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Evaluation of the Rabbit as a Model for Chagas Disease - II.
Histopathologic Studies of the Heart, Digestive Tract and
Skeletal Muscle
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Edmundo Chapadeiro/**, Zigman Brener**
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In order to investigate the value of the rabbit as an experimental model for Chagas’ disease, seventy
one animals were inoculated with differémypanosoma cruztrains and routes. The rabbits were
submitted to necropsy in acute (earlier than three months of infection), recent chronic (three to six
months) and late chronic (later than six months) phases.

Myocarditis, generally focal and endomysial, occurred in 94.1%, 66.7% and 70.8% of the infected
rabbits respectively in the acute, recent chronic and late chronic phases. The myocardial inflammatory
exudate was composed by mononuclear cells, and also polymorphonuclear cells in the acute phase. Ir
most cases of the late chronic phase, the myocarditis was similar to that described in the indeterminate
form of human chagasic patients. Initial fibrosis occurred in the three phases but was more severe and
frequent in the early chronic. Advanced fibrosis occurred only in the late chronic phase. Tissue para-
sites occurred only in the acute phase. The digestive tract and skeletal muscles showed mild and occa
sional lesions.

Our data indicate that experimentally infected chagasic rabbits repeat some lesions similar to that of
humans chagasic patients, specially that of the indeterminate form. So, it may be a useful, however not
an ideal, model.
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Many aspects of Chagas’ disease remain poor(ifeixeira et al. 1975, 1983a, b, Figueiredo et al.
understood, in spite of large number of researchd®79, Rezende Filho et al. 1979), and discourag-
in this subject. One example is the pathogenesis wfg for others who employed strains as Y, CL, MR
the cardiac lesions in the chronic phase of the diahd 12SF (Andrade & Andrade 1979, Chiari et al.
ease. So, it is indispensable to select adequate 980). With the Colombian strain, Figueiredo
perimental models that can reproduce all or th@984) and Figueiredo et al. (1985) observed sig-
majority of the pathologic events observed in hunificative lesions, which was not confirmed by
man cases, as recommended by WHO (1984Andrade and Andrade (1979).

According to Brener and Ramirez (1985), other The aim of this research is to study the histo-
conditions are necessary, such as the developméaygic lesions of the heart, digestive tract and skel-
of the lesions in relatively short time, easy manipuetal muscle of rabbits infected with different strains
lation and accessible cost and maintenance.  of T. cruzi by different numbers of parasites and

Regarding to rabbits, there are many contra-outes, during the acute and chronic phases of the
versies about its usefulness as an experimeniafection.
model to the study of (_3haga§’ disease. Different MATERIALS AND METHODS
researchers have obtained discordant results, that
were promising for those who utilized strains as Eighty three outbred male 2-4 month old rab-

Ernestina and Albuquerque Bfypanosoma cruzi bits, weighing from 800 to 1,300 g were utilized.
Among them, 71 were infected by intraperitoneal

(ip) or conjunctival (conj) routes, with Y, CL or

*Present address: Servico de Anatomia Patolégica, Hdsrnane (Er) strains df. cruzi and 12, non-infected,

pital de Clinicas da Universidade Federal de Uberlandisyere used as controls.
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mastigotes (TcTry) of the Y strain; (c) metacycliaecent chronic phase, three to six months of infec-
trypomastigotes (MTry) of the three strains, obtion; (c) late chronic phase, later than six months
tained fromDipetalogaster maximus of infection.

Forty eight (48) rabbits were infected by ip  The chi-square test was utilized to compare the
route with 13 BTry (14 with Y, 16 with CL and frequencies of the lesions observed in the diverse
12 with Er) or TcTry (6 with Y) and 23 by conj groups (p value 0.05 was considered statistically
route with 2 - 4 x 1®MTry (8 with Y, 7 with CL ~ significant).
and 8 with Er).

