBEV should
be included in the diagnostic workup of animals from previously
unaffected areas such as Ticino (8) or United Kingdom where two
autochthonous cases have been recently described (11). Despite
canine TBEV infection having a calculated annual risk around
11.6% (12), dogs are rarely clinically affected (13, 14). TBEV
was firstly isolated from the brain of a dog with neurological
signs in 1972 (15). Since then various authors described TBEV as
causes of central (13) and peripheral (16) neurological syndromes
in dogs.

To clinically diagnose TBE in canines, we face the same
challenges encountered in human medicine. In both species,
diagnosis is based upon seasonal occurrence, known recent
exposure to ticks, clinical and neurological signs, serological
and cerebrospinal fluid (CSF) presence of IgM and/or IgG, and
presence of magnetic resonance imaging findings suggestive of a
viral encephalopathy (3, 17-20).

Causal treatment is not definitive in both canine and human
patients, and acaricidal treatment might not necessary fully
prevent infection (12). Therefore, preventive vaccination of the
host is of paramount importance although at time of writing this
is only available in humans (21).

In human TBE due to the European subtype, fatalities rate
up to 2% (3, 19) and neurological sequelae are evident in about
10% of survivors (1, 3, 17-20). Up to date, data about survival
and long-term neurological sequelae in dogs with TBE are scanty
and not readily available. In previous publications mortality has
been reported to be extremely high and TBE was considered to
be a fatal neurological disease although based upon only five
dogs (22). The aim of the present paper is to characterize the
clinical aspects and to investigate case fatality rate, long-term
outcome, and to describe long-term neurological sequelae in a

Abbreviations: CI, Confidence Interval; CSE, Cerebrospinal fluid; CT, Computer
tomography; ELISA, Enzyme-Linked ImmunoSorbent Assay; GI, Gastrolntestinal;
GLM, Generalized linear models; JAK-STAT, Janus kinase-signal transducer
and activator of transcription; IFA, Indirect fluorescent antibody; IgM,
Immunoglobulin M; IgG, Immunoglobulin G; MEUO, MeningoEncephalitis of
Unknown Origin; MRI, Magnetic resonance imaging; RNA, Ribonucleic Acid;
TBE, Tick-borne Encephalitis; TBEV, Tick-borne Encephalitis Virus; WBC, White
Blood Cells.

clinical population of dogs with TBE presented at our hospital in
the years 1999-2016.

MATERIALS AND METHODS
Study Population and Inclusion Criteria

This retrospective observational study was performed searching
the database of the Vetsuisse Faculty, University of Zurich,
for dogs with a diagnosis of TBE between the years 1999 and
2016. The inclusion criteria were as follows: (1) dogs presented
with neurological signs suggestive of central nervous system
disease and living in endemic areas for tick-borne encephalitis
virus (or coming from an endemic area); (2) cerebrospinal fluid
changes compatible with inflammatory disease; and (3) positive
antibody titers in cerebrospinal fluid at time of admission (TBEV
cerebrospinal fluid titer using ELISA from an external laboratory
[Alomed Randolfzell-Béhringen, Deutschland] higher than 2
UI/L). Dogs that did not have positive CSF antibodies at initial
presentation were excluded.

Neurological signs were grouped according to previous
data on human cases of TBE on meningoencephalitis,
encephalomeningomyelitis, meningomyelitis with or without
poliomyelitic form, or meningitis (1). This allowed comparison
with human TBE. Results of cerebrospinal fluid analysis
(including total protein content, total nucleated cell count,
and differential cell count) and results of enzyme-linked
immunosorbent assay from CSF and/or histopathology in
case of euthanasia were reviewed. TBEV detection via PCR
of cerebrospinal fluid was performed at our laboratory using
real time quantitative PCR (RT-qPCR) technique following
the protocol previously published by Wicki and colleagues
(23). Hematology and biochemistry results as well as imaging
results (radiographs and advanced cross-sectional imaging) were
reviewed, when available. Any short-term follow-up information
(neurological follow-up examination, telephone follow-up) was
included to document sequelae of TBE. A long-term follow-up
was performed via structured phone interviews conducted by
one of the first authors (CK) with the owners to determine if
patients were still alive, to describe the cause of death or request
for euthanasia, and if any long-term neurological sequelae were
observed by the owners since the diagnosis of TBE. Specifically,
gate and/or posture abnormalities, behavioral abnormalities
compared to pre TBEV infection, time to fully recover from the
neurological syndrome, and persistency of clinical symptoms
were investigated.

