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Dynamics of Evolution and Resistance to Starvation of Triatoma
vitticeps (Stal 1859) (Reduviidae: Triatominae), Submitted to Two
Different Regimens of Food Deprivation

Carlos José de Carvalho Moreira*t, Maria Celeste Dias Spata

Nucleo de Interagddrypanosoma cruVetores da Doenca de Chagas, Laboratério de Doencas Parasitarias, Departamanto de
Medicina Tropical, Instituto Oswaldo Cruz-Fiocuz, Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasil

The resistance to starvation ofriatoma vitticepshas been analyzed comparatively, according to different
regimens of food deprivation under laboratory conditions. One cohort, composed of 100 specimens of each evolu-
tionary nymphal stage, was submitted to continuous fasting until death; the second group, arranged in the same
way, was fed once on chicken. Through this work, it was possible not only to compare the results obtained from the
first group with other authors’ results but, also, to analyze the dynamics of evolution, molting, longevity and the
increase in insect longevity, in the second group. The average values recorded for survival time revealed statistical
differences between the two groups. Among the important results detected, there is one that deserves to be empha-
sized: the incredible increase in longevity among insects that received only one feed — an average increase in
survival time that reached 2.95 to 3.30 times in nymphs of 3rd and 4th stages, respectively. One 5th stage nymph
survived for up to 350 days and the females may triplicate their survival rate, what represents an important epide-
miological factor. The knowledge about this type of biological characteristi@.ofitticeps may contribute to
prevent the domiciliation of this species, what seems to be incipient in some municipal districts, in Brazil.
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Triatominae are insects belonging to the Hemiptera Silveira et al. (1984) registered the occurrence of this
Order, Family Reduviidae, and Subfamily Triatominaespecies in 21 cities of the State of Espirito Santo. In two
Nowadays, there are about 131 vector species knownwns, Cachoeiro do Itapemirim and Guarapari, the pro-
distributed among 6 tribus and 17 genera (Carcavallo eé¢ss of domiciliation was confirmed by the finding of
al. 2001). All of them are absolute bloodsuckers, regartiousehold nymphs.
less of age, sex or evolutionary stage. They are suscep-In the State of Rio de Janeiro, Ferreira et al. (1986),
tible to infections bylrypanosoma cruZiChagas, 1909) with the collaboration of the Superintendence of Public
and acquire the infection after feeding from an infectedealth Campaigns, identified the presence.afitticeps
mammal, thus becoming vectors of Chagas disease, whioh4 municipal districts of the northern area (Campos,
today affects thousands of people, mainly in Southaocara, Porciincula and S&o Jodo da Barra); 3 of the
America. metropolitan area (Marica, Niteréi and Rio de Janeiro) and

Triatoma vitticepgStal, 1859) is found in four Brazil- 2 of the highland area (Santa Maria Madalena and S&o
ian states: Bahia, Minas Gerais, Espirito Santo and Rio 8ebastido do Alto). Eighteen adult insects among the 51
Janeiro. Basically, it is still considered a wild species fdested presentedtuzidike flagellated formsin the mu-
two reasons: (a) the high number of adult insects capicipal district of Santa Maria Madalena, 8 household
tured in human dwellings infected with thecruzi(Santos nymphs were collected.
etal. 1969b, Silveira et al. 1983, Ferreira et al. 1986, Sessa & Recently, Gongalves et al. (1998) captured 465 speci-
Carias 1986, Dias et al. 1989); (b) the low rates of fortunens ofT. vitticeps(98% were captured indoors), in an
itous infections in humans, in these areas (Santos etedto-epidemiological study performed in the municipal dis-
1969 a, ¢, Pinto et al. 1969, 1986, Barros et al. 1975, Pecatiiat of Santa Maria Madalena. From this total, 202 (111
etal. 1983, Silveira et al. 1983, Dias et al. 1989). This indilive and 91 dead) were examined and infectiofrigga-
cates that the infection is acquired outside the residenceesoma cruzivasconfirmed in 88 live bugs and in 31 of
in places that have already been described as natuttz¢ dead ones.
biotopes. However, Santos et al. (1969b) had already found This species had already demonstrated to be suitable
domestic specimens in the State of Espirito Santo, wheess an experimental model for xenodiagnostic tests
at the occasion, there was a suspicion that the disegBerlowagora-Szumlewicz et al. 1990); this means that it
transmission had occurred through the action of the ibehaves as a proper vector species, presenting high in-
sect vector. fectivity rates and good parasitic density, for periods of

