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Factors affecting transmission of Wuchereria bancrofti by
anopheline mosquitoes. 1. Uptake of microfilariae
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Abstract

Ingestion of Wuchereria bancrofti microfilariae (mf)
from humans by 639 Anopheles gambiae, 557 An.
arabiensis, 117 An. melas and 9 An. funestus was
investigated. The mf densities in blood fell into 3
groups; 0-32mf/ml, 107-122 mf/ml and 421-1140
mf/ml. In An. gambiae and An. arabiensis percentage
of mosquitoes ingesting mf was strongly associated
with mf density in host blood; in An. melas the
association was much weaker. Mean number of mf
ingested per mosquito was also strongly correlated to
mf density in An. gambiae and An. arabiensis but not
in An. melas. At low mf densities both An. gambiae
and An. arabiensis concentrated mf, with concentra-
tion decreasing as density increased. From regression
analysis, observed and expected uptake of mf would
be equal at 6229 mf/ml in An. gambiae and 391-6
mf/ml in An. arabiensis.

Introduction

The majority of programmes aimed at interrupting
transmission of Wuchereria bancrofti by vector control
alone have been ineffective (SASA, 1976). A notable
exception was in the Solomon Islands, where anophe-
line-transmitted W. bancrofti was unintentionally
eradicated by the residual insecticide campaign of the
malaria eradication programme, which held the vector
density for a period of over 9 years below the critical
value needed to sustain transmission (WEBBER, 1979;
WEBBER & SOUTHGATE, 1981). No drug treatment of
the human population was used in the Solomon
Islands, but due to the general ineffectiveness of
vector control most other control programmes have
relied wholly or mainly on mass drug administration.
At present the only drug available for mass adminis-
tration is diethylcarbamazine citrate (DEC). How-
ever, many people remain microfilaraemic even after
taking full courses of the drug (MAHONEY & KESSEL,
1971; DESOWITZ & SOUTHGATE, 1973; DESOWITZ et
al., 1973; DEsowiTZz & HITCHCOCK, 1974; SOUTH-
GATE, 1974; BRYAN & SOUTHGATE, 1976). Although
such people usually have very low densities of
microfilariae (mf), they can still act as reservoirs of
infection, at least of filariasis transmitted by Aedes and
Culex (JORDAN, 1959; BRYAN & SOUTHGATE, 1976;
SAMARAWICKREMA et al., 1985). This residual pool of
infection must be taken into account in planning W.
bancrofti control programmes.

In a number of vector-parasite combinations,
transmission is enhanced due to concentration of mf
by the vector during blood-meal ingestion (see BRYAN
& SOUTHGATE, 1976; OBIAMIWE, 1977; MCGREEVY
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et al., 1982; SAMARAWICKREMA et al., 1985 for
reviews of mf uptake by mosquitoes). If concentration
occurs at the low mf densities seen after DEC
treatment, it would counteract the effect of such
treatment.

There are 2 factors which indicate that DEC may be
more efficient in interrupting transmission of W.
bancrofti when the vectors are anopheline mosquitoes
and not culicines. Firstly, in a number of Anopheles-
filaria combinations a considerable proportion of
ingested mf are damaged during uptake by the
mosquitoes’ foregut armatures (CoLUZZI & TRABUC-
CHI, 1968; MCGREEVY et al., 1978). In culicine
species such as Aedes and Culex, the armatures are less
well developed and thus inflict less damage on
ingested mf (MCGREEVY et al., 1978). Secondly, the
relationship between at least one Anopheles species
and W. bancrofti is facilitation (BRENGUES & BAIN,
1972; PICHON, 1974; PICHON et al., 1974) in which
the proportion of ingested mf successfully penetrating
the gut wall increases as the number of mf ingested
increases. Conversely, the probability of success for a
mf in these mosquitoes diminishes as the number of
mf ingested diminishes. If this phenomenon is
operative at the low levels of mf density resulting from
the use of DEC, then it should act as a synergist to
DEC treatment.

In this paper we present observations on ingestion
of W. bancrofti mf from man by anopheline mos-
quitoes; other aspects of the study will be presented in
future publications.

