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Some Ecological Aspects of the Problem of
Arthropod-borne Animal Viruses in the Western

Pacific and South-East Asia Regions*

J. A. R. MILES'

In recent years there has been an increasing awareness of the importance ofarthropod-
borne viruses in the Western Pacific region and in South-East Asia. This realization of the
importance of these viruses as causes of human morbidity and mortality and of economic
loss due to infection ofdomestic animals has led to studies attempting to elucidate the basic
ecology ofsome of these viruses. The author reviews the extent-ofknowledge ofthe ecology
of Japanese and Murray Valley encephalitis viruses and indicates possible mechanisms for
the overwintering of the viruses based on experiments in which other viruses were mainly
used. He discusses the limited available knowledge on the ecology of dengue and empha-
sizes the necessity of research on the possibility that this disease is a zoonosis. A brief dis-
cussion is also given of the haemorrhagic diseases which are found in these regions and a
brief description of the state of knowledge on the ecology ofKyasanur Forest disease and
epidemic nephroso-nephritis. A brief discussion is also included on the ecology of the tick-
borne Russian spring-summer encephalitis.

During the past few years the amount of work
being carried out on arthropod-borne viruses has
greatly increased and the increase in the amount of
field work has led to a vast multiplication of the
numbers of serologically distinct viruses recognized.
Many of these viruses have not so far been associated
with any clinical syndrome in man or domestic
animals, but some of the recently isolated viruses,
as well as viruses which have been known for many
years, are important sources of disease. Studies car-
ried out on some of these viruses have given us some
understanding of their ecology, and, in certain cases,
a limited amount of ecological information is avail-
able on the newer viruses. In this paper some con-
sideration will be given to viruses of considerable im-
portance in human disease (Table 1), but no con-
sideration will be given to viruses of uncertain
status, because we know so little about their ecology.

* Revised version of a paper submitted to the Seminar on
Japanese Encephalitis and Other Arthropod-borne Virus
Infections convened in Tokyo in October 1962.

1 Professor of Microbiology, Medical School, University
of Otago, Dunedin, New Zealand.

TABLE 1
CHARACTERISTICS OF VIRUSES DISCUSSED

Transmission Main knownVirus Vector to man natural cycle

Japanese
encephalitis Mosquito Mosquito bite Bird -mosquito

Murray Valley
encephalitis It

Dengue 1., Man-mosquito

Dengue 2 to to

Dengue 3 to of

Dengue 4 to ,,

Chikungunya to ?

Russian spring-
summer
encephalitis Tick Tick-bite Mammal-tick

Kyasanur Forest
disease

Haemorrhagic
nephroso-
nephritis Gamasid Airborne Rodent-mit?

mites
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The problem essentially divides into two main
parts. We need to consider, first how and where
these viruses survive when no epidemics are occur-
ring, and, secondly, what are the factors leading to an
epidemic situation. This problem is not the same in
all parts of the area under review. The climatic
differences between the Far Eastern USSR and
Malaya, for instance, ensure that the ecology of the
same virus is substantially different in these two
areas. Only one virus is known to exist throughout
this vast climatic range and because of this the study
of the ecology of Japanese encephalitis virus (JE) in
different areas is of special interest. The findings
with the related Murray Valley encephalitis virus
(MVE) may well be considered together with JE
since facts about either of these important viruses
may be relevant to study of the other.
The problem of survival of tick-borne viruses is

quite different and, at first sight, appears very much
more simple. However, the study of Kyasanur
Forest disease (KFD) reveals a number of interesting
problems which require consideration.
The dengue viruses and the Phlebotomus viruses

present a different type of problem. These viruses
have never been clearly shown to have any reservoir
animal other than man, and the survival of a virus
which produces a limited viraemia and leads to the
production of high titre and long-lasting antibodies
in the host is difficult to explain when that host is one
so long-lived and so slow in reproduction as man.
Work on many diseases which have both an in-

vertebrate vector and a vertebrate definitive host have
shown that such viruses survive in endemic or
enzootic foci. Pavlovsky and his colleagues in the
USSR have made more extensive investigations on
these types of disease than any other groups and he
has been responsible for developing concepts about
them and terminology for them. The Russians refer
to his views as the " doctrine of nidality ". Before
summarizing this doctrine it is necessary to clarify
the use made here of certain terms in ecological
jargon.

DEFINITIONS

Ecosystem
Tansley (1939; quoted by Audy, 1958) has

defined ecosystem thus: " a unit of vegetation
considered as such a system includes not only the
plants of which it is composed, but the animals
habitually associated with them, and also all the
physical and chemical components of the immediate
environment and habitat which together form a

recognized self-contained entity ". It will be noted
that in this definition Tansley includes physical
environment as well as the community of living
organisms existing in that physical environment.

Biocenose

This word will here be used to refer to the " spe-
cies-network" which is the mutually connected
assemblage of living species within the ecosystem.
In some work it would appear that " biocenose " is
used for major assemblages of species within the
ecosystem and also for subdivisions of such a major
species network. For these it is better perhaps to
use the term " community

Community
This term can be used variously for a particular

part of a biocenose chosen for a particular study, as,
for instance, a heronry or a rabbit warren and all
associated organisms.

Nidus
Pavlovsky uses the term " nidus " to cover both

"biocenose " and " community ". His doctrine may
be summed up in this way: just as an animal tends to
have a habitat with a definite association with other
species, making together a biocenose within a
particular ecosystem, so a disease tends to have a
habitat and this is particularly so in the case of those
diseases which are dependent for their transfer from
one definitive host to another on some invertebrate
parasite of that host. Such diseases have natural
habitats in defined ecosystems in which the definitive
hosts, parasitic vectors and pathogens themselves are
part of a biocenose in which the pathogen circulates.
Pavlovsky therefore speaks of " landscape epidemi-
ology" to emphasize the fact that landscape is
epidemiologically important because its charac-
teristics are those of a particular type of ecosystem.
When man becomes involved in an ecosystem which
contains a nidus of a zoonosis, he is liable to become
involved in the cycle of the disease and to become
infected. In many cases he will alter the environment
and he may alter it in such a way that the nidus is
eliminated. On the other hand-when, for example,
he sets up an irrigation scheme-he may increase the
area suitable for the biocenose involved in the enzoo-
tic survival of the disease, which then may greatly in-
crease in importance. Therefore the study of the
ecological conditions under which an arthropod-
borne virus may remain as an enzootic disease is not
merely a matter of academic interest, but is also of
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considerable practical importance both in under-
standing the occurrence of epidemics of such diseases,
and in the preparation for the development of un-
developed land and for the close settlement of in-
completely developed territory.

