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SYNOPSIS

The malaria-control campaign in the Jordan Valley-undertaken
by the United Nations Relief and Works Agency for Palestine
Refugees in the Near East in 1949-has been based solely on
DDT residual spraying in the northeastern areas, but in certain
southern districts some larvicidal and drainage work has been done.

Observations made in the north-east showed that active malaria
transmission had occurred in 4 of the 12 villages surveyed in 1951,
and in 8 of the 9 villages surveyed in 1952. That the insecticide
was effective was demonstrated by the fact that sprayed structures
were almost entirely free from anophelines four months after the
last spraying, but entomological surveys showed that Anopheles
sergenti and A. superpictus (the main malaria vectors) were success-
fully evading contact with sprayed surfaces by using caves and
fissures in hills as daytime resting-places.

The author discusses the bearing that the topography of the area
and the habits of the population have on the transmission of the
disease, and stresses the importance of surveys. He recommends
the resumption of antilarval measures in the Jordan Valley.

1. Topography and Climate

Geographically, the Jordan Valley comprises the land lying between the
hills of Jordan on the east, and those of Palestine on the west. In this valley
the Jordan River burrows its incredibly sinuous course from the sweet waters
of Lake Tiberias (Sea of Galilee) in the north to the bitter wastes of the Dead
Sea in the south. The Valley is 65 miles (105 km) long and from 3 to 14 miles
(5-23 km) wide. In its northern two-thirds the Valley is narrow, but the
land is fertile and irrigation schemes are in operation. In the southern
third, the Valley is much broader, but, owing to the lack of an irrigation
system, the land is fallow except in a few places which are irrigated by
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wells or tiny streams. The Valley has two terraces-one adjoining the hills
and forming the fertile plateau where the settlements are located, and the other,
the " Zor " (jungle terrace), 150 m (490 feet) lower than the plateau, follow-
ing the serpentine course of the river. The Zor is covered with dense and,
at times, almost impenetrable thickets of oleander, cane, tangled bushes,
vines, willows, and twisted tamarisks.

The mountains flanking the Jordan Valley on the east and west rise
to a height of about 3,000 feet (915 m) above sea level. Small valleys knife
their way through these hills and lead some perennial streams or rain-flood
water to join the Jordan River. Most important of these Jordan tributaries
are the Yarmuk and Zerga rivers on the east side, and the Wadi Fari'a
on the west. The Jordan Valley itself lies below sea level and falls 590 feet
(180 m) between the Sea of Galilee (696 feet (212 m) below sea level) and
the Dead Sea (1,286 feet (392 m) below sea level). The Valley has an
almost sub-tropical climate with a mean annual maximum temperature of
112OF (44.40C), a mean annual minimum temperature of 39°F (3.90C), a
mean annual range of temperature of 730F (22.80C), and an annual rainfall
of about 118 mm.

2. Inhabitants

Before the exodus of Palestinian refugees in 1948, there were few villages
on the east side of the Jordan Valley. Their inhabitants were bedouin
who had recently come to settle near lands reclaimed by the irrigation
schemes in the northern part of the Valley. After the exodus, many
refugees, most of whom were bedouin and peasants, crossed the river
from Israel and settled in the fertile northern part of the east side of the
Jordan Valley. Existing villages thus trebled in number and new small
villages appeared. The houses of these villages are constructed of limestone
or mud-bricks, and are roofed with branches of trees supporting a mat
of reeds and capped by a layer of mud. The inside walls are lined with
a layer of mud, which is occasionally white-washed with lime. Many
bedouin tribes who have established their land rights on big tracts of land
in the Jordan Valley (east side) still prefer to live in tents than in houses.
As a matter of fact, the weather during the summer months-April to
October inclusive-is so hot that inhabitants of the Valley, whether they
are house or tent dwellers, sleep in the open. The bedouin hair-tent is an
open low tent made of sheets of coarse woollen texture which are hung
on two or more poles, and serve as a rough shelter. Those living in such
tents sleep in the open, and cook and make their fires under these tent-roofs.

The tillers of the fertile terrace of the Jordan Valley raise two crops a
year, such as wheat, and tomatoes, water-melons, and other vegetables,
since they make use of the water of the perennial streams. They own a
goodly number of flocks of sheep and goats, which graze on the scanty
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vegetation on the slopes of the neighbouring hills. They also own horses,
donkeys, and cows which help them in their work, and which they stable
in specially constructed low-roofed rooms separated by a small courtyard
from those in which they sleep.

3. Local Anophelines and their Habits

Various entomological surveys were conducted in the Jordan Valley
before and after the DDT-spraying campaigns. Six anophelines were
recorded in the Valley: Anopheles sergenti, A. superpictus, A. sacharovi,
A. hyrcanus, A. multicolor, and A. pharoensis.

A. pharoensis larvae were once recorded on 18 October 1951 in an
irrigation canal near North Shuneh village in the northeastern part of the
Valley. This anopheline is known to breed in swamps near Lake Hula
in Israel. No adults of the species were recorded in the Jordan Valley.

