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The Epidemiology and Treatment of Infection
due to Brugia malayi*

J. F. B. EDESON, M.D.1

The author reviews the distribution, epidemiology, and treatment offilarial infection due
to Brugia malayi, with special reference to Malaya. B. malayi infection in man is confined
to the Far East between longitudes 75°E and 140°E and is essentially rural. The chief
vectors are Mansonia spp., Anopheles hyrcanus group, A. barbirostris group, and Aedes
togoi. The epidemiological picture is complicatedby thefact that B. malayi and other closely
related species have now beenfound in several species ofanimals. The existence ofan animal
reservoir of infection might have important implications for filariasis control. As to the
treatment of B. malayi infection, diethylcarbamazine has been found to reduce the micro-
filaria count and to kill the adult worms; the severe febrile reactions ofmicrofilaria carriers
to the initial doses ofthis drug may be reduced by administration ofthe steroidprednisolone.

The microfilariae of Filaria malayi were first
described by Brug (1927) in Indonesia and the adults
of Wuchereria malayi were described by Rao &
Maplestone (1940) in India and by Bonne et al.
(1941) in Indonesia. Until recently it was thought that
this parasite occurred only in man and only in the
Far East between longitudes 75°E and 140°E
(Fig. 1). Recent work in Malaya and East Africa,
however, has shown that there is a group of malayi-
like parasites occurring not only in man but also
in a wide range of animals, and this group has been
put into a new genus, Brugia, by Buckley (1960).
At least two species occur in the Far East-B.
malayi, predominantly in man, and B. pahangi, in
animals, while the genus is represented in Africa by
B. patei, a parasite of dogs, cats and civet-cats that
is found in the island of Pate as well as in the Tana
river area of Kenya (Buckley, Nelson & Heish,
1958).
B. malayi is now known to occur in two forms,

periodic and semi-periodic, distinguished by micro-
filarial periodicity and by the developmental pattern
of the parasite in the invertebrate host and in cats
(Wilson et al., 1958) (Table 1). It is not known for
certain which form Brug described, but studies on
microfilarial periodicity in Sumatra have shown only
a nocturnal periodicity (Brug, 1931). B. pahangi
has not been found naturally in man, although it has

* Paper submitted to the WHO Expert Committee on
Filariasis, July 1961.

1 Leverhulme Lecturer in Medical Parasitology, Liverpool
School of Tropical Medicine, Liverpool, England.

TABLE I
SUMMARY OF THE DIFFERENCES BETWEEN
THE TWO FORMS OF B. MALAYI IN MAN

Feature Periodic form Semi-periodic form

Microfilarial Markedly nocturnal; Some nocturnal
periodicity microfilariae rarely rise, but micro-

found during the filariae readily found
day at all times

Microfilarial Empty sheaths com- Empty sheaths very
appearances in mon; few micro- rare; many micro-
Giemsa-stained filariae still en- filariae still en-
blood films closed in sheath closed in sheath

Formalin-fixed Greater mean Shorter mean
microfilariae length length

Experimental Highly infective to Does not develop
mosquito A. barbirostris; does readily in A. barbi-
infections not develop readily rostris; highly in-

in M. dives or fective to M. dives
M. bonneae and M. bonneae

Natural vectors A. barbirostris group, M. dives, M. bon-
A. hyrcanus group, neae, M. annulata
M. indiana, M. uni- and M. uniformis
formis and M. annu-
lifera

Experimental Does not develop Infections readily
infections in cats well, and micro- established, with

filaria count high microfilaria
remains low counts

After Wilson et al. (1958).

been transmitted to him experimentally (Edeson
et al., 1960), and it has not yet been reported from
outside Malaya. This species is of importance in
epidemiological studies because the infective larvae
in the mosquito are indistinguishable from those of
B. malayi. B. patei has not been reported from man.
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FIG. 1
DISTRIBUTION OF BRUGIA MALAY!
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B. malayi has been found and can develop in a
variety of animals (Laing, Edeson & Wharton, 1960),
and the presence of this animal reservoir of infection
may interfere considerably with control measures.
So far, animal reservoirs have been found only in
Malaya, although Pattanayah & Raghavan (1956)
found two out of 57 cats infected with malayi-like
microfilariae in Orissa State, India, and monkeys
from Thailand have been found infected with similar
microfilariae (F. Hawking, personal communica-
tion). The apparent lack of animal reservoirs may
be due to the absence of the semi-periodic form
from other countries where the microfilariae are
nocturnally periodic, or it may be due to lack of
adequate surveys. If large numbers of animals have
been examined and found free from infection with

B. malayi, it is to be hoped that the results will be
published. In this respect negative evidence is
nearly as valuable as positive evidence.

Infection with B. malayi is essentially a disease of
rural areas, probably because of the habits of the
mosquito vectors. Survey results are often difficult
to interpret and direct comparisons are rarely pos-
sible because of the different techniques and stan-
dards used, as well as differences in the composition
of the populations examined (Wilson 1).

