Chapter 10

TBE in animals

Martin Pfeffer, Hannah M. Schmuck and Michael Leschnik

Key points

e TBEV-infection can cause symptomatic disease in dogs and horses, similar to the TBE in humans.

e Microbiological confirmation of TBEV infection in animals is similar to diagnostics in humans.

e Domestic ruminants may serve source of human infection via the alimentary routs (dairy products).
e Small mammals play the major role as the reservoir for the TBEV and are thus of utmost

epidemiological relevance.

o Other species like cervids and wild boar are of interest for sentinel surveillance, as their seropositivity
in a specific region indicates the presence of a natural TBEV-focus

Introduction

While tick-borne encephalitis (TBE) is well documented as a
public health threat, the veterinary aspects of this zoonotic
disease are little recognized. TBE in animals has, for very
long, been considered to be a problem exclusive to
domestic ruminants due to their known potential to
transmit tick-borne encephalitis virus (TBEV) via raw milk
and raw milk products to consumers. While clusters of such
cases continuously declined with the invention of milk
pasteurization and overall improvements in hygiene
management in cattle farming, goats and sheep flocks are
still kept in traditional grazing farms where they are
exposed to TBEV-infected ticks."? In other words, even in
industrialized countries, consumption of raw milk products
continues to be a risk factor to acquire a TBEV infection. As
society continues to exhibit a trend towards a preference
for “natural products” (assuming consumers can afford
these), alimentary TBEV infections may be observed more
frequently in the future. While this is a ‘direct’ zoonotic
aspect of TBE (besides the tick bite of course), animals play
a role in TBEV transmission in many other ways; either as
diseased dead-end hosts, as infected animals without
obvious burden of disease, or in maintaining and spreading
the virus itself.

Dogs

Canine TBEV infection is a frequent event in endemic areas,
with a calculated annual risk of about 11.6%.° Total
seroprevalence in the canine population has been examined
in several countries: Switzerland 3.6—5.9%,4 Greece 1—8%,5
Germany 2.1- 42.7%,6‘7 Belgium 0.1%,8 Denmark 4.8—30%,9
Czech Republic 3.3-11.3%,0" Norway 16.4%," Finland 6—
40%," and Austria 13.3-24%.>™ Since inclusion criteria
were different regarding the presence of clinical symptoms,
residence, and tick-exposure of the examined dogs, results

are difficult to compare (Table 1). Different test systems
(enzyme-linked immunosorbent assay [ELISA], serum
neutralization test [SNT]) used in these studies clearly
influenced the results too. TBE has always been stated to be
a tick-borne infection, mainly transmitted by ticks of the
genus Ixodes; however, Dermacentor reticulatus ticks may
play an important role in transmission to dogs."” There has
been one single case of a dog from the Czech Republic with
a TBE-infection suspected to be due to consumption of raw
goat milk."’Regardless of the way dogs get infected, a
recent study showed that walking a dog is a risk factor for
human infections.™®

Course of TBE

Despite frequent TBEV infections in dogs, most of them do
not develop any clinical signs.17 Dogs seem to be less
susceptible than humans, although a lethal outcome within
the first week of disease is documented in 16-50% of
clinically symptomatic cases. Infection may lead to an acute
course of the disease, with complete remission of
symptoms within 1-2 weeks (31-59%). Infrequently,
prolonged disease courses are described with long time
period to remission (12-25%). These dogs frequently suffer
from late sequela—like paresis, muscle atrophy, epileptic
seizures, or blindness (Figure 1).018192728

Clinical pictures

After an estimated incubation period of 5-9 days, first
clinical symptoms occur and develop to a maximum level
within 48 hours. Initially, most dogs are depressed and
show non-specific signs such as salivation and vomiting
(25%), refusal to eat, and are reluctant to move due to
generalized weakness, although some dogs show
compulsive walking, circling to one side (25%), unusual
behavior (70-91%), and head pressing (Figure 2)."%?"°
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Figure 1

A Rottweiler during recovery after chronic disease over 3 months
— remarkable weight loss due to systemic muscle atrophy.