Statistical Analysis

All analyses were undertaken in R including descriptive analysis
of the demographic data (24). The association between the
risk of death and demographic data and the occurrence of
different variables (seizures, long-term sequelae, age of dog,
TBEYV titer, presence of vestibular signs, number of leucocytes in
the cerebrospinal fluid, paresis/plegia and type of encephalitis)
was assessed with a Cox proportional hazard model using a
backward stepwise regression approach. This survival model was
used to assess the association of these factors with survival time.
The significance level considered was 5% (P < 0.05).
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The hospitalization times of dogs and time taken until full
recovery was analyzed by a gamma generalized linear models
(GLM) as the dependent variable was not normally distributed
and the gamma model gave the best fit. Analysis of residuals
confirmed that the gamma GLM was an appropriate statistical
model. For the analysis of time taken to full recovery, dogs that
did not achieve recovery were removed from the data set. The
risk of developing sequelae was analyzed by a binomial GLM
(logistic regression).

RESULTS

Between 1999 and 2016, 57 dogs were diagnosed with TBE. In
three cases, TBEV titer was negative at admission and they were
therefore excluded. TBE was later confirmed in these cases, either
by repetition of TBEV titers or histopathology.

The remaining 54 cases were presented between March and
October and the owners recalled recent tick exposure in 23 of
54 dogs (42.5%). The most commonly affected breeds observed
in this population were Newfoundland dogs (8/54), Rottweilers
(8/54), and Labrador Retriever (5/54). These breeds accounted
for 38.8% of the total population. The mean age at presentation
was 5.61 (range 1-13 years). Sex and sexual physiological status
were 28/54 males (intact/neutered 20/8) and 26/54 females
(intact/neutered 10/16).

Clinical and Neurological Presentation

Mean duration of clinical signs before admission was 4 days
(range: 0-14 days). In 34 of the 54 cases (62%), interviewed
owners or first opinion veterinarians reported unspecific
signs such as apathy, inappetence, gastrointestinal signs, and
hyperthermia 1-10 days before hospital admission. Of these 34
dogs, 23 were reported to have had hyperthermia (23/34, 67.6%)
and 15 gastrointestinal signs (15/34, 44.11%).

Physical examination at admission showed hyperthermia
(mean 39.9 C; range: 39.1-41.3) in 36 dogs (66.6%). The most
common neurological presenting signs at admission included
ataxia/vestibular signs (28 dogs, 51.8%), cervical pain (21
dogs, 38.8%), plegia/paresis of one or more limbs (15 dogs,
27.7%), cranial nerve deficits (16 dog, 29.6%), proprioceptive
ataxia (16 dogs, 29%), and cervical weakness (11 dogs, 20%).
Isolated seizures were recorded in 8 dogs (14.8%) at time of
admission whereas two dogs were admitted with a history of
status epilepticus.

The clinical neurological syndrome at presentation was
consistent with meningitis (3 dogs, 5%), meningoencephalitis
(23 dogs, 42%), meningomyelitis (18 dogs, 33%), and
meningoencephalo-myelitis (10 dogs/ 19%). Ten subjects
showed seizure as part of initial presentation while seven dogs
developed them during hospitalization (17 dogs; 31%). Of these
17 dogs, cluster seizures occurred in six (35%), four had focal
seizures (23%), four had status epilepticus (23%), and three had
isolated epileptic seizures (17%).

