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50% of the number that should have been present in view of the number of
microfilariae injected.

In subject F. a decrease of 25 % was evident even in the first tests made
after the transfusion. On an average, only 6 microfilariae per ml were found,
whereas theoretically there should have been 24. Microfilariae were present
in this patient for two years and nine months after the transfusion.

Subject L. showed a reduction of approximately 50%, since, instead of
the 9 microfilariae per ml which should have been present, an average of only
5 was found in the first four tests. Microfilariae were present for a period of
two years and two months after the transfusion.

Each of these subjects weighed about 50 kg; they had a weak constitu-
tion and their blood volume, although assumed to be five litres, may have
been somewhat less. This, coupled with the fact that the number of micro-
filariae in the blood of the donors was ascertained by taking an average of
two samples of 20 mm3 each, whereas in the case of the persons receiving
the transfusions Knott's concentration method had to be employed, may
possibly explain why the reduction in the number of microfilariae was not
as great as that obtained by other investigators using different filariae.
In their experiments the number of microfilariae detected after the trans-
fusion was approximately 10% of the number injected. On the other hand,
it is possible that M. ozzardi microfilariae are more resistant than those of
other species. This point needs to be clarified by means of fresh experiments,
in which the embryo count in both donors and receptors would be made by
the concentration method. The greater vitality displayed by these micro-
filariae may explain the less pronounced decrease which we obtained.

The period of survival of the microfilariae appeared to bear some rela-
tion to the number injected, as can be seen in the case of subjects F. and L.
It may be assumed that if subject A., who showed a larger number of
microfilariae than the other two patients, had survived, he would have
retained the organisms in his blood for a longer time.

No reaction following transfusion was observed.

* *

The authors wish to thank Dr Rauil Cardenas Torre, Dr Alfonso
Sansores Manzanilla, Dr Felipe Santos Zetina, Dr Tiburcio Puerto Parrao
and Mr Raul Ruiz Soto for their kind assistance in carrying out this work.

Observations on Filariasis in Sarawak and Brunei
By JULIAN DE ZULUETA, Malaria Section,
Division of Communicable Disease Services, WHO

In 1952 and 1953, the Sarawak Malaria Pilot Project carried out a
general malaria survey of Sarawak and Brunei, during which a considerable
amount of information was collected regarding the geographical distribu-
tion of filariasis in both territories. The observations made in 1953 and
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1954, in the course of an experiment on malaria control with residual
insecticides, provided additional information as to filaria prevalence and
filaria vectors in the interior of Sarawak. Though references to these
subjects will be found in the periodic reports of the Sarawak Project and
in a recent publication,a it has been thought profitable to discuss separately
the observations on filariasis made in Sarawak and Brunei. This is the
intention of the present note.

Sarawak and Brunei are two British territories on the north-west coast
of Borneo. Sarawak forms a strip of land of some 450 miles (about 725 km)
in length, varying in depth from 40 to 120 miles (60-190 km) and having
a total area of approximately 47 000 square miles (about 200 000 km2).
Brunei is a small state forming two enclaves in the territory of Sarawak
with a total area of 2226 square miles (some 5760 km2). The two countries,
being almost on the Equator, have a uniform climate, with an average
mean maximum-minimum temperature of about 80°F (26.7°C), and a heavy
rainfall varying from about 100 inches (250 cm) near the China Sea coast
to about 200 inches (approximately 500 cm) in the interior. Relative
humidity is uniformly high and in general there are no marked climatic
changes during the year. In Kuching and other places in Southern Sarawak
precipitation increases in December and January, and the months with the
lowest rainfall are usually June and July; but in other parts of the country,
and particularly in the north, there is no definite trend in the rainfall curve,
all the months of the year having a considerable amount of rain.

According to the 1947 census-the latest available-the populations
of Sarawak and Brunei are 546 385 and 40 657 respectively. Sarawak is
a mosaic of races, with Chinese and Malays predominating in the coastal
areas, and Dayak and related groups forming the bulk of the population
in the interior. The people of Brunei are predominantly Malay.

