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STUDIES ON TRYPANOSOMA RANGEL!/ TEJERA, 1920. IX. COURSE OF
INFECTION IN DIFFERENT STAGES OF RHODN/IUS PROLIXUS

N. ANEZ, ELSA NIEVES & D. CAZORLA

[Facultad de Ciencias, Departamento de Biologia. Universidad de Los Andes, Mérida, 5101, Venezuela

Frequent individual observations od different stages of Rhodnius prolixus exposed to Trypa-

nosoma rangeli, revealed a higher susceptibility to infection in the bugs exposed during the two
first instars. The mortality rate in infected bugs was significantly higher than in controls, indicating

that the parasite was responsible for the majority of deaths. An analysis of the mortality distri-
bution, per Instar, is presented.

Statistical analysis of deaths among the different infected instars, showed that T. rangeli pro-
duces its pathological effect in any stage of R. prolixus independently of its susceptibility to the

parasite.

The survival to adult decreased in all the infected instar bugs.

A significant longer time to reach the adult stage was observed in the infected bugs when
compared with controls, excepting for specimens exposed in the third instar.

The epidemiological significance of the present results is discussed.
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The pathogenicity of Trypanosoma rangeli
for its triatomine-vectors has been confirmed
and studied both under natural and experimen-
tal conditions by various workers (Grewal,
1957: Tobie, 1965 Gomez, 1967; Marinkelle,
1968: Watkins, 1971; D’Alessandro, 1976,
Anez, 1984).

Recently, Afiez (1984) reported that when
tirst instar nymphs of Rhodnius prolixus and
R. robustus were experimentally exposed to
T. rangeli-infection, the survival of the infected
bugs to the adult stage, decreased significantly
in relation to the uninfected control-bugs. He
also conciuded that in R. prolixus the most
affected instars were the first, second and
fitth, where a higher mortality was observed,
while in R. robustus a progressive increase of
the mortality from the first to fifth instar, was

mortality from the first to fifth instar, was
detected. However, the pathogenicity of T.
rangeli as measured by overall mortality was
the same in both species of bugs.

In order to know the eftect of T. rangeli-
infection on each of the instar nymphs and
its further development, groups of specimens
of R. prolixus at different nymphal stages
were exposed experimentally to a blood meal
infected with a fresh Venezuelan isolate of the
parasite. This work was carried out following
frequent individual observations on the intect-
ed bugs and its control, until they reached the
adult stage or died. In this paper details are
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given of the susceptibility of each instar to the
infection, the mortality rate and its distribu-
tion per instar, the relation infection-survival
and the time of permanence in each instar
nymph.

MATERIALS AND METHODS

Triatomine-bugs — The origin and mainte-
nance of our colony of Rhodnius prolixus,

have been described in previous papers (Anéz,
1981; Aiiez & East, 1984).

Stock of Trypanosoma rangeli — DOG/82,
1solated by one of us (N.A.) by xenodiagnosis
of infected dogs in Trujillo State, Venezuela,
and maintained by bug-mouse-bug passages.
Bugs with salivary gland infection, detected by
the method of salivation on glass slides were

used to infect white mice as previously de-
scribed (Afiez, 1980, 1984).

Infection of Triatomine-bugs — Groups of
30 specimens of the first, second, third, fourth
and adult stages and 35 of the fifth instar of
R. prolixus, were allowed to feed on infected
mice, which exhibited an average parasitaemia
of 521 Tryps/mm?>; 508 Tryps/mm?®; 467
Tryps/mm?>; 470 Tryps/mm?®; 1.125 Tryps/
mm3 and 468 Tryps/mm?; respectively. To
estimate the quantity of infected blood ingested,
all the bugs were weighed before and after

feeding.

K. prolixus, first, second and fifth instar
nymphs and adult stages in groups of 10 and
third and fourth instar nymphs in groups of
20 were fed on clean mice and kept as unin-
tected controls.

