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Observations on the Habits and Control
of Culex p4iens fatigans in Guyana*

GEORGE J. BURTON, Ph.D.1

Investigations in Guyana in 1961-63 showed that Wuchereria bancrofti was the only
filarial parasite causing elephantiasis and that Culex pipiens fatigans was the primary
vector. Mansonia titillans and Anopheles aquasalis were found to be secondary vectors.

C. p. fatigans bred primarily in pit latrines and secondarily in the clean, confined water
ofdrums and barrels near latrines. No breeding occurred in the relatively clean open water
of trenches, ditches and drains.

Of 21 016 mosquitos collectedfrom houses, 39.9 % were found resting on walls, 34.9 %
on clothing and other hanging objects, and 23.4 % on or under furniture. Of 15 622 female
mosquitos caught, 9.6% contained W. bancrofti parasites and 0.5 % contained infective
larvae. The flight range was found to be about half a mile (0.8 km).

Control was achieved by a combination of antimosquito (spraying with gas-oil) and
antiparasitic (chemotherapy with diethylcarbamazine) measures, which reduced the
average infection rates in the Buxton control area from 17.7 % to 2.2 %. Over the same
period, breeding in drums dropped from 14 %-25 % to 4.7%, even though the drums were
not treated or covered.

This paper describes the habits and the control of
Culex pipiens fatigans Wiedemann in Guyana
(formerly British Guiana). The data were obtained
from April 1961 to April 1963, while I was Officer-
in-Charge of the Filariasis Research and Control
Project, which was supported jointly by the govern-
ments of British Guiana and the USA. The major
objectives of the programme were: (1) to initiate
a programme of research in order to determine if
W. bancrofti was the sole pathogenic filarial parasite
and C. p.fatigans the sole vector, and (2) to investigate
the epidemiology of filariasis in Guyana and de-
velop a programme designed to control and even-
tually eliminate the disease. Unpublished data are
included here along with those already published
(Burton, 1964c).

* Paper presented at Seminar on the Ecology, Biology
and Control of the Culex pipiens Complex, Geneva, 1965;
this Seminar was supported by the World Health Organiza-
tion and by a United States Public Health Service research
grant (EF. 00194.04) to the World Health Organization.

I Formerly: Specialist in Vector-borne Disease (Filaria-
sis), United States Agency for International Development
Mission to British Guiana, Georgetown. Present address:
National Institutes of Health (USA)-National Institute of
Health and Medical Research (Ghana) Joint Research
Programme, Accra, Ghana.

HUMAN INFECTION WITH FILARIASIS

Filariasis has long been a problem in coastal
Guyana. Beye (1959) reported the results of spot
surveys for microfilaraemia by various investiga-
tors over the years: Daniels & Conyers, 14.9% in
1896; Wise, 13.0% in 1908; Rose, 20.8% in 1920;
Anderson, 30.7% in 1921; and Grace, 23.1 % in
1927-28. Giglioli (1948b) in 1947 examined 6329
blood smears in Georgetown and found micro-
filaraemia in 13.8%.
Between 1955 and 1961, along the Guyana coast-

lands, in Essequibo and Demerara Counties, 223 166
single blood smears were examined, of which 17 698
(7.9%) were found to be positive for W. bancrofti
microfilariae (Adams, 1961). Individual villages,
however, showed high infection rates. In Lodge,
Georgetown, 503 out of 3089 smears (16.3 %) were
positive in 1956, and 4.50% of the subjects had per-
manent swellings of the limbs. In 1957, in Queens-
town, Essequibo, there were 318 positive smears
out of 1593 taken (20.0 %), and 9.4% of those exam-
ined had permanent swellings of the limbs (Adams,
1961). In January to July 1961, 38 villages between
Georgetown and Nabaclis along the east coast of
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Demerara County were surveyed. Of 51343 40-mm3
blood smears taken, 4146 (8.1 %) were positive,
the rate in nine of the villages ranging from 10.5 % to
17.9%. The highest rates were observed in Buxton-
Friendship- 16.9 % (850 of 5027 smears)-and
Nabaclis-I 7.9% (312 of 1747 smears) (Burton,
1961). Adams (1961) has estimated that an average
of 6% of the coastal residents have swellings due to
infection with Wuchereria bancrofti. In the control
area in April to June 1962, 397 of 2889 (13.7%)
smears taken in Buxton were positive, and 305 of
1878 smears (16.2%) in Friendship.
The highest infection rate in Friendship was

