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Tick-borne Viruses*
A Review of an Arthropod-borne Virus Problem of Growing Importance

in the Tropics

TELFORD H. WORK, M.D., D.T.M.& H., M.P.H.1

More than 150 arthropod-borne viruses are now recognized, and over 50 of these are
known to produce human infections and disease. Among these viruses are those of the
tick-borne Russian spring-summer complex, which is etiologically involved in a wide
variety of human diseases of varying severity. The eight antigenically different members
of this complex so far known are Russian spring-summer encephalitis, louping-ill, Central
European encephalitis, Omsk haemorrhagic fever, Kyasanur Forest disease, Langat, Negishi
and Powassan viruses.

In his review of the problems posed by these viruses and ofresearch on them, the author
points out that, while this complex is distributed around the globe in the temperate zone
of the northern hemisphere, the only serious tick-borne virus disease known in the tropics
is Kyasanur Forest disease. It is probable, however, that there are other, unrecognized
tick-borne viruses in the tropical areas of Asia, Africa and America of importance to
human health, and that these will be brought to light as virological studies of diseases of
now obscure etiology are pursued.

For those interested or directly involved in prob-
lems of communicable diseases in hot climates, the
relentless occurrence of acute febrile illness in spor-
adic or epidemic form continues to pose an enormous
challenge. Not only does progress in establishing a
wider variety of etiologies complicate our clinical
understanding of acute febrile disease, but it seems
to postpone the day of achieving comprehensive pre-
vention and control.

Historically, the occurrence of fevers in tropical
countries challenged the minds and actions of many
competent medical scientists. It is not surprising,
therefore, to find that Sir Ronald Ross, who in
1898 demonstrated the mosquito transmission of
malaria, was already making Suggestions for a New
Classification of the Indian Fevers (Ross, 1894) years
before he initiated research on malaria. However,
without our present accumulation of knowledge of
the causes of a variety of febrile illnesses, adequately
supported by specific diagnostic techniques, millions
of cases of febrile disease were (and many still are)
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reported as malaria when actually they were due to
some other infection.
The progress made in the international control of

malaria under leadership of the World Health
Organization and based upon decades of research by
scientists of many countries (Russell, 1955) and with
massive material and technical support by a variety
of governmental agencies such as the former Inter-
national Co-operation Administration, has accom-
plished what a few years ago would have been con-
sidered a miracle and what today approaches fulfil-
ment of the dream of complete eradication of this
mosquito-borne scourge of mankind.
But as the smothering blanket of malaria has been

lifted from many tropical populations, complete
disappearance of what was previously reported as
" malaria " has not ensued. In certain localities the
reported incidence of cerebral malaria has been
significant. With control of malaria, manifestations
of acute febrile central nervous system (CNS)
disease still appear, albeit in lesser numbers. Such
a situation has been reported in the Krishna-
Godavari Delta of eastern peninsular India, (S. P.
Ramakrishnan-personal communication, 1956).
The cases ofCNS disease are obviously of some other
etiology. The same is true to a somewhat lesser
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extent of other febrile disease in the tropics. Control
or prevention of the more obvious-yellow fever, for
instance-unmasks the existence of others.
A substantial segment of diseases of this other

etiology are caused by arthropod-borne viruses.
Among a number of scientific and medically signifi-
cant features of arthropod-borne viruses, illuminated
by Casals' antigenic group concept (Casals, 1957),
two are particularly pertinent here. First are the
genetic clues to ancestral origin of different groups of
antigenically related arboviruses prior to their
divergent adaptation to remarkably different mecha-
nisms of parasitic perpetuation. Second is the wide
spectrum of human disease syndromes, ranging from
uncomplicated acute febrile illness, through haemo-
rrhagic disease, to debilitating or fatal encephalitis,
caused by antigenically closely related viruses of sub-
groups or complexes. In Group B, for instance, the
three complexes of dengue/yellow-fever, JBE-WN,
and RSS cause diseases that differ more distinctly
from each other than do the encephalitides caused by
JBE and RSSE in Group B and EEE and WEE in
Group A. These two principles are characterized in
the accompanying table, which shows the protean
syndromes of arthropod-borne virus disease resulting
from distinctly different antigenic groups and com-
plexes of viruses that circulate in nature and infect
man by divergent parasitic mechanisms.
The eight known viruses of the tick-borne RSS

complex constitute only a subgroup within one of a
number of antigenic groups which include more than
150 recognized arboviruses, of which 51 are now
known to produce human infection and disease
(Work, 1961).

EVALUATION OF PRESENT KNOWLEDGE
OF ARTHROPOD-BORNE VIRUSES

To understand the full importance of the segment
of arthropod-borne virus disease caused by species of
the tick-borne Russian spring-summer (RSS) virus
complex, it is necessary to sketch the present frame-
work of knowledge about arboviruses. The 35-year
scientific pursuit of the epidemiology of yellow fever
in the continents of Africa and North and South
America, begun by the Rockefeller Foundation in
1915 (Strode, 1951) and persistently expanded in
association with health ministries of many govern-
ments, established laboratories, and trained scientific
personnel, deposited in the international medical
and scientific literature the foundation for develop-
ment of what is now recognized as a major field in
medical science-the study of arboviruses.

A methodology for the study of these viruses
evolved directly from the yellow fever investigations,
beginning with those of Walter Reed and others of
the US Army Commission in Cuba which in 1900
demonstrated mosquito transmission of yellow fever
from a patient to human volunteers. Isolation of the
virus in laboratory animals was accomplished first in
Africa by a Rockefeller Foundation research team
(Stokes, Bauer & Hudson, 1928), who inoculated
blood from a Nigerian patient suffering from mild
yellow fever into a rhesus monkey from India. Sus-
ceptibility of the laboratory white mouse to intra-
cerebral inoculation of the virus was demonstrated
in 1928 by the South African, Max Theiler (1930), at
Harvard University. A protective vaccination pro-
cedure was developed in the early 1930s under the
guidance of Dr Wilbur Sawyer at the Rockefeller
Foundation laboratories in New York (Sawyer et al.,
1932), initially to protect scientific workers who had
already lost six of their number to death from
laboratory infection with the disease.
Although Australian workers in 1917 had under

study for a short time in monkeys an agent recovered
from the brains of human patients who died from
what is now believed to be Murray Valley encephali-
tis (Cleland & Campbell, 1919), the first isolation of
encephalitis virus, by intracerebral inoculation into
white mice, was accomplished in 1931 by Dr Karl
F. Meyer of the University of California. He des-
cribed it as western equine encephalitis virus be-
cause it was isolated from the brain of an encephalitic
horse in the San Joaquin Valley of California (Meyer
et al., 1931). Viruses of St. Louis encephalitis
(Webster & Fite, 1933), eastern equine encephalitis
(Ten Broeck & Merrill, 1933), and Japanese B
encephalitis (Tanaguchi et al., 1936) were isolated
by similar means. All of these were known or
suspected to be mosquito-borne viruses.

In the first quarter of the twentieth century, the
elucidation of the cause and transmission cycle of
rickettsial Rocky Mountain spotted fever led to the
development of a methodology for the study of tick-
borne intracellular agents of disease (Ricketts, 1906,
1907; Parker, 1923).