Seventy six rabbits were sacrificed and seven RESULTS ) )
died spontaneously between 22 days and 24 months Acute phase i 16 out of 17 animals submit-
post-infection and were submitted to necropsyted to necropsy during the acute phase (94.1%), it
Fragments of heart (from the four chambers), diwas observed myocarditis varying from VmF to Z
gestive tract and skeletal muscle (diaphragm, ifTable), characterized by myocardial foci of mono-
tercostal and psoas) were obtained foRuclearinfiltrate bound to the sarcolemma of myo-
histopathological examination. Routine histologicardial cells, and occasional neutrophils and eosi-
cal sections were stained by hematoxylin-eosiRophils granulocytes, with endomysial distribution
(H&E) and Gomori or Masson trichrome. Immuno-and variable extension (Fig. 1). The exudate was
histochemistry reaction with the peroxidaseassociated with degeneration and destruction of
antiperoxidase method (Taylor 1986) was used iftyocardial cells. Nests dt cruziamastigotes were
heart sections of 31 rabbits, to amplify the searc$een in six rabbits (35.3%): four infected with Y;
of amastigote forms. one with CL and one with Er.

The histological study of the heart, digestive Initial fibrosis (VmF) occurred in the myocar-
tract and skeletal muscle samples was systemaiim in only one rabbit, infected with Er. None

cally done, specially concerning the inflammatory
process when present (topography, characteristigs,, —
= |
L
r

of the exudate, fibrosis) and the presence of par :}', l.;, " "-'_tsg-h y h‘:i'_"
sites. Myocarditis, diagnosed in accordance to th " J" b -'& !
Dallas’ criteria (Aretz 1987), was evaluated quali- "fi N

tatively (inflammatory exudate, fibrosis), s, * '-1; K

a0 )
semiquantitatively, topographically (endomysial o1 11 1‘.‘1‘,! R o
perimysial inflammation) and about its extent: fo-, e.i;ﬂé: ?!ﬁ"'f:
Ty TR g B
t 5 dt el

cal (F), isolated little injured areas; zonal (Z), many .,
confluent foci; and diffuse (D), large confluent ar- 3%
eas. To apprise the evolution of the myocarditis":
three aspects were considered: (a) leukocytic ir 5 .
filtration, characterizing active inflammation; (b): %
fibroblastic proliferation with minimal young col- = =
lagen deposition, called here “initial fibrosis”; (c) = *
abundant dense collagen deposition, designat¢
“advanced fibrosis”. For semiquantitative evalua- =" °
tion, the inflammatory exudate, the initial fibrosis
and the advanced fibrosis were characterized as' .*
Z or D. When F, the number of foci per 100 higr *
power field (HPF) was counted, with a 40x objec+  *
tive. Comparing the infected with the controls ani, -~
mals, it seemed suitable to consider: (a) absen. =
of lesion, less than one focus per 100 HPF (/10"
HPF); (b) very mild focal lesion (VmF), one to two ™ “: X
/100 HPF; (c) mild focal lesion (MF), three to ten| *
f/100 HPF; (d) moderate focal lesion (MoF), 11 tc %7 «
25 /100 HPF; (e) severe focal lesion (SF), mori™ & =as
than 25 /100 HPF. Thus, the crescent severity d¢*
gree were: VmF, MF, MoF, SF, Z and D. e
For description and analysis of the results, it.