up to 120 days after the infection, when infected by 7
different strains oT. cruzi It was also tested in endemic
T . ) areas of Chagas disease, in the State of Minas Gerais
mco‘?gfasg)?(;‘cd;ino%rﬁ;g‘ror' Fax: +55-21-2280.3740. E.maily; . eira & Perlowagora-Szumlewicz 1997), with better
Received 28 November 2001 results thafM. infestangKlug, 1834). During that study, it
Accepted 29 July 2002 was also verified a high level of resistance demonstrated
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by the low mortality rate. However, other characteristics RESULTS
are important to define a good vectorial species, as for the The increasing of survival time is proportional to the

Sr?fecatior)bt_ilr):ing detJring or after fee_zrding, WTCh affeCt$y mphal stage maintained under conditions of complete
(G%npglsvsels Ielt gl %98%6;%”“55'0” of. cruzito man fasting until death. Nymphs of the first stage presented
¢ . ' the largest pre-mortality period: 39 days. Adult insects

The domiciliation process df. vitticepsseems to be ,
due to environmental modifications of those areas, as tﬁéeser)ted alower re-IS|stance average, as compared to other
olutionary stages: 26.7 and 33.6 days for males and fe-

increase of residences and concomitant shortage of inse&t4 ; s
alimentary sources, condition already detected by Barr les, respectively (Table I)._In Table litis als_o demon-
(1976) and Silveira et al. (1983). However, there are still feff ated that the averages varied in an increasing manner,
pertinent data concerning the biology of this species afifCePL for the 1st stage, which presented a superior aver-
the present work intends to contribute with more informa29€ (50.6) as compared to the two following stages. The
tion, through original observations, that may help in thghortest resistance was observed in the 2nd and 5th stages
efforts to avoid a possible domiciliation of this species. (7 days) and the longest, in the 5th stage (151 days).
Table Il shows results obtained when nymphs were
MATERIALS AND METHODS maintained in starvation, after a single feeding after molt-
All the insects used in this study were derived fronng, for each evolutionary stage. The survival average
our laboratory colony, maintained in the Nucleo deate increased, according to the stage of development until
InteracdoT. cruziVetores da Doenca de Chagasthe 4th stage, at which point the rate was found to be a
Departamento de Medicina Tropical, Instituto Oswaldmarginally superior than at the 5th stage (168.4 and 165.9,
Cruz, Fundacao Oswaldo Cruz. respectively). The shortest resistance was observed at
Cohorts of 100 specimens of each nymphal stage e 1st stage (15 days), in contrast to fasting nymphs,
cently emerged were submitted to continuous fast untihd the longest one was once again verified in nymphs at
death. the 5th stage (347 days). All differences among the aver-
More than 100 specimens of each evolutionary staggjes presented in Tables | and Il, tested separately for
were fed only one time on chickeGdllus gallug, and each stage, using the t-test of Student (p < 0.05), are sta-
100 well engorged specimens were separated, formifigtically significant.
gnother cohort: This second group was separated accord-The percentage of molted nymphs (Table 1) varied
ing to the feeding date, so that it should be observed thgm 39% to 75% at the 4th and 2nd stages, respectively.
evolution dynamic of the nymphs as well as the mean The dynamics of evolution, mortality and molting of
capacity of blood ingestion per stage. _nymphs and adults fed for a single time also varied in
The bugs were kept in 235 mm x 655 mm glass cylinggreement with nymphal stages (Figure). The time of sur-
ders, covered with cheesecloth. The bottom of the cyliiy51 of nymphs that molted to a subsequent stage, as

ders were covered with a circle of filter paper (K40) and, i@ompared to those that stayed at the initial stage of de-

their interior, there was an accordion-pleated strip of tRey .o hment (in the selection of insects for this study), can
same paper, in order to increase the area of contact of