Soviet scientists in 1937 initiated scientific inves-
tigations of a severe and often fatal encephalitis
which they named Far Eastern spring-summer
encephalitis (Silber & Soloviev, 1946). This sin-
gularly important contribution was accomplished by
a pioneer scientific expeditionary force sent by the
USSR People's Commissariat of Health to the Far
East Province of the Soviet Union to investigate
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epidemic encephalitis affecting in particular those
new pioneers working to develop the taiga, 5000 miles
east of the scientists' base laboratory in Moscow.
Under the leadership of Professor L. A. Silber, dean
of Russian virology, the team included Soloviev,
Chumakov, Shubladze, and Levkovich, young
scientific workers whose achievements in this in-
vestigation and many others subsequently have
brought them international recognition.
With technical knowledge of the scientific literature

and laboratory experience with such viruses as
influenza, they soon isolated the causative virus by
intracerebral inoculation of white mice and proved
Silber's theory, based on patients' forest exposure
and seasonal incidence, that the disease was tick-
transmitted (Silber et al., 1937). Russian spring-
summer encephalitis (RSSE) virus was the first tick-
borne agent of severe consequence in human infec-
tion to be added to a growing legion of arthropod-
borne viruses. The newly isolated virus became not
only an essential tool in diagnostic studies but the
seed from which the Soviet scientists developed an
effective protective formolized mouse-brain vaccine
(Smorodintsev, 1939, 1958; Smorodintsev et al.,
1940, 1941a).
RSSE virus also became the key to studies of the

sylvan circulation cycle of tick-borne viruses which
subsequently provided the pattern for initial studies
of related viruses wherever they were discovered.
This fund of knowledge largely resulted from field
studies in subsequent years led by Professor E. N.
Pavlovsky, who was destined to become an Academi-
cian in recognition of his contributions to interna-
tional knowledge of parasitology, not the least of
which were those resulting from investigation of Far
Eastern encephalitis (Borchert, 1959).

In the same year of 1937, a tangential discovery,
which was to expand our knowledge of arthropod-
borne viruses enormously, was made in West Nile
Province of Uganda with Burke's isolation of a virus
from the blood of an African woman suffering a
nondescript febrile illness (Smithburn et al., 1940).
West Nile virus, which became famous as the cause of
endemic and epidemic disease in Egypt and Israel
15 years later (Melnick et al., 1951; Bernkopf et al.,
1953; Goldblum et al., 1954; Taylor et al., 1956) was
the first of many arboviruses isolated before medical
characterization of an associated human disease.
Continued pursuit of the epidemiology of yellow
fever in the continents of Africa and North and South
America added 16 more, which by 1951 constituted
a substantial part of the 34 characterized arbo-

viruses, 18 of which were known to cause human
disease. They posed an intriguing puzzle regarding
not only their relationships to one another (Smith-
burn, 1952), but also their importance in the cause of
yet undescribed human diseases.

Progress in the accumulation of knowledge from
investigation of these viruses in tropical countries
has been documented elsewhere (Work, 1961).
In the past decade it has been largely supported
and guided by the Rockefeller Foundation. Its
many facets include elucidation of new disease epi-
demiology, as with West Nile Fever (Taylor et al.,
1956), extension of knowledge of the geographical
distribution of previously known and new arbo-
viruses (Sabin, 1959), formulation of the anti-
genic group concept (Casals, 1957), isolation and
characterization of entirely new groups (Causey
et al., 1961; Casals & Whitman, 1960, 1961; Whit-
man & Casals, 1961), and discovery and description
of such new entities as Kyasanur Forest disease in
India (Work, 1958), caused by a virus of the tick-
borne Russian spring-summer complex of arbo-
viruses.

POSITION OF THE TICK-BORNE RUSSIAN SPRING-SUMMER
VIRUS COMPLEX IN THE FAMILY OF ARBOVIRUSES

The discovery of tick-borne Kyasanur Forest
disease (KFD) by the Virus Research Centre in
India (Work et al., 1957) and the characterization of
the causative virus as a new relative of RSSE virus
reinforced earlier interests of scientists at the Rocke-
feller Foundation Virus Laboratories in New York
in this complex. Following the initial observa-
tions of Smithburn (1942) of an antigenic relation-
ship between West Nile (WN), Japanese B (JBE),
and St. Louis encephalitis (SLE) viruses, and of
Havens and associates (1943) with eastern (EEE) and
western (WEE) equine encephalitis viruses, Casals &
Webster (1944) demonstrated that RSSE virus was
closely related antigenically to the tick-borne louping-
ill (LI) virus of Scotland which causes CNS disease
primarily in sheep.
Dr Jordi Casals has for the past fifteen years in the

Rockefeller Institute and the Rockefeller Foundation
Virus Laboratories in New York been technically
and rationally elucidating the antigenic group con-
cept (Casals, 1957). It is remarkable how the name
of Casals is attached to so many of the links in our
knowledge both of the general field of arboviruses
and of the tick-borne RSS complex in particular.
When the first strains of KFD virus were received by
air from the Virus Research Centre in India after
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being proved to be the cause of Kyasanur Forest
disease and antigenically placed in Group B, it was
Casals (personal communication, 1958) who sug-
gested the possibility of a similarity to RSSE virus.
The preliminary studies by D. H. Clarke (personal
communication, 1957) which established that KFD
was closely related to RSSE virus initiated a four-
year study of antigenic relationships between strains
of viruses of the RSS complex.

Antigenic studies by Clarke (1962) using haemag-
glutination-inhibition, complement-fixation, agar-gel
precipitation, and group antibody-absorption tech-
niques has clearly sorted strains from many tissue
sources of diverse geographical origin into eight
different species running the gamut from those
causative of fatal encephalitis (RSSE) through those
giving haemorrhagic fever (Omsk, KFD) to those
that produce no recognized disease (Langat). The
complex is of wide climatic and geographical range,
from seasonal activity in the subarctic latitudes of
Siberia and North America to continuous activity in
tropical India.
RSSE, Central European diphasic meningo-

encephalitis, LI, Negishi, Powassan, Omsk haemo-
rrhagic fever (OHF), and KFD viruses all appear in
their appropriate place in the accompanying table.
Langat (TP21), which is not known to produce
disease in primates, has been isolated on several
occasions from ixodes ticks in Malaya (Smith, 1956).

It should be pointed out here that the antigenic
approach is not and has not been the only fruitful
direction of research in characterizing agents of the
tick-borne RSS complex. Much of what we know
about the biological features of these viruses, par-
ticularly RSSE, results from laboratory studies
begun by Dr Levkovich in 1937 and persistently con-
tinued by her and a multitude of colleagues she has
trained over the past two decades. As new agents of
this complex were isolated and as tissue culture de-
veloped into an additional laboratory technique for
biological study of viruses, Dr Levkovich has ex-
panded our knowledge of tick-borne virus propaga-
tion and pathogenicity in host tissues and cells
extensively.

