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INTRODUCTION

Aedes albopictus is widcly spread all over Southcast Asia where it is a primary vector of Denguc particularly
in rural arcas, and a sccondary vector of Dengue in many other countrics in this region togather with Aedes
acgypti (Hawley, 1988: Pal, 1989: Knudsen, 1986). No strain of denguc virus has been obtained - ot from
adult de. albopictus. collected in naturc in South Amcrica, but laboratory works have showr that thi: specics
is fully able to infect itsclf and to transmit by bite the four dengue serotypes (Miller & Ballinper, 1988 Rosen.
1988: Mitchell et al., 1987). Although Denguc virus has been transmitted vertically (Mitchell & Miller, 1990:
Rosen ct al., 1983: Shroycr, 1990; Boshell-Manrique et al.. 1992) and venereally (Rosen, 1987} by this
spccics, and despite the recent isolation of DEN 1 virus from larvae collected in nature in Brazil (Scrvfo ctal.
1993), there is not enough cevidence of vertical transmission in nature.

Since 1986, Ae. albopictus is cstablished in the USA (Hawlcy, 1988; O Mcara ct al., 1993) and 1 Brazil
(Forattini, 1986), probably imported with used tires (Reiter & Sprenger, 1987) from temperate (Hawley et al.,
1987) and tropical Asia, respectively (Craven ct al., 1988: Hanson & Craig, 1994). Recently, it bas been
found naturally infected by a new virus (Francy ct al.. 1990). This new virus, pertaining to the Buny -unwera
group. may be properly called “cmerging™ as it probably has been picked by Ae. albopictus. which an bite
wild animals and man as well (Harrison ct al., 1995). In 1991, Eastern Equinc Encephalitis virus has been
isolated from Ae.” alhopictus collected in Florida (Kline & Mann, 1993). This mosquito is thus b coming
quickly a major problem in the epidemiology of arboviruses in the USA (Moorc et al., 198%).

All the above facts stress the need to study the vector potential of Ae. albopictus for the so-called cierging,
arboviral discascs in Brazil. In the present work, we will examine the significance of availablc virological and
biological data, in order to evaluate the potential of this specics as a vector of arboviruscs in Brazil

Those who are interested by other aspects of the biology and control of this mosquito. on a warldwide
basis, would read the comprchensive revision of Estrada-Franco & Craig (1993).

The distribution of Ae. albopictus in Brazil

Since the first report of Ae. albopictus in Rio de Janciro State (Forattini, 1986), and despitc control
operations, this vector has spread over the states of Sdo Paulo (Chiaravalloti Neto ct al., 1993; Prrcira &
Barbosa, 1995; Gomes &-Marques, 1988; Brito er al.. 1986), Espirito Santo, Minas Gcrais (Moercira &
Almceida, 1994, Bicalho ct al., 1995), Parana (Natal et al., 1995). Ceara (Vasconcclos ct al., 1989) ar Goias
(Figure 1).

Fig. 1: States of Brazil in which cases of Ycllow fever have been notified, 1982-1995 (hatched and white;
endemic and epidemic areas, respectively), and in which the mosquitocs Aedes acgypii (light grey) and Ae.
albopictus (heavy grey) are present, as notificd by FNS (Brasilia) and SUCEN (830 Paulo), 1995.
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In Sdo Paulo State, the cntomological survey system developed by the “Superintendencia de ¢ ontrole d
Endemias™ (SUCEN) of Health Department was able to observe the spreading pattern of A2 albop-fus durine
time. Buralli et al (1991), analyzing the reports of both Ae. albopictus and Ae. aegypti, and crossin:' these dat
with metcorological one, have defined three arcas in the state: with de. albopictus only, with de. a qupti only
and with both species (Figure 2). At this time, the distribution of thesc specics scems thus to be 1-:lated witl
temperature and rainfall. The Ae. albopictus™arca has july isothermal temperaturces about 15 °C o less. A«
aegypti’s arca has july isothermal temperatures over 17 °C and the arcas with both specics are bety zen 15 an-!
17 °C. Ae. albopictus appears to be comparatively the more cold resistant of the two specics. At th- same tim
the arca with' de. albopicius scems to be more rainy than the Ae. aegypti arca.
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Fig. 2: Map of Sdo Paulo State, with the distribution of Denguc (hatched) superimposed to that of the 1osquitoces
Ae. albopictus (hcavy grey), Ae. aegypti'(intermediate grey), and both species (light grey), as notifi~d by FNS
(Brasilia) and SUCEN (Séo Paulo), 1995. :