A. multicolor, in larval and adult stages, was mostly recorded in the
southernmost part of the Valley. This species breeds in small seepage
puddles of brackish water, and along the Jordan River where the latter
burrows its way through salty layers of soil or is met by the back waves of
the bitter waters of the Dead Sea. A. multicolor was recorded mostly near
Jericho town and El-Karameh refugee camp in the south. The adult
mosquitos were seldom found in tents, but were usually discovered in
stables, cellars, and rooms, and in bushes near their breeding-places. The
breeding of this species is never extensive, because suitable breeding-places
are limited, and it seems that A. multicolor does not play any role in malaria
transmission in the Valley.

A. hyrcanus. In spite of repeated searches in the villages of the Jordan
Valley, this species was never recorded inside premises. However, three
A. hyrcanus adults were caught, on 13 May 1951, while feeding on the
legs of a man sleeping in the open near Sheikh Alyan village, where the
Zor of the Jordan River is densely covered with vegetation, and where
breeding conditions for this species could exist. Sixty-eight A. hyrcanus
larvae were collected from a swamp near El Gurm village on 30 Novem-
ber 1952. This mosquito feeds voraciously on humans and animals, biting
them in the open. It seldom frequents houses or caves, preferring to hide
during the day in the dense vertical vegetation of marshes. Its role in
malaria transmission in the areas where it breeds extensively needs further
study.

A. sacharovi. This anopheles was recorded in considerable numbers in
premises in the northern part of the Jordan Valley. It breeds in residual
pools along the river and the perennial streams, as well as in a few springs
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located in the foothills. Its prevalence in the Valley decreases as one goes
south. A. sacharovi is a domestic mosquito that bites indoors, resting
during the daytime inside houses and stables and, to a much less extent,
inside caves inhabited or visited by man or animals. For this reason, the
DDT residual spraying of the villages almost eliminated it from the areas
put under control. Its role in transmitting malaria must have been brought
to an end by the extensive DDT campaigns which have been carried out
in the Jordan Valley since 1950.

A. superpictus and A. sergenti. These anophelines are considered to be
the main malaria vectors of the Jordan Valley. Extensive breeding occurs
in the vast breeding-places along the banks of the Jordan River and its
tributaries. In many cases both species are seen breeding together in the
same place. Shallow water running slowly over pebbly or rocky beds
strewn with tiny vegetation and exposed to the sun offers the best breeding
conditions for these species. A. sergenti also breeds along the grassy edges
of streamlets and springs. In one instance, sergenti was found breeding
in an exposed well 5 m (16 feet) across, the water in which was about
30 m (100 feet) deep, containing some floating dead weeds. Both species
were recorded in every village of the Jordan Valley. Surveys of DDT-
sprayed premises for adults showed that these species had disappeared
from inside such premises, but the larval catches showed that considerable
breeding continued in near-by breeding-places.

4. Malaria-Control Work in the Jordan Vailey: 1949-52

The successes gained in malaria control by the use of DDT residual
spraying in the regions where the malaria vectors mentioned above exist
led the malariologist of the United Nations Relief and Works Agency for
Palestine Refugees in the Near East (UNRWAPRNE) to choose this
method as the cheapest and most efficient way of controlling malaria
among the refugee population. The DDT residual-spraying campaigns
that have been carried out in the Jordan Valley since 1949, and the factors
that have guided the planning of the antimalaria activities in the Valley
in the succeeding years, are described below.

Malaria-control work during 1949

Since the beginning of UNRWAPRNE's antimalaria activities, the
Jordan Valley, long known as one of the most notoriously malaria-ridden
areas, has been given much attention, especially as the refugee population
which came to settle there numbered about 100,000. During 1949, DDT
residual spraying was confined to existing camps and to some neighbouring
villages. Thus, in the south, the refugee camps on both sides of the river
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(Akaba, Ain-Sultan, and El Karameh), together with the town of Jericho
and two other small villages (Auja and South Shuneh), were sprayed with
5% DDT suspension or emulsion at the rate of 2 g of DDT (technical
grade) per M2. In the northeastern part of the Valley, North Shuneh
refugee camp and the villages of Baqura, North Shuneh, and Manshiyah
were also sprayed. On the western side of the river, south of the Israeli-
Jordan frontier, bedouin tented encampments and peasant settlements in
Ghor el Maleh and Ghor el Fari'a were included in the spraying programme
to protect the refugees who infiltrated into these places during the summer
months to cultivate summer crops and to graze their animals. Data regard-
ing the 1949 spraying campaign in the Jordan Valley are shown in table I.

TABLE I. DDT RESIDUAL-SPRAYING CAMPAIGN IN THE JORDAN VALLEY, 1949

East side West side
of Valley of Valley

Number of tents sprayed .... . . 1,427 5,463

Number of rooms and barracks sprayed 2,072 4,066

Number of ma sprayed 311,200 225,000

Amount of 50% DDT wettable powder
used (kg) .1,245 1,000

Number of people protected ... 11,119 48,845

The 1949 campaign afforded protection to those living in camps and
villages in the southern part of the Valley, but in the north, on both the
east and the west side, malaria morbidity remained high, and infants born
in the sprayed encampments and villages contracted malaria by the end
of the year. This is explained by the fact that the southern part of the
Valley affords few breeding-places for anophelines, since the river has
steep banks and a rapid current, and the earth contains considerable
amounts of salt and potash deposits. Moreover, in the south the Valley
is very wide (almost 20 km (121/2 miles)) and the camps are at least 8 km
(5 miles) from the river. In the north, however, the situation is different,
the Valley being much narrower (about 7 km (4 Y2 miles)), and all the
settlements being within 1, or at most 2, km from the river. Moreover,
the river is very sinuous and along its shores, and in the swamps of the Zor,
many breeding-places are created by waste seepage from the higher cultivated
plateau irrigated by the mountain streams.

