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SYNOPSIS

Endemic filariasis in Thailand is restricted to the flat, low-lying,
rural areas in the eastern coastal belt of peninsular Thailand. A
large number of villages was surveyed, and 4,112 persons were
examined, of whom 863 were found to be positive for microfilariae
in the peripheral blood and 215 to have filarial disease. The chief
manifestation was elephantiasis of the leg, which was sometimes
associated with elephantiasis of the arm. The causative organism
of endemic filariasis in Thailand is Wuchereria malayi.

Nine species of mosquito (four of Mansonia and five of Ano-
pheles) are vectors of W. malayi infection in Thailand. They are
found naturally infected with the larval stages of W. malayi, the
infection rates in the different vector species ranging between 3%
and 17%. These mosquitos occur in large numbers and breed in
the extensive marshes in the vicinity of the villages.

The author discusses the feasibility of different measures for
the control of filariasis. Under the conditions prevailing in the
endemic areas of Thailand, the author considers that halting trans-
mission by spraying dwellings with residual insecticides would be
feasible as well as economical. This method was tried experi-
mentally in a restricted area, and it was found that spraying all
dwellings in a village with DDT, in a dosage of 170 mg per square
foot (approximately 1.8 g per m2), effectively controlled the trans-
mission of filarial infection and considerably lowered the incidence
of vector mosquitos.

Filariasis is an important public-health problem in Thailand. At the
request of the Government of Thailand, the World Health Organization
provided the services of a consultant on a short-term assignment to inves-
tigate the filariasis problem in Thailand and to suggest suitable methods
for the control of the disease. The author was appointed as the WHO
Filariasis Consultant and, with the assistance of Dr. M. I. Mathew and
Mr. M. A. U. Menon, carried out investigations from November 1951 to
February 1952 in southern Thailand.

* A report on filariasis in the Maldive Islands, prepared by the same author, appeared in Bull. Wid
Hith Org. 1952, 7, 375.

250 -731-



M. 0. T. IYENGAR

Topography of Thailand

Thailand may be roughly divided into five regions (see fig. 1), as follows:
1. A typically hilly country in the north, situated between the Tenas-

serim range in the west and the eastern range of mountains. This region
is traversed by three small mountain ranges, which divide it into four
watersheds, those of the rivers Ping, Wang, Yom, and Nan, all of which
flow in a southerly direction.

2. The central alluvial region which is low-lying and flat. This area
is largely deltaic in character, with a feeble gradient and a high water-table.
During the rainy season, the volume of water coming down from the hilly
region into this flat area is considerable, and in consequence the rivers spill
over their banks, causing extensive flooding.

3. An undulating dry plateau region to the north-west, with low rainfall
and a few relatively small rivers, which flow in an easterly direction to the
Indo-China border.

4. South-east Thailand at the head of the Gulf of Siam; this region is
densely forested.

5. Peninsular Thailand, consisting of a narrow strip of land situated
between the Indian Ocean on the west and the South China Sea on the east.

General Description of Peninsular Thailand

Filariasis is restricted in its distribution to the peninsular region of
Thailand, and very largely to the eastern coastal area of that region, which
is described here in some detail, with special reference to conditions
prevailing in the eastern coastal area.

Topography

Peninsular Thailand, which extends from latitude 12°N to latitude
5030'N, is a long, narrow strip of land, about 750 km in length and from
15 to 200 km in width. Along its western border runs the Tenasserim range,
which terminates near the island of Phuket in the Indian Ocean. To the
north-east of this point starts a smaller range, the Nakhon range, which,
continuing southwards through Phathalung province, joins the main ridge
of the Malayan peninsula.

The western part of peninsular Thailand is hilly and undulating. In
the eastern part there is a preponderance of wide alluvial plains, inter-
sected by numerous rivers which, originating in the uplands, flow into the
South China Sea. There are three large coastal plains in this area: (1) the
eastern part of the province of Suratthani, a considerable part of which is
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FIG. 1. MAP OF THAILAND SHOWING MAIN TOPOGRAPHICAL REGIONS

mHilly region
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Central alluvial region
Peninsular region

111111 Dry plateau region

covered with dense rain-forests; (2) the extensive coastal plain to the east
of the Nakhon range, the Nakhon plain, with a large, inland, brackish lake,
the Thale Sap; and (3) the coastal plain of Pattani and Narathiwat, which
is largely sandy.

Climate and meteorology

Peninsular Thailand, which is placed between two great oceans, has
what may be termed a " tropical-marine " climate. The temperature is
uniformly high and there is no cold season. The range of temperature
between the warmest and coldest months is small. Atmospheric humidity
is high throughout the year. Rainfall is heavy, and the rainy season extends
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over about nine months of the year, with two peaks of heavy precipitation.
The rains are derived from the south-west monsoon (April to June) as well
as from the north-east monsoon (October to December). During the other
months of the year, local showers of short duration are not infrequent, so
that there is no distinct dry season. The three months January to March
may be considered the comparatively dry period of the year.

Rainfall is heavier in the western part of the peninsula than in the
eastern strip. While the former gets the major part of its rainfall from the
south-west monsoon, the latter derives its rain mainly from the north-east
monsoon. The annual rainfall in the eastern coastal region of the peninsula
ranges from 1,800 mm to 3,000 mm.

The mean meteorological data, covering the four years 1939-42, for
Suratthani and Songkhla, two stations in the eastern coastal region, are
presented in table I.

In short, southern Thailand is characterized by a uniformly high tem-
perature, absence of a marked cold season, high atmospheric humidity,
two rainy seasons, rainfall well distributed throughout the year, and no
marked dry season.

Population

Southern Thailand is very sparsely populated, the average density of
population, taking the area as a whole, being under 100 per square mile
(39 per kM2). Suratthani province has a population density of less than
50 per square mile (20 per km2). The southern provinces bordering on
Malaya have a higher density; in Pattani, the average population density
is 265 per square mile (102 per km2). The area is typically rural in character,
with only a few small market towns. The vast majority of the population,
well over 90% in southern Thailand, live in rural villages. Many of the
so-called towns are not urban in character. The people are largely Thais
(Buddhists), with a small proportion of Chinese in the towns. In the
extreme southern part of peninsular Thailand, in the area to the south of
the latitude of Songkhla, there occurs a fair proportion of Malays who
follow the Islamic religion.

Administrative division and conditions in villages

There are fifteen provinces in peninsular Thailand. Each province is
divided into a number of districts, and each district into a number of can-
tons. A canton is a group of villages, their number ranging between 3 and
12 and averaging 6 per canton. The villages have populations of generally
less than 500. The dwellings are well separated from one another, so that
a village often covers a large area, sometimes 3-4 km in length and 1-2 km
in width. The land in the eastern coastal area is flat and low-lying and is
subject to flooding during the rains. The villages are usually placed on the
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TABLE I. METEOROLOGICAL DATA FOR SURATTHANI AND SONGKHLA
SOUTHERN THAILAND *

M
Rainfall Number Relative Maximum MinimumMonth (mm) of humidity temperature temperature

rainy days (%) (OC) (0C)
I~~~~~

Suratthani

January

February

March

April

May

June

July

August

September

October

November

December

Songkhla

January

February

March

April

May

June

July

August

September

October

November

December

49.2
16.5

18.5

108.6

231.0

138.6

93.4

152.4

168.6

248.1

273.2

206.3

225.3

41.5

45.9

114.1

120.6

114.5

37.4

54.1

80.5

243.1

590.3

635.9

8.0
2.5

3.0

9.5

18.0

18.0

15.8

14.8

18.8

17.5

22.5

15.3

16.0

6.5

5.5

8.5

17.8

13.3

10.8

13.8

15.8

21.8

26.3

20.5

81.1

76.0

77.9

78.8

83.8

84.0

81.4

81.7

83.5

88.8

89.5

85.5

79.2

76.0

77.0

77.9

77.4

76.9

74.3

75.1

76.5

81.5

86.5

83.3

25.2

25.8

27.0

29.8

28.8

29.3

28.8

28.5

28.9

28.5

24.9

26.0

31.5

32.5

34.6

36.3

36.1

36.5

36.2

36.4

35.9

35.2

34.0

32.1

17.9

18.0

17.7

21.7

21.9

22.6

22.1

22.0

21.3

21.7

21.6

19.8

22.6

22.4

23.5

24.4

24.7

24.1

23.9

23.7

23.3

23.6

22.9

22.5

* Averages for the four-year period 1939.42

more elevated parts of flat plains or along the river banks. The approaches
to the villages as well as the lower ground within the villages are flooded
during heavy rains. The riverine villages are often backed by extensive
marshes. The houses are raised on wooden piles; the flooring, which is
made of wooden planks or split bamboo, is four to five feet (1.20-1.50 m)
above ground-level. The principal occupations of the people are agri-
culture, coconut farming, fishing, pig farming, and those connected with
rubber plantations and tin-mines.
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Vegetation and fauna

Areas not under cultivation are densely wooded, the vegetation being
of the type of tropical rain-forests. In the plains, wild animals are few; but
the marshes and streams are often infested with crocodiles, and the land
is heavily infested with snakes, many of which are highly poisonous.