Identification of the vectors has not been satis-
factory in the past, workers often assuming that,
because immature filarial larvae are found in a

Wilson T. (1961) An aid to the comparison offilariasis
suryey results (unpublished working document WHO/Fil./31).
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species of mosquito, the insect is proved to be a
vector. The only certain way to prove that a species
is a vector of B. malayi in nature is to transfer
infective larvae from wild-caught mosquitos to a
suitable vertebrate host, such as a cat. The finding
of infective larvae in wild-caught mosquitos may be

presumptive evidence of the ability of the species
to act as a vector, but it is impossible to distinguish
between the infective larvae of B. malayi and B.
pahangi at present, so that dissection results must be
treated with reserve until cats have been infected
and the resulting adult worms identified.

DISTRIBUTION AND EPIDEMIOLOGY OF B. MALA YI

INDIA

B. malayi has been reported from a few foci only,
in rural areas associated with heavy breeding of
Mansonia in water infested with Pistia. The largest
single tract is in Travancore-Cochin State (Iyengar,
1938) covering over 1 000 000 people with a micro-
filaria rate of 16% and a disease rate of 3-16%.
B. malayi also occurs in parts of Hyderabad State,
Orissa (microfflaria rate, 18%; disease rate, 4%Y.),
and Madhya Pradesh (microfilaria rate, 13 %; disease
rate, 2%). It has also been reported from parts of
Assam (microfilaria rate, 5 %; disease rate, 5 %)
(Raghavan, 1957).

Microfilariae have been found in one infant less
than one year old and in two infants aged one year.
The elephantiasis is essentially of the lower limbs,

only occasionally occurring in the arms and very
rarely in the genitalia. The earliest age at which
elephantiasis was seen was three years. There appear
to be no obvious differences in filarial incidence
between the two sexes.
The microfilariae are said to be truly nocturnal in

their periodicity so that surveys have to be carried
out at night. Although the microfilariae are reported
to be truly nocturnally periodic, the empty sheaths
characteristic of periodic B. malayi as seen in Malaya
have been reported in only a few blood films from
Travancore-Cochin (Raghavan, 1957).
No mosquitos have been proved vectors, but

mature infective larvae of B. malayi have been found
in the Mansonia group. M. annulifera and M.
uniformis are regarded as important vectors, while
M. indiana may play some part in transmission.
Animal reservoirs of B. malayi have not been re-

ported from India although two out of 57 cats
examined in the Puri district of Orissa State were
infected with malayi-like microfilariae (Pattanayah
& Raghavan, 1956). In addition, a number of filarial
infections are reported from lizards, birds, dogs,
cattle, horses and monkeys.
Burton (1959, 1960) has studied the attachment of

the Mansonia larvae to various water plants.

CEYLON

B. malayi is restricted to areas around the estuaries
of rivers such as Mahoveliganga, Bentota ganga,
Ginganga and Nilwalaganga. It also occurs in
rural areas in North-Western Province and in Ham-
bantota District, Southern Province. Recent control
measures may have reduced the incidence consi-
derably.
Dassanayake (1938), in a survey in North-Western

Province, found a microfilaria rate of 30% among
43 561 people examined. In the same survey he
found 272 cases of elephantiasis, and 305 of filarial
lymphangitis. Of the people with clinical symptoms
77% were male and 23% female. He records
Mansonia spp. as being present in the area. In 1939,
Dassanayake reported the results of his survey in
Southern Province, where he found a microfilaria
rate of 5% due to B. malayi. Elephantiasis was
mostly of the lower limbs, but because W. bancrofti
was also present a definite rate for elephantiasis
due to B. malayi cannot be given. M. uniformis was
especially prevalent.

Carter (1948) dissected large numbers of mosqui-
tos in the endemic areas. In North-Western Province
he found M. uniformis to be the most prevalent
mosquito and proboscis infections were found in
M. uniformis, Aedes pseudomediofasciatus, Aides
lineatopennis, Aedes pallidostriatus and Aides piper-
salatus, but it is not certain that all the filariae were of
human origin. In Toppur, Eastern Province, where
he had previously found microfilaria rates of 34.4%
for adults and 25% for children, and where 23% of
128 adults examined at random were found to be
suffering from elephantiasis, over 70% of the mos-
quitos caught were Mansonia spp. Proboscis infec-
tions were found in M. annulifera, M. indiana and
M. uniformis. The one mature larva found in Culex
gelidus was probably not B. malayi. He found an
increase in filaria infections in A. hyrcanus var.
nigerrimus during September-October, but con-
sidered that the infections probably cam, from
buffalo.
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At Induruwa, 43 miles (about 70 km) south of
Colombo, an infection rate of 4.1 % was found in
M. uniformis caught in houses, while in M. uniformis
caught in cattle-baited traps the infection rate was
0.13% (Antonipulle, David & Karunaratne, 1958).
It is not certain whether the mosquitos were infective
or merely infected.