It is important to recognize that, while antigenic
studies give order and basic information regarding
the fundamental character of arboviruses, they can
be misleading in regard to methods for laboratory
study of certain agents, particularly as to their poten-
tial and actual role in the cause of human disease.
An example of deviation in clinical disease from

what might have been expected on an antigenic basis

was Chumakov's elucidation in 1947 of the etiology
of Omsk haemorrhagic fever as being due to a tick-
borne virus (Chumakov, 1948). As its name implies,
it is a febrile illness with haemorrhagic complica-
tions; it has a peak incidence in the spring and fall of
the year and was first characterized in 1944 among
residents of the Baraba Steppe of Omsk Oblast in
central Siberia. Only much later was the OHF virus
shown to be antigenically closely related to RSS
viruses, which had previously been associated only
with CNS disease.
Chumakov's direction of these investigations by a

team from the USSR Academy of Sciences, in sup-
port of local microbiologists and epidemiologists
working out of the Omsk Medical Institute and the
Omsk Institute of Microbiology, had resulted directly
from his revealing experience with Crimean haemo-
rrhagic fever (CHF) during expeditions and inves-
tigations in 1944-46 (Chumakov, 1945). This was the
first haemorrhagic fever problem successfully dealt
with by the Soviet scientists and ironically, it appears
to be caused by a tick-borne virus which has no
antigenic relationship to the RSS complex and
which, on current available evidence, is not related
to any other known arbovirus, although CHF virus
has not been available for cross-checking with the
battery of arbovirus strains now accumulated at
the Rockefeller Foundation Virus Laboratories in
New York.

It is an interesting footnote in the history of
scientific technique that Chumakov's group had
early difficulty in isolating OHF virus 1 because
specimens were first inoculated into guinea-pigs (the
laboratory animal resorted to for isolation of CHF
virus) before inoculation of material into mice,
which was the technique by which RSSE virus was so
expeditiously isolated in 1937. The point here is
that there was no antigenic clinical association to
guide the laboratory approach to unravelling the
etiology.

Similarly, epidemiological axioms associated with
antigenic virus types or vectors may be misleading.
Again we have the Soviets to thank for working out
another of these tick-borne virus problems-namely,
the aberrant milk-borne route of infection for di-
phasic milk fever caused by Central European
encephalitis (CEE) virus. The rule for tick-borne
virus infections is that individual cases occur in a
regionally scattered and sporadic, but seasonal, time

1 A. A. Avakian & N. A. Zeitlenoch-personal com-
munication, 1959.
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distribution. When they occur in large enough num-
bers in a regional population an epidemic is defined.

Professor A. A. Smorodintsev, who was the viro-
logist associated with Pavlovsky's field studies of
natural foci of Far Eastern encephalitis (Smoro-
dintsev, 1939; Smorodintsev et al., 1939) and who
worked with Levkovich to develop a prophylactic
vaccine (Smorodintsev, Levkovich & Dankovsky,
1940), was well enough acquainted from personal
experience with the classic epidemiology of Far
Eastern encephalitis to recognize the contrasting
differences of family epidemics of diphasic meningo-
encephalitis in rural villages of western USSR
(Smorodintsev et al., 1953). He and co-workers of
the Leningrad Institute of Experimental Medicine
determined that the cases occurred in children and
old people who had no occupational forest exposure
to ticks. They established exposure of these persons
to a common vehicle of unpasteurized goat's milk.
This alimentary route of infection resulted, of course,
indirectly from tick-borne infection of the milk-
producing goats, but presented an epidemiological
picture at considerable variance with the classic tick-
bite infection of man.

Fortuitously, in the spring of 1951 there occurred
in the Slovak town of Roznava an epidemic of
more than six hundred cases of diphasic meningo-
encephalitis. Blaskovic and Raska (Blaskovic, 1954),
apparently with no awareness of parallel investiga-
tions of diphasic meningo-encephalitis cases in the
rural villages near Leningrad, established that the
Roznava epidemic was due to consumption of raw
milk, principally from the local dairy, which did not
pasteurize goat's milk before mixing it with cow's
milk for town distribution (Raska-personal com-
munication, 1957). This experience was not only of
great scientific interest, but also provided a stimulus
to Czechoslovak research which had already
pioneered Central European investigations of diphasic
meningo-encephalitis which, in the following decade,
was to involve all countries of that geographical region
from the Baltic Sea to the Mediterranean.

FRUITFUL RESEARCH

ON CENTRAL EUROPEAN TICK-BORNE ENCEPHALITIS

During the German occupation of Czechoslovakia,
Professor Karel Raska, then an epidemiologist of the
Ministry of Health, recognized the occurrence of
sporadic cases of meningo-encephalitis in substantial
numbers (Rampas, 1955; Raska-personal com-
munication, 1959). After the war, when he was in a
position to direct the virus laboratory and epidemio-

logical facilities of the National Institute of Health
towards this problem, Gallia, Rampas & Hollender
(1949) isolated strains of a virus which proved
to be what is now known as Central European
tick-borne encephalitis virus (CEE), according to
Clarke's (1962) characterization and classification.
This was the beginning of a sequence of scientific
accomplishments of other European microbiologists
in isolating and identifying this virus in Austria,
Yugoslavia, Hungary, Finland, Poland, Sweden, and,
in retrospect, Germany (Blaskovic, 1958; Work,
1962). Although the Soviets had long distinguished
between a Far Eastern spring-summer encephalitis,
with high mortality and serious sequelae, and a
milder diphasic western type with low mortality,
characterization of the Central European diphasic
meningo-encephalitis (which corresponds etiologi-
cally to the Russian western-type spring-summer
encephalitis) was essentially an independent accom-
plishment by scientists of the many countries listed
above (Freymann, 1957; Blaskovic, 1958).
As pointed out elsewhere (Work, 1962), Central

and Eastern Europe, including the European part of
the Soviet Union, is a fairly homogeneous geographi-
cal and ecological paleoarctic habitat of coniferous,
evergreen and deciduous forests, interspersed with
scrub and grass pasture and farmland and inhabited
by wild and domestic mammalian and avian hosts
which support a profusion of ticks in foci of non-
human circulation of CEE virus. As is true of most
arthropod-borne virus infections, human tick-borne
virus infection is a biological accident, usually a
dead-end infection that plays no role in the perpetua-
tion and dissemination of the virus.
What is unique about the component discoveries

of CEE virus in so many different nations which
possess integral parts of the whole problem is that
the scientific efforts in dealing with the tick-borne
virus problem were pursued in many different direc-
tions according to the individual interests of the
scientists, the available laboratory and field facilities,
the source of financial support and the relative
importance of the disease to the population of parti-
cular countries. This fostered an amazing diversity
of research accomplishment in the past decade which,
when considered as a whole, is in many respects
comparable to the Soviet accomplishment of the
preceding two decades.

Gallia's work was prematurely terminated by a
tragic and untimely death, but his significant con-
tribution oriented not only such scientists as Havlik
and Kolman in Raska's new Institute of Epidemio-
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logy and Microbiology in Prague, but also the col-
laboration of scientists on a national basis towards
study of the natural history of tick-borne viruses in
Czechoslovakia.

