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Vectorial Competence of Aedes aegypti (Linnaeus 1762)
Rio de Janeiro Strain, to Dirofilaria immitis (Leidy 1856)
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Dirofilaria immitis (Leidy 1856), a nematode parasite, is the etiologic agent of canine heartworm
disease and mosquitoes are essential intermediate hosts. Mosquito susceptibility to the worms differ
with species, strains and also among individuals of the same strain. To evaluate the degree of suscepti
bility of Rio de Janeiro laboratory raised strain Aédes aegyptiwe fed mosquitoes on canine blood
with different densities of microfilariae (mf). There was no significant difference in the rate of develop-
ment among the three different densities of mf. Infective larvae were found in the head and proboscis of
all mosquitoes provided bloodmeals with different densities of mf after the 11th day post-infection. The
infection rate of mosquitoes after ingestion of blood containing 3,000 mf/ml, 5,000 mf/ml and 7,000 mf/
ml were 55.3%, 66.7% and 100%, respectively. The vector efficiency indices ranged from 1.6 to 9.3. The
finding of Ly stage larvae, high infection rates and vector efficiency indices suggestethaggypti,

Rio de Janeiro laboratory strain, is a potential vectordfimmitis, although of low efficiency.
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Dirofilaria immitis (Leidy 1856), a nematode burden in the Malpighian tubules increases, the re-
parasite, is the etiologic agent of canine heartworsult is excessive mortality that may approach 100%
disease. Mosquitoes are essential intermediate ho@tershaw et al. 1953, Webber & Hawking 1955,
of this parasite. When female mosquitoes take @hristensen 1978). In order to survive long enough
bloodmeal from a microfilaremic vertebrate hostto allow the complete development of the helminth
they ingest microfilariae (mf). Larvae then migrateand therefore transmit the parasite among defini-
into the Malpighian tubules where they reside inive hosts, the number of developing filariae in the
the cytoplasm of the primary cells. By the sixthmosquito must be reduced (Kershaw et al. 1955).
day post-infection, larvae migrate from the cells Mosquitoes are able to control the infection by
to the lumen of the tubules where they further ded. immitisthrough mechanisms that reduce para-
velop by two molts. After the second molt, the insite burden by destroying or preventing the devel-
fective larvae migrate through the hemocoel to thepment of the nematode, i.e., well developed
cephalic spaces and into the proboscis (Taylaibarial armature that inflict larval damage (Bryan
1960). During subsequent bloodfeeding, the infeet al. 1974, McGreevy et al. 1978), trapping of lar-
tive larvae escape from the labium and enter theae in the coagulated bloodmeal in the mosquito’s
definitive host. midgut (Kartman 1953), oxyhaemoglobin crystals

The mortality rate for infected mosquitoes iSormed by bloodmeal coagulation in the midgut
higher than for uninfected mosquitoes and is protihat hinder the movement of mf and kill them
ably caused by two factors: (1) the invasion of théNayar & Sauerman 1975, Lowrie 1991), lysis of
Malpighian tubule cells by the microfilarial stagelarval cuticle by host cells (Talluri & Cancrini
and (2) the escape of the infective larvae from th£#994), and encapsulation and/or melanization of
Malpighian tubules and their subsequent movemetiie parasite in the Malpighian tubules. This last
to the head and mouthparts via the hemocoel (Kutefense reaction is an important mechanism of re-
& Dobson 1974). It is known that when the filariagfractoriness td. immitis developed by mosqui-
toes in the genuéedes(Lindemann 1977,
Christensen 1981, Christensen et al. 1989).