JAPANESE ENCEPHALITIS AND MURRAY VALLEY

ENCEPHALITIS VIRUSES

JE and MVE are two viruses placed in the same
subgroup of the group B arboviruses which both
produce a severe encephalitis in man, having the
highest incidence in children even when virgin
populations are exposed to the viruses for the first
time. The available evidence suggests that both these
viruses exist in wildlife foci in a bird-mosquito cycle.
On many grounds it seems probable that the

arthropod-borne viruses have developed in the
tropics and have expanded their range into temperate
zones, and therefore it is natural to consider their
ecology in tropical situations first of all.
JE virus is known in the moist equatorial zone in

Malaya. In this area the virus appears to be enzootic,
and sporadic human cases may occur at any time of
the year. The main mosquito vector in this area
appears to be Culex tritaeniorhynchus. On Singapore
Island there is evidence of infection of pigs, and,
since these animals develop a viraemia sufficient to
infect vector mosquitos, and since large numbers of
them are kept on the island, it seems likely that they
may provide an amplifying host which leads to an
increase in the amount of mosquito infection and
greater opportunities for human involvement in the
cycle. Because of this there may be from time to
time small outbreaks of JE on the island superim-
posed on the general background of sporadic infec-
tion occurring at any time of year.

In tropical areas with a definite wet and dry season
the situation is different. In these areas the maximum
of mosquitos seems to be towards the end of the wet
season at a time when the rainfall is becoming less
but the country is still very moist. In general the
pattern of infection follows the vector frequency.
However, it appears certain that in some places the
maximum frequency of the disease is rather earlier
than the maximum frequency of mosquitos. This is
probably because the highest rate of mosquito in-
fection will be associated with the maximal period of
bird breeding when there are large numbers of
naked susceptible nestlings incapable of defending
themselves from mosquito attack. These make very
efficient amplifying hosts. The problem of survival of

virus through the dry season under these conditions
is quite likely the same in the case of MVE as in JE,
and I propose to use MVE as my example for con-
sidering this problem.
Most of the studies on the distribution of MVE

virus in Australia have depended largely on serolo-
gical surveys and therefore may be to some extent
vitiated by the existence of other related group B
viruses in Northern Australia whose relation to
human disease is not yet clarified (Doherty et al.,
1961). However, it seems probable that neutraliza-
tion tests are sufficiently specific to give a fairly clear
picture of distribution of MVE as against these
other related viruses. Beech, Howes & Miles (1953)
studied antibodies to MVE virus in Australian
aborigines in 11 stations in the tropical areas of the
Northern Territory of Australia. In the very dry
areas in central Australia only a low proportion of
individuals had antibodies to the virus and further
north there were variations in different stations.
However there were three stations where between
85% and 90% of sera had neutralizing antibody and
it was thought that such places were probably local
endemic foci of the virus. Later investigations by
Miles & Dane (1956) showed that in at least two of
these three supposed endemic foci infections of birds
had clearly taken place during the wet season of
1953-54 and the high proportion of complement-
fixation positives among the human sera suggested
that there had also been much human infection at the
same time. These results indicated that virus had
spread in these localities in the summers of 1951-52
and 1953-54 when no epidemic of the disease was
seen in the settled areas and suggest that the virus is
endemic there. The investigations of Doherty et al.
(1959) at the Mitchell River Mission in North
Queensland showed that there were no antibodies to
MVE virus in 1958 in the sera of 15 aboriginal
children between two and three years old. This sug-
gests that this virus, which has been isolated several
times at the Mitchell River Mission, is not present
there in every year, or at least that it does not re-
gularly infect human subjects. It is, of course, pos-
sible that MVE virus is always present in this area
but that, like eastern equine encephalitis, MVE has
a wild bird-mosquito cycle in which the main mos-
quito vector is strictly an avian mosquito reluctant to
bite any mammal. Our present lack of knowledge of
the feeding habits of Australian mosquitos makes it
impossible to do anything more than speculate on
this. Up to the present, MVE virus has been isolated
from only two species of mosquito: Culex annuliros-

199



J. A. R. MILES

tris, which is an indifferent feeder thought to be the
main epidemic vector in the Murray Valley, and
Aedes normanensis (Doherty et al., 1961).

It is now generally held that MVE virus is enzootic
in a wild bird-mosquito cycle in Northern Australia
and/or New Guinea. Miles & Dane (1956) sug-
gested that, in those limited areas of permanent
swamp which existed in Northern Australia, the
virus might survive in a bird-mosquito cycle. They
pointed out that as, during the dry season, more and
more water holes and swampy areas dried out an in-
creasing number of birds would be forced to visit the
few permanent swamps. As a result it would be quite
possible for a continual supply of susceptible birds
to be brought to a small enzootic focus throughout
the year and so enable the virus to survive in a
simple bird-mosquito cycle. It was then suggested
that in years when the conditions were particularly
good for both bird and mosquito breeding early in
the season in such enzootic areas, a very high con-
centration of infected birds built up and, as they
dispersed from the breeding area, they spread the
infection. Under suitable conditions they might
bring it to the settled areas.