Malaria-control work during 1950

For the reasons mentioned previously, the 1950 residual-spraying
campaign in the Jordan Valley was planned to include all the villages,
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refugee camps, and bedouin encampments that lie between the Yarmuk
River in the north and the Dead Sea in the south (with the exception of
that part of the Valley lying in Israel). The insecticide used was a mixture
of DDT and Gammexane in wettable powder comprising 25% DDT
(technical grade), 25% Gammexane D929 (12.5% gamma-isomer), and
50% colloidal clay (bentonite). A 5% suspension of this insecticide was
sprayed at the rate of 1 g of DDT (technical grade) and 1 g of Gammexane
per M2. The spraying was done twice during 1950; the first time in April
and the second in August. This extended programme was considered
necessary to protect the thousands of refugees who were leaving their
protected camps in the south to go north where there were much better
chances of work, and also to encourage the new settlers in the northern
part of the Valley to re-integrate themselves economically among the
indigenous inhabitants. The campaign was acclaimed by the inhabitants
as well as by the Government, since malaria morbidity was considerably
reduced, and the people for the first time in their lives enjoyed freedom
from mosquito bites and from the annoyance of the housefly. Data regard-
ing the 1950 spring campaign are shown in table II.

TABLE II. RESIDUAL-SPRAYING CAMPAIGN IN THE JORDAN VALLEY, SPRING 1950

East side West side
of Valley of Valley

Number of tents sprayed ..... . 7,570 6,675

Number of rooms sprayed ..... 9,372 7,893

Number of m2 sprayed ..... . . 1,437,467 438,000

Amount of DDT-Gammexane wettable
powder used (kg) .... 6,310 1,752

Number of people protected ..... 48,324 36,759

Malaria-control work during 1951

During 1951, the residual-spraying campaigns using 50% DDT wettable
powder did not include the big refugee camps in the south, where the malaria
risk was remote, but included all other villages and bedouin encampments
in the whole Jordan Valley (excluding the Israeli side). Entomological
surveys showed that the spraying carried out in April eliminated all adult
anophelines from the sprayed premises for more than six months; in fact,
it was so successful that a second spraying operation was deemed unneces-
sary. However, larval surveys showed that A. sergenti and A. superpictus
were still breeding actively in many breeding-places lying near the DDT-
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sprayed villages and bedouin encampments. These findings, together with
an increasing malaria morbidity among labourers in Works Project camps
in the Valley, necessitated larvicidal measures in certain areas where much
positive breeding existed. These measures consisted of minor drainage
work as well as the application of Paris green. Data regarding the residual-
spraying campaign and the larvicidal measures carried out in the Jordan
Valley during 1951 are summarized in table III.

TABLE IlIl. RESIDUAL-SPRAYING CAMPAIGN AND LARVICIDAL MEASURES
UNDERTAKEN IN THE JORDAN VALLEY, 1951

East side West side
of Valley of Valley

A. Residual-spraying campaign

Number of tents sprayed .... 9,612 1,176

Number of rooms sprayed 14,643 8,875

Number of m2 sprayed .... . . 1,826,428 799,100

Amount of 50 % DDT wettable pow-
der used (kg) . . 6,611 3,157

Number of people protected 52,289 46,854

B. Larvicidal work

Number of m2 treated with Paris
green . . . . . . 594,800 123,500

Amount of Paris green used (kg) 63.5 12.8

Number of m2 drained .... . . 104,820

Efforts were made to discover the daytime resting-places of the adult
sergenti and superpictus, the species which seeded the breeding-places and
which thereby contributed to the morbidity. In October 1951, adults of
sergenti and superpictus were discovered in large numbers in caves, fissures,
and cracks in the neighbouring hills of the Jordan.

Results of adult catches in the sprayed premises in the Valley, as well
as in the caves and cracks, during October 1951 are shown in the following
tabulation:

Sprayed premises * Unsprayed caves and holes in hills *
rooms and stables tents

220}-O--0 81-0--O 16-16-354 sergenti **
383 superpictus **

* The first figure gives the number of places examined, the second the number found
positive for adults, and the third the number of anophelines caught.

