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Recent developments in the field of
Chagas' disease*

Z. BRENER'

Chagas' disease is an endemic human trypanosomiasis produced by Trypano-
soma cruzi, which is usually transmitted by blood-sucking triatomid bugs. This
article reports recent developments in research on Chagas' disease and outlines some
of the basic investigations that have immediate practical application or that contri-
bute to our knowledge of the parasite and its relationship with the vertebrate
host.

Much progress has been made recently in the development of techniques for
characterization of T. cruzi strains, e.g., isoenzyme electrophoresis and analysis of
kinetoplast DNA, and in research on the biochemistry of the parasite. Studies on
membrane components have detected a number of distinct surface glycoproteins
which may be important in the interaction between parasite and host cells. New
methods of investigating ultrastructural membrane components are also being
developed.

There is a great need for an animal model in which T. cruzi induces a chronic
infection resembling the human disease. Recent work has shown that the rabbit
could be a suitable model; monkeys, dogs, and mice are also susceptible to T. cruzi
but may not be useful as a model of the disease in man.

A number ofserological tests are availablefor the diagnosis ofChagas' disease,
e.g., complement-fixation test, immunofluorescence, ELISA haemagglutination,
direct agglutination. However, both tests and reagents need to be standardized and
active reference centres are necessary to help improve the reliability of the reactions
in the different endemic areas.

Chagas' disease is an endemic human trypanosomiasis which is restricted to the
American continent and which affects about 10- 12 million inhabitants. The disease,
produced by Trypanosoma cruzi, has an acute phase of 1 - 2 months' duration, character-
ized by patent parasitaemia, in which there may or may not be general symptoms. In the
chronic phase, the parasitaemia is subpatent and the disease may present with cardiac
problems, mainly affecting young patients, and ranging from mild electrocardiographic
changes to cardiac failure or sudden death; alternatively, the disease may present with
digestive problems with pathological dilatations of the digestive tract (mega-oesophagus,
megacolon), or may remain in the indeterminate asymptomatic form, which is seen in
most infected people.

T. cruzi is usually transmitted by blood-sucking triatomid bugs but blood transfusion
and congenital transmission are becoming increasingly important in the endemic areas.
Because T. cruzi is easily maintained in the laboratory in vertebrate hosts, insect vectors,
acellular media, and tissue culture, and because there are numerous gaps in the knowledge
of Chagas' disease, the parasite is becoming a popular experimental subject in several
disciplines.

This article reports the recent developments in research on Chagas' disease and outlines
some of the basic investigations that have immediate practical implications or that contri-

* A French translation of this article will appear in a later issue of the Bulletin.
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bute to our knowledge of the parasite and its relationship with the vertebrate host. This
review will reflect the present trend of using a multidisciplinary approach to investigate
parasitological problems.

NEW TOOLS FOR IDENTIFICATION AND CLASSIFICATION OF T. CRUZI

T. cruzi comprises a pool of parasite populations which circulate among man, vectors,
sylvatic reservoirs, and domestic animals. Experimental studies with isolates of T. cruzi
from these various hosts have shown a wide range of intraspecific variation, illustrated by
differences in the morphology of bloodstream forms, virulence, ability to induce lesions,
susceptibility to chemotherapeutic agents, antigenic constitution, and infectivity to host
cells. Since the parasite behaviour may be influenced by the host or other environmental
conditions, there is an increasing tendency to pursue the intrinsic characterization of
T. cruzi strains. Biochemical methods allow the identification of gene expression products
such as enzymes or the analysis of DNA molecular structure in large numbers of parasite
strains, which can then be grouped according to their common traits.

