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the pathology of American trypanosomiasis. 
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Fritz Kõberle (1910-1983) 
Médico austríaco, natura lizado brasileiro, descobriu o mecanismo 
neurogênico da fase crônica da doença de Chagas, conceituando a 
moléstia como uma enfermidade do sistema nervoso autônomo. 
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1. lNTRODUCTIO N 

Advance in our knowledge of American trypanosomiasis during the last 
fifteen years has reoriented this illness from an exotic and rare disease into the 
most frequent and dangerous plague of the American continent, "which con
tains an estimated minimum of 7 million infected individuais" (WHO Report, 
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1962) .. One may suppose that this minimum does not express the actual reality, 
because more than 80 % of these persons acquired the infection during their 
early years of life, i.e. many years ago. However, in many areas where Chagas' 
disease is still endemic, poor conditions of lif e have not changed essentially 
during recent decades. ln fact, we are informed that in Santiago del Estero, 
N . Argentina, more than 200 cases of acute Chagas' disease were recorded 
during six recent months (October 1966- March 1967) (Rohwedder, 1967). 
Thus, Chagas' disease is still a real and serious problem "in several aspects, 
including the socio-medical" (WHO Report, 1962). 

This account of the pathology of American trypanosomiasis is based 
mainly upon personal material derived from nearly 1000 autopsy cases and 
several hundred biopsies. The pathology of the inf ection here discussed repre
sents the aspects of the American trypanosomiasis seen in Central Brazil. 

The history of Chagas' disease is full of unnecessary and disagreeable 
polemic which Ido not wish to reawaken. Therefore, I will avoid quarrels and 
shun meaningless discussion of different opinions which ran contrary to my 
interpretation, because many former opponents now agree with my concepts. 

The differences of opinion are based on marked regional variations in 
manifestations of T. cruzi infection. I do not know the causes of those varia
tions, and it would be profitable to study them and to explain the various 
aspects of Chagas' disease. 

lt seems to me that the polymorphic form of Chagas' disease in Central 
Brazil represents the illness in ali its multiple and variable facets. 

II . PERIODS IN THE HISTORY OF CHAGAS' DISEAS E 

Chagas' disease-like all really great and important discoveries-has its own 
and ~ery peculiar history, called by Magalhães (1944) a "tragicomedy, which 
emb1ttered and destroyed the life of one of our greatest compatriots". Jn this 
history it is useful to distinguish the following six periods. 

A. DISCOVER Y 

Chagas in 1908 discovered in the intestine of the blood-sucking triatomas
which were common in the primitive huts of the Brazilian hinterland- an un
known trypanosome, which he named "Schizotrypanum cruzi" in honour of 
his teacher. The presence of this parasite in bugs suggested to him the possible 
existence of an inf ectious disease in animais and man. Soon afterwards he also 
found the parasites in the blood of domestic animais (dogs and cats) and in the 
blood of a sick child with a high temperature (1909). Two years later-in 
August, 1911-he reported his discoveries to the "Academia Nacional de 
Medicina" (Rio de Janeiro) in a precise description of the acute and chronic 
phases of the disease as well as of its different forms , repeatedly calling bis 
discovery a "new realm in Pathology". Among several publications which 
appeared later, there is an outstanding report on more than 200 cases of the 
so-called central nervous system form (Chagas, 1913). 
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B. DENIAL 

However, this important discovery by Chagas was violently combated and 
even denied, probably because it passed the comptehension of Chagas' con
temporaries. The campaign became intensified when Kraus (1915) could not 
find any human case of Chagas' disease in N. Argentina, although a great 
number of infected bugs were found in hut dwellings. Chagas rejected 
Kraus' report but the attacks and doubts against his discovery continued, and 
he was called "a man who searches in the jungle for diseases which do not 
exist" . 

C. OBLlVION 

After 1920, Chagas' disease was simply forgótten and for more than 10 years 
it disappeared from Nosology as an infectious disease of public health im
portance. 

D. "REDISCOV ERY " 

Mazza (1934) reported many acute cases of Chagas' disease found in N . 
Argentina, exactly where Kraus failed to find any human case of this disease. 
Like Chagas, Mazza was criticized for "discovering new diseases instead of 
treating the many already existing ones" , but he and his colleagues persisted in 
their investigations and were able to record more than 1000 acute cases before 
1944, stressing the importance of the disease as a Public Health problem. Due 
to Mazza's research, investigations on once forgotten Chagas' disease were 
reinstated in South America. 

E. MUTILATIO N 

Although the disease became recognized as both real and important after 
Mazza's "rediscovery" , it emerged much changed from the original descrip
tion. The concept became limited to the "chronic cardiac form" called " chronic 
chagasic myocarditis". The remaining forms described by Chagas were almost 
all discarded. Even so it was considered a rare disease because, until 1944, 
45 cases of chronic chagasic myocarditis were recorded in Brazil and, until 
1948, only 134 outside this country (Laranja, 1954). 

F. REHABILITATION 

The real significance of this plague was proved as a result of improvements 
introduced in the technique of the complement fixation test (Davis, 1943; 
Freitas and Almeida, 1949) and its wide application, and also through the 
new concept on the pathogenesis of American trypanosomiasis (Kõberle, 
1956). Nowadays Chagas' disease is no more an " odd exotic parasitic disease" 
but the commonest inf ectious disease in South America, representing, as 
Chagas wrote in 1918, a "problem of highest importance of the American 
continent". 

It is now realized that Chagas was completely right in predicting his dis
covery as "a new realm in Pathology", and it is just this new area which will be 
discussed in this review. 

499 



50(1 

..... -
"-' 

66 FRITZ KÕBERLE 

III. GENERAL PATHOLOGY OF Trypanosoma cruzi 
lNFECTION 

A. TRANSMISSION A D PORTAL OF ENTRY 

The possibilities of human infection are listed below. 

1. Jnfection through contaminatedfeces of Reduviidae 
After the blood-sucking act (chiefly on exposed regions of the body during 

the night) the bug expels semiliquid contaminated feces , plus the metacyclic 
forros of the trypanosomes, near the wound of the bite. As the wound itches, 
scratching follows and the contaminated feces are rubbed into the small 
puncture produced by the insect or into an abrasion of the skin, reaching the 
subcutaneous tissues. Or the parasites may penetrate even through the intact 
mucous membranes, commonly the ocular conjunctiva. These are by far the 
most usual sites of inf ection. 

2. Diaplacentar infection of the fetus 
This kind of infection was first clinically reported by Dao (1949), patho

logically confirmed by Gavaller (1951) and further recognized by many other 
observers. 

3. Jnfection through the maternal milk 
Infection through the maternal milk was only once reported (Mazza et ai., 

1936). 

4. Infection through blood transfusion 

T his is a very important mode of transmission (Freitas et ai., 1952), as blood 
donors in endemic areas are frequently infected. 

5. Jnf ection through other contaminated insects 
Contaminated insects other than triatomas (mosquitoes, bedbugs, and ticks) 

may inf ect animais (Brumpt, 1913; Mayer and Rocha Lima, 1914; Alcântara, 
1966). 

6. lnfection in laboratory 

Infection in the laboratory is accidental, and fortunately a rare event. 

B. P R IM AR Y F OCUS AND PRIMARY COMPLEX 

The inf ection is generally acquired during the first years of life and it usually 
has a more severe development in infants than in adults. Both sexes are equally 
infected (Viana Martins et ai., 1940 ; Laranja et ai., 1948; Romana, 1963). 

Once introduced into the connective tissue of the skin or mucous membrane, 
the parasites cause a circumscribed local inflammatory reaction, and through 
lymphatic propagation, almost simultaneously, elicit an acute regional 
lymphadenitis. This primary complex develops after a short incubation period 
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:1bout one week, a nd last fo r approxi mately one month. Rarely, an exulcer
::)11 occur at the site of the primary lesion. 
:n most cases the portal of entry is the ocular conjunctiva. The unilateral 
!ma, conjunctivitis a nd pre-auricular lymphadenitis a re known as Romana 
n (Fig. 1). 

FIG. 1. Romana sign. (By courtesy of Professor J. L. Pedreira de Freitas.) 

C . GENERALIZATION 

~oon after the forrnation of the primary complex, even during the first or 
ond week of infection , the parasites penetrate into the blood stream, pro
:::ing a septicemic state, with hernatogenic metastatization. Any kind of cell 
.y be parasitized (Vianna, 1911 ; Mayer and Rocha Lima, 1914) but the 
1scle and glia cells are specially invaded. 

D . LOCAL REACTIONS 

:n the evolutionary cycle of T. cruzi in man, two different forms are distin
shed: (a) the trypanosome or blood form and (b) the leishmania or intra
lular form . 
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A 

B 
F IG. 2. A, B and e (facing page). Parasitism of human tissues in acute T. cruzi infection. 

A- Striated muscle fibers of the esophagus. B-Heart muscle. e-Placenta. 
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The trypanosomes circula te in the blood stream and after a certain period of 

time, invade the tissue cells. ·we do not know (1) how long the trypanosomes 

can or must circulate in the blood stream, (2) for what reason the parasites 

leave the circulation, and (3) how they select preferentially the muscle and 

glia cells. As the trypanosome needs carbohydrates for its survival, it seems 

likely that a product originating from its metabolism reaches the blood, acting 

as a trigger which informs the parasite of the proximity of a cell containing 

glycogen. Certain investigations indicate that the trigger information is 

received as soon as the parasite enters the venous circulation. It is at this levei 

that the trypanosome leaves the capillary, actively perforating its wall and 

finally the plasmatic membrane of the host cell, entering by its posterior end 

(opposite to the free flagellum) (Kollert, 1960). At this posterior end of the 

trypanosome a vesicle is present (Meyer et ai., 1958) which probably contains 

an enzymatic substance capable of promoting Iysis of the plasmatic membrane 

of the host cell, facilitating penetration. Once in the interior of the host cell the 

trypanosome transforms immediately into the intracellular leishmania form. 

Binary division follows and the parasite multiplies during a period of 5 days 

(Romana and Meyer, 1942; Kollert, 1960) in a cyst-like cavity (pseudocyst) 

within the invaded cell (Fig. 2). 
Mayer and Rocha Lima (1912) observed that the development of the leish

mania forms within the host cell is uniform. However, in the final phase, before 

the transformation into trypanosomes occurs, a slight difference in size appears 

among the parasites and at the sarne time a small amount of fluid accumulates 

inside the pseudocyst. This feature was recently confirmed by electronmicro

scopy (Tafuri, 1967). This fluid seems to originate from the intracellular 

·j {)J 
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material after liquefaction through enzymatic substances derived from the 
parasites. The presence of a certain amount of liquid is apparently necessary 
for the early rnaturing mobile forros of the parasite. This final stage of trans
forrnation from the leishrnania to trypanosome forros is variable and never 
occurs simultaneously in all the parasites inhabiting a pseudocyst. Usually 
only a small fraction of the parasites reach complete maturity, and as soon as 
this occurs they leave the pseudocyst using their non-fl agellated pole to per
forate the cell membrane. Very rarely there is a simultaneous transformation of 
leishmania forms into trypanosomes. As soon as the first trypanosome has 
burrowed from the pseudocyst the transformation of leishmania into trypano
some ceases due to the entrance of interstitial fluid into the ruptured pseudo
cyst. All leishmania fo rms not yet transformed into trypanosomes are non
viable outside the pseudocyst and ultimately disintegrate (Romana and Meyer, 
1942) . 

The two described forros of parasites act differently during the disease. The 
trypanosomes which leave the pseudocyst and penetrate into the blood stream, 
are destined to maintain the infection , burrowing into new host cells, where the 
intracellular cycle is reinstated ; the leishmania forros, not yet transformed into 
trypanosomes, remain in the vicinity of the ruptured pseudocyst, disintegrate 
and become responsible for the local lesions. 

1. Inflammato ry reactions 

Inflammatory reactions are detected in the vicinity of the ruptured pseudo
cyst, but they have different features and characteristics according to the state 
of development of the disease. 

ln the acute phase the cellular infiltrates consist of neutrophils and sometimes 
almost exclusively of eosinophils. As the disease progresses there is a decrease 
of polymorphonuclears anda gradual increase of monocytes, lymphocytes and 
plasma cells. Later on there appear histiocytes which are transformed into 
epithelioid cells, sometimes multinucleated giant cells of the Langhans type. 
According to the modification of the cellular components there is also a 
corresponding change in the patterns of the infiltration. The infiltrates are 
always localized around the ruptured pseudocysts but in the acute phase they 
show a certain tendency to propagation associated with the presence of a 
leucomonocytory reaction without sharp demarcation. The inflammatory 
foci may show confluence, giving the impression of a diffuse phlegmonous 
infiltration which may make it difficult to recognize the primary multifocal 
origin. As the quantity of monohistiocytes rises, chiefly when epithelioid and 
giant cells increase in number during the chronic phase of the disease, there is 
a distinct delimitation of the inflammatory reaction, resulting finally in the 
formation of granulomas (Fig. 3A, B). 

As occurs in other so-called specific inflammations, we also find in the T. 
cruzi infection inflammatory reactions in accordance to the immunobiological 
state of the parasitized organism. This condition of the organism, through the 
production of antibodies, is responsible for the pattern, composition and extent 
of the inflammatory response. However, Chagas' disease does not produce 
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peculiarities of the inflammatory reactions from the standpoint of the prin
cipies of general pathology. 