Nowadays, Ae. aegypti isno longer expanding, with the i:onlmr_v bcing obscrved for Ae. albop:ctus whicl:
is cstablishing all over the state. This may mean that mcteorological factors are restrictive for the former but
not for the latter. RS

The spreading and acclimatation of Ae. albopictus in Sdo Paulo and Brazil has been carricl over foy:
vears. This fact demonstrates the high ccological versatility of this specics, mainly when we ¢ nsider the
colonization of natural environments where it competes with indigenous species of mosquitoes and despite the
presence of predators and parasites (Duhrkopf & Benny, 1990; Black ct al.,, 1988).

In the valley of River Paraiba, Sdo Paulo Statc, Ae. aegypti was present years before the first roport of Ae
alhopicrus in Sdo-Paulo and Brazil (Gomes & Marques, 1988). Once the latter infested this region, very fev
or no report of Ae. aegypti have been received. Conversely, reports about Ae. alhopictus increasd until the
complete infestation in the region. In the region of Catanduva, SP, Cardoso Jr. ¢t al (1944) show d that A¢
alhopictus is rcinvading slower than Ae. aegypti afier erradication of both specics from the ara (5 ws. 7
months). Nevertheless, when we know that density is highly dependent on scasonal factors (Mogi ¢f al., [988)
hypothesis about competitive displacement of one species by another have to be docimented “v data or
population dynamics (Hawlcy, 1988; Edgerly ct al., 1993). It was to be stated however that these fivo specic:
have distinct breeding site preferences and may actually not compete.
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The potential of Ae. albopictus as a vector of Dengue in Brazil
The situation of Dengue in Brazil

Since the 80°s, many cpidemics of Denguc have been reported in Brazil, \\Ith laboratory confirme 1 cases
and virus isolations (Travassos da Rosactal.. 1982: Souza ctal.. 1988; Timbo, 1992 Pontes. 1993: M ogucita
ct al.. 1993: Condino ctal., 1995). In 1986, Brazil had the first large cpidemic of Denguce in o big city {Rio de
Janciro) (Miagostovich ct al.. 1993; Schatzmayr ct al., 1986), where 32,507 cases were of'icially r-ported.
As shown later by Figueircdo ct al. (1991). the actual number of cases was much above the repori:d onc.
Since then, many states arc involved cach vear and Denguc fever may be considered as endemic (Aradjoct al.,
1995 Cordeiro ¢t al.. 1995; Cunha ¢t al., 1995; Luz ¢t al., 1995: Mcllo ct al.. 1995: Santos ¢t al.. 1195).

Three scrotypes (DEN1, DEN2 and DEN4) have been isolated to date in Brazil and many rascs of
hemorrhagic fever have been characlc.rizcd (Gongalves et al., 1991; Zagne ct al.. 1992: Vasconccle s et al.,
1995),

The distribution of Dengue fever and Ae. albopictus in Siio Paulo State

In Sdo Paulo State the first outbréak happenced in 1987 in a small municipality where only 46 ca: s were
reported. Two years latter, in the summer of 1990/1991 a great epidemic took place in many citics in northwest
of Siio Paulo where more than seven thousand cascs were reported, probably all caused by scrotype 1. Since
that episode, denguc outbreaks are reported cvery year, but only in the northwest part of the state.