** 35 of the sergenti and 4 of the superpictus were engorged and had developed ovaries.
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Malaria-control work during 1952

The findings of 1951 regarding the presence of large numbers of malaria
vectors in the caves of the near-by mountains, and the success ofthe larvicidal
measures in controlling malaria near labour camps in the Valley, were taken
into consideration in planning the malaria-control work of 1952. It was

decided to include in the spring (April) DDT residual-spraying programme

TABLE IV. RESIDUAL-SPRAYING AND LARVICIDAL CAMPAIGNS UNDERTAKEN
IN THE JORDAN VALLEY, 1952

all accessible caves near the villages in the Valley, and at the same time to
supplement the DDT campaign by larvicidal measures in the breeding-
places around the villages and Works Project camps newly constructed by
UNRWAPRNE and the Arab Development Society (ADS). The larvicidal
work was carried out weekly between April and October, inclusive, on

the west side of the river, in the Jericho and Marj Na'ja areas, while it
was done twice monthly on the east side, in the South Shuneh, El Karameh,
Damiya, and Deir Alla areas. The villages and bedouin encampments of
the northeastern part of the Valley above Kureima village, together with
all the other villages of the Valley, were sprayed in April 1952 (for details
see Annex 1, page 781), but no larvicidal work was undertaken there. This
was purposely done to find out the effect of DDT residual spraying alone
in stopping malaria transmission among the inhabitants of this densely
populated area, which stretches for about 50 km (30 miles) along the east

East side West side
of Valley of Valley

A. Residual-spraying campaign

Number of tents sprayed 6,331 2,264

Number of rooms and caves sprayed 16,325 5,814

Number of m' sprayed . . . . 1,384,995 460,175

Amount of 50 % DDT wettable pow-
der used (kg) 6,532 1,812

Number of people protected 49,660 20,270

B. Larvicidal campaign

Number of m2 treated 568,630 602,000

Amount of Paris green used (kg) 51 23

Amount of 5 % DDT solution used
(litres) . . . . . . . . . . . 58238

Number of m' drained .... . . 50,488 13,660

772



INEFFECTIVENESS OF DDT SPRAYING IN JORDAN VALLEY 773

side of the Jordan River. A summary of the 1952 residual-spraying and
larvicidal campaigns is shown in table IV.

5. Results of Blood and Spleen Surveys

Prior to the generalized DDT residual-spraying campaign during the
spring of 1950, blood surveys were conducted in various villages, both
east and west of the river, and the results of these are shown in table V.

TABLE V. RESULTS OF BLOOD SURVEYS IN THE JORDAN VALLEY IN 1949 AND 1950

Nu- Number positive Per-
Place anddate ber~~Num Total cent-Place and date Age-group exam- falci- mala m posi- ageof survey exa~med pa- vivax ml ixdtive posi-ind

ruM riae tive

East side of Valley

1. Mukheiba Fauqa under 1 year 23 17 1 0 2 20 87.0
21 September 1949

1 year and over 54 19 1 2 0 22 40.7

Total 77 36 2 2 2 42 54.5

23 July 1950 under 1 year 14 2 2 0 0 4 28.6

1-12 years 31 7 0 1 0 8 25.8

Total 45 9 2 1 0 12 26.7

2. Baqura under 1 year 27 0 1 0 0 1 3.7
22 September 1949

3. Khirbet Sakhneh all ages 51 5 8 1 0 14 27.5
25 May 1950

4. Kataf 2-14 years 22 1 2 0 0 3 13.6
25 May 1950

West side of Valley

1. Ghor el Maleh all ages 64* 12 14 0 0 26 40.6
13 October 1949

* One infant under 10 months was positive.

From table V, the hyperendemicity of malaria in the villages of the
northern part of the Valley can be clearly seen. It is interesting to note
that in Mukheiba Fauqa the percentage of malaria among infants under
1 year shot up between July and September (though of different years)
from 28.6% to 87.0%, indicating that malaria transmission was actively
progressing from July onwards.
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Spleen-rates obtained from children 3-14 years old in four villages
corroborated the highly malarious condition of the region, as can be seen
in table VI.

TABLE VI. SPLEEN-RATES AMONG CHILDREN AGED 3-14 YEARS IN FOUR VILLAGES
IN THE NORTHERN PART OF THE JORDAN VALLEY (EAST SIDE), SEPTEMBER 1949-

JULY 1950

Number positive Per- Average
Place and date Number Total cent- splenic

of survey examined Ipositivel age enlarge-
I II Ill IV V positive ment

Mukheiba Fauqa
21 September 1949 19 2 7 4 1 0 14 73.7 2.2
23 July 1950 . 29 6 11 5 3 0 25 86.2 2.2

Kataf
25 May 1950 20 5 8 4 0 0 17 85.0 1.9

Khirbet Sakhneh
25 May 1950 38 2 13 11 5 0 31 81.6 2.6

Baqura
7 July 1949 .... 15 4 5 1 1 0 11 73.3 1.9

Before the 1951 spraying campaign was undertaken, blood surveys of
infants were made in the various villages in the northeastern part of the
Valley which had been treated a year before. Some of the results of these
surveys were encouraging, but others were disappointing as they showed
that during 1950 active malaria transmission did occur among infants.
The results of these surveys are given in table VII.

The occurrence of malaria transmission in 4 of the 12 villages surveyed
early in 1951 showed that a DDT-Gammexane residual-spraying campaign
undertaken twice-first in April and then in August-could not protect
the people, and allowed a considerable number of infective mosquitos to
go rampant.

At the end of 1952, blood and spleen surveys were carried out in villages
in the northeastern part of the Valley, where DDT residual spraying during
the spring had been relied upon exclusively to protect the inhabitants. The
results of the blood surveys are shown in table VIII.