found in the 11-20 years age-group, followed, in
order, by the 21-30, 0-10, 51-60, 41-50, 31-40, 61-70,
and 71-80 years age-groups (Burton, Orihel & Lan-
der, 1962). Generally, the " racial " groups in
Guyana have shown a constant order of infection.
The Portuguese have the greatest percentage of
microfilaraemia; next in order are the Africans,
then the " mixed " group (of partial African descent),
the East Indians, and finally the Chinese (Adams,
1961; Burton, Orihel & Lander, 1962). For instance,
the results shown in the accompanying table were
obtained by Adams in 1955-56 in Buxton and Friend-
ship combined (Adams, 1961).

in Guyana, it is the best index of filariasis, often
being the only sign of the disease. In the female there
occurs an elephantoid condition of the broad and
ovarian ligaments. Lymphangitis and enlargement of
inguinal and subinguinal lymph-nodes are also
common signs of the disease.

VECTORS

Larvae infected with W. bancrofti were found in
nature primarily in C. p. fatigans Wiedemann.
Natural infections with infective larvae were also
found in Mansonia titillans Walker and in Anopheles
(Nyssorhynchus) aquasalis Curry, which was also
the coastal malaria vector in Guyana at the time of
the study. Development of the parasite to the infec-
tive stage in all three vectors took between 12 and
16 days in an insectary at 85°F-88°F (29.4°C-
31.1°C) and 85%-90% relative humidity. Although
development to the infective stage takes place also
in Anopheles (Nyssorhynchus) darlingi Root, this
species has not been found on the coast, since it was
eradicated by the use of DDT in 1947-51 (Giglioli,
1948b).

CONTROL AREA

RESULTS OF BLOOD AND ELEPHANTIASIS SURVEYS
BY ADAMS (1961) IN BUXTON-FRIENDSHIP, GUYANA,

IN 1955-56, CLASSIFIED BY RACIAL GROUP

Blood smears Limbs with
Racial No. Positive elephantiasis

examined No. % No. %

Portuguese 51 18 35.3 5 9.8

Negro 2 994 374 12.5 102 3.4

Mixed 187 22 11.8 4 2.1

East Indian 1116 96 8.6 10 0.9

Chinese 17 0 0.0 0 0.0

Total 4 365 510 11.7 - 121 2.8

Romiti's experience (1926, 1935) suggests that
there probably were also a considerable number of
varicolymphocele cases among the above persons.
Romiti found that the dilation and varicose condi-
tion of the lymphatic vessels of the spermatic cord
is the first manifestation of filariasis in the male and,

The investigations into vectors and control
measures in this study were carried out primarily in a
region 1¼/4 mi x 11/2 mi (2.0km x 2.4 km) on the coast
about 11 miles (17 km) due east of Georgetown in
Demerara County. This was called the " Buxton
control area ". The heavily infected villages were
Buxton, Friendship and Annandale. Control mea-
sures were also instituted in a half-mile (0.8 km)
barrier zone immediately to the east, including the
villages of Vigilance, Bladen Hall and Strath Spey,
and immediately westward in Lusignan. The Atlantic
Ocean bordered the northern boundary of the area,
and the southern border was mostly uninhabited
grassland. The high water table resulted in constant
retention of water in the latrines of this area. No
control measures were undertaken in the two other
major filarial areas in which vector infection studies
were made-namely, (1) the Georgetown peripheral
villages of Campbellville, Kitty, Lodge, and La
Penitence and (2) the Golden Grove coastal area,
comprising the villages of Golden Grove, Cove and
John, Victoria, Nabaclis, and Plantation Hope,
extending from 15 to 23 miles (24 km to 37 km) east
of Georgetown.
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VECTOR INFECTION

