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Chronic Experimental Infection by Trypanosoma cruzi in
Cebus apella Monkeys
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lwenty young male Cebus apclla monkeys were infected with CA 1 Trypanosoma cruzi strain and
reinfected with CAl or Tulahuen T.cruzi strains, with different doses and parasite source. Subpatent
parasitemia was usually demonstrated in acute and chronic phases. Patent parasitemia was evident
in one monkey in the acute phase and in four of them in the chronic phase after re-inoculations with
high doses of CAl strain. Serological conversion was observed in all monkeys; titers were low, re-
gardiess of the methods used to investigate anti-T. cruzi specific antibodies. Higher titers were in-
duced only when re-inoculations were performed with the virulent Tulahuén strain or high doses of
Al strain. Clinical, electrocardiographic and ajmaline test evaluations did not reveal changes
between infected and control monkeys. Histopathologically, cardiac lesions were always character-
ized by focal or multifocal mononuclear infiltrates and/or isolated fibrosis, as seen during the acute
and chronic phases, neither amastigote nests nor active inflammation and fibrogenic processes char-
acteristic of human acute and chronic myocarditis respectively, were observed. These morphological
aspects more closely resemble those found in the “indeterminate phase” and contrast with the more
diffuse and progressive pattern of the human chagasic chronic myocarditis. All monkeys survived and

no mortality was observed.
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Chagas’ disease 1s an endemic parasitosis of
several regions of the Americas. The discase has
a high social impact, and high morbidity and mor-
tality have been observed in paticnts with chronic
Trypanosoma cruzi infection. Recently, it was
estimated that 90 million peoplc are at risk of T
cruzi infection in these areas with an overall preva-
lence of 16-18 million (WHO 1989), where 20-
40% of them display electrocardiographic abnor-
malitics (WHO 1960). The pathogenic processes
of chronic Chagas’disease are not fully known duc
to the lack of a suitable animal model reproduc-
ing the disease. The difficulties in obtaining this
model have also prevented the development of new
chemotherapeutic and immunoprophylatic meth-
ods for the infection.

Non-human primates constitute a priority in
studtes of experimental Chagas’ disease due to
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their phylogenetic closeness to human beings and
scveral studies have described chronic infection
of Old and New World monkeys with 7. cruzi.
However, due to the lack of clear results regard-
ing myocardial involvement observed in the dif-
ferent studics, the monkeys have not been con-
sidered the most suitable animal model for chronic
Chagas’ disecasc.

The CALl 1s a non-lethal and myotropic strain
that induces long lasting parasitemia and a poor
immunogenic response in mice (Gonzalez Cappa
et al. 1980, Bijovsky et al. 1983, Sanchez &
Gonzalez Cappa 1983). This characteristic “low
virulence” was the reason for selecting for infec-
tion two prepuberal C. apella monkeys which
developed electrocardiographic abnormalities,
myocardial fibrosis and megacolon (Bolomo et al.
1980). These promissory results encouraged the
evaluation of the Cebus monkey as an animal
model for Chagas’ disease. In this work the use-
fulness of C. apella was investigated using a larger
number of animals following the course of infec-
tion after inoculation and/or re-inoculations with
several doses of CAl and Tulahuén 7. cruzi
strains.

MATERIALS AND METHODS

Animals - Thirty-two young male C. apelia

monkeys were obtained from the Argentine Cen-
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ter of Primates (Caprim, Corrientes, Argentina),
with an average weight of 2.33 kg (1.8-2.8 kg).
The animals were kept in an indoor colony
(Ilaimus, Umiversity del Salvador) in individual
cages with standard pelleted food (Cargill, Argen-
tina) supplemented with fresh fruit and water ad
libitum T cruzi infection of the monkeys was ruled
out through serology and xenodiagnosis with
friatoma infestans, T. guayana, T. sordida, T
rubrovaria and Rhodnius prolixus as vectors spe-
cies. They had normal electrocardiograms and
clinical pictures.

