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The relationship between ingestion of microfilariae (mf), production of infective larvae (L3) and mf
density in human blood has been suggested as an important determinant in the transmission dynamic:
of lymphatic filariasis. Here we assess the role of these factors in determining the competence of a
natural vectorCulex quinquefasciatiend a non vectokedes aegyptio transmitWuchereria bancrofti
Mosquitoes were infected via a membrane feeding procedure. Both mosquito species ingested more tha
the expected number of microfilariae (concentrating factor was 1.28 and 1.8%.fquinquefasciatus
andAe. aegyptirespectively) buEx. quinquefasciatusgested around twice as many mias aegypti
because its larger blood meal siZe. aegyptshowed a faster mf migration capacity compare@xo
quinquefasciatubut did not allow parasite maturation under our experimental conditions. Similar pro-
portions of melanized parasites were observetldnaegypti(2.4%) andCx. quinquefasciatu@.1%).
However, no relationship between rate of infection and melanization was observed. We conclude that in
these conditions physiological factors governing parasite development in the thorax may be more im-
portant in limiting vectorial competence than the density of mf ingested.
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Lympbhatic filariasis is one of the most impor-  Recife, a Brazilian coastal city (083" south
tant human diseases transmitted by mosquitoes ldtitude), with approximately 1.4 million people,
affects approximately 120 million people world-is an endemic area @fuchereria bancroftitrans-
wide (Otensen & Ramachandran 1995). Undemitted by Culex quinquefasciatudn 1952,
standing of vector/parasite interactions is essezevedo and Dobbin registered lymphatic filari-
tial for rational development of filariasis controlasis in a local district with microfilaraemia rate of
measures. This is particularly important, considerabout 9.7%. A recent survey, of several areas, has
ing that vectorial competence, i.e. the ability oBhown thatV. bancroftiinfection now has preva-
mosquitoes to ingest microfilariae (mf) and to prolence rates ranging from 0.64 to 14.95% (Maciel
mote their maturation until the infective stage anét al. 1996). In addition to increasing incidence of
the rate of mosquito survival until parasite matulymphatic filariasis in some areas, the number of
ration (Failloux et al. 1995), seem to differ accordbreeding places fdEx. quinquefasciatuis rising
ing to geographic mosquito strain (Wharton 1960due to uncontrolled urbanization (Oliveira 1996).
Crans 1973, McGreevy et al. 1982). Variation irDespite these facts, we have a poor understanding
the density of mf in the blood and parasitef the interactions that occur between the parasite
behaviour also influence vector/parasite relationand its vector in Recife.
ships (Tabachnick et al. 1985, Southgate & Bryan Ae. aegyptis also abundant in Recife, but it is
1992, Failloux et al. 1995). not regarded as a natural vectorVéf bancrofti,
however understanding of the relationship mos-
quito/parasite is relevant to studies concerned to
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Ingestion may depend upon feeding behaviour arskcted at 4 hr, 24 hr, 72 hr, 7 and 14 days following
mechanics, whereas, difference in vector physiothe blood meal, to assess migration and develop-
ogy will contribute to the success or failure of parament of parasites. The head, thorax and abdomen
site maturation to L3. Here we report upon a studgf mosquitoes were examined for second and third
designed to investigate the relative role of thesiariae larval stages.
factors in the development @¥. bancroftiin the Estimation of blood meal size and microfilariae
susceptibl€x. quinquefasciatuand refractornfe. concentration- Blood meal volume ingested by
aegyptiand describe our initial observations on thenosquitoes was estimated by weighing 120 of each
immune response to mf in these two mosquitoesnosquito species before and after the blood meal.
MATERIALS AND METHODS The weight diff(_arence was attributed to inge'sted
) ) blood. Conversion of the average weight gain to
Mosquitoes- Laboratory bredCx. quinque- volume was achieved by dividing the weight gain
fasciatus(Recife strain) and\e. aegypti(Recife by the specific gravity of blood (1.05 mg.mrH3
strain) were used throughout this study. Colonies  The expected uptake of mf was calculated based
were obtained from field collected mosquitoes ihn Bryan and Southgate (1988). Concentration fac-
endemic areas in Reciféx. quinquefasciatusas tor was estimated by dividing the observed mf in-
been maintained in the laboratory for four yeargake by the expected mf ingest&Zk. quinque-
andAe. aegyptior approximately one year. Adults fasciatusandAe. aegyptivere dissected to deter-
were maintained in cages (30x30x30 cm) at roofine the relationships between mf density in the