In the course of the malaria survey of Sarawak and Brunei made in
1952-53, nearly 10 000 people were examined for spleen enlargement.
Blood films were taken as a rule from every alternate individual, and it
was in the course of the routine examination of the blood films for malaria
parasites that a considerable number of filaria cases was detected. The
accompanying figure shows the localities of Sarawak and Brunei where
microfilariae were found. To give an idea of the " reliability " of the map,
the itinerary of our survey is shown on it and, as will be noticed, a good
part of the 1st, 2nd, 4th and 5th Divisions of Sarawak and also of Brunei
was visited, but the 3rd Division in Central Sarawak was only partially
surveyed. We should like to add here that the results thus presented were
based on the examination of thick blood-films taken during the day-time.
Since we found a nocturnal periodicity for the Wuchereria bancrofti found
in Sarawak and since W. malayi is known to have a nocturnal periodicity,
we believe that many cases of filariasis must have passed undetected and
that the distribution of the two parasites is probably wider than it appears
in our results.b

a Zulueta, J. de & Lachance, F. (1956) Bull. Wld Hlth Org., 15, 673
b This is confirmed by recent observations (J. Yong, personal communication, 1955) made in the interior

of the 1st Division of Sarawak where W. malayi was found in blood films taken at midnight in places where
no microfilaria had previously been detected in blood surveys carried out during the day-time.
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Due account being taken of these reservations, it may be stated that,
as a rule, W. malayi is found in flat coastal land and along the large rivers
of Sarawak. However, cases have been reported in the hilly country in the
2nd and 3rd Divisions of Sarawak and along the Tutong and Muara roads
in Brunei. But, generally speaking, W. malayi is not found in the moun-
tainous interior of Sarawak, far from the sea or from the tidal reaches
of the large rivers. Curiously enough, the distribution of filariasis is almost
the opposite of that of malaria. W. malayi is common in the flat coastal
land, where there is practically no malaria, and is absent from the moun-
tainous interior, where hyperendemic malaria is to be found. Some
exceptions to this rule were found in the course of the survey. To our
surprise, not a single case of W. malayi infection was detected in Bintulu,
in the 3rd Division, and in the Lower Trusan and Lawas rivers in the
5th Division of Sarawak, notwithstanding the fact that these are typical
flat coastal areas. We cannot provide a satisfactory explanation for this
peculiar finding, and can only remark that the distribution of malaria is
in our experience much more uniform than the distribution of filariasis
-both W. malayi and W. bancrofti-in Borneo. It appears that filariasis,
being a disease of slow progress and protracted incubation, does not fill
its potential area of distribution with the facility of malaria, which has a
much shorter incubation period and a more rapid advance.

The racial groups most affected by W. malayi in Sarawak are the Chinese
and Malays living on the coast and in the estuaries of the large rivers, and
the Sea Dayak or Iban, who inhabit the hilly country of the 2nd and 3rd
Divisions, where W. malayi is found comparatively far inland.

The prevalence of filariasis among the Malays was usually higher than
among the Chinese. The results from two villages which exemplify general
conditions in Southern Sarawak are worth presenting here:

Bloods examined Bloods with
W. malayi

Sim n It Dn
Chinese school 26 0Simunjan, 1st Division 1 Malay school 25 5

Sebuu. Dn Chinese school 22 1Sebuyau, 2nd Division Malay school 26 7

These results, as pointed out before, are based on the examination of
thick blood-films taken during the day-time, and the real prevalence of
microfilariae was probably much higher, but they show, nevertheless, the
relationship in which the Malays and Chinese stand regarding filariasis.
Since the prevalence in this case can in no way be affected by treatment,
the conclusion to be drawn is that the Malays are in general more subject
to filaria infection than the Chinese. This is probably due to a difference
in habits, the Malays being predominantly a rural population and the
Chinese-mostly traders-a more urban community. The Malays in their
campongs are probably more exposed to mosquitos coming from outside
than the Chinese in the compact buildings of the bazaars.

