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EXPERIMENTAL CHAGAS' DISEASE IN RHESUS MONKEYS. t. CLINICAL,
PARASITOLOGICAL, HEMATOLOGICAL AND ANATOMO-PATHOLOGICAL
STUDIES IN THE ACUTE AND INDETERMINATE PHASE OF THE DISEASE
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Rhesus monkeys (Macaca mulatta) were infected subcutaneously with 1.0x 10% to 1.5 x 10?
metacyclic trypomastigotes of Trypanosoma cruzi {Colombian strain). Parasitological and immunol-
ogical parameters were evaluated in these animals for periods of 1 month to over 3 years. A
chagoma was observed between the 3rd and the 13th day after infection (a. i.) and patent parasi-
taemia between the 13th and 59th day a.i.. Thereafter, parasites were demonstrated only by haemo-
culture and/or xenodiagnosis, Circulating specific IgM and IgG antibodies were observed as early as
in the 2nd week a, i, IgG levels persisted until the end of the experiment, but IgM antibodies were
detectable nine months a. i, Haematological alterations comprised leucocytosis and lymphocytosis.
Eletrocardiographic alterations were minor and transient, similar to those observed in non-lethal
human acute Chagas’ myocarditis, Myocarditis and myositis, characterized by multiple foci of
lympho-histiocyte inflammatory infiltrate, were present in monkeys sacrificed on the 41th, 70th
and 76th day but not in the animal sacrificed 3 years and 3 months a. i.. The results suggest that
Chagas’ disease in rhesus monkeys reproduces the acute and indeterminate phases of human

Chagas’ disease.
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Chagas’ disease (Chagas, 1909), can manifest
itself in a wvariety of clinical and pathological
forms. The acute phase is characterized by
high parasitaemia, which wusually subsides
spontaneously. The indeterminate phase is
characterized by an absence of clinical symp-
toms, sub-patent parasitaemia, and the infection
may remain quiescent for many vears or de-
cades. A variable percentage of the patients may
develop a progressive chronic form which is
characterized by myocarditis and/or megaesoph-
agus and/or megacolon.

The difficulty of studying all the aspects of
the disease in human beings has led to the search
for an adequate experimental model. Various
animal species such as mice, dogs and rabbits
have been proposed, but differences from
human infection were always observed (WHO,
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1984). On the other hand, monkeys seem to
be a suitable model for the reproduction of
human disease (Muniz et al., 1970; Seah et al.,
1974, Marsden et al., 1976; Pung et al., 1988
a, b). However, only one kinectic study in
Cebus apelln monkeys has been carried out up
to date (Rosner et al., 1988, 1989). The present
study was thus performed in order to investigate
the kinetics of the acute and indeterminate
forms of Chagas’ disease in rhesus monkeys.

MATERIALS AND METHODS

Animals: fifteen male Macaca mulatta, 4.4 to
10 years old, with 70 to 77 c¢m of height
weighing from 7.2 to 14.3 kg, were purchased
from Primatology Center of the Oswaldo Cruz
Foundation, Rio de Janeiro, Brasil (Table). The
monkeys were maintained under quarantine for
6 months.

Serological tests for Chagas’ disease and the
PPD skin test (50IU) were negative and no
alteration in electrocardiogram (ECG), chest X
rays, haematologic analysis and plasma protein
concentrations were observed during this period.
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TABLE
Experimental Chagas’ disease in rhesus monkeys: general data
' , Inoculum Duration of
Monkeys Age Body weight : , - g
. , ) {T. cruzifkg parasitaermia
identification (years) (kg) % 10%) (days after infection)
1 7.0 104 14 22-53
2b 10.0 13.3 1.1 2041
3 6.0 8.7 1.1 17-59
4c 6.0 7.9 1.3 17-59
5 6.0 12.0 1.2 22-37
6b 10.0 14.3 1.0 16-41
7 10.0 12.2 1.2 15-37
gd 4.4 7.2 2.1 13-55
9 5.5 0.0 1.7 18-55
10¢ 4.4 11.0 1.4 18-53
i1 4.5 9.9 1.5 18-55
12 4.6 7.9 19 13-55
13 4.5 8.7 1.7 13-55

a) as detected by direct observation in optical microscopy

b) sacrificed 41 days after infection (a. 1.)
c) sacrificed 3 yearsa.i.
d) sacrificed 70 days a. 1.
e) sacrificed 76 days a. 1.