Paralleling Havlik, Kolman & Lim's antibody
studies (1957), which implicated species of wild birds,
Rosicky & Balat (1954) and Rosicky & Cerny (1954)
did fundamental studies on tick infestation of wild
birds and small mammals. These studies indicated
beyond question that Ixodes ricinus, the tick vector
ofCEE virus, infests a wide variety ofvertebrate hosts
potentially as a fundamental mechanism in dispersion
ofvirus notonly amongawide variety ofwarm-blooded
hosts but also over extensive distances from the pri-
mary focus of infection. A geographical extension of
these findings has been the studies of Federov (1956,
1958a, 1958b) in the Tomsk area of Central Siberia.
In 1947, after a year of virological training in the

USA on a Rockefeller Foundation fellowship, Pro-
fessor Dionyz Blaskovic returned to the Institute of
Epidemiology and Microbiology in Bratislava, where
in 1949, with considerable foresight, he encouraged
a younger colleague, Dr Helena Libikova, to branch
out into research on tick-borne viruses (Libikova-
personal communication, 1959). Besides represent-
ing substantial contributions to regional epidemio-
logy in this field and an important addition to
national collaboration on this problem, the results
helped to justify the establishment of a Czecho-
slovak Academy of Medical Sciences Institute of
Virology in Bratislava in 1952 and fostered the
development of a tick-borne virus research team
unexcelled anywhere. In one decade the scientific
leadership culminated in the Czechoslovaks sponsor-
ing an international Symposium on the Biology of
Viruses of the Tick-borne Encephalitis Complex in
October 1960 at Smolenice. Now published, the
proceedings of this symposium contain more scien-
tific information on the broad field of tick-borne
viruses than any other source currently available.
A substantial part consists of research results
presented by Dr Libikov'a's group, which has been
focusing attention on the fundamental features of
individual viruses, particularly the HYPR strain of
CEE. These include biophysical studies of purified
virus particles, biochemical studies of infected HeLa
cells, detailed pathogenesis studies in laboratory and
domestic animal tissues and viability tests of the
virus under a variety of circumstances simulating the
aberrant milk-borne route of infection.
A remarkably significant observation of this group

reflected field as well as laboratory interest in the

problem. This was Ernek's isolation of CEE virus
from a migratory duck, the garganey (Anas quer-
quedula) in eastern Slovakia, providing further
evidence, of a sort difficult to obtain, that migratory
birds can and do move tick-borne viruses from a site
of infection over long distances (Ernek, 1959).

In 1953, a summer epidemic of meningo-encepha-
litis in Slovenia and Styria, straddling the Slovenian
Alps, led Vesenjak-Zmijanac and Kmet into an ex-
tended virological (Vesenjak-Zmijanac et al., 1955)
and epidemiological (Kmet et al., 1955) study of the
disease and Grinschgl (1955) and Richling (1955)
into the most extensive and detailed clinico-patho-
logical study of Central European diphasic meningo-
encephalitis yet attempted. They were supported
virologically by van Tongeren and Verlinde of the
Netherlands (Verlinde et al., 1955). Van Tongeren
(1959) extended his special interest into animal
reservoirs and tick vectors associated with the Aus-
trian focus and was unable to demonstrate trans-
ovarial transmission of CEE virus in Ixodes ricinus
ticks. Prolonged viraemia was demonstrated in
hibernating hedgehogs.
Oker-Blom (1956b) found that Kumlinge disease

of the Finnish Aaland Islands in the Baltic Sea was
caused by a tick-borne RSS complex virus (Oker-
Blom et al., 1962). With limited resources for mouse
work, he developed a HeLa cell system for neutrali-
zation tests using LI virus (Oker-Blom, 1956a).
Svedmyr and von Zeipel and clinical associates in
Sweden determined that summer seasonal non-polio-
myelitic CNS disease in Stockholm and its environs
was due to CEE virus infection (Svedmyr et al., 1956,
1958). By modifying the tissue-culture neutralization
test technique to Detroit-6 cells (von Zeipel &
Svedmyr, 1958), they found that a serological survey
of antibodies in cattle gave an accurate index of
CEE virus distribution in Sweden (von Zeipel et al.,
1959). They used this test to select a locality where
they expeditiously isolated from ticks three strains
of CEE virus (von Zeipel, 1959). In a serological
survey in shepherds and domestic animals, Terzin,
Work & Matuka 1 have extended the known range
of CEE virus activity to southern Yugoslavia.

RECENT DISCOVERIES EXPOSING THE

GLOBAL DISTRIBUTION OF RSS COMPLEX VIRUSES

Colorado tick fever (CTF) is an important tick-
borne virus disease in the western USA (Eklund et

1 Terzin, A. L., Work, T. H. & Matuka, S. Serological
evidence of a focus of tick-borne RSS complex virus activity
in man and sheep in Herzegovina, Yugoslavia (in preparation).
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al., 1955). This arbovirus is not antigenically
related to the RSS complex, nor does it fall into
Group B. It is not known to be active in a tropical
area, but is mentioned here because the extensive
investigations of this disease carried out by Dr Carl
Eklund of the Rocky Mountain Laboratory at
Hamilton, Montana, have led to isolation of the first
tick-borne virus of the RSS complex to be isolated
in the western hemisphere.

This agent was recovered from a pool of 20
Dermacentor andersoni ticks collected in Colorado
in 1952 (Thomas et al., 1960). Although soon shown
not to be CTF virus, its characterization awaited the
isolation of another Group B virus from the brain
of a child who died of encephalitis in eastern Canada
in September 1958 (McLean & Donohue, 1959).
When Powassan virus, named after the northern
Ontario town where the child was infected, was
forwarded to the Rockefeller Foundation Virus
Laboratories in New York, McLean knew, on the
basis of his own laboratory work, that it was not
identical with SLE or any other Group B virus known
to be active in North America. Casals (1960) deter-
mined that its antigenic place was in the tick-borne
RSS complex but that it was distinctly different from
any recognized member so far described.

There have been reports of isolation of tick-borne
RSS viruses in China, but the characterization of
Negishi virus isolated in Japan as being more closely
related to louping-ill than to RSSE virus (Clarke-
personal communication, 1961) raises the possibility
that still another tick-borne RSS virus may be active
in the Far East, unless its antigenic difference indi-
cates a long period of restriction to insular Japan.

TICK-BORNE VIRUSES IN THE TORRID ZONE

As pointed out previously (Work, 1961), much o f
our present knowledge of the arboviruses resulted
from basic research efforts to isolate and characterize
viruses from likely sources, primarily in the tropics.
The British transformed a post-war scrub typhus
investigation at the Institute for Medical Research
in Kuala Lumpur, Malaya, into a broader ecological
survey. This provided a dragnet which brought into
the laboratory a wide variety of blood-sucking
ectoparasites and provided Dr Gordon Smith with
the Ixodes granulatus ticks from which the TP21
strain of Langat virus was isolated in 1955 (Smith,
1956). He demonstrated that this agent was anti-
genically closely related to RSSE virus and it there-
fore became the first tick-borne virus of the RSS

complex to be found in the tropics. Although ad-
ditional strains of Langat virus have been isolated
from ticks subsequently, there is no evidence that
this virus causes disease in man, and recent studies
(Shah, Cole et al., 1962) indicate that it is generally
non-pathogenic for primates-a fact which, of
course, makes Langat a leading candidate for de-
velopment of a live virus immunizing agent.

