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Comparative Developmental and Susceptibility to
Insecticide of Bolivian and Brazilian Populations of
Triatoma infestans
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The triatomine bu@riatoma infestanprobably originated in Bolivia and dispersed passively over
wide areas of South America, where it is the principal vectdirgpanosoma cruzin the region of its
probable origin this species shows colonization in two different ecotopes, so that it may be encountered
in sylvatic as well as in artificial habitats. The sylvatic colonization pattern is not observed in the rest of
its range, wherd . infestanss exclusive to man-made habitats. The objective of this study was to com-
pare several aspects of tWoinfestangopulations, one from Minas Gerais (Brazil) and the other from
the Cochabamba Valley (Bolivia), with a view to elucidate the factors associated with the different
colonization patterns observed for this species. The differences between the developmental cycle, weigh
capacity to ingest blood and mortality rate of first instar nymphs should indicate more fragility of Bra-
zilian population that may be related to its elimination possibility.
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Triatoma infestangKlug) (Hemiptera, Redu- side houses in northern Minas Gerais (municipali-
viidae, Triatominae) is believed to have originatedies of Itacarambi, Manga and Montalvénia) (Bra-
from the Cochabamba region of central Boliviazilian colony) and the other from individuals col-
where it can be found in silvatic habitats undelected in peridomestic ecotopes of Cochabamba in
rockpiles, as well as in peridomestic and domestit991 (Bolivian colony).
habitats. In other locations, including BraZil, The two colonies had been maintained in the
infestansappears to have been introduced by pagsectary of the Centro de Pesquisas René Rachou
sive dispersal as a predominantly domestic speciaader semi-controlled conditions of temperature
(Neiva 1913, Dujardin et al. 1987, Schofield 1994)and humidity (27 + 2C and 60 + 5% RH), fed on
and is found only in human dwellings andchickens Gallus gallug once per week. In the
peridomestic habitats. Dujardin et al. (1998) usegresent study the triatomines were fed on albino
enzymatic comparisons to demonstrate the limiteshice (Swiss webstekus musculus anesthetized
genetic differences between neighbouring popwvith thionembutal.
lations ofT. infestanssuggesting a recentand rela- Developmental cycle The embryonic phase
tively rapid dispersal of this species from its prewas studied in 40 recently deposited eggs from each
sumed Bolivian origin. We have previously foundcolony. The eggs were weighed and subsequently
morphological differences betwedn infestans maintained in isolation, enabling each nymph to
from Bolivia and Brazil (Pires et al. 1998) and webe identified by its eclosion date.
present here evidence for biological differences The development of the other instars was ob-
betweenT. infestangpopulations from the two re- served using 40 recently emerged first-instar
gions. nymphs of each colony, placed individually in

small plastic containers and fed weekly for 30 min.
MATERIALS AND METHODS The dates of first feeding in each instar and moult-

TwoT. infestanspopulations were studied. Themg to the Subsequent instar were noted.
first of these descended from insects captured in- " Weight of each instar Thirty nymphs of each
of the five instars, together with 30 males and 30
females of each colony were weighed. These
triatomines were separated in the previous instar
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nies were separated immediately after ecdysis and Statistical analysis The distribution of each
maintained individually in plastic containers. Aof the continuous variables was tested for normal-
blood meal was offered after seven days, for 3ty by the Kolmogrorov-Smirnov test. Differences
min. The triatomines were weighed before and abetween both groups of bugs in duration of each
ter the blood meal. nymph stage, time taken to moult after blood in-
Crossing between insects of the two coloniestake and nymph weight at each stage, blood intake
Male and female fifth-instar nymphs from bothat third stage and mean time of eclosion, were tested
colonies were isolated individually, according taby Student-test or its non-parametric alternative
Corréa (1954), thus guaranteeing the virginity ofKruskall-Wallis). Differences in weight of eggs
the females until the imaginal moult, when theyesulting from the different crosses were tested by
were paired according to the scheme describethalysis of variance.
below. The insects were fed once a week. Ovipo- For the test of susceptibility to insecticide?2a
sition was observed each week, the eggs from eatdst was done to verify any differences in intoxica-
female being kept isolated to verify fertility of eachtion of the bugs of different colonies.
pair. Thirty first instar nymphs of these lines were The levels of significance accepted were of
weighed on the date of eclosion. p<0.05 (95%).
Scheme for pairing between insects of the two RESULTS
colonies: Group 1 - Female of Brazilian colony with _ -
male of Brazilian colony; Group 2 - Female of  The mean egg weight from the Brazilian and
Brazilian colony with male of Bolivian colony; Bolivian colpnles was 2.04+0.27 and 2.56+0.54
Group 3 - Female of Bolivian colony with male of Mg, respectivelytftest, p<0.01). There was also a
Bolivian colony; Group 4 - Female of Bolivian Significant difference in the eclosion times,
colony with male of Brazilian colony. 20.97+0.54 days for the Brazilian colony compared
Four pairings were carried out in groups 2, vith 22.43+1.04 days for the Bolivian colony