- : - Fig. 1: rabbit myocardium in the acute phase (23 days of in-
was considered three phases accordlng to the t"ﬁ%ﬁon by Ernane strain): acute multifocal confluent (zonal)

lapse from t.he infection to the necropsy: (a) acut@yocarditis characterized by endomysial mononuclear exu-
phase, earlier than three months of infection; (Ijate, associated to destruction of cardiac fibrocells. H&E x200.
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filtrate with or without neutrophils and eosinophils
appeared in eight rabbits (47.1%), four infecte
with Y, one with CL and three with Er strains. Onl ‘
one animal showed a focus of mononuclear mﬂ?‘ v
tration in the endocardium .
In the digestive tract it was evidenced myositis
pointed out by mild focal infiltration of mono-w
nuclear cells on the muscularis propria, in two a
mals infected with Er. Signs of ganglionitis of th .
myoenteric plexus were not observed. \ W
Focal myositis in the skeletal muscle was see % ¥,
characterized by little foci of mononuclear mﬂlaf‘

had advanced fibrosis.
' Epica_lrditis, Qistinguished by mononuplear_in Eﬂ‘;

trate and destruction of muscle cells, in three r
bits infected with Y, CL and Er strains.
Parasites were seen only in the myocardium ag,

only in the acute phase. .

Recent chronic phaseAmong the six animals . \ .

investigated in the recent chronic phase, fo'

(66.7%) showed myocarditis with leukocytic in ‘

filtrate qualitatively similar to that seen in the acut

phase varying from VmF to Z (Table) In two ani ’ .

mals, besides the mononuclear exudate and k

extensive myocardial destruction, there was initi ' "

fibrosis of Z extension (Fig. 2). None of them pr *

sented advanced fibrosis. t .
Epicarditis, pointed out by focal mononuclev ‘ .

infiltration, occurred in one rabbit (16.7%) inocu [ m oy R

lated with Y strain. No endocardial lesions were

seen. Fig. 2: rabbit myocardium in the recent chronic phase (four

The digestive tract presented exclusively m”dnonths of infection by Y strain): multifocal confluent (zonal)
myocarditis with initial fibrosis; proliferation of fusiform cells,

focal myositis involving the esophagus and StorT'probably fibroblasts, with young collagen deposition, replac-
ach of one animal infected with Y. In the stomaching the dead myocardial cells. Gomori’ trichrome x400.

the process also reached a small area of the
myoentheric plexus (Fig. 3).

The skeletal muscles did not show any histo- The most severe case of myocarditis was found
logic alteration. in a rabbit that died spontaneously in the 6th month

Late chronic phase Among 48 animals sub- of infection by Y strain. In this case, the myocar-
mitted to necropsy during the late chronic phaselium showed intense multifocal, confluent (Z),
34 (70.8%) presented myocarditis characterized byononuclear infiltrate, with severe myocytolysis
mononuclear, mainly endomisial, exudate and dexnd confluent (Z) foci of fibrosis of the initial and
generative and necrotic phenomena, similar tadvanced type. Another rabbit, with 12 months of
those observed in the former groups, varying frorimfection by Y strain, also showed significant Z
VmF to Z (Table). Nevertheless in 14 animaldibrosis of the advanced type, but with less severe
(41.2%), the myocardial inflammation acquired anflammatory exudate and no initial fibrosis. It is
fibrous feature (Fig. 4). The intensity of the cellunoteworthy that one rabbit died suddenly due to
lar infiltration and fibrosis had great variability, asright ventricle tip rupture and hemopericardium.
well as the degree of association between these two that area, the heart showed more severe
phenomena. In three others rabbits, one infectadyocarditis.
with Y and two infected with Er strains, only mild ~ Chronic epicarditis occurred in nine animals
focal fibrosis without infiltrate was observed. The(18.8%): three were infected with Y, five with CL
fibrosis was endomisial and perimisial, being ofind one with Er strains. The epicardial exudate was
the advanced type in the great majority of casesry mild and represented by one or few groups of
and varying from VmF to Z (Table). Initial fibro- mononuclear cells. Subepicardiac nervous ganglia
sis, in addition to advanced ones, was present Were normal.
five animals (10.4%), varying from VmF to Z In the digestive tract, focal myositis, charac-
(Table). terized by mononuclear infiltrate in the muscularis
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Fig. 3: rabbit gastric muscularis propria in the recent chroni€ig. 4: rabbit myocardium in the late chronic phase (six months

phase (three months of infection by Y strain): focal myositiof infection by Y strain): multifocal confluent (zonal)

characterized by mononuclear and neutrophil infiltration. H&Emyocarditis with perimysial and endomysial fibrosis, with

x400. heavy deposition of dense collagen (advanced fibrosis).
Gomori’ trichrome x200.