Mosquito surveys in the Buxton control area

prior to the institution of anti-mosquito and anti-
parasitic measures yielded weekly average infection
rates of 7.30%-54.1 %, depending on the particular
portion of the area checked, with an average of
17.7%. A mosquito was designated as infected if it
contained at least one specimen of any stage of
W. bancrofti. In the non-control peripheral George-
town villages, the over-all two-year mosquito
infection rates in C. p. fatigans were: Kitty, 10.2 %;
Campbellville, 11.4 %; Lodge, 10.40%; and La Peni-
tence, 9.7 %. In the Golden Grove non-control area,
the rates were: Golden Grove, 13.5%; Cove and
John, 13.00%; Victoria, 11.1 %; Nabaclis, 8.40%;
and Plantation Hope, 11.7%. The general vector
infectivity rates ranged from 0.3% to 0.8%, with
an average of 0.5%. During the two-year period,
1514 of 15 622 C. p. fatigans caught in houses con-

tained W. bancrofti parasites (9.6%), and 80 mos-

quitos (0.5 %) had infective larvae, of which there
were usually only one or two per vector.

Burton (1964a) found that, on average, C. p.
fatigans ingested from a person having a micro-
filarial count of 138-152/20 mm3 at between 20.00 and
22.00 hours had about twice as many microfilariae
as expected.
No Brugia malayi parasites were seen in any of

the dissected mosquitos, but a zoonotic species,
B. guyanensis, was discovered in the coatimondi,
Nasua nasua vittata, in the interior of Guyana
(Orihel, 1964). Its vector was not determined.

BREEDING PLACES

In Guyana, C. p. fatigans breeds primarily in the
dirty water of pit latrines or privies, and secondarily
in the clean water of drums, barrels and simple
tanks. Its larvae and pupae were rarely found in
any of the relatively clean trenches, ditches, and
drains that occur throughout the infected area. It
was obvious that this mosquito preferred to lay
its eggs in confined rather than open water. This
situation is different from that in many other
countries, where this vector breeds heavily in cess-

pools, ditches, drains, catch-pits, coconut-pits,
dung-pits, and other pits polluted with human
excrement or other organic substances that cause

putrefaction (Chow & Thevasagayam, 1957; Pal
et al., 1960).

Before control measures were instituted in the
Buxton area, 14%-25% of the drums and barrels
checked in daily surveys contained larvae and pupae
of C. p. fatigans. Generally no other species was
associated with the vector in latrines. In drums,
however, Aedes aegypti was often present concur-
rently. Thus, control of breeding in drums would
eliminate simultaneously the vectors of filariasis
and of yellow fever.

In earlier studies in Guyana, Giglioli (1948a) had
observed that breeding places of C. p. fatigans
ranged from drinking-water containers to sewers,
including pit latrines, cesspools, uncovered septic
tanks, sullage, and stable drains. Charles (1953)
indicated that the predominant production foci were
water-logged latrines, and this was also observed
during the two-year period under discussion.

LABORATORY DEVELOPMENT

In white enamelled basins containing water from
natural sources or latrine water diluted with natural
water, eggs of the vector hatched in one to two days.
Newly hatched larvae developed to the pupal stage
in four to six days, and the adult emerged one to two
days later. The complete cycle from egg to adult
therefore took about seven to 10 days at 85°F-
900F (29.4°C-32.2°C).
When females were kept in mosquito-netting

cages that were completely wrapped in wet towels,
they generally survived for up to one month. Longer
survival, up to three months, was obtained when
they were kept in screened lantern chimneys con-
taining a metal resting grid made of window-
screening material. Water-embedded paper towelling
kept against the bottom netting of the chimneys
provided a high humidity. A 10% solution of
sucrose absorbed on cotton provided nourishment,
and covering the cotton with aluminium foil helped
to retain the moisture. Duration of survival was
increased considerably when the chimneys were
kept in an air-conditioned room.

INDOOR RESTING PLACES

Over an 18-month period, 21 016 male and
female (mostly female) C. p. fatigans were collected
during mornings and evenings from houses in
28 villages. Of these 8384 (39.9 %) were found resting
on walls; 6091 (29.0 %) rested above the 3-foot
(1-m) level and 2293 (10.9%) rested below it. There
were 7340 (34.9%) on hanging objects, and 4928
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(23.4%) behind or under furniture, including book-
cases. For comparison, Chow & Thevasagayam
(1957) in Ceylon, found 6% of C. p. fatigans resting
below the 1--m level on walls and 17% above, i.e.,
a total of 23% on walls; 60% were found on clothing
and other hanging objects, 9% on furniture, and
8% beneath the roof. Deane (1951) in Brazil found
70% on walls, 20% on the upper portions and 50%
on the lower portions; the remaining 30% rested
behind and under furniture and on clothing.