temperature (27£L) with 85+10% relative hu- plood of the donor and subsequent uptake of mf,
midity, and fed with 10% (w/v) sucrose solutionmigration, development and mosquito concentrat-
ad libitum. ing effect. Nine experiments were performed us-
Infection via artificial blood feeding Experi-  ing Cx. quinquefasciatuand six trials were car-
mental feeding was carried out using four to sevefed out simultaneously withe. aegypti.
day old female mosquitoes, the sugar meal having Statistical analysis Linear regression analy-
been withdrawn 12 hr beforehand. Blood was obsis was used to compare mf blood density and mean
tained from selected human lymphatic filariasissumber of parasites ingested per mosquito. Data
carriers, who participated in a survey carried oUfere normalized after 18§ transformation, with
by Centro de Pesquisas Aggeu Magalhaes-Fiocryzero values being excluded from the samples.
Recife, after written informed consent. Volunteergimnar ana|ysis was performed to relate the den-
received no previous anti-microfilarial treatmenisity of mf in blood to the number of larvae
and possessed different densities of circulating Mfecorvered 14 days after infection. Differences in
' At 'the end of the'work, don'ors were treateqnfingestion betweeBx. quinquefasciatusndAe.
with diethylcarbamazine according to therapeutigegyptiat the same parasite densities were tested
recommendation of the World Health Organizationsing Student’s t-test. Variations in the proportion
(WHO 1987). Venous blood was collected betweegf Cx. quinquefasciatuand Ae. aegyptfemales
23-24 hr in vacuntainers containing EDTA (1 mginfected were compared by ANOVA.
ml.-}) as an anticoagulant. The blood was kept at
4°C until the next morning. Microfilariae density RESULTS
was estimated by counting the number in 60°mm  Weight of blood mealMean weights of blood
(3x20 mn¥ aliquots) of blood and expressed as mfineals were 3.5 mg and 1.6 mg per insectChar
ml. Number of parasites in the blood ranging beguinquefasciatusand Ae. aegypti respectively.
tween 550-860 mf/mt was considered low den- These weights converted to mean volumes of 3.3
sity (LD), between 1,230-1,500 mf/rhks medium mm?3 and 1.5 mrifor the two species.
density (MD) and between 2,600-4,150 mffnals Relationship between mf density in the blood
high density (HD). Groups of 300-400 mosquitoesnd uptake of mf by mosquitoeghe mean num-
per cage were allowed to feed for 1 hr on the inber of mf ingested by both mosquito species at dif-
fected blood, heated to 82, using glass feeders ferent mf densities is presented in Table |. Addi-
covered with cow gut membranes (Rutledge et afional trials performed with onl{Cx. quinque-
1964). To ensure mf homogeneity the blood wafasciatusare shown in Table II. Blood density of
kept agitated using a stirrer at 1 red/3e®nly mf was positively correlated with mean number of
females which were fully engorged were used iparasites ingested by both species of mosquitoes.
the experiments. Considering all nine experiments fd@x.
Dissection Approximately 20 females of each quinquefasciatusnd six, forAe. aegyptivalues
mosquito species were dissected immediately abbtained for the correlation of blood mf density
ter feeding, to determine the number of mf ingestednd mean number of mf ingested per mosquito
Similar numbers of engorged mosquitoes were disvere:Cx. quinquefasciatus= 0.988; t = 15.37; P
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= 0.000; the regression line is represented by the The incidence of infection was similar when
equation y = -2.05+ 0.898x; amkk. aegyptr = Cx. quinquefasciatuand Ae. aegyptiwere com-
0.948;t=6.69; P =0.001 and y = -2.40 + 0.935xared after feeding on same mf density in the blood
In both species, the mean number of mf ingestg@able I). This was observed in all trials except for
exceeded the expected number, based on the sikese with a mf density of 1,230 and 860 mf/ml
of the blood meal and the mf density in the bloodAt this mf density a significant difference was ob-
Thus,Ae. aegyptandCx. quinquefasciatusere served betweel€x. quinquefasciatuand Ae.
able to concentrafé/. bancroftimf; althoughAe. aegypti(ANOVA F=1.93 P<0.05).
aegyptiwas more efficient tha€x. quinque- Comparison of parasite migration in each spe-
fasciatus(1.81 and 1.28 times respectively). Dif-cies- Migration of mf from the midgut to the tho-
ferences in blood meal size tended to be comperax seems to be unaffected by the density of mf in
sated by differences in ability to concentrate parahe blood (Table IIl). The rate of mf migration was
site, howeverCx. quinquefasciatu@arger blood faster inAe. aegyptthan inCx. quinquefasciatus.
meal) always ingested more mf thaa. aegypti. At 4 hr approximately 40% more parasites were
The ability to concentrate mf increased as mf dersbserved in the thorax &fe. aegypti Migration
sities decreased, in both mosquito species (Tabtentinued until 72 hr when the majority of the para-

