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Follicular Relics in Wild-caught Culex pipiens fatigans Wiedemann
in Ceylon
by W. A. SAMARAWICKREMA, Ph.D., Research Officer in Entomology, Medical Research Institute,
Colombo, Ceylon

The use of follicular relics in ovarioles ofmosquitos
and other Diptera as a means of determining the
age of these insects was first demonstrated by Soviet
entomologists over a decade ago and recently
elaborated by Detinova a and by Beklemishev,
Detinova & Polovodova b with particular reference
to malaria vectors.

In studies on filariasis in Malaya Wharton c

found that, in a remote swamp forest, Mansonia
longipalpis old enough to be harbouring infective
filaria larvae had laid only once (l-parous). This
indicated that protracted periods occurred between
ovipositions, probably due to time lost in finding
hosts for blood meals and oviposition sites, and that
age determination based on follicular relics was not
reliable in these circumstances.
While with the Anti-Filariasis Campaign in Ceylon

the present writer dissected, between February 1960
and September 1961, wild populations of Culex
fatigans infected with Wuchereria bancrofti to deter-
mine their age. Special attention was given to
whether or not, in Ceylon, delays in phases of the
gonotrophic cycles in C. fatigans caused anomalous
relationships, as observed by Wharton, between the
apparent age of a mosquito and the stage of develop-
ment of its filarial infection. This note is a prelimin-
ary report on this investigation.

Materials and methods

Filariasis due to Wuchereria bancrofti is endemic
along the south-western coastal belt from about 25
miles (40 km) north of Colombo to the southernmost
point beyond Matara (see the map). This strip, over
130 miles or 220 km long, receives an annual rainfall
of 80-120 inches (2032-3200 mm) through two mon-
soons and is also the most thickly populated region
of the country. The population is more or less
concentrated into sixteen coastal towns. The Anti-

a Detinova, T. S. (1962) Age-grouping methods in Diptera
of medical importance, Geneva (World Health Organization:
Monograph Series, No. 47).

b Beklemishev, W. N., Detinova, T. S. & Polovodova.
V. P. (1959) Bull. WId Hlth Org., 21, 223.

c Wharton, R. H. (1959) Nature (Lond.), 184, Supp. 11,
p. 830.

Filariasis Campaign has set up a filariasis unit in
each town named on the map, except Colombo, for
investigation and control of the disease within urban
council limits. In the city of Colombo, filariasis
control is undertaken by the Health Department of
the Municipality.

Entomological routine. In each filariasis unit,
samples of populations of C. fatigans resting in
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houses were collected in the morning for the purpose
of determining the vector density and infection rates
and dispatched daily by post to the central laboratory
in Colombo. They were dissected not later than
72 hours after their capture.

Condition of mosquitos at capture and later dissec-
tion. During the period between the capture of the
mosquitos in the houses and their dissection in the
laboratory, ovarian development and filarial growth
proceeded uninterrupted in the cages, although
oviposition was prevented by withholding any water
on which the mosquitos might lay. The morning
catches consist of unfed females, fully gorged
females, half- and nearly-gravid, and gravid females.
When dissections were delayed as long as 72 hours,
all females, including those fully blood-fed at capture,
had gravid ovarioles at dissection, suggesting a
gonotrophic cycle of about this duration.

Dissection procedure. Mosquitos were dissected
routinely by assistants to establish a filaria infection
rate. In each infected female the stage of infection
was confirmed by the writer, who then dissected the
ovaries to determine the number of follicular relics
(dilatations), a technique with which he was already
well familiar for Mansonia.d It is important to
emphasize, as shown by Samarawickrema d for
Mansonia, that in the present study with C. fatigans
age determination is based on the follicular relics
seen in delayed, or aborted, ovarioles since the relics
are only rarely detectable in half-gravid to gravid
ovarioles. Due allowance must therefore be made in
interpreting the data presented here; thus, in these
captive females, the current relic in a retarded ova-
riole represents the same gonotrophic cycle as the
eggs whose deposition, when fully developed, was
artificially prevented or, in half-gravid and nearly-
gravid females, the eggs which are currently ap-
proaching the full gravid state. The stages of devel-
opment of filarial larvae in the mosquito which are
distinguished in this study are exsheathed micro-
-filariae, developing " sausage" forms, lengthening
,cylindrical forms and the filariform infective stage.
WAll infective larvae were clearly identified as W.
bancrofti by the presence of three bubble-like caudal
papillae. The most advanced stage found in a mos-
quito was used for the classification of its infection.