Travel facilities

Travel facilities are poor : there are few roads, and most of them are
in poor condition, while during the rainy months they are often flooded
over. In many areas, the only means of travel is by small canoes or on foot.

Previous Investigations into Prevalence of Filariasis

No full investigation of the filariasis problem in Thailand had previously
been made, but the available information indicated that the occurrence of
filariasis was restricted to peninsular Thailand. During 1949-50, the Public
Health Department of Thailand called for statements from headmen of
cantons regarding cases of elephantiasis occurring in the areas under their
control. The data compiled from these statements are presented in Annex 1
and give a rough indication of the areas affected with filariasis. Of the
fifteen provinces constituting peninsular Thailand, cases of elephantiasis
were reported from ten-namely, Pattani, Narathiwat, Phathalung, Nakhon-
Srithamrat, Suratthani, Chumphon, Yala, Krabi, Trang, and Ranong.
Quite large numbers of cases of elephantiasis were reported from the six
provinces along the east coast of the peninsula-namely, Pattani, Nara-
thiwat, Phathalung, Suratthani, Nakhon-Srithamrat, and Chumphon. The
province of Nakhon-Srithamrat heads the list with 1,246 cases, followed
by Pattani with 603 cases. As regards the four provinces of Yala, Trang,
Krabi, and Ranong, which are not in the eastern coastal area, only small
numbers of cases were reported, and it seems likely that they were either
sporadic cases or cases imported from endemic zones outside these provinces.

In the six provinces of the eastern coastal area, the different districts
with a gross elephantiasis rate of 0.1% or more were the following:

Pattani province: districts of Panarae, Yaring, Yarung, Muang,
Nong-chig, and Ma-yau

Narathiwat province: districts of Muang, Takbai, and Yeengoh
Phathalung province: districts of Kuan-kanoon and Muang
Nakhon-Srithamrat province: districts of Chien-yai, Ronpibul, and Muang
Suratthani province: districts of Kanchanadit, Pun-pin, and Ban

Nasarn
Chumphon province: districts of Langsuan and Muang
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It does not always happen that an entire district is affected; in many
districts, only some of the cantons are affected, while others remain free or
have only a small number of cases. Cantonal variations in the prevalence
of elephantiasis in the four provinces of Pattani, Phathalung, Nakhon-
Srithamrat, and Suratthani are shown in Annex 2, which is based on the
records returned by the headmen in the 1949-50 survey.

Areas Investigated

In the present survey, field investigations were carried out in several
endemic areas in four provinces ofpeninsular Thailand: Pattani, Phathalung,
Nakhon-Srithamrat and Suratthani. The provinces of Narathiwat and
Chumphon could not be investigated owing to shortness of time and diffi-
culty of access. During the first two months of the field investigations,
heavy rains impeded the progress of the work, and the villages were difficult
of access as a result of the extensive flooding that occurred at thdt time. In
spite of these handicaps, sufficiently representative data have been obtained
on the prevalence of filarial disease 1 and filarial infection 2 in these areas,
as well as regarding the vectors of filarial infection.

Investigation Procedure

Surveys were carried out by house-to-house visits, all persons staying
in the house (excluding children one year old and under) being examined
and blood smears being taken from each of them. This work was done
between 8 p.m. and midnight. In the villages investigated, 15%-30% of
the houses were visited. The thick smears were subsequently stained and
examined for the presence of microfilariae. The species of microfilaria was
determined in every positive smear, and counts were made of the number
of microfilariae found in the smear.

The populations were examined for elephantiasis of the limbs, the
males also being examined for filarial affections of the genitals. In esti-
mating the incidence of filarial disease in the communities investigated,
only definite signs of filariasis, such as elephantiasis, were taken into
consideration.

The collection of mosquitos from dwelling-houses was carried out in
the mornings. The species were subsequently identified, and the female
mosquitos were dissected and examined for the presence of filaria larvae.
The stages of development of the filaria larvae were noted, after the morpho-

1 "Filarial disease " refers in this article to the occurrence of one or more clinical signs such as elephan-
tiasis of the leg, elephantiasis of the arm, and hydrocele.

2 " Filarial infection " refers to the finding of one or more microfilariae in thick smears of peripheral
(finger) blood taken at night, the quantity of blood taken being approximately 12 mm'.
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logical characteristics of the larvae had been examined in detail in order to
determine the species.

Water collections in the vicinity of villages were examined for mosquito
larvae, and the larvae collected were identified. Bush and rank vegetation
around villages were searched to see if any of the species of mosquitos
rested outside dwelling-houses.

Results of Surveys in Four Provinces of Peninsular Thailand

The findings of filariasis surveys carried out in the four provinces
of Pattani, Phathalung, Nakhon-Srithamrat, and Suratthani, are discussed
below. The data are presented in table II.

Pattani province

In Pattani province, 13 villages were surveyed, three in the district
of Yaring, one in Nong-Chig district, and nine in Panarae district. Alto-
gether 1,612 persons were examined. The average filarial-infection rate
for Pattani was 29.7%, the average filarial-disease rate 4.2%, and the
average filarial-endemicity rate 33.6%. The infection rates of the majority
of the villages ranged between 20% and 51%. Two villages, Yamoo 1
and Bangklang 1,4 showed comparatively low infection-rates of 8.0%
and 3.9% respectively. There were no cases of elephantiasis in Bang-
klang 1, although it had an infection rate of 3.9% and was within two miles
of Panarae 1, which had a high filarial-endemicity rate. Bangklang 1 is
interesting because of the occurrence of filarial infection in the absence of
filarial disease. Evidently, the incidence of the infection is not high enough
for filarial disease to manifest itself in the population. In spite of the
proximity to highly endemic villages, the maintenance of a low endemicity
rate is due to the fact that local conditions are not favourable for a high
prevalence of vector mosquitos. This village is situated on the sea-coast,
and the depressions on the landward side of the village are connected
with the sea by a canal which brings in saline water with the tides, thereby
rendering the marsh unsuitable for the breeding of vector mosquitos.
Bangklang 1 is an example showing, first, that filarial disease does not
manifest itself unless the incidence of the infection is sufficiently high,
and, secondly, that if local conditions are not favourable for a relatively
massive breeding of vector mosquitos filarial endemicity may continue
to be low, even when neighbouring areas have high endemicity.

' "Filarial-endemicity rate " refers to the percentage of persons with filarial infection or filarial disease,
or both, among the total number of persons examined.

' In many cases, Thai villages are not given names but are simply numbered within their canton.
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TABLE II. FILARIASIS SURVEY OF VILLAGES IN SOUTHERN THAILAND - 1951-2

Number Number

Canton of positive
and village persons for

examined micro-
filariae

Yaring district

Yamoo 1

Yamoo 2

Yamoo 4

Filarial- Number
infection- with

rate filarial
(%) disease

Pattani province

163

107

105

13

21

41

8.0

19.6

39.0

3

2

10

Nong-chig district

Kok Deepli 76 24 31.6 6 7.9 29 38.2

Panarae district

Panarae 1

Panarae 2 (a)

Panarae 2 (b)

Panarae 3

Panarae 4

Bangklang 1

Bannok 2

Tahkam 1

Tahkam 3

Total villages sur-
veyed in Pattani
province

260

84

45

304

98

102

88

102

78

1,612

61

27

23

122

40

4

22

32

31

461

23.5

32.1

51.1

40.1

40.8

3.9

25.0

31.4

39.7

29.7*

6

7

22

3

0

6

2

69

2.3

8.3

2.2

7.2

3.1

0.0

6.8

1.0

2.6

4.2*

67

34

24

142

43

4

28

33

33

525

25.8

40.5

53.3

46.7.

