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The Distribution of Antibodies against Tick-borne
Encephalitis Virus in Domestic Animals

in the Tribec Region*
E. ERNEK, 0. KOUCH & M. GREM1KOVA

An investigation has been made of the presence of antibodies against tick-borne ence-
phalitis (TBE) virus in cattle and goats in six villages on the south-western slopes of the
Tribec' Mountains, as part of a study of the transmission of tick-borne encephalitis virus
in western Slovakia. The frequency ofantibodies in different localities ranged between 4%
and 28 % in cattle and between 0 % and 35 % in goats. The differences were related to the
different grazing practices in the villages. In four villages the percentage of positive sera
increased with the age of the animals, but in Jarok and Horne Lefantovce cattle and goats
less than 1 year old had antibodies, indicating the recent existence of virus activity in these
areas. Moreover, in Jarok, 28 % ofthe goats kept near the focus ofinfection had antibodies,
whereas only 3 % ofthose kept awayfrom it had. On the basis ofthese results it is concluded
that the activity ofa focus of tick-borne encephalitis can be approximately evaluatedfrom
serological examinations of domestic animals.

The presence of antibodies against tick-borne
encephalitis (TBE) virus in domestic animals in the
eastern foreland of the Tribec Mountains and in the
Hronskf Inovec Mountains was established as
early as 1959 (Libikova et al., 1962) before a vaccina-
tion programme aimed at reducing the circulation
of TBE virus in this region was instituted. These
investigations demonstrated the frequent contact
of domestic animals with TBE virus (Table 1). At
that time no study was made of the age distribution
of positive sera.
The investigation of the natural foci of TBE virus

in the Tribe6 region was continued during subsequent
years, attention being paid to individual age-groups
of cattle and goats, as well as to the activity of the
virus in different localities. For this purpose the
following villages in the southern and south-western
foreland of the Tribec Mountains were chosen:
Kostolany under TribeW, Ladice, Jelenec, Zirany,
Homne Lefantovce, and Jarok (Fig. 1). To provide a
control, blood samples were collected from cattle
and goats in the village of Vycapy-Opatovce, where
there were no ticks in the surrounding pastures. No
vaccination against TBE was done in any of the
villages.

* A contribution from the Institute of Virology, Czecho-
slovak Academy of Sciences, Bratislava, Czechoslovakia.

Special attention was paid to young animals that
had been grazing for one or two seasons on pastures
bordering on woods and in grazing forests, where
they would have frequent contact with the tick
Ixodes ricinus.

MATERIALS AND METHODS

The localities investigated and the mode ofpasturing
In all the villages studied, the cattle are driven out

to grass when they are 1 year old, sometimes even
earlier; the older cows and the young cattle graze
separately. Grazing on pastures continues from the
middle of May to the beginning of July and from
August to November.
The pastures of .the localities under study are

situated on the lower slopes of the TribeZ Mountains
(except for the community of V9capy-Opatovce),
either within or bordering on woods. The area
between the woods and the pastures is partly bare
and partly densely covered with bushes of hazel,
thorn (Crategus oxyacantha), blackthorn (Prunus
spinosa), wild roses and hornbeam. Small groups of
bushes also grow on some pastures. Animals grazing
in bushy places or in areas bordering on woods had
contact with Ixodes ricinus ticks in various stages
of development.
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TABLE I
ANTIBODIES TO TBE VIRUS IN CATTLE AND GOATS IN THE TRIBEC

AND HRONSK¶i INOVEC MOUNTAINS IN 1959 a

Cattle Goats
Locality Description of area No. % No. %

tested positive tested positive

V. Vozokany Cultivated steppe 86 3.4

Nem6ifiany Cultivated steppe with remnants of 196 27.2 49 32.6
woods

Vel'k6 Pole Foreland of Hronskf Inovec, with 96 9.3
mixed oak forests

TIma6e 21 23.8

Koz6rovce Foreland of Hronskf' Inovec, with 74 22.9jhornbeam-oak forests
Tek. Nemce 54 12.9

Topol'6ianky 41 b 0 91 20.8

Obyce Foreland of Tribe6, with hornbeam- 115 22.6oak forests
Host'ovce 73 5.4

a After Libikovd et al. (1962).
b Unpastured cattle, i.e. cattle less than 2 years old.