propria, was found in the esophagus of five ani- DISCUSSION

mals, three infected with Y strain and two other  acyte phase The histological lesions observed

with CL strain; in the stomach of three rabbits, ong, neart, digestive tract and skeletal muscle of the
infected with CL strain and two other with Er strain;aeyte chagasic rabbits were qualitatively similar
in the cecum of one animal inoculated with Efq that found in humans (Lopes et al. 1987) and in
strain; and in the colon of one, infected with Clyher experimental models (Andrade & Andrade
strain. Muscular fibrosis occurred in the esopharg79 Beraldo 1987 Chapadeiro et al. 1988
gus of one animal infected with Y strain and in thy e cinj-Aimeida et al 1990, Ramirez et al. 1991),
cecum of two others, being one infected with Cly, o 0h generally milder and scarcer mainly in

and the other with ¥ strains. In the last animal, thg, o jqeqtive tract and in the skeletal muscles.
fibrosis involved large area of the outer coat of the ™+ 0" - \te chagasic myocarditis showed vari-

g;csgut!ﬁr'sthegoggsae atnh?a tirll?rarrnnyuorglntr(]ae”r?/oﬂgxsus \ble severity depending on the strain of the para-
pting ' Y3ite: it was more severe with Er strain infection,

tem did not present lesions. mild to moderate in the inoculated with Y strain

Focal skeletal myositis, pointed out by mild . . . X ,
mononuclear exudate and injury of the muscula?nd milder with CL strain. The intensity of the

cells, was found in five rabbits, two infected Withmyoca_rdial inflammatiqn did not present relation-
v an’d three with CL strains ' ship with cardiac parasitism. In this aspect the rab-

The Table summarizes the microscopic Iesion@it model is not similar to the human acute cases
observed in heart, digestive tract and skeletgPmitted to necropsy, which usually present in-

muscle of all groups in different phases of the inl€NSe tissue parasitism (Lopes et al. 1987).

