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IMMUNOPEROXIDASE TECHNIQUE IN EXPERIMENTAL
" GHRONIG CHAGASIC MYOGCARDITIS

Maris Celina MORALES, M.D. (1) & José MILEI, M.D, (2)

SUMMARY

Chagas’disease has been described as the commonest form of chronic myocar- .
ditis. An immunologic pathogenesis has been discribed for this form of the
disease. So far, no immunoperoxidase technique has been used for the detec-
‘tion of immunological deposits in chromic experimental Chagas'myocardiopathy.
Forty-one Swiss mice, three months old were inoculated intraperitoneally with
doses between 10 and 105 Tulashuen trypomastigotes. Mice were reinoculated one
month after with doses between 102 and 10° and sacrificed at 6 (n=21) and 9
months (n=9) after the first inoculation. ECGs were recorded before sacrifice.
Immunoperoxidase technique (peroxidase-antiperoxidase method), immunofluores-
cence (direct and indirect) as well as histological studies were performed in
myocardiums and skeletal muscles of the surviving animals. The most sensitive
methods for detecting chronic chagasic infection were the routine histologic
studies (73%) and the ECGs 83% and 89% on 6 and 9 mo. post-infected mice,
respectively. Myocardial involvement varied from interstitial mild focal lympho-
cyte infiltrates up to replacement of myocytes by loose connective tissue. Atrial
myocardiums (21/23, 91%) were more affected than ventricles (9/23, 39%). Ty-
pical chagasic nests 'were rarely found. Skeletal muscle involvement (11/18 and
7/9) varied from mild to extensive lymphocyte and plasmacell infiltrates, and ne-
crotic fibers. The involved antigen were shown in skeletal muscles by the immu-
noperoxidase technique as diffusely srranged granular intracytoplasmatic deposit
for both IgC and total immunoglobulins. The coincidence between this technique
and histologic muscle lesions was 11/18 (61%) in 6 mo. and 6/8 (75%) at 9 mo.
post-infection. In heart, delicate gramflar deposits of total immunoglobulins 'were
seen diffusely arranged within the ventricular myocytes; coincidence between
immunoperoxidase technique anl histologic involvement increased from 36 to 66%
in animals sacrifeced 6 and 9 mo. postinfection. This strongly stressed the in-
crease of immunologic phenomena with the chrenification of infection. Concern-
ing sensitivity, immunoperoxidase and direct immunofluorescence were highly sen-

' sitive in skeletal muscle (100%, p < 0.01). Conversely, direct immunofluorescence
.technique showed poor results in heart while immunoperoxidase increased its sen-
sitivity from 21.4% (at 6 mo.) to 66.6% (at 9 mo.) postinfection (p < 0.001).
. Gonsidering the necessity of obtaining an adequate vaccine in order to prevent
this disease an experimental model like this, rendering immunological reactions
as revealed by the immunoperoxidase technique, would be useful.
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INTRODUCTION

Among the many known causes of myocar-
ditis, Chagas’disease has been described as the
commonest form of chronic myocarditis in the
world !, Reports of lines of research seem to
demeoenstrate an immuneclogical pathogenesis for
this form of the disease 6.7.24,26,

Our team recently found deposits of immo-
noglobulins and C, detected “in vivo” by immu-
noperoxidase in myocardial biopsies of patients
suffering from chronic Chagas’disease 20,

Despite these immunopathological progres-
ses no immunoperoxidase technique has been
used for the detection of immunological depo-
sits in chronic experimental Chagas'myocardio-

pathy. We report here the method used in this
department and the results obtained in the de-
teetion by immunoperoxidase technique of heart
antibodies - in experimental Chagas’disease, in
comparison 'with electrocardiographic, histolo-
gical and immunofluorescense pa.ttems of alte-
rations detected.

MATERIAL AND METHODS

1) Animals. Forty-one Swiss mice three
months old were used. The experimental sche-
me is detailed on Table I. Fourteen normal mi-
ce of the same age and weight were used as
controls. ECGs were recorded before sacrifice
with a Sanborn Twin Viso electrocardiograph.
at a speed of 100 mm/sec 18,

TABLETI
Experimental chagas’disease in the mice

Number of First Second Dead Sacrificed
animals inpculation (*) inoculation (*) animals animals {**)
6 . 20 T.e. () 102 T.e, 1 &th month

. {r=>5)

12 20 T.c. 1¢ T.e. 3 6th month
(1=9)

6 20 T 10+ Te. 2 6tk month
(n=%)

[} 20 T.e. 10¢ T.c. 3 6th month
{n=1

5 T.e 10¢ T.e, —_ Sth month
(n=5)

L] 10 Te. —_ . 2 gth  month
(o=4)

(*) Number of intraperitoneally inoculated parasites
(**) After either 6§ or 9 monihs first inoculation
(-+) Tulahuen trypomastigotes of forms of Trypanosoms cruxi

2) Immunoperoxidase technigue. Specl-
mens: The hearts and the sections of skeletal
moscle were fixed in neutral formaldehyde (pH
7.0}, embedded in paraffin and cut in 6 micra
serial sections.

