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Tick-borne Encephalitis in the USSR*
N. I. GRA§CENKOV1

The author gives the history of the study of tick-borne encephalitis in the USSR,Jollow-
ing it up with a description of the etiological and epidemiological aspects and of the patho-
logy, symptomology, diagnosis, treatment, and prevention of the disease. He stresses that
other ticks as well as the main vectors of the virus, Ixodes, transmit the disease, in particular
Dermacentor and Haemaphysalis. A detailed account of tick-borne encephalitis in the
USSR may be of value in the study of the rather similar forms of the disease now being
encountered more and more frequently in countries ofSouth-East Asia as wellas ofnorthern
and eastern Europe.

Tick-borne encephalitis in Europe was first
identified in 1937, when the virus was isolated and
thoroughly studied, but there is some evidence that
the existence of the disease was recognized before
that date in certain European countries, such as,
for example, the USSR and Austria. Descriptions
of tick-borne encephalitis can be found in a number
of early publications dealing with various new
infectious diseases. For instance, in 1894, in the
first study in the field of clinical neurology, A. J.
Kozevnikov described an infectious disease which
he called a type of clonic encephalitis or meningo-
encephalitis with epidemic incidence. Long before
the etiology of tick-borne encephalitis was estab-
lished, numerous European authors published
quite interesting reports describing some typical
forms of poliomyelitis under the names of polio-
myelitis anterior acutus superior and meningitis
cerebrospinalis. According to Schneider (1938),
Courlellemont in France had reported bulbar
myelitis and epidemic serous meningitis; similar
descriptions appeared towards the end of the 19th
century, as well as in the present century. Many
clinical neurologists and practising physicians had
observed and described certain new infections but
had no idea of their etiology. In retrospect it would
seem that, from the etiological point of view, some
of these new diseases were tick-borne encephalitis
of various types.
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Since 1937 some variations of tick-borne ence-
phalitis, such as a milder or abortive form without
paresis, have been observed. In these cases there
was evidence of tick bite and development of anti-
body with positive results in the neutralization test
for tick-borne encephalitis virus. Since 1945 we
have observed in the western part of the USSR
a mild form of tick-borne encephalitis that is
regarded by some neurologists as similar to Scottish
sheep encephalomyelitis. The same form was found
in Czechoslovakia, Poland, Yugoslavia, and Austria.
At the same time typical paralytic forms of tick-
borne encephalitis were observed in these countries.
All the cases showed positive results in the neutral-
ization test, and from some of them neurotropic
viruses were isolated. Most authors agree that this
type of infectious disease of the central nervous
system is a form of tick-borne encephalitis, but
that it differs from louping-ill (which has also been
observed in man). Since 1948, in rural areas near
Leningrad and in the western and north-eastern
parts of the USSR, a new type of tick-borne
encephalitis-the so-called biphasic meningo-ence-
phalitis-has been observed. Fever is the first
phase of biphasic meningo-encephalitis, and in
some cases it is the only phase of the disease. In
other cases, after a short interval, a second phase
with mild neurological symptoms of meningo-
encephalitis could be seen. Recently. we have
observed in some parts of western Siberia a more or
less new type of tick-borne encephalitis character-
ized by a febrile phase without any neurological
symptoms. In these cases there was evidence of
tick bites, and sometimes after the febrile phase
positive results were obtained with the neutraliza-
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tion test. Moreover, in a few cases neurotropic
viruses were isolated from the blood during the
first 3-5 days of the febrile phase.

BRIEF HISTORY OF THE DISEASE IN THE USSR

The first observations on tick-borne encephalitis
among people in eastern Siberia and the far east
of the USSR date from 1934-36, when the disease,
misdiagnosed as a toxic form of influenza, was
first encountered. The USSR Ministry of Health
organized a special expedition to study it, headed by
Professor L. A. Zil'ber; simultaneously a special
parasitological expedition headed by Pavlovskij
studied ecology in the same region. The members of
the two expeditions, working in collaboration,
established the neurotropic character of the disease
and discovered the vector tick Ixodes persulcatus
(Subladze, 1939; Subladze & Serdjukova, 1939;
Solov'ev, 1944). They also discovered several
species of wild animal which develop viraemia
after infection and constitute a reservoir of neuro-
tropic virus in the surrounding area. Later expedi-
tions (in 1938-41) studied a number of aspects of this
complicated problem, particularly the etiology,
pathogenesis, and clinical symptomatology of
encephalitis, the mechanism of transmission of the
viruses, seasonal and climatic influences, preventive
measures such as vaccination with mouse brain
vaccine, tick control measures, and so on (Cumakov,
Vorobeva et al., 1944; Cumakov, Zajtlenok et al.,
1944).
As a result of these investigations the concepts

of " nidality " and " landscape epidemiology " were
elaborated. The general concept of biocoenosis
and many other biological and medical ideas con-
cerning this type of encephalitis were also developed
at that time.