Cases of W. bancrofti infection were found only in a few villages in the
Upper Tinjar, a remote corner of the Baram District in the 4th Division
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of Sarawak.c The villages affected by bancrofti filariasis are some 70 miles
(about 110 km) from the sea and only about 500 feet (or 150 m) above
sea level; but the Tinjar valley is surrounded by abrupt mountains covered
by dense jungle.rising up to 5400 feet (roughly 1650 m) above sea level.
The villages in the Lower Tinjar and in the neighbouring Baram Valley
are free from the disease, and it is difficult to understand how this pocket
of filariasis has originated in a remote corner of the interior.

The population in the Upper Tinjar belongs to various tribes of the
Kenyah group. Some settled Punan are also found in the area, which is
periodically visited by the nomadic Punan, forest dwellers, hunters and
food gatherers. A few Chinese are found near Leppu Leju, the Government
station in the Upper Tinjar, and the possibility of Chinese immigrants'
bringing filariasis into the area must be kept in mind. We should like to
point out, however, that no microfilariae were found among the few
Chinese inhabitants; moreover, it is difficult to understand how this small
group of Chinese could account for the infection of the area in question,
since no foci of W. bancrofti have been found in Sarawak in places densely
populated by Chinese.

We believe that filariasis probably existed in the Upper Tinjar before
the Chinese settled there in this century. In British North Borneo a few
cases of filariasis have been found in the interior, and there again the
parasite was W. bancrofti,d so that the case of the Tinjar valley does not
seem to be an isolated one in Borneo, where W. bancrofti is probably an
autochthonous parasite.

Since malaria was our main concern in Sarawak we could not devote
enough time to the study of the clinical aspects of filariasis. Many cases,
however, were brought to our attention; they appeared to be particularly
abundant in the Lower Sadong (1st Division) and the lower part of the
Simanggang District (2nd Division), and all were presumably attributable
to W. malayi.

During our frequent visits to the Upper Tinjar, which incidentally
was our " check " area in a malaria control experiment in Northern Sara-
wak, we found that cases of lymphangitis and lymphadenitis were very
common, and that chronic forms, such as elephantiasis of the arm or leg,
were more frequent in males than in females. Filariasis in the Upper
Tinjar was altogether an important medical problem. At this point, it
might be mentioned that the population of the Upper Tinjar is rapidly
dying out. We believe, however, that this is mainly due to the high incidence
of gonorrhoea in the area and probably has no relation to the prevalence
of W. bancrofti.

The entomological observations made in the course of the malaria
work supplied some information on filaria vectors. As a rule, when ano-
phelines were dissected for malaria parasites, a rapid search was also made
for filariae in the thorax and proboscis. In Northern Sarawak culicines
were also searched systematically for filariae. In Marudi, in the Lower

c We are indebted to Dr T. Wilson of the Institute for Medical Research, Kuala Lumpur, for the identi-
fication of the microfilariae in the blood films collected in the area.

d T. Wilson, pe sonal communication, 1955
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Baram, a considerable number of both anophelines and culicines was
dissected during a period of over a year. The mosquitos were caught at
night in human dwellings and in stable-trap captures made with animal
bait. We had found two cases of W. malayi infection in 62 blood films
taken during the day from the local schoolchildren, and we expected to
find some filaria infections in mosquitos. The results, however, were
disappointing. In all, 34 851 mosquitos were dissected, of which Anopheles
letifer numbered 3915; A. barbirostris, 1013; other anophelines, 250;
Culex fatigans, 5650; Culex sp., 2200; and Mansonia sp., 22 543. Among
this large number of mosquitos only one Mansonia sp. was found infected
with filaria.