43.9

3.9

31.8

32.4

42.3

33.6*

Kuan-kanoon district

Pak-klaung 6

Laemtanod 11

Total villages sur-
veyed in Phatha-
lung province

Ronpibul district

Southong 4

Phathalung province

113

47

160

9 8.0 5 4.4

7 14.9 5 10.6

16 11.5* 10 7.5*

Nakhon-Srithamrat province

170 28 16.5 20 11.8

* Average of the rates listed above

Filarial-
disease

rate
(%)

Number
positive

for
filarial
disease,
filarial

infection,
or both

Filarial-
endemi-
city rate

(%)

1.8

1.9

9.5

16

23

49

9.8

21.5

46.7

14

12

26

12.4

25.5

18.9*

48 28.2



740 M. 0. T. IYENGAR

TABLE II. FILARIASIS SURVEY OF VILLAGES IN SOUTHERN THAILAND - 1951-2
(continued)

Number
Number ~~~~~~~positive Filarial-

Number positive Filarial- Number Filarial- for endemi-Canton of for infection with disease filarial ci-and village persons micr rate filarial rate disease, city
examined filarae (% disease (%) filarial rate

_ aroaebinfection,
or both

Chauat subdistrict. Ronpibul district

Chauat 1

Chauat 4

Ta-praja 6

Ta-samed 6

Ta-samed 11

Kreng 2

Muang district

Tharua 2

Tharua 3

Tharua 4

*Tharua 8

Total villages sur-
veyed in Nakhon-
Srithamrat
province

238 75 31.5

225 16 7.1

64 7 10.9

68 2 2.9

72 9 12.5

130 17 13.1

184

146

167

149

1,613

15 8.2

39 26.7

32 19.1

31 20.8

271 15.4*

19

4

6

2

8

11

17

5

98

8.0

1.8

9.4

2.9

11.1

8.5

0.5

3.4

10.2

3.4

6.5*

92

20

13

3

17

28

16

43

49

36

365

38.7

8.9

20.3

4.4

23.6

21.5

8.7

29.5

29.3

24.2

21.6*

Pun-pin district

Bang-bau 4(a) 131

Bang-bau 4 (b) 87

Nong-sai 1 160

Nong-sai 5 80

Ban Nasarn district

Kiensah 1 142

Kiensah 5 127

Total villages sur-
veyed in Surat-
thani province 727

Suratthani province

11

18

13

19

24

30

115

8.4 1 0.8

20.7 7 8.0

8.1 10 6.3

23.8 2 2.5

16.9

23.6

16.9*

4

14

38

2.8

11.0

5.2*

* Average of the rates listed above
t Gross rate

12

25

23

21

28

44

153

9.2

28.7

14.4

26.3

19.7

34.6

22.2*

Total villages
covered in survey 4,112 863 21.Ot 215 5.2t 1,069 26.Ot
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Tuyong canton in Nong-chig district was not mentioned in the 1949-50
statement of cases of elephantiasis. On learning that a few cases of elephan-
tiasis were present in this canton, I took up an investigation of the village
of Kok Deepli. I found that the filarial-infection rate was as high as 31.6%,
and the filarial-disease rate was 7.9%. A high incidence of vector mos-
quitos occurred in this village, and active transmission of filarial infection
was in progress.

Filariasis appears to be widespread in the coastal areas of Pattani
province, and the affected areas are probably more extensive than the
1949-50 data would indicate. The spatial distribution of filarial infec-
tion appears to be greater than that of filarial disease.

Phathalung province

Only two villages were investigated in this province, both from the
district of Kuan-kanoon. A larger number of villages could not be sur-
veyed owing to difficulty of access and shortness of time. Phathalung
province was not originally included in the programme drawn up for
this investigation, but these two villages were subsequently added with
a view to obtaining some information on conditions prevailing in the
areas immediately south of the endemic zone of Nakhon-Srithamrat.
The infection rates of these two villages were 8.0% and 14.9% respectively,
and the filarial-disease rates 4.4% and 10.6% respectively.

Nakhon-Srithamrat province

In this province, 11 villages were surveyed, 7 from Ronpibul district
and 4 from Muang district; the average filarial-infection rate was 15.4%
and the average filarial-disease rate 6.5%. The infection rates of the majority
of the individual villages ranged between 8% and 32%. Often the degree
of endemicity varied even within the same canton. The filarial-endemicity
rate of village 2 of Tharua canton was much lower than those of other
villages in the same canton. In Ta-samed canton, village 6 had an ende-
micity rate of 4.4% while that of village 11 was 23.6%.

Suratthani province

In Suratthani province, 6 villages were investigated, 4 from Pun-pin
district and 2 from Ban Nasarn district, and 727 persons examined. The
average filarial-infection rate was 16.9% and the average filarial-disease
rate 5.2%.

Types of Filarial Infection

Out of 4,112 persons examined during this investigation, 863 were found
to be positive for microfilariae, giving a gross infection-rate of 21.0%. All
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the microfilariae (with the exception of those from one case) belonged to
the species Wuchereria malayi.

The exception was the finding of Wuchereria bancrofti infection in a
Chinese boy from the village of Bangklang 1, in Panarae district, Pattani
province. As this was the only case of W. bancrofti infection recorded
during this investigation, the boy was traced and further blood smears
were taken from him for detailed study and confirmation. A detailed
history was then taken of the boy. He was 15 years of age, showed no signs
or symptoms of filarial disease, and appeared perfectly healthy. There was
no enlargement of glands and no history of fever or of lymphangitis. A
microfilaria count taken at 9.30 p.m. was 95 per 25 mm3 of finger blood.
The boy was born in Hainan, an island off the mainland of China, and had
lived there until the age of 11 years; during 1948 he came over to Panarae.
As W. bancrofti infection is not endemic in southern Thailand, I am led
to believe that the boy contracted the infection in Hainan, and that this
case was one of imported infection, rather than of infection contracted in
Panarae, where the boy had been staying for the past four years.

Early Occurrence of Filarial Infection

Filarial infection was recorded in several young children during this
investigation, the earliest age being three years. Ten children of that age
were found to have microfilariae in the peripheral blood taken at night.

Intensity of Microfilarial Infestation

The data obtained during the investigation have been analysed according
to the different grades in the intensity of infestation, as determined by
counts of microfilariae in normal thick blood-smears; the relevant figures
are given in table III. It will be seen that quite a large proportion of the
positive cases showed low microfilaria counts; in 18.7% the microfilaria
count was only 1 or 2, and in approximately 34% it was between 1 and
5. In nearly 48% it was between 1 and 10. However, several persons showed
counts of over 100 microfilariae, although they represented only a small
proportion (10.3%) of the total positive cases. Two persons showed very
high counts, one of 553 and the other of 593.

That 34% of the positive cases should have microfilaria counts of not
more than 5 is rather unusual, and the reason is not clear. It seems
likely that it is due to partial protection afforded by the extensive use of
mosquito curtains. I estimated that about 69% of the people in the rural
areas investigated used mosquito curtains regularly, and that 16% used
them occasionally. Although they were often not used in such a manner
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as to prevent entirely the entry of mosquitos and although they were some-
times in a state of bad repair, they did afford at least partial protection
from mosquito bites.

TABLE 111. NUMBER OF MICROFILARIAE IN 863 POSITIVE BLOOD
SMEARS

Number Number Pretgof microfilariae of smears Percentage

1-2 161 18.7
3-5 131 15.2
6-10 117 13.6
11-20 118 13.7

21-50 165 19.1

51-100 82 9.5

101-200 61 7.1

201-300 20 2.3

301-400 6 0.7

401-500 0 0.0

501-600 2 0.2

Analysis of Manifestations of Filarial Disease

Out of 4,112 persons examined, 215 had filarial disease. The gross
filarial-disease rate for the areas investigated was 5.2%. A classification
of the manifestations is given in the following tabulation:

Number examined: 4,112
Number with filariasis: 215
Classification:

elephantiasis - one leg: 109
elephantiasis - both legs: 95
elephantiasis - one leg and both arms: I
elephantiasis - both legs and one arm: 7
elephantiasis - both legs and both arms: 1
hydrocele: 2

Elephantiasis of the leg was the most common manifestation, sometimes
associated with elephantiasis of one or both arms; there were 204 cases of
elephantiasis of one or both legs, and 9 cases of elephantiasis of the leg
associated with elephantiasis of one or both arms.