The elevated body temperature (42-66%) may initially be
classed as fever; later on, it is more likely a result of non-
voluntary excessive muscle contraction (e.g., seizures, loss
of inhibition by upper motor neuron damage). Seizures are
a principal result of cerebral damage due to TBEV infection
and are observed in 12-33% of canine cases.”®*
Neurological symptoms like paresis (8—-38%), vocalization
due to painful perception of active and passive back
movement (21-66%), and deficits of the cranial nerves (16—
50%) (Figure 3) develop within a few hours thereafter.?**%"

Blindness due to papillitis, optic nerve inflammation, or
chiasma opticus neuritis may become the dominant
symptom and systemic signs may diminish. Visual deficits
may be the major clinical sign of disease and result from
detachment of peripapillary retina, peripapillary
hemorrhages, and inflammatory edema.**** Degeneration
and demyelination of cranial nerves is certainly initiated by
the virus’ neurotropism. Later on, secondary immune
reaction to neural tissue may prolong the period of damage
and lead to irreversible symptoms such as retinal and optic
disc atrophy. Other cranial nerve deficits like trigeminal
dysfunction, resulting in reduced facial sensation and
chewing muscle atrophy, vestibular signs (nystagmus and
positional strabismus, Figure 4), and facial palsy, are
observed.

Major involvement of the spinal cord results in mostly
symmetrical paresis, muscle twitching, and proprioceptive
dysfunction (38-50%), which may also be present as an

exclusive symptom and may occur asymmetrically (Figure
5) 10,28,30,31

There is no significant breed, gender, or age predisposition,
although most cases are described in adult middle- to large-

Figure 2

Acute head pressing with concurrent compulsive walking and
disorientation on day 2 of a dog with TBE.

Figure 3

A male Spitz with central vestibular dysfunction and left-sided
Horner syndrome during acute TBE.

breed dogs. Rottweilers and Huskies are overrepresented in
the literature**"** (Table 2).
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Figure 4

Figure 5

A comatose dog in lateral recumbency with severe brain stem
encephalitis leading to anisocoria and left-sided strabismus.

Brainstem symptoms like arrhythmical breathing pattern
may be present in comatose dogs, especially in severe cases

with guarded prognosis (see Video — https://id-ea.org/
tbe/wp-content/uploads/2017/08/VIDEO_TBE breathing-

dog.mp4)

Video: Comatose dog of Figure 3 with arhythmical
breathing indicative of brain stem lesion

“

Involvement of the brainstem may result in symptoms like
arrhythmical breathing and disorder of other vital functions.
Prognosis of such severe cases is very guarded. Major
involvement of the spinal cord results in mostly symmetrical
paresis, muscle twitching, and proprioceptive dysfunction
(38-50%), which may also be present as an exclusive

symptom and may occur asymmetrically (Figure 5).10’28’30'31

There is no significant breed, gender, or age predisposition,
although most cases are described in adult middle- to large-
breed dogs. Rottweilers and Huskies are over-represented
in the literature'**"* (Table 2).

A case of canine TBE with hemiparesis and spontaneous dorsal
paw placement.

Laboratory findings and diagnosis

A definite diagnosis in dogs with TBE is rarely achieved intra
vitam as it has to be supposed to be very unlikely to detect
the virus in the blood or in the cerebrospinal fluid (CSF). In
one study from the Czech Republic, 12.6% of canine blood
samples tested positive for TBEV by nested RT-polymerase
chain reaction (PCR), although only one-third of these dogs
suffered from neurological symptoms.™*

Whether the other dogs were in an asymptomatic carrier
status, or just happened to be tested during their viremic
phase with uncharacteristic symptoms, as reported in
humans, remained unclear. Virus detection in the CSF has
been achieved only in single cases within the first 3 days of
disease.>* Immunological rapid virus clearance in the dog’s
brain and CSF seems to be very fast and completed before
most diagnostic procedures are performed. The inability of
the central nervous system’s (CNS) local immune system to
eliminate the virus within a few days is probably the reason
for a fatal outcome, as in most of these cases no specific
intrathecal antibody production and no increased cell count
in the CSF were detected prior to death.”® CSF analysis in
affected dogs with clinical signs mostly reveals elevated
leukocyte count, with predominantly mononuclear cells and
elevated total protein. CSF changes are concomitant to
virus elimination and rising antibody titers.