In 1938 M. P. Cumakov, I myself, and collabo-
rators began to study the wide distribution of tick-
borne encephalitis in different parts of the USSR
(Cumakov, Vorobev et al., 1944; Cumakov, 1962;
Grascenkov, 1951). Within two years of beginning
the investigations we had completely changed our
point of view concerning the localization of tick-
borne encephalitis. In 1937 this type of encephalitis
was thought to be confined to the taiga, and it was
called " spring-summer taiga encephalitis ", but
after it was discovered in other parts of the USSR,
especially in the western part, it was suggested
that the disease should be called " tick-borne ence-
phalitis ", since in all parts of the USSR this type

of encephalitis is connected with tick bites and with
the transmission of neurotropic viruses through
contact between ticks and men or between ticks and
domestic and wild animals. In the western part of
the USSR we usually found not L persulcatus but
L ricinus, which in Scotland transmits neurotropic
viruses to sheep. In this part of the USSR we found
a milder form of tick-borne encephalitis, as well as
a more severe one with paralysis of the shoulders
and arms.

In 1942-43 groups of biologists, pathologists, and
others studied tick-borne encephalitis among soldiers
at the Volhov front between Leningrad and Kalinin
in the north-western part of the USSR. Both
of the above-mentioned species of Ixodes were
found in this region in equal proportions and
mainly mild forms of tick-borne encephalitis were
observed. The incidence of severe forms of tick-
borne encephalitis was lower than in eastern Siberia
and in the far east of the USSR. In 1945-48 some
mild forms of tick-borne encephalitis were dis-
covered in other areas of the western part of the
USSR. This produced a divergence of opinion
among virologists and epidemiologists concerning
the similarities and differences between the forms
of tick-borne encephalitis found in eastern Siberia
and the far east of the USSR on the one hand,
and a western form of the disease on the other.
Many virologists, including Professor Zil'ber, were
of the opinion that the western form of tick-borne
encephalitis was similar to Scottish sheep ence-
phalitis (Zil'ber, 1946).

ETIOLOGY

As indicated previously, the neurotropic character
of tick-borne encephalitis was established in 1937.
Since then thorough studies of the biological,
physiological, and serological characteristics of the
virus have been carried out. This virus, the causative
agent of tick-borne encephalitis, belongs to a group
of very small viruses, the size of which is not more
than 20-30,u. They can survive in 50% glycerin
at 0°C for at least one year and can be inactivated
by heat and by suitable concentrations of disinfec-
tants. The pathogenicity of the virus of tick-borne
encephalitis has been studied in various laboratory
and wild animals, among which white mice proved
to be the most sensitive on inoculation by various
routes, particularly the intracerebral and intranasal
routes. Many virus strains have been obtained
from the blood of patients and from brain emulsions
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prepared post mortem, as well as from emulsions of
ticks. The incubation period on first passage in
experimental animals is 7-13 days. After 4 passages
it is reduced to 4-5 days.

Clinical signs of the disease in experimental
animals (white mice) are fever and paralysis; the
animals die within 24 hours of their appearance.
The virus is also pathogenic to Macaca rhesus.
Domestic animals such as sheep, goats, and pigs
and various wild animals are more or less suscep-
tible to the virus. During the first day of the disease
the virus can be obtained from the blood and spinal
fluid. When death occurs soon after the onset of the
disease the virus can be obtained from the brain
and from parenchymatous organs such as the liver
and kidney. The virus can be obtained from the
blood up to 7 days after the onset of the disease.
Sometimes it can be isolated from the spinal fluid
even on the 15th day of the disease. The virus is
readily cultivated in chick embryo and chick embryo
tissue culture. It is disseminated through and exerts
its cytopathic influence on human embryo muscle
tissue culture and on other kinds of tissue culture.

In immune animals antibody formation takes
place; this also occurs in human beings with tick-
borne encephalitis. Antibody titres continue to
to rise till the third week of the disease, and high
titres persist for two months after recovery. Comple-
ment-fixation antibody appears early during the
disease and increases for 3 months, after which it
gradually decreases, and usually by the end of the
year it cannot be found.