Peroxidase-antiperoxidase method was per
formed as described by STERNBERGER?, using
different dilutions of primary antiserum, ran-
ging from 1/250 to 1/500. Primary antisera: 1)
antibodies against mouse immunoglobulins (Da-
ko Lab); 2) antibodies against mouse IgG (Sig-
ma Chemical); 3) Linking antisera and 4) PAP
complex were obtained from Dako Lab. Peroxi-
dase activity was developed with 30 mg % 33"
-diaminobenzidine tetrahydrochloride in 0.01%
dgueous hydrogen peroxide,
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Specific antl-G immunoglobulins and anti-
total immunoglobulins antibodies titer of anti-
sera were compared with antikeration antisera
(Dako Lab).

Other negative controls were performed by
incubating control sections with 0.05 M trig/
HC1 buffer (pH 7.6} replacing the primary anti-
sera.

Spleens of normal mice were used as po-
sitive confrols for immunoglobulins, Several
tests, as detailed in figure 1, were made in.
order to assure the reliability ot the technique.

3} Immunofluorescence technique. Frozen
sections were used and indirect iimmunofluores-
cence technique was employed on heart slices,
skeletal muscle of murine and bovine origin,
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PEROXIDASE-ANTIPEROXI1DASE STUDIES (PAP)
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PRIMARY ANTISERA: total mouse immunoglobulins developed in rabbits;
mouse G immunoglobulins developed in rabbits.

SECONDARY ANTISERA: swine immunoglobulins to rabbit.

Fig. 1 — Immunohistochemical (PAP) tests perfortnad on inice myocardium and spleens.

and stomach and liver of mice. The conjugate
used was a goat anti-mouse immunoglobulin
coupled to fluorescein (Cappel Lab. USA)
(FITC) at dilutions of 1/32 and 1/64. Some po-
sitive sera from anti-striated muscle antibodies
were adsorbed with skeletal muscle or bovine
heart homogenates, and then again tested by
means of indirect immunofluorescence techni-
qued. Direct immunoflucrescence technique
was performed according to already published
methods (see references 6,7).

4) Histological studies, Sections were stain-
ed with Mayer's hematoxilyn-eosin, Barbeito-
Lopez Trichome stain 7 and Nissl technique.

Grading of lesions were assessed nccording
to the following categorization: —: no lesions;

+: mild lymphocyte infiltrates; +-+: diffusely

distributed moderate lymphocyte infiltrates;
++ +: abundant lymphocyte infiltrates with in-
volvement of myocyles or neurons or skeletal
fibers and even replacement of these cells by
loose connective tissue.

5) Statistical sitndies. Fisher’s exact pro-
bability test was used to compare sensitivity
between techniques after 6 and 9 months post
infection.

RESULTS

The most sensitive methods were the rou-
tine histologic studies and the electrocardio-
graphic recordings, As already reported 15,
ECGs showed pathological changes in 15/18
(83%) and 8/9 (89%) on 6 and 9 month post-
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infected mice, respectively (Figure 2). 'When
both methods were considered together, sensi-
tivity came up to 100%. The routine histologic
sections showed a high percentage of myocar-
dial lesions (14/19, 73%). In brief, myocardial
involvement varied from interstitial mild focal
lymphocyte infiltrates up to replacement of
myocytes by loose connective tissue (Figure 3)
Atrial specimens were more affected (21/23,
91.3%) than ventricle ones (9/23, 39.1%).

aVR g H i

LY

Fig. 2 — Mouse ECG. Six months post chagasic infection.

A wide S wave In D, a T’ wave in Avr and a wide and

high notched QRS complex in V, precordial lead is shown,

suggesting a right bundle branch block. Paper speed at
100 mmm/sec.