Isoenzyme electrophoresis, a method that detects differences among enzymes with
similar catalytic properties but distinct molecular structures, has permitted the description
of T. cruzi populations in terms of their enzymatic profiles (zymodemes). By comparing
the electrophoretic patterns of six enzymes, different strain groups could be detected: Zl
(zymodeme 1) is characteristic of strains that circulate among sylvatic animals and
triatomine vectors; Z2 is found in strains isolated from patients with acute or chronic
Chagas' disease and from domestic animals; Z3 has been identified in a few
autochthonous human cases from Amazonian Brazil.a The existence of two zymodeme
patterns derived from parasites of hosts that participate in the sylvatic and domiciliary
transmission cycles of T. cruzi, respectively, has raised hopes that isoenzyme markers
might be used to trace the transfer of parasites from the enzootic cycle to the domestic
cycle. However, although a number of acute cases in Bahia State, Brazil, were caused by
the Zl strain group (the sylvatic strain), more investigation is necessary to provide a clear
picture of the interaction of the two cycles.
Isoenzyme heterogeneity related to the geographical distribution of T. cruzi strains

isolated from patients has been reported. In Venezuela, the Z1 type is predominant,
whereas most patients from central and eastern Brazil harbour parasites with the Z2
zymodeme. Since the digestive form of Chagas' disease (mega-oesophagus and
megacolon) is practically non-existent in Venezuela and fairly common in the Brazilian
endemic areas, it has been suggested that the zymodeme pattern may be related to the
pathogenesis of the disease in both countries.
Enzyme electrophoresis has also been used to study the heterogeneity of T. cruzi popu-

lations. Evidence has been provided that, in one strain, cloned subpopulations displayed
zymodeme patterns that were different from those of the parental stock, demonstrating
that T. cruzi strains may be heterogeneous in their composition.

In addition to the biochemical methods used to identify cell phenotype characteristics
such as isoenzymes, other techniques based on the determination of cell genotype markers
are now under investigation. Since nuclear DNA is likely to be too complex, the work has
concentrated on the analysis of the kinetoplast DNA (kDNA). About 30% of the total cell
DNA is concentrated in this organelle, where two types of DNA molecule have been
described: maxicircles and minicircles (which constitute about 90/o of the total network).

MILES, M. A. ET AL. Isozymic heterogeneity of Trypanosoma cruzi in the first patients with Chagas' disease in Amazonian
Brazil. Nature (London), 272 (5656): 819 - 821(1978).
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Methods for isolating fairly pure kDNA minicircles and the routine use of restriction
endonucleases (enzymes that cleave DNA molecules at specific sites) have established the
conditions for the application of taxonomic methods based on the fingerprinting of
kDNA minicircles. Digestion by the nucleases yields fragments of minicircles which can be
discriminated by acrylamide gradient gel electrophoresis. It is then possible to identify
schizodemes, i.e., parasite populations with similar DNA restriction patterns. Significant
variability in the restriction enzyme patterns was observed when a number of T. cruzi
strains, including populations representative of the different zymodemes, were analysed
by this method. However, it was found that 35 strains with the same zymodeme, after
digestioh by two nucleases, yielded 26 distinct schizodemes, and this variability may limit
the usefulness of the method.
The existence of quantitative and qualitative differences in the lectin surface receptors

of T. cruzi has also been used as a criterion of variability. Lectins bind speciflcally to a
number of surface polysaccharides and their effects can be evaluated by their ability to
induce cell agglutination, or by assessing the binding of labelled lectins to -the parasite
membranes. Furthermore, the specificity of the reaction can be determined by inhibiting it
with sugar-haptens, to which the lectins are directed. However, this method has not so far
shown good results in discriminating among T. cruzi strains.

THE BIOCHEMISTRY OF T. CRUZI

The development of methods to isolate the parasite stages occurring in the vertebrate
host and to grow large quantities of epimastigotes in liquid media has permitted com-
parative studies on the metabolic pathways of the different evolutionary stages of T. cruzi.
No major differences were found in the metabolism of bloodstream trypomastigotes,
intracellular amastigotes, and culture-derived epimastigotes.b This suggests that many
aspects of the biochemistry of the culture epimastigote stage are likely to be representative
of the parasites in the intact host.
As regards carbohydrate and energy metabolism, all T. cruzi forms use mainly triglyc-

erides rather than glycogen as endogenous reserve; carbohydrates and amino acids are
used as the main sources of energy by the three developmental stages although some fatty
acids are also used. A glycolytic pathway operates in T. cruzi and the glycolytic enzymes
are contained in glycosomes, an organelle first described in T. brucei. A pentose
phosphate pathway has been reported to participate in the metabolism of glucose, but its
exact role in the parasite energy metabolism has not yet been determined. Almost all
enzymes of the tricarboxylic acid cycle have been detected in T. cruzi, providing good
evidence that this pathway is effective in this species. Spectral and inhibitory studies have
demonstrated that a number of cytochromes (b, C55g, aa3, and o) participate in
carbohydrate metabolism in T. cruzi. An a-glycerophosphate oxidase activity, with a
dehydrogenase component sensitive to suramin, has been detected in the oxidative system
of T. cruzi.