During the acute phase, with a high parasitemia and accentuated parasitism 
of the different tissues ( or organs), the inflammatory foci are extremely frequent 
and impressive, while in the chronic phase they are extremely few and small , 
their detection calling for careful examination of many histological sections. 

The evolution of the acute septicemic phase toward the chronic pauci
parasitic phase results from the mobilization of the specific defense of the host, 
establishing an immunobiologic equilibrium between the micro- and the 
macro-organism. We can imagine that in Chagas' disease, as in other chronic 
infections, there may occur a disturbance of this equilibrium of internai as 
well as of externai origin , causing a recrudescence of the infection. Such an 
exacerbation of a latent T. cruzi infection was involuntarily produced by Wolf 
et ai. (l 953) administering cortisone to Rhesus monkeys recently imported 
from India. Although not proved such recrudescences may occur in man. 

The final cause of the inflammatory reactions in the acute phase is un
doubtedly the parasite. 

Arguments against the inflammatory reactions being dueto the presence of 
the parasite are: 

(a) Large number of pseudocysts filled with hundreds of parasites are found 
not to produce any reaction in the surrounding tissues. 

(b) Even after the rupture of a pseudocyst there may be numero us leish
mania forms of the parasite in its vicinity and within the interstitial 
spaces, equally without any inflammatory response. 

(e) Parasites are almost never seen in the centers of inflammatory foci. 
ln fact, ali arguments presented "against" the parasitic origin of the inflam

mation are in favor of it. It is not the intact parasite-inside or outside the 
pseudocyst-that evokes the inflammatory reaction. This reaction is due to 
the products of parasite disintegration only. "lntact" parasites cannot be found 
in the inflammatory foci because they have been destroyed. 

2. Degenerative fesions 

ln addition to these well known inflammatory reactions, degenerative 
lesions may be observed after the rupture of a parasitized host cell and follow
ing the disintegration of the remaining leishmania forms. These features were 
rarely observed and therefore their pathogenetic significance was not reco~
nized. Nevertheless, they exactly provide the clue to the interpretation of th1s 
disease which Chagas (1911) termed "a new world in Pathology". 

In his first report on the pathological findings in Chagas' disease, Vianna 
(1911) described in the central nervous system "a more or less marked altera
tion of ganglion cells and their disintegration in the vicinity of ruptured 
pseudocysts" . Fat necrosis around ruptured parasitized host cells in sub
cutaneous and peritoneal adipose tissue was reported by Mayer and Rocha 
Lima ( 1912). Monckeberg (1924) mentioned "severe lesions of nerve and 
ganglia" in the heart of dogs experimentally infected with T. cruzi. 

Whereas ali these observations were made in the acute phase of experiment-

-50 · 
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A 

B 

FrG. 3. Inflammatory Iesions and degenerative changes in human cases of T. cruzi infection. 
A-Myocardium with acute inflammatory infiltrates containing Jeishmania forms . B

Chagasic granuloma in the esophagus. c-Severe degenerative lesions of ganglion cells of an 
autonomic ganglion of the heart in acute Chagas' disease. o-Autonomic ganglion of the 
heart with marked numerical diminution and degenerative lesions of ganglion cells. 



507 

C H AGA S ' DIS EA S E A D C H A G AS ' S Y DRO M ES 73 

e 

D 
FIG. 3-continued. 
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ally infected animais, through examination of human material from chronic 
chagasic cases I arrived at the conclusion that in this case there is a marked 
diminution of the number of ganglion cells in the central and/or peripheral 
nervous system (Kõberle, 1956) (Fig. 3C, D). These findings were experiment
ally confirmed in animais (Koberle, 1957), suggesting the presence of a neuro
toxic substance inside the leishmania forms (Kõberle, l 957). This neurotoxic 
substance is liberated from the leishmania forms after their destruction and 
acts locally at a short distance only. Tafuri (1967) studied by electronmicro
scopy the autonomic ganglia of the heart of mice in the acute phase of the 
infection, and observed severe lesions of the Schwann cells and ganglion cells. 
These lesions suggested to him a neurolytic action of the leishmania forms 
after their disintegration (Fig. 4). 

Like the inflammatory reactions, the degenerative lesions are also more fre
quent and severe in the acute phase of the disease. However, there is a little 
difference in respect of the time of their appearance. The degenerative altera
tions of the ganglion cells appear a little sooner than the inflammatory reaction. 
Once the inflammatory reaction has begun, it is difficult to verify changes in 
the nerve cells because they are hidden and covered by the infiltration of 
inflammatory cells. Therefore, the best opportunity to examine the degenera
tive alterations of the ganglion cells is immediately after the rupture of the 
pseudocysts, when the inflammatory reaction is still undeveloped. We must 
admit that the parasitism of the host cell and the inflammatory reactions after 
the rupture of the pseudocysts are much more impressive than the degenera tive 
changes of the ganglion cells. Sometimes it is difficult to disclose the damage 
to ganglion cells, which are destroyed and disappear rapidly without any 
reaction of their satellite cells. 

Since the parasites show a preference for the muscle cells, we find the most 
intensive destruction of ganglion cells where there is intimate connection 
between muscle tissue and autonomic ganglion cells. This is true of the heart 
and all the hollow muscular organs. ln spite of the sornetimes intensive parasit
ism of the skeletal rnuscle and the presence of a resulting accentuated and 
diffuse acute rnyositis, it is astonishing that the acute Chagas' disease does not 
produce severe sequelae of the skeletal musculature. This is perfectly explained, 
however, by the fact that in the striated muscle there are no nerve cells which 
could be damaged or destroyed. 

These degenerative changes of the nervous system occur mainly or exclu
sively during the acute phase of the disease, when the parasitism is extremely 
high and a protective barrier is not yet formed by the organism, delimitating 
the process and avoiding its propagation. Alcântara (1959) has shown that 

FIG. 4. Electronmicrographs of a parasitized autonomic ganglion of the heart of mice 
with acute T. cruzi infection. A-Parasitized Schwann cell (SC) with its nucleus (SCN); two 
leishmanias (L) with nuclei (LN), cytoplasm (LC), cytoplasmic membrane (LM) and ble
pharoplast (BL); vacuolization of the cytoplasm around the parasites. B-Leishmania (L) in 
disintegration into the cytoplasm of a Schwann cell (SC), with enlargement of the endo
plasmic reticulum cysterns (ReC); severe alterations of the ganglion cells (GC) with tumefac
tion of mitochondria (M) and pronounced lysis of ergastoplasm (E). (By courtesy of Dr. W . 
Tafuri.) 
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80 % of the ganglion cells of the heart may be destroyed during the acute phase 
in experimentally infected rats. 

Investigations carried out in serial histological sections demonstra te that the 
neurotoxic substance is active only at a short distance and in high concentr
ation, since only the ganglion cells in the immediate vicinity of a ruptured 
pseudocyst display severe alterations, and even lysis of cells occurs in the 
presence of many leishmania forms in disintegration. Nerve cells at a short 
distance from the burst pseudocyst remain completely unchanged. We 
suppose that the neurotoxic substance which can damage all types of cells
especially nerve cells-ís probably an endotoxin or an enzyme. 

3. Allergic reactions 

Allergic reactions in the different organs are found in chronic Chagas' 
disease as in most other chronic infectious diseases. M uniz and Azevedo (194 7) 
demonstrated allergic manifestations in the heart after inoculation of dead 
trypanosomes. Necrotizing arteritis was reported in human and experimental 
material (Kõberle, 1957; Brito and Vasconcelos, 1959; Okumura et ai. , 1960, 
1962). The significance of these allergfc reactions in the development of the 
disease is not yet understood. 

IV. CONCEPTS OF ÁMERICAN TRYPANOSOMIASIS 

Throughout the historical development of ideas about Chagas' disease, 
there have been disputed problems about its very existence, its importance in 
Public Health and its manifold aspects. Many physicians working in endemic 
areas were inclined to attribute several disturbances of the digestive tract-e.g. 
megaesophagus and megacolon- to American trypanosomiasis. These 
attempts, however, were strongly rejected by nearly all other investigators, 
who argued that these "diseases" exist in countries where Chagas' disease 
was never reported. Meaningless discussions thus continued without palpable 
results through three decades, because it was impossible to find a common 
denominator for such different views. As Prado (1959) stressed, "a missing 
link" in the chain of our knowledge about Chagas' disease has to be searched 
for, in order to explain the discrepancies between the various attempts at 
interpretation. 

A. OLDER CONCEPT 

For almost half a century Chagas' disease was considered to be a morbid 
entity beginning with an acute septicemic phase, sometimes fatal, but usually 
passing after some weeks into a prolonged chronic phase. Since the acute 
manif estations of the disease disappeared, apparently without sequelae, and 
further manifestations emerged many years Iater, these were attributed to the 
repeated inflammatory foci, caused by intermittent parasitic metastatization . 
Thus the only form admitted after the period of "rediscovery" -the cardiac 
form-was interpreted as a "chronic myocarditis" (Fig. SA). 
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FIG. 5. A-Old concept of T. cruzi infection : the curve indicates the parasitism and para
sitemia in the acute and chronic Chagas' disease, showing the decrease of the inflamma!ory 
reactions with the increase of the specific defense. B- New concept of T. cruzi infechon : 
interrupted line represents the parasitism and parasitemia; the full line indicates the destruc
tion of ganglion cells. 

B. NEWER CONCEPT 

Toe analysis of our study of the general pathology of T. cruzi infection sug
gests that American trypanosomiasis embodies two different pathological 
processes. 

The initial process is the parasitic infection with its typically local inflam
matory reaction, which subsides apparently without any important sequelae 
in the various organs. Torres (1941) reported that no other disease causes such 
intense myocarditis as acute Chagas' disease and heals without vestiges. How
ever, this is only an erroneous impression based on a superficial exarnination, 
because marked sequelae-the beginning of a new process-are found , after 
the acute myocarditis, in the autonomic nervous system of the heart, being 
easily overlooked. As the sequelae comprise a numerical diminution of the 
ganglion cells, the pathologist has to search for something that has disappeared. 
Similar lesions occur in the most varied territories of the central and peripheral 
nervous system. Therefore, we may- cum grano sa/is-compare the acute 
Chagas' disease with poliomyelitis. l n this disease there is also an acute inflam
mation with degenera tive lesions and destruction of the ganglion cells, respon
sible for the post-poliomyelitic paralytic phenomena. The difference between 
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poliomyelitis and Chagas' disease consists only in the fact that the vírus infec
tion heals whereas the parasitic inf ection continues in latent form. 

Hence we ought to distinguish in American trypanosomiasis according to 
the classic concepts of the Greek Medicine of "Nosos" and "Pathos", i.e. 
between Chagas' disease and Chagas' syndromes (Fig. 5B): 

(a) Chagas' disease, in the strict sense, that is, infection by T. cruzi showing 
an acute septicemic phase, which passes after the development of the 
specific defense of the host into a chronic phase, with rare parasites in the 
circulating blood and in the body tissues; 

(b) Chagas' syndromes, sequelae of Chagas' disease, also called " late mani
festations" of the disease, which develop as the result of the extensive 
destruction of ganglion cells in the peripheral and/or in the central 
nervous system during the acute phase. 

According to our new concept on T. cruzi infection, all the so-called "late 
manifestations", which were until now considered to be the expression of the 
chronic Chagas' disease, represent in reality Chagas' syndromes and, as they 
are caused by a numerical reduction of the ganglion cells, are essentially neuro
pathies. The symptomatology of these neuropathies has to be evaluated mainly 
through functional methods. The extension and intensity of such functional 
derangements depend not exclusively, but principally, on the degree of the 
numerical reduction of ganglion cells. This more or less rnarked denervation 
must be confirmed by quantitative and comparative studies on material 
obtained from normal and chagasic cases. Such investigations are easy, but 
very tiresome, requiring thorough examination of great numbers of histological 
sections. 

1. Quantitative study of the nervous system in man 

ln the study of the nervous system in man the following methods were 
employed. 

(a) Ganglion cell counting in the digestive tract. Rings 3-4 mm thick were 
taken at different levels of the digestive tract and embedded in paraffin as a 
whole or divided in segments 2 cm long. Serial histological sections-each 7 µ 

. thick-were cut and every seventh section mounted and stained with H.E. As 
the ganglion cells never have a diameter larger than 50 µ, with this technique 
the double counting of cells is avoided. Twenty sections were taken from each 
block, completing a total width of approximately 1 mm. The ganglion cells of 
the myenteric and/or submucous plexuses were counted in the twenty selected 
sections of every block. ln that way the total number of ganglion cells in each 
of the plexuses-(in a ring 1 mm thick)-of the hollow muscular organ was 
obtained. 

(b) Ganglion cell counting in the respiratory tract. Since the distribution of 
the ganglion cells in the respiratory tract is highly irregular, it was necessary to 
count the ganglion cells in a ring 1 cm thick, using the sarne methods as above. 

(c) Ganglion cell counting in the heart. ln the heart the number of ganglion 
cells was counted in the posterior wall of the right atrium, in a strip taken 
between the superior and inferior venae cavae. 
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(d) Ganglion cell counting in the autonomic ganglia. The ganglion was 
entirely cut in sections 7 µ thick and the counting was performed in every 
seventh section. 

(e) Ganglion cell counting in the central nervous system. ln the central 
nervous system the counting of ganglion cells was accomplished with the sarne 
technique in pre-established areas. 