Parasite strains - Metacyclic trypomastigotes
(MT) from T infestans and blood trypomastigotes
(BT) from infected mice of the CA1 and Tulahuén
{. cruzi strains were used. CA1 was isolated from
a human chronic myocarditis (Gonzalez Cappa et
al. 1980) and Tulahuén strain from a triatoma
bug (Pizz1 & Prager 1952). Schedule of experi-
mental infection with number of infected monkeys.
1. cruzi strains, number and timing of inocula-
tions and re-inoculations are shown in Table J.
Twelve monkeys were sham inoculated and kept
as controls.

[valuation of infection - Infected and control
monkeys were evaluated for parasitemia, serology
and clinical signs every 10 days during the first
30 days following each inoculation, once a month
until 90 days and cvery two months thereafter up
to the end of the experiment, at 1200 days post
infection (pi).

Parasitological studies - Parasitcs in blood
were directly determined by the Strout concentra-
tion method (Strout 1962), and by indircct meth-
ods such as xenodiagnosis, hemocutture and blood

TABLER 1

Schedule of experimental infection. No. monkeys,
ne. and timing of inoculation and reinoculations with
CAl and Tulahuén Trypanosoma cruzi strains

No.of Odpi 300dpi  S18 dpi 565dpi 775 dpi
animals
9  CAILMT
4 x 10"
1 CAILMT CALMT
4x 109 7.5x107
2 CAIMT CAIMT CAIMT
4x10% 75x10% 1,5 x 10°
3  CAILMT CALMT CALBT
4 x 104 1,5x10° 1x10°
1  CALMT CAIMT CAIMT CAl,BT
4x10* 7,5x 104 1,5x10° 1x10°
2 CAILMT Tulahuén, BT
4 x 104 2.5x 10°

2 CAIMT CAILMT Tulahuén BT
4x10% 75x10%  25x103

d_pl_ ;ld}-"- post infection; MT: metacychce tnipomastigotes;
BT: blood trypomastigotes

inoculation into nude mice. Xenodiagnosis - Forty
T infestans nymphs were fed directly on infected
monkeys and the feces of each bug were pooled
and examined at 30 and 60 days post-exposure
(Cerisola et al. 1974). In addition, artificial xeno-
diagnosis was periormed by fecding bugs with
blood extracted from infected monkeys (Abramo
Orrego et al. 1980). Hemoculture - Five hundred
microliters of blood of infected monkeys were cul-
tured 1n biphasic media (agar-blood-BHT) and
observed every three weeks during four months
(Abramo Orrego et al. 1980). [noculation into
nude mice - Five weanling N/NIH nude mice were
inoculated with 0.2 ml of heparinized blood of each
infected monkey and parasitemia was controled
twice a week during 40 days pi.

strout and xenodiagnosis were done 1n a sys-
tematic way, while artificial xenodiagnosis,
hemoculture and inoculation 1in nude mice were
performed at 430 and 470 days pi to intensify the
parasite search.

Immunological studies - The presence of anti-
1. cruzi 1gG was tested by ELISA (Moller et al.
1975), using epimastigotes as antigen (Ruiz et al.
1990) and immunofluorescence assay (IFA) us-
Ing amastigotes present in cryostat sections from
skeletal muscle of acutely infecied mice (Cossio
ct al. 1984). Samples giving an absorbance higher
than 0.2 at 490 nm and titers greater or equal to 1/
15 were constdered positive for ELISA and IFA
respectively.

Idectrocardiographic studies - The standard
readings were registered by a Fukuda Century (Ja-
pan) clectrocardiograph set to a velocity of 50 mm/
scc with an amplitudeof 1 mv. The uni, bipolar
and precordial derivations were used (Milei et al.
1979). In all monkeys, before sacrifice, an ajmaline
test was done to detect subclinical disturbances in
the atrioventricular conduction (Chiale et al.
1982).

Histopathological studies - The infected and
control monkeys were sacrificed at different times
of the infection. They were anesthetized with
ketamine (Ketalar, Parke Davis) and sacrificed by
means of a total biood extraction by cateterism ot
the inferior cava vein. The tissue samples of com-
plete autopsies were processed according to stan-
dard tcchniques, embedded 1n parathin and stained
with hematoxilin & eosin and Masson’s trichrome.
The lesions were classified as previously described
(Ruiz ct al. 1986); briefly, in myocardium they were
nominated according to its intensity as shigth
(LCM), moderate (MCM) and severe chronic
{(SMC) myocarditis.

