
Bull. Org. mond. Sante 1967, 36, 528-532
Bull. Wld Hith Org. |

Aedes aegypti and Haemorrhagic Fever
A. RUDNICK 1

Although the history of mosquito-borne haemor-
rhagic fever is brief, it is intriguing. This severe
haemorrhagic syndrome is caused by strains of
dengue virus, some of which cannot be distinguished
immunologically from the types that cause classical
mild dengue disease. This apparent modification of
dengue infection, which has developed into a major
public health problem in South-East Asia within the
past few years, has raised several problems that
require investigation. Among these are the origin or
source of the dengue virus strains involved, the
factors that may influence human host response and,
of special interest, the possibility that the introduced
vector, Aedes aegypti, may have played and may be
playing a role in the modification of wild strains of
dengue virus, resulting in the appearance of lethal
haemorrhagic strains.

It was not until the Second World War that strains
of dengue viruses were isolated from the blood of
dengue-fever patients and adapted to laboratory
mice, and that practical laboratory methods for
working with these viruses were developed (Kimura
& Hotta, 1943; Sabin, 1952a, 1952b). Subsequently,
it was shown by immunological methods that these
viruses were members of arbovirus serogroup B,
which includes such other viruses as yellow fever,
St Louis encephalitis and Japanese encephalitis
(Casals, 1957).

Before the Second World War, nevertheless,
extensive outstanding experimental and field observa-
tions provided us with well-documented descriptions
of dengue disease, its history and distribution, and
its transmission and epidemiology in great detail
(Sabin, 1952b). Thlese descriptions included rather
precise data on viraemia, intrinsic and extrinsic
incubation periods, vector abilities, and the develop-
ment of immunity in man.

It is important to emphasize, even today, that
much of our knowledge of dengue, especially in
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regard to its epidemiology, is based largely on those
observations made before and during the Second
World War. Among the strains of dengue virus that
were isolated during that period, it was determined
that there were two types, type 1 and type 2, which
were very closely related ,ut which could readily be
distinguished from each other serologically (Sabin,
1952b). Until 1956, these were the only known
dengue viruses, and it was generally assumed that
all dengue disease was caused by these two types of
virus. It was perhaps unfortunate that these viruses
were named for the disease that they produced,
because we have since learned that the dengue-fever
syndrome may be produced by infection with any
of several mosquito-borne viruses (Wisseman &
Sweet, 1961), such as the West Nile virus of group B
and the chikungunya and o'nyong nyong viruses of
group A. It is therefore necessary, in a discussion
of dengue, to distinguish between dengue disease
and dengue viruses.

Unfortunately, most of the observations made
before and during the Second World War were made
upon clinically diagnosed dengue fevers without
virolbgical or serological confirmation. A review of
the literature will reveal carefully documented reports
of dengue epidemics in Australia, Asia, Europe,
Africa, the Americas and elsewhere, as well as
detailed and thorough transmission experiments
using human volunteers. Although these all appear
to be dengue disease caused by dengue viruses, in
the light of our present knowledge we cannot be sure.
It seems likely that most of these reports actually
were descriptions of infection with dengue viruses,
but some of these incidents may have been infections
and epidemics caused by chikungunya, West Nile or
even other viruses that are still unknown to us.
On the basis of this earlier work, however, the

familiar urban cycle of dengue transmitted by
A. aegypti was established. There was essentially no
mortality associated with the infection, but it was
important in epidemic form in that it incapacitated
large numbers of people in a relatively short period
of time. It was recognized that it was endemic in
South-East Asia and that it appeared in explosive
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epidemics as a seasonally introduced disease in other
areas in which A. aegypti was present originally or
had been introduced. Although there were some
suggestions that monkeys might be involved in a
jungle cycle of dengue, as is the case with yellow
fever, there was no substantial evidence to support
such a hypothesis.

Virological and serological studies that have been
made since the Second World War have corrobo-
rated the conclusions based on the early studies, and
until 1956 the most significant new observations
were, first, in regard to the distribution of dengue
virus types 1 and 2, based on several virus isolations
from the sera of patients, but also based largely on
the results of serological surveys (Wisseman &
Sweet, 1961) and, second, evidence that Stegomyia
mosquitos other than aegypti may be vectors of
dengue in nature. Epidemiological observations,
supported by experimental studies of transmission,
suggested that, in some areas of the South Pacific,
mosquitos of the Aedes scutellaris complex (Daggy,
1944; Mackerras, 1946) and Aedes polynesiensis
(Rosen et al., 1954) acted as vectors of what appeared
to be dengue in the absence of A. aegypti or where
the A. aegypti population did not appear to be
correlated with the disease distribution. In addition,
there was serological evidence of endemic dengue
infection in rural areas of South-East Asia where
A. aegypti was not present (Hammon, Schrack &
Sather, 1958; Smith, 1958a, 1958b). In those areas,
it was suggested that Aedes albopictus, which is an
efficient experimental vector of dengue virus, was
the vector in nature. Unfortunately, all of those
suggestions, however strong, have remained as
suggestions only. It was pointed out, after the
Second World War, that dengue occurred only in
those South Pacific islands where A. aegypti was
known to be present, and that no dengue occurred
on islands in which there was no A. aegypti (Perry,
1948). In regard to serological evidence of dengue
infection in South-East Asia, we have learned that
in such areas where several related group-B arbo-
viruses are active, serological results must be inter-
preted very critically and may not be conclusive in
the absence of virus isolation, owing to the extensive
cross-reactions among members of the same group.
The first major epidemic of mosquito-borne