FIG. I Around Kostolany under Tribe6, the pastures
ND FORESTS NEAR THE VILLAGES occupy a region 0.5 km-2 km wide where once there

BEING STUDIED were woods. To the south-west and south there are
d%) ';.i'2 places covered with bushes. The north and north-

* ^ east pastures are situated on slopes and contain
J" * ^ dbafew groups of bushes; the pastures extend deep

,a t .* f a1 into the woods, forming long projections. Parts
of the pastures in the north-west and south-east
border on a brook and consequently are rather wet.
Milk cows, and then the young cattle, graze alter-

-c. nately. Goats graze individually, tied up in gardens
or around houses; they have no access to the pas-
tures on which the cattle graze.

Similarly in Ladice, the goats graze only around
the houses or in gardens. The pastures for cattle are

Lefatonhvc .-i* 2 O.to in the south-west and north-east; they connect with
,uVdr the pastures of Kostolany under Tribec and are

Optov e .. Kastolany under Tribee similar in character. The pastures on the south-
W

oJelenec western slopes are used mainly for young cattle.
;'Zirany The pastures to the north, which are near the brook,

*e are wet.
< The cattle from the village of Jelenec graze in

two places. The young cattle graze in a locust-tree
5 km grazing forest, north-east of the village, in which

are intermingled old oak trees and a grass under-
growth almost free of bush; goats graze freely not

- Pastures * - Grazing forest. far from this forest, although closer to the village.

PASTURES A

El - Forest.
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Cows are driven to grass eastwards from the village
at a place close to a wood of young oaks and horn-
beams.

In 2irany the mode of grazing is similar to that in
Kostolany under Tribec. First the milk cows graze

on the rich pasture, then the young cattle follow.
The pastures are situated about 1 km to the west
and south-west of the village. They are partly
situated on a dry hillside with occasional old oak
trees, the remnants of a former grazing forest. To
the west they border sharply on an oak-hornbeam
wood, to the south on vineyards. Part of the pasture
was established on mould and is well cultivated.
Goats graze freely just beyond the village on a

north-west slope below a wood, as well as in the
wood, which has a dense grassy and bushy under-
growth.
The village of Horne' Lefantovee has three pas-

tures for cattle, two to the north-east of the village
and one to the south-west. The latter is used early
in the spring, since the first vegetation appears there.
Access to the pastures is through a narrow path
2 km long, bordered on both sides by dense bush.
The pasture stretches, with bushy projections, into
the wood. Cattle over 3 years old stay in the cow-

sheds, unless there is a shortage of food. Under
normal conditions only young cattle, including
calves 6 months old, are driven out to pasture. The
goats in the village are mostly kept around the houses
and in the gardens; they do not go more than

0.5 km beyond the village. They come into contact
with the wood only in the south-eastern part of the
village, where there is a park around an old manor
house.
The village of Jarok is surrounded on three sides

with oak and locust-tree woods. On the south and
east sides this contact is close, but to the south-east
the wood is being replaced with grassland for cattle.
The western part of the village leads into fields. The
cattle graze on a pasture bordering sharply on the
wood. Goats graze freely without supervision in
the wood. In the south-western part of the village
goats graze between the fields and the village and
they have no contact with the wood.

In the control village of Vfi6apy-Opatovce, the
pastures are situated around the river Nitra, between
the river meadow and the cultivated fields; they are
at least 5 km from the wood. The wood that for-
merly covered the pastures was cleared several
hundred years ago. The goats are always tethered
in gardens or around houses.
The most frequently used pastures around these

villages are shown in Fig. 1.

Serological tests

Blood samples were taken from 673 cattle and
337 goats. The distribution of the samples by locality
is shown in Table 2.
The blood from each animal was taken from the

jugular vein with a new sterile needle, the neigh-

TABLE 2
GEOGRAPHICAL DISTRIBUTION OF BLOOD SAMPLES USED

IN SEROLOGICAL TESTS

No. of samples tested
Locality Description of area

Cattle Goats

Kostolany under Tribed 87 15

Jelenec 100 38

Ladice Foreland of Tribed mountains, with 100 30hornbeam-oak forests
Zirany 90 23

Horn4 Lefantovce 100 84

Jarok Foreland of Tribed mountains with oak 96 90
and Robinia woods surrounded by fields

VyWapy-Opatovce a Fields and meadows 100 57

______ Total |673 337

a Control locality.
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DISTRIBUTION OF ANTIBODIES AGAINST TBE VIRUS IN DOMESTIC ANIMALS

bouring area of skin having previously been clipped
and disinfected. The blood samples were kept for
one day at room temperature and then centrifuged
at 2500 rev/min for 10 min. The sera were with-
drawn and kept for a short time at 4°C. Before use
they were hea'ed for 30 min at 56°C. The neutraliza-
tion test was performed according to the method of
Libikovi (1963), using heart-cell cultures from
cynomolgus monkeys.