Apart from the two cases of hydrocele recorded, genital affections, such
as elephantiasis of the scrotum or penis, epididymitis, hydrocele, orchitis,
or funiculitis, were absent. Since genital affection is a most unusual mani-
festation in filariasis caused by W. malayi, detailed inquiries were made
into the two cases of hydrocele. They occurred in a 71-year-old man from

2
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Yamoo 1 and a 60-year-old man from Yamoo 2, Panarae district, Pattani
province. Both these men were Malays who had travelled extensively
outside southern Thailand and had lived in Malaya and India; the first had
also made a pilgrimage to Mecca. Both were negative for microfilariae,
and it proved impossible to determine the type of filarial infection. How-
ever, on the basis of findings in other parts of the world, which, as indicated
above, tend to show that filarial affections of the genitals do not result
from W. malayi infection, and since these persons had resided outside
southern Thailand, it seems probable that the cases in question were of
W. bancrofti infection contracted outside the area under survey.

Relation of Filarial Disease to Filarial Infection

The findings in the endemic areas of southern Thailand are in confor-
mity with observations made in other parts of the world and show that the
incidence of demonstrable filarial infection, as indicated by the presence

of microfilariae in peripheral blood, is much lower in persons with filarial
disease than in those without. The data for these areas, given in table IV,
illustrate this clearly.

TABLE IV. PREVALENCE OF FILARIAL INFECTION IN PERSONS WITH OR
WITHOUT FILARIAL DISEASE

Number Number Infectionrate
examined positive for

inetonrtmnicrofilariae(%

The difference in the two groups is statistically: X' = 29.06.

Filarial Disease and Filarial Infection in Relation to Age

The earliest age at which elephantiasis was observed to occur during
this investigation was 13 years; the actual onset in the particular boy con-

cerned had occurred at the age of 11. The following are records of cases

occurring at an early age:

(1) A boy, aged 13 years, from Nong-sai 1, with elephantiasis of the
right leg; onset at the age of 11 years.

(2) A girl, aged 15 years, from Chauat 4, with elephantiasis of the right
leg; onset at the age of 12 years.

(3) A girl, aged 17 years, from Kok Deepli, with elephantiasis of the
left leg; onset at the age of 13 years.

(4) A girl, aged 20 years, from Panarae canton, with elephantiasis of
both legs; onset at the age of 14 years.

Persons with filarial disease 215 9

Persons without filarial disease 3897 854Persons~~~~ ~~~wihu iaildies ,9 5
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TABLE V. PREVALENCE OF FILARIAL DISEASE AND OF FILARIAL INFECTION,
ACCORDING TO AGE-GROUP

Number
Number Filarial- Number Filarial- with Filarial-Age- Number with disease with infection filarial endemicity

group examined filarial rate filarial rate disease, rate
(years) disease ( infection ( filarial (

infection,
or both

2-5 221 0 0.0 24 10.9 24 10.9

6-10 530 0 0.0 104 19.6 104 19.6

11-15 608 2 0.3 105 17.3 107 17.6

16-20 547 15 2.7 112 20.5 127 23.2

21-30 765 46 6.0 161 21.0 206 26.9

31-40 559 48 8.6 126 22.5 172 30.8

41-50 501 58 11.6 116 23.2 173 34.5

51-60 257 29 11.3 80 31.1 105 40.9

over6O 124 17 13.7 35 28.2 51 41.1

The findings of the survey, showing the prevalence of filarial disease
and that of filarial infection in the different age-groups, are presented in
table V and graphically in fig. 2.

FIG. 2. FILARIAL-DISEASE RATE, FILARIAL-INFECTION RATE, AND
FILARIAL-ENDEMICITY RATE, BY AGE, IN THAILAND-1951-2

i
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A = filarial-disease rate per 100 persons examined
B = filarial-infection rate per 100 persons examined
C = filarial-endemicity rate per 100 persons examined
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Filarial infection occurs even in the first age-group, 2-5 years. From
10.9% in this age-group, the infection rate rises to 19.6% in the 6-10-year
age-group. In the subsequent age-groups, the trend of the curve is a
steady rise, but the rise is not proportional to increase in age, and there
is a tendency for the curve to flatten out. The filarial-disease rate is zero
in the first two age-groups. In the 11-15-year age-group, it is low (0.3%),
and in the succeeding age-groups it shows a steady rise, reaching its highest
level (13.7%) in the last age-group. The filarial-endemicity rate (which
is based on the combined data) shows a progressive rise from 10.9% in
the first age-group to 41.1% in the last age-group. These observations
are in conformity with observations made in other areas where endemic
filariasis is prevalent, and show that the chances of developing the infec-
tion, or the disease which may result from it, vary directly in proportion
to age, that is to say, in proportion to the period of exposure to endemic
conditions. The curves for Thailand show certain minor differences when
compared with those for certain other endemic areas, e.g., Travancore5
and the Maldive Islands :6 first, the rise in the filarial-disease rate in the
successive age-groups in Thailand is not rapid; and secondly, the flatten-
ing out of the curve of the filarial-infection rate is not pronounced.

Vectors of Filarial Infection

Southern Thailand is rich in mosquito fauna. The following 64 species
were recorded during the investigation; those recorded for the first time
in Thailand are marked with an asterisk:

Megarhinus splendens Aedes (Stegomyia) aegypti
* Megarhinus amboinensis Aedes (Stegomyia) albopictus

Tripteroldes aranoides Aedes (Ae'dimorphus) taeniorhynchoides
* Harpagomyla genurostris Aedes (Aedimorphus) mediolineatus
Uranotaenia campestris Aides (Banksinella) lineatopennis

* Uranotaenia longirostris * Aedes (Aedes) uncus
* Uranotaenia recondita Aedes (Aedes) butleri
* Uranotaenia micans (?) Aedes sigmoides
* Ficalbia (Mimomyia) aurea *.Aedes (Aedes) sp.
* Ficalbia (Etorleptiomyia) elegans Armigeres (Armigeres) obturbans
Ficalbia (Ficalbia) minima * Armigeres (Armigeres) malayi
Mansonia (Coquilletidia) giblini Armigeres (Leicesteria) annulitarsis
Mansonia (Coquilletidia) crassipes * Armigeres (Leicesteria) annulipalpis
Mansonia (Mansonioides) annulifera * Armigeres (Leicesteria) magnus
Mansonia (Mansonioides) longipalpis Culex (Lutzia) fuscanus
Mansonia (Mansonioides) indiana Culex (Lutzia) halifaxi
Mansonia (Mansonioides) uniformis Culex (Neoculex) brevipalpis
Addomyia venustipes Culex (Mochthogenes) malayl

* Aedes (Finlaya) poecilus Culex (Lophoceratomyia) fraudatrix

Iyengar, M. 0. T. (1938) Indian med. Res. Mem. 30
Iyengar, M. 0. T. (1952) Bull. Wld Hlth Org. 7, 375
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Culex (Lophoceratomyia) rubithoracis Anopheles hyrcanus sinensis
Culex (Culiciomyia) nigropunctatus Anopheles barbirostris
Culex (Culiciomyia) fragilis * Anopheles baezael
Culex (Culex) sinensis * Anopheles albotaeniatus
Culex (Culex) sitiens Anopheles separatus
Culex (Culex) vishnui Anopheles tessellatus
Culex (Culex) tritaeniorhynchus Anopheles aconitus
Culex (Culex) gelidus Anopheles subpictus
Culex (Culex) mimulus Anopheles vagus
Culex (Culex) bitaeniorhynchus Anopheles sundaicus
Culex (Culex) fatigans Anopheles philippinensis
Culex (Culex) fuscocephalus Anopheles annularis
Anopheles hyrcanus nigerrimus Anopheles umbrosus

To determine the vectors of filarial infection, mosquitos collected
from dwellings were dissected and examined for the presence of filaria
larvae. Altogether 2,499 mosquitos, belonging to 40 different species,
were examined; the results of these examinations are shown in table VI.
It will be noted that only 10 species were found to be naturally infected,
and that in five of these the infection rate was about 7% or higher. The
filaria larvae found were all W. malayi larvae, in various stages of develop-
ment. Well-developed larval forms, often reaching the final infective
phase, were observed in most of the infected species, and their develop-
ment was normal in every species except Culex sitiens. The one infected
specimen of C. sitiens showed a few filaria larvae in a very early stage of
development, and the worms showed signs of degeneration, such as distor-
tion, swelling, and vacuolation, indicating that the infection was not likely
to develop any further. It seems unlikely, therefore, that C. sitiens would
be capable of transmitting the infection.

Culex fatigans, a fairly common species in southern Thailand, was
found to be entirely negative for filarial infection, although as many as
299 specimens were examined. It is well known that C.fatigans is refractory
to W. malayi infection. The absence of natural infection in this species,
which is very susceptible to W. bancrofti infection, would indicate that
W. bancrofti infection is not endemic in southern Thailand.

