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Experimental Infection of Aedes albopictus (Diptera: Culicidae)
Larvae with the Xiphidiocercariae of a Hematolechid

Gilcia Aparecida de Carvalho, Carlos Fernando S Andrade/*, Marlene Tiduko Ueta*

Departamento de Zoologia *Departamento de Parasitologia, Instituto de Biologia, Universidade Estadual de Campinas,
Caixa Postal 6109, 13084-971 Campinas, SP, Brasil

Aedes albopictudarvae were exposed, either individually or in groups, to different concentrations of
xiphidiocercariae of Haematoloechus sfor parasitological studies. It was observed the acute lethal effect and
some aspects of the host-parasite relationship, such as delay or progress in the host life cycle, the number and
location of the metacercariae in the host, adult host malformations and the amount of metacercariae required to
cause death. A delay in the cycle and a high mortality rate was in general observed. Inside the larvae, the metacer-
cariae were found predominantly in the thorax, abdominal segments and in the head, along with a reduced number
in the anal lobe and cervix. It was shown that in addition to the quantity of metacercariae present, their location in
the larvae was also relevant in the determination of mortality and anomalies. Malformed adults developed from
larvae containing from one to three metacercariae.
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The larval control of mosquitoes belonging to the gdarvae could be the secondary intermediary hosts of
nusAedes such ashe. aegyptandAe. albopictushave Plagiorchis neomidagercariae of other plagiorchid spe-
been attempted with a great number of predators includioges penetrate and encyst in chironomid larvae (Yoder &
copepods, planarians, various types of aquatic insects aboggins 1998). According to Van Theil (1930) and Dollfus
small fishes (Kay et al. 1992, Lacey & Orr 1994, Andradet al (1960), xiphidiocercariae of hematolechid trematodes
1995, Melo et al. 1996). Several larval parasites of theakso encyst in mosquito larvae. Rau et al. (1991) observed
mosquitoes are also known, which can be used for théfirat when larvae of\e. provocansvere exposed to the
biological control, including protozoans and metazoansercariae oP. nobleiunder field conditions, there was a
such as the mermithid nematodes (Petersen 1973, Finmegluction in the number of pupae produced due to the
1979, Hominick & Tingley 1984). The entomophylicmortality caused by xiphidiocercariae in the 1st, 2nd and
xiphidiocercariae of digenetic trematodes suchrass- 3rdinstar larvae. They also found that larvae with more
thogonimusspp. andPlagiorchisspp. have also been in- than two metacercariae rarely survived.
dicated as efficient in the larval control of mosquitoes such In a recent study, Carvalho et al. (2001a) evaluated the
as Culex quinquefasciatus, Ae. aegyptid Anopheles susceptibility to larvae ohe. albopictus, Ae. aegyathd
guadrimaculatugRao et al. 1985, Webber et al. 1987a,b,6Cx. quinquefasciatuswhen exposed in groups to
Dempster & Rau 1991, Zakikhani & Rau 1999). Theiphidiocercariae. In another papers it was reported the
xiphidiocercariae are assexually produced in sporocysts finding of snails infected with such entomopathogenic
side of the hepatopancreas of snails of the geyaos  Xiphidiocercariae, including the morphometrical character-
naea These snails take part in the cycle of the trematodizsition and biological studies of these cercariae (Carvalho
as the first intermediary hosts (Blankespoor 1977). The snagisal. 2001b, c). The present study aimed the evaluation of
liberate the cercariae, which penetrate and encyst in tthe parasitism in last instar larvaeAd. albopictuswhen
larvae or nymphs of aquatic insects. Such insects partiexposed individually or in groups to the xiphidiocercariae
pate in the cycle as secondary intermediary hosts. of Haematoloechusp. The development of the infected

Details on the parasite-host interaction betweelarvae was observed under laboratory conditions and it
xiphidiocercariae and mosquito larvae are rare. Busta amas recorded mortality rates, the time of imature develop-
Nasincova (1986) showed experimentally that the larvarent and the number and location of the encysting meta-
of mosquitoes such &ulexandDixa or even blackfly cercariae.