; L also verified in the Figure. This period was slightly
insects and to remove the excess of humidity, in all casSSer in nymphs at 4th stage (proceeding from the 3rd

of the insects were fed a single time. The adult insec§ ;

; X S age) and at the adult stage (proceeding from the 5th
and those ones in the 5th nymph instar were divided bsethge), compared with nymphs that did not move on to
tween two glass jars, to avoid overcrowding.

. : subsequent stages. However, at the 5th stage this differ-
eCdglsl’isgroups were daily checked for mortality andence was more accentuated (350 vs 220 days).

During the accomplishment of the experiment, the bu ffTabIe v shtows, Ina co?p?hra:lve wafy,(}he Ipngfe\;!ty
were maintained at controlled environmental temperatubgl €r€Nces between nympns that were ied a singie uime

and humidity, with averages of 26°C + 2°C and 75% + 5o@hd those maintained under conditions of fasting until
respectively., - ~ " "death. The major longevity difference among the last live

For statistical comparisons, we used t Student testSPecimen registered for each group was observed at the

TABLE |
Resistance period (days) in complete starvatiofrietoma vitticeps
Amplitude
Nymphal stage N Minimum feiximum Mean SD
1st 100 39 63 50. 6 5.1
2nd 100 7 64 42.5 13.3
3rd 100 10 70 46. 2 14. 4
4th 100 13 95 51 19.7
5th 100 7 151 71.5 37.4
Males 41 30 90 26.7 20.5
Females 59 30 90 33.6 20.2

SD: standard deviation



127

No. of dead nymphs

Mortality

20

o
©

o

o
< @

Days after feeding

Mortality and molt of 2nd stage

and molt of nymphs in the 1st stage
(n =100)

35T
(n =100)
30 7
I3 4
£ 25
£
£ 20 7
=]
8
3 15 7
k-]
s 10 7
z
5 1
0
o o o o o o o o
N < ©o 0 o N < O
- - - -
Days after feeding
15 7 Mortality and molt of 3rd instar nymphs
(n = 100)
2
S 10 7
£
>
(=
=]
©
{7}
=l
5 51
<]
z
0
o o o o o o o
N © o < @ N ©
- - - N N
Days after feeding
Mortality and molt of 4th instar nymphs
147 (n =100)
12
210
[=%
€
2 8
he]
3
3 6
s
s 4
z
2
0
o o o o o o o
N © o < 0 N ©
- - - o~ N
Days after feeding
Mortality and molt of 5th instar nymphs —+ 25
(n =100) 12
T 20 10 1
P
< [%]
2 g,
L 5 E 9
15 Ez
Q T |
0355 ,]
o o
L z =
5 2
0 0-
282828888¢8 3 ]
~ 4 4 N N N N M ™
Days after feeding

Mem Inst Oswaldo Cruz, Rio de

Janeiro, Vol. 97(7), October 2002

Mortality of nymphs that reached the 2nd stage

T 40 T (n =40)
T 35
30 - -é 15 1
Q
-y :
20E%g 5 10 T
1562 g
z k]
10 2 57T
5
o 04
o o o o o
N < © © 8
Days after feeding
- 80 Mortality of nymphs that reached the 3rd stage
20 T —
(n=75)
f"; 15 1
® £
-
=]
35 g7
S kS]
S
z [
0+
o o o o o o o o
N < © @ o N < ©
- - - -
Days after feeding
T 25 20 1 Mortality of nymphs that reached the 4th stage
(n=41)
£ 151
3, :
B =4
£ g B 101
T2 °
g ks
2 51
oA
o o o o o o o o o o o
N < © @ o N < © @ o N
- — - - - ~N N
Days after feeding
<20 14 7 Mortality of nymphs that reached the 5th stage
(n=39)
12 7
210
- Q
Q €
s 2 2 8-
£ g °
w E o
°z S 61
S bS]
g 4
2
oA