Trypanosoma cruzi and experimental infec-
tion: stabilates of blood trypomastigotes of the
T. cruzi Colombian strain (Federict et al.,
1964) were used to infect mice. Triatoma
infestans were ted on these mice and metacyclic
trypomastigotes were obtained from bug urine
30 days afterwards (Lugo, 1973; Zeledon et al.,
1979). This process yielded a 98% pure meta-
cyclic trypomastigote preparation, which was
used to inoculate 13 monkeys subcutaneously
in the antero-lateral face of the arm (1.0 x 10*
to 1.5 x 10% trypomastigotes/monkey). The
inoculum size/body weight ratios are shown
in the Table. Urine from uninfected bugs was
injected in the opposite arm as a control. Two
monkeys were maintained non-intected as
environmental controls and were simultaneously
analyzed during the experiment. No significant
alterations were detected on these animals with
respect to the different tests performed.

Blood samples: blood samples were collected
weekly until the 2nd month a. i. and then
monthly from the femural vein. Serum samples
were kept at — 70 ©C until use.

All manipulations were done under anesthesia
using 10 mg/kg body weight of ketamine chlo-
ride (ketalar) and 0.1 ml of a 2% solution of

2-(2.6 xylidino) 5.6 dihydro 4H-13 thiazine
(Rompum} intramuscularly.

Parasitaemia: it was measured using the
technique described by Hoff (1974). In 3
monkeys (numbers 1, 5 and 6) the quantification
of parasite was not done.

Hemoculture: 1.0 ml of blood was added to
6.0 ml of culture medium (BHI - brain heart
infusion and LIT — liver infusion tryptose);
these cultures were observed weekly during 2
months.

Xenodiagnosis: forty 4th stage nymphs of
Triatoma infestans were allowed to feed on
each monkey; 30 or 60 days after exposure
the bugs were dissected and their gut contents

microscopically examined (Cerisola et al.,
1971).

Electrocardiographic studies: the records
were obtained with a direct writing 3 channel
Fukuda electrocardiograph (FP31P model) with
subcutaneous needles as electrodes. Six extrem-
ity leads and 3 or 6 precordial leads were used
with the previously anesthetized animal in a
dorsal recumbent position. Pre-infection control
records were made in every animal. Serial
tracings were made at variable intervals a. i., so
that a minimum of 8 and maximum of 207
records were obtained from each animal.
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Fig. 1: ECG registred A) before inoculation with Trypanosoma cruzi showing normal pattern and B) five weeks
after infection showing a first degree atrioventricular block.

Detection of antibodies against T. cruzi and
EVI: circulating anti-Trypanosoma antibodies
were detected by indirect immunofluorescence
(IIF) (Camargo & Amato Neto, 1974), using
specific fluorescent anti-human IgM and IgG
(Cappel Laboratories, USA) and by direct
agglutination (DA) using 2-mercaptoethanol
(2-ME) treated and non-treated sera (Vattuone
& Yvanovsky, 1971). A complement-mediated
trypanolytic assay (CoML) was carried out in
accordance with the methodology described
by Krettli (1982) modified by Romeiro et al.
(1984). Antibodies against normal endocardium,
blood vessels and interstitium (EVI) were
detected as described elsewhere (Cossio et al.,
1974).

Anatomo-pathological studies: five animals
were sacrificed under anesthesia on the 41st
(2 animals), 70th (1 animal) and 76th (1 animal)
days a. i. and in 3 years and 3 months a. i. (1
animal) (Table). Samples of each organ were
taken and fixed in 10% buffered formalin,
paraffin-embedded and stained with haemato-
xylin-eosin.

Statistical analysis: the Student’s t test,
corrected for population of unequal variance,
was employed.

