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A B ST R A C r. T he suscepdЫtty ofス脅姥s ッc遊 ′句 C ″′タメクガ″?2匂危驚力′郷,and C ″′2χ勉郷αtt to D ,っ‐

力あガαル″初'となinfections w as evaluated in B em alillo C o., N ew  M exico. M osqu■ttes that had taken a
blood ln eal fro■l a D  ,″7″2ルな‐infected dog w ere dissected and Observed fOr developing larvae.Infection
rates for И夕 ゃe遊 ″品働  ク″,″?″ヴ,sC力r,帆 and c x、どαぇsα広, w ere 68.9, 40.6, and 30.20/

/0, reSpectively.
Infe(光ivc D .↓納″′″なlarvae dcveloped after a m inim um  of 8 days in И夕 vexaな vs. 14 days in both C x .
?″,″?″競 sctartt and c χどαttsαriS V ector cttciency ofZ a ッ傷aな w as 20.40/o,w ith a m ean of 5.9 infettve
larvae developm B from  a m ean of 29 m icroniariae ingested per m osqd to. V ector e3id ency in C x .
?ガ″?″9佑" ″西 and C x .3αttαtt w as 2.7 and O.40/o,respect vcly.T hese rcsults suggest that Иa  vexaな
has the greatcst pOtential lb r つ。テ初″ゲけなtransin ission .

INTRODUCTION

Development of canine he arlworm, Dirofilaria
immitis (Leidy), microfilariae to the infective
third stage (Lr) has been reported in about 70
mosquito species (Ludlam et al. 1970, Otto and
Jachowski l98l). Ecological factors such as
abundance, host preference, and susceptibility
reduce this number to a few species for a given
geographical area (Otto and Jachowski l98l).
Susceptibility of mosquitoes to D. immitis in-
fection not only differs with the mosquito species
but also with geographical strains ofa particular
species (Buxton and Mullen 198 l, Christensen
€t al. 1984, Apperson et al. 1989).

Aedes vexans (Meigen) and Culex quinquefas-
ciatus Say are considered to be efficient vectors
of D. immitis in some regions but virtually in-
efficient in others, emphasizing the differences in
vector competence among different geographical
strains. Aedes vexans is considered to be an im-
portant vector of D. immitis in New York (To-
daro et al. 1977), California (Walters and La-
voipierre 1982), Maryland (Jankowski and
Bickley 1976),and Canada (Ernst and Slocombe
1982, Frimeth and Aria 1983), but is considered
a minor vector in Alabama (Buxton and Mullen
1980), Kentucky (Courtney and Christensen
1983), and Indiana (Pinger 1982). Culex quin-
quefasciatus is considered to be an important

I This research was supported by the New Mexico
Agricultural Experiment Station, New Mexico State
University, I-as Cruces, NM 88003.
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vector in Louisiana by some (Villavaso and
Steelman I 9 70), but not by others (Lowrie I 99 I ),
whereas in Florida (Weiner and Bradley 1970,
Nayar and Sauerman 197 5) it is not a suitable
intermediate host. The vector status of Culex
tarsalis Coq. apparently has not been reported.

Host preference data from Bernalillo County
in central New Mexico show that Ae. vexans is
the most abundant species attracted to dogs, fol-
lowed by Cx. quinquefasciatus and Cx. tarsalis
(K. M. Loftin, unpublished data). Data from a
1987 report on mosquito abundance (Schultz
19874) and a continuing mosquito surveillance
program by the Albuquerque Environmental
Health Department suggest that these 3 species
should be tested for their susceptibility to D. im-
rnills infection.