Figurc 2 shows an intcresting fact: imported cascs have been noticed in all regions in Sdo Paulo State and
surrounding oncs, but there has been no transmission (epidemics) in the region without Ae. acgypti. This may
suggest that in the arca where only Ae. alhopictuy is present, no transmission occurs. This thet induced
studies on the vectorial -capacity of this specics.

The abundances of cach vector in these regions are of the same order, as evidenciated by the Bretear Index.

In the régions where Ae. albopictus is the only potential vector of Dengue, SUCEN maintains i1 strong
vectorial surveillance system to avoid risk of cpidemics. As no autochtonous transmission has cver been
repurted in this arca, it may be wise to ask oncsclves if such a large amount of resources are not wasted
inadequately. :

Among the bloecolog,lcal ficld works which wcre done on this specics in Brazil (Marques & Niranda,
1992). some may give the cucs to explain the non- implication of Ae. albopictus in Denguc transinis: *on

Pre-adult habitats and development of Ae. albopictus in Brazil

Gomes ct al. (1992), in a transcct study in urban, peri-urban, rural and sylvatic arcas, has ¢ shown that 4e.

alhopictus is able to colonize all kinds of environments including trecholes in the forsst, despite the pr-vailing
of Aedes terrens in the latter place. However, Ae. albopictus is more abundant in peri-urban and rur *l arcas
and may usc the natural habitats to »qprcad to other cnvironments (AIIIUJO ctal., 1994).
. Gomesctal. (1995a) observed the larval development in natural, semi-natural and artificial environnw nis. The
mnr(alltv ratc was lower for larvac in natural habitats when comparcd to thosc in semi-natura' and/or ¢ rtificial
places. However, the mortality ratc of the first instars was higher than that of pupal stage in natural cnvirc nments,
while it increased for first instars and pupa in scmi-natural and artificial places. The overall mortalit - rate in
natural habitats was lower than in semi-natural and artificial habitats.

In the same study the wing and femur length of adults were measured according to the origin of the
mosquitocs. The results showed that the mosquitoes collected in natural habitats were bigger then those
originated from semi-natural and artificial habitats. Suzuki et al. (1993) in Japan and Willis & Nasc: (1994)
in the USA have found a positive correlation between wing length and the parous rate of host-sccl ing Ae.
alhopictus females. We may thus believe that Ae. albopictus is not as well adapted to artificial habit:ts as to
natural ones and thercfore may not be as potentially a good vector in the urban habitats as in the natural
habitats, However, such hypothesis may be tested with care because studics on other specics showed uneven
results. Some authors found a significant rclation between size and survival (Haramis, 1983; Nasci 1986),
others did not (Landry et al., 1988; Lorenziet al., 1990). In fact, in the study of brazilian Ae. albopic'us, it is
not known if the bigger mosquitocs had a higher survival rate.

It has been shown that Ae. albopictus oviposition is enhanced when larval and pupal extracts arc ad litioned
to the water in the containers (Marques & Miranda, 1992). This behaviour should be taken into »ecount

during sampling and control studics.
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Diel biting pattern of Ae. albopictus in Brazil

Marques (1994), comparing mosquito landing on immobile and moving human bait in the Ric Paraiba™
Valley, detected various patterns. During 25 collecting sessions, above 26 times more Ae. albop <tus were
collected on moving than non-moving bait (12.1 ex. / b versus 0.46 ex. / h). The anthropophilic b :havior of
this specics appears fairly variable.

Trophic preferences of Ae. albopictus in Brazil

Gomes ct al. (1995b), studying bloodmeal sourccs of this specics, showed that Ae. allopictus i ecleetic.
feeding on humans, horscs, cows, chicken, dogs and cats. This may contributc to its high adaptability in
various environments. Similar data was recorded about the trophic preferences of Ae. albopictie. in Minas
Gerais State and the same opportunistic behavior has been noted for the species in the USA (Savage ef al.
1993).