The relative importance of the nine different vectors would depend
on their numerical prevalence, which would vary from area to area and
from season to season. The season of maximum transmission in this
area still needs to be determined. It is likely that the incidence of mos-
quito breeding as well as the extent of transmission would be greater
during the comparatively dry months of the year than during the rainy
months.

Habits and Habitats of Vector Mosquitos

All the nine species found to be vectors of W. malayi infection in
southern Thailand feed readily and primarily on man. They were found

747



748 M. 0. T. IYENGAR

TABLE VI. RESULTS OF EXAMINATION OF MOSQUITOS FOR FILARIAL
INFECTION

SpeciesooNurber wNumber Infection
Species of mosquito Nuambner with filarial rateexamined infection (%

Mansonia annulifera 52 9 17.3
Mansonia uniformis 44 5 11.4
Mansonia indiana 317 28 8.8
Mansonia longipalpis 131 9 6.9

Mansonia giblini 18 0 -

Mansonia crassipes 1 0 -

Anopheles barbirostris 358 42 11.7
Anopheles hyrcanus nigerrimus 81 3 3.7

Anopheles hyrcanus sinensis 83 3 3.6
Anopheles separatus 1 0 -

Anopheles albotaeniatus 25 1 4.0

Anopheles umbrosus 30 1 3.3
Anopheles philippinensis 4 0 -

Anopheles annularis 2 0 -

Anopheles tessellatus 4 0 -

Anopheles aconitus 20 0 -

Anopheles vagus 454 0 -

Anopheles subpictus 1 0 -

Ficalbia elegans 1 0 -

Culex fatigans 299 0 -

Culex fuscocephalus 12 0

Culex nigropunctatus 1 0 -

Culex rubithoracis 1 0 -

Culex gelidus 11 0 -

Culex bitaeniorhynchus 16 0 -

Culex tritaeniorhynchus 52 0 -

Culex sitiens 83 1 1.2

Culex sinensis 16 0 -

Culex vishnul 71 0 -

Culex malayi 2 0 -

Culex brevipalpis 6 0 -

Culex fuscanus 2 0 -

Culex fraudatrix 63 0 -

Aedes aegypti 134 0 -

Aedes albopictus 12 0 -

Aedes taeniorhynchoides 67 0 -

Aedes mediolineatus 1 0 -

Ae'des butleri 3 0 -

Aedes sp. 18 0 -

Armigeres obturbans 2 0 -
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to rest mainly in dwelling-houses. They preferred to rest on walls, generally
within two to three feet (30-60 cm) of floor-level.

These mosquitos were found to breed in marshes and depressions in
the vicinity of villages. The intensity of breeding was low at the time of
the investigation on account of the heavy rainfall and the consequent
flooding of the water collections.

Larvae of the different species of Mansonia are known to have the
peculiar habit of attaching themselves to roots of aquatic plants. The host
plants of the larvae of M. uniformis and M. indiana in southern Thailand
were found to be Pistia and Eichhornia. Their egg-masses were found on
the underside of the leaves of Eichhornia, Pistia, Salvinia, and Marsilea.
Larvae of M. annulifera were found attached to roots of Pistia and the egg-
masses were found on Pistia leaves. The breeding habitat of M. longipalpis
could not be determined.

Anopheles barbirostris was found breeding extensively in the ditches
and marshes which abound in the vicinity of the villages. It was also found
to breed in wells, which are just shallow pits without any masonry lining.
The level of water in these wells at the time of the survey was quite high,
within two feet (60 cm) of ground-level. A. hyrcanus was found breeding
in ditches and marshes, and A. umbrosus in well-shaded swamps covered
over with big trees and bamboo clumps. The breeding places of A. albo-
taeniatus were not determined.

Further study is needed on the breeding habitats and the breeding
seasons of the different vectors of filarial infection in southern Thailand.

Discussion

Taking the aggregate figures for all the areas investigated, there were
four times as many persons with demonstrable filarial infection as there
were cases of filarial disease. However, for some reason that is not quite
clear, there were wide variations in the ratios of the one to the other in the
different villages.

Filariasis in Thailand is characteristically rural in distribution and is
associated with a low population density. An increase in population
density appears to lower the degree of filarial endemicity. Thus, market
towns situated in the midst of endemic zones show lower endemicity-
rates than the rural areas surrounding them-as, for example, the market
town of Chauat 4, Nakhon-Srithamrat province (see table II). The pro-
vincial headquarters town of Pattani, which is also in the middle of an
endemic zone, is practically free from endemic filariasis.

Low-lying land, with a high subsoil water-table and extensive marshes
unlikely to drain away or to dry up, favours filarial endemicity in peninsular
Thailand, while an area with a low water-table, where the marshes dry up
during the less rainy months of the year, does not. Similarly, if the marshes
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in the vicinity of a village are connected with tidal creeks bringing in saline
water, the village has little or no endemic filariasis. The same is true of
areas subject to very heavy flooding, such as would obliterate the marshes.
Areas with good natural-drainage facilities-for example, undulating land-
are generally free from endemic filariasis, even when they are in close
proximity to endemic zones.7

FIG. 3. MAP OF SOUTHERN THAILAND SHOWING AREAS OF
ENDEMIC FILARIASIS

PM 0 7AIC
K
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The shaded areas on the map are those In which the investigation
showed filariasis to be endemic.

More detailed information on the zones of endemic filariasis in the provinces of Chumphon, Surat-
thani, Nakhon-Srithamrat, Phathalung, Pattani, and Narathiwat can be supplied to research workers by
WHO on request.-ED.
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The zones where filariasis is endemic are restricted to the flat plains in
the eastern coastal region of peninsular Thailand (see fig. 3). The total
area of these endemic belts is approximately 2,200 square miles (about
5,700 km2), and the total population is estimated at 800,000, nearly 1/20th
of the population of the whole of Thailand.

Feasibility of Different Control-Measures

Control of filariasis can only be effected by preventing the transmission
of filarial infection. This could be achieved by: (1) measures to prevent
the breeding of vector mosquitos; (2) measures to cut short the life-span
of adult mosquitos; and (3) measures to reduce the infectivity of persons
with filarial infection. The feasibility of these different methods, under
the conditions prevailing in southern Thailand, is discussed below.

Control of the breeding of vector mosquitos

Larvicides. As has been mentioned earlier, the villages are diffuse and
cover large areas. The number and extent of marshes and other water
collections are often considerable. Periodic treatment of each of these
water collections with larvicides would require a large staff and involve
considerable expenditure and, in view of the low density of population,
would not be economical.

Removal of aquatic vegetation. The breeding habits of the different
vector species have not been sufficiently well studied. They breed chiefly
in marshes and ditches, and the vector species of Mansonia breed in asso-
ciation with certain aquatic plants. Removal of Eichhornia, Pistia, and
other aquatic vegetation from water collections in the endemic zones would
certainly reduce the extent of breeding of the various species of Mansonia.
However, since these plants occur in very large numbers, and since the
water collections are extensive, the control of aquatic vegetation would be
neither feasible nor economical.

Even if it proved possible to remove (or to kill off by the use of chemi-
cals) the aquatic vegetation that favours the breeding of Mansonia mos-
quitos, it would not be possible by this method completely to control the
transmission of W. malayi infection. Besides the four vector species of
Mansonia, there are five species of Anopheles that transmit filarial infection
in southern Thailand, and their breeding would not be controlled by
removal of the aquatic vegetation.

Drainage and reclamation. The endemic areas are flat and low-lying;
the fall in the level of the land is slight, and the beds of marshes and depres-
sions are often much lower than the level of the surrounding land. Under
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such circumstances, it would be difficult to drain away all the marshes in
these areas. The heavy rainfall and the high subsoil water-table would
also stand in the way of effective drainage operations.

Reclamation of these marshes and depressions would also be difficult.
There are, however, a few areas in the coastal plain of Pattani province
where the dry-season marshes are comparatively few in number and not
very extensive. Reclamation of such marshes might be feasible and would
increase the effectiveness of the control measures suggested later.

To summarize, larval control of vector mosquitos under the conditions
prevailing in southern Thailand would be both difficult and expensive,
whether by periodic treatment of water collections with larvicides, removal
or destruction of aquatic vegetation, drainage, or reclamation.

Measures against adult vectors

Control of transmission of filarial infection through measures directed
against adult mosquitos would be feasible. The spraying of dwelling-houses
with residual insecticides would be effective in killing off mosquitos resting
in houses and thereby in controlling transmission.