Results
The accompanying table shows, for infected C.

fatigans caught in the different filariasis units in the
d Samarawickrema, W. A. (1962) Ann. trop. Med.

Parasit., 56, 110.

endemic area of south-west Ceylon, the age structure
of the infected mosquitos, expressed as numbers of
follicular relics, in relation to the stage of filarial
infection found in the mosquitos.
The few infected nulliparous females dissected

while still with fresh blood in their gut contained
exsheathed microfilariae. These would have been
ingested within 24 hours, during their first blood
meal. Exsheathed microfilariae were also found,
together with infective larvae, in two of the 2-parous
females from Wattala. In these the ovaries were
undergoing the third oogenesis after the third blood
meal which they had taken prior to capture. It is
clear from these specimens that mosquitos can be
infected more than once.
What is emphasized at present, however, is that

infective larvae occur in the parous mosquito as
early as between the third and fourth blood meals,
and are likely to be transmitted during the fourth
meal. Thus (see the table), " sausage " forms were par-
ticularly frequent in 1-parous females (63), while the
pre-infective, elongating forms were first evident
mainly in 2-parous females (55). Most of this
latter group (46) had been kept in captivity long
enough to have become gravid (although deprived
of opportunity to lay). In effect, they represented at
the moment of dissection females which would in
nature have laid their second batch of eggs and pro-
bably taken their third meal. The 9 remaining
females of this group of 55 2-parous individuals
had, before capture, laid two batches of eggs, refed,
and were in the course of developing the third batch.
Most of the mosquitos with infective larvae were, as
shown in the table, 2-parous at dissection (73) but
38 of these, like the 9 above with lengthening forms,
were developing their third batch of eggs, having
succeeded, just before capture, in laying the second
egg batch and in refeeding. The remaining 35 gravid
females would have been half-gravid, or even gravid,
at capture and their gravid state at dissection re-
presented the end of their artificially delayed second
gonotrophic cycle. Had they been free in nature
they would have laid this second batch some time
before dissection and also have obtained a third
meal and begun their third oogenesis. Of the 29
3-parous females, 15 had taken their fourth meal
and were developing their fourth batch of eggs;
14 females still retained the third egg batch. These
dissections indicate that filarial larvae ingested with
the first blood meal reach the transmissible infective
stage while the third meal is being digested and the
ovaries are undergoing oogenesis in the third gono-
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FOLLICULAR RELICS OF CULEX FATIGANS NATURAILY INFECTED WITH WUCHERERIA
BANCROFTI, FROM THE FILARIASIS UNITS IN THE ENDEMIC AREA IN CEYLON

No. of nulliparous females (N) and of females with 1-4 follicular relics

Filariasis Females with ex- Females with -sau_ Females with leng-
uisa sheathed microfila- sage "- forms thening cylindrical Infective femalesunits ~~riae forms

N 1 2 3 4 N 1 2 3 4 N 1 2 3 4 N 1 2 3 4

Matara I ...91 --96-- 1 19 I - 27 14 1

Weligama - - - - - I -- - - 2- - 2 1 -

Galle - - - - - - - - -_1 -- 2 2 -

Aluthgama - - - -. 8 1 - - - 3 -- 6 2 -

Beruwala .... 4-----4--- - - - 2 - -

Kalutara - - - - -I - - - - I -

Panadura - - - - - - . - - 2 - -

Moratuwa - - - - . - - - -2 -- 2 1 -

Dehiwela I - - - - 2 2 - - - 1 2 - - 3 - -

Kotte 1 - _ _ - 4 - - - - 1 5 -- 8 2 -

Kolonnawa 1 - - - - 4 -1 -- 5 1 -

Waftala 2 - 2 - - 21 3 - - - 1 8 1 - 8b 1 2

Ja-ela - - - - - -_ _ - 1 2 - -3 2 -

Negombo - - - . - 2 - - - - - 3 -- 3 2 -

Total
dissected 6 - - - - 63 13 - - - 7 55 2 1 - 73 29 3

a The filariasis unit at Ambalangoda shown on the map is omifted from this table as no infected
mosquitos from this unit were dissected for follicular relics in the present study.

b Two of these females also contained exsheathed microfilariae, as shown In that column.

trophic cycle. Transmission for the first time can,
therefore, take place during the fourth meal, which
follows oviposition of the third batch of eggs.

Discussion and conclusions
The above results indicate that there is no signi-

ficant delay, in conditions in south-west Ceylon, in
the sequence of events or in the phases of the gono-
trophic cycle in C. fatigans and that good agreement
occurs between the first appearance of infective
filarial larvae and the number of gonotrophic cycles
(probably each of about 72 hours) completed in
individual mosquitos. Transmission is first possible
when, after the third oviposition, the mosquito
takes its fourth meal. Mosquitos which are about to
transmit, for the first time, at their next meal may
show as few as two follicular relics, while mosquitos
which could already have acted as vectors should
have at least three follicular relics per ovariole.