2. Quantitative study of the nervous system in animais. 

(a) ln mice and rats. Due to the smaller diameter of the ganglion cells in 
these animais (average of about 24 µ), histological sections 8 µ thick were 
obtained and each third section was selected for counting. 

(b) ln cats and dogs. ln these animais the sarne method used for human 
material was applied. 

V. THE PH A SES OF CHAGAS ' DISE A S E 

A . A C UT E PHAS E 

1. Symptomatology 

After an incubation period of 1-2 weeks, the disease begins with tiredness, 
headache, abatement and fever of variable intensity, reaching 38--40ºC. 
Temperatures above 40ºC (104ºF) are usually rare. The fever may be continu
ous or recurrent , lasting 4-5 weeks and then falling gradually to normal. An 
edema of elastic consistency may appear during the second week. I t may be 
localized (chiefly in the face) or generalized, sometimes suggesting an acute · 
nephritis, and subsides spontaneously with the other symptoms. Generalized 
lymphadenopathy and moderate hepatosplenomegaly are frequent, and 
gastrointestinal symptoms (vomiting and diarrhea), cutaneous rash and 
meningoencephalitis may be present. Nevertheless, the most frequent signs 
appear in the cardiovascular system: tachycardia (without correspondence to 
the intensity of the fever), cardiac enlargement, hypotension and heart failure. 
Toe electrocardiogram shows sinus tachycardia, low voltage, prolonged P-R 
interval and primary T-wave changes. This occurs in about half of the cases. 
The other half shows no EKG alterations (Laranja et ai., 1956). Hematological 
examination reveals leukocytosis due to marked lymphocytosis with relative 
neutropenia. ln the la te stage of the acute phase the number of eosinophils may 
be high. 

The severity of the acute disease is extremely variable. Formerly-in Chagas' 
epoch- the mort~lity rate was about 50 (o_• whereas tod~~ it is less than 5 %
Death is caused either by encephalomyeht1s or myocard1tis. 

All these acute manif estations described by Chagas (1916) were confirmed 
by numerou& other investigators. Nevertheless we must emphasize the follow
ing symptoms, which Chagas reported but could not explain satisfactorily. 

(a) Tachycardia. Tachycardia is always higher than one would expect it to 
be in relation to the fever. Sometimes the frequency is extremely high and 
continues increased after the remission of the temperature during the recovery. 
This finding was confirmed by all researchers and yet Laranja et ai. (1956) 
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stressed that "the tachycardia very often only manifest or become more 
intense, when the fever and the other acute phenomena have disappeared". 

(b) Couglzing. Bronchial irritatian assaciated with abundant mucus 
secretian is also related. 

(e) Dysphagia. We quate Chagas: 

Another symptom which we observed during the acute infection of adults, is an 
accentuated dysphagia for solid food and sometimes for liquids too. The swallow
ing of solid food requires the help of a gulp of water. The patients say that the 
food stops in the esophagus and produces extreme pain. Even the swallowing of 
liquids and water may be difficult, sometimes impossible. ln this case only a 
trick can help, namely the ingestion of small amounts offluid. This phenomenon, 
without satisfactory pathogenetic explanation, may have some relation to the 
dysphagia known as "Mal de Engasgo", another endemic disease widely en
countered in the interior of Brazil, and according to our abservatians, specially 
in those regions where Trypanosomiasis is frequent. Could the "Mal de Engasgo" 
be another cornponent of the Brazilian Trypanosomiasis, and could that dys
phagia of the acute forms represent the initial phase of the syndrome? (Chagas, 
1916). 

(d) Diarrhea. This candition is frequent, very abstinate and cannat be 
explained either by bacterial ar by parasitic intestinal inf ections. 

I emphasize the above four symptams because they demonstra te impressively 
the rarity of Chagas' abservatians. 

2. Pathology 

The pathological findings in fatal cases of acute Chagas' disease were 
described in detail by Chagas (1911), Crowell (1923) and ather authars sa 
completely that nothing need be added. 

(a) Macroscopic findings. The main macroscapic findings are generalized 
edema, especially in the face, generalized swelling af the lymph nades, serous 
effusians in the bady cavities, hyperemia and edema af the brain, spinal cord 
and their meninges, eventually punctif orm hemorrhages in the brain, dilatation 
af the heart with flabby, friable and spotted myocardium, serofibrinaus peri
carditis, acute swelling of the liver and acute infectiaus swelling of the 
spleen. 

(b) Microscopicfindings. ln ali argans or tissues are found variable quanti
ties af parasitic pseudocysts and acute inflammatary foci , containing numerous 
easinophils. ln most cases the heart is the most frequently and intensively 
damaged organ. It may show a diffuse multifocal myacarditis, sometimes af a 
phlegmonous type and of an intensity not yet seen in any other known inf ec
tious heart disease (Torres, 1941). ln the central nervous system forms of the 
disease the inflammatory infiltrations are more prominent in the brain, spinal 
cord and leptomeninges. The liver shows a parenchymatous or fatty degenera
tion and there is an acute splenitis. Parasites are seldom found in the liver or 
the spleen. 

These pathological features in the acute stage of Chagas' disease correspond 
to a typical form of a septicemic and metastasizing process; all possible varia
tions of intensity and localization can be found. 
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B. CHRONIC PHASE 

As the acute phase of Chagas' disease subsides, the chronic phase arises and 
parasites become extremely scarce in the blood and tissues dueto the mobiliza
tion of the specific defense of the host. The patient appears to be normal for a 
long period, 10-20 years (Laranja et ai. , 1956). However, the diagnosis may 
still be established by the finding of parasites in the circulating blood (by means 
of xenodiagnosis) or the highly specific complement fixation test of Guerreiro
Machado. 

As already mentioned, acute recurrences of the disease have been provoked 
in animais but, so far as we know, are not confirmed in man. Such confirmation 
is needed because if acute stages do not recur, the chronic chagasic infection 
would be the best protection against a new infection, and to cure it would be 
unnecessary and might even be harmf ul. 

2. Pathology 

As in most chagasic cases the acute phase passes into an apparently asympto
matic chronic phase; we find in such instances- if the patient dies in conse
quence of another fatal illness or an accident-no characteristic features at 
autopsy. However, painstaking examination of many histological sections will 
reveal some chronic inflammatory foci or granulomas and, exceptionally, a 
pseudocyst may be detected. An eventual diminution of the number of ganglion 
cells in the central and/or peripheral nervous system can be displayed only by 
quantitative studies of serial histological sections. These lesions of the nervous 
system, as we have already explained, are deterrnined in the acute phase of the 
disease, and are not attributable to the chronic phase. 

VI. CHAGAS' SYNDROMES 

Under the term "Chagas' syndromes" we understand all pathological 
phenomena caused by the diminution in a number of ganglion cells, which may 
become manifest immediately following the acute disease or after an apparently 
asymptomatic period of many years. We must emphasize that the denervation 
is the absolutely indispensable element for the appearance of these syndromes, 
but its development depends on the conjoint action of many other factors, 
arnong which the most important are (a) localization and intensity of denerva
tion, (b) sensitivity of the affected organ to denervation and (e) solicitation and 
overloading of the damaged structure. 

For the analysis of any syndrome and its evolution, we have to evaluate the 
participation of each of the mentioned factors and, when possible, a quantita
tive study should be carried out. 

Concerning the localization, it is evident that the manifestation depends on 
the damage of the corresponding part of the nervous system, be it situated in 
the organ itself, in its vicinity, or in the central nervous system. 

The intensity of the denervation alone has real value only when related to the 
sensitivity of the affected organ. ln fact, I have established different limits of 
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tolerance to denervation in various hollow muscular organs (Fig. 6) and veri
fied that a certain denervation may produce severe functional disturbances in 
one organ, while the sarne denervation may not provoke functional reper
cussions in another organ. 

ln the sarne way we can understand that the functional disturbance becomes 
more evident, and occurs sooner, the more frequently and intensively the 
organ is solicitated or overloaded. Some syndromes thus appear immediately 
after ganglion cell destruction, whereas others become manifest only after 
many years. Chagas' syndromes may be explained according to Cannon's law 
of denervation, which is of the utrnost fundamental irnportance in the 
hierarchy of the organization of life. ln a way, tbey represent an experiment 
elaborated by Nature, confirming, in a grandiose example, the validity of 
Cannon's law! 
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FIG. 6. Limits oftolerance to denervation. 

Of all these Chagas' syndromes, the cardiopathy is by far the most frequent 
and most important. Nevertheless, I will begin my presentation with the 
disturbances of the motility of the digestive tract, since the pathogenic mechan
ism is relatively simple and better elucidated than is the very complex patho
genesis of chagasic cardiopathy, which is still problematical. 

A. APERISTALSIS AND EN TEROMEGALY 

The disturbances of the motility of the hollow muscular organs-so fre
quently observed in chagasic patients-have been termed " aperistalsis" 
(Brasil, 1956). For such alterations and their morphological consequences, 
more than one hundred different terms exist in the medical literature, among 
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which the most common ones are: achalasia, cardiospasm, idiopathic dilata
tion, idiopathic hypertrophy; megaesophagus, megacolon, megacystis, etc.; 
dolichoesophagus, dolichocolon, etc. 

About thirty different theories have attempted to explain the pathogenesis of 
this morbid condition. Such dilatations are relatively rare outside South 
America and most cases are diagnosed in advanced stages of development. 
Since the etiology of the lesion in cases outside South America was unknown, 
it was impossible to trace its evolution and study its pathogenesis. However, 
once the chagasic etiology of such dilatations of the hollow muscular organs in 
Brazil (Koberle, 1956) had been established, it became feasible to study the 
motility of these various hollow organs in all phases of their evolution in a 
great number of chagasic patients. ln fact this was the first step towards 
elucidating its pathogenesis. 

Toe final stage of the altered motility has its morphological expression in a 
hypertrophy of the muscle wall, followed by dilatation of the organ. All these 
dilatations in various organs-e.g. megaesophagus, megacolon, megaureter, 
etc.-are denoted by the term enteromegaly. 

Table I shows the incidence of enteromegaly with its distribution in the 
different organs, and also the various combinations of local manifestations in 
800 autopsy cases. Five hundred of these cases showed only chagasic cardio
pathy, which was always the cause of death. Three hundred cases disclosed 
dilatation of one or more hollow muscular organs. The great majority of these 
enteromegalic manifestations have been found in the digestive tract, and 
megaesophagus and megacolon were the most frequent alterations (Fig. 7). 

1. Digestive tract 

The denominations megacolon (Mya, 1894) and megaesophagus (von 
Hacker, 1907) as well as other similar terms are used to denote all such hyper
trophies and dilatations of a hollow muscular organ in which neither roent
genological nor gross examination can reveal any obstruction which could 
explain the dilatation of the organ. 

ln those cases in which a cause could not be appointed as the origin for the 
dilatation, many attempts were made to demonstrate an obstacle, because it 
seemed to be impossible that a hollow viscus could become dilated in the 
absence of an obstruction. Among these dilatations, the megacolon was best 
known, after its description by Hirschsprung (1888), who interpreted his im
pressive findings in newborn inf ants as a possible malformation of the large 
intestine. La ter on, Mya (1894) introduced the term "megacolum congenitum", 
defining the lesion as local gigantism, thus avoiding explanation in terms of 
the presence of an obstacle in the distal portion of the large intestine. His 
interpretation was accepted and used to explain similar dilatations of other 
hollow organs; von Hacker (1907) coined the term megaesophagus, suggesting 
an analogous malformation in the initial part of tbe digestive tract. Finally, 
Dalla Valle (1920, 1924) dernonstrated that the huge dilatation of the colon is 
due to an obstruction consisting of a distal aganglionic segment in the rectum. 
It is noteworthy that Hirschsprung rnentioned in his first report that the dilata
tion did not include the rectum, which seemed to be normal. With the discovery 
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T ABLE I 

Chagasic syndromes in tire hollow muscular organs of 800 autopsy 
cases 

e 
C-MC 
C-ME 
C-MC-ME 
C- BR 
MC 
MC-ME 
ME 
C-MC-BR 
C-MD 
C-ME- MG 
C-MC-ME-MD 
C-MC-ME-MD 
C-ME-BR 
BR 
C-MGb 
C-ME- MD 
C-MC-ME-MG 
C-ME-BR-MD 
MG 
C-MG 
C- MCy 
C- MU 
MC- BR 
MC-MG 
ME-BR 
ME-MG 
ME-MGb 
MD-MJ 
C-MC-MGb 
C-MC-MCy 
C-MC-MJ 
MC-ME- MG 
C-MC-ME-BR 
C-MC-ME-MJ 
C-MC-MD-MGb 
C-ME-MG-MD 
MC-ME-MD-MJ 
C-MC-ME-BR-MG 
C-ME-MG-MD-MU 

500 
72 
52 
50 
23 
22 
13 
12 
6 
4 
4 
4 
4 
3 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

800 

85 

C-cardiopathy; MC- megacolon; ME-megaesophagus; MG-megagastria; MD
megaduodenum; BR- bronchiectasis; MGb-gallbladder; MJ-megajejunum; MCy
megacystis; MU-megaureter. 
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of Dalla Valle, i.e. the existence of an aganglionic segment, representing the 
responsible functional obstacle of the intestine, the theory of a congenital mal
formation was confirmed, but the malformation was represented by the narrow 
distal segment, and not by the dilated part. Thereafter the denomination of 
megacolon was not justified, beca use the dilatation denotes only a secondary 
alteration and not the primary lesion. However, the denomination of mega
colon was dangerous as well as erroneous, because it induced surgeons to 
remove the dilated part (to no purpose), leaving the responsible segment in the 
body, promoting an obligatory recurrence after an anastomosis was achieved . 
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FIG. 7. Frequency of "megas" in 800 autopsied chronic chagasic cases: MC- megacolon, 
ME- megaesophagus, BR-bronchiectasia, MD- megaduodenum, MG-megagastria, 
MGb-megagallbladder, MJ-megajejunum, MCy- megacystis, MU-megaureter. 