As an experiment, the dwellings in the village of Kok Deepli, Pattani
province, were sprayed with DDT water-dispersible powder in the dosage
of 167 mg per square foot (approximately 1.8 g per m2); only the walls of
the rooms were sprayed, the ceilings being left untreated. The effects of the
spraying were checked 21 days later; owing to pressure of time it was not
possible to wait for a longer period.

TABLE VIl. NUMBER OF MOSQUITOS PER MAN-HOUR CATCH
IN KOK DEEPLI, PATTANI PROVINCE, BEFORE AND

AFTER DDT RESIDUAL SPRAYING

Before spraying 21 days afterspraying

Experimental area

Vector mosquitos 44.8 1.3

All mosquitos 55.4 5.4

Control area

Vector mosquitos 27.4 10.8

All mosquitos 38.5 21.5

As will be seen from table VII, the density of mosquitos was initially
much higher in the experimental area than in the control area. After
spraying, however, there was a marked reduction in the density of vector
mosquitos, as well as of all mosquitos, in the experimental area. The
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DDT residual spray was effective not only against anophelines but also
against the various species of Mansonia.

The transmission of filarial infection was also effectively controlled as
a result of the residual spraying. Prior to the spraying, the infection rate
among the vectors caught in the experimental area was 7.6% ; three
weeks after spraying, it was zero. On the other hand, active transmission
of the infection in the control area continued as before.

These observations show that DDT residual spraying would be effective
in controlling the transmission of filarial infection in southern Thailand.

Control by chemoprophylaxis

The principle underlying chemoprophylaxis of filariasis is that trans-
mission of the infection is controlled by lowering the intensity of infesta-
tion in microfilariae carriers, thereby rendering them less infective to
vector mosquitos. Certain piperazine drugs are known to effect a con-
siderable reduction in the number of microfilariae in peripheral circula-
tion. This has been definitely established in the case of infection with
W. bancrofti. Certain observations carried out recently indicate that
these drugs have a similar effect in W. malayi infection. It has been reported,
however, that the reactions in persons with W. malayi infection treated
with these drugs are very much more severe than in persons with W.
bancrofi infection. Nevertheless, microfilariae carriers who have under-
gone a full course of treatment with these drugs would be much less infective
to vector mosquitos than previously.

While, theoretically, the control of transmission of filarial infection
is possible through systematic and vigorous treatment with piperazine
drugs of all microfilariae carriers in a community, we have to consider
its feasibility from the point of view of practical application and cost.

The implementation of mass chemoprophylaxis in civilian communities
would present formidable difficulties. For this measure to be effective,
the drug would need to be administered to all microfilariae carriers in the
community. In order to determine who were the carriers-and they could
be recognized only by an examination of blood samples-entire popula-
tions of endemic areas would have to be examined, blood samples
being taken from each person at night (since the microfilariae have a
definite nocturnal periodicity) and subsequently examined for presence
of microfilariae. The next step would be to trace the persons found to
be positive for microfilariae and to administer the full course of treat-
ment to each one of them. The full course would be 2 mg of the drug
per kg of body-weight (approximately 100 mg or 2 tablets per adult)
three times a day for 7-15 days. It would not be possible under field con-
ditions to administer the whole course of treatment under supervision,
and the drug would need to be handed over to the persons concerned, to
be taken by them as prescribed.
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Apart from the cost of the drug, which is expensive, the technical
staff that would be needed for the collection of night blood samples from
the populations of the several endemic areas of Thailand, the examina-
tion of the blood smears, and the subsequent administration of the drug
to the microfilariae carriers would involve very considerable expenditure.

It would not be sufficient for a single examination to be made and for
the persons found infected to be treated once. It is known that the micro-
filariae tend to reappear after a period of time, especially among persons
who, living in endemic areas, are constantly exposed to fresh infection.
Thus the examination of the population and the treatment of carriers
would need to be repeated from time to time, at intervals of, say, six months.
All this would require a very large technical staff.

Apart from the cost of running a scheme for mass chemoprophylaxis,
there are other difficulties to be taken into consideration. In civilian
populations, there would be objectors and absentees both when blood
samples were taken and when the drug was administered. It is often very
difficult to induce all the microfilariae carriers to undergo the full course
of treatment, especially as the vast majority of them are healthy and symp-
tomless and do not suffer from any disability. Even if they should agree
to treatment, there is the possibility of their discontinuing it if severe reac-
tions set in. Severe reactions are by no means uncommon, especially
in cases of W. malayi infection. Such occurrences might lead to wide-
spread refusal in a community to co-operate in the scheme.

As it is popularly believed that piperazine drugs are a cure for filariasis,
it may seem paradoxical to the lay public that only the microfilariae carriers,
who are symptomless, should be treated, while those suffering from elephan-
tiasis are not. Instances have been observed in which the drug that was
issued to a microfilariae carrier was subsequently passed on to a person
actually suffering from elephantiasis, in the belief that the latter person was
the one really in need of it.

All these practical difficulties should be taken into consideration before
any plan of action is decided on. In my view, large-scale chemoprophy-
laxis is both expensive and difficult to implement. However, there should
be no objection to employing this method as an adjuvant to a major scheme
for the control of transmission through measures directed against the
mosquito vectors.

In this connexion, it is interesting to study the results of a small-scale
scheme carried out by the Government of Thailand early in 1951 for
controlling filariasis by treating microfilariae carriers with Hetrazan.
After an initial examination of the peripheral blood taken from the
population of a number of villages, persons found to have filarial infec-
tion were given a single course of treatment consisting of 50 mg of
Hetrazan three times a day for seven days. This treatment was not given
under supervision.
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In Panarae district, Pattani province, we have, side by side, a
number of similar villages within a compact area, some of which were
treated with Hetrazan while other adjoining villages were not. The
data for these two sets of villages are therefore comparable. I inves-
tigated these villages about 6-10 months after treatment and established
the following figures:

(a) Villages treated with Hetrazan

Filarial- Average number ofVillage Infection rate microfilariae per
positive blood-smear

(%) (%)
Panarae 2 38.8 59.0
Panarae 4 40.8 74.5
Bannok 2 25.0 32.2

Average 34.9 55.2

(b) Villages not treated with Hetrazan

Filarial- Average number of
Village infection rate mcrofilariae per

positive blood-smear
(%) (%)

Panarae 1 23.5 22.7
Panarae 3 40.1 50.9
Tahkam 1 31.4 25.5
Tahkam 3 39.7 27.3

Average 33.9 31.6

It will be observed that there is no significant difference between the
figures for the two groups of villages.

Suggested Measures for Filariasis Control

After due consideration of the feasibility of the different methods for
controlling the transmission of filarial infection under the conditions
prevailing in the endemic areas of southern Thailand, I am of the opinion
that residual-insecticide spraying would be the measure that could be
employed to best advantage. As a provisional step, until further data are
available, I would suggest that in those areas where it is decided to carry
out filariasis control, dwellings should be sprayed with DDT twice a year
at six-monthly intervals, once during June-July and again during December-
January, just prior to what I consider to be the main transmission seasons.
The suggested dosage is 200 mg per square foot (approximately 2.2 g per in2).

Such a procedure might need to be modified when more information is
available regarding (a) the transmission seasons, (b) the period of effec-
tiveness of a single application of DDT in the suggested dosage against
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the vector species of southern Thailand, and (c) the dosage of DDT that
would be effective as well as economical.
A scheme for spraying residual DDT in areas of southern Thailand

where filariasis is endemic would confer certain collateral benefits. Moder-
ate to high malaria endemicity also occurs in those areas, and the trans-
mission of malaria would also be controlled by the spraying. Since there
already exists a malaria-control unit for peninsular Thailand, I suggest
that it might economically take charge of filariasis as well. This should
not interfere with its malaria-control spraying, which is carried out in
February-April; the same staff could be employed for the spraying against
filariasis during the periods I have suggested above.

This measure could be supplemented by removal of aquatic vegetation
and drainage or reclamation of marshes, where this is feasible. If it was
so desired, it might also be further supplemented by the treatment of micro-
filariae carriers with piperazine drugs.

Of the several endemic areas of peninsular Thailand, the important
ones from the point of the population at risk are, first, the endemic zone of
Pattani province and, secondly, the endemic zone of Nakhon-Srithamrat
and Phathalung provinces. In Pattani province, the affected area covers
about 500 square miles (about 1,300 kM2), and the population at risk is
estimated at 160,000. The average endemicity-rate of this area is high
(33.6%) and the infection is widespread.