RESULTS

Clinical aspects and electrocardiographic
alterations. during the 1st 3 weeks of infection
monkeys were apathetic, with loss of appetite
and small loss of weight (mean loss of 6%). In

3 monkeys there was also a small increase in
body temperature (of about 1 °C). A chagoma
was observed in 9 out of the 13 infected
monkeys between the 3rd and 13th day a. i.
and disappeared in the majority (7 out of 9)
of the animals before the 18th day a. i.. In the
other 2 animals the chagoma disappeared on
the 20th and 26th day a. i.. The lesion were
characterized by an erythema which evolved
to a papula. Axillar lymph-nodes were enlarged
in all animals. No reaction was observed when
only urine from uninfected bugs was injected
as control.

ECG disclosed myocardial damage in 9 out
of 13 infected monkeys. The abnormalities in
all cases were mild and represented by slight
degree of auriculo-ventricular conduction dis-
turbance (88.3%), an abnormality of T wave
repolarization (77.8%), a decrease in QRS
voltage (33.3%) or right bundle branch incom-
plete block (22.2%). These abnormalities were
transient and disappeared at the beginning of
the 4th month (Fig. 1).

Parasitaemia and haematological alterations:
parasites were detected in the circulating blood
between the 13th and 22th days by direct
examination (Table). Parasitaemia reached
maximum levels between days 27 and 38, being
no longer detectable by direct examination
after day 59 (Fig. 2). However, the presence of
T. cruzi in the circulating blood could be
demonstrated after that day by hemoculture
and/or xenodiagnosis in all animals, in some
cases even after 3 years of infection (monkey 4).
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Fig. 2: Trypanosoma cruzi parasitaemia in infected rhesus monkeys, Columns represent the mean parasitacmia
in each period of time and circles represents individual parasitasmia,

During the acute phase all the monkeys
showed a small, but not statistically signiticant
decrease 1n erythrocyte numbers and haemo-
globin levels. Significantly increased numbers
of leucocytes and lymphocytes were observed
from the 5th week to the 3rd month and 20
days a.i. {p > 0,05) reaching maximum numbers
in 3 months and 20 days a. i. (Fig. 3). There
was a slight increase of monocytes, not statisti-
cally significant.

Specific humoral immune response and EVI
antibodies.: circulating anti-7. cruzi antibodies
profiles are shown in Fig. 4. Specific I¢gM and
IgG antibodies were first observed by IIF since
the 2nd week in 1 out 13 animals and 2 out of

13, respectivelly. In the 3rd week IgG antibodies
were detected in all animals but IgM antibodies

were observed in only 8 out ot 13 animals. IgM
antibodies were present in all animals at the

4th week. However, while these antibodies
were no longer detected after the 9th month,
the Ig(; antibodies remained at high levels
during all the course of the experiment. Specific
antibodies were also detected by agglutination
with and without treatment with 2-ME, pro-
ducing profiles similar of those observed with
IIF. Specific lytic antibodies were first detected
at the 3rd week, and remained detectable
until the end of the experiment in low titers.
EVI antibodies were found from the 4th week
onwards (with titers ranging from 180 to
1:1280).
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Fig. 3: numbers of leuncocytes and lymphocytes in Trypanosoma cruziinfected rhesus monkeys. Open columns
represent the mean T standard deviation of a minimum of six animals, and hatched columns represent the mean

* standard deviation of two unifected animals.

Anatomo-pathological studies: lesions were
detected mainly in muscular tissues. Myocarditis
and myositis were present in 4 out of 5 of the
sacrificed animals, being characterized by
multiple foci of lympho-histiocyte inflammatory
infiltrate, occasionally associated with fiber
destruction (Fig, 5). The inflammatory infiltrate
was also found in the muscle layer of the

esophagus, with destruction of muscle fibers
and nervous plexuses. Inflammatory reactions
were more conspicuous in monkeys which were
sacrificed on the 41th and 70th days. Parasitism
was more intense in these animals than in those
examined later on. In fact, no gross or micro-
scopical alteration was found in the monkey
sacrificed 3 years and 3 months a. i..
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Fig. 4 : specific humoral immune response of Trypanosoma cruzi-infected rhesus monkeys. Each column represents
the mean * standard deviation of specific antibody titers detected by immunofluorescence (® IgM-IIF / U lgG-
[IT) and O complement-mediated trypanolytic assay (CoML).