The existence of an aganglionic segment was confirmed by several investiga
tors, and Bodian et ai. (1949) insisted on the replacement of the misleading 
term "megacolum congenitum" by the correct denomination of "Hirsch
sprung's disease". Unfortunately the terms "megacolum congenitum" or 
"aganglionic megacolum" are still used, giving rise to misinterpretations. 
Some authors still use the terms "symptomatic" or "organic" megacolum, for 
dilatations ofthe intestine caused by organic obstruction (Lee and Bebb, 1951; 
etc.). These names should not be used, because they are inadequate and call 
attention only to a secondary phenomenon and not to a responsible original 
lesion. 

The term megacolum, in my opinion, should be reserved for dilatations of the 
intestine, without a responsible obstacle, in spite of the fact that many authors 
do not believe in the existence of a so-called "idiopathic dilatation". I quote 
the following part of Lee and Bebb's article to illustrate the general opinion 
about this problem: 

The greatest stumbling block to a proper interpretation of the observed facts has 
been that in so many cases no recognizable organic obstruction could be demon-
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strated. That form of megacolon secondary to obstructing stricture or tumor has 
long been recognized and has been termed symptornatic or organic megacolon. 
It has never presented any problem, and yet the pattern is so similar to that of 
the so-called "idiopathic" type that, in retrospect, it seems almost incredible 
tbat the latter could have been attributed by so many distinguished observers
including Hirschsprung, Osler and Finney-to a disorder intrinsic withrn tbe 
dilated and hypertrophied bowel itself. If such an interpretation were correct, 
it would represent tbe only instance known to medical science of a hollow viscus 
becoming chronically dilated and hypertrophied ia the absence of obstruction . 

A phenomenon analogous to that referred to with regard to the megacolon 
occurred with the megaesophagus. 

The megaesophagus was considered primarily as a malformation, the 
dilated part being the pathological one. Hurst and Rake (1930) verified the 
absence of ganglion cells in the myenteric plexus of the non-dilated segment of 
the cardia, denominating the functiona.l disturbance achalasia, i.e. non
opening of the cardiac sphincter. It seemed, therefore, that the mechanism of 
the evolution of the dilatation would be-as in Hirschsprung's disease-an 
absence of ganglion cells, an aganglionic segment. If this were true, the term 
megaesophagus should also be abandoned, because the dilatation would 
represent only a consequence ofthe achalasia of the cardia. 

I believe in the existence of a dilatation and hypertrophy of the hollow 
muscular organs without obstruction, as a result of an "intrinsic disorder with
in the dilated and hypertrophied bowel itself". These dilatations could be 
called "idiopathic" not in the sense that the cause is unknown, but in the 
sense that the cause resides in the altered part itself, represented by severe 
lesions of the intrinsic nervous system. 

This disturbance of the motility is called aperistalsís and the morphological 
consequences are megaesophagus, megagaster, megaduodenum, etc. The 
histological substratum of aperistalsis is a more or less marked diminution of 
the number of ganglion cells of the myenteric plexuses. This dirninution has to 
be verified through quantitative and comparative studies. To show the increas
ing reduction of nerve cells and its consequences, I shall use the esophagus as 
a representative model for all types of hollow muscular organs. 

(a) Normal esophagus. We know today that the peristaltic movement of the 
esophageal musculature requires only a normal function of the myenteric 
plexus and of the vagus nerve. The myenteric plexus occupies, in the trans
versal section, about 5 % of the total mass of the esophagus (Koberle, 1963). 
Ganglion cells rarely appear in this plexus below the levei of the cricoid carti
lage. They continuously increase in number up to the middle portion and then 
maintain approximately the sarne number up to the cardia (Fig. 8). Comparing 
the three columns we note this uniformity of the distribution of ganglion cells 
in the inferior half of the esophagus, furthermore a diminution in column B 
which is still more in column C. It suggests that there may be a decrease in the 
number of ganglion cells with age. Figure 9 demonstrates very clearly that 
there is a physiological disappearance of the ganglion cells in the esophagus 
with increasing age; the numerical diminution of nerve cells occurs uniformly 
in the entire length of the organ (Koberle, 1963). 
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FIG. 8. Innervation of the normal human esophagus. A-20 year-old man. n-60 year-old 
man. c-75 year-old man. 
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Fio. 9. Physiological diminution of ganglion cells in the esophagus with increase of age. 

\b) Presbyesophagus. ln old age the diininution of nerve cells is more pro• 
nounced and can fall beneath 50 % of the number found in youth (Fig. 10). 1t 
is very probable that such a marked diminution of the intrinsic nervous system 
may have functional repercussions. The difficulties in swallowing in aged 
people are generally well known and have been studied systematically by 
Piaget and Fouillet (1959) in 100 individuals ranging from 63 to 95 years of age. 
Similar disturbances have been described by Turano (1959), Lauar et ai. (1959) 
and Molitor (1962). Soergel et al. (1964), studying 15 persons ranging from 90 
to 97 years of age, reported tertiary contractions, delay in emptying and 
moderate dilatation, indicating an insufficiency and disorganization of the 
motor function of the esophagus; they called this syndrome " presbyeso
phagus". The physiological numerical reduction in nerve cells is without doubt 
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FIG. 10. Presbyesophagus with marked diminution of the number of ganglion cells. 
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responsible for the altered peristalsis and the difficulties in deglutition found 
in old people. . . 

(c) Chagasic esophagus. As a matter of routme m my Depart1:1ent, the 
ganglion cells in the lower third of the esophagus are counted a_ccordmg ~o the 
method already described. Thus, we have counted the ganghon cells. m t~e 
esophagus of more than 200 autopsied chagasic cases. From our matenal w11l 
be shown only the representative finding in 40 cha~asic esophagus appare~tly 
normal at gross examination. Groupjng the findmgs of nerve cell countmg · 
according to the patient's age, disclosed a very remarkable phenomenon. We 
expected to find a more marked diminution of the number of ganglion cells 
with increasing age of the group, as in normal cases. However, exactly the 
reverse was found, i.e. an increase in the average number of nerve cells with age 
(Fig. 11). These singular results are perfectly comprehensible because they 

~ 750 
.; 
u 
e 
o 
~ 500 
e 
o 
e, 

~ 250 
"' ..o 
E 
::, 
2 

30 

Yeors 

FIG. 11. Chagasic esophagus. Increase of the number of ganglion cells with age. 

show only that the chagasic patient will die sooner, the more pronounced bis 
ganglion cell destruction has been. ln spite of the fact that ali these patients died 
in consequence of an associated chagasic cardiopathy, the nervous system of 
the esophagus expressed eloquently the more or less severe damage of the ner
vous system as a whole. 

Most cases are derived from autopsy material. Unfortunately only a few 
cases occur in which, during life, the motility of the esophagus was graphically 
recorded; therefore we are not able to correlate the intensity of the denervation 
with the clinically verified functional disturbance of the organ. We know, 
throug~ numerous clinicai investigations, that the motility of the esophagus is 
altered m 14-80 ~ ~f chagasíc patíents (Rezende and Rassi, 1958; Godoy and 
Haddad, 1961; V1e1ra and Godoy, 1963; Morales Rojas et ai., 1961; Ifiiguez
Montenegro, 1961; Pessôa and Mesquita, 1964; Haddad and Godoy, 1963). 
These individual results depend in part on the method employed but, evidently, 
also on the regional diff erences of the disease. 

(d) Chagasic megaesophagus. The megaesophagus isso frequent in certain 
areas of Brazil that the clinicai manif estations are well known to the people, 
and severa! terms to characterize the disease and symptomatology are in use: 
" Mal de Engasgo", "Entalo", "Embuchamento", etc. 



CHAGAS' DISEASE AND CHAGAS' SYNDROMES 91 

The most frequent symptoms according to Rezende (1966), expressed as 
occurring in percentage of patients, are: 

Dyspbagia 99 %, Regurgitation 57 %, Odynopbagia 52 %, Erructation 
41 %, Singultus 38 %, Sensation of plenitude 32 %, Coughing 26 %, 
Pyrosis and loss of weight are also very frequent, occurring in about 70 % of 

tbe cases (Rezende, 1966). 
X-ray examination shows dilatation of the organ mainly in the lower part. 

Advanced cases also show elongation of the organ, i.e. megadolichoesophagus. 
The functional study reveals retention of the contrast, which passes gradually 
at long and irregular intervals through the cardia into the stomach. The 
Mecholyl test gives positive results, except in cases of extreme dilatation with 
secondary degenerative changes of the musculature of the organ. 

Gross exarnination shows the characteristic dilatation and hypertrophy of 
the musculature, which can reach 26 times the normal weight. The mucous 
membrane is generally thickened, with patchy leukoplakia most marked in 
the lower part. ln cases with severe stagnation, small erosive lesions or a 
diffuse esophagitis are found in this sarne localization. Cases with very pro
longed evolution show a predisposition to carcinoma, which may occur in 
10 % of the cases (Camara-Lopes, 1962). All these alterations are limited to the 
thoracic part of the organ, while the abdominal portion does not disclose any 
gross changes. 

On microscopic examination the various layers of the organ show different 
alterations. The epithelium of the mucous membrane is thickened and may 
disclose corni.fication of its superficial layer. Leukocytic infiltration and 
erosions of the epithelium are secondary changes occurring in advanced cases. 
These inflammatory infiltrations may penetrate the muscularis mucosae, 
sometimes the submucosa, but never the tunica muscularis propria. Hyper
trophy of the muscularis mucosae is frequent. However, the most impressive 
feature is, without any doubt, the hypertrophy of the tunica muscularis pro
pria. The increase in thickness of this muscular mass is always much more 
eviderit in the inner layer than in the outer layer. While normally the ratio 
between the former to the latter is 0·9: l ·O, it may reach 1 ·0: 6·0. The reason 
for this difference lies in the fact that the inner circular layer is much 
more distended than the ou ter longitudinal layer, due to the dilatation of the 
organ. Quantitative studies of the number of muscle cells in normal esophagus 
and megaesophagus demonstrated that the increase of musculature is the 
consequence of a hyperplasia (Pereira and Gonçalves, 1958). ln this muscle 
layer small localized lympho-histiocytic infiltrations are sometimes seen, 
especially near the myenteric plexuses. Typical granulomas with giant cells are 
very rare. Proliferations of the preganglionic nerve fibers, giving rise to features 
very similar to those found in traumatic neuro mas, may occur. However, the 
most striking and important finding is a negative one, i.e. the absence of more 
than 95 % ofthe ganglion cells ofthe myenteric plexuses (Fig. 12). The decrease 
in number of nerve cells is found uniformly along the whole extension of the 
esophagus, including the abdominal part also, which appears completely 
normal at gross examination (Fig. 13). 
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FIG. 12. Chagasic megaesophagus with loss of more than 95 % of ganglion cells. 

The consequences of the destruction of the ganglion cells of the myenteric 
plexus of the esophagus are as follows: (1) loss of the coordinated peristalsis, 
(2) supersensitivity of the denervated musculature. This phenomenon, occur
ring in a denervated hollow muscular organ, was called by Brasil (1956) 
''aperistalsis''. 
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FIG. 13. A_bdomi~al portion of ten cases of megaesophagus, showing the sarne denervation 
as the thorac1c port10n of the esophagus. 

The absence of ganglion cells ofthe plexus does not, therefore, mean absence 
of the peristalsis only. ln conformity with Cannon's Iaw, the denervated struc
tures become supersensitive to any stimuli, especially to the adequate substance 
which in the present case is acetylcholine. Therefore, the Mecholyl test is 
positive in chagasic esophagus and in chagasic megaesophagus (Vieira and 
Godoy, 1963; Vieira, 1964; Pessôa and Mesquita, 1964), sometirnes in an 
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impressive manner, inducing diffuse and severe spasms of the organ, which 
occasionally need an urgent application of atropin. It is understandable that 
the transport of the contents in a hollow organ becomes slower, irregular and 
sometimes arrested, when the perístaltíc movement is severely disturbed and 
partially substituted by uncoordinated non-propulsive contractions. Obviously 
there is a retention or temporary stagnation of the contents, with prolongation 
of the emptying time. AH these phenomena are responsible for the dilatation of 
the organ, which implies a distension of the muscle fibers. This stretching leads 
to hypertrophy of the muscle, causing more powerful contractions and 
making still more difficult the passage of the contents. Through thís vicious 
circle.of change, monstrous degrees of muscle hypertrophy and dilatations of 
the organ finally occur. ln this way the uncoordinated peristalsis associated_ 
with supersensitivity of the denervated structure per se induce a dilatation of 
that aperistaltic hollow organ, through retardation and stagnation of the 
contents. Therefore, Ido not find it " incredíble that a hollow viscus becomes 
chronically dílated and hypertrophied in the absence of obstruction ' (Lee and 
Bebb, 1951). ln chronic chagasic patients we can find dílatatíons and hyper
trophies of hollow organs without a sphincter (megaduodenum, megajejunum, 
megaileum, megatra~hea, etc.), which prove that a sphincter is not indispens
able for the occurrence of a "mega" formatíon. 