The endemic zone of Nakhon-Srithamrat and Phathalung provinces is
more extensive, about 900 square miles (about 2,300 kM2), and the popula-
tion at risk is estimated at 300,000. The average endemicity-rate is 21.2 O,
somewhat lower than that of Pattani. These two zones should receive
priority in regard to filariasis control measures.

Filariasis control is a long-term programme; and it would take many
years before the benefits of the control scheme could be appreciated, because,
in spite of the control measures undertaken, persons with elephantiasis or
filarial infection would continue to have the disease or to be infected for
several years. A quick evaluation of the results could, however, be made
by estimating the extent of transmission, and this could be done by examin-
ing mosquitos caught within the area of operations. Such checks should
be made from time to time in all areas where control schemes are in opera-
tion. If the results of these checks indicate that transmission has not been
controlled, it would be evident that the scheme is not functioning properly
and would need to be modified. For a further evaluation of the benefits,
I suggest that after the scheme has been running for five years, the new-
comers into the area-namely, the children under 5 years of age (those
born in the area since the beginning of the scheme)-be examined for
the presence of filarial infection. It should then be possible to demon-
strate the degree of protection that the control measures afford to the
population.
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Need for Further Studies on Filariasis

It would be desirable for all the endemic areas of Thailand to be clearly
demarcated and for further work to be done on the vectors of filarial infec-
tion in the various endemic areas. Some intensive work is also needed on
certain points connected with the transmission of filarial infection. I would
suggest that, in order to carry out these studies, three field observation
stations, with the necessary equipment and staff (one technician and one
field assistant per station), be established at convenient centres in the
endemic areas. I suggest that one should be in Pattani province, one in
Nakhon-Srithamrat province, and one in Chumphon, Suratthani, or
Phathalung province. At each of these field stations, continuous observa-
tions would be made in selected villages within easy reach of the station.
The following points are suggested for study:

(1) Relative importance of different vectors and their seasonal prevalence.
(2) Season of maximum transmission of filarial infection.
(3) Bionomics of the different vectors.
(4) Efficacy of DDT residual spraying against different vector species,

and the period of effectiveness of different dosages of the insecticide.
If reliable data were obtained on these points, the details of the control

programme could, if necessary, be modified in the light of the findings.
I envisage the progressive expansion of the filariasis-control programme,

so that in the course of a few years all the endemic areas of southern Thailand
would be included in the area of the control operations.

Possibility of the Spread of Wuchereria bancrofti Infection

Finally, attention should be drawn to the possibility of the spread of
bancroftian filariasis in the urban areas of Thailand. W. bancrofti infection
has not been observed to be endemic in Thailand; cases of imported infec-
tion, however, should not be uncommon. One such case in an immigrant
Chinese boy in Panarae has been mentioned earlier in this study.

The urban areas of southern Thailand, and particularly the city of
Bangkok, have a high prevalence of Culexfatigans, which is a potent trans-
mitter of W. bancrofti infection. A high prevalence of an efficient vector
is always a grave potential danger. Even assuming that W. bancrofti has
not already established itself in Thailand, there is always the possibility
of microfilariae carriers with W. bancrofti infection entering the country
and serving as sources of infection. In many of the urban areas of South-
East Asia the infection is endemic, and in the presence of a high prevalence
of a potent vector it would spread rapidly even if the sources of infection
were few. Relatively soon, therefore, it may be found that bancroftian
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filariasis has become endemic in the city of Bangkok and in other urban
areas; it would consequently be desirable that adequate steps be taken to
control the incidence of C. fatigans in the towns.
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ANNEX 1. CASES OF ELEPHANTIASIS RECORDED IN SOUTHERN THAILAND
1949-50 *

Gross
Province District Population Number elephantiasis-of cases rate

I ~~~~~~~~~~~~~(%)

Nakhon-Srithamrat

Total

Suratthani

Total

Pattani

Total

Phathalung

Total

Narathiwat

Tungsong

Chien-yai

Ronpibul

Muang

Tah-sala

Chawang

Sichol

Kanchanadit

Pun-pin

Muang

Chaiya

Ban Nasarn

Koh Samui

Muang

Saiburi

Nong-chig

Yaring

Yarung

Ma-yau

Panarae

Muang

Pak-payoon

Kuan-kanoon

Muang

Takbai

40,637

42,913

49,636

98,726

37,325

51,876

20,963

342,076

28,215

26,954

31,481

30,748

40,674

19,902

177,974

23,810

30,058

21,277

29,834

25,878

22,670

17,766

171 ,293

76,045

31,146

42,278

149,469

26,220

27,178

3

52

972

209

4

4

2

1,246

149

86

6

3

57

302

59

14

33

219

97

16

165

603

101

7

125

233

84

37

0.01

0.1

2.0

0.2

0.01

0.01

0.01

0.3

0.5

0.3

0.02

0.01

0.1

0.01

0.7

0.2

0.05

0.1

0.7

0.4

0.9

0.9

0.4

0.1

0.02

0.3

0.2

0.3

0.1

* Based on returns sent by headmen of cantons to the Public Health Department of the Govern-
ment of Thailand



M. 0. T. IYENGAR

ANNEX 1. CASES OF ELEPHANTIASIS RECORDED IN SOUTHERN THAILAND
1949-50 * (continued)

Gross
Province | District Population Number elephantiasis-

Province ~~~~~~~~~~ofcases rateNarathiwat~~

Narathiwat
(continued)

Total

Chumphon

Total

Krabi

Yala

Total

Trang

Total

Ranong

Total

Rangah

Yeengoh

Bachau

Sungaigolok

Ta-sah

Langsuan.

Muang

Muang

Muang

Bannang Sata

Huayyod

Kantang

Pa-lien

Muang

Kraburi

29,255

14,312

14,365

10,907

122,237

14,410

30,927

41,903

87,240

28,148

33,458

4,814

38,272

26,126

31,236

21,917

79,279

14,498

6,990

21,488

13

9

2

146

5

63

97

165

2

2

6

8

6

8

4

18

4

2

6

0.05

0.1

0.01

0.02

0.1

0.03

0.2

0.2

0.2

0.01

0.01

0.1

0.2

0.02

0.03

0.02

0.02

0.03

0.03

0.03

* Based on returns sent by headmen of cantons to the Public Health Department of the Govern-
ment of Thailand
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ANNEX 2. CANTONAL ANALYSIS OF ELEPHANTIASIS CASES RECORDED IN
SOUTHERN THAILAND - 1949.50 *

Gross

District | Canton Population Number elephantiasis-Districtiof cases rate

Paftani province

Muang

Yaring

Yarung

Panarae

Bana

Taluboh

Kiong-baning
Rusamila

Pakaharung

Yamoo

Ta-kah

Taliaye

Tanyongdaloh

Taloh

Manungyong

Tanyongchingja

Charung

Tohlung

Ratapanyong

Piyammang

Yarung

Pitumudi

Sanoh

Sadawa

Tahkam

Kuan

Kuagrabuh

Tahnam

Pohming

Bangklang

Bannok

Don

Panarae

1,946

1,254

1,117

1,108

1,168

2,716

1,793

1,815

1,449

1,579

2,055

764

1,959

1,286

1,486

1,668

2,597

2,684

2,286

2,747

1,258

1,284

1,449

1,759

2,596

2,627

2,249

1,880

2,664

2

4

15

9

29

39

53

19

3

18

3

6

7

6

40

25

2

28

66

14

5

5

7

4

17

49

18

46

0.1

0.3

1.3

0.8

2.5

1.4

3.0

1.0

0.2

1.1

0.1

0.8

0.4

0.5

2.7

1.5

0.04

0.1

1.2

2.4

1.1

0.4

0.3

0.4

0.2

0.6

2.2

1.0

1.7

* Based on returns sent by headmen of cantons to the Public Health Department of the
Government of Thailand



M. 0. T. IYENGAR

ANNEX 2. CANTONAL ANALYSIS OF ELEPHANTIASIS CASES RECORDED IN
SOUTHERN THAILAND - 1949-50 (continued)

Gross

District Canton Population Number elephantiasis-of cases rate

Pattani province (continued)