Specific antibodies are detectable in the serum of affected
dogs within a few days.””®?*3! Comparison of a
commercially available all species ELISA, indirect IFT and
SNT using a panel of 208 dog sera revealed a sensitivity of
78.3% and 84.8% when compared to SNT and a specificity of
98.8% and 99.4%. IIFT an ELISA are thus good in case of
confirming clinical cases with suspicion of TBE but due to
the deficits in sensitivity the SNT is superior in


https://id-ea.org/tbe/wp-content/uploads/2017/08/VIDEO_TBE_breathing-dog.mp4?_=1
https://tbenews.com/tbe/wp-content/uploads/2016/12/VIDEO_TBE_breathing-dog.mp4
https://tbenews.com/tbe/wp-content/uploads/2016/12/VIDEO_TBE_breathing-dog.mp4
https://tbenews.com/tbe/wp-content/uploads/2016/12/VIDEO_TBE_breathing-dog.mp4
https://tbenews.com/tbe/wp-content/uploads/2016/12/VIDEO_TBE_breathing-dog.mp4
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epidemiological studies.”” As TBEV is a biosafety level 3
agent in many countries, production of the antigen used for
any serological test is limited to facilites with an
appropriate safety level. In order to circumvent this
obstacle two assays have been developed using prME
subviral particles expressed through a Semliki Forest Virus-
based expression system. In one assay this antigen is used
in a Vero cells system analogous to an IFT, while the other
one is a capture ELISA using a monoclonal antibody
(MAB1418) which specifically binds to domain Il of
glycoprotein E of TBEV. Specificity was thus raised to 100%
for both assays making it suitable for epidemiological
applicat'ions.33 For clinical confirmation the detection of
positive CSF IgG antibodies is recommended.** Cross-
reactivity to Louping ill virus, West Nile virus, and Usutu
virus should be taken into consideration in endemic
areas.1°'35Magnetic resonance imaging findings included
bilateral and symmetrical gray matter lesions involving the
thalamus, hippocampus, brain stem, basal nuclei, and
ventral horn on the spinal cord.

All lesions had minimal or no mass effect, or perilesional
edema.” These findings are comparable to the distribution
of lesions in the canine brain detected by necropsy and
immunohistochemistry.”> Proton magnetic resonance
spectroscopy, to evaluate metabolic abnormalities in dogs
with TBE, revealed significant differences with dogs with
immune mediated meningoencephalitis and healthy dogs.?®

A tentative diagnosis of TBE in dogs should fulfill the
following criteria: tick exposure or observed tick infestation,
neurological signs indicative for a diffuse or multifocal CNS
disease, (mostly mononuclear) pleocytosis in the CSF, a
positive antibody titer in serum or CSF, or in the case of
fatal outcome a positive virus confirmation within the brain
or spinal cord. In the future, highly sensitive PCR techniques
may include virus detection in the diagnostic work-up in
early stages of disease. Increasing serum titers may be
detected, but more often rapidly decreasing titers are
observed when dogs reach partial or complete remission of
clinical signs.”'26

Possible differential diagnoses include other viral
meningoencephalitis such as distemper, rabies, pseudo-
rabies, as well as protozoal, bacterial, or fungal meningo-
encephalitis, and paraneoplastic and immune-mediated
meningoencephalitis.

Treatment

Symptomatic therapy is strongly recommended for dogs
with TBE. Water and food maintenance orally, by constant
rate infusion, or by gastric tubes and supportive care is
essential. Sedation and relaxation are necessary in the case
of  seizures. Steroid use is controversial, as
immunosuppression may prolong the presence of the virus.
In dogs with marked CSF pleocytosis, steroids seem to be
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Figure 6

An old Labrador Retriever during rehabilitation. Water training
over months improved muscle strength and coordination.

mandatory to effectively protect the brain tissue from
further fulminant immune response. In cases of muscle
atrophy and paresis, physiotherapy (Figure 6) as early as
possible has been shown to improve the general outcome
and shorten the time of rehabilitation.*>**