Serologically, tick-borne encephalitis differs con-
siderably from Japanese encephalitis and American
encephalitis. The antigenic structure of the tick-
borne encephalitis virus is more or less similar to
that of the virus of Scottish sheep meningo-ence-
phalitis, and some difficulties arise in serological
differentiation between these two viruses. There
is some similarity between the tick-borne encephalitis
viruses and the viruses of Omsk haemorrhagic
fever and Kyasanur Forest disease. Many strains
of virus are obtained from rats and mice, and they are
often related to the tick-borne encephalitis viruses.
Many strains of the virus obtained from men and
ticks in different parts of the USSR and in different
countries of the Middle East and northern Europe
are not distinguishable.

EPIDEMIOLOGY

Tick-borne encephalitis is a transmissible neuro-
tropic virus infection. In the transmission of the

virus from biological reservoirs in the environment
to wild and domestic animals, the role of ticks as
transmitters has been confirmed by numerous studies
carried out under field conditions and in laboratories.

Three to five per cent of I. persulcatus ticks
have been found to be infected with the virus,
though in some studies only 0.66% are. In some
steppe regions the virus of tick-borne encephalitis
may be transmitted by such ticks as Dermacentor
marginatus, which have also been found in Czecho-
slovakia. The theory has been advanced without
much ground that ffies are able to transmit and
spread the virus among animals. As to the role of
mosquitos, some experimental evidence has been
obtained in the USSR and Czechoslovakia (Cuma-
kov, 1962) that the neurotropic virus of tick-borne
encephalitis, when inoculated into mosquitos under
experimental conditions, is very quickly destroyed
and completely disappears within two days of
inoculation. The tick vectors of the neurotropic virus
have a single growth cycle and use different hosts for
each phase from egg to adult. In each phase a blood-
meal is required, and usually different species of
animal are used as hosts in the different phases. That
transovarial transmission of the neurotropic virus can
occur in ticks is a more or less proved fact. In any
case the tick is in very close contact with many kinds
of wild and domestic animals during its development;
this is a condition of its survival, and plays an
important part in the transmission of the neuro-
tropic virus.

Since 1943 it has been known that the neurotropic
virus can pass from the blood of the goat into the
mammary gland (Smorodincev et al., 1954). If a
human being drinks unboiled goat's milk he may
ingest the virus with it and develop some form of
biphasic meningo-encephalitis. In the USSR it has
not yet been established whether the virus is present
in unboiled cow's milk, although Finnish investi-
gators have obtained some evidence that it is (Oker-
Blom et al., 1956).
The first cases of the disease usually appear in the

second or later weeks of April. The peak incidence
is usually observed in May, and from the second
week of June till the end of June the incidence
decreases. During July some sporadic cases are
seen. When the summer is very hot, sporadic cases
can be observed even in September, but not later.
The spring-summer incidence of this type of ence-
phalitis is very distinctive. In some geographical
regions there may be a variation of 10 days in the
time at which cases begin. There are clear correla-
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tions between the incidence of the disease and the
number of Ixodes as well as with the amount of
infection in ticks, and with the infection of cows
transmitted by Dermacentor silvarum and Haema-
physalis concinna. There are also clear correlations
between the incidence of tick bites and the number of
cases.

After an attack the patient acquires a very stable
immunity to the infection. Immunity can also be
acquired by inapparent infection after the bites of
infected ticks, and by normal individuals who
develop specific antibody against the virus. In a
number of foci of severe or mild forms of tick-borne
encephalitis both human beings and domestic
and wild animals have been found to have specific
antibodies. Investigations of this kind demonstrate
the wide distribution of tick-borne encephalitis and
the process of natural immunization. Some special
investigations on this problem have been made
among timber workers. Studies (Dankovskij, 1939)
showed an incidence of 15.5% in the first year among
these workers; in the second year it decreased to
8.9%, and in the third year it was 0.8 %. This indi-
cates that a three-year period should be enough for
the adult population in that region to acquire a
natural immunity. In this group of people those
who had come comparatively recently to the region
showed a much higher incidence than the residents.
A very high degree of protection against tick-borne
encephalitis can be also acquired by vaccination
with killed vaccine.