Since few mosquitos with four, or more, follicular
relics were encountered it seems probable that most
of the transmission is by mosquitos which become
infected initially with microfilariae in their first
blood meal, and that most mosquitos which become
infected initially in meals other than their first meal,
or become reinfected, do not-on account of their
reinfection-survive long enough to transmit or to
continue transmitting.

C. fatigans is the common anthropophilic house
mosquito in Ceylon, breeding in a variety of polluted
domestic water collections. These, houses and
human hosts are numerous and in close proximity.
In contrast to the conclusion by Wharton c for
Mansonia in remote Malayan swamp forest, condi-
tions in Ceylon favour uninterrupted gonotrophic
cycles in C. fatigans. Age determination of this
species in coastal south-west Ceylon based on num-
bers of follicular relics is a valid method.
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The epidemiological effectiveness of a vector
species of mosquito depends on, among other
factors, the proportion of the vector population that
survives for completion of the cyclical development
of the pathogen in the mosquito body; in this case
the larvae of W. bancrofti. These results show for
C. fatigans in the endemic zone of Ceylon that, if
adulticides are used to supplement larval control
operations in a filariasis control programme, the
adult mosquitos should be killed before they have
completed their third gonotrophic cycle. Although
the time factor concerned is still under investigation,
the present data indicate that their kill must be
effected not later than about nine days after first
ingesting microfilariae. Since transmission appears
to be mainly by mosquitos which take up micro-
filariae in their first blood meal, this means killing
adult C. fatigans before they themselves are about
ten days old. This is not a generous time factor

for a species of vector widely known for its tolerance
of insecticides in the adult stage.
The present study also shows that in all filariasis

units along the endemic belt the age structure of the
infected mosquitos follows the same pattern.
Although the number of infected mosquitos is not
great in each filariasis unit, infective C. fatigans were
found at one station, Matara, in every month during
the period of this study. Transmission of filariasis
therefore takes place throughout the year in Matara,
and probably also in all other filariasis units along
the coastal belt of Ceylon.

** *

The writer wishes to thank Professor D. S. Bertram
and Dr B. R. Laurence of the Department of Entomology,
London School of Hygiene and Tropical Medicine, for
their advice and criticism of the paper. Thanks are also
due to the technicians of the former Entomology Section
of this Institute for their assistance.

A Rapid Method for Screening Blood Smears for the Presence of
Microfilariae and Subsequent Identification of Species by Staining*
by N. AHAD, M.B.,B.S., Director, Pasteur Institute of the Union ofBurma, Rangoon; and Bacteriologist
to the Government of the Union ofBurma

With the techniques generally used it may be
difficult for field workers engaged in mass surveys to
examine a sufficiently large number of blood smears
daily for the presence of microfilariae. Accordingly
the writer has devised a rapid screening method
based on the known fact that microfilariae can be
detected in blood films after dehaemoglobinization.
The advantages of the method are the possibility it
affords of a rapid first screening of blood films and
subsequent economy of time and materials from the
fact that only those slides preliminarily screened as
positive need be examined for identification of the
microfilarial species.

* Thanks are due to Dr U Thet Pe, M.B.,B.S., D.P.H.,
Health Officer, Corporation of Rangoon, for providing the
6000 blood smears; and to Dr Saw Ba Heng, M.B.,B.S.,
Assistant Director, Dr Gopal Rakshit, M.B.,B.S., Assistant
Surgeon, Mr S. K. Chowdhury, B.Sc., Assistant Serologist,
and Maung Aung Tun, Laboratory Attendant-all of the
Pasteur Institute of the Union of Burma-for their help
in the examination of the smears and in the preparation of
stains and reagents.

The writer has also developed a modified staining
method by which, in his experience, the structural
details of microfilariae are well defined and which
appears suitable for species identification.
By this method the Pasteur Institute of the Union

of Burma has in 30 days, working at four hours a
day, screened 6000 blood smears received from the
Corporation of Rangoon, and stained and identified
235 positive slides from that total.

Preparation of slides

The slides for the above purpose are prepared as
follows:

1. The blood is collected between 8 p.m. and
12 midnight.

2. Under aseptic precautions the tip of any finger,
except the little finger or the thumb, is pricked boldly
with a sterile needle and the finger tip pressed to
get a good-sized blood drop.
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