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Isolation of Tick-borne Encephalitis Virus
from Ixodes ricinus Ticks in the Tribec Region*

M. GRESfKOVA & J. NOSEK

An attempt has been made to isolate the tick-borne encephalitis virus from nymphs
and adults of the tick Ixodes ricinus in the Tribec' region. In 1963 no virus was found in
2715 nymphs and 998 adultsfrom various parts of the region, but in 1964, from 2153 unfed
ticks collected in the spring, two strains of virus were isolated from the 798 nymphs and
two from the adults (one from 647 males and one from 708 females). Thus, on average,
0.2 % of the ticks in the region were infected; in the elementary foci of Topol'Wianky and
Jelenec, where the virus-containing ticks were found, the proportion varied between 0.4 %
and 0.8 %. In 1964 no viruses having a cytopathic effect on chick-embryo-cell cultures
were isolated from I. ricinus ticks, in contrast to the isolation of nine such strains in the
previous year. The significance of these results in relation to the interstadial transmission
of tick-borne encephalitis virus is discussed.

This paper deals with the proportion of virus-
bearing ticks in different stages and with the analysis
of factors influencing the persistence of virus in an
elementary focus of tick-borne encephalitis (TBE)
in the TribeZ region of Czechoslovakia.

MATERIALS AND METHODS

Colection of ticks
Ticks were collected from the natural vegetation

on wool blankets. They were kept at 4°C in glass
test-tubes containing moistened filter-paper. For
isolation experiments unfed nymphs and adults
(Table 1) and larvae, nymphs and adult ticks fed on
white mice by the method described by Nosek
(1965) (see Fig. 1) were used.

Isolation of virus in mice
Collected ticks were kept in separate tubes and

tested according to the stage, sex and place of
collection. Ticks were rinsed once with sterile
0.15-M sodium chloride and then with the same
solution containing 200 IU of penicillin and 200 tLg
of streptomycin per ml. A suspension was made in
0.15-M sodium chloride supplemented with 10%
rabbit serum containing 200 IU of penicillin and
200 pg of streptomycin per nml. For the homogeniza-
tion of 15 unfed females, 30 unfed males or 90 unfed

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

nymphs, 1.5 ml of solvent was used; for one engorged
female, 0.5 ml of solvent was used. The suspension
of ticks was clarified by centrifuging at 200 rev/min
for 15 minutes at 4°C. The supernatant was with-
drawn and inoculated intracerebrally in 0.01-ml
amounts to suckling mice (1-4 days old) of the
Decin strain, which were then kept under observa-
tion for two weeks. Brains removed from moribund
mice were used for further passaging of virus in
suckling mice.

Isolation of virus in tissue cultures
Tube cultures of chick embryo cells were used.

They contained 105 cells in 1 ml of medium 199
supplemented by 10% heat-treated horse serum and
antibiotics (200 IU penicillin and 200 ,tg streptomycin
per ml). After incubation for 24 hours the medium
was removed and the cultures were each inoculated
with 0.1 ml of the tick suspension tested. Eight tube
cultures were used in each virus isolation experiment.
The virus was allowed to adsorb at 37°C for 90
minutes. Then 1 ml of fresh medium was added to
each tube and the cultures were inoculated at 370C.
After two to three days the cytopathic effect of the
virus was observed. When a cytopathic effect was
not apparent, the presence of virus was detected
by the interference method (Vilcek, 1960), using
1000 TCID50 of WEE virus for challenge. The
WEE virus used was received from Dr T. Francis,
School of Public Health, University of Michigan,
USA, and had undergone 22 passages in mice and.
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TABLE I

ISOLATION OF TICK-BORNE ENCEPHALITIS VIRUS FROM DIFFERENT STAGES
OF IXODES RICINUS

1963 1964

Locality Stage No. No. No.
containing or Ncontainingof specimens virus of specimens virus