It is interesting to note that in some countries of
eastern Europe such as Czechoslovakia, Poland,
Hungary, and Austria (Styria Province especially)
tick-borne encephalitis, mainly in the form of
a severe type of meningo-encephalitis, has been
observed since 1945. In Styria Province some cases
of shoulder and arm paresis have been described by
Grinschgl (1955) and by Richling (1955). As men-
tioned above, numerous strains of the virus were
obtained during investigations of tick-borne ence-
phalitis in these countries. During the past ten
years cases of tick-borne encephalitis have been
studied in such northern European countries as
Finland and Sweden; in Finland in particular,
some biphasic cases similar to those observed in the
USSR have been found. It is also very interesting
that in 1956, during a minor epidemic of serous
meningitis in Sweden, out of 159 patients admitted
to infectious diseases hospitals in Stockholm with
different diagnoses such as poliomyelitis, aseptic
meningitis, and meningo-encephalitis, 65 patients

showed a positive response to the complement-
fixation and antibody-neutralization tests. A bi-
phasic type of the disease was observed in the whole
group. In 30% of the patients there was a history
of tick bites (Swedmyr, Melen & Kjellen).
There have been sporadic cases of tick-borne

encephalitis in some of the northern parts of con-
tinental China. Doon Chan Tsugen (1958) reported
a very severe form of encephalitis with paresis of the
shoulders and arms in 21.7% of cases, and it is of
interest that whole families were observed among the
patients with biphasic meningo-encephalitis who
had ingested the neurotropic virus with unboiled
goat's milk. In some regions 8-10% of cases of this
form of encephalitis resulted from drinking unboiled
milk. The same applies to Czechoslovakia. From
the epidemiological point of view these data are
of great importance because not only tick bites but
also other factors such as the drinking of unboiled
goat's milk may result in different forms of the
disease. From the epidemiological point of view,
too, it is interesting to observe the distribution of
tick-borne encephalitis under different geographical
conditions.

PATHOLOGICAL ANATOMY AND PATHOGENESIS

Post-mortem examination of patients who have
died of tick-borne encephalitis shows hyperaemia
and oedema of the brain and meninges. Broncho-
pneumonia and small haemorrhagic foci in the
myocardium and in the epicardium and endo-
cardium are often observed. Even macroscopic
examination of the central nervous system shows
a very diffuse and marked inflammation of the
brain, spinal cord, and meninges.
The pathological anatomy is characterized by

considerable polymorphism and a great diffusion of
pathological changes in the central nervous system.
The grey and white matter of the cerebral cortex,
the subcortical white matter, the subcortical form-
ations, the thalamus, the midbrain area and the
pons varolii are all affected; the structures at the
diencephalic level, particularly the hypothalamic
nuclei, are also severely involved.
The spinal cord and the medulla oblongata,

especially the olivary bodies, are the most severely
affected. The chief inflammatory lesions are
observed in the cervical spinal cord and particularly
in its anterior horns. However, small inflammatory
foci can be seen along the whole spinal cord as
well.
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Histopathological investigation of the spinal cord
meninges shows oedema and inflammatory thicken-
ing of the meninges. The inflammatory changes in
the spinal cord meninges are considerably less
severe than in the cerebral meninges.

In the brain itself exudative and proliferative
lesions are visible. There is marked perivascular
oedema of the tissues as a main element of the
serous inflammation. Around numerous large and
small blood vessels, especially around the veins,
perivascular infiltrates are observed. They are
situated in the adventitia, and are sometimes found
under the endocardium and in arterioles.
The infiltration consists mainly of lymphocytes

along with a great number of plasma cells. In some
infiltrations there are leukocytes, and in rare cases
these predominate.
The proliferative stage of the inflammatory

process is especially severe. Numerous nodules
consisting of proliferating and hypertrophic meso-
glial and oligodendroglial cells are scattered through-
out the brain. Usually they are situated around the
capillaries.
Apart from focal proliferation, a diffuse growth

of mesoglial and oligodendroglial cells may be
observed. The mesoglial cells, being elements of
the reticulo-endothelial system, play a very signi-
ficant role in the inflammatory process.
The localization of these elements is also of some

importance for the outcome of the inflammation,
but the intensity varies in different cases and in
different parts of the nervous system.
The pathological anatomy of tick-borne ence-

phalitis gives a specific character to each part of
the disease process. Even in early stages of the
disease there is severe damage to the neurons,
and they may even be completely destroyed.
From the very beginning these changed neurons
are surrounded by leukocytes, which may be found
in the tissues at a great distance from the blood
vessels. Later the leukocytes disappear. The glial
cells multiplying around the neurons take part
in their destruction. In the areas where the nervous
tissue is destroyed, small foci of softening are left;
they can be observed at different levels of the central
nervous system. In these small foci numerous cells
of granular appearance can be seen; they represent
a certain stage of development of the histiocytes
that phagocytose the break-down products. These
cells turn into macrophages. In them transform-
ation of the disintegrated elements of the nervous
tissue takes place. Apart from the inflammatory

foci, necrosis is also observed that is produced by
disturbance of the blood circulation accompanied
by marked stasis. This is evidence of great vaso-
motor disturbance due to the excessive toxicity
of the neurotropic virus; it also results (though
not often) in small haemorrhagic foci.
The intestine is severely congested, and small

haemorrhagic foci are found under the intestinal
mucosa, in serous areas, in the epicardium and
in the pleura. These are also undoubtedly connected
with the vasomotor disturbance.