o o
n ©

20

Mortality of nymphs that reached the adult stage

(n=50)
o (=] o [=] o o o (=] o o
< © [=e) o N < o @ N N
- — — - - N N

Days after feeding

o o o o o o
— < ~ o o ©
— — - N N N

Days after feeding

Mortality of male and female adults (n=50)

B Male adults

OFemale adults

Number of dead insects

o o o o o o o
~ o ] ® ] ~ o
— I I — —

Days after feeding

1051

o
<
N

Dynamic of evolution of the nymphs and adults, fed for a single time. Blanched circles in composed graphs exhibit the atymphesdh
to a superior stage. Columns represent mortalities.



1052  Resistance to Starvation of T. vitticeps * CJC Moreira, MCD Spata

TABLE II
Resistance period (days) in starvation after a single feeding subsequent to moltingBiagaia vitticeps
Amplitude
Nymphal stage N Minimum feiximum Mean SD
1st 100 15 107 67.6 16.2
2nd 100 41 162 94.1 23.6
3rd 100 23 272 136.2 54
4th 100 43 280 168.4 52.6
5th 100 21 347 165.9 75
Males 46 90 200 127.8 31
Females 54 70 220 126.3 30.1
SD: standard deviation
3rd (202 days) and 5th stages (196 days). At the 5th stage, TABLE IlI

this difference is of greater importance, since this stage

precedes the adult phase Percentile of molted nymphs after one feeding

In this study, the average gain in the lifetime of the Nymphal stage Percentile (%)
insects turned the differences statistically significant (p < 1st 40
0.05), in comparison with the nymphs maintained in total 2nd 75
starvation. The increase in longevity was proportional to 3rd 41
the increase in the developmental stages. 4th 39

The nymphs mean capacity for blood ingestion is Sth 50

shown in Table V. Likewise other already analyzed param-
eters, the capacity of blood ingestion showed a contin-
ued increase until the 5th stage.