In the case of Murray Valley encephalitis the
absence of evidence of infection in non-epidemic
years (Reeves et al., 1954; Anderson, Dobrot-
worsky & Stevenson, 1958) suggests that no enzootic
foci of the disease exist in the temperate zone in
Australia. This contrasts with the situation of JE
virus in Japan, where it has been clearly shown that
virus may be regularly isolated for year after year in
various parts. Extensive studies in the Tokyo
region have been reported by Scherer, Buescher and
their colleagues (1959b). Over a period of several
years they followed the occurrence of infection in
two large heronries situated in reserves surrounded
by paddy fields. One of these areas was occupied by
ardeids throughout the summer and largely by wild
ducks during the rest of the year. At all times it was
occupied by large numbers of water fowl and the
number of mammals present was comparatively
small. In the other area, it appears that herons were
present in numbers from May to September, but the
population of domestic animals on the farms in the
locality was considerable and there were between
500 and 1000 pigs in a range of three miles (5 km)
around the heronry. The dominant mosquito present
was, as in Malaya, Culex tritaeniorhynchus. There
were also substantial numbers of Culex pipiens and
of other species (Buescher et al., 1959a). It was found
that among the birds present the black-crowned

night heron (Nycticorax nycticorax) was far more
attractive to C. tritaeniorhynchus than other birds or
man. The other most attractive species to this
mosquito was the pig, which again was far more
attractive than man and possibly even than the night
heron. This mosquito was trapped at all levels from
ground to platforms 50 feet (15 m) up in trees
(Scherer, Buescher et al., 1959).
The isolations of the virus began at the time when

nestlings were present in the nest early in July and
rapidly increased to a peak when from 5% to 50%
of C. tritaeniorhynchus were carrying the virus. In
view of the fact that the black-crowned night heron
was the most attractive avian host of the main vector
mosquito, it is not surprising to find that serological
evidence of infection was found much more com-
monly in it than in the other ardeids present in the
colony, although in all species a substantial propor-
tion of the birds gave evidence of infection. It is
therefore clear that this type of colony provides
an ideal situation for the development of an epizootic
of a mosquito borne virus (Buescher et al., 1959a;
Scherer, Buescher & McClure, 1959).
The infection rate in pigs on one of the farms near

these heronries in 1956 and 1957 was 98%-100%,
and since the titres of virus reached in the blood
are sufficient to infect numerous mosquitos, and since
the average life of a pig is less than one year, it is clear
that these animals are likely to be very important in
the transfer of virus from a wildlife cycle to man
(Scherer, Moyer et al., 1959). This situation seems
ideal for the development of an epidemic involving
man. In the heronry the presence of a very large
number of susceptible nestling birds in a small area
can lead to build-up of an extremely high concentra-
tion of infected mosquitos. The presence of another
host, the pig, which is equally attractive to the mos-
quito and in close contact with man makes certain
that infected mosquitos will be brought into close
contact with man. That is, using the terminology of
Pavlovsky, an anthropo-urgic character will be given
to the focus.

It is very hard to believe that such regular epizoo-
tics of infection with JE would occur if the virus did
not survive in the -same area during the winter.
However, virus was not isolated earlier than July in
any year during these investigations. Similarly the
development of antibody in the nestlings in the
heronry was not shown before late July and virus was
first isolated from bird bloods during August.
Immunizing infections of children occurred between
mid August and late October. If the virus does in fact
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survive locally during the winter months the prob-
lem is how and in what host.
A considerable amount of work has been done on

this problem in the United States of America using
various viruses, but especially western equine
encephalitis (WEE) virus. In some instances JE and
the related St Louis (SL) virus have been studied.
These studies can be considered in two parts:
survival in the arthropod vector and survival in some
vertebrate hosts.

VIRUS SURVIVAL

Survival in arthropod vector
Work on WEE virus has shown that this virus can

be isolated from mosquitos in Southern California
at almost all times of year. By contrast isolations of
SL virus have been very rare except between the
months of June and September. However, under
laboratory conditions SL virus has been shown to
survive for 116 days in Culex quinquefasciatus
(= C. pipiens fatigans) under conditions of artificial
hibernation. No transmission experiments were car-
ried out with this vir,us (Bellamy, Reeves & Scrivani,
1958). There have been two reports of transovarial
transmission of JE in mosquitos. These were an
early report of transmission in C. pipiens by Mita-
mura et al. (1938) and a more recent report of the
isolation of virus from seven pools of adult Aedes
albopictus derived from larvae collected in breeding-
places close to the home of cases of JE (Wu & Wu,
1957). So far laboratory experiments with various
viruses have failed to confirm these findings. There
is then not much positive evidence to suggest sur-
vival of JE virus in overwintering mosquitos either
in the larval form or as adults. Further, mosquitos
of the species most studied have seldom successfully
hibernated after taking a blood meal and this in-
creases the improbability of survival in hibernating
mosquitos being an important mechanism for sur-
vival of virus.

Survival in acarines is an attractive theory, but the
present evidence is strongly against the survival of
the equine encephalitis or St Louis viruses in mites.
Evidence has been produced by Soviet workers that
JE can survive for considerable periods in certain
ixodid ticks, but there is no evidence that these ticks
can 'transmit the virus to further hosts. However,
this possibility does deserve further study.
Survival in a vertebrate host

Studies have been made of the survival of viruses
in reptiles, birds and mammals. The most thorough

studies on reptiles have been those of snakes by
Thomas, Eklund & Rush (1958), which have been
continued since the time of their original publication.
They have shown that WEE virus can survive in
hibernating snakes throughout the winter and that
snakes are likely to have a viraemia on resuming
activity in the following spring. The vector mosquito
will bite snakes, but does not do so normally or
willingly, and snakes with antibodies against this
virus are seldom, if ever, found in nature. Therefore
this mode of survival, which would appear to be
potentially very efficient, has not yet been shown to
be of practical importance. There is no evidence
whether such a cycle might be of significance for
JE virus.

Reeves, Hutson et al. (1958) have shown that a
small proportion of birds infected with WEE virus
continue to carry the virus for a prolonged period.
They have recovered this virus from the blood of a
cowbird (Molothrus ater) 198 days after inoculation
and from an English sparrow (Passer domesticus)
234 days after inoculation with the virus. However,
no wild birds have yet been found with viraemia
capable of infecting mosquitos. Kissling (1958) has
failed to demonstrate virus in sparrows recovered
from SL infection, and Miles & Maguire (unpub-
lished data) have not found virus in young chickens
infected with MVE virus for more than two months
after inoculation with that virus. So far as present
experiments go, it does not seem very likely that
members of the JE group survive for prolonged
periods in birds and then resume a viraemic phase
under such stimulus as the physiological stresses of
nesting or migration.
The experiments which seem to deserve the most

extensive following up are those which La Motte
reported in 1958. He showed that three species of
insectivorous bat could be infected with JE virus by
bites from infected mosquitos of the C. pipiens group,
and that such infected bats had a viraemia lasting six
or more days without obvious illness. The concentra-
tion of virus in the blood was generally high enough
to infect members of the C. pipiens group. Eptesicus
fuscus (the big brown bat) was used in the main part
of the work. Under hibernation conditions this bat
was capable of maintaining a latent virus infection
for as long as 107 days. When the bats were removed
to room temperature the virus could not be isolated
from them for about three days, but then a viraemia
occurred with blood titres of virus above the mini-
mum infective dose for mosquitos. One infected
C. pipiens engorged on an E. fuscus held at 10°C.
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For three days after this bat had been removed to
room temperature viraemia occurred.

