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ABSTRACT

The comparison among specimens of Rhodnius prolixus, at diffe-
rent stages of development, exposed to infections by Trypanosoma
rangeli and Trypanosoma cruzi, revealed that the bugs exposed to T.
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cruzi showed a significant higher susceptibility to infection than that
observed in the groups exposed to T. rangeli or to the mixture of both
parasites,

The similar mortality rate recorded in uninfected and T. cruzi
infected bugs confirms that this parasite is harmless to R. prolixus.
On the other hand, T. rangeli produces its pathological effect although
the bugs ingest a relatively low number of flagellates, suggesting the
existence of a direct relation between the amount of ingested parasites
and the mortality produced. In mixed infection, T, cruzi does not inhi-
bit the harmful effect of T. rangeli on R. prolixus.

The life cycle of R. prolixus is not affected by high infection of
T. cruzi or low infection by T.rangeli, However, when bugs ingested a
high amount of flagellates of T. rangeli in mixed infections, the time to
reach the adult stage in relation to controls, was significantly longer,

The epidemiological significance of the present results, is discu-
ssed.
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Trypanosoma rangeli, Trypanosoma cruzi, Rhodnius prolixus, mixed in-
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RESUMEN

La comparacién entre especifmenes de Rhodnius prolixus, en los
diferentes estadios de desarrollo, expuestos a infecciones por Trypano-
soma rangeli y Trypanosoma cruzi, revel6 mayor susceptibilidad a la in-
feccion en los ejemplares expuestos a T. cruzi que en los expuestos a
T. rangeli o a ]a mezcla de ambos parésitos.

El porcentaje similar de mortalidad registrado en especimenes in-
fectados con T. cruzi y sus respectivos controles, confirma la inocuidad
de éste para R. prolixus. Por otra parte, T. rangeli produjo efectos pato-
légicos aun cuando los triatominos ingirieron un bajo numero de flage-
lados, sugiriendo una relacién directa entre la cantidad de par4sitos in-
geridos y la mortalidad producida. En infecciones mixtas, T. cruzi no
inhibe el efecto patologico de T. rangeli en R. prolixus.

La duracion del ciclo de vida de R. prolixus no fue afectado por
fuertes infecciones de T. cruzi o ligeras de T. rangeli. Sin embargo,
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cuando los triatominos ingirieron altas cantidades de flagelados de T.
rangeli, el tiempo para alcanzar el estadio adulto fue significativamente
mayor.

Se discute la significacién epidemiolégica de los presentes resulta-
dos.

PALABRAS CLAVES:
Trypanosoma rangeli; Trypanosoma cruzi; Rhodnius prolixus; Infeccién
mixta,
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INTRODUCTION

In the New World two types of human trypanosomiase have been
described. That caused by Trypanosoma (Schizotrypanum) cruzi Cha-
gas, 1909 known as Chagas’disease and the provoked by Trypanosoma
(Tejeraia) rangeli Tejera, 1920.!

Despite the well known differences in the morphology, biology
and behaviour in their hosts between T. cruzi and T. rangeli, it is not
unusual to find mixed infections in Rhodnius prolixus in the endemic
dreas of Chagas’disease, where this insect acts as a common vector for
both parasites.?

In the present work carried out under experimental conditions,
some aspects of the parasite-vector relationship, are studied. This in-
cludes the models: T. cruzi-R.prolixus; T. rangeli-R. prolixus and the
association of both parasites in the same vector, in order to obtain
information that could be used in the interpretation of these mo-
dels in nature. The aspects studied include the comparison of the sus-
ceptibility, mortality and time of permanence per instar when different
stages of development of R. prolixus, were exposed to single or mixed
infections by both parasites.

' MATERIALS AND METHODS

Triatomine-bugs: The specimens of Rhodnius prolixus used in
this study were obtained from the colony of the Faculty of Science,
University of Los Andes, Merida, Venezuela.

Stock of parasites: The Y strain (M/HOM/Br/50/Y”) of T. cru-
zi isolated by Silva & Nussenzweig® and the isolate (M/CAN/VE/82/
DOG-82) of T. rzmgezh2 were used.
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Infection of mice used as source of parasites: White mice were
inoculated whith metacyclic-forms of T. cruzi obtained from the hind-
gut of infected R. prolixus. These mice were used to feed bugs when
they showed a high parasitaemia level. Mice were infected whith T. ran-
geli by the bite of bugs with salivary glands infection, a condition pre-
viously detected using the method of salivation on glass slides?

