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American continent have expanded the geographical dis-
tribution of the infection to territories where it was not 
previously known, turning Chagas into an emerging dis-
ease of growing biosanitary interest (Figure).(13,14,15,16,17,18) 
Social and/or economic crises in Latin America, armed 
conflicts or the consequences of the application of neo-
liberal policies in the region, among others, have con-
tributed to delimit this new epidemiological scenario. In 
addition, it is estimated that currently about two thirds 
of people with Chagas live in urban areas inside and out-
side Latin America.(19) This new scenario also poses a 
health, economic, social, and political challenge linked 
to human mobility, both internal and across borders. 
The settlement of populations in the urban periphery - 
where housing and sanitation conditions are generally 
precarious - and the lack or insufficiency of health ser-
vices increase inequalities.(20) In this context, identifying 
the social determinants of health allows highlighting the 
health-disease-prevention and care processes that un-
derlie the causes of health inequalities between different 
social and cultural groups, based on social class, gender, 
age, ethnicity or territory.(4,21) Consequently, it is perti-
nent to ask how the social and historical contexts charac-
teristic of Chagas reproduce these inequalities and how 
they condition health status and access to health services 
among those groups that are in a process of local, re-
gional, or international mobility.

According to the International Organization for Mi-
gration (IOM),(22) the relationship between health and mi-
gration implies recognising the conditions of vulnerabil-
ity faced by migrants, the “inadequate access to health 
services and unfavorable conditions many migrants live 
and work in make them subject to a variety of health risks. 
[...] Mitigating health risks of migration and ensuring eq-
uitable access to health services for migrants and their 
families are important aspects of migration management. 
These measures are needed to improve the health status 
and overall well-being of migrants, reduce migrant vul-
nerability, protect global public health, facilitate integra-
tion and contribute to social and economic development”.
(22) Furthermore, we should bear in mind that the man-
agement of the health and disease of migrants and their 
families usually takes place, in part, in the transnation-
al context, and this is also the case for Chagas.(9,10) The 
transnational context is defined by Glick-Shiller et al.(23) 
as “the emergence of a social process in which migrants 
establish social fields that cross geographic, cultural 
and political borders. Immigrants are understood to be 
transmigrants when they develop and maintain multiple 
relations - familial, economic, social, organisational, re-
ligious and political - that span borders”.(23) This implies 
the need to include this space in the analysis, highlight-
ing the importance of articulating the migratory cycle 
stages and the interconnections between contexts.

Global distribution of cases of Chagas disease based on official estimates, 2018. Source: OMS (2020). Available from: https://www.who.int/
docs/default-source/ntds/chagas-disease/chagas-2018-cases.pdf?sfvrsn=f4e94b3b_2.

Avaria et al., 2022, doi: 10.1590/0074-02760210151
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Transmissão da Doença de Chagas
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Figure 1
Modes of transmission of Trypanosoma cruzi. Approximately 70% of infections occur when infected reduviid
bugs feed on or otherwise come into contact with people. The bug’s feces contain infective metacyclic
trypomastigotes, which can enter the body through any break in the skin, for example the bite wound, or
through any mucous membrane. Approximately 26% of infections are due to maternal–fetal transmission
during pregnancy. A few infections occur as a result of laboratory accidents, the consumption of
contaminated food or beverages, or blood transfusion or the transplantation of tissue from an infected
donor. Oral transmission can occur when fresh juice is prepared by crushing plants such as sugar cane. If
there are infected reduviids in the plants, trypomastigotes end up in the juice when the plants (and bugs) are
crushed. Transmission by blood transfusion was a major problem before blood suppliers in many countries,
including the United States, began screening for T. cruzi.
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Mecanismos Principais: BRASIL

• Por via oral (alimentos) *
• Por vetores (triatomíneos) ¯
• Por transfusão de sangue 

ou transplante de orgãos ¯
• Transplacentária 

(taxa de transmissão no Brasil=1%) 

Abril 2021SVS/MS 2020
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are the main forms of infestation of human beings in 
urban zones and in non-endemic countries.

Transmission of infection from a chronically infected 
donor of a solid organ or bone marrow is also possible 
and has been well documented in Latin America. In non-
endemic regions, such as the USA and Canada, and many 
parts of Europe, a few cases of infection mediated by 
transfusion and transplantation have been documented,16–19 
but the actual number of cases might be substantially 
higher because of the large number of immigrants from 
endemic areas of Latin America.

Rarely, Chagas disease can be contracted by ingestion 
of food or liquid contaminated with T cruzi, and from 
accidents in laboratories that deal with live parasites. 
Orally transmitted Chagas disease is usually responsible 

for regional outbreaks of acute infection in areas devoid 
of domiciled insect vectors. Ingestion of contaminated 
food such as sugar cane juice, açaí fruit juice, or raw 
meat is generally associated with massive parasitic 
infestation, resulting in more severe acute clinical 
presentation and high mortality.20

Life cycle of T cruzi
The life cycle of T cruzi is complex, with several 
developmental stages in insect vectors and mammalian 
hosts; the insect vector seems to be unaff ected by 
infection with the parasite. Non-replicative bloodstream 
trypomastigotes and replicative intracellular amastigotes 
are the typical forms of the organism that are identifi ed 
in mammalian hosts, whereas replicative epimastigotes 

Figure 1: Vector-borne transmission and life cycle of Trypanosoma cruzi
*Penetration of the intact mucous membrane of the eye by infective trypomastigotes leads to a painless reaction of the conjunctiva, with unilateral oedema of both eyelids and lymphadenitis of the 
preauricular ganglia (Romaña sign); a bite in any other part of the skin can lead to a reaction in the subcutaneous tissue with local oedema and induration, vascular congestion, and cellular infi ltration 
(chagoma). †Trypomastigotes in the host cell escape from the parasitophorous vacuole and are released into the cytoplasm by an unusual mechanism: trypomastigotes transform into spherical 
amastigotes that begin replication, and when the local cell is swollen with amastigotes, they transform back into trypomastigotes with growth of fl agellae. ‡Trypomastigotes lyse infected cells, invade 
adjacent tissues, and spread via the lymphatics and bloodstream to distant sites, mainly muscle cells (cardiac, smooth, and skeletal) and ganglion cells, where they undergo further cycles of intracellular 
multiplication. Image of Romaña sign has been reproduced from Rassi and colleagues;21 copyright 2009 Editora Roca.
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Rassi et al., 2012, doi: 10.1016/j.idc.2012.03.002

sensitivity and the small amount of blood needed. Microscopic examination of cord
blood or peripheral blood of the neonate by this technique is strongly recommended
during the first month of life. Serologic testing is not helpful in diagnosing acute Cha-
gas disease. Although the detection of anti–T cruzi immunoglobulin M (IgM) could be
used (see Fig. 4A), IgM serology assays are not widely available and standardized.4,10

In the chronic phase, because of low and probably intermittent parasitemia, diag-
nosis relies on serologic detection of specific immunoglobulin G (IgG) antibodies
that bind to T cruzi antigens (see Fig. 4A). Enzyme-linked immunosorbent assay, indi-
rect immunofluorescence, and indirect hemagglutination are most common methods
used. Two positive results from any of these 3 conventional techniques are recom-
mended for a final diagnosis.
PCR is not helpful in routine diagnosis because of poor standardization, potential

DNA cross-contamination, variable results across laboratories and countries, and
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Fig. 4. Serologic and parasitologic evolution in acute Chagas infection. (A) Untreated patients.
One to 2 weeks after infection with T cruzi, individuals undergo an acute phase that lasts
approximately 2 months, and is characterized by intense parasitemia, high levels of anti T cruzi
IgM antibodies, and increasing levels of immunoglobulin G (IgG) antibodies; with the resolu-
tion of the acute infection, parasitemia becomes extremely low and IgG antibodies reach their
maximum level, persisting elevated and lifelong. (B) Treated and cured patients. Cure at the
acute phase is accompanied by clearance of parasitemia, which occurs immediately after etio-
logic treatment, and by seronegative conversion,which occurs after about 1 year for congenital
Chagas disease and after 3 to 5 years for vector-borne Chagas disease. Treated and uncured
patients present a response that is similar to that of untreated patients.

Rassi et al284

Período de incubação da doença de Chagas:

• Transmissão vetorial: de 4 a 15 dias

• Transmissão oral: de 3 a 22 dias

• Transmissão transfusional/transplante: 30 a 40 
dias ou mais

• Transmissão verMcal: tempo indeterminado
• (a transmissão pode ocorrer em qualquer

período da gestação ou parto)

SVS/MS 2020

Fase aguda x Fase crônica
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Formas da Doença de Chagas

Bonney et al., 2017. h>ps://doi.org/10.1146/annurev-pathol-020117-043711

PM14CH17_Engman ARI 8 December 2018 15:33

70%
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~10%
Gastrointestinal megadisease

20–30%
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Figure 2
Outcomes of chronic Trypanosoma cruzi infection. Approximately 70% of T. cruzi–infected people live normal
lives without developing any adverse sequelae of infection. Approximately 10% develop megaesophagus or
megacolon, and 20–30% develop cardiomyopathy. A tiny number of people die during acute infection from
fatal cardiac dysrhythmias (not shown), and a few others develop additional sequelae involving other systems.

accurately predict which indeterminate-phase individuals will progress to a chronic disease state;
however, a type of circulating plasma microRNA, referred to as microRNA-208a, has been studied
as a potential biomarker for predicting the risk of Chagas disease progression (12).