It does therefore seem probable that the virus of
JE could survive through the winter in caves con-
taining both hibernating bats and mosquitos, with
occasional transmissions taking place in spells of
mild weather. However, it must be remembered that
the multiplication of the virus in mosquitos is far less
in low temperatures than at temperatures of 26°-
31°C (Huang, 1957), and therefore the inefficiency of
such transmission would very substantially reduce
the chances of successful winter survival. Whether
this does in fact happen in nature remains for future
observations to determine.
The difficult subject of the overwintering of arbo-

viruses requires a great deal more study.

JAPANESE ENCEPHALITIS IN THE FAR-EASTERN USSR

In the Far-Eastern USSR, outbreaks of Japanese
encephalitis occur at irregular intervals as late sum-
mer and autumn epidemics. In this account I rely
heavily on a lecture recently given by Professor
Petriseva I which does not include actual re-
ferences to the original work. In this region the
disease does not occur in the taiga forest, probably
because the temperatures do not rise high enough
for efficient multiplication of this virus in the vector.
There may, however, be infection in sparsely wooded
flooded valleys on the edges of the forest, as well as
on the open riverside flood plains. Foci of the
disease may also occur in meadows with suitable
water for mosquito breeding, and particularly when
they are among hills so that the summer temperatures
rise higher than in other parts. In these areas the
main vector would appear to be Culex tritaeniorhyn-
chus, as it is further to the south. Other very numer-
ous mosquitos present in this area are Aedes caspius
and Aedes vexans.
Of particular interest are the seaside and sea

islands foci. Here the main wildlife focus appears to
be on the cliffs and among the rocks where the mos-
quitos Aedes togoi and Aedes koreicus (Table 2)
breed in very large numbers in brackish pools. On
the cliffs there are very large numbers of nesting sea
birds, and the naked nestlings are the main source of
blood meals for these mosquitos. In the fishing vil-
lages water is often allowed to collect in the bottom
of boats and these provide additional mosquito

1 Lecture by P. A. Petrisceva given in a Course on
Natural Foci of Infection, organized in 1962 jointly by the
USSR Academy of Medical Sciences and WHO.

TABLE 2
MOSQUITOS FOUND CARRYING JAPANESE OR MURRAY

VALLEY ENCEPHALITIS VIRUSES IN THE FIELD

Jaaeeencephalitis Murray ValleyJapanese encephalitis encephalitis

Aedes korekus

Aedes togoia Aedes normanensis

(Aedes albopictus)b

Anopheles hyrcanus

Anopheles sinensis

Culex gelidus a Culex annulirostris a

Culex pipiens

Culex tritaeniorhynchus a

Culex vishnui complex a

a Those mosquitos which appear to be those epidemiolo-
gically most important in various areas.

b One reported isolation from adults reared from larvae
collected near the home of a patient.

breeding-places and therefore man and domestic
birds and mammals become involved in the cycle.
In these areas the period of virus activity recorded
has been between 40 and 50 days.

Despite the very extensive efforts which have been
put into the study of the ecology of JE and MVE
there are still very many problems awaiting solution.

TICK-BORNE VIRUSES

The tick-borne viruses which particularly concern
us here all belong to a closely related subgroup of
group B which is usually referred to as the Russian
spring-summer encephalitis (RSSE) subgroup. All
these viruses are transmitted by ixodid ticks and
limited laboratory experiments suggest that no other
arthropods are capable of acting as vectors. A large
variety of vertebrates can be infected with these
viruses and develop antibodies and the vector ticks
appear to be extremely catholic in their taste in blood.
There are, however, differences in the food pre-
ferences of different stages of the life-cycle of ticks
which may be of significance.

In man the closely related viruses of this group
cause two types of syndrome: encephalomyelitis,
which very commonly is complicated by paralysis of
the shoulder-girdle; and haemorrhagic fever. I shall
now consider briefly the ecology of RSSE virus,
which is quite closely related to Negishi virus isolated
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from two encephalitis patients in Japan; and then
that of Kyasanur Forest disease (KFD) virus, which
causes a haemorrhagic syndrome in South India and
appears to be very closely related to Langat virus
isolated in the region around Kuala Lumpur in
Malaya but not yet been associated with any syn-
drome.
The period of activity of tick-borne viruses differs

from those of the mosquito-borne in both tropical
and temperate zones. In the tropical zone the ticks
are most active in the dry season and so epizootics
and epidemics of diseases transmitted by them may
be expected to be predominant in the dry season. In
the temperate zone the vector ticks may show some
activity in the late summer, but the main biting
period of the chief vector tick is during the spring and
early summer so that the seasonal incidence of
RSSE does, as its name implies, contrast sharply with
the later summer-autumn incidence of JE.
The main vector of RSSE virus is Ixodes persul-

catus, which is a three-host tick whose larval form
ordinarily feeds on the blood of small rodents and
whose nymph feeds on these small rodents but more
on such larger animals as rabbits and hares. The
adult usually prefers large, widely ranging mammals
and therefore readily bites domestic animals and man
when the opportunity arises.

This tick is essentially a forest tick and may be
present in large numbers in the forest floor litter in
deciduous forest and mixed deciduous and fir forests.
Ixodes persulcatus tends to congregate along the
game tracks in the forests since this is the area which
it can most readily find a suitable host. When man
first establishes settlements in such areas, he and his
domestic animals will tend to use the same tracks as
the large game animals and therefore be exposed to
tick bite and will be very liable to suffer from
infection.

This tick has been found on over 100 species of
bird and mammal (Smorodintsev, 1958), and there-
fore it would appear that a very large part of broad-
leafed forest biocenose can be involved directly or
indirectly in the cycle of the virus. The importance
of a variety of vertebrate hosts is also emphasized by
the different types of host required by the tick at
different stages of its life-cycle.