Regarding severity of damage, mild (+)
and moderate lesions (++) were most frequent
(25/35 and 8/35, 94.3%), while the most severe
lesions (+++) were rare (2/35, 5.7%). Typical
chagasic cysts were rarely found. Skeletal mus-
cle involvement had a frequency of 11/18 and
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7/9 in 6 and 9 months postinfections, respecti.
vely.

Legions is skeletal muscle fibers varied from
mild lymphocyte infiltrates either surrounding
nerve branches or in the interstitium up to ex-
tensive Iymphocyte and plasma cell infiltrates.

The latter cells were seen surrounding ves-
sels and nerve branches, as well as within and
among the muscle fascicles (Figure 4). Necrotic
fibers were commmonly observed. Only in one
case amastigotes nests were found. Severity of
fiber damage were categorized as being, 8/30,
+ (26%); 5/30, ++ (13%) and 5/30, ++44-
(16%).

Immunopathological studies

Agreement between immunofluorescence
and immunoperoxidase technique was present
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in 68 and 50% of hearts studied 6 and 9 months
post-infection and in 61 and 85% of skeletal
muscles at the same time.

Separate analysis of results according to the
the patterns of immunoperoxidase and immu-
nofluorescence showed no consistent differences
between groups. The following patierns were
observed: Skeletal muscle: The antigens had an
intracellular localization (Figure 5), for hoth 6
and 9 months post-infected mice. It was shown
by the immunoperoxidase technique as diffusely
arranged granular intracytoplasmic deposits. In
6 months post-infected mice, 13/18 showed posi-
tive immunoperoxidase deposits for both, IgG
and total immunoglobulins. Seven of these mi-
ce showed consistent histological Iesions relat-
ed to chronic chagasic infection. It must be
pointed out that 4/18 negative cases were also
negative from the anatomopathological point
of view. Then, the coincidence between the
immunoperoxidase technique and histologic
muscle lesions was 61% (11/18). In 9 month
‘post-infected mice the positive immunoperoxi-
dase deposits were found in all cases (8/8). The
percentage of coincidence between immunopero-
xidase and histologic muscle lesions was 75%

" (6/8).

It was possible to stablish & comparison
between immunoperoxidase and direct immu-
nofluorescence technique as referred only to
sarcolematic deposits, hecause the latter did
not show intracellular deposits. This percenta-
ge of coincidence was 61 and 85% for 6 and 9
months post-infected mice,

In control animals neither intracytoplasmic
nor sarcolemmatic deposits were observed.

Heart: In 6 month postinfected mice, delicate
" granular deposits of total immunoglobulins were
seen diffusely within the ventricular myocytes,
in 4/9 cases (1,250 and 1/500 dilutions) (Figu-
re 6).

Conversely, IgG deposits were less frequent
(2/19) and gave a weak reaction. In no cases
was immunoperoxidase activity detected in en-
dothelial cells. As we obtained serial sections
for both immunoperoxidase and routine histo-

“logical technigue, a close comparison was ma-
de; coincidence between both techniques was
observed in 7/19 cases (36%).

Tl
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Correlation between direct immunofluores-
cence and pathologic involvement was found in
2/19 cases, while the indirect immunofluores-
cence coincidence was 8/19.

In 9 month post-infection mice, notorious
high coincidence was found between immuno-
peroxidase and roufine histological studies, 6/9
(66%). .

In control animals no deposits were ob-
served.

Correlation of results among the different
techniques

An important correlation was found
- between microscopic myocardial involvement
and electrocardiographic changes. Correlation
‘between immunopathologic methods (direct
immunofluorescence and immunoperoxidase) in
heart was adequate (68 and 50%).

Coincidence between immunoperoxidase
technique and histologic involvement increased
from 36 to 66% in animals sacrificed 6 and 9
months post-infection. This finding strongly

stressed the increase of immunologic phenome- -

na with the chronification of infection.

As regards skeletal muscle, a good corre-
lation was found between immunofluorescence
and immunoperoxidase technique (61 and 85%),
and among histological involvement, direct im-
munofluorescence and immunoperoxidase tech-
nique (38 and 71%}. These last fipuures stress

_again the increase in correlations as chronic in-
fection progressed.

Concerning sensitivity, both methods, im-

munoperoxidase and direct immunofluorescen-
" ce were highly sensitive in skeletal muscle.
(100%, p < 0.01) (see Table II).

Conversely, direct immunofluorescence tech.
nique showed poor results in heart (7.1 and
37.5%, N.5.), while immunoperoxidase increas-
ed its sensitivity from 21.4% (at 6 months post-
infection) to 66.6% (at 9 months post-infection)
(p < 0.01) (Table ID).