TABLE |

Uptake and concentration Wfuchereria bancroftiby Culex quinquefasciatiendAedes aegyptmmediately
after artificial feeding on blood with different microfilarial densities

Mf. density Mosquito No. (%) infected Mean no. mff/infected No. mf CF
in BM species dissected mosquitoes mosquito = SD expected
(mf.mlY) mosquitoes post BM (range)
3,800 Culex 27 92.6 13.3+ 5.2 (3-23) 125 1.06
Aedes 16 100 7.2+ 4.4 (1-5) 5.7 1.26
2,600 Culex 24 100 12.4+5.7 (2-27) 8.58 1.46
Aedes 21 100 9.0+4.1 (4-18) 3.9 2.32
1,500 Culex 24 95.8 5.3+3.1 (2-11) 4.95 1.07
Aedes 26 96.1 3.4+2.7 (1-11) 2.25 1.53
1,230 Culex 21 95 5.2+3.6 (1-15) 4.06 1.28
Aedes 20 70 3.2+1.7 (1-6) 1.84 1.74
860 Culex 23 65 4.2+3.2 (1-10) 2.84 1.48
Aedes 20 85 2.7+1.4 (1-5) 1.3 2.07
550 Culex 15 53.2 2.5+0.5 (1-4) 1.81 1.38
Aedes 23 54 1.6+0.3 (1-2) 0.82 1.95

Mf: microfilariae; BM: blood meal; CF: concentration factor.

TABLE Il

Number ofWuchereria bancroftimicrofilariae (mf) ingested b€ulex quinquefasciatuend the recovery of L3
larvae post infection using blood meals with different microfilaremia

Mf. density No. (%) infected Mean no. mf Mean no. of parasites (%)
in BM mosquito mosquitoes ingested/infected recovered/infected infected
(mf.mlY) dissected post BM mosquito + 3D mosquito + S mosquitoes
4,150 17 100 15.7£9.71 10.1+7.0 100
3,800 27 92.6 13.345.2 9.145.7 96.1
2,600 24 100 12.445.7 2.9+2.0 90.4
1,500 24 95.8 5.3£3.1 2.7+2.3 40.5
1,100 15 93.3 6.0+2.6 2.6x1.7 55
860 23 65 42432 2.7+1.9 75
766 15 86.6 3.4+2.4 3.2+2.8 80
550 15 53.2 2.5+0.5 1.0+£0.0 13

BM: blood meal;a: examined immediately after blood feedirgy;examined 14 days after blood feeding; data
include L3 and later L2.
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TABLE llI