RESULTS

The parasitological pattern during the acute
phase 1s shown in Fig. 1. During this pertod,
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subpatent parasitemia was evidenced in all infected
monkeys up to day 30 p1, in two monkeys at day 60
and by day 90, parasites were not detected; patent
parasitemia was observed in only one monkey at
30 days pi. After this peniod, during the chronic
phase, parasitemia levels remained undetectable,
becoming sporadically positive by xenodiagnosis,
in spite of re-inoculations with 7.5x10* MT of CA1
strain or 1.5x10> MT of the same strain at 300 days
and 567 days respectively (not shown), Parasitcs
could not be demonstrated in the blood of mon-
keys even through hemoculture, artificial xenodi-
agnosis or moculations 1 nude mice performed at
430 and 470 days pi (not shown),

Re-inoculation of four monkeys with 2.5x103
BT of highly virulent Tulahuén strain at 518 days
p1 induced again subpatent parasitemia, up to
days 699 and 776 (Fig. 2). Only high inocula
(1x10® BT) of CAl strain at day 775 induced
patent parasitemia mor¢ persistently at days 788
and 801 1n other four re-inoculated monkceys; af-
ter this time subpatent parasitcmia was detected
up to dav 993 pi in two sacrificed monkeys and it
became undetectable until the end of the expeni-
ment at 1200 days p1 in the last sacrificed mon-
key (Fig. 3).

Serological conversion was observed 1a all in-
fected monkeys. Titers were low, regardless of the
methods used (o detect 77 cruzi specific antibod-
1cs. A pecak of anti-7. cruzi antibodics was de-
tected during the acule phasc between 20-90 days
p1 1n the 20 infected monkeys, which persisted.
though with lower levels up to 250 days pi. Re-
inoculation with 7.5x10* MT of CA1 strain of six
monkeys at 300 days p1 did not induce differences
in the antibody titcrs with respect to the non re-
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Fig. 2: re-inoculation (R) with 2.5 x103 blood forms of virulent
Tulahuén Trypanosoma cruzi strain at day 518 pi. [l Subpatent
parasitemia (xenodiagnosis). [ No blood parasites.

5 —
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Fig. 3. re-inoculation (R) with 1 x 10° blood forms of CAl
strain at day 775 pi. B Patent parasiternrua (Strout method).

B Subpatent parasitemia {xenodiagnosis). [ No blood
parasies.

inoculated infected controls. IFA showed very low
titers at 470 days p1 and ELISA was n¢gative 1in
all infected monkeys in the same period (Fig. 4A,
B). This low or negative scrological status was not
modified by a new re-inoculation with 1.5x10° MT
of CAl strain in six monkeys at 567 days p1;, how-
cver, the highest and most persistent antibody ley-
els were observed when four monkeys werc re-
inoculated with 2.5x10° BT of Tulahuén strain,
at 518 days p1 (Fig. 4C, D). In addition, a ncw
narrow peak of specific antibodies, detected by both
lechniques, was induced in four monkeys by a third
re-inoculation with 1x10% BT of CA1 strain at 775
days p1 (Fig. 4E, F). No clinical, electrocardio-
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graphic and aymaling test differences between both
infected and control monkceys were found.

No significant differences were observed in the
welght  of the organs of all sacrificed monkeys
(not shown). The histopathological studics at dif-
terent times always showed LCM and/or MCM,
Icsions characienzed by focal or multifocal mono-
nuclear cell infiltrates and/or isolated sequelar fi-
brosis (Fig. 5). In addition. neither amastigote
nests nor active inflammation and {ibrogenic pro-
cesses. characteristic of human chagasic acute and
chronic myocarditis respectively, were observed.

