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EVALUATION OF THE RABBIT AS A MODEL FOR CHAGAS' DISEASE.
. PARASITOLOGICAL STUDIES
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In order to investigate the value of the rabbit as an experimental model for Chagas’ disease, 72
animals have been inoculated by intraperitoneal and conjunctival route with bloodstream forms,
vector-derived metacyclic trypomastigotes and tissue culture trypomastigotes of Trypanosoma
cruzi strains Y, CL and Ernane. In 95.6% of the animals trypomastigotes had been detected at the
early stages of infection by fresh blood examination. The course of parasitemia at the acute phase
was strongly influenced by the parasite strain and route of inoculation. At the chronic phase para-
sites had been recovered by xenodiagnosis andjor hemoculture in 40% of the examined animals.
The xenodiagnosis studies have shown selective interactions between the T. cruzi strains and the
four species of vectors used, inducing significant variability in the results. The data herein present
are consistent with the parasitological requirements established for q suitable model for chronic
Chagas’ disease.
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Teixeira et al. (1975) were the first to report
in rabbits experimentally infected with Trypa-
nosoma cruzi lesions resembling pathology
found in human chronic Chagas’ disease. At the
chronic phase the animals exhibited diffuse
myocarditis, signs of heart failure and megaco-
lon; moreover, 7. cruzi subcellular fractions in-
jected into normal rabbits induced myocarditis
and heart celis lysis, an evidence that Chagas’
disease myocardiopathy might be related to au-
to-immune mechanisms. In a previous paper
Santos-Buch & Teixeira (1974) have already de-
monstrated that lymphocytes from rabbits
chronically infected with 7. cruzi or immunized
with this parasite subcellular fractions were able
to lyse infected and non-infected monolayers of
allogeneic rabbit heart cells. The experiments
strongly suggested the existence of cross-react-
ing antigens between 7. cruzi and host heart
cells. Both papers raised expectations that rab-
bits could be suitable models for immunopathol-
ogical studies and vaccination trials in Chagas
disease, allowing the identification of antigens
shared by 7. cruzi and its host cells.

More recently, further studies confirmed and
expanded the in vivo observations in chronic
rabbits (Teixeira et al., 1983; Figueiredo et al.,
1985). However, the role of this animal as a
model for chronic Chagas’ disease remained
controversial because these findings have not
been reproduced by other groups. Thus, Andra-
de & Andrade (1979) and Chiari et al. (1980)
were unable to confirm those results in relation
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to both parasitological and pathological aspects;
the parasitemia was either undetectable or neg-
ligible despite the large numbers of 7. cruzi
blood forms used in the inocula (10%/g) and le-
sions were absent or not similar to those found
in human chagasic cardiopathy. The reasons for
the discrepancies are unclear. In this series of
papers we will report our experience based on a
comprehensive study of parasitological, immu-
nological and pathological aspects of experi-
mental Chagas’ disease in rabbits.

MATERIAL AND METHODS

Rabbits — 72 outbred male rabbits 2—4
months old were used.

T. cruzi strains and inoculation — the follow-
Ing strains were used: Y, isolated from a chaga-
sic acute case (Pereira da Silva & Nussenzweig,
1953); CL, isolated from a naturally infected
Triatoma infestans collected in Rio Grande do
Sul, South Brasil (Brener & Chiari, 1963) and
Ernane (isolated from a chagasic patient with
cardiac form and megaesophagus). The infective
stages were blood trypomastigotes obtained
from experimentally infected mice (BTry) inoc-
ulated with the Y, CL and Ernane strains and
bled at the 7th, 12th and 30th days of infec-
tion, respectivelly; tissue-culture derived trypo-
mastigotes (Tc¢Try) yielded by “Vero™ cells in-
fected with the Y strain; finally, metacyclic try-
pomastigotes (MTry) obtained from triatomid
bugs (Dipetalogaster maximus) fed on mice
inoculated with Y, CL and Ernane strains.

~ The following groups of animals were
studied: 14, 16 and 12 rabbits inoculated by in-
traperitoneal route (i.p.) with 107 BTry of, re-
spectivelly, Y, CL and Ernane strains: three
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groups of 8 rabbits inoculated with 2 — 4 x 10°
MTry of, respectivelly, Y, CL and Ernane
strains, by conjunctival route; finally, 6 rabbits
with 107 TcTry by i.p. route.