It is perhaps ironical that discovery of the only
other tick-borne virus of the RSS complex presently
known from the tropics should have resulted from
recognition of pathogenicity in wild primates.
Kyasanur Forest disease was elucidated and its
causative virus isolated as a result of reports of a
disease killing large numbers of wild monkeys in
Shimoga District of Mysore State in India. In 1957
the only arbovirus infection known to cause fatal
epizootics in wild primates was yellow fever (Strode,
1951). It was to investigate the possibility that yellow
fever had invaded India-where, as elsewhere in
Asia, it had never been known to occur-that the
Virus Research Centre of the Indian Council of
Medical Research commenced investigations in
Shimoga District on 27 March 1957 (Work et al.,
1957).
On the basis of field investigations and laboratory

isolation and serology, the Virus Research Centre
announced just 19 days later (Work & Trapido, 1957)
that monkeys dying in the forest and villagers of the
area suffering from a haemorrhagic febrile illness
which was often fatal were infected with a Group B
arthropod-borne virus which had been isolated from
tissues and blood of sick people and dead monkeys.
Shortly thereafter, wild monkeys of Kyasanur Forest
were found to be infested with ticks and word was
cabled from the Rockefeller Foundation Virus Labo-
ratories in New York that the Group B virus iso-
lated was " similar or identical with spring-summer
virus ", which placed it in the tick-borne RSS virus
complex. The accomplishment of Indian and
American investigators, aided by guidance of the
Soviet scientific literature, led to the elucidation of
a tick-borne virus epidemiology of a disease which
had not been seen in man or monkeys of this area
of India prior to December 1955 (Work, 1958; Work
et al., 1959). Kyasanur Forest disease continues to
occur during January through June, the tropical
spring and summer of each year, in a slowly expand-
ing area of Mysore. It was the first tick-borne virus
disease to be discovered in India and remains the
only tick-borne virus infection of the RSS complex
known to cause human disease in the tropics.
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SPECULATION ON THE ORIGIN AND PAST, PRESENT AND

FUTURE DISTRIBUTION AND DISSEMINATION OF RSS
COMPLEX VIRUSES

The preceding sketch of antigenic variation, group
relationships, and global distribution of the arbo-
viruses in general, and of recognized agents of the
RSS complex in particular, leads us to constructive
speculation about the actual origin of the RSS tick-
borne viruses, their evolution and host-vector
adaptation in the past, and possible mechanisms of
distribution. As to evolution and adaptation, two
concepts are in contrast. As to distribution, how-
ever, the mechanisms appear to be fairly evident,
only the extent being open to question.
The contrasting theories of evolution and adapta-

tion stem from a generally agreed common source,
because of the well-established antigenic affinity not
only between each of the eight recognized RSS virus
types, but also for a larger number of mosquito-borne
viruses in Casals' Group B. Whether the precursor
of all Group B agents was spawned in the more

primitive acarine tissues or converted from origin in
mosquitos to a more durable existence in long-term
transtadial development of ixodid vector hosts is
debated. Adaptation to ticks may have resulted from
the influence of extreme environmental change such
as amplified low temperature conditions associated
with progression of an ice age. The more primitive
physiology of the Arachnidae favours durability and
a wider environmental and geographical range of
distribution, but this theory competes unfavourably
with the rapid evolutionary changes reflected in the
antigenic variety of Group B viruses transmitted by
mosquitos. A statistically predictable increase in
deviating mutations derives from the accelerated
pyramiding of generations resulting from rapid
parasitic cycling of generations.
To take a practical example, we may ask whether

these viruses originated in the tropics, where a

greater variety of arthropod vectors and vertebrate
hosts were available to accommodate such evolution
before Group B viruses moved in a mosquito-
vertebrate cycle northwards into present subarctic
latitudes during the salubrious climatic periods which
prevailed between the ice ages; or whether they
adapted to ticks which were transported northwards
focus by focus to an existence in a greater range of
extremes in which they were sufficiently tolerant and
adaptable to survive.

In contrast is the concept that the origin of these
viruses was in temperate-zone ticks or warm-
period arthropods, and that, as these expanded into

the tropics, the viruses adapted in certain numbers
to mosquitos with an increase in generation fre-
quency which gave rise to the intriguing variety of
tropical viruses seen today. Accumulation of further
data on antigenic origin is important in relation to
the possibility of predicting how variations of
pathogenic importance may occur in the future, as
have been seen to happen with other viruses such as
the influenza A complex. Of equal importance is the
ultimate characterization of the simplest antigenic
type, which inherently has the most universal antigen.
This simple but universal antigen is very likely the
key to the most effective immunization against the
greatest number of antigenically related RSS com-
plex and group B viruses. In regard to the direction
of dissemination of presently known strains or their
precursors, whether the KFD virus resulted from a
southwards movement of RSSE or Omsk, or vice
versa, is of less importance than the actual mecha-
nism which contributed to this distribution. This is
because past biological mechanisms must be operat-
ing at present and may produce important new foci
in the future.

Actually there are two schools of thought in this
sphere. The antigenic splitters take diversity of type
characteristic of different geographical origins as
indicating prolonged genetic isolation which pre-
cludes their present-day movement being of any im-
portance (Rockefeller Foundation, 1959). Students
of biological similarities, on the other hand, conceive
of these differences as sometimes being merely
random differences but in any case representative of
kinetic dissemination which in some measure is con-
tinuous. What may prove true of one virus or group
of viruses is unlikely to be applicable to all groups or
species which exhibit such a variety of biological
relationships. The most important point resulting
from these speculations is that data in substantial
quantity have not been accumulated to provide a
definitive answer on a single arbovirus or its
mechanism of dissemination.

Clarke's antigenic studies of the RSS complex and
field investigations of ticks and birds such as those of
Rosicky, Federov, Hoogstraal, and Ali are the
beginning of a long road which remains to be
travelled.

CONTEMPORARY TRENDS IN TICK-BORNE
VIRUS RESEARCH

Mention has been made of several aspects of cur-
rent research on tick-borne viruses. Persistent
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studies continue in many laboratories on various
RSS complex viruses-in different experimental
animals, including primates (Ilyenko & Pokrovskaya,
1962; Shah, Cole et al., 1962), domestic animals
(Greshikova, 1957, 1958a, 1958b), mice (Shah, Cole
et al., 1962; Moritsch & Kovac, 1962), and birds
(van Tongeren, 1962); on virus purification and
analysis by biophysical means (Sokol et al., 1962),
calcium columns (Smith & Holt, 1962), antibody
absorption (Clarke, 1962); on antigenic analysis
(Clarke, 1962; Smith & Holt, 1962); on selective and
productive tissue-culture cell systems (Levkovich &
Karpovich, 1962; Zasukhina, 1962; Buckley, 1959;
Bhatt, 1962; Libikova & Albrecht, 1962; Libikova &
Vilchek, 1962; Mayer, 1962; Mayer, Zavada &
gkoda, 1962; Mayer, Zemla & Albrecht, 1962; per-
sonal communications, 1959, from Oker-Blom and
Svedmyr & von Zeipel); and on vaccine, which will
be discussed separately in relation to the important
problem of prevention and control.