MATERIALS AND METHODS

Ae. albopictusarvae were exposed individually or in
groups to xiphidiocercariae of the trematodae-
matoloechusp., obtained from the natural infection of
: _ Lymnaea columellaollected in a cattle raising pasture in
This study was part of a thesis presented by GAC to thgiracatu, Sdo Paulo (Vale do Ribeira), from September
Instituto de Biologia, Unicamp, in partial fulfilment of the re-1996 to February 1999 (details in Carvalho et al. 2001b).
quirements for the MSc's degree. Il the observations were carried out under laboratory
+ i . if-
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Zoology, Universidade Estadual de Campinas). Thigence. In addition, larvae, pupae and adults were observed
colony was stablished from mosquitoes field collected innder a light microscope to determine the intensity and
the university campus from 1991 to 1995. consequences of the infection.

The exposition of individual larva to the xiphi-  Life cycle of the treated mosquitoes were compared
diocercariae was effected in flasks containing 6 ml afith those of the control group (20 individuals) using the
dechlorinated tap water. Larger flasks containing 40 ml &tudent “t” Test (p = 0.05).
dechlorinated water were used for the experiments with RESULTS
grouped larvae. In this late case, after 24 h of exposition o ] - o .
the larvae were separated and individually transferred to Individualized exposition to 10 xiphidiocercariae
that flasks containing 6 ml of water. The larvae were fed-66 Xiphidiocercariae/mhAll the larvae were infected
twice weekly on a mixture of beer yeast extract, powdereahd, on average, 24.2% (SD = 4.0) of the cercariae formed
liver and sucrose (10:3:2). The reposition of evaporatéysts in the mosquito larvae. The cycle was delayed with
water in the flasks was effected in order to maintain tHgortality occurring up to 65 days after infection. The emer-
initial volume. gence of only 42% of adults occurred between 9.5 and

When individually treated, the larvae were exposed 2.5 days after exposition (Table I). When dissected, these
two concentrations of xiphidiocercariae: 10 or 5 per larvadults were also shown to be infected.

(respectively equivalent to 1.66 and 0.83 xiphidiocercariae/ The number of metacercariae found in the.

ml). For the higher concentration (10 xiphidiocercariagilbopictuslarvae varied from 1 to 8, and were found in
larva), three replicates were carried out exposing respétfferent places of the body. The greatest number of
tively 20, 60 and 7@e. albopictudarvae. For the lower Xiphidiocercariae were found in the thorax, followed by
concentration 60 larvae were used in just one replicatehose in the abdomen (Fig.), head, anal lobe and cervix.

When treated in group, for 24 h, larvae were exposdd€ emergence of infected adults occurred in individuals
to only one concentration of xiphidiocercariae per larv&arrying up to four metacercariae as larvae. Of these adults
equivalent to 10 per larva (or 10 per ml), in two repetitiongotal of 63), only five were malformed, being three unable
with 40 individuals each. After 24 h of exposition, a courf© separate from their own exuviae, one with an abnormal
of formed and developed metacercariae was always p#ing and the last with both wings undeveloped. The three
formed, and its location within each larva and/or pupadults which emerged stuck to their exuviae and the adult
was registered. Mortality was accompanied daily as weNith atrophied wing, developed from larvae carrying only
as the larval development time and the time for adult emé@€e metacercariae located in the thorax. That adult which

TABLE |

Mean results (standard deviation) for xiphidiocercariae parasitism in individuAledes albopictukate instar larvae
(10 cercariae/larvae or 1.66 cercariae/ml). Number of cercariae per larvae, localization, fate and mean number of days for
adult emergence

No.
metac.  Occur- Localization in larva % % deaths in % Mean
per rence adult days f/
larva % ce he th ab al i PP P emergence emergence
1 35 0 25 8.2 4.3 0.2 7.9 3.7 1 22.3 9.5
(8.6) - (0.7) (4.6) (1.4) (0.3) (8.6) (4.2) (1.6) (11.9) (3)
2 27.6 0 4.4 9 8.8 11 11.8 4.3 0 11.5 125
(2.9) - ?3) (2.4) (0.9) (0.7) (6.8) (1.2) - (8.5) (2.9)
3 15.1 0.2 23 7.8 8.7 0.6 5 31 1 6 12.3
(4.4) (0.3) (2.1) (2.1) (2.9) (0.9) (5) (2.7) (0.9) (4.3) (3.5)
4 12.5 0.2 2 7.1 9.8 0.6 8.2 17 0.5 22 11.7
(8.4) (0.3) (0.4) (3.9 (9.4) (0.5) (4.3) (2.8) (0.8) (2.5) (13.8)
5 47 0 1 4.1 3.2 14 47 0 0
(1.2) - (1.3) 2 (2.9) (1.1) (1.2) - -
6 3.6 0 3.6 2.8 15 0.8 2.6 1 0
2.7) - 3.7) (1.6) (1.9) 1) (2.5) (0.9) -
7 1 0 0.3 0.9 1.2 0 1 0 0
(1.6) - (0.3) (1.5) (2.1) - (1.6) - -
8 0.5 0 0.5 0.2 0.7 0 0.5 0 0
(0.8) - (0.5) (0.3) (1.2) - (0.8) - -
Total 100 0.4 16.6 40.1 38.2 4.7 41.7 13.8 25 42