Daily survival rate of Ae. albopictus

Very few data arc available on the daily survival ratc of de. alhopictus in nature in Asia (Hawley, 1988)
and no data is available for this mosquito in the Western Hemisphere. The estimates ranged from 0. 77 to 0.88.
bascd on ovary examination, Similarly, the duration of the gonotrophic cycle, another important paramete
for asscssing vectorial capacity, has been estimated only once in nature in Japan (Mori & Wada, 1977) and
never in South America. This duration at a mean temperaturc of about 25°C was 5 days. Multiple feeding
may also play a role in the transmission of discascs but ficld data are vet lacking,

Colonization of sylvatic habitats by Ae. albopictus and Dengue viruses in Brazil
The emergence of a sylvatic cycle for Dengue virus maintenance in South America has been oc asionally

discussed. In Trinidad, a feral Aedes specics has been found a good candidate for such a shift v Dengue
ccology (Gubler ¢t al., 1985). In the USA, it has been shown that Ae. albopictus is able to cstablish st-cesstully

and cocxist with Ae. triseriatus in trecholes (Livdahl & Willey, 1991).

On the vertebrate side, New World monkevs are susceptible to Dengue 1 and Dengue M infectic 1 withot
developping severe illness (Rosen, 1938).

However, the susceptibility for Denguc virus infection of feral BraZilian mostitocs riimains t¢ be fested

Winter survival potential of a brazilian strain of Ae. albopictus

Eggs of Ae. albopictus originated from Santa Tereza (Espirito Santo) have been unat e to ove ewinter in
Indiana, USA (Hawlcy ct al., 1989).

Susceptibility of Brazilian strainof Ae. albopictus to insecticides in relation with arbovirus i ifection

In order to cxplore the possible variation in mosquito’s susceptibility to insccticide. when infe ted by an
arbovirus, Rawlins er al. (1988) have exposed a Brazilian strain of Ae. albopictus to malathion. No -ignificant
difference was obscrved between the infected (DEN 1 from Puerto Rico) and control mosquitocs.

The potential of Ae. albopictus as a vector of arboviruses other than Dengue in Brazil

Among the discascs, other than Denguc, which may be eventually transmitted by Ae. alhopictic: in Brazil
arc Yellow fever (YF), Mavaro (MAY), Oropouche (ORO) and various viruscs causing cncephalifis: Hheus
(ILH), Saint Louis Enccphalitis (SLE). Eastern Equine Enccephalitis (EEE), Western Equine Ercephalitis
(WEE) and Venczuclan Equine Encephalitis (VEE) complex.

Many other arboviruses were transmitted (orally and/or transovarially) by - or replicated experimentally
in - this mosquito (Shroycr, 1986). Among them, Bujaru, Bussuquara, Icoaraci. ltaporanga, Pac . Cocal.
and Piry are known to occur in Brazil (Travassos da Rosa ct al., 1986).

The potential of Ae. albopictus to scrve as a linking-vector between the sylvatic eycles of these viruses and
the sub-urban environment will be discuted in the present section.

Yellow fever (YF)

Ae. albopictus is able to transmit YF virus by bite (Miller & Ballinger, 1988: Mitchell ctal.. 197 7; Mille
ct al., 1989). Fortunatcly, its presént distribution is outside the arcas of endemicity and/o- emergerce of YF
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(Dégallicr ct al.. 1992). However, its ability to colonize the Amazonian region of Brazil is non-temote as
shown by an alert in Belém, Para State (Aradjo et al., 1988). On the other hand, the YF virvs may be
introduced by infccted people in a frec-of-virus and full-of-mosquitocs arca.

Oropouche (ORO)

ORO virus may causc huge cpidemics in the Amazonian region of Brazil (Pinhiro ctal.. 1976: V'inheiro ¢t
al.. 198: Travassos da Rosa ctal.. 1995 Roberts ctal.. 1981) or its borderling (Vasconcelos gt al.. 1989) and
has been involved in some meningitis cascs (Pinhciro ct al., 1982).

