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RESUMO

A asma é uma enfermidade cronica, que afeta cerca de 235 milhdes de pessoas no mundo. Em
uma pesquisa realizada através do ISAAC fase | (International Study of Asthma and Allergies
in Childhood), o Brasil esta entre os oito paises do mundo que demonstraram prevaléncia
mais alta de asma. Helmintos, principalmente aqueles que habitam a intimidade do corpo do
hospedeiro, tém sido relatados como fortes moduladores do sistema imune em humanos e
animais experimentais, e associados com a reducdo de doengas alérgicas e autoimu-
nes. Criangas que vivem em areas sem "higiene" sdo mais propensas a ter, ndo s6 uma, mas
varias infec¢bes por helmintos, a0 mesmo tempo, mas a maneira como eles afetam atopia e
asma ainda é controversa. O objetivo do presente trabalho foi investigar como coinfec¢des por
parasitos intestinais (A. lumbricoides e T. trichiura) e Toxocara spp. afetam os seguintes des-
fechos: eosinofilia, IgE total e especifica, reatividade cutanea a aeroalérgenos, sibilancia até-
pica e ndo atopica e producdo de citocinas por células sanguineas das criangas estudadas, es-
timuladas ou ndo estimuladas por A. lumbricoides. O estudo foi realizado em 1.271 criangas
de um grande centro urbano do Nordeste, Brasil. Os dados sobre sintomas de sibilancia foram
coletados por um questionario adaptado do ISAAC fase II. O sangue foi coletado para detec-
tar IgE total e alérgeno especifica, eosinofilia, anticorpos anti-lgG de Toxocara e produgdo de
citocinas (IFN-y, IL-5, IL-13 e IL-10). Outras avaliacdes foram realizadas, incluindo testes de
puntura cutaneo (SPT) para aeroalérgenos, além disso, as infec¢des por helmintos intestinais
foram diagnosticadas através do exame microscopico das amostras fecais. Considerando a
prevaléncia de infeccBes helminticas, 36,4% das criangas tinham apenas uma infec¢édo, 12,7%
tinham duas e 5,2% tinham trés infec¢bes. Eosinofilia >4% e >10% foi encontrada em 74,3%
e 25,5% das criancas, respectivamente. IgE total >0,2 ug/mL ocorreu em 59,7%. IgE especifi-
ca (sIgE) >0,70 kU/L e positividade para SPT, para pelo menos um alérgeno, foram encontra-
dos em 37,1% e 30% das criangas, respectivamente. Um total de 22,7% das criancas apresen-
tava sibilo em geral, 12% apresentaram sibilancia ndo atopica, 10,7% tinham sibilo atdpico e
26% eram ndo-sibilantes atopicas. A infeccdo por uma espécie de helminto foi associada com
aumento de eosinofilia e IgE total e menor SPT e coinfec¢cBes mostraram uma associacdo do-
se-dependente com esses resultados. Helmintos, especialmente em coinfec¢des, foram associ-
ados com uma tipica resposta imune Th2 modificada (evidenciada pela producéo de IL-5; IL-
13 e IL-10), mas ndo foi encontrada associacdo com sibilo (atopico e ndo atopico). Coinfec-
¢des por helmintos induziram uma resposta imune Th2 melhorada e dose-dependente, eviden-
ciada pela producdo de IL-5, IL-13, o que explica a associa¢do com 0 aumento de IgE total e
de eosinofilia. No entanto, eles também ativaram uma rede regulatéria conduzindo a uma res-
posta Th2-modificada, com a producdo de IL-10 que, juntamente com a ativacdo de IgE poli-
clonal, pode ter suprimido a reatividade na pele. No entanto, eles ndo foram capazes de afetar
nem sibilo atopico, nem ndo atdpico. Estudos adicionais devem ser realizados para elucidar 0s
mecanismos moleculares da presente imunomodulagéo exercida pelos helmintos sob a atopia.

Palavras-chave: Coinfeccdes por helmintos; eosinofilia; IgE total e IgE especifica; reativida-
de cuténea; sibilo atopico e ndo atdpico; citocinas; rede de regulatoria.
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1 INTRODUCAO

A asma € uma enfermidade cronica, que afeta cerca de 235 milhdes de pessoas no mundo,
sendo a doenca cronica mais comum em criangas. A patogénese é caracterizada por recorren-
tes ataques de falta de ar, sibilos, aperto no peito e tosse, podendo variar sua gravidade de
pessoa para pessoa (GINA 2011; WHO 2011).