Field investigations are perhaps more apposite to
this paper, for in the tropics only two RSS complex
viruses have been detected and only one appears to
be of serious consequence in hurian disease. It is
through field investigations, adequately supported by
laboratory facilities and competence, that we can
hope to make further progress in the tropics. Besides
locating new areas where tick-borne viruses are
active, thereby isolating new strains and types for
comparative study, it is imperative that initial studies
towards evaluating the role of birds in the dissemina-
tion of tick-borne viruses be pursued in increasing
measure. Previous reference has been made to the
work of Rosicky, Balat, Cerny, Havlik, Kolman,
Ernek, Federov, and van Tongeren in this regard.
Hoogstraal instituted studies of tick infestation of
migratory birds in the Nile Valley of Egypt which
demonstrated the frequency of European ticks being
carried southwards into Africa and of African species
being transported north (Hoogstraal & Kaiser, 1961).

Following the implication of birds in the wild
cycle circulating KFD virus in India, and with local
evidence of KFD antibodies in human residents of
peninsular Saurashtra, the Virus Research Centre
collaborated with the ornithologist Salim Ali and
others of the Bombay Natural History Society
(BNHS) in exploring the value of seasonal collections
and examination for ectoparasites of migratory birds
passing in the fall and spring through the migratory
focal point of Kutch, just north of Saurashtra." Pre-

1 Unpublished mimeographed reports on the BNHS/
WHO Bird Migration Field Project, from 1959.

occupation with other concerns, in part further in-
vestigations of KFD virus, has prevented extensive
virological and serological study of these specimens.
Federov (1958c) at Tomsk has initiated some studies
of this sort, but considering that some species of
Siberian summer-breeding birds winter in India, it
would seem of mutual interest to collaborate in in-
tensive examination of at least a few species common
to both areas. It is recognized that expanded facilities,
in number and capacity, must be available if valid
results are to be obtained in this and similar prob-
lems, such as mosquito-borne eastern equine
encephalitis (EEE) in the western hemisphere. The
Communicable Disease Center in Atlanta, Ga., is
assisting international efforts to probe this supra-
national problem of potential virus dissemination by
migratory birds through professional and technical
training and reference research, and by sponsorship
and support of workers in other American nations
along the migration flyways.
No laboratories or individual scientists have under-

taken the task of comprehensively dissecting each
of the eight known viruses of the RSS complex. Such
research is inhibited not only by limited laboratory
equipment and restricted technical skill and interest,
but also by the very real dangers involved in handling
most of these agents.

In the Institute of Neurology in Moscow is a
memorial urn containing the ashes of early workers
who died of laboratory infections with RSSE virus.
Others limp physically through life because of devo-
tion to scientific study of this virulent tick-borne
agent. Two American workers have also died of
RSSE virus infection resulting from laboratory
accidents. Eleven cases of diphasic meningo-
encephalitis have occurred among the staff of the
Czechoslovak Institute of Virology in Bratislava in
the past ten years, without fatality but with some
sequelae (Blaskovic personal communication,
1959). Louping-ill virus long ago caused laboratory
infections in Great Britain which led to description of
the sheep disease in man. A satisfactory vaccine
specific for LI virus has apparently adequately pro-
tected workers in recent years for there have been no
recent infections in vaccinated technicians. Omsk
haemorrhagic fever virus has claimed its laboratory
victims too, although none have died.
The highest scorer has been Kyasanur Forest

disease virus, with more than 30 laboratory and four
field infections, without fatality at last report.
Some of these occurred in adequately RSSE-vac-
cinated persons with demonstrable high-titre anti-
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body for RSSE virus (Morse et al., 1962). This
proved to be an early sign of the inadequacy of
formalin-treated, RSSE-infected, mouse-brain vac-
cine for prophylaxis against infection with KFD
virus. It was this and subsequent similar experience
which exposed the complicated inadequacy of vac-
cines against infection with viruses of the tick-borne
RSSE complex.
Because of their affinity for tick tissue, the anti-

genic dissection of tick-borne viruses is of utmost
importance. For if the tick-borne viruses are more
primitively simple than mosquito-borne Group B
viruses, the clues to the basic nature of this sort of
infectious virus particle may emerge. The con-
stituents may be revealed of a common complex or
group antigen which appears to be of such import-
ance in the development of effective broad-spectrum
immunization. They may also represent the essential
particles which must be dealt with in accomplishing
pharmacological inactivation within the infected
host cell, which is the ultimate goal in therapeutic
control of virus disease but which so far has proved
impossible.

PREVENTION AND CONTROL

While such questions, answers, and concepts as
have been considered here put into perspective how
far we have come and outline a fascinating scientific
future, the problem of tick-borne virus disease is with
us now. It requires application not only of proved
methods of prophylaxis but also of better antigens
for immunization and an expanded variety of vector
control measures, some applicable to continuous
transmission in the conditions of minimal extremes
that are characteristic of tropical climates.
The chemical inactivation of virulent agents of

infectious disease without destruction of their
attributes as an antibody-stimulating antigen has
long been known and utilized in the preparation of
what are called " killed " vaccines. One of the most
useful chemicals for such use has been formal-
dehyde because of its apparent latitude in " killing"
the infectivity of virus particles without substantially
reducing antigenic activity under properly controlled
conditions.
The urgency to develop a protective vaccine for

RSSE virus resulted from the need to protect
laboratory workers from accidental infection in the
USSR in 1937. Such a vaccine was produced and
its use extended to populations likely to be exposed
to infection by tick-borne viruses (Smorodintsev,
1939). The vaccine was progressively improved in

regard to potency and safety (Smorodintsev et al.,
1940, 1941a, 1941b) and its preparation was stimul-
ated by the Walter Reed Army Institute of Research,
Washington, D.C., in order to make protective
vaccine available to any bona fide scientific worker
anticipating exposure to RSSE virus. This material
has been available for many years and, on the basis
of post-vaccination antibody response, its use became
a standard procedure for the protection of arbo-
virus workers.

In 1957, the rapid extension of the focus of
Kyasanur Forest disease in Shimoga District posed
an emergency public health problem (Work et al.,
1959). At the time there was no indication that the
progression would not continue in subsequent
seasons at a similar rate. The Mysore Government
sought assistance from the central Government of
India. Through the good offices of the Rockefeller
Foundation, arrangements were made to obtain
50000 doses of formalin-inactivated mouse-brain
vaccine from the Walter Reed Army Institute of
Research to protect villagers and government person-
nel residing or working within and adjacent to the
known infected area (Morse et al., 1962).
Of considerable importance in the selection of a

strain for preparation of the vaccine was the know-
ledge that KFD virus was antigenically similar but
still significantly different from RSSE virus. Al-
though two " adequately RSSE-vaccinated " tech-
nicians had suffered from KFD after laboratory
exposure to the virus at the Walter Reed Army In-
stitute of Research, potency tests with KFD as the
challenge virus which showed 5 log protection with
a high-passage RSSE strain vaccine as against only
3 log with a low-passage KFD strain vaccine guided
a decision to use the " safer " high-passage RSSE as
the antigen strain for mass production of vaccine.
At that time little importance was attached to con-
sideration that the high-passage RSSE strain vaccine
was compared with a low-passage unadapted KFD
strain in a mouse potency evaluation system. Greater
significance was given to these observations many
months later, after experience with the vaccine in a
KFD-exposed population in India and after addi-
tional RSSE-vaccinated laboratory workers had
suffered infection with no significant evidence of
protection.