Parasitological examination — Fresh blood
examination was daily performed afier inocula-
tion by collecting 5 ul of blood irom the rabbit
ear -and counting the number of parasites ac-
cording to Brener (1962). Xenodiagnosis was
carried out at different periods after inoculation
using Ist stage nymphs of Dipetalogaster maxi-
mus and 3rd stage nymphs of Triatoma in-
festans, Rhodnius neglectus and Panstrogylus
megistus. Two boxes with 10 nymphs each were
used and the insects kept at 26 -28CC examined
after 30-40 days. In a number of animals in the
chronic phase hemoculture was performed to
detect ongoing 7. cruzi active infections. The
animals were bled through the marginal ear vein
and 10 ml of heparinized blood collected assep-
tically. The blood was then centrifuged at
2,000 r.p.m for 30 min and the cell pellet
washed with LIT (“liver-infusion tryptose”)
medium and then inoculated into three tubes
with 6 ml LIT. The cultures were kept at 280C
and then examined after 30 and 60 days for
living flagellates.

RESULTS

From the 68 rabbits examined during the
acute phase, 65 (95.6%) showed positive fresh
blood examination; in the group of the three re-
maining animals, one had parasites detected by
xenodiagnosis and in the other two an indirect
immunofluorescence test using 7. cruzi ¢pimas-
tigote stages as antigen was positive at low titres
(1:20), but fresh blood examination and xcno-
diagnosis rcmained negative. Somme characteris-
tics of the acute phase such as pre-patent period
and curves of parasitemia were strongly intlu-
enced by the parasite strain. the infective stages
used as inocula and the inoculation route, as
itlustrated by the following data.

Figs. 1 and 2 show the curves ot parasitemia
in rabbits inoculated with BTry and MTry of T-
cruzi Y strain by, respectivelly, 1.p. and conjunc-
tival route. In the first group of animals, inocu-
lated with BTry the parasitemia was rather low
and of short duration (5 to 11 days}:in the ani-
mals inoculated with the vector-derived trypo-
mastigotes the pre-patent period was significant-
ly delayed, the prarasitemia very low and of
short duration as well. Figs. 3 and 4 display
curves of parasitemia of rabbits inoculated with
the CL strain. In two animals inoculated with
the BTry by i.p. parasites were detected as soon
as 24 h after infection, surely corresponding to
infective stages of the inocula which almost di-
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rectly pass to the bloodstream; parasitemia grad-
ually increased to subside within 3 weeks in-
fection; in one animal an abortive infection was
induced. In the rabbits inoculated with the
MTry by conjunctival route the pre-patente pe-
riod was unusually long (23 to 33 days), the pa-
rasitemia significantly lower than that of the
previous group inoculated with the BTry, and
the patent period was of variable duration. Fig.
5 shows parasitemia curves in animals inocula-
ted with MTry of T. cruzi Ernane strain by con-
junctival route. The pre-patent period was of a-
bout 2-weeks, the curves of parasitemia were ir-
regular and parasites remained circulating for
3 — 4 weeks. Finally, in the rabbits inoculated
with TcTry by i.p. route, BTry were extremely
scarce in the bloodstream and circulate for only
a few days (data not shown).
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Fig. 1: Curves of parasitemia in rabbits inoculated with
107 bloodstream forms of T, cruezi Y strain, by intra-
peritoncal route,
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Fig. 2: Curves of parasitemia in rabbits inoculated with
2-4 x 103 metacyclic trypomastigotes collected from
Dipetalogaster maximus infected with T. cruzi Y strain,
by conjunctival route.
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Fig. 3: Curves of parasitemia in rabbits inoculated with 107 bloodstream forms of 7. cruzi CL strain, by intra-
peritoneal route,
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Fig. 4:Curves of parasitemia in rabbits inoculated with 2-4x 103 metacyclic trypomastigotes from Dipetalogaster
maximus infected with 7. cruzi CL strain, by conjunctival route.
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Fig. $: Curves of parasitemia in rabbits inoculated with 2-4x 107 metacyclic trypomastigotes from Dipetalogaster
maximus infected with T. ¢ruzi Ernane strain, by conjuctival route.