Laboratory Findings
Blood works results were abnormal in 48 cases [non-regenerative
anemia (30/48, 62%), neutrophilic leukocytosis (24/48, 53%),

and lymphopenia (17/48, 42%)]. The most frequently observed
abnormalities in biochemical panel were elevated liver enzymes
(24/48, 50%), elevated creatinine kinase (CK) (12/48, 25%),
elevated urea (8/48,16%), hyperproteinemia (8/48, 16%), and
hypoalbuminemia (6/48, 12%).

CSF analysis showed mean total nucleated cell count
of 113.8 cells pro microliter (from 5.5 to 880 WBC per
microliter, normal reference range < 4 WBC per microliter)
and mean protein content of 68.7 mg/dL (ranging from 18
to 180 mg/dL, and a normal reference range <35 mg/dL).
TBEV antibody titer in the cerebrospinal fluid was 82.1 UI/L
(ranging from 8 to 173 UI/L). A TBEV real time quantitative
PCR (RT-qPCR) was performed in 8 cases resulting in 7
negative (7/8, 88%) and 1 positive case (1/8, 12%). Other
pathogens (Distemper, Toxoplasma spp., Neospora spp.) were
tested by PCR and were negative in all cases. The differential
cell count showed lymphocytic pleocytosis (36/54, 66.5%),
mononuclear pleocytosis (10/54, 18.5%), or mixed pleocytosis
(8/54, 14%).

Diagnostic Imaging

Radiological studies were obtained in 31/54 (57.4%)
dogs. Thoracic radiographs were available in 18 (18/31,
58.06%) and abdominal radiographs in nine (9/31, 29.03%)
dogs. A bronchial pattern was seen in three dogs, and
atelectasis in two. Otherwise the studies were reported
as normal.

In 22/54 (40.7%) cases imaging of the central nervous system
was performed with computed tomography (CT) of the brain
in 4/22 (18.18%) and MRI of the brain and/or spine in 18/22
(81.81%). MRI findings of 14 dogs have been previously described
in Beckmann et al. (25) and Sievert et al. (26). Results of
brain CT were within normal limits in all cases. Brain magnetic
resonance imaging was carried out on 17 patients and 11 showed
abnormal findings (64.7%). In six dogs the findings were confined
to the gray matter of the thalamus (6/11, 54.54%) while in
others, hippocampus (2/11, 18.18%), pons (1/11, 9.09%), brain
stem (3/11, 27.27%), and basal nuclei (1/11, 9.09%) were also
affected. The images were consistently similar, symmetric, and
hyperintense lesions in T2-weighted sequences compared to
white matter, iso- to hypointense in T1-weighted, non-enhancing
post contrast administration, and had minimal or no mass
effect or perilesional edema. Four of 17 (23.52%) dogs had
meningeal enhancement. MRI of the spine performed in 11
cases (11/18, 61.11%) showed abnormal T2WI hyperintensity
confined to the ventral horns of the gray matter in two patients
(2/11, 18.18%) without post gadolinium administration TIWI
contrast enhancement.

Hospitalization Time and Neurological

Status/Outcome at Discharge

The mean hospitalization time was 8 days (range from 1 to
36 days). Tetraplegic cases were hospitalized for an average
10 days (range: 8-12 days); tetraparetic cases 13.7 days
(range: 2-35 days); and paraparetic cases 8.7 days (range:
6-12 days).
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Medical Management During

Hospitalization

Phenobarbital was the first line medication in all patients
with seizures. In 64% (11/17) seizure control was inadequate
and Levetiracetam was introduced as a second antiepileptic
drug. In those dogs with cluster seizures or status epilepticus
constant rate infusions with midazolam was added to control the
seizure activity.

In 49/54 cases (90%) anti-inflammatory doses of
corticosteroids (dose ranging from 0.5 to 1 mg/Kg/q24h)
for 2-5 days were administered, 45 (45/54, 83%) had antibiotics
(clindamycin 11 mg/Kg/q12h) pending CSF results.