The mosquitoes studied were 3 members of the
Anopheles gambiae complex (An. gambiae s.s., An.
arabiensis, An. melas) and An. funestus, all natural
vectors of W. bancrofti in Africa (SASA, 1976). Culex
guinguefasciatus is an important vector in East Africa
(SAsA, 1976) but not in West Africa (MOUCHET et al.,
1965; BRENGUES et al., 1968; MAASCH, 1973).
Although there is evidence of increasing adaptation
between W. bancrofti and Cx quinquefasciatus in some
areas of West Africa (KUHLOW, 1976), it was not
included in the present study.

Materials and Methods

This work was carried out between 1976 and 1982
in The Gambia where W. bancrofti is endemic
(MCGREGOR & SMITH, 1952; McFADZEAN, 1954;
MCGREGOR & GILLES, 1960; KNIGHT, 1980).

Selection of carriers of W. bancrofti

To identify suitable carriers, blood samples were
taken from people in the villages of Kololi and
Marakissa, in which W. bancrofti was known to be
endemic (MCFADZEAN, 1954; KNIGHT, 1980), and
the villages of Sanyang and Tujering in which there



were clinical signs of the disease. All these villages are
within 33km of Banjul, the capital of The Gambia.
Blood samples were taken between 2000 and 2400 h.
In most cases, 1 ml of venous blood was taken and
subsequently passed through a Millipore® filter of 5
um pore size and stained with Giemsa by the
technique of DESOWITZ & SOUTHGATE (1973). For
preliminary screening to detect carriers of high
densities of mf, stained slide preparations of 20 mm®
of finger-prick blood were examined. 11 people with
mf agreed to act as volunteers and were used for 20
feeding experiments. All volunteers were adults with
estimated ages ranging from 25 to 65 years; one was
female and 10 were males. The nature and purpose of
this work was explained to all volunteers who then
gave their informed consent to their participation.
The Ethical Committee of the Medical Research
Council (MRC), Fajara approved these experiments.

Each carrier was designated by a letter. Volunteer
A had previously been treated with DEC (R. Knight,
personal communication), but all other volunteers
were untreated before the commencement of this
study; 2 of the volunteers were infected with both W.
bancrofti and Mansonella perstans. Following comple-
tion of the experimental work, a full course of
inpatient treatment with DEC at the MRC Laborator-
ies Hospital, Fajara, was offered to all volunteers.

Mosquitoes and entomological techniques

Four mosquito species were used in this study. An
gambiae s.s. from a colony established at the Medical
Research Council Laboratories, The Gambia, 2 years
before the start of these experiments, from adult
females caught in The Gambia.

An. arabiensis. A colony was established from
female adults caught in various localities in The
Gambia several months before the start of this study.

An. melas and An. funestus. The F; progeny of wild
caught females were used.

Within the An. gambige complex females were
identified by examination of ovarian chromosomes
(CoLuzz1 & SABATINI, 1969; GREEN, 1972) or their
eggs (CoLuzzl, 1964), or determination of palpal
ratios (BRYAN, 1980). Adults were kept for 2-3 d after
emergence in 20 ¢cm cube cages in an insectary at
approximately 28°C and 80% relative humidity and
supplied with 20% sucrose solution.

Feeding experiments on W. bancrofti carriers

Up to 110 female mosquitoes, 2-5 d old, of each
species were placed in a perspex cylinder (6'5-7 cm
diameter and 10 cm long), both ends of which were
covered with netting. The mosquitoes were kept for
up to 10 h without food or water before they were
offered a blood meal from a mf carrier.

All mosquito feeding was carried out in the MRC
Laboratories, Fajara, The Gambia, beginning at 2330
h; feeding was restricted to 20 min to minimize
variations in mf density due to periodicity and to limit
the escape of mf through the gut wall of the
mosquitoes. Mosquitoes were fed from the forearm, 3
cylinders per arm; a maximum of 330 specimens of
any one species was used in each experiment.

