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RESUMO 
 
Diversos  estudos  que  avaliam  os  mecanismos  imunológicos  associados  à  manifestação  de 
diferentes  formas  clínicas da doença  de Chagas têm sugerido eventos  multifatoriais.  Com  esse 
estudo, nosso objetivo foi adicionar novos elementos à complexa rede imunológica que envolve a 
interação parasita-hospedeiro e as distintas manifestações clínicas da doença de Chagas crônica, 
indeterminada  (IND),  cardíaca (CARD)  e  digestiva  (DIG).  Para  esse  objetivo,  realizamos  uma 
análise  detalhada  de  características  fenotípicas  da  resposta  imune  com  ênfase  na  análise 
imunofenotípica  de  células  mononucleares  do  sangue  periférico,  no  perfil  de  citocinas 
intracitoplasmáticas de leucócitos circulantes bem como na magnitude da resposta de IgG anti-
Trypanosoma  cruzi.  Nossos  principais  achados  demonstraram  elevadas  freqüências  de  células 
reguladoras CD4
+
CD25
high
 e NKT, associadas com níveis aumentados de células NK citotóxicas 
circulantes  em  IND,  enquanto  percentuais  aumentados  de  linfócitos  T  CD8
+
HLA-DR
+
  foram 
observados em CARD e DIG. Adicionalmente, nossos dados demonstraram valores aumentados 
de células pré-NK, além de elevados valores de monócitos pró-inflamatórios e linfócitos B 
ativados,  contrastando  com  a  ativação  diminuída  de  células  T  e  diminuição  da  freqüência  de 
células  T  reguladoras CD4
+
CD25
high
  marcos  do  estágio  recente  (E-IND) da  doença  de  Chagas 
crônica.  Análise comparativa  transversal  entre  E-IND,  IND  e  CARD  ainda  sugeriu  que  uma 
mudança  em  direção  a  altos  valores  de  “macrófagos-like”  e  níveis  basais  de  monócitos  pró-
inflamatórios  além  de  elevados  valores  de  células  NK  maduras,  NKT  e  CD4
+
CD25
high 
podem 
resultar na forma clínica IND. Por outro lado, altos níveis de células CD8
+
HLA-DR
+
 paralelo a 
níveis basais de células NK maduras, NKT e CD4
+
CD25
high 
podem levar a doença cardíaca. Além 
disso,  freqüência  aumentada  de  linfócitos  totais  alto-produtores  de  IL-4,  IL-10  e  IL-13  e  um 
perfil misto de citocinas derivadas de NK e neutrófilos foram marcos do grupo IND, enquanto 
freqüências  aumentadas  de  monócitos  alto-produtores  de  TNF-α  e  baixas  freqüências  de 
linfócitos T CD8
+
IL-10
+ 
foram as principais características de CARD. A avaliação do perfil de 
citocinas  de  leucócitos  circulantes  aplicando  a  estratégia de visão  panorâmica demonstrou  que 
enquanto a maioria dos IND apresentam um perfil de citocinas reguladoras, a maioria dos CARD 
apresentam  um  micro-ambiente  de  citocinas  inflamatórias.  Apesar  dos  nossos  achados 
corroborarem com relatos prévios de perfis distintos de anticorpos IgG anti-T. cruzi entre IND e 
CARD,  eles  indicaram  que  marcadores  da  resposta  imune  humoral  são,  sem  dúvida,  mais 
aplicáveis para diagnóstico sorológico e monitoração de critério de cura. Em suma, nossos dados 
demonstram que, mais que uma mudança em direção a um padrão polarizado, um fino balanço é 
relevante para direcionar os mecanismos imuno-mediados essenciais para a definição da doença 
de Chagas. 
 




ABSTRACT 
 
Studies on immunological mechanisms associated with different clinical forms of Chagas disease 
have  suggested  multifactorial  events  for  the  disease  development.  Herein,  we  intended  to  add 
new  elements  to  the  complex immunological  network  underlying the parasite-host  relationship 
and  the  distinct  clinical  outcome  of  chronic  Chagas  disease,  referred  as  indeterminate  (IND), 
cardiac  (CARD) and  digestive  (DIG)  clinical  forms.  For  this  purpose,  we  have  performed  a 
detailed  analysis  of  phenotypic  features  of  the  immune  response  emphasizing  the  ex  vivo 
immunophenotype of peripheral blood mononuclear cells, the intracitoplasmatic cytokine profile 
of circulating leukocyte subsets as well as the magnitude of anti-Trypanosoma cruzi IgG immune 
response.  Our  major  findings  demonstrated  that  higher  frequency  of  both  CD4
+
CD25
high
  and 
NKT  regulatory  cells,  associated  with  increased  levels  of  circulating  cytotoxic  NK  cells  was 
observed  in  IND  whereas  increased  percentage  of  CD8
+
HLA-DR
+
  T-lymphocytes  subset  was 
exclusively associated with CARD and DIG. Additionally, our data demonstrated that increased 
values  of  pre-NK-cells  besides  higher  values  of  proinflammatory  monocytes  and  activated  B 
lymphocytes contrasting with the impaired T- lymphocytes activation and decreased frequency of 
CD4
+
CD25
high
  regulatory  T  lymphocytes  was  the  hallmark  of  early  stage  (E-IND)  of  chronic 
Chagas  disease.  Comparative  cross-sectional  analysis  among  E-IND,  IND  and  CARD  further 
suggested  that  a  shift  toward  high  values  of  macrophage-like  cells  and  basal  levels  of 
proinflammatory monocytes besides high values of mature NK cells, NKT and regulatory T cells 
may  account  for  IND clinical  form  outcome. On the  other hand, the  upsurge of  high levels of 
CD8
+
HLA-DR
+
 cells parallel with basal levels of mature NK cells, NKT and CD4
+
CD25
high
 cells 
might  lead  to  cardiac  disease.  Moreover,  enhanced  frequency  of  total  lymphocytes  high 
producers of  IL-4,  IL-10  and  IL-13  besides  a mixed  pattern of  NK  and neutrophil-derived 
cytokines was the hallmark of IND, whereas enhanced frequency of TNF-α producing monocytes 
and  lower  frequency  of  IL-10  producing  CD8
+
  T-cells  was  the  major  features  of  CARD.  The 
assessment  of  the  cytokine  profile  of  circulating  leukocytes  applying  the  panoramic  overview 
strategy demonstrated that while most IND presented a regulatory cytokine profile, the majority 
of CARD displayed a particular inflammatory cytokine milieu. Despite our findings corroborate 
previous reports of distinct profiles of anti-T. cruzi IgG between IND and CARD, they indicated 
that  the  humoral  immune  response  biomarkers  are  indeed  more  applicable  to  the  serological 
diagnosis  and  cure  criteria  monitoring.  Altogether,  our  data  demonstrated  that  more  than  shift 
toward  a  polarized  pattern,  a  fine  balance  is  relevant  to  drive  the  resultant  immune-mediated 
mechanisms underlying the chronic Chagas disease outcome. 
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EPI – Formas epimastigotas do Trypanosoma cruzi 
FITC – Isotiocianato de fluoresceína 
FL – Fluorescência 
FSC – Tamanho (forward scatter) 
HAI – Reação de hemaglutinação indireta 
HLA – Antígeno Leucocitário Humano 
Id – Anticorpo anti-idiotipo 
IFI – Imunofluorescência indireta 
IFN-γ – Interferon gama 
Ig – Imunoglobulina 
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IgG – Imunoglobulina G 
IL – Interleucina 
IMF – Intensidade Média de Fluorescência 
IND – Indivíduos portadores da forma clínica indeterminada 
LIT  –  Meio  de  cultivo  para  formas  epimastigotas  do  Trypanosoma  cruzi  (Liver  Infusion 
Tryptose) 
MFF – Solução Fixadora 
MHC – Complexo principal de histocompatibilidade 
NI – Grupo não infectado 
NK – Células Natural Killer 
NKT – Subpopulação de células T que expressa em sua superfície receptores de células NK 
NO – Óxido Nítrico 
PBS – Tampão Fosfato Salínico 
PBS-P – PBS-W a 0,5% de saponina 
PBS-W – PBS a 0,5% de albumina sérica bovina 
PE – Ficoeritrina 
PPFP – Percentual de Parasitos Fluorescentes Positivos 
RPMI – Meio de cultura (Rosweel Park Memorial Institute) 
SBF – Soro bovino fetal 
SES – Secretaria de Estado de Saúde de Minas Gerais 
SSC – Granulosidade (side scatter) 
TCR – Receptor de célula T 
TGF-β – Fator de Crescimento Transformante beta 
TNF-α – Fator de Necrose Tumoral alfa 
WHO – Organização Mundial da Saúde (World Health Organization) 
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Carlos Chagas, médico brasileiro, descobriu a doença de Chagas a aproximadamente 
um  século  atrás  e publicou  sua  primeira  descrição  em  1909.  A  descoberta  dessa  doença 
consistiu  em  uma  das  mais  importantes  conquistas  médicas  do  Brasil.  Carlos  Chagas 
descreveu  tanto  aspectos  da  biologia  do  agente  etiológico,  o  Trypanosoma  cruzi,  como  da 
clínica, epidemiologia e patogenia da doença (CHAGAS, 1909). Entretanto, apesar do avanço 
nos estudos da doença de Chagas nas últimas décadas, questionamentos ainda permanecem 
relativos  à  interação  parasito-hospedeiro,  progressão  clínica  da  infecção  e  mecanismos 
indutores de proteção e patologia.  
Como parte das comemorações do centenário da descoberta da doença de Chagas, a 
FIOCRUZ criou o Programa Integrado de Doença de Chagas-PIDC que tem como pilares (1) 
estimular a cooperação intra-FIOCRUZ visando dar retorno à sociedade quanto aos desafios 
atuais da doença de Chagas; (2) assegurar contribuição efetiva da FIOCRUZ para o controle 
da  doença  de  Chagas  no  século  XXI,  estabelecendo  metas  de  pesquisa  e  desenvolvimento 
tecnológico para  2009; (3) possibilitar a retomada de liderança da  FIOCRUZ no campo  da 
pesquisa  e  intervenção  em  doença  de  Chagas  no  seu  segundo  centenário,  fortalecendo  as 
interações extramuros da FIOCRUZ; (4) articular projetos visando o estabelecimento de 
compromissos  de  geração  de  inovação  na  pesquisa  em  doença  de  Chagas  e  a  captação  de 
financiamentos. Esse estudo, além de  outros desenvolvidos no Instituto René Rachou, vem 
contribuir  com  os  ideais  do  PIDC,  uma  vez  que  investiga  mecanismos  imunológicos 
envolvidos  no  estabelecimento/manutenção  de  diferentes  formas  clínicas  da  doença  de 
Chagas. 
A doença de Chagas ocorre em áreas rurais e peri-urbanas do México, América 
Central e América do Sul. Dados da Organização Mundial da Saúde mostram a ocorrência de 
vinte e uma mil mortes e a incidência de duzentos mil novos casos ao ano na América Latina 
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(WORLD HEALTH ORGANIZATION, 2002), com 12 a 14 milhões de pessoas infectadas na 
América Latina (DIAS, 2007). 
No  Brasil,  a doença  de Chagas é  a quarta causa de morte  entre as doenças infecto-
parasitárias, ocorrendo em uma área de três milhões de quilômetros quadrados. São cerca de 
2.450 municípios, envolvendo uma população de mais de 28 milhões de pessoas expostas ao 
risco  de  contaminação  e  uma  população  de  aproximadamente  cinco  milhões  de indivíduos 
infectados (DIAS et al., 1997). Nos últimos 5 anos foram notificados mais de 470 casos de 
infecção  aguda,  quase  90%  deles  ocorreram  na  Amazônia  Legal,  sendo  75%  no  Pará 
(BRASIL, s.d.). 
Em regiões onde os programas de controle do triatomíneo, inseto vetor da doença, são 
ineficazes,  a  infecção  se  dá  principalmente  pelo  contato da  pele  ou mucosa  do hospedeiro 
vertebrado  com fezes  e/ou urina do  triatomíneo  contaminado  pelo protozoário T.  cruzi. Os 
vetores se infectam quando formas tripomastigotas sangüíneas são ingeridas durante a sucção 
do sangue do hospedeiro vertebrado infectado. Uma vez no intestino posterior do inseto, as 
formas  tripomastigotas se  transformam  em formas  epimastigotas,  que  se  multiplicam  por 
divisão  binária  e,  posteriormente,  passam  por  alterações  morfológicas  e  fisiológicas 
transformando-se  em tripomastigotas metacíclicos no reto do inseto, estando, então aptas a 
penetrar  em  células  do  hospedeiro  mamífero. Essas  formas,  após  o repasto  sangüíneo, são 
eliminadas juntamente com as fezes do vetor, penetrando na pele lesada pela picada ou em 
mucosas  íntegras.  Na  região  de  penetração  do  parasito,  ocorre  a  infecção  de  células 
principalmente do sistema fagocítico - mononuclear e/ou do próprio tegumento. Após ciclo 
focal  de  poucos  dias,  o  parasito  se  difunde  por  via  hematogênica  e  linfática,  com 
multiplicação  em  vários  órgãos  e  tecidos,  ocorrendo  como  característica  fundamental  uma 
intensa parasitemia, detectável por exames parasitológicos diretos. No interior de células, as 
formas tripomastigotas se transformam em amastigotas, que conseguem escapar do vacúolo 
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parasitófago para  o citoplasma, onde se  inicia um processo  de divisão binária. Após a 
multiplicação, as formas amastigotas transformam-se em tripomastigotas que rompem a célula 
e,  uma  vez  na  circulação  sangüínea,  podem  infectar  novas  células  ou  serem  ingeridas  por 
outro inseto vetor, dando continuidade ao ciclo biológico do parasito (BRENER et al., 1973; 
GARCIA et al., 1991; DIAS, 2000). 
Quando  se  estudam  os  mecanismos  de  transmissão,  observa-se  que,  além  da 
transmissão vetorial, casos de transmissão alternativos, como a via transfusional (YOUNG et 
al., 2007), congênita (DORN et al., 2007; GÜRTLER et al., 2003), por transplantes de órgãos 
(CENTERS  FOR  DISEASE  CONTROL  AND  PREVENTION,  2006)  e  acidentes 
laboratoriais podem ser identificados. A via transfusional é considerada a segunda via mais 
freqüente de infecção, tendo especial importância epidemiológica, uma vez que pode levar a 
doença para áreas sem transmissão natural (WENDEL, 1997;  SCHOFIELD  & DIAS 1999; 
VINHAES & DIAS, 2000). Além disso, em regiões como na Amazônia, existem mecanismos 
excepcionais de transmissão (vetorial domiciliar sem colonização, vetorial extradomiciliar) e 
a  ocorrência de  surtos  episódicos  de  transmissão  oral (BRASIL,  2005a,  COURA,  2006). 
Recentemente, ocorreram surtos de doença de Chagas com forma aguda e morte por ingestão 
de  formas  tripomastigotas  dissolvidas  em  bebidas,  como  suco  de  cana  e  açaí,  em  que  os 
insetos  vetores  silvestres,  provavelmente, foram  triturados  durante  o preparo  ou suas  fezes 
contaminaram o alimento, conforme divulgado amplamente na mídia e no Guia de Vigilância 
Epidemiológica do Ministério da Saúde (BRASIL, 2005b). 
A análise clínica e laboratorial de pacientes portadores da doença de Chagas permite 
classificar  a  infecção  em  duas  fases:  aguda  e crônica.  A fase  aguda  caracteriza-se  por 
alterações teciduais degenerativas e inflamatórias focais, devido a uma intensa multiplicação 
local do parasito. Manifestações sistêmicas, como febre, mal estar, astenia, edema subcutâneo, 
linfadenomegalia,  esplenomegalia  e  hepatomegalia,  podem  também  ser  observadas 
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(LARANJA, 1953; REZENDE & RASSI, 1994; BRASIL, 2004). Entretanto, em geral, esses 
sinais são atenuados e a fase inicial da doença passa desapercebida, confundindo-se com uma 
"gripe" ou "mal estar" passageiro. 
A evolução da fase aguda para a fase crônica, que pode durar de poucas semanas a 
meses,  é  acompanhada  pelo  gradativo  desaparecimento  das  manifestações  clínicas, 
diminuição da parasitemia e elevação de anticorpos específicos da classe IgG. Os indivíduos 
portadores da infecção crônica podem ser classificados do ponto  de vista  clínico, como 
pertencentes  às  formas  indeterminada  (IND),  cardíaca  (CARD),  digestiva  (DIG)  e 
cardiodigestiva.  A  imensa  maioria  dos  pacientes  evolui  para  uma  forma  crônica 
indeterminada, caracterizada pela sorologia positiva, ausência de sinais, sintomas da doença e 
eletrocardiograma-ECG  e  raio-X  (coração,  esôfago  e  cólon)  normais.  Os  pacientes 
apresentam de forma geral, bom estado de saúde, desconhecendo, muitas vezes, a presença da 
infecção. Estima-se que cerca de 50-60% dos indivíduos infectados apresentam  essa forma 
clínica. Embora reconhecendo que o prognóstico é favorável, sabe-se que, anualmente, cerca 
de 2 a 5% desses indivíduos evoluem para formas sintomáticas da doença. Após 20-30 anos 
de infecção, cerca de 20-30% dos indivíduos portadores da forma clínica IND desenvolvem a 
forma  CARD,  resultante  de  danos  progressivos  do  miocárdio, secundários  à miocardite 
fibrosante (DIAS, 1989; PRATA, 2001). A infecção chagásica pode levar ainda a dilatações 
do esôfago e cólon, principais manifestações da forma clínica DIG. Essa forma clínica ocorre 
em menos de 10% dos indivíduos portadores da doença, sendo resultado, principalmente, da 
formação  de  fibrose  e  da  destruição  dos  neurônios  do  sistema  nervoso  autônomo  do  trato 
gastrointestinal  (KOEBERLE  &  NADOR,  1955;  DIAS,  1989;  DA  SILVEIRA  et  al., 
2007a,b).  Pessoas  infectadas  pelo  T.  cruzi  com  o  sistema  imune  debilitado  (AIDS, 
quimioterapia,  terapias  imunossupressoras)  podem  reativar  a  doença  de  Chagas  com 
abundante parasitemia sanguínea e tecidual. Devido à longa duração da forma assintomática 




Introdução 
_________________________________________________________________________________________________________________________________ 
 
6
 

da  infecção,  a  doença  de  Chagas  é  considerada  uma  doença  “matadora  silenciosa” 
(MAGUIRE,  2006), esse  constitui  um dos vários motivos pelos  quais a  doença  não atrai  a 
atenção da mídia (TARLETON et al., 2007).  
O benzonidazol é o composto disponível para o tratamento da doença de Chagas no 
Brasil.  Esse  composto  apresenta  sérios  efeitos  colaterais,  requer  administração  por  longos 
períodos de tempo sob supervisão médica e há grande variação na susceptibilidade de isolados 
do  parasito  à  ação  dessa droga,  sendo recomendado  o  tratamento de  pacientes  agudos  e 
crônicos  recentes,  nos  quais  se  observam  resultados  positivos,  principalmente  em  crianças 
menores  de  15  anos  (URBINA  &  DOCAMPO,  2003).  Apesar  da  maioria  dos  estudos 
revelarem  uma  baixa  eficiência  desse  fármaco  durante  a  terapia  de  pacientes  crônicos, 
avaliações recentes  têm sugerido o  tratamento  de modo a  retardar, ou mesmo evitar, a 
evolução da doença crônica (ANDRADE et al., 2004; DE CASTRO et al., 2006; VIOTTI et 
al., 2006). 
Uma  questão  chave  que  envolve  a  doença  de  Chagas  é  o  diagnóstico.  Sem  um 
diagnóstico  correto,  indivíduos  infectados  não  podem  ser  identificados,  conseqüentemente, 
tratados  e  a  eficiência  do  tratamento  não  pode  ser  corretamente  avaliada.  O  efeito  de 
campanhas de controle não pode ser avaliado sem ferramentas de diagnóstico competentes. 
Na fase crônica, os níveis de parasitemia encontram-se baixos e assim o diagnóstico se baseia 
na  detecção  da  resposta  sorológica  do  hospedeiro.  A  maioria  dos  testes  sorológicos 
disponíveis emprega preparações de antígeno bruto de formas epimastigotas do T. cruzi, única 
forma do ciclo de vida do parasito que não é encontrada no hospedeiro vertebrado, podendo 
ser  responsável  pelos  resultados  falso-positivos.  A  especificidade  desses  ensaios  tem  sido 
questionada devido à freqüência de infecções com outros tripanosomatídeos que circulam na 
mesma  área  geográfica  do  T.  cruzi  (Leishmania  spp  e  Trypanosoma  rangeli)  e  são 
responsáveis pela antigenicidade cruzada e resultados falso-positivos. A ausência de um teste 
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padrão-ouro  torna  difícil  a  avaliação  da  sensibilidade  de  testes  sorológicos  que  podem  ser 
úteis na avaliação rápida da eficácia do tratamento, do diagnóstico de infecção congênita ou 
para  determinar  o  impacto  de  métodos  de  controle  de  transmissão,  compondo  base  para  o 
avanço de todos os campos de pesquisa na doença de Chagas (TARLETON et al., 2007).  
Os  mecanismos  específicos  envolvidos  com  o  estabelecimento/manutenção  das 
diferentes formas clínicas da doença de Chagas são complexos. Não se sabe explicar como 
alguns  indivíduos  infectados  desenvolvem  formas  graves  da  doença  e  nem  o  fato  das 
manifestações clínicas serem tão heterogêneas. Acredita-se que as manifestações patológicas 
tanto  na  fase  aguda,  quanto  na  fase  crônica  da  doença  de  Chagas  sejam  conseqüência  de 
mecanismos  multifatoriais  relacionados  tanto  ao  parasito  quanto  ao  hospedeiro vertebrado. 
Dentre  os  fatores  relacionados  ao  parasito,  análises  em  camundongos  revelaram  que  a 
variabilidade das cepas,  o tropismo,  a antigenicidade e  o tamanho do  inóculo são aspectos 
relevantes (VAGO, 2000). Quanto ao hospedeiro, é importante ressaltar o estado nutricional, 
a  faixa  etária,  o  sexo  e,  especialmente,  as  características genéticas  e  imunológicas  (DIAS, 
2000; ARANTES et al.; 2007; CAMPBELL et al., 2004).  
A  resposta  imune  durante  a  infecção  humana  inicial  pelo  T.  cruzi  (aguda  recente, 
aguda tardia e crônica recente) não é completamente entendida, apesar da sua função crucial 
no direcionamento  das diferentes  formas clínicas da infecção crônica. Estudos demonstram 
que o T. cruzi induz uma forte ativação do sistema imune durante a infecção aguda e que os 
diferentes  mecanismos  imunes  induzidos  durante  estágios  iniciais  da  fase  crônica 
indeterminada da infecção representam componentes essenciais da atividade imune presente 
na fase crônica tardia (ANDRADE, 1991; BRENER & GAZZINELLI, 1997; MARINHO et 
al., 1999; SATHLER-AVELAR et al., 2003; GOLGHER & GAZZINELLI, 2004). Na busca 
de identificar diferenças na resposta imune relacionadas com o estabelecimento/manutenção 
das  distintas  formas  clínicas  da  fase  crônica  tardia  da  doença  de  Chagas,  é  de  suma 
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importância  caracterizar  subpopulações  leucocitárias  majoritárias  e  minoritárias  do  sangue 
periférico de indivíduos durante os eventos iniciais da infecção, assim como comparar com as 
alterações observadas  em indivíduos  na fase crônica  tardia da  doença.  Estudo  fenotípico 
realizado durante a infecção recente pelo T. cruzi, após classificação com base na sorologia, 
descreveu no grupo  agudo recente  uma  supressão  da atividade  de linfócitos  T, ativação  de 
linfócitos B e o favorecimento da migração de monócitos para o foco inflamatório. Na fase 
aguda  tardia,  foi  observada  a  ativação  de  células  NK  independente  de  células  T  e  na  fase 
crônica recente  foi  encontrado  um  aumento  na  população  de  linfócitos  B  ao  lado  de  um 
aumento na população dos monócitos pró-inflamatórios sugerindo uma natureza independente 
de linfócitos T (SATHLER-AVELAR et al., 2003). Esses autores acreditam que a imunidade 
mediada por células T durante a  forma clínica indeterminada recente da doença de Chagas 
pode representar um fenômeno restrito aos focos inflamatórios, considerando relatos prévios 
da  presença  de  células  T,  principalmente  linfócitos  T  CD8
+
,  no  infiltrado  inflamatório  do 
tecido cardíaco de indivíduos infectados pelo T. cruzi (FUENMAYOUR et al., 2005). Estudo 
realizado em  modelo  experimental  murino para  a infecção  pelo  T.  cruzi demonstrou  que o 
aparecimento  no  coração de  células  T  produtoras  de  citocinas  está  correlacionado  com  o 
aumento  local da  expressão de  moléculas  de adesão celular,  o  que seria consistente com a 
migração  de  linfócitos  T  para  o  foco  inflamatório  (FUENMAYOUR  et  al.,  2005).  Nesse 
estudo, os autores propõem que a inflamação crônica no coração chagásico é altamente ativa e 
está  relacionada  com  um padrão  imunológico  estável  que  se  estende  desde  a  fase  aguda 
recente até estágios tardios da fase crônica. 
HIGUCHI et al. (1993a) utilizando técnicas de imunohistoquímica estabeleceram uma 
associação entre a presença de antígenos do T. cruzi e a formação de infiltrados inflamatórios 
no  tecido cardíaco  de  pacientes  com  miocardite  chagásica. Esse  mesmo  grupo  avaliou  o 
fenótipo das células do infiltrado inflamatório, encontrando um predomínio de células T CD8
+
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(HIGUCHI et al., 1993a,b). Estudos desenvolvidos por REIS et al. (1993) mostram ainda que 
estas células CD8
+
 expressavam granzima A, um marcador para linfócitos T citolíticos. Esses 
autores atribuem à célula T CD8
+
 e a seus produtos, a fibrose e a citólise observadas no tecido 
cardíaco nos pacientes portadores de miocardite chagásica. 
No contexto da forma clínica DIG, os estudos que avaliam os elementos envolvidos 
nos mecanismos  imunopatológicos no  tubo  digestivo  são ainda  escassos. LEMOS  et  al., 
(1998), em estudo  pioneiro, demonstraram  um predomínio de linfócitos CD4
+
 no infiltrado 
inflamatório do esôfago e do cólon de pacientes chagásicos portadores de mega decorrentes 
da forma DIG. DA SILVEIRA et al. (2007a,b) demonstram ainda que o desenvolvimento de 
megacólon após a infecção aguda pelo T. cruzi está associado com a manutenção da invasão 
de gânglios entéricos por linfócitos T citotóxicos e perda da inervação de músculos. 
Devido a limitações éticas de se estudar o perfil fenotípico do infiltrado inflamatório e 
lesões teciduais decorrentes da infecção crônica da doença de Chagas, vários pesquisadores 
têm  utilizado  o  sangue  periférico  como  estratégia  para  avaliar  a  resposta  imunológica 
desencadeada durante a fase crônica da doença. O estudo do sangue periférico de pacientes na 
fase  crônica  da  doença  de  Chagas  demonstra  grande  número  de  linfócitos  T  ativados  e  B 
circulantes, além de diminuição significativa no percentual de linfócitos T CD3
+
. Linfócitos B 
CD5
+
 estão presentes em alto percentual na circulação destes pacientes (DUTRA et al., 1994). 
Após  estimulação  in  vitro  por  antígenos  do  T.  cruzi  ou  por  anticorpos  humanos  anti-
epimastigotas, através de estimulação idiotípica, observa-se proliferação diferenciada das 
populações celulares. Dessa forma, a estimulação por antígenos de T. cruzi leva à expansão 
preferencial  de  linfócitos  T  ativados,  enquanto  a  estimulação  idiotípica  estimula 
preferencialmente linfócitos  B CD5
+
 e linfócitos T CD8
+
 (DUTRA et al., 2000). Na forma 
clínica DIG, inversão da razão CD4/CD8 foi descrita contrastando com resultados em CARD 
nos  quais  a  razão  é  normal.  Ainda  em  pacientes  da  forma  DIG  redução  do  percentual  de 
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células CD4
+
CD28
+
 e um aumento na expressão de linfócitos T ativados (HLA-DR
+
) foram 
observados (LEMOS et al., 1998). 
Considerando  a complexidade das interações imunológicas  desencadeadas  durante a 
infecção pelo T. cruzi, ainda são necessários esclarecimentos mais detalhados a respeito das 
populações e subpopulações celulares diretamente envolvidas nos mecanismos de resistência 
e morbidade da doença. A detecção de moléculas expressas na superfície de células, através 
da  citometria  de  fluxo,  empregando  sistemas  de  análises  mais  elaborados  e  protocolos 
experimentais atuais, que permitem a análise simultânea de um maior número de moléculas 
por  superfície  celular,  trouxe a possibilidade  de  identificar  e/ou  caracterizar  novas sub-
populações, trazendo assim, informações adicionais que podem enriquecer os conhecimentos 
acerca das diferentes formas clínicas da doença de Chagas. 
Ao analisar macrófagos, seja em humanos seja em camundongos, observam-se duas 
populações  fenotipicamente  distintas:  CD14
++
CD16
-
  e  CD14
+
CD16
+
.  Em  indivíduos 
saudáveis, as células CD14
+
CD16
+
 correspondem aproximadamente a 10% da população de 
monócitos.  Entretanto,  em  indivíduos  com  infecções  graves,  o  número  de  monócitos 
CD14
+
CD16
+
  encontra-se  consideravelmente  aumentado  (NOCKHER  et  al.,  1998; 
SKRZECZYÑSKA et al., 2002). Tais monócitos expressam altos níveis da molécula HLA-
DR em sua superfície, sintetizam elevados níveis de TNF-α e quantidades basais de citocinas 
reguladoras  como  IL-10,  sendo  denominados  monócitos  pró-inflamatórios  (BELGE  et  al., 
2002). Os altos níveis de TNF-α provavelmente decorrem da elevada expressão de receptores 
dirigidos  a  componentes  estruturais  dos  agentes  infecciosos,  como  exemplo  temos  o  LPS 
atuando sobre os receptores “Toll-like 4” (TLR-4) em células dendríticas ativadas (THOMA-
USZYNSKI et al., 2000). CAMPOS et al. (2001) demonstraram que glicoproteínas (GPIs) e 
glicolipídios  (GIPLs) derivados de T. cruzi podem se ligar ao receptor “Toll-like 2” de 
monócitos e induzir a síntese de IL-12, TNF-α e óxido nítrico (NO). OLIVEIRA et al. (2004), 
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estudando  a  função  de  TLR-4  na  doença  de  Chagas,  constataram  que  camundongos 
deficientes para este receptor são altamente susceptíveis à infecção pelo T. cruzi, com elevada 
parasitemia e taxa de mortalidade. Isso se deve à falha na interação de GIPLs do parasita com 
os receptores TLR-4  presentes em monócitos, indicando sua importância  na ativação da 
resposta imune protetora. Atualmente, atenção especial tem sido dada aos TLR devido ao seu 
papel na ativação de células NK durante infecções bacterianas e por protozoários. LAUZON 
et  al.  (2003)  demonstraram  que  antígenos  derivados  de  Leishmania  sp.  ao  se  ligarem  aos 
receptores TLR-2 aumentam a produção das citocinas IFN-γ e TNF-α e a translocação nuclear 
de NF-
κ
B pelas células NK. Esse mesmo grupo, recentemente, verificou que as células NK 
possuem diversos TLRs, que estão diretamente relacionados com o aumento da produção de 
citocinas e citotoxicidade celular (LAUZON et al., 2006). No contexto da doença de Chagas, 
pouco se sabe sobre a interação de antígenos do T. cruzi e os TLRs presentes em NK, mas é 
pertinente sugerir que a interação desses antígenos com esses receptores pode ser importante 
na ativação de células NK na fase aguda e crônica da doença de Chagas. 
É bem aceito que a ausência de patologia em indivíduos infectados pelo T. cruzi está 
associada com a capacidade do indivíduo em regular a resposta anti-T. cruzi, responsável pelo 
controle da parasitemia persistente e do dano inflamatório tecidual, característicos da doença 
de Chagas (BRENER et al., 1997). Certamente, o dano tecidual frente à inflamação deve ser 
mais  grave  na  ausência  de  mecanismos  reguladores  que  envolvem  tanto  a  resposta  imune 
inata eficaz quanto a adaptativa. Estudos têm demonstrado que existem vários tipos de células 
com  função  reguladora,  algumas  induzidas  em  resposta  a  um  estímulo  infeccioso  e  outras 
consideradas  reguladoras  naturais  (BLUESTONE  &  ABBAS,  2003;  PICCIRILLO  & 
SHEVACH,  2004; BELKAID &  ROUSE, 2005). As  células T  reguladoras  foram  descritas 
como uma população única CD4
+
CD25
+
 que regulam respostas imunes inata e adaptativa e 
que  possuem  a  capacidade  de  controlar  respostas  imunes  efetoras  excessivas  ou  mal 
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direcionadas,  incluindo  respostas  contra  patógenos  ou  antígenos  próprios  (MALOY  & 
POWRIE,  2001;  GAVIN  et  al.,  2001;  SHEVACH,  2002;  TRZONKOWSKI  et  al.,  2004). 
Vários  mecanismos  pelos  quais  as  células  T  reguladoras  realizam  suas  atividades 
moduladoras têm sido propostos, incluindo a inibição da atividade citotóxica pela regulação 
negativa  de  IL-12  e  CD25  em  linfócitos  T  CD8
+
  ou  através  de  contato  direto  com  essas 
células efetoras (PICCIRILLO & SHEVAC, 2001; GROSSMAN et al., 2004; O´GARRA & 
VIEIRA, 2004; TRZONKOWSKI et al., 2004; CASSIS et al., 2005,). Embora em modelos 
experimentais murinos, as células T CD4
+
 reguladoras sejam caracterizadas por apresentarem 
o fenótipo CD4
+
CD25
+
, sendo todas possuidoras de potencial papel regulador, caracterizado 
por uma diminuição  de  produção  de citocinas e habilidade de  inibir proliferação  celular in 
vitro,  em  humanos,  apenas  as  CD4
+
CD25
HIGH
  apresentam  esta  habilidade.  No  contexto  da 
doença  de  Chagas, ARAÚJO  e  colabores  (2007)  demonstraram  freqüência  aumentada  de 
células  CD4
+
CD25
HIGH
FOXP3
+ 
em  pacientes  da  forma  IND  quando  comparados  com 
pacientes  portadores  da  forma  clínica  cardíaca,  indicando  que  estas  células  teriam  função 
importante na manutenção da forma clínica indeterminada da doença de Chagas. 
Semelhantemente às células T reguladoras, as células NKT têm sido descritas como 
uma subpopulação relevante tanto na função inata (GODFREY et al., 2000; KRONENBERG 
& GAPIN, 2002), quanto na atividade anti-tumoral (GODFREY & KRONENBERG, 2004; 
VAN  DER  VLIET et  al.,  2004)  e  reguladora  (HAMMOND  &  KRONENBERG,  2003; 
MATSUDA  et  al.,  2003),  apresentando  atividades  sob  o  controle  de  células  acessórias  e 
fatores solúveis do micro-ambiente local (LEITE-DE-MORAES et al., 1997; GODFREY & 
KRONENBERG, 2004). Estudos fenotípicos demonstraram que células NKT compreendem 
uma  subpopulação  de  células  T,  distinta  das  células T  convencionais, por  expressarem 
receptores  de  células  NK como o CD16,  CD56  e/ou  CD161,  sendo  o  CD56 o  melhor 
marcador para definir os subgrupos de células NKT (ORTALDO et al., 1991; GODFREY et 
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al.,  2000).  As  funções  reguladoras  das  células  NKT  previnem  doenças  auto-imunes  e 
cooperam com respostas protetoras contra patógenos (GODFREY et al., 2000; GODFREY & 
KRONENBERG, 2004). Células NKT inibem várias doenças auto-imunes, incluindo diabetes 
tipo 1, lupus eritromatoso sistêmico e artrite reumatóide. A população de células NKT está 
diminuída nessas doenças, impedindo sua ação de prevenir respostas imunes autodestrutivas 
(KOJO et al., 2003; GODFREY & KRONENBERG, 2004; VAN DER VLIET et al., 2004). 
Durante infecções, células NKT secretam citocinas pró-inflamatórias que estimulam respostas 
inata  e adaptativa que eliminam o patógeno (EMOTO et  al., 2003). Por outro lado, células 
NKT  secretam citocinas  antiinflamatórias  que  limitam  infecções induzidas  por  patógenos 
(TANIGUCHI  et  al.,  2003;  VAN  KAER,  2004).  Ainda  é  obscuro  como  as  células  NKT 
exacerbam  respostas  inflamatórias  para  controlar  patógenos  durante  infecções,  enquanto 
favorecem  uma  resposta  antiinflamatória  em  outras  infecções, prevenindo  dano  tecidual 
induzido pela infecção. Recentemente, foi demonstrado em modelo experimental murino de 
infecção pelo T.  cruzi,  que as  células  NKT  apresentam função importante em  ambas as 
respostas, pró-inflamatória e antiinflamatória (DUTHIE et al., 2005). Esses autores sugerem 
que células NKT invariantes limitam respostas inflamatórias, enquanto células NKT variantes 
aumentam  respostas  inflamatórias  que contribuem  para  a morbidade  e mortalidade. Assim, 
subpopulações de células com funções distintas podem preferencialmente direcionar eventos 
imunomoduladores,  enquanto outras direcionam  para respostas  imunes inflamatórias. Essas 
observações  sugerem  que  o  sucesso  no  controle  da  infecção  pelo  T.  cruzi  e  da  doença  de 
Chagas envolve o desenvolvimento de uma resposta imune modulada suficiente para controlar 
a infecção na ausência de extensa destruição tecidual. 
Ainda no contexto da imunomodulação, a rede de citocinas é um importante circuito 
que determina a morbidade da doença de Chagas. Estudos demonstram uma correlação entre a 
secreção  de  IFN-γ  e  o  desenvolvimento  de  doença  cardíaca  grave  e  o  papel  de  IL-10 
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controlando  a  imunopatologia  (BAHIA-OLIVEIRA  et  al.,  2000;  GOMES et  al.,  2003). 
Entretanto,  o  fato  de  uma  grande  proporção  de  indivíduos  indeterminados  também 
produzirem níveis elevados de IFN-γ, em adição a outras citocinas inflamatórias levantou a 
hipótese de que mais do que uma mudança para um perfil de citocinas polarizadas, um fino 
balanço  de  citocinas  inflamatórias  e  reguladoras  derivadas  de  diferentes  fontes  possa 
contribuir para os mecanismos imuno-mediados relacionados às diferentes formas clínicas da 
doença.  De  fato,  tem  sido  demonstrado  que  enquanto  monócitos  de  pacientes  das  formas 
clínicas IND e CARD são capazes de produzir IL-10, e alguns IND produzem altos níveis de 
IFN-
γ 
por linfócitos T, monócitos de IND  produzem  níveis mais  altos  de IL-10,  quando 
comparados com monócitos de pacientes da forma clínica cardíaca (CORRÊA-OLIVEIRA et 
al., 1999; GOMES et al., 2003; SOUZA et al., 2004). Esses achados enfatizam que o balanço 
de  citocinas  representa  um  elemento  chave  no  estabelecimento/manutenção  das  diferentes 
formas  clínicas.  Assim,  avaliar  a  produção  de  diferentes  citocinas  com  características 
inflamatórias e reguladoras produzidas por subpopulações de leucócitos da imunidade inata e 
adaptativa  representa  estratégia  adequada  para  caracterização  do  perfil  de  indivíduos 
portadores das diferentes formas clínicas da doença de Chagas. 
A  indução  e/ou  modulação  da  resposta  do  hospedeiro  a  antígenos  derivados  do 
parasito não deve ser avaliada de forma limitada, restrita a funções imunológicas celulares. 
Existem  evidências  do  envolvimento  da  resposta  humoral  nos  eventos  que  acompanham  a 
evolução da doença de Chagas. Anticorpos anti-T. cruzi são amplamente detectados em 
portadores da doença de Chagas (BRENER, 1980). Os estudos da imunidade humoral foram 
revolucionados por KRETTLI & BRENER (1982), quando foi demonstrada a existência de 
duas  categorias  de  anticorpos,  funcionalmente  distintos,  no  soro  de  hospedeiros  infectados 
pelo  T.  cruzi,  os  quais  foram  denominados  anticorpos  da  sorologia  convencional  (ASC)  e 
anticorpos líticos  (AL).  Os ASC, também  denominados  não protetores, são encontrados no 
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soro  de  hospedeiros  infectados  pelo  T.  cruzi  mesmo  após  quimioterapia  eficaz.  Esses 
anticorpos são  identificados  in  vitro por técnicas sorológicas  de  rotina. Por  outro  lado, 
anticorpos da categoria AL, também conhecidos como anticorpos protetores, são encontrados 
apenas no soro de hospedeiros com infecção ativa, desaparecendo após a cura por intervenção 
terapêutica específica para a doença de Chagas. Esses anticorpos são específicos para epitopos 
presentes  na  superfície  de  formas  tripomastigotas  vivas do  T.  cruzi,  sendo  identificados  in 
vitro através das técnicas de lise mediada pelo complemento (GALVÃO et al., 1993) e, mais 
recentemente, pela citometria de fluxo (MARTINS-FILHO et al., 1995). Por serem capazes 
de  induzir  a  lise  mediada  pelo  complemento  de  formas  tripomastigotas  sangüíneas,  os 
anticorpos da categoria AL têm sido considerados importantes no controle da parasitemia na 
fase crônica  da  infecção  pelo  T.  cruzi,  e  assim,  a  sua  presença,  indireta  ou  diretamente, 
poderia estar associada ao estabelecimento da forma clínica IND. Entretanto, esse mecanismo 
hipotético  necessita  ainda  de  investigações  complementares.  Considerando  que  os  estudos 
sorológicos  baseados  na  citometria  de  fluxo  constituem  um  campo  com  grandes 
possibilidades de crescimento, devido ao aumento da sensibilidade de detecção, em relação a 
outros métodos (MARTINS-FILHO et al., 1995), a avaliação da resposta humoral por meio 
da reatividade de anticorpos que se ligam a formas epimastigotas e tripomastigotas do T. cruzi 
por  citometria  de  fluxo  (FC-AFEA  e  FC-ALTA)  permitirá  ampliar  o  conhecimento  desses 
eventos imunológicos. É  importante  salientar  que  esse  sistema  é  isento  de  variabilidades 
metodológicas inerentes ao analista e com sensibilidade e especificidade muito superiores aos 
diferentes  protocolos  de  detecção  e  revelação  convencionais,  podendo  assim  trazer  novas 
perspectivas para os estudos sorológicos aplicados ao diagnóstico, prognóstico, e critério de 
cura da doença de Chagas (MARTINS-FILHO et al., 2002). 
Em  suma,  considerando  o  exposto,  podemos  observar  que  diversos  mecanismos  da 
resposta imune têm sido propostos e apresentados como elos no estabelecimento/manutenção 