If a tick becomes infected by biting a viraemic
animal in the larval stage it will regularly remain
infected and be capable of infecting its next host in
the succeeding years as a nymph. Transovarial
transmission has been shown to take place from time
to time with various members of this group of viruses

in their normal host ticks. Transovarial transmis-
sion appears to occur more regularly with RSSE than
with the other viruses of the group, and Smorodint-
sev (1958) has stated that it may be easier to isolate
virus from larvae obtained from an infected female
tick than from the adult female tick herself. Be-
tween the occurrence of transovarial transmission
and the prolonged survival of virus in ticks which
have been infected at various stages in their life-
cycle, there appears to be no difficulty in explaining
the survival of this virus, although the transmission
to vertebrates occurs during a limited part of the
year only.
Whereas the syndrome of RSSE has been known

for a long time, Kyasanur Forest disease was first re-
cognized in 1955 and at that time was regarded as a
new syndrome by the people of the Kyasanur Forest
district of Mysore who suffered from it. In this case
there appears to be little doubt that in the epidemic
cycle of the disease, monkeys are the most important
vertebrate hosts; but, while Haemaphysalis spinigera
is undoubtedly the most important arthropod vector,
at least four other species of tick have been shown to
be capable of carrying the virus under natural con-
ditions. They are: H. turturis, H. papuana, Derma-
centor sp. and Amblyomma sp. The closely related
Langat virus has been isolated only from Ixodes
granulatius. It is probable that small mammals play
a part in the enzootic survival of this virus and in the
areas where epidemics have occurred 8% of a variety
of species of small mammals were found to have
antibodies to the virus while only 1% of those in a
neighbouring non-epidemic area had similar anti-
body (Work, 1958; Indian Council of Medical
Research, 1960).

It appears that this virus can be passed trans-
ovarially in H. spinigera, but such an occurrence
seems to be rare in nature and, of 50 virus isolations
from ticks, only two have been made from pools of
apparently unengorged larvae and in one of these
there is some doubt whether nymphs may have been
included. Approximately half the ticks tested were
larvae and the remainder evenly divided between
nymphs and adults. It therefore appears that, in the
case of this virus, transovarial transmission is not
very important for survival. This point is further
emphasized by the fact that the most highly infected
areas seem to alter from year to year and this would
not be expected if transovarial transmission was a
normal mode of the survival of the virus.
The evidence that this disease was new to the

Kyasanur Forest district seems to be quite good and
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it is interesting to speculate on how it has arisen. It
would appear there are two main possibilities. The
first is that a virus already in the district mutated to
become highly virulent for monkeys and man. The
alternative view is that the virus was recently
brought in from outside the area. Antibodies to the
RSSE group of viruses have been found in sera in the
Kutch region to the north and this is a well-recog-
nized resting-place of migratory birds on their way
from the Asiatic USSR to the south. It has been
suggested that the transfer of the virus may have been
through ticks carried by such migrating birds. So far
no positive confirmatory evidence has been obtained
although considerable efforts have been made on the
investigation of migrating birds in the Kutch region
by Salim Ali and his colleagues. An alternative sug-
gestion is that the virus may have been brought down
from this region by human agency by coastal boats
trading between the two areas.
The most closely related syndrome due to a virus

in the same group is Omsk haemorrhagic fever and
this condition had a brief epidemic upsurge as-
sociated with a large prevalence of small rodents and
has almost disappeared since that time. The simila-
rity of the outbreaks in these two areas does not
encourage one in the belief that the virus passed from
one to the other, but rather suggests that in both
areas similar variations in an endemic virus led to
the occurrence of the epidemic. In Omsk, at least,
this may have been associated with rapid passage of
virus in the very large population of rodents avail-
able at the beginning of the epidemic period.

DENGUE

As long ago as 1931 Simmons et al. showed that
dengue could infect monkeys and suggested that
there might be a type of jungle dengue with the
Stegomyia mosquito Aedes albopictus as the vector
and various monkeys as the sylvatic hosts. However,
even today the existence of a cycle of dengue apart
from human is unproven and there is very good
reason to doubt that simians have anything like the
importance in the survival of this virus that they have
for yellow fever. We may consider first the distribu-
tion of dengue and secondly the evidence of where it
is possibly endemic and then may be in a better
position to discuss what are likely to be the most im-
portant hosts.
Dengue is a far more widespread disease than

yellow fever. It occurs almost throughout the tro-
pical zones all around the world and spreads into the

subtropical and warm temperate zones as far as the
limits of the range of the most important vector,
Aedes aegypti. The only primate which has a dis-
tribution anything like so wide as this disease is man
and it would seem virtually certain that the disease
spreads with man much more readily than yellow
fever and that it has gone with him wherever the
mosquito Aedes aegypti is available as a vector.
However, the area in which this disease can survive
as an endemic disease is far narrower than the belt in
which epidemics have occurred.
Another recently recognized syndrome is that

which was given the name of Philippine haemor-
rhagic fever. Since it has been shown to be due to
further types of dengue virus, the disease has been
renamed haemorrhagic dengue. It first appeared in
the Philippines in 1953 and has more recently been
found in Thailand and in Singapore. It is a severe
disease with a mortality up to 15% in children under
15 years of age, and it occurs chiefly in urban dis-
tricts. The disease is less severe in adults. Virus has
been isolated from Aedes aegypti, as well as from the
blood of human patients. So far there is no evidence
that these viruses have any other hosts than man and
Stegomyia mosquitos, but it has been suggested by
Hammon et al. (1959) that this may represent the
urbanization of new strains of dengue viruses which
have previously existed in some sylvatic reservoir.
Dengue has always been very important in Aus-

tralia and Australian workers have taken a great deal
of interest in it. A recent papei by Derrick & Bicks
(1958) has produced a very interesting and convinc-
ing climatological thesis on the temperature-humi-
dity limits within which dengue can survive as an
endemic disease. They give evidence that, in the pre-
sence of Aedes aegypti, dengue has occurred in the
endemic form always and only during periods when
the mean wet bulb temperature was above 14.2°C.
As soon as the mean wet bulb temperature fell below
this level the epidemics disappeared. To what extent
this is due to falling numbers of the vector and to
what extent it is due to failure of virus maturation in
the mosquito is not clear from the data available.
Derrick & Bicks suggested that the only areas in
which the disease might be endemic were those where
the mean wet bulb temperature stayed above 14.2°C
throughout the year. In Australia this area is a
coastal belt passing from Broom in the north of
Western Australia, somewhat south of Katherine in
the Northern Territory, almost along the coast of
the Gulf of Carpentaria and reaching down to
Townsville on the east coast (see the map). However,
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PUTATIVE ZONE OF DENGUE ENDEMICITY IN AUSTRALIAa

a After Derrick & Bicks (1958). The upper curve represents the 14.2°C wet bulb isotherm for July; Derrick & Bicks suggest
that dengue may be endemic north of this line. The lower curve represents the annual 14.2°C wet bulb isotherm.