In relation to nucleic acid metabolism, it has been confirmed that T. cruzi cannot bio-
synthesize purines de novo but is not dependent on preformed pyrimidines. However,
exogenous pyrimidines are used extensively by the parasite in the synthesis of nucleic
acids. DNA and RNA polymerases are probably present since preparations of all forms of
T. cruzi can incorporate purine and pyrimidine, as well as their precursors, into nucleic
acids. Trypomastigotes, however, are not able to synthesize nuclear DNA, which explains

b GUTTERIDGE, W. E. Trypanosoma cruzi: recent biochemical advances. Transactions of the Royal Society of Tropical
Medicine and Hygiene, 75: 484-492 (1981).
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why these forms do not multiply in vertebrate or invertebrate hosts.
Differences in the metabolic pathways of T. cruzi and mammalian cells are being recog-

nized, and may lead to the identification of targets for chemotherapy. In relation to
energy metabolism, there are some quantitative differences in the amount of cytochromes
and cytochrome c has been demonstrated to be different from that of mammalian cells.
Another cytochrome (P-450) present in T. cruzi culture forms seems to play a role in the
detoxification of active drugs. The suramin-sensitive dehydrogenase component of the
a-glycerophosphate oxidase system and the localization of glycolytic enzymes in a glyco-
some-like organelle have also been suggested as potential targets for chemotherapy.
Some differences in the parasite and mammalian isoenzymes involved in the pyrimidine

synthesis pathway have been reported. Two key enzymes of deoxyribonucleotide synthesis
in T. cruzi (tetrahydrofolate dehydrogenase and thymidylate synthetase) differ from the
equivalent enzymes of mammalian cells in their relative molecular mass (RMM) and
functions. Little is known about possible targets related to amino acid and lipid
metabolism. T. cruzi, however, uses significant amounts of threonine for fatty acid
synthesis, rather than glucose as in mammalian cells.
The biochemical action of drugs active against T. cruzi is being investigated. The effect

of nitrofuran derivatives is triggered by reduction of the nitro group by a nitroreductase,
which seems to be essential for the binding of nitrofuran intermediates to protein and
DNA. The drug radical then induces the generation of the superoxide anion (Of) and
production of hydrogen peroxide (H202); the reaction between H202 and 0O produces the
highly toxic hydroxyl radical (OH ). Since T. cruzi is devoid of catalase and glutathione
peroxidase, enzymes that protect mammalian cells from H202 and related free radicals,
the parasite seems to be particularly sensitive to H202-generating drugs. Interestingly, the
microbicidal effect of activated macrophages on T. cruzi is also related to H202
generation.

Allopurinol, a non-toxic compound used clinically to decrease uric acid levels, inhibits
RNA and protein synthesis in T. cruzi culture epimastigotes. The parasite converts
allopurinol to aminopurinol mononucleotide which is then incorporated into RNA. This
is a good example of an otherwise innocuous drug, which is transformed, at least in vitro,
into an active chemotherapeutic agent through specific metabolic pathways of the
parasite. Unfortunately, the in vivo effect of allopurinol has not yet been clearly
established.

MEMBRANE COMPONENTS AND PARASITE ENTRY INTO HOST CELLS

Some critical events in the interaction between T. cruzi and host cells, such as adhesion
and interiorization, may depend on factors related to the surface membrane of the para-
site. Membrane components may also influence the fate of the parasite in the vertebrate
host, where it has to face hostile serum factors (e.g., antibodies, complement) and
immunologically competent cells.