Table Il shows that subpatent parasitemias did
not correlate with the presence of histopathological
lesions at sacrifice. A total of cight monkeys had
cardiac involvement and 1n only two of them., para-
sitcs were detected by xenodiagnosis: two  addi-
tional monkeys showed subpatent parasitcmias
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Fig. 4: anti -frypanosoma cruci antibody profile during the experimental period, detected by ELISA (upper panel) and immunofluo-
rescence assay (lower panecl). A and B: antibody levels after infection (T} with 4 x1 04 CA1 strain and re-inoculation (R) with 7.5 x10%

CAl strain at 300 days pi.  EJ Infected monkeys (n=20 at d 0).
R with 2.5x10° parasites of Tulahuén strain at 518 days pi.

fected monkey (n=1). ELISA + (optical density x 100): > 20).
reciprocal end point dilution.

B Re-inoculated monkeys (n=6).
B Re-inoculated monkeys (n=4).
monkeys (n=6). E and F: R with 1x10° CAl strain at 775 days p1.
[FA +:

C and D: antibody level after
4 Non re-inoculated infected
H Re-mmoculated monkeys (n=4). £ Non re-inoculated 1n-
> 15¢(15=1.18log). Each point represents the logs of the
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TABLE 1I
Relationship betwen monkeys, xenodiagnosis and histopathological lesions at sacrifice
Days Mﬂnké}:s ) Strain Xeno Lesion
pi (control (inoculations)
monkeys) )
90 448 CAl (1) . No
319 (2) CAl (1) - No
354 CAl (1) - No
25() 446 CAl (1) - No
398 CAl (D) - No
377 (3) CAl (1) - No
381 CAl (1) - LCM
397 CAJ (1) - LCM
430 367 (1) CAl1 (1) ; No
450 CAl (2) . No
666 470 (1) CAl (3) . No
400 CAl1 (1)YTUL (1) + LCM
880 521 CAl (3) + No
383 (1) CAl (2)TUL (1) - MCM
465 CAl (2)TUL (1) - MCM
1000 451 (2) CAl (3) + MCM
363 CAl1 (4) + No
1200 245 CAl (3) - LCM
480 (2) CAl (3) - No
532 CAl (1YTUL (1) - MCM

p1: post infection, control monkeys sacrificed simultaneously with infected monkeys; LCM: light chrenic

myocarditis,; MCM: moderate chronic myocarditis

without tissue abnormalities. Only 4/16 monkeys
receiving onc¢ or more inocula of CAl strain
showed tissuec lesions, three with LCM and one
with MCM. In contrast, all animals (4/4) re-in-
oculated with Tulahuén strain evidenced cardiac
iestons: 3/4 had MCM and 1/4 presented LCM.
No mortality occurred. The 12 control monkeys
sacrificed simultancously with the infected ani-
mals throughout the experiment did not show le-
stons in the different organs studied.

DISCUSSION

The close phylogenetic relationship between
man and non-human primates, and their poten-
tial usefulness as experimental models in studies
of American trypanosomiasis have generated in-
terest in these animal species.

The susceptibility of monkeys to 7° cruzi was
evidenced for the first time in 1911 by Carlos
Chagas, when flagellated parasites were isolated
trom the blood of experimentally infected Callitrix
penicilata monkeys (Chagas 1922). Some New
World monkeys were found naturally infected
with 77 cruzi, being the prevalence of infection of
C. apella and Saimiri sciureus higher than that of
Aotus trivirgatus and Alouatta caraja (Da Rocha

et al. 1966, Travi et al. 1982). Natural infection
was also evidenced in 3% of 240 Cebus monkeys
captured in the wilderness and kept at the
Universidad del Salvador indoor colony (E Segura,
personal communication).

Previous studies have demonstrated that Cebus
monkeys developed low levels of parasitemia dur-
ing long-term infection with 7. cruzi CAl strain
(Bolomo et al. 1980, Enders et al. 1982). How-
ever, higher parasitemias do occur during the acute
phase of infection in New and Old World mon-
keys with more virulent strains of the parasite
such as Tulahuén (A Sinagra, personal commu-
ycation), Y, Peru, Barbosa, Brazil and RA strains
(Seah et al. 1974, Marsden et al. 1976, Chaia et
al. 1977, Enders etal. 1982, Lima Jodo et al. 1986,
Rosner et al. 1989). In this study, C. apella mon-
keys showed low levels of parasitemia after infec-
tion with CAl and re-inoculation with Tulahuén
strain. Exacerbation of parasitemia was only seen
upon reinfection with a high dose of CAl.