and 4; and three pairings were carried out ifKruskall-Wallis, p<0.01). _
group 1. Although there was no significant difference

Susceptibility to insecticideThirty first-instar i the time that the triatomines of the two colonies

nymphs of each of the two colonies were treatedPent at each nymphal instatgst and Kruskall-
with 2 pl of 100% technical grade deltamethrin in/Vallis) the mean total duration of post-embryonic
acetone, applied topically to the ventral surface ¢fevelopment was different, 183.47+21.18 days for
the abdomen7 at 0@@]‘ deltamethrin per grams the quz!llan Colony and 173.85+19.59 days for
of body weight, corresponding to the knock-dowrthe Bolivian colony tttest p=0.05) (Table I).
dose determined by Colas and Delabarre (1983). There was no significant difference between the
An equal number of individuals of each populacolonies with respect to the time intervals between
tion was treated with 2 i of acetone alone, as cofeeding and moulting to the subsequent instar (
trol. The nymphs were maintained individually intest and Kruskal-Wallis, Table II). .
plastic vials (3.8 cm high, diameter 3.5), which ~Ten insects (25%) of the Brazilian colony did
permitted them to move around. Observations wefot complete the developmental cycle, dying be-
carried out by one person, initiated one hour aftdpre reaching the adult stage. Eight died in the first
contact with the insecticide and thereafter everipstar, one in the fourth and one in the fifth. For
24 h over a period of 15 days. The triatomines wei@€ Bolivian colony only one insect did not com-
assigned categories normal, intoxicated, paralyzd¥ete this cycle, dying as a firstinstar nymph. These
and/or dead according to the following criteria: 1 differences in mortality are statistically significant
Normal triatomines did not show any motor dis{X? p=0.01). . _
turbance and moved normally around a Petri dish The insects of the Bolivian colony were sig-
(14 cm diameter) lined with filter paper; 2 -nificantly heavier in each of the instars than those
Triatomines were considered to be intoxicated #f the Brazilian colonyt(test, p<0.01, Table Ii).
they showed any type of alteration in their The mean quantity of blood ingested by the
behaviour but were still able to walk around in théhird instar nymphs of the Brazilian colony was
Petri dish; 3 - Triatomines were considered to b88.43+27.08 mg, significantly less than the
paralyzed and/or dead if they did not move the ledaB.14+28.84 mg ingested by insects of the Boliv-
and antennae without being prodded or remainéan colony {-test, p=0.01).
totally inert even when the appendages were stimu- Crosses between insects of the two colonies
lated. All the females began oviposition 4-5 weeks after
Fifth-instar nymphs were chosen for the assay®ating. No significant difference was observed in

due to their reported highest resistance to insecthe eclosion success of the resulting eggs among
cides (Zerba et al. 1985). the four groups of insects during the first eight weeks
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after mating X2, p=0.81) (Tables IV). Furthermore between the weights of the nymphs descended from
there was no difference in the weights of nymphBrazilian females when compared with those of the
descended from Brazilian females paired with BraBolivian females, irrespective of the origin of the
zilian or Bolivian malestftest, p=0.8), or between males {-test, p<0.01, Table V).

those descended from Bolivian females paired with The insects of the first generation resulting from
Bolivian or Brazilian malegtest, p=0.6). However crosses between the two colonies were fertile, giv-
a statistically significant difference was observedhg rise to a second generation.