Approximately 30% of infected individuals eventually progress from the indeterminate to the
chronic (clinical) phase of Chagas disease. In these individuals, the indeterminate phase may in-
volve years of undetected accumulation of diffuse myocardial damage prior to clinical detection.
Cardiomyopathy is the most important clinical manifestation of chronic Chagas disease because of
the frequency with which it develops (in 20–30% of infected individuals), and its severity, morbid-
ity, and mortality. It is a complex disease that includes a wide spectrum of manifestations, ranging
from minor myocardium involvement to left ventricular systolic dysfunction, dilated cardiomy-
opathy, arrhythmias, thromboembolic events, and terminal cardiac failure (13). In addition to
cardiac involvement, Chagas disease may also affect the gastrointestinal tract and nervous system.
Gastrointestinal symptoms in chronic Chagas patients are most often a result of damage to either
excitatory or inhibitory enteric innervation by T. cruzi parasites (14). Although the most common
gastrointestinal manifestations are megaesophagus and megacolon, essentially any part of the gas-
trointestinal tract can be involved, from the salivary glands to the rectum (14). Gastrointestinal
Chagas disease (∼10%) is most frequently observed in individuals infected south of the equator,

424 Bonney et al.
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• Forma indeterminada: infecção latente e assintomáMca 
por muitos anos 

• Forma cardíaca: CardiopaMa Chagásica
• Insuficiência cardíaca congesMva
• Arritmias
• Tromboembolismo

• Formas digesMvas: Síndromes Mega
• Megaesôfago
• Megacólon
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60%

10%
Evolução:

• Cepa
• Via de infecção
• Carga parasitária
• GenéEca hospedeiro
• Co-morbidades

Evolução da Doença de Chagas

1-5%

30%

Miocardite aguda
Encefalite aguda
↑ Infecção oral
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Review

The biological, biochemical, and genetic diversity of 
T cruzi strains has long been recognised, along with their 
ecoepidemiological complexity, which has been reviewed 
elsewhere.11 Historically, the genetic diversity of T cruzi 
was attributed to asexual reproduction maintaining a 
clonal population structure. However, the evidence that 
T cruzi is capable of undergoing in-vitro recombination,12 
and the further confirmation that hybridisation occurs in 
natural populations,13 challenged this theory.

An international consensus classified the T cruzi 
population into six discrete typing units (DTUs): TcI to 
TcVI.14 Subsequent studies defined a parasite lineage 
associated with bats, named TcBat,15 as the seventh DTU, 
discussed later. A DTU defines a set of stocks that are 
genetically more related to each other than to any other 
stock, and identifiable by shared molecular markers.14

The origins of T cruzi DTUs have been investigated by 
several laboratories, and different evolutionary scenarios 
have been proposed. It is currently accepted that TcI and 
TcII are ancestral lineages, and that TcV and TcVI are the 
result of genetic exchange between TcII and TcIII strains. 
However, there is no consensus on the origin of TcIII 
and TcIV. Phylogenetic analyses using combined datasets 
position TcBat closer to TcI than to any other DTU.15,16 
Importantly, evidence from different genetic markers 

indicates that genetic variation exists at the sub-DTU 
level.17

Currently, several typing approaches for DTU 
assignment of T cruzi populations are available.17 Typing 
allows for verification of potential associations of DTUs 
with ecoepidemiological features, transmission cycles, 
and Chagas disease manifestations. We have compiled 
the geographical distribution and prevalence of T cruzi 
DTUs in humans (figure 1) and summarised the 
geographical distribution, association with vectors and 
sylvatic reservoirs, and Chagas disease presentations of 
the seven DTUs (table 1). The most relevant features of 
the DTUs are discussed here.

TcI has the broadest geographical distribution in both 
sylvatic and domestic cycles throughout North America, 
central America, and South America.17–19 This DTU is 
found in over 80% of the vectors and mammalian sylvatic 
hosts from Colombia, Venezuela, and Ecuador, and 
makes up at least 50% of the strains circulating in 
Peru and northern Brazilian Amazon.19 A subgroup of 
genotypes identified by microsatellite markers within the 
TcI strains, termed TcIDOM, is linked to human infection.20 

TcI strains of the sylvatic and domestic cycles show 
differential behaviour in murine models.21 DTU TcI is 
associated with human disease in the USA, Mexico, 
central America, and in the Andean and Amazon regions. 
The clinical presentations seen in infections with this 
DTU include severe cardiomyopathies and meningo-
encephalitis in immunocompromised individuals.17,22,23 
However, digestive manifestations are extremely rare.

The distribution of DTU TcII is frequent in Southern 
Cone countries (ie, Argentina, Brazil, Chile, Paraguay, 
and Uruguay), with higher prevalence in Brazil and 
Chile.17–19 This DTU was also reported in Bolivia, 
Colombia, Peru, Suriname, the Amazon region, and 
North America.17,19 TcII is mostly found in domestic 
cycles, frequently in Triatoma species, and in patients 
with cardiac disorders associated with megaoesophagus 
and megacolon.17

TcIII was first thought to be an under-represented 
DTU, with poor distribution. However, new data show 
this DTU occurs in all Brazilian biomes,24 and in North 
and South America, with the highest prevalence in 
Paraguay, where it represents more than 30% of T cruzi 
genetic diversity.19 TcIII is mostly associated with the 
sylvatic cycle. Despite its surprisingly wide geographical 
distribution, documented human infections are rare,17–19 

suggesting TcIII has low pathogenicity.25

Wide geographical distribution is also observed for 
TcIV, which occurs in South America, central America, 
and North America.17–19 Unlike TcIII, TcIV occurs fairly 
frequently in humans. It is the second most common 
cause of Chagas disease in Venezuela and has been 
reported in oral transmission outbreaks in the Brazilian 
Amazon.17,18

TcV is prevalent in the Southern Cone countries, the 
Gran Chaco region covering part of Argentina, Paraguay, 

Figure 1: Geographical distribution of Trypanosoma cruzi discrete typing 
units in humans
Map shows the estimated prevalence of human Trypanosoma cruzi discrete 
typing units (DTUs) in endemic and non-endemic countries for Chagas disease 
(North America, Central America, South America, and Spain). The sizes of the 
circles reflect the relative occurrence of DTUs in a given area (the larger, the more 
prevalent), which we estimated using frequency data reported by Brenière and 
colleagues in 2016.19

TcI
TcII
TcIII
TcIV
TcV
TcVI
TcBat

Spain

Magalhães et al., 2022, doi:10.1016/s2666-5247(21)00265-2

Diversidade genética do hospedeiro

Impacto da diversidade parasita/hospedeiro na Doença de 
Chagas
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are the main forms of infestation of human beings in 
urban zones and in non-endemic countries.

Transmission of infection from a chronically infected 
donor of a solid organ or bone marrow is also possible 
and has been well documented in Latin America. In non-
endemic regions, such as the USA and Canada, and many 
parts of Europe, a few cases of infection mediated by 
transfusion and transplantation have been documented,16–19 
but the actual number of cases might be substantially 
higher because of the large number of immigrants from 
endemic areas of Latin America.

Rarely, Chagas disease can be contracted by ingestion 
of food or liquid contaminated with T cruzi, and from 
accidents in laboratories that deal with live parasites. 
Orally transmitted Chagas disease is usually responsible 

for regional outbreaks of acute infection in areas devoid 
of domiciled insect vectors. Ingestion of contaminated 
food such as sugar cane juice, açaí fruit juice, or raw 
meat is generally associated with massive parasitic 
infestation, resulting in more severe acute clinical 
presentation and high mortality.20

Life cycle of T cruzi
The life cycle of T cruzi is complex, with several 
developmental stages in insect vectors and mammalian 
hosts; the insect vector seems to be unaff ected by 
infection with the parasite. Non-replicative bloodstream 
trypomastigotes and replicative intracellular amastigotes 
are the typical forms of the organism that are identifi ed 
in mammalian hosts, whereas replicative epimastigotes 

Figure 1: Vector-borne transmission and life cycle of Trypanosoma cruzi
*Penetration of the intact mucous membrane of the eye by infective trypomastigotes leads to a painless reaction of the conjunctiva, with unilateral oedema of both eyelids and lymphadenitis of the 
preauricular ganglia (Romaña sign); a bite in any other part of the skin can lead to a reaction in the subcutaneous tissue with local oedema and induration, vascular congestion, and cellular infi ltration 
(chagoma). †Trypomastigotes in the host cell escape from the parasitophorous vacuole and are released into the cytoplasm by an unusual mechanism: trypomastigotes transform into spherical 
amastigotes that begin replication, and when the local cell is swollen with amastigotes, they transform back into trypomastigotes with growth of fl agellae. ‡Trypomastigotes lyse infected cells, invade 
adjacent tissues, and spread via the lymphatics and bloodstream to distant sites, mainly muscle cells (cardiac, smooth, and skeletal) and ganglion cells, where they undergo further cycles of intracellular 
multiplication. Image of Romaña sign has been reproduced from Rassi and colleagues;21 copyright 2009 Editora Roca.
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are the main forms of infestation of human beings in 
urban zones and in non-endemic countries.
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donor of a solid organ or bone marrow is also possible 
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accidents in laboratories that deal with live parasites. 
Orally transmitted Chagas disease is usually responsible 

for regional outbreaks of acute infection in areas devoid 
of domiciled insect vectors. Ingestion of contaminated 
food such as sugar cane juice, açaí fruit juice, or raw 
meat is generally associated with massive parasitic 
infestation, resulting in more severe acute clinical 
presentation and high mortality.20
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*Penetration of the intact mucous membrane of the eye by infective trypomastigotes leads to a painless reaction of the conjunctiva, with unilateral oedema of both eyelids and lymphadenitis of the 
preauricular ganglia (Romaña sign); a bite in any other part of the skin can lead to a reaction in the subcutaneous tissue with local oedema and induration, vascular congestion, and cellular infi ltration 
(chagoma). †Trypomastigotes in the host cell escape from the parasitophorous vacuole and are released into the cytoplasm by an unusual mechanism: trypomastigotes transform into spherical 
amastigotes that begin replication, and when the local cell is swollen with amastigotes, they transform back into trypomastigotes with growth of fl agellae. ‡Trypomastigotes lyse infected cells, invade 
adjacent tissues, and spread via the lymphatics and bloodstream to distant sites, mainly muscle cells (cardiac, smooth, and skeletal) and ganglion cells, where they undergo further cycles of intracellular 
multiplication. Image of Romaña sign has been reproduced from Rassi and colleagues;21 copyright 2009 Editora Roca.