Prevention

There is no licensed anti-TBE vaccine for dogs, although
they develop detectable antibody titers after vaccination
with a human vaccine.*® In a recent study dogs were
infected either with 10® pfu or 10° pfu TBEV strain 9001
isolated from Ixodes ricinus ticks in the Czech Republic in
1978 (back than Czechoslovakia). All animals developed no
overt clinical signs but high IgG antibody titers in ELISA and
high SNT antibody titers demonstrating that dogs are
capable to mount protectable Immune response upon
infection.”> With the new European Animal Health Law
vaccines for animals are handled in the EU like other animal
therapeutics. In case no licensed vaccine against TBE is
available for dogs the so-called cascade can be used, which
in this case means that human vaccine can be rededicated
by the treating veterinarian upon request at the responsible
veterinary authorities. Depending on the size (and weight)
of the dog, the pediatric formulation is recommend.
Recently, colleagues tested whole virus inactivated TBEV
strain Hypr as vaccine for dogs and found it well tolerated
and to elicit a protective immunity."*?

Tick protection is the most important measure to avoid
transmission and infection, mainly performed by regular
administration of acaricidal substances (spot on, tablets,
shampoos, collars) and immediate tick removal after
detection by the owner.® Regular anti-tick measures are
essential to reduce transmission risk all through the year as
single canine cases have been reported even during the




32
cold seasons of the year.

Horses

Although the first clinical case of laboratory-confirmed TBE
in a horse was published more than 35 years ago,4° our
knowledge about the impact of TBEV in horse populations is
still scarce. There are only few published studies where
clinical signs of neurological disorder could be traced to the
TBEV as etiology. After the aforementioned initial published
case from Switzerland, 8 horses with clinical symptoms
were described in Austria, 2 of which were severely il;* 1
out of 3 diseased animals from a study in Germany had to
be euthanized;*” and again in Germany, some years later,
an infected animal had to be euthanized.® A case in Austria
with the same outcome was worked up in a very thorough
way, excellently describing the symptoms and laboratory
finding. The authors in addition provide a video as
supplementary to the manuscript which shows the 16 years
old horse with its neurological symptoms.** The clinical
picture in horses mirrors that which we described for dogs,
displaying a broad spectrum of neurological symptoms:
ataxia, tonic-clonic seizures, apathy and stupor,
inappetence, mydriasis, convulsions of the legs, skittishness,
bruxism, and altered reactions to environmental stimuli.
Regarding therapeutic options and prognosis, a horse with
recumbent status due to TBE has a poor prognosis as long
as it is not possible to force the horse to stand up again.

The few case reports available suggest that clinical TBE in
horses is a rare event, although basic horse population-
based data are missing. Looking at the few seroprevalence
studies in horses, the prevalence of anti-TBE-antibodies
ranged from 26.1% and 13% in Austria®>*® to 2.9% in central
Germany,42 0.8% in northern Germanyzz, 3.7% and 5.6% in
eastern Germany46'47, and 5.2% and 23.4% in southern
Germany“’48 to 0 of 40 horses investigated in Hungary49 or
0 of 2349 horses from the Czech Republic.*® Even in Spain a
seroprevalence of 3.1% was reported in horses.”" In Serbia
and Croatia 5% and 12.2% of horses showed specific
antibodies against TBEV.’*** The highest prevalence in
horses was reported in a cross-section study from Lithuania
with 37.5% reflecting the high human incidence there.
Remarkably in this study was that 3.9% of theses horses
also had a viremia based on the detection of viral RNA by RT
-PCR, but none of the horses showed any overt signs of
sickness.”® Cross-reactivity to other flavivirus may influence
these results.’®>* Horses have been suggested to be good
sentinel animals for human TBEV infection risk, because
they readily seroconvert upon infection, but they stick more
to a given territory in comparison to dogs who, as family
members, travel more.