This table shows that, in eight of the nine villages where infant blood
surveys were made during November 1952, active malaria transmission
had occurred in 1952. Moreover, the parasite-rate among the other age-
groups was higher than 10% in nine of the eleven villages surveyed. In
El Gurm village, where a parasite-rate of 55.3% was recorded, an actual
malaria epidemic was in progress.

Spleen examinations of children 3-14 years old were also carried out
in seven of these villages during November 1952. It had been expected
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that after three years of DDT residual spraying there would be a consider-
able reduction in the spleen-rates and in the average splenic enlargements,
but, on the contrary, this was not the case, as can be seen in table IX.

The spleen-rates were higher than 25% in five villages, while the average

spleen-rate for the whole area was 42% and the average splenic enlarge-
ment 2.2.

TABLE VIl. RESULTS OF BLOOD SURVEYS OF INFANTS * IN VARIOUS VILLAGES
IN THE NORTHEASTERN PART OF THE JORDAN VALLEY, DECEMBER 1950-MAY 1951

Kureima

19 December 1950 3 1 0 0 0 1 33.3

North Shuneh
27 February 1951 . 36 4 0 0 0 4 11.1

Sheikh Hussein
28 February 1951 .. 22 0 0 0 0 0 0

Wadi el Yabis

20 March 1951 .11 1 0 0 0 1 9.1

Arrasiah

20 March 1951 . 19 0 0 0 0 0 0

Baq u ra

27 March 1951 21 1 0 0 0 1 4.8

Mukheiba Fauqa
28 March 1951 ..... 14 0 0 0 0 0 0

Quaisam
28 March 1951 ..... 22 0 0 0 0 0 0

Wakkas
28 March 1951 .15 0 0 0 0 0 0

Khirbet Sakhneh
29 March 1951 10 0 0 0 0 0 0

Manshieh

16 May 1951 .5 0 0 0 0 0 0

Zumaliya
17 May 1951 9 0 0 0 0 0 0

* All the infants were under 12 months old.

The results of blood and spleen surveys presented in tables V-IX show
clearly that, in the northeastern part of the Valley, the DDT residual-
spraying campaign alone was ineffective in stopping malaria transmission
among the inhabitants of most of the villages treated.

18

Number positive Percent-
Place and date Number __Total age

of survey examined falci- vivax mala- mixed positive pOagtive
parum vivax riae mixdpstv
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TABLE Vil. RESULTS OF BLOOD SURVEYS CARRIED OUT IN 11 VILLAGES IN THE
NORTHEASTERN PART OF THE JORDAN VALLEY, OCTOBER-NOVEMBER 1952

Num- Number positive Per-
Place and date Age-group ber Total cent-

of survey (years) exam- falci- mala- xed josi- age
ined Pa,- vivax mixe tive pos1-

rum riae tive

1. Mukheiba Fauqa

1 October 1952

2. North Shuneh

5 November 1952

3. Ma'ad

5 November 1952

4. Baqura

25 November 1952

5. Manshieh

20 November 1952

6. Wakkas

20 November 1952

< 1

1- 4

5- 9

10-14

15 and over

Total

5-14

> 15

< 1

1- 4

5- 9

10-14

Total

< 1

1- 4

5- 9

10-14

Total

< 1

1- 4

5- 9

10-14

12

38

55

14

2

0

10

11

0

6

3

0

0

0

0

0

0

0

0

0

0

16

15

2

0

8.3

42.1

27.3

14.3

0

121 22 10 2 0 34 28.1

100 37 4 0 0 41 41.0

18 5 0 0 0 5 27.8

32 3 0 0 0 3 9.4

29 2 1 0 0 3 10.3

11 2 1 0 0 3 27.3

19 2 0 0 0 2 10.5

91 9 2 0 0 11 12.1

18 1 1 0 0 2 11.1

52 5 0 0 1 6 11.5

21 7 0 0 0 7 33.3

1 0 0 0 0 0 0

92 13 1 0 1 15 16.3

29

48

16

4

10

6

3

3

5

1

O

0

0

0

0

0

0

0

0

97 20 9 0 0

4 13.8

15 31.2

7 43.7

3 75.0

29 29.9Total
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TABLE Vil. RESULTS OF BLOOD SURVEYS CARRIED OUT IN 11 VILLAGES IN THE
NORTHEASTERN PART OF THE JORDAN VALLEY, OCTOBER-NOVEMBER 1952

(continued)