Immediately after the feeding period, mosquitoes
were released into 20 cm cube cages which were
placed in a cooled insulated box to retard mf
penetration through the mosquito midgut. Samples of
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up to 50 fully fed mosquitoes of each species were
dissected immediately following the feeding period to
ensure that mf were not lost from the gut either by
migration to the haemocoele or by digestion (BREN-
GUES & BAIN, 1972; BAIN, 1976). The midgut was
removed intact, placed in a drop of distilled water and
ruptured with a pair of fine needles to spread the
contents gently over a circular area of 15 cm

-diameter, and allowed to dry overnight. Smears were

stained with Giemsa, examined at X 50 magnification
under a compound microscope, and mf counted. All
slides were examined at least twice. The remaining
mosquitoes were kept for further study, the results of
which will be reported in future publications.

Estimation of blood-meal sizes

To estimate the number of mf that the mosquitoes
would be expected to ingest, blood-meal sizes were
estimated in 30 An. gambiae and 30 An. arabiensis by
measuring the amount of haemoglobin in replete
mosquitoes using the technique of BRIEGEL et al.
(1979). The midgut of a fed mosquito was added to
modified Drabkin’s solution (1-0 g sodium bicarbon-
ate, 01 g potassium carbonate, 005 g potassium
cyanide, 0-2 g potassium ferricyanide and distilled
water to make 1 litre). The optical density of the
resulting haemoglobincyanide was determined at 540
nm in a spectrophotometer and compared to a
calibration curve prepared from different volumes of
the host’s blood, to determine the volume which

would contain the same amount of haemoglobin as

that in the mosquito.

Blood-meal sizes were also estimated by weighing
fed and unfed mosquitoes. On 3 occasions, 100 unfed
and 100 fed females of An. gambiae were weighed (on
a Stanton balance, Model A43), the difference in
weight being attributed to ingested blood. The weight
of blood was converted to volume by dividing by
1-055 (the specific gravity of blood).

Because of the small numbers of fed An. melas and
An. funestus available, their blood-meal sizes could not
be estimated by either method.

Determining the mf density in the human volunteers
Blood samples were taken from the volunteers only
at the end of the feeding period; attempts to obtain
blood samples both before and after feeding caused
resentment. Usually (and always if mf density was
low) at least 1 ml of venous blood was obtained; in
some volunteers with low density mf 2 ml were
obtained. When venous bleeding was not permitted,
20 mm?® were obtained from a finger prick. Blood
samples were processed as described earlier.

Expected uptake and concentration of mf

For each individual experiment the expected up-
take of mf was calculated from the mf density of the
volunteer at the time of the experiment and the mean
blood-meal size for An. gambiae and An. arabiensis; by
dividing the observed mf intake by the expected mf
intake, a concentration factor was calculated. Ex-
pected uptake of mf and the concentration factor for
each density class in An. gambiae and An. arabiensis
was calculated using the weighted mean mf/ml
densities of the volunteers; concentration factors
could not be calculated for An. melas and An. funestus
since blood-meal sizes were not determined.
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Statistical methods

The relationship between the percentage of mos-
quitoes infected during a blood meal and the host mf
density was tested using a non-parametric method,
due to the finite range of percentage dlstrlbutmn
(0-100%) and the wide range of mf counts studied
(0-1140 mf/ml volunteer blood); Kendall’s rank cor-
relation coefficient, tau, was used (KENDALL, 1955).

The relationship between mean number of mf
ingested per mosquito and volunteer mf blood density
was examined by linear regression analysis, after log;
transformation of both sets of data to normalize their
distributions; zero values of mean mf/mosquito were
excluded. Formal significance testing of zero regres-
sion and correlation was carried out using

’ . n — 2y 05
1 - 7
as a ¢ statistic on n—2 degrees of freedom (ARMITAGE,
1971).
Geometric mean numbers of mf/mosquito were
calculated according to the log;, (n + 1) method of

WILLIAMS (1937). All P values quoted in these
studies are 2-tailed.

Results
MY densities and density classes in volunteers

The home villages, mf densities, density classes and
the number of experiments carried out on each
volunteer are set out in Table 1.