Approximately 70 species of mosquitoes be-
longing to the gener&ulex Aedes Anopheles
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tors of this helminth in nature. The susceptibilitymagnification, prior to mosquito feeding. Fresh
differs with the mosquito species, strains of mosmicrofilaremic dog blood was diluted with fresh
quitoes and also among individuals of the sameuman blood to adjust microfilaremia to 3,000,
strain (Christensen & Andrews 1976, Buxton &5,000 and 7,000 mf/ml.
Mullen 1981, Christensen & Sutherland 1984, Four to six-day-old female mosquitoes were
Apperson et al. 1989). Althoughe. aegypti starved for 24 h prior to blood feeding. Four groups
(Linnaeus 1762) is regarded as an unsuitable natnf-200 female mosquitoes were placed in tulle-cov-
ral host ofD. immitis wild and laboratory strains ered cups. Three groups were allowed to feed on
of this species have been used to study the devdilfferent densities of mf infected blood containing
opment of the parasite (Buxton & Mullen 1981 anticoagulant and the fourth group was fed on
Tolbert & Johnson 1982, Sauerman & Nayar 1983amicrofilaremic blood containing anticoagulant
Differences in the susceptibility of various straingcontrol). Groups of female mosquitoes were pro-
of this species to filarial infections in the laboravided with blood meals for 40 min containing O (con-
tory have been reported (Chellappah & Chellappatiol), 3,000, 5,000 or 7,000 mf/ml and maintained
1968, Nayar & Sauerman 1975, Buxton & Mullenat 37°C in an atrtificial feeding apparatus (Rutledge
1981, Sulaiman 1983) and shown that there is &t al. 1964). Blood feeding was performed simulta-
large variation in the susceptibility of the sameeously through an artificial membrane (Joseph
species of mosquitoes in the experiments carriddbng Inc.) fixed to a glass apparatus.
out in different laboratories (Kartman 1953). Immediately after blood feeding, fully en-
In Brazil, there are four reports Bf. immitis  gorged mosquitoes were removed and ten engorged
mosquito relationships under experimental condifemales per group were dissected to score ingested
tions. Ae. fluviatilis (Lutz) susceptibility to infec- mf. Dissection was performed by removing the
tion was tested and the authors suggested that, mlidgut of each individual in a droplet of 0.6% sa-
though they were susceptible to some degree, lime solution on a glass slide covered with a cover-
nature this species is unlikely to be an efficient vecslip, and examined under 100x magnification
tor (Kasai & Williams 1986). The vectorial compe-(Labarthe et al. 1998). The mean number of mf
tence ofAe. scapularifRondani 1848) has beeningested by females was estimated by dividing the
made evident by Macédo et al. (1998). Vectototal number of mf within the midgut by the num-
competente o€ulex quinquesfasciatySay) from ber of females dissected, in each group. The re-
different regions of Brazil tB. immitiswas studied maining mosquitoes were provided a 10% dextrose
by Ahid et al. (2000)Ae. aegyptivector efficency solution and kept at insectary conditions. Mortal-
was shown to be seven times better titan ity was recorded daily and was evaluated for three
quinquefasciatusnd for that reason, it has betteperiods: 0 to 2 days, 3 to 9 days and 10 to 13 days.
potential tharCx. quinquefasciatuas a vector of Development oD. immitislarvae was deter-
canine heartworm in Macei6 (Brito et al. 1999). mined daily by dissecting subsamples of the sur-
This study evaluated the degree of susceptibiliving mosquitoes as described earlier. On the 13th
ity of Ae. aegyptiRio de Janeiro laboratory strain,day post-infection, all remaining specimens were
fed on blood with different densities of mf, to un-dissected. After chloroform anesthesia, the head,
derstand its potential use in laboratory studies wittmouthparts, midgut, Malpighian tubules and tho-
D. immitis rax of the mosquitoes were thoroughly examined
MATERIALS AND METHODS under light microscope. Larvae found at different
) locations were scored and the developing filarial
Ae. aegyptadult females were rearfdm eggs  stages were classified according to Taylor (1960).
from a colony established in 1990 from wild mos-  The mean number of third-stage larvae corre-
quitoes caught in Rio de Janeiro, RJ. Eggs Wekponds to the total number of larvae found on the
kept wet for 10-15 days and were hatched by subread of the dissected mosquitoes divided by the
merging them in water. Larvae were fed a comiotal number of dissected mosquitoes for each mf
mercial fish food (Tetramin, Tetrawerke Co.).concentration. The effect of the various mf densi-
Adults at emergence were maintained on 10% deﬁes on morta”ty of females was ana”zeddjy.
trose solution under constant insectary conditionsguare. Vector efficiency index (Kartman 1954)
(27 = 2°C and 80 + 10% relative humidity). was determined for each mf concentration offered
Blood from aD. immitisnaturally infected a 7- tg the mosquitoes as follows: mean ng_x|_’]_00/
year-old castrated male mixed breed dog, capturegean no. microfilariae ingested.
at a heartworm focus in Niteréi municipality, RJ,
was used as a source for mf. The concentration of RESULTS
mf was 7,000 + 500 ml of blood as determined by A total of 401 mosquitoes fed on blood con-
five Giemsa-stained 20 pl blood smears under 10@&ining D. immitisand 141 mosquitoes fed on
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amicrofilaremic blood (control). The mortality of once 100% were infected 1 h and 24 h after reple-
mosquitoes between the first and the 13th day podten. Vector efficiency indices and mean number
infection was 65.8% for the individuals fed on in-of ingested mf for each group are in Table Il. The
fected blood (264/401) and 9.9% (14/141) of mosmean number of mf ingested by mosquitoes was
quitoes used as control. Mortality increased witlnfluenced by mf densities in blood. Mosquitoes
mf infection (p<0.05). Considering mosquito mor-fed on blood containing 3,000 mf/ml, harbored a
tality, post infection, for each period (0 to 2 daysmean number of 12 mf in the midgut, while at the
3-9 d; 10-13 d) among the three different mf conhigher concentration (7,000 mf/ml), a mean num-
centrations, the only difference was observeter of 42.9 mf was recorded. Although only one
within 0-2 days post infection group. The highesmosquito of the 7,000 mf/ml group survived until
mortality during this period (64.6%) was observedlay 11 post-infection, it harbored four third-stage
in the 7,000 mf/ml group when compared to théarvae in the head (Table II).
other two groups (p<0.05) and also when compared The proportion of infected mosquitoes and the
the total dead mosquitoes (Table I). total number of larval worms decreased gradually
The infection rate of mosquitoes after ingesafter 48 h. Melanized larvae were not found in any
tion of blood containing 3,000 mf/ml, 5,000 mf/of the dissected mosquitoes (Table I1I).
ml and 7,000 mf/ml were 55.3%, 66.7% and 100%, There was no significant difference in the rate
respectively. The artificial feeding system used tof worm development among the three different
infect the mosquitoes was shown to be efficiemroups. “Sausage” stage larvae were recorded from