RESULTS

The frequency of antibodies against TBE virus in
cattle was different in different localities, ranging
between 4% and 28% (Table 3). It increased with
the age of the animals in the villages of Kostolany
under Tribec, Zirany, Ladice and Jelenec. In con-
trast, in the villages of Jarok and Horn6 Lefantovce,
antibodies were present in cattle less than 1 year old,
indicating the existence of recent virus activity in
that area.

Similar results were obtained with goats (Table 4),
the percentage of positive sera ranging from 0%

to 35% in different localities. Again the frequency
of antibodies was higher in the higher age-groups,

except in Jarok and Horne Lefantovce, where
antibodies were present in the sera of goats less than
1 year old (Fig. 2). Further analysis of the results
obtained in Jarok showed that 28% of the goats
from the part of the village bordering directly on

the wood had antibodies, whereas only 3 % of those
from the part distant from the wood had them
(Table 5).

In the control village, antibodies were present
in 2% of the cattle but were absent from the goats
examined.

DISCUSSION

In the area in the Tribec Mountains where tick-
borne encephalitis is endemic, there are rather
marked differences in the prevalence of serologically
proved infections, both between individual localities
and between different age-groups. In all the villages
studied, except Horne Lefantovce, the prevalence in
cattle increased with age. In Horn6 Lefantovce the
prevalence was 50% in the 1-4 year age-group but

TABLE 4
AGE DISTRIBUTION OF GOATS HAVING SERA CONTAINING ANTIBODIES TO TBE VIRUS

Goats aged Goats aged Goats aged Goats aged Total%
Locality and date Total 0-11 months 12-23 months 2-4 years 5 years and over of

ofsampling ~~~~~no. of positvof sampling samples No. of No. positive No. of No. positive No. ofl No. positive No. of No. positive positive
sera and titre sera and titre sera and titre sera and titre sera

Kostolany under Tribed
(19.4.63) 15 1 0 3 0 9 0 2 1 x 1:16 6.6

2irany (25.4.63) 23 2 0 2 2 x 1:8 18 1 x 1:32 1 0 34.7
2 x 1:16
3 x 1:8

Ladlce (25.4.63) . 30 0 0 3 0 14 0 13 0 0

Jelenec (20.4.63) 38 4 0 6 0 17 0 11 2 x 1:8 5.2

Jarok (15.9.64) 90 13 1 x 1:128 24 3 x 1:128 43 1 x 1:256 10 1 x 1:64 18.8
1 x :64 1 x 1:64 4 x 1:128 1 x 1:16
Ixl1:8 2 x1:64

I x 1:8

Horn6 Lefantovce
(16.10.64) 84 16 1 x 1:16 28 1 x 1:16 28 2 x 1:32 12 1 x 1:16 10.7

1 x 1:8 1 xx116 1 x 1:8
I x 1:8

Total 280 36 4 66 8 129 18 49 7 13.2

V%apy-Opatovce
(control area) (17.9.64) 57 7 0 12 0 23 0 15 0 0
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FIG. 2
AGE DISTRIBUTION OF SEROLOGICALLY POSITIVE CATTLE AND GOATS
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only 20% in animals over 10 years of age. This may
be due to the fact that only younger cattle are driven
out to grass, whereas milk cows are fed in the sheds.
The latter therefore do not suffer reinfection and
their antibody level gradually decreases. This
explanation is supported by the fact that antibody
titres were higher in younger animals and by our

previous findings (Blagkovic et al., 1962) that titres

in domestic animals vaccinated against TBE de-
creased with time.
The age-dependence of serological positivity was

also demonstrated in goats. No antibodies were

found in goats of the younger age-groups in Kosto-
lany under Tribec, Jelenec and Ladice. In Horne
Lefantovce and Jarok, all age-groups yielded posi-

tive sera. Differences in the frequency of antibodies
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TABLE 5
DEPENDENCE OF ANTIBODY CONTENT OF SERA OF GOATS FROM JAROK ON DISTANCE