Introdução 
_________________________________________________________________________________________________________________________________ 
 
16
 

das  diferentes  formas  clínicas  na  fase  crônica  da  doença  de  Chagas.  Entretanto,  o  grande 
avanço  em  técnicas  imunológicas  tem  permitido  a  elaboração  de  perguntas  ainda  mais 
refinadas e  o estabelecimento de novas hipóteses que podem  estar associadas ao complexo 
conjunto  de  interações  que  envolvem  a  doença  de  Chagas  humana.  Nesse  sentido, 
acreditamos  que  o  estudo  de  características  fenotípicas  adicionais  de  populações  e 
subpopulações leucocitárias  do sangue  periférico, através  do  uso de  novas  estratégias  de 
análises,  bem  como  a  investigação  do  panorama  de  citocinas  intracitoplasmáticas  de 
leucócitos circulantes, em paralelo ao estudo da reatividade de anticorpos IgG anti-T. cruzi, 
apresenta-se  como  uma  estratégia  atual  e  relevante  para  subsidiar  o  entendimento  do 
fenômeno da cronificação diferenciada na doença de Chagas.  
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2.1. Objetivo Geral 
Investigar aspectos imunológicos celulares e humorais na fase crônica da doença de Chagas 
com  ênfase  no  perfil  fenotípico  e  panorama  de  citocinas  intracitoplasmáticas  de  leucócitos 
circulantes e na reatividade de anticorpos IgG anti-Trypanosoma cruzi. 
 
2.2. Objetivos Específicos 
1.  Caracterizar  aspectos  fenotípicos  de  leucócitos  circulantes  a  fim  de  estabelecer 
biomarcadores capazes de decodificar diferentes formas clínicas da infecção crônica pelo T. 
cruzi. 
 
2.  Instituir  um  novo  modelo  para  a  análise  do  perfil  panorâmico  de  citocinas 
intracitoplasmáticas  de  leucócitos  do  sangue  periférico  em  portadores  das  formas  clínicas 
indeterminada e cardíaca. 
 
3.  Explorar  as  aplicabilidades  de  técnicas  não  convencionais  para  o  estudo  da  reatividade 
sorológica anti-T. cruzi aplicada em estudos clínicos da doença de Chagas. 
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2.3. Tópicos de Investigação 
•  Estudar de  forma  descritivo-analítica o  perfil fenotípico de leucócitos  do sangue 
periférico de indivíduos portadores das formas clínicas indeterminada, cardíaca e 
digestiva, com ênfase na análise de células T CD4
+
 e CD8
+
 ativadas, subpopulações de 
células NK e NKT e na freqüência de células T reguladoras (Artigo 1); 
•  Caracterizar  o  perfil  fenotípico  de  leucócitos  do  sangue periférico  de indivíduos 
portadores da  fase crônica  recente, focalizando  em subpopulações de células T e B, 
marcadores de ativação e de adesão celular, subpopulações de monócitos, células NK 
e NKT e na freqüência de células T reguladoras (Artigo 2); 
• 
Correlacionar  os  principais  achados  imunofenotípicos  de  leucócitos  do  sangue 
periférico observados em  portadores  das formas  clínicas  indeterminada  e  cardíaca 
(Artigo 2); 
•  Estabelecer  uma  nova  estratégia  para  análise  panorâmica  do  perfil  de  citocinas 
intracitoplasmáticas  de  leucócitos  circulantes  associados  à  imunidade  inata  e 
adaptativa (Artigo 3).; 
• 
Caracterizar  o  impacto  da  estimulação  in  vitro  com  antígenos  de  formas 
tripomastigotas  do  T.  cruzi  no  panorama  de  citocinas  intracitoplasmáticas  de 
leucócitos circulantes associados à imunidade inata e adaptativa (Artigo 3). 
•  Avaliar a aplicabilidade da pesquisa de anticorpos IgG anti-formas epimastigotas 
fixadas do T. cruzi (FC-AFEA) no diagnóstico sorológico da Doença de Chagas 
(Artigo 4); 
• 
Caracterizar  o  potencial  da  pesquisa  de  anticorpos  IgG1 anti-formas tripomastigotas 
vivas do  T.  cruzi (FC-ALTA) e da  FC-AFEA para fins prognósticos na monitoração 
clínica da infecção crônica pelo T. cruzi (Artigo 4); 
•  Avaliar o desempenho da FC-AFEA como técnica complementar na monitoração de 
cura pós-terapêutica etiológica da Doença de Chagas (Artigo 4). 
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3.1. População de estudo 
Os dados que  compõem as  publicações  1 “Chagasic patients with  indeterminate 
clinical form of the disease have high frequencies of circulating CD3
+
CD16
-
CD56
+
 natural 
killer T cells and CD4
+
CD25
High
 regulatory T lymphocytes” e 2 “Are increased frequency of 
macrophage-like and  natural killer  (NK) cells,  together with  high levels of  NKT and 
CD4
+
CD25
high
 T cells balancing activated CD8
+
 T cells, the key to control Chagas' disease 
morbidity?” correspondem ao objetivo específico 1.  
Para cumprir o proposto no objetivo específico 1, foram selecionados 54 indivíduos, 
sendo 13 crianças e 41 adultos. Todos os participantes foram submetidos a testes de sorologia 
convencional específicos para o diagnóstico da doença de Chagas. Os indivíduos pertencentes 
ao grupo de pacientes chagásicos apresentaram resultados concomitantemente positivos nas 
reações de hemaglutinação indireta (HAI) e imunofluorescência indireta (IFI) para o T. cruzi. 
Considerando  que  esse  estudo  teve  como  objetivo  realizar  uma  análise  de  diferentes 
parâmetros imunológicos associados à morbidade da infecção pelo T. cruzi, todos pacientes 
foram  submetidos  a  exames  clínicos, radiológicos e eletrocardiográficos  que  permitiram 
agrupá-los  como  pacientes  portadores  da  forma  clínica  indeterminada  recente  (“Early 
INDeterminate chronic phase” – E-IND), indeterminada crônica (IND), cardíaca crônica 
(CARD) e digestiva crônica (DIG). Indivíduos dos grupos E-IND e IND foram selecionados a 
partir  da  comprovação  da  infecção  chagásica  na  ausência  de  manifestações  clínicas, 
eletrocardiográficas  ou  radiológicas  de  acometimento  cardíaco  ou  digestivo.  A  segregação 
entre  os  indivíduos  crônicos  recentes  (E-IND)  e  tardios  (IND)  foi  feita  de  acordo  com  o 
Consenso Brasileiro em Doença de Chagas (2005) que considera como recente o período de 
cinco a  doze  anos  após  a infecção  inicial.  Os  portadores  da  forma  clínica  CARD  foram 
caracterizados pela presença de sintomas, sinais físicos e alterações em exames laboratoriais 
(eletrocardiograma /ECG e radiografia de tórax). O grupo DIG foi definido a partir do 
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diagnóstico  radiológico de  megaesôfago e megacólon, característica desta forma clínica, 
baseando-se essencialmente no exame clínico e radiológico - raio X de tórax em posições PA 
e  PE, raio  X  contrastado  de esôfago  em  OAD  (oblíqua  anterior  direita),  pela  técnica  de 
HADDAD E GODOY (1963) e enema opaco (REZENDE & MOREIRA, 2000). 
Sete crianças da mesma área, assintomáticas e sem sinais de outra enfermidade, foram 
submetidas  a  testes sorológicos  que  confirmaram a  ausência de  infecção pelo  T.  cruzi, 
constituindo  assim  o  grupo  não  infectado  pelo  T.  cruzi  (NI-1)  usado  como  parâmetro  de 
comparação  para  avaliação  de  alterações  imunofenotípicas  observadas  no  grupo E-IND. Já 
como parâmetro de comparação para as análises realizadas no grupo IND foram selecionados 
adultos  saudáveis  com  resultados  negativos  para  os  testes  de  sorologia  convencional 
supracitados, constituindo o grupo NI-2. 
Todos  os  indivíduos  foram  voluntários,  sendo  provenientes  das  cidades  Bambuí, 
Berilo  e José Gonçalves de  Minas do estado de  Minas Gerais. O consentimento escrito foi 
obtido  de  todos  os  participantes.  No  caso  das  crianças,  os  pais  ou  responsáveis  foram 
esclarecidos quanto ao estudo e, aqueles que concordaram em participar, assinaram o Termo 
de  Consentimento  Livre  e  Esclarecido  para  Pacientes  Voluntários.  A  conduta  clínico-
laboratorial  adotada  nesse  estudo  foi  previamente  aprovada  pelo  Comitê  de  Ética  do 
IRR/FIOCRUZ (Protocolo CEPSH/CPqRR #09/2003 e #11/2004). Todos os procedimentos, 
incluindo os  estudos  eletrocardiográficos,  radiológicos  e a  assistência  médico-laboratorial 
dada aos pacientes, bem como o acompanhamento ambulatorial e a coleta de sangue esteve 
sob a responsabilidade do Dr. João Carlos Pinto Dias, do Dr. João Soares Moreira Magalhães 
e  da  Dra.  Marta  de  Lana.  A  Tabela  1  sumariza  as  informações  referentes  aos  grupos  de 
pacientes estudados. 
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Os  dados  que  compõem  a  terceira  publicação  “New  strategy  to  assess  the  overall 
cytokine profile of circulating leukocytes  and decode distinct clinical status of  human 
chagas disease” correspondem ao objetivo específico 2. 
O grupo de pacientes portadores da doença Chagas crônica foi o mesmo empregado 
para o primeiro e segundo artigo excluindo-se o grupo de indivíduos com comprometimento 
digestivo. Para a análise pontual do efeito do tratamento foram selecionados 18 indivíduos, 
sendo 5 indivíduos do grupo IND selecionados a partir da comprovação da infecção chagásica 
na ausência de manifestações clínicas, eletrocardiográficas ou radiológicas de acometimento 
cardíaco ou digestivo e 13 indivíduos portadores da forma clínica CARD, caracterizados pela 
presença de sintomas, sinais físicos e alterações em exames laboratoriais (eletrocardiograma e 
radiografia  de  tórax).  Os  indivíduos  foram  voluntários  provenientes  do  Ambulatório  de 
Doença de Chagas do Hospital das Clínicas de UFMG. O consentimento escrito foi obtido de 
todos  os participantes. A  conduta  clínico-laboratorial adotada nesse estudo foi previamente 
aprovada  pelo  Comitê  de  Ética  do  IRR/FIOCRUZ  (IRR/FIOCRUZ-Minas  protocolos 
#09/2003)  e  da Universidade  Federal  de  Minas Gerais (UFMG-COEP protocolo  #ETIC 
070/00). Todos os procedimentos, incluindo os estudos eletrocardiográficos, radiológicos e a 
assistência  médico-laboratorial  dada  aos  pacientes,  bem  como  o  tratamento  dos  indivíduos 
infectados com benzonidazol (5mg/kg/peso por dia, durante 60 dias consecutivos) estiveram 
sob a responsabilidade da Dra. Silvana Maria Elói Santos e da Dra. Eliane Dias Gontijo. Para 
o  estudo  longitudinal,  foram  feitas  duas  coletas  (antes  e  após  um  ano  do  término  do 
tratamento) de  amostras de  sangue  periférico coletadas  em  tubos  Vacutainer®,  contendo 
EDTA  ou  heparina  sódica  como  anticoagulantes.  A  Tabela  1  sumariza  as  informações 
concernentes aos grupos de pacientes estudados. 
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Os  dados  que  compõem  a  quarta  publicação  “Non-conventional  flow  cytometry 
approaches  to  detect  anti-Trypanosoma  cruzi  immunoglobulin  G  in  the  clinical 
laboratory.” correspondem ao objetivo específico 3. 
Para  esse  estudo  foram  empregadas 4 coortes de amostras de soro: (1) de pacientes 
portadores da doença de Chagas crônica tardia, de leishmaniose visceral (VL), leishmaniose 
tegumentar (LCL), toxoplasmose (TX), malária (MA) e esquistossomose (SCH). As amostras 
de  soros  de pacientes  portadores  da  doença  de  Chagas  crônica  tardia  e  os  controles  não 
infectados  foram  os  mesmos  dos  objetivos  específicos  1  e  2.  Já  as  amostras  de  soros  de 
indivíduos  portadores  de  outras  infecções  foram  obtidas  a  partir  de  sorotecas  previamente 
montadas  e  consistiram  de  indivíduos  adultos  que  por  decisão  do  comitê  de  ética  em 
pesquisas não foram identificados; (2) de pacientes portadores da doença de Chagas crônica 
tardia  segregados  nas  diferentes  formas  clínicas  (IND,  CARD  e  DIG)  e  controles  não 
infectados, sendo  os mesmos empregados  nos objetivos específicos  1 e  2;  (3) de pacientes 
portadores da doença de Chagas crônica tardia segregados nas diferentes formas clínicas. A 
coleta  desses  soros  foi  realizada  no  Centro  de  treinamento  e  Referência  de  doenças 
Infecciosas e Parasitárias (CTRDIP) do Hospital das Clínicas da Faculdade de Medicina da 
Universidade  Federal  de  Minas  Gerais,  sob  a  supervisão  do  Dr.  Manoel  Otávio  da  Costa 
Rocha. As amostras de soros dos pacientes DIG foram enviadas para Belo Horizonte pela Dr
a
. 
Sheila  Jorge  Adad  do  Departamento  de  Patologia  Cirúrgica  da  Faculdade  de  Medicina  do 
Triângulo Mineiro (FMTM). A distribuição etária dessa coorte iniciou uma dispersão etária na 
faixa  de  24-77  anos  de  idade;  (4)  de  pacientes  chagásicos  não  tratados  (NT),  tratados não 
curados (TNC) e tratados curados (TC). Essa coorte contém 60 indivíduos com idades de 6 
meses  a  68  anos,  acompanhados  pelo  Dr.  Anis  Rassi  da  Faculdade  de  Medicina  da 
Universidade  Federal  de  Goiás.  Estes  pacientes  tiveram  exames  sorológicos  (IFA e  HA)  e 
parasitológico (hemocultura) avaliados em um estudo retrospectivo, que variou de três a 26 
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anos  após  tratamento  etiológico,  e  foram  classificados  em  três  diferentes  categorias  como 
descrito por MARTINS-FILHO et al. (2002). O tratamento foi realizado durante a fase aguda, 
sub-aguda, ou crônica da infecção. O critério de cura utilizado para a classificação dos grupos 
baseou-se na negativação conjunta dos testes sorológicos convencionais IFI, HAI e ELISA e 
do  xenodiagnóstico.  Indivíduos  NT  e  TNC  persistiram  com  resultados  positivos  tanto  nos 
testes parasitológicos  como sorológicos.  Pacientes foram  considerados TC somente quando 
ambos exames foram consistentemente negativos pelo menos em 8 ensaios de coleta serial de 
amostras de sangue. Nesse estudo não foi dada ênfase aos diferentes esquemas de tratamento 
uma vez que não foi nosso objetivo. A Tabela 1 sumariza as informações concernentes aos 
grupos de pacientes estudados. 
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Tabela 1:
 População de estudo 
Grupo 
 
  N
o
 de indivíduos    Idade    Sexo (M/F) 
Artigo 1               
Não infectado*  NI    12    20-53    3/9 
Indeterminado*  IND    08    44-67    3/5 
Cardíaco*  CARD    13    50-70    5/8 
Digestivo*  DIG    08    45-65    5/3 
               
Artigo 2               
Crianças não infectadas  NI-1    07    9-14    6/1 
Adultos não infectados*  NI-2    12    20-59    3/9 
Indeterminado recente  E-IND    06    9-14    4/2 
Indeterminado*  IND    08    44-67    3/5 
Cardíaco*  CARD    13    50-70    5/8 
               
Artigo 3               
Coorte 1               
Não infectado*  NI    11    20-53    3/8 
Indeterminado*  IND    06    44-67    3/3 
Cardíaco*  CARD    08    50-70    2/6 
Coorte 2               
Indeterminado  IND    05    35-46    1/4 
Cardíaco  CARD    13    29-58    7/6 
               
Artigo 4               
Coorte 1               
Não infectado*  NI    12    20-53    3/8 
Doença de Chagas*  CH    28    44-70    13/15 
Leishmaniose visceral  VL    26    -    - 
Leishmaniose tegumentar  LCL    20    -    - 
Toxoplasmose  TX    20    -    - 
Malária  MA    20    -    - 
Esquistossomose  SCH    20    -    - 
Coorte 2               
Não infectado*  NI    12    20-53    3/9 
Indeterminado*  IND    06    44-67    3/3 
Cardíaco*  CARD    13    50-70    5/8 
Digestivo*  DIG    07    45-65    4/3 
Coorte 3               
Indeterminado  IND    10    24-59    8/12 
Cardíaco  CARD    10    26-71    15/12 
Digestivo  DIG    10    30-77    19/10 
Coorte 4               
Não tratados  NT    19    34-68    10/9 
Tratados não curados  TNC    17    12-66    9/8 
Tratados curados  TC    24    6 meses-54    6/18 
M= masculino; F= feminino. * Representam a mesma população 
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3.2. Análise do fenótipo celular dos leucócitos do sangue periférico 
3.2.1. Protocolo de imunofenotipagem celular por citometria de fluxo 
Os  ensaios  de  imunofenotipagem  dos  leucócitos  do  sangue  periférico  foram  feitos 
segundo protocolo proposto pelo fabricante, modificado conforme descrito a seguir. 
Em tubos de poliestireno 12x75mm, foram adicionados 5µL do anticorpo monoclonal 
específico para o marcador de superfície celular de interesse marcado com fluorocromo 
(Tabela 2). Combinações específicas de anticorpos monoclonais marcados com fluorocromos 
distintos foram  utilizadas para a  análise simultânea de marcadores de superfície celular 
necessários  para  a  caracterização  de  subpopulações  celulares  de  interesse.  Para  cada 
combinação  de  anticorpos  monoclonais,  foram  adicionadas  alíquotas  de  100µL  de  sangue 
periférico total coletado em EDTA. Após homogeneização em vórtex, as preparações foram 
incubadas  por  30  minutos,  à  temperatura  ambiente  e  ao  abrigo  da  luz.  Após  o  período  de 
incubação, as amostras foram submetidas à lise dos eritrócitos, utilizando 2ml de solução de 
lise  comercial  (FACS
®
 Lysing Solution – Becton Dickinson) diluída 10 vezes em água 
destilada.  Após  nova  homogeneização  em  vórtex,  as  preparações  foram  incubadas  por  10 
minutos  a  temperatura  ambiente  e  então  submetidas  à  centrifugação  (400×g,  10  minutos  a 
18°C). O sobrenadante foi descartado e os leucócitos lavados com 2mL de PBS (0,015M pH 
7,4),  empregando-se as mesmas  condições de  centrifugação anteriormente  citadas.  Numa 
etapa  final,  os  leucócitos  foram  fixados  com  200µL  de  solução  fixadora  (10g/L  de 
paraformaldeído, 1 % de cacodilato de sódio, 6,65g/L de cloreto de sódio, pH 7,2). Após um 
período  de  pelo  menos  15  minutos  a  4°C,  os  parâmetros  fenotípicos  e  morfométricos  das 
células presentes em cada tubo foram determinados no citômetro de fluxo (FACScalibur® – 
Becton Dickinson). O programa CELLQuest
®
 foi utilizado para a aquisição de dados e para a 
análise dos resultados empregando diferentes estratégias. 
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Tabela 2:
 Anticorpos monoclonais marcados com fluorocromos utilizados para análise de 
populações, subpopulações celulares e moléculas de superfície. 
Anticorpo 
 

Fluorocromo
 

 

Clone 
 

Fenótipo alvo no estudo 
Anti-CD3 
 

FITC, PE 
 

UCHT1 
 

Linfócitos T, NKT 
Anti-CD4 
 

FITC, PE 
 

13B8.2 ou RPA-
T4 
 

Linfócitos T auxiliares 
Anti-CD5 
 

FITC 
 

L17F12 
 

Linfócitos B1 
Anti-CD8 
 

FITC, TC 
 

B9.11 ou M-L233
 

 

Linfócitos T citotóxicos 
Anti-CD14 
 

TC 
 

TüK4 
 

Monócitos 
Anti-CD16 
 

FITC, TC 
 

3G8 
 

Células NK, NKT, 
“Macrófago-like” 
Anti-CD18 
 

FITC 
 

YF118.3 
 

Linfócito T ativado 
Anti-CD19 
 

FITC, PE, TC
 

 

HID19 ou 4G7, 
 

Linfócitos B 
Anti-CD23 
 

PE 
 

M-L233 
 

Subpopulações de Linfócito B 
Anti-CD25 
 

PE 
 

3G10 
 

Célula T reguladora 
Anti-CD28 
 

PE 
 

15E8 
 

Linfócito T ativado 
Anti-CD38 
 

PE 
 

AT13/5 
 

Linfócito T ativado 
Anti-CD54 
 

FITC 
 

15.2 
 

Linfócito T ativado 
Anti-CD56 
 

PE 
 

B159 
 

Células NK, NKT 
Anti-CD62L 
 

FITC 
 

DREG-56 
 

Linfócito T ativado 
Anti-HLA-DR
 

 

PE 
 

 Tü36
 

 

Linfócito T ativado, 
Monóc. pró-inflamatórios 
FITC = isotiocianato de fluoresceína; PE = ficoeritrina; TC = tricolo 
 
 
3.2.2. Estratégias para análises imunofenotípicas de leucócitos circulantes 
Os  dados  referentes  à  imunofenotipagem  dos leucócitos  do sangue periférico  foram 
analisados através de diversas estratégias, dependendo do fenótipo celular rastreado. Assim, 
empregando  os  recursos  múltiplos  do  programa  CELLQuest™,  foram  adotadas  diferentes 
estratégias para análise fenotípica denominadas: análise convencional (SATHLER-AVELAR 
et al., 2003); análise de células T reguladoras (BAECHER-ALLAN et al., 2001); análise do 
marcador CD56 em subpopulações de células CD3
-
CD16
+
 (GADDY et al., 1997), análise de 
subpopulações  de células  CD3
-
CD56
+
  (COOPER  et  al., 2001); análise  de  células NKT 
(DOHERTY, et al., 1999); análise combinada “gated” (SATHLER-AVELAR et al., 2003) e 
análise de monócitos pró-inflamatórios (BELGE et al., 2002). 
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3.2.2.1. Análise convencional 
A  análise convencional foi  realizada segundo proposto  por SATHLER-AVELAR et 
al. (2003). A Figura 1 ilustra a seqüência de passos para a análise convencional. Esse tipo de 
análise  consistiu  na  seleção  da  população  celular  de  interesse  baseada  em  aspectos 
morfométricos, realizada através de gráficos de distribuição puntual de tamanho (FSC) versus 
granulosidade (SSC) (Figura 1A). Após a seleção da região de interesse (R1), o percentual de 
subpopulações  celulares  fluorescentes,  dentro  da  população  selecionada,  foi  obtido  em 
gráficos  bidimensionais  de  distribuição  puntual de fluorescência,  incluindo  as  modalidades 
FL1 versus FL2, FL2 versus FL3 ou FL1 versus FL3 (Figura 1B). 
FL3/CD19
FL2/CD5
A B
Tamanho
Granulosidade
R1
82.38% 0.37%
2.57%14.69%
 
Figura  1: 
Seqüência  de  procedimentos  utilizados  para  as  análises  dos  percentuais  de 
populações celulares por citometria de fluxo. (A) Gráfico de distribuição puntual FSC versus 
SSC utilizado para a seleção da população de interesse, nesse caso linfócitos pequenos – R1. 
(B) Gráfico de distribuição puntual FL1 versus FL2 utilizado para quantificar o percentual das 
populações ou subpopulações celulares específicas, confinadas em R1. 
 
3.2.2.2. Análise de células T reguladoras 
A  análise  de  células  T  reguladoras  foi  realizada  segundo  proposto  por  BAECHER-
ALLAN  et  al.  (2001).  A  Figura  2  ilustra  a  seqüência  de  procedimentos  para  a  análise  de 
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células  T reguladoras  com  fenótipo CD4
+
CD25
HIGH
.  Após a  seleção  da região de  interesse 
(R1),  baseada  em  aspectos  morfométricos,  realizada  através  de  gráficos  de  distribuição 
puntual  de  tamanho  (FSC)  versus  granulosidade  (SSC)  (Figura  2A),  gráficos  de  FL1/CD4 
versus FL2/CD25 foram construídos, permitindo identificar a segregação da população CD4
+
 
em 3 subpopulações: CD4
+
CD25
-
 (R2), CD4
+
CD25
LOW
 (R3) e CD4
+
CD25
HIGH
 (R4). A fração 
celular confinada em R4, representa o valor percentual de células T reguladoras na população 
de linfócitos totais (Figura 2B).
 
FL1/CD4
FL2/CD25
A B
Tamanho
Granulosidade
R1
1.98%
25.74%
23.37%
R2
R3
R4
 
Figura 2: 
Seqüência de procedimentos utilizados para as análises dos percentuais de células T 
reguladoras (CD4
+
CD25
HIGH
) por citometria de fluxo. (A) Gráfico de distribuição puntual FSC 
versus SSC utilizado para a seleção da população de interesse, nesse caso linfócitos pequenos – 
R1. (B) Gráfico de distribuição puntual FL1/CD4 versus FL2/CD25 utilizado para quantificar o 
percentual de células T reguladoras (CD4
+
CD25
HIGH
), confinadas em R4. 
 
3.2.2.3. Análise do marcador CD56 em subpopulações de células CD3
-
CD16
+
 
A análise de subpopulações de células CD3
-
CD16
+
 foi realizada segundo
 
proposto por 
GADDY et  al.  (1997). A  Figura 3 ilustra a seqüência de procedimentos para a  análise das 
subpopulações  de  células  pré-NK  (CD3
-
CD16
+
CD56
-
)  e  células  NK  maduras  (CD3
-
CD16
+
CD56
+
).  Após  a  seleção  da  região  de  interesse  (R1),  baseada  em  aspectos 
morfométricos, realizada através de gráficos de distribuição puntual de tamanho (FSC) versus 
granulosidade (SSC) (Figura 3A), foram construídos gráficos de FL1/CD3 versus FL3/CD16, 
onde uma nova região R2 foi construída, confinando a população CD3
-
CD16
+
 (Figura 3B). 
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Posteriormente, gráficos de FL1/CD3 versus FL2/CD56 foram empregados, onde uma nova 
região  (R3)  foi  construída,  confinando  a  população  CD3
-
CD56
+
.  Em  seguida,  após  a 
combinação das regiões R1, R2 e R3 através das fórmulas “G2=R2+R3 e G3=R1 and G2” 
onde “+” representa o somatório de células confinadas nas regiões R1 e R2 e “and” designa a 
intercecção  dos  eventos  presentes  simultaneamente  em  G2  e  R1.  Em  seguida  gráficos  de 
FL3/CD16 versus FL2/CD56, contendo as células confinadas em G3, foram utilizados para 
quantificar os percentuais das subpopulações CD3
-
CD16
+
CD56
-
 e CD3
-
CD16
+
CD56
+
. 
FL1/CD3
FL3/CD16
A B
Tamanho
Granulosidade
R1
 
FL3/CD16
FL2/CD56
D
FL1/CD3
FL2/CD56
C
7.29% 84.21%
5.67%2.83%
CD3
-
CD16
+
CD56
+
CD3
-
CD16
+
CD56
-
 
Figura  3: 
Seqüência  de  procedimentos  utilizados  para  as  análises  dos  percentuais  das 
subpopulações  de  células  NK:  pré-NK  (CD3
-
CD16
+
CD56
-
)  e  NK  madura  (CD3
-
CD16
+
CD56
+
) por citometria de fluxo. (A) Gráfico de distribuição puntual FSC versus SSC 
utilizado para a seleção da população de interesse, nesse caso linfócitos pequenos – R1. (B) 
Gráfico  de  distribuição  puntual  FL1/CD3  versus  FL3/CD16  utilizado  para  selecionar  a 
população  celular  CD3
-
CD16
+
  (R2).  (C)  Gráfico  de  distribuição  puntual  FL1/CD3  versus 
FL2/CD56  utilizado  para  selecionar  a  população  celular  CD3
-
CD56
+
  (R3).  (D)  Após  a 
combinação das regiões R1, R2 e R3 através das fórmulas “G2=R2 + R3 e G3=R1 and G2” 
um  gráfico  de  FL3/CD16 versus  FL2/CD56  contendo as células confinadas em G3  foi 
utilizado para quantificar os percentuais das subpopulações de células NK. 
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3.2.2.4. Análise de subpopulações de células CD3
-
CD56
+
 
A análise de células CD3
-
CD56
+
 foi realizada segundo proposto por COOPER et al. 
(2001).  A  Figura  4  ilustra a  seqüência de  procedimentos  para  a  análise  de  células  CD3
-
CD56
DIM
CD16
-/+
  e  CD3
-
CD56
BRIGHT
CD16
-/+
.  Após  a seleção  da  região  de  interesse  (R1), 
baseada em aspectos morfométricos, realizada através de gráficos de distribuição puntual de 
tamanho  (FSC)  versus  granulosidade  (SSC)  (Figura  4A),  foram  construídos  gráficos  de 
FL1/CD3 versus FL2/CD56, onde uma região (R2) foi construída selecionando a população 
CD3
-
CD56
+ 
(Figura  4B).  O  próximo  passo  consistiu  na  combinação  das  regiões  R1  e  R2 
através da fórmula “G2=R1 and R2”, onde “and” designa a interseção dos eventos presentes 
simultaneamente  em  R1  e  R2.  Em  seguida,  gráficos  de  FL3/CD16  versus  FL2/CD56, 
contendo as células confinadas em G2, foram utilizados para quantificar os percentuais das 
subpopulações CD3
-
CD56
DIM
CD16
-/+
 e CD3
-
CD56
BRIGHT
CD16
-/+
 (Figura 4C). 
 
FL1/CD3
FL2/CD56
A B
Tamanho
R1
Granulosidade
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FL3/CD16
FL2/CD56
C
3.23% 3.88%
85.56%7.33%
CD3
- 
CD56
BRIGHT 
CD16
+
CD3
-
CD56
DIM
CD16
+
CD3
-
CD56
DIM
CD16
-
CD3
-
CD56
BRIGHT
CD16
-
 
Figura  4: 
Seqüência  de  procedimentos  utilizados  para  as  análises  dos  percentuais  das 
subpopulações CD3
-
CD56
DIM
CD16
-/+
 e CD3-CD56
BRIGHT
CD16
-/+
 por citometria de fluxo. (A) 
Gráfico  de  distribuição  puntual  FSC  versus  SSC  utilizado  para  a  seleção  da  população  de 
interesse, nesse caso linfócitos pequenos – R1. (B) Gráfico de distribuição puntual FL1/CD3 
versus FL2/CD56 (R2)  utilizado  para selecionar  a população celular CD3
-
CD56
+
 - R2. (C) 
Após a combinação das regiões R1 e R2, através da fórmula “G2=R1 and R2”, um gráfico de 
FL3/CD16  versus  FL2/CD56,  contendo  as  células  confinadas  em  G2,  foi  empregado  para 
quantificar o percentual das subpopulações CD3
-
CD56
DIM
CD16
-/+
 e CD3-CD56
BRIGHT
CD16
-
/+
.
 
 
3.2.2.5. Análise de células NKT 
  A análise de células NKT foi realizada segundo proposto por DOHERTY el al. (1999) 
e modificado por MARTINS-FILHO (2000). A Figura 5 ilustra a sequência de procedimentos 
para a análise de células NKT (CD3
+
CD16
-/+
CD56
-/+
). Após a seleção da região de interesse 
(R1),  baseada  em  aspectos  morfométricos,  realizada  através  de  gráficos  de  distribuição 
puntual  de  tamanho  (FSC)  versus  granulosidade  (SSC)  (Figura  5A),  foram  construídos 
gráficos de FL1/CD3 versus FL3/CD16, onde uma região (R2) foi construída selecionando a 
população CD3
+
CD16
-/+ 
(Figura 5B). O próximo passo consistiu na combinação das regiões 
R1  e  R2  através  da fórmula  “G2=R1andR2”, onde “and”  designa a  interseção dos eventos 
presentes  simultaneamente  em  R1  e  R2.  Em  seguida,  gráficos  de  FL3/CD16  versus 
FL2/CD56, contendo as células  confinadas  em G2, foram utilizados para quantificar os 
percentuais  das  seguintes  subpopulações, por  nós  definidas:  NKT1  (CD3
+
CD16
+
CD56
-
), 
NKT2 (CD3
+
CD16
-
CD56
+
) e NKT3 (CD3
+
CD16
+
CD56
+
) (Figura 5C). 
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A
Tamanho
R1
Granulosidade
A
    
FL1/CD3
B
R2
FL3/CD16
 
FL3/CD16
C
NKT1
(CD3
+
CD16
+
CD56
-
)
NKT3
(CD3
+
CD16
+
CD56
+
)
NKT2
7.27% 0,29%
2,46%89,98%
FL2/CD56
 
Figura  5: 
Seqüência  de  procedimentos  utilizados  para  as  análises  dos  percentuais  das 
subpopulações  NKT1  (CD3
+
CD16
+
CD56
-
),  NKT2  (CD3
+
CD16
-
CD56
+
)  e  NKT3 
(CD3
+
CD16
+
CD56
+
) por citometria de fluxo. (A) Gráfico de distribuição puntual FSC versus 
SSC utilizado para a seleção da população de interesse, nesse caso linfócitos pequenos – R1. 
(B) Gráfico de distribuição puntual FL1/CD3 versus FL3/CD16 (R2) utilizado para selecionar 
a  população  celular  CD3
+
  -  R2.  (C)  Após  a  combinação  das  regiões  R1  e  R2,  através  da 
fórmula  “G2=R1andR2”,  um  gráfico  de  FL3/CD16  versus  FL2/CD56,  contendo  as  células 
confinadas  em  G2,  foi  empregado  para  quantificar  o  percentual  das  subpopulações  NKT1, 
NKT2 e NKT3. 
 