haemorrhagic fever occurred in Manila in 1956
(Hammon et al., 1962). This was a disease that
occurred primarily in young children and was
characterized by fever, haemorrhagic manifesta-
tions, circulatory collapse and a case-fatality rate of

about 10% (Hammon, 1960). It appeared to be a
new disease, first recognized during a small outbreak
in the same city in 1954 (Quintos et al., 1954). It
differed from the previously recognized haemorrhagic
fevers such as Korean, Crimean and Omsk haemor-
rhagic fevers clinically and epidemiologically. It was
an urban disease, with the majority of cases clustered
in the poorer quarters. Serological tests showed the
development of and an increase in dengue antibody
in the sera of patients and, subsequently, two new
types of dengue virus (type 3 and type 4) were
isolated from the blood of patients, and type 3 from
A. aegypti (Hammon, Rudnick & Sather, 1960).
Even though the epidemiology of dengue had been
quite well characterized for a number of years, this
was the first isolation of a dengue virus from mos-
quitos that had become infected in nature.
The disease was sufficiently novel to have been

named Philippine haemorrhagic fever; clinically, it
could not be called dengue. Since the viruses isolated
were new types of dengue immunologically, it was
felt, at that time, that the new syndrome was
attributable to the greater virulence of these newly
recognized types. On the basis of epidemiological
observations, supported by virus isolation and
experimental transmission, it was evident that
A. aegypti was the primary vector of haemorrhagic
fever in Manila (Rudnick & Hammon, 1960, 1961).
The distribution of A. albopictus, a likely potential
vector, could not be correlated with the distribution
of cases of haemorrhagic fever.

In 1958, an epidemic of a similar disease occurred
in Bangkok, with a high case-fatality rate in young
children (Hammon, Rudnick & Sather, 1960). On
subsequent investigation, it appeared, retrospectively,
that cases had probably occurred in that city as early
as 1954. Several strains of dengue virus were isolated
from the blood of patients and from A. aegypti. Most
of these appeared to be related most closely to the
classical dengue types I and 2, but detailed immuno-
logical comparison has shown that the new strains
possess antigenic compounds that permit them to
be distinguished; they have been tentatively desig-
nated as dengue types 5 and 6. There is such a close
relationship, however, that some question remains
as to whether these new strains should be classified
as new types (Hammon & Sather, 1964).

In addition to the dengue virus isolations, chikun-
gunya virus, a serologically unrelated group-A
arbovirus, was isolated from patients and mosquitos
(Hammon, Rudnick & Sather, 1960). This agent
was previously known only from Africa, where it
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caused a dengue-like disease. Observations made
during the 1958 epidemic and in subsequent epide-
mics have suggested that chikungunya virus was
associated with only the milder, non-haemorrhagic
cases, while the dengue viruses were usually asso-
ciated with the more severe cases.

Again, on the basis of epidemiological observa-
tions supported by virus isolations, it was evident
that A. aegypti was the vector of the dengue strains
involved as well as of chikungunya virus (Rudnick,
1966b).
The next area to be involved was Singapore, where

an epidemic of a milder form of the disease, pri-
marily in young adults, was recognized in 1960.
Several strains of dengue virus were isolated from
patients and A. aegypti and one strain from A. albo-
pictus (Lim, Rudnick & Chan, 1961; Rudnick &
Chan, 1965; Rudnick, 1966a). The distribution of
A. albopictus, however, was not consistent with the
distribution of the disease, and it was concluded that,
in Singapore, A. aegypti served as the primary
vector. Severe haemorrhagic cases have been
observed in children in the last few years (Gold-
smith et al., 1965).

In 1962, a search for haemorrhagic fever cases
was initiated in Malaysia, where the disease had not
been recognized, and in December of that year, the
first case was detected in Penang, a northwestern
island city. Since then, a few cases have been
recognized almost every month in children, with a
case-fatality rate of about 10%. Several strains of
dengue virus were isolated from patients, and it
appears that A. aegypti was the vector. This was the
first example of haemorrhagic fever being recognized
in an area in the absence of an epidemic (Rudnick
et al., 1965).
Haemorrhagic fever has now become a major

public health problem in South-East Asia (Bull. Wld
Hlth Org., 1966). In the Philippines, the disease has
now been recognized in epidemic form, not only in
Manila, but in many other cities on several islands.
In Thailand, it was restricted to the central plain
and the south-east and the south-west coasts until
1964, when significant outbreaks were reported from
towns in the north and north-east. Annual outbreaks
have occurred in Singapore since 1960, and cases
have continued to occur sporadically in Penang.
In the Republic of Viet-Nam, it appears that
clinical haemorrhagic fever has occurred in Saigon
since 1960, but it was not until the disease appeared
in the western provinces that it was confirmed by
virus isolations from both patients and A. aegypti.