DISCUSSION
In this paper, it was shown that both immu-

noperoxidase and direct immunofluorescence
techniques highly correlate with microscopical
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TABLE II
Sensitivity of the immunopathologic methods (4-)

Noof 6 months post Technigques (e) 9 months post Noof

mice infection infection mice
A) Myocardium

6/14 42.8% TIME* 87.5% /8
1/14 1.1% DIMF 3T5% 3/8
3/14 21.4% IMPX** 66.6% 6/9
B) Muscle

7/11 63.6% IIMF* ¥ 100% 6/8
/11 63.6% DIMF** 100% 6/8
6/11 54.5% IMPX** 100% 6/6.

(+4): The histopathology was used as reference

(®): Sensitivity given in percentages
*. p < 0.10 (Fischer’s Exact Probability Test)
P < 0.01
ITMF: Indirect immunofluorescence technique
DIMF: Direct immunofluorescence techhigue
IMPX: Immunoperoxidase technigue

skeletal muscle involvernent (100% of sensitivi-
ty at 9 mo, post-infection) (p <« 0.01), in chro-
nic experimental Chagas infection in mice. Con-
versely, in myocardium, immunoperoxidase
technique gave better results than direct immu-
nofluocorescence technique (the so-called EVI
pattern) 6,710 as compared histological involve-
ment (666 vs 375% of sensitivity, at 9 mo.
post infection). The localization of the immu-
noglobulin deposits along the fibers further
suggests that they represent an autoimmune
reaction to antigenz on the fibers and not a
trapping of circulating antigen-antibody com-
Plexes. In general, there was correlation with
the serum EVI antibody detected by indirect
immunofluorescence technique,

- However, it should be pointed out that
both techniques use different substrates (rat
myocardium in the immunoflucrescence tech-
nique and mice infected myocardiums in the
immunoperoxidase). Furthermore, immunofluo-
rescence is used as an indirect method for the
detection of circulating antibodies, while the
immunoperoxidase technique as used by us de-
tects “in vivo” deposited serum factors in s
direct way.

At present, the significance of these immu-
nological components remain unknown and in-
terpretation of the role of humoral antibodies
in the pathogenesis of Chronic Chagas’myocar-
diopathy (ChCHM) is very controversial.

The presence of “in vivo” bound immuno-
globulins, detected by the direct immunofluo-
rescence technique in myocardial biopsies of 4
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EVI (+) chapasic individuals was reported by
Cossio et al?® Since immunoglobulins were
bound to the sarcolemma of myocytes and to
the plasma membrane of endothelial cells, au-
thors theorized that they interfere with some
of the transmembrane difusion and transport
processes *.

Ribeiro Dos Santos and Hudson 2! suggest-
ed that during the acute fase of the disease,
parasite antigens are released from the disrup-
tion of infected host cells or due to immune
lysis of T. eruzi and that these parasite anti-
gens could bind to these cells and thus render
them susceptible to damage by the host’s own
immune response,

At present, the originally described “EVI
antibody” may be considered as a complex sys-
tem represented by several antibodies. In this
sense, it is likely that the pure endocardial-vas-
cular-interstitial staining is represented by la-
‘minin, the major, or even only tissue antigen
in this system %, hecause passape of sera from
Chagas'patients or infected monkeys over la-
minin-sepharose beads eliminates the tissue
reactions.

On the contrary, simultaneous studies from
Cossio’s laboratory showed that no EVI pattern
can be observed on human tissue employing
indirect immunofluorescence and absortion
test 5-16, This fact suggested a heterophil natu.
re of the EVI antibody, which renders it inca-
Pbable of direct pathogenic role. Accordingly, in
humans the specificity of EVI antibody for T.
~ cruzi infection was only 38% 2.

In a more recent paper, those authors*
have investigated by the indirect immunoflue.
rescent technigue the presence of antibodies in
chagasic patients and controls. The patterns ob.
served 'were intracellular, following striations.
Absorption test demonstrated that the cellular
reaction is independent of the EVI antibody,
and is removed by myosin; IgG was always in-
volved and he antibody did not fix C. These
findings in humans closely resemble the pat-
terns of immunoperoxidase found by us in the
chronically infectfed chagasic mice. Also accord-
ing to Cossio and co-workers’ last report the
antilaminin antibody. does not represent the
EVI antibody, and it only should react with a
heterophilic contaminant of the murine lami-
ntin, used in Szarfman’s experiments.