Topol'dianky Nymphs 250 0 357 2
Males 5 0 90 0
Females 11 0 80 0

Kostolany Nymphs 1576 0 25 0
under Tribed Males 241 0 52 0

Females 255 0 42 0

Jedlov6 Nymphs 4 0
Kostolany Males * 23 0

Females 39 0

Jelenec Nymphs 20 0
Males 118 1
Females 168 1

Zirany Nymphs 315 0 25 0
Males 271 0 75 0
Females 178 0 98 0

Soltany Nymphs 30 0
Males 100 0
Females 100 0

Horn6 Nymphs 350 0 87 0
Lefantovce Males 10 0 112 0

Females 10 0 112 0

DrA2ovce Nymphs 42 0 50 0
Males 1 0 18 0
Females 3 0 15 0

KineckW les Nymphs 100 0
Males 8 0
Females 12 0

6porskV les Nymphs 65 0
Males 36 0
Females 37 0

Jarok Nymphs 182 0 35 0
Males 9 0 15 0
Females 4 0 5 0

five passages in chick embryo cells. The inter-
ference method for the isolation of TBE virus has
been described in detail (Manolova et al., 1962).
Three days after challenge, the cytopathic effect of
WEE virus was observed. Isolation experiments in
which the challenge virus did not show a cytopathic
effect were regarded as positive.

Identification of virus strains
Virus strains were identified by haemagglutina-

tion-inhibition (HI) and complement-fixation (CP)
tests. Antigens were prepared and the HI test
carried out by the method of Clarke & Casals
(1958) and CF tests by that of Casals, Olitsky &
Anslow (1951), using two units of complement.

68



ISOLATION OF TBE 'VIRUS FROM IXODES RICINUS TICKS

FIG. I

CAPSULE FOR ENABLING TICKS TO FEED ON MICE

RESULTS

Rampas & Gallia (1949) were the first to isolate
TBE virus from Ixodes ricinus ticks in Central
Europe. Since then several TBE virus strains have
been isolated from I. ricinus ticks in various parts of
Czechoslovakia.
In 1963 and 1964 we attempted to isolate the virus

in the Tribec focus. In 1963, isolation tests carried
out on 3713 L. ricinus ticks were unsuccessful.
However, in 1964 we succeeded in isolating four
TBE virus strains from 2153 ticks (Table 1). The
presence of virus was manifested in the first passage
in suckling mice. In one case virus could be detected
also in the first passage in chick-embryo-ell cultures
by the interference method. The length of the incu-
bation period in suckling mice was 5-7 days in the
first passage, whereas in further passages it was
shortened to 3-4 days.
The virus strains isolated were identified by

cross-HI and CF reactions. Viral haemagglutinins
and CF antigens were prepared from the material
from the third mouse passage. The strains isolated
were identified as TBE viruses (Table 2).
Of the ticks in the Tribec region, 0.2% were

carrying TBE virus. In the elementary foci at
Topol'6ianky and Jelenec, the proportions were 0.5%
and 0.8 %, respectively (Fig. 2).

Of the three different methods used for virus
isolation-inoculation of material into suckling
mice; the tissue-culture method, with subsequent
detection by virus challenge; and isolation of virus
from ticks fed on adult mice (Nosek, 1965)-the first
gave the best result,. Direct inoculation of tissue
cultures is essential when viruses showing a cyto-
pathic effect on chick-embryo-cell cultures have to be
isolated (Cumakov et al., 1963). In 1964, viruses
showing such a cytopathic effect were not isolated,

TABLE 2
IDENTIFICATION OF STRAINS OF TICK-BORNE
ENCEPHALITIS (TBE) VIRUS ISOLATED FROM

IXODES RICINUS

Antiserum against TBE virus

Antigen Haemagglutination-
inhibition titre Complement-
(serum dilution) fixation titre

1. rkcinus 21-22 1: 640 512/512
24-25 1: 320 2561512

42 1: 640 32/512
44-45 1:640 2561512

TBE 1 :640 256/512
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FIG. 2
LOCALITIES IN WHICH TBE VIRUS WAS ISOLATED FROM NYMPHS OR ADULTS OF 1. RICINUS

0 *- Forest. * = Localities whero virus wasisolated.

Numerical ratios Indicate number of virus strains isolated from total number of ticks studied.

although a year earlier we succeeded in isolating in
the same locality nine such strains (Gresikova et al.,
(1965).