Inflammatory foci are also seen in the sym-
pathetic and parasympathetic ganglia.
Thus the characteristic features of the histo-

pathology of tick-borne encephalitis are the great
diffusion of the process and its predominant local-
ization in the cervical region of the spinal cord (as
in upper spinal poliomyelitis), in the nuclei of the
reticular formation, especially the olivary bodies,
nucleus dentatus, and pons varolii, and in the
nuclear structures at the subcortical level such as
the substantia nigra. This predominant local-
ization is also attested to by the residual atrophic
paralyses in persons surviving after acute tick-
borne encephalitis-in the form of paralyses of
the shoulder girdle and the neck with a drooping
head (the head dropping on to the chest).

In tick-borne encephalitis severe lesions of the
motoneurons of the anterior horns of the spinal
cord and massive destruction of motoneurons in
the anterior horns of the cervical part of the cord
are observed, as well as involvement of the lateral
horns and destruction of the neurons of these
structures.

Diffuse proliferation of glial cells, marked neu-
ronophagia, and lymphoid proliferation around the
blood vessels can be seen.
The same processes of neuronophagia and

massive destruction of cells are also observed in
the nuclei of the reticular formation and of the
midbrain, with the same proliferation of glial cells.
Even in the area of the thalamus lymphoid

infiltration occurs around the veins, especially the
large ones, though the loss of neurons is less severe
here.
The histopathological characteristics of tick-

borne encephalitis thus resemble those of acute
poliomyelitis. In poliomyelitis the destructive
elements of the inflammatory process are also in the
foreground, but to a lesser degree than in tick-
borne encephalitis.
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From the point of view of the degree of severity
of the process the most obvious pathological
damage is in the cervical spine and in the medulla
oblongata, then in the midbrain, then, in decreasing
order, in the thalamus, subcortical formations,
and, but only to a very small degree, the cerebral
cortex. However, this does not exclude severe
disturbance of cortical activity caused by oedema
of the cerebral cortex. The meninges of the brain
and spinal cord are also affected.
The pathological process is also characterized

by granulomas around the conglomerations of
glial and mesenchymatous elements of the peri-
vascular tissue, lymphoid infiltration around the
blood vessels, and inflammation extending into
the underlying tissue, as well as active glial pro-
liferation in the areas of inflammation.

Infection of sheep by the tick-borne encephalitis
virus produces much the same picture as can be
observed in patients who have died of tick-borne
encephalitis in the far east of the USSR and in
Siberia. In experimental infection of animals there
are the same severe destruction of neurons in the
brain stem and subcortical formations, marked
inflammatory reaction, glial nodule formation,
neuronophagia, and lymphoid infiltration around
the blood vessels in the cerebral meninges.

It is characteristic that the cerebellum of sheep
in infection by this virus is not the site of severe
lesions, and the Purkinje cells remain intact.

It is interesting that some cases of tick-borne
encephalitis with a fatal outcome in certain regions
of Central Kazakhstan showed foci of severer
damage in the cerebral cortex than those mentioned
above; there were also exceptionally extensive
lymphoid infiltrations around the large veins. In
these cases the main focus of the infection appears to
be at a higher level, as if the virus were better
adapted to the grey and white matter of the cortex
and subcortical structures of the brain (Grascenkov,
1951).
Among the persons surviving after tick-borne

encephalitis in these regions, we discovered a higher
percentage of progressive residual conditions,
including typical Kozevnikov's epilepsy as well
as cerebral paralysis, paresis and subcortical hyper-
kinesis. Less marked histopathological findings
were obtained in some fatal cases of tick-borne
encephalitis occurring in western parts of the
USSR. These indicate the influence of geographical
and ecological factors that are as yet not clearly
explained.