-
- ;

el Faia

IFig. S: acute Trypanosoma cruzi myocarditis in a monkey 5 weeks after infection. The cellular infiltrate 1Is
composed of lymphocytes and macrophages. Arrow indicates nest of amastigotes in muscle fiber. The bar 1s

10 um long.
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DISCUSSION

The present data support previous reports
that rhesus monkeys experimentally infected
with 7. cruzi reproduce at least the acute and

indeterminate phases of human Chagas’ disease.
Indeed the haematological, eletrocardiographic
and histopatological pictures observed in the
monkeys studied herein are similar to those
reported in human cases of Chagas’ disease
(Dias, 1912; Mazza & Freire, 1940; Laran-
ja et al., 1949, 1956; Muniz et al., 1970,
Seah et al., 1974; Marsden et al., 1976; Miles
et al., 1979: OPAS, 1982 Baruffa & Alcantara
Filho, 1983).

Although there were individual age and
weight variations within the monkeys studied
in this work, these variations did not seem to
constitute critical factors affecting host-parasite
relationship as judged from the parameters
studied herein, in as much as there was an
homogeneous behaviour of the monkeys in
terms of disease progression.

The kinetic study of specific antibodies
synthesis was also shown to be similar to that
reported for human disease (Krettli, 1982).
However, specific IgM was detected for a
longer period of time than that usually observed
in the acute phase of human disease, The
presence of 7. cruzi-specific IgM could be
indicative of recent infection and assays for its
detection would therefore be useful as an
epidemiological tool as suggested previously
(Camargo & Amato Neto, 1974; Schmunis et
al., 1980; Amato Neto et al., 1984).

Despite the existence of circulating lytic
antibodies in all animals, even in that one
monkey with more than 3 years of infection
in which no histopathological alterations were
observed, parasitaemia was concomitantly de-
tected by xenodiagnesis and/or haemoculture,
suggesting the existence of mechanism(s) by
which the parasite escapes the lysis in vivo. This
finding is in accordance with data on human
disease in which the detection of lytic antibodies
is associated with the presence of the parasite

(Krettli, 1982),

Previous studies indicate that there is a great
variation in histopathological and eletrocardio-
graphical findings in different species of mon-

keys infected with 7. cruzi (WHQO, 1984).
These differences may be attributed to several
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factors. Firstly, it can reflect differences in
T. cruzi strains and routes of inoculation.
Indeed, murine models display histopathological
differences when different strains or clones of
T. cruzi are employed (Andrade, 1974; Postan
et al., 1983). On the other hand, studies con-
ducted in rhesus monkey inoculated by different
routes showed similar infections as well as
similar histopathological findings (Seah et al.,
1974 ; Marsden et al., 1976). Secondly, it may
be related to differences in the species of
monkeys employed. To clarify this point it
would be necessary to perform experiments
using different species of monkeys inoculated
with the same strain/clone of T. cruzi.

Intense intlamatory lesions occur in both
acute and chronic phases of Chagas’ disease
affecting several organs, specially muscle and
nervous tissues. The histopathological tindings
observed in the infected animals aggree closely
with what has been described in humans
(Andrade & Andrade, 1979). Biopsy of the
chagoma lesion showed a chronic inflamation
which tended to organize a granuloma, as
already observed in human chagomas (Mazza
et al., 1940; Galvao-Castro et al., 1981 ;Meirelles
et al., 1990). Acute 7. cruzi meningoencephalitis
in the human is usually tatal but of rare occur-
rence and, so, the degree of central nervous
system involvement is not known yet. No
anatomopathological alterations related to Cha-
gas’ disease in this area was detected.

The pathogenesis of Chagas’ disease is still
poorly understood but multiple mechanisms
may be involved in the passage from the inde-
terminate to the chronic phase. Since the
experimental Chagas’ disease in rhesus monkeys
seems to reproduce the acute and indeterminate
phases of the disease, this model could be
useful in solving the intricate puzzle of Chagas’
disease pathogenesis, and also in studies in
which the induction or acceleration of the
development of chronic Chagas’ disease couid
be tried.
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