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The Culex pipiens.fatigans Problem in South-East Asia
With Special Reference to Urbanization *

D. SINGH 1

In South-East Asia in recent years urbanization has proceeded rapidly. Because of
limited financial resources it has seldom been possible to provide sufficient sanitation; this
has led to conditions favourable to the breeding of Culex pipiens fatigans. The density of
C. p. fatigans is higher in urban areas than in rural ones. Differences in infection and infec-
tivity rates in C. p. fatigans seem to be due to differences in infection rates in the human
population rather than to differences in the life-span of the mosquito. Precipitin tests have
shown that the speciesfeeds predominantly on man. It breeds in almost any type ofstagnant
water with organic contamination. Filariasis problens in India have been classified accord-
ing to the duration of established transmission.

South-East Asia represents a group of developing
countries that have recently taken to industrializa-
tion. Consequently, there has been a rapid rate of
"urbanization ".2 In India alone, during the decade
1951-61, there has been an increase of 36% in the
number of towns with a population of more than
20 000. Similar situations may be found in other
countries of this region. With the limited financial
resources available, it has seldom been possible to
provide proper sanitation vis-ia-vis the rapid rate of
urbanization. This, ,therefore, has provided an
opportunity for the growth of conditions favourable
to the breeding of Culex pipiensfatigans in the newly
urbanized localities.

Urbanization has naturally led to a shift of people
to more concentrated sites. In India during 1951-61
there has been an increase of 42.8% in the popula-
tion in towns. This reshuffling of populations
(resulting in the introduction of parasite carriers
into communities), along with the increased density
of C. p. fatigans, has introduced the possibility of
bancroftian filariasis spreading to new areas.
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grant (EF. 00194.04) to the World Health Organization.

1 Formerly, Deputy Director, National Institute of
Communicable Diseases, Delhi, India, Present address:
Regional Deputy Director, Regional Coordinating Organisa-
tion, National Malaria Eradication Programme, Shillong,
India.

' Large populations gathering in areas where environ-
mentally the situation continues to be rural with, in addition,
insanitation due to overcrowding.

Urbanization has thus led to (a) increased nuisance
by this species of mosquito and (b) greater risk of
transmission of the disease. Whereas the former is
mainly dependent on the density of the species, the
latter is determined by the density and longevity of
the mosquitos, their contact with man, the
presence of a reservoir of infection and favourable
climatic conditions.

STUDIES ON DENSITY OF C. P. FATIGANS

The C. p. fatigans densities reported from some
of the urban and rural areas in this region are shown
in Table 1. The data indicate that C. p. fatigans
maintains a higher density in urban areas than in
rural ones.

STUDIES ON LIFE-SPAN OF C. P. FATIGANS

Laboratory observations on C. p. fatigans have
revealed that the life expectancy of this species is
20.16 days for females and 14.80 days for males
(Wattal, Kalra & Bedi, 1961). Field observations
on the basis of follicular relics near Delhi revealed
the species to be short-lived (less than 10 days) from
November to June and long-lived (more than
10 days) from July to October (Wattal & Kaira,
unpublished). These field observations fit the general
seasonal pattern of transmission for bancroftian
filariasis. On the basis of the data available, the
life-span of C. p. fatigans in India can be broadly
classified into north-western, southern and north-
eastern regions with reference to temperature, rain-
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TABLE 1
C. P. FATIGANS DENSITIES IN URBAN AND RURAL AREAS

Density (per man-hour)

Country Locality a Dry season Wet season Reference

Month j Density Month Density _

Ernakulam Feb. 50.8 July 34.6 Pal et al. (1960)

Ghaziabad April 27.4 July 9.8 Wattal & Kalra (1960)
India Mangalore Oct. 39.7 July 11.2 Subramaniam & Tampti

Gaya Dec. 495 Aug. 76 Ray(1957)

Burma Rangoon _Jb .b Kershaw (unpublished)

Djakarta Aug. 456c Nov. 150c Lie Kian Joeetal. (1960);
Indonesia Chow et al. (1959)

Rewasarl _d _e Chow et al. (1959)

India Rural Delhi Mar. 3.7 Sept. 1.0-2.0 Bhatia et al. (1958)

a All urban areas except rural Delhi.
b Average densities in 12 stations in August ranged from 7.3 to 57.3 (per man-hour).
c Monthly averages.
d Highest densities observed in July and August.
e Lowest densities observed in November and December.

fall, relative humidity and length of transmission
season, as seen in Table 2.
From Table 2 it is evident that C. p. fatigans live

longer and are able to transmit filariae for most
of the year in the southern and north-eastern parts
of India, in contrast to the situation in the north-
west, i.e., Delhi, Punjab, Rajasthan, Jammu and
Kashmir, which is known to be free from filariasis.