This arbovirus has been experimentally transmitted by Ae. albopicims (Smith & Francy, 199'). As the
main urban and/or suburban vectors arc Culicoides midges (Pinhciro-ct al.. 19&10), this-virus may thus be -
considered as a potentially cmergent discasc but the rolc of Ae. alhopictus as a vector is remote Mitchell,
1991). i

Mayaro (MAY)

MAY virus may cause scvere denguc-like illness and has been involved several times in ¢pidemic in Brazil
(LeDuc gt al., 1981; Hoch ct al.. 1981; Pinhciro ct al., 1981a: Zanini ¢t al., 1991). As the mai+ sylvatic
mosquito vector of MAY virus is the sanic as that of YF virus, both viruscs may be isolated during the same
cpidemic (Pinhciro ctal.. 1978). Ae. albopictus is experimentally susceptible to infection and able t transmit
MAY virus, and its cventual role as a suburban vector may not be discarded (Smith & Francy, 19¢1).

Encephalitis viruses (EEE, SLE, ILH, WEE, VEE Complex)

As it has been shown experimentally, Ae. albopictus is able to transmit EEE virus from bird to tird (Scott
ct al. 1990; Mitchell ¢t al. 1993). Furthcrmore, EEE virus has been isolated from naturally-iniiccted Ae.
albopictus in Florida (Mitchell ¢t al.. 1992). Thercfore, its possible rolc as a missing link for the passage of
EEE virus from a bird-Cu/ex cycle to a man/horsc -Ae. a/bopzclus cycle in Brazil is possible, csp-cially in
urban and suburban arcas where EEE virus is known to occur in the States of Sdo Paulo (Pereiract oL, 1962:
Iversson ctal., 1989), Mato Grosso (Iversson gt al.. 1993) and Ccara (Travassos da Rosa &: Dégalli r. 1985).

SLE virus represents also a risk of contamination for people living near big citics (as Rio de Janeio) where
Ae. albopictus is present-(Pinhceiro ct_al.. 1975). Although this spccies is ablc to transmit SLE virus both
orally, vertically (Hardy et al.. 1980) and venercally (Shroyer. 1986), its low ormthophlly and low sus:: ptibility
docs not make it a good potcnnal vcclo: (Savage ctal., 1994).

Conclusions

Ae. albopictus is an experimental vector of yellow fever and other arboviruses which can causc cpidemics
and has been found naturally infccted by some arboviruscs in Asia and North America. It can color 1zc cither
artificial or natural water containers and therefore may serve as the link between urban and jungle envionments
for (1) svlvatic arboviruses yct unknown in urban habitats and (i) Dengue viruses which. at lcast in South
America, are yet transmitted only in urban environments. It scems to be genctically as highly variable in the
western hemisphere (Duhrkopf & Benny, 1990) as in its native habitats (Black ¢t al, 1988) and as such,
highly pronc to colonize any fice ecological niche. It may cocxist in trecholes with native specics and may
compete with Ae. acgypri for inseminating the femalce of the latter (Nasci ct al., 1989),

However, some unidentified factor(s) prevent(s) Ae. albopicrus from naturally transmitting Dengiue in the

~Western Hemisphere. Among the candidates for explaining this failure may be its lower anthropophtiy (wien
compared to that of Ae. aegypti) and lower density in urban habitats, where the human population is con«cntrated
and Dengue introduccd niorc often. In the State of Sdo Paulo, in the arcas where this specics is predominant,
a cooler weather may be another limiting factor preventing this specics from becoming infectant with Denguc
viruscs.

Bioccological studics are necded on Ae. albopictus in order to assess (i) its potential as a vector ot Denguc
and other arboviruses in Brazil, (ii) the key factors of its apparent lack of vectorial capacity, and (iii) the main
biological and physiological factors which are playing when it compctes with Ae. zegypri and native: species,
in artificial and natural habitats respectively.
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