Rhodnius prolixus

Triatoma infestans

Triatoma dimidiata

Trypomastigote 
in blood smear

Triatomine insect

Infective metacyclic trypomastigotes
released onto skin of a mammalian 
host in faeces

Metacyclic trypomastigotes enter the host
through rubbing or scratching of the bite 
wound, or through permissive mucosal or 
conjunctival surfaces

Foregut

Trypomastigotes transform into
epimastigotes, and epimastigotes
replicate by binary fission (midgut)

Epimastigotes migrate to the
hindgut and rectum, and differentiate
into metacyclic trypomastigotes that
are released by defecation 

Signs of portal of entry*

Romaña signEscape from 
vacuole†

Differentiation
into amastigotes

Myocardial cell full of amastigotes

Replication of
amastigotes by 
binary fission

Transformation of 
amastigotes 
into trypomastigotes

Megaoesophagus Megacolon Cardiomyopathy

Cell lysis

After decades

Trypomastigotes
in bloodstream

Infection of 
new cells

Trypomastigote in
lysosome-derived
membrane-bound
vacuole

Skin or mucosaMammalian host

Recruitment and fusion of 
lysosomes from the host cell 
are needed for trypomastigotes
to penetrate local cells

Chagoma

Spread of infection‡

Bloodmeal

Chronic phase of Chagas disease Acute phase of Chagas disease

10



Evolução da Doença de Chagas – Persistência do T. 
cruzi no hospedeiro

FIGURE 1 | Continued

2

De Bona et al. Autoimmunity in Chronic CD

Frontiers in Immunology | www.frontiersin.org August 2018 | Volume 9 | Article 1842

phase of CD (7). Nearly 30–40% of chronically infected patients 
evolve from asymptomatic condition to symptomatic forms, 
including cardiac, digestive, or cardiodigestive (Figure 1A) (8).

!ere is a large variability in the outcome of T. cruzi infec-
tion, which is possibly due to di"erent pathogenic mechanisms. 
However, the real contribution of the immunogenetic pattern of 

the human host, parasite diversity, and persistence, among others 
that could determine the clinical progression from asymptomatic 
to symptomatic CD forms remain enigmatic (9–14). In these 
circumstances, the parasite evasion of both humoral and cellular 
immune responses may lead to the success of T. cruzi infection 
and development of chronic CD (6, 9, 15–19).

Bona et al., 2018, Fron%ers in Immunology, 9:1842. h3ps://doi.org/10.3389/fimmu.2018.01842
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Cardiopa:a Chagásica

In the event of a suspected CD reactivation, it is important to evaluate the patient’s
immunologic state and look for other CD manifestations, such as pancytopenia,
myocarditis, panniculitis, and bone marrow injury. Treatment must be installed as
soon as possible because it generally has a low success rate.1

Chronic Chagas Disease Diagnosis

Because parasitic load on chronic CD is generally low, unless reactivation is demon-
strated, the gold standards for diagnosis are serologic tests. The most widely used is
enzyme-linked immunosorbent assay (ELISA) that detects antibodies of immunoglob-
ulin G class against T cruzi on patients’ serum. The WHO20 recommends a strategy of
using 2 different serologic assays, combined with epidemiologic information, because
commercial ELISA-based tests present heterogenic sensitivity and specificity, and
this may lead to overestimation.29 In the case of discordant results, repeat testing is
recommended. If the results persist, a third test (using PCR or western blot) is usually
recommended.38

TREATMENT

Treatment of CD can be divided into etiologic, that is, treating directly T cruzi infection,
or nonetiologic, treating the manifestations of the disease. The objective of etiologic

Fig. 4. Chagas cardiomyopathy mechanical and electrical disturbances commonly observed
during the evolution of cardiomyopathy. PVCs, premature ventricular contractions; RBBB,
right bundle branch block; VT, ventricular tachycardia. (From Nunes MCP, Beaton A, Acqua-
tella H, et al. Chagas cardiomyopathy: an update of current clinical and management. A sci-
entific statement from the American Heart Association. Circulation 2018;138:e179; with
permission.)
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Echeverria & Morillo, 2019, Infec=ous Disease Clinics of North America, 33(1):119–134. h>ps://doi.org/10.1016/j.idc.2018.10.015

About 30% of infected patients develop chronic CD, in which the parasites cause
damage to target organs.2

During the first phase of the disease, myocardial involvement is caused mainly by
cardiac tissue parasite invasion, consequently triggering a severe immune and inflam-
matory response.3 It is theorized that the inflammatory response associated with the
persistence of low-level parasitemia leads to an autoimmune response to the cardiac
tissue by setting a continuous antigenic stimulation (bystander) or by mimicking the
cardiac host proteins.19

Cardiac invasion by the amastigote form is also associated with coagulation necro-
sis of cardiomyocytes and hyaline degeneration of muscle fibers.19 This coagulation
necrosis can lead to microischemic areas in the border zones between the coronary
arteries, without alteration of the coronary arteries themselves,25 mainly due to diffuse
collapse of intramyocardial arterioles. Experimental models of CD have shown that the
microvasculature changes may appear due to a combination of occlusive platelet

Fig. 2. Global incidence of T cruzi–infected carriers. (From Coura-Rodrigues J, Albajar-Vinas
P. Chagas disease: a new worldwide challenge. Nature 2010;465:S7; with permission.)

Fig. 3. Endocardial biopsy of a patient with acute infection and myocarditis. Mild interstitial
edema with marked lymphocytic infiltrate and amastigote cysts of T cruzi (arrows) are
shown. (Hematoxilin-Eosin, !500).

American Trypanosomiasis (Chagas Disease) 123
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Presença do parasita não é essencial para dano ao miocárdio

combinations of parasite and host strains can be used for
experimental infections having three basic cardiac histolog-
ical outcomes: normal histology (Figure 3A), inflammation
without parasitosis (Figure 3B), and inflammation with
parasitosis (Figure 3, C and D). The degree of inflammation
can vary from extremely mild to extremely severe (Figure 3,
B and C).

Autoimmunity

The autoimmunity hypothesis suggests that cardiac dam-
age, regardless of initial cause, leads to a breakdown of
self-tolerance, resulting in an immune reaction against self-
proteins. Cardiac autoimmunity may be initiated by
parasite-induced damage to cardiomyocytes34,35 and/or by
molecular mimicry between immunologically similar epi-
topes of parasite and host proteins (Figure 2E).36e38 Dur-
ing bystander activation, mechanical damage caused
directly by infective T. cruzi, followed by subsequent
parasite-specific and non-specific immune responses,
would result in the release of copious amounts of self-
antigens in an environment particularly rich in inflamma-
tory mediators, including cytokines and chemokines,
lymphotoxin, nitric oxide, and granule components from
eosinophils and polymorphonuclear cells.39 This milieu of
potent immune stimuli may overcome the threshold of
activation needed to breach self-tolerance, and stimulate
cytotoxic T cells without directly triggering the T-cell

receptor, resulting in autoimmunity targeted against mul-
tiple antigens. Bystander activation involving CD8þ T
cells may also occur in response to T. cruzi antigens that are
presented on the major histocompatibility complex I
molecules of infected cells. Inflammatory factors present
in the local environment, such as interferon-g and nitric
oxide, are known to promote the activation of potentially
autoreactive T cells encountering major histocompatibility
complexebound cognate antigen. Once activated, autor-
eactive lymphocytes may proliferate in response to self-
antigen presented on host antigen-presenting cells.
Molecular mimicry between parasite and host antigens
may also contribute to Chagas pathogenesis by driving a
deleterious autoimmune response, as has been demon-
strated for experimental autoimmune encephalomyelitis
(EAE), a better understood model of autoimmune pathol-
ogy induced by molecular mimicry that is a surrogate for
studying aspects of multiple sclerosis pathogenesis in
humans.40 The potential to extend the knowledge of
autoimmunity in Chagas disease to understand other in-
fectious diseases with autoimmune components and to
develop potential treatments further supports continued
study of T. cruzieinduced autoimmunity.