Num- Number positive Per-
Place and date Age-group ber Total cent-

ot survey (years) exam- falci- mala- posi- age
mned pa- vivax mae mixed tive posi-

rum riae tive

7. Sheikh Alyan

21 November 1952

8. Zumaliya

21 November 1952

9. Sheikh Hussein

21 November 1952

10. Kureima

22 November 1952

11. El Gurm

26 November 1952

< 1

1- 4

5- 9

Total

< 1

1- 4

5- 9

10-14

Total

< 1

1- 4

5 and over

Total

< 1

1- 4

5- 9

10-14

Tota

< 1

1- 4

5- 9

10-14

15 and over

28

25

7

0

2

3

1
0

0

0
0

0

0

0

0

2

3

3.6

8.0

42.8

60 5 1 0 0 6 10.0

12 1 0 0 0 1 8.3

15 1 1 0 0 2 13.3

8 2 0 0 0 2 25.0

2 1 0 0 0 1 50.0

37 5 1 0 0 6 16.2

11 0 0 0 0 0 0

25 1 0 0 0 1 4.0

11 0 1 0 0 1 9.1

47 1 1 0 0 2 4.3

13 1 0 0 0 1 7.7

21 4 3 0 0 7 33.3

33 7 3 0 0 10 30.3

15 5 2 0 0 7 46.7

82 17 8 0 0 25 30.5

13 2 2 0 1 5 38.5

15 9 2 0 0 1 1 73.3

8 6 1 0 0 7 87.5

4 1 0 0 0 1 25.0

7 1 1 0 0 2 28.6

Toa 7
O 6I5.

Total 47 19 6 O 1 26 55.3
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TABLE IX. RESULTS OF SPLEEN EXAMINATIONS OF CHILDREN AGED 3-14 YEARS
IN SEVEN VILLAGES IN THE NORTHEASTERN PART OF THE JORDAN VALLEY,

NOVEMBER 1952

Number positive Average
Village Number _ Total Percentagel splenicexamined V positive positive enlarge-

II IIIVIV ment

MukheibaFauqa | 40 3 10 7 3 0 23 58 2.4

North Shuneh 100 7 13 17 2 0 39 39 2.3

Ma'ad . 20 0 1 1 0 0 2 10 2.5

Baqura 103 7 4 3 1 0 15 15 1.8

Wakkas 104 8 14 4 3 0 29 28 2.1

Kureima 40 8 10 7 2 0 27 68 2.1

Wadi el Yabis
and El Gurm 73 11 23 26 4 1 65 89 2.4

Total 480 44 75 65 15 1 200 42 2.2

6. Entomological Surveys

Searches for adult and larval anophelines were carried out in various
areas of the Jordan Valley from 1949 onwards to define the local anopheline
fauna and to study their breeding and day-resting habits, as well as to
check the effect of the residual-spraying campaigns. Before these campaigns
were undertaken, the amount of anopheline breeding, especially of A. super-
pictus, A. sergenti, and A. sacharovi, was enormous. The writer once estim-
ated about 200 anophelines of these three species in one room in Mukheiba
Fauqa village (surveyed on 21 September 1949). The shores of the Jordan
River, the marshes of Ghor el Maleh and Wadi Fari'a in the west, the
swamps in the Zor lands, the springs at the foothills, and the edges of the
perennial streams afforded suitable breeding-places for these anophelines
for at least nine or ten months a year. Even in February, the coldest month
of the year, A. sergenti larvae could easily be found if a layer of earth
adjoining the grassy edges of streams was scooped up with some water
and exposed to the sun for ten minutes or so to allow the hibernating
larvae to warm up and resume activity.

The analysis of our larval and adult catches will be confined to the
collections made in the northeastern part of the Valley, where DDT residual-
spraying campaigns only were conducted-two in 1950 (April and August),
one in 1951 (April), and one in 1952 (April)-and no larvicidal work was
done at all. The fissures and caves in the near-by hills of this part of the
Valley are so numerous and inaccessible that there was no way of including
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them in the spraying programme. A few new huts or rooms were built
in the sprayed villages after the spraying operations in April of 1951 and
of 1952, and these new premises were used as catching stations to study the
potentialities of breeding after the DDT residual spraying.

The results of these adult catches in the different villages of the north-
eastern part of the Valley are shown in table X.

TABLE X. ADIJLT ANOPHELINE CATCHES IN VARIOUS VILLAGES IN THE
NORTHEASTERN PART OF THE JORDAN VALLEY

History of DDT Number of Rooms and Tents Caves and
residual spraying surveyed stables * (bedouin) * i hills*

Premises surveyed at least 12 147-2-14 16-0-0
4 months after August 1950 '12 tspraying and before April ( sergenti
1951 spraying 1 superpictus

1 multicolor)

Premises missed by August 11 70-14-43 5-3-9 2-2-179
1950 spraying (38 superpictus (7 superpictus (116 superpictus

4 sergenti 2 sergenti) 63 sergenti)
1 multicolor)

Premises surveyed at least 11 98-3-3 33-0-0 _
4 months after April 1952 (3 sergenti)
spraying

Premises missed by April 13 47-18-103 _ 81-48-372
1952 spraying (37 sergenti (312 sergenti

35 sacharovi 55 superpictus
31 superpictus) 55 sacharovi)

* The first figure gives the number of places examined, the second the number found positive
for anophelines, and the third the number of anophelines caught.