3.2.2.6. Análise combinada “gated” 
A análise de células CD4
+
 e CD8
+
 ativadas (HLA-DR
+
) foi realizada segundo proposto 
por  SATHLER-AVELAR  (2003).  A  Figura  6  ilustra  a  seqüência  de  procedimentos  para  a 
análise das  subpopulações de  células  T ativadas. Após  a  seleção  da  região  de interesse, 
baseada em aspectos morfométricos, realizada através de gráficos de distribuição pontual de 
tamanho  (FSC) versus  granulosidade  (SSC) (Figura  6A),  foram  construídos histogramas 
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individuais de FL1/CD4 ou FL1/CD8, onde uma nova região R2 foi construída, confinando a 
população CD4
+
 ou CD8
+ 
(Fig.6B). O próximo passo consistiu na combinação das regiões R1 
e  R2  através  da  fórmula  “G2=R1  and  R2”,  onde  “and”  designa  a  interseção  dos  eventos 
presentes  simultaneamente  em  R1  e  R2.  Em  seguida,  histogramas  unidimensionais  de 
FL2/HLA-DR,  contendo  as  células  presentes  em  G2,  foram  utilizados  para  quantificar  os 
percentuais das subpopulações CD4
+
HLA-DR
+
/CD4
+
 ou CD8
+
HLA-DR
+
/CD8
+ 
(Figura 6C). 
 
A
Tamanho
Granulosidade
R1
 
B
C
FL1/ CD4
Nº de células
FL2/ HLA-DR
Nº de células
11.78%
 
Figura  6: 
Seqüência  de  passos  utilizados  para  as  análises  de  subpopulações  de  células  T 
CD4
+
  ou  CD8
+
  ativadas  (HLA-DR
+
)  por  citometria  de  fluxo.  (A)  Gráfico  de  distribuição 
puntual FSC versus  SSC utilizado para a  seleção da população de interesse,  nesse caso 
linfócitos pequenos – R1. (B) Histograma unidimensional de fluorescência FL1/CD4 utilizado 
para seleção da população de interesse – R2. (C)  Após a  combinação das duas regiões 
selecionadas (R1 “and” R2) garantindo a presença simultânea da população de interesse nas 
duas  regiões  selecionadas,  o  percentual  da  subpopulação  celular  foi  identificado  em 
histograma unidimensional de fluorescência – M1. 
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3.2.2.7. Análise de monócitos pró-inflamatórios 
  A  análise  de  monócitos  pró-inflamatórios (CD14
+
CD16
+
HLA-DR
++
)  foi  realizada 
segundo proposto por BELGE et al. (2002). A Figura 7 ilustra a seqüência de procedimentos 
para a análise das subpopulações de monócitos pró-inflamatórios. Após a seleção da região de 
interesse (R1), baseada em aspectos morfométricos e imunofenotípicos, realizada através de 
gráficos de distribuição puntual de FL3/CD14 versus granulosidade (SSC) (Figura 7A), foram 
construídos  gráficos  de  FL3/CD14  versus FL1/CD16,  onde uma  região (R2)  foi construída 
selecionando  a  população  CD14
+
CD16
+ 
(Figura  7B).  O  próximo  passo  consistiu  na 
combinação das regiões R1 e R2 através da fórmula “G2=R1andR2”, onde “and” designa a 
interseção dos  eventos  presentes  simultaneamente  em  R1  e  R2.  Em  seguida,  gráficos  de 
FL3/CD14  versus  FL2/HLA-DR,  contendo  as  células  confinadas  em  G2,  foram  utilizados 
para quantificar o percentual de células CD14
+
CD16
+
HLA-DR
++
(Figura 7C). 
FL3/CD14
Granulosidade
A
R1
 
FL1/CD3
FL2/HLA-DR
B C
FL3/CD14
FL1/CD16
72.0%
28.0%
R2
 
Figura  7: 
Seqüência  de  procedimentos  utilizados  para  as  análises  dos  percentuais  de 
monócitos pró-inflamatórios (CD14
+
CD16
+
HLA-DR
++
) por citometria de fluxo. (A) Gráfico 
FL3/CD14
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de  distribuição  puntual  FL3/CD14  versus  granulosidade  (SSC)  utilizado  para  a  seleção  da 
população  de  interesse,  nesse  caso  células  CD14
+
  de  granulosidade  intermediária, 
correspondente  aos  monócitos –  R1.  (B) Gráfico de  distribuição puntual  FL3/CD14  versus 
FL1/CD16  (R2)  utilizado  para  selecionar  a  população  CD14
+
CD16
+
  –  R2.  (C)  Após  a 
combinação das regiões R1 e  R2, através  da fórmula “G2=R1  and R2”,  um  gráfico  de 
FL3/CD14 versus FL2/HLA-DR, contendo as células confinadas em G2, foi empregados para 
quantificar o percentual de monócitos pró-inflamatórios. 
 
3.3.  Avaliação  do  padrão  de  produção  de  citocinas  citoplasmáticas  em  leucócitos 
circulantes 
3.3.1. Obtenção do antígeno solúvel de formas tripomastigotas do T. cruzi 
3.3.1.1.
 
Cultivo de formas tripomastigotas do T. cruzi 
  Formas  tripomastigotas  de  cultura  de  tecido  foram  obtidas  a  partir  do 
sobrenadante  de  culturas  de  células  LLCMK2  infectadas  pelo  T.  cruzi.  As  células 
foram  semeadas em  frascos de cultura  de  tecido  de  75cm
2
  (Falcon)  com  meio 
DMEM-5% SBF. Após a adesão e formação da monocamada, as células foram 
infectadas com tripomastigotas sanguíneos da cepa CL do T. cruzi na proporção de 
10 parasitos/célula. As garrafas foram mantidas em estufa a 37
o
C, 5% de CO
2
, 95% 
de umidade por 24h para favorecer a infecção. Após esse período, as monocamadas 
foram lavadas para retirar os parasitos remanescentes e mantidas com meio DMEM-
5% SBF a 33
o
C, 5% de CO
2
, 95% de umidade (BERTELLI et al. 1977). O meio foi 
trocado  diariamente,  e  a  partir  do  sexto  dia  de  cultura  formas  tripomastigotas 
puderam ser  coletadas  no  sobrenadante.  Os  parasitos  foram  separados  dos  restos 
celulares,  por  centrifugação  diferencial.  Inicialmente,  a  suspensão  de  parasitos  foi 
centrifugada  em  tubos  cônicos  de  50ml  à  temperatura  ambiente,  100g  por  10 
minutos.  Posteriormente,  os  tubos  foram  mantidos  a  temperatura  ambiente  por  30 
minutos  para  que  as  formas  flageladas  pudessem  se  deslocar  do  sedimento  para  o 
sobrenadante. O sobrenadante foi coletado e centrifugado a 4
o
C, 1.000g  por 10 
minutos para obtenção de formas tripomastigotas. 
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3.3.1.2.
 
Preparo do antígeno solúvel de formas tripomastigotas do T. cruzi 
As formas tripomastigotas obtidas de cultura de tecido foram lavadas 3 vezes em PBS-
1X nas condições anteriores.
 
Após a obtenção da massa de parasitos procedeu-se o preparo do 
antígeno solúvel. Essa foi transferida para o cone de vidro do aparelho Virtex e submetida a 
10 ciclos de 30 rpm. Em seguida, o extrato foi transferido para um tubo Falcon de 50mL e 
levado  ao  nitrogênio líquido por 1  minuto  e  ao  banho-maria  a  37
o
C por  10 min. Este 
procedimento  foi  realizado  3  vezes.  Uma  alíquota  do  extrato  antigênico  foi  observada  em 
microscópio óptico, a fim de verificar o total rompimento dos parasitos e a formação de massa 
antigênica uniforme. Posteriormente, a massa antigênica foi centrifugada a 37.000g, 4
o
C por 
70  minutos  e  o  sobrenadante foi  dialisado em PBS e filtrado em membrana  0,22µm.  Uma 
alíquota foi empregada para a dosagem de proteínas pelo método de LOWRY et al., (1951). A 
preparação  antigênica  foi  conservada  a  -70
o
C  em  alíquotas  com  concentração  de  1mg/mL, 
para  uso  posterior  nos  ensaios  de  avaliação  do  perfil  de  produção  de  citocinas  após 
estimulação curta antígeno-específica in vitro. 
 
3.3.2. Protocolo de cultura de curta duração in vitro empregando amostras de sangue total 
A  metodologia  proposta  foi  adaptada  segundo  protocolos  originais  descritos  por 
PICKER et al. (1995), CARROCK-SEWELL et al. (1997) e SUNI et al. (1998). 
Para  a  identificação  das  citocinas  intracitoplasmáticas,  alíquotas  de  500µL  de  sangue 
periférico, coletado a vácuo em tubos de 10mL contendo heparina sódica, foram adicionadas a 
2  tubos  de  polipropileno  de  14mL  (Falcon  2059),  correspondentes  às  culturas  controle  e 
estimulada com antígeno solúvel das formas tripomastigotas do T. cruzi (TRIPO). 
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A cultura controle recebeu 500µL de meio de cultura RPMI 1640 (GIBICO – Grand 
Island, NY) e 10µL de Brefeldina A-BFA (Sigma), numa concentração de 10 µg/mL e foram 
incubadas por 4 horas em estufa a 37
o
C, 5% de CO
2
. A BFA promove a retenção da citocina 
no complexo de Golgi, permitindo a sua detecção no interior dos leucócitos. 
A cultura estimulada com antígeno solúvel foi previamente incubada, por 1 hora em 
estufa  a  37
o
C,  5%  de  CO
2
,  na  presença  de  100µL  do  antígeno  solúvel  de  formas 
tripomastigotas  do  T.  cruzi  ,  numa  concentração  final  de  20
µ
g/mL.  Em  seguida  foram 
adicionados 10µL de BFA, numa concentração final de 10 µg/mL e a cultura re-incubada por 
4 horas em estufa a 37
o
C, 5% de CO
2
. 
Culturas controle positivo foram realizadas com o objetivo de avaliar a viabilidade das 
amostras.  Em tubos  de polipropileno  de 14mL  (Falcon 2059) foram  adicionados 500
µ
L de 
sangue  periférico,  500µL de RPMI  1640 mais Phorbol  12-Myristate  13-Acetate (Sigma,  St 
Louis. MO, USA) na concentração de 25ng/ml, ionomicina (Sigma, St Louis. MO, USA) na 
concentração de1µg/mL e 10µL de Brefeldina A-BFA (Sigma) na concentração de 10 µg/mL. 
As  culturas  foram  incubadas  por 4  horas  em  estufa  a 37
o
C, 5%  de  CO
2
. 
Os  padrões  de 
citocinas observados nas culturas controle positivo confirmaram a viabilidade das amostras de 
sangue,  como  demonstrado  pelos  elevados  níveis  de  células  IFN-γ
+
  e  TNF-α
+
  (dado  não 
mostrado). Ao término da incubação, as culturas foram tratadas com 110µl EDTA (Sigma), 
numa concentração final de 2mM, e incubadas por 15 minutos à temperatura ambiente. Este 
procedimento bloqueia o processo de ativação posterior das células e garante a obtenção de 
resultados padronizados. 
 
3.3.3.  Protocolo de  marcação  de  citocinas  intracitoplasmáticas  em  leucócitos  do  sangue 
periférico após cultura de curta duração in vitro 
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Alíquotas de sangue total submetidas ao protocolo de cultura de curta duração in vitro 
foram lavadas duas vezes com 6mL de tampão de lavagem – PBS-W (0,015M de PBS 1X, 
0,5%  albumina  sérica  bovina  –  BSA  e  0,1%  de  azida  sódica),  por  centrifugação  a  600×g 
durante 7 minutos a 18ºC. Após a última lavagem, a células foram ressuspendidas em 1,5mL 
de  PBS-W.  Após  a  centrifugação,  o  sedimento  foi  ressuspendido  em  1,5mL  de  PBS-W  e 
alíquotas de 400µL foram distribuídas em tubos de poliestireno de 5mL (Falcon- 2052) 
contendo (Tubo 1) 20µL de anticorpo monoclonal de camundongo anti-CD4-TC e anti-CD8-
FITC,  e  alíquotas  de  200
µ
L  em  tubos  contendo  respectivamente,  (Tubo  2)  15
µ
L  de  anti-
CD14-TC  e  (Tubo  3)  15µL  de  anti-  CD5-FITC  e  15µL  de  anti  CD19-TC  (Tabela  3).  As 
amostras foram incubadas por 30 minutos à temperatura ambiente e ao abrigo da luz. Após a 
etapa da identificação das populações celulares, procedeu-se à lise dos eritrócitos e à fixação 
dos leucócitos pelo tratamento com 2mL de solução de lise (FACS
TM
 Lysing Solution – BD) 
por 10 minutos à temperatura ambiente e ao abrigo da luz. Após a fixação, a suspensão de 
leucócitos foi centrifugada a 600×g durante 7 minutos a 18ºC, o sobrenadante descartado e as 
células permeabilizadas com 2mL de solução  permeabilizante –  PBS-P (PBS-W e 0,5% de 
saponina –  Sigma), por  10 minutos à  temperatura ambiente e  ao abrigo  da  luz. Após  a 
permeabilização, as suspensões de leucócitos foram centrifugadas a 600×g durante 7 minutos, 
o sobrenadante descartado e as células lavadas com 3mL de PBS-W. As células foram 
ressuspendidas em dois volumes de PBS-W: 200µL, para os tubos contendo anti-CD4 TC e 
anti-CD8  TC  e  100µL para  os  tubo contendo  anti-CD14 TC  e  anti-CD19  TC.  Após  a 
ressuspensão das células, procedeu-se à marcação das citocinas intracitoplasmáticas em placas 
de  96  poços  e  fundo  em  “U”  (Thomas  9383-A90).  Para  isso,  alíquotas  de  30µL  das 
suspensões  celulares,  contendo  aproximadamente  300.000 células,  foram  incubadas  por 30 
minutos  à  temperatura  ambiente,  ao  abrigo  da  luz  na  presença  de  20µL  da  suspensão  de 
anticorpos anti-citocinas humanas, conjugados com o fluorocromo PE (anti-IFN-
γ
, anti-TNF-
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α, anti-IL-4, anti-IL-10, anti-IL-12, anti-IL-13 – Tabela 4) previamente diluídos a 1:100 em 
PBS-P estéril. Após a incubação, as células foram lavadas com 150µl  de PBS-P e, em 
seguida, com 200
µ
l de PBS-W. As preparações celulares foram então fixadas em 200
µ
l de 
solução fixadora - MFF (10g/L de paraformaldeído, 1% de cacodilato de sódio, 6,67g/L de 
cloreto  de sódio, pH 7,2). As amostras contendo a suspensão celular a ser analisada foram 
transferidas para tubos de 500µL (Thomas laboratory Specialities) e estocadas a 4ºC ao abrigo 
da luz até a sua leitura no citômetro de fluxo dentro de 24 horas. 
 
 
Tabela 3:
 Anticorpos monoclonais marcados com fluorocromos utilizados para análise de 
populações e subpopulações de leucócitos do sangue periférico. 
Anticorpo 
 

Fabricante
 

 

Clone 
 

Concentração
 

 

População Alvo 
Anti-CD4 TC 
 

Caltag 
 

S3.5 
 

0,5µg/mL 
 

Linfócito T auxiliar 
 
 

 
 

 
 

 
 

 
Anti-CD8 FITC 
 

BD 
 

HIT8a 
 

0,5µg/mL 
 

Linfócito T citotóxico
 

 
 

 
 

 
 

 
 

 
Anti-CD14 TC 
 

Caltag 
 

Tük4 
 

0,5µg/mL 
 

Monócitos 
 
 

 
 

 
 

 
 

 
Anti-CD5 FITC 
 

BD 
 

L17F12 
 

0,5
µ
g/mL 
 

Linfócito B1 
 
 

 
 

 
 

 
 

 
Anti-CD19 TC 
 

Caltag 
 

4G7/SJ25-C1
 

 

0,5µg/mL 
 

Linfócitos B 
 
Tabela 4:
 Anticorpos monoclonais utilizados para identificação de citocinas intracelulares em 
leucócitos do sangue periférico. 
Anticorpo 
 

Fabricante
 

 

Clone 
 

Concentração
 

 

População Alvo 
Anti-IFN-γ PE 
 

BD 
 

4S.B3 
 

0,25µg/mL 
 

Neutrófilos, Linfócitos 
 
 

 
 

 
 

 
 

 
Anti-TNF-α PE
 

 

BD 
 

Mab11 
 

0,25µg/mL 
 

Monócitos, Neutrófilos, 
Células NK, Linfócitos, 
Células B e B1 
 
 

 
 

 
 

 
 

 
Anti-IL-4 PE 
 

BD 
 

8D4-8 
 

0,25
µ
g/mL 
 

Neutrófilos, Células NK, 
Linfócitos 
 
 

 
 

 
 

 
 

 
Anti-IL-10 PE 
 

BD 
 

JES3-19F1 
 

0,25
µ
g/mL 
 

Monócitos, Neutrófilos, 
Linfócitos,  
Células B e B1 
 
 

 
 

 
 

 
 

 
Anti-IL-12 PE 
 

BD 
 

C11.5 
 

0,25
µ
g/mL 
 

Neutrófilos, Linfócitos 
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Anti-IL-13 PE 
 

BD 
 

JES10-5A2 
 

0,25µg/mL 
 

Neutrófilos, Linfócitos 
 
3.3.4. Aquisição de dados para avaliação do perfil de expressão de citocinas intracelulares 
 
Um  total  de  30.000  eventos/tubo  foram  obtidos  usando  o  citômetro  de  fluxo 
FACScalibur
®
 flow  cytometer (Becton Dickinson, San Jose, CA, USA). Para a aquisição e 
análise dos dados utilizamos o software CellQuest software (Franklin Lakes, NJ, USA), como 
recomendado pelo fabricante. 
 
3.3.5. Estratégias de análises de citocinas intracitoplasmáticas em subpopulações de 
leucócitos circulantes 
Os dados referentes à pesquisa de citocinas intracitoplasmáticas em leucócitos do 
sangue  periférico,  foram analisados  através de  diversas estratégias, dependendo do  fenótipo 
celular rastreado. Assim,  empregando os  recursos  múltiplos do  programa  CELLQuest™, 
foram adotadas diferentes estratégias para análise fenotípica denominadas: análise de citocinas 
intracitoplasmáticas  em  monócitos  (PERUHYPE-MAGALHÃES et  al., 2006);  análise  de 
citocinas  intracitoplasmáticas  em  neutrófilos  (PERUHYPE-MAGALHÃES  et  al.,  2006); 
análise  de  citocinas  intracitoplasmáticas  em  células  NK,  análise  de  citocinas 
intracitoplasmáticas  em  linfócitos  totais  (SATHLER-AVELAR  et  al.,  2003);  análise  de 
citocinas  intracitoplasmáticas  em  subpopulações  de  linfócitos  T  e  B  (PERUHYPE-
MAGALHÃES et al., 2006) e análise de citocinas intracitoplasmáticas em linfócitos B1. 
 
3.3.5.1. Análise de citocinas intracitoplasmáticas em monócitos  
A análise da produção de citocinas por monócitos foi feita a partir da construção de 
gráficos  de  fluorescência  FL3/anti-CD14  TC  versus  granulosidade  (SSC)  e,  os  monócitos 
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discriminados  como  células  SSC
low
CD14
high
  (Figura  8A).  Já  a  análise  da  expressão  de 
citocinas por estas células foi determinada em gráficos bidimensionais de distribuição pontual 
de fluorescência FL3/anti-CD14 TC versus FL2/anti-citocinas-PE (Figura 8B). 
FL3/CD14-TC
Granulosidade
A
R1
  
FL3/CD14-TC
FL2/TNF-α-PE
B
 
Figura  8: 
Análise  da  produção  de  citocinas  citoplasmáticas  por  monócitos  do  sangue 
periférico  por  citometria  de  fluxo.  (A)  Gráfico  de  distribuição  pontual  FL3/anti-CD14  TC 
versus SSC  utilizado  para a  seleção da população  de  monócitos  –  R1.  (B) Gráfico  de 
distribuição pontual FL3/anti-CD14-TC versus FL2/anti-TNF-α-PE utilizado para quantificar 
o percentual de células produtoras de citocinas em R1. 
 
3.3.5.2. Análise de citocinas intracitoplasmáticas em neutrófilos 
  A análise da produção de citocinas por neutrófilos foi feita a partir da construção de 
gráficos de FL3/anti-CD14-TC versus SSC e, os neutrófilos discriminados como células 
CD14
low+
 (R1). Já a análise da expressão de citocinas por estas células foi determinada em 
gráficos bidimensionais de distribuição pontual de SSC versus FL2/anti-citocinas-PE (Figura 
9). 
FL3/CD14-TC
Granulosidade
A
R1
  
FL2/TNF-α-PE
B
GranulosidadeGranulosidade
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Figura  9: 
Análise  da  produção  de  citocinas  citoplasmáticas  por  neutrófilos  do  sangue 
periférico  por  citometria  de  fluxo.  (A)  Gráfico  de  distribuição  pontual  FL3/anti-CD14  TC 
versus SSC utilizado para  a seleção  da população  de neutrófilos – R1. (B) Gráfico  de 
distribuição pontual  SSC versus  FL2/anti-TNF-α-PE utilizado  para quantificar  o percentual 
de células produtoras de citocinas em R1. 
 
3.3.5.3. Análise de citocinas intracitoplasmáticas em células NK 
A análise da produção de citocinas por células NK foi feita a partir da construção de 
gráficos  de  fluorescência  tamanho  (FSC)  versus  granulosidade  (SSC)  e,  os  linfócitos 
discriminados  como  células  FSC
low
SSC
low
  (R1).  Em  seguida,  foi  realizada  seleção  da 
população CD19
-
CD5
-
 em  gráficos de  fluorescência FL3/anti-CD19-TC  versus FL1/anti-
CD5-FITC  (R2).  Essa  estratégia  foi  definida  uma  vez  que  antígeno  solúvel  de  formas 
tripomastigotas do T. cruzi leva à queda da expressão de CD16 na presença de soro autólogo, 
o que dificulta a identificação de células NK pela estratégia clássica. Além disso, essa 
estratégia garante a  exclusão tanto de células B (CD19
+
) e B1  quanto de  células T e NKT 
(CD5
+
). Uma vez definida as especificações do gate (G1) definido como “G1=R1 and R2”, a 
freqüência de células NK produtoras de citocinas foi calculada dentro de G1 em gráficos de 
FSC versus FL2/anti-citocina-PE (Figura 10). 
 
Tamanho
Granulosidade
A
R1
  
FL3/CD19-TC
FL1/CD5-FITC
B
  
Tamanho
FL2/TNF-α-PE
C
 
Figura 10: 
Análise da produção de citocinas citoplasmáticas por  células  NK do  sangue 
periférico por citometria de fluxo. (A) Gráfico de  distribuição pontual FSC versus SSC 
utilizado para a seleção da população de linfócitos – R1. (B) Gráfico de distribuição pontual 
FL1/anti-CD5-FITC  versus FL3/anti-CD19-TC utilizado para a  seleção da população  de 
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células  NK.-  CD19
-
CD5
-
  (C)  Gráfico de  distribuição pontual  FSC  versus  FL2/TNF-α-PE 
utilizado  para  quantificar  o  percentual  de  células  produtoras  de  citocinas  em  “G1=R1  and 
R2”. 
 
 
3.3.5.4. Análise de citocinas intracitoplasmáticas em linfócitos totais 
A análise da produção de citocinas por linfócitos totais foi feita a partir da seleção da 
população  de  interesse  em  gráficos  de  distribuição  pontual  de  FSC  versus  SSC,  sendo  os 
linfócitos  discriminados  como  células  FSC
low
SSC
low
  (R1)  Após  a  seleção  correta  da 
população  de  interesse,  a  freqüência  de  linfócitos  totais  produtores  de  citocinas  foi 
quantificada em gráficos de FSC versus FL2/anti-citocinas-PE (Figura 11).  
 
Tamanho
Granulosidade
A
R1
  
Tamanho
FL2/IFN-γ-PE
B
 
Figura 11: 
Análise da produção de citocinas citoplasmáticas por linfócitos totais do sangue 
periférico por  citometria de fluxo.  (A) Gráfico de  distribuição pontual de FSC versus  SSC 
utilizado  para a seleção  da população de linfócitos totais – R1. (B) Gráfico de distribuição 
pontual FSC versus FL2/anti-IFN-γ-PE  utilizado para  quantificar o percentual de células 
produtoras de citocinas em R1. 
 
3.3.5.5.  Análise  de  citocinas  intracitoplasmáticas  em  subpopulações  de  linfócitos  T  e  por 
linfócitos B 
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A análise da produção de citocinas por subpopulações de linfócitos T e B foi feita a 
partir da construção de uma região (R1) na população celular de interesse em gráficos de SSC 
versus FL1/anti-CD4-FITC, ou FL3/anti-CD8-TC ou FL3/anti-CD19-TC. Após a seleção 
correta da população de interesse,  a freqüência  de células B  produtoras de  citocinas  foi 
quantificada em gráficos de FSC versus FL2/anti-citocinas-PE (Figura 12) 
FL3/CD4-TC
Granulosidade
A
R1
  
Tamanho
FL2/IL-10-PE
B
 
Figura 12: 
Análise da produção de citocinas citoplasmáticas por células T-CD4
+
 do sangue 
periférico por citometria de fluxo. (A) Gráfico de distribuição pontual SSC versus FL3/CD4-
TC  utilizado  para  a seleção  da  população  de  linfócitos  T  CD4
+
  –  R1. (B)  Gráfico  de 
distribuição pontual FSC versus FL2/anti-IL-10-PE utilizado para quantificar o percentual de 
linfócitos T CD4
+
 produtores de citocinas em “G1=R1”. 
 
3.3.5.6. Análise de citocinas intracitoplasmáticas em células B1 
A análise da produção de citocinas por células B1 foi feita a partir da definição de uma 
região  (R1) em  gráficos  de FSC  versus SSC.  Em seguida, células B1  (CD19
+
CD5
+
) foram 
selecionadas  em uma  segunda  região  (R2) em  gráficos  de FL3/anti-CD19 versus  FL1/anti-
CD5. Uma vez definidas as especificações do gate (G1) como “G1=R1 and R2”, a freqüência 
de  células  B1  produtoras  de  citocinas  foram  quantificadas  em  gráficos  de  SSC  versus 
FL2/anti-citocina-PE (Figura 13). 
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Tamanho
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FL1/CD5-FITC
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Figura 13: 
Análise da produção de citocinas citoplasmáticas por células B1 do sangue 
periférico por citometria de fluxo. (A) Gráfico de  distribuição pontual FSC versus SSC 
utilizado para a seleção da população de linfócitos – R1. (B) Gráfico de distribuição pontual 
FL3/CD19-TC versus FL2/anti-CD5-FITC utilizado  para a  seleção da população de células 
B1  –  CD19
+
CD5
+
.  (C)  Gráfico  de  distribuição  pontual  FSC  versus  FL2/anti-TNF-α-PE 
utilizado  para  quantificar  o  percentual  de  células  produtoras  de  citocinas  em  “G1=R1  and 
R2”. 
 
3.3.6. Modelo panorâmico de análise imunofenotípica por Citometria de Fluxo 
 
Inicialmente  o  percentual  de  células  citocinas
+
  obtidos  por citometria de  fluxo  para 
uma  dada  população  celular  foi  empregado  numa  estratégia  de  análise  que  consistiu  de  5 
etapas. 1ª- Calcular a mediana global
: para cada subpopulação de células citocinas
+
 foi 
considerado todo o conjunto de valores obtidos para os grupos clínicos inseridos no estudo 
para calcular a mediana global; 2ª- Categorizar baixo e alto produtores de citocinas
: para cada 
subpopulação  celular  a mediana  global  de células  citocinas
+
 foi utilizada  como o  ponto de 
corte para identificar indivíduos baixo (<mediana global) e alto (≥ mediana global) produtores 
de  citocinas;  3ª-  Compilar dados  em diagramas multicor
: os dados  referentes  as categorias 
supracitadas  foram  compilados  em  diagramas,  empregando  cores  específicas para  designar 
baixo produtores (
),  alto produtores de citocinas inflamatórias ( ) e  alto produtores de 
citocinas  reguladoras (
) para cada  subpopulação  leucocitária  avaliada.  4ª-  Calcular  o 
balanço de citocinas para cada subpopulação de leucócitos: os dados obtidos nos diagramas 
multicolor foram empregados para definir o balanço de citocinas para cada população celular, 
definindo quatro categorias de acordo com o predomínio de baixo produtores, alto produtores 
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de  citocinas  inflamatórias,  alto  produtores  de  citocinas  reguladoras  e  perfil  misto ( )  em 
situações de equivalência entre alto produtores de citocinas inflamatórias e reguladoras. 5ª- 
Estabelecer  o  panorama  de  citocinas  dos  leucócitos  circulantes
:  foi  calculado  para  a 
população total de leucócitos o perfil global de citocinas  representando a proporção do 
balanço  de  citocinas  predominantes  compilando  os  perfis  individuais  inflamatórios, 
reguladores ou mistos de todas as subpopulações avaliadas. 
 
3.4. Estudo da reatividade de IgG total anti-EPI (FC-AFEA) e IgG1 anti-TRIPO (FC-
ALTA) por citometria de fluxo 
3.4.1. Obtenção de preparações antigênicas do T. cruzi 
3.4.1.2. Cultivo de formas epimastigotas do T. cruzi 
  Formas  epimastigotas  (EPI)  foram  obtidas  a  partir  da  semeadura  de  1,0  x  10
7
 
tripomastigotas (cepa CL do T. cruzi) sanguíneos em um volume de 12ml de meio LIT (Liver 
Infusion Tryptose: 5,0g/l de infuso de fígado-Difco, 5,0g/l de triptose-Difco, 4,0g/l de NaCl-
Synth, 0,4g/l de KCl-Synth, 8,0g/l  de Na2HPO4-Synth, 2,0g/l de glicose-Sigma, 0,01g/l de 
hemina-Sigma, 100ml de SBF-Sigma, sendo o pH do meio ajustado para 7,2 com HCl-Merck) 
em erlenmeyer de 125ml e incubadas a 28
o
C (CAMARGO, 1964). Após 4 dias, a cultura com 
aproximadamente 8,0 x10
7
 parasitos/ml foi repicada e mantida por passagens sucessivas em 
meio LIT. Para obtenção da massa de parasitos, a cultura foi transferida para um erlenmeyer 
de 250ml e aproximadamente 70ml de LIT foi adicionado. Os flagelados foram coletados na 
fase exponencial de crescimento, em tubos cônicos de 50ml, centrifugados (4
o
C, 1.000g por 
10min),  lavados  3  vezes  com  PBS  e  ressuspendidos  em  igual  volume  de  PBS  e  solução 
fixadora para citometria. As formas EPI fixadas foram quantificadas em câmara de Neubauer 
e estocadas  a 4
o
C por um período de  até 30 dias. A concentração da suspensão de EPI foi 
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ajustada  para  5,0  x  10
6
/ml  em  PBS-3%  SBF  no  momento  da  realização  do  ensaio  de 
imunofluorescência.  
 
3.4.1.3. Cultivo de formas tripomastigotas do T. cruzi 
  Formas tripomastigotas de cultura de tecido obtidas conforme descrito no item 3.3.1.1. 
Os parasitos foram lavados 3 vezes em PBS-10% SBF por centrifugação a 4
o
C, 1.000g por 10 
minutos.  Para  os  ensaios  de  imunofluorescência  as  formas  tripomastigotas  vivas  foram 
quantificadas em câmara  de Neubauer e a  concentração da  suspensão dos parasitos  foi 
ajustada para 5,0 x 10
6
/ml em PBS-10% SBF.  
 
3.3.2. Protocolo de imunofluorescência indireta por citometria de fluxo 
 
Os ensaios de citometria de fluxo para o estudo de anticorpos anti-T. cruzi presentes 
em plasmas de pacientes portadores da doença de Chagas foram realizados segundo protocolo 
descrito por MARTINS-FILHO et al. (1995), e adaptado para microplaca (CORDEIRO et al., 
2001). Nas placas de 96 poços com fundo em “U” (Nunc, Denmark) foram adicionados 50µl 
do  soro  diluído  e  previamente  aquecido  a  56
o
C  por  30  min  em  PBS-10%  SBF  e  50µl  da 
suspensão de parasitos (5 x 10
6
 parasitos/mL/poço). A mistura  foi incubada a  37°C por  30 
min, lavada 2 vezes com 150
µ
l de PBS-10% SBF, centrifugada (4°C, 1.000g por 10min) e o 
sobrenadante desprezado.
 
  Para  a  análise  de  IgG  total,  os  parasitos  foram  reincubados  (37°C  por  30  min,  ao 
abrigo da luz) na presença de 50µl da diluição de anticorpo anti-IgG humana marcado com 
isotiocianato de fluoresceína-FITC (Sigma). Os parasitos foram lavados 2 vezes com 150
µ
l de 
PBS-10% SBF, cetrifugados (4°C, 1.000g, 10 min) e o sobrenadante desprezado. 
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  Para  análise  de  IgG1  os  parasitos  foram  submetidos  a  2  etapas  de  incubação.  Na 
primeira etapa, 50µl de anticorpos anti-IgG1 biotinilados (Sigma) diluídos em PBS-10% SBF 
foram  adicionados  a  cada  poço  da  placa  e a mistura incubada  a 37°C  por 30 min.  Após a 
incubação, os parasitos foram  lavados  e centrifugados 2  vezes  como descrito acima e  o 
sobrenadante desprezado. Na etapa seguinte, os parasitos foram reincubados (37°C, 30 min, 
ao abrigo da luz) com 10µl de estreptavidina conjugada com ficoeritrina-SAPE  (Gibco) 
diluída 1:400 em PBS-10% de SBF. Após a incubação os parasitos foram novamente lavados, 
centrifugados e o sobrenadante desprezado. 
  Após  essas  etapas  os  parasitos  foram  fixados  com  200µl  de  solução  fixadora  para 
citometria (10,0g/l de paraformaldeído, 10,2g/l de cacodilato de sódio e 6,65g/l de cloreto de 
sódio, pH 7,2) e incubados por 30 min a 4°C. As amostras foram mantidas a 4°C, ao abrigo de 
luz, até o momento da leitura no citômetro de fluxo (FACScalibur - Becton Dickinson). 
  Para  cada  ensaio  foi  realizado  um  controle  da  reação,  onde  os  parasitos  foram 
incubados na ausência de soro humano, porém na presença do anticorpo secundário. Em todos 
os testes foram incluídas amostras controles de soros positivos e negativos para a doença de 
Chagas. 
 
3.3.3. Estratégias de análises dos resultados 
Os  dados  referentes  à  pesquisa  da  reatividade  de  IgG  total  anti-EPI  (FC-AFEA)  e 
IgG1 anti-TRIPO (FC-ALTA) por citometria de fluxo foram analisados para a determinação 
do percentual de  parasitos fluorescentes positivos – PPFP (MARTINS-FILHO et al., 1995; 
CORDEIRO et al., 2001). 
  A Figura 14 ilustra a seqüência de procedimentos para a análise da reatividade de IgG 
anti-epimastigotas fixadas ou de IgG1 anti-tripomastigotas vivas de T. cruzi. Inicialmente, a 
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população de interesse – R1 foi selecionada, em gráficos de distribuição pontual de tamanho 
(FSC)  versus  granulosidade  (SSC),  com  base  em  aspectos  morfométricos  dos  parasitos 
(Figura 14A). Formas EPI e TRIPO do T. cruzi apresentam uma distribuição característica e 
homogênea em gráficos de FSC versus SSC, o que permite o posicionamento da região R1. 
Em seguida, histogramas individuais de intensidade de fluorescência em função do número de 
parasitos, foram utilizados para determinar o percentual de parasitos fluorescentes positivos 
(PPFP) para cada diluição das amostras utilizadas. Para tal, inicialmente foi determinado um 
limiar de ligação inespecífica do conjugado anti-IgG humano marcado com FITC, utilizando-
se histogramas de fluorescência obtidos a partir do tubo controle do conjugado, realizado para 
cada  bateria  experimental  (Figura  14B).  O  posicionamento  do  marcador  do  limiar  seguiu 
sempre o critério de se obter no máximo 2% de PPFP para o controle interno da reação. Em 
seguida,  empregando-se  o  mesmo  marcador  foram  obtidos  os  valores  de  PPFP  para  cada 
diluição  das  amostras  testadas  (Figura  14C  e  Figura  14D).  Para  cada  bateria  experimental 
eram realizados ensaios empregando amostras controle positivo e controle negativo. 
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Intensidade de fluorescência –FL1
# de parasitos
Tamanho
Granulosidade
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B C D
 
Figura 14:
 Seqüência de passos utilizados para as análises da reatividade de IgG anti-EPI e 
IgG1 anti-TRIPO do T. cruzi por citometria de fluxo. (A) Gráfico de distribuição puntual FSC 
versus SSC utilizado para seleção da população de interesse, nesse caso formas epimastigotas 
do  T.  cruzi  –  R1.  (B)  Histograma  individual  utilizado  para  posicionar  o  limiar  de  ligação 
inespecífica equivalente a um valor de PPFP≤2%, utilizando o controle interno da reação. (C) 
Histograma  individual  representativo  do  valor  de  PPFP  obtido  após  a  incubação  com  uma 
amostra controle negativo (D) Histograma individual representativo do valor de PPFP obtido 
após a incubação com uma amostra controle positivo. 
 