History and Future of Autoimmunity in CHD

The earliest discussions of autoimmunity in the literature did
not use this term, but rather refer to allergic or hyperergic
mechanisms of pathogenesis, perhaps induced by infection
but ultimately independent of the parasite.41 This view was
reinforced by the finding that cardiac autoantibodies could
induce myocarditis in rats42 and the establishment of the
first experimental autoimmune myocarditis models.43

Autoimmunity has been considered an important contrib-
utor to the complex immune response that develops in T.
cruzieinfected individuals since the mid-1970s, when it was
observed by Santos-Buch and Teixeira44 that T. cruzi
infection promoted rejection of allogeneic heart cell trans-
plants, and that lymphocytes from T. cruzieinfected animals
rapidly destroyed embryonic cardiomyocytes in culture.
This work, together with those of Cossio et al45 on the
endocardial-vascular-interstitial antibody and of Ribeiro dos
Santos et al46 on immunoglobulin and complement depo-
sition on neurons, was highlighted in a commentary in the
British Medical Journal in 1977.47

By the late 1970s, some prominent researchers were
cautioning those working on the development of T. cruzie
specific vaccines and other immunomodulatory therapies
because of the poorly gauged possibility of inadvertently
inducing potentially fatal autoimmunity.48 However, reports
that protective T. cruziespecific immunity could be induced
without eliciting pathogenic autoimmunity were soon pub-
lished, providing some assurance that parasite-specific thera-
peutics could be used without the concern that exposure to
T. cruzi antigens in the presence of immune-activating

Figure 3 Different histological outcomes of Trypanosoma cruzi infec-
tion in the heart. The cardiac pathological manifestations of infection
range from no inflammation to focal carditis to pancarditis, each of which
can develop with or without focal, regional, or massive tissue parasitosis.
The complex interplay between parasite pathogenicity, host susceptibility,
and physiological variables determines disease outcome. Shown here are
four representative images of hematoxylin and eosinestained cardiac
sections. A: Normal histology, which can occur with a low virulence T. cruzi
strain or a resistant host. B: Mononuclear cell infiltration, fibrosis, and
edema, without parasites, which can occur during infection with certain T.
cruzi strains and/or human or animal hosts. C: Inflammation with para-
sitosis. D: Higher magnification of the parasite pseudocyst marked by the
arrow in C. The pseudocyst is filled with intracellular amastigotes. Original
magnification: "40 (AeC); "160 (D).

Chagas Autoimmunity

The American Journal of Pathology - ajp.amjpathol.org 1541

Normal Infiltrado mononuclear
Fibrose 
Edema 
T. cruzi

Infiltrado mononuclear
Fibrose 
Edema 
Seta: T. cruzi (pseudocisto)

Pseudocistos
”Ninho de amas;gotas”

Bonney & Engman, 2015, The American Journal of Pathology, 185(6):1537–1547. h>ps://doi.org/10.1016/j.ajpath.2014.12.023
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Mecanismos que levam à lesão do miocárdio

prostaglandin F2a, which promote vascular constriction,
platelet aggregation, and vascular smooth muscle prolifera-
tion (Figure 2D).28 Another mechanism through which live
parasites may induce myocardial damage is via the induction
of oxidative stresseinduced injury. It has been shown that
oxidative damage to mitochondrial respiratory complexes in
T. cruzieinfected cells leads to reduced mitochondrial ATP
generation and deficiencies in cellular antioxidant defense
mechanisms, such as reduced levels of superoxide dismut-
ase,29 and the level of oxidative injury biomarkers in the
myocardium positively correlates with chronic disease
severity.29 Most recently, it was determined that cardiac
miRNAs are dysregulated during T. cruzi infection, and
several of these regulate key signaling pathways that are
likely involved in disease pathogenesis.30

Others have hypothesized that production of some type
of toxin may contribute to parasite-mediated damage
(Figure 2A). Although no conventional toxins have been
identified in T. cruzi, the parasite produces some substances
that may have substantial toxic effects on cells in vivo. Two
examples of such substances are TC-Tox and LYT1, both
acid-active hemolysins presumably involved in escape of the
parasite from the parasitophorous vacuole into the cytoplasm
of infected cells.31,32 Interestingly, both of these proteins
immunologically cross-react with human complement

protein C9, although considerable dissimilarity exists be-
tween them on both the DNA sequence and protein level. It is
unlikely that these, or similar molecules if they exist, play a
significant role in CHD pathogenesis, but it is conceivable
that some amount of tissue injury may occur secondary to
cellular damage inflicted by these pore-forming proteins.
Although dogma presumes that most infiltrating lympho-

cytes recognize specific parasite antigens, this has not been
definitely proved. Notably, it has been widely documented
that the degree of tissue parasitism does not correlate with the
severity of Chagas cardiomyopathy, and even the application
of highly sensitive techniques, such as PCR and immuno-
histochemistry, has variably found correlation24 or lack of
correlation27,33 between the presence of parasite antigen/
DNA and tissue inflammation. In an extensive, highly
detailed histopathological analysis of CHD, Laranja et al33

found that parasites were rarely present in >20% of tissue
sections containing significant inflammation. These findings,
in conjunction with the extant evidence that other mecha-
nisms, such as autoimmunity, are operative in T. cruzie
infected humans and experimental animals, indicate that the
pathogenic immune response generated in individuals with
CHD is not entirely parasite specific. Indeed, the variability
in cardiac histopathology in CHD likely reflects the hetero-
geneity in the inflammatory mechanism involved. Different

Figure 2 Mechanisms by which T. cruzi infection can cause myocarditis. A: Direct damage by parasites caused by cell lysis by trypomastigotes that have
differentiated from intracellular amastigotes (top panels) or a likely toxic (lytic) product of trypomastigotes (bottom panels). B: Parasite-specific immunity
may contribute to cardiac pathology due to the destruction and displacement of myocytes, followed by mononuclear infiltration and fibrosis. C: Non-specific
damage caused by innate immune responses, granulocyte activation, and antibody-mediated cytotoxicity may cause bystander injury to cardiomyocytes. D:
Microvasculopathy leading to ischemia, including occlusive platelet aggregation. E: Parasite-induced autoimmunity generated by molecular mimicry between
parasite and self-antigens (left panels) or bystander activation of autoreactive T cells after cell lysis by T. cruzi (right panels).

Bonney and Engman

1540 ajp.amjpathol.org - The American Journal of Pathology

Bonney & Engman, 2015, h>ps://doi.org/10.1016/j.ajpath.2014.12.023
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Cardiodigestive form
The cardiodigestive form is a combination of heart disease with megaesophagus or
megacolon, or both. In most countries, the development of megaesophagus usually
precedes heart and colon disease, but the exact prevalence of the cardiodigestive
form is not known because few appropriate studies have been done.

DIAGNOSIS

Diagnosis of acute infection is based on parasite detection (Fig. 4A). Microscopic
examination of fresh anticoagulated blood or the buffy coat is the simplest way to
see motile trypomastigotes. Parasites can also be seen in Giemsa-stained thin and
thick blood smears.4,10 Microhematocrit can be used for the same purpose, and is
the method of choice to identify congenital infection because of its heightened

Fig. 3. Gastrointestinal manifestations of chronic Chagas disease. (A) Megaesophagus
(groups, I, II, III, and IV). (B) Hypertrophic parotids in a patient with megaesophagus. (C)
Megastomach associated with megaesophagus group IV. (D) Cholecystomegaly. (E) Mega-
duodenum. (F) Megajejunum. (G) Megaileum. (H) Megarectum. (I) Megasigmoid. (J) Mega-
rectosigmoid. (K) Total megacolon. (L) Fecaloma. C, D, E, F, and G are rare manifestations.

American Trypanosomiasis 283

Rassi et al., 2012, doi:10.1016/j.idc.2012.03.002
Silveira et al.2007, doi:10.1016/j.humpath.2007.01.020 

of inflammatory cells was performed in all colon layers
(nervous plexuses and muscle layers) by counting 20
randomly selected fields (total area of 1066 lm2) on a

single slide per patient. Morphometric studies of neuro-
nal fibers were performed by image analysis (Kontron
KS300 version 2.0; Kontron, Port Coquitlam, Canada) by

Fig. 1 H&E stained sections of the colon from control (A, B) and a chagasic patient with megacolon (C, D). A, Noninfected individual:
there is no evidence of inflammatory process in the muscle layers and myenteric plexus. B, Higher magnification showing the presence of a
ganglion with intact neurons (arrow). C, Chagasic patient with megacolon: presence of chronic inflammatory process with intense and

nodular mononuclear inflammatory infiltration in muscle layers and myenteric plexus. D, Higher magnification showing the presence of
inflammatory cells around a degenerated neuronal ganglion (arrow).

Table 1 Quantification of CD3-IR lymphocytes, CD20-IR lymphocytes, CD57-IR NK cells, and TIA-1-IR cytotoxic T lymphocytes on
the nervous plexuses and muscle layers of the colon from chagasic patients with and without megacolon

Quantification of inflammatory cells in the colon of chagasic patients with and without megacolon (number of cells/mm2)

Cells Chagasic patients without megacolon Chagasic patients with megacolon

CD3-IR
lymphocyte

CD20-IR
lymphocyte

CD57-IR
natural killer

cells

TIA-1-IR
cytotoxic

lymphocyte

CD3-IR
lymphocyte

CD20-IR
lymphocyte

CD57-IR
natural killer

cells

TIA-1-IR
cytotoxic

lymphocyte

Submucosal plexus 28 F 11 43 F 13 8 F 2* 7 F 2* 33 F 13 52 F 14 14 F 3 23 F 4

Myenteric plexus 41 F 11 4 F 1 18 F 3* 11 F 2* 58 F 14 6 F 2 38 F 6 27 F 4
Inner muscular 10 F 3 4 F 1 9 F 3 3 F 1 16 F 3 5 F 1 12 F 3 5 F 2
Outer muscular 14 F 3 5 F 1 11 F 3 5 F 1 19 F 4 5 F 1 14 F 3 6 F 2

NOTE. The values are expressed as mean number of cells F SD.