In Djakarta, Indonesia, C. p. fatigans was found
to be infected throughout the year. About 85% of
C. p. fatigans were nulliparous and only 1.6%
showed more than one foilicular relic. With such a

short-lived vector, transmission of Wuchereria
bancrofti in Djakarta is only possible because of the
high density of mosquitos (Lie Kian Joe et al., 1960).

DIFFERENCES OF INFECTION AND INFECTIVITY IN KNOWN
FILARIOUS AREAS

The areas named in Table 3 are within 50 miles

(80 km) of one another and have more or less
identical climatic conditions. The differences in
infection and infectivity rates in C. p. fatigans seem
to be due to the differences in infection rate in the

TABLE 2
RAINFALL, TEMPERATURE, HUMIDITY AND TRANSMISSION PERIOD FOR W. BANCROFTI

Total rainfall Temp. (OC) Average
Region humidity Transmission season Reference

in cm Max. Min. humidity

North-western India 31.4 79.8 35.3 16.2 21.5-76.5 4 months (July-Oct.) Wattal & Kaira (1960)

Southern India 120-150 305-380 33.3 21.9 67.0-86.9 Throughout the year Pal et al. (1960)
North-eastern India 51.6 131.1 41.0 17.0 24.6-92.1 7 months (mid-April to Ray (1957)

mid-Oct.)
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TABLE 3
INFECTION AND INFECTIVITY RATES IN C. P. FATIGANS
IN URBAN AND RURAL AREAS OF ORISSA STATE

Infection Infection Infectivity
Area Character rate in rate(%)C rate

man
r

in C.p. in C.p.
fatigans fatigans

Cuffack Urban 13.3 0.9 0.15

Purl Urban 10.3 1.2 0.20

Khurda Rural 16.4 2.7 0.30

Chatarpur Rural 5.9 3.5 0.08

human population rather than to differences in the
life-span of C. p. fatigans; the C. p. fatigans densities
may also have some bearing. Observations reported
from seven endemic urban areas in different parts of
India show that both infection and infectivity rates in
C. p. fatigans are higher in the wet months than in
the dry months (Ramakrishnan et al., 1960; Indian
Council of Medical Research, 1961).

BLOOD PREFERENCES OF C. P. FATIGANS

The results of precipitin tests on blood samples of
wild specimens have revealed that C. p. fatigans is

TABLE 4
BLOOD PREFERENCE OF C. P. FATIGANS FOR MAN IN

THE RURAL AND URBAN AREAS IN INDIA

No. of Samples positive
State Type blood- for human bloodof area meals

tested No. |_%

Andhra Urban 8 8 100.0
Pradesh Rural 2183 1 465 67.1

Bihar Rural 942 709 75.3

Gujerat Urban 159 122 76.7
Rural 26 17 65.4

Maharashtra Urban 213 168 78.9
Rural 104 92 84.6

Mysore Urban 407 350 86.0
Rural 170 140 82.3

Uttar Urban 359 284 79.1
Pradesh Rural 230 160 69.6

Total, all Urban 1146 932 81.3
states Rural 3 655 2 583 70.7

predominantly anthropophilic in this region. Tests
made in various filaria-control units in India on
blood from 8228 C. p. fatigans showed that 77.4%
of them had taken blood-meals on man. Laboratory
findings in India have also shown that the species
prefers to feed on man in the presence of other hosts
(Wattal & Kalra, 1963).
As is seen from Table 4, no consistent differences

seem to exist in host preferences between rural and
urban areas (Prakash et al., 1962). However, in
Ponnani, a semi-urban area, of 342 samples of
C. p. fatigans blood-meals tested, 85.2% were
positive for human blood, whereas in Emakulam,
an urban area, only 50.6% of 500 samples were.
These differences are alleged to be due to the higher
animal population in Ernakulam (Pal et al., 1960).