TABLE |

Mean time (days) that triatomines of two colonies (Brazilian and Bolivian) remained in each instar and total
development time (first instar - adult), from 40 eggs of each colony

Developmental stage Brazilian colony Bolivian colony P (test)

| 33.25+13.74 25.83+7.21 0.01 (Kruskal Wallis)
I 27.38+8.76 29.85+7.54 0.21 (Kruskal Wallis)
1] 28.63+6.73 29.87+10.04 0.54 (Kruskal Wallis)
v 34.69+7.56 34.80+7.89 0.95-fest)

\% 58.39+16.57 53.41+14.09 0.18test)

I/ adult 183.47+21.18 173.85+19.59 =0.054dst)

TABLE I

Mean time (days) that triatomines of the two colonies (Brazilian and Bolivian) took to reach ecdysis, after the last
blood meal, from 40 first-instar nymphs of each colony

Ecdysis Brazilian colony Bolivian colony P
Ito Il 17.00+6.89 15.15+3.74 0.18 (Kruskal-Wallis)
Il'to Il 19.94+8.84 18.90+2.99 0.53 (Kruskal-Wallis)
Il to IV 22.50+4.89 23.68+8.08 0.45 (Kruskal-Wallis)
IVtoV 28.69+8.46 25.35+7.92 0.0%-est)
V to adult 44.94+12.14 41.68+12.62 0.284t)

TABLE Il

Mean weight (mg) of triatomines of the two colonies (Brazilian and Bolivian) in each of the developmental
stages following ecdysis

Developmental stage Brazilian colony Bolivian colony tRebt)

| 1.45+0.28 2.51+0.46 <0.01

Il 5.31+0.70 6.67+0.75 <0.01
1] 14.72+2.20 19.70+3.62 <0.01
\Y, 34.7146.56 43.30+8.93 <0.01
\% 69.73+15.01 122.61+£16.92 <0.01
Adult females 165.84+37.02 295.20+68.50 <0.01
Adult males 163.23+£52.14 283.41+£34.87 <0.01

TABLE IV

Number of eggs laid, number of eggs hatched and percentage fertility for crosses Betatesra infestans
from Brazilian and Bolivian colonies, up to 8th week after mating

Total number of eggs laid Number of eggs hatéhed % hatch
Group 1 (n=3) 154 89 57.8%
Group 2 (n=4) 214 131 61.2%
Group 3 (n=4) 297 171 57.6%
Group 4 (n=4) 262 150 57.3%