DISCUSSION vation. These different results were probably influenced
According to Neiva and Lent (1936), the first reportdy laboratory conditions, such as different blood sources
concerning the capacity to resist conditions of fastingupplied and variations in environmental conditions (hu-
observed in insects were made by Charles Darwin, whidity and temperature). The highest averages were re-
noticed a specimen that resisted lack of food for foysorted by Gongalves et al. (1989), who used mice as ali-
months. Leboubéne observed a still longer period amdentary source.
Porter registered a specimenlofnfestanghat survived In our study, adult insects demonstrated a lower re-
for 17 months (apud Galvéo et al. 1996). sistance in comparison with other stages. In this last stage
Uribe (1926) reported the survival of one 3rd stagthe female insect was more resistant than the male (33.6
nymph ofRhodnius prolixustal, 1859 during 5 months and 23.7 days, respectively). Data reported by Silva (1985)
and, since then, several authors have described the fagtd Goncalves et al. (1989) demonstrate alternating re-
ing capacity of these insects. Pellegrino (1952) emphsults: sometimes higher for the male and sometimes higher
sized the epidemiological importance of this characterior the female.
tic in Triatominae and, according to this author, the resis- The averages observed in the 2nd and 3rd instar
tance to starvation provides the passive transport of thgmphs were also inferior to the value observed in the 1st
insect to another place and its subsequent developmenige (Table 1). This result was influenced either by food
so that it soon finds a favorable environment for such. iéserves carried over from the eggs, that are maintained
also represents an escape mechanism against the adtipmymphs throughout their entire life, until death, as by
of insecticides, which are applied in endemic areas.  the premature mortality of some nymphs (6 nymphs died
According to Dias (1965) and Perlowagora-Szumlewicduring the first 10 days, at the second stage, and 2 nymphs
(1969), this resistance might be of great importance amied on the 10th and 20th days, at the 3rd stage). Preco-
directly affect the control campaigns against these vecious mortality as observed in nymphs at the 2nd stage
tors, since domesticated species can hide in places, likas also observed by Galvéo et al. (1996), when they stud-
wall openings, that are inaccessible to the action of insded the resistance to starvatioffimitidaUsinger, 1939;
ticides or to its possible residual effects (the insects woully Cortez and Gongalves (1998) TorrubrofasciateDe
be protected from the action of insecticides during th@eer, 1773 and by Martinez-lbarra and Katthain-
time that the residual effect of the product lasted); thuBuchateau (1999) for. pallidipenisStal, 1872. In our
the possibility of re-colonization is increased. case, it seems to be due mainly to the incapacity to ingest
In this work, the resistance averages found were lowttte blood meal, since dead bugs had no alimentary con-
than those reported by Silva (1985) and Gongalves et @nts in their digestive tracts.
(1988). The exceptions were the averages found by those Another important aspect was the evolution process
authors in nymphs of the 1st stage, maintained under stafnymphs fed only once in each stage (Figure). This kind
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of study begins to be valued by some authors, and reibiges, what represents another important epidemiologi-
only the study of resistance to absolute fast, becausal factor. The great survival capacity demonstrated by
this factor associated with the capacity of the insects the 5th instar nymphs where the last insect died within
feed from several alimentary sources constitute an imp@50 days, after a single feeding, must be emphasized. Thirty
tant survival strategy. In this context, Dias-Lima andine percent of the nymphs fed at the 4th stage passed on
Sherlock (2001) performed a comparative study on resi® the 5th stage (Figure) and that, in this last stage, 10%
tance to starvation, after a single blood meal by stage,dfthe nymphs survived 275 days after the single feeding.
six species of vectors. They verified different resistandé their survivors manage to feed at this stage, 50% of
rates for different evolutionary stages, drawing attentiothem will pass on to the adult phase and will survive long
to T. matogrossens(keite and Barbosa, 1953), which re-enough to reproduce (10% of the adults can survive up to
sisted up to 575 days, at the 4th nymph stage. 160 days).

According to Galvao et al. (1995) some triatomine spe- Lima et al. (1991) tested experimentally the toxicity of
cies can reach the 4¢kage with just one feeding in eachseveral synthetic insecticides (hexachlorocyclohexane,
stage, which is in agreement with the findings of BrasileirDDT, triclorfon, malathion, cypermetrin, deltametrin and
and Perondini (1974) results wilh brasiliensisNeiva, permetrin). She added them to the food intake of six
1911. On the other hand, Heitzmann-Fontenelle (1972) atrchtomine specieP@nstrongylus megistus, T. infestans
Gongalves et al. (1997), both working with T. pseudomaculata, T. vitticeps, T. brasilienaid
pseudomaculat&€orréa & Espinola, 1964, demonstratedRhodnius prolixg) and, among all these speciés,
the requirement for more than one feeding at each stagtticepsdemonstrated the largest level of resistance to
for the successful development of this species. Thay tested insecticide, except for HCH in concentration
present results indicate that the percentage of moltetil g/l, in spite of the fact that vitticepss not a house-
nymphs varied from 39% to 75%, at 4th and 2nd stagdsyld species. This could indicate that this species is natu-
respectively (Table III). rally resistant.