BREEDING FACILITIES

C. p. fatigans breeds in almost any type of stagnant
water with organic contamination, the favourite sites
being drains, septic tanks, catch-pits, cesspools,
soakage pits and puddles (Raghavan, 1961). Opti-
mum breeding conditions would appear to be
attained when there is contamination at a rate of
1000 ppm of organic solids (Parthasarthy & Kruse,
1954). When denied dirty water, C. p. fatigans has
been observed to breed in clear water, such as pools
in river beds. This, however, does not seem to be of
epidemiological significance.
The main breeding sites of C. p. fatigans in

Djakarta City and surrounding areas are ditches and
pools containing polluted water. These sites are
flooded during heavy rains, the density of larvae
thereby being reduced: the density of C. p. fatigans
is considerably lower during the rainy season (Lie
Kian Joe et al., 1960). In Rawasri in Indonesia
the main breeding sites for C. p. fatigans were found
to be the waste-water pools that were present near
every well. In addition to these permanent breeding
sites, there were temporary ones such as discarded
receptacles, choked drains, road gullies and coconut
shells. Breeding did not take place in wells that
had a water table several metres below the ground
surface (Chow et al., 1959).

C. p. fatigans was found breeding in five different
types of situation in Rangoon, Burma, i.e., super-
ficial and deep drains of the city, swampy ground
with stagnant pools near bucket latrines, pools
polluted by effluent from sewage systems, un-
protected septic tanks and pit latrines in swampy
ground (Kershaw, unpublished).
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LACK OF SANITATION AS A CAUSE OF C. P. FATIGANS
PROBLEMS

A good example of the effect of poor sanitation is
provided by the city of Hyderabad in India. Accord-
ing to a census taken in 1941, Hyderabad then had a
population of 0.74 million. A mosquito survey
carried out in 1943 revealed that no C. p. fatigans
breeding was taking place in the city (Qutubuddin,
1944). Since then Hyderabad has been growing
rapidly, with a consequent increase in breeding
places for C. p. fatigans. The population in 1961
was 1.3 million. A survey of Hyderabad in 1962
(Singh, 1962) showed that C. p. fatigans was breeding
profusely and that filarial transmission was occurring.
Since Hyderabad became the capital of Andhra
Pradesh, large numbers of people have come from
filarious areas and settled there, giving rise to filarial
transmission.

Similarly, the city of Bangalore in Mysore State,
which was well known for its good climate and
sanitation and its freedom from mosquitos, has
recently become infested with mosquitos, parti-
cularly C. p. fatigans, owing to industrialization and
poor sanitation, resulting in low-grade filarial trans-
mission (Singh, 1963). The population of Bangalore
doubled between 1941 and 1961.

DIFFERENCES BETWEEN RURAL AREAS IN INDIA AND
ELSEWHERE

It is rather difficult to define a rural (village) and
an urban (town) area. A rural community covaprises
a small population group living in a cluster of
discrete houses. Generally the houses are widely
scattered. In most parts of rural India, however, the
villages are compact masses of houses in limited
areas surrounded by agricultural fields. The house-
hold sullage generally runs in kutcha 1 drains and
into nearby ponds. Some breeding of culicines,
including C. p. fatigans, occurs even in the villages,
depending upon the amount of sullage and the
method of its disposal. Thus in areas where ban-

Drains with earthen bed and sides without any masonry
work.

Le developpement rapide de l'industrialisation, dans
l'ensemble des pays du Sud-Est asiatique, a entrain6 la
multiplication d'agglomerations urbaines, sans possibilite
d'organisation sanitaire concomitante. Rien qu'aux

croftian filariasis is endemic, even " villages " are
affected (Ramakrishnan et al., 1960).

DIFFERENT LEVELS OF ENDEMICITY IN RELATION TO

DURATION OF ESTABLISHED TRANSMISSION

Pandit, Ramakrishnan & Raghavan (1963) classi-
fied filariasis problems in India under the following
headings:

(1) Areas where the disease rate is very high,
indicating that transmission is of very long duration,
perhaps a century or more (e.g., Mattancherri in
Kerala State).