Fluid therapy, rehabilitation therapy, and nursing care were
administered according to patient needs.

Mortality and Survival Rate

One-third (18/54, 33%) of the dogs in this study died or
were euthanized because of complications associated with TBEV
infection within 4 months after discharge.

Ten dogs did not survive until discharge or were euthanized
within 3 days after discharge (10/54, 18.5%). Six dogs were
euthanized on request of the owners because of absent
improvement of tetraplegia/tetraparesis (6/10, 60%) during
hospitalization (range: 3-18 days), one because of recurring
seizures unresponsive to treatment (1/10, 10%), two died
spontaneously due to cardiopulmonary arrest (2/10, 20%),
and one was euthanized because of concurrent bone tumor
(1/10, 10%).

Long-Term Outcome and Neurological

Sequelae

Forty-one of 54 (81%) dogs were discharged from the hospital
and survived more than 3 days after discharge. Of those 41
dogs, dogs with non-ambulatory paraparesis (4/41, 9%) were
able to ambulate unassisted within 6 days (ranging from 2 to
12 days), whereas tetraplegic/paretic dogs (10/41, 24%) regained
ambulation within 12 days (3-26 days). In nine dogs with a
cervical weakness (poliomyelitic form), the weakness resolved in
all patients within 2-71 days.

In total, three cases were lost for follow-up 30 days after
discharge. Of these three dogs, one was neurologically normal
(30 days), one had persisting thoracic limb lameness (28 days),
and one had generalized proprioceptive deficits and not further
well specified behavioral changes (21 days).

Further follow-up interviews were available for 38 cases, while
6 cases were lost for follow-up interviews. The interview was
performed 4 months—12 years after hospital discharge.

Six of 38 (15%) dogs were euthanized due to incomplete
neurological improvement and owner’s perceived poor quality
of life within an average of 43.4 days (range: 3-120 days), while
2 cases were euthanized due to unrelated disease within 120
days. Case fatality rate after discharge within the first 4 months
was 21% (8/38). No dogs were euthanized afterward because of
TBE sequalae. Fifteen dogs of 36 that survived showed complete
neurological recovery (15/36, 41%), while 17/36 (59%) dogs had
neurologic deficits at the time of writing. In 4 cases (4/38, 11%)

no information regarding neurological recovery was available.
Reported neurological sequalae included facial palsy (1/17, 6%),
weakness in the hind limb (1/17, 6%), and rarely occurring
fine head tremors (1/17, 6%). In 4 cases, owners did not report
neurological sequalae but asthenia (4/17, 24%). In one case, late
occurrence (3 years after discharge) of aggressive behavior was
reported during the follow-up phone call but because of lacking
neurological reevaluation and behavioral examination a direct
correlation with the previous infection cannot be drawn.

Five of 17 dogs with seizures lived longer than 3 months after
discharge (5/17, 29.4%). One dog started seizing 1 year after
discharge; the owner refused additional workup to assess the
possibility of a post infection encephalopathy.

Necropsy Findings

Necropsy was available in seven dogs. Macroscopic examination
of the central nervous system showed meningeal hyperemia in
one dog on seven examined. In two dogs a chronic meningitis
was evident. Histologically the main finding was consistent with
moderate to severe multifocal sterile lymphohystiocitic (4/7) or
lymphoplasmacytic (3/7) meningoencephalitis also with spinal
cord involvement (poliomyelitis) in 5/7 cases. Furthermore,
neuronophagia (7/7), perivascular cuffs (2/7), activated microglia
expressed as glial nodules in gray (7/7) and white matter (3/7),
diffuse demyelination (2/7) and white matter oedema (1/7). The
lesions were affecting the gray matter of the cerebral cortex (7/7),
the hippocampus (7/7), the basal ganglia (6/7), the thalamus
(7/7), the brainstem (7/7), the cerebellum (7/7). The spinal cord
was affected by a poliomalacia in 5/7 cases, and in 4 of them
the lesions were widespread along the entire neuroaxis, while
in one the cervicothoracic region was mainly affected. In the
latter, the ventral rootlets of the cervicothoracic intumescence
were also investigated revealing presence of multifocal axonal
degeneration and Schwann cells proliferation. In three cases
immunohistochemistry for TBEV was performed confirming
clinical diagnosis with positivity in glial nodules (3/3) and ventral
horn axons (1/3).