Infection of R. prolixus: Groups of 50 specimens of each of the
stages of R. prolixus, were fed on mice infected whith T. cruzi which
showed parasitaemias between 1.500 to 3.000 Tryps/mm?*® Similary, 50
specimens of each instar nymphs and 20 adults, were fed on T. rangeli
infected mice showing parasitaemias of about 40 Tryps/mm?® The para-
sitaemia in mice was estimated by the method described by Pizzi® and
modified by Brener.® One more group made up of 50 specimens of
.each of the different stages, was exposed to a mixed infection. In this
case, an artificial feeding system consisting of a latex membrane contai-
ning equal parts of culture forms (90% epimastigotes) of T. rangeli and
T. cruzi mixed with fresh blood, was used. The number of flagellates
_contained in each membrane oscillated from 1.000 to 5.000 forms/
mm?, estimated in Neubauer chamber.

During the experiments, each group was exposed to infection
only once.

In all the experimental treatments described, each group of expo-
sed instar (from I to adult) had its respective uninfected control con-
sisting of 20 specimens of R. prolixus fed on clean mice.

After engorging, bugs were placed individually in 3.5 cm x 5 cm
plastic vials with a piece of filter paper and covered with gauze held
with a rubber band. Each vial containing a bug was identified with a
code which was used to follow its life history.

-All the 1.230 specimens were kept in an automatic “Percival” in-
cubator, regulated at 25°C,75% relative humidite and 12:12 h light:
dark periods. They were fed on clean mice every 15-21 days until the
end of the experiments.

Details of the methods of observation of infected bugs, records of
deaths and time of moulting, as well as the detection of infection in the
gut, haemolymph and salivary glands in dead and surviving bugs, have
been indicated in a previous paper of this series.”
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Statistical Analysis: To determine the statistical significance of
susceptibility and mortality, the Chi square (x?) test following the com-
parison of proportions from nany samples® and for two independent
samples, was used. To establish the significance of the time of perma-
nence per instar among controls and exposed-bugs, the Student “t”
test, was used. The comparison of the time of permanence per instar
among the 3 treatments used in this study, was carried out by means
of an Analysis of Variance, following the two-two multiple comparison
method. The computational work was performed in microcomputers
with software adapted by Marquez.®

RESULTS

Susceptibility and mortality in different stages of R. prolixus
exposed to the infection by T. cruzi and T. rangeli.

From 300 specimens exposed to T, cruzi, 296 (98.6%) were positi-
ve. The range of infection varied from 96% in IV and V instars to 100%
in the other stages. Statistical comparison among the different instars
showed no significant differences, indicating a similar susceptibility in
all the stages (Fig. 1). 80 out of 270 (29.6%) bugs exposed to T. rangeli
were infected, being the percentage of infection per instar as follows:
38% in 1;20% in II, Il and IV;32%in V and 75% in adults, The compa-
rison of infection showed a higher susceptibility in the adult than in
any other nymphal stage, with a statistically significant difference
(x2=28.6; P<0.001). No significant difference was observed when the
nymphal stages were compared. The proportion of infected bugs per
exposed instar is presented in Fig. 1.

When 300 bugs were artificially fed with an infected meal con-
taining a similar high number of flagellates of T. cruzi and T. rangeli,
169 (56.3%) of them showed positive results for parasites. Of these, in
140 (83%) both species were detected; in 14 (8%) only T. cruzi and in
15 (9%) only T. rangeli was observed. The range of the mixed infection
varied from 40% in the bugs exposed during the IV instar to 70% in
those fed ad I nymphal stage. The statistical comparison among the in-
sects infected at different instars, revealed the existence of two suscep-
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tible groups one made up of the 3 first instars and the other of the rest
of the stages (x>=15.8; P<0.05).Fig. 1 shows the percentage of infec-
tion in each instar exposed to the mixture of parasites.

The statistical comparison of the susceptibility among bugs
exposed to T. cruzi, T. rangeli and the mixture of them, revealed sig-
nificant differences, being higher in the bugs exposed to T. cruzi than
in those exposed to T. rangeli or to the mixture of both parasites
(x*=293.8; P<0.001). Similar results were observed when compared at
any particular exposed instar. When the bugs exposed to T. rangeli and
the mixed infection were compared a higher susceptibility in the
latter, was detected (P<0.001).