 
3.5. Análise estatística
 
As análises estatísticas empregadas no estudo do perfil imunofenotípico de leucócitos 
circulantes foram feitas primeiramente pelo programa Minitab (versão 13.20) para testar as 
três  hipóteses: independência,  normalidade e  variância  dos  grupos  de dados.  Os dados  que 
apresentaram como verdadeiras as três hipóteses foram considerados paramétricos e avaliados 
por análise de variância (ANOVA) seguida de teste de Turkey usando o programa estatístico 
GraphPad Prism 5.0 (San Diego, CA, USA). Amostras consideradas não paramétricas foram 
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analisadas pelo teste de Kruskal-Wallis seguido de teste de Dunn´s. Análises de correlação 
foram  feitas  por  testes  de  Pearson  e  Spearman,  respectivamente.  As  diferenças  foram 
consideradas significativas quando o p<0,05. 
As medianas  globais  dos percentuais de células citocinas
+
 foram calculadas pelo 
programa GraphPad Prism 5.0 (San Diego, CA, USA). Para comparações entre as freqüências 
de  alto  e  baixo  produtores  de  citocinas  de  NI,  CARD  e  DIG  foi  realizado  teste  de  χ
2
.  As 
diferenças foram consideradas significativas quando o p<0,05. As áreas dos polígonos obtidas 
nos gráficos de radar foram comparadas entre os grupos e entre as categorias de produtores de 
citocinas.  Áreas  duas  vezes  maiores  ou  menores  foram  consideradas  significativamente 
diferentes.  As  diferenças  entre  os  grupos  foram  indicadas  pelas  letras  “a”,  ‘b” e  “c”  em 
relação  aos  grupos  NI,  IND  e  CARD,  respectivamente.  Diferenças  entre  as  categorias  de 
produtores de citocinas foram indicadas pelo símbolo “
*
” quando havia diferença em relação 
às demais categorias e pelo símbolo “#” quando havia diferença em relação a alto produtores 
de citocinas com perfil misto. 
A  análise  do  desempenho  da  pesquisa  de  anticorpos  anti-T.  cruzi  por  citometria  de 
fluxo (FC-AFEA-IgG) foi realizada empregando o programa estatístico MedCalc 2.3 (versão 
gratuita disponível na internet 
http://medcalc.be/download.php), sendo avaliados os seguintes 
índices  estatísticos:  sensibilidade  =  [verdadeiros  positivos  ÷  (verdadeiros  positivos  +  falso 
negativos)] x 100; especificidade = [verdadeiros negativos ÷ (verdadeiros negativos + falso 
positivos)] x 100; valor preditivo positivo/VPP = [verdadeiros positivos ÷ total de positivos] x 
100  e  valor  preditivo  negativo/VPN  =  [verdadeiros  negativos  ÷  total  de  negativos]  x  100 
(YOUDEN,  1950).  A  curva  ROC  (receiver  operating  characteristic  curve)  foi  construída  a 
partir  da  representação  gráfica  da  sensibilidade  no  eixo vertical,  e  do  complemento  da 
especificidade  no  eixo  horizontal.  A  curva  ROC  foi  usada  para  a  definição  de  pontos  de 
coorte que permitissem discriminar valores fracamente e altamente positivos de PPFP. A área 
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sob a curva ROC/ASC é o indicador de acurácia global do teste. Quanto maior a ASC, o que 
significa  mais próximo do valor 1, melhor é o desempenho do método avaliado. Conforme 
sugere SWETS (1988), em função do valor da ASC podemos classificar o teste de diagnóstico 
como:  sem  valor  (ASC=0,5),  de  baixa  acurácia  (0,5<ASC≤0,7),  de  moderada  acurácia 
(0,7<ASC≤0,9),  de  elevada  acurácia  (0,9<ASC<0,1)  e como teste  perfeito  (ASC=1). Outra 
forma de abordagem do desempenho de testes diagnósticos, particularmente daqueles cujos 
resultados  são  expressos  em  escala  contínua,  consiste  na  determinação  das  razões  de 
verossimilhança  (RVs)  para diferentes  resultados. As  RVs  para  um  resultado  positivo  ou 
negativo  dos  testes  diagnósticos  foram  determinadas,  respectivamente,  pelas  relações 
[verdadeiros  positivos  ÷ (verdadeiros  positivos  +  falsos  negativos)] ÷  [falsos  positivos  ÷ 
(falsos  positivos  +  verdadeiros  negativos)],  e  [falsos  negativos  ÷  (verdadeiros  positivos  + 
falsos  negativos)]  ÷ [verdadeiros negativos  ÷  (falsos  positivos  +  verdadeiros  negativos)]. 
Como proposto por JAESCHKE et al. (1994), RVs superiores a 10 praticamente confirmam o 
diagnóstico da doença e RVs inferiores a 0,1 praticamente excluem o diagnóstico da doença. 
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Abstract
Several studies have demonstrated that different clinical manifestations of
human Chagas’ disease are associated with distinct and complex host–parasite
relationships directly involving the immune system. In this context, it has been
proposed that tissue damage might be more severe in the absence of regulatory
mechanisms that involve both innate and adaptive immune responses. Herein,
we describe a descriptive phenotypic profile focusing on the frequency of major
regulatory T cells [CD4
þ
CD25
high
and natural killer T (NKT) lymphocytes]
in different clinical forms of Chagas’ disease. Ex vivo immunophenotyping
of whole blood demonstrated that the indeterminate clinical form displays a
higher frequency of both CD4
þ
CD25
high
and NKT regulatory cells
(CD3
þ
CD16
–
CD56
þ
), associated with increased levels of circulating cytotoxic
NK cells (CD3
–
CD16
þ
CD56
þ
and CD3
–
CD16
þ
CD56
dim
NK cells). By con-
trast, the increased percentage of activated CD8
þ
HLA-DR
þ
T-cell subset was
exclusively associated with severe clinical forms of Chagas’ disease. We hypothe-
size that regulatory T cells may be able to control the deleterious cytotoxic
activity in the indeterminate clinical form by inhibiting the activation of
CD8
þ
HLA-DR
þ
T cells. The lack of regulated populations in cardiac and
digestive clinical forms could account for impaired immune response that
culminates in strong cytotoxic activity and tissue damage.
Introduction
Trypanosoma cruzi is an obligate intracellular parasite that
causes American trypanosomiasis (Chagas’ disease), a
chronic and debilitating syndrome that affects approxi-
mately 18 million individuals in Latin America [1]. Most
infected individuals survive the acute phase and then
remain apparently asymptomatic for long periods of time
or throughout their lifetimes. These patients are character-
ized by positive serological and parasitological tests for
T. cruzi and are considered to present the indeterminate
clinical form of disease. However, epidemiological studies
in endemic areas show that 30–40% of infected indivi-
duals develop severe clinical forms of Chagas’ disease, a
chronic inflammatory illness that commonly results in
cardiomyopathy (cardiac form) and/or gastrointestinal
tract dysfunction (digestive form) [2]. In this context, the
specific mechanisms associated with the establishment/
maintenance of distinct clinical outcomes of Chagas’ dis-
ease appear to be complex. Why some infected individuals
develop severe Chagas’ disease and others do not and why
the clinical manifestations are highly heterogeneous are
unclear. Several studies have demonstrated that different
clinical manifestations are associated with distinct and
complex host–parasite relationships directly involving the
immune system. In fact, it is well accepted that the absence
of chagasic pathology is associated with an individual’s
ability to regulate the anti-T. cruzi immune response that
controls persistent parasitism, which can also contribute to
doi: 10.1111/j.1365-3083.2005.01668.x
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the inflammatory damage that causes Chagas’ disease [3].
This inflammatory tissue damage might be more severe in
the absence of regulatory mechanisms that involve both
innate and adaptive effective responses. Indeed, it has been
demonstrated that several types of regulatory cells exist,
some of which are induced in response to infectious chal-
lenge and some of which are considered to be natural
regulators [4–6]. Regulatory T cells have been recently
described as a unique population of CD4
þ
CD25
þ
T
cells, a class of T cells that regulates innate and adaptive
immune responses and has the capacity to control the
excessive or misdirected effector immune response, includ-
ing response to pathogens or self-antigens [7–10]. Several
mechanisms in which regulatory T cells may perform their
modulatory activity have been proposed, including inhibi-
tion of cytotoxic activity by downregulation of interleukin
(IL)-12 and CD25 on CD8
þ
T cells or through direct
antigen-presenting cell-independent contact with these
cells [10–14].
Similar to murine models, human natural killer T (NKT)
cells have been described as another relevant subset of reg-
ulatory T lymphocytes, believed to play innate [15, 16],
antitumor [17, 18] and regulatory roles [19–21], with multi-
ple activities that are under the control of the accessory cells
and soluble factors in local microenvironments [17, 22].
Phenotypic studies demonstrate that NKT cells are a subset
of T lymphocytes, distinct from conventional T cells in that
they express CD16, CD56 and/or CD161 NK receptors,
with the expression of CD56 being a better marker to define
the subsets of NKT cells than the expression of CD161 [15,
23]. The regulatory functions of NKT cells have been
shown to prevent autoimmune disease and to contribute
to protective responses against pathogens [15, 17]. NKT
cells have been shown to suppress several human autoim-
mune diseases, including diabetes, systemic lupus erythema-
tosus and rheumatoid arthritis. The NKT cell population
appears to be diminished in these diseases and is unable to
prevent self-damaging responses [17, 18, 24]. During infec-
tions, NKT cells have been shown to secrete proinflamma-
tory cytokines that stimulate the innate and adaptive
responses that eliminate pathogens [25]. In contrast,
NKT cells have been shown to secrete anti-inflammatory
cytokines that limit infection-induced pathology [26, 27].
It remains unclear how NKT cells during infections aug-
ment proinflammatory responses to control pathogens,
whereas in other infections, they inhibit inflammatory
responses to prevent infection-induced tissue damage.
Recently, it has been proposed in an experimental murine
model of T. cruzi infection that NKT cells play important
roles in both proinflammatory and anti-inflammatory
responses. These authors suggested that invariant NKT
cells limit the inflammatory response and prevent tissue
damage, whereas variant NKT cells increase the inflamma-
tory response that contributes to morbidity and mortality
[28]. Thus, a functionally distinct NKT cell subset may
better trigger immunomodulatory events, while others are
better at promoting immune response. These observations
suggest that successful control of T. cruzi infection and
Chagas’ disease involves a balance between the generation
of immune response sufficient to control the infection and
the regulation of this response to prevent extensive destruc-
tion of host tissues.
We carried out a detailed, descriptive immunopheno-
typing study focusing on the frequency of these major
regulatory T cells in different clinical forms of Chagas’
disease. Ex vivo immunophenotyping of whole blood from
chronic T. cruzi-infected patients demonstrated that the
indeterminate clinical form displays a higher frequency of
both CD4
þ
CD25
high
and NKT regulatory cells associated
with increased levels of circulating NK cells
(CD3
–
CD16
þ
CD56
þ
and CD3
–
CD16
þ
CD56
dim
NK
cells). By contrast, an increased percentage of activated
CD8
þ
HLA-DR
þ
T-cell subset was exclusively associated
with severe clinical forms of Chagas’ disease. Our findings
support the hypothesis that the population of
CD4
þ
CD25
high
regulatory T cells and NKT cells
(CD3
þ
CD56
þ
) is able to control the deleterious cytotoxic
activity in the indeterminate clinical form by inhibiting the
activation of CD8
þ
HLA-DR
þ
T cells. The lack of regu-
latory T-cell and NKT cell populations in cardiac and
digestive patients could account for impaired immune
response that culminates in strong cytotoxic activity and
tissue damage. Taken together, these findings suggest that
strong activation of CD8
þ
HLA-DR
þ
T cells could result
in tissue damage leading to the development of cardio-
myopathy and/or digestive megas [29, 30]. By contrast,
the ability to build up NK-mediated cell cytotoxicity
modulated by CD4
þ
CD25
high
and NKT cells seems to
play a pivotal role in the generation of effective, nondele-
terious inflammatory mechanisms.
Further studies to functionally characterize these popu-
lations will be of great interest and may provide a better
understanding of the immunological complexities that
control the course of the indeterminate form of Chagas’
disease. Moreover, an understanding of the immunological
mechanisms involved in the control of parasite replication
and development of chagasic cardiac/digestive disease may
contribute new insights on how to prevent or treat the
symptomatic forms of Chagas’ disease.
Patients, materials and methods
Study population. The inclusion of all subjects in our inves-
tigation had the approval of the Ethics Committees of the
FIOCRUZ. The patients included in this study ranged from
20 to 70 years of age. All infected individuals were from the
state of Minas Gerais, Brazil, and had received a positive
diagnosis for Chagas’ disease. The diagnosis was based on
standard serological tests, including indirect immunofluor-
escence assay and haemagglutination. In this study, we
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[image: alt]used 29 samples from chagasic patients with chronic dis-
ease. According to their clinical records, the chagasic
patients were divided into three different categories,
namely indeterminate (IND), cardiac (CARD) and diges-
tive (DIG). Patients presenting asymptomatic T. cruzi
infection, classified as IND (n ¼ 8), had no clinical man-
ifestations of the disease other than their positive serology.
Patients with cardiac dysfunction, CARD (n ¼ 13), pre-
sented with dilated cardiomyopathy and were identified by
a detailed clinical examination, including electrocardiogra-
phy, 24-h Holter examination and chest X-ray. Chagasic
patients with gastrointestinal disease, DIG (n ¼ 8), pre-
sented with clinical radiological status of megacolon and/
or megaesophagus. Twelve nonchagasic individuals, with
negative results on serological tests for Chagas’ disease,
were included in this study as negative controls (NI). All
were living in an endemic area for Chagas’ disease
(Table 1).
Flow cytometric analysis of peripheral blood. White blood
cell phenotypes were analysed following an immunofluor-
escence procedure recommended by Becton Dickinson
(Mountain View, CA, USA) and modified as follows:
100-ml samples of peripheral blood, which had been col-
lected in Vacutainer tubes containing EDTA (Becton
Dickinson), were mixed in 12 Â 75 mm tubes with 5 ml
of undiluted monoclonal antibodies specific for several
cell-surface markers; the tubes were incubated in the dark
for 30 min at room temperature. Following incubation,
erythrocytes were lysed using 2 ml of fluorescence-acti-
vated cell sorter (FACS) Lysing Solution (Becton
Dickinson Biosciences Pharmigen, San Diego, CA,
USA). After incubation, the cells were washed twice with
2 ml of phosphate-buffered saline containing 0.01%
sodium azide. Cell preparations were fixed in 200 mlof
FACS fix solution (10 g/l paraformaldehyde, 1% sodium-
cacodylate, 6.65 g/l sodium chloride, 0.01% sodium
azide). Cytofluorimetric data acquisition was performed
with a Becton Dickinson FACScalibur instrument.
CELLQUEST
TM
software provided by the manufacturer was
used for data acquisition and analysis.
Specific monoclonal antibodies used for immunophe
notyping. Mouse anti-human monoclonal antibodies, con-
jugated with fluorescein isothiocyanate (FITC), phycoery-
thrin (PE) and tri-colour (TC), specific for cell-surface
markers were used simultaneously for two- or three-colour
immunocytometric assays. In this study, we used anti-
human FITC-conjugated monoclonal antibodies including
anti-CD3 (UCHT1), anti-CD4 (13B8.2), anti-CD5
(L17F12), anti-CD8 (B9.11), anti-CD16 (3G8), anti-
CD19 (HID19) and mouse IgG1 for isotypic control
(679.1Mc7), all purchased from Becton Dickinson. As
second colour reagents, we used anti-human PE-conju-
gated monoclonal antibodies anti-CD25 (3G10), anti-
CD23 (M-L233), anti-CD56 (B159) anti-HLA-DR
(TU
¨
36) and mouse IgG2a for the isotypic control
(UCTH-1), all purchased from Becton Dickinson. The
third colour parameter was evaluated using TC-conjugated
monoclonal antibodies and included anti-CD14 (TU
¨
K4),
anti-CD16 (3G8) and anti-CD19 (4G7), all purchased
from Caltag Laboratories (Burlingame, CA, USA).
Statistical analysis. Differences between groups were
first evaluated using the program
MINITAB to test three
hypotheses: independence, normality and variance.
Samples that fit all the three hypotheses represent para-
metric data and were evaluated by
ANOVA, followed by the
Tukey test, using the
PRISM 3.0 program. Samples that did
not fit at least one of these three hypotheses represent
nonparametric data and were evaluated by the Kruskal–
Wallis test, followed by the Dunn’s test. Significance was
defined in both cases as P < 0.05.
Results
Phenotype analysis of T-cell and B-cell subsets
The analysis of T-cell and B-cell populations and their
subsets is summarized in Table 2. The mean percentage of
circulating T lymphocytes (CD3
þ
) was significantly lower
in the IND and CARD groups than in the NI group
(P < 0.05). No significant differences were found in the
mean values of T-cell subsets, both CD4
þ
and CD8
þ
,
among the four groups. Analysis of B cells and their
major subsets CD19
þ
CD5
–
(conventional B cells) and
CD19
þ
CD5
þ
(B1 lymphocytes), as well as their activation
status based on CD23 expression, was carried out using
two-colour flow cytometry immunostaining procedures.
No significant differences were observed for the B-cell com-
partment among the four groups evaluated in this study.
Increased percentage of activated cytotoxic T-cell subset is
associated with severe clinical forms of chronic Chagas’
disease
Double-labelling studies using anti-CD4 FITC or anti-
CD8 FITC and anti-HLA-DR PE were carried out to
evaluate the percentages of activated circulating T-cell
subsets (Fig. 1). An increased frequency of CD4
þ
HLA-
DR
þ
T cells (Fig. 1A) in all chagasic patients was seen in
comparison with the NI group (P < 0.05). Despite the
higher frequency of circulating CD4
þ
-activated T cells
Table 1 Patient characterization
Group
Number of
individuals
Age range
(years) Male Female
Noninfected (NI) 12 20–53 3 9
Indeterminate (IND) 8 44–67 3 5
Cardiac (CARD) 13 50–70 5 8
Digestive (DIG) 8 45–65 5 3
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[image: alt]observed in all individuals chronically infected with
T. cruzi, an increased percentage of activated cytotoxic T
cells was exclusively associated with severe clinical forms of
the disease. It was relevant that only CARD and DIG
patients presented higher levels of activated CD8
þ
T
cells (Fig. 1B) compared with the NI group (P < 0.05).
Figure 1(C) shows representative dot plots illustrating the
differential T-cell activation status observed in the differ-
ent clinical forms of chronic Chagas’ disease.
Cytotoxic NK cell subsets are expanded in the indeterminate
clinical form of Chagas’ disease
In order to quantify the frequency of circulating NK cells
and their subsets, including CD3
–
CD16
þ
CD56
–
(precur-
sor NK cell) and CD3
–
CD16
þ
CD56
þ
(mature cytotoxic
NK cell), a three-colour flow cytometry analysis using anti-
CD3 FITC, anti-CD56 PE and anti-CD16 TC was per-
formed, as proposed by Gaddy et al. [31]. We observed a
higher frequency of circulating NK cells in all groups of
chagasic patients (P < 0.05). However, considering that
CD56
þ
NK cells are primarily cytotoxic [32], it was
remarkable that the mean level of circulating
CD3
–
CD16
þ
CD56
þ
cytotoxic NK cells was higher in
IND patients than in the NI group (Fig. 2C).
Consequently, a lower level of CD3
–
CD16
þ
CD56
–
pre-
cursor NK cells was observed in the IND group than in
the NI group (Fig. 2B). Figure 2(D) illustrates, in repre-
sentative dot plots, the differential frequency of NK cells
bearing the CD3
–
CD16
þ
CD56
þ
cytotoxic phenotype in
chagasic patients.
The semiquantitative analysis of CD56 density on the
cell surface of NK cells was further employed as an
approach to enumerate the frequency of NK cells expres-
sing lower levels of CD56, namely CD56
dim
, which
Cooper et al. characterizes as a more cytotoxic subset
against NK-sensitive targets. We observed a higher fre-
quency of CD3
–
CD56
dim
CD16
þ
/CD3
–
CD56
dim
in the
IND group than in the NI group (Fig. 3A); this additional
phenotypic characteristic emphasizes the higher cytotoxic
capacity of NK cells in IND patients. No significant
difference was observed in CD3
–
CD56
bright
CD16
þ
/
CD3
–
CD56
bright
frequencies among the four groups eval-
uated (Fig. 3B).
Expansion of NKT cells is associated with the indeterminate
clinical form of Chagas’ disease
NKT cells are a subset of T cells distinct from conventional
T cells and NK cells in that they express surface receptors of
both cell types. They can provide protection against infec-
tions by rapidly producing cytokines, through their cytolytic
activity or via stimulation of other cell populations [17]. In
order to quantify the frequency of circulating NKT cells, we
used the same three-colour flow cytometry platform pre-
viously described for enumeration of NK cell subpopula-
tions. We observed a higher frequency of circulating NKT
cells (CD3
þ
CD16
–/þ
CD56
–/þ
) in the IND group than in
the NI group (Fig. 4A). Data analysis was further performed
classifying NKT cells as NKT1 (CD3
þ
CD16
þ
D56
–
),
NKT2 (CD3
þ
CD16
–
CD56
þ
) and NKT3 (CD3
þ
CD16
þ
CD56
þ
). On the basis of distinct phenotypic features of
NKT cell subsets, our results revealed a significantly higher
frequency of NKT2 (CD3
þ
CD16
–
CD56
þ
)subsetinIND
patients than in NI patients (Fig. 4C). No other differences
were observed for NKT1 and NKT3 subsets (Fig. 4B,D).
The representative dot plots in Fig. 4(E) illustrate the higher
frequency of NKT2 cells observed in IND patients.
Increment of circulating CD4
+
CD25
high
regulatory T cells is
restricted to the indeterminate clinical form of Chagas’ disease
It has been proposed that whereas the entire population of
CD54
þ
CD25
þ
T cells expressing both low and high
CD25 levels exhibits regulatory function in mice, only
the CD4
þ
CD25
high
population exhibits a similarly strong
regulatory function in humans, comprising approximately
1–2% of circulating CD4
þ
T cells [33]. Enumeration of
CD4
þ
CD25
high
regulatory T cells was carried out by first
Table 2 Phenotypic analyses of T- and B-lymphocyte subsets in chagasic patients and noninfected individuals
Groups*
Cell phenotype
Noninfected
[NI (n ¼ 12)]
Indeterminate
[IND (n ¼ 8)]
Cardiac
[CARD (n ¼ 13)]
Digestive
[DIG (n ¼ 8)]
Total T lymphocytes (CD3
þ
) 71.17 Æ 8.12 63.28 Æ 5.55y 62.56 Æ 12.19y 65.76 Æ 5.25
CD4
þ
42.01 Æ 8.77 43.41 Æ 5.13 42.79 Æ 12.19 43.60 Æ 6.93
CD8
þ
24.22 Æ 9.04 19.14 Æ 4.30 21.70 Æ 6.82 18.76 Æ 6.11
Total B lymphocytes (CD19
þ
) 10.32 Æ 3.87 8.98 Æ 5.33 8.99 Æ 4.91 13.07 Æ 2.97
CD19
þ
CD5
–
8.32 Æ 4.10 7.79 Æ 4.72 7.61 Æ 3.13 9.94 Æ 1.76
CD19
þ
CD5
þ
1.74 Æ 1.99 1.38 Æ 1.11 1.39 Æ 1.34 3.63 Æ 3.50
CD19
þ
CD23
þ
50.01 Æ 13.66 57.64 Æ 14.44 50.79 Æ 11.29 55.72 Æ 16.05
*The results are expressed as mean percentage Æ SD.
ySignificant differences at P < 0.05 in comparison with NI.
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[image: alt]gating on lymphocytes based on their morphometric fea-
tures on forward scatter versus side scatter dot plots, fol-
lowed by the selection of CD4
þ
cells with high CD25
expression, as proposed by Baecher-Allan et al . [33]. Our
results showed an increased frequency of CD4
þ
CD25
high
regulatory T cells exclusively in the IND group in com-
parison with all other groups (P < 0.05; Fig. 5A).
Figure 5(B) shows representative dot plots demonstrating
these results.
Discussion
The chronic nature of Chagas’ disease strongly suggests the
development of effective immunological mechanisms that
modulate influences contributing to the establishment/
maintenance of a relatively balanced host–parasite relation-
ship in asymptomatic carriers. The role of distinct lym-
phoid cell populations has been extensively explored in
regard to cellular events related to induction and
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Figure 1 Analysis of activated CD4
þ
and CD8
þ
T lymphocytes in the peripheral blood of Trypanosoma cruzi-infected individuals including IND (
.
),
CARD (
~) and DIG (&) and noninfected individuals, NI (*). Phenotypic studies were carried out using a double-labelling protocol involving anti-
CD4 or anti-CD8 fluorescein isothiocyanate (FITC) and anti-HLA-DR phycoerythrin (PE) to identify (A) CD4
þ
HLA-DR
þ
/CD4
þ
cells and (B)
CD8
þ
HLA-DR
þ
/CD8
þ
cells. The results are expressed as scattering of individual values and mean percentage of activated cells within CD4
þ
and CD8
þ
lymphocytes. Significant differences at P < 0.05 are identified by the letter ‘a’ in comparison with the NI group. (C) Representative dot plots illustrating
the higher frequency of CD4
þ
HLA-DR
þ
/CD4
þ
in all chagasic individuals in comparison with NI individuals, and a restricted higher frequency of
CD8
þ
HLA-DR
þ
/CD8
þ
in CARD and DIG patients in comparison with the NI group. Quadrant statistics were used for data analysis, and the results
are expressed as the percentage of positive cells within the selected gate.
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[image: alt]modulation of immunopathology in severe and indetermi-
nate clinical forms, respectively [3].
It is important to reiterate that the current studies have
been performed with human patients and that these
groups, even though generally categorized by clinical pre-
sentation, are extremely heterogeneous. Therefore, initially
we attempted to characterize basic phenotypic aspects of
peripheral blood leucocytes as previously described for
chagasic patients [34–36] in order to normalize our study
population on well-established immunological features in
spite of the intrinsic heterogeneous clinical status of unsyn-
chronized chronically infected patients.
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Figure 2 Analysis of total natural killer (NK) cell and subsets in the peripheral blood of Trypanosoma cruzi-infected individuals including IND (
.
),
CARD (
~) and DIG (&) and noninfected individuals, NI (*). Phenotypic studies were carried out using a triple-labelling protocol anti-CD3
fluorescein isothiocyanate (FITC), anti-CD56 phycoerythrin (PE) and anti-CD16 tri-colour (TC) to identify (A) CD3
–
CD16
þ
CD56
–/þ
(NK cells), (B)
CD3
–
CD16
þ
CD56
–
(precursor NK cells) and (C) CD3
–
CD16
þ
CD56
þ
(mature NK cells). The results are expressed as scattering of individual values
and mean percentage of NK cells within total lymphocytes and its subsets within NK cells. Significant differences at P < 0.05 are identified by letter ‘a’ in
comparison with NI. (D) Representative dot plots illustrating the higher frequency of mature NK cells in IND in comparison with NI individuals, and
consequently a lower frequency of precursor NK cells in IND patients in comparison with NI group. Quadrant statistics were used for data analysis, and
the results are expressed as the percentage of positive cells within the selected gate.
302 Regulatory T cells in Human Chagas’ Disease D. M. Vitelli-Avelar et al.
............................................................................................................................................................................................................
#
2005 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 62, 297–308




[image: alt]As previously described, we found that chagasic patients
with IND and CARD clinical forms have lower percen-
tages of CD3
þ
T lymphocytes in their peripheral blood
despite no significant differences on CD4
þ
and CD8
þ
T-cell subsets and normal levels of CD19
þ
B cells [34].
Although no clinical classification according to severity of
the digestive disease has been used in this study, most DIG
patients presented with moderately increased levels of
organ enlargement. Therefore, the normal frequency of
circulating T cells (CD3
þ
, CD4
þ
and CD8
þ
) and B
cells (CD19
þ
) observed in our DIG group was as docu-
mented in previous reports because lower absolute counts
of CD3
þ
T cells and CD4
þ
T cells have been observed
only in patients exhibiting extreme stages of chagasic
megaesophagus and/or megacolon [36].
Chagasic lesions are mainly concentrated in the cardiac
tissue or digestive tract and clearly involve T-cell activation
[29, 37, 38]. Despite earlier investigations focusing atten-
tion on the high activation status of peripheral blood
T-cell subsets in IND and CARD, those studies did not
indicate any significant differences between these two
patient groups [34]. Recently, Lemos et al. [36] reported
increased levels of circulating CD4
þ
and CD8
þ
T cells
coexpressing the activation marker HLA-DR in DIG
patients, regardless of the stage of the disease. We also
observed an increased percentage of CD4
þ
HLA-DR
þ
in
all infected individuals; a higher frequency of activated
CD8
þ
T cells was restricted to CARD and DIG patients
presenting severe clinical forms of Chagas’ disease. The
gating strategies applied to analyse the frequency of acti-
vated T-cell subsets may explain these observations. The
previous studies usually expressed the frequency of acti-
vated T cells, taking into account the whole lymphocyte
population, whereas more recent investigations have
adopted the combined gating strategy to determine the
ratio of T cells expressing a particular activation marker
within a given cell subpopulation.
The elevated frequency of circulating CD8
þ
HLA-DR
þ
T cells we observed in CARD patients agrees with data
from Reis et al. [29], who found a high number of acti-
vated T cells, albeit primarily CD8
þ
T cells, within cardiac
lesions of chagasic patients. Interestingly, a small number
of IND patients also presented with a high frequency of
CD8
þ
HLA-DR
þ
T cells. Because the current study has
been carried out on patients living in endemic areas, the
IND group, even though generally categorized by absence
of clinical presentation, is extremely heterogeneous. The
patients in this group are of mixed ages and certainly
asynchronous in their infection stages. The 44–67-year
age span of IND patients, which probably represents a
span of 5–67 years of infection [39], offers manifold
possibilities for a wide range of immunological statuses
within a given group of patients. It is likely that IND
patients presenting with a high frequency of activated
CD8
þ
T cells are prone to develop cardiomyopathy sooner
than those showing low frequencies of circulating
CD8
þ
HLA-DR
þ
T cells.
It is well known that T. cruzi infection simultaneously
triggers multiple elements of the innate and adaptive
immune system, leading to a systemic synthesis of proin-
flamatory cytokines and activation of innate immune
responses mediated by NK cells and macrophages in con-
junction with activation of T cells during the acute phase
of the disease [3, 40]. However, very little information is
currently available regarding the involvement of innate immu-
nity during chronic Chagas’ disease. Here, in a pioneering
study, we have demonstrated that an increased frequency
of circulating NK cells (CD3
–
CD16
þ
CD56
–/þ
) can be
found in the peripheral blood of all patients chronically
infected with T. cruzi. However, only IND patients
showed a higher percentage of CD3
–
CD16
þ
CD56
þ
and CD3
–
CD16
þ
CD56
dim
NK cells. Human NK
cells are generally defined as being membrane
CD3
–
CD16
þ
CD56
–/þ
lymphocytes [41]. In humans,
% CD3
–
CD56
dim
CD16
+ 
/CD3
–
CD56
dim
 cell
a
0
50
100
A
% CD3
–
CD56
bright
CD16
+ 
/CD3
–
CD56
bright
 cell
0
50
100
B
Figure 3 Analysis of natural killer (NK) cell subsets CD3
–
CD56
dim
CD16
þ
and CD3
–
CD56
bright
CD16
þ
within CD3
–
CD56
dim
and CD3
–
CD56
bright
,
respectively. Phenotypic studies were carried out using a triple-labelling protocol involving anti-CD3 fluorescein isothiocyanate (FITC), anti-CD56
phycoerythrin (PE) and anti-CD16 tri-colour (TC) to identify (A) CD3
–
CD56
dim
CD16
þ
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–
CD56
dim
cells and (B) CD3
–
CD56
bright
CD16
þ
/
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–
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bright–
cells in the peripheral blood of Trypanosoma cruzi-infected individuals including IND (
.
), CARD (~) and DIG (&) and
noninfected individuals, NI (*). The results are expressed as scattering of individual values and mean percentage of CD3
–
CD56
dim
CD16
þ
/
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–
CD56
dim
and CD3
–
CD56
bright
/CD3
–
CD56
bright
cells. A significant difference at P < 0.05 is identified by the letter ‘a’ in comparison with NI.
Quadrant statistics were used for data analysis, and the results are expressed as the percentage of positive cells within the selected gate.
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Figure 4 Analysis of total natural killer T (NKT) cells and subsets in the peripheral blood of Trypanosoma cruzi-infected individuals including IND (
.
),
CARD (
~) and DIG (&) and noninfected individuals, NI (*). Phenotypic studies were carried out using a triple-labelling protocol involving anti-
CD3 fluorescein isothiocyanate (FITC), anti-CD56 phycoerythrin (PE) and anti-CD16 tri-colour (TC) to identify (A) total NKT cells (CD3
þ
CD16
–/
þ
CD56
–/þ
), (B) NKT1 cells (CD3
þ
CD16
þ
CD56
–
), (C) NKT2 cells (CD3
þ
CD16
–
CD56
þ
) and (D) NKT3 cells (CD3
þ
CD16
þ
CD56
þ
). The results
are expressed as scattering of individual values and mean percentage of NKT cells within gated CD3
þ
lymphocytes. A significant difference at P < 0.05 is
identified by the letter ‘a’ in comparison with the NI group. (E) Representative dot plots illustrating the higher frequency of NKT2 cells in the IND
group in comparison with the NI group. Quadrant statistics were used for data analysis, and the results are expressed as the percentage of positive cells
within the selected gate.
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[image: alt]the majority in the peripheral blood is CD16
þ
CD56
þ
[31] and little is known about the properties of
CD16
þ
CD56
–
NK cells. It has been suggested that those
cells are functionally and phenotypically immature, cap-
able of maturation and possible precursors to mature
CD16
þ
CD56
þ
NK cells [31]. Functional studies have
demonstrated that CD16
þ
CD56
–
cells showed higher
proliferative capacity, whereas CD16
þ
CD56
þ
were
mainly cytotoxic [32]. Additionally, Cooper et al. [42]
have proposed that human NK cells could be categorized
into two distinct subsets that express different levels of
surface CD56. Detailed phenotype functional studies
have demonstrated that the CD56
dim
NK cells are more
cytotoxic against NK-sensitive targets than CD56
bright
NK
cells. We hypothesize that the higher cytotoxic activity of
these NK cell subsets in IND patients could be important
in helping to suppress parasitaemia to very low levels,
resulting in avoidance of the development of a strong
acquired immune response against parasite-specific
antigens and the outcome of severe chagasic disease [43].
This parasite–host equilibrium allows prolonged host
survival in the absence of symptoms or signs of disease,
leading to a lifelong chronic phase in about 80% of the
patients [44].
Taken together, these findings suggest that a strong
activation of CD8
þ
HLA-DR
þ
T cells could result in
tissue damage leading to the development of cardiomyo-
pathy and/or megaesophagus or megacolon [29, 30]. By
contrast, the ability to build up NK-mediated cell cyto-
toxicity seems to play a pivotal role in the generation of
effective, nondeleterious inflammatory mechanisms. When
parasitaemia and tissue parasitism are controlled, myocar-
ditis, gastrointestinal damage and lymphocyte activation
are attenuated during the chronic asymptomatic stage of
infection. Considering the complexity of the human
immune response, this insight suggests that other immu-
noregulatory mechanisms come into play to control the
intense immune activity and are apparently necessary to
prevent a deleterious effect of the excessive stimulation of
the immune system. Therefore, the regulation of the cyto-
toxic effect of NK cells as well as the absence of activation
of CD8
þ
T cells observed in IND patients would be a
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Figure 5 Analysis of CD4
þ
CD25
high
regulatory cells in the peripheral blood of Trypanosoma cruzi-infected individuals including IND (
.
), CARD (~)
and DIG (&) and noninfected individuals, NI (*). A double-labelling panel involving anti-CD4 fluorescein isothiocyanate (FITC) and anti-CD25
phycoerythrin (PE) was used to identify regulatory cells. The results are expressed as scattering of individual values and mean percentage of
CD4
þ
CD25
high
regulatory cells within gated lymphocyte. Significant differences at P < 0.05 are identified by letters ‘a’, ‘c’ and ‘d’ in comparison
with NI, CARD and DIG groups, respectively. (B) Representative dot plots illustrating the higher frequency of CD4
þ
CD25
high
regulatory cells in the
IND group in comparison with the NI, CARD and DIG groups. Quadrant statistics were used for data analysis, and the results are expressed as the
percentage of positive cells within the selected gate.
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consequence of additional regulatory mechanisms high-
lighted by current concepts of immunoregulation.
Recent reports suggest that the production of IFN-g
and perforin as well as the NK and CD8
þ
T-cell cytotoxi-
city are decreased by CD4
þ
CD25
þ
regulatory T cells [10].
Whereas the entire population of CD4
þ
CD25
þ
T cells
expressing both low and high CD25 levels exhibits regu-
latory function in the mouse, only the CD4
þ
CD25
high
population, the natural regulatory T cells [11, 12], exhibits
a similarly strong regulatory function in humans [11, 13].
These cells mediate their suppressive effects in vitro in a
cell contact-dependent manner controlling disease pro-
cesses, whereas adaptive regulatory T cells suppress
immune responses by producing anti-inflammatory cyto-
kines such as IL-10 and TGF-b [45]. We observed a
higher frequency of CD4
þ
CD25
high
regulatory T cells
exclusively in patients from the IND group. These find-
ings clearly reinforce our hypothesis that additional immu-
noregulatory events may be important in driving NK cell
activity and suppressing the activation of CD8
þ
T cells in
IND patients, thereby controlling the morbidity of
Chagas’ disease. The ability of CD4
þ
CD25
high
regulatory
T cells to inhibit IFN-g synthesis confirms previous obser-
vations of low levels of IFN-g production by mononuclear
cells from patients presenting with the asymptomatic
chronic phase of Chagas’ disease [46]. Further studies
defining the role of regulatory cells during T. cruzi infec-
tion would contribute new insights into preventing or
controlling the inflammatory process and the immuno-
pathologies observed in chagasic patients.
The functions of human NKT cells are not totally under-
stood. These cells are particularly abundant in the normal
human liver, representing one-third of all hepatic CD3
þ
cells but only approximately 2% of peripheral blood T cells
[47]. Interestingly, it has been proposed that in humans
these NKT cells may play an important role in eliminating
autologous cells in the liver, an important site for the
elimination of activated T cells via apoptosis. Huang et al.
[48, 49] reported that following activation, circulating
CD8
þ
T cells are cleared from the lymph nodes and spleen
and transported to the liver, where they undergo apoptosis.
On the basis of these previous reports, we used a three-
colour platform immunophenotyping technique in this
study to identify NKT cells as CD3
þ
CD16
–/þ
CD56
–/þ
.
In this context, we were able to perform the analysis of
distinct NKT cell subsets, herein named as follows: NKT1
(CD3
þ
CD16
þ
CD56
–
), NKT2 (CD3
þ
CD16
–
CD56
þ
)
and NKT3 (CD3
þ
CD16
þ
CD56
þ
). We observed a higher
frequency of NKT2 cells (CD3
þ
CD16
–
CD56
þ
) only in
the IND group in comparison with noninfected individuals.
These findings are consistent with the lower frequency of
activated CD8
þ
T cells in the peripheral blood of the IND
group observed in our study [28]. In this context, we believe
that in the indeterminate clinical form of Chagas’ disease,
NKT cells provide complementary functions in the liver,
associated with the elimination of activated CD8
þ
T cells
from peripheral blood and thereby controlling the inflam-
matory process. However, recent studies using the experi-
mental murine model of T. cruzi infection have proposed
that NKT cells play important roles in both proinflamma-
tory and anti-inflammatory responses. Those authors sug-
gested that invariant NKT cells limit the inflammatory
response and prevent tissue damage, whereas the variant
NKT cells increase the inflammatory response that con-
tributes to morbidity and mortality [28]. Thus, some
functionally distinct NKT cell subsets may trigger immu-
nomodulatory events, while others promote immune
response. Our data did not, however, reveal any such
phenotypic/functional differences in peripheral blood
NKT cells among the clinical groups studied.
In conclusion, we demonstrated a new set of relevant
phenotypic features, pointing out distinct peripheral blood
cell subpopulations in patients with different clinical forms
of Chagas’ disease. These features are undoubtedly of
major importance to understanding the cellular immune
response triggered by human chronic T. cruzi infection. In
this context, we have documented for the first time the
presence of a higher frequency of CD4
þ
CD25
high
regula-
tory T cells in addition to higher levels of circulating
NKT2 cells (CD3
þ
CD56
þ
) in the indeterminate clinical
form than in the CARD and DIG forms. The elevated
frequencies of these cell types together seem to play an
important role in controlling CD8
þ
T-cell-mediated cyto-
toxicity, regulating T-cell activation and the production of
proinflamatory cytokines such as TNF-a and IFN-g as
well as inducing the upregulation of anti-T. cruzi antibody
response. The lack of regulated cell populations in CARD
and DIG patients could account for the impaired immune
response that culminates in strong cytotoxic activity and
tissue damage. Further studies to functionally characterize
these populations will be of great interest and may provide
a better understanding of the immunological complexities
that are involved in the IND form of Chagas’ disease.
Moreover, a better understanding of the immunological
mechanisms involved in the control of parasite replication
and development of chagasic cardiac/digestive disease may
contribute new insights on how to prevent or treat the
symptomatic forms of Chagas’ disease.
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Summary
 
The immunological response during early human 
 
Tr ypanosoma cruzi
 
 infec-
tion is not completely understood, despite its role in driving the development
of distinct clinical manifestations of chronic infection. Herein we report the
results of a descriptive ﬂow cytometric immunophenotyping investigation of
major and minor peripheral blood leucocyte subpopulations in 
 
T.  cruzi
 
-
infected children, characterizing the early stages of the indeterminate clinical
form of Chagas’ disease. Our results indicated signiﬁcant alterations by com-
parison with uninfected children, including increased values of pre-natural
killer (NK)-cells (CD3
 
–
 
 CD16
 
++
++
 
 CD56
 
–
 
), and higher values of proinﬂammatory
monocytes (CD14
 
++
++
 
 CD16
 
++
++
 
 HLA-DR
 
++
++
++
++
 
). The higher values of activated B lym-
phocytes (CD19
 
++
++
 
 CD23
 
++
++
 
) contrasted with impaired T cell activation, indicated
by lower values of CD4
 
++
++
 
 CD38
 
++
++
 
 and CD4
 
++
++
 
 HLA-DR
 
++
++
 
 lymphocytes, a lower fre-
quency of CD8
 
++
++
 
 CD38
 
++
++
 
  and CD8
 
++
++
 
 HLA-DR
 
++
++
 
  cells; a decreased frequency of
CD4
 
++
++
 
 CD25
 
HIGH
 
 regulatory T cells was also observed. These ﬁndings reinforce
the hypothesis that simultaneous activation of innate and adaptive immunity
mechanisms in addition to suppression of adaptive cellular immune response
occur during early events of Chagas’ disease. Comparative cross-sectional
analysis of these immunophenotypes with those exhibited by patients with
late chronic indeterminate and cardiac forms of disease suggested that a shift
toward high values of macrophage-like cells extended to basal levels of proin-
ﬂammatory monocytes as well as high values of mature NK cells, NKT and
regulatory T cells, may account for limited tissue damage during chronic
infection favouring the establishment/maintenance of a lifelong indetermi-
nate clinical form of the disease. On the other hand, development of an adap-
tive cell-mediated inﬂammatory immunoproﬁle characterized by high levels
of activated CD8
 
++
++
 
  cells and basal levels of mature NK cells, NKT and
CD4
 
++
++
 
 CD25
 
HIGH
 
 cells might lead to late chronic pathologies associated with
chagasic heart disease.
 