Domestic ruminants

For more than half a century, grazing cattle, goats, and
sheep have been known to be susceptible to TBEV infection.
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Interestingly, these ruminants do not develop any clinical
symptoms, and even after experimental infection, a slight
elevation of body temperature is a rare finding.>>>®
However, in 2015, a five-month-old lamb in Bavaria
displayed neurological symptoms , and after euthanasia,
TBEV infection was diagnosed.”” Whether this case was the
result of an unknown underlying disease or
immunosuppressive factors cannot be determined. TBE in
domestic ruminants, if it occurs at all, appears to be an
extreme exception. Nevertheless, infected animals develop
viremia with a duration of up to 19 days.”® A study in the
Swiss canton of Valais found 4.25% of the tested goats to be
seropositive according to an ELISA test, with 40.4% of these
testing positive on a serum neutralization test (SNT).*® In
the canton of Ticino, officially labelled as non-TBE-endemic,
SNT-positive goats were found in 10 out of 37 herds (14.6%
out of 662 sera).®® In Germany the intra-herd prevalence in
sheep and goat herds was between 2.3% and 25%, but
antibodies were found in some of the districts not
considered TBE endemic areas, thus reflecting the human
situation and arguing for small ruminant as good sentinel
animals for human infection risk.®" In Sweden serology from
sheep milk was successfully used to map what they called
“TBEV hotspots”.*

Even if viremia is shorter than 1 week, virus is shed via milk
and remains infectious in cheese or other products
prepared from unpasteurized milk. Consumption of such
products may have led to an alimentary infection of a group
of individuals who became infected through the same batch
of contaminated food, resulting in clusters of human
cases.®® Such clusters of cases have recently been reviewed?
and were thought to be restricted to nations in Eastern
Europe with Slovakia having the highest occurrence of
alimentary TBE outbreaks in Europe.64 But alimentary
infections due to the consumption of raw milk products are
also reported from countries with rather low tick-borne
incidences, like Croatia.®®® However, alimentary TBEV
infection with clinical TBE occurred recently in Germany as
a result of consumption of fresh raw goat milk®’. As there is
a growing trend towards consumption of natural food
products in the industrialized nations of Western Europe,
such scenarios may be witnessed more frequently in the
future. One study in an endemic region in Poland found
TBEV in milk from sheep (22.2%), goats (14.8%), and cows
(11.1%).°® In Norway, a study found TBEV RNA in 5.4% of
tested raw milk samples. Positive blood serum samples only
occurred in one municipality, where 88.2% of tested cows
had specific antibodies. Remarkably, none of the cows with
a positive milk sample had detectable antibodies and vice
versa.” Domestic ruminants do develop an antibody
response, which in the case of goats and sheep is
measurable for at least 28 months or even up to 6 years
and 10 months.*>**’°Exposure to TBEV seems not to result
uniformly in seroconversion of the entire flock of
animals.”*”> Whether this indicates that not all animals of
the same herd were exposed and infected or that some



animals did not mount an immune response is not known.
Also, the extent of antibody response seems to vary
between the species.”®

Game animals (wild boar, cervids, foxes)

Roe deer (Capreolus capreolus) are the most abundant
cervids in Germany, sharing their habitat with ticks
everywhere. They are well known as hosts for nymphs and
adult ticks and thus are as important to maintenance of the
tick population as the small mammals are for larvae and
nymphs (see below). It is common to find hundreds of ticks
per individual and, consequently, the odds of roe deer
becoming infected in TBE-endemic areas are rather high.”
Therefore, they can be a useful tool to identify endemic
areas as could be seen in the Netherlands, where TBE was
regarded as an imported disease until 2016. Serologic
screening there showed TBEV-neutralizing antibodies with a
seroprevalence of 2% in roe deer.”® Clinical or pathological
signs that raise suspicions of an overt TBEV infection have
never been described for roe deer until recently with a
single case in Italy.”® Seroconversion after infection seems
to be the rule, and this fact has been widely used to
estimate TBE prevalence in certain areas. As roe deer are
territorial animals, many researchers claim that this
serological data could be very useful in finding and
describing possible TBE-endemic areas, in particular in low-
endemic areas or regions in which TBE cases in humans are
reported only sporadically.””® The discrepancy of often
double-digit percentages of seroprevalence in roe deer and
no, or almost no, human cases is puzzling, and needs to be
investigated further. As TBEV is known to be circulating in
such areas, an understanding of why only few or no human
cases occur could be key to developing strategies aimed at
reducing TBE incidence in high-endemic areas (as defined
by the number of human cases).