It is conceivable that an autoimmune res-
ponse, whether primary or secondary could be
activated in other clinical conditions in which
inflamatory cells and myocardium bound immu-
noglobulins coexist: idiopathic chronic conges
tive miyocarditis 13, rheumatic fever ¥ or heart
transplant rejection 2.

As a probable autoimmune reaction is pre-
sent in ChCHM 2, a reliable and simple techni-
qgue like immunoperoxidase would be welcome,

Furthermore, files may be reviewed and
formaldehyde fixed material both human and
experimental 3-8-19, used for different purposes
in the study of ChCHM and other heart diseases
(see above) could be studied by pathologists
with advantage over immunofluorescence. Ac-
cordingly, anti myosini and anti-laminin depo-
sits % are now being investigated in chronically
infected mice in our%laboratory.

RESUMEN

Tecnica de inmunoperoxidasa en miocardiopa-
tia chagiisica crénica experimental

La enfermedad de Chagas ha sido conside-
rada como una de las causas mds frecuentes
de miocarditis crénica. Siendo descriptas las
alteraciones inmunoldgicas, como patogenia pa-

- ra este tipo de enfermedad.

Por tal motivo, se empled la técnica de in-
munoperoxidasa para la deteccién de depdsitos
de inmunoglohulinas en la miocardiopatia cha.
gdsica cronica experimental.

Se utilizaron 41 ratones Swiss de 3 meses
de vida, los mismos fueron inoculados intrape-
ritonealmente con dosis entre 10 y 105; tripo-
mastigotas de la cepa Tulahuen. La reinocula-
cién se realizé 1 mes después con dosis entre
1 y 105; siendo sacrificados a los 6 (n=21) y
9 meses (n=9) de la primera inoculacion, pre-
vios estudios electrocardiogrificos.

Posteriormente se esfudiaron los miocar-
dios y muisculos esqueléticos con técnicas his-
tolégicas de rutina, inmunoperoxidasa (método
peroxidasa anti-peroxidasa) e inmunofluores.
cencia (directa e indirecta).

Y.0s metodos mas sensibles para la deteccién de
la enfermedad de Chagas cronica resultaron ser
los estudios histolégicos (73%) y la electrocar-
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diografia (83%) a los 6 meses piy (89%) a los
9 meses pi. (pos-infeccién).

Se observaron diferentes alteraciones miocsrdi-
cas, desde infiltrados linfocitarios leves y foca-
les en intersticio hasta reemplazo de miocitos
por tejido conectivo.

Los miocardio auriculares (21/23,91%) fue-
ron mas afectados que los ventriculos (9/23,
39%); mientras que las tipicos quistes chagdsi-
cos resultaron excepcionales

Los museculos esqueléticos (11/18 Y '7/9)
presentaron distintos grados de lesién histols-
gica, desdes leves a extensos infiltrados linfo-
Plasmocitarios con presencia de fibras necréti-
cas. Mientras que con la técnica de inmunope-
roxidasa, los antigenos se revelaron como depd-
sitos granulares intracitoplasmdticos difusa-
mente distribuidos, tantd® para IgG como para
Ig totales. La coincidencia entre este método Yy
las lesiones musculares histolégicas fueron
11/18 (619} a los 6 meses piy 6/8 (75%) a
los 9 meses pi.

Por otra parte, los depdsitos de 1g totales
en corazén se observaron dispuestos difusa-
mente, en forma finamente granular dentro de
los miocitos ventriculares Ia coincidencia en-
tre ambas técnicas (inmunoperoxidasa e histo-
logia) resulté ser del 36% y 66% para los ani-
males sacrificados a los 6 y 9 meses pi. respec-
tivamente,

Este fendmeno inmunoldgico se increments
notablemente con el curso crénico de la enfer-
medad. Con respectoc a la sensibilidad, tanto la
inmunoperoxidasa como la inmunoflucrescen-
cia directa fueron altamente sensibles en mmis.
culo esquelético (100%, p 0,01).

Por otra parte, la técnica de inmunofluo-
rescencia directa en corazdn, evidencié pobres
resultados, mientras que el método peroxidasa
anti-peroxidasa incrementd su sensibilidad de
21,4% a los 6 meses pi. al 66.6% a 1os 9 meses
pi. (p 0.001).

Este modelo experimental, en el cual se ob-
‘Servan reacciones inmunoclégicas reveladas por
1a téenica de inmunoperoxidasa, podria resultar
de utilidad, considerando la necesidad de obte-
neT una vacunsa adecuada para prevenir la mio-
~cardiopatia chagésica.
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