Studies on T. cruzi membrane composition have detected a number of distinct surface
glycoproteins.C A sugar-containing macromolecular complex which can be resolved into
four distinct bands has been isolated from the surface membranes of culture epimastigotes
but not from trypomastigote or amastigote stages. A major glycoprotein of RMM 90 000
has been identified in epimastigotes by using lactoperoxidase-catalysed iodination of the

c COLLI, W. ET AL. Surface determinants in American trypanosomes. In: International cell biology, Berlin, Heidelberg,
Springer-Verlag, 1980- 1981.
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flagellates, followed by polyacrylamide gel electrophoresis and lectin affinity chroma-
tography. Analysis of intermediate breakdown products obtained by proteolysis demon-
strated that the same glycoprotein could be recovered from all T. cruzi stages. However,
unlike T. brucei, this surface glycoprotein is not involved in antigenic variance. Peptide
mapping of this major glycoprotein obtained from a number of T. cruzi strains and clones
has provided no evidence of significant variation in its amino acid sequence, although
minor changes in the carbohydrate component could not be excluded. The 90 000 RMM
glycoprotein induces partial protection in mice against challenge infection with virulent
T. cruzi blood forms.
Another cell surface glycoprotein of RMM 72 000 was recognized by a monoclonal

antibody obtained by fusion of myeloma cells and spleen cells from mice immunized with
T. cruzi epimastigotes. This antigen is apparently specific for epimastigote stages and is
not present in amastigote and trypomastigote stages. Passive transfer of this antibody to
mice was unable to protect against T. cruzi despite the high titres (greater than 1:100 000)
displayed by the mouse sera in immunofluorescence and radioimmune tests. In addition, a
large number of other glycoproteins with an RMM range between 30 000 and 94 000 have
been found in different T. cruzi stages by radio-iodination procedures. It should be borne
in mind that two misleading events may occur in the study of trypanosome surface glyco-
proteins: first, as a consequence of the binding of lactoperoxidase to the cell surface, the
enzyme may become iodinated, thus distorting the autoradiographic patterns; second,
proteases from T. cruzi extracts may induce the degradation of high RMM glycoproteins
during the experimental extraction.

In addition to the cell surface antigens, immunoglobulins and other serum factors bind
to T. cruzi surface membranes. Bloodstream forms isolated from acutely infected mice
present membrane-bound specific immunoglobulins detectable by complement-mediated
lysis (CML) and labelled anti-mouse immunoglobulins. There is some evidence that the
bound immunoglobulins participate in the immunological control of the infection by
CML, antibody-dependent cytotoxicity, or phagocytosis. Immunoglobulin Fc receptors
have been described in both culture and blood forms and may represent an evasion
mechanism of the parasite in the immune host. Other components from normal mouse
serum also bind to the membrane of bloodstream trypomastigotes and their removal by
trypsinization increases the absorption of specific immunoglobulins.
Membrane components and the serum factors bound to the parasite are likely to

influence adhesion and interiorization of T. cruzi in vertebrate cells. Most of the evidence
from recent work has indicated that the mechanism of interiorization is influenced by
both parasite and host cells; in macrophages, and probably in fibroblasts and epithelial
cells, the uptake of the parasite depends on induced phagocytosis. The binding of lectins
to fibroblasts prevents their infection by T. cruzi, suggesting that polysaccharides may
participate in the endocytosis of the parasite.

Bloodstream trypomastigotes collected from X-ray immunosuppressed mice are unable
to activate complement; treatment with trypsin or neuraminidase, however, renders them
lysable through the alternative activating pathway of complement. Moreover, the removal
of the enzyme-sensitive molecules significantly enhances the uptake of the parasites by
macrophages.d This membrane component can be resynthesized on incubation in vitro,
suggesting that it is a parasite-derived protein (probably a glycoprotein) which modulates
two critical events in the life-cycle of T. cruzi in the vertebrate, namely, the activation of
the alternative complement pathway and the interaction with phagocytic host cells.

d KIPNIS, T. L. ET AL. Enzymatic treatment transforms trypomastigotes of Trypanosoma cruzi into activators of alternative
complement pathway and potentiates their uptake by macrophages. Proceedings of the National Academy of Sciences of the
United States ofAmerica, 78: 602 - 605 (1981).
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NEW TECHNIQUES FOR THE STUDY OF
ULTRASTRUCTURAL MEMBRANE COMPONENTS

Plasma membranes of trypanosomes have a trilamellar "unit-membrane" and the same
general composition of lipids and protein components as other eukaryote cells. However,
because of the morphology of trypanosomes, particularly the emerging flagellum and the
flagellar pocket, the surface membrane of these organisms shows a structural variability
which may have physiological implications. In addition, it is important to identify compo-
nents outside the cell coat, in order to determine their role in the parasite life-cycle. New
techniques of freeze-fracture electron microscopy and cytochemistry are increasing our
knowledge of these important aspects of T. cruzi ultrastructure.'