Likewise, the wild boar (Sus scrofa) is present all over
Europe and is commonly infested with ticks. There are no
records of a possible TBE-like disease in wild boar and only
2 studies investigated the seroprevalence against TBEV in
wild boar. Nevertheless, these studies demonstrated a
surprisingly high percentage of animals with antibodies
against TBEV in areas with no notified human TBE cases.”> A
sero-survey of wild boar in Belgium revealed the presence
of TBEV, with 2.9% of the 238 wild boar investigated having
specific neutralizing antibodies against TBEV.* As Belgium is
considered to be traditionally free of autochthonous
TBE,****" this study demonstrates the power of using
animal surveillance data for pinpointing TBE-endemic areas.
A similar approach was applied in France using wild boar
and roe deer sera with similar results, i.e. 2.9% and 0.3%
seropositive animals.®® Like the roe deer described above,
wild boars are rather territorial, allowing the geographical
allocation of such data. Only the renegade wild sows are
known to travel across large areas when they are searching
for a new herd. A study from the Czech Republic,
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traditionally a country with a high TBE incidence, found a
positive association between the number of hunted wild
boar and human cases. Consequently, the authors
concluded that wild boar must play a role in TBEV
transmission either directly or indirectly.*

In Finland, moose (Alces alces) and white-tailed deer
(Odocoileus virginianus) were found to harbor TBEV-specific
antibodies (0.74%) and the use of such seroprevalence data
as an indicator for local risk of human TBE infection is
recommended.”® In Norway, 9.4% of 286 moose, 1.4% in
red deer and 0.7% in roe deer led to an overall
seroprevalence of 4.6% in cervids. Interestingly none of the
83 investigated reindeer showed antibodies against TBEV.”
One single case report describes the pathological and
immunohistological findings in a mouflon (Ovis ammon
musimon) with marked encephalitis due to TBEV.? A Polish
study analyzed D. reticulatus collected from the lowland
European bison (Bison bonasus bonasus) in a known
endemic focus and found 18.42% of these ticks to be
positive for TBEV RNA.” Seroprevalence in the bison
themselves was found to be >60%.°" In Japan, the
seroprevalence in raccoons varied between 0.8% and 5.9%
in eastern and central Hokkaido province while sika deer
(Cervus Nippon) showed in TBEV-neutralizing antibodies in
0.8% and 2.4% there.” A recent case report of a sickened
chamois in Italy is further challenging our view that wild
animals do not suffer upon infection with TBEV and only
seroconvert.” It might well be that we have not looked
close enough in the past in sick and deceased wildlife.
Interestingly, not much is known about the role of foxes
(Vulpes vulpes) in natural TBE foci. Although it is a highly
prevalent predator of small mammals (see below), and is
regularly infested with Ixodes ticks, there are no recent
studies investigating virus or antibodies against TBEV in
foxes. Older studies from Germany were mostly performed
in non-endemic areas on the German-Dutch border and
Brandenburg, and consequently revealed no
seroprevalence or a single sero-reactive serum sample
only.””*® However, the latter report found every third fox in
South-Western Germany to have antibodies against TBEV.”®
In another study in Germany with a large sample size of
more than 1200 fox sera, an overall prevalence >20% was
found, again correlating with TBE endemic areas (>30%
positive samples) versus non-endemic areas with just 13%
seropositive fox samples.” In Croatia, a study found at least
1.6% of ticks on red foxes and 1.1% of spleen samples of red
deer (Cervus elaphus) to be positive for TBEV-RNA.'” It
would be interesting and necessary to perform a
seroprevalence study in a known endemic area to shed light
on the role of the fox in the natural transmission cycle of
TBEV and to prove the putative positive correlation
between fox abundance and TBE incidence.”®*"*

Studies trying to detect a correlation between human TBE
incidence and abundance of certain animals are
contradictory. A Swedish study revealed that, with one year



of time-lag, the abundance of roe deer, red deer, mountain
hare (Lepus timidus) and European hare (Lepus europaeus)
showed positive covariance with the incidence of human
TBE.' In contrast, moose and fallow deer (Dama dama)
showed negative covariance and wild boar, lynx (Lynx lynx)
and red fox showed no significant covariance with human
TBE incidence.”® In Slovenia, red deer abundance was
correlated with human TBE incidence when including a
three-year time-lag, whereas roe deer showed no
significant correlation.’® An Italian study found roe deer
abundance to have a better predictive value for a model
explaining the increasing human TBE incidence than roe
deer abundance.’®