The largest rate of nymphs that molted to a superior According to Silva et al. (20017}, vitticepds invad-
evolutionary stage was observed in nymphs at the seng residences also in the State of Minas Gerais, where it
ond stage, followed by 5th stage nymphs. is sometimes lodged, also presenting high infection rates

The time of survival in the cohorts of selected nymphisy T. cruzi In spite of the fact that a human being seldom
was longer than of those that passed through ecdysis, i®infected by the parasite, its circulation is happening in
nymphs at the same stages (the first ones belonging to theervoirs and there is risk for becoming endemic, by link-
previously separated cohorts at the beginning of expeiing the wild cycle to the domestic one.
ments and the last ones originating from ecdysis), which The resistance to insecticides and resistance to fast-
can be attributed to the metabolic costs associated witty after a single blood meal at each nymph stage, as the
the process of ecdysis. This can be observed in Figure
comparing, for example, the graph that shows mortality in
nymphs that reached the 2nd stage (n = 40) with the graph TABLE V
that demonstrates the mortality and molting of nymphs at

the same stage (nh = 100), and so forth. These differences Nymphs mean capacity of blood ingestion (mg)

can also be explained by the larger quantities of blood in- Mean of
gested by the nymphs that stayed at the initial stage, at #{@g¢ blood intake Sb
moment that the cohorts were created (Table V). 1st 9.26 1.75
An important result was the average increase in sutad 36.74 7.56
vival rates for insects that fed only a single time (Tablérd 118.24 20.23
IV). These insects presented an average gain of survil 209.49 30.77
time that varied from 1.34 times (1st stage) to 4.79 tim&& 411.67 37.89
(males). The females may triplicate their survival ratédu't 149.19 10.76

Similar date were seen with nymphs at the 3rd and 48D: standard deviation

TABLE IV

Comparison of survival time between fed and unfed nymphs (in days)
Nymphal Unfed nymphs Unfed nymphs Fed nymphs Fed nymphs verage gain
stages Min - Max (average £ SD) Min - Max (average £ SD) in insects life (x)
1st 39-63 506 + 5.1 15 - 107 67.6 £ 16.2 1.34
2nd 7-64 425+ 13.3 41 - 162 94.1 + 23.6 2.21
3rd 10-70 46.2+14.4 23-272 136.2 + 54 2.95
4th 13- 95 51 +19.7 43 - 280 168.4 + 52.6 3.30
5th 7-151 715+37.4 21 - 347 1659+ 75 2.32
Males 30-90 26.7+20.5 90 - 200 127.8 + 31 4.79
Females 30-90 33.6 £20.2 70 - 220 126.3 +30.1 3.76

SD: standard deviation
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present work has demonstrated, may increase the risk of WO, Pires FDA 1998. An investigation on the ecology of
domiciliation ofT. vitticepsn some areas. Therefore, we ~ Triatoma vitticepg(Stal, 1859) and its possible role in the
conclude that an epidemiological policy is vital in those transmission of Trypanosoma cruzin the locality of

areas under risk, mainly because of the inevitable envi- Triunfo, Santa Maria Madalena municipal district, State of

; Rio de Janeiro, BraziMem Inst Oswaldo Cruz 9311-717.
ronmental changes caused by man. Hence if the nec Sc’)n(;alves TCM, Victério VNM, Jurberg J, Cunha V. 1988.

sary actions 1o cpntrol these mSQCtS are ne.eded’ L eBiologiadoTriatomavitticepiStaI, 1859) em condic¢des de
knowledge of the time that the species may resist to star- |aporatério (Hemiptera, Reduviidae, Triatominae) 1. Ciclo

vation after a single blood meal be of importance for elabo- ey glutivo.Mem Inst Oswaldo Cruz 8519-523.

ration of such actions, thus avoiding flaws in the methgoncalves TCM, Victério VMN, Jurberg J, Cunha V 1989.
odology. Biologia doTriatoma vitticepgStal, 1859) em condicGes de
laboratério (Hemiptera, Reduviidae, Triatominae). Il -
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