As in human Chagas’ disease, New and Old
World monkeys develop specific anti-7. cruzi an-
tibodies during acute and chronic infection with
Y, San Felipe, RA (Granado et al. 1983, Rosner
etal. 1989), Colombiana (Falasca etal. 1986), Peru
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(Seah et al. 1974) and Brazil (Enders et al. 1982)
1. cruzi strains. In our work, low titers of specific
anti-7. cruzi antibodies were also demonstrated
throughout infection with the CAl strain. It 1s
noteworthy that some monkeys became parasito-
logically and serologically negative after the first
year pi and remained in that status in spite of re-
inoculations with increasing doses of the CAl
parasite strain. Only the last re-inoculation with a
high dose of CAl or the more virulent Tulahuén
strain was able to induce once more detectable
parasitemia and a higher specific antibody re-
sponse. Classically, in human Chagas’ disease
serological cure has been demonstrated only after
treatment with trypanocidal drugs (Cerisola et al.
1972, Mova et al. 1983). However, spontancous
serological cure has been recently reported in hu-
mans (Zeledon et al. 1988) and the parasitologi-
cal and serological findings in CA1l infected and
resistant Cebus monkeys, that express a charac-
teristic “self limiting” 7. cruzi infection, would
give experimental support to those sporadic find-
ings on human cascs.

1. cruzi acute myocarditis similar to that found
in humans has been described in New (Torres &
Tavares 1958) and Old World monkeys (Enders et
al. 1982, L.ima Jodoet al. 1986, Bonecini-Almeida
et al. 1990). Chronic myocarditis has been reported
in Cebus monkeys (Bolomo et al. 1980, Falasca ct
al. 1986) and 1n rhesus monkeys (Miles et al. 1979,
Bonecini-Almeida et al. 1990). However, the
histopathological characteristics of chronic
myocarditis described in Cebus monkeys are
apparently similar to that observed 1n this work,
and consisted mainly of focal and multifocal in-
flammatory cell infiltration and/or sequelar fi-
brosis. In our experience these characteristics look
more like the “indetermanate type” of Chagas’
disease (Andrade et al. 1981), clearly different to
thc human chronic chagasic myocarditis which
feaiures a more diffuse and progressive fibrogenic
pattern of the disease. These morphological as-
pects resemble features reported 1n hearts from
paticnts undergoing the indeterminate phase of
Chagas’ disease characterized by {ocal chronic
myocarditis, fibrosis and degencrative processes
(Vivarelli Curti et al. 1979). In addition, cardiac
invasive and non-invasive studies have also re-
vcaled abnormal features in asymptomatic patients
(Milanes et al. 1982, Carrasco Guerra et al. 1987).
Neither pathological aspects nor cardiac alterations
are expressed clinically and they might represent
sequels of the acute phase (Andrade et al. 1985).
Expenimental studies suggest that the evolution
of 7 cruzi infection to the indeterminate phase in
New (Bolomo et al. 1980, Granado et al. 1983 and

this work) and Old (Marsden et al. 1976, Miles et
al, 1979, Bonecini-Almeida et al. 1990) World
monkeys migth mimic the indeterminate phase
of Chagas’ disease seen in a large percentage of
infected humans. Nevertheless, a morphological
pattern similar t0 the human myocardiopathy has
been described in Cebus monkeys infected with
virulent 7. cruzi strains (Rosner et al. 1989).

The “self limited” infection seen in CAl in-
fected Cebus monkeys as described in different
reports (Bolomo et al. 1980, Falasca et al. 1989}
and 1n this work, ts not exclusive of this host-para-
site pair, since it has also been observed 1n Y and
Tulahuén 7. cruzi strains-infected Cebus monkeys
(Chaia et al. 1977, Sinagra et al. personal com-
munication) or in Peruvian and Colombian 1. cruzi
strain-infected rhesus monkeys (Marsden et al.
1976, Bonecini-Almeida et al. 1990). On the con-
trary, a typical acute phase with parasitological,
serological, clinical and morphological changes
was described tn rhesus monkeys (Enders et al.
1982, Lima Jodo et al. 1986} but not 1n Cebis
monkeys although they had been also infected
with virulent strains such as Tulahueén (Falasca et
al. 1986) Y or RA ((Granado et al. 1983, Rosner et
ai. 1989). Nevertheless, acute histopathological
changes were excepcionally descnibed 1n Cebus
monkeys after frequent re-inoculations with very
large number of parasites during the acute phase
(Torres & Tavarcs 1938).