Proportion (%) ofNuchereria bancroftiecovered from the thorax Gfulex quinquefasciatumndAedes aegypti
at different times post feeding on blood with different mf densities

Mosquito species mf. density in Hours following the infective mean
BM (mf.ml'}) 4 24 72

2,600 18 35.6 80

Cx. quinquefasciatus 1,500 31 47.4 72
1,230 204 344 86.3
860 30.3 39.3 92.3
2,600 56.5 74.8 89.3

Ae. aegypti 1,500 66.1 92.4 98
1230 64 94 100
860 62 94 100

BM: blood meal; mf: microfilariae.

sites (80-100%) were observed in the thorax in bothortions of melanized parasites were also recov-
mosquito species (Table I11). ered inCx. quinquefasciatug2.1%). Melaniza-

In Cx. quinquefasciatyshy day 14 approxi- tion was observed as early as 4 hr following an
mately, 17.1% of the L3 (range 5.6-35%) had miinfective blood meal in the abdomen. An intracel-
grated to the head, while the majority (73.8%) haflilar melanization response to first-stage larvae in
migrated within 21 days. the thoracic muscle fibres was also observed be-

fIReIationship bgt]\(/veencmf uptake fand_ numblaWeen 24-72 hr after the infective blood meal.
of larvae recovered from Cx. quinquefasciatus,
days following an infective blood medimmedi- DISCUSSION
ately after feeding, the proportions of infectexl It has long been recognized that intrinsic dif-
guinquefasciatugemales ranged from 53.2 toference in the dynamic relationship betweé#n
100% (eight experiments) (Table I1). After 14 dayspancrofti and its vectors necessitates the perfor-
the proportion of infected females varied betweemance of detailed studies in each endemic area
13 and 100% (Table II). Infective larvae could oc{Samarawickrema & Laurence 1978, McGreevy
casionally be observed as early as 13 days pagtal. 1982, Lowichich & Lowrie 1988, Brito et all.
infection. Microfilarial densities of less than 1,5001997). This study provides the first data of this
mf/ml-1 significantly affected the proportion of type for Recife.
infected female (P<0.001). Our data confirm the positive correlation be-

The mean number of parasites ingested varigdeen mf density in the donor blood and the num-
between 2.5+0.5 and 15.7+9.7, mf/infected femalber of mf ingested by mosquitoes that has been
at day 0. A proportion of the mf ingested was lostlescribed by others (Obiamiwe 1977, McGreevy
in the mosquito host during development to thet al. 1982, Bryan & Southgate 1988, Janousek &
infective stages so that, by day 14, L2 and L3 parhowrie 1989, Jayasekera et al. 1991). McGreevy
site densities ranged between 1+0 and 10.1+7/iet al. (1982) suggested that for a varietgafex
fected female. No relationship was found betweeAedesandAnophelespecies, variations in mf up-
mf density in the blood and the number of mf surtake reflected the mean volume of blood ingested.
viving to maturity. The regression line is repredn our study this also appears to be truex.
sented by the equation y = -0.00003133 - 0.763 guinquefasciatusas less able thake. aegyptio
r = 0.0 (P<0.05). concentrate mf from the host blood, yet always

No infective larvae were found ike. aegypti, ingested more mf probably due to the ability to
14 days after the infective blood meal. Howevertake up approximately twice as much blood (see
in the same period undeveloped parasites wef@ble I). Although other factors may influence mi-
observed in the thorax of approximately 85% otrofilarial uptake, it seems likely that blood vol-
females fed with blood containing 1,500 and 2,600me ingested is the major difference between the
mf/ml-L. two species in this study.