TABLE |

Mortality of Aedes aegyptRio de Janeiro laboratory strain, artificially infected on blood containing different
densities of microfilariae (mf) ddirofilaria immitis

Number of mosquitoes Mortality of mosquitoes
Concentration Engorged Dissected 0-2 days 3-9 day$ 10-13 day’ Total
of mf/ml blood (%) (%) (%) (%)
0 141 0 0/141 5/141 9/136 14/141d
(3.5) (6.6) (9.9)
3,000 162 76 40/162b 38/122 8/84 86/162e
(24.7) (31.1) (9.5) (53.1)
5,000 126 42 45/126b 37/81 2/44 84/126e
(35.7) (45.7) (4.5) (66.7)
7,000 113 19 73/113c 21/40 0/0 94/113f
(64.6) (52) (83.2)

a: days post-infection; values in columns following by different letters are statisticaly different aviit0p.

TABLE Il

Infected and infectivédedes aegyptRio de Janeiro laboratory strain, number of uptaken microfilariae (mf) and
vector efficiency index (VEI) of mosquitoes artificially infected on blood containing different densities of
microfilariae ofDirofilaria immitis

1 h post-infection > 11 days post-infection Total

Concentration of No. infected/ ~ Xmf No. infective/ — X%/L Infection VEI (%)

mf/ml blood dissected midgut/ dissected dissected Crate
mosq. (%) dissected mosq. mosq.{%) mosg?