Table I shows the percentage of positive xe-
nodiagnosis in 36 rabbits inoculated with Y and
CL 7. cruzi strains, examined for a period of 3
to 22 months after inoculation. The percentage
of positive xenodiagnosis was signiticantly
higher in the group of animals inoculated with
CL than with Y strain. An interesting peculiari-
ty was that a higher percentage of positive xe-
nodiagnosis was detected in the group of ani-
mals inoculated by i.p. route (CL: 75%, Ernane:
50% and Y: 20%) than in those inoculated by
conjunctival route (CL: 33%, Ernane: 25% and
Y: 12%). In Table II are shown the results ob-
tained using four different vector species in the
xenodiagnosis performed in rabbits inoculated
with the same both strains and also followed-up
for 3 to 22 months. In relation to the animals
inoculated with the Ernane strain the xenodiag-
nosis had been carried out only for the period
of 2 to 10 months after inoculation and in 5
out of 14 rabbits (35.7%) parasites could be de-
tected after examination of 108 tests. In sum-
mary, from a total of 50 rabbits inoculated
with the three T. cruzi strains and submitted to
536 xenodiagnosis using four different vector
species, 19 animals (38.0%) were positive. Fi-
nally, Table III displays results of hemoculture
performed in rabbits inoculated with Y and CL
strains and bled at the chronic phase (7 — 24
months after inoculation), showing again a sig-
nificantly higher percentage of positive results
in the animals inoculated with the CL strain.
Since one of the rabbits presenting positive he-
moculture had negative xenodiagnosis, the total
number of animals in which parasites could be
detected by either method was 20 out of 50
examined (40%).

DISCUSSION

In recent papers related to the use of the
rabbit as a model for Chagas’ disease studies,
parasitemia has been ascertained either by posi-
tive xenodiagnosis { Teixeira et al., 1983; Figuei-
redo et al., 1985) or was often undetectable
(Andrade & Andrade, 1979; Chiari et al.,
1980}. In our material 95.6% of the inoculated
rabbits exhibited a typical acute phase as de-
fined by the presence of patent parasitemia de-
monstrated by fresh blood examination. In
some occasions when huge inocula of BTry of
the CL strain were given by 1.p. route, the pre-
patente period was difficult to esblish because a
certain percentage of the parasites were able to
pass directly into the bloodstrearn could be
detected as early as 24 hours after inoculation.
In general this early parasiternia merged with
the subsequent waves of parasites which resul-
ed from the intracellular cycle, characterizing
the acute phase. This phenomenon has been re-
ported by Dias (1934) and again investigated by
Brener (1969). On the other hand, in the ani-
mals inoculated by conjunctival route with
MTry the pre-patente period, whatever the
strain used, was fatrly long (2 to 4 weeks).

In accordance with data obtained in other
experimental 7. cruzi hosts such as mice and
dogs (Brener, 1977; Pedreira de Castro & Bre-
ner, 1985) the curves of parasitemia in rabbits
have been strongly influenced by the 7. cruzi
strain used as inoculum and the route of infec-
tion. In general animals inoculated with the CL
strain exhibited higher and more prolonged pa-
rasiternia than those induced by Y strain. This
phenomenon is likely to depend on strain-rela-

e



EXPERIMENTAL RABBITS 7. CRUZI INFLCTION

535

TABLLE I

Percentage of positive Xenodiagnosis in rabbits inoculated with the
Y and CL T, cruzi strains and followed-up for 3 to 22 months
after inoculation

T. cruzi : 1 . No. positive % positive
strain No. animals No. tests animals anlmals
Y 18 211 16.7
CL 18 217 11 61.1

TABLL LI

Results of xenodiagnosis in rabbits inoculated with the Y and CL T, cruzi strains,
performed within the period of 3 to 22 months using four different triatomid-bugs species