fection. The scanty tissue parasitism, although present
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in rabbits infected by the three strains, was observegvere myocarditis.
only in that inoculated by ip route, that evidenced The scarcity of the epicarditis and its similarity
the highest levels of parasitemia by direct examiwith the control lesions does not permit compari-
nation (Ramirez 1984, Ramirez & Brener 1987)sons with the human chagasics. The same occurs
Nevertheless, tissue parasitism did not show cowith the digestive tract lesions. In skeletal muscle,
relation with the parasitemia since animals inocuao lesion was observed in the recent chronic phase.
lated with CL strain presented higher peaks of Late chronic phaseThe absence of tissue para-
parasitemia than those infected with Y. The morsitism in the late chronic phase in our material is
frequent tissue parasitism in the animals inoculatezbincident with the majority of published obser-
with Y strain would be due to the virulence behavvations in rabbits (Teixeira et al. 1975, Andrade &
ior of this strain (Andrade 1973). Andrade 1979, Figueiredo et al. 1979, Figueiredo
In our material, the acute chagasic myocarditi$984, Figueiredo et al. 1985, Teixeira et al. 1983a,
seemed to be qualitatively similar to that describel). Only Gonzales Cappa et al. (1977) reported tis-
by others (Andrade & Andrade 1979, Figueiredsue parasites in this phase. In this aspect, the in-
etal. 1979, Teixeira et al. 1983a, Figueiredo 1984fected rabbits would look like the human chronic
The unique case of initial myocardial fibrosiscases (Lopes et al 1987), and other animal models
among the acute chagasic rabbits perhaps sholfldbpes et al. 1979, Bolomo et al. 1980, Lana 1982,
be correlated to the acute chagasic myocarditBonecini-Almeida et al. 1990).
because the morphological characteristics of this The myocarditis in the late chronic phase was
finding are similar to that observed in the recengignificantly less frequent than in the acute one,
chronic phase. but didn’t show significant difference with the re-
The epicarditis, although mild and found incent chronic phase. It was significatively more fre-
some control animals, may be, at least in part, duigient with Y and CL strains infection and more
to T. cruzi According to Figueiredo (1984) andsevere in two animals inoculated with Y strain. It
our data, it does not seem to occur in the acute important to stress that the Er strain, that was
chagasic rabbits so severely as in humans (Lopesolved with the more severe acute myocarditis,
et al. 1987). produced only mild myocardial lesions in the late
Recent chronic phaseAlthough researchers chronic phase. Such fact seems to indicate that the
who studied previously the chagasic rabbit hathtensity of the chronic chagasic myocarditis may
considered the chronic phase as a whole, and dié at least in part due to the strain behavior with
not separate events that can occur between thnegard to a host, and thus it would not be so depen-
and six months of the infection, we believe sucklent on the acute lesions intensity.
separation to be helpful in order to detect possible The advanced myocardial fibrosis, with
lesions interposed between the acute and the laadomysial and perimysial localization, just
chronic (after six months) phases, and in this wagmerged in the late chronic phase, and was a little
to try to establish the morphogenesis of the pathoaore frequent and intense (but without statistical
logical process. significance) in the infected with Y, in compari-
In spite of the negativity of tissue parasitism irson to CL and Er inoculated animals. Between the
the animals studied in the recent chronic phasktter, practically there was no difference. Taking
Ramirez (1984) demonstrated the presence of paia- account only the animals that presented
sites by the xenodiagnosis and the presence of lytieyocarditis, the frequency of advanced myocar-
antibodies, which indicate the infection activity . dial fibrosis was similar in the infected with Y and
The myocarditis was less frequent in this grougr strains.
as compared to the acute phase, albeit the differ- Confronting the literature data, in our experi-
ence was not statistically significant, perhaps dument we observed a more expressive chronic
to the low number of animals. myocarditis than Andrade and Andrade (1979), but
The initial fibrosis presented clear tendency téess significant than that achieved by others
be more frequent in the recent chronic phase, b(Eigueiredo et al. 1979, Teixeira et al. 1975, 1983a,
the difference in relation to the other phases did). The divergence with the last ones may be due
not show statistical significance. Being more sein part to evaluation criteria, but it seems to origi-
vere in the recent chronic phase, and in two aniate chiefly from the differences between the rab-
mals allocated in the late chronic phase but studits’ races, the strains @f. cruziused and their
ied with six months of infection (at the boundarymaintenance medium. That researchers utilized
between the recent and later chronic phases), ithew Zealand white or inbred I11/J rabbits and
possible that the initial fibrosis represents reparanainly the Ernestina strain @t cruzimaintained
tive phenomenon following the myocardial de-n fetal rabbit tissue culture. Regarding to fibrosis,
struction in the acute phase, in the cases of mooar findings in rabbits agree with that of Andrade
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(1973) in mice: fibroblastic proliferation (called Andrade ZA, Andrade SG 1979. Patologia, p. 199-248.
initial fibrosis in the present investigation) was seen In Z Brener, Z Andrade (eds). Trypanosoma cruzie
at 90 to 120 days of infection and fibrosis (ad- 206”93 de ChagasGuanabara Koogan, Rio de
vanced fibrosis in our designation) was present only Yaneiro.

after the 6th month g ) P Xretz HT 1987. Myocarditis: the Dallas criterigdu-

. e man Pathology 18619-624.
Although there are no reports on eP'Card't's.'%eraldo PSS 1987Sobre a infec¢éo chagasica experi-

chronic chagasic rabbits, we observed this lesion” ,ental no rato; estudo eletrocardiografico seriado

also in the chronic phase, that was significantly e funcional autonomico do coragéo, correlacionado

less frequent than in the acute phase. a histopatologia MSc Thesis. Universidade de
In our experimental condition, the rabbit did Brasilia, Brasilia, 178 pp.