In the freeze-fracture procedure, glutaraldehyde-fixed cells are frozen rapidly in liquid
nitrogen at - 196 °C and then fractured with a turbomolecular pump. The specimens are
then exposed to platinum-carbon vapours and the components of the protoplasmic and
external faces of the cell membrane are visualized. The general aspect of the membrane is
of a smooth even surface containing a variable number of intramembranous particles
which correspond to its protein component. Quantitative variations in the distribution of
the particles apparently reflect differences in the membrane function.

T. cruzi epimastigote stages present a significantly higher number of particles (1830 per
Am2) than do blood trypomastigotes (122 per zIm2). A particle-free area corresponding to
the cytostome (a specialized region related to the flagellar pocket and characterized by
pinocytic activity) has a clear border of particles at its edge. It has been suggested that this
arrangement may represent a restraint on the normal mobility of membrane and surface
components in the cytostome region. The flagellum membrane has an extremely low
number of particles, in contrast with the situation in the body membrane, providing
evidence that the flagellum is not an extension of the body surface membrane. Linear
arrangements and clusters of particles have been detected in the flagellum and near the
flagellar-body junction, suggesting that they may participate in the adhesion of the two
structures. Besides membrane components, internal membrane structures can also be
studied by freeze-fracture. The whole process of pinocytosis in T. cruzi, including the
formation and interiorization of pinocytic vesicles, has been investigated with this
method.
The presence of components in the cell coat, the uptake of soluble proteins, and other

phenomena related to the membrane of trypanosomes can be investigated using cyto-
chemical methods and electron microscopy. Specific carbohydrate residues can be identi-
fied using plant lectins which bind to the membrane; for example, a-D-mannopyranose-
like residues have been recognized in T.-cruzi stages by treating cells with Con A-
horseradish peroxidase and observing an electron-dense deposit on the parasite
membrane. The relative distribution of acid polysaccharides on the membrane can be
demonstrated by staining with ruthenium red whereas the uptake and storage of macro-
molecules by the organism can be traced using labelled exogenous protein in the
medium.
The net surface charge of T. cruzi was estimated by electron microscopy visualization of

cationized ferritin particles binding to the surface membrane after incubation of flagel-
lates with the electron-dense substance. All T. cruzi stages have a negative surface charge;
bloodstream forms were found to be more negative than epimastigote stages, which were
only lightly labelled. An increase in negative surface charge apparently occurs when
culture-derived epimastigotes differentiate into the infective trypomastigote stage.

f SOUZA, W. ET AL. Trypanosoma cruzi: ultrastructural, cytochemical and freeze-fracture studies of protein uptake.
Experimental parasitology, 45: 101 - 115 (1978).
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ANIMAL MODELS FOR CHRONIC CHAGAS' DISEASE

There is ap increasing demand for an animal model of Chagas' disease. Such a model
would be very useful in different areas of investigation of Chagas' disease, e.g., pre-
clinical trials with drugs active in routine chemotherapeutic screening, studies of the
pathogenesis of cardiac and digestive lesions in the chronic stage of the disease, investi-
gation of mechanisms of immunological resistance to T. cruzi, and tests with experimental
vaccines.
A great stimulus was given to the search for such a model by recent evidence that the

pathogenesis of Chagas' disease is related to autoimmune mechanisms! Subcellular frac-
tions of T. cruzi apparently share common antigenic determinants with heart cells; thus,
T. cruzi-sensitized lymphocytes would recognize and destroy heart cells in a process which
might explain the cardiac manifestations of the disease. Autoimmune antibodies that
react against endothelial vascular cells and heart and striated muscle cells (EVI antibodies)
as well as antineuron antibodies have also been described. Any attempt to develop a
vaccine against T. cruzi infection should take account of the presence of these harmful
cross-reacting fractions in the immunizing agent. Suitable experimental animals are
needed to investigate the induction of autoimmune lesions.
An ideal model for chronic Chagas' disease would: (a) support a long-lasting subpatent