Statistical Analysis

Six cases lost for follow-up after discharge were excluded from
further survival analysis. Our statistical analysis of the reported
data showed that dogs with increased temperature at admission
(>39.0) dogs with tetraplegia or tetraparesis, and dogs showing
signs of recovers survived longer (Table 1). In contrast dogs with
seizures had a shorter survival time. Survival time also decreased
with age.

Dogs presenting with fever or tetraplegia/tetraparesis due to
meningoencephalomyelitis and meningomyelitis/poliomyelitic
tended to have a longer hospitalization time. Dogs presenting
with signs of tetraplegia/tetraparesis took 1.32 (CI 1.05-1.80)
times longer compared to others, to regain normal ambulation.
The odds of developing sequelae increased with the duration of
clinical signs before admission. For each day of clinical signs
before hospital entry the odds of sequalae increased by a factor of
1.88 (CI 1.04-3.15). Although neurological sequalae are various,
the hazard model did not reveal any negative outcome associated
with these sequalae (Table 1).
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TABLE 1 | Factors influencing survival of dogs diagnosed with tick born
encephalitis.

Factor Hazard ratio* P-value
Age” 1.2 (1.04-1.44) 0.013
Presence of seizures 9.38 (2.43-36.14) 0.001
Presence of fever 0.22 (0.06-0.78) 0.02
Presence of tetraplegia/tetraparesis 0.16 (0.03-0.71) 0.02
Recovery 0.005 (0.0004-0.05) <0.0001

*Hazard ratio >1 indicates an increased risk of death in a time period and hence shorter
survival. “Age is a continuous variable, so hazard ratio is for each 1 year increase in age.
Other variables are binomial and the hazard ratio is the ratio between the presence and
absence of the factor.

DISCUSSION

This paper presents a population-based study about overall
clinical presentation, clinical course, fatality rate, and
neurological sequelae of TBEV infection in large population of
affected dogs. Previously, this information could be only inferred
from different publications, encompassing case reports or small
case series published from 1972 to 2014, ranging from one to a
maximum 12 dogs affected by TBEV (22, 27, 28).

In humans, European TEBV infection shows typically a
biphasic appearance (1-3), and during the initial consultation
unspecific symptoms such as fever, malaise, headache, sickness,
vomiting, and muscular pain are reported up to 10 days before
neurological signs occur (1-3, 17). In dogs a biphasic disease-
course has been debated controversially (27). In this study
population 34 owners or referring veterinarians recalled fever,
and unspecific GI signs occurring from 1 to 10 days before the
admission at our referral center. This supports that “malaise” as
first clinical signs of TBEV viremia does occur in dogs as well.

Hyperthermia was evident in two-thirds (36/54) of our
population and interestingly dogs with hyperthermia had a
significantly lower risk to die compared to those that did
not show hyperthermia. Hyperthermia is a hallmark of active
infection and quite common in acute viral encephalitis. Non-
structural proteins of TBEV antagonize type 1 interferon
signaling (29) suppressing the Janus kinase-signal transducer
and activator of transcription (JAK-STAT) pathway (2). This
inhibition of type 1 interferon is causing a reduced anti-viral
immunity in the host. Possibly patients with higher flavivirus load
have a stronger suppression of type 1 interferon signaling, and
therefore are not showing fever which may possibly influence
outcome negatively (29).