in eastern Australia the evidence is against endemicity
of dengue. When epidemics occur, even in Towns-
ville, they affect such a high proportion of the popula-
tion that it seems highly improbable that the disease
is endemic there. The towns further to the north
contain substantially less than the 40 000 population
of Townsville. Serological investigations also in-
dicate that infections with dengue viruses do not take
place between the major epidemics.
The only area in which there has been substantial

evidence of the presence of dengue viruses in an
endemic form is the northern tip of the Northern
Territory. Prior to the Second World War disease
clinically identical with dengue was endemic and oc-
casionally epidemic in Darwin. New arrivals com-
monly suffered from typical dengue shortly after

arrival in the town, but long-term local inhabitants
did not suffer when they returned from trips away.
It was thought by the local medical practitioners that
residents of Darwin were frequently reinfected and
eventually developed a solid immunity, although ap-
parently they carried virus which could serve as a
source of infection for newly arrived non-immunes.
Dengue also occurred from time to time further south
and spread beyond latitude 20°S. The rural vector in
this area, as in New Guinea, appears to be Aedes
scutellaris (Table 3).
Modern serological evidence strongly suggests that

dengue viruses, like other arthropod-borne viruses,
lead to a very solid immunity. This is contrary to
experience based purely on clinical diagnosis of
dengue, but such diagnoses without laboratory con-
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TABLE 3
VECTORS OF DENGUE VIRUSES

Known vectors Other reputed vectors

Aedes aegypti Aedes pseudoscutellaris

Aedes albopictus Armigeres obturbans

Aedes hebrideus

Aedes polynesiensis

Aedes scutellaris

firmation must remain extremely questionable and
vary greatly with local diagnostic fashion.

After the reticulation of the Darwin water supply
in the early 1940s all domestic water-storage tanks
were destroyed and active anti-mosquito measures

were taken. In an entomological survey in 1954 no

Aedes aegypti were found. No cases of dengue were

reported in the Northern Territory between 1949 and
1958. However, in 1958 an epidemic occurred on

Croker Island off the Arnhem Land coast and at
Oenpelli mission on the western border of Arnhem
Land, in which the patients were affected by an ill-
ness with pyrexia lasting 7-10 days, generalized aches
and pains, backache, cough and sore throat. The
severe backache and rash characteristic of dengue
were not encountered during this epidemic. Strong
serological evidence was obtained from neutraliza-
tion tests on paired sera that this outbreak was due to
dengue type 1 virus (McLean & McGrath, 1959).
These findings suggest that dengue is truly endemic
in this part of Australia, where the population is very
sparse. In the total area from Katherine to the north
there were not more than 20 000 people in 1940 and
there are no more than 30 000 even now. Although
the belief of the medical practitioners in that region
has always been that the disease remains endemic in
man, as I have indicated above, it seems most diffi-
cult to accept that a virus or viruses giving such
strong serological evidence of solid immunity as the
dengue viruses could remain endemic in so small a

human population without some other vertebrate
host.

In many areas dengue has been reputed to be a

disease of the coastal belt where the invasions of
Aedes aegypti have occurred. However, investigations
in various countries have now established that anti-
bodies to dengue may be quite as common in the in-
terior regions of a tropical country as on the coast.
Smith (1958) has suggested that in Malaya the

coastal vector may be Aedes aegypti and the vector in
the interior of the country Aedes albopictus.

In this area he investigated sera from various
animals for antibodies to dengue virus. He found
heat-stable antibodies to dengue type 1 in quite a
high proportion of monkey sera which he tested
(Table 4), but he has pointed out that all the monkeys
he tested had come from the neighbourhood of a
town where dengue was epidemic and it was at least
as likely that the monkeys had been infected by
Aedes aegypti which had themselves been infected
from human patients as that monkeys were the
primary hosts responsible for bringing the disease to
man.

TABLE 4
RESULTS OF NEUTRALIZATION TEST FOR DENGUE 1

VIRUS ON SERA FROM MONKEYS WITH KNOWN
HAEMAGGLUTINATION-INHIBITION (HI) RESULT a

Neutralization
Animal Hi result Total No. No.

tested positive negative

Monkeys Positive 21 19 2

Negative 14 9 5

a Data from Smith (1959).

Rosen has investigated this problem in Panama
(1958). He found that, although the monkeys from
the Panama forests were susceptible to laboratory
infection with dengue viruses, there was no serolo-
gical evidence of their having been infected in the
wild. However, Rosen did not obtain evidence sug-
gesting dengue was endemic in the Panama zone. On
the other hand Anderson, Downs & Hill (1956)
isolated a virus closely related to dengue type 2 from
a human patient with a syndrome similar to that of
typical dengue in Trinidad in 1953. There was no
epidemic of dengue going on at the time and this does
suggest a sporadic case due to infection with an
endemic virus.
We have recently carried out serological investiga-

tions for infection with dengue viruses in the islands
of the Fiji and Samoan groups. C.E.G. Smith carried
out some similar investigations in the Tokelau
islands. Our serological evidence suggests all these
island groups have been infected by both dengue
types 1 and 2, but, except in the case of Fiji, we have
no evidence of endemicity of the virus. Neutra-
lizing antibodies to dengue viruses in persons born
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since the last epidemic indicate that the virus sur-
vived in Fiji for some time after the end of the last
epidemic. Investigations are now in progress to
decide whether dengue is truly endemic there.

In Malaya and in the region of Latin America
around Trinidad, where there is evidence of en-
demicity of dengue, there are large populations of
simians and they might well be involved in a sylvatic
cycle of this virus. On the other hand, in Australia
there are no primates other than man, although apart
from primates, there is a wide variety of mammals
present in the northern part of the Northern Ter-
ritory.