ce: cervix; he: head; th: thorax; ab: abdominal segms.; al: anal lobe; metac: metacergdaiagd, PP: pre-pupa; P: pupa
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emerged with problem in both wings developed from a Individualized exposition to five xiphidiocercariae
larva infected with three metacercariae, two in the thorg®.83 xiphidiocercariae/ml) In this experiment, with a
and the other in the third abdominal segment. concentration half of that used previously, there was also

The time to reach the adult stage for the first replicattd0% infection of the larvae and 34 adults emerged be-
was not significantly different from the control group, butween 9 and 23 days after exposition (Table Il). The final
development significantly delayed (respectively 1.42 andhte of mortality was 43.4%, starting three days after in-
1.67 times) for the second and third replicates. fection and extending up to the 35th day.

Fourth instarAedes albopictutarvae parasitized bifaematoloechusp. metacercariae. Bar = 250 pm (A); 50 um (B)
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The number of metacercariae found in the larvae of After grouped exposition for 24 h, the larvae were sepa-
Ae. albopictuyaried from 1 to 4 (Table I1), with the major- rated and accompanied individually. Parasitism was 100%,
ity of infected adults (46.5%) arising from larvae with onlywith larvae possessing from 1 to 4 metacercariae predomi-
one metacercaria. nantly in the thorax, followed by in the abdominal seg-

In the same way as in the previous experiment, thments, head, anal lobe and cervix (Table I11). Adult emer-
development of the larvae was also delayed. When cogence occurred when the larvae were infected with no
pared to the control, the development time of the larvarore than three metacercariae. Of the adults which emerged,
which reached the adult stage was 1.42 times higher. three presented malformations and died: one with both

Grouped exposition to ten xiphidiocercariae/ml (24nvings deformed and the other two with the wings stuck
h) followed by individualizationln this experiment with to their pupal exuviae. Related to these two adults which
grouped larvae there was an accentuated mortality, simiere unable to free themselves from their exuviae, one
lar to that obtained in the previous experiments with ladeveloped from a larva with three metacercariae, one in
vae individually exposed. More than 60% of the larvathe thorax and the other two in the third and the seventh
died between the 1st and 16th days after exposition (Talaledominal segments. The other larvae presented only one
I11). Adult mosquitoes which otherwise emerged (38.7%inetacercaria, but in the thorax.
took a mean time of between 3.5 and about 6.8 days, de- There was a statistically significant progress (1.2 times)
pending on the number of cercariae which penetratediimthe development time of the larvae into adults as com-
the larval stage. pared to the control larvae.

TABLE I

Results for xiphidiocercariae parasitism in individualidedes albopictuate instar larvae (5 cercariae/larvae or 0.83 cercariae/
ml). Number of cercariae per larvae, localization, fate and mean number of days for adult emergence

No.

metac  Occur- Localization in larva % % deaths in % Mean

per rence adult days f/

larva % ce he th ab al i PP P emergence emergence

1 61.7 0 14.9 11.7 12.8 0 13.3 0 1.7 46.5 12
(4.9)

2 25 0 11.7 10.6 7.4 21 16.6 1.7 0 6.7 9
(6)

3 8.3 0 8.5 21 5.3 0 6.7 0 0 1.7 20
©)

4 5 0 3.2 4.3 4.3 1.1 1.7 1.7 0 1.7 23
©

Total 100 0 38.3 28.7 29.8 3.2 38.3 34 1.7 56.6

ce: cervix; he: head; th: thorax; ab: abdominal segms.; al: anal lobe; metac: metacergaaiagd, PP: pre-pupa; P: pupa