Keywords:
 
 Chagas’ disease, ﬂow cytometry, peripheral blood, recent infection.
 
Introduction
 
Chagas’ disease or American trypanosomiasis is a protozoan
infection caused by the haemoﬂagellate protozoan 
 
Trypano-
soma cruzi
 
. It  is one of the most important public health
problems in Latin America, affecting 16–18 million people in
South and Central America [1].
Human 
 
T.  cruzi
 
  infection evolves from a usually oligos-
ymptomatic acute phase to a chronic disease, where patients
can be grouped into distinct categories based on clinical
status. The great majority of the patients that progress to the
chronic phase remain clinically asymptomatic for many
years; this condition characterizes the indeterminate (IND)
clinical form of the disease. About 30–40% of patients
progress to cardiac (CARD) or digestive symptomatic dis-
ease. It is estimated that 30% of all infected individuals will
eventually develop heart disease [2].
The factors that underlie and determine the distinct
clinical outcomes, mild or severe disease, are not com-
pletely understood. However, there is a general consensus
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that the host immune response plays a pivotal role associ-
ated with the pathogenesis as well as the protective events
that control chagasic tissue damage [3]. It is also well
accepted that 
 
T.  cruzi
 
 induces a strong activation of the
immune system during acute infection and that the differ-
ent immunological mechanisms triggered during the early
indeterminate (E-IND) stages of 
 
T.  cruzi
 
  infection may
represent an essential component of the immune activity
observed during ongoing, clinically distinct chronic infec-
tion [4].
In the search to identify differences in the immunological
response related to the development/maintenance of distinct
chronic disease, we have focused on major and minor
peripheral blood leucocyte subsets during E-IND and late
chronic IND and CARD Chagas’ disease [5,6]. We have
reported previously that an expansion of natural killer (NK)
cells before the development of T cell-mediated immunity, in
addition to enhancement of circulating activated B cells, are
the hallmarks of human immune response during early 
 
T.
cruzi
 
 infection. Moreover, we have reported that an increase
of pre-NK cells (CD16
 
+
 
 CD56
 
–
 
), as well as a persistent expan-
sion of activated B cells and down-regulation of CD54 on T
cells, are also observed during initial stages of chronic 
 
T.
cruzi
 
  infection [5]. Here, we discuss the hypothesis that T
cell-mediated immunity during the early stages of 
 
T.  cruzi
 
infection may represent a phenomenon restricted to the car-
diac and lymph node compartment, and may not be detect-
able in the peripheral blood.
Despite the T cell-independent nature of the immune
response triggered in early Chagas’ disease, we have demon-
strated that T cells play an important role in the dynamics
of chronic Chagas’ disease [6–8]. Previous reports from our
group showed that despite their clinical status, chronic cha-
gasic patients display a high frequency of peripheral blood
activated T cells (HLA-DR
 
+
 
) as well as lack of CD28 expres-
sion on many of their circulating T lymphocytes [7,8]. More
recently, 
 
ex vivo
 
  immunophenotyping demonstrated that
IND patients display a higher frequency of both
CD4
 
+
 
 CD25
 
HIGH
 
 and NKT (CD3
 
+
 
 CD16
 
–
 
 CD56
 
+
 
) regulatory
cells associated with increased levels of circulating
‘cytotoxic’ NK cells (CD3
 
–
 
 CD16
 
+
 
 CD56
 
+
 
  and CD3
 
–
 
CD16
 
+
 
 CD56
 
DIM
 
  NK cells) [6]. On the other hand, an
increased percentage of activated CD8
 
+
 
 HLA-DR
 
+
 
  T cell
subset was associated exclusively with severe clinical forms
of Chagas’ disease [6]. We hypothesize that regulatory T
cells control the deleterious cytotoxic activity in the indeter-
minate clinical form, inhibiting the activation of
CD8
 
+
 
 HLA-DR
 
+
 
  T cells. The lack of regulated populations
in CARD disease patients could account for exacerbated
immune response that culminates in strong cytotoxic activ-
ity and tissue damage.
Relevant ﬁndings regarding histopathological alterations
in biopsies from chagasic patients showed that tissue CD4
 
+
 
and CD8
 
+
 
 T cells increase simultaneously during early infec-
tion but not in the chronic phase, supporting the hypothesis
of compartmentalized T cell-mediated immune response
during early disease and suggesting an immunological
imbalance of T cell proﬁle in late chronic Chagas’ disease. In
the chronic phase, patients with heart failure present with
higher levels of CD8
 
+
 
 T cells than CD4
 
+
 
 T cells, leading to a
lower tissue CD4
 
+
 
/CD8
 
+
 
 T cell ratio [9,10].
More recently, data have been reported suggesting that
monocytes from IND patients display modulatory charac-
teristics related to low HLA-DR and high IL-10 expression,
whereas monocytes from CARD patients may be committed
to  induction of inﬂammatory responses related to high
tumour necrosis factor (TNF)-
 
α
 
 expression [11–13].
Increasing numbers of novel cellular parameters and
surface markers have been examined as conventional ﬂow
cytometry-based investigations, i.e. ‘look and conclude’
analyses, have adopted new gating strategies to analyse
immunophenotypes at the single-cell level in a semiquanti-
tative manner. Indeed, ﬂow cytometry has emerged as the
methodology of choice for enumerating and characterizing
of novel leucocyte subsets using three- and four-colour plat-
form technology. With this technology, several novel pheno-
typic features of leucocyte subsets are characterized routinely
in parallel by their 
 
in vitro
 
 and 
 
in vivo
 
 functional properties,
such as NKT cells (CD3
 
+
 
 CD56
 
+
 
) [14], functionally distinct
NK subsets (CD3
 
–
 
CD16
 
–/
 
+
 
 CD56
 
–/
 
+
 
) [15,16], regulatory T
cells (CD4
 
+
 
 CD25
 
HIGH
 
) [17], macrophage-like monocytes
(CD14
 
+
 
 CD16
 
+
 
) [18] and proinﬂammatory monocytes
(CD14
 
+
 
 CD16
 
+
 
 HLA-DR
 
++
 
) [19].
We  have performed a descriptive ﬂow cytometric immu-
nophenotyping investigation based on these new gating
strategies to enumerate major and minor leucocyte subpop-
ulations in the peripheral blood of 
 
T. cruzi
 
-infected children,
characterizing the E-IND stages of Chagas’ disease. Compar-
ative cross-sectional analyses of the predominant immu-
nophenotypes were also performed in those patients
exhibiting late chronic IND or CARD disease. Our results
suggest that a shift toward high levels of macrophage-like
cells (CD14
 
+
 
 CD16
 
+
 
) and NK cells, besides high frequency of
regulatory lymphocytes (NKT and CD4
 
+
 
 CD25
 
HIGH
 
 cells),
may favour the establishment/maintenance of the lifelong
indeterminate clinical form of the disease. On the other
hand, maintenance of major cell phenotypic features
observed during early infection as well as the development of
an adaptive cell-mediated inﬂammatory immunoproﬁle
characterized by high levels of activated CD8
 
+
 
 cells and basal
frequency of mature NK cells, NKT and CD4
 
+
 
 CD25
 
HIGH
 
,
might lead to a late chronic disease associated with cardiac
pathological events.
 
Patients, materials and methods
 
Study area
 
Berilo and José Gonçalves de Minas are located in Jequitin-
honha Valley in the north-east of Minas Gerais State, Brazil.
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Jequitinhonha Valley comprises 970 km
 
2
 
.  Chagas’ disease
was formerly endemic in the area. Together, these two
municipalities have 17 632 inhabitants, with 78·43% of these
individuals living in rural areas with an economy based on
agriculture and cattle ranching [IBGE.Cidades@,http://
URL:http://www.ibge.gov.br/cidadesat/default.php (search
for Berilo and José Gonçalves de Minas); accessed 4 January
2006].
Bambui is located in the south-west of Minas Gerais State,
Brazil. It comprises 1455 km
 
2
 
 and is another area in which
Chagas’ disease was formerly endemic. It has 22 274
inhabitants, 80% of them in the urban area of the munici-
pality [IBGE.Cidades@,http://www.ibge.gov.br/cidadesat/
default.php (search for Bambuí); accessed 4 January 2006].
 
Study population
 
School children enrolled in a cross-sectional study per-
formed at 37 communities from Berilo and José Gonçalves
de Minas, including 39 school units, participated in a sero-
logical screening trial to detect anti-
 
T.  cruzi
 
  antibodies by
enzyme-linked immunosorbent assay (ELISA) using blood
eluate from ﬁlter paper. The screening immunoassay identi-
ﬁed 2·69% of school children with positive results for anti-
 
T.  cruzi
 
  IgG. Conﬁrmatory immunodiagnosis for Chagas’
disease was performed by ELISA, EIE-Rec-ELISA (Bioman-
guinhos/FIOCRUZ), indirect immunoﬂuorescence assay
(IFA) and haemaglutination (HA) tests. Considering the
World Health Organization and Brazilian Health Ministry
criteria that recommend the use of at least two serological
tests, with distinct principles, to conﬁrm the diagnosis of
Chagas’ disease, we conﬁrmed six of the 38 cases ﬁrst iden-
tiﬁed with positive results by the screening ELISA, leading
to  a total prevalence of 0·42%. The seropositive cases
included four males and two females, with ages ranging
from 9 to 14 years. The clinical and physical examination
revealed that all children were asymptomatic, showing nor-
mal conventional electrocardiograms (except no. 701, who
showed enlargement of Pri
 
−
 
0·22) and unaltered thoracic X-
ray (RX) (Table 1). The haemoculture was positive in all
children examined (six of six), generally within the ﬁrst
month of blood cultivation in liver infusion tryptose (LIT)
media supplemented with 10% fetal calf serum. All seropos-
itive children were treated with benznidazol (Rochagan®,
Roche) and are currently under evaluation following the
protocol recommended by the Brazilian Health Ministry
[20]. Seven non-infected (NI) schoolchildren were included
as a control group. The NI-1 group consisted of age-
matched schoolchildren with negative serology for anti-
 
T.
cruzi
 
  IgG immunodiagnosis (ELISA and IFA). The NI-1
group included one male and six females, with ages ranging
from 9 to 14 years (mean 
 
=
 
 12·4).
Cross-sectional analyses of late chronic chagasic patients
compared with uninfected adult controls were carried out to
evaluate major immunophenotypic features. All late chronic
infected individuals as well as the uninfected adult controls
were from Bambuí, Minas Gerais State, Brazil, and partici-
pated in serological examination to conﬁrm the positive or
negative diagnosis for 
 
T.  cruzi
 
  infection, respectively. The
diagnosis was based on standard serological tests, including
IFA and HA tests. In this study, we used 21 samples from
chagasic patients with late chronic disease. According to their
clinical records, the late chronic chagasic patients were
divided into two categories, namely IND and CARD clinical
forms. Patients presenting asymptomatic 
 
T.  cruzi
 
 infection,
classiﬁed as indeterminate (
 
n
 
 
 
=
 
 8), had no clinical manifes-
tations of the disease other than their positive serology.
Patients with cardiac dysfunction, CARD (
 
n
 
 
 
=
 
 13), presented
dilated cardiomyopathy and were diagnosed by a detailed
clinical examination, including eletrocardiography (ECG),
24-h Holter examination and chest X-ray. Twelve seronega-
tive adults were included in this study as negative controls 2
(NI-2 
 
=
 
 12). All were living in an area endemic for Chagas’
disease (Table 1).
Informed written consent was obtained from all partici-
pants or through their parents or legal guardians in the case
of the school children. This work complied with resolution
number 196/1996 from the National Health Council for
research involving humans and was approved by the Ethical
Committee at Centro de Pesquisas René Rachou (CPqRR/
FIOCRUZ protocol 11/2004), Belo Horizonte, Minas Gerais,
Brazil.
 
Blood samples
 
A 5-ml sample of peripheral blood was collected from each
subject using ethylenediamine tetraacetic acid (EDTA) as
the anticoagulant. The samples were collected by trained
professionals in an ambulatory hospital. After the collec-
tion, the whole peripheral blood was analysed by ﬂow
cytometry.
 
Speciﬁc monoclonal antibodies used for 
immunophenotyping
 
Mouse anti-human monoclonal antibodies (mAbs), conju-
gated with ﬂuorescein isothiocyanate (FITC), phycoerythrin
(PE) or tri-colour (TC) and speciﬁc for cell-surface markers
 
Ta b le 1.
 
Patient characteristics.
Group
No. of 
individuals
Age range
(years)
Sex 
(male/
female)
Non-infected children (NI-1) 7 9–14 6/1
Non-infected adults (NI-2) 12 20–59 3/9
Early indeterminate (E-IND) 6 9–14 4/2
Chronic indeterminate (IND) 8 44–67 3/5
Chronic cardiac (CARD) 13 50–70 5/8
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were  used simultaneously for two- or three-colour ﬂow
cytometric assay. In this study, we used anti-human FITC-
conjugated mAbs including anti-CD3 (UCHT1), anti-CD4
(RPA-T4), anti-CD5 (L17F12), anti-CD8 (B9·11), anti-
CD16 (3G8), anti-CD18 (YF118·3), anti-CD54 (15·2), anti-
CD62L (DREG-56) and mouse IgG1 as the isotypic control
(679·1Mc7). The following second-colour reagents were
used: anti-human PE-conjugated mAbs anti-CD3 (UCHT1),
anti-CD4 (RPA-T4), anti-CD19 (4G7), anti-CD23 (M-
L233), anti-CD25 (3G10), anti-CD28 (15E8), anti-CD38
(AT13/5), anti-CD56 (B159), anti-HLA-DR (TÜ36) and
mouse IgG2a as the isotypic control (UCTH-1). All antibod-
ies were purchased from Becton-Dickinson (Mountain View,
CA, USA). The third colour parameter was evaluated using
TC-conjugated mAbs and included anti-CD8 (M-L233),
anti-CD14 (TüK4), anti-CD16 (3G8) and anti-CD19 (4G7),
all purchased from Caltag Laboratories (Burlingame, CA,
USA).
 
Flow cytometric analysis of peripheral blood
 
White blood cell phenotypes were analysed following an
immunoﬂuorescence procedure recommended by Becton-
Dickinson, modiﬁed as follows: 100 
 
µ
 
l peripheral blood
which had been collected in Vacutainer tubes containing
EDTA (Becton Dickinson) was mixed in 12 
 
×
 
 75 mm tubes
with 5 
 
µl undiluted mAbs speciﬁc for several cell surface
markers; the tubes were incubated in the dark for 30 min
at room temperature. Following the incubation, erythro-
cytes were lysed with 2 ml FACS lysing solution (Becton
Dickinson Biosciences Pharmigen, San Diego, CA, USA).
The remaining cells were then washed twice with 2 ml
phosphate-buffered saline containing 0·01% sodium azide.
Cell preparations were ﬁxed in 200 µl FACS Fix solution
(10 g/l paraformaldehyde, 1% sodium-cacodylate, 6·65 g/l
sodium-chloride, 0·01% sodium azide). Cytoﬂuorimetric
data acquisition was performed with a Becton-Dickinson
FACScalibur instrument. cellquest
TM
  software provided
by  the manufacturer was used for data acquisition and
analysis.
Statistical analysis
Differences between groups were ﬁrst evaluated by minitab
software (release 13·20) to evaluate the independence, nor-
mality and variance of data sets. Those data sets meeting the
three criteria were considered parametric and were com-
pared further by analysis of variance (anova) followed by the
Tukey test, using the prism  3·0 program. Non-parametric
data were analysed by the Kruskal–Wallis test followed by
Dunn’s test. Correlation analysis was performed by Pearson’s
and Spearman’s tests, respectively. Signiﬁcance was deﬁned
in both cases at P < 0·05.
Results
Low values of CD3
++
++
 T lymphocytes, mainly CD8
++
++
 T 
lymphocytes and impaired T cell activation, are the 
hallmark of the early indeterminate clinical form of 
Chagas’ disease
The percentage of T cell populations and the major subsets
CD4
+
 and CD8
+
 are shown in Fig. 1. Statistical analysis dem-
onstrated a lower percentage of circulating T lymphocytes
(CD3
+
) in children with E-IND Chagas’ disease in compar-
ison to non-infected children (NI-1) (Fig. 1a). Further anal-
ysis revealed that the decrease in CD3
+
 T cells was correlated
with a signiﬁcant decrease in the CD8
+
 T lymphocyte subset
(r = 1, P = 0·0167) (Fig. 1c). No signiﬁcant differences were
found in the mean values of the circulating CD4
+
 T cell subset
(Fig. 1b).
Analysis of activated T cells revealed a lower ratio of
CD4
+
 HLA-DR
+
 and CD4
+
 CD38
+
 T cells with no changes in
CD8
+
 HLA-DR
+
 and CD8
+
 CD38
+
 T cells, parallel to an unal-
tered proﬁle of CD28 expression within CD4
+
 and CD8
+
 T
cells (Table 2).
Higher values of activated B lymphocytes is observed of 
early indeterminate Chagas’ disease
Phenotypic analysis at the single-cell level was used to anal-
yse the frequency of B cell subsets (conventional B lympho-
cytes/CD19
+
 CD5
–
  and B1/CD19
+
 CD5
+
) as well as their
activation status, using anti-CD23 PE and anti-CD19
FITC in a dual-platform to identify activated B cells
(CD19
+
 CD23
+
) (Fig. 1). Our ﬁndings showed no signiﬁcant
differences in the mean percentage of B cells and their major
subsets between E-IND and NI-1 children (Fig. 1d,e,f).
Interestingly, analysis of CD19
+
 B cells co-expressing the
CD23 cell-surface activation marker showed an increased
mean ratio of double-positive B lymphocytes within CD19
+
cells in E-IND in comparison to NI-1 children (Fig. 1g).
Despite the lack of activation phenotypes among 
circulating CD8
++
++
 T cells, early indeterminate chagasic 
children displayed a high migratory potential of 
cytotoxic T cells
In order to quantify the frequency of circulating T cell sub-
sets co-expressing surface selectin (CD62L) and integrins
(CD18 and CD54), a three-colour ﬂow cytometry analysis
was carried out using a cocktail of monoclonal antibodies,
including anti-CD62L, anti-CD18 or anti-CD54 FITC, plus
anti-CD4 PE and anti-CD8 TC. Our results indicated
CD4
+
 T cell activation, demonstrated by the lower ratio of
circulating CD62L
+
 cells, despite unaltered levels of CD18
+
and CD54
+
 cells, among CD4
+
 T lymphocytes (Table 2).
On the other hand, regardless of no phenotypic changes sig-
nalling the activation of CD8
+
 T cells (i.e. expression of HLA-
DR, CD28, CD38, CD62L and CD18), our data demonstrated
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that increased levels of circulating CD8
+
 CD54
+
 T cells would
be an immunological event that suggest the increased migra-
tory potential of this cytotoxic population, which is important
in controlling tissue parasitism (Table 2).
Low levels of macrophage-like (CD14
++
++
 CD16
++
++
) cells and 
expansion of CD14
++
++
 CD16
++
++
 HLA-DR
++
++
++
++
 proinﬂammatory 
monocytes were observed in the early chronic T.  cruzi-
infected children
Ziegler-Heitbrock [18] suggested that, in humans, the
expression of CD14 and CD16 by monocytes can be used to
deﬁne at least two subsets of monocytes with distinct
functional properties. In this context, CD14
+
 CD16
–
 cells are
considered to be classical monocytes whereas CD14
+
 CD16
+
cells are typically macrophage-like cells. Herein we have
focused our analysis on major and minor circulating mono-
cyte subpopulations. Our data demonstrated that E-IND
Fig. 1. Analysis of T and B cell subsets in the peripheral blood of early indeterminate Tr ypanosoma cruzi infected children (E-IND, ᭹) and non-
infected children (NI-1, ᭺). Phenotypic studies were performed by a double-labelling protocol using anti-CD3 ﬂuorescein isothiocyanate (FITC) and 
anti-CD4 phycoerythrin (PE) or anti-CD8-PE for T cell analysis. Anti-CD19 FITC and anti-CD5-PE or anti-CD23-PE were used to identify B cell 
subsets. The results are expressed as scattering of individual values and mean percentage of total T cells (a), T cell subsets (b, c), and total B cells (d) 
within gated lymphocytes. B lymphocyte subsets, including B-1 cells (e), conventional B cells (f) and activated B lymphocytes (g) were analysed within 
gated CD19
+
 lymphocytes. Signiﬁcant differences (connecting lines) and P-values are shown on ﬁgure.
0
30
60
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+
 T lymphocytes
0
30
60
% CD4
+
 T lymphocytes
0
50
100
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+
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+
/CD19
+
 cells
0
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+
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+
/CD19
+
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0
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% CD19
+
CD5
–
/CD19
+
 cells
0
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+
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P = 0·03
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Ta b le 2. Frequency of activation marker and adhesion molecule expres-
sion by peripheral blood CD4
+
 and CD8
+
 T cell subsets from early 
indeterminate Tr ypanosoma cruzi-infected children early indeterminate 
(E-IND) and non-infected children (NI-1).
Phenotype
a
T cell subsets 
CD4
+
CD8
+
NI-1 E-IND NI-1 E-IND
HLA-DR
+
3·4 ± 0·9 1·3 ± 1·8* 5·3 ± 2·6 4·0 ± 2·8
CD28
+
94·2 ± 5·1 97·6 ± 0·8 54·8 ± 14·7 66·1 ± 11·3
CD38
+
61·3 ± 17·4 45·2 ± 10·2* 54·7 ± 8·2 56·2 ± 9·9
CD62L
+
78·8 ± 10·3 68·1 ± 7·4* 52·4 ± 13·0 50·3 ± 12·0
CD18
+
20·8 ± 9·7 27·8 ± 12·7 63·4 ± 14·5 55·2 ± 13·1
CD54
+
7·8 ± 10·0 2·9 ± 4·9 27·4 ± 15·2 70·6 ± 15·0*
a
The results are expressed as proportion within a given T cell subset,
e.g. ratio of CD4
+
 HLA-DR
+
 within the CD4
+
 population, allowing the
normalization of data when percentage of a given subset may differ.
*Statistically signiﬁcant differences (P < 0·05) in comparison to NI-1.
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samples displayed low levels of macrophage-like cells com-
pared to NI-1 samples (Fig. 2a).
Within the CD14
+
 CD16
+
  macrophage-like cells, two
monocyte populations can be distinguished: classical HLA-
DR
+
  monocytes and proinﬂammatory HLA-DR
++
  mono-
cytes [19]. Quantiﬁcation of the CD14
+
 CD16
+
 HLA-DR
++
proinﬂammatory monocytes was carried out by ﬁrst gating
on the monocyte population identiﬁed on dot-plots based
on their morphometric and immunophenotypic features,
such as SSC
intermediate
CD14
+
,  followed by the selection of
CD14
+
 CD16
+
 cells (macrophage-like cells) and further enu-
meration of those CD14
+
 CD16
+
 cells with high expression of
HLA-DR, as proposed by Belge et al.  [19]. Our results
showed a higher value of CD14
+
 CD16
+
 HLA-DR
++
  proin-
ﬂammatory monocytes within CD14
+
 CD16
+
 monocytes in
E-IND samples compared with NI-1 samples (Fig. 2b).
Pre-NK cells (CD3
–
 CD16
++
++
 CD56
–
) are expanded in 
peripheral blood in early indeterminate Chagas’ disease
As proposed by Gaddy and Broxmeyer [21], distinct NK cell
subsets can be identiﬁed based on the differential expression
of two major NK cell markers: CD16 and CD56. In order to
quantify the frequency of major NK cell subsets, pre-NK
cells (CD3
–
 CD16
+
 CD56
–
) and mature NK cells (CD3
–
CD16
+
 CD56
+
) were quantiﬁed on a three-colour platform
using anti-CD16 TC, anti-CD56 PE and CD3 FITC to
exclude NKT cells. Our data showed that despite absence of
statistically signiﬁcant differences in the percentage of total
NK cells (CD3
–
 CD16
–/+
 CD56
–/+
) (Fig. 2c) or of mature NK
cells (CD3
–
 CD16
+
 CD56
+
) (Fig. 2e), E-IND children showed
a higher percentage of pre-NK cells (CD3
–
 CD16
+
 CD56
–
) by
comparison with NI-1 children (Fig. 2d).
Decreased percentages of NKT cells (CD3
++
++
 CD16
–
 CD56
++
++
) are associated with the early indeterminate 
clinical form of Chagas’ disease
NKT cells are a unique T lymphocyte subpopulation, dis-
tinct from conventional T cells, because they express surface
markers of both T cell and NK cell subsets. They can pro-
vide protection against infectious diseases by rapidly pro-
ducing cytokines, through their cytolytic activity or via
stimulation of other cell populations [22]. In order to
quantify the frequency of circulating NKT cells, we used the
same three-colour ﬂow cytometry platform described for
enumeration of NK cell subpopulations. Data analysis was
performed by classifying NKT cells as NKT1
(CD3
+
 CD16
+
 CD56
–
), NKT2 (CD3
+
 CD16
–
 CD56
+
) or
NKT3 (CD3
+
 CD16
+
 CD56
+
), as proposed by Vitelli-Avelar
et al.  [6]. Our results revealed a signiﬁcantly lower
frequency of the NKT2 (CD3
+
 CD16
–
 CD56
+
) subset in
Fig. 2. Analysis of monocyte and natural killer 
(NK) cell subsets in the peripheral blood of early 
indeterminate Trypanosoma cruzi-infected early 
indeterminate (E-IND, ᭹) children and non-
infected children (NI-1, ᭺). Monocyte subpopula-
tion analysis was performed by a triple-labelling 
platform using anti-CD14 TC, anti-CD16 ﬂuores-
cein isothiocyanate (FITC) and anti-HLA-DR phy-
coerythrin (PE) to identify macrophage-like cells 
(CD14
+
 CD16
+
) (a), proinﬂammatory monocytes 
(CD14
+
 CD16
+
 HLA-DR
++
) (b). Natural killer (NK) 
phenotypic studies were performed by a triple-
labelling protocol using anti-CD3 FITC, anti-CD56 
PE and anti-CD16 tri-colour (TC) to identify total 
NK cells CD3
–
 CD16
–/+
 CD56
–/+
 (c), pre-NK cells 
CD3
–
 CD16
+
 CD56
–
/CD3
–
 CD16
–/+
 CD56
–/+
 (b), 
mature NK cells CD3
–
 CD16
+
 CD56
+
/CD3
–
 
CD16
–/+
 CD56
–/+
 (e). Data of monocyte subsets are 
expressed as scattering of individual values and 
mean percentage of cells within gated monocytes. 
The results of total NK cells were calculated within 
gated lymphocytes, whereas the frequency of NK 
cell subsets were reported within gated NK cells. 
Signiﬁcant differences (connecting lines) and P-val-
ues are shown on ﬁgure.
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E-IND samples by comparison with NI-1 samples (Fig. 3b).
No differences were observed when the values of NKT1 and
NKT3 subsets were evaluated (Fig. 3a,c).
Decrease of circulating CD4
++
++
 CD25
HIGH
 T cells highlights 
impaired immunoregulation in T. cruzi-infected children
In  humans, it has been proposed that only the
CD4
+
 CD25
HIGH
 population, comprising ∼1–2% of circulat-
ing CD4
+
  T cells, exhibits regulatory functions [17]. Enu-
meration of CD4
+
 CD25
HIGH
 regulatory T cells was carried
out by ﬁrst gating on lymphocytes based on their morpho-
metric features on forward- versus side-scatter dot plots, fol-
lowed by the selection of CD4
+
  cells presenting high
expression of CD25 [17]. Our results demonstrated that
lower values of CD4
+
 CD25
HIGH
  regulatory T cells are
observed in E-IND samples than in NI-1 samples (Fig. 3d).
Using the same gating strategy described previously to
evaluate E-IND and NI-1 samples, we performed a parallel
investigation of major peripheral blood leucocyte pheno-
types of IND, CARD and NI-2 subjects, including:
CD14
+
 CD16
+
 (macrophage-like), CD14
+
 CD16
+
 HLA-DR
++
(proinﬂammatory monocytes), CD4
+
 CD25
HIGH
 (regulatory
T cells), CD8
+
 HLA-DR
+
  (activated CD8
+
  T cells), CD3
–
 CD16
+
 CD56
–
 (pre-NK cells), CD3
–
 CD16
+
 CD56
+
 (mature
NK cells) and CD3
+
 CD16
–
 CD56
+
 (NKT2 cells) (Fig. 4). Our
data demonstrated a higher value of circulating macrophage-
like, regulatory T cells, mature NK cells and NKT cells in
IND than in NI-2 samples (Fig. 4a,c,f,g, respectively). Inter-
estingly, the value of regulatory T cells observed in IND sam-
ples was also signiﬁcantly higher than that observed in
samples from CARD patients (Fig. 4c). Basal values (refer-
ence average of cells observed in healthy individuals) of
proinﬂammatory monocytes and low levels of pre-NK cells
were also observed in IND samples compared to NI-2 sam-
ples (Fig. 4b,e). It was remarkable to note that the IND group
presented divergent data regarding the value of activated
CD8
+
 T cells, with some individuals presenting low basal lev-
els of activated CD8
+
 T cells (median value = 3·9%) and oth-
ers displaying extremely high levels of CD8
+
 HLA-DR
+
 cells/
CD8
+
 T cells (median value = 74·5%), suggesting the exist-
ence of distinct subgroups of individuals (Fig. 4d, dotted
rectangles). Which immunological feature could compen-
sate the high levels of cellular immune response in these
individuals in order to maintain the asymptomatic disease?
To  answer this question, we assessed these phenotypic fea-
tures at an individual level, which pointed out that all IND
patients who presented with a high value of CD8
+
 HLA-DR
+
cells also had low values of regulatory T cells (Fig. 5, left
panel, top graph). Moreover, these individuals also presented
immunophenotypes that suggest a more active role of innate
cellular response, because they also displayed higher values
of proinﬂammatory monocytes and mature NK cells (Fig. 5,
left panel, top graph). Conﬁrmatory analysis was carried out
by correlation studies that further validated these ﬁndings,
showing a negative correlation between CD8
+
 HLA-DR
+
 and
CD4
+
 CD25
HIGH
  cells and a positive association between
CD8
+
 HLA-DR
+
 and CD14
+
 CD16
+
 HLA-DR
++
 cells, with the
latter also correlated with the frequency of CD3
–
 CD16
+
 CD56
+
 cells (Fig. 5, left panels, bottom graphs).
Increased percentage of activated CD8
++
++
 T cells and basal 
values of NK, NKT and regulatory T cells are major 
phenotypes related to late cardiac Chagas’ disease
Analysis of major cardiac Chagas’ disease discriminatory
immunophenotypic features revealed that high levels of
Fig. 3. Analysis of regulatory T cells [natural killer (NK) T and 
CD4
+
CD25
HIGH
] in the peripheral blood of early indeterminate Tr yp a-
nosoma cruzi-infected children (E-IND, ᭹) and non-infected children 
(NI-1, ᭺). NKT phenotypic studies were performed by a triple-labelling 
protocol using anti-CD3 ﬂuorescein isothiocyanate (FITC), anti-CD56 
phycoerythrin (PE) and anti-CD16 TC to identify NKT subsets includ-
ing NKT1 cells CD3
+
 CD16
+
 CD56
–
/CD3
+
 (a), NKT2 cells CD3
+
 CD16
–
 CD56
+
/CD3
+
 (b) and NKT3 cells CD3
+
 CD16
+
 CD56
+
/CD3
+
 (c) analy-
sed within gated CD3
+
 lymphocytes. Regulatory T cells were identiﬁed 
through a double staining procedure with anti-CD4 FITC and anti-
CD25 PE monoclonal antibodies to identify regulatory CD4
+
 CD25
HIGH
 
T cells (d) within gated lymphocytes. Data are expressed as scattering of 
individual values and mean percentage of cells. Signiﬁcant differences 
(connecting lines) and P-values are shown on the ﬁgure.
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circulating CD8
+
 HLA-DR
+
 cells is the hallmark of the CARD
group by comparison with the NI-2 group (Fig. 4d). Addi-
tional analysis at an individual level further demonstrated
that in the CARD group, individuals displaying higher levels
of CD8
+
 HLA-DR
+
 cells (higher than median value = 27·5%)
also presented lower levels of mature NK cells, and were con-
ﬁned within a subgroup showing a low value of NKT cells
(Fig. 5, right panel, top graph). Conﬁrmatory analysis by
correlation studies validated these ﬁndings, showing a neg-
ative correlation between CD8
+
 HLA-DR
+
  cells and both
mature NK and NKT cell subpopulations (Fig. 5, right panel,
bottom graphs).
Discussion
Understanding the role of immune responses to T. cruzi and
the mechanisms of injury in Chagas’ disease has been a
major challenge. T.  cruzi  infection simultaneously triggers
multiple compartments of the innate and adaptive immune
system. It is possible that the strong immune stimulation and
the intense inﬂammatory process elicited during early infec-
tion by T. cruzi [3] could be not only a major determinant of
the immunopathology of the late disease, but could also be a
crucial factor in conﬁning the aetiological agent to an intra-
cellular site, controlling the consequences of life-long infec-
tion and preventing tissue damage [4,23–25]. However, the
early stage of T.  cruzi infection has been studied mainly in
experimental mouse models, and the precise mechanism
underlying the immunological events in humans is poorly
understood [5,24].
The present studies involved a cross-sectional investiga-
tion of major and minor changes in peripheral blood leuco-
cyte subpopulations during early and late phases of Chagas’
disease. The subjects included T.  cruzi-infected children in
the early stages of the IND clinical form of disease as well as
chagasic adults typifying late chronic Chagas’ disease.
Our ﬁndings showed a lower value of T cells, due mainly
to  a drop in the value of CD8
+
  T cells, in addition to an
increase in activated B cells and impaired T cell activation are
hallmarks of early indeterminate Chagas’ disease (Fig. 1 and
Ta ble 2). The data presented here are consistent with our
previous results from phenotypic characterization of periph-
eral blood leucocytes from early T. cruzi infection in Bolivian
children [5]. This mixed activated/modulated immunologi-
cal status can be explained partially by the action of distinct
T.  cruzi surface molecules that induce activation of B cells
Fig. 4. Analysis of major discriminatory immunophenotypes among individuals with indeterminate disease (IND,  ) or cardiac disease 
(CARD,  ) and uninfected adults (NI-2,  ). Phenotypic studies were performed using a double or triple-labelling protocol to identify macrophage-
like CD14
+
 CD16
+
 cells (a), proinﬂammatory monocytes (CD14
+
 CD16
+
 HLA-DR
++
, b), regulatory T cells (CD4
+
 CD25
HIGH
, c), activated CD8
+
 