Clinical signs of TBE are variable in humans and dogs (1, 19).
In humans, the predominant form of TBE is meningitis (1, 19)
while in the dogs in our study meningitis only was a rare
presentation. Possibly dogs with meningitis only, and therefore
milder clinical signs, are less likely to be referred. In contrast
to humans, meningomyelitis and meningoencephalo-myelitis
(1, 19) are common in dogs. TBE, because of its predilection
to affect large neurons, frequently causes poliomyelitis (3,
18). Poliomyelitis primarily presenting with neck weakness is
uncommon in other etiologies of myelitis in dogs (28, 30), and

mainly reported in viral myelitis (16, 31). Similar to human
meningoencephalitis it is also common in dogs. While seizures
are a sporadic event in human TBE, being reported in up to 3%
of the cases only, in dogs seizures occurred in 31% of the cases.

The hematobiochemical changes are compatible with an acute
systemic inflammation, and similar to those described in human
medicine (17, 32), however it would be interesting in the future
to investigate positive acute phase proteins in active acute TBE,
especially since hypoalbuminemia and hyperglobulinemia were a
common feature in our population.

Cross sectional imaging is of utmost importance for
neurological diagnosis. While CT was not useful in detecting the
cause of neurological signs in TBE (17), MRI showed abnormal
findings supportive of TBEV infection in two-thirds of our
population. As previously published in human and veterinary
literature, these findings are also not pathognomonic for TBE
(1, 16, 17, 25, 26).

Diagnosis of TBE, especially in cases with normal MRI,
can be challenging (1, 3, 8, 17). We had to exclude 3 cases
from our study because of negative antibody titers in CSF
at presentation. In these cases, most likely the clinical signs
developed so rapidly that CSF antibodies against TBEV were
initially negative, despite showing clinical signs compatible with
TBE. However, in all of these three dogs TBE was later confirmed,
two being tested positive for TBEV in CSF 1 and 2 weeks
after initial presentation, respectively, and in the third case
by positive immunohistochemical staining of brain specimen,
acquired during necroscopy. Also, in human medicine it is
known that TBEV could sporadically determine hyperacute
neurological syndromes without CSF alterations (33) or initial
negative antibodies testing (1-3, 17). In these cases, the gold
standard is seroneutralization, but this is an expensive test
requiring live virus, and flavivirus can be handled only by specific
laboratories. For diagnostic purpose, positivity in commercial
IFA or ELISA kits in the CSF has been used in the present paper in
accordance to human standards as diagnostic hallmark of TBEV
infection in presence of consistent clinical signs (1, 3, 17, 19),
even with normal CSF examination (33). In dogs it has been
shown that commercial ELISA kits have a specificity of 98.2%
thus performing well as a diagnostic kit for dogs from endemic
areas, such as ours (34). In our population, the magnitude of
positivity was not a predictor of a negative outcome.

A RT-qPCR evaluation of CSF for viral RNA has been tempted
unsuccessfully in 88% of cases in this study, and it could be
explained because viral clearance is a fast process in TBE; TBEV
RNA could be detected only up to 3 days from neuroinvasion
(19, 27). Moreover, our assay, in comparison to a nested RT-
qPCR previously described by Hekrlovéd et al. (35), does not
perform the second nested PCR amplification, thus possibly
reducing sensitivity in detecting viral RNA but, on the other
hand, it is less prone to false positive results due to possible
contaminations during the two-step procedure.

Pathological findings were available for review in only seven
patients. In our population, the main findings were a widespread
meningoencephalopoliomyelitis in five out of seven patients and
three dogs were also positive for TBEV at immunohistochemistry
within glial nodules (3/3) and also within axons (1/3). In one
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case, also, severe changes within ventral rootlets characterized
by axonal degeneration and Schwann cells were observed,
supporting the neurotropism of this virus mainly for large
motoneurons (2, 13, 15, 27).