Small mammals

Small mammals have an essential role in the maintenance
of TBE foci in 2 ways. Firstly, rodents and shrews are the
main hosts for Ixodes larvae. Without this first blood meal, a
tick population would die out over time. They are also, to a
lesser extent, hosts for nymphs when they take their blood
meal, which is needed before they can molt into adult ticks.
Secondly, they are reservoir hosts for TBEV and thus
responsible for infections of ticks. The reservoir function,
however, has large implications for the longevity of a
natural focus. As outlined earlier, in the chapter on
transmission and natural cycle, infection of a tick can occur
via a viremic host, but another phenomenon has been
described which also applies to the infection of ticks while
feeding on small mammals. The so-called co-feeding allows
the infection of Ixodes larvae when an infected Ixodes
nymph feeds in close proximity. In this case, the rodent
does not have to be infected, because the virus finds its way
from the nymph directly to the larva.'® So, it is safe to say
that, in many ways, rodents are as necessary as Ixodes ticks
for maintaining the TBEV life-cycle. In particular bank voles
(Clethrionomys glareolus) appear to be well adapted to
TBEV, leading to long-lasting viremias and infiltration of the
brain without causing visible neurological symptoms.**®

Recent publications have reviewed the prevalence of either
viral ribonucleic acid (RNA) or specific antibodies against
TBEV in rodents in various countries."” ™ The antibody
prevalence in endemic areas was found to range between
0% and 5.9%. However, seroprevalence rates up to 12.5%
were found in some rodent species (e.g., the bank vole,
Clethrionomys glareolus),"™" suggesting a differing role of
particular rodent species in a TBE focus. Viral RNA can also
be found in wild rodents, with an even higher prevalence of
up to 15%.""* Studies from Hungary identified TBEV-RNA in
4.2%'" and TBEV-specific anti-bodies in 5.2% and 4.9% of
the tested small rodents.™™ Recently, TBEV-positive bank
voles (and ticks) were found in a forest within the city
borders of Moscow, Russia." Experimentally infected
common voles (Microtus arvalis) harbored infectious TBEV
for at least 3 months.™ Viral RNA could be found in the
brain tissue of experimentally infected bank voles for up to
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168 days."™® This has important implications, as the brain
(and to a lesser extent other organs such as kidney and
spleen) seems to be the prime site of virus persistence in
rodents. Indeed, TBE viral RNA was found in the brain tissue
of naturally infected field voles (Microtus agrestis) and bank
voles in Finland, after the winter but before the tick season
started.™’ Seroprevalence in Microtus rodents were found
to be 4% in Poland.™® Thus rodents seem, along with
transstadially-infected ticks, to play a role in the
‘overwintering’ of the TBEV.

Other mammals and birds

As most animals do not develop overt disease upon
infection with TBEV, many mammal species have never
been investigated as to whether or not they are susceptible
to an infection or capable of developing an immune
response in terms of measurable antibody titers. According
to the broad geographic distribution of TBE covering most
of Europe and northern Asia, we consider that there may be
many mammal species not yet investigated that react to an
infection in a similar manner as described above for wild
boars or roe deer, i.e.,, seroconversion without clinical
disease. One exception is the Barbary macaque (Macaca
sylvanus), a monkey species not native to Eurasia, despite a
small population in Gibraltar, the southernmost tip of Spain.
An individual of a small group of these animals kept in
southwest Germany in an outdoor area fell severely ill with
central nervous symptoms and was euthanized for ethical
reasons. A pan-encephalitis was diagnosed and TBEV was
demonstrated by immunohistochemistry, real-time RT-PCR,
and virus isolation."***° Other individuals of this monkey
group sero-converted without showing clinical signs.™*! Thus
far, we are not aware of further case reports of non-native
species kept in semi-free holdings or zoos.