FROM TBE FOCUS

Age-group No. of No. of sera positive at titres of Positive sera

(months) sera 1:8 1:16 1:32 1:64 1:128 1:256 No. %

Goats from area bordering on TBE focus

0-5 6 0 0 0 1 0 0 1 16.7

6-11 2 1 0 0 0 1 0 2 100

12-23 16 0 0 0 1 3 0 4 25.0

24-35 11 1 0 0 0 1 0 2 18.2

36-47 9 0 0 0 1 0 1 2 22.2

48-59 7 0 0 0 1 2 0 3 42.9

60 and over 5 0 1 0 1 0 0 2 40.0

Total 56 2 1 0 5 [7 [16 28.6

Goats from area distant from TBE focus

0-5 4 0 0 0 0 0 0 0O

6-11 1 0 0 0 0 0 0 0 _

12-23 8 0 0 0 0 0 0 0 -

24-35 7 0 0 0 0 1 0 1 14.3

36-47 7 0 0 0 0 0 0 0 -

48-59 2 0 0 0 0 0 0 0 -

60 and over 5 0 0 0 0 0 0 0 -

Total 34 0 1 0 [ 0 1 11 0 1 [ 2.9

may be explained by the different modes of grazing.
Goats in Kostolany under Tribec and Ladice are
kept exclusively in gardens and around houses. The
low antibody titres of goats over 5 years old in
Kostolany under Tribec and Jelenec are probably
due to their not being exposed to reinfection.

In the locality of Jarok antibodies were present
in 23 % of the goats in the youngest age-group (0-11
months) and on average in 18.8%, which suggests
that this locality has recently been an active focus of
tick-borne encephalitis. Further analysis showed
that virus-neutralizing antibodies were present in
29% of the goats from the part of the village where
they had free access to the wood, whereas they were
present in only 3 % of the goats from the other part
of the village, remote from the wood. These results
lead to the conclusion that it is possible, from sero-
logical examinations of domestic animals, to evaluate

approximately the
encephalitis.

activity of a focus of tick-borne

Under the conditions existing in European
natural foci of tick-borne encephalitis, domestic
animals play an important epidemiological role, as
indicated by investigations on TBE transmission by
milk (van Tongeren, 1955; Gresikova, 1958; Gre-
sikova & Stykova, 1957), as well as by serological
surveys on domestic animals in Czechoslovakia
(Libikova et al., 1962), Austria (van Tongeren et al.,
1955), Bulgaria (Gresikova et al., 1962), Denmark
(Freundt, 1963), Sweden (Zeipel, Svedmyr & Zetter-
berg, 1959) and Finland (Brummer-Korvenkontio
et al., 1962). In contrast, in the Siberian taiga, cattle
play no role in the epidemiology of tick-borne ence-
phalitis, as virtually all animals acquire immunity
before they begin- to give milk (Libikova et
al., 1963).
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RJSUM

Dans le cadre d'une 6tude de la transmission de l'ence-
phalite a tiques en Slovaquie occidentale, les auteurs ont
recherch6 la frequence des anticorps contre le virus res-
ponsable chez le b6tail et les chevres de six villages situes
sur les pentes des Monts Tribet. Du sang a e prelev6 sur
673 bestiaux et 337 chevres, par ponction de la veine jugu-
laire; les recherches ont port6 sur les anticorps neutra-
lisants.
La frequence des anticorps contre le virus de l'encepha-

lite transmise par tiques a 6t6 differente suivant les vil-
lages, variant de 4% & 28% chez le betail et de 0% a 35%
chez les chevres. Les auteurs attribuent ces 6carts a
l'utilisation de divers modes de paturages. Dans quatre
villages, le pourcentage de s6rums positifs a augment6
avec ['age des animaux, mais a Jarok et Horn6 Lefantovce,
la pr6sence d'anticorps chez les btes Ag6es de moins de

un an indiquait 1'existence recente d'une activit6 virale.
A Horn6 Lefantovce, la frequence des anticorps a et6 de
50% dans le groupe d'age de 1 & 4 ans et seulement de
20% chez les animaux ages de plus de 10 ans. Ceci peut
etre attribue au fait que seuls les plus jeunes animaux
paissaient alors que les vaches laiti6res 6taient nourries
dans les 6tables. Elles 6chappaient donc aux rdinfections
et leur taux d'anticorps s'abaissait progressivement. A
Jarok, 28% des chevres s6journant pres du foyer d'infec-
tion poss6daient des anticorps, alors que le taux de posi-
tivit6 des s6rums 6tait de 3% seulement chez celles qui en
6taient 6loign6es.

Les auteurs concluent que 1'examen s6rologique des
animaux permet d'evaluer approximativement 1'activit6
d'un foyer d'enc6phalite transmise par tiques.
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