Treatmentwise, TBE in humans and in dogs require intense
nursing care and only recently some antiviral agents have
been used in humans without reaching a general consensus
about efficacy (1, 3, 17). Corticosteroids have been used in our
patients to decrease the brain inflammation, pending results
about infectious disease testing. In our practice a short course
of steroids has been routinely used in dogs diagnosed with
inflammatory central nervous disease with the intention to
limit severe neuroinflammation. However, because the lack of
untreated controls we could not assess the benefit of a short
course of corticosteroids on outcome. In human medicine,
neither steroids nor osmoactive drugs, such as mannitol, have
been advocated for use on TBE patients, whereas pharmacologic
induced coma (deepening of analgosedation) followed as second
line by therapeutic hypothermia, or decompressive craniotomies
have been recommended (3, 17). Therefore, therapeutic strategies
in dogs need to be further studied before robust treatment
recommendations can be formulated.

In humans, survival of the neurological infection is
not uncommon, however long-term sequelae should be
expected in up to 10% of the patients ranging from cognitive
domain (memory impairment) or psychiatric (depression)
to motor and sensory deficits because of poliomyelopathy
or polyradiculoneuropathy (3, 17-19, 36). In a recent
paper, sequalae were observed more frequently with
clinical signs compatible with meningoencephalomyelitis
or meningoencephalitis, respectively (in 43 and 25% of patients);
meningitis resulted in fewer sequelae (12.6%) (36).

Little is known about long-term sequelae in dogs affected
by TBE. In the present study, long-term sequelae were
identified in 17% of the cases. These should raise the
awareness of long-term neurological sequelae in dogs. In human
patients more severe clinical syndromes (meningoecephalitis,
meningoencephalomyelitis/poliomyelitic) are more likely to
results in long-term signs (1, 18, 19, 36). Dogs in our study had
a significantly increased risk for sequelae when they had shown
longer clinical signs before admission.

While a possible behavioral sequela was only reported in
one of the dogs in our study, motor neurological sequelae
were commonly reported. A refinement of neurobehavioural
assessment in dogs could reveal an increased frequency
of abnormalities.

Previously, a high mortality of TBEV affected dogs compared
to humans was reported. In the previously reported cases,
fatalities within first weeks of disease ranging from 16 to 50%
(27) to 100% (22), in our population 33% of dogs died within
4 months from the diagnosis, without TBE related deaths were
recorded after this time.

An increased risk of death was found in dogs with seizures.
This is in contrast to dogs with meningoencephalitis of unknown
origin in which survival was not affected by the occurrence
of seizures (28, 37). Severe seizure types (cluster seizures,
status epilepticus) were observed in a majority of dogs and
seizures were poorly controlled following administration of first

line medication, phenobarbital, with 61% of non-responders
explaining the morbidity associated with their occurrence.
Nevertheless, seizure as expression of post infection long term
sequelae has affected only one of our cases rendering an
association with TBE uncertain. Seizures have been recently
also described as long-term sequelae in dogs suffering from
MEUO (38).

Another aspect of interest highlighted in our population,
and not previously reported, was that the hazard risk of death
increased with the age of the patient. In other words, older
animals were more at risk of death, similar to what has been
observed in human patients with TBE (3). An explanatory
mechanism is unknown in humans as well as in our patients.
However, before corroborating this parallelism, further research
about reasons for euthanasia in TBEV infected dogs should be
undertaken. In fact, another aspect not yet investigated is also
the economic burden that some owners might face. Leister et al.
(39) in a study about tick paralysis in cats in Australia, reported
that 250/2,077 cats were euthanized due to financial restriction
to perform medical treatment. This financial factor has not been
evaluated in this or any previous research about short- or long-
term outcome in dogs with neurological disease that require
long-term hospitalization, also involving intensive care units.
Future research will also take this important factor in account.
Furthermore, our study highlighted the role of hyperthermia,
however due to its retrospective nature, true fever could not be
differentiated readily from exercise-induced hyperthermia due
to seizure activity. Therefore, we aim to further evaluate those
prognostic factors in a prospective study.

Concluding, our study shows many similarities and few
differences of TBE between dogs and humans. Despite case
fatality rate could reach 33% of the affected population within
initial 4 months, survival is commonly observed, but long-term
sequalae might be encountered.
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