* Statistically significant differences observed between the 2 groups. Total area of 1066 lm2 from each field for all patients was analyzed ( P b .05).

A. B. M. da Silveira et al.1258
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Relação simbió7ca: 
sobrevivência do parasita x sobrevivência do hospedeiro

PM14CH17_Engman ARI 8 December 2018 15:33

Protective
Cellular in!ltration
In"ammatory cytokines
Parasite-speci!c immunity
Reactive oxygen species
Lipid mediators

Pathogenic
Myocyte destruction
In"ammation
Autoimmunity
Oxidative stress
Adipocyte modulation

Figure 6
Protective and pathogenic responses to Trypanosoma cruzi infection. The various protective and pathogenic
responses are shown. Importantly, many protective processes can also have deleterious effects, which is a
general challenge in mounting innate and adaptive responses to pathogens.

supporting the importance of parasite persistence—even outside the heart—in the pathogenesis
of Chagas heart disease.

CONCLUDING REMARKS
In this article we have attempted to review the gross and microscopic pathology and major mech-
anisms of the pathogenesis of Chagas heart disease, with an emphasis on innate immune, adaptive
immune, and nonimmune processes. We refer the reader to reviews of other relevant topics, for
example autoimmunity (124, 127, 167, 168) and the heterogeneity and geographic distribution
of the species T. cruzi (169). In the current literature, it is clear that the variable and largely
unpredictable outcomes of T. cruzi infection result from a complex interplay of host–parasite in-
teractions. These include protective host responses—such as immune cell infiltration of infected
tissues and the release of inflammatory cytokines, ROS, and lipid mediators—and an array of
parasite-specific immune responses, as well as the pathogenic effects of infection, such as myocyte
destruction, inflammation, autoimmunity, and pathogenic oxidative stress and adipocyte modu-
lation (Figure 6). To treat Chagas disease most effectively, one must determine how to tip this
delicate balance in favor of the host.

Can We Prevent the Progression of Chagas Heart Disease?
The pathology of Chagas heart disease is fascinating. Why are cardiac apical aneurysms so common
in Chagas but not in other cardiac infections? Why is cardiac pathology focal and not diffuse? How
do tissue inflammation, edema, and fibrosis progress over time in an individual, and why do some
lesions heal while others develop? How might the removal of T. cruzi (especially from reservoir
sites) through drug treatment prevent progression from the indeterminate to the chronic phase?
There was much excitement about testing the efficacy of drug therapy on chronic patients with
cardiomyopathy. The Benznidazole Evaluation for Interrupting Trypanosomiasis (BENEFIT)
Trial tested the safety of benznidazole and its efficacy in improving the clinical outcomes of
individuals with cardiomyopathy (170). Unfortunately, although benznidazole treatment reduced

www.annualreviews.org • Pathology of Chagas Heart Disease 437
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3

TRATAMENTO

CRITÉRIOS DE INCLUSÃO CRITÉRIOS DE EXCLUSÃO

TRATAMENTO MEDICAMENTOSO

Em qualquer fase, há dois medicamentos principais: benznidazol e nifurtimox.

Recomendações terapêuticas para tratamento etiológico da doença de Chagas

*Entende-se por cardiopatia chagásica em fases iniciais: casos com alterações no eletrocar-
diograma (ECG), com fração de ejeção (FE) > 40%, ausência de insuficiência cardiaca (IC) e 
ausência de arritmias graves. **Decisão compartilhada com o paciente para o tratamento
do benznidazol no caso de não haver contraindicações.

Ver considerações em populações especiais no item Recomendações Parte III (coinfecção com 
HIV, transplantes e gestação) no PCDT doença de Chagas PT 57, de 30 de outubro de 2018.

Tratamento etiológico da doença de Chagas na fase aguda
Deve ser imediato, com benznidazol como primeira opção, o nifurtimox 
pode ser utilizado nos casos em que o benznidazol não for adequadamente 
tolerado. Em casos assintomáticos, ou na impossibilidade da confirmação 
diagnóstica, mas com suspeita persistente, o tratamento empirico deve ser 
considerado.

FLUXOGRAMA DE TRATAMENTO

a Em casos de intolerância ou onde benznidazol não for disponível, pode-se utilizar nifurtimox.

Estão contempladas no PCDT as pessoas afetadas pela doença de Chagas em sua fase crôni-
ca ou aguda (incluindo gestantes, neonatos e imunossuprimidos), bem como pessoas sob 
suspeita diagnóstica ou risco/vulnerabilidade para doença de Chagas. Entre elas, familiares, 
especialmente filhos de mães infectadas, pessoas que residiram ou residam em áreas geo-
gráficas de risco ou em determinados tipos de habitação e pessoas que receberam transfusão 
sanguínea antes de 1992.

O presente PCDT não abrange questões 
relacionadas a:
• Gestantes com infecção pelo vírus da imunode-

ficiência humana (HIV).
• Questões relacionadas à doação de órgãos de 

pessoas afetadas pela doença de Chagas.

Paciente com diagnóstico positivo 
para doença de Chagas

Paciente com a fase aguda 
da doença?

Paciente com a fase crônica da doença
• Não tratar gestantes com doença de Chagas na fase crônica.
• Manifestações digestivas da doença de Chagas não alteram a 

abordagem terapêutica (seguir tratamento do fluxograma). 

Paciente gestante Paciente imunossuprimido
 (HIV postivo ou transplantado)

Paciente com < 18 anosTratar com benznidazol 
em casos graves ou após 
o segundo trimestre de
gestação

Paciente com < 50 anos

Tratar com benznidazol pacientes com reativa-
ção da doença e pacientes com HIV que nunca 
foram tratados com antiparasitários a

Tratar com benznidazol a Paciente com cardiomiopatica chagásica?

Tratar com benznidazol pacientes em fases iniciais da cardio-
miopatia. Não tratar pacientes com cardiomiopatia avançada. 

SIMSIM NÃONÃO

SIMSIM NÃONÃO SIMSIM NÃONÃO

SIMSIM NÃONÃO

Tratar com benznidazol a Não tratar

Tratar com benznidazol a

SIMSIM NÃONÃO

SIMSIM NÃONÃO

Fase da doença de 
Chagas

Características Tratamento etiológico

Aguda Todas as faixas etárias 1a linha: benznidazol
2a linha: nifurtimox

Crônica 
indeterminada ou 
digestiva

Crianças e adolescentes 1a linha: benznidazol
2a linha: nifurtimox

Adultos < 50 anos 1a linha: benznidazol
Não usar nifurtimox

Adultos ≥ 50 anos Não tratar de rotina**

Crônica cardíaca 
(fases iniciais*)

Todas as faixas etárias Decisão compartilhada: oferecer pos-
sibilidade de tratamento, sendo tratar 
com benznidazol ou não tratar alter-
nativas válidas. Não usar nifurtimox

Crônica cardíaca
(doença avançada)

Todas as faixas etárias Não tratar

Medicamento Público Posologia Eventos adversos

Benznidazol 
comprimidos 
de 12,5 mg 
(pediátrico) 
e de 100 mg 
(adulto)

Adulto (1) 5 mg/kg/dia, 1 a 3x
ao dia, por 60 dias, ou 
(2) 300 mg/dia, 2 a 3x 
ao dia, pelo número
de dias equivalente ao
peso do indivíduo (má-
ximo 80 dias)

Destacam-se os seguintes even-
tos adversos com o uso de ben-
znidazol: parestesias , artralgias 
e intolerância gastrointestinal. 
Os eventos adversos dermato-
lógicos que ocorrem com maior 
frequencia são alopecia, derma-
tites e rash cutâneo, geralmente 
sem necessidade de interromper 
o tratamento etiológico. Alguns 
sintomas, como parestesias (po-
lineuropatia periférica), podem 
ter importante impacto sobre a
qualidade de vida, com chance
de persistir por alguns meses 
após a interrupção do tratamen-
to. Podem ocorrer complicações
mais graves, como depressão da 
medula óssea com neutropenia,
realizar hemograma três sema-
nas após o início do tratamento.