parasitaemia detectable by xenodiagnosis and/or haemoculture as well as by conventional
serology; (b) present cellular and/or humoral autoimmune reactions; (c) develop the
cardiac and digestive forms of the disease with typical histopathological lesions;
(d) display lesions in a relatively short period of time; and (e) be available at a reasonable
cost.
The course of infection in mice clearly depends on factors related to the host (genetic

background, sex, age, weight), parasite (strain, virulence, inoculum), and environmental
conditions (temperature). High mortality rates are common, but under suitable experi-
mental conditions, a chronic disease of 300- 500 days duration is produced. The animals
that recover from the acute phase develop chronic lesions, such as the presence of mono-
nuclear inflammatory cells and fibrosis in the heart, myositis, and necrotizing arteritis.
The difficulties of monitoring heart lesions in mice are obvious but electrocardiographic
studies have detected disturbances of the intraventricular conductivity. Lesions of
neuronal ganglion cells of the autonomic nervous sytem in the heart and digestive tract
were also described. Similar lesions have been reported in rats but, in general, the
infection presents an erratic course in these animals and symptoms are rather mild.
Young dogs develop an extremely severe acute phase with high mortality. Those that

survive may develop heart lesions characteristic of chronic Chagas' disease, manifested by
alterations in the ECG (including right bundle branch and atrioventricular blocks) and
diffuse myocarditis and fibrosis. In some experiments congestive cardiac failure has been
reported. In most infected dogs, however, focal areas of fibrosis are detected, correspond-
ing to sequelae of lesions developed in the acute phase. Although these are similar to the
lesions found in the asymptomatic indeterminate form of Chagas' disease, the fact that
the occurrence of the classical chronic myocardiopathy is unpredictable limits the use of
the canine model.

Several species of monkey have been experimentally inoculated with T. cruzi or found
to be naturally infected with T. cruzi-like flagellates. Cebus, Callitrix, and Saymiri
monkeys, which are widespread in South America, are susceptible to T. cruzi but there is
so far no evidence that they can be used as models for chronic Chagas' disease. T. cruzi-

f TEIXEIRA, A. R. L. Chagas' disease: trends in immunological research and prospects for immunoprophylaxis. Bulletin
of the World Health Organization, 57: 697 - 710 (1979).
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infected rhesus monkeys have been followed up for long periods and mega-oesophagus
has been reported at least twice in these primates. Electrocardiographic changes, auto-
immune antibodies, positive conventional serology, and repeatedly positive xenodiagnosis
have also been described. However, this species is not native to the endemic area, and is
very expensive and difficult to obtain.

Recently, it has been demonstrated that it is possible to induce myocarditis in rabbits by
injection of total extracts or microsomal antigens of T. cruzi tissue culture-derived trypo-
mastigotes. Further experiments have shown that rabbits chronically infected with T. cruzi
display a series of manifestations similar to the human chronic disease: myocardiopathy,
severe electrocardiographic changes, cardiac failure, sudden death, megacolon, and a
decrease in the number of nepronal ganglion cells. Unfortunately, these findings have
not yet been confirmed by other groups. The susceptibility of rabbits to T. cruzi has thus
been established, but their use as a chronic model still depends on the reproducibility of
the preliminary results.

NEW SERODIAGNOSTIC TESTS AND STANDARDIZATION

T. cruzi infection induces a humoral immunity characterized by the presence of specific
IgM and IgG antibodies. Anti-T. cruzi IgM is found in most acute cases but is seldom
detected at the chronic stage of Chagas' disease; in contrast with the findings in African
trypanosomiasis, the IgM immunoglobulin levels do not increase significantly and have
no value in diagnosis. Specific IgG is found in most chronic patients but these is no sound
evidence that its level increases at this stage of the disease. Several serological tests to
detect circulating antibodies are now available for the diagnosis of American trypano-
somiasis.!