HLA-DR
+
 T cells (d), pre-natural killer (NK) cells (CD3
–
 CD16
+
 CD56
–
/CD3
–
 CD16
–/+
 CD56
–/+
, e), mature NK cells (CD3
–
 CD16
+
 CD56
+
/CD3
–
 CD16
–/+
 
CD56
–/+
, f) and NKT2 cells (CD3
+
 CD16
–
 CD56
+
, g). The results are expressed in box-plot format. The box stretches from the lower hinge (deﬁned as 
the 25th percentile) to the upper hinge (the 75th percentile) and therefore contains the middle half of the scores in the distribution. The median is 
shown as a line across the box. Therefore 1/4 of the distribution is between this line and the top of the box and 1/4 of the distribution is between 
this line and the bottom of the box. Signiﬁcant differences compared with NI-2 and CARD are indicated by letters a and c, respectively, at P < 0·05.
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with non-speciﬁc Ig secretion [3,26,27] as well as suppres-
sion of T cell activation [28–30]. Consistent with this
hypothesis, several studies have hypothesized that T.  cruzi-
derived glyco-inositol-phospholipids (GIPLs) and B cell
activation could play a role in the conspicuous Ig production
observed during infection, whereas membrane glycosyl-
phosphatidyl-inositol (GPI)-anchored molecules are able to
trigger suppression of human T cell response [29,30]. It has
been suggested that the polyclonal activation of B cells and
the T cell anergy may represent the mechanism of parasite
evasion, i.e. misleading the immunological system and pre-
venting the development of a strong adaptive immune
response, thereby favouring disease onset and immunopa-
thology [31].
The importance of NK cells in resistance to acute Chagas’
disease is illustrated by studies showing that neutralization of
endogenous interleukin (IL)-12 or interferon (IFN)-γ as well
as depletion of NK cells renders animals more susceptible to
infection with T. cruzi [32,33]. Thus, NK cells are an impor-
tant source of IFN-γ, before development of T cell-mediated
Fig. 5. Analysis of major discriminatory immunophenotypes of indeterminate (IND, left panels) and cardiac patients (CARD, right panels). Analysis 
of individual data from IND demonstrates an association (dotted rectangles and lines) between high frequency of CD8
+
 HLA-DR
+
 cells in IND (᭺) 
with low frequency of regulatory T cells CD4
+
 CD25
HIGH
, high frequency of proinﬂammatory monocytes (CD14
+
 CD16
+
 HLA-DR
++
) and high levels 
of mature natural killer (NK) cells (CD3
–
 CD16
+
 CD56
+
). Analysis of individual data from CARD demonstrates an association (dotted rectangles and 
lines) between the high frequency of CD8
+
 HLA-DR
+
 cells (᭹) with low levels of mature NK cells (CD3
–
 CD16
+
 CD56
+
) and NKT cells (CD3
+
 CD16
–
 CD56
+
). Conﬁrmatory correlation analysis validates the negative association between CD8
+
 HLA-DR
+
 and CD4
+
 CD25
HIGH
 cells and a positive 
association between CD8
+
 HLA-DR
+
 and CD14
+
 CD16
+
 HLA-DR
++
 cells as well as CD14
+
 CD16
+
 HLA-DR
++
 cells and mature NK cells (CD3
–
 CD16
+
 CD56
+
) in IND. Analysis performed with data obtained from CARD validates the negative association between CD8
+
 HLA-DR
+
 with mature 
NK cells (CD3
–
 CD16
+
 CD56
+
) as well as NKT2 cells (CD3
+
 CD16
–
 CD56
+
). Correlation analysis (r and P-values) are shown in the ﬁgure.
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immunity. Besides cytotoxic activity and cytokine secretion,
NK cells can control B cell Ig secretion independent of T cell
induction [27,34]. The higher frequency of pre-NK cells
(Fig. 2b) reported here might be related to the early activa-
tion of B cells (Fig. 1g), contrasting with cell phenotypes
pointing to impaired T cell activation (Table 2).
CD16
+
 CD56
–
  pre-NK cells have been considered to be
precursors of functional and phenotypically distinct mature
CD16
+
 CD56
+
 NK cells [21,35]. Pre-NK cells have higher
proliferative capacity and are better sources of cytokines,
whereas mature NK cells display mainly cytotoxic activities
[35]. Our data suggest that the expansion of pre-NK cells
might be related to important mechanisms of macrophage
activation during early indeterminate Chagas’ disease. Mac-
rophages are efﬁciently activated by NK derived IFN-γ,
which invokes nitric oxide production and controls parasite
replication during the early stages of T.  cruzi infection [36–
39]. Despite the low levels of circulating macrophage-like
cells, our results demonstrated an increased frequency of
CD14
+
 CD16
+
 HLA-DR
++
 proinﬂammatory monocytes [19]
among circulating CD14
+
 CD16
+
  cells in infected children
(Fig. 2a,b).
It is important to point out that strong, uncontrolled acti-
vation of NK cells as well as proinﬂammatory monocytes
may also lead to tissue damage leading to the development of
cardiomyopathy and/or digestive megas [40,41]. Thus, the
establishment of immunoregulatory mechanisms seems to
be an important key to controlling immune activity and pre-
venting deleterious effects of excessive stimulation of the
immune system that may lead to fatality. Current and previ-
ous reports have suggested that, in human liver, NKT cells
may play an important role in eliminating autologous cyto-
toxic T cells via apoptosis of activated CD8
+
 T cells [42,43].
Moreover, it has been also proposed that IFN-γ and perforin
production as well as NK and CD8
+
 T cell cytotoxicity are
efﬁciently regulated by CD4
+
 CD25
+
 regulatory T cells [44].
We  have described here a lower value of NK T cells, as well
as CD4
+
 CD25
HIGH
  regulatory T cells, in infected children
(Fig. 3b,d), consistent with a higher levels of NK cells and
proinﬂammatory monocytes (Fig. 2d,b). These ﬁndings sug-
gest that the inability to shift the immune response toward
higher levels of CD4
+
 CD25
HIGH
 may contribute to the devel-
opment of cardiac tissue damage.
The low values of NKT and regulatory CD4
+
 CD25
HIGH
cells during early Chagas’ disease raise the question of why
no phenotypic features related to T cell activation can be
observed in the peripheral blood of E-IND patients. We
believe that T cell-mediated immunity during the early inde-
terminate clinical form of Chagas’ disease may represent a
phenomenon restricted to the inﬂammatory sites, not
detectable in the peripheral blood, considering previous
reports describing the presence of these cells in the cardiac
inﬂammatory inﬁltrate during early human Chagas’ disease
[10]. This hypothesis is supported by our ﬁndings of a higher
percentage of CD8
+
 T lymphocytes carried by CD54, an
important adhesion molecule involved in migration path-
ways from the bloodstream to tissue inﬂammatory sites. We
hypothesize here that the increased levels of circulating
CD8
+
 CD54
+
 T cells reﬂect incipient immunological events
during early chronic Chagas’ disease, suggesting the
enhanced migratory potential of this cytotoxic population to
control tissue parasitism.
Once we determined the immunophenotypic proﬁle of
circulating leucocytes during early Chagas’ disease, we then
investigated the major discriminatory phenotypes during
late chronic indeterminate and cardiac Chagas’ disease.
Comparative cross-sectional analysis of major immunophe-
notypes exhibited by late chronic chagasic patients with
those exhibited by patients bearing early indeterminate dis-
ease suggested that a shift towards high values of macroph-
age-like cells, together with basal values of proinﬂammatory
monocytes, regulatory CD4
+
 CD25
HIGH
 T cells and high lev-
els of mature NK cells and NKT cells, would be responsible
for development of late chronic asymptomatic disease
(Fig. 4). On the other hand, the development of a cell-medi-
ated inﬂammatory immunoproﬁle characterized by high lev-
els of activated CD8
+
 HLA-DR
+
  T cells in the presence of
basal levels of mature NK cells, NKT cells and regulatory
CD4
+
 CD25
HIGH
 cells would account for the development of
late chronic cardiac disease (Fig. 4).
It is important to observe that unlike the CARD patients
(Fig. 5, right panel, top graph), the IND patients that present
high levels of activated CD8
+
 HLA-DR
+
 T cells (Fig. 5, left
panel, top graph) also count with high levels of mature NK
cells (CD3
–
 CD16
+
 CD56
+
 cells) that may contribute to the
establishment/maintenance of their asymptomatic clinical
status. We have reported previously that blood samples from
patients with the late indeterminate clinical form of Chagas’
disease display a higher value of CD4
+
 CD25
HIGH
 and NKT
(CD3
+
 CD16
–
 CD56
+
) regulatory cells, as well as increased
levels of circulating NK cells. In the present study, we have
also shown a correlation between the high levels of
CD4
+
 CD25
HIGH
 T cells and the low frequency of activated
CD8
+
 T cells (Fig. 5, left panel, bottom graphs). We have also
documented previously the existence of an increased fre-
quency of activated CD8
+
 HLA-DR
+
 T cells and low levels of
CD4
+
 CD25
HIGH
 in patients with severe clinical forms of Cha-
gas’ disease [6]. In the present study, we have addressed this
issue further, demonstrating that patients bearing cardiac
Chagas’ disease display, in addition to the high levels of acti-
vated CD8
+
 T cells, an opposite immunological proﬁle of low
values of NK and NKT cells (Fig. 5, right panel, top graph).
Ta ken together, our ﬁndings suggest that the expansion of
proinﬂammatory monocytes CD14
+
 CD16
+
 HLA-DR
++
  as
well as high values of pre-NK cells, in a microenviroment
deﬁcient in NKT cell and CD4
+
 CD25
HIGH
 cell populations,
represent an important immunological proﬁle that controls
parasite load in E-IND Chagas’ disease. However, the persis-
tence of this immunophenotypic pattern parallels the estab-
lishment of a strong adaptive CD8
+
  T cell activation that
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could lead to late chronic disease associated with cardiac
damage. On the other hand, the shift of this immunological
pattern towards high values of macrophage-like cells,
together with enhanced frequency of mature NK cells, NKT
cells and regulatory CD4
+
 CD225
HIGH
 T cells, could be ben-
eﬁcial, limiting tissue damage and leading to lifelong persis-
tence of the indeterminate form of Chagas’ disease.
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4.2. ARTIGO 3: 
  O artigo científico apresentado nesse tópico corresponde ao objetivo específico 2, e foi 
submetido à revista Journal of Immunological Methods em março desse ano. 
Título: Stratagem to assess and correlate the overall cytokine profile of circulating leukocytes 
with distinct clinical status of human Chagas disease. 
Autores:  Vitelli-Avelar  DM,  Sathler-Avelar  R,  Teixeira-Carvalho  A,  Dias  JC,  Gontijo  ED, 
Elói-Santos SM, Martins-Filho AO. 
Revista: Journal of Immunological Methods 
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Abstract 
It has been hypothesized that the deregulation of the immune system and indeed the resultant 
of a disturbed multifactorial immunological mechanisms are more likely to be involved in the 
pathogenesis of Chagas disease and therefore in the establishment of distinct clinical status of 
chronic Trypanosoma cruzi. In this context, impaired cytokine network has been pointed out 
as  an  important  circuit  determining  disease  morbidity.  Herein  we  have  described  a  novel 
stratagem  to  assess  the  overall  cytokine  profile  of  circulating  leukocytes  and  correlate  the 
dominant  cytokine  profile  with  the  indeterminate-IND  and  cardiac-CARD  clinical  forms  of 
Chagas disease.  Taking the whole study population, we have first calculated the global 
median percentages of cytokine
+
 leukocytes to establish, for each cytokine
+
 cell population, 
the  cutoff  edge used  to  segregate  “low” and “high” cytokine-producers as the start point to 
build  color-diagrams  and  determine  the  panoramic  cytokine  overview.  Using  this  approach 
our  findings  demonstrated  that  while most  IND presented regulatory dominant cytokine 
profile,  CARD  displayed  a  prominent  inflammatory  panoramic  cytokine  overview.  In 
addition,  radar  chart analysis  confirmed the  dichotomic cytokine  balance  between  IND and 
CARD and further allowed the identification of the real contribution of each cell population 
for the overall cytokine pattern observed. Data analysis demonstrated that while CD4
+
 T-cells 
were the major cell population accountable to define the regulatory profile in IND, monocytes 
and  CD4
+
  T-cells were  determinants  for  the  panoramic  inflammatory  cytokine  pattern  in 
CARD. Interestingly, in vitro  booster  with trypomastigote T. cruzi  antigen  was  able to 
overturn the overall cytokine balance of IND and CARD. In fact, upon antigenic stimulation, 
disturbed IL-10 circuit of CD4
+
 T-cells and monocytes seems to be the relevant key to drive 
IND toward an  inflammatory pattern  and  CARD forward a regulatory cytokine profile. 
Preliminary data supported that this phenomenon may also occur in vivo after Chagas disease 
etiological treatment. Altogether, these findings added new insights to the complex cytokine 
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network  underline  the  immunopathogenesis  of  Chagas  disease  re-enforcing  the  role  of 
putative immunological biomarkers of disease severity and therapeutic response. 
 
Keywords: Human Chagas disease; Trypanosoma cruzi; cytokines; radar graph. 
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1. Introduction 
Chagas  disease  is  a  long-lasting  infection,  caused  by  the  protozoa  parasite 
Trypanosoma  cruzi,  endemic  throughout  the  Latin  America  where  an  estimated  8  million 
people  remain  infected  (New  global  effort  to  eliminate  Chagas  disease,  2007;  Dias,  2006; 
Pérez-Gutiérrez et al., 2006). The pathogenesis of chronic Chagas disease is still partly 
understood although there is a general consensus that the host immune response plays pivotal 
role  underling  the  distinct  clinical  aspects  of  the  disease.  There  are  several  immunological 
events  that seem to influence the outcome of chronic Chagas disease including the cytotoxic 
mechanisms,  mediated  by  CD8
+
  T-cells  on  the  development  of  cardiac  disease,  the 
importance  of  regulatory  cells  such  as  CD4
+
CD25
High
  Treg  and  NKT-cells,  as  well  as  the 
protective role  of cytotoxic NK-cells (Reis et al., 1993; Dutra et al., 2005; Vitelli-Avelar et 
al., 2005; Vitelli-Avelar et al., 2006; Korbel et al., 2004; Papazahariadou et al., 2007). 
A direct correlation between the secretion of IFN-γ and the development of the severe 
cardiac  Chagas  disease  besides  the  role  of  IL-10  controlling  immunopathology  have  been 
already reported (Gomes et al., 2003; de Barros-Mazon et al., 2004). However, the fact that a 
large  proportion  of IND  patients  also  produce high  levels of  IFN-γ,  in  addition  to other 
inflammatory cytokines
 raises the hypothesis that more than shift toward a polarized cytokine 
pattern, the fine balance of inflammatory and regulatory cytokines derived from distinct cell 
sources  may  account  for  the  resultant  immune-mediated  mechanisms  that  drive the  disease 
outcome  (Gomes  et  al.,  2003;  Bahia-Oliveira  et  al.,  1998;  Corrêa-Oliveira  et  al.,  1999).  In 
fact, it has been demonstrated that whereas monocytes from both IND and CARD are able to 
produce  IL-10 and  some  IND patients can  produce higher levels of IFN-γ, monocytes from 
IND  produce  higher  levels  of  IL-10  than  do  monocytes  from  CARD  (Gomes  et  al.,  2003; 
Dutra et al., 1997; Souza et al., 2004). These findings emphasize that the cytokines balance 
represents  a  key  element  in  the  establishment  of  distinct  clinical  forms  of  chronic  Chagas 
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disease. 
Attempting  to  further  contribute  to  this  filed  of  investigation,  herein  we  have  described  a 
novel strategy to characterize the cytokine overall profile from a range of innate and adaptive 
immunity  cells and decode the distinct clinical status of human Chagas disease (Bahia-
Oliveira et al.,  1998). The panoramic cytokine overall profile of peripheral blood leukocyte 
subsets  offered  additional  evidences  concerning  the  immunological  events  relevant  for 
clinical studies of Chagas disease. This approach would be of great interest and may provide a 
better understanding of the immunological complexities that control the outcome of chronic 
Chagas’ disease and a useful tool to predict the immunological response following therapeutic 
intervention.
 
2. Materials and methods 
2.1. Study population 
This study enrolled 43 individuals grouped into two cohorts as following described: 
2.1.1. Cohort 1  
Consisted of  chagasic patients  classified  as indeterminate-IND (03 males and 03 
females,  43-67  years  old  with  no  clinical  manifestations besides the  positive  serology) and 
cardic-CARD (02 males and 06 females, 50-70 years old presenting dilated cardiomyopathy 
besides  the  positive  serology)  as  well  as  11  non-infected  individuals-NI  (03  males  and  08 
females, 20-55 years old), from Bambuí, Minas Gerais, Brazil. Chagas disease diagnosis was 
based  on  standard  serological  tests  to  detect  anti-T.  cruzi  IgG,  including  indirect 
immunfluoirescence assay and haemoaglutionation test. 
 
2.1.2. Cohort 2  
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Consisted of 18 chagasic patients classified as IND (01 males and 04 females, 35-46 
years old) and CARD (07 males and 06 females, 29-58 years old) analyzed prior and one-year 
after etiological treatment with benznidazole (Rochagan
®
; Roche, SP, Brazil). 
This work was approved by the Ethical Committee at IRR/FIOCRUZ-Minas (11/2004) 
and UFMG-COEP (ETIC 070/00). 
 
2.2. Short-term whole blood in vitro culture 
Peripheral  blood  samples  from  25  individuals  were  collected  into  Vacutainer  tubes 
containing sodium heparin (BD Pharmingen, San  Diego, CA, USA). For each collected 
sample, short-term in vitro cultures  of  whole blood samples were performed in two distinct 
platforms  referred  as  “control”  and  “antigen-stimulated”  cultures.  Control cultures  were 
performed  in  14ml  polypropylene  tubes  (Falcon
®
,  BD  Pharmingen,  San  Diego,  CA,  USA), 
using 500µl aliquots of heparinized whole blood samples, incubated in the presence of 500µl 
of RPMI-1640 (GIBCO, Grand Island, NY, USA) plus Brefeldin A (BFA) (Sigma, St Louis, 
MO,  USA)  at  a final  concentration  of  10µg/ml  for  4h  at  37
o
C  in  a  5%  CO
2
  humidified 
incubator.  This  condition represented the “ex  vivo” cytokine  profile, particularly in the 
absence  of  exogenous  stimuli  which  may  reflect  the  dynamic  events  taking  place  in  blood 
leukocyte subsets in vivo. 
Additionally,  the  antigen-stimulated  cultures were performed  in  14ml polypropylene 
tubes  (Falcon
®
, BD Pharmingen, San Jose,  CA, USA) by previous incubation of 500µl 
aliquots  of  heparinized  whole  blood  samples  in  the  presence  of  400µl  of  RPMI-1640 
(GIBCO,  Grand  Island,  NY,  USA)  plus  100
µ
l  of  TRYPO  soluble  antigen  prepared  as 
described by Gomes et al. [10] at a final concentration of 20µg/ml, for 1 h at 37
o
C in a 5% 
CO
2
 humidified incubator. Following antigen priming, cells were incubated in the presence of 
BFA at 10µg/ml for an additional period of 4h at 37
o
C in a 5% CO
2
 humidified incubator. 
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Positive control cultures were also performed in order to evaluate the sample viability. 
For this purpose, 500µl of aliquots of whole blood samples were incubated in the presence of 
500
µ
l of RPMI-1640 plus Phorbol 12-Myristate 13-Acetate (Sigma, St Louis, MO, USA) at 
25ng/ml, ionomycin (Sigma, St  Louis, MO, USA)  at 1µg/ml and  BFA at 10µg/ml  final 
concentration. Whole blood cultures were incubated for 4h at 37
o
C in a 5% CO
2
 humidified 
incubator.  Cytokine  patterns  observed  in  the  positive  control  cultures,  named  “PMA-
stimulated cultures” confirmed the cell viability of all blood samples, as demonstrated by high 
levels of IFN-
γ
+
 and TNF-
α
+
 cells (data not shown).  
 
2.3. Immunostaining for cell subsets and intracellular cytokines analysis by flow cytometry 
Following  the  short  term  stimulation  in  vitro,  the  cultures,  previously  treated  with 
2mM EDTA (Sigma, St Louis, MO, USA), were washed once with FACS buffer prepared as 
PBS  0.5%  of  bovine  serum  albumin and  0.1%  sodium  azide (Sigma,  St Louis,  MO,  USA). 
After resuspension in 1ml of FACS buffer, 400µl aliquots of cell suspension from each whole 
blood culture were immunostained with FITC (BD Pharmingen, San Diego, CA, USA) or TC 
(Caltag, Burlingame, CA, USA).labeled mAbs anti-CD3, CD4, CD5, CD8, CD14, CD16 or 
CD19  in  the  dark  for 30  minutes at room temperature.  After  lysing/fixation  procedure, 
membrane-stained leukocytes were  permeabilized with  FACS  perm-buffer, (FACS  buffer 
0.5% of saponin) and incubated, for 30 min at room temperature, in the dark in the presence 
of  20µl  of  PE-labelled  anti-cytokine  mAbs  (IFN-γ,  TNF-α,  IL-12,  IL-10,  IL-4  and  IL-13). 
After intracytoplasmatic cytokine staining, the cells were washed and then fixed in FACS FIX 
Solution  and  stored  at  4
o
C  prior  flow  cytometry  acquisition  and  analysis.  Distinct  gating 
strategies were used to assess the percentage of cytokine
+
 cell subsets as previous described 
by Peruhype-Magalhães et al. [16]. 
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2.4. Assessment of overall cytokine profiling of circulating leukocytes 
The  percentage  of  cytokine
+
  cells  within  a  given  leukocyte  population  obtained  by 
flow  cytomety  quadrant  statistics  were  further  transformed  using  a  five  step  platform  that 
consisted of: 1
st
 – to calculate the global median for each cytokine
+
 cell subset considering the 
whole range of values obtained for NI, IND and CARD; 2
nd
 – to establish for each cell subset 
the  concept of  “low”  and  “high” cytokine-producers
 using the global median percentage of 
cytokine
+
 cells as the cutoff edge to segregate the individuals into two categories named as 
“low”  and  “high”  cytokine-producers;  3
rd
  – to create  a  color  diagram  representing low 
cytokine-producers (
 for all cytokines), inflammatory high cytokine-producers (  for IFN-
γ, TNF-α and IL-12) and regulatory high cytokine-producers (
 for IL-10, IL-4 and IL-13) 
within each leukocyte subset; 4
th
 – to calculate for each leukocyte subset the cytokine balance 
defined  into  four  categories  as  the  predominant  proportion  of  low  cytokine-producers, 
inflammatory,  regulatory  or  mixed  (
)  cytokine-producers  and  5
th
  –  to  determine  for  the 
whole  leukocyte  population  the  overall  cytokine  profile
  as  the  proportion  of  inflammatory, 
regulatory or mixed cytokines taking together all cell subsets evaluated. 
 
2.5. Statistical analysis 
χ
2
  test  was used  for  comparisons  of  low  and  high  cytokine-producers  frequencies 
among  NI,  IND  and  CARD and  significance considered  at p<0.05.  Comparison  of  radar 
graphs axes and polygon areas were considered significant for ratio twice lower of higher in 
magnitude. Data analysis for the results presented in the radar chart format was performed by 
comparing the  central  polygon  areas  among  cytokine-producers  categories  intra  and  inter 
clinical groups. Significant differences were considered for ratio indicating axes and polygon 
areas  twice  lower  of  higher  in  size.  Significant  differences  among  clinical  groups  are 
highlighted  by  letters  “a”,  “b”  and  “c”  as  compared  to  NI,  IND  and  CARD,  respectively. 
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Significant  differences  among  cytokine-producers  categories  within  a  given  clinical  groups 
are  highlighted  by  *  as  compared  to  all  other  categories  or  #  as  compared  to  high  mixed 
cytokine-producers. 
 
3. Results
 
3.1. Establishing the global median percentages of cytokine
+
 cells as the cut-off edge to define 
“low” and “high” cytokine-producers 
It has been already reported that a detailed analysis of individual level of  IFN-γ 
secretion  allow  the segregation of  chagasic  patients  into low  and high  producers  able  to 
distinguish IND and CARD, with the latter group presenting enhanced frequency of high IFN-
γ
 producers (Bahia-Oliveira et al.,  1998). Herein,  we  intended to  apply this concept to 
investigate  a  broader  range  of  cytokines  and  assess  the  overall  ex  vivo  cytokine  profile  of 
circulating  leukocytes  and  decode  the  distinct  clinical  status  of  human Chagas  disease.  For 
this  purpose,  the  global  median  for  each  cytokine
+
  cell  subset  was  calculated,  taking  the 
whole range of values obtained for NI, IND and CARD as illustrated for TNF-
α
+
 monocytes 
and  IL-10
+
  CD4
+
  T-cells  (Fig.  1). The  global  median  percentage  of  each  cytokine
+
  cells 
population was  used as  the cut-off edge  to  segregate  the  individuals  into  two  categories 
named “low” and “high” cytokine-producers. The frequencies of high cytokine-producers in 
the innate and adaptive compartments are presented in Table 1 and 2, respectively. 
Analysis of cytokine
+
 neutrophils demonstrated that all IND patients fell into a region 
of high IL-12
+
 and IL-13
+
-producers (Table 1). On the other hand, the analysis of the adaptive 
immunity  compartment  demonstrated  that  none  IND  individuals  displayed  values  of 
circulating IL-12
+
 within the total lymphocyte population above the cutoff edge, significantly 
lower than NI and CARD (Table 2). 
On  the  other  hand,  our  data  demonstrated  that  most  of  CARD  displayed  values  of 
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circulating TNF-α
+
 monocytes above the cutoff edge, significantly higher than NI (Table 1). 
Interestingly,  analysis  of  total  lymphocytes  demonstrated  that  none  CARD  individuals  fell 
into a region of high IL-10
+
-producers, unlike NI and IND confined above the global cut-off 
edge.  Additional  analysis  revealed  that  a  small  proportion  of  CARD  individuals  displayed 
values of circulating IL-10
+
 CD8
+
 T-cells above the cutoff edge, significantly higher than NI 
(Table 2). 
 
3.2. Distinct overall cytokine profile is a genuine approach to decode the distinct clinical 
status of human Chagas disease 
To further  characterize the cytokine  profile  of NI, IND and CARD we  have created 
color diagrams to represent for each subject the three classes of cytokine-producers named as 
low cytokine-producers (
 for all cytokines), high inflammatory cytokine-producers (  for 
IFN-
γ
, TNF-
α
 and IL-12) and high regulatory cytokine-producers (
 for IL-10, IL-4 and IL-
13) within  each leukocyte subsets (Fig. 2A).  Data demonstrated a predominance  of  low 
cytokine-producers  within  neutrophils  from  CARD  as  compared  to  IND  (Fig.  2A). 
Additionally, color diagrams reinforce that CARD presented a predominance of TNF-α high 
cytokine-producers within  monocytes  as  compared  to  NI (Fig.  2A).  Furthermore, decreased 
frequency of low cytokine-producers within NK-cells was observed in IND as compared to NI 
(Fig.  2A).  No  significant  differences  were  observed  among  the  three  classes  of  cytokine-
producers within T-cells subsets as well as B-cell compartment (Fig. 2A). 
Additional analysis was carried out to characterize the cytokine balance defined as the 
predominant proportion of low cytokine-producers or high inflammatory, regulatory or mixed 
(
) cytokine-producers of each leukocyte subset taking together the color diagram summary 
for each cell population (Fig. 2B). 
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As an example, we can consider the cytokine profile of IND 1. The analysis of B-cell 
cytokine profile revealed a predominant low cytokine-producer pattern, yielding a general low 
cytokine-producer  balance.  On  the  other  hand,  taking  into  account  the  cytokine  profile  of 
monocytes,  a  predominant  high  inflammatory  greater  than  regulatory  cytokine-producer 
pattern yielded a general high inflammatory cytokine-producer balance. Still, the analysis of 
NK-cells displayed a predominance of high regulatory cytokine-producer pattern, yielding a 
general  high  regulatory  cytokine  balance.  In  addition,  considering  the  neutrophils  cytokine 
profile,  an  equivalent  high  inflammatory  and  regulatory  cytokine-producer  pattern  was 
observed, producing a resultant high mixed cytokine-producer balance.  
The  data  obtained  as  the  cytokine  balance  for  each  cell  population  was  further 
compiled to determine the overall cytokine profile of peripheral blood leukocytes for NI, IND 
and CARD (Fig. 2C). The analysis of the overall cytokine profile suggests a predominance of 
mixed cytokine pattern in NI and IND. On the other hand, a predominance of inflammatory 
cytokine  pattern  in  CARD  was  observed  (Fig.  2C).  Interestingly,  the  analysis of  those 
individuals  with  dominant  immune  response  toward  inflammatory  or  regulatory  profile 
demonstrated that while a equivalence between inflammatory/regulatory cytokine profile was 
the hallmark  of  NI, 75% of IND displayed a prominent regulatory cytokine profile whereas 
80% of CARD showed predominance of an inflammatory cytokine pattern (Fig. 2C). 
 
3.3. Radar graph further identified that distinct leukocyte subsets contributed to the overall 
cytokine profile balance of IND and CARD 
Aiming to further characterize the high inflammatory and regulatory cytokine balance 
observed  in  IND  and  CARD,  respectively,  radar  charts  were  employed  to  identify  the 
contribution of distinct leukocyte subset for the overall cytokine balance. The radar graph is a 
method of graphically displaying a composite measure that has a number of axes emanating 
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from  a  central  point.  Each  axis  displays  the  proportion  of  each  cytokine  balance  category 
within one cell population and the values on each of the axes may be joined to form a central 
polygon. The area within the polygon represents the performance of the cytokine balance on 
each category with increasing or decreasing areas reflecting better or poorer contribution of 
each cytokine balance category within IND or CARD. 
Data  analysis  re-emphasized  that  IND  presented  a  predominant  area  within  the 
polygon  regarding  the  regulatory  cytokine  balance  whereas  the  analysis  of  the  radar  charts 
from  CARD  demonstrated  a  higher  contribution  of  inflammatory  cytokine-producers 
surrounding central polygon (Fig. 3). 
It  was  interesting  to  notice  that  the  higher  central  polygon  area,  illustrating  the 
regulatory cytokine balance in IND, was particularly determined by CD4
+
 T-cells axis (Fig. 
3). On the other hand the higher central polygon area illustrating the inflammatory cytokine 
balance in CARD was particularly determined by monocytes as well as CD4
+
 T-cells (Fig. 3). 
 
3.4.  Trypomastigote  T.  cruzi  antigen  booster  in  vitro  overturn  the  cytokine  balance  of 
peripheral blood leukocytes driving IND toward an inflammatory pattern and CARD forward 
a regulatory profile 
Once established the overall cytokine profile for NI, IND and CARD, we have moved 
up  to  another  relevant  question  whether  the  in  vitro  booster  with  trypomastigote  T.  cruzi 
soluble antigens would alter the cytokine balance of the major circulating leukocyte subsets. 
To answer to this issue we have carried out an  analysis of intracellular cytokine balance of 
circulating  leucocytes  following  short-term  whole  blood  in  vitro  culture  in  the  presence  of 
tripomastigote T. cruzi soluble antigen and calculate the impact of antigen stimulation as the 
ratio between antigen-stimulated/control cultures. 
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The analysis of the in vitro T. cruzi antigenic booster on the cytokine balance of whole 
leukocyte population is presented in radar graphs format in Fig. 4. Our findings demonstrated 
that  the  trypomastigotes  T.  cruzi  antigen  booster  in  vitro  overturn  the  cytokine  balance  of 
peripheral blood leukocytes, enhancing the inflammatory cytokine balance in IND and driving 
CARD toward a predominant frequency of regulatory cytokine balance (Fig. 4). 
In fact, upon  in  vitro  T. cruzi antigen stimulation, the  cytokine balance of IND 
revealed  an  increased  inflammatory  cytokine  balance  as  compared  to  the  ex  vivo  cytokine 
balance presented  in Fig. 3.  Indeed,  this change  was  mainly  due  to  the  enhancement  of 
regulatory  cytokines  derived  from  monocytes  and  CD4
+
  T-cells  (Fig.  4).  The  major  impact 
observed  in  the  regulatory  cytokine  balance  in  IND,  mainly  affected  the  CD4
+
 T-cells  axis 
despite the enlargement of the neutrophils and CD8
+
 T-cells axes (Fig. 4) as compared to the 
ex vivo analysis (Fig. 3). 
On the other hand, as compared to the cytokine balance displayed in Fig. 3, the lower 
central polygon area illustrating the inflammatory cytokine balance in CARD was particularly 
due  to  the  cutback  of  monocytes  and  CD4
+
  T-cells  axes.  Interestingly,  despite  the  lower 
polygon area, the axis representing the CD8
+
 T-cells still characterize a prominent source of 
inflammatory  cytokines  in  CARD.  On  the  other  hand,  the  higher  central  polygon  area 
illustrating  the  regulatory  cytokine  balance  of  CARD  was  mainly  owed  to  enlarged 
neutrophils, monocytes and CD4
+
 T-cells (Fig. 4). 
 
3.5.  The  in vivo IL-10  circuit  of  monocytes  and CD4
+
  T-cells observed in  IND  and  CARD 
after etiological treatment reproduce the overturning in the cytokine balance observed upon 
T. cruzi antigen booster in vitro 
The impact of T. cruzi antigenic booster in vitro in the cytokine balance of circulating 
leukocyte  subsets  highlighted that the regulatory CD4
+
 T-cells  from  IND and regulatory 
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monocytes  from  CARD represented the  major overturned  target. Aiming to substantiate 
whether this phenomena may also occur in vivo following the massive T. cruzi antigen release 
that  occur  during  Chagas  disease  etiological  treatment,  herein  we  have  performed  a  focal 
analysis  of  IL-10  circuit  in  CD4
+
  T-cells  in  IND  and  the  monocytes  in  CARD,  before  and 
after benznidazole-treatment. Our data pointed out that, likely the T. cruzi antigen stimulation 
in vitro, the etiological treatment led to remarkable in vivo changes in the regulatory cytokine 
pattern of monocytes and CD4
+
 T-cells. Indeed, after etiological treatment, decreased levels 
of IL-10
+ 
CD4
+ 
T-cells can be observed in IND whereas enhanced frequency  of IL-10
+
 
monocytes is observed in CARD, as compared to cytokine pattern observed before treatment 
(Fig. 5).  
 
4. Discussion 
It has been hypothesized that a deregulation of the immune system is more likely to be 
involved in the pathogenesis of Chagas disease and that the chronic clinical forms are indeed 
resultant of a disturbed multifactorial immunological mechanisms, where impaired cytokine 
network has been pointed out as an important circuit determining disease morbidity (Gomes 
et  al.,  2003;  Bahia-Oliveira  et  al.,  1998;  Corrêa-Oliveira  et  al.,  1999).  As  the  conventional 
strategies  may  not  capture  the  global  cytokine  imprint,  and  does  not  reflect  the  panoramic 
cytokine  profile  of  the  wide  range  of  circulating  leukocyte  subsets,  herein  we  described  a 
novel  strategy to  assess  the panoramic cytokine  overview of circulating leukocytes and 
describe  the  dominant  cytokine  profile  associated  with  indeterminate  and  cardiac  clinical 
forms of Chagas disease.  
Our  results  highlighted  the  mixed nature  of  the cytokine response  of  uninfected 
subjects  which  is  agreement  with  previous  reports  (Peruhype-Magalhães  et  al.,  2006). 
Moreover, our finding were capable of define a predominance of regulatory cytokine pattern 
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in  IND contrasting  with  the  dominant  inflammatory  profile  of  CARD  (Fig.  3).  The  data 
presented  as  overall  dominant  cytokine  profile  of  circulating  leukocytes  from  chagasic 
patients  are  also  in  agreement  with  those  previously  reported  for  isolated  peripheral  blood 
mononuclear  cells  (Corrêa-Oliveira  et  al.,  1999;  Dutra  et  al.  2005;  Golgher  &  Gazzinelli, 
2004).  The  major  goal  of  the  present investigation  was  the  opportunity  to  analyze  the 
dominant cytokine pattern of circulating leukocytes jointly with complementary data set 
displayed  in  radar graphs that  allowed  to  built a feasible hierarchical cytokine network and 
better understand the complex cytokine circuit of a range of peripheral blood cell subsets from 
innate and adaptive immune response. 
Using the radar charts it was easy to notify not only the magnitude of each cytokine 
category,  illustrated  by  the  area  of  the  central  polygon  but  also  to  identify  the  major  cell 
sources that contribute for the overall cytokine balance. It is important to emphasize that the 
area of the central polygon was as important as its overall shape since down or up-regulation 
in certain cytokine cell sources  could be clearly identified. Using  this novel  strategy  of 
analysis we have identified that the predominance of regulatory cytokine pattern in IND (Fig. 
3) is mostly determined by up-regulation of modulatory cytokines derived from CD4
+
 T-cells 
(Fig.  3).  Furthermore,  the  lower  frequency  of  inflammatory  cytokines  in  IND  (Fig.  3)  was 
mainly  due  to  a  reduced  frequency  of  inflammatory  CD4
+
  T-cells  (Fig.  3). The  lower 
regulatory  cytokine-producers  in  CARD  were  particularly  determined  by  the  shift  of 
monocytes towards an inflammatory phenotype (Fig. 3) and in lesser extension by the mixed 
cytokine profile of neutrophils, NK and B1-cells (Table 1). 
Our  findings  demonstrated  that  peripheral  blood  leukocytes  from  patients  with 
different  clinical  forms  of  Chagas  disease  display  distinct  cytokine  profiles,  with  the  most 
relevant  findings  of  CARD  individuals  been  the  particular  enhanced  frequency  of  TNF-
α
 
producing  monocytes  and  lower  frequency  of  IL-10  producing  CD8
+
  T-cells.  In  fact, 
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previously studies have already reported that monocytes from cardiac-disease patients are able 
to  produce  higher  levels  of  TNF-α,  consistent  with  the  establishment  of  strong  cytotoxic 
CD8
+
 T-cell  response that  trigger exacerbated  inflammation  and  tissue  damage (Reis et al., 
1993; Souza et al., 2004). On the other hand, in IND individuals the enhanced frequency of 
total  lymphocytes  high  producers  of  IL-4,  IL-10  and  IL-13  and  the  mixed  pattern  of 
neutrophil  and  NK-derived  cytokines  represented  the  major  features  of  the  panoramic 
cytokine  overview.  It  has  been  demonstrated  that  cytokines  produced  in  type-II  responses 
such as IL-4 and IL-13 can indeed activate macrophages and antagonize the classic activation 
pathway that in addition with IL-10 stimulates phenotypes that some authors have proposed to 
define  alternative  activation  of  macrophages  (Mantovani  et  al.,  2004;  Gordon,  2003).  This 
activation  pathway  characterized  by  low  production  of  pro-inflammatory cytokines  may 
represent a relevant immunoregulatory mechanism that take place in IND patients (Noel et al., 
2004).  It  is  known  that  endogenous  IL-4  has  an  important  role  in  avoiding  excessive 
inflammatory process and pathology elicited during chronic infection with T. cruzi (Soares et 
al., 2001). Previous reports have demonstrated that IL-13 is able to inhibit the production of 
inflammatory  cytokines  by  monocytes  (McKenzie  et  al.,  1993).  In  fact,  Dutra  et  al.  (1997) 
have  already  proposed  that  circulating  immune  cells  from  chagasic  patients,  despite  their 
clinical  status,  displayed  increased  levels of mRNA specific  for IL-13 as  compared to non-
infected individuals. It is  possible that the lack  of differences between IND  and CARD 
observed by these authors was mainly due to the fact that they have focused on the cytokine 
analysis on  PBMCs and  herein  we  have  focused  on  a  broader  range  of  peripheral  blood 
leukocytes  subsets.  The neutrophils are  probably  the  most underappreciated  immune  cell 
among  peripheral  blood  leukocytes  and  many neutrophil functions  remain to be  unrevealed 
(Chakravarti  et  al.,  2007).  Our  data  have  pointed  out  that  neutrophils  are  indeed  the  major 
supplier of IL-13, herein described for the first time as a relevant source of IL-13 exclusively 
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in  IND  group  (Table  1).  Thus,  this  cytokine  may  be  involved  in  the  control  of  the 
inflammatory  responses  and  may be  involved  in  the  alternative  macrophages  activation 
pathway  in  IND.  In  fact,  the  ability  of  neutrophils  to  modify  the  monocyte/dendritic  cells 
function,  by  inhibiting  the  cytokine  release  including  TNF-
α
  and  impact  on  down-stream 
immunity such as T-cell proliferation has been recently reported (Eken et al., 2008). 
Our data showed that the neutrophils from IND were also a relevant source of IL-12 
(Table  1)  displaying  an  overall  mixed  cytokine  balance.  The  plasticity  of  neutrophils  that 
explains its capacity to transdiferenciate depending on the local requirements of the immune 
response has been already reported (Chakravarti et al., 2007).
 