MATERIALS AND METHODS

Mosquito rearing: Culex tarsalis and Cx.
quinquefasciatus egg rafts and floodwater Aedes
spp. larvae were collected from breeding sites
located throughout Bernalillo Co., NM. Each egg
raft was hatched in a paper cup (200 ml) and
larvae were fed a diet of crushed Purina 5001
Rodent Chow and brewers yeast (3:l). Fourth-
instar larvae were identified for species confir-
mation and pupae were placed in 30 x 30 x 30-
cm screened cages for adult emergence. Adults
were fed l5olo sucrose solution (on cotton pads)
and moistened raisins, with pads and raisins re-
placed daily. Cages were kept under controlled
environmental conditions (26'C, 80o/o RH, and

4 Schultz, J. H. 1987. Occurrenceandseasonaldis-
tribution ofmosquitoes in Bernalillo Co., NewMexico,
1986. Report to the Albuquerque Environmental Health
Department, Albuquerque, NM.
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Table l. Competency of 3 mosquito species occurring in Bernalillo County, NM, as vectors. for

iiiifitorf" imiitis: infection ratg, microfrlaria (m0 uptake, development of infective larvae (Lr),
and vector efrciencY.
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14: l0 h L:D photoperiod). Daily mortality ofthe
caged mosquitoes was recorded.

Infective dog: A 7-year-old female Iabrador
retriever, with a naturally occurring infection of
D. immitis, was used for infective feedings of
mosquitoes. The Knott (1939) technique was used
to monitor the density of microfilariae in the dog
throughout the infective feeding phase ofthe ex-
periment.

Infective feedirzg.' Before exposure to the in-
fected dog, mosquitoes were starved for 24 h to
stimulate engorgement. Two- to 5-day-old fe-
male mosquitoes were released into a screened
cage (0.61 x 0.91 x 0.75 m) housing the dog,
and allowed 4 h to complete engorgement. To
facilitate handling and collection of mosquitoes,
the 3 species were not fed simultaneously. En-
gorged mosquitoes were aspirated from the feed-
ingcage,transferredto 30 x 30 x 30-cmscreened
cages, and maintained on l5olo sucrose and moisl
raisins until dissection.

Dissections: To determine the mean number
of microfilariae ingested, 10 freshly engorged
mosquitoes of each species were dissected. To
monitor development of D. immitis, a propor-
tion of mosquitoes was dissected at intervals
postengorgement. Seven Ae. vexans and l0 Cx.
quinquefasciatrs rilere dissected daily, whereas 3
Cx. tarsalis were dissected every other day from
day I through day 9, then 3 were dissected daily
for the remainder of the study. The numbers of
engorged mosquitoes varied widely among spe-
cies, and these procedures ensured that enough
mosquitoes survived to determine infectivity
rates and vector efrciency. Once infective Lrs
were found within a species, all remaining live
mosquitoes of that species were dissected in or-
der to determine the infective rate and mean
number of L3s per mosquito surviving through
the developmental period of D. immitis.

The head, thorax, and abdomen were sepa-
rated and dissected in physiological saline (pH
7.2) on a glass microscope slide and examined
for D. immitls under l00x magnification. The

Malpighian tubules were dissected away from the
midgut and crushed to expose developing larvae.
Morphology, size, and location within the host
were used for assigning the appropriate devel-
opmental stage (Iyengar 1957, Nelson 1959).

RESULTS

The density of microfilariae in the heartworm-
infected dog was 28 + I microfilariae per 20 pl
of blood. Ninety Ae. vexans, 179 Cx. quinque-

fasciatus, and 53 Cx. tarsalis engorged anc
subsequently were dissected, with results sum-
marized in Table l. Aedes vexans, Cx. quinque-

fasciatus, and Cx. tarsqlis ingested an average of
29.0,34.2, and 39.3 microfilariae of D. immitis,
respectively. The minimum developmental pe-
riod required for ingested microfilariae to molt
into Lrs varied among species, taking 8 days in
Ae. vexans and 14 days in both Cx. quinquefas-
ciatw and Cx. tarsalis. Overall mortality for caged
Ae. vexans, Cx. quinquefasciatus, andCx. tarsalis
was 18.9, 7.1, and ll.lo/o, respectively.