DISCUSSION

The fact that TBE virus was isolated from
I. ricinus nymphs and males collected in the spring
of 1964 near Topol'cianky and Jelenec provides
evidence about the interstadial transmission of virus.
Isolation of virus from larvae is less frequent; thus in
the Neukirchen natural focus only one strain was
isolated from 11 902 larvae, whereas 16 strains were
isolated from 7263 nymphs and adults (Radda,

Loew & Pretzmann, 1963). Under natural conditions
larvae have the highest mortality rate, 99% of them
being lost during development. Further loss occurs
during the feeding of adults and in oviposition.
The number of adult ticks is determined by the

principle of stability. The population density of
larvae and nymphs depends on both biotic and
abiotic factors. Over a period of several years, the
density of adults is governed by the laws of popula-
tion ecology. In forests with plenty of game and
where domestic animals are pastured, 95% of
engorged females survive. On the other hand, in
forests without undergrowth used as pasture and on
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meadows, only 60% of engorged females survive.
In shaded forests, larvae emerge somewhat later than
elsewhere but in larger numbers. The development
of ticks can proceed also in wet localities, and has
been observed in reeds near the edge of the forest
lake in Jelenec.
The isolation of TBE virus from unfed nymphs,

females and males during the spring of 1964 indicates
that virus persists in them for about a year. The
larvae, and later the nymphs, fed during the spring
of 1963 on viraemic hosts; they emerged towards
the end of summer and hibernated without feeding.
When hibernating nymphs contained virus, virus
circulation in nature could have started very early
in the spring. Thus virus can be isolated from the
blood of small rodents from early spring up to late
autumn, depending on the time of emergence, of
starvation and offeeding of virus-containing nymphs.
In autumn small rodents can be infected by nymphs
that emerged in the middle of June. Our findings, as

well as those of other workers, show that TBE virus
can be isolated from unfed larvae, nymphs and
adults (males and females) during the entire period
of their activity. The isolation of Russian spring-
summer encephalitis virus from larvae, nymphs and
adults (males and females) of I. persulcatus ticks has
also been reported (Silber & Soloviev, 1946).
The proportion of ticks infected with TBE virus

depends on the locality from which they were
collected. On average, over the whole natural focus
of the TribeW region, 0.2% of the ticks were infected;
when only the elementary foci were taken into
account, this proportion increased to 0.4 %-0.8 %.
The corresponding proportion of infected rodents
is 4 %-6 %. Levkovich & Skrynnik (see Silber &
Soloviev, 1946) found that 0.7% of the L persulcatus
ticks that they collected were infected with Russian
spring-summer encephalitis virus, while Shubladze &
Serdjukova and Soloviev & Ryzskhov (cited by
Silber & Soloviev, 1946) obtained a value of 1 %.

RIISUM

Les auteurs rapportent les r6sultats de leurs tentatives
d'isolement du virus de 1'encephalite transmise par tiques
i partir de nymphes et d'adultes d'Ixodes ricinus dans la
r6gion de Tribec, Tch6coslovaquie. is d6crivent les
m6thodes d'isolement utilisees: injection intracerebrale
chez le souriceau i la mamelle de broyat de tiques et
culture sur cellules d'embryon de poulet. L'identification
des souches a et6 faite par 6preuves d'inhibition de
l'hemagglutination et de fixation du compl6ment.
En 1963, 1'examen de 2715 nymphes et 998 adultes pro-

venant de differentes parties de la region n'a permis aucun

isolement. Mais en 1964, deux souches de virus ont et6
isolees de 798 nymphes et deux autres de 2153 adultes non
gorges. Ainsi, 0,2% en moyenne des tiques de la region
etaient infect6es, et dans les foyers de Topol'ianky et de
Jelence le pourcentage d'infection atteignait 0,4%-0,8 %.
Les virus isoles en 1964 ne t6moignaient d'aucune action
cytopathogene sur les cultures de cellules d'embryon de
poulet, alors que neuf souches isol6es au cours des annees
pr6c6dentes avaient presente cette propriete.

Les auteurs discutent la signification de ces r6sultats
pour 1'etude de la transmission de la maladie.
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