Complement-fixation test

The complement-fixation test (CFT), the first diagnostic test for Chagas' disease, was
developed in 1913 when extracts of parasitized organs were used as antigens. For many
years, a wide variety of antigens were employed in this test, including aqueous or alcoholic
extracts of whole T. cruzi as well as different fractions (e.g., proteins, polysaccharides);
moreover, since delipidization was necessary to prevent unspecific reactions, various
solvents, such as benzene or acetone, were also used. The test was improved by the intro-
duction of an end point of 50% haemolysis, which allowed a better evaluation of the
reaction. A study group sponsored by PAHO investigated the sensitivity and specificity of
eight antigens from different laboratories with this technique. The study was carried out
in seven laboratories and showed that a benzene-delipidized aqueous-extracted antigen
and a somatic protein-delipidized antigen were the most specific. Further observations
confirmed the high sensitivity and specificity of the benzene-treated antigen, regardless of
the T. cruzi strain used.

The CFT, performed under controlled conditions, shows over 900o sensitivity in
chronic patients. However, in the acute phase, the test will give a negative result in
30- 50% of patients with parasites in their blood.

'CAMARGO, M. E. & TAKEDA, G. K. F. Diagn6stico de laborat6rio. In: Brener, Z. & Audrade, Z., ed., Trypanosoma
cruzi e doenra de Chagas. Ist ed., Rio de Janeiro, Guanabara, 1979, pp. 175- 198.
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Tests with labelled antigens

Immunofluorescence test (IFT)

Despite the relatively high cost of the equipment necessary to carry out the IFT, it is
increasing in popularity in the endemic areas of Chagas' disease. The test is very sensitive
and has a high specificity although it may show some cross-reaction in patients with Leish-
mania infections. The antigens, usually formol-fixed epimastigotes, are stable and can be
stored at low temperature for long periods, and the test detects specific antibodies at the
acute phase earlier than do other reactions such as CFT and haemagglutination. The test
can be performed on blood collected on filter paper and then eluated.

Enzyme-linked immunosorbent assay (ELISA)

In the ELISA, soluble antigens are absorbed onto wells in a plastic plate, and the test
sera and the conjugate, formed by anti-IgG antibodies labelled with either alkaline phos-
phatase or peroxidase, are added. Polystyrene cellulose-covered beads can also be used as
a support for the T. cruzi antigenic extract which, in this case, is covalently linked to the
plastic. The preparation is then suitably stained, and the result evaluated either by visual
observation or by spectrophotometry. The ELISA in Chagas' disease seems to be compar-
able to the IFT in terms of sensitivity and specificity.

Agglutination tests

Haemagglutination

The haemagglutination test is performed with formol-fixed red blood cells treated
with tannic acid and sensitized with soluble antigens. The reagent cells can be lyophilized
and stored for a long time before use. Since tannic acid-treated red cells bind specifically
with the protein components of T. cruzi antigens that react with IgG antibodies, this
reaction is indicated for the diagnosis of chronic Chagas' disease. Acute cases can be
detected by using red cells sensitized with the polysaccharide or glycoprotein parasite
components that react with IgM immunoglobulins. The binding of these components is
facilitated by using lectins as linking agents. The sensitivity of the reaction in chronic cases
is similar to that of the CFT and IFT.

Direct agglutination
The existence of agglutinins against T. cruzi has been known for a long time but the

phenomenon could not be used in the diagnosis of Chagas' disease because of a tendency
of culture-derived epimastigotes to spontaneous agglutination. However, treatment of the
flagellates with trypsin and further fixation in formaldehyde prevents autoagglutination,
thus permitting the introduction of stable antigens for the direct agglutination test. This
test is particularly suitable for acute cases but is also used for the diagnosis of chronic
chagasic patients. Treatment of the sera with 2-mercaptoethanol decreases the titre of the
reaction in acute, but not in chronic, cases.