The mf densities in the volunteers fell naturally into
3 groups; one carrier (B) fitted 2 groups at different
experimental times. The numbers of experiments
quoted below refer to An. gambiae; smaller numbers
of experiments were performed with An. arabiensis,
An. melas and An. funestus.

Group 1. Low density carriers (0-32mf/ml); 9
experiments were carried out on 3 carriers with 1-32
mi/ml at the time of feeding experiments (determined
by Millipore® filtration). Many infections at these
densities would be expected to yield negative 20 mm’
blood films on a substantial number of occasions if mf
are assumed to be randomly distributed in peripheral
blood; even at the highest density (32 mf/ml), 53% of
20 mm’ blood films would be negative; the volunteer
with 9-5 mf/ml would be expected to be negative on
83% of examinations and the 2 mf/ml carrier, negative
on 96% of examinations.

Group 2. Intermediate density carriers (107-122
mf/ml); one experiment was carried out on each of 2
carriers in this class. Volunteers in this group would
occasionally have their mf undetected on 20 mm?
blood films, on 9% of occasions for the carrier with
122 mf/ml.

Group 3. High density carriers (421-1140 mf/ml); 9
experiments were carried out on the 6 carriers in this
class. These carriers would normally be expected to
be positive on 20 mm? blood films: on only 0:02% of
occasions would the volunteer with the lowest density
of parasites in this class (421 mf/ml) be expected to be
negative.

Mosquito dissections

1322 mosquitoes were dissected immediately after
feeding; 639 An. gambiae, 557 An. arabiensis, 117 An.
melas and 9 An. funestus. An. funestus was included in
only one experimental feed, so the data set for this
species is very small. The 'limited results obtained
with An. melas were partly due to the failure to
colonize this species but also because it was reluctant
to feed and because it sustained heavy mortalities on
the nights of feeding. This was thought to result from
the trauma associated with transferring specimens to
the feeding containers. Attempts to eliminate this by
allowing the mosquitoes to remain in a cage, across
the top of which the volunteers placed their arms,
resulted in virtually no specimens feeding.

Mf uptake by mosquitoes

Tables 2-5 show mf uptake, and where possible,
concentration factors, by mosquito species for indi-
vidual volunteers. Due to wide variations in mf
uptake during individual feeding experiments,
summarized data by density class for each mosquito
species studied are set out at the foot of Tables 2-4;
summarized data are not given for An. funestus in

.Table 5 as only one feeding experiment was per-

formed with this species.

An increasing mf density in human volunteer blood
was associated with increases in both the percentage
of mosquitoes infected and the mean mf in the total
number of mosquitoes dissected in An. gambiage, An.
arabiensis and An. melas; however, these rises were
irregular, and there were wide variations between
individual volunteers. Volunteer blood mf density
was positively correlated with both percentage of
mosquitoes infected and mean mf/mosquito in all 3

Table 1—Details of the volunteer microfilaria (mf) carriers participating in mosquito feeding studies

No. of feeding

Code Home village MIf counts/ml Density class experiments
A Kololi 0,2,3,5,6,14:5,32 Low (1) 7
B Kololi 9-5, 537, 566, 575 Low & High (1&3) S
C Sanyang 23 Low (1) 1
D Sanyang 107 Intermediate (2) 1
E Sanyang 122 Intermediate (2) 1
F Tujering 421 High (3) 1
G Tujering 549 High (3) 1
H Tujering 675 High (3) 1
] Tujering 725 High (3) 1
K Sanyang 730 High (3) 1
L Sanyang 1140 High (3) 1




mosquito species. Values obtained for the correlation
of blood mf density and percentage of mosquitoes
infected using Kendall’s rank correlation coefficient
were: An. gambiae, tau = 0837,z = 5'13, P<0-001;
An. arabiensis, tau = 0°686, z = 394, P<0-001; and
An. melas, tau = 0491, z = 2:02, 0-:05>P=>0-02.