(2) Areas such as Porbandar in Gujerat State,
where the disease rate is 10.1% and the infection
rate 6.8% (Raghavan, 1951), and Mangalore, where
the disease rate is 9.5% and the infection rate 15%
(Krishnaswami, 1955). Local information indicates
that transmission has been occurring for the last
25-40 years.

(3) Areas where the infection rate is about 10%
and the disease rate is negligible, indicating that
transmission has occurred for about a decade only.

(4) Areas where the infection rate is between
5% and 10% but the disease rate is nil (as in Rajkot
in Gujerat), indicating that transmission has
occurred for less than 10 years.

(5) Areas where the microfilarial rate is less than
5 %, with low infection and infectivity rates in local
mosquitos, indicating that transmission probably
commenced within the last two or three years, e.g.,
in Sonepat (Punjab) and Mathura in Uttar Pradesh
(Krishnaswami et al., 1963).

(6) Areas where the C. p. fatigans density is
comparatively high, but with no infection or
infectivity. These can be classified as areas with a
potential risk of transmission of filariasis.

(7) Areas where the C. p. fatigans density is low,
and the infection and infectivity rates are nil. These
can be classified as areas where there is no risk of
filariasis.

It has been observed that bancroftian filariasis
spreads outwards from urban to rural areas (Indian
Council of Medical Research, 1961).

SUMI!

Indes, en 10 ans, le nombre de villes de plus de 20 000
habitants a augment6 de 36% et la population urbaine
s'est accrue de 42,8%. Ce ph6nomene d'urbanisation
cr6e des conditions favorables au d6veloppement de
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Culex pipiens fatigans, permet l'introduction de porteurs
de parasites dans les collectivites, et favorise la propaga-
tion de la filariose a Wuchereria bancrofti dans de nou-
velles zones.

L'auteur etudie les divers facteurs influen9ant le deve-
loppement de C. p. fatigans.
La densite des populations du vecteur est plus elev6e

dans les zones urbaines que dans les zones rurales
(observations couvrant l'Inde, la Birmanie et l'Indo-
nesie). La duree de vie de l'insecte depend de la tempe-
rature, de l'humidite et de la saison. A cet iegard, l'Inde
peut etre subdivisee en trois zones: au sud et au nord-est,
le moustique vit longtemps et transmet la filariose pen-
dant toute l'annee; le nord-ouest contraste avec ce tableau
et est indemne d'infestation. A Djakarta, Indonesie,
C. p. fatigans est tres abondant et est infecte toute l'annee.
La transmission de la filariose a W. bancrofti est frequente,
malgre la dur&e de vie limitee du vecteur. II semble que le
taux d'infection variable de la population humaine dans
des zones a climat identique a comme corollaire des
fluctuations du taux d'infection et d'infectivite de
C. p..fatigans. Les epreuves des precipitines pratiquees sur
8228 specimens sauvages ont montre que 77,4% d'entre

eux s'etaient nourris sur l'homme. L'espece est donc
essentiellement anthropophile dans cette region.
Le developpement de C. p. fatigans se fait de preference

dans toute eau stagnante contenant des elements orga-
niques en decomposition (mais aussi, a la rigueur, en eau
pure): fosses, egouts, fosses septiques non recouvertes,
latrines. Le manque de mesures sanitaires est un facteur
important. C'est ainsi que dans deux villes, Hyderabad
et Bangalore, oiu le niveau d'hygiOne etait satisfaisant et
qui etaient exemptes de C. p. fatigans voici dix ans,
l'afflux de population et le flechissement des mesures
sanitaires ont entraine la pullulation des moustiques et
I'apparition de la filariose. Dans les zones rurales, la
situation est variable en fonction des caracteristiques de
chaque village.

L'auteur rappelle la classification de la filariose aux
Indes due a Pandit, Ramakrishnan & Raghavan. Cette
echelle degressive etablit une correlation entre les taux
de morbidite releves dans diverses regions et l'anciennete
de la transmission allant d'un si6cle A deux ou trois ans.
Des observations recentes indiquent une tendance A
l'extension de la filariose de Bancroft des centres urbains
vers les zones rurales.
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