The histopathological findings give some idea of
the mechanism of the disease. Our collaborators
Robinzon & Sergeeva (1939; 1940), who made an
extremely complete study of the histopathological
characteristics of tick-borne encephalitis in the far
east of the USSR and in Siberia more than 20 years
ago, found that the greatest destruction of neurons
can be observed in the spinal cord. In these cases
they seldom succeeded in discovering leukocytic
infiltration, and the glial reaction was of a secondary
compensatory nature. In the same cases leukocytic
infiltration or a diffuse permeation of leukocytes
into the tissues was found in the brain, particularly
in the subcortical formations. Sometimes changes
were observed in the nerve sheath in the form of
thickening and infiltration of cellular elements, and
on this basis, in accordance with the concepts then
prevailing, it was postulated that the virus spread
by the perineural lymphatics and its primary
fixation was by the neurons of the spinal cord.
However, further observations and the production
of tick-borne encephalitis in experimental animals,
particularly in sheep, showed that the virus spreads
by the blood stream.
Because of the toxic effect of the neurotropic

virus circulating in the blood stream, changes
take place in the permeability of the walls of blood
vessels, particularly in the capillary network, and
the virus together with blood plasma penetrates
easily into the brain substance. It is particularly
abundant in the small vessels that vascularize
especially greatly some nuclear structures of the
reticular formation, as well as the anterior horns
of the cervical spinal cord. Because of the chemical
affinity of the nucleic acids of the virus for those
of the very large motoneurons, very favourable
conditions are created for the penetration of the
virus into the neuroplasm.
Attempts have been made to apply knowledge of

the mechanism of the interaction between the bac-
teriophage and the bacterial cell to the mechanism
of the interaction between the neurotropic virus
and the neuron.
The changes in the gliacytes and their prolifera-

tion, especially around the most extensive inflam-
matory lesions of the central nervous system,
point to the fact that these connective tissue ele-
ments of nervous tissue take an active part in
resistance to the neurotropic virus.
The penetration of the virus into the human body

is thus accomplished in stages and may be presented
in the following way. In the first stage the parasite

192



TICK-BORNE ENCEPHALITIS IN THE USSR

tick sucks blood and the virus enters the victim's
blood stream; then it multiplies in parenchymatous
organs such as the liver, and from them escapes in
greater amount into the blood stream; later it
crosses the blood-brain barrier and penetrates into
the cerebral parenchyma.

After this there are at least two stages in the
resistance of the central nervous system to the
neurotropic virus. The first is a massive prolifera-
tion of tissue elements which are destroyed by the
virus; the second, the decisive one, is the penetration
of the virus into the body of the neuron, this initiat-
ing a biochemical reaction between the nucleic acids
of the virus and those of the neuron. This produces
something that from the point of view of histo-
pathology may be characterized as mass neurono-
phagia, and if it involves the neurons that ensure
vital processes such as respiration and the heart
beat, as well as the corresponding nuclei of the
reticular formation, the outcome is inevitably fatal.
It is not accidental that the highest mortality is
observed among patients with acute forms of tick-
borne encephalitis, which as far as the clinical
symptomatology is concerned are the so-called
bulbar forms of tick-borne encephalitis.

It should be emphasized that essentially the same
stages are also found in Japanese encephalitis.

CLINICAL SIGNS AND SYMPTOMS

In different forms of tick-borne encephalitis,
as well as at different stages of the disease, different
clinical pictures can be seen. There are always
symptoms typical of infection, and there are symp-
toms very typical of meningo-encephalitis and diffuse
encephalitis, many of them very localized.

Nevertheless, we are able to distinguish some
signs and symptoms typical of this form of ence-
phalitis. In most cases there is a distinct incubation
period, its duration being 9-14 days, though in
some severe and fulminating cases it may be only
4 days. Only in 13-20 %Y of cases can a prodromal
period be seen, the disease usually beginning quite
suddenly. In most cases the temperature rises
to 38-39°C by the end of the first day, but in some
cases the rise occurs by the end of the second day.
Seventeen per cent of patients with the severe form
of tick-borne encephalitis early show severe mental
disturbance. Many patients experience severe
headache, which often begins suddenly. On the first
day of the disease typical meningeal signs such as
Kernig's and Brudzinski's can be observed. During

the febrile period a high temperature persists for
4-10 days in 9% of patients. In some cases a tempe-
rature of 39-40°C persists for 3-5 days, and after
the 5th or 6th day gradually subsides; in other
cases a high temperature is observed for 7-8 days
and is followed by a critical fall. A third type of
case is characterized by a biphasic temperature
during a short or long period of time. It has been
shown that the way the temperature rises reflects
the characteristics of the pathological process.
This type of encephalitis is very often complicated
by bronchopneumonia, especially in severe cases
with bulbar disturbances and deep unconsciousness.
During the third period (9th-12th day) leukocytosis
and eosinophilia are observed. Meningeal symptoms
are seen very early, and often persist for some period
of time. In two-thirds of patients they disappear
within 15 days of the onset of the disease; in some
cases they disappear within 20 days, but not later.
The cerebrospinal fluid is usually altered. The