The infection rate was calculated from all mos-
quitoes of a species, and is the percentage of
mosquitoes with any stage of D. immitis. The
infective rate was calculated only from mosqui-
toes dissected after the minimum developmental
period of D. immitis had been reached, and is
the percentage of mosquitoes with infective lar-
vae. Infection rates were 68.9, 40.6, and 30.2o/o,
and infective rates were 73.3, 41.0, and 10.0o/o
for Ae. vexans, Cx. quinquefasciatus, and Cx.
tarsalis, respectively. The average number of L3s
per mosquito (including uninfective mosquitoes)
included both larvae found in the head and those
still in the process of migrating to the head. The
highest number was observedin Ae. vexans, with
5.9 Lrs per mosquito, whereas Cx. quinquefas-
ciatus a;nd Cx. tarsalis averaged 0.9 and 0.2 Lrs
per mosquito, respectively. The vector efficiency,
calculated by dividing the mean number of Lrs
by the mean number of microfilariae ingested,
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was 20.4, 2.7,and}.4o/ofor Ae. vexans. Cx. ouin-
quefosciatus, and Cx. tarsalis, respectively.'
.In addition to the 3 preceding mosquito spe_

cres, an attempt was made to examine vector
competence of Aedes dorsalis (Meigen). Due to
problems in rearing this species, we decided only
to determine if Ae. dorsalis is capable of pro-
ducing infective larvae of D. immitis. and there-
fore we did not dissect any mosquitoes until we
assumed the end of the developmental period
had been reached. Seventeen Ae. dorsalis sur-
vived to be dissected and all contained infective
larvae. A mean of 26.2 + 1.8 (n : l0) late 2nd-
or early 3rd-stage D. immitis larvae was found
in the Malpighian tubules at 7 days postfeeding,
and a mean of 10.0 + 3.5 (n: 7) Lrs was found
at 8 days postfeeding.

DISCUSSION

This study demonstrated that at least 4 of the
mosquito species present in Bernalillo County
can support development of D. immitis. Length
of the developmental period of D. immitis, mos-
quito mortality, infection rate, and the number
of infective 3rd-stage D. immitis varied among
species, and all ofthese parameters have an effect
on the vector competence of the species.

The minimum developmental period for D.
immitis that we observed in Ae. vexans (8 days)
contrasts with results from Jankowski and Bick-
ley (l 976) who found Lrs within I 4 days in Mary-
land. Differences in geographical strains ofle.
vexans may account for the shorter develop-
mental time observed in New Mexico. The min-
imum developmental period of D. immitis in Cx.
quinquefasciatus agrees with results obtained by
Villavaso and Steelman (1970). Shorter devel-
opmental periods ofD. immitis in a vector would
favor disease transmission due to an increasing
risk of natural mortality for mosquitoes that sus-
tain longer developmental periods. In the case
of Ae. yexanJ versus Cx. quinquefasciatus and
Cx. tarsalis, potential mortality of D. immitis
due to vector death was decreased by 6 days (8
versus 14 days developmental period).

Mortality observed during our study was much
lower than that reported by Weiner and Bradley
(1970) from D. immitis-infected Aedes taenio-
rhync hus W ied,., Aedes aegypt i (Linn.), Anop heles
quadrimaculatus Say, and C x. qui nquefasci atus
in Florida. Our mortality data were collected from
the groups of mosquitoes that were being dis-
sected and thus probably underestimate actual
rnortality . Ae de s v e xa ns had. higher mortality than
either Culex species, but most (>80o/o) survived
to be dissected. Christensen (1978) showed that
ingestion of fewer microfilariae is conducive to
mosquito survival and production of Lrs; there-

fore, the low density microfilaremia of the in-
fective dog used in our study would contribute
to a lower mortality rate in mosquitoes.

The infection rate we observed for Ae. yexans
was similar to that reported by Jankowski and
Bickley (1976) in Maryland and by Ernst and
Slocombe (1982) in Canada. In contrast, the in-
fection rate for Cx. quinquefasciatus was much
lower than that observed by Villavaso and Steel-
man (1970) in Louisiana. Our results on infec-
tion rates, infectivity, and vector efficiency sup-
port Lowrie's (1991) conclusion that Cx.
quinquefascialzs is generally not an important
vector of D. immitis.

Abundance, host preference, and the data pre-
sented in this paper suggest that Ae. vexans has
the greatest potential for D. immitis transmission
in Bernalillo County. Culex quinquefasciatrc
could be considered a secondary potential vector,
whereas Cx. tarsalis appears to be of minor im-
portance. Recovery of Lrs from Ae. dorsalis sug-
gests that this species is a potential D. immitis
vector, but further studies are needed to under-
stand its role in transmission of canine heart-
worln.
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