BURMA

B. malayi is said to be present in Burma (Simmons
et al., 1944).

THAILAND

B. malayi is restricted to the flat low-lying rural
areas in the eastern coastal belt of peninsular Thai-
land. Iyengar (1953) surveyed 4112 people in these
areas and found 863 (21.0%) microfilaria carriers
and 215 (5.2%) with filarial disease, the chief mani-
festation of which was elephantiasis of the leg,
sometimes associated with the arm. The micro-
filarial density was low: 34% of the positive blood
films showed counts of 5 microfilariae or less in
approximately 12 mm3 of blood, and only 10.3%
of the positive blood films contained more than
100 microfilariae.
The youngest child found infected was three years

old, while the earliest age at which elephantiasis
occurred was 13 years. There was a gradual increase
in the filarial infection rate with age, from 10.9%
in the age-group 2-5 years to 41.1 % in the age-group
over 60 years. No mention is made of sex differences
in the prevalence, and there is no information re-
garding the periodicity of the microfilariae.
The information regarding the vectors is unsatis-

factory. 2499 mosquitos belonging to 40 different
species were collected from dwellings and dissected.
Ten species are reported as being "naturally
infected ", but it is not certain that infective larvae
were found in all these species. Mansonia annulifera,
M. uniformis, M. indiana, M. dives (= longipalpis),
Anopheles barbirostris, A. hyrcanus nigerrimus, A.
hyrcanus sinensis, A. albotaeniatus, A. umbrosus and
Culex sitiens are given as being infected. There is
little information regarding the relative abundance of
these different species or of their feeding habits
and preferences.

Little is known about animal reservoirs of infec-
tion in the country, but monkeys from South
Thailand have been found infected with microfilariae
which are morphologically indistinguishable from
those of B. malayi and which show a nocturnal
periodicity (F. Hawking, personal communication).

INDO-CHINA

Galliard (1937) first reported the presence of
B. malayl in the Tonkin district of North Vietnam.
finding 5.2% microfilaria carriers in the delta region
of the Red River, occasional carriers in the middle
region and only one out of 241 examined in the upper
region. Mille (1954) found a carrier rate of 9% in
the delta region, and one of less than 1% in the
middle region.
Among North African and French troops opera-

ting in the Tonkin delta region a typical syndrome
of eosinophilia, enlarged lymph-nodes and bronchitis
with attacks of asthma was described by Friess.
Pierrou & Segalen (1953). Microfilariae of B.
malayi were recovered from lymph-node biopsy.

Galliard & Hguyeh Huu Phiem (1939) showed the
microfilarial periodicity to be nocturnal in a carrier
from Hudong Province, positive blood films being
obtained from 4 p.m. to 8 a.m., with a peak from
10 p.m. to 2 a.m. Anopheles and Mansonia are said
to occur in the area, but no mosquito dissection
results are available. B. malayi also occurs in South
Annam (Capponi, 1949).

CHINA

Surveys in recent years have shown filariasis to be
more widespread than was previously thought to be
the case. B. malayi occurs in the following provinces:
Kweichow, Szechwan, Hunan, Hupeh, Kiangsi,
Chekiang, Fukien, Kiangsu, Anhwei, Honan and
Kwangsi. Although no child under one year was
infected in Wuhan, Hupeh, 6.27% of children in the
1-2 years' age-group were infected (Li, 1959). In
the water-rich hilly districts of Wuchang, Chekiang,
microfilaria rates of 49% and disease rates of 34%
were reported by Wu (1959). The acute manifesta-
tion of the disease is lymphangitis, which is generally
associated with over-exertion. Feng & Feng (1960)
give the clinically late manifestations as lymph-
angitis and elephantiasis involving chiefly the extremi-
ties, especially the lower limbs. Males and females
are said to be equally subject to infection and filarial
disease, but children below the age of 10 years rarely
show signs of filarial disease. For diagnosis the
examination of three blood films (total of 60 mm3 of
blood) is considered to be the most satisfactory, and
where the count is less than 5 microfilariae per 60
mm3 of blood the infection is easily overlooked. Li
(1959) states that 0.1 g of diethylcarbamazine given
to patients with malayan filariasis during the day-
time will cause large numbers of microfilariae to
appear in the peripheral blood within 15-30 minutes.
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A. hyrcanus sinensis, which is found in paddy-fields,
lakes, pools and fresh-water ditches, was found to
contain infective larvae in Wuchang, while 67.7%
were "found positive" on Choushan Island, and
43.9% were " found positive " at Lungsheng,
Kwangsi. Infective specimens have also been found
in Hunan and in Kweichow the infection rate was
41.44%. At Hangchow, Chekiang, 41 % of the large
variety and 61 % of the small variety were infected.
Aides togoi was found to be a good transmitter in

coastal regions and infective larvae of B. malayi
were found in specimens taken in the Goerhand
Islands off the south-east coast of China. Experi-
mental feedings on microfilaria carriers proved that
B. malayi could develop to maturity in Aedes togoi
(Gun Dzyan-Chzhan, 1960).