In Buxton, before control measures were instituted,
collectors were stationed at windows at dusk to
observe and catch the mosquitos as they flew in
through the windows. The vector began entering
houses at about 19.00 hours, and fairly high numbers
entered between 21.00 and 22.00 hours. They fed
readily on entering, even in lighted rooms and on
moving arms and legs. After the blood-meal they
generally flew to the wall, but some flew out of the
window. Giglioli (1948a), 1948b) also observed that
houses were a favourite resting place of this vector;
he found that 66% of the females were engorged
and that they attacked man and animals indiscrim-
inately, both indoors and outdoors. In Lusignan,
on the east coast, close to Buxton, he also found
that the highest influx of the vector into houses
occurred between 04.00 hours and dawn.

Studies made in a transmission hut (Burton, 1963)
showed that fully fed mosquitos might fly out of the
window and into another room or house, instead
of always going to the nearest wall after a full blood-
meal. Between one-third and all of the mosquitos
entering the hut during the night became infected.

FLIGHT RANGE

Four lots of between 1000 and 1500 laboratory-
hatched females were coated with fine gold or
aluminium dust prior to being released in the
Campbellville and Buxton areas at different times of
the year. First, the inside of a 6-in x 1-in (15.2 cm x
2.5 cm) test-tube was coated with the metallic dust
by aspiration with a large ear-syringe. Forty mos-
quitos at a time were released into the coated tube,
and the procedure was then repeated. The agitated
mosquitos became well coated with the dust. They
were transferred to holding cages until their release
the same evening in a location where many persons
had W. bancrofti microfilariae in their blood. House
collections were made in the morning and evening
every day for the next two months, in ever-increasing
circles from the point of release. The metallic

reflection made identification of the recovered
mosquitos easy.
Four such trials showed that the flight range or

dispersal of C. p. fatigans males and females ex-
tended to about 900 yd (820 m). Recovery at this
distance was made three weeks after release. It is
probable that, with a strong wind, dispersal would
be increased. The best recovery was made when
marked mosquitos were released on a clear, still
night in the dry season. Recovery was generally
poor when rains followed release.

INSECTICIDE-RESISTANCE STUDIES

Tests were carried out with the WHO larval-
resistance testing kit against larvae and pupae of
C. p. fatigans. Standard dilutions were made using
the DDT, dieldrin, HCH, malathion, diazinon, and
fenthion provided in the kit. For comparison, tests
were also made with kerosene, gas-oil,' and heavy
diesel oil. The most effective insecticide against both
larvae and pupae was fenthion, which gave 92%
mortality at 0.004 ppm and 100% at 0.02 ppm.
The order of effectiveness of the remaining insecti-
cides was: diazinon, malathion, HCH, dieldrin,
and DDT (Burton, 1964b). It was found, however,
that gas-oil, which was readily available in Guyana,
killed larvae and pupae much more rapidly, had
excellent surface-holding qualities, formed a very
durable film and was inexpensive; moreover, there
need be no concern about the development of resis-
tance to the oil. In India, Ramakrishnan, Sharma
& Kabra (1960) likewise preferred oils to synthetic
insecticides for antilarval operations against this
vector.
The resistance of female C. p. fatigans was also

tested, using the WHO adult-resistance testing kit.
In each test 15 mosquitos were exposed to paper
impregnated with dieldrin or DDT for one hour,
and then kept in a holding cage for 24 hours. The
same results were obtained with wild-caught and
laboratory-hatched mosquitos. It was found that
40%-50% of the mosquitos were resistant to 4%
and 5% DDT, and to 1.25 %, 2.5% and 4.0%

1 Gas-oil is the same as high-speed diesel oil, a fuel for
diesel engines that operate at over 1200 rpm, having a mini-
mum cetane number of 48. Its average analysis is carbon,
85.8 %; hydrogen, 13.2 %; sulfur, 0.7 %; and nitrogen, oxygen
and ash combined, 0.3 %. It is the portion that distils between
the kerosene fraction and the residual fraction of light
lubricating oil, with a boiling-point range of 180°C-375°C.
Its specific gravity at 60°F (15.60C) is 0.820-0.870, and its
flash point is 150°F (65.6°C) (Shell (Ghana) Ltd, personal
communication).
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dieldrin, thus substantiating previous reports of
resistance of C. p. fatigans to DDT and dieldrin.