Throughout the study, a small number of mela- The relationship between blood mf density and
nized larvae were recovered from both mosquitthe capacity of vector to concentrate bancrofti
species assessed until three days post infectidras been described in several reports. In the ma-
From a total of 997 parasites recoveredAim. jority of these studies, as in the present one, con-
aegypti2.4% showed melanization. Similar pro-centrating capacity decreased as mf densities in-
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creased (Samarawickema & Laurence 1978, Brygrassing through the gut or haemolymph, where the
& Soulthgate 1988, Lowichik & Lowrie 1988, vector defense mechanisms are known to be stimu-
Jayasekera et al. 1991). An increasex) of mf lated.
in the mosquito compared with the number ex- If nutrient competition between parasite and
pected on the bases of mf density in the blood igector is limiting parasite development it is con-
common. Gad et al. (1996) reported a two foldeivable that the larger blood meal taken
concentrating effect faEx. pipiensandAe. caspius quinquefasciatusontributes to its vectorial com-
based on volumes of 2.8 mrand 2.3 mm, re- petence. Multiple blood meals have been shown
spectively. Different concentrating capacities ofo enhance filarial development (Ham & Gale
Cx. quinquefasciatugHaitian strain) andde. 1984, Travi & Orhiel 1987). Our study used artifi-
aegypti (Liverpool strain) were described by cial membrane feeding in which only one blood
Lowichik and Lowrie (1988). However, they ob- meal was offered to the mosquitoes at the time of
served thaCx. quinquefasciatusras more effi- infection. Provision of additional blood feeds may
cient in concentrating mf (3.2 - fold factor) thanhave enhancetWV. bancroftidevelopment imAe.
Ae. aegyptf2.6 - fold factor). The opposite to thoseaegypti.However this species is not a natural vec-
obtained in the present work (1.28 f@x. tor of filariasis, although additional meals will be
quinquefasciatuand 1.81 foAe. aegypji taken in the field. Lowichik and Lowrie (1988)

Our data tend to indicate that, at a range afbserved that the laboratory selected Liverpool
infection doses, between 550 and 2,600 m¥ml strain ofAe. aegyptis able to support higher lev-
the number of parasites that develop successfulgys of development diV. bancroftithan seen in
in Cx. quinquefasciatus limited, and indepen- Cx. quinquefasciatu It is probable that differ-
dent of mf density in the blood meal (1 to 3.2 peences in vectorial competence are due to variation
mosquito). Brito et al. (1997) reporting on a studyn the genetic response of the mosquitoes to infec-
in Macei6 e Belo Horizonte found a similar rangeion, although how these differences operate is
of L3/mosquito (1.62 and 2.62) after feeding orunknown at present.
donor with 450 and 700 mf/m| respectively. Small proportions of melanized parasites were
Southgate and Bryan (1992) suggested some lindbserved in both mosquito species, suggesting de-
tation to development for filarial infections @x.  fence mechanisms in both susceptible and refrac-
guinquefasciatus However, when higher infec- tory strains. However, other physiological pro-
tive dose were used in our study this limitatiorcesses must be involved in limiting parasite devel-
appears to brake down giving rise to much highespment since melanization alone can not explain
parasite development rates as shown in Table the underdevelopment of these parasiteéén
At concentrations of mf ranging from 2,600l aegypti Furthermore, no relationship between
to 3,800 mif! in the blood, we found that the num-proportion of mf ingested and melanization was
ber of larvae subsequently recovered increasebserved in our work as described in a refractory
from 2.9 to 9.1 per mosquito. This phenomenon dftrain ofAn. quadrimaculatusifected withBrugia
facilitation, where numbers of developing larvaanalayi(Nayar et al. 1992).
increases disproportionately to infective dose, is In summary, studies on the relationship between
currently under discussion (Wada et al. 1995). Cx. quinquefasciatusndw. bancroftifrom Recife,

Janousek and Lowrie (1989) found that 50%esulted in a vector competence of 53% (based on
of theWuchererigngested bYCx. quinquefasciatus Janousek & Lowrie 1989). This vector competence
(Haitian strain) reached the muscles after 18 hr postamong the highest reported in the literature and
blood meal. In the present study, migration fronrmay account, at least, in part, for high mf rate in
the blood meal to the thorax muscle occurred momecife (14.7%) (Maciel et al. 1996).
quickly in Ae. aegypti(approximately 88.8% 24
hr post feeding) tha@x. quinquefasciaty86.6%). ACKNOWLEDGEMENTS _ _
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