Nong-chig

Saiburi

Ma-yau

Bulo-puyo

Yabee

Dah-toh

Dohlohtanyong

Bangkao

Paiman

Taluban

Maigan

Pasehyawoh

Pan

Trang

Sakohman

Sakohtai

Krawah

Pitain

Lagna

2,325

2,656

t
3,123

2,183

2,111

4,063

4,257

3,369

2,149

1,234

1,923

1,320

1.546

1,288

3,712

10

4

9

6

2

2

1

5

2

6

1

8

4

0.4

0.2

0.2

0.1

0.1

0.05

0.1

0.1

0.3

0.1

0.05

0.1

0.5

0.1

0.1

Suratthani province

Kanchanadit

Pun-pin

Tatong

Cholkram

Don Sag

Pun-pin

Ta-ton

Tarongchang

Nong-sai

Liled

Maotavy

Bangdaen

Tahkam

4,905

928

2,043

2,307

2,290

1,939

t

1,309

1,954

1,787

5,046

94

51

4

13

9

19

30

5

8

1.9

5.5

0.2

0.6

0.4

1.0

0.1

0.05

0.3

0.2

t Population data not available
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ANNEX 2. CANTONAL ANALYSIS OF ELEPHANTIASIS CASES RECORDED IN
SOUTHERN THAILAND -194-50 (continued)

Gross

District | Canton Population Number elephantiasis-Districtni provinoof cases rate

Suratthani province (continued)

Ban Nasarn

Prasang subdistrict

Chaiya (Tachana
subdistrict)

Koh Samui

Muang

Tungsong

Chien-yai

Ronpibul

Viangsra

Pruplee
Kiensah

Tachee

Tungluang

Tu ngtao

Banna

Sinpoon

Ipun

Songprag

Smartong

Prasong

Mare

Wat Pradoo

9,853

4,944

t

t
8,243

1,347

3,523

1,840

t
2,306

t

2,033

Nakhon-Srithamrat province

Bang-kan 7

Na-born 5,8

Tee-wang 3,8'

Karaked 4,0

Chien-yai 3,5,

Chien-kao 5,6

Ban-nern 4,3'

Sai-marg 4,7:

Kao Prabart 4,0:

Tong Lamchieg 7,0

Don Traw 2,6

Kuanpung 6,7:
Kuanchum t

47

54

B97

45

44

47

93

20

)20

81

B6

28

2

4

10

11

2

10

8

8

1

2

6

5

1

3

1

5

13

17

136

152

0.02

0.1

0.1

0.6

0.2

0.05

0.04

0.3

0.1

0.02

0.03

0.1

0.03

0.1

0.1

0.02

0.1

0.2

0.6

2.0

t Population data not available
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ANNEX 2. CANTONAL ANALYSIS OF ELEPHANTIASIS CASES RECORDED IN
SOUTHERN THAILAND - 1949-50 (continued)

Gross
District ~Canton Population Number elephantiasis-~~~~~~~~ofcases rate

Ronpibul (continued)

Chauat subdistrict

Muang

Tah-sala

Chawang

Sichol

Nakhon-Srithamrat province (continued)

Kuankaey 5,409

Ronpibul 6,997

Samtambol 5,089

Saothong t

Hintok 5,240

Chauat

Ta-samed

Ta-praja

Kreng

Wang-ang

Tharua

Chai-montri

Sala-meechai

Poh Sadej

Tai Sampoa

Gang-jak

Na

Mamuang Songton

Ta-sak

Na-pru

Chang-sai

Pakpoon

Taiburi

Klai

Tampanra

La-iay

Nakacha

Plian

Sichol

6,287

8,408

5,478

t

t

8,090

t

3,550

5,347

3,648

11,074

t

t

t

5,055

13,577

t

4,164

2,366

5,708

4,423

t

7,580

t Population data not available

101

14

8

83

22

131

136

94

85

10

88

3

12

2

37

8

2

2

2

41

11

3

1

2

1

1.9

0.2

0.2

0.4

2.1

1.6

1.7

1.1

0.3

0.04

1.0

0.1

0.8

0.1

0.02

0.1

0.02

0.02

0.01
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ANNEX 2. CANTONAL ANALYSIS OF ELEPHANTIASIS CASES RECORDED IN
SOUTHERN THAILAND-1949-50 (concluded)

Gross

District | Canton | Population Number elephantiasis-anton lof cases rate

Phathalung province

Muang

Kao Chai Son
subdistrict

Pak Payoon

Kuan-Kanoon

Chaiburi

Kuan-maprao

Nanod

Pyakan

Takah

Lampan

Tamiran

Tah Madaey

Napayor

Koh-marg

Panangtung

Pantah

Papayom

Kao-yah

Kao-tao

Donsai

8,086

8,367

t

t

3,423

6,007

t

5,212

4,297

6,390

4,232

5,195

t

t

33

10

4

19

4

17

13

4

3

35

47

34

6

2

0.4

0.1

0.5

0.02

0.1

0.1

0.5

1.1

0.7

t Population data not available

RItSUMJ2

La filariose est pour la Thallande un probleme de sant6 publique important. Elle
sevit A 1'6tat end6mique dans les plaines de la cote orientale de la zone peninsulaire,
representant environ 5.700 km2 peupl6s par quelque 800.000 habitants, soit le vingtieme
de la population totale du pays.

L'auteur d6crit l'organisation et les r6sultats de l'enquete qu'il a conduite dans
quelques zones d'end6micite, a titre d'expert-conseil de l'OMS. Chez 863 des 4.112
personnes examinees, on a trouv6 une infection a microfilaires (par examen microscopique
du sang p6riph6rique pr6leve le soir), ce qui donne un taux moyen d'infection de 21%.
Dans tous les cas sauf un, - cas importe, a Wuchereria bancrofti -, il s'agissait de
W. malayi. Le nombre des microfilaires observees dans les frottis de sang individuels
variait de 1-600, 48% des examens indiquant 1-10 microfilaires. Parmi les 4.112 personnes
examinees, 215 presentaient une filariose clinique (109 cas d'elephantiasis d'une jambe,
95 des deux jambes, 1 cas d'une jambe et des deux bras, 7 cas des deux jambes et d'un
bras, 1 cas des deux jambes et des deux bras, 2 cas d'hydroc6les). Outre ces deux derniers
cas - cas i W. bancrofti, importes- aucune infection des organes g6nitaux n'a 6te
observee; on sait que les infections g6nitales par W. malayi sont exceptionnelles.
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L'enquete faite en Thallande, comme celles d'autres parties du monde, a montr6
que la presence de filaires est plus frequente chez les sujets non atteints de filariose clinique
que chez ces derniers.

L'infection A microfilaires peut s'observer dejA dans le groupe d'age de 2-5 ans (10,9 %).
La proportion atteint 19,6% dans le groupe de 6-10 ans et s'eleve graduellement; dans
les groupes d'age superieurs la courbe tend A s'affaisser. Le taux d'infection clinique,
par contre, est nul dans les deux premiers groupes d'age. I1 est de 0,3% dans le groupe
de 11-15 ans et s'eleve progressivement pour atteindre 13,7% dans le dernier groupe
d'age.

Soixante-deux especes de moustiques ont ete recoltees en Thallande, quelques-unes
pour la premiere fois. Neuf especes de moustiques (4 especes de Mansonia et 5 d'Ano-
pheles) transmettent la filariose. Leurs gites se trouvent dans les marecages aux alentours
des villages. Les larves de certaines especes de Mansonia s'attachent aux racines de
plantes aquatiques. Les gites et la biologie de plusieurs des especes vectrices sont encore
peu connus.

Les cas cliniques ne repr6sentaient en moyenne qu'un quart du total des infections
a filaires. Cette proportion variait du reste beaucoup d'un village A l'autre. La filariose
est essentiellement rurale en Thallande et sevit dans les populations peu denses. L'augmen-
tation de la densite de population parait diminuer l'endemicite. Les marecages jamais
asseches et les petites collections d'eau permanentes la favorisent; les infiltrations d'eau
salee la diminuent.

La lutte contre la filariose peut revetir plusieurs formes. La lutte par les larvicides
n'est pas economique; le desherbage des marais est irrealisable, cofiteux et n'affecte que
les Mansonia. La prophylaxie chimique appliquee systematiquement A la population
au moyen de medicaments du groupe de la piperidine, quoique difficile et cofuteuse,
peut etre envisagee comme methode subsidiaire. De I'avis de 1'auteur, la methode la
meilleure est l'application d'insecticides A action remanente pour la destruction des
moustiques adultes. Deux pulverisations annuelles, l'une en juin-juillet, l'autre en
decembre-janvier, A raison de 2,2 g de DDT par m2, combinees eventuellement avec
celles qui sont effectuees dans les campagnes antipaludiques, peuvent diminuer conside-
rablement la population des moustiques vecteurs de la filariose.
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