Engorged bugs were placed individually in



3.5 cm x 2 cm glass vials, maintained at 26°C
and 75% relative humidity and fed on clean
mice every 15 to 21 days until the end of the
experiments.

Occurred deaths, time of moulting and
detection of infection in dead or surviving bugs,
were recorded as indicated in a previous publi-
cation (Afiez, 1984). The time of permanence
(TP) of each instar was estimated as the differ-
ence between the time of moulting (TM) to
an indicated instar and the time of moulting

to the next stage (i.e. TPII = TMIII-TMII).

Statistical analysis — To determine the statis-
tical significance of susceptibility, mortality,
relation mortality-infection and survival-infec-
tion, a CHi square (x?) test following the com-
parison of proportions from many samples
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(see Fleiss, 1973) was used. To establish the

level of significance of the time of permanence

per instar, the student T test, was used.
RESULTS

Susceptibility of developmental stages of

R. prolixus fo the infection by T. rangeli —

Observations on different instar nymphs of R.

prolixus exposed to a T. rangeli infected meal,

revealed that the range of infection varied from
16.6% at the IIl instar to 66.6% at I and II
nymphal stages (Table I). Statistical comparison
of infected bugs among the different stages,
showed the existence of two groups susceptible
to T. rangeli: one made up of the two first
instars and the other of the rest of nymphal
stages (Table I).

TABLE |

Susceptibility of the various stages of Rhodnius prolixus to infection by Trypanosoma rangeli

R. prﬂffxus W

nstar No. Exposcd % Infected *
. 20/30 66.6 a
I 5/30 on e
v 7/30 23.3 b
N 14/335 40.0 b
Adult 10730 400 5

fotal 76/185 41.08

*Proportions marked with the same letter showed no significant differences {p = 0.05)

— Statistical significance between groups 2 and b (x2 = 6,37: P < 0.05).

TABLE 11

Mortality distribution per instar in Rhodnius profixus cxposced to Trypanosoma rangeli at different nymphal stages

No. of specimens

No. (%) of deaths/ instar

Total No. (%) Uninfected

and exposed of dcaths/ Control
nymphal stage I 111 IV V exposcd

instar No. deaths/

instar (%)

30 | 3(10) 1(3.3) 2 (6.6) 1(3.3) 2(6.6) 9 (30) 0/10 (0)
30 I 2 (6.6) 3(10) 0(0) 3¢(10) 81(26.6) 0/10 (D)
30 11 3(10) 0 () 2(6.6) 5(16.6) 2/20(10)
30 v 2i(6.6) 4(13.3) 6 (20} 1/20(5)
35 v 41(11.4) 4111.4) (/10 (0)
30 Adult 41(13.3) 0/10{(0)
Total 185 36 (19.45) 3/80(3.75)
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TABLE 11

Relation of mortality among Trypanosoma rangeli - infected Rhodnius prolixus and localization of infection in
differcnt instars.

Instars No. Deaths No. (%) of dead bugs with infection in:
(% Mortality)

Bugs No. Infected Gut Haemolymph Salivary
Glands

[ 8/20 (40.0) 8 (100) 7(87.5) 7 (87.5)

i1 7120 (35.0) 7 (100) 4 (57.1) 0 (0.0)

I11 3/5 (60.0) 3 (100} 0 (0.0) 0 (0.0)

IV 47 (57.1) 4 (100} 2 (50.0) 2 (50.0)

v 3/14 (21.4) 3 (100) 2 (66.6) 2 (66.6)

Adult 1/10 (10.0) 1(100) 0 (0.0) 0 (0.0)

Total 26/76 (34.2) 26 (100) 15 (57.6) 11{42.3)