pressure is high and in the first 2-3 days the colour
is quite clear, but there is increased protein. Within
8 days the fluid is completely back to normal.
Different degrees of unconsciousness, from mild
to deep, can be observed up to the 1Oth-12th day
of the illness. Numerous cerebral functions such as
speech, certain movements, and the ability to per-
form various tests are disturbed. As opposed to the
increased muscle tone and decerebrate rigidity seen
in Japanese encephalitis, here we observe as a rule
decreased muscle tone. In severe cases paralysis
of the shoulders and arms appears early, sometimes
on the 3rd-Sth day; the cervical muscles being the
most affected, the head drops on to the chest.
In some cases, besides severe paralyses, bulbar
symptoms such as disturbance of swallowing may
be seen. It is interesting to note that in spite of
severe muscle paralyses no disturbances of sensation
are observed.
The clinical symptoms observed during the acute

period of the disease can be grouped into the follow-
ing syndromes:

1. The meningeal syndrome, with very severe
meningeal signs and symptoms and mild transient
encephalitic symptoms.

2. The meningeal encephalitis syndrome, with
different degrees of unconsciousness, different
pseudo-bulbar signs, pyramidal signs such as
Babinski's, severe central paralysis, and subcortical
lesions with extrapyramidal symptoms.

3. The polioencephalomyelitis syndrome, with signs
and symptoms indicative of lesions localized in
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the reticular formation and the anterior horn of the
cervical cord. This is a very serious syndrome and
mortality is high.

4. The poliomyelitis syndrome, with some of the
above-mentioned symptoms, producing paralysis.
During the acute period of tick-borne encephalitis

different combinations o these signs and symptoms
can be observed. The symptoms may be quite diffe-
rent in different regions of the USSR. As has been
mentioned the most common form of tick-borne
encephalitis in the western part of the USSR and
in the countries of eastern Europe is very mild,
only in few cases being accompanied by severe
paralyses. On the other hand, in eastern Siberia
and the far east of the USSR, particularly during the
first years of our studies (1937-1940), we observed
numerous severe cases with the polioencephalo-
myelitis and poliomyelitis syndromes predominating.

After the acute phase of tick-borne encephalitis
mild mental disturbances or symptoms of paralysis
may be observed; in a few patients a kind of myo-
clonic epilepsy, which was described long ago by
Kozevnikov and by many other authors, including
myself, may be seen (Grascenkov, 1951; 1962).
Thus the signs and symptoms of tick-borne encephal-
itis may differ greatly, depending entirely on severity
and localization of the disease process.

DIAGNOSIS

In endemic areas in certain seasons there is no
difficulty in diagnosing this disease clinically if
there is a history of tick bites or of drinking un-
boiled milk. Laboratory investigation will confirm
the clinical diagnosis. In laboratory diagnosis we
usually use the complement-fixation and neutraliza-
tion tests. There may sometimes be difficulty in
distinguishing between the meningeal form of
tick-borne encephalitis, the meningeal form of
poliomyelitis, and a meningeal form of disease
caused by such viruses as ECHO and Coxsackie.
Immunological tests then help in the diagnosis.

TREATMENT

Patients with tick-borne encephalitis should be
admitted to an infectious diseases hospital and
treated immediately with specific antiserum. There
are two types of antiserum: (1) high-titre horse
serum, and (2) convalescent serum. The horse
serum is given in doses of 10-20 ml daily for 3-4
days. As an alternative we use 6-8 ml of gamma

globulin 3 times a day for 7-8 days. We recommend
examination of the cerebrospinal fluid on the first
day of the disease for diagnostic purposes, but to
repeat lumbar puncture several times is undesirable.
The subcutaneous administration of 1000 ml of
oxygen is also recommended. Forty per cent glucose
with ascorbic acid given intravenously has beeir
widely used. To counteract oedema, 1 ml of neo-
stigmine containing 1 mg of the substance has been
used; the rationale for this is given in papers on
Japanese encephalitis (Grascenkov, 1951). Neo-
stigmine can be used not only against oedema, but
also as a substance able to some extent to prevent
paralysis. Following the acute period, different kinds
of physiotherapy can be employed as a means of
combating paralysis. Steroid therapy can be used
from early on in the disease.

PREVENTION

For the prevention of tick-borne encephalitis we
make wide use of vaccination with killed vaccine.
We have studied the possibility of using embryo and
attenuated vaccines, which so far are known mainly
only theoretically and have not been widely used for
specific prevention.
At the same time we make much use of numerous

chemical substances to decrease the number of ticks
or eliminate them from the environment. Numerous
chemicals such as 10% DDT have been used to
protect domestic animals from ticks. It need hardly
be said that we do a great deal of public health
education, which we call " health propaganda ",
teaching people in endemic areas how to prevent
tick bites by means of mechanical devices and
chemical substances, warning them against drinking
unboiled milk, and giving them much other advice
about general preventive measures against tick-
borne encephalitis.