not reproduce the severe digestive tract lesions frBelomo N, Milei J, Cossio PM, Segura EL, Languens

quently observed in human chronic chagasic pa- RP,Fernandez LM, Arana RM 1980. Experimental

tients as well in the same animal by other investi- Chagas’ disease in South American primatebus

gators (Teixeira et al. 1975, Rezende Filho et a|, SP-)- Buenos Airedfledicina 40:667-672.

1979, Figueiredo 1984). Again, it is probable thabCecin-Almeida M, Galvao-Castro B, Pessloar']\"HR’,

the differences between their finds and ours was pirmez C, Laranja F 1990. Experimental Chagas

. disease in rhesus monkey - I. clinical, parasitologi-
dependent on the type and/or the sourde oruzi cal, hematological and anatomo-pathological stud-

strains and/or the host. _ies in the acute and indeterminate phase of the dis-
Regarding the skeletal muscles of the chronic ease.Mem Inst Oswaldo Cruz 8363-171.
chagasic rabbits, our findings agree with those ®&rener Z, Ramirez LE 1985. Modelo crénico da doenca
other investigators (Teixeira et al. 1983a, b, de Chagas experimental, p. 23-28. In JR Cangado,
Figueiredo 1984). M Chuster (eds)Cardiopatia chagasicaFundacéo
It was not detected histopathological differ-  Carlos Chagas, Belo Horizonte. o
ences among rabbits infected by MTry, BTry and:hapadequ E, Beraldo PSS, Je§us PC, Qllvelra Jr WP,
TcTry. Junqueira Jr LF 1988. Lesdes cardiacas em ratos

. . . . Wistar inoculados com diferentes cepas de
In conclusion, in the experimental conditions Trypanosoma cruzi Rev Soc Bras Med Trop 21:

established in our research, the rabbit model was g5 193

able to reproduce a chronic focal, endomysial an@hiari E, Tafuri WL, Bambirra EA, Rezende MM,
perimysial myocarditis, with fibrous feature, quali-  Ribeiro TO, Castro LP, Salgado JA, Amaral de
tatively similar to that observed in human cases Padua RA 1980. The rabbit as a laboratory animal
but with low potential to develop the more severe for studies on Chagas’ disease; research rige
forms of chronic myocarditis, and showed only Inst Med Trop S&o Paulo 2207-208.

mild histological lesions in digestive tract and skelFigueiredo F 1984.Infeccéo experimental de coelhos
etal muscles. In the majority of the animals, the €OM Trypanosoma cruzi; aspectos de parasitologia,
myocarditis was mild and similar to that described  Munologia e patologiaMSc Thesis. Faculdade de

in the indeterminate form of the human chagasic Medicina de Ribeirdo Preto da Universidade de Sao
g Paulo, Ribeirdo Preto, 119 pp.

patients. Thus, the rabbit did not behave as an ideﬁ{;ueiredo F, Macedo V, Teixeira ARL 1979. Experi-
model for study of the chagasic infection. Never- ™ mental model for chronic Chagas’ disease, p. 18.

theless, as it reproduced some of the lesions de- |n International congress on Chagas’ disease, Anais
scribed in the heart of humans naturally infected Rio de Janeiro, Instituto Oswaldo Cruz.

with T. cruzj mainly in the indeterminate form, Figueiredo F, Rossi MA, Ribeiro dos Santos R 1985.
this animal may be useful for the study of some Evolucéo da cardiopatia experimentalmente induzida

aspects of the Chagas’ disease. em coelhos infectados cdfnypanosoma cruzRev
Soc Bras Med Trop 1833-141.
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