Pediátrico 5 a 10 mg/kg/dia, 2x ao 
dia, por 60 dias. 
Esquemas sugeridos: 
• Entre 2,5 e 5 kg: 1 
comprimido (12,5 mg), 
2x ao dia 
• Entre 5 e 10 kg: 2 
comprimidos (25 mg), 
2x ao dia 
• Entre 10 e 15 kg: 3 
comprimidos (37,5 mg), 
3x ao dia

Nifurtimox 
comprimidos 
de 120 mg

Adulto 10 mg/kg/dia, 3x ao dia, 
por 60 dias

Os eventos mais comuns são in-
tolerância gastrointestinal, even-
tos reumatológicos e acometi-
mento dermatológico.Pediátrico 15 mg/kg/dia, 3x ao 

dia, por 60 dias

Ministério da Saúde, 2018
PCDT – Doença de Chagas - PORTARIA CONJUNTA SAES/SCTIE/MS No 57, DE 30 DE OUTUBRO DE 2018 

Recomendações terapêu1cas para tratamento e1ológico da doença de 
Chagas 
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Tratamento e8ológico da Doença de Chagas

Protocolo Clínico e Diretrizes Terapêuticas (PCDT), 2018 - MS

Único avanço nos
últimos 50 anos
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Indicações do Tratamento 
Específico

Efetividade 
alcançada

Infecção aguda >60%
Infecção congênita >95% 

(até o 6º mês de vida)

Infecção acidental (quimioprofilaxia) 100%
Pacientes transplantados 
(quimioprofilaxia)

100%

Reativação em imunossuprimidos ?
Infecção crônica recente (até 14 anos) 50 a 60%
Forma indeterminada ?*
Infecção crônica antiga (15-60 anos) ?*
Em boletim da OMS, fica autorizado o tratamento parasiticida a todo paciente chagásico, desde que seja prescrito
por médico com experiência no manuseio da medicação e que tenha condições de diagnosticar e atender
possíveis efeitos colaterais, além de garantir acompanhamento pós-tratamento.
* Indicação não consensual

Eficácia do tratamento x fase da doença

22



Considerações sobre o tratamento antiparasitário

1. Sem efeito benéfico na fase crônica tardia da doença.

2. Efeitos adversos (benznidazol ~53%; nifurBmox ~85%).

3. Longos períodos de administração (60 dias) sob supervisão médica.

4. Eficácia variada, dependendo da área geográfica.

5. Necessidade de cura parasitológica: ausência de biomarcadores validados.
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Leishmaniose Visceral
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As Leishmanioses

• 88 países são considerados regiões endêmicas: Américas, África, Ásia e sul 
da Europa

• Cerca de 12 milhões de pessoas estão infectadas;

• EsCma-se ~ 2 milhões de  novos  casos  por  ano, sendo 1,5 milhões de 
leishmaniose cutânea e 500 mil de leishmaniose visceral; 

• > 50 mil mortes/ano (leishmaniose visceral);

• 350 milhões de pessoas estão sob risco de infecção

25



1. Leishmaníase cutânea (*) – lesões cutâneas (limitadas”- benigna)

2. Leishmaníase muco cutânea (*) (cutâneo-mucosa- mutilantes) lesões destrutivas
nas mucosas do nariz, boca e faringe - mutilante

3. Leishmaníase cutânea difusa – indivíduos anérgicos ou tardios – após Calazar
(febre negra)

4. Leishmaníase visceral ou calazar – tropismo - baço, fígado, da medula óssea e
tecidos linfóides (sistema fagócito mononuclear – SFM)

(*) Leishmaníase tegumentar americana

Leishmaniose = Doença do Sistema Fagocítico 
mononuclear
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> 90% dos casos =10 países (2019):  Brasil, Etiópia, Eritréia, Sudão, Sudão do Sul, Índia, 
Iraque, Quênia, Nepal, Somália.

Epidemiologia no Mundo - LV
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doi: 10.1155/2018/9872095

Epidemiologia no Mundo - LV
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Epidemiologia no Mundo - Brasil

• Nordeste
• Urbanização
• Maior letalidade em populações vulneráveis

29



3000 novos casos humanos por ano e um 
coeficiente de incidência de 1,98 

casos/100.000 habitantes

Brasil é o pais com a maior incidência de 
Leishmaniose Visceral no mundo 
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• Agentes etiológicos:
─ Leishmania (L.) donovani (Laveran & Mensil, 1903) 
─ Leishmania (L.) infantum (Nicolle, 1908)
─ Leishmania (L.) chagasi (Cunha & Chagas, 1937) 

• Vetor: Lutzomyia longipalpis
• Período de incubação: 10 dias a 24 meses (média 2 a 6 meses)
• Visceralização das amastigotas para órgãos linfóides

Leishmaniose Visceral
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Período inicial                Período de estado                  Período final 
(sinais gerais)                 (sinais viscerais)

óbito

• Agentes etiológicos:
─ Leishmania (L.) donovani (Laveran & Mensil, 1903) 
─ Leishmania (L.) infantum (Nicolle, 1908)
─ Leishmania (L.) chagasi (Cunha & Chagas, 1937) 

•Período de incubação: 10 dias a 24 meses (média 2 a 6 meses)
• Visceralização das amastigotas para órgãos linfóides

Leishmaniose Visceral

Até 90% dos casos

32



Ciclo de vida

Trends in Parasitology | Parasite of the Month

Leishmania infantum
Tiago D. Serafim,1,* Eva Iniguez,1 and Fabiano Oliveira1,*

1Vector Molecular Biology Section, Laboratory of Malaria and Vector Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Rockville, MD, USA

*Correspondence:

loliveira@niaid.nih.gov,  
tiago.donatelliserafim@nih.gov

+XPDQ�LPPXQH�UHVSRQVHV�WR�/HLVKPDQLD�LQIDQWXP�LQIHFWLRQ

$V\PSWRPDWLF 3UHVHQFH�RI�VSHFLILF�DQWL�/HLVKPDQLD DQWLERGLHV 3RVLWLYH�LQ�VNLQ�WHVW� 5HVSRQG�WR�/HLVKPDQLD DQWLJHQ�LQ�YLWUR�
�,,����,)1Ȗ� DQG�,,����

'LVHDVHG +\SHUJDPPDJOREXOLQHPLD 1HJDWLYH�LQ�VNLQ�WHVW� /DFN�RI�UHVSRQVH�WR�/HLVKPDQLD DQWLJHQV�LQ�YLWUR�

&XUHG /RQJ�WHUP�VSHFLILF�DQWL�/HLVKPDQLD DQWLERGLHV 3RVLWLYH�LQ�VNLQ�WHVW� 5HFRYHU\�RI�FHOOXODU�LPPXQLW\�WR�/HLVKPDQLD DQWLJHQV�LQ�YLWUR�

%ORRG�IHG�VDQG�IO\�YHFWRU
/XW]RP\LD�ORQJLSDOSLV

6FDQQLQJ�HOHFWURQ�PLFURJUDSK�RI�/��LQIDQWXP�
PHWDF\FOLF�SURPDVWLJRWH

*LHPVD�VWDLQLQJ�RI�PDFURSKDJHV�KDUERULQJ�
VHYHUDO� /��LQIDQWXP�DPDVWLJRWHV��DUURZV�

&KURQLF�FDVH�RI�YLVFHUDO�OHLVKPDQLDVLV�LQ�LQIDQW�LQ�
1RUWKHDVW�%UD]LO�� UDUH�RFFXUUHQFH�QRZDGD\V

ϱ�ʅŵ

Trends in Parasitology

Trends in Parasitology

KEY FACTS:
L. infantum was introduced into the New 
World during Portuguese and Spanish 
colonization; it was formerly named 
Leishmania chagasi.

The primary hosts are humans and 
canids. Domestic dogs are the main 
parasite reservoir. Wild hares serve as 
sylvatic reservoirs in southern Europe. It 
is controversial whether humans act as 
reservoirs.

The main vectors are: Lutzomyia longipalpis 
in Brazil; Phlebotomus perniciosus in Spain, 
Portugal, and Italy; and Phlebotomus ariasi 
in France and Portugal.

During a blood meal, parasites are 
inoculated into the host skin together 
with sand fly gut microbiota and salivary 
proteins, as well as Leishmania-derived 
proteophosphoglycans and exosomes.

Multiple blood meals (also uninfected) are 
critical for successful sand fly infection and 
parasite development to the infective stage.

Genetic markers are associated with drug 
resistance.

The genome consists of 36 chromosomes, 
~32 Mb.

DISEASE FACTS:
Disease is caused by amastigote forms of 
the parasite living in macrophages.

It mainly affects children under 10 years of 
age and immunocompromised adults.  

The most severe cases occur in South 
America.

Symptoms include persistent fever and 
hepatosplenomegaly. Cutaneous lesions are 
an uncommon manifestation of infection. 

Poor nutritional status is associated with 
disease progression.

TAXONOMY AND CLASSIFICATION:
KINGDOM: Protozoa
PHYLUM: Euglenozoa
CLASS: Kinetoplastea
ORDER: Kinetoplastida
FAMILY: Trypanosomatidae
GENUS: Leishmania
SUBGENUS: Leishmania
SPECIES: L. infantum

Leishmania infantum is the etiological agent of visceral leishmaniasis (VL) in South America, 
the Mediterranean basin, and West and Central Asia. It can also cause cutaneous lesions, 
particularly in the Mediterranean. The most affected country, Brazil, reported 4297 VL cases 
in 2017. L. infantum is transmitted by female phlebotomine sand flies during successive blood 
meals. After being picked up by the insect vector during a bite on a reservoir host, the parasites 
become extracellular and undergo a series of morphological changes culminating in the rise 
of the metacyclic infective stage, which is then inoculated into the host skin during a blood meal. 
Metacyclic parasites will infect multi- and mononuclear cells in the host and become intracellular 
amastigotes. Parasite visceralization results in impaired function of the liver, spleen, and bone 
marrow with fatal consequences in many cases. To date, no human vaccine is available, and 
therapeutic drugs, some with severe side effects, are used to achieve a clinical curative response.