SOUTH KOREA

B. malayi occurs in South Korea from 33°N to
37°N, and also on Quelpart Island off the south
coast of Korea. In Quelpart, 26.6% of the inhabi-
tants were microfilaria carriers, while in south-east
Korea the rate was about 4% and in south-west
Korea it was about 11 %. Males and females were
about equally infected except in south-east Korea,
where the males showed a higher infection rate
(55%Y.) than the females (2.5 %). The vectors are
uuknown, but A. hyrcanus and species of Mansonia
are found in these areas (Senoo & Lincicome, 1951).

TAIWAN

The position in Taiwan is confused by the pre-
sence of many evacuees from the mainland of
China. Among the indigenous inhabitants, only
Wuchereria bancrofti infection occurs, but Fan &
Hsu (1954) found B. malayi microfilaria carriers
among mainland Chinese transferred to Taiwan.
Wu & Huang (1955) found 788 malayi-microfilaria
carriers among 8848 people evacuated to Taiwan
from Ta-chen Island along the South China coast in
Chekiang Province. They found that the micro-
filariae were nocturnally periodic.

JAPAN

Only one small focus of infection with B. malayi
has been found in Japan. This occurred among the
inhabitants of the small island of Hachijo-koshima
south of Japan. Sasa et al. (1952) found microfilaria
rates of 34% in both males and females. The micro-
filaria rate was negative in the 0-5 years' age-group,
was 40% in the 6-9 years' age-group and was

highest (73%) in the 31-40 years' age-group.
Although 10% of the children are stated to have
disease manifestations before the age of five years,
elephantiasis was not observed until after 35 years of
age; 15% of the population had elephantiasis
which was mild and affected the forearms, hands,
legs and feet.
The microfilariae showed a nocturnal periodicity,

although only a few blood films were examined and
in some daytime films microfilariae were found.

The vector is said to be Aedes togoi. This species
is common, enters houses and readily bites man.
Infective larvae of B. malayi were found in one wild-
caught specimen.
No animals were examined for microfilariae.

TIMOR

Microfflaria rates of 0.2-5.9% were found by
Fraga de Azevedo, Gandara & Ferreira (1958) in
Portuguese Timor. The lowness of these rates is
thought to be due to the fact that mainly daytime
films were examined, since in one area the daytime
microfilaria rate was 2% and the night rate was 10%.
Patients with elephantiasis showed a higher micro-
filaria rate than those apparently healthy. The
elephantiasis was mainly of the lower limbs.

SARAWAK AND BRUNEI

B. malayi is found in the flat coastal land and
along the large rivers of Sarawak. It is rarely found
in the mountainous interior far from the sea or along
the large rivers with tidal water (de Zulueta, 1957).
The prevalence was usually higher among the
Malays than among the Chinese, probably because
the Malays are predominantly a rural population
while the Chinese live in urban areas. As the blood
films were taken during the daytime, de Zulueta
(1957) suggested that the prevalence of B. malayi
was greater than that observed, and this was con-
firmed by later surveys. This suggests that the micro-
filariae may show a nocturnal periodicity. In
Marudi, North Sarawak, one Mansonia sp. out of
22 543 dissected was found infected with filariae.

INDONESIA

The microfilariae of B. malayi were first described
by Brug (1927) from blood films taken by Lichen-
stein in Aachen, Northern Sumatra. Brug (1931)
found that B. malayi was fairly widespread in
Indonesia and was the predominant filarial parasite
in Sumatra, where the microfilaria rate varied from
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4% in Atjeh, Northern Sumatra, to 43% in
Meulaboh, Northern Sumatra, and 54% in Benkulen,
South-West Sumatra.

In Java filariasis was relatively rare and the only
microfilaria carrier found was a contract labourer.
B. malayi was found around Djenaring in South-
East Borneo. In the Celebes B. malayi was fairly
common, occurring particularly on the western
side, with microfilaria rates of 15-40%. B. malayi
was also found in Flores (microfilaria rate, 10%),
Soemba (microfilaria rate, 10%),Timor (microfilaria
rate, 2 %), and Molucca (Ceram) (microfilaria rate,
6%). In the areas where the sexes were investigated
separately the microfilaria prevalence was approxi-
mately the same in men and women, and was usually
less in children than in adults. The microfilariae
were said to show a nocturnal periodicity that was
much less absolute than for W. bancrofti. Elephan-
tiasis occurred especially in the legs, and a close cor-
relation was shown to exist between elephantiasis
and microfilaria rate in the Celebes.
Brug & de Rook (1930) identified the vectors of

B. malayi in the Benkulen region of Sumatra. M.
annulata and M. dives were the commonest man-
biting mosquitos, and experimental feedings showed
that these two species were capable of supporting the
development of the microfilariae to the infective
stage. Development was also completed in M. uni-
formis and M. annulifera. Only in M. annulata
(1.9 %) and M. dives (1.2 %) were natural infections
found.
Brug (1937) showed that A. barbirostris was an

excellent experimental vector of B. malayi in the
Celebes. He obtained infection rates of 99% by
experimental feedings and found mature larvae in
the mosquitos as early as 6.5 days after.
Animal infections have not been reported from

Indonesia.