The results from Leppu Leju, in the Upper Tinjar-the check area in
our malaria control experiment-were more interesting and a summary
of them appears in the table below. Mosquitos were caught during the night
in three houses used as fixed capture stations for a period of 13 months.
A. leucosphyrus, the main malaria vectcr in the interior of Borneo, formed
the bulk of these captures. We should like to explain here that, in the
interior of Borneo, as a rule no mosquitos are found in houses during the
day-time, and those caught in the night are usually anophelines. In coastal

FILARIA INFECTIONS IN " A. LEUCOSPHYRUS " AND " A. BARBIROSTRIS"
AT LEPPU LEJU, UPPER TINJAR, 4th DIVISION OF SARAWAK

A. leucosphyrus A. barbirostris

Month quitosMos- Number 0
os Number %Month quitosreMdq uitos positive positive quitos Mos- positive poscaptured quitos for for captured quitos posiiv posiiv

per dissected filaria filaria per dissected filaria filariaman-hour man-hourflai flra

December 1953 6.2 238 3 1.3 0.4 18 1 5.6

January 1954 11.0 774 4 0.5 0.4 29 0 0.0

February 4.3 374 2 0.5 0.3 25 0 0.0

March 4.7 327 6 1.8 0.3 22 2 9.1

April 7.7 520 1 0.2 0.6 42 0 0.0

May 8.8 576 14 2.4 0.4 29 0 0.0

June 12.9 754 5 0.7 0.5 30 0 0.0

July 8.3 475 2 0.4 0.3 21 1 4.8

August 2.7 174 1 0.6 0.1 4 0 0.0

September 2.7 181 3 1.7 0.2 11 0 0.0

October 4.4 261 0 0.0 0.5 25 0 0.0

November 8.4 488 3 0.6 0.1 7 0 0.0

December 5.9 350 0 0.0 0.0 0 0 0.0

Totals 6.7 5492 44 0.8 0.3 263 4 1.5
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areas and in flat country, in places like Marudi, mosquitos are much more
abundant and culicines form the bulk of the captures.

From the results presented in the table it appears that A. leucosphyrus
was the main filaria vector-presumably W. bancrofti, the prevalent species
in the area. A. barbirostris, on the other hand, seemed to be of secondary
importance as a vector. Eighteen other anophelines and 741 culicines
dissected were all negative for filariae. Stable-trap captures with animal
bait were made in Leppu Leju during a period of seven months, and 1072
mosquitos, comprising 33 A. leucosphyrus, 11 A. barbirostris, 200 A. tesse-
latus, 50 A. maculatus, 13 other anophelines, and 765 culicines, which were
trapped in those captures were dissected. All were found to be negative
for filariae.

Our results thus show that in Leppu Leju, in the Upper Tinjar, in an
area of W. bancrofti, only A. leucosphyrus and A. barbirostris were found
infected with filariae. We should like to add that the same observation was
made in the case of malaria, that is, A. leucosphyrus proved to be the main
vector and A. barbirostris played only a secondary role.

Observation of the monthly results of captures and dissections at Leppu
Leju will show that there were no marked variations in density and infection
rate. Climatic conditions in the area were relatively uniform with only
small fluctuations in the rainfall curve. Nevertheless, a close observation
of the results presented in the table will show that 35 filaria infections out of
44 were found in the first half of the year, between January and June. In
the case of malaria infections in mosquitos it was found also that most of
the sporozoite infections occurred during the first half of the year, for
reasons which, as in the case of filariasis, are not clear to us. It seems that
conditions for the transmission of both diseases were more favourable
during the first half of the year, but this does not appear to be related to
an increase in the vector populations nor to an increase in the rainfall.

The W. bancrofti found in the Upper Tinjar appear to have a nocturnal
periodicity. A group of schoolchildren was examined at Leppu Leju at
12 noon and 12 midnight of the same day. Not a single filaria was found
in 19 thick films taken at midday, whereas the examination of the 14 thick
films taken at midnight showed five cases of microfilaria infection-two
of them very abundant. Though this is an isolated observation, the clear-cut
results obtained nevertheless suggest that W. bancrofti in the Tinjar has a
nocturnal periodicity.

705