Most authors have attributed the megaesophagus to the presence of a 
"hindrance" at the levei of its terminal portion: "spasm of the lower esopha
gus" (Zweigel, 1733), "cardiospasmus" (von Mikulícz, 1904), "híatospasrnus" 
(Lotheissen, 1926 ; Jackson, 1922), "phrenospasm" (Jackson, 1922), ".fibrosís 
of the terminal esophagus" (Mosher, 1933), "compressíon by the aorta" 
(Handford, 1888), "compression by the diaphragrn" (Sauerbruch and von 
Hacker, 1906), "compressíon by the liver" (Mosher, 1922), " compression by 
the lung" (Mosher and McGregor, 1928), "achalasía of the cardia" (Hurst and 
Rake, 1930), etc. 

Of ali these, the only mechanism that really exists is the achalasia, i.e. the 
non-relaxation of the lower esophageal sphincter. Since in the chagasic eso
phagus the reduction of the number of ganglion cells is the sarne in the thoracic 
portion as in the abdominal portion of the organ, an aperístalsis is also present 
in its abdominal portion. This aperístalsis of the terminal esophagus in fact 
represents an achalasía of the lower esophagus sphíncter, because it does not 
relax at the exact moment when the thoracíc portion of the esophagus con
tracts. As already stated, there is an aperistalsis of the entire esophagus, includ
ing its abdominal portion and the lower esophageal sphincter. The most im
portant lesíon is the denervation of the thoracic esophagus and this can be 
illustrated by two facts: first, many patients with aperistalsis refuse the di~g
nosis of an obstacle at the end of the esophagus, emphasizing the disfunctlon 
of the thoracíc portion ("the force is absent", "the food is not driven forward", 
"the food is not pushed from above", etc.) ; and secondly, there are cases of 
megaesophagus in which the cardia functions regularly. These cases always 
show a slight dilatation of the lumen only. These facts demonstrate on the one 
hand, that a "hindrance" represented by an achalasic sphincter is not essential 
for the development of a dilatation in an aperistaltíc hollow organ, but show 
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on the other hand, that a hindrance contributes markedly to the development 
of monstrous dilatations in cases of advanced megaesophagus. 

Other factors also play important roles in the pathogenesis of megaesopha
gus and other "megas": (1) nature of the contents, (2) time and (3) psychic 
factors. · 

Concerning the nature of the contents the consistency of the ingesta is very 
important, because the transportation of solids needs a better coordinated 
peristalsis than the movement of liquids through a lumen representing a high 
overload to the damaged organ. I believe that the increasing consistency 
(reduced liquidity) of the contents of the esophagus is an aggravating factor in 
the development of the megaesophagus. This is well illustrated by the patients 
with megaesophagus who frequently drink large quantities of liquids to aid the 
passage of the solid ingesta through the organ. The temperature of the ingesta 
is also of some importance. Generally, either very hot or very cold food increase 
the difficulties in swallowing, and perhaps the associated abundant salivation 
constitutes a type of auxilliary mechanism for the deficient deglutition. The 
significance of the temperature of food and the extraordinary frequency of the 
dysphagia in chagasic patients is indicated by the stereotyped answer to the 
physician's inquiry, "But, Doctor, who doesn't have difficulty when eating 
cold rice ?" 

With regard to time, it is established that the development of the dilatation 
is generally a slow progression, taking many years to reach the final stage of 
megadolichoesophagus (Rezende, 1963). However, a very rapid development 
of the megaesophagus, corresponding to a severe degree of denervation, may 
b~ seen,_though rarely. Thus Rezende (1963) observed an acute case ~f Chagas' 
disease 1_n a three-year-old child, who immediately after the acute d1sease had 
severe d1ffi.culties in swallowing and in defecation. Eight months !ater a surgical 
o~eration (cardiomyotomy after Heller) was performed and repeated twice 
without evident results. The child died after the third operation, about eighteen 
~onths after contracting the acute disease. The ganglion cell counting at three 
diffe~ent leveis of the esophagus (upper, middle and lower portions) gave, as a 
maximum value, three ganglion cells in a ring of 1 mm thickness. This case 
de~onstrates two important facts: (1) the destruction of the nerve cells occurs 
dunn~ the a~ute phase of the disease, and {2) the nearly complete denervation 
may 1mmed1ately produce a severe dysphagia and in only a few months a 
marked megaesophagus. 

Th_e e!{ect of the psychic factors on the motility of the normal esophagus was 
convmcmgly proved by Faulkner (1940), and in cases of "cardiospasm" by 
Wolf and Almy {1949). ln chagasic cases with or without megaesophagus, these 
psychic influences become strikingly evident, and nearly every patient outlines 
his own history referring to the aggravation of his sufferings by different 
emotional conditions. There is one very impressive case of a young man who 
presented temporarily slight dysphagia, and complained: "Whenever my 
mother-in-law visits us, I can't even swallow coffee !" Anybody who knows the 
importance of coffee for a Brazilian will appreciate the great significance of this 
psychic trauma (Rezende, 1963). Many chagasic patients claim that their 
esophagus functions like a "barometer" of their mood, and nearly ali confirm 
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that the dysphagia is first observed immediately after emotional stress. Even in 
non-chagasic cases outside of South America the influence of such stresses is so 
regularly found as the trigger of the first complaints, that the so-called cardio
spasm is by many authors considered to be a psychosomatic disease (Carvalho, 
1950; Hoff, 1953; etc.). 

(e) Chagasic megacolon. The sarne reduction in the number of ganglion 
cells with increasing age is found in the colon as in the esophagus (Fig. 14). ln 
my opinion, this finding explains the frequent constipation present in old 
people. Similar disturbances of the motility of the large intestine with no 
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FJG. 14. Physiological diminution of ganglion cells in the colon with increase of age. 

dilatations are frequently observed in chronic chagasic patients whose com
plaints are meteorism, irregularity of peristalsis and difficulties of defecation. 
These cases without dilatation of the colon, but with a remarkable reduction of 
the number of nerve cells, can be registered under the term of chronic chagasic 
colopathy. lf the reduction of ganglion cells surpasses a criticai limit-55 %
dilatation and hypertrophy of the colon are initiated, leading to a megacolon 
or megadolichocolon (Fig. 15). 

The main symptom of megacOlon is a difficulty or an impossibility of evacua
tion. Patients who do not defecate for 2-4 months are not rarities and in some 
cases retention of f eces may even last 5-6 months. It is remarkable that many 
such patients feel no discomf ort, do not complain about indisposition and 
come to the hospital because of some complication. These complications are 
(l) volvulus of the dilated sigmoid loop, (2) formation of fecaloma with 
decubital ulcer, (3) perforations of this ulcer associated with peritonitis, and 
(4) very rarely, primary perforation without previous ulceration. The macro
scopic findings at autopsy or during the operation are impressive because of 
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the dilatations, which rnay sometimes reach gigantic dimensions with a capacity 
of 30-40 liters. The thickness of the intestinal wall attains about 0 ·5 cm and 
the length. of the di lated colon may surpass 2 meters. . 

It is evident that a denervated organ becomes dilated only upon funct1o? al 
solicitation. This can be demonstrated frequently in cases of megacolon wh1ch 
need a transversostomy to reduce the enormous dilated sigrnoid before the 

Fie. 15. Megadolichocolon in a chagasic patient. 

definitive sigmoidectomy. When the surgeon, some weeks !a ter, sends the 
surgical specimen to the pathologist, the previous dilatation has almost sub
sided and only the thickening of the muscle layer (which may reach l ·0 cm or 
more) indicates that we are dealing with a megacolon. 

Figure 16 shows the difTerent degrees of denervation in 40 chagaste cases 
with and without megacolons. The denervation is also uniform in the entire 
length of the intestine and the appendix, a finding completely different from the 
alterations encountered in Hirschsprung's disease (Kõberle, 1957, 1962 ; Costa 
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1963a, b; Brandão and Koberle, 1964). The supersensitivity of the denervated 
large intestine to cholinergic drugs was clinically demonstrated (Vieira et ai., 
1964b). 

(f) Other "mega" formations. As was shown in Fig. 6 and Table I, the 
incidence of "megas" in other segments of the digestive tract is relatively rare 
in spite of the sometimes marked denervation in this part (Costa and Alcântara 
1965, I 966). The liquid contents in the stomach, small intestine and biliary 
tract, may militate against marked dilatation . 
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F1G. 16. Results of ganglion cell counting in normal colons (N- normal average), in 
chagasic colons without macroscopic alterations, and in chagasic megacolons. 

2. Respiratory tract 

ln the respiratory tract, in cases of chronic chagasic patients, dilatations of 
the trachea (megatrachea) and bronchiectasis are also found (Koberle, 1959). 
It seems remarkable at first sight that even hollow organs, transporting gaseous 
contents and without any sphincter, may be the seat of dilatations after de
nervation. However, these findings demonstrate that even in the respiratory 
tract, where air is apparently passively transported, its movement- inflow and 
outflow-is controlled by precise nervous coordination of the muscular con
traction of the trachea and bronchi walls. The neurogenic bronchiectasis in 
chagasic patients is well pronounced but never very impressive. Therefore, it is 
easily overlooked at autopsy. Even in my Department- where we always search 
for respiratory manifestations of Chagas' disease-the frequency of bronchi
ectasis is about 5 %, while a previous bronchographic study in chagasic patients 
in our University Hospital reaches 45-65 % (Souza, 1966). 

Investigations info disorders of the motility of the bronchi gave a much 
higher incidence of "aperistalsis" ofthe bronchi (Godoy, 1963). The Mecholyl
test demonstrates clearly the supersensitivity of the denervated bronchi 
(Manço et ai., 1967). 

ln apparently asymptomatic cases the percentage of bronchopathy was 
29 %, in cases of megaesophagus 50 %, and in cases of megaesophagus and 
megacolon 80 %-

The results of ganglion cell counts indicate that chagasic bronch opathy is 
characterized by a numerical diminution of less than 75 % and that bronchiec
tasis occurs with a reduction higher than 75 % (K õberle, 1962). 
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3. Urinary tract 

ln our autopsy material aperistalsis of the urinary tract with megacystis and 
megaureter is very rare. We have found only three cases of megacystis and two 
cases of megaureter. Clinically the uri nary bladder of the chagasic patients 
better supports an abrupt instill ation of fluid than the normal one, as revealed 
by cystometry (Ciconelli, 1963). 

Ganglion cell counts have not been made in human beings . The diminution 
in number of ganglion cells of the hypogastric plexus in experimentally infected 
rats is about 45 % (Ciconelli, 1964). 

B. CARDIOPATHY AND CARDIOMEGALY 

Chronic chagasic cardiopathy is the most frequent Chagas' syndrome and 
also the commonest cause of death in chronic chagasic patients. ln our autopsy 
material, of nearly 1000 cases, 87 % of the deaths were dueto cardiopathy, 
with higher incidence in males (about 66 %) (Fig. 17). 
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F1G . 17. Frequency of cardiopathy in males (black) and females (white) according to age. 

1. Symptomatology 

The cardiopathy was characterized by Chagas as a heart disease with 
changes in the formation and conduction of stimuli, constituting "a new chap
ter in human pathology". ln his publications with V ili ela ( 1922), the following 
symptomatology was reported : 

(a) Tachycardia and bradycardia. 
(b) Disturbance in the pathway of the conduction: 

(i) Retardation of the conduction (prolonged P-R interval) 
(ii) Partia! block 

(iii) Total block (dissociation of the rhythm of the atria from the 
ventricles). 

(e) Premature beats 
(i) Atrial extrasystoles 

lii) Ventricular extrasystoles. 
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(d) Atrial tachysystolia ("atrial flutter"). 

(e) Paroxy tic tachycardia (atrial, v~'lt ricular and nodal). 

(f) Complete arhythmia (atrial fibrillation). 

(g) Alternans. 

99 

The rural people of the endemic areas have long known this peculiar heart 

disease with its characteristic rhythm alterations, and even name them: 

"Baticum" (palpitation ). "Vexame do Coração" (heart irritation), ·'Coração 

de Boi" (ox heart), etc. They are also well aware of the rough symptomatology 

which consists of attacks of an inexplica ble " hooting" of the heart beats, 

dizziness, bl urred vision, loss of consciousness, and episodes of heart standstill. 

All these symptoms are frequent in young people, and sudden death occurs in 

a great number of cases. Oddly enough, in certain regions where "Baticum" is 

common barkeepers do not sell alcoholic drinks upon trust for fear of losing 

their money. Beca use of the frequency of sudden cardiac death in young men, 

there are villages in endemic areas officially named "Recanto das Viuvas" 

. (Widow Villages). Football teams always have reserves because not infre

quently some of the players die suddenly dwing the match. 

The cardiac manifestations appear generally after a long asymptomatic 

period varying from l O to 20 years. We know very little about this Iatent period, 

because the patients have no complaints and do not seek medical assistance. 