MALAYA

B. malayi was first reported in Malaya by Strahan
& Norris (1934), who found a microfilaria rate
of 23.5% among Malays in the coastal rice-fields
of Province Wellesley. Vickers & Strahan (1937)
mapped the endemic areas in Kedah, while Poynton&
Hodgkin (1938) found the disease to be endemic in
rural areas, particularly along the Pahang and
Perak rivers. Poynton & Hodgkin (1939) were the
first to find malayi-like microfilariae in monkeys
caught in the Perak River area, thus raising the
possibility of animal reservoirs. Since 1946 surveys
have been carried out in Province Wellesley, Kedah,

Penang and Pahang by the staff of the Institute for
Medical Research, and by Polunin (1951) among
aborigines in the hill forest and in Johore. In 1953 a
filariasis research unit was established at Kuantan,
Pahang, and since then many new facts regarding
filariasis in Malaya have been found, although not
always understood.

Filariasis due to infection with B. malayi is a
disease of rural areas in Malaya, and previously
unknown foci are continually being found whenever
a special search is made. The epidemiology has
recently been well summarized by Wilson (1961).
Fig. 2 shows the main endemic areas known at
present.

Filariasis is diagnosed only when microfilariae
are found in blood films or when elephantiasis is
present. Histories of filarial fever are unreliable and
enlargement of lymph glands is of little value in the
diagnosis of filariasis in Malaya (Wilson & Reid,
1951; Edeson, 1955; Turner, 1959b). Thick films

FIG. 2
DISTRIBUTION OF FILARIASIS IN MALAYA

Reproduced from Wilson (1961) by permission of the editors
of the Transactions of the Royal Society of Tropical Medicine
and Hygiene.
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were made at night, usually from 20 mm3 of blood,
dried overnight and stained with dilute Giemsa
(35 drops of stain in 100 ml of phosphate buffer
solution); the microfilariae were counted under a
magnification of x 100. This technique gives a
colour contrast between the microfilariae of
W. bancrofti and those of B. malayi, thus making
species diagnosis relatively easy (Wilson, 1956).
Because only 20 mm3 of blood were examined, the
prevalence of filariasis may have been underesti-
mated by about 11 % (Edeson, 1959b). During the
surveys every effort was made to examine as many
of the people as possible, usually by households, so
that all ages of both sexes were examined.

The parasites

Two main topographical types of endemic area
have been recognized. One type is found in the
coastal rice-fields and open swamps of Penang,
Province Wellesley, Kedah and north Perak, and
the other is in the fresh-water swamp forest around
the larger rivers in Malaya, particularly around the
lower reaches of the Perak and Pahang rivers. Each
topographical type of endemic area has its own
characteristic mosquito fauna and its own form of
B. malayi. The periodic form occurs in north-west
Malaya, while the semi-periodic form occurs mainly
in the fresh-water swamp forest of Pahang, Perak,
Selangor and Johore. The form of parasite found
by Polunin (1951) in the aborigines in the hill forest
of central Malaya is not known for certain, but the
presence of microfilariae in a good proportion of
daytime blood films suggests that the semi-periodic
form is present in some of the areas surveyed.
The transmission of B. malayi from man to cats

and other animals has made possible more detailed
studies of the parasites in the vertebrate host (Edeson
& Wharton, 1958b).

Recent investigations have shown that the pre-
vious simple division into periodic and semi-periodic
forms is not entirely satisfactory. Microfilariae in
monkeys have a nocturnal periodicity, but in their
appearance and development in mosquitos they
resemble the semi-periodic form (Edeson, 1959a).
Studies on microfilarial periodicity in experimentally
infected animals have shown that semi-periodic
B. malayi from man exhibited semi-periodicity in
cats, but was periodic in a leaf-monkey. A natural
infection in a leaf-monkey was periodic, but when
transmitted to cats the periodicity varied, being
semi-periodic in some cats and nocturnally periodic
in others (Federation of Malaya, 1961b). A small

focus of periodic B. malayi is known to occur at
Paya Bungor, about 35 miles (56 km) west of
Kuantan, and recently carriers infected with both
forms have been found (A.B.G. Laing, personal
communication).

B. pahangi occurs in a number of species of animals
in Pahang and Perak but so far has not been reported
from man. However, this parasite has been trans-
mitted experimentally to man (Edeson et al., 1960),
and it may well play some part in the pathology of
filariasis in endemic areas of semi-periodic B. malayi.
B. pahangi does not appear to occur in the periodic
B. malayi areas, presumably because of the lack of
suitable vectors.