From table X, one notices that the DDT-sprayed premises, whether
tents, rooms, or stables, were practically free from anophelines four
months after the date of the last spraying, since, out of 294 premises exa-
mined, only 5 were positive with 17 anophelines. This also indicates that
the brand of wettable powder used in the campaign was quite effective.
On the other hand, out of the 122 unsprayed premises situated in these
sprayed villages, 35 were positive with 155 anophelines. This shows that
although the April spraying freed the protected houses from anophelines,
it did not reduce the breeding potentiality of these mosquitos, which
continued to produce fresh hatchings of anophelines capable of invading
any newly constructed or unsprayed huts. This high breeding potentiality
also indicated that these anophelines must have found shelters other than
the sprayed houses to evade contact with the DDT-sprayed surfaces. Our
adult catches in the caves and fissures of the near-by hills gave us the clue
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to this problem; out of 83 caves examined, 50 were found positive with
551 anophelines.

It is problematical whether A. sergenti and A. superpictus, which con-
stituted the great majority of the adult catches, are now changing their
behaviour and preferring uninhabited places, especially caves, as their
daytime resting-places. A. sergenti was observed on many occasions to
bite the inhabitants at night in the open, but seldom to enter or to rest
inside inhabited tents. It seems that the association of these two anophe-
lines, which are so common in the area, with bedouin life and with the
portable, low, open, bedouin tent (where many domestic activities take
place) must have taught them to seek shelter in near-by holes, fissures, and
cracks in the hills or in the soil, where they enjoy a more suitable micro-
climate and freedom from disturbance. Thus, DDT residual spraying of
tents and premises in the Jordan Valley, although it had its effect in eliminat-
ing A. sacharovi as an efficient malaria vector, did not succeed in con-
trolling these two other important malaria vectors.

Another proof of the ability of A. sergenti to evade contact with DDT-
sprayed surfaces, while at the same time feeding on humans sleeping in
the open, and to survive until it becomes infective, was obtained by an
entomological survey of El Gurm village. At the time of the survey on
26 November 1952, there was an epidemic of malaria (parasite-rate,
55.3%; spleen-rate, 89%; average splenic enlargement, 2.4) in spite of the
DDT residual spraying done in April 1952. This village had 150 houses
(250 rooms and 10 stables) and 15 tents. Twenty rooms had been built
after the last spraying. The results of the adult catches are shown in
the following tabulation:

History Number of rooms Number of caves
of spraying or stables * or fissures in hills *

Sprayed in April 1952 17-0-0
Not sprayed 8 4 8 sergenti 30-21-217

(212 sergenti
5 superpictus)

*-The first figure gives the number of places examined, the second the number found
positive for adults, and the third the number of anophelines caught.

Dissection of the salivary glands of 70 A. sergenti and 2 A. superpictus
collected from these caves showed 1 A. sergenti with sporozoites.

7. Conclusions

The above account shows the importance of malaria survey work in
guiding all antimalaria operations. It illustrates how the topography of
an area with its weathered limestone hills flanking a valley with a sub-
tropical climate, together with the habits of a nomadic race, can have a
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bearing on the malaria problem by favouring local malaria vectors such
as A. sergenti and, probably, A. superpictus, enabling them to bite in the
open, and to find daytime resting-places in accessible caves and fissures
in the near-by hills and so evade contact with the DDT-sprayed premises.
Thus, a high rate of malaria transmission is maintained in the Jordan
Valley in spite of the DDT residual-spraying campaigns carried out in
three successive years.

It is now considered imperative that in such areas antilarval measures
should resume their important place in the fight against these malaria
vectors.

Annex 1

DETAILS OF THE DDT RESIDUAL-SPRAYING CAMPAIGN

IN THE JORDAN VALLEY, APRIL 1952

I. WEST SIDE OF THE JORDAN VALLEY

Tents Rooms Total Amount Number

Localitydnumbersurface num r surface surface of 50% ofLocaltynuber urfac numer suface sprayed DDT peopleLclt sprayed spprayed s p (M2) used pro-
(inay ) ( inpayd (2) ( (kg) tected

Mihan el Samin 107 6,950 66 4,750 11,700 52 579

Marj Na'aja 127 6,500 220 11,880 18,380 88 373

El Makhrouk 126 1,890 196 12,610 14,500 58 559
El Maleh 57 3,500 - - 3,500 14 272

Jiftlik 408 7,370 729 51,770 59,140 234 1,867

Fasayil 297 4,455 161 11,334 15,789 60 839

Arab Manasra and
Auja . . 673 10,085 2,091 140,008 150,093 584 7,139

Duyuk . 354 5,300 933 69,962 75,262 286 3,527

ADS . 20 300 862 65,488 65,788 250 3,029

Maghtas . . . 9 135 194 14,338 14,473 55 840

Allenby Bridge 82 1,160 149 13,640 14,800 65 550
Nabi Musa - - 161 12,500 12,500 50 520

El Fashka 4 60 52 4,190 4,250 17 176

Total 2,264 47,705 5,814 412,470 460,175 1,813 20,270
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II. EAST SIDE OF THE JORDAN VALLEY

Tents Rooms Total Amount Number

Locality number surface number psurface sprayed DDT people
s sprayed sprayed spae used pro-sryd (inM2) sprayed (in)2 m) (kg) tected