Group 1: female of Brazilian colony with male of Brazilian colony; group 2: female of Brazilian colony with male
of Bolivian colony; group 3: female of Bolivian colony with male of Bolivian colony; group 4: female of Bolivian
colony with male of Brazilian colony; n: number of cougex?-test (p=0.81)
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TABLE V (Juarez 1970, Ronderos 1972). Perlowagora-
Mean weight in milligrams of first instar nymphs, ~Szumlewicz (1953), studying a populationTof
offspring of crosses between Brazilian and Bolivian infestansfrom Minas Gerais, observed that eggs
colonies ofTriatoma infestans maintained at 24-28°C began to hatch 11 days af-
ter oviposition, reaching a peak after 17-20 days.
Hack (1955) reared. infestansunder laboratory
conditions and in incubators at 25° and 33°C and
found the durations of the embryonic phases to be
27-46, 20-24 and 11-13 days, respectively. Juarez
(1970) obtained a mean of 27.3 days for the ap-
Susceptibility to insecticideSusceptibility tests  pearance of nymphs maintained at 25°C and 14.4
for deltamethrin revealed that after 15 days, sevetays for those kept at 30°C. In the present study
insects of the Brazilian colony (23.3%) and five othe Brazilian colony took a mean of 20 days to
the Bolivian one (16.6%) had died. The rest of thinitiate eclosion of the eggs, while the Bolivian
insects of the two colonies showed some symptogolony took 22 days, when both were maintained
of intoxication. There was no difference in theat temperatures varying from 21-31°C and RH of
number of dead and intoxicated insects betwediD-65%. We believe that the difference between
the two colonies 1 h after application of the inseosur results and those of Perlowagora-Szumlewicz
ticide, nor after seven or 15 dayg?( p=0.11, (1953) may be due to environmental climatic varia-
p=0.29, p=0.74 respectively). tions, as well as biological factors related to the
There were statistically significant differencesnsects themselves. Statistically significant differ-
between the mortality rates of the control and tesinces can be observed between the results obtained
groups for both coloniexf, p<0.01). for the two populations, with insects of the Brazil-
DISCUSSION ian cqlqny dgveloping more rapidly. As 'ghe eggs
of Bolivian triatomines are larger, we believe that
The weight of insects of the Bolivian colonythis difference occurs due to factors linked to their
(F3) was consistently greater than those of the Bratructure and that of the embryos.
zilian one. According to Perlowagora-Szumlewicz  Post-embryonic development is directly linked
etal (1973), the mean weights of the five nymphajo feeding success and consequently the secretion
stages off. infestans are 1.65, 6.3, 16.2, 46.7 angf hormones, stimulated by expansion of the
116.4 mg, adult males and females averaging 17 7ngmphal abdomen and influenced by temperature
and 260.6 mg respectively. The members of thend relative humidity of the air. Neiva (1913) stud-
Brazilian colony always weighed less than thesgd the development &f. infestansn the labora-
values while the Bolivian insects were alwaysory and observed a duration of 220-240 days.
heavier, except in the fourth instar. Abalos and Wygodzinsky (1951) stated that the
Based on studies of crosses between insects@jg to adult cycle was completed in 240 days, al-
the two populations, it was observed that the weiglihough Perlowagora-Szumlewicz (1969) was able
of first-instar nymphs was related to the size of thg rear this species in only 84-134 days at tem-
female progenitors, independently of the origin operatures varying from 20-28°C. This period may
the males, probably reflecting the average egg siz®e further reduced with an increase in tempera-
of these females. ture, according to the observations of Hack (1955),
Perlowagora-Szumlewicz (1969) observed thakho obtained adults in 66 days at 33-35°C.
the mean volume of blood ingested in the first meg@erlowagora-Szumlewicz (1953) obtained the
of T. infestandollowing the moult to third instar same results by maintaining her insects at 24-28°C,
was 45.4 mg. Cerisola et al. (1974) recorded a cosithough she also increased the frequency of feed-
responding value of 55.5 mg, the nymphs havinghg to once every 4-5 days. Similar results were
the capacity to ingest five times the initial bodyobtained by Zerba et al. (1985), at 33-35°C. Gorla
weight. The mean quantity of blood ingested bwnd Schofield (1985) observed the occurrence of
third-instar nymphs of the Brazilian colony wastwo peaks of emergence for adlltinfestanglur-
less (38.43+27.08 mg) than the values observedg the year, development time being approxi-
by these authors, although that ingested by nymphsately six months. In the present study the mean
of the Bolivian colony was greater (58.14+28.84ime taken to complete the developmental cycle
mg), possibly indicating a proportional relation-was close to the six months average for both colo-
ship to the size of the insects. nies, but differed significantly at 183.47+21.18
The duration of embryonic development ofdays for the Brazilian colony and 173.85+19.59
triatomines is directly related to environmentabays for the Bolivian colony. As modelled by
variations in temperature and relative humiditySchofield (1980) such differences can markedly

Brazilian females Bolivian females

Brazilian males 1.41+0.38 2.37+0.24
Bolivian males 1.39+0.27 2.33+0.33
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influence the reproduction rate of the respective 2, Universidade Nacional de Tucuman, Instituto de
populations. Medicina Regional, 179 pp.

Perlowagora-Szumlewicz (1975) stated thagerisola JA, Rohwedder R, Segura EL, Del Prado CE,
first instar nymphs of. infestansmaintained at ~ Alvarez M, De Martini GJW 1974E| Xeno-
24-28°C. were able to feed on blood from the fourth diagnostico Ministerio de Bienestar Social, Buenos

! : - . Aires, 84 pp.

day after hatchmg onwards. Obtalnlng the first meé&olas R, Delabarre M 1983. Destruccion de los vectores
during this period ensures that the insects havea

. de grandes enfermedades endemicd3elimmetri
greater chance of reaching the adult stage. Accord- Mo%ograph p. 261-273. ?