Birds are known to be readily infested with ixodid ticks and
are prime suspects for long-distance transportation of
ticks."” The first studies investigating the prevalence of
TBEV-harboring ticks on birds came from the Ottenby Bird
Observatory at the southern tip of the island Oland in
Sweden. During the annual ringing, more than 1000 /xodes
spp. ticks were collected from birds, with 0.52% showing
TBEV RNA."® Subsequent studies from Estonia (0.4%
positive nymphs'>*), Switzerland (0.27% TBE viral RNA
positive'”®), Latvia (14%"*®), Germany (no TBE virus found in
almost 2500 Ixodes ricinus ticks collected from birds'?) and
Slovakia'®’ (a brain sample in a buzzard, Buteo buteo)
demonstrated the possibility that TBEV can be transported
over rather long distances via infected ticks attached to
birds.

Studies from the 1960s failed to demonstrate both viremia
and clinical illness in great tits (Parus major), pheasants
(Phasianus colchicus), falcons (Falco tinnunculus), and
buzzards (Buteo buteo™). Only a small fraction of infected
animals seroconverted. Other birds, such as the house



sparrow (Passer domesticus), common redpoll (Acanthis
flammea), quail (Coturnix coturnix), and duck (Anas
platyrhynchos), showed either detectable virus or even
moderate viremia after infection."”®* Another study
demonstrated that the presence of TBEV seems to vary
according to season and bird species. Prevalence rates
above 50% indicate that particular bird species like
fieldfares  (Turdus  pilaris), bramblings (Fringilla
montifrigilla), and the common redstart (Phoenicurus
phoenicurus) may well play a role as a reservoir, or at least
amplifying host, for TBEV.'*

Veterinary diagnostic aspects

In general, the same diagnostic tests and methods are
applied for animals as those that are currently in use for
diagnostic purposes in humans (see Chapter 11: Diagnosis).
With the exception of diseased dogs and horses, which are
usually under tight supervision by their owner, the time
window to use any direct detection method for TBEV —
isolation or real-time RT-PCR — is usually too short to be of
any practical relevance. Immuno-histochemistry may be
used in euthanized animals. In epidemiological studies
using rodents, these methods may be applied as virus and
viral RNA can be detected in the brain tissue of infected
animals for months (see above). In contrast, serology can
be easily applied in any animal species. Three test formats
are frequently used for this purpose, i.e., ELISA, IFA
(immunofluorescence assay), and SNT. The ELISA can be
performed with a species-specific conjugate, which is
available for dogs, cattle, sheep, goats, swine (works also
for wild boar), cervids, and mouse (works also for voles and
mice). However, there is a commercially available, species-
independent ELISA which uses protein G-coupled enzyme.
Although this test is also available for immunoglobulin (Ig)
M antibodies, the IgG version should be used because of
the reasons mentioned above. The IFA usually uses a
mixture of uninfected and TBEV-infected Vero cells fixed on
slides and the antibody-conjugates described for the ELISA.
Finally, the SNT is the gold standard and is needed in order
to verify results of the other 2 assays. According to the
European Centre for Disease Prevention and Control, an
SNT titer =1:10 confirms the diagnosis.:*ls’w’130

Concluding remarks

Infections of various animals with TBEV are common in TBE
-endemic areas, although they are barely noticed due to
the lack of overt disease. The known exceptions are dogs
and horses, which can become severely ill with the same
panel of clinical symptoms, as the same neurological
regions in the CNS are affected. Domestic ruminants are a
risk for human health as they can shed TBEV through their
milk for many days. If unpasteurized, TBEV-contaminated
milk or milk products are ingested by consumers, clusters
of human cases may be the consequence. Many wild
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animal species become infected and develop an antibody
response, but they do not appear to be harmed. However,
some recently published cases of clinical TBE in a single roe
dear and a single chamois challenge this view. Future
research may address the potential use of antibody
prevalence rates of particular animal species in order to
complement the current risk definition for human
infections, which at the moment is largely based on the
count of human cases alone. Finally, birds seem to play a
role in long-distance transportation of TBEV-infected ticks
and thus the geographic spread, while small mammals, in
particular rodents, are the key players in maintaining a TBE
focus in nature.

Contact: pfeffer@vetmed.uni-leipzig.de
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