Trends in Parasitology, Month 2019, Vol. xx, No. xx   Published by Elsevier Ltd.       https://doi.org/10.1016/j.pt.2019.10.006       1

Serafim et al., 2019, doi:10.1016/j.pt.2019.10.006
33
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Combination therapy for visceral leishmaniasis
Drugs for visceral leishmaniasis (also known as kala-azar) 
have several drawbacks, such as long regimen duration, 
parenteral administration, toxic eff ects, or high costs.1 
Furthermore, drug resistance against antimonials is 
widespread in India, and could also emerge in new 
drugs.2,3 Combination therapy could be the way forward: 
a shorter regimen might be more aff ordable, easier to 
administer, and better adhered to than are current, longer 
regimens, and might protect the lifespan of the individual 
drugs.4 In The Lancet, Shyam Sundar and colleagues5 
report a phase 3 non-inferiority trial in India, in which 
they compared three drug combinations (10 days each 
of paromomycin and miltefosine; single-dose liposomal 
amphotericin B and 10-day paromomycin; and single-
dose liposomal amphotericin B and 7-day miltefosine) 
with the standard treatment for visceral leishmaniasis 
(conventional amphotericin B). All three combinations 
were effi  cacious and well tolerated with 6-month 
defi nitive cure rates of at least 97%. Regimen duration 
ranged from 8 to 11 days—shorter than the 21–28 days for 
current monotherapies. These data are very encouraging 
and further support the rationale of combination therapy 
for visceral leishmaniasis because they provide several 
safe and effi  cacious options. However, several issues still 
need to be addressed.

First, this study provides effi  cacy and safety data for a 
selected population of patients (excluding severe cases) 
who were treated in a research centre with less than 
160 patients per study group. Rare or long-term toxic 
eff ects could have been undetected. Data for children 
were especially limited with less than 50 children and 
adolescents per group, and no separate outcomes in 
children (aged 6–12 years) were reported. Moreover, 
there are no data for the incidence of late relapses 
occurring more than 6 months after treatment or 
post-kala-azar dermal leishmaniasis—a late complication 
after treatment. Second, because of the geographical 
heterogeneity in visceral leishmaniasis,6,7 these fi ndings 
cannot be readily extrapolated to other regions that 
are aff ected by Leishmania donovani, such as east Africa, 
where separate studies are underway, nor to visceral 
leishmaniasis caused by Leishmania infantum. Although 
the results of the trial are encouraging, the diffi  cult issue 
will be how to deliver these effi  cacious interventions 
in the fi eld. Feasibility should be assessed in pragmatic 

trials, and their enrolment criteria should refl ect the 
patient population that would qualify for treatment 
and care at the primary-care level. Because miltefosine 
is given orally and paromomycin by intramuscular 
injection, their combination is attractive because it can 
be given to ambulatory patients; however, compliance 
issues and the need for contraception because of 
miltefosine will need to be addressed.

The report by the same research team8 of high 
effi  cacy and tolerance of single-dose liposomal ampho-
tericin B (10 mg/kg) constitutes another potential 
option. Because liposomal amphotericin B should 
be stored below 25°C and needs careful preparation 
and intravenous administration, this approach is 
more complex than the combination regimens, 
but would allow point-of-care diagnosis and full 
treatment on the same day. 100% compliance would 
increase the eff ectiveness of programmes. Although 
single-dose treatment with liposomal amphotericin B 
is more expensive than the combination regimens,9 this 
diff erence could change with further reductions in price 
or with the development of generic drugs. Therefore, 
single-dose liposomal amphotericin B with paromo-
mycin and miltefosine constitute two promising 
approaches, each with diff erent challenges. Both should 
be further studied in feasibility studies, ideally with 
increased follow-up to assess long-term outcomes.

Published Online
January 20, 2011 
DOI:10.1016/S0140-
6736(10)62237-4

See Articles page 477
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Light micrograph of spleen tissue from patient with visceral leishmaniasis
Macrophage (large circle, centre) is infected with Leishmania donovani protozoa (amastigotes, small purple bodies).

DOI:10.1016/S0140- 6736(10)62237-4 

Seção de um baço de paciente de LV - macrófago infectado com 
amas<gotas de Leishmania
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(McMahon- Pratt & Alexander, 2004; Reithinger et al., 2007). Old 

World Visceral Leishmaniasis (VL) is caused by L. donovani and L. in-
fantum. New World VL is primarily caused by L. infantum (Marcili 

et al., 2014; Monge- Maillo & López- Vélez, 2013; Shaw, 2006). The 

epidemiology of leishmaniasis is based on ecological interactions be-

tween human and reservoir systems, parasite and sand fly species, 

regional characteristics of endemic areas, present and past suscep-

tibility of human and animal populations and parasite and human be-

haviour (Lukeš et al., 2007; Oryan & Akbari, 2016; Patz et al., 2000; 

Ready, 2008, 2013). The Leishmania life cycle is directly associated 

with ecological variables in rural or peri- domestic environments 

that shelter sand fly niches and reservoir hosts in conjunction with 

human living areas (Daszak et al., 2001). Leishmaniases are found 

across tropical, equatorial areas, with warm and rainy climates abet-

ting reproduction of Phlebotomines (Fischer et al., 2011). Human ac-

tivities such as migration, deforestation, unorganized urbanization 

or shifts in infection vulnerability caused by immunosuppression 

and malnutrition are reflected in significant increases in human 

susceptibility to leishmaniasis (Alvar et al., 2008; Desjeux, 2004; 

Thakur, 2000).

2  | ANTHROPONOTIC SPRE AD OF 
LEISHMANIA  AND ELIMINATION STR ATEGY 
OF VL ON THE ISC

The World Health Organization listed leishmaniasis in category I, 

Emerging or Uncontrolled Diseases. Although leishmaniasis is en-

demic in over 98 countries and territories, eco- epidemiological hot-

spots for visceral leishmaniasis (VL) occur in East Africa, the Indian 

subcontinent (ISC), and Brazil. More than 50% of global VL incidence 
has been reported in India, Nepal and Bangladesh (Burza et al., 2018; 

WHO, 2020). VL is caused by L. donovani complex spp. protozoan 

parasites and manifest epidemiologically by two types of aetiolo-

gies (Figure 1): Anthroponotic visceral leishmaniasis (AVL), where 

parasites are transmitted by sand fly bites from human to human 

and occurs mainly on the ISC and in East Africa; and zoonotic vis-

ceral leishmaniasis (ZVL), which is transmitted from infected animals 

to humans, with domestic dogs as the primary reservoir host and 

occurring in Mediterranean countries, the Middle East, Asia and 

South America (Figure 2) (Desjeux, 2004; Esch & Petersen, 2013). 

Despite these geographic separations, parasites within the L. dono-
vani complex have a high level of genetic similarity, estimated to be 

greater than 99% (Franssen et al., 2020). This indicates that there are 
not likely to be DNA- encoded reasons for host- preference differ-

ences between L. donovani and L. infantum. Instead, the Leishmania 

life cycle is directly impacted by ecological variables in rural or peri-

domicile environments that shelter sand fly niches and reservoir 

hosts in proximity to humans. Leishmania donovani infection on the 

ISC has traditionally been recognized as an anthroponotic disease 

with a continuous cycle of transmission in and around human dwell-

ing inhabited by vector sand flies (Malaviya et al., 2011; Stauch 

et al., 2011). Active VL patients are thought to be the primary reser-

voir for AVL on the ISC (Figure 3), based on the clustering of cases 

around households with past VL history (Barnett et al., 2005; Bern 
et al., 2005; Das et al., 2016).

National programmes to eliminate VL were initiated by the gov-

ernments of India, Bangladesh and Nepal in 2005 as a major pub-

lic health problem on the ISC. The goal of these programmes was 

to reduce the incidence of VL at the sub- district or district level to 

less than 1 VL case per 10,000 population per annum by the 2015 
(WHO, 2005). A key strategy of the VL elimination agenda has been 
systematic Indoor Residual Spraying (IRS), targeting sand flies feed-

ing on people within their homes, as Phlebotomus argentipes is the 

only recognized L. donovani insect vector on the ISC. This serves as 

one of the prongs in a three- pronged approach; in addition to early 

F I G U R E  1   Life cycles of zoonotic 
versus anthroponotic spread of 
Leishmania spp. Animals depicted have 
been documented as a blood source in 
Leishmania- positive sand flies
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active case identification, and comprehensive treatment of clini-

cal cases to eliminate VL (Huda et al., 2012; Mondal et al., 2009). 

Although IRS campaigns have made considerable progress in reduc-

ing VL in India, Nepal and Bangladesh, they fell short of the 2015 
elimination target and are not on track to meet the extended dead-

line set for 2020 (Programme, 2017; Rijal et al., 2019). It is possi-

ble that these shortcomings are influenced by zoonotic sources of 

transmission, which to date have not been considered in interven-

tion strategies on the ISC.

3  | CHALLENGES OF ELIMINATION AND 
POSSIBLE INFEC TION SOURCES ON THE 
ISC

An assumption behind the elimination campaign is that only symp-

tomatic human VL and post- kala- azar dermal leishmaniasis (PKDL) 

cases are infectious to P. argentipes on the ISC (Figure 3). However, 

this hypothesis has not been completely evaluated and is challenged 

by the possible existence of latent, asymptomatic human reservoirs 

of the parasite and potential animal reservoirs (Molina et al., 2020; 

Singh et al., 2014; Stauch et al., 2011). Asymptomatic VL cases are 

much more common than clinical cases, as shown in highly endemic 

villages in India and Nepal (Gidwani et al., 2011; Ostyn et al., 2011). 