DISCUSSION

In describing the characteristics of tick-borne
encephalitis we have sought to show the similarity of
tick-borne encephalitis on the one hand to acute
poliomyelitis, especially the bulbar forms, and on
the other hand (in pathogenesis particularly) to
Japanese encephalitis. This justifies the use of
essentially the same preventive measures against both
forms of encephalitis, with the sole difference that
for the preparation of vaccine against the one the
classical strains of neurotropic virus of tick-borne
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encephalitis are used, and against the other strains
of the neurotropic virus of Japanese encephalitis.

It goes without saying that non-specific preventive
measures against tick transmitters differ from those
against mosquitos, though repellents and rather
similar means of mechanical protection are used.
The seasonal prevalence of the disease must be taken
into consideration in developing preventive measures,
since the disease may occur earlier or later in the
year according to the climate.
From the epidemiological point of view, the

evolution of tick-borne encephalitis in the USSR is
of great interest. It first appeared in the far east of
the USSR and in eastern Siberia in a form character-
ized by great severity, with marked histopathological
lesions and severe effects in many cases in the form
of atrophic paralyses. Later, in western regions of
the USSR milder forms were observed with much
less mortality (0.5-1 % compared with 10 ), and
with less severe effects in the form of atrophic
paralyses. Finally, even milder forms were observed,
with a general infectious phase and no meningo-
encephalitic lesions. In these cases a biphasic form
was observed, characterized by a milder course, a
very rarely fatal outcome, and as a rule coincident
chronic conditions such as cardiovascular disease

complicated by severe pneumonia. This form of
tick-borne encephalitis does not produce even
relatively mild atrophic paralyses.

Our views on the source of infection also widened.
While during the first period of studying tick-borne
encephalitis we always observed that the disease
was the result of tick bites and consequent mechani-
cal transmission of the neurotropic virus, later we
linked it, especially its biphasic forms, with the
ingestion of goat's (and in some cases even cow's)
milk containing the virus (which had been trans-
mitted to these animals by the same blood-sucking
ticks).

In this connexion, we had some doubts as to
whether the milder form of tick-borne encephalitis
is really human tick-borne encephalitis and not a
form of Scottish sheep encephalitis, the neurotropic
virus of which is also transmitted by Ixodes ticks of
pasture land. These doubts were resolved by
further studies of laboratory infections in different
countries (especially England) in persons preparing
vaccine against sheep encephalitis and veterinary
staff, herdsmen, and butchers in contact with and
treating sheep infected by the sheep tick-transmitted
neurotropic virus.

RIESUMt

L'auteur passe en revue les connaissances actuelles sur
I'enc6phalite A tiques telle qu'elle se presente en URSS.
I1 insiste sur le fait qu'outre le vecteur principal, Ixodes,
d'autres tiques, en particulier Dermacentor et Haema-
physalis peuvent transmettre la maladie.

L'encephalite a tiques ressemble par certains de ses
aspects i la poliomyelite anterieure aigue (particuliere-
ment dans sa forme bulbaire) et par d'autres aspects
(en particulier par sa pathogenie) 'a l'encephalite japo-
naise. Cette demiere analogie a pour resultat une analogie
de prophylaxie (education sanitaire, desinsectisation,
vaccination par du vaccin tue).

L'auteur insiste sur 1'epidemiologie de cette encepha-
lite a tiques en URSS. La maladie s'est d'abord mani-

festee dans les regions orientales de la Siberie et de
l'URSS de la facon la plus severe: l6sions anatomiques
etendues, paralysies definitives, taux de letalite egal a
10%. Par la suite, l'on a observe dans la partie occiden-
tale de l'URSS des formes moins severes (letalite ne
depassant pas 0,5%) et meme benignes, sign6es sur le
plan clinique par un episode infectieux sans manifesta-
tions meningo-encephalitiques ni paralysies meme par-
tielles. 11 est possible que ces formes benignes ne soient
pas transmises directement par une piqure de tique mais
par l'ingestion de lait de chevre (ou meme parfois de
vache) ayant et elle-meme piquee par une tique. Ceci
permet de rapprocher l'encephalite a tiques, dans sa
forme benigne, de l'encephalite ecossaise du mouton,
dont le virus est egalement transmis par Ixodes.
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