It is possible that the enhanced 
frequency of high IL-12 producers within IND neutrophils may be a relevant loop to trigger 
the activation of cytotoxic NK-cells. Indeed, we have previously reported a predominance of 
CD16
+
CD56
dim
 NK-cells in IND which  has been considered to display higher cytotoxic 
activity (Cooper et al., 2001). 
In the adaptive compartment, it was interesting to notice that whereas the circulating 
lymphocytes  from  most  IND  patients  were  classified  as  high  IL-10  producers,  no 
lymphocytes from CARD individuals fell into a region of high IL-10
 
producer (Table 2). It is 
plausible to speculate that these high IL-10 producing lymphocytes from IND may represent 
Treg  cells.  In  fact,  we  have  previously  demonstrated  that  IND  display  enhanced  levels  of 
CD4
+
CD25
HIGH
  lymphocytes  (Vitelli-Avelar  et  al.,  2006).  It  has  been  established  that  Treg 
cells can mediate suppressive  effect  in vitro in a cell contact-dependent  manner controlling 
disease process, whereas adaptive regulatory T-cells suppress immune response by producing 
regulatory cytokines  such  as IL-10 (Dittmer et al., 2004). Functional studies with Treg 
enriched leukocyte populations are currently under evaluation in our laboratory. 
One fascinating finding of the present investigation  that trypomastigotes T. cruzi 
antigen  booster  in vitro  was  able  to  overturn  the  cytokine  balance  of  peripheral  blood 
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leukocytes  driving  impaired  frequency  of  inflammatory  cytokine  in  CARD  forwards  a 
prominent  regulatory  profile.  On  the  other  hand,  the  major  impact  observed  in  IND 
demonstrated an enhancement in the frequency of inflammatory with a clear down regulation 
of  regulatory  cytokine-producers  (Fig.  4).  We  have  previously  proposed  that  the  cytokine 
profile of peripheral blood leukocytes from untreated chagasic patients, artificially reproduced 
in vitro upon T. cruzi antigen stimulation, may reflect the cytokine synthesis in vivo triggered 
by  the  etiological  treatment  (Sathler-Avelar  et  al.,  2008).  Herein,  preliminary  data 
demonstrated  that  the  etiological  treatment  led  to  decreased  levels  of  IL-10
+ 
CD4
+
  in  IND 
group, whereas increased frequency of IL-10
+
 monocytes could be observed in CARD, which 
corroborate our hypothesis (Fig. 5). 
Taken  together,  the  data  presented  here  re-emphasize  that  a  fine  balance  between 
inflammatory-  and regulatory-cytokines represents  a key element in  the  establishment  of 
distinct  clinical forms of chronic Chagas disease. Thus, the cytokine network especially the 
balance  between  regulatory  and  inflammatory  cytokines  appears  to  play  a  critical  role  in 
controlling  T.  cruzi  infection  and  the  fate  of  different  clinical  forms  as  previous  suggested 
(Crema et al., 2006). It is clear that this novel strategy to analyze immunological data clarified 
important  aspects  of  the  immunopathology  of  Chagas  disease  and,  possibly,  revealed 
alternative immunological marker applicable in clinical follow-up studies of disease severity 
as well as therapeutic response. 
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FIGURE LEGENDS 
Fig.  1.  Representative  scatter  graphs  of  TNF-α
+
  monocytes  and  IL-10
+
  CD4
+
  T-cells 
employed to establish the concept of low cytokine-producers (
) and high inflammatory ( ) 
or  regulatory  (
)  cytokine-producers.  Low  cytokine-producers  were  defined  for  values  of 
cytokine
+
 cells lower than the global median whereas high cytokine-producers were defined 
for values of cytokine
+
 cells higher or equal the global median cut-off. 
 
Fig. 2. (A) Color diagrams representing low (
), high inflammatory ( ) and high regulatory 
(
) cytokine-producers for chagasic patients (IND and CARD) and non-infected individuals 
(NI).  (B)  Color  diagrams representing  the  cytokine balance  of low,  high inflammatory, 
regulatory or mixed (
) cytokine-producers for a range of cell subset from innate and 
adaptive  immune  response.  (C)  Overall  cytokine  profile  representing  the  frequency  of 
dominant inflammatory or regulatory cytokine profile within NI, IND and CARD.  
 
Fig.  3.  Radar  graph representing  the  prevalence  of  ex vivo  inflammatory  (
) or regulatory 
(
) cytokine  balance  in a range  of cell  subsets  of innate and adaptive immunity from IND 
and  CARD  chagasic  patients.  Each  axis  displays  the  proportion  of  each  cytokine  balance 
category within a given leukocyte subset. The values of each axis can be joined to form the 
central  polygon  area  which  represents  the  general  inflammatory  or  regulatory  cytokine 
balance. Increasing or decreasing central polygon areas reflect higher or lower contribution of 
inflammatory  or  regulatory  cytokine  balance  in  IND  and  CARD.  The  analysis  of  the  radar 
chart  axes  highlights  the  contribution  of  distinct  leukocyte  subset  for  the  overall  cytokine 
balance. 
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Fig.4.
 Radar graph representing the impact of in vitro T. cruzi antigen stimulation calculated 
as  the  ratio  between  antigen-stimulated/control  cultures  in  the  prevalence  of  inflammatory 
(
)  or  regulatory  ( )  cytokine  balance  in  a  range  of  cell  subsets  of  innate  and  adaptive 
immunity from IND and CARD chagasic patients. Each axis displays the proportion of each 
cytokine  balance  category  within  a  given  leukocyte  subset.  The  analysis  of  the  radar  chart 
axes highlights the contribution of distinct leukocyte subset for the overall cytokine balance. 
The  trypomastigotes  T.  cruzi  antigen  booster  in  vitro  overturn  the  cytokine  balance  of 
peripheral  blood  leukocytes  from  IND  and  CARD  as  compared  with  the  ex  vivo  cytokine 
balance. 
 
Fig.5.
 Impact of etiological treatment on the ex vivo IL-10 circuit of CD4
+
 T-cells from IND 
(
)  and  monocytes  from  CARD  ( )  individuals.  The  results  are  expressed  as  mean 
percentage  of  cytokine
+
  cells  ±  standard  error for  IND  and  CARD  groups  before  and after 
etiological  treatment.  Statistical  significant  differences  at  p<  0.05  are  highlighted  by  *  as 
compared to the data obtained before the etiological treatment. 
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Table  1.  Frequency of cytokine high-producers subjects based on the global median cytokine 
cut-off detected in innate immunity cells* 
 
 

% of High Cytokine-producers 
Cytokine
+ 
Cell 
Global Median 
Cut-off 
 

NI  IND  CARD 
       
   
 
TNF

-

α

+

 

20.1 (2.3

-

60.7)

 

 

27.3

 

 

50.0

 

 

87.5

a

 

Monocytes 
IL

-

10

+

 

3.4 (0.9

-

8.2)

 

 

63.6

 

 

50.0

 

 

37.5

 

                 
IFN

-

γ

+

 

0.7 (0.2

-

1.5)

 

 

63.6

 

 

33.3

 

 

50.0

 

TNF

-

α

+

 

0.8 (0.3

-

1.8)

 

 

45.5

 

 

66.7

 

 

50.0

 

IL

-

12

+

 

0.8 (0.3

-

1.8)

 

 

36.4

 

 

100.0

a,c

 

 

25.0

 

IL

-

10

+

 

1.1 (0.6

-

2.1)

 

 

54.5

 

 

50.0

 

 

50.0

 

IL

-

4

+

 

1.2 (0.2

-

3.5)

 

 

54.5

 

 

66.7

 

 

37.5

 

Neutrophils 
IL

-

13

+

 

0.5 (0.1

-

1.3)

 

 

45.5

 

 

100.0

a

 

 

50.0

 

                 
TNF

-

α

+

 

7.6 (3.4

-

52.6)

 

 

36.4

 

 

83.3

 

 

50.0

 

NK Cells 
IL

-

4

+

 

22.5 (8.3

-

57.2)

 

 

27.3

 

 

83.3

 

 

62.5

 

 

 

 

 

 

 

 

 

 

 

* Data are expressed as percentage of individuals displaying percentage of cytokine
+
 cells higher or 
equal the global median cut-off calculated for each cell population within the innate immunity cells. 
Statistical significance at p<0.05 (Chi-square) are represented by letters “a” and “c” for comparisons 
with NI, IND and CARD, respectively. 
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Table  2.  Frequency of cytokine high-producers subjects based on the global median cytokine 
cut-off detected in adaptive immunity cells* 
 
 

% of High Cytokine-producers 
Cytokine
+ 
Cell 
Global Median 
Cut-off 
 

NI  IND  CARD 
       
   
 
IFN

-

γ

+

 

 

1.2 (0.4

-

2.4)

 

 

63.6

 

 

33.3

 

 

50.0

 

TNF

-

α

+

 

 

1,0 (0.3

-

2.8)

 

 

63.6

 

 

50.0

 

 

37.5

 

IL

-

12

+

 

 

1.2 (0.3

-

6.1)

 

 

72.7

 

 

0.0

a,c

 

 

62.5

 

IL

-

10

+

 

 

1.7 (0.2

-

12.7)

 

 

72.7

 

 

83.3

 

 

0.0

a,b

 

IL

-

4

+

 

 

1.7 (0.4

-

4.4)

 

 

63.6

 

 

66.7

 

 

25.0

 

Total 
Lymphocytes 
IL

-

13

+

 

 

0.8 (0.2

-

2.5)

 

 

63.6

 

 

66.7

 

 

25.0

 

 

 

 

 

 

 

 

 

 

 

IFN

-

γ

+

 

 

1.1 (0.3

-

2.3)

 

 

63.6

 

 

50.0

 

 

37.5

 

TNF

-

α

+

 

 

0.8 (0.1

-

4.3)

 

 

72.7

 

 

16.7

 

 

50.0

 

IL

-

12

+

 

 

1.2 (0.3

-

9.8)

 

 

45.5

 

 

50.0

 

 

62.5

 

IL

-

10

+

 

 

2.7 (0.5

-

10.6)

 

 

45.5

 

 

66.7

 

 

50.0

 

IL

-

4

+

 

 

1.6 (0.3

-

6.7)

 

 

45.5

 

 

83.3

 

 

37.5

 

CD4
+
 T-
cells 
IL

-

13

+

 

 

0.8 (0.2

-

5.0)

 

 

63.6

 

 

50.0

 

 

37.5

 

 

 

 

 

 

 

 

 

 

 

IFN

-

γ

+

 

 

1.1 (0.1

-

5.6)

 

 

63.6

 

 

33.3

 

 

50.0

 

TNF

-

α

+

 

 

1.3 (0.2

-

6.0)

 

 

63.6

 

 

66.7

 

 

25.0

 

IL

-

12

+

 

 

1.4 (0.3

-

8.2)

 

 

63.6

 

 

50.0

 

 

50.0

 

IL

-

10

+

 

 

3.1 (0.4

-

12.1)

 

 

81.8

 

 

66.7

 

 

12.5

a

 

IL

-

4

+

 

 

2.2 (0.2

-

6.3)

 

 

54.5

 

 

33.3

 

 

62.5

 

CD8
+
 T-
cells 
IL

-

13

+

 

 

1.6 (0.3

-

6.5)

 

 

63.6

 

 

50.0

 

 

37.5

 

 

 

 

 

 

 

 

 

 

 

TNF

-

α

+

 

 

1.9 (0.3

-

9.2)

 

 

45.5

 

 

66.7

 

 

37.5

 

B-cells 
IL

-

10

+

 

 

7.5(3.1

-

54.0)

 

 

63.6

 

 

33.3

 

 

50.0

 

 

 

 

 

 

 

 

 

 

 

TNF

-

α

+

 

 

1

9.2 (1.96

-

100.0)

 

 

54.5

 

 

33.3

 

 

50.0

 

Lymphocyte Subsets 
B1-cells 
IL

-

10

+

 

 

41.2 (4.1

-

100.0)

 

 

54.5

 

 

50.0

 

 

50.0

 

 

 

 

 

 

 

 

 

 

 

* Data are expressed as percentage of individuals displaying percentage of cytokine
+
 cells higher or 
equal the global median cut-off calculated for each cell population within the adaptive immunity cells. 
Statistical  significance  at  p<0.05  (Chi-square)  are  represented  by  letters  “a”,  “b”  and  “c”  for 
comparisons with NI, IND and CARD, respectively. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
 
 
 
Before Treatment After Treatment
% of IL-10
+
Monocytes
0 1 2 3 4 55 4 3 2 1
% of IL-10
+
CD4
+
0 1 2 3 4 55 4 3 2 1
*
*
INDCARD




4.3. 
ARTIGO 4: 
  O  artigo  científico  apresentado  nesse  tópico  corresponde  ao  objetivo  específico  3. 
Título:  Non-conventional  flow  cytometry  approaches  to  detect  anti-Trypanosoma  cruzi 
immunoglobulin G in the clinical laboratory. 
Autores: Vitelli-Avelar DM, Sathler-Avelar R, Wendling AP, Rocha RD, Teixeira-Carvalho 
A, Martins NE, Dias JC, Rassi A, Luquetti AO, Elói-Santos SM, Martins-Filho OA 
Revista: J Immunol Methods. 2007 Jan 10; 318(1-2):102-12. Epub 2006 Nov 13. 
DOI: 10.1016/j.jim.2006.10.009 




[image: alt]Research paper
Non-conventional flow cytometry approaches to detect
anti-Trypanosoma cruzi immunoglobulin G in the clinical laboratory
Danielle Marquete Vitelli-Avelar
a,
⁎
, Renato Sathler-Avelar
a,b
,
Ana Paula Barbosa Wendling
a
, Roberta Dias Rodrigues Rocha
a
,
Andréa Teixeira-Carvalho
a
, Natália Évelin Martins
a
,
João Carlos Pinto Dias
c
, Anis Rassi
d
, Alejandro Ostemayer Luquetti
d
,
Silvana Maria Elói-Santos
b,e
, Olindo Assis Martins-Filho
a
a
Laboratório de Doença de Chagas, Centro de Pesquisas René Rachou, Fundação Oswaldo Cruz, Brazil
b
Departamento de Pós-Graduação em Patologia, Faculdade de Medicina, Universidade Federal de Minas Gerais, Brazil
c
Laboratório de Triatomíneos e Epidemiologia da Doença de Chagas, Centro de Pesquisas René Rachou, Fundação Oswaldo Cruz, Brazil
d
Hospital das Clínicas da Faculdade de Medicina da Universidade Federal de Goiás, Brazil
e
Departamento de Propedêutica Complementar, Faculdade de Medicina, Universidade Federal de Minas Gerais, Brazil
Received 24 August 2006; received in revised form 11 October 2006; accepted 12 October 2006
Available online 13 November 2006
Abstract
We have recently developed a flow cytometric approach to detect anti-live trypomastigote and anti-fixed epimastigote IgG
antibodies (FC-ALTA and FC-AFEA) in sera from individuals infected by Trypanosoma cruzi. Here, we present the first evaluation
of the applicability of FC-AFEA-IgG as a diagnostic tool for Chagas disease. Performance analysis demonstrated that FC-AFEA-
IgG has a sensitivity of 82% and a specificity of 100%. The assessment for prognosis performed by FC-ALTA-IgG1 and FC-
AFEA-IgG, after classification of chagasic patients as belonging to indeterminate (IND), cardiac (CARD) or digestive (DIG)
clinical forms, showed that most of IND have higher amounts of IgG than individuals' carrying CARD or DIG Chagas disease. FC-
AFEA-IgG was also evaluated as a method to monitor chemotherapy efficacy in individuals classified into three distinct categories:
not treated (NT), treated but not cured (TNC), and treated and cured (TC). Performance analysis demonstrated that FC-AFEA-IgG
has an extraordinary capacity as a serological criterion to assess cure after therapeutic intervention in Chagas disease. These results
represent a great advance in the application of serological techniques for clinical investigations on Chagas disease, and they clearly
define new directions and perspectives. We intend to continue this field research focusing our attention on the influence of the
degree of clinical damage on the FC-ALTA-IgG1 and FC-AFEA-IgG reactivity.
© 2006 Elsevier B.V. All rights reserved.
Keywords: Chagas disease; Trypanosoma cruzi; Flow cytometry; Serology; FC-ALTA; FC-AFEA
1. Introduction
Chagas disease represents the third largest tropical
disease burden after malaria and schistos omiasis. This is
a chronic and ultimately fatal disease caused by
protozoan Trypanosoma cruzi and constitutes a major
Journal of Immunological Methods 318 (2007) 102– 112
www.elsevier.com/locate/jim
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public health problem in Latin America (Moncayo,
2003). Several countries in this area have well-
established vector-control programs. However, contac t
with contaminated feces or urine from infected triato-
mine insects is still the m ain cause of infection.
Moreover, endemic areas where parasite transmission
is not yet controlled present a constant threat to
neighbouring regio ns meaning that 120 million people
are currently at risk of infection. The World Health
Organization estimates that approximately 300,000 new
cases of Chagas disease occur every year (World Health
Organization, 2002).
In the acute phase of Chagas disease, when
parasitemia is high, usual ly diagnosis can be easily
made using conventional parasitological methods (xe-
nodiagnosis and hemoculture). Nevertheless, detection
of the acute phase in endemic areas is not always easy
because most individuals are o ligosympto matic or
asymptomatic. The great majority of the patients are
identified during long lasting chronic disease. In this
phase, serologic tests are used to detect antibody against
T. cruzi and not the presence of the parasite itself. These
methods can provide false results because of the lack of
specificity or sensitivity. Consequently, the Pan Amer-
ican Health Organization suggests the use of at least two
methods for the diagnosis of the disease. Conflicting
results with conventional serology are frequent
(Camargo et al., 1986). Furthermore, the antigens
commonly used in serodiagnosis of Chagas disease are
fixed epimastigote forms or complex mixtures of
proteins and glycoconjugates extracted from whole
parasites which lead to false positive results due to
cross-reactions with other parasites, such as leishman-
iasis (Carvalho et al., 1993; Umezawa et al., 2003;
Amato Neto et al., 2005).
Although conventional serology remains the most
widely used met hod for Chagas disease diagnosis, flow
cytometry is becoming a reliable and powerful serolog-
ical method for clinical investigations on Chagas
disease. Therefore, in the area of disease prognosis
and management/treatment, non-parasitological markers
can be implemented as predictors of morbidity and
treatment efficacy, and the risk-benefit of chemotherapy
can be focused on different phases of Chagas disease.
Furthermore, the proposed flow cytometry methodology
is highly sensitive and can also be applied as a non-
conventional serological diagnosis technique (Martins-
Filho et al., 1995, 2002; Cordeiro et al., 2001).
The results of this double blind investigation re-
emphasize the applicability of flow cytometry to detect
anti-T. cruzi antibodies in human serum for diagnosis as
well as for prognosis and assessment of cure.
2. Materials and method s
2.1. Study population
The inclusion of all subjects in our investigation had
the approval of the Ethics Committees of the FIOCRUZ.
To evaluate the efficacy of our test in prognosis,
diagnosis, and assessment of cure we studied different
cohorts.
2.1.1. Cohort 1
To evaluate our testin regard to diagnosis, 148 samples
were selected comprising a total of 28 chagasic patients
(CH), 26 with classic Kalazar–Ame rican Visceral
Leishmanisasis (VL), 20 with American Localized
Cutaneous Leishmaniasis (LCL), 20 toxoplasmosis
patients (TX), 20 malarial patients (MA), 21 Schisto-
soma mansoni infected individuals (SCH) and 12 non-
infected controls (NI). Chagasic patients were collected in
Bambui, Minas Gerais/Brazil, an endemicarea for Chagas
disease and had received a positive diagnosis for Chagas
disease (as determined by indirect immunofluorescence
assay-IFA and hemagglutination-HA).
2.1.2. Cohort 2
The serum samples were the same as those used in
cohort 1 from Bambuí, Minas Gerais/Brazil. According
to their clinical records, the patients were divided into
three different catego ries, namely indeterminate (IND),
cardiac (CARD) and digestive (DIG). Patients present-
ing asymptomatic T. cruzi infection, classified as IND
(n =6), had no clinical manifestations of the disease
other than their positive serology. Patients with cardiac
dysfunction, CARD (n =13), presented with dilated
cardiomyopathy and were identified by a d etailed
clinical examination, including electrocardiography
(ECG), 24-h Holter examination and chest X-ray.
Chagasic patients with gastrointestinal disease, DIG
(n =7), presented with clinical radiological status of
megacolon and/or megaesophagus. Twelve non-chaga-
sic individuals, with negative results on serological tests
for Chagas disease, were included in this study as
negative controls (NI). All were living in an endemic
area for Chagas disease.
2.1.3. Cohort 3
Serum samples were c ollected from 30 chagasic
seropositive patients (as determined by IFA and HA). As
for cohort 2, we classified the individuals according to
their clinical records, as IND (n =10), CARD (n =10) or
DIG (n =10). The individuals were from Minas Gerais/
Brazil and ranged from 24 to 77 years of age. Twenty
103D.M. Vitelli-Avelar et al. / Journal of Immunological Methods 318 (2007) 102–112













non-chagasic individuals, with negative results on
serological tests for Chagas disease, were included in
this study as negative controls (NI).
2.1.4. Cohort 4
This sub-cohort was composed of 60 individuals,
ranging in age from 6 months to 68 years. These patients
have been evaluated parasitologically (hemoculture) and
serologically (IFA and HA) in a follow-up study from 3
up to 26 years. In this study we did not focus on the
efficacy of the different therapeutic schemes that were
used since that was not the major goal of our present
investigation. After clinical, parasitological, and sero-
logical follow-up studies patients were classified into
three different categories followed the description of
Martins-Filho et al. (2002): not treated (NT, n =19);
treated but not cured (TNC, n =17); treated and cured
(TC, n =24). The treatments were carried out during
acute, sub-acute or chronic phases. NT and TNC
patients persisted with positive results on both serolog-
ical and parasitological tests. Patients were considered
TC only when both conventional serological and
parasitological tests were consistently negati ve in at
least eight assessments of serially collected blood
samples.
2.2. Parasite preparations
2.2.1. Epimastigotes
Epimastigotes forms from the CL strain were
obtained by inoculation of 1.0×10
7
bloodstream
trypomastigotes from experimentally infected mice, in
liver infusion tryptose medium-LIT (Camargo, 1964)
with 10% of heat-inactivated fetal bovine serum (FBS,
GIBCO, Grand Island, New York, USA) at 28 °C. After
serial passages in vitro, the parasites were harvested
during the log phase of growth. The organisms were
washed three times with PBS supplemented with 3%
FBS (1000 ×g for 15 min at 4 °C), resuspended
immediately in equal volume of PBS and FACS fix
solution [10.0 g/l of paraformaldehyde, 1% sodium
cacodylate, 6.63 g/l of sodium chloride and 0.01%
of sodium azide (Sigma Chemical), pH 7.2], and stored
at 4 °C until use. The suspension of parasites was
adjusted to 10 ×10
6
/ml before used in the flow cytome-
tric method to detect anti-fixed epimastigote antibodies
(FC-AFEA).
2.2.2. Trypomastigotes
LLC-MK
2
cells were maintained in our laboratory by
serial passages and kept frozen in liquid nitrogen. For
the assays, 5× 10
5
LLC-MK
2
cells were seeded in tissue
culture flasks (Falcon 25 cm
2
or 75 cm
2
) with 10 ml of
DMEM medium (GIBCO, Grand Island, New York,
USA) containing 10% FBS, and incubated at 37 °C in a
humidified air containing 5% CO
2
. After 2 or 3 days, the
monolayer was infected with 5×10
6
trypomastigotes of
T. cruzi-CL strain obtained from experimentally infected
mice (Brener and Chiari, 1963). The cultures were
maintained in DMEM, 10% of FBS at 33 °C in 5% of
CO
2
at 95% humidity (Bertelli et al., 1977). After 5–
6 days the trypomastigotes were harvested from the
supernatant. Cell debris and amastigotes were removed
by differential centrifugation at 100 ×g for 10 min at
room temperature. The supernatant containing most of
the parasites was centrifuged at 1000 ×g for 15 min at
4 °C. The pellet was washed three times in 0.15 M
phosphate buffered saline, pH 7.2 (PB S) supplemented
with 10% FBS. The suspension of parasites was
adjusted to 10×10
6
/ml before use in the flow cytometric
method to detect anti-live trypomastigote antibodies
(FC-ALTA) assays.
2.3. Immunofluorescence by flow cytometry
The serum samp les were inactivated by heating for
30 min at 56 °C and kept at − 20 °C until use. The
inactivated sera were diluted in PBS containing 10%
FBS and used to evaluate the presence of anti-T. cruzi
antibodies by flow cytometry.
The parasite imm unofluores cence stain ing was
carried out as described by Martins-Filho et al. (1995),
modified for U bottom 96 well plate (LINBRO, ICN
Biomedicals, Inc. Aurora, Ohio) by Cordeiro et al.
(2001). Briefly, 500,000 parasites/well were incubated
at 37 °C for 30 min in the presence of different dilutions
(1/128 to 1/16,384) of individual serum from all patients
and controls selected for this study. After incubation
with sera, the parasites were washed twice with 150 μl
of PBS-10% FBS (1000 ×g for 10 min at 4 °C) and
reincubated at 37 °C for 30 min in the dark, in the
presence of fluorescein isothiocyanate (FITC) conjugat-
ed anti-human IgG antibody or with biotin-conjugated
anti-human IgG1 subclass antibody (Sigma Chemical
Corp., St. Louis, MO). The FITC-labeled parasites were
fixed for 30 min with a FACS fix solution before
analysis in the cytometer. The biotin-labeled parasites
were incubated with 10 μl of streptavidin-phycoery-
thrin-SAPE (GIBCO, Grand Island, New York, USA) at
37 °C for 30 min in the dark. After being stained, the PE-
labeled parasites were washed twice with PBS-10%
FBS and fixed on ice for 30 min with FACS fix solution.
Stained parasites were stored at 4 °C up to 24 h before
cytofluorometric analysis.
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[image: alt]Fig. 1. Titration curve average of anti-fixed epimastigotes IgG reactivity (FC-AFEA-IgG) of serum samples from chagasic patients (CH ●, n =28)
and non-infected individuals (NI ○, n =12). The continuous box marks the most promising serum dilution to discriminate CH from NI (A). FC-
AFEA-IgG of individual serum samples from chagasic (CH) and non-infected (NI) individuals from cohort 1 at 1/1024 dilution (B). FC-AFEA-IgG
of individual serum samples from classic Kalazar (VL), American Cutaneous Leishmaniasis (LCL), malarial (MA), toxoplasmosis (TX), Schisto-
soma mansoni (SCH) infected individuals from cohort 1 at 1/1024 dilution (C). The results are expressed as PPFP. The dotted line represents the cut-
off between negative or low positive (PPFP≤ 60%) and high positive (PPFPN 60%) PPFP values. ROC curve analysis was applied to establish the
better cut-off edge to discriminate PPFP values from CH and NI (D). Additional performance indexes are also provided (inserted table).
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2.4. FACScan data storage and analysis
Flow-cytometric measurements were performed on a
Becton Dickinson FACScan interfaced to an Apple
Quadra FACStation. The Cell-Quest software package
was used in both data storage and analysis. Stained
parasites were run in the cytometer, and 5000 events per
sample were acquired. The parasites were identified on
the basis of their specific forward (FCS) and side (SSC)
light-scattering properties. Parasites were selected by
gating on the FCS ×SSC dot plot distribution. Parasites
have a characteristic homogeneous distribution that
allows selective analysis by creating a specific window
over the parasite region. This profile was obtained by
adjusting size and granularity gains, on a log scale, with
values of 10 and 300, respectively. The relative FITC or
PE fluorescence intensity for each parasite preparation
was analyzed using a single histogram representation. A
marker was set on the internal control for nonspecific
binding of FITC or PE-conjugated antibody and used to
determine for each serum sample the percentage of
positive fluorescent parasites (PPFP). Data analysis was
initially performed by establishing 20% and 50% of
PPFP as the cut-off between negative (PPFP ≤ 20%),
low positive (20%b PPFP≤ 50%) and high positive
(PPFPN 50%) results as described by Martins-Filho
et al. (1995) and Cordeiro et al. (2001). Additional cu t-
off edges were further identified by Receiver Operating
Curve (ROC-curve), and PPFP=60% was used for most
data analysis presented on this investigation.
2.5. Statistical analysis
Each test's performance was assessed by the following
statistical indexes: sensitivity=[true positives÷(true posi-
tives+false negatives)]×100; specificity=[true negati-
ves÷(true negatives+false positives)]×100; positive
predictive value — PPV=[true positives÷ total posi-
tives]×100 and negative predictive value — NPV=[true
negatives÷total negatives]×100 (Youden, 1950). The
receiver operating characteristic curve (ROC curve) was
built applying the sensitivity values in the ordinate, and
the complement of specificity in the abscissa. The curve
was used to select the cut-off value to discriminate
negative from low positive and high positive PPFP
results. The tests' global accuracy was also evaluated,
taking the area under the ROC curve (AUC) according to
Swets (1988). Each test's performance was also evaluated
by Likelihood Ratios (LR), taking LR for the positive
result =[true positives÷(true positives+false negati-
ves)] ÷[false positives÷(falses positive+true negatives)],
and LR for the negative result =[false negatives ÷ (true
positives+false negatives)]÷[true negatives÷(false posi-
tives+true negatives)]. As proposed by Jaeschke et al.
(1994),LRN 10 practically confirms disease diagnosis
and LRb 0.1 practically excludes disease diagnosis.
3. Results
3.1. Establishment of the FC-AFEA-IgG as a non-
conventional assay for the diagnosis of Chagas disease
with minimal cross-reactivity with major tropical
endemic diseases in Brazil
During the chronic phase of Chagas disease, due to
the low parasitemia, diagnosis is usually performed by
immunological methods in conjunction with clinical
epidemiological evidence. In recent years, our groups
have worked toward developing new diagnostic tests
employing flow cytometry in serological diagnosis of
Chagas disease. Here, we report the evaluation of anti-
fixed epimastigotes IgG (FC-AFEA-IgG) for the
diagnosis of T. cruzi infection (Cohort 1).
FC-AFEA-IgG results were evalua ted using serial
dilution of all sera samples, starting at 1/128 up to 1/
16,384. The titration curve of the CH and NI averages
allowed the identification of serum dilution 1/1024 as a
promising experimental condition to better discriminate
the CH from NI based in the superior segregation
(Fig. 1A). Using the PPFP = 60% as the cut-off edge,
elected by the ROC curve analysis for serum dilu tion 1/
1024 (Fig. 1D), we observed that 82% of CH showed
high positive PPFP values and all NI presented low
positive PPFP values (Fig. 1B). Performance analysis of
FC-AFEA-IgG for diagnosis was also performed by
MedCalc software package 7.3 further confirmed these
finding demonstrating the outstanding performance
indexes of FC-AFEA-IgG, including a sensitivity of
82.0% (63.1–93.9) and a specificity of 100% (73.4–
100) with positive and negative predictive values of
82.14% and 70.58%, respectively (Table inserted in
Fig. 1). The analysis of the area under ROC curve also
showed a good performance of the test (AUC=0.90).
Likelihood ratio (LR) confirmed that FC-AFEA-IgG has
a good performance for Chagas disease diagnosis. Our
data demonstrated that results of PPFP N 60% is more
than 10 times more likely to come from a CH patient
than NI individual (Table inseted in Fig. 1). On the other
hand a low PPFP result is unlikely to belong to a CH
individual, strongly suggesting a negative diagnosis for
Chagas disease.
Further studies searching for cross-reactivity were per-
formed using serum samples from individuals with other
infectious diseases (Fig. 1C). The analysis demonstrated
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[image: alt]Fig. 2. Titration curve of FC-ALTA-IgG1 (A) and FC-AFEA-IgG (B) of individual serum samples from indeterminate (IND ○), cardiac (CARD ●)
and digestive (DIG ) chagasic patients (subcohort 2 and subcohort 2+ 3, respectively). The results are expressed as PPFP. The dotted line represents
the cut-off proposed by Cordeiro et al. (2001) to classify PPFP values as low positive (PPFP ≤ 50%) and high positive results (PPFP N 50%). The
continuous rectangle highlights the most promising serum dilution 1/4096 selected to further identify the differential FC-ALAT-IgG1 and FC-AFEA-
IgG reactivity between chronic chagasic patients (C and D). Using the proposed reactivity cut-off of 50%, the FC-ALTA-IgG1 showed high positive
PPFP values for 83% of IND, whereas 38% of CARD and 14% of DIG had low positive PPFP values (C). FC-AFEA-IgG additionally showed that
69% of IND presented high positive PPFP values, whereas 55% of CARD and 76% of DIG had low PPFP values (D).
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that in the conditions previously described only VL (52%)
and SCH (5%) provided false-positive results on FC-
AFEA-IgG. Despite the high frequency of cross-reactivity
of samples from VL patients observed by FC-AFEA-IgG,
it is important to mention that this situation could be
resolved by the clinical status of VL patients, classically
identified as an acute febrile hepatosplenic condition, not
compatible with any clinical manifestation of chronic
Chagas disease.
In order to further evaluate the performance of FC-
AFEA-IgG applicability in Chagas disease diagnosis,
focusing attention on improvement of sensitivity and
specificity, we have suggested the possibility of using
FC-AFEA-IgG subclasses as a useful tool to eliminate
cross-reactivity in serological diagnosis of Chagas
disease, mainly due to the high recogni tion of fixed T.
cruzi epimastigotes by VL samples. For this purpose, we
designed an experiment to investigate the potential of
FC-AFEA-IgG1 to contribute on the discrimination of
CH and VL samples. Our data demonstrate that, despite
a similar PPFP profile observed for CH along the
titration curve, as compared to IgG reactivity, no real
gain on the discrimination of CH and VL was observed
with only 3 samples from the VL group with negative
results at a serum dilution of 1/1024 (data not shown).
3.2. Use of anti-live trypomastigote antibodies (FC-
ALTA) by flow cytometry as a reliable method for
serological diagnosis of distinct clinical manifestations
of chronic Chagas disease
Cordeiro et al. (2001) suggested the potential use of
anti-live tripomastigotes IgG1 subclasses (FC-ALTA-
IgG1) by flow cytometry for prognostic purposes, for
monitoring the progression of chronic Chagas disease
and for predicting the risk of cardiac damage.
Aiming to confirm this report of a differential FC-
ALTA-IgG1 reactivity between chagasic patients bear-
ing distinct clinical manifestations of chronic disease,
we have performed a blind FC-ALTA-IgG1 study on a
sub-cohort of chagasic patients from Bambui, Minas
Gerais/Brazil, an endemic area for Chagas disease
(cohort 2). FC-ALTA-IgG1 reactivity was performed
using serial dilutions from 1/128 to 1/16,384, and data
were expressed as PPFP (Fig. 2A). We selected the
serum dilution 1/4096 and PPFP =50% as the cut-off to
discriminate IgG1 reactivity by FC-ALTA as proposed
by Cordeiro et al. (2001). Our data demonstrated that
83% of IND presented high positive PPFP values,
confirming our previous report of higher IgG1 reactivity
on asymptomatic patients. The analysis of FC-ALTA-
IgG1 data from CARD and DIG demonstrated that
only 38% and 14% of them presented low positive PPFP
values, respectively (Fig. 2C).
3.3. Development and evaluation of the performance of
FC-AFEA-IgG by flow cytometry to detect differences
between chagasic patients presenting different clinical
forms of chronic Chagas disease
Continuing our efforts to detect differences between
chagasic patients presenting different clinical forms of
chronic disease, we searched for a differential profile of
reactivity using FC-AFEA-IgG (Cohorts 2 and 3). We
performed a FC-AFEA-IgG titration curve, from serum
dilution 1/128 to 1/16,384, in order to identify the best
sera dilution candidate for differential IgG reactivity
between the three groups of patients evaluated. Our
results confirmed that serum dilution 1/4096 and
PPFP=50% as the cut-off were the most promising for
detecting differential FC-AFEA-IgG reactivity
(Fig. 2B). Our findings demonstrated that 69% of IND
showed high positive PPFP values, whereas 55% and
76% of CARD and DIG presented low positive PPFP
values, respectively (Fig. 2D).
3.4. Investigation of FC-AFEA-IgG as a non-con ven-
tional serological alternative to monitor cure after
etiological treatment of chronic chagasic patients
One of the greatest concerns in Chagas disease is the
absence of relia ble methods for the evalua tion of
chemotherapy efficacy in treated patients. In this context,
the identification of anti-T. cruzi antibodies by flow
cytometry may be a promising tool for cure criterion. FC-
AFEA-IgG reactivity was performed using serial
dilution starting from 1/128 up to 1/16,384 and data
expressed as PPFP. Initially, the cut-off selected to
discriminate I gG reactivity by FC-AFEA were
PPFP=20% and PPFP=50%. However, further investi-
gations to justify the proposed cut-off was determined
using the ROC-curve that had established that the cut-off
of 20% and 60% of PPFP were the bett er choices to
classify the samples as negative (PPFP ≤ 20%), low
positive (20%b PPFP≤ 60%) and high positive
(PPFPN 60%). Considering these established PPFP
limits, we first determined the differential IgG reactivity
on the sera samples included in this investigation, using
the sera dilution 1/256 for FC-ALTA, as previously pro-
posed by Martins-Filho et al. (1995, 2002). At PPFP=20%
and PPFP= 60% as cut-offs, all NT and TNC patients
presented high positive IgG reactivity consistent with
their clinical status. However, the results for TC patients
were not consistent with their clinical status; 92% of
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[image: alt]Fig. 3. Titration curve of anti-fixed epimastigote IgG reactivity (FC-AFEA-IgG) of individual serum samples from not-treated (NT ●, n =19), treated not-cured (TNC , n = 17) and treated cured (TC
○, n =24) individuals (A). Continuous and dotted rectangles represented the two promising serum dilutions: 1/2048 and 1/16,384, which were further evaluated (B and C). The results are expressed as
PPFP. The dotted lines represent the cut-off between negative (PPFP≤ 20%), low positive (20% b PPFP≤ 60%) and high positive (PPFP N 60%) PPFP values. Anti-fixed-epimastigote IgG reactivity
(FC-AFEA-IgG) of individual serum samples from NT, TNC and TC individuals at 1/256 (B) and 1/2048 dilutions (C) demonstrated outstanding performance of FC-AFEA-IgG applied at serum
dilution 1/2048, able to precisely discriminate the clinical status of the chagasic patients after etiological treatment. Additional ROC curve data and performance indexes are also provided (D)
supporting the use of this tool to monitor cure after etiological treatment.
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them had positive PPFP values (PPFPN 20%), and 33%
of them had high positive IgG reactivity (PPFP N 60%)
(Fig. 3A and B). Therefore, we investigated the FC-
AFEA-IgG performance at higher serum dilutions. The
titration curve allowed the identification of the 1/2048
as another promising serum dilution. Our data demon-
strated that using the cut-off of PPFP=60% at se-
rum dilution 1/2048, all NT and TNC samples showed
high positive PPFP values, and all TC samples showed
negative or low positive PPFP values (PPFP ≤ 60%)
(Fig. 3AandC).
Together, our data demonstrated that FC-AFEA-IgG
performed at serum dilution 1/2048 was able to precisely
discriminate the clinical status of the chagasic patients
after etiological treatment and sugges ted the use of this
tool to monitor cure after etiological treatment. If 1/2048
is used as the reference dilution, a high positive PPFP
result observed after etiological treatment gives a precise
conclusion of therapeutic failure. On the other hand,
PPFP result ≤ 60% strongly suggests successful treat-
ment efficacy after etiological therapeutics (Fig. 3C).
Performance analysis of FC-AFEA-IgG for cure
criterion purposes was performed by MedCal c software
package 7.3 and demonstrated that FC-AFEA-IgG has
100% of sensitivity (80.3–100) and specificity (85.6–
100) with positive and negative predictive values of
100% (Fig. 3D). Likelihood ratio (LR) confirmed that
FC-AFEA-IgG has an outstanding performance as a
cure criterion after therapeuti c intervention in Chagas
disease ( Fig. 3 D). As propose d by Jaeschke et al.
(1994),LR+N 10 practically confirms disease diagnosis
and LR − b 0.1 practically excludes disease diagnosis.
Based on these propos itions, our data demonstrated that
a low positive PPFP result is not likely to come from a
TNC patient, confirming therapeutical effectiveness. On
the other hand a high positive PPFP result is not likely to
come from a TC, confirming therapeutic failure. We
consider that despite the good performance of FC-
AFEA-IgG to identify post-therapeutical cure at sera
dilution 1/16,384, the lower specificity to identify
therapeutic failure should rule out this serum dilution
for clinical purposes (Fig. 3A right and middle panels,
respectively).
4. Discussion
Although there has been an improvement in the
diagnosis of chronic Cha gas disease, the low sensitivity
by conventional serology is a drawback to its applica-
tion in diagnosis and post-therapeutic control (Portela-
Lindoso and Shikanai-Yasuda, 2003). Here we report
the establishment of the FC-AFEA-IgG as non-conven-
tional assays for diagnosis, as well as, prognosis and
cure criteria.
For the purpose of diagnosis, the titration curve of
FC-AFEA-IgG allowed the identification of serum
dilution of 1/1024 and the PPFP=60% as the cut-off
to discriminate low positive and high positive PPFP
values, considering NI individuals in comparison to CH,
we found that 82% of chagasic patients and 100% of NI
individuals presented high and low or negative values of
PPFP, respectively. The good performance of FC-
AFEA-IgG is supported by results obtained with the
statistical program MedCalc software package 7.3.
Including serum samples from indi viduals carrying
other parasitic diseases our data still suggested that the
flow cytometry based methodology has good potential
for the diagnosis of Chagas disease, with less cross-
reactivity than conventional tests with major endemic
tropical diseases in Brazil. The good performance of the
test also confers it an advantage for screening purposes
in epidemiological studies. However, the limited
availability of the technique and its high cost limits its
use in epidemiological surveys. Andrade et al. (1992)
using conventional serology tests showed that compar-
ison of results provided by blood banks with the
reference laboratory's results indicated a relative
sensitivity of 77%, which ranged from 50% to 100%
depending on the blood bank studied. This data, re-
emphasize the limited applicability of this conventional
serology for Chagas disease diagnosis purposes. The
sensitivity of the diagnostic method depends on
multifactorial aspects such as type, source, and purity
of the antigen employed as well as the detection system
intrinsic to given technology. In this context, our data
support the hypothesis that working selectively with
membrane antigens associated with the high perfor-
mance of the flow cytometric fluorescence due to
photomultiplier detectors, was probably the major
feature responsible for the higher sensitivity of FC-
AFEA-IgG. Besides its sensitivity, the capacity of flow
cytometry to count 10,000 parasites per assay and the
possibility to use intact parasites as source of antigen
improved the confidence of this methodology over other
techniques.
In order to further evaluate the performance of FC-
AFEA-IgG applicable on Chagas disease diagnosis,
focusing attention on sensitivity and specificity im-
provement, we have suggested the possibility of using of
FC-AFEA-IgG subclasses as a useful tool to eliminate
cross-reactivity in serological diagnosis of Chagas
disease, mainly due to the high recognition of fixed
T. cruzi epimastigotes by VL samples. Nevertheless, our
data demonstrate that, despite a similar PPFP profile
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observed for CH along the titration curve, as compared to
IgG reactivity, no real gain on the discrimination of CH
and VL could be observed. Actually, the use of a more
sensitive development system for IgG1 reactivity, based
on the use of biotin/PE-label ed-streptavidin, has been
shown to increase the cross-reactivity previously
observed through IgG along the titration curve. There-
fore, no promising dilution could be identified for the use
of IgG1 anti-fixed epimastigotes for the purpose of
clarifying the cross-reactivity between VL samples when
using FC-AFEA. Considering recent findings from our
laboratory in regard to Leishmaniasis IgG subclass
reactivity (Rocha et al., 2006), the IgG2 subcl ass has
been shown to have higher power to discriminate CH and
VL cross reactivity when LCL is the major diagnostic
tool. These findings will be further evaluated by our
group regarding its applicability for Chagas disease
diagnosis. Besides, most of the false-positive cases,
correspond to VL individuals could be solved by clinical
analysis, since the acute febrile hepatosplenic clinical
condition is not compatible with any clinical manifes-
tation of chronic Chagas disea se, which would rule out
any indication to perform FC-AFEA-IgG for those VL
patients.
Analyses of the reactivity of IgG subclasses in human
T. cruzi infection remain scarce. As Chagas disease
manifests itself in a wide diversity of clinical forms,
there is even less information relevant to the possibility
that differences in antibody subclass secreted during the
course of infection may influence the pathological
manifestation. In this context, Cordeiro et al. (2001)
showed differential FC-ALTA-IgG1 reactivity between
chagasic patients bearing distinct clinical manifestations
of chronic Chagas disease. In order to validate the
findings of Cordeiro et al. (2001), we performed a blind
FC-ALTA-IgG1 study on a new cohort of chagasic
patients. Selecting the serum dilution 1/4096 and
PPFP=50% as the cut-off to discriminate IgG1
reactivity by FC-ALTA-IgG1, our data demonstrated
that 83% of IND presented high positive PPFP values,
confirming the previous report of higher IgG1 reactivity
on asymptomatic patients. The analysis of FC-ALTA-
IgG1 data from CARD demonstra ted that only 38% of
them presented low positive PPFP values. Although,
these data appear to be inconsistent with those of
Cordeiro et al. (2001) CARD patient present different
degrees of heart damage, so it is possible that the high
PPFP values came from CARD patients with minor
electrocardiographic alterations. Another hypothesis is
that differential IgG1 reactivity could be a consequence
of host-strain-specific features as previously reported for
anti-live trypomastigote a ntibody reactivity by the
complement-mediated lysis approach (Zulantay et al.,
1998). Those authors demonstrated that the antibody-
dependent complement-mediated lysis test has strain
dependence on the detection of lytic antibodies in
chronic chagasic sera. Western blot analysis confirmed
that chagasic samples recognize different antigens
depending on the strain used.
As a subsequent aim we attempted to search for a
similar profile of reactivity using FC-AFEA-IgG. Our
findings demonstrated that 69% of IND showed high
positive PPFP values, whereas 55% and 76% of CARD
and DIG presented low positive PPFP values, respec-
tively. The FC-AFEA-IgG reactivity profi le was similar
in the group IND when compared with FC-ALTA-IgG1.
Furthermore, low reactivity was observed for CARD
and DIG samples, strongly suggesting its applicability
for prognosis. We believe that IND individuals with low
values of IgG are probably in clinical evolution and, as
mentioned above, the higher levels of IgG presented by
some CARD and DIG individuals could be relationed
with moderate degree of cardiac and digestive damage.
The development of longitudinal FC-AFEA-IgG as well
as FC-ALTA-IgG1 would further support our hypoth-
esis. Moreover, we are currently focussing the levels of
FcγRI, FcγRII and FcγRIII expression by peripheral
blood leukocytes from chagasic patients bearing distinct
clinical forms t o further address the dynamic on
immunological interaction at the interface between the
cellular and humoral immune response in Chagas
diasease.
The treatment of Chagas disease in both acute and
recent chronic infections may prevent pathologic effects
in the later stages of disease (Ferreira, 1990). The
indication of such treatment in the chronic phase is still
controversial because most treated patients continue to
have positive conventional serology, even though their
hemocultures become less frequently positive than those
of the untreated, chronically infected patients (Galvão
et al., 1993).
Performance analysis demonstrated that FC-AFEA-
IgG for cure criterion has a sensitivity (80.3–100) and
specificity (85.6–100) of 100% with positive and
negative predictive values of 100%. Likelihood ratio
(LR) confirmed that FC-AFEA-IgG has an extraordi-
nary performance as a cure criterion after therapeutic
intervention in Chagas disease. As proposed by
Jaeschke et al. (1994),LRN 10 practically confirms
diseases diagnosis and LR b 0.1 practically excludes
disease diagnosis. Based on these propositions, our data
demonstrated that a low positive PPFP result has little
chance of coming from a TNC patient confirming
therapeutical effectiveness. On the other hand a high
111D.M. Vitelli-Avelar et al. / Journal of Immunological Methods 318 (2007) 102–112