TABLE Il

Mean results (standard deviation) for xiphidiocercariae parasitirades albopictudate instar larvae (10 cercariae/larvae or
10 cercariae/ml), grouped for 24 h. Number of cercariae per larvae, localization, fate and mean number of days for adult

emergence
No.
metac  Occur- Localization in larva % % deaths in % Mean
per rence adult days f/
larva % ce he th ab al + PP P emergence emergence
1 62.5 0 3.8 28.4 8.3 0 8.8 5 13.8 35 6.8
(10.6) - (2.8) (9.4) (5.6) - 2.7) ©) a.7) (10.6) 1.2)
2 22.5 0 2.1 13.3 10 2.1 7.5 2.5 10 2.5 4.5
(10.6) - 3) (3.8) (4.2) (©) (3.5) (3.5) ©) (3.5) (6.3)
3 10 0 1.8 6.4 11.5 0 7.5 1.2 0 1.2 3.5
(3.5) - (2.4) (0.8) (6) - (3.5) a.7) - a.7) (4.9)
4 5 0.8 15 2.1 7.9 0 3.8 0 1.2
(3.5) (0.8) (2.1) 3) 1.2) - (5.3) - .7
Total 100 0.8 9.2 50.2 37.7 2.1 27.6 8.7 25 38.7

ce: cervix; he: head; th: thorax; ab: abdominal segms.; al: anal lobe; metac: metacergdaiad, PP: pre-pupa; P: pupa
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In this experiment with larvae grouped for only 24 hwas observed that they always contained live metacer-
the mortality rate was slightly higher (61.3%) than in theariae, strongly suggesting that adults could play an im-
previous experiments withe. albopictusarvae exposed portant role as dispersing of the parasite.
individually to two different densities of cercariae (58% The results described in this paper are in agreement
and 43.4% respectively), but with no significant differwith studies carried out by Dollfus et al. (1960), Rao et al.
ences (p > 0.05). The mortality obtained for 24 h expog{1985), Weber et al. (1987a,b,c), Zakikhani and Rau (1999)
tion was practically the same as that obtained by Carvalaad Carvalho et al. (2001a), which indicate that the cer-
et al.(2001a) for larvae exposed and maintained in grougsiriae belonging to trematodes of the genus
(61.1%). Haematoloechuss well as those fromlagiorchisand

Regarding the place metacercariae were found, tiReosthogonimusare all of great potential for mosquito
greater mean percentage was in the thorax [39.7% (SDbhilogical control, once they proved to be highly efficient
10.7)], and in the abdominal segments [35.2% (SD = 4.7fgainst some evaluated mosquito species. It must be noted
followed by that for the head [21.4% (SD = 15.1)], anthowever that such digenetic trematodes require as a pre-
with a small amount being found in the anal lobe [3.3%equisite, that intermediate (snail and mosquito) and de-
(SD =1.3)] and cervix [0.4 (SD =0.4)]. finitive (vertebrate) hosts exist in the same environment.

DISCUSSION Breeding places such as those used by mMaropheles
_ o andCulexspecies, are among the ones with the adequate

The result of this study was similar to the results presize and ecological complexity to maintain these trema-
sented by Carvalho et al. (2001a); infected albopictus todes hosts, and could be considered for control pro-
larvae also showed in this study a delayed developmegtams. On the other hand, even some natural breeding
with the individuals mainly dying as larvae (41.7%), folplaces used bye. albopictusmay not be considered,
lowed by as pre-pupae (13.8%) or as pupae (2.5%) Wheiich as bamboo stumps (Andrade, pers. commun., Neves
exposed individually to 1.66 xiphidiocercariae/ml. Perceng, Silva 1989), bromeliads (Andrade, pers. commun.,
age of infected larvae was always 100%, percentage @brattini et al 1998a) and holes on tree roots (Andrade,
final mortality for Ae. albopictusvas very close, being pers. commun.) or on the ground (Forattini et al. 1998b).
61.1% in that study and 58% here, and the delay for laphe man-made small containers used\by aegyptare
instar larvae in becoming adults was also very close, by so from possible candidates. From the safety point of
ing 1.4 times in that former StUdy and between 1.35 a%w, the impact of Xiphidiocercariae on non-target spe-
1.67 times in the present. It must be considered that baifes still requires a lot of studies, especially when refer-
experiments differed by the exposition time and cercarigthg to species of the gener@lagiorchis and

concentration. In the present case each larva was isolafggbmatoloechysvhose definitive hosts are respectively
in a flask, and in that case they were grouped in 20 inghammals and amphibians.

viduals.
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