ing to this author the first meal regulates the timggrea RR 1954. Estudos sobre a morfologia esterna do
and the percentage of the first moults, subsequent ganeroTriatoma laporte 1833 (Hemiptera, Redu-
meals diminishing in importance. In the present viidae).Fol Clin Biol 22 23-50.

study it was observed that some first instar nymptisujardin JP, Schofield CJ, Tibayrenc M 1998. Popula-
refused to feed, dying without taking a blood meal. tion structure of Andeafriatoma infestans
The percentage of insects that showed this allozyme frequencies and their epidemiological rel-
behaviour was different for the two colonies, be- evanceMedVet Entomoll2: 20-29.

ing 20% (eight insects) for the Brazilian colonyPujardin JP, Tibayrenc M, Venegas E, Maldonado L,
and 2.5% (one insect) for the Bolivian one (F3). Desieux P, Ayala FJ 1987. Isoenzyme evidence of
Locke (1958) observed that the size of all instars 'ack Of speciation between wild and domesiic

. : infestangHeteroptera: Reduviidae) in BoliviaMed
of Rhodnius prolixusStal, 1859 may be affected Entomol 24.40-45,

by occurrences during the previous i_nstar. Thu's_ if—!orla DE, Schofield CJ 1989. Population dynamics of
the present study the reduced capacity of Brazilian  yjatoma infestanander natural climatic conditions

feed may result in a reduction in the body size of 194,

the subsequent instars. Hack WH 1955. Estudios sobre biologia @iehtoma
Regis (1979) observed that the rhythm of egg infestans(Klug, 1834) (Hemiptera, Reduviidae).

laying is regulated by the nutritional status of the Universidade Nacional de Tucumahn Inst Med

females. The number of eggs produced by a fe- Reg 4125-147.

maleT. infestanss proportional to the quantity of Juarez E 1970. Comportamento Heatoma infestans

blood ingested, each egg requiring the equivalent izg yarias condi¢Ges de laboratéRev Sat Pul:

gzngcr;?])gﬁrg?ctje(lXg;lggr)ngb(seer?/gdlig,tg?rai}tﬁﬁqugfo‘:ke M 1958. The formation of tracheae and tracheoles

roduction bvr. infestan var rd- in Rhodnius prolixusQ J Microsc Sc99: 29-46.
egg production by infestansmay vary acco Neiva A 1913. Informacé&o sobre a biologia da vinchuca

ing to the time of the year, being greater in the " fiat0ma infestanklug. Mem Inst Oswaldo Cruz

warmer period from September to March. In the 5. 31

present study no differences were observed bperiowagora-Szumlewicz A 1953. Ciclo evolutivo do

tween insects of the two colonies in the quantity of  Triatoma infestanem condicdes de laboratériRev

eggs laid or in the percentage fertility, each of them Bra Malariol D Trop 5 35-48.

giving rise to a fertile first generation (F1). Perlowagora-Szumlewicz A 1969. Estudo sobre a
The susceptibility of the insects to deltamethrin  biologia doT. infestanso principal vetor da doenga

were not significantly different between both colo- ~ de Chagas no Brasil (Importancia de algumas de suas

nies. However, the longer developmental time and caracteristicas biol6gicas no planejamento de

the higher mortality of the insects of the Brazilian €Sduémas de combate a esse veRey Bras

colony agrees with field data that reveal, in a gen- Malariol D Trop 21: 117-159.

..~ _.Perlowagora-Szumlewicz A 1975. Laboratory colonies
eral manner, an ease to have success eliminati aof Triatominae, biclogy and population dynamics.

T. infestansat Minas Gerais (Schofield & Dias  paHO Sci 31863-82
1999). This fact could be related to the hypothes'ﬁenowagora_SZum|ewicz A, Cruz HN, Aradjo JAN

of genetic simplification to which triatomines are 1973 Species and stage interaction in the feeding
subjected in the process of adaptation to domiciles, behavior of vectors of Chagas disease (The impor-

proposed by Schofield (1994), in which tfie tance of determinants in planning for greater effi-
infestandrom Brazil represent a high level of spe-  cacy and standardization of xenodiagnostic proce-
cialization to intradomiciliar environments. dures) Rev Inst Med Trop S&o Paul&: 139-150.
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