Epidemiological, clinical, and serological evalua-
tion of 4936 persons who received the full course of
three l-ml doses of RSSE vaccine showed no signi-
ficant protection, palliation of disease, or even dimi-
nution of viraemia among 12 patients who subse-
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quently suffered from KFD (Aniker et al., 1962;
Shah, Aniker et al., 1962; Pavri et al., 1962).

Preliminary experiments comparingMacaca radiata
monkeys vaccinated with KFD vaccine with another
group vaccinated with RSSE vaccine showed dis-
tinctly superior protection in the homologous KFD
system (Work-unpublished data). Parallel studies
by Shah, Cole et al. (1962) in mice and other labo-
ratory animals showed similar results. The sum
total of all available experience indicated that there
was insufficient antibody overlap within the RSS
complex to provide protection from any other than
the antigen-type virus used.

Attention was subsequently diverted to experi-
mental vaccination of laboratory rodents and
primates with the TP21 strain of Langat virus, which
did not appear to be pathogenic for primates and
was relatively less pathogenic to other animals
(Shah-personal communication, 1960; Shah, Cole
et al., 1962).

In the mass production of vaccine, sufficient
volume of material containing virus of adequate
titre is a limiting factor. In the USSR, where tick-
borne virus infection usually occurs in the spring
and summer, lyophilized mouse-brain vaccine is
prepared throughout the year for distribution for use
early each spring. Soviet scientific efforts have been
directed successfully towards obtaining a greater
volume yield of virus for inactivation from tissue
culture (Levkovich & Zasukhina, 1960). Wherever
mouse-brain tissue can be avoided in killed vaccines,
lower sensitization of the recipient to mouse-brain
tissue may be expected. This sometimes appears as
a medical problem preventing adequate vaccination
of certain laboratory workers.
Noting the general difficulty of obtaining broad

Group B immunity in laboratory animals and man
with a single live or killed Group B virus antigen,
Price commenced an extensive series of investiga-
tions to produce a broad-spectrum protective
Group B antibody by series inoculation of a multi-
plicity-usually three-of different Group B virus
antigens. His method of beginning with live attenu-
ated 17D yellow fever virus followed by a killed or
newly attenuated West Nile virus, and subsequently
using a formalin-killed JBE or RSSE or live Langat
virus has shown promising experimental results and
is now ready for trial in human volunteers (Price,
1957; Price et al., 1961).
While this is a step forward in the design of a

vaccine differing in antigenic components according
to the geographical region of exposure, it is but a

way-station along the route to purification of the
common Group B antigen or attenuation of live
viruses which can be administered without harm
to the host. Great interest and attention has been
given to the development of attenuated Group A
and B viruses as vaccine candidates in American
laboratories (Sabin, 1952; Schlesinger et al., 1956).
H. N. Johnson (personal communication, 1960) has
an attenuated WEE strain; W. M. Hammon (per-
sonal communication, 1961) one for JBE that may
be over-attenuated to the point of subminimal
antigenicity for primates; Wisseman a strain of
dengue; and the US Army Medical Corps an
incompletely attenuated pyretic strain of Venezuelan
equine encephalitis virus. There is need for elaborate
and extensive well-controlled trials of each of these
vaccine candidates before any strain can be said to
have reached the point of general usefulness. But
the development and existence of these attenuated
strains reflect the orientation of American efforts
towards the problem of vaccination of man against
many different arbovirus infections.
The taiga situation encompassing occupational

and recreational exposure to tick-borne virus infec-
tions has oriented Soviet research towards control
of tick vectors in a variety of temperate enviion-
mental conditions. The measures include application
of insecticide to the snow-covered taiga floor in late
winter or early spring so that the thaw will allow
the chemical to seep into the most elusive tick
harbourages where the dormant vectors have over-
wintered. In other localities, such as summer camps,
the vegetation and taiga floor in and surrounding
the area of anticipated human activity is sprayed
or fogged one or more times prior to and during
the period of activity. Certain special occupational
groups are equipped with and instructed to wear
special clothing to prevent ticks attaching to their
skin.
The use of repellents has also been used effectively

by some. Repellents such as dimethyl phthallate
have been developed primarily for protection against
tropical mite transmission of Rickettsia. New
chemicals developed in Great Britain and the USA
have long-term effectiveness. Strange as it seems,
any preventive or control measure ultimately en-
counters the resistance of human nature. American
research has developed ingenious means not only
for applying repellent, but for inducing the exposed
human to apply it.

It has been suggested (V. M. Zdhanov-personal
communication, 1959) that the Soviet experience
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and technical developments for tick control might be
extended to application in the KFD-infected areas
of India. While the basic principles of insecticidal,
repellent, and garment protection against ticks have
been admirably applied for effective tick control in
the temperate USSR, there are some distinct diffe-
rences encountered in a tropical forest which pose
more difficult problems. There is no winter cold
period of dormant tick activity when vectors can be
dealt a decisive blow, and no snow to melt to
saturate a forest floor with insecticide. During
certain months, torrential monsoon rains rinse and
flush surface cover repeatedly, washing away all
chemicals, no matter how tenacious. Repellents
are expensive and are of short persistence on perspir-
ing skin. Even if villagers had adequate economic
resources to provide for protective clothing, the
physiological response to a tropical climate pre-
cludes an effective body-covering sufficient to dis-
courage infestation by an abundance of tick vectors.

In August 1957 vector control was a major
consideration at an emergency conference held to
determine a course of action for effectively dealing
with the KFD problem (Indian Council of Medical
Research, 1957). Attention was focused directly
on how to destroy the virus-infected ticks active in
a relatively small infected area. Complete expunge-
ment of all life in the area by transfer of the human
population, extermination of wildlife, and burning
of vegetation was suggested and strongly supported
but proved practically unattainable by the beginning
of the next epidemic season in 1958, so action for
prevention and control took the form of widespread
vaccination which, as indicated above, proved
generally ineffective.
Kyasanur Forest disease remains a tropical tick-

borne virus disease now so extensive and perma-
nently established that the only apparent means
for effective prophylaxis will be an effective single-
injection vaccine. This requires development of a
specifically immunogenic attenuated living virus
strain which-to judge by past experience with such
diseases as yellow fever (Theiler, 1952)-seems to be
the only means by which lifelong immunity can be
induced.