CONTROL

All previous attempts to control C. p. fatigans by
residual spraying indoors had failed because of
resistance of the mosquito to the insecticides used.
Giglioli (1948b) found resistance to 5% DDT in
kerosene and to a 10% DDT suspension, after
houses had been sprayed every 6-10 months and
latrine superstructures and contents had been
sprayed every 34 months. Symes & Hadaway (1947)
attempted to control adults with a Hochberg-LaMer
aerosol or fog generator using approximately 7%
DDT. They found considerable resistance to residual
6% DDT emulsion and to 5% DDT in kerosene
applied at the rate of24 quarts/1000 ft2 (25-50 litres/
1000 m2). Charles (1953) attempted control with
residual DDT-kerosene solution, with and without
2% chlordane, and with Gammexane (6.5% y-HCH)
wettable powder, Gammexane-kerosene, and chlor-
dane-kerosene. He found an appreciable reduction
in the number of adults for only up to 10 weeks with
all formulations. Chlordane as a 3% solution in
kerosene and as a 2% solution in DDT-kerosene
was far more effective than either DDT-kerosene
or DDT suspension. The HCH formulations showed
no advantage over DDT. Pit-latrine production
foci were not reduced in number. Charles agreed
with other workers that attempts to eradicate C. p.
fatigans would have to include antilarval measures.

Spraying of 18 swathes (about 23 oz; 652 g) of
gas-oil at one time on the surface of latrine contents
with a Hudson X-Pert sprayer having an 800 emis-
sion of spray gave a durable film that was effective
in controlling larvae and pupae for 4-6 weeks and
even, in some instances, up to 8 weeks. The surface
sprayed averaged 3 ft x 3 ft (0.9 m x 0.9 m), i.e., a
dosage ofabout 2 Y/2 oz/ft2 (760 g/m2). A once-monthly
latrine-spraying programme was therefore set up in
the pilot control area, which had 2027 latrines. The
cost of the 23 oz (652 g) of gas-oil was 5.8 British West
Indian cents, equal to 3.5 US cents. The monthly cost
of the oil for the 2027 latrines was therefore $1 17.57
in British West Indian currency, or US$70.94.

Simultaneously with spraying, each person in the
control area received a full course of diethylcarba-
mazine (Banocide) to kill the microfflariae, or 2.8 g
of drug base over a 7-day period. Thus antimosquito
measures were accompanied by antiparasitic mea-

sures. Control of adults was not considered because
of their known resistance to the commonly used
insecticides. There was no problem concerning
transportation of the oil, since the Buxton control
area was only 11 miles (17 km) from the George-
town headquarters. Every working day each spraying
team carried only enough oil in Jerry-cans for
one day's latrine spraying. This was found to be a
simpler procedure than transporting a full drum
of oil each day.

After one year of monthly residual larviciding, the
effectiveness of this measure was demonstrated by
(a) total elimination of breeding of the vector in the
pit latrines in the control area, as determined by
repeated dipping, (b) considerable reduction in
breeding in drums and barrels adjacent to the
latrines, (c) great reduction in the number of mos-
quitos available for picking up microfilariae, and
(d) reduction in the average number of mosquitos
per house, so that it was often difficult to find them
in many houses. Before latrine spraying was under-
taken, the vector bred in 14 %-25% of the drums in
Buxton and Friendship. After one year this dropped
to an average of 4.7%, based only on drums con-
taining water. There were from one to six drums
in each yard. A team was assigned to empty and
turn upside down all unused drums and barrels.
Spraying of drums could not be considered because
the water was used for drinking and cooking. The
high cost of providing mosquito-proof drum and
barrel covers prohibited this means of control,
but in any event the latrine-spraying programme
resulted in greatly decreased breeding in drums.
The combined antimosquito and antiparasitic