Because of this high frequency, the role of asymptomatic individu-

als in VL transmission should be assessed to effectively identify 

human reservoirs in South Asia (Bern et al., 2010). Additionally, 

co- infection with HIV is a significant threat to VL management. 

Molina et al. (2020) used xenodiagnosis as a tool for evaluating VL 

infection in HIV + patients and concluded that early- stage asymp-

tomatic VL patients with HIV infection were infectious to sand 

flies. Further, transmission studies suggest PKDL patients are a 

significant parasite source for sand flies, particularly in immuno-

compromised people (Kamhawi & Serafim, 2017). PKDL is a form 

of VL sequelae where papular or macular dermal lesions occur that 

can be extensively parasitized and/or arise in response to immune 

reactions against persistent dermal parasites in treated VL patients 

(Mukhopadhyay et al., 2014; Zijlstra et al., 2017). As another res-

ervoir of infection, PKDL patients represent a major health risk for 

disease resurgence in that skin parasite load is a strong predictor 

of positive xenodiagnosis (Molina et al., 2017; Mondal et al., 2019) 

(Figure 3).

Risk factors for VL on the ISC include migration, proximities 

of households to animal shelters and crowded conditions (Bern 

et al., 2010; Custodio et al., 2012; Ranjan et al., 2005). Livestock 
density in India is regarded as a threat variable for increasing human 

VL incidence (Barnett et al., 2005). The phenomenon of multiple 
frustrated feeding attempts seen by Leishmania- infected sand flies 

means a vector may feed on several nearby hosts including live-

stock (Bern et al., 2005; Courtenay et al., 2017). The preference 
of sandflies for specific blood meal sources differs between sand 

fly species. Many sand flies are opportunistic feeders, where host 

F I G U R E  2   Distribution of Leishmania donovani complex spp. and different transmission ecologies. AVL, anthroponotic VL;  
ZVL, zoonotic VL
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Leishmaniose visceral- reservatórios

Novo mundo: zoonose

- Área urbana:
canídeo é o reservatório
principal (infecção é mais
prevalente do que no
homem)

- Ambientes silvestres:
raposa e marsupiais
foram encontrados
infectados. 37



L. infantum

Vetores de Leishmaniose Visceral no Brasil:

Mosquito palha, birigui, tatuquira, etc..

• Lutzomyia longipalpis (NE, N, SE, CO), adaptado a ambientes
sivestres, rurais e urbanos.

• Lutzomyia cruzi (Mato Grosso)

Principal atividade: crepuscular e noturna

Vetor

38



Período Inicial (agudo)

Período Final

Leishmaniose dérmica 
pós-calazar

(L. donovani)

Quadro Clínico

39



L. (L.) chagasi
L. donovani
L. infantum

• No Brasil, crianças são grupo de risco.

• Febre irregular, perda de peso acentuada,
aumento de baço e Wgado, e anemia.

• Velho Mundo – possível evolução como Pós-
Calazar dermal (PKDL) após o tratamento.

Quadro Clínico – Leishmaniose visceral ou calazar 
(Kala-azar)

Esplenomegalia

Hepatomegalia

40



•Período de incubação pode variar de 10
dias a 24 meses, com média de 2 a 6 meses.

•Porém, somente uma parcela dos
indivíduos infectados irão evoluir com sinais
e sintomas da doença (1/200).

Quadro Clínico – Leishmaniose visceral ou calazar 
(Kala-azar)

41



Resposta celular é a preponderante na evolução da infecção

• Células: macrófagos

células dendríticas

células NK

células T CD4+ e CD8+

• Citocinas: IL-12, IFN-g, IL-10

• Óxido nítrico (NO)

• Resposta humoral: presente porém pouco eficiente em controlar a infecção

Mecanismos efetores da resposta imune

42
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the dissemination of the infection from primary cutaneous lesions to the mucosal system
via direct extension, bloodstream, or lymphatics [4–6].

The transmission of the protozoan to humans or other mammals occurs through the
bite of the female sandfly belonging to the order Diptera, family Psychodidae, and subfam-
ily Phlebotominae of the genera Phlebotomus (Old World) and Lutzomyia (New World).
Leishmania has a relatively simple heteroxenic life cycle: an extracellular promastigote stage,
which can be either procyclic, which multiplies and develops in the digestive tract of sand-
flies, or metacyclic infective, which migrates to the proboscis of the sandfly to be inoculated
during the blood meal; as well as an intracellular stage in the form of a spherical, immobile
amastigote, which is morphologically and biochemically distinct from promastigotes, and
resides and multiplies in the phagolysosomes of phagocytes in their vertebrate hosts [7,8].

Recent advances in imaging technologies, as well as studies combining genetic and
immunological manipulations, have allowed a better understanding of the interactions
between Leishmania and its mammalian host, especially the role of different cell types
involved in the initiation and development of the immune (Figure 1) [7,9]. The divergent
clinical manifestations observed in leishmaniasis are dependent not only on the genetic
background, nutritional status, and immunocompetence of the host, but also largely on
the species of parasite that initiates the infection, the vector, and environmental and social
factors [10].
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between Leishmania and its mammalian host, especially the role of different cell types 
involved in the initiation and development of the immune (Figure 1) [7,9]. The divergent 
clinical manifestations observed in leishmaniasis are dependent not only on the genetic 
background, nutritional status, and immunocompetence of the host, but also largely on 
the species of parasite that initiates the infection, the vector, and environmental and social 
factors [10]. 

 
Figure 1. Impact of Leishmania infection on immune cells. Leishmania spp. interacts with multiple 
innate immune cells modulating their phenotype and function, as well as the adaptive immune 
responses. Mast cells collaborate in disease progression by secreting IL-4 and IL-13 fostering Th2 
responses and parasite survival (panel 1). Neutrophils, macrophages, and DCs can either eliminate 
or promote parasite survival. Recruited neutrophils eliminate leishmanial parasites through 
phagocytosis, ROS, and NETs release. Leishmania can survive transiently within neutrophils by 

Figure 1. Impact of Leishmania infection on immune cells. Leishmania spp. interacts with multiple
innate immune cells modulating their phenotype and function, as well as the adaptive immune
responses. Mast cells collaborate in disease progression by secreting IL-4 and IL-13 fostering Th2
responses and parasite survival (panel 1). Neutrophils, macrophages, and DCs can either elimi-
nate or promote parasite survival. Recruited neutrophils eliminate leishmanial parasites through
phagocytosis, ROS, and NETs release. Leishmania can survive transiently within neutrophils by inhibiting

Mecanismos de progressão e controle da leishmaniose
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Manifestações 

clínicas

Período Inicial Período de 

Estado

Período Final

Febre Presente Presente Presente

Emagrecimento Ausente Moderado Acentuado

Palidez Discreta Moderada Acentuada

Hepatomegalia Discreta Moderada Acentuada

Esplenomegalia Discreta Moderada Acentuada

Hemorragias Ausente Incomum Frequente

Quadro comparativo da evolução clínica da LV

SVS-MS

Período inicial             Período de estado           Período final 
(sinais gerais)              (sinais viscerais)

óbito

Até 90%
dos casos

Marcadores de infecção ativa: sorologia (+), DTH (-), IFN-g (¯), IL-10 () 44



Leishmaniose visceral em pacientes com HIV/AIDS

• Já relatada em 35 países

• Resposta imune humoral e celular comprometidas

• Resultados falsos-negativos em testes sorológicos

• Carga parasitária aumentada no sangue e medula óssea 

• Alto risco de falha no tratamento (o uso de Anfotericina B 

lipossomal é recomendado)
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Medicamentos recomendados pelo Ministério da Saúde:

• Antimoniato de meglumina
• Anfotericina B (Desoxicolato e formulações lipídicas)
• Isetionato de Pentamidina
• Estibugluconato de Sódio
• Miltefosina
• Alopurinol

Tratamento da Leishmaniose visceral
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Medicamentos recomendados pelo Ministério da Saúde:

• AnEmoniato de meglumina
• Anfotericina B (Desoxicolato e formulações lipídicas)
• IseEonato de Pentamidina
• EsEbugluconato de Sódio
• Miltefosina
• Alopurinol

Tratamento da Leishmaniose visceral

Critério de cura: essencialmente clínico
Cura parasitológica não é necessária! 47



Tratamento da Leishmaniose visceral

• Antimonial Pentavalente (Glucantime®) : i.v. ou i.m. (20 a 40 
dias) – fármaco de primeira escolha  

• Anfotericina B: i.v. (3 a 8 semanas) – fármaco de segunda 
escolha, mas autorizado como primeira linha em vários casos

Anfotericina B lipossomal: i.v. (5 dias) - fármaco de segunda 
escolha (alto custo para uso em larga escala)

Obs: Nas situações em que o paciente apresente hipersensibilidade ou falha 
terapêutica ao antimonial pentavalente e não se enquadre em nenhum dos critérios de 
indicação para utilização da anfotericina B lipossomal, poderá ser adotado como 
alternativa terapêutica o desoxicolato da anfotericina B (i.v.).
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