positive PPFP result has little chance of coming from a
TC, confirming therapeutic failure. We considered that
despite the good performance of FC-AFEA-IgG at
serum dilution 1/16,384, the lower specificity to identify
therapeutic failure should rule out this serum dilution for
clinical purposes.
We conclude that this flow cytometric approach is a
major advance in serological assessments for clinical
investigations on Chagas disease. We intend to continue
this field of research by focusing our attention on the
influence of the degree of heart and mega damage on
FC-ALTA-IgG1 and FC-AFEA-IgG reactivity, with
appropriate caution regarding the choice o f anti-human
IgG antibodies.
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Diversos estudos que avaliam os mecanismos imunológicos associados à manifestação 
de  diferentes  formas  clínicas  têm  sugerido  eventos  multifatorais  e  a  combinação  de 
parâmetros imunológicos diferentes, dando suporte à hipótese de que mecanismos complexos 
estão  envolvidos  na indução e/ou  regulação  da patogenia  da doença  de  Chagas.  Embora 
alguns  dos  elementos  envolvidos  no  fenômeno  de  cronificação  diferenciada  na  doença  de 
Chagas  já  tenham  sido  descritos,  estudos  adicionais  fazem-se  ainda  necessários  para  a 
compreensão da dinâmica desse processo. O estudo da participação de diferentes populações 
celulares  nos  eventos  protetores  e/ou  patológicos  da  doença  chamam  a  atenção  para  o 
envolvimento  de  ambos  compartimentos  da  resposta  imune,  o  celular  e  o  humoral.  Nesse 
contexto,  a  detecção  de  moléculas  expressas  na  superfície  de  células,  bem  como  de 
imunoglobulinas  ligantes  de  alvos  antigênicos,  via  reação  de  imunofluorescência  indireta, 
através da citometria de fluxo, têm  permitindo  um grande avanço  na pesquisa científica 
aplicada no estudo de doenças infectoparasitárias humanas. Empregando sistemas de análises 
mais  elaborados  e  protocolos  experimentais  mais  atuais,  torna-se  possível  ainda  a  análise 
simultânea de um maior número de moléculas por superfície celular, trazendo a possibilidade 
de identificação e/ou caracterização de novas sub-populações, oferecendo assim, informações 
adicionais que podem enriquecer os conhecimentos acerca das diferentes formas clínicas da 
doença de Chagas. 
O  estudo  de  forma  descritivo-analítica  do  perfil  imuno  fenotípico  de  leucócitos 
circulantes  indivíduos  portadores  das  formas  clínicas  indeterminada,  cardíaca e  digestiva, 
exposto  no ARTIGO  1,  documentou  pela primeira vez que  indivíduos portadores da forma 
clínica  indeterminada  apresentam  freqüências  aumentadas  de  células  T  reguladoras 
CD4
+
CD25
high
 e NKT associadas com níveis  aumentados  de células  NK circulantes (CD3-
CD16
+
CD56
+
  e  CD3
-
CD16
+
CD56
dim
).  Por  outro  lado,  foi  demonstrado  um  percentual 
aumentado de células CD8
+
HLA-DR
+
 exclusivamente relacionado com as formas graves da 
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doença  de  Chagas.  Nossos  achados  dão  suporte  à  hipótese  de  que  populações  de  células 
reguladoras  são  capazes  de  controlar  a  atividade  citotóxica  deletéria  na  forma  clínica 
indeterminada pela inibição da ativação de células T-CD8
+
HLA-DR
+
. Já a ausência de células 
T reguladoras em pacientes CARD e DIG pode contribuir para uma resposta imune deletéria 
que  culmina  em  forte  atividade  citotóxica  e  dano  tecidual.  Em  conjunto  nossos  dados 
corroboram com a hipótese de que uma forte ativação de células CD8
+
HLA-DR
+
, na ausência 
de  mecanismos  imunomoduladores,  pode  resultar  em  dano  tecidual  levando  ao 
desenvolvimento  de  cardiomiopatia  e/ou  megas  do  cólon  e  esôfago.  Contrariamente,  a 
habilidade de montar uma resposta citotóxica mediada por células NK, modulada por células 
T  reguladoras,  parece  apresentar  papel  fundamental  na  montagem  de  resposta  inflamatória 
efetiva e não deletéria. 
Considerando  o  ARTIGO  2,  que  abordou  o  estudo  descritivo  do  perfil  imuno 
fenotípico  de  leucócitos  de  crianças  portadoras  da  forma  clínica  indeterminada  recente,  os 
resultados indicaram alterações significativas, incluindo valores aumentados de células pré-
NK  e  monócitos  pró-inflamatórios  (CD14
+
CD16
+
HLA-DR
++
)  quando  comparados  com 
crianças  não  infectadas.  Valores  aumentados  de  linfócitos  B  ativados  (CD19
+
CD23
+
) 
contrastaram  com  a  deficiência  de  células  T  ativadas,  indicada  pelos  reduzidos  valores  de 
CD4
+
CD38
+
,  CD4
+
HLA-DR
+
,  CD8
+
CD38
+
,  CD8
+
HLA-DR
+
  e  células  T  reguladoras 
CD4
+
CD25
high
. Análise comparativa transversal entre E-IND, IND e CARD ainda sugeriu que 
mudança em direção a altos valores de “macrófagos-like” e níveis basais de monócitos pró-
inflamatórios além de elevados valores de células NK maduras, NKT e CD4
+
CD25
high
 podem 
resultar na forma clínica IND. Por outro lado, altos níveis de células CD8
+
HLA-DR
+
 paralelo 
a freqüência basal de células NK maduras, NKT e CD4
+
CD25
high
 parece estar relacionado ao 
desenvolvimento de uma fase crônica tardia associada com eventos patológicos no coração. 




Considerações Finais 
_________________________________________________________________________________________________________________________________ 
 
124
 

No  ARTIGO  3  descrevemos  uma  nova  estratégia  para  obtenção  do  balanço  de 
citocinas  produzidas  por  subpopulações  de  leucócitos  da  imunidade  inata  e  adaptativa  do 
sangue periférico, partindo do  conceito previamente  descrito de  indivíduos baixo e alto 
produtores  de  citocinas  (BAHIA-OLIVEIRA et  al.,  2000),  para  caracterizar  o  perfil de 
citocinas global. A realização de tal trabalho justifica-se uma vez que uma desregulação do 
sistema  imune  está  envolvida  na  patogênese  da  doença  de  Chagas  e  as  diferentes  formas 
clínicas  são  resultantes  de  distúrbios  múltiplos  de  mecanismos  imunes  como  demonstrado 
anteriormente  pelo  estudo  do  perfil  imuno  fenotípico.  Acreditamos  que  estratégias 
convencionais de análise da produção de citocinas podem não alcançar a representação global, 
podendo não refletir o perfil panorâmico de citocinas. A ação das citocinas é pleiotrópica e 
redundante, sendo importante analisar de forma cuidadosa as mudanças no micro ambiente de 
citocinas na tentativa de obter o perfil sistêmico. A quantificação de diferentes citocinas com 
efeitos  reguladores  ou  inflamatórios  produzidos  por  leucócitos,  pode  gerar  uma  melhor 
caracterização do ambiente sistêmico de indivíduos portadores das diferentes formas clínicas 
da  doença  de  Chagas.  Nossos  resultados  demonstraram  um  predomínio  de  um  padrão  de 
citocinas reguladoras em IND contrário ao perfil predominante de citocinas inflamatórias em 
CARD. Mas um dos pontos mais relevantes dessa investigação foi a oportunidade de analisar 
o padrão de citocinas dominantes em gráficos de radar, uma vez que esse gráfico permite a 
construção  de  uma  rede  organizada  de  citocinas  e  o  melhor  entendimento  do  circuito 
complexo de citocinas produzidas por uma variedade de células da resposta imune. Usando 
esse  gráfico  foi  simples  detectar  não  apenas  a  magnitude  de  cada categoria  de  citocinas  – 
ilustrada pela área central do polígono, obtida com a conexão dos pontos de cada eixo, que 
representam  as  diferentes  populações  celulares  avaliadas  –  mas  também  identificar  as 
principais fontes que contribuíram para o balanço global de citocinas. Usando essa estratégia 
observamos  que  o  predomínio  de  um  padrão  de  citocinas  reguladoras  em  IND  era  devido 
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principalmente aos linfócitos totais e T-CD4
+
, as principais fontes de citocinas reguladoras. 
Além disso, uma mudança de monócitos e linfócitos totais em direção a produção de citocinas 
inflamatórias foi a principal causa do reduzido predomínio do padrão de citocinas reguladoras 
em CARD. 
Nossos resultados  demonstraram que  leucócitos do  sangue  periférico  de pacientes 
portadores de diferentes formas clínicas apresentam diferentes perfis de citocinas, sendo os 
achados  mais  relevantes  em  CARD  o  aumento  da  freqüência  de  monócitos  produtores  de 
TNF-α
+
  e  a  menor  freqüência  de  TCD8
+
IL-10
+
.  Por  outro  lado,  no  grupo  IND  foram 
observadas elevadas freqüências de linfócitos totais IL-4
+
, IL-10
+
 e IL-13
+
, além de um perfil 
misto de citocinas reguladoras e inflamatórias em neutrófilos e células NK.  
Uma  vez definido o panorama global  do perfil de citocinas para  NI, IND e CARD, 
uma  relevante  questão foi formulada:  “O antígeno solúvel  de  formas  tripomastigotas  do T. 
cruzi possui impacto diferencial no perfil panorâmico de citocinas em indivíduos portadores 
das formas clínicas IND e CARD?”. É importante chamar a atenção que estudos anteriores do 
perfil  de  citocinas  produzidas  por  indivíduos  portadores  da  doença  de  Chagas  foram 
realizados in vitro frente à estimulação com antígenos de formas epimastigotas do T. cruzi. 
Portanto, a condição experimental escolhida para essa investigação poderia dar informações 
relevantes  em  relação  a  resposta  imune  gerada  frente  a  maciça  liberação  de  antígenos  que 
ocorre in vivo em conseqüência da liberação de antígenos de ninhos de parasitas ou a descarga 
substancial de antígenos derivados do parasito que ocorre frente ao tratamento etiológico. Um 
achado  fascinante  foi  que  o  antígeno  de  T.  cruzi  in  vitro  foi  capaz  de  estimular  relevante 
produção de  citocinas,  levando a uma  menor freqüência  de indivíduos baixo produtores de 
citocinas em  todas as  formas clínicas avaliadas. Além disso, a  estimulação maciça com 
antígenos  solúveis  do  T.  cruzi  foi  capaz de transformar  o  balanço  de  citocinas  mudando  a 
direção de um perfil inflamatório prejudicial observado em CARD para um perfil de citocinas 
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predominantemente  regulador.  Ainda,  dados  preliminares  demonstraram  que o  tratamento 
etiológico  leva  à  diminuição  da  freqüência de  IL-10
+
CD4
+
  em  IND,  enquanto  freqüência 
aumentada de IL-10
+
CD14
+
 pode ser observado em CARD, corroborando com a hipótese de 
que o perfil de citocinas produzidas por leucócitos de indivíduos chagásicos não tratados sob 
a  estimulação  antigênica  especifica,  possa reproduzir  a  síntese de citocinas direcionadas  in 
vivo frente o tratamento etiológico. 
O panorama do perfil global de citocinas de leucócitos do sangue periférico ofereceu 
evidências adicionais relacionadas a  eventos relevantes  para  estudos  da doença de Chagas. 
Essa estratégia forneceu um melhor entendimento das complexidades que controlam o curso 
da  doença de Chagas  crônica e uma  ferramenta  útil  para predizer as respostas  imunes  que 
surgem após intervenção terapêutica. 
Além  de  questões  no  campo  do  estabelecimento/manutenção  das  diferentes  formas 
clínicas  da  doença  de  Chagas  investigadas  por  nosso  grupo  a  partir  de  análise  imuno 
fenotípicas e do padrão de produção de citocinas intracitoplasmáticas, com destaque para o 
perfil  panorâmico  de  citocinas,  existem  ainda  questões  relacionadas  ao  diagnóstico, 
prognóstico e critério de cura pós-terapêutica na doença de Chagas que merecem destaque nos 
estudos  da imunidade humoral,  o  que  nos  conduziu  a  investigar  no  ARTIGO  4  aspectos 
inerentes ao perfil de imunoglobulinas anti-T. cruzi e sua aplicabilidade em estudos clínicos 
da doença de Chagas. Embora os métodos convencionais sejam os mais amplamente usados 
na rotina laboratorial, metodologias alternativas apresentam-se como importantes ferramentas 
que visam preencher lacunas importantes não contempladas pelas técnicas convencionais. A 
sorologia por citometria de fluxo têm se tornado um método seguro e poderoso para emprego 
em  investigações  clínicas.  Portanto,  na  área  de  prognóstico  e  avaliação  do  tratamento, 
marcadores não parasitológicos podem ser empregados como preditores de morbidade e da 
eficácia  do  tratamento  e  do  risco-benefício  da  quimioterapia  podendo  ser  avaliado  nas 
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diferentes fases da doença de Chagas. Além disso, essa metodologia é altamente sensível e 
pode  ser  aplicada  como  uma  metodologia  de  sorologia  não convencional  para  diagnóstico. 
Nossos resultados  obtidos  a  partir  de  estudo  duplo-cego  re-enfatizam  a aplicabilidade  da 
citometria  de  fluxo  para  detectar  anticorpos  anti-T.  cruzi  no  soro  de  humanos  para 
diagnóstico, bem como, prognóstico e critério de cura. 
A detecção de anticorpos anti-formas tripomastigotas vivas do T. cruzi por citometria 
de fluxo tem demonstrando potencial como critério de cura (MARTINS-FILHO et al., 1995; 
2002) e para fins prognósticos (CORDEIRO et al., 2001). Entretanto, devido às limitações de 
se trabalhar com a forma tripomastigota viva do T. cruzi, forma infectante e de cultivo que 
requer profissionais esclarecidos em cultivo de células de tecido, surgiu o interesse de avaliar 
o perfil de reatividade de soros de indivíduos portadores da doença de Chagas tratados ou não 
anti-formas  epimastigotas  fixadas  do  T.  cruzi,  técnica  denominada  FC-AFEA–“Flow 
Cytometry – Anti-Fixed Epimastigotes IgG Antibodies”. As vantagens de se trabalhar com a 
forma epimastigota do T. cruzi são a facilidade do cultivo que é acelular, o fato dessa forma 
não ser infectante e, além disso, trabalhar com a forma epimastigota fixada permite o preparo 
de um volume grande de parasitos que podem ser empregados em uma grande amostragem de 
soros.  
Para  fins  diagnósticos,  observamos  que  a  FC-AFEA  apresenta  bom  potencial,  com 
menos reatividade cruzada  que  os  testes convencionais  quando  empregadas  amostras  das 
principais  doenças  endêmicas  do  Brasil:  leishmanioses,  malária,  toxoplasmose  e 
esquistossomose. Acreditamos que a maior sensibilidade do teste está relacionada a detecção 
seletiva de antígenos de superfície, associada com a alta performance da citometria de fluxo. 
CORDEIRO  e  colaboradores  (2001)  demonstraram  reatividade  diferencial  de 
anticorpos  anti-formas  tripomastigotas  vivas  do  T.  cruzi  em  indivíduos  portadores  das 
diferentes formas clínicas. Realizamos esse ensaio em uma nova sub-coorte com o intuito de 
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validar  esse  achado  e  testar  a  aplicabilidade  da  FC-AFEA.  A  maioria  dos  indivíduos  IND 
apresentou uma elevada reatividade  de  anticorpos  (83%) anti-formas tripomastigotas vivas. 
Esperávamos  detectar  baixos  títulos  de  anticorpos  no  grupo  CARD,  mas  apenas  38%  dos 
indivíduos CARD ficaram em uma região de baixa reatividade, o que nos fez acreditar que a 
maioria do grupo CARD apresentava a forma mais branda da doença cardíaca. Já a análise 
por FC-AFEA demonstrou que 69% dos IND apresentaram alta reatividade enquanto 55% dos 
CARD  apresentaram  baixa  reatividade.  Esses  resultados  sugerem  a  aplicabilidade  da  FC-
AFEA como exame adicional para fins prognósticos. Finalmente, a análise da performance da 
FC-AFEA para fins de critério de cura mostrou valores de sensibilidade e especificidade de 
100%.  
Apesar  dos  nossos  achados  corroborarem  com  relatos  prévios  de  perfis  distintos  de 
anticorpos IgG anti-T. cruzi entre IND e CARD, eles indicaram que marcadores da resposta 
imune humoral são sem dúvida mais aplicáveis para diagnóstico sorológico e monitoração de 
critério de cura. Concluímos então que a citometria de fluxo trouxe avanços na sorologia para 
investigações clínicas e nosso grupo pretende dar continuidade a esse campo de investigação 
com foco na definição de graus diferentes de comprometimento cardíaco e digestivo, assim 
como  na  escolha de  anticorpos  anti-IgG.  Além  disso,  nossa  idéia  é  associar  a  análise  da 
reatividade  de  IgG  pela  FC-AFEA,  à  técnica  FC-AFPA  (Flow  Cytometry  –  Anti-Fixed 
Promastigote IgG Antibodies), a qual contribuiria para a exclusão de indivíduos portadores de 
leishmaniose  tegumentar  e  visceral,  tendo  uma  importante  aplicabilidade  em  hemocentros 
como  uma  técnica  confirmatória  para  o  esclarecimento  das  situações  diagnósticas  não-
negativas  (inconclusivas)  e  indeterminadas  (zona  cinza)  para  doença  de  Chagas,  que 
constituem uma realidade dispendiosa. Por empregar três preparações antigênicas diferentes 
(T. cruzi, Leishmania amazonensis e Leishmania chagasi) essa metodologia será denominada 
“triplex”. 
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Em  suma,  nossos  dados  demonstram  que  mais  que  uma  mudança em direção  a um 
padrão  polarizado,  um  fino  balanço  é  relevante  para  direcionar  os  mecanismos  imuno-
mediados essenciais para a definição da doença de Chagas. Com base nos trabalhos gerados, 
podemos constatar a complexidade dos fatores envolvidos na evolução da doença de Chagas. 
Embora  muitos conhecimentos  tenham sido adquiridos  em  relação à resposta imune de 
pacientes chagásicos, importantes aspectos ainda não foram esclarecidos. Estudos adicionais 
para caracterizar funcionalmente as populações celulares que demonstraram papel crucial no 
estabelecimento/manutenção das diferentes formas clínicas da doença de Chagas são de 
grande interesse do nosso grupo. Esses estudos poderão fornecer um melhor entendimento das 
complexidades  imunológicas  que  controlam  a  gravidade  da  doença  em  indivíduos 
indeterminados. Além disso, o entendimento dos  mecanismos envolvidos no  controle da 
replicação do parasito e no desenvolvimento da doença cardíaca e digestiva poderá contribuir 
para  a  área  de  tratamento  e  prevenção  das  formas  sintomáticas  da  doença  de  Chagas. 
Acreditamos  que  o  aprofundamento do estudo da resposta imune nas  diferentes  formas 
clínicas  da  doença  de  Chagas  é  importante  e  poderá  direcionar  a  busca  de  novas  terapias 
preventivas  e  curativas,  beneficiando  a  população  infectada  ou  em  risco  de  infecção. 
Entretanto,  é  possível  que  mecanismos  imunológicos  envolvidos  na  interação  conjunta  de 
células do sistema imune, além da susceptibilidade genética diferencial do hospedeiro, gerem 
uma patologia altamente complexa, impondo dificuldades para o desenvolvimento de vacinas 
e imunoterapias eficientes. O desenvolvimento de estratégias terapêuticas visando a regulação 
da funcionalidade celular e da modulação de componentes inflamatórios, associado às drogas 
anti-parasitárias, seriam alvos importantes no tratamento da doença de Chagas e na busca do 
delicado balanço entre proteção versus doença. 
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Durante o período da Iniciação Científica (2000-2002) 
Primeiro  lugar  na  IX  Reunião  Anual  de  Iniciação  Científica  do  Centro  de  Pesquisas  René 
Rachou/FIOCRUZ de 14-16 de maio de 2001 na apresentação do trabalho intitulado “Análise 
da reatividade de IgG anti-formas epimastigotas fixadas do Trypanosoma cruzi em indivíduos 
portadores de diferentes doenças parasitárias.” 
 
Durante o período do Mestrado (2002-2004)
 
Publicação do artigo “Estabelecimento de novas metodologias para o estudo sorológico, por 
citometria de fluxo, na fase crônica da doença de Chagas: ênfase em anticorpos da sorologia 
convencional  e  da  categoria  de  anticorpos  líticos,  visando  o  controle  de  cura  pós-
terapêutica” na Revista da Sociedade Brasileira de Medicina Tropical, v. 35, n. Suplemento, 
p. 162-165, 2002. 
 
Durante o período do Doutorado (2004-2008)
 
Doutorado Sandwich na Southwest Foundation for Biomedical Research-Texas/USA, sob a 
orientação do  Dr. John L.  VandeBerg, com  o intuito de  validar alterações imunológicas 
identificadas em humanos para modelo experimental de infecção em primatas não-humanos 
visando  estudos  complementares  (CAPES  –  Programa  de  Doutorado  com  Estágio  no 
Exterior/PDEE). Período: 19 de março de 2006 a 20 de março de 2007. 
 
Publicação como primeira autora dos artigos: 
“Chagasic  Patients  with  Indeterminate  Clinical  Form  of  the  Disease  have  High 
Frequencies  of  Circulating  CD3
+
CD16
–
CD56
+
  Natural  Killer  T  Cells  and 
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CD4
+
CD25
High
  Regulatory  T  Lymphocytes”  na  revista  Scandinavian  Journal  of 
Immunology 62, 297–308, 2005. 
 
“Are  increased  frequency  of  macrophage-like  and  natural  killer  (NK)  cells,  together 
with  high levels  of NKT and CD4
+
CD25
high
 T cells balancing activated CD8
+
 T cells, 
the  key  to  control  Chagas'  disease  morbidity?”  na  revista  Clinical  and  Experimental 
Immunology 145(1):81-92, 2006. 
 
“Non-conventional  flow  cytometry  approaches  to  detect  anti-Trypanosoma  cruzi 
immunoglobulin G in the clinical laboratory” na revista Journal of Immunological 
Methods 10;318(1-2):102-12, 2007. 
 
Publicação como co-autora dos artigos: 
“Benznidazole  treatment  during  early-indeterminate  Chagas'  disease  shifted  the 
cytokine expression by innate and  adaptive immunity cells toward a type 1-modulated 
immune profile” na revista Scandinavian Journal of Immunology 64(5):554-63, 2006. 
 
“Impact  of dual infections on chemotherapeutic efficacy in BALB/c mice infected with 
major genotypes of Trypanosoma cruzi” na revista Antimicrobial Agents Chemotherapy 
51(9):3282-9, 2007.  
 
“Etiological  treatment  during  early  chronic  indeterminate  Chagas  disease  incites  an 
activated  status  on  innate  and  adaptive  immunity associated  with  a  type  1-modulated 
cytokine pattern”, Microb Infect (2007), doi:10.1016/j.micinf.2007.10.009 
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"Persistence  of  positive  tissue-PCR  in  benznidazole-treated  mice  with  negative  blood 
parasitological  and serological  tests in dual-infections with Trypanosoma cruzi stocks 
from different genotypes”, Journal of Antimicrobial Chemotherapy. 
 
Elaboração e submissão como primeira autora do artigo: 
“Strategy  to  assess  and correlate  the cytokine profile  of  circulating  leukocytes  and 
clinical status of human Chagas disease” a revista Journal of Immunological Methods 
em março de 2008. 
 
Elaboração e submissão de capítulo de livro como co-autora: 
“Innate  immune  response  in  human  trypanosomatidae  infections”  a  editora  Nova 
Science em 24 de janeiro de 2008. 
 
Primeiro  lugar no  XXI  Prêmio  Jovem  Cientista-2005  tema “Sangue  Fluido  da  Vida”,  na 
categoria estudante de ensino médio, como orientadora da estudante Natália Évelin Martins 
no  trabalho  intitulado:  “Análise  da  reatividade  de  IgG  anti-epimastigotas  fixadas  de 
Trypanosoma cruzi em soros de pacientes portadores de diferentes doenças parasitárias”. 
 
Segundo lugar nas apresentações orais de projetos na XIII Jornada de Iniciação Científica e II 
Jornada do Programa de Vocação Científica do Centro de Pesquisas René Rachou FIOCRUZ, 
realizada de 23-25 de maio de 2005, como orientadora da estudante Natália Évelin Martins no 
projeto  “Uso  da  citometria  de  fluxo  na  análise  de  subclasses  de  IgG  anti-formas 
epimastigotas do Trypanosma cruzi aplicada ao diagnóstico da doença de Chagas”. 
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Orientação da monografia da estudante Paula Souza Lage, intitulada “Impacto da estimulação 
antígeno-específica  na  expressão  de  receptores  Fc
γ
  em  leucócitos  do  sangue  periférico  de 
pacientes portadores de diferentes formas clínicas da doença de Chagas”, aprovada em 21 de 
junho  de  2005  no  Instituto  de  Ciências  Biológicas  e  da  Saúde,  da  Pontifícia  Universidade 
Católica de Minas Gerais. 
 
Participação da banca de monografia do estudante Rodrigo Lima Massara, intitulada “Estudo 
do perfil da resposta imune em crianças portadoras de infecção recente pelo Trypanosoma 
cruzi” em 28 de junho de 2005, no Instituto de Ciências Biológicas da Pontifícia Universidade 
Católica de Minas Gerais, campus Betim. 
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