TABLE IV
Relation infection-survival to adult stage in RAodnius prolixus infected with Trypanosoma rangeli at different
instars.
No. Infected (% infected No. (%) of survivors with infection in:

lﬂﬂtﬂfﬁ /

No. survivors SUTVIivVOois) Gut Haemolymph Salivary

Glands

I 12/21 (57.1) 12 (100) 5(41.6) 5(41.6)
[I 13/22 (59.0) 13 (100) 21(15.3) 2(15.3)
IT1 2725 (8.0} 1 (50) 1 (50.0 0 (0.0)
IV 3/24 (12.5) 3(100) 3(100) 3(100)
v 11/31 (35.4) 11 (100 1 (9.0) 1 (9.0)
Total 41/123 (33.3) 40 (97.5) 12 (29.2) 11 (26.8)

Mortality rate and mortality distribution
per instar in R. prolixus exposed fo T. rangeli
at different nymphal stages — From 185
specimens exposed to the infection, 36 (19.45%)
died during the time of observation, while in
uninfected control bugs only a 3.75% mortality,
was observed. Statistical comparison of mortal-
ity between unexposed and T. rangeli-exposed
bugs, revealed significant differences(x* = 9,76;
P < 0.005).

Although the percentage of observed mortal-
ity varied from 30% in specimens exposed
during the I instar to 11.4% in those exposed in
the V nymphal stage, no statistical significance
was obtained when deaths among the different
exposed instar were compared.

The distribution of mortality to each exposed

instar until their transformation to adult, is
shown in Table II.

The proportional comparison of the mortal-
ity occurred among specimens of the same
instar, which were exposed at different stages
of development, revealed no statistical signifi-
cance in the II, III and V instar nymphs. How-
ever, in the case of the IV instar the statistical

analysis showed significant differences (x%=
32.94: P < 0.001), which can be due to the
non-occurrence of deaths when the Il and III
stages were exposed (see Table II).

Mortality among R. prolixus infected with
T. rangeli different instars and detection of
infection in dead bugs — Table III shows
details on the number of deaths that occurred
in relation to the infected instars and the
detection of infection in the gut, haemolymph
and salivary glands of bugs infected at different
developmental stages.

Statistical comparison ot the proportion of
occurred deaths among the different infected
instars, revealed no significant differences.

The mean time in which deaths occurred
varied from 35.6 days in the group of bugs
infected in the V instar to 88 days in those
exposed during the IV stage. Deaths were
recorded as early as 6 days in I instars and as
late as 192 days in V instars that were exposed
to infection when they were at I nymphal
stage.

Survival to adult stage in T. rangeli-infected
R. prolixus and localization of infection —
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Fig. 1: comparison of time to reach the adult stage between specimens of Rhodnius prolixus uninfected
and infected by Trypanosoma rangeli at different instars.

When groups of specimens from the I to the V
instars were exposed to 1. rangeli-intection,

survival to adult stage decreased to 70%, 73.3%,
83.3%, 80% and 88.5%, respectively. Statistical
comparison of these proportions showed no
significant differences.

In Table IV details are given on the percent-
ages of infection and the detection of parasites
in the gut, haemolymph and salivary glands of
SUrvivor-bugs.

Time of permanence per instar in R. prolixus
exposed toT. rangeli’ at different developmental
stages — The comparison of the time spans to
reach the adult stage between uninfected and
T. rangeli-infected R. prolixus, revealed that
apart from the specimens exposed during the
111 instar, all the other groups exhibited a longer
time than that detected in the uninfected con-
trol bugs. The differences being statistically
significant (P < 0.001). See Fig. 1.

DISCUSSION

In the present study, when specimens of K.
prolixus at different nymphal stages were ex-
posed to T. rangeli, a 41% susceptibility to in-
fection was detected, resuiting the most suscep-
tible those bugs exposed during the two first
instars, where a 66% infection was observed.

Considering that all the bugs were fed on
mice with a similar level of parasitaemia and

not all of them acquired the infection, it is
possible to assume that those who escape from
infection were able to develop an individual
resistance, which allowed them to destroy the
parasite and survive without infection. This
speculation finds support in the opinion of
Steinhaus (1949) and Garnham (1964) who
stated that is not uncommon in susceptible
species of insects that many individuals may
escape from infection. This phenomenom has

been categorized as an individual immunity
(Weathersby, 1975).