Latex and flocculation tests

The latex test is carried out with polystyrene particles adsorbed with T. cruzi extracts, to
which the test sera are added. Agglutination occurs very rapidly and can be evaluated
visually. The sensitivity of the test is lower than that of other available serological
reactions and seems to be strongly influenced by the stability of the antigen batch.
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A flocculation test has been used with an antigen constituted from epimastigote frag-
ments obtained by sonication, fixation with formaldehyde, and lyophilization. The test is
rapid and the sensitivity comparable to that of the IFT and haemagglutination test. It
may, however, give false positive reactions in a number of acute parasitic diseases.

Detection of T. cruzi circulating antigens

An ELISA test has been used to investigate the presence of T. cruzi circulating antigens
in chronically infected patients. Wells in a microtitration plate were coated with the Fab2
fraction of anti-T. cruzi IgG and the sera to be tested were then added as in a standard
ELISA test. Positive results were obtained in 50% of the cases, including a number of
patients who had negative haemoculture. The reactivity of the test was reversed by
absorption of the positive sera with anti-T. cruzi antiserum.

Complement-mediated lysis (CML)

Antibodies that bind specifically to live T. cruzi bloodstream forms can be detected by a
recently described CML test. Blood forms collected from X-irradiated mice and devoid of
membrane-bound antibodies, or tissue culture-derived trypomastigotes are incubated with
the test sera; human complement is then added and the percentage lysis determined by
counting the living parasites in a haematocytometer. This test is unusual in that it detects
active T. cruzi infection, since the antibodies that bind to live parasites are apparently
different from those involved in the conventional serological tests.

Standardization of methods

Although there are now several tests for the diagnosis of Chagas' disease, work is
needed to standardize techniques in order to achieve maximum efficiency and reliability.
There is a fairly high rate of discrepancy among tests performed in different geographical
regions and laboratories of the endemic areas. To minimize this, it is recommended that at
least two serological reactions should be used for the individual diagnosis of Chagas'
disease. Better quality control of antigens and reagents, the establishment of reference
centres to supply standard negative and positive sera, and the introduction of extensive
training programmes would probably improve serodiagnostic techniques. A workshop on
serological diagnosis of Chagas' disease, sponsored by the UNDP/World Bank/WHO
Special Programme for Research and Training in Tropical Diseases and held in Sao
Paulo, Brazil, in 1980, agreed upon the establishment of an interconnected group of refer-
ence centres in various countries in order to improve standardization of the serological
methods. Methods of sampling and transporting sera are now being developed in order to
facilitate the interchange of material among the laboratories. The addition of glycerin has
been shown to preserve serum samples for long periods at low or even room temperature
without interfering with the serological reactions.

Since there are large areas of the American continent in which even the prevalence of
Chagas' disease is unknown, the standardization of seroepidemiological survey tech-
niques is a priority. Recently, an extensive seroepidemiological survey was carried out on
about 1 500 000 samples collected on filter paper and tested using the IFT in 17 labora-
tories in different regions of Brazil. This sample was representative of a total of 63 million
inhabitants from the endemic area. The filter paper material, as mentioned, can be stored
at low temperature for long periods until the blood is eluated. The IFT was selected
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because of the ease of obtaining blood on filter paper, the sensitivity of the test, and,
finally, the possibility of concentrating the production and supply of the lyophilized
antigen, the conjugate, and the standard control sera in a single laboratory.

Transmission of T. cruzi by blood transfusion is occurring throughout the endemic
areas, mainly among the urban population. In view of the increasing migration of rural
populations to the urban areas, an estimate of the prevalence of Chagas' disease among
urban populations would be very important in determining the burden of the disease.
Unfortunately, sampling in such complex conditions is very difficult and detailed demo-
graphic and epidemiological studies may be needed. Whether this kind of survey may be
extended to other endemic areas remains to be determined.
A rapid, reliable and low-cost reaction to screen blood donors for Chagas' disease

would be extremely useful in preventing transmission of the disease in the net of blood
banks and hospitals of the endemic areas. An evaluation of the "rapid" serodiagnostic
techniques would be worthwhile in this context.

Finally, there is a great need for a test to determine whether a patient treated with active
chemotherapeutic agents (nitrofurans and nitroimidazoles) is cured. In many cases, the
parasitological tests are persistently negative while the serological results remain positive.
Standardization of reactions to detect lytic antibodies or circulating antigens could help
identify cryptic T. cruzi infections in treated patients.