T cruzi

No. positive % positive

Vector ctrain No. animals  No. tests animals animals
Rhodnius neglectus Y 18 90 0 0
Trigtoma infestans Y 14 43 | 7.1
Panstrongvius megistus Y 12 39 2 16.6
Dipetglogaster maximus Y 12 39 2 16.6
Rhodnius neglec tus CL 18 140 11 61.1
Triatoma infestans CL 17 43 1 5.8
Panstrongystus megistus CL 9 17 0 0.0
Dipetalogaster maximus CL 9 L7 1 11.1

TABLE III

Percentage ot positive hemocultures in rabbits inoculated with the
Y and CL T. cruezi strains and cxamined at the chronic stage of
infection {7 to 22 months) after inoculation

T. cruzi : : x e No. positive % positive
strain No. ammals No. tests animals animals
Y 11 15 0 0
CL 16 23 4 25.0

ted biological differences of the BTry of both
populations. There is a bulk of evidence show-
ing that BTry from the CL strain are better e-
quipped than the Y strain to evade both in vivo
and in vitro from the effects of anti-7. cruzi an-
tibodies (Krettli & Brener, 1976). Morcover, as
demonstrated by Bertelli & Brener (1980), CL
BTry collected from mice at 12 — 14 days of
infection display limited capacity to invade mus-
cle and epithelial cells, a phenomenon that to-
gether with the resistance of these forms to the
immune response might result in a gradual ac-
cumulation of the parasites in the host bloods-
tream (reviewed by Brener, 1980).

A suitable chronic model for Chagas’ disease
should allow the recovery of the parasites at
the late infection by conventional parasitologi-
cal methods. This aspect has been also investiga-
ted in our inoculated rabbits at the chronic
phase when BTry could not anylonger be de-
tected by fresh blood examination. In general,
parasites could be recovered by xenodiagnosis
and/or hemoculture in 40% of the examined
animals, a figure consistent with the above men-
tioned requirement. In addition, as we will
show in the next paper of this series, there is
enough evidence provided by serological meth-
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ods showing that pratically all inoculated rab-
bits remained infected by 7. cruczi

Our experience with xenodiagnosis disclosed
interesting aspects of the interaction between
T. cruzi and its vectors, namely, the impressive
susceptibility of R. neglectus to infection by the
CL strain (61.1% positive) and the refractori-
ness to the Y strain (0% positive). These differ-
ences are not likely to be explained by the
higher parasitemia observed at the early stages
of the infection induced by CL strain. Actually,
the xenodiagnosis had been performed every
two months for 3 to 22 months after infection
and the higher percentage of positive xenodiag-
nosis in the CL-inoculated rabbits was present
during the whole period of observation (data
not shown). Interestingly, the same facility to
detect parasites in rabbits inoculated with the
CL strain rather than with the Y strain was ob-
served when hemoculture was used instead.

RESUMO

Avaliacdo do coelho como modelo para a
doenca de Chagas. 1. Estudos parasitologicos
— Com a finalidade de investigar o uso do
coelho como modelo experimental da doenga
de Chagas, 72 desses animais foram inoculados
por via intraperitoneal e conjuntival com for-
mas sanguineas, tripomastigotas metaciclicos
obtidos de triatomineos e tripomastigotas obti-
dos de cultura de tecido, usando-se as cepas Y,
CL e Ernane do T. cruzi. Em 95,6% dos coe-
lhos 0 exame de sangue a fresco foi positivo, o
que evidencia uma alta suscetibilidade desses a-
nimais a injec¢do pelo 7. cruzi. O curso da para-
sistemia na fase aguda da infecgdo € intensamen-
te influenciado pela cepa do parasita e via de i-
noculagdo usada. Na fase cronica parasitas fo-
ram recuperados através de xenodiagnostico
e/ou hemocultura em 40% dos coelhos exami-
nados. A andlise dos resultados dos xenodiag-
nosticos revelou a existéncia de interag¢Ges sele-
tivas entre as cepas do 7. cruzi e as quatro espé-
cies de vetores empregados, evidenciadas por
significativa variabilidade dos resultados. De um
modo geral os resultados obtidos no presente
trabalho atendem ao pre-requisito de ordem pa-
rasitologica sugerido para um modelo para a do-
enca de Chagas na fase cronica.

Palavras-chave: coelhos — infeccdo por 7. cruzi —
aspectos parasitologicos — xenodiagnéstico
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