Although the physiological or immunolo-
gical mechanisms to explain the individual re-
sistance of R. prolixus to T. rangeli-infection
are unknown, our results on susceptibility to
infection appear to indicate that the stages
from the III to adult are more resistant than
the two first instars.

Feliciangeli de Pifiero & Torrealtba (1977)
and Rabinovich et al. (1979) demonstrated the
persistence of an enlarged middle section in
the age pyramid of R. prolixus both under field
and domiciliary conditions. Moreover, Uribe
(1927) and Feliciangeli et al. (1980) reported
[1I and 1V instar nymphs of R. prolixus surviv-
ing from 5 to 7 months under fast condition.
Analysing the results obtained by these authors
in the context of the present work, it is possible
to explain the enlargement in the middle section
of the age pyramid of R. prolixus in nature. III
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and IV instars of R. prolixus are on the one
hand included in the group less susceptible to
T. rangeli-infection, which has been demonstra-
ted to be lethal to this species of bug and on
the other, they are able to resist starvation for
long periods, during the time and under condi-
tions according to Tejera (1920) they can lose
the infection by 7. rangeli. |

Determination of pathogenicity of protozoa
in their insect-vectors, is usually possible only
through an increased mortality (Garnham,
1955). In the model 7. rangeli-R. prolixus the
pathogenic effect of the parasite was first de-
monstrated by Grewal (1956), being later re-
peatedly confirmed both naturally and experi-
mentally (Tobie, 1965; Marinkelle, 1963; Afiez,
1984 ).

In this work when different nymphal stages
of R. prolixus were exposed to T. rangell,
19.45% of them died during the course of the
infection. This figure is significantly higher than
that detected in the uninfected control bugs, in-
dicating that parasite is responsible for the major
number of occurred deaths. The fact that no
significant differences were observed after com-
paring the occurred deaths among the different
exposed instars, shows that 7. rangeli is able
to produce its pathological effect in any stage of
R. prolixus, independently of its susceptibility
to the parasite. This could have an enormous
epidemiological importance, considering that
the elimination of a part of the infected popula-
tion of R. prolixus could diminish the possibility
of transmitting not only 7. rangeli but also T
cruzi in the endemic areas of Chagas® disease,
where this insect acts as a common vector for
both parasites. Moreover, Marinkelle’s demon-
stration (1968) that the same pathological effect
of T. rangeli observed in experimentally infected
R. prolixus is detected in nature, lead us to be-
lieve that 7. rangeli could actually act as a regu-
lator of the population of this vector. This
staternent appears to be supported by D’ Alessan-
dro (1976) who affirms that the pathogenic
effect of T, rangeli and the high mortality pro-
duced in this vectors, is a type of biological
control of triatomine populations.

RESUMO

Observagdes individuais sobre diferentes estd-
dios de Rhodnius prolixus expostos aoc Trypa-
nosoma rangeli, revelaram uma maior suscepti-
lidade & infeccdo nos espécimens expostos du-
rante os dois primeiros estddios. A taxa de mor-
talidade nos triatomineos infectados fol signifi-
cativamente maior que nos contrcles, indicando
que o parasito foi responsdvel pelo maior name-
ro das mortes. Apresenta-se uma andlise da
distribui¢do da mortalidade por estddio.

A analise estatistica das mortes ocorridas en-

tre os diferentes estddios infectados, indica que
o T. rangeli produz seu efeito patologico em
qualquer estddio: de R. prolixus, independente-
mente da sua susceptibilidade ao parasito.

A sobrevida até adulto decresceu em todos
os estddios dos triatomineos infectados. Exce-
tuando-se os espécimens expostos no terceiro
estddio, quando foram comparadoes com os con-
troles, observou-se nos triatomineos infectados
um significativo retardo para alcangar o estddio

adulto.

Discute-se o significado epidemioldgico dos
presente resultados.

Palavras-chave: Trypanosoma rangeli — Rhodnius
prolixus — infecgio
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