In Fiji native mammals are few and the only com-
mon groups are bats and rodents. Both these groups
of mammals are certainly present in every area where
dengue is thought to be endemic and their possible
involvement in an hypothetical enzootic reservoir of
dengue viruses requires investigation. In Australia
two species of fruit bats of the genus Pteropus were
tested for neutralizing antibodies to dengue virus at
the time when dengue was epidemic in the Towns-
ville area in 1954. The results given by O'Connor,
Rowan & Lawrence (1955) are shown in Table 5.
Four of the eight sera from Pteropus gouldii had
neutralizing antibodies against dengue type 1 virus,
but all nine specimens from P. scapulatus were
negative.

TABLE 5
NEUTRALIZING ANTIBODIES TO DENGUE 1
VIRUS IN BATS OF GENUS PTEROPUS

IN QUEENSLAND, 1954a

Species

Pteropus gouldii

Pferopus scapulatus

Total

No. No. No.
incon-

tested Ipositive clusive

No.
negative

a Data from O'Connor, Rowan & Lawrence (1955).

It has been suggested that birds may be involved
as reservoir hosts or that the virus may be brought to
new areas by migrating birds, and neutralizing anti-
bodies to dengue type 1 virus have been found in the
sera of some species of migratory wading birds. The
failure of all reported experiments attempting to in-
fect birds with dengue viruses and the great difficulty

in persuading these viruses to multiply in avian cells
in tissue culture make it seem highly improbable that
birds are important reservoir or amplifier hosts of
dengue viruses.
There seems to be little doubt that the epidemic

spread of dengue viruses away from their endemic
tropical areas is usually due to the movements ofman
infecting the main urban vector mosquito, although
it is possible that the virus may sometimes have
spread with infected Aedes aegypti. The reasons why
dengue spreads so much more easily than yellow fever
are not easy to see, but if we developed better tech-
niques of isolating dengue viruses from blood it
might prove possible to get a great deal more in-
formation about duration of viraemia in this disease.

It is not possible to explain the survival of dengue
viruses in an enzootic cycle involving the known vec-
tor mosquitos and simian hosts in all areas where the
viruses appear to be endemic. The evidence is quite
good that dengue is endemic in areas where simians
are absent and equally good that it fails to be en-
demic in other climatically suitable areas where
simians are numerous and where severe epidemics do
occur. If there is any one group of animals which is
the main sylvatic host of dengue viruses then we
must look for some group which is represented in all
these areas. Apart from man such groups are limited
to bats and rodents. It may well be that different
groups are important in different parts of the world,
but I think we are more likely to make progress in the
present situation if we attempt first of all to find a
general answer to our problem.

It, however, remains possible that dengue is a truly
human disease. Reeves, Hutson et al. (1958) have
shown that WEE virus can survive in birds and reap-
pear in the blood after several months. We have no
evidence as to whether this can happen with dengue
virus in man, but it remains theoretically possible
that it does and if this does happen it could well
account for most of the known features of this
disease. However, it would then remain very difficult
to explain why dengue should be endemic in some
areas and yet be completely absent between epide-
mics in other areas which appear climatically to be
quite as suitable for the survival of the virus.

CHIKUNGUNYA VIRUS

In Thailand a third virus has been found causing a
syndrome very similar to haemorrhagic dengue but
with a somewhat lower mortality. This virus is
identical with Chikungunya virus, which is respon-
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sible for a severe fever with polyarthritis but without
haemorrhage in East and South Africa. In Thailand
this appears to be an urban disease just as is haemor-
rhagic dengue. In the Newala epidemic in East
Africa R. W. Ross (personal communication) ob-
tained titres in human blood as high as 10-' and his
mosquito isolations were from Culex fatigans and
Aedes aegypti collected in huts in the epidemic dis-
trict. There is, however, one piece of evidence which
suggests a sylvatic cycle for this virus: a strain of
virus was isolated some time after the Newala
epidemic from Aedes africanus caught in the Zika
forest (Olitsky & Casals, 1959). Thus the evidence at
present available shows that Chikungunya virus can
survive for some time in a cycle between Aedes
aegypti and man in the same way as the dengue
viruses, but it seems very likely there is also a sylvatic
cycle for this virus although we have at present only
the evidence of the single isolation from Aedes
africanus.

EPIDEMIC NEPHROSO-NEPHRITIS

The virus causing epidemic nephroso-nephritis has
not yet been isolated and it is far from certain that it
is an arbovirus. Further it is virtually certain that
this disease is not normally transmitted to man by the
bite of an arthropod, but there is suggestive evidence
that it is transferred between rodents and gamasid
mites. Because it is an important cause of a dis-
tinctive haemorrhagic syndrome in the area under
review I wish to discuss it briefly, and in this discus-
sion I shall draw heavily on information contained in
a recent lecture by Cumakov.1
Ciumakov states that syndromes of haemorrhagic

fever with renal involvement occur in Scandinavia,
European USSR, patchily in Asiatic USSR, in Far-
Eastern Siberia, Northern China and Korea. It has
also been recorded from the Osaka district in Japan.
The disease is milder in Scandinavia than further to
the east, but in all areas it is mainly a winter disease
occurring in man in the months November, Decem-
ber and January. In this it contrast with the normal
arthropod-borne viruses. Using patients requiring
pyrotherapy and human volunteers, Soviet and
Japanese workers have demonstrated that the
disease can be passed to man by blood from a patient
in the acute stage and by ground-up suspensions of

1 Lecture, entitled Studies of virus haemorrhagic fevers,
by M. P. Cumakov given in a Course on Natural Foci of
Infection organized in 1962 jointly by the USSR Academy
of Medical Sciences and WHO.

gamasid mites. Gamasids do not normally bite man
although they do bite rodents.
The epidemics usually occur at the time of year

when temperate zone rodents tend to come into
human habitations, being attracted by the warmth,
and the epidemics seem to be regularly associated
with murine rodents.
The Tulskaya epidemic in the USSR has been

particularly well studied. This outbreak was associ-
ated with a prevalence of the bank vole (Clethrio-
nomys glareolus). Among the field workers in-
vestigating this outbreak nearly all those who were
live-trapping voles and handling the live animals de-
veloped the disease, but those trapping voles in
break-back traps or handling only dead animals and
those who examined dead animals for ectoparasites
in no case developed the disease. Cumakov sug-
gested that the live-trapped rodents would be heavily
contaminated with their own excreta and secretions
and that the people handling them became infected
from fomites. Animals killed would be far less con-
taminated with excreta and secretions and handling
them might well be expected to be less dangerous.
Of 220 C. glareolus brought into the laboratory,

169 died during 76 days. Of 51 animals sacrificed
for examination 15 showed enlargement of the
spleen. Thus the epidemiological data available
strongly suggest that Clethrionomys glareolus was
involved in the epidemic and it was also reasonable
to postulate that this disease may have been respon-
sible for a large proportion of the deaths of this
rodent at the time of its crash in numbers. Cuma-
kov is of the opinion that lemmings are the most
important rodents in the natural reservoir of this
disease in Scandinavia.