From a group of 57 patients observed during 10 years after the initial acute 

infection, 40 showed a normal EKG and 17 developed EKG abnormalities 

which were transient in 5 and permanent in 12 (Laranja et ai., 1956). 

ln chronic Chagas' hcart disease signs and symptoms do not appear always 

simultaneously. Thus we can find cases with advanced cardiomegaly and 

severe EKG changes with no subjective complaints. The initial symptoms are 

palpitations, a certain precordial discomfort- different from angina pectoris

and dizziness. ln a !ater stage, pàroxysmal tachycardia, marked bradycardia 

and episodes of multifocal extrasystoles are common. Sometimes bradycardia 

may cause temporary cardiac standstill and epileptiform seizures. Right heart 

failure is more common than left heart failure and not secondary to the latter 

(Lima and Rassi , 1962). 
The systolic blood pressure is normal or lowered; and the pulse pressure is 

sometimes markedly teduced. 
The EKG findings are very characteristic of the chronic chagasic cardio

pathy and very probably permit diagnosis. Another characteristic feature is 

the "mutability" (Brasil, 1953) of the EKG alterations, the great variations 

occurring mainly in conduction system. ln the different Latin American 

countries where Chagas' disease is endemic, the various types of EKG changes 

and its incidence are very similar. 
Among these EKG changes, ventricular extrasystoles (60·67 %), right bundle 

branch block (43·20 %) and A-V blocks (l 7·93 %) are the most frequent (Lima 

and Rassi, 1962). . . . 

Cardiac death may occur from cardiac failure, but the most charactenst1c 

death is the sudden and unexpected one. Chagas himself had reported that in 

Lassance (Minas Gerais, Brazil), where he discovered the disease, almost every 

family lost one or more of its members by this typical sudden heart death. One 
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would expect that sudden death would occur during excessive physical effort
such as football, or any other overwork-but it is strange that in most cases 
this type of death takes place under emotional stress. It is very common for the 
cardiac patient to come to the hospital in a decompensated state; he is treated 
and compensated, and when he isjust about to leave the clinic he falis down and 
dies at the hospital door. 

2. Pathology 

The gross pathology of the chronic chagasic cardiopathy is variable from 
apparently normal findings to enormous cardiomegalies. However, a special 
preparation is essential to demonstrate the characteristic lesions. ln order to 
obtain a good anatomical specimen we use the following method: 

(i) Removal of the heart by sectioning the blood vessels as near as 
possible to the pericardial sac. 

(ii) Careful washing of the heart chambers in the direction of the blood 
stream, with running water, removing ali blood. 

(iii) Ligature of ali pulmonary and cavai veins. 
(iv) Injection of 5 % formalin solution, ata pressure of about 100 mm of 

Hg, through the aorta with the canula introduced beyond the aortic 
ostium into the left ventricle. When the left heart chambers are well 
distended, the canula is removed. Now the coronary system is in
jected. Ligature of the aorta follows. The right heart chambers are 
injected in the sarne way and the pulmonary artery tied. The distended 
heart is immersed in a tub containing 5 % formalin solution for 24 
hours. 

(v) Toe fixed heart is divided by a frontal section, beginning at the apeK 
and proceeding to its base, into anterior and posterior halves. This 
section accompanies the margo obtusus and the margo acutus, 
div~di1:1g the mitral and tricuspid ostia, and also the corresponding 
atna, mto anterior and posterior parts. 

(a) E~te~nal inspection of the heart. Chagasic hearts may appear quite 
nor?1al m s1ze and form. However, the great majority show marked alteration 
of s12e and frequently changes in form too. We may find all degrees of enlarge
me~t ofthe organ, predominantly of the right heart and strikingly ofthe right 
atnum. Monstrous cardiomegalies can be found. The heart can become almost 
sphe~ical with separation between the right and left apex (cor bifidum), and 
bul~mg of the conus arteriosus and circumscribed swellings of the apical 
reg1on, more frequently on the left than·on the right side. Sometimes there are 
either large white plaques in the pericardium or tiny white granules along the 
coronary vessels (fibrous pericarditis in rosary). Thinning of the muscle wall of 
the ventricles and principally of the right atrium is very characteristic. Trans
illumination shows the translucent areas very distinctly (Fig. 18). 

(b) Internai inspection of the heart (Fig. 19). ln the great majority of cases 
the chagasic heart shows dilatation of all chambers, predominantly on the 
right side, and-almost always excessively pronounced-of the right atrium, 
which appears translucent. The thickness of the wall of the ventricles is variable, 
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F1G. 18. Transillumination of chagasic hea rts, showing the thinning of the muscle wall. 
A-cor bifidum with aneurysm at the left apex and thinn ing of the conus arteriosis. B-thin
ning of the inferio r part of the anterior wa ll , right ventricle. c-aneurysm at the left apex, 
thinning of the wa ll of the conus a rteriosus. o-sma ll aneurysm at the left vortex and large 
aneurysm of the right ventricle. 
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FIG. J 9. Frontal section of chagasic hearts. A-small aneurysm at the left apex and slight 
hypertrophy of both ventricle walls. B- moderate aneurysm at the left apex and beginning 
aneurysm at the right ventricle, global hypertrophy and dilatation of the right atrium with 
thrombosis of the auricle. c - aneurysm of the left ventricle. o-cardiomegaly with global 
dilatation and parietal thrombosis in the left ventricle and right auricle. 
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according to the degree of the dilatation of the cavities, and to the secondary 
degenerative lesions of the myocardium. More than half of the chagasic hearts 
disclose a very odd alteration at the apex, which seems to be almost patho
gnomonic for the Chagas' cardiopathy, since it has never been found in any 

other cardiopathy. This lesion consists of a thinning and bulging of the apical 
region mainly on the left ventricle, and it is known variously as: area of 
infarct in the apex of the left ventricle (Montes Pereja et ai., 1938), entricular 
aneury m (Romana and Cossio 1944 ; Moia et ai. , 1955 ; Kõberle, 1959), 
fibrou nodule of the apex (Ferreira-Beirutti, 1947), thinning of the apex 
(Freita and Lima 1950 ; Capriles et ai., 1962) necrotic lesion of the apex 
(Carvalhal et ai., 1954), apica1 lesion (Andrade, 1956), fibrosis of the apex of 

the left ventricle (Laranja et ai. , 1956), atrophic lesion of the apex (Mignone, 
J 958) a nd vorticilla r lesion of the apex (Raso, 1964). 

I have adopted the term "aneurysm" for this lesion. 
The diameter of this aneurysm never surpasses 5 cm; its wall may consist 

of the endocardium and pericardium only and then appears transluéent. 
Similar aneurysmatic dila tation may ""Sur less frequently at the right apex and 
rarely in the posterior wall of the left _ntricle. Thrombosis of the aneurysm is 
very common. Even without aneurysm, extensive mural thrombosis in the 

lower part of the left ventricle may be seen, and in cases with cardiomegaly a 
massive thrombosis of the right auricle is almost obligatory. All phases of 
thrombi organization and final hyalinization can be found in the sarne heart. 
Thrombosis in the left auricle is uncommon. The presence of thrombi explains 
the so frequent thromboembolic phenomena occurring in the pulmonary and/ 
or in the systemic circulation (Nussenzweig et ai., 1953; Andrade, 1959). 

The myocardium of the lower part of the ventricles shows small fibrotic 
scars, rarely occupying large areas (as after myocardial infarction). Marked 

. atrophy and slight fibrosis on the trabecula carneae of both a picai regions, as 
well as in the papipary muscles of the left ventricle in cases of accentuated 

cardiomegaly, are frequent. 
Extensive thrombosis of the lower half of the left ventricle almost com

pletely replaced by fibrous tissue may give the impression of an endomyocardio
fibrosis. However, whi le in the latter condition the fibrotic lesions tend to 
reduce the cavity beginning at the apex, in the former there is a tendency to 
enlarge the cavity in the apical portion. 

The coronary arteries are dilated and with no arteriosclerotic alterations. 
(c) Histological findings. On microscopic examination the myocardium 

shows hypertrophic muscle fibers intermingled with some atrophic muscle 

fibers and generally very discrete interstitial fibrosis. ln some instances the 

fibrotic foci may appear to a greater extent, especially in the lower part of the 

ventricles and in the wall of the right atrium. Small inflammatory foci of mono
histiocytic type and rare granulomas indicate the persistence of the parasitic 
disease. Beside these inflammatory reactions there may be found-not always 
but frequently-areas of intense lymphohistiocytic infiltration, sometimes 
containing certain numbers of eosinophils. Sarcolemma sheaths filled with 

inflammatory cells can be seen inside these infiltrates. Nests of leishmania may 

(rarely) be found in the center of the circumscribed or granulomatous inflam-
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matory foci, but never in these large, more diffuse lymphohistiocytic infiltrates. 
It seems, therefore, that these latter reactions are not directly connected with 
the parasites. Parasitic pseudocysts are extremely rare and found only through 
the examination of a great number of histological sections. 

The conduction system shows the sarne inflammatory and :fibrotic lesions 
found in the myocardium (Andrade and Andrade, 1955; Koberle, 1957; 
Torres and Duarte, 1961; Oliveira, 1967). 

The parasympathetic ganglion cells of the intrinsíc cardíac nervous system 
reveal a marked numerical reduction (Kõberle, 1956; 1957, 1959; Mott and 
Hagstrom, 1965; Reis, 1965). 

Figure 20 shows the sarne phenomenon already demonstrated in the eso
phagus, i.e. an increase with age in the average number of ganglion cells. 
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FrG. 20. Results of ganglion cell counting in 50 cases of Chagas' cardiopathy, showing an 
increase of the number of ganglion cells with age. 

3. Pathogenesis 

The symptomatology and pathology of the chronic chagasic cardiopathy 
are, without doubt, very unusual. ln spite of the impossibility of explaining 
either the symptoms or the morphologicàl findings as an inflammatory process 
of the myocardium, this heart disease was long, and is still regarded by many 
authors as a "chronic myocardítis". I consíder the chagasic cardiopathy to be 
a neurogenic heart disease caused by the destruction of the ganglion cells in the 
heart. 

As in other hollow muscular organs, we find in the chagasic heart a dilatation 
and hypertrophy without any plausible explanation. The blood pressure is 
surely not the cause of this hypertrophy because it is normal or lowered in 
chronic chagasic patients. Nor do the cardiac valves show alterations. The 
chagasic heart is deprived of its nervous control, losing the capacity of adapta
tion to the changes required by the environmental influences on the circulatory 
system as a whole. This incapacity of adaptation results in an increase of the 
residual blood in the heart chambers, i.e. a gradual dilatation of the cavities, 
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and therefore a distension of the heart muscle :fibers. This distension finally 

leads to a hypertrophy of heart musculature. The sarne vicious circle of dilata

tion and hypertrophy prevails as was mentioned when discussing the patho

genesis of megaesophagus. Therefore, we are facing a "neurogenic dilatation 

and hypertrophy" of the heart. 
Costa ( 1963a) demonstrated that the hypertrophy of the chronic chagasic 

heart is a consequence of its denervation. ln his investigatio11, normal, chronic 

chagasic and atropinized rats were studied at rest and after being submitted to 

forced swimming during 3 weeks. ln the group at rest no significant differences 

of the heart weight was noted . However, after swimming a significant difference 

of the hypertrophy of the heart was observed in ali groups of rats (normal, 

chagasic and atropinized). The hypertrophy of the heart in the chagasic group 

was more marked than that of normal rats and still more marked in the 

atropinized group. This experiment demonstrates clearly that the hypertrophy 

of the heart is in accordance with the degree of its denervation, partia! in the 

chagasic and complete in the pharmacologicalfy denervated rats. 

ln most cases the hypertrophy and dilatation of the right heart is more pro

nounced than that of the left, and mainly the dilatation of the right atrium. 

This is understandable because the right heart is the first to receive the peri

pheral blood inflow and beca use it is not able to adapt itself to the variations of 

input. ln rnost cases the symptomatology of the chagasic cardiopathy begins 

during the third decade, although the denervation occurred generally in the 

first years of life. We believe that the extraordinary capacity of adaptation of 

the infant's heart may explain this relatively long, asymptomatic interval. 

The most impressive and characteristic morphological finding is the so

called aneurysm of the apex, already observed by Chagas (1916). There are 

three principal hypotheses attempting to explain the mechanism of its forma

tion: (1) hypoxemic, (2) inflammatory and (3) mechanical. 

Hypoxemic mechanism. The thinning of the wall is caused by ischemic necrosis 

or necrobiosis of the musculature. This ischemia was explained through lesions 

of the coronary vessels (Laranja et a!., 1951 ; Carvalhal et ai., 1954), associated 

with other factors . "In the enlarged heart, the vascular Iesions and the dynamic 

factor usually operating in this condition (reduced systolic and pulse pressure, 

diminution of the capacity of the myocardium to raise systolic pressure, occur

rence of frequent ectopic inefficient contracture) may result in coronary in

sufficiency" (Laranja et ai., I 956). Andrade and Andrade (I 955) considered the 

parietal thrombosis in the apical region, which occludes the Thebesian veins, the 

cause of the ischemic necrosis at the apex. Koberle {1957, 1962) explained the 

hypoxemic necrosis through a relative coronary insufficiency. However, an 

analysis of 400 cases revealed that the hypoxemic alterations do not increase with 

the increase in weight of the muscular mass. So it seems more probable that the 

hypoxemia is a consequence of the disturbed innervation of the heart vessels. 

A defini te proof of this mechanism does not yet exist. 

lnflammatory mechanism. This hypothesis was used by Moía et ai. (l 955) and 

Mignone (1958) to explain the thinning of the wall. The destruction of the 

muscular wall by the inflammatory process is the primary factor involved. Local 

. substitution by fibrous scar tissue follows, lessens resistance and favors the 

development of the apical Iesion. 
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Mechanical hypothesis. According to Raso (1964) various conJomt factors 
(inflammation, denervation, diminution of muscular tonus) contribute to the 
formation of the "vorticillar lesion". The decisive factor would be a mechanical 
one causing the disappearance of the muscle at the vorticillar region through 
dislocation of the spino-spiral and bulbo-spiral muscle bundles. After this 
separation the endocardium becomes herniated and fuses with the epicardium. 