The vectors
The vectors of the periodic form of B. malayi are

A. barbirostris group, M. uniformis, M. indiana
and M. annulifera. A. barbirostris group and M.
uniformis have been shown to be laboratory vectors.
The semi-periodic form has been shown to be trans-
mitted in nature by M. bonneae, while M. dives,
M. annulata and M. uniformis have been shown to
be efficient laboratory vectors, and have been found
with infective larvae in nature. In east Pahang
infective-larva rates of 0.3-0.9% were obtained in
wild-caught M. dives and M. bonneae. Some of
these infective larvae may have been B. pahangi and
others may have been semi-periodic B. malayi from
animals. As the microfilaria rate among the human
population in the area is about 40%, the infective-
larva rate in the main vector is surprisingly low.
One reason may be that 84% of the vectors feed on
buffalo and cattle, and only 6% on man. Wharton
(1957) studied the efficiency of M. dives and M.
bonneae as experimental vectors of B. malayi and
found that when fed on carriers with very low micro-
filarial densities (0.025 microfilaria per mm3) about
5-8% of these mosquitos became infective. The
Aedes (Finlaya) group may be the vector in the hill
forest where Polunin (1951) found aborigines infected
with B. malayi.

B. pahangi is transmitted in nature by M. annulata
and M. dives, but in the laboratory it will develop
in a number of other species, particularly Armigeres
obturbans.

The animal hosts
Although in Pahang a variety of animals has been

found infected with semi-periodic B. malayi (Table 2),
only the leaf-monkeys are present in sufficient
numbers and are sufficiently heavily infected to
form a reservoir from which man may be reinfected
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TABLE 2. OCCURRENCE OF BRUGIA INFECTIONS IN ANIMALS IN EAST PAHANG:
SURVEY RESULTS 1955-60a

Animals

Primates:
White-handed gibbon (Hylobates lar)
Long-tailed macaque (Macaca irus)
Short-tailed macaque (M. nemestrina)
Dusky lepf-monkey (Presbytis obscurus)
Banded leaf-monkey (P. melalophos)
Silvered leaf-monkey (P. cristatus)
Slow loris (Nycticebus coucang)

Carnivora:
Domestic cat (Felix domestica)
Domestic dog (Canis familiaris)
Tiger (Panthera tigris)
Wild cat (Felis bengalensis)
Wild cat (F. planiceps)
Civet-cat (Paradoxurus hermaphroditus)
Civet-cat (Arctogelidia trivirgate)
Civet-cat (Viverra zibetha)
Civet-cat (Arctictus binturong)
Otter (Lutra sumatrana)

Pholidota (Edentata):
Pangolin (Manis javan/ca)

Insectivora:
Tree-shrew (Tupaia glis)
Moon-rat (Echinosorex gymnurus)

Rodentia:
Squirrel (Callosciurus spp.)
Giant-squirrel (Ratufa bicolor)
Giant-squirrel (Ratufa affinis)
Flying squirrel (Peturista spp.)
" Flying lemur " (Cynocephalus variegatus)
Bamboo rat (Rhizomya sp.)
Rat (Rattus spp.)
Porcupine (Hystrix brachyura)
Porcupine (Atheros macrourus)

Chiroptera:
Flying fox (Pteropus vampyrus)
Insect-eating bat (Microchiroptera spp.)

Ungulata:
Water-buffalo (Bubalus bubalos)
Domestic cattle (Bos faurus)
Goat (Capra hircus)
Sheep (Ovis aries)
Wild pig (Sus scrofa)
Mouse-deer (Tragulus javanicus)

Aves:
Domestic fowl (Gallus gallus)
Domestic duck (Anas spp.)
Ground dove (Geopelia spp.)
Owl (Ketupa ketupa)
Teal (Dendrocygna javanica)
Hornbill (Buceros rhinoceros)

Number infected with
Number
examined B. malayl B. pahangi sBectihes

6 _ _
-

147 4 - _
16 - - -

51 29 1 2
21 11 - -
5b 2 -_
47 - 10 _

257 e 10 43 8
44 d - 6 -

11 - 1 2
7 -1 1
32 1 14 -
3 - 21

5 _-1 1 _

20 2 1 4

50 - -
5 _ 2 _

61 _ -
14 -3 -
636 - - -

3 - -

I - - -

107 - - -

2
-

30 - - -
6 --

18 _

38 _ -

38 - - -
32 - _
10---

45 - _

32--

27 _ _
3 - - _
2 - --

a After Federation of Malaya (1961b). b From Perak river area.
From 1958-60 surveys only; in previous surveys, 50 out of 159 had malayi-like microfilariae.

d From 1958-60 surveys only; in previous surveys, 4 out of 5 had malayi-like microfilariae.
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(Laing, Edeson & Wharton, 1960). Monkeys and
cats have also been found infected in Perak. But
in Kedah/Penang there appears to be no animal
reservoir; monkeys have not been found infected
and only one cat out of 100 examined showed
malayi-like microfilariae in the peripheral blood.