In relation to mortality, 16 out of 300 (5.3%) specimens exposed
to T. cruzi died during the course of the infection, while from the 120
uninfected control bugs a 7.5% mortality was observed. The statistical
comparison of the total mortality and the recorded deaths in each instar,
between controls and T. cruziinfected bugs, revealed no significant diffe-
rences. Details on the observed mortality in controls and infected grous per
instar, are shown in Table 1. In the bugsexposed toT. rangeli, a total mor-
tality of 9.3% was observed (Table I). This figure was statistically higher
than detected in the uninfected control bugs (x*=4.57; P<0.05). The
observed mortality between unexposed and mixed infection-exposed
bugs, is shown comparatively in Table I. The statistical analysis revea-
led significant differences (x*= 48.58; P<0.001) at any stage of deve-
lopment. The more affected instars were II, IIl and adults, which sho-
wed a range of mortality near to 50%. The comparison with the less
affected group, revealed highly significant differences (x2=21.7;
P<0.001). )

The statistical comparison of the mortality observed in the bugs
exposed to the treatments, revealed significant differences (x2=131.03;
P<0.001), indicating a higher mortality in the specimens exposed to
mixed infection than exposed solely to T. cruzi or T. rangeli.

Relation infection-mortality and localization of infection:

‘ I?issections carried out on the 25 bugs which died during the cour-
se of infection by T. rangeli, revealed the presence of parasites in 12 of
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them (48%). From these, 11 (92%) had parasites in the gut,7 (58%) in
the haemolymph and 6 (50%) showed flagellates in the salivary glands.
Similar analysis made in those triatomine-bugs dead as a consequence of
the mixed infection, revealed parasites in 77%. In general, the presence of
both T. cruzi and T.rangeli was detected in a high proportion (94%) in the
gut, independently of the instar in which they were exposed to infec-
tion. In the haemolymph and the salivary glands, flagellates were obser-
ved in 55%and 37%, respectively. Unlike those observed in the gut, the
infections detected in the haemolymph and salivary glands were exclu-
sively due to T. rangeli. As can be observed, when specimens of R, pro-
lixus were infected with a mixed infection, no flagellates of T. cruzi we-
re detected outside the gut. Moreover, when dissections were carried
out in 300 specimens infected only with T, cruzi, invasion to the hae-
molymph or salivary gland was never detected. -

Time to reach the adult stage: Daily observations carried out on
the 750 specimens of R. prolixus exposed, in each of the instar
nympha, to the infection by T. cruzi, T. rangeli and the mixture of
both parasites, allowed a precise estimation of the time of perma-
nence per imstar in each particular bug, and consequently the time
to reach the adult stage. From 3 groups of 250 each, 236 (94%), 225
(90%) and 161 (64%), respectively reached the adult stage (Table II).

A statistical comparison between unexposed and T. cruzi exposed
bugs, revealed no significant differences. In those bugs exposed to T.
rangeli, only the group infected in the III instar showed a longer time
than the controls to become adult, with a statistically significant diffe-
rence (t=2.53:D.F:66; P<0.02). In relation to the specimens exposed to
a mixed infection, the statistical analysis revealed highly significant
differences (P<0.001) in the time of transformation to adult when
compared with controls.

The analysis of variance carried out among the 3 treatments used
in this study, revealed no significant differences in the time to reach
the adult stage between. T. cruzi and T. rangeli exposed bugs. However,
when these were compared with those bugs exposed to the mixed in-
fection, significant differences were detected (P<0.05),
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TABLE I1.- Time of permanence/instar in Rhodnius prolixus exposed
to Trypanosoma cruzi, Trypanosoma rangeli and mixed infection
at different nymphal stages.

Mean time (z SD) in days of permanence/instar in:
T. cruzi exposed/control-bugs

Exposed

nymphal

stage 1 i It v A% TOTAL
time to
become
ADULT

I 123 1623 18x4 20+5  49+5 11517
101 1621 18+5 20+5 4820 112+18

II ' 9+1 19+#5 204 49:19 97+20
9+1 19x4 20«5 52x18 100£20

I 1122 19+3 49120 ?9120A‘
- 1242 22+9* 4320 77+24

v 2129 43%15 6419
24+13 48x15 72+13

\% 38+12 38+12
43+10 4310

T. rangeli # exposed/control-bugs.

I 9x1 185 171 2324  40£13 10715
104 164 198 23+5 3810 10615

I 1847 au 195 2216 46122 10527
10£2 1827 2124  50+20 99+21
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I 2147,,,22¢6, 44:14 87416 44
111 18«1 47+15 76£15
v 25+10 4114 66+15
25+10 4121 66+23
\Y 38+18 38+18
32¢6 326

T.cruzi + T.rangeli # # exposed/control-bugs.