attack, over the one-year larviciding period in the
control area, resulted in a drop in the mosquito
infection rate to 1.6% in Buxton, 3.2% in Friend-
ship, and 1.9% in Annandale, an over-all average
of 2.2%.
An environmental sanitation programme that

would include the provision of piped water and the
replacement of pit latrines by cement-slab latrines
would eliminate breeding foci permanently under
the conditions obtaining in the Buxton control area.
It is possible, however, that in this event the vector
might begin breeding in the many trenches and drains
at present completely free of such breeding. With
the use of tube wells or outside faucets, however,
care would have to be taken that no waste-water
pools remained on the ground, as these have served
in some countries as the principal breeding places
for C. p. fatigans (Lie Kian Joe et al., 1960).
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RISUMt

Effectuees de 1961 a 1963 en Guyane, des recherches
epidemiologiques indiquent que Wuchereria bancrofti est
la seule filaire provoquant 1'elephantiasis et que Culex
pipiens fatigans en est le vecteur principal. Le facteur
racial a une influence indeniable sur l'infection humaine
dans ce pays, car la microfilaremie est, par ordre decrois-
sant, plus frequente chez les Portugais que chez les sujets
de race noire, les metis, les Indiens et les Chinois.
Avant la mise en ceuvre des mesures de lutte, le pour-

centage des infections chez le vecteur, dans la region
c6ti&re A traiter, oscillait entre 7,3 et 54,1 selon le lieu
(17,7 en moyenne). En deux ans d'enquete, sur 15 622
C. p. fatigans femelles captures dans les demeures,
1514 (9,6%) etaient infectes et 80 moustiques (0,5%)
hebergeaient des larves du parasite au stade infectant.

Contrairement a ce que l'on observe ailleurs, C. p.
fatigans, en Guyane, depose de preference ses ceufs dans
l'eau polluee des latrines et accessoirement dans l'eau
propre non renouvelee des tonneaux, futs et autres
reservoirs. Les larves et les nymphes sont rares dans l'eau
relativement non souillee des tranchees, des fosses et des
caniveaux. Sur 21 016 C. p. fatigans (en majorite des
femelles), collectes dans les maisons de 28 villages au
cours de 18 mois, 39,9% se reposaient sur les murs
(29,0% au-dessus de 1 m, 10,9% au-dessous), 34,9% sur
les objets suspendus, 23,4% derriere ou sous les meubles.
Les moustiques pen6trent dans les habitations d&s

19 heures, et surtout entre 21 et 22 heures, et prel'vent
leur repas de sang sur l'homme meme si les pi&ces sont
eclairees. La distance de vol ou de dispersion de l'insecte,
male ou femelle, est de l'ordre de 820 m.
Le meilleur insecticide agissant a la fois sur les larves

et les nymphes est le fenthion, qui donne 92% de morta-
lite a 0,004 partie par million et 100% a 0,02 partie par
million; 40-50% des moustiques resistent a 4% et 5%
de DDT, ainsi qu'a 1,25%, 2,5% et 4,0% de dieldrine.
Toutes les tentatives anterieures de destruction de
C. p. fatigans par pulverisations d'insecticides remanents
s'etant soldees par un 6chec d&u I la resistance du vecteur,
on a instaure un traitement dirige contre les moustiques
(pulverisations mensuelles de gasoil, peu onereux, dans
les latrines) combine 'a l'administration, a chaque habi-
tant, d'un traitement antifilarien par la diethylcarba-
mazine. Le pourcentage d'infection chez le vecteur est
tombe de 17,7 a 2,2% en un an.
Au bout de ce laps de temps, l'efficacite de cette double

mesure a ete d6montree par a) I'absence totale de repro-
duction du vecteur dans les fosses d'aisance; b) une
diminution considerable de la multiplication de l'insecte
dans les tonneaux et autres r6serves d'eau (la proportion
de ce type de gite larvaire n'atteignant plus que 4,7%
contre 14-25% avant le recours aux pulverisations de
gasoil); c) une forte diminution du nombre des vecteurs;
d) l'abaissement de la densit6 des moustiques par maison.
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