Nowadays we believe that none of the above-mentioned theories explains 
satisfactorily the a picai lesion. ln fact, the "apical aneurysm" is not exclusively 
found at the apex, but sometimes in the anterior wall of the right ventricle as 
well as in the posterior or lateral wall of the left ventricle. Anyhow it is difficult 
to imagine a dislocation of the muscle bundles at these localizations. 

Besides this very distinct a picai lesion, there is another one, which sometimes 
is evident at first sight, and sometimes is only revealed after removal of the 
subepicardial fat tissue. It is the separation of the musculature of the left and 
right ventricle, originating an aspect of "cor bifidum". lt seems to me that this 
separation into left and right heart is the morphological expression of the 
independent function of each ventricle, which results from the denervation. 
ln about 50 % of the cases of chagasic cardiopathy there is a right bundle 
branch block, which evidently disturbs the synchronous pulsation of the heart. 
Besides this , it was shown that the intact sympathetic innervation of the heart 
is essential for the synchronous contraction of the two ventricles (Priola and 
Randall, 1964). Recent studies of chagasic patients with and without cardio
pathy, carried out in our University H_ospital by Amorim et ai. (1967) using 
severa! specia lized methods and techniques, demonstrated that the chagasic 
heart without apparent cardiopathy behaves as a parasyrnpathetic denervated 
organ. Hearts of chagasic patients with cardiopathy revealed a parasympathetic 
and sympathetic denervation. We have found that in chagasic patients with 
cardiopathy there are severe lesions and a numerical diminution of ganglion 
cells in the stellate ganglia. 

The most characteristic EKG findings in chagasic cardiopathy are "altera
tions of the formation and conduction of stimuli" (Chagas and Villela, 1922). 
It is astonishing that in spite ofthis very categoric and precise characterization 
of the chagasic heart disease, no systematic studies of the conduction system of 
the heart have been attempted. Systematic examination of more than 50 
chagasic hearts in my Department (Oliveira, 1967) revealed a discrepancy be
tween the EKG findings and the histological alterations in severa! cases. Cases 
with complete A-V block did not show morphological alterations in the bundle 
of His which could explain the interrupted conduction. These negative results 
were not surprising since we know that mutability of the EKG changes (Brasil, 
1956) is so characteristic of the chagasic cardiopathy. Therefore, the various 
blocks which appear and disappear at short intervals could not be caused by a 
definite morphological interruption of the conduction system. The mechanism 
of the EKG changes needs further investigation, mainly with regard to the 
influences of the intrinsic nervous system upon the conduction of stimuli. 

Summarizing, we can say that the neurogenic chagasic cardiopathy is caused 
by more or less marked parasympathetic and sympathetic denervation, and as 
I indicated throughout this exposition, there are many obscure points in the 
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complex pathogenesis of this disease, which still represents a "new chapter of 
human pathology". 

C. EXOCRINOPATHJES 

It is obvious that a disease which alters such different territories of the ner
vous system can also provoke disturbances in the function of the glands which 
are under the contrai of the autonomic nervous system. There are only a few 
studies about clinicai and morphological manifestations of the exocrine 
glands, some of them originally described by Chagas. 

1. Sialoadenopathy 

Chagas and Villela (1922) observed a symmetrical enlargement of the paro ti d 
gland which gives the patient's face a very typical configuration ("cat's face") . 
This hypertrophy is very frequent in cases of megaesophagus (33 % of l 514 
cases reported by Mineiro, 1958). The enlargement of the parotid gland with 
sialorrhea was considered a result of the difficulty in swallowing. Nowadays 
we know that this hypertrophy of the parotid has the sarne pathogenetic 
mechanism as the other Chagas' syndromes, i.e. a parasympathetic denerva
tion. The hypertrophy was verified histologically by Vieira and Hadler (l 961). 
Hyperamylasemia is a common finding in these patients (Vieira, 1961 ), and 
pharmacological studies (Vieira, 1964) showed that the salivary glands respond 
excessively to the application of pilocarpine, according to Cannon's law. 

An interesting investigation on patients with megaesophagus and hyper
trophy of the salivary glands was performed by Vieira et ai. (I 962). ln these 
patients a subtotal esophagectomy (after Câmara Lopes) was performed and 
they were fed through a gastric tube. ln the first post-operative period a marked 
decrease in volume of the previous enlarged parotid gland and a fali of serum 
amylase were observed. When in a second operation a cervical esophago
gastric anastomosis was performed and the patient was able to eat by mouth, 
the parotid glands enlarged again and the serum amylase increased. ~hes~ 
observations demonstrate clearly that the salivary glands react to oral stimuh 
and not to reflexes originating from the esophagus. Ali salivary glands may 
show enlargement but this manifestation is more pronounced in the parotids. 

2. Hydroadenopathy 

A typical complaint of chagasic patients is an increased sudoresis and , some
times, sweating episodes without any apparent cause. Vieira (1963) analyzed 
sweating from the quantitative point of view, using pilocarpine subcutaneous~y 
as the activating drug. He found a marked increase of sweating in chromc 
chagasic patients when compared with a group of normal individuais. 

3. Gastropathy 
A gastropathy in chagasic patients with a vague symptomatology, i.e. diffi

cult digestion, sensation of plenitude, was described by Porto (l 955) . These 
complaints are partly caused by denervation of the gastric musculature which 
leads to difficulty in emptying, megagastria or "stomach in cascade" (Rezende, 
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1959); and partly by denervation of the gastric glands responsible for the 
associated hypochlorhydria (Vieira et ai., 1964a). 

It is interesting that the denervated gastric glands do not show the expected 
supersensitivity of the denervated structures which could result in hyper
chlorhydria. It seems that this fact is apparently an exception of Cannon's law 
of denervation. However, studying the gastric mucosa in chronic chagasic 
patients one finds a dedifferentiation of the epithelium and the fundic glands 
ofthe stomach, i.e. intestinalizàtion of the gastric mucosa. The sarne phenome
non occurs in the high differentiated muscle fibers which fibrillate after de
nervation until their dedifferentiation, further behaving like smooth muscle 
fibers. The parietal cells of the fundic glands are highly differentiated, and it is 
probable that they become dedifferentiated like the striated muscle fibers . 

D. ENDOCRINOPATHI ES 

Manifestations of the endocrine system were described by Chagas (1911), 
but they were not recognized for many years. Only recent systematic investiga
tions on chagasic patients demonstrated alterations of glucose tolerance test 
(Reis, 1965) and variations in iodoproteinemia (Lomonaco, 1962). Histo
pathological studies have not yet been performed. It is known that abortion 
and premature birth are frequent in pregnant chagasic patients (Oliveira, 1958; 
Freitas, 1966), but we do not know the mechanism of such disturbances. 
Concerning the gonads an interesting study in patients with megacolon was 
made by Haddad et ai. (1959). After rectosigmoidectomy many patients com
plained of impotericy (males) and frigidity (females). The authors were able to 
verify that in most such cases these disorders were present long before surgical 
intervention and in only a few cases was there aggravation of the distur~ance. 
Thus the symptomatology has to be ascribed to Chagas' disease itself. Studies 
in infected male animais showed diminution in the volume of semen (Ferreira 
and Oliveira, 1965) and severe alterations of the innervation of the testicles 
with reduction or inhibition of spermatogenesis . (Ferreira, 1967). 

E. ENC EPHALOPATHIES 

Chagas (1913) described more than 200 cases of neurological manifestations 
of central origin and called this special chronic form of the disease "Forma 
Nervosa". Chagas referred to spastic diplegia, dysbasia, athetosis, aphasia, 
cerebellar ataxia, pseudobulbar paralysis, idiocy, infantilism, etc. and wrote: 

Concerning the frequency of the nervous forms of the trypanosomiasis we have 
made numerous observations which authorize us to affirm that this disease 
might be the one that, in human pathology, provokes. the largest number of 
organic changes in the central nervous system. 

Very few observations were reported afterwards (Moreira, 1925; Austregésilo, 
1927 ; Borges-Fortes, 1942; Kafer et ai. , 1961). During the last decade this 
aspect of the T. cruzi infection was studied in animais infected experimentally. 
Depopulation in nerve cells of the diencephalon and cerebellum was noted by 
Jardim (1 962). Brandão and Zulian (1966) verified a diminution of the nurnb.er 
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o~ Purkinje cells in the cerebellum in chronic chagasic patients. ln one case 
w1th cereb~llar symptomatology the diminution was 95 % of the average num

ber found m normal cases. Alencar (I 964) observed a red uction in the number 

of ~an~lion _cells i_n the cerebral cortex in chronic chagàsic cardiopaths, 

at_tnbutmg h1s_ findmgs t? a chronic hypoxemia of the brain. I cannot agree 

w1th such an mterpretatton, because ganglion cell destruction during acute 
Chagas' disease is nowadays sufficiently proven. Recently Armbrust

Figueiredo (1967) called attention to the difficulties of diagnosis of the central 
nervous system form and to the necessity of performing systematic studies in 
this forgotten field. 

F. MYELOPATHIES 

Observations on Chagas' myelopathy were done only in experimentally 

infected rats by Schwartzburd and Kõberle (1959), and they found a marked 
reduction of the ganglion cells, principally in the lumbar segments ofthe spinal 

cord. Pains and some weakness of the musculature of the legs a re frequently 

observed in chronic chagasic patients and are probably related to nerve-cell 

lesions in the spinal cord. Systematic studies are needed to evalua te the im

portance of the involvement in this part of the nervous system. 

With the enumeration of these syndromes, l have not exhausted the symp
tomatology of American Trypanosomiasis. Various meta bolic a ltera tions and 
disturbances of intestinal absorption have been studied (Vieira et ai. , I 966 ; 

Campos and Cançado, 1962 ; Reis and Vichi, 1965; Vieira and Meneghelli, 

1966 ; Meneghelli and Reis, 1967), indicating that practically ali homeostatic 

mechanisms of the organism may be altered to some degree by the T. cruzi 

infection. 

VII. CoNCLUSIONS 

The discovery of American trypanosomiasis by Carlos Chagas represents 

one of the most fascinating events in the history of medicine. 
As a rule, the etiological agent sought and demonstrated after a disease is 

àlready well known. Peculiarly enough, the reverse path was followed by 

Chagas! He discovered a parasite in the intestine of a blood-sucking bug, which 

suggested to him, through an unexplained lucubration , the possible existence 

of a new disease of animais and human beings sucked by the supposed trans

mitter. It is almost incredible that such severe pathological manifestations, 

which represent the "causa mortis" of one third of our autopsy material , would 

have been overlooked or unknown before Chagas' unique discovery. ln fact, 

many of these manifestations were well known long before the discovery of 
American trypanosomiasis and not etiologically correlated with it after its 

discovery. It is interesting that one of these manifestatíons, which in chagasic 

etiology was most obstinately denied and is disputed even today- namely the 

megaesophagus-had already been described (250 years ago) as a widespread 

plague in the State of Pernambuco (Brazil). 

9 
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We owe our first knowledge about megaesophagus to the famou English 
scientist Sir Thomas Willis (1670), who described in hi s "Pharmaceutice 
Rationalis" a single case ofthis syndrome. A second iso lated ca e was published 
by Blas ius (1677), the translator of Willi s' work. Whereas in the following two 
centuries cases of megaesophagus appeared now and then as rarities in the 
European medical literature, the Brazili an quack Miguel Dias Pimenta (1707) 
gave a minutiose description of thi frequent disease in Pernambuco, recom
mending its prevention and trea tment, considering it to be of parasitic etiology. 
References on dysphagia as endemic disease in various parts of Brazil are 
frequent in medical and lay literature, under severa! peculia r denominations. 

A report on Chagas' disease will be incomplete without reference to the 
most illustrious victim of this illness. Even knowing that it is impossible to 
prove, we are convinced that Charles Darwin acquired Chagas' disease in 
Argentina or Chile during his scientific expedition and suffered from Chagas' 
syndrome until his death . This opinion was suggested first by Adler (1959) and 
reinforced by Kohn (1963). Those who are acquainted with the biography of 
Darwin on the one hand and with the va rious complaints of chagasic patients 
on the other, accept without hesitation the " posthumous" diagnosi s for 
Darwin's chronic ill-health . The history of Darwin's disease is impressively 
similar to many hi stories of chagasic patients; it happens even today that their 
vague, singular and intense complaints are not properly evaluated and are 
simply taken to be psychoneurotic symptoms. However, physicians working 
in endemic areas and familiarized with the pl ague, con sider the chagasic 
patient as a neurotic. Some sk ilful physicians are even able to diagnose the 
disease accord ing to the patient's behavior when entering their office. ln fact, 
the chagasic patient presents a pleiomorphic symptomatology from subtle to 
severe homeostatic di sturba nces, turning him into an apparently "neurotic" 
individual. However, through our in ves tigations we have demonstrated that 
all these alterations have morph ological bases characterized by nerve cell 
damage of varying degrees. Th us the chagasic pa tient is really a neuropath, i.e. 
an individual with well defined organic lcsions in different territories of his 
nervous system. 