Mukheiba Fauqa 5 292 323 25,011 25,303 105 877

Mukheiba Tahta 226 2,260 167 14,501 16,761 75 579

Adasiya . . 149 1,490 461 33,816 35,306 152.5 764

Bagura 35 350 1,045 81,313 81,663 342.5 1,973

Jisr el Majami 20 280 363 29,084 29,364 120 406

North Shuneh 232 2,322 1,846 148,569 150,891 625 4,124

Kataf . . . 1 10 50 4,070 4,080 20 88

Khirbat Sakhnek 5 50 120 9,610 9,660 41 146

Wadi el Arab 38 380 101 7,810 8,190 214 34

Manshieh 88 880 929 68,956 69,836 300 1,726

Wakkas . 93 930 599 43,860 44,790 180 1,345

Kliatt . . 38 380 417 34,239 34,619 137.5 755

Sheikh Alyan 33 395 624 55,065 55,460 229 1,756

Sheikh Hussein 39 392 140 11,860 12,252 45 289

Zumaliya 37 430 327 28,937 29,367 121.5 585

Quaisam . 64 960 146 10,290 11,250 45 725

Rayahneh . 187 2,805 332 25,195 28,000 112 1,754

Tabaget FahI . 64 960 119 9,040 10,000 40 614

Arrasiah . 383 2,910 534 40,755 43,665 186 2,598

Wadi el-Yabis 176 2,505 322 25,245 27,750 111 1,496

El Kuren .136 2,040 46 3,210 5,250 21 279

Subeira 123 1,845 320 24,155 26,000 104 1,420

Sliehat . 302 25,000 25,000 100 1,075

Kureima and Zors . 277 4,034 653 46,966 51,000 204 2,605

Abu Obeida and
Zors . . 283 6,390 158 15,600 21,990 96 1,352

Hallibi's Farm 11 470 44 3,840 4,310 20 184

lzrar . . 138 2,760 210 21,931 24,691 107.5 781

Deir Alla and irri-
gation scheme 121 3,705 333 36,893 40,598 179 1,023

lttwal (Tel Bender) 76 1,130 87 9,064 10,194 43 415

Arab Mashalkha 311 6,384 362 47,140 53,524 235 1,700

Maadi and Zors . 429 7,262 586 59,869 67,131 292 2,325

Damiya .295 5,885 406 38,450 44,335 193 1,314

Hayek Farm 40 625 62 5,642 6,267 27 213
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II. EAST SIDE OF THE JORDAN VALLEY (continued)

Tents Rooms Total Amount Number
surface of 50% of

Locality number surface number surface sprayed DDT people
sprayed sprayed sprayed spryesprayed used pro-

___m (ml,)___ (kg) tected

Zor Mishrat 76 1,150 90 7,452 8,602 40 433

Zor Haddad 184 3,224 99 8,830 12,054 53 526

South Shuneh 516 7,758 1,600 142,768 150,526 658 3,996

Ghor Nimrin 24 310 783 68,336 68,646 310.5 297

Kharar . 48 910 64 6,006 6,916 30 176

Kafrein . 336 5,025 876 70,050 75,075 317.5 3,222

Rame . 263 22,514 395 32,111 54,625 232.5 2,442

Sweimeh . 231 15,900 84 4,456 20,356 67 1,248

Total ..... 5,831 1120,302 16,525 1,384,995 1,505,297 6,532 49,660

RESUMI2

Diverses enquetes entomologiques ont e effectuees dans la vallee du Jourdain,
r6gion fortement impalud6e, avant et apres les campagnes de lutte antipaludique de
1949-52. Six especes d'anopheles y ont 6te trouves : A. sacharovi, A. sergenti, A. super-
pictus (vecteurs principaux), A. hvrcanus, A. multicolor et A. pharoensis. Depuis l'afflux
des refugies, au nombre de 100.000 environ, dans la vallee, des pulverisations de DDT
ont ete organisees par l'Office de Secours et de Travaux des Nations Unies pour les
Refugies de Palestine dans le Proche-Orient. Les enquetes de contr6le faites dans la partie
nord-est de cette region 'a la suite de la campagne, ont montre que le paludisme avait
continue ia se transmettre activement dans 4 des 12 villages examines en 1951 et dans
8 des 9 villages examines en 1952, alors que le DDT avait donne une bonne protection 'a
la partie sud de la vallee. L'enquete a revele que les pulverisations d'insecticides dans la
region nord-est avaient debarrasse les maisons des anopheles, mais n'avaient pas, pour
autant, empeche la pullulation des larves des certaines especes (A. sergenti et A. superpictus)
qui, chass6es des maisons par le DDT, avaient trouve abri dans les cavernes, les fissures,
les anfractuosites des rochers calcaires, aux abords des villages traites: dans 50 des 83
abris examin6s, on recolta 551 anopheles. La nuit ces moustiques piquent les habitants,
qui vivent sous des tentes basses et ouvertes, soit en plein air; ils restent cach6s durant le
jour dans les cavernes et les fissures des rochers, echappant ainsi a l'insecticide pulverise
dans les maisons. De ce fait, le paludisme se maintient 'a un niveau 6leve dans le nord-est
de la vallee du Jourdain, malgre les pulverisations systematiques de DDT dans les habita-
tions effectuees durant trois ans.

L'auteur estime qu'il est urgent d'entreprendre une lutte antilarvaire dans cette region,
contre le paludisme transmis par A. sergenti et A. superpictus.
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