CONCLUSION ON HAEMORRHAGIC FEVERS

So far as it is known there are seven different
agents causing syndromes of haemorrhagic fever in
the Western Pacific and South-East Asia. Five of
them are group B arthropod-borne viruses-four
dengue viruses transmitted by Stegomyia mosquitos
and one by Ixodid ticks. The syndromes caused are
very similar in all cases, with high fever, prostration,
severe backache, muscular pains and mucosal
haemorrhages. The mortality in different areas in
different outbreaks varies between 10% and 20%.
The group A virus involved gives a very similar but
rather milder syndrome, which workers in Bangkok
are now beginning to think they can differentiate
clinically from haemorrhagic dengue. This disease
has a substantially lower mortality.
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Epidemic nephroso-nephritis is a syndrome with a
varying severity. The incubation period is very much
longer, being estimated at 11-35 days as against
2-7 days. While there is nasal, uterine and gastro-
intestinal bleeding, cutaneous purpura is unusual.
Owing to the severe renal damage there may be a
development of severe syndromes after defervescence.
This does not occur with the other haemorrhagic
syndromes. The mortality in different areas varies
between 3% and 17 %.
The forms of haemorrhagic dengue and Chikun-

gunya disease are essentially urban diseases with a
cycle between man and the mosquito Aedes aegypti.
There may be sylvatic cycles of these viruses but in
the epidemic phase they are not involved. Kyasanur
Forest disease is essentially a rural disease which is
quite likely enzootic in small rodents, having mon-
keys as an amplifying host and man as an incidental
host. Epidemic nephroso-nephritis appears to be a
disease ofrodents possibly transmitted amongthem by
gamasid mites and transmitted to man probably in air-
borne dust particles. Again man is an incidental host.

RtSUMt

L'auteur discute certains aspects ecologiques des
maladies a arbovirus les plus importantes dans le Paci-
fique occidental et l'Asie du Sud-Est. L'encephalite
japonaise sevit des provinces maritimes de l'URSS aux
regions equatoriales et de l'lle de Guam A l'Inde meri-
dionale. En Malaisie l'affection est sporadique avec, a
l'occasion, de petits episodes 6pid6miques; il semble que
la maladie est entretenue grAce A un cycle de moustiques
et d'oiseaux, les porcs jouant le r6le d'hote aggravant,
r6le important en placant l'infection au contact de
l'homme. Dans les regions tropicales ou existent des
saisons bien tranchees, l'encephalite japonaise et l'enc&e
phalite de la Murray Valley surviennent plus volontiers
pendant ou imm6diatement apres la saison des pluies.
II est bien possible, dans le cas de l'encephalite de la
Murray Valley, que l'infection persiste pendant la saison
seche grace a de petits foyers humides ou les moustiques
se reproduisent activement tout au long de l'annee et ou
de tres nombreux oiseaux, sensibles A l'infection, vien-
nent s'abreuver. L'on ne possede pour le moment aucune
preuve de l'endemicite de l'encephalite de la Murray
Valley en dehors des regions tropicales, mais l'on a de
bonnes raisons de penser que l'enc6phalite japonaise
est endemique dans les parties du Japon ou existe un hiver
tres net, pendant lequel cesse toute activite des mousti-
ques. L'auteur discute les mecanismes probables de la
survie du virus pendant cette periode hivemale. I1 etudie
brievement les 6pid6mies assez particulieres qui survien-
nent dans les fles de la mCr du Japon et souligne le r6le
important que jouent probablement les moustiques se
reproduisant dans les flaques d'eau saumatre.
En ce qui conceme la dengue, l'auteur a porte son

attention sur la possibilite, pour ces virus, d'avoir un

cycle sylvatique comprenant des mammiferes sauvages
et des moustiques de la foret. Bien que diff6rents animaux
aient ete trouv6s porteurs d'anticorps il n'existe pour le
moment aucune preuve de leur importance comme
reservoirs des virus de la dengue.
Dans la discussion des diff6rentes formes de fievre

hemorragique, l'auteur fait remarquer que, pour le
moment, les dengues hemorragiques et la maladie h6mor-
ragique de Chikungunya sont des maladies des villes.
L'on a, une fois, pu isoler des virus de Chikungunya d'un
moustique de foret en Afrique et ceci suggere l'existence
d'un cycle sylvatique. La maladie de la Foret de Kyasanur
est due a un virus transmis par les tiques, virus apparte-
nant au groupe de l'encephalite vemo-estivale russe; elle
est strictement rurale et sevit dans certaines parties de
l'Etat de Mysore, dans l'Inde meridionale. Comme la
plupart des affections transmises par les tiques, elle est
avant tout une maladie de la saison seche, pendant
laquelle les tiques sont le plus actives.
Dans la taiga des provinces maritimes de 1'URSS et

en Coree du Nord, Ixodes persulcatus exerce son maxi-
mum d'activite au printemps et au debut de l'ete, bien
qu'il n'y ait pas de saisons seches et humides bien tran-
chees. Ici comme ailleurs l'encephalite vemo-estivale
russe merite bien le nom sous lequel elle est universelle-
ment connue.
En ce qui conceme la nephrose-nephrite epidemique,

il est, pour l'auteur, bien improbable que la piq&re des
arthropodes represente le mode principal de transmission.
Des travaux russes recents incitent a penser que le virus
est enzootique dans un cycle passant par les gamasoides
et les rongeurs.
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