3,000 10/10 12 6/20 0.75 55.3 6.3
(100) (30) (42/76)

5,000 10/10 15.4 1/4 0.25 66.7 1.6
(100) (25) (28/42)

7,000 10/10 42.9 1/1 4 100 9.3
(100) (100) (29/19)

a: only third-stages larvae g).found in headb: VEI (%) = X no. Ly x 100/mean no. mf ingested;infection rate
= no. infected mosg./no. dissected mosq.
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days 2-5 post-infection and infective larvae wer@nfection. However, mosquitoes fed on blood con-
found in the head and proboscis of mosquitoes afining 7,000 mf/ml ingested approximately two
ter day 11. Larval development within mosquitoesimes the expected number. This result contrasts
fed on blood with different densities of mf was nowith the report of Kershaw et al. (1955), whaee
completely synchronous, as more than one stagegyptiingested only a little more than half the
of the parasite was commonly present in a singieumber of mf that would be expected, but is com-
mosquito host. parable with the results of Nayar and Sauerman
(1975) where the number of mf per female was
approximately the expected number. This phenom-
enon may have influenced the high mortality ob-

TABLE Il served in the group bloodfed with the higher den-
Larvae number and its local Aedes aegypti sities of mf, mainly the first 2 days post-infection.
Rio de Jane.iro ‘Iab‘orgtory ;tra[n, artifipially infected The ingestion of a larger number of mf can sub-
by Dirofilaria immitis microfilariae stantially increase the number of third-stage lar-
No. infected/  Local No. Vvae that develops (Lowrie 1991). As observed in
dissected (%) larvae this survey, at the higher mf concentration there is
1h Pl 30/30 midgut 703 astrong negative correlation between _the number
(100) of filariae in the tubules and the survival of the
1-2 days PI 22/24 midgut/cells MT 282 host mosquito (Christensen 1978). Mortality rates
(91.7) of mosquitoes that ingested the two lowest densi-
3-9 days PI 27/55 MT 108 ties of mf was significantly lower than the group
(49.1) of 7,000 mf/ml. Furthermore the mean number of
10-13 days PI  11/28 MT/HD/PB 34 L, recorded was lower than the 7,000 mf/ml, al-
(39.3) though the higher mf concentration had only one
Total 90/137 mosquito surviving after 11 days post infection,

suggesting that mosquitoes can support the devel-
opment of some larvae.

The higher production of Lin the group of
3,000 mf/ml than in the two other groups that in-
gested higher numbers of mf may be due to the

DISCUSSION high mortality observed when large numbers of mf
R _invade the Malpighian tubule cells (Weiner & Bra-

_ The development db. immitisin Ae. aegypti  dley 1970). Therefore, ingestion of low numbers
Rio de Janeiro laboratory strain, proceeded Mo mf increases mosquito survival and consequent
rapidly than in other surveys where Rock straingevelopment of
Vero Beach strain, BLACK-EYE strain, Li\_/erpool According to Kartman (1953) mosquitoes fed
strain and Queensland strainA¥. aegyptiwere through a membrane on infectious blood contain-
used (Taylor 1960, Buxton & Mullen 1981). Al- jng anticoagulant increase the rate of mf migration
though larvae development speed is highly depefrom the midgut to the Malpighian tubules. This
dent on temperature (Kutz & Dobson 1974procedure prevents the rapid coagulation of the
Christensen & Hollander 1978), some d|fference§|ood in the stomach dfe. aegyptisince this spe-
may have occurred among protocols, even thougfles does not have anticoagulin (Metcalf 1945).
all studies reported the same laboratory conditiongherefore, the infection rate of mosquitoes dis-
including temperature. The development of thgected 1 h post-infection was 100%. However, 3
parasite can also vary within mosquito speciegays post-infection when the number of larvae
(Frimeth & Arai 1983) and therefore the genetigound in the cells of the Malpighian tubules was
diversity of different strains of the same speciegompared to the number of ingested mf, there was
could be the cause of such variation. Larval devek drastic reduction in larvae number, indicating that
opment was not arrested, which may be interpretgfle majority of them were destroyed. In some spe-
as thIS strain’s IncapaCIty Of COhthlIIjlg qum bur'cies Of mosquitoes (e_gle. aegyp)| mf enter the
den and therefore potentially harboring high numpaipighian tubules cells but fail to develop
bers of worms resulting in high mortality. (Buxton & Mullen 1981, Sauerman & Nayar 1985)