In this work, the primary unmune response
elicited in Cebus monkcys by the primoinfection
with CA1l strain was able to modulate and inhibit
the parasitic, serologic and pathologic findings of
T cruzi homoiogous re-inoculations. However the
resistance of Cebus monkeys to re-inoculations
can be broken by re-inoculations performed with
the virulent Tulahuén parasites, or very high in-
ocula of the CA1 strain, which modify the para-
sitemia, antibody titers, and pathological aspects
of the chronic infection. Changes 1n the course of
the 7.cruzi chronic infection, evidence by an in-
crease in parasitemia levels and in the titer of an-
tibodics were also described after re-inoculation
with the Tulahuén strain in these monkeys (Falasca
et al. 1986). In other animal models such as mice
several reports suggest that re-inoculations do not
induce changes in the evolution of Chagas’ dis-
casc. In a recent study, inoculated and re-1nocu-
lated mice with high doses of 7. cruzi parasites,
developed steady and highly protective and con-
ventional antibodies throughout the infection, re-
gardless of the parasite strains used and succes-
sive re-inoculations (Pereira & Krettli 1990). How-
ever, re-inoculations with low doses of Tulahuén
parasites were able to provoke reinfections and
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twist the course of murine chronic infection in
terms of mortality, parasitemia and severity of le-
sions (Cabeza Meckert & Laguens 1981). In hu-
mans, 1n a longitudinal study performed in Sido
Felipe, Brazil, evidence was presented that people
living in triatomine infested houses and therefore
potentially exposed to repeated bites, presented a
more frequent, more severe evolution and higher
mortality due to Chagas cardiomyopathy, when
compared with those living in non-infested houses
(Macedo 1976). Experimentally, our resuits and
those mentioned previously demonstrate that re-
inoculations change the cvolution of chronic 7.
cruzi nfection depending on the dose of para-
sites, type of 7 cruzi strain and the animal mod-
els used. These studies would give support to the
hypothesis that peopie living in endemic areas may
not always be protected against reinfection and
their pathological state could worsen after re-in-
oculations, as it was observed in one patient (V
Macedo, personal communication).

Electrocardiography has been used as a mean
to evaluate myocardial involvement during acute
and chronic chagasic myocarditis in monkeys.
Electrocardiographic abnormalities suggesting
myocarditis have been described in prepuberal
(Bolomo et al. 1980) and adult C. apella (Falasca
et al. 1986, Rosner et al. 1989) Saimiri sciureus
(Pung et al. 1988), Macaca mulatta (Miles et al.
1979) and other rhesus monkeys (Lima Jodo et al.
1986). However, a lack of relationship is observed
between these abnormalities and heart
histopathological lesions in those reports, al-
though they were not directed to specifically ana-
lyze the heart conduction system. In our work,
infected or reinfecied monkeys did not develop
¢lectrocardiographic changes during the three
years of the duration of this study. Therefore, at
present, the sensitivity of the electrocardiogram
in monkeys remains to be determined through fur-
ther experiments involving careful morphologic
studies of the heart and an adequate number of
animals to give significance to the results.

These studies indicate that New and Old World
monkeys are susceptible to 7. cruzi infection since
they are able to develop different characteristics
of acute 7. cruzi infection. However, monkeys re-
cover from acute infection and enter into an inde-
terminate phase with scarce morphological
changes.

Therefore, monkeys are a good model for che-
motherapy and immunoprophylatic methods in the
acute phase and undetermined form of Chagas’
disease, but systematic, controlled and matched
studies are necessary to confirm the value of this
important model system for the chronic chagasic
myocardiopathy.
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