There was a very strong association between the
rank orders of volunteer blood mf density and
percentage of mosquitoes infected at feeding for An.
gambiae and An. arabiensis; the association was
considerably less strong with An. melas.

Values obtained for the correlation of mean mf
ingested/mosquito and mf blood density were as
follows, where y = log;; (mean mf/mosquito) and
x = log)p (mf/ml).

An. gambiae: y = —1:605 + 0-719x, r = 0-912,
tas) = 861, P<0-001; 95% confidence limits (CL) of
regression slope 0541 — 0-897.

An. arabiensis: y = —1-403 + 0-573x, r = 0-805,
ta3y = 4-89, P<0-001; 95% CL of regression slope
0:320 — 0-826.

An. melas: y = —0-226 + 0-113x, r = 0-110,
i = 0:271, 0-80=P=0-70; 95% CL of regression
slope —0-907 — 1-133.

These figures indicate that the 2 measurements are
strongly correlated in the case of An. gambiae and An.
arabiensis, and that the relationship between the

Table 2—Uptake of W. bancrofti microfilariae (mf) by An.
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log-transformed data is roughly linear, and rather
similar numerically for these mosquito species; y
increases more slowly than x. An. melas showed no
evidence of association over the range of values used
and with the numbers of mosquitoes examined.

Grouped density class data

The considerable variations in results observed
between individual volunteers during the feeding
experiments disappear when data are grouped by
density class in Tables 2-4. A steady increase in both
percentage of mosquitoes infected and mean numbers
of mf per mosquito is seen as mf density in volunteer
blood rises for all 3 species, An. gambige, An.
arabiensis and An. melas. The percentage uptake
values are broadly similar in all 3 species, although no
An. melas took up mf when fed on the low density
class; this was probably due to the small number of
specimens studied. An. gambiae had a higher percen-
tage uptake than the other 2 species in the intermedi-
ate density class, and this percentage difference is
statistically significant for An. arabiensis (P = 0:021)
but not for An. melas (P = 0-816). Values of mean mf
uptake/mosquito are broadly similar for both An.
gambiae and An. arabiensis, whether arithmetic or
geometric means are used, but An. melas shows lower
values in the high density class. The 9 specimens of

gambiae; individual experiments and grouped density class data

1

Dissected Microfilariae
mosquitoes
PN S Mean per mosquito
Density No. (%) Total Concentration
class Carrier mf/ml No. with mf ingested Arithmetic Geometric factor
Individual experiments
Low (1) A 0 30 0 (0) 0 0 —
A 2 50 0 {0 0 0 —
A 3 20 0 (0) 0 0 —
A 5 36 1 (28) 1 0-03 0-02 1543
A 6 32 5 (15+6) 5 0-16 0-11 7234
A 14-5 40 3 (75) 4 0-10 006 1-916
A 32 30 5 (16°7) 5 0-17 0-12 1-447
B 9:5 38 15 (39-5) 25 0-66 0-45 19-237
C 23 30 4 (13-3) 5 0-17 0-11 2-013
Inter- D 107 22 8 (36'4) 15 0-68 0-44 1:770
mediate
2 E 122 40 21 (52+5) 39 0-98 0-67 2:220
High (3) B 537 35 21 (60-0) 44 1-26 0-89 0650
B 566 30 23 (76'7) 79 263 1-81 1-292
B 575 16 6 (37°'5) 20 1-25 0-66 0-604
F 421 24 14 (58-3) 44 1-83 Ji22 1:210
G 549 38 24 (63-2) 70 1-84 1-14 0-932
H 675 34 22 (64°7) 142 4-18 1-98 1-719
] 725 30 22 (73°3) 95 317 1-82 1-213
K 730 32 26 (81'3) 174 5:44 2-58 2:069
L 1140 32 30 (93-8) 152 4:75 318 1157
Grouped density class data
Density Weighted
class mean mf/ml
Low (1) 10-21 306 33 (10-8) 45 0-15 0-09 4-00
Inter-
mediate 116°68 62 29 (46'8) 54 0-87 0-58 2-07
(2)
High (3) 66598 271 188 (69-4) 820 3-03 165 1-26