According to observations by Knaus et aland are quickly excreted after entering (Nayar &
(1993), whenAe. aegyptibloodfeed, they ingest sauerman 1975, Lowrie 1991). The proportion of
from 1.5 to 4.2 pl of blood. The relationship bemgsquitoes harboring worms decreased over time,
tween the actual and the expected intake of mf was, was 100% and after 13 days post infection only
observed after dissection of mosquitoes 1 h aft&jg 394 of the mosquitoes were infected. Buxton

PI: post-infection; MT: Malpighian tubules; HD: head;
PB: proboscis
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and Mullen (1981) also recorded similar rates for licidae) to infection wittDirofilaria immitis. J Med
the same species but in a strain considered inter- Entomol 18 434-440. o
mediate in its susceptibility while Apperson et alChellappah WT, Chellappah Jr GR 1968. Susceptibility
(1989) found 85% of the mosquitoes became in- |°f four cc_nr_nrlr_wo_r(; Sgnlg\;ﬂa%olrze rréossgglé%elsnuofl-
fected belonging to a susceptible strain while only, aria immitis Leidy. J Med Ent 5 358-361.

. . hristensen BM 197®irofilaria immitis: effect on the
58% of the refractory strain became infected.

e . . longevity ofAedes trivittatus. Exp Parasitol 44116-
The vector efficiency indices foke. aegypti 123? Y B

used in the present survey ranged from 1.6 to 9.8pristensen BM 1981. Observations on the immune re-
Considering these values, some authors (Kartman sponse ofAedes trivittatusagainstDirofilaria
1953, Sulaiman 1983) would consider this strain immitis Trans R Soc Trop Med Hyg :7839-443.

Ae. aegyptas refractory. Other factors, that haveChristensen BM, Andrews WN 1976. Natural infection
been considered to characterize the degree of re- of Aedes trivittatugCog.) withDirofilaria immitis
sistance of a strain, like arrested development of in central lowaJ Parasitol 62 276-280.

mf in the mosquitoes, was not observed in this sufznristensen BM, Hollander AL 1978. Effect of tempera-
vey. Genetic factors also play a role in susceptibil- [Uré on vector-parasite relationships Aédes

itv_ and mav be involved in different dearees of trivittatus andDirofilaria immitis. Proc Helminthol
y y 9 Soc Washingtos5: 115-119.

susceptibility of strains of the same species Qfpistensen BM, Sutherland DR 1984. Defense reac-
mosquitoes from different geographic areas. Also, - tions of mosquitoes to filarial worms: comparative
differences irD. immitisinfectivity and mosquito studies on the response of three different mosqui-

species strains must be considered. The finding of toes to inoculate®rugia pahangiand Dirofilaria

L5, infection rates and vector efficiency recorded immitis microfilariae.J Invert Pathol 44267-274.

in this paper suggest that the suitability of dge  Christensen BM, Huff BM, Miranpuri GS, Harris KL,
aegypti Rio de Janeiro laboratory strain, as a host Christensen LA 1989. Hemocyte population changes
and subsequent vector potential, is low. A 10-year- during the immune responseAxdes aegypto in-

old laboratory strain that may no longer reflect the oculated microfilariae oDirofilaria immitis. J

. L . Parasitol 75 119-123.
true genetic susceptibility and capacity for the natys= . oth JP, Arai HP 1983. Some potential mosquito

ral population was used. For this reason, compari-" yectors of the canine heartworBirofilaria immitis,

sons between this strain and angepulation of in the Calgary region of southern Albei@an J Zool
Ae. aegyptirom this area may enlighten the vec- 61: 1156-1158.

tor efficiency of this species in nature, althoughKartman L 1953. Factors influencing infection of the
previous studies (Lourenco-de-Oliveira & Deane mosquito wittDirofilaria immitis (Leidy, 1856)Exp
1995, Labarthe et al. 1998a,b) never found an in- Parasitol 2 27-78.

fectedAe. aegyptin the Rio de Janeiro. Kartman L 1954. Suggestions concerning an index of
experimental filaria infection in mosquitoesm J
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