Finally, American trypanosomiasis shows us a very peculiar pathology of 
homeostasis of the human organism, and represents even today a new realm in 
pathology, which becomes understandable through Cannon·s law of denerva
tion. 
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~mentário 

Fritz Koeberle : visão da ciência pelo microscópio 

Claude P irmez 

Labora tório Interdisciplinar de Pesquisas i\'1édicas 

Ins1i1 u10 Oswaldo Cruz/Fiocruz 

Fritz Koeberle, nasc ido em 1910, na Áustria, veio para o Brasil em 1953 para integrar-se 

ao Cent ro de Pesquisa e Pós-Graduação da Faculdade de Medicina de Ri beirão Preto, em 

São Paulo. Ali, fasc inado pela doença que não conhecia, deparou-se com uma enormidade de 

casos de doença de Chagas, e a li cença para fi car no país somente por três anos transformou-se 

na transferência definiti va para o país, inclusive com natu ralização como cidadão bra ileiro 

(Rezende, 2000) . 

Francisco Laranja, por um lado, e Koeberle, por outro, dividiram os estudos da doença 

de Chagas em períodos: o primeiro compreende os relatos sobre o quadro clínico feitos por 

Carlos Chagas, com a defin ição das fo rmas agudas e crônicas, chamando a atenção para os 

distúrbios card íacos; segue-se uma fase de "esquecimento", até 1940, em que, apesar das 

vá rias descrições de casos agudos no continente americano, não houve rea l compreensão do 

impacto que essa doença poderia ter na sa úde pública; finalmente, a partir dos anos 50, e 

parti cularmente nessa década, vê-se uma enorme riqueza de trabalhos científicos, produto de 

diversos pesquisadores, entre os quais Koeberle. A fase de "redescoberta" se dá na Argentina, 

por in termédio de Salvador Mazza, que, apesar de também ter sido alvo de crí ticas dos 

colegas, persistiu no estudo e mostrou o signi ficado da doença na saúde pública (Mazza, 

1934). A fase que Koeberle denominou de " reabili tação" é resultado do aparecimento do 

tes te de fixação de complemento, que fo i usado ainda por pelo menos trinta anos após essa 

desc rição. A segunda metade do século XX de fa to contou com imensa contribuição dos 

pa tologi tas; inúmeros traba lhos experimentais em modelos muri nos e, em menor e ca la, em 

outros animais como cães e macacos concorreram em grande medida para a compreensão 

da patogênese da doença, ampli ando os estudos originais de Gaspar Vianna e de Magarino 

Torres (Torres, 1917; Vianna, 1911). 

Koeberle buscou exaus ti vamente, até encontrar, parasitas na parede do esôfago, com 

o propósito de comprova r os dados de Chagas (Kõberle & ador, 1955). As di latações do 

trato gas troentéri co representavam uma entidade rara fo ra da Amér ica do ui e muitos 
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duvidavam da etiologia chagásica, uma vez que não havia comprovação anatomopatológica. 
Seus achados suscitaram a revisão da classificação das formas clínicas, que passou a incluir 
a forma digestiva como entidade distinta e individualizada. O artigo "Chagas' di sease and 
Chagas' syndromes: the pathology of American trypanosomiasis", publicado em 1968 na 
revistaAdvances in Parasitology, é a descrição da teoria que construiu com base nas observações 
histopatológicas nas mais de mil necropsias e muitas centenas de biopsias de casos do Brasil 
Central que encontrou no Departamento de Patologia da Universidade de Ribeirão Preto. 

o artigo, escrito em um formato dissertativo, Kõberle lança sua opi ni ão pessoal, em est ilo 
comum à época e influenciado por uma visão européia da ciéncia, em contraste com a 
objetividade pragmática anglo-saxónica que surgia de forma mais consistente a partir dos 
anos 50. Esse estilo em prosa é, talvez, fácil de ser encontrado no mundo da patologi a, cu jo 
traço mais marcante é a descrição minuciosa da doença. 

essa revisão, Koeberle avalia que as reações inflamatórias na doença de Chagas não 
seguem o padrão esperado pelos princípios gerais de patologia. Define a fase aguda como 
"septicemica aguda", que evolui para um quadro de pauciparasitismo, clinicamente silen
cioso, como resultado da mobilização da defesa específica. Sustenta essa linha de pensamento 
nos ensaios realizados em 1953 por Wolf (apud Kõberle, 1968), que mostrou a ocorrência 
de um desequilíbrio da relação parasito-hospedeiro quando administrou cortisona em 
animais experimentais infectados. A recrudescência da parasitemia quando se induz a 
imunossupressão mostra de forma clara a importância da resposta imune no controle da 
infecção, e foi posteriormente confirmada experimentalmente em diversos relatos (Brener 
& Gazzinelli, 1997). Nos dias de hoje, em que a co-infecção com HIV se faz presente, vê
se na literatura número significativo de relatos descrevendo um padrão clínico nada usual, 
com acometimento do sistema nervoso central (Castillo et al. , 1990; Ferreira et al., 1997) ; 
sugeriu-se, inclusive, que essas manifestações representariam evento definidor de caso de 
Aids (Albrecht, 1997). Contudo, o equilíbrio entre o parasita e o hospedeiro é a regra, mesmo 
nos casos de co-infecção (Cruz et al., 2004). 

Sustentado pelas descrições de Gaspar Vianna, que chamou a atenção para a destruição de 
células ganglionares na vizinhança dos pseudocistos rompidos durante a fase aguda, Koeberle 
constrói um raciocínio partindo da observação de que a reação inflamatória seria conseqüente 
aos produtos da desintegração parasitária, resultando nas lesões degenerativas observadas 
após a ruptura da célula parasitada. A idéia geral dos patologistas de então era que O processo 
agudo desapareceria sem deixar vestígios, daí a ausência de manifestações clínicas. Contudo, 
educado que foi dentro de um sistema germânico, para Koeberle os conceitos e palavras eram 
regidos pela exatidão: defendeu que a aparente ausência de seqüelas após a fase aguda era 
enganosa, argumentando que o sistema autônomo nervoso era destruído pela inflamação 
aguda, causando redução significa tiva das células ganglionares do sistema nervoso central 
ou periférico, e por essa razão não seriam visualizadas e passariam despercebidas mesmo por 
exímios patologistas (Kõber!e, 1956, 1963). Sua hipótese era que a infecção aguda chagásica 
seria comparável à poliomielite, doença em que, após a inflamação aguda, as lesões das células 
nervosas seriam responsáveis pelas manifes tações de paralisia. Essa proposição fundamentou
se nos seus extraordi nários estudos em que rea lizou a contagem de cé lulas ganglionares em 
cortes seriados do trato digestivo, mostrando que a idade era inversamente proporcional ao 
número de células ganglionares no plexo mioentérico do esôfago, em concordância com outros 
autores, que denominaram esse fe nômeno fisiológico de "presbiesôfago". A análise de mais de 
duzentas necropsias de indivíduos chagásicos mostrou-se irregular e va riáve l, e revelou que 0 
apareci mento de megas ocorreria quando ocorresse perda neuronal de 90% (Rezende, 2000) . 
Koeberle pondera sobre a necessidade de se fazer uma ava li ação funcional da motilidade do 



e ôfago para se chega r a uma conclusão definitiva, bem como para ana lisa r os dados à luz 

de diferenças reg ionais. esse sentido, es tudos imuno-histoquímicos indicaram que alguns 

neuropep tídeos produzido por neurônios e fibras nervosas do plexo mioentérico encontram

se em nívei elevados ou reduzidos na infecção pelo T,ypa110s0111a cruz i, e que o desbalanço 

entre o neurot ransmissore teri a papel importante na alteração da motilidade verificada nos 

megas (1\la ifrino, Liberti & Souza, 1999; Ma ifrino el ai., I 999; Silveira et ai. , 2008). 

Koebe rl e (1957) conclui que a denervação é um elemen to indispensável para o apa

recim ento d os megas, mas se u desenvolvimento depende de um conjunto de ações: a 

loca li zação, a in tens id ade e a se nsibilidade do órgão por ela afe tado. Usando um sis tema 

de co rtes se ri ados, suge riu que a produção de uma neurotoxina pelas formas amastigotas, 

com ati vid ade em dis tàncias curtas e em altas concentrações, se ri a responsável pelas 

lesões obse rvad as no sí tio da ruptura do pse udocisto. Qu ando apresentou sua teoria, a 

com unidade científi ca reagiu negativamente e fez críticas conru ndentes (Rezende, 2000), 

apesa r d a confirm ação por out ros autores (Tafuri & Brener, 1966; Andrade & Andrade, 

1966; Okumura, 1967: Tafuri , 1'1aria & Lopes, 1971). 

Também baseando-se na evidência morfológica de arterite necrotiza nte, Koeberle 

suge re que as lesões também pudessem se r decorrentes de " reações alérgicas", mas com 

um significado ainda desconhecido à época. Alguns anos mais tarde, um dos marcos da 

importânci a da respos ta imunológica na patologia da doença de Chagas foi a identificação 

de anticorpos anti-EVI (Coss io et ai., 1974), que originou diversas publicações relacionadas 

à implicação de um meca nismo auto-imune na indução das lesões causadas pelo T cruz i 

(Acos ta & San tos-Buch, 1985; Im perio Lim a el ai. , 1986; Fernandez, Hontebeyrie-Joskowicz 

& Sa id , I 992; C unh a- eto et ai. , 1996; Golgher & Gazzinelli , 200..J.). 

A patologia tornou-se um a ciencia a partir dos estudos desenvolvidos por Virchow, na 

Alemanha, e Bichai, na França, no século XIX, contribuindo enormemente para uma nova 

visão da doença e dos processos fisiopato lógicos nela envolvidos. Passou a representar a ex

pressão morfológica do quadro clínico do paciente, e trouxe consigo um conceito de ciência 

integrada, mais tarde acopl ado à microbiologia, à imunologia, à bioquímica e à genética, que 

acrescentaram novas abordagens, inclusive o es tudo de doenças com métodos de experimen

tação. A patologia evoluiu tecn ica mente com o acréscimo da microscopia eletrônica, que, 

surgida no anos 50 do último século, fez a aproximação da morfologia com organelas e molé

cul as diversas. As observações morfológicas oriundas dessa tecnologia mostraram que mui~as 

moléculas presentes na membrana do T cruzi eram importantes para a interação do parasita 

com a célu la hospedeira (Souza, 2008) . A biologia molecular foi a esfera que mai contribuiu 

para a revolução da visão sobre a ciência . o novo milênio, genomas inteiros, inclusive 0 

humano, já foram eqüenciados, fazendo explodir um imenso leque de po sibilidades p~ra 

· · , · d , , · '· a primeira fo i a 
a c1encia, agora com um linguajar transformado na c1enc1a as omicas · . 

' · b f · d o-enes de um organismo. 
genom 1ca, que a ra nge o es tudo da estrutura de unc10namento os"' , . 

Por analogia, a proteômi ca es tuda as proteínas derivadas de um genoma; metabol_omica_, fi-
. , · . 1 d s em mvestio-ar 

s1onom1ca etc. são hoje termos fáce is de encont ra r entre aque es preocupa O "' 

as interações moleculares e suas implicações na fi siologia do genomas. 

A patologia de ontem, baseada apenas na observação morfo lógica, tra nsformou-se na 

patologia molecul ar, entremeada e integrada a outras ciências, acoplando ferra1:1ent~s 

metodológicas como a imuno-histoquímica, a microscopia intravital ou con foca l, ª hibndª çao 

e a PC R in silu, o que permitiu a iden tifi cação de vário eventos molecu lares envolvidos na 

e tiopa togenia de processos degenerativo , resultando em ampli ação de conce itos e mudança 

de paradigmas. 
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Um exemplo disso está no questionamento que Koeberle fez sobre o tempo em que os 

parasitas 'podem' ou 'devem' circular, com uma sutileza que confirma a perspicácia do 

patologista: 'poder' circular indicaria o tempo em que o parasito sobreviveria sem se r 

importunado pela resposta inflamatória; 'dever' circular sugere uma fase metabólica 

necessária para que o parasita pudesse entrar na célula. Neste último caso, Koeberle e outros 

pesquisadores chamaram a atenção para a possível ex istência de produtos originados do 

metabolismo que atuariam como si nali zadores da proximidade de um a célula. Segundo se u 

raciocínio, fundamentado na observação microscópica de formas de cu ltu ra do parasita , a 

tripomastigota necessitaria de carboidratos para sua sobrevivência , e algum produto circulante 

informaria ao parasita a proximidade de uma célula contendo glicogênio. Esse disparador 

metabólico conduziria o parasita à perfuração do epitélio capilar e, então, da membrana 

plasmática da célula do hospedeiro. Foram necessários mais vi nte anos para se con firm ar, 

através de estudos bioquímicos, que mucinas representam as principais glicopro teínas de 

superfície do parasita e que os resíduos de açúcar permitem a interação das tripomastigotas 

com as células de mamíferos (revisto por Villalta et ai., 2009). 

Com base apenas na evidência morfológica, o espírito observador de pesquisadores como 

Fritz Koeberle descortinou o início de uma nova era da patologia: as precisas descrições 

clínicas de Carlos Chagas, associadas à riqueza de detalhes dos trabalhos ana tomopato lógicos 

iniciados por Gaspar Vianna e Magarinos Torres, traçaram caminhos para uma nova forma 

de pensar na fisiopatogenia de doenças e orientaram os avanços tecnológicos de que hoje 

nos beneficiamos. 
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