In Laos, a disease clinically resembling haemorrhagic
fever was reported in 1962.

In India, a double-peaked epidemic occurred in
the city of Calcutta in 1963 and 1964 (Sarkar et al.,
1964). The first peak was associated with severe
haemorrhagic disease and the presence of dengue
virus, while the second peak was associated with a
more typical dengue-like disease and chikungunya
virus.

This is a very brief presentation of the problem as
it appears in South-East Asia and in India, but it
serves to emphasize the new importance that the
dengue viruses have assumed and the new questions
and problems that have arisen in connexion with
them.

Studies of the ecology of the dengue viruses may
provide some of the answers. Some evidence has
been accumulated over the past several years that
dengue may be a zoonosis, and that vertebrates
other than man and mosquitos other than A. aegypti
may be involved in a cycle in nature in South-East
Asia. Serological studies have demonstrated anti-
bodies that appear to be specific for dengue in wild
monkeys away from human activity in Malaya
(Rudnick, 1965) and in man in A. aegypti-free areas
of Malaya and the Philippines (Hammon, Schrack
& Sather, 1958; Smith, 1958a, 1958b). Of the
potential forest vectors of dengue, A. albopictus
appears to be the most likely candidate, since it is a
common mosquito in the areas concerned, is. an
efficient experimental vector, and has had dengue
virus isolated from it in nature. Also, there is some
epidemiological evidence to suggest that it has acted
as a natural vector in past outbreaks. A critical
analysis of historical evidence has led to con-
clusions that A. aegypti became established in South-
East Asia towards the end of the last century, and
that this region was the original home of the dengue
viruses (Smith, 1956). If this were the case, it would
then appear that the native A. albopictus has had a
longer association with dengue than has A. aegypti,
and that it is the basic vector of this virus. There is
also evidence suggesting that the native A. albopictus-
transmitted dengue is a relatively mild disease, while
the introduced A. aegypti-transmitted dengue is a
more serious illness, which may appear in epidemic
form. This apparent difference may represent a
modification in the virus strains due to a change
from a native to an introduced invertebrate host.

A. aegypti is continuing its spread in South-East
Asia, along with continuing urbanization, and it
appears to be replacing A. albopictus in such major
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centres as Bangkok, Manila and Singapore. A
logical further extension of the conclusions pro-
posed would be that the mosquito-borne haemor-
rhagic fever syndrome represents a further virus
modification associated with the progressive replace-
ment of A. albopictus by A. aegypti in the urban
areas of South-East Asia. The displacement of
A. albopictus, which is almost complete in urban
Bangkok, may leave the human population virtually
unprotected against A. aegypti strains of dengue,
where the former vector had been supplying immu-
nizing doses with the original mild strains. The
incidence of haemorrhagic fever in Bangkok, Manila,
Singapore and Penang appears to be directly related
to the A. aegypti-A. albopictus population balance in
those cities (Rudnick, 1965).

It may be hoped that further research will tell us
whether or not these ideas are correct, and it is clear
and urgent that further detailed research be done on
the relationships between the dengue viruses and
their vectors.
Haemorrhagic fever in South-East Asia and India

has been one of the primary reasons for the new
alert to the increased danger presented by A. aegypti,
and it has served to emphasize the importance and
potential modification of other arbovirus infections
throughout the world. Epidemics of dengue disease
caused by dengue viruses have occurred recently in
the Caribbean and other areas of the world, all
apparently transmitted by A. aegypti, and cases of

classical dengue disease continue to occur in endemic
areas of South-East Asia and India. Chikungunya
infection has recently appeared in epidemic form
in India, transmitted by A. aegypti, and an epidemic
that occurred in Rangoon in 1963 may have been an
A. aegypti-transmitted chikungunya (Bull Wid Hlth
Org., 1966). A. aegypti-transmitted yellow fever, of
course, poses a continual threat in the Americas and
in Africa in areas where A. aegypti is not controlled.
Although yellow fever has never been reported in
Asia, the recent appearance of viruses not previously
recognized there and the continuing spread of
A. aegypti in Asia emphasize the possible increased
danger of the establishment of the virus there.

A. aegypti has been the laboratory model most
commonly used for experimental transmission of the
arboviruses, and it has been shown to be an efficient
experimental vector of several of them. This
capability, combined with its high degree of anthro-
pophilism and its close association with man,
presents a serious potential threat to A. aegypti-
infested communities. The introduction to such a
community of an arbovirus that produces a signi-
ficant viraemia in man might well initiate an epidemic
transmitted by A. aegypti.
The importance of A. aegypti as an epidemic

vector of the arboviruses has long been recognized,
but its potential importance in that role may be even
greater in future years if this mosquito is allowed
to continue its successful association with man.
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