[ 23#9,,, 16£5 19:+8 25:11 4918, 132:23,,,
12+3 184 17x6 2043 38«11 105¢16

I 28:7 21210 22t9  40:11 111:19***
8:17719:3 1923 46215 92+15

111 2545,,,26%8,, 4012 9113 ,,.
12+1 19+6 38112 7013

v 29:7,,, 41211 709 L
17:2  40:11 57:11

v 54129, 5429,
38+9 38:9

Statistical significance:
* P<0.05
** P <0.01

*** P <0.001
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DISCUSION

The manifestations observed in R. prolixus as consequence of
T. rangeli-infection have not been reported for this species when infec-
ted with T. cruzi, For this reason, in the present study the comparison
of the course of infection in different stages of R. prolixus exposed to
either of these parasites or their combination is made with the intention
of producing some results that can help in the interpretation of the vec-

_tor-parasite ralationship, and the hope of throwing some light on its
epidemiological implications.

In relation to the susceptibility to infection observed in R, proli-
xus exposed to the 3 experimental treatments, significant differences
among them were detected. These values ranged from 98.6% in the
group exposed to T. cruzi to 29.6% in those exposed to T. rangeli, with
an intermediate average (56%) in the bugs exposed to mixed infection.

The high susceptibility observed in the specimens exposed to
T. cruzi, reveals the great adaptation of this parasite to R. prolixus, a
species that is considered its principal vector in Venezuela' ?, due to the
close association observed over the time in endemic areas. This claim is
here supported by the perceptage of susceptibility obtained in each of
the stages, which ranged from 96% to 100%.

The relative low susceptibility recorded in the bugs exposed to
T. rangeli, could be probably ¢xplained for the scanty number of pa-
rasites ingested from the donor mice, which in general exhibited para-
sitaemias of about 40 tryps/mm?®. This affirmation appears to be su-
pported by the results reported by Afiez et al?> who working with the
same isolate of the parasite and triatomine from the same origin as tho-
se used in this study, detected 41% susceptibility to infection in bugs
fed on mice with parasitaemias of 600 tryps/mm?®, indicating that the
auantity of parasites ingested is an essential factor for the establishment
of a T. rangeli-infection in R. prolixus. Analysing the above results in
the epidemiological context, it is possible to find a certain relation with
that observed in nature, In fact, the vertebrate hosts naturally infected
whith T, rangeli usually show occult or inapparent parasitaemias' 1 very
similar to those detected in our donor mice, while natural infections
caused by T. cruzi, at least during the acute phase, always show a hig-
her number of circulating parasites in thier hosts than that observed for
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T. rangeli, as actually happened in our experimental work. Therefore, it
is not surprising to have recorded 98% susceptibility in bugs exposed to
T. cruzi against 29% in those exposed to T. rargeli. These observations
find support in the results of Sousa & Johnson'? who working under
natural conditions in Panama reported that in wild bugs infections by
T. cruzi were theree times more frequent than those by T. rangeli, the
same difference observed in our experimental models.

The susceptibility observed in the bugs exposed to the mixed in-
fection, was higher than detected in the T.rangeli-cxposed groups, but
lower than in the bugs exposed to T. cruzi, with statistically significant
differences (P< 0.001). The probable reason in the case of T.rangeli,
is the high number of parasites ingested by the insects when offered the
infective meal, However, in the case of T. cruzi, it is possible to specu-
late that the observed reduction in the bugs susceptibility could be due
to an effect caused by the simultaneous infection by T. rangeli, which
as is known, can provoke an increase of the haemolymphatic cells'?
which when invading the intestinal wall'* are able to phagocyte flage-
Nates of T. cruzi unable to survive inside the haemocytes as T. rangeli
does! %, causing a partial loss of infection for T.cruziin some speci-
mens originally infected. Although this argument is speculativa, it may
not be ignored in the interpretations on the behaviourof R. prolixus
with mixed infections by T. cruzi and T. rangeli. On the other hand, it
is clear that more investigations to explain the physiological and/or
immunological reasons for this phenomenom, are required.