The human host
Surveys have been made in Kedah/Penang and

in east Pahang and the infection rates by age and
sex are shown in Fig. 3 and 4. Children are infected
early in life; the youngest with microfilaraemia was
only three and a half months old. The infection rate
rises rapidly in Kedah/Penang to a peak of 56% in

FIG. 3
FILARIASIS INFECTION RATES BY AGE AND SEX

IN KEDAH/PENANG

males at the age of 9-10 years. In east Pahang the
rate rises even more rapidly to about 57% in both
males and females at the age of 4-5 years. In Pahang
the rate and also the microfilarial density tend to be
lower in females than in males after the age of 10
years. The reason for this is not yet known and the
same difference is not noted in Kedah/Penang.
Wilson (1961) has drawn attention to the natural

fluctuations in the prevalence of filariasis among
populations in endemic areas. A small group of 294
persons was examined in 1950, 1953 and 1957 and
microfilaria rates of40%, 44% and 35 %, respectively,
were found. The corresponding microfilarial den-
sities per 20 mm3 of blood (all films) were 19.4,

FIG. 4
FILARIASIS INFECTION RATES BY AGE AND SEX

IN PAHANG
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25.5 and 11.7. A larger population of 1601 persons
was examined in 1953 and 1957; the microfilaria
rate fell from 38% to 33% and the density from
16.9 to 8.7 per 20 mm3 of blood. From these two
examinations it appeared that a large group (52%
of the total) was negative at both surveys, a smaller
group (28%) was positive at both surveys, while a
third still smaller group (19%) showed different
results at the two surveys. Some of the positives who
became negative may have developed elephantiasis;
and some of the variable results may have been due
to faulty survey techniques and to the examining of
too small a quantity of blood. The fact that about
half the total population showed no microfilariae
and no elephantiasis suggests that they possessed
natural or acquired immunity to infection. The
mechanisms of "good" and "bad" hosts are still
unknown and require further investigation.
Turner (1959b) has given a detailed account of the

clinical features of filariasis due to B. malayi. The
early stages of infection in experimentally infected
human volunteers may be characterized by enlarge-
ment of lymph glands, a retrograde lymphangitis
and transient swelling of the affected limb with a
slight eosinophilia (Edeson et al., 1960) or by a
marked leucocytosis and eosinophilia associated with
pulmonary changes (Buckley, 1958). These early
stages are either symptomless or obscured by other
ailments in the rural populations of endemic areas.
As early as six years of age children suffer from
attacks ofadeno-lymphangitis, usually associatedwith
fever. The attacks, which usually last 3-5 days,

are termed episodic by Turner as they occur at
irregular intervals. The frequency of these episodes
varies considerably among individuals; some may
have attacks every few weeks while others have only
one or two a year. During the early stages of the
disease the attack may be accompanied by transient
swelling of the affected limb; later this swelling
becomes permanent, resulting in elephantiasis.
During some attacks an abscess may form and
burst, followed by cessation of the attacks. The
febrile episodes are usually a greater disability to
the individual than is the elephantiasis which is the
usual terminal result of infection with B. malayi.

Elephantiasis usually affects the leg and seldom
extends above the knee, even when gross oedema
occurs. Very rarely is the arm involved, and then
usually combined with elephantiasis of the leg.
Scrotal elephantiasis is almost unknown. The young-
est age at which elephantiasis was observed was 10
years in both types of area. As mentioned above, in
Kedah/Penang there was little difference in the
prevalence of elephantiasis in males and females, but
in Pahang males were more affected than females;
over 20% of the men in the age-groups 20 to over
60 years had elephantiasis, with a peak of 33% in the
40-44 age-group.
The microfilaria rate among elephantiasis sufferers

is considerably lower than among the rest of the
population. In Kedah/Penang the rate among those
without elephantiasis was 37% and that among those
with elephantiasis was only 2%; in Pahang the
corresponding rates were 43% and 10%.

TREATMENT OF INFECTIONS DUE TO B. MALA YI

TREATMENT OF MICROFILARIA CARRIERS

Wilson (1950) showed that diethylcarbamazine
given in total dosages of about 100 mg/kg body-
weight effectively removed the microfilariae of
periodic B. malayi from the peripheral blood.
Turner (1959a) extended the observations and
showed that the drug was equally effective when
given once a day instead of three times as used by
Wilson. Both workers found that initial treatment
was followed by febrile reactions that would make
mass treatment unpopular. The febrile reactions
were not modified by the administration of antihista-
mine drugs (Turner, 1959a). Later work demon-
strated that diethylcarbamazine given in doses of
1-6 mg/kg body-weight at weekly or monthly intervals
was also effective in reducing the microfilaria counts

of semi-periodic B. malayi (Edeson & Wharton,
1958a). Three years after treatment many of those
treated were still free from microfilariae, and some
of those who were positive may have been reinfected.
Reducing the size of the dose did appear to reduce
the febrile reaction, but it also reduced the action on
the microfilaria count. The steroid prednisolone,
given in conjunction with diethylcarbamazine, did
shorten the duration of the febrile reaction in micro-
filaria carriers treated in hospital; in four patients
with microfilaria counts of 60-220 per 60 mm3 of
blood, febrile reactions lasted 24-36 hours only.
In one patient with a count of 207 per 60 mm3 and
in four others with counts of 9-25 per 60 mm3, the
temperature did not rise above 99°F (37.2°C)
(Federation of Malaya, 1961a).
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Mass treatment, using six doses of 5 mg/kg body-
weight given at weekly or monthly intervals, reduced
microfilaria rates and loads considerably (Wharton
et al., 1958; Mohamed Yusuff bin Hassan, 1959).
In the field trials, reducing the size of the initial
doses did not appear to reduce the frequency of
febrile reactions. Administratively, weekly dosage
was found to be easier than monthly dosage, though
there is probably little difference in the effect on the
microfilariae.
There has been doubt as to the action of the drug