INTERNATIONAL SURVEILLANCE AND COLLABORATION

Research developments are advancing at an
accelerating rate on a global scale. With tick-borne
louping-ill a recognized disease in the British Isles,
with diphasic meningo-encephalitis (CEE) a disease

of all central and eastern European countries, with
the Soviet Union a happy hunting-ground for three
different RSS complex viruses, with KFD of India
the classic tropical tick-borne virus affliction, with
recognition of non-pathogenic (for primates) Langat
(TP21) virus from Malaya and Negishi encephalitis
virus from Japan, and with the recent inclusion of
North America in the global realm of the tick-borne
RSS virus complex by virtue of the discovery of
Powassan virus from human encephalitis and ticks,
the international nature of the problem is evident.
No longer can the occurrence of tick-borne virus
disease in one locality, region, or country remain
of only local or isolated interest. Like the global
problems of malaria, smallpox, and yellow fever,
the problem of the tick-borne virus diseases is one
of international significance calling for more active
and definitive surveillance. This can be accomplished
by national health and scientific authorities of the
various countries involved under the aegis of the
World Health Organization which could, in an
appropriate way, add information on these diseases
to its periodic dissemination of statistical reports.

In regard to the exchange of scientific information
and the support of collaborative investigations on
tick-borne and other arbovirus problems, the
World Health Organization seized the opportunity
of the International Congresses on Tropical Medicine
and Malaria held in Lisbon in September 1958 to
organize an informal meeting among the numerous
arbovirus experts to obtain guidance on how
WHO should proceed to implement systematic and
effective exchange of scientific information on a
national and international basis.
As a direct result of the Lisbon meetings, WHO

organized a series of meetings for the formulation
and implementation of international policy on arbo-
virus research: a Scientific Group on Virus Research
in November 1958, a Scientific Group on Immuno-
logical and Haematological Surveys in December
1958, a Scientific Group on Research on Birds as
Potential Disseminators of Arthropod-borne Viruses
in March 1959, and a definitive Study Group on
Arthropod-borne Viruses in September 1960, whose
report, published in 1961, constitutes a concise guide
to arthropod-borne virus research.
As a result of the proceedings and recommenda-

tions of the earlier WHO meetings, a representative
group of American investigators of arboviruses
was called by the Rockefeller Foundation in New
York in October 1959, to outline policy and mechan-
isms for the systematic organization of current
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knowledge on arboviruses and of exchange of
unpublished scientific information and to explore
the establishment of a source for certain basic
serological reagents necessary to expeditious screen-
ing of new isolates. Stimulated by such scientists
as Dr R. M. Taylor and with encouragement from
WHO, the American Subcommittee for Arthropod-
borne Virus Information Exchange commenced the
preparation of a continuous catalogue of arthropod-
borne viruses and the issue of a thrice-yearly news-
letter. Following recommendations of the interna-
tionally representative WHO Study Group in
September 1960, the American group extended
participation in the information exchange on an
international basis under evolving auspices associated
with WHO designation of regional reference labo-
ratories for arthropod-borne viruses. From widely
dispersed scientists and laboratory facilities dealing
with a diversity of arbovirus problems, there has
been brought about, with Rockefeller Foundation
support and WHO encouragement and guidance,
an almost unnoticed international collaborative
scientific movement to deal with the tick-borne along
with a great variety of other arthropod-borne viruses,
the intriguing family of infectious disease agents
which have been found active in some form in every
locality inhabited by man on earth, but particularly
in those geographical regions with hot climates.

IMPLICATIONS FOR THE FUTURE

It should be clear now that the Soviet encounter
with tick-borne spring-summer encephalitis in the
Far East of the USSR in 1937 did not merely add
substantially to our broad knowledge of and experi-
ence with arthropod-borne viruses. It opened an
era of scientific investigation of a complex of human
disease problems which has transcended national
and continental boundaries. The knowledge made
available by Soviet studies of RSSE, Omsk, and

RIS'

L'on connait maintenant plus de 150 virus transmis
par les arthropodes; plus de 50 d'entre eux sont patho-
genes pour l'homme. Parmi ces virus, ceux appartenant
au complexe de l'encephalite verno-estivale russe it tiques
sont directement responsables d'un assez grand nombre
de maladies humaines de gravite d'ailleurs variable. Les
8 virus (diff6rents par leurs antigenes) appartenant a ce
complexe et connus a ce jour sont ceux de l'encephalite
vemo-estivale russe, du looping-ill, de l'encephalite de
1'Europe centrale, de la fievre h6morragique d'Omsk, de

diphasic meningo-encephalitis viruses, and the monu-
mental work of Pavlovsky which supported the
promulgation of the theory of natural nidi (Pav-
lovsky et al., 1954) as it applies to tick-borne virus
reservoirs, accelerated the understanding and inves-
tigations of tick-borne virus problems elsewhere.
Recent acquisition of knowledge on new species of
the RSS virus complex has contributed profoundly
to bridging the gap between the eight known
Group B tick-borne viruses and a larger number of
other arthropod-borne viruses, transmitted by
mosquitos and other winged, blood-sucking arthro-
pods, most active in hot climates.

In fact, the wide dissemination of Soviet scientific
information on tick-borne virus infections and the
phenomenal advance of internationally acquired
knowledge about arthropod-borne viruses within the
diverse network of international medical research,
largely guided and supported by the Rockefeller
Foundation, is most cheering, reflecting what
science in the service of mankind can accomplish
in defining global problems of human disease.

Against the background of Soviet accomplish-
ment in tick-borne virology in the 'thirties and
'forties, we can see discoveries of new RSS complex
viruses in tropical Malaya (1956), India (1957) and
North America (1958-60). This implies that there
are other unrecognized tick-borne virus problems
in the torrid zone countries of Asia, Africa, and
Central and South America, and suggests the pre-
diction that a collective approach as exemplified by
India in the development of facilities and competence
which so expeditiously elucidated Kyasanur Forest
disease, will bring about the isolation of new viruses
and the definition of new problems which can
contribute significantly to success in the relentless
quest of the international scientific brotherhood
which thinks increasingly in terms of global signi-
ficance.

UMI2

la maladie de la foret de Kyasanur, ainsi que les virus
Langhat (TP21), Negishi et Powassan.

L'auteur passe en revue l'histoire de la decouverte des
virus transmis par les tiques, leur r6partition geogra-
phique, leurs proprietes immunologiques, les tentatives
de vaccination qu'on leur a opposees.
Enumerant ensuite les nombreux problemes qui se

posent encore, l'auteur en souligne les difficultes, rappe-
lant entre autres les 6checs de la vaccination massive
contre la maladie de la for8t de Kyasanur avec du vaccin
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prepare a partir de virus de 1'encephalite verno-estivale
russe. Les virus sont donc antigeniquement parents, mais
demeurent assez differents pour qu'il soit impossible
d'obtenir une immunite croisee veritable.
En ce qui concerne la lutte contre les insectes eux-

memes, l'auteur souligne que certains moyens excellents
et peu cofiteux dans la taiga siberienne sont absolument
inutilisables dans une for& tropicale. Le probkme que
pose la maladie de la foret de Kyasanur ne sera resolu
que par la decouverte et la generalisation d'une vacci-

nation veritablement specifique (grace a un virus vivant
attenue).
En conclusion, l'auteur estime que dans la lutte contre

les virus transmis par les tiques, une collaboration inter-
nationale semblable a celle realisee dans le domaine des
maladies quarantenaires est indispensable, d'autant plus
que l'existence d'autres maladies humaines transmises
par les tiques (en particulier dans les regions tropicales
et subtropicales de l'Asie, de l'Afrique et de l'Amerique
latine) est des plus probables.
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