The individual examination of specimens exposed to the mixed
infection allowed the observation of each species of parasites and their
forms in different regions of the body. So, metacyclic forms of T, cruzi
were observed at the rectum of the infected bugs, while the same forms
for T. rangeli were only detected in the haemolymphand salivary glands.
This observation appears to have epidemiological importance since the
same bug can simultaneously transmit to the vertebrate host the infec-
tion by T. cruzi and T. rangeli. The former by contaminative via, by. de-
positing infected faeces on mucous or sites of easy penetration, and the
latter by inoculating the metacyclics when probing in the skin'® or di-
rectly into the blood vessels during the ingestion (17;16).

The similar mortality observed in specimens exposedtoT. cruzi
and that detected in the uninfected controls, indicates that this parasi-
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te was not responsible for the deaths during the course of the infection.
Analysing these results in the context of Garnhams’s opinion'®, who
stated that the determination of the pathogenicity produced by the pa-
rasites in its insect vectors is only possible through an increase morta-
lity, it is concluded that T. cruzidoes not have a pathological effect on
R. prolixus, independently of the number of parasites ingested by the
bugs. On the contrary, when bugs of the same species were fed on
T. rangeli-infected mice showing a low parasistaemia, a significantly hig-
her mortality than in the controls was detected (P< 0.05). This fact
allows us to incriminate T. rangeli for the majority of deaths, suppor-
ting the observations of previous workers (2;7:13;17;19).

These results suggest that T.rangeli produces its pathological
effect on R. prolixus, although the bugs ingest a relativel low num-
ber of flagellates during the infective meal and also suggest that there is
a direct relation between the amount of ingested parasites and the
mortality produced (i.e. The fewer the parasites ingested the lesser the
mortality). The latter is particular true in the context of this work, in
which average mortalities of 9% and 38% were observed when bugs
ingested a low (in single infection) and a high (in mixed infection)
amount of parasites, respectively. These observations could be of use
for a better interpretation -of what actually happens in nature, in places
where T. rangeli circulates and where, as is known, the reservoirs of this
parasite generally show occult parasitaemias' ' . This obviously demons-
trates thar under natural conditions the tendency of bugs is to ingest
few parasites, allowing us to speculate that if the same pathological
effect observed under laboratory conditions occurs in nature, the
percentage of mortality in wild bugs infected with T. rangeli could
possible be similar to that detected in the present work, when speci-
mens of R. prolixus ingested a low amount of blood forms of this
parasite,

The above leads us to conclude that the mortality observed in
bugs exposed to mixed infection was undoubtedly a consequence
of the parhological effect of T. rangeli, demostrating not only the
harmlesness of T. cruzi to R, nrolixus, but also tnat this narasite does
not inhibit the pathogenicity of T. rangeli. This fact, could have not in-
hibit the pathogenicity of T. rangeli according to Afiez et al.? could
act as a regulator of the nopulation of R. nrolixus. However, this claim
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must be taken cautiously due to wath was demonstrated here: that T.
rangeli has an intensely harmful effect only when the bugs ingest a high
amount of parasites, a condition that appears to be not very frequent in
nature, judging by the inapparent infections commonly detected in the
reservoirs of this parasite.

From the foregoing, it is clear that more investigation under
natural conditions is necessary to elucidate the real effect of T. rangeli
on the populations of R. prolixus, and to explore the possibility of using
this parasite as a type of biological control as suggested by previous
workers? ~2 9,

The comparison of the time to reach the adult stage among
the instar nymphs of R, prolixus exposed to single and mixed infection
with the controls, revealed that groups infected with a high number of
flagellates of T. cruzi and few amount of blood forms of T. rangeli, did
not show significant differences. However, in the sepecimens exposed
to the mixed infection in which the bugs ingested a high number of
flagellates of T. rangeli, a highly significant difference (P< 0.0001) in
relation to control was detected. Although the effect of T. rangelion
the life cycle of R. prolixus, has been studied and confirmed by various
workers (2;1921), it is possible to affirm that the delay in the time of
moulting occurs only when high amount of flagellates are ingested by
the bugs during the infective meal. This suggests the existence of a
direct relation between the amount of parasites producing the infection
and its effect on the bug’s life cycle (i.e. The higher the number of
ingested flagellates the longer the time of development).
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