on the adult worms. Treatment of cats experimen-
tally infected with semi-periodic B. malayi showed
that diethylcarbamazine did kill the adult B. malayi
but its action on the microfilariae was unpredict-
able. Even when the drug was given in doses of
100 mg/kg body-weight the microfilaria counts were
not reduced, and they even increased in some in-
stances (Edeson & Laing, 1959).
The action of Melarsen/dimercaprol against semi-

periodic B. malayi in cats was investigated. After the
death of three cats following 1-2 doses, equivalent
w/w to therapeutic doses in man, the investigations
were discontinued. The microfilariae and adult
worms were affected to some extent (Federation of
Malaya, 1961a).

TREATMENT OF FILARIAL ATrACKS

Diethylcarbamazine has no influence on the course
of a filarial attack, treatment of which is sympto-
matic. During mass treatment campaigns, however,
persons have volunteered the information that the
number of attacks decreased after treatment.

TREATMENT OF ELEPHANTIASIS

Diethylcarbamazine has no action on the actual
size of an elephantoid limb. Rest in bed and ban-

R1tS

L'auteur passe en revue la distribution et l'epidemiolo-
gie de Brugia malayi, principalement en Malaisie.
B. malayi infeste essentiellement les habitants des regions
rurales de l'Extreme Orient entre 750 et 1400 de longi-
tude est. Le parasite a ete retrouv6 chez de nombreux
animaux en Malaisie, chez le singe en Thailande et le
chat en Inde, ce qui laisse supposer l'existence d'un
reservoir animal. On connait en Malaisie deux formes
de B. malayi (p6riodique et semi-periodique) que l'on
distingue par la p6riodicite' differente des microfilaires et
par les differences de developpement qu'elles presentent
chez les hotes vertebres et invert6bres. L'existence de ces

daging of the affected limbs do reduce the swelling,
which returns to its former size once these measures
cease. Prednisolone was given in short courses of
14-21 days to five patients in conjunction with bed
rest and bandaging; the results were no better.
Three courses of prednisolone were given to one
individual and a marked improvement in limb
size and skin texture was noted. In two patients
there were exacerbations of existing pyogenic
infections. The treatment of elephantiasis continues
to be most disappointing.

POSTSCRIPT, 12 JUNE 1962

Since this paper was written I have been informed
by Professor W. E. Kershaw that, in surveys carried
out with Dr Abdul Cader during 1961 in Ceylon,
they were unable to find the microfilariae of Brugia
malayi in the peripheral blood of people living in
Karunegala district, where surveys more than
20 years ago had shown a high microfilaria rate with
this parasite. Only a very few microfilaria carriers of
B. malayi were found in the south-west coastal belt.
The WHO Expert Committee on Filariasis (1962)

suggested that the term " sub-periodic " should be
used in place of " semi-periodic " to describe the form
of B. malayi found in Pahang State, Malaya.
A recent revision by Reid (1962) of the Anopheles

barbirostris group will necessitate a reconsideration
of the vectors of Malayan filariasis previously clas-
sified as "A. barbirostris ". The vector in north-west
Malaya is now named A. campestris and this is also
probably the vector in peninsular Thailand.

In southern Thailand, Nair & Sombat Chayabejara
(1961) found that the microfilariae in three volun-
teers showed a nocturnal periodicity, and that many
empty sheaths were seen in Giemsa-stained blood
films.

;UMIt
deux formes n'a pas encore ete verifi&e dans les autres
pays. En Malaisie et dans l'Est africain, on trouve chez
1'animal des especes tres voisines de Brugia. En revanche,
on ne sait rien de la presence de ces parasites chez I'ani-
mal dans les autres pays.

L'infestation a B. malayi peut se produire au tout debut
de la vie, et de nombreux enfants sont atteints des la
premiere annee de leur existence. L'article donne ensuite
les taux de microfilaires et ceux de l'6lephantiasis dans
la plupart des pays ou l'affection est endemique. En
general, l'elephantiasis se limite aux membres inferieurs
et se voit rarement avant l'age de dix ans; sa frequence
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augmente avec l'age. Par ailleurs, les l6sions de I'appareil
genital sont extremement rares.
Mansonia sp., Anopheles hyrcanus sinensis, A. barbi-

rostris et Aedes togoi sont les agents vecteurs principaux.
Le traitement appliqu6 A la filariose en Malaisie est

ensuite passe en revue. La diethylcarbamazine reduit les

populations de microfilaires et d6truit les vers adultes.
Au debut de l'administration du produit, les porteurs de
microfilaires pr6sentent des reactions pyr6tiques impor-
tantes qui r6pondent bien a la prednisolone. Le traite-
ment a la di6thylcarbamazine diminue la fr6quence des
acces de fievre filarienne.
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