A doenca é considerada a maior causa mundial de morbidade cronica e mortalidade em crian-
cas e a sua prevaléncia vem aumentando nas duas ultimas décadas em todo o mundo, o que
permite modificar a ideia de que ela € apenas um problema de salde publica de paises desen-
volvidos (GINA 2011; WHO 2011).

Em uma pesquisa realizada através do ISAAC fase | (International Study of Asthma and Al-
lergies in Childhood), em que participaram 156 centros de 56 paises diferentes (ISAAC
2011), foi observado que o Brasil esta entre os oito paises do mundo que demonstraram maior
prevaléncia de asma e Salvador, em especial, apresentou a prevaléncia de 27,1% de sibilo nos
ultimos 12 meses em criangas de 13 e 14 anos (Solé et al. 2007). Posteriormente, com o inicio
do ISAAC fase Il (ISAAC 2011), Salvador obteve um decréscimo de aproximadamente 7%
dessa prevaléncia ha mesma populacdo e, mesmo assim, ficou entre os escores mais altos do
mundo (Feitosa et al. 2011; ISAAC 2011).

De acordo com dados do DATASUS, a asma foi responsavel por 192 mil casos de internacdo
no SUS (Sistema Unico de Salde, Brasil) no ano de 2010 e em 2008 foi a terceira causa de
internacdo hospitalar pelo sistema, com cerca de 300 mil hospitalizacdes no ano no pais
(BRASIL 2010, 2011).

O aumento da prevaléncia da doenca, associado ao numero elevado de internacdes, despesas
com tratamento, consultas em emergéncias, representa um elevado custo econdmico para 0s
sistemas de saude publicos. Ainda ha, também, um elevado 6nus para o individuo e sua fami-
lia, j& que adultos asméticos geralmente apresentam dificuldades em trabalhar e/ou cuidar da
familia e criangas apresentam dificuldades em acompanhar o ano letivo escolar, além da ocor-

réncia de mortes prematuras (Bousquet & Kaltaev 2007; Costa et al. 2010; Lee 2010).
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A patogénese da asma ainda ndo estad completamente definida, mas ha alguns fatores de riscos
associados @ mesma, como desenvolvimento econdmico, exposicdo a alérgenos, fumo, ar po-
luido, infecces, dieta, obesidade, uso de antibidticos, processo de urbanizacdo e migracédo
rural-urbana e clima, associados a uma predisposic¢éo genética (Cooper et al. 2009; Lee 2010;
WHO 2011).

Somente o diagndstico clinico de asma ndo é suficiente para determinar a doenga, ja que seus
sintomas podem aparecer em outras enfermidades. Por isso, faz-se necessario a realizacdo de
testes laboratoriais como os de aferi¢cdo do volume expiratério forcado em um minuto (FEV;)
e pico de fluxo expiratdrio (PEF), além de teste de puntura cutaneo e IgE especifico para ae-
roalérgenos, unidos a um relato do histérico de asma individual e familiar (Kaplan et al. 2009;
Pereira 2007).

A asma pode ser inicialmente definida como de origem atdpica ou ndo-atopica, sendo esses 0s
fenotipos mais estudados, entretanto ainda ha discussfes a respeito da existéncia de outros
fenotipos ou endofendtipos, como o de asma persistente ou intermitente, asma controlada ou
ndo controlada por medicacBes, asma associada a exercicio, entre outros (Anderson 2008;
Wenzel 2006).

A atopia, considerada um fator de risco principal para a persisténcia e a maior gravidade de
sintomas na asma, é definida como uma susceptibilidade em produzir anticorpos da classe IgE
como resposta a exposicdo a antigenos ambientais (alérgenos), normalmente indcuos para

individuos normais (Pereira 2007; Ponte et al. 2011).

No desenvolvimento da asma atopica ou alérgica, portanto, células apresentadoras de antige-
nos, tais como células dendriticas ou macréfagos, em um primeiro contato com o antigeno
(alérgeno), captura-o, processa-o e o apresenta a células T CD4+ “naive”, que se diferenciam
em células do tipo Th2. Esse processo é chamado de sensibilizacdo e resulta em proliferacédo
de linfocitos B e sua diferenciagdo em plasmacitos produtores de IgE, sendo todos esses fato-
res mediados por citocinas do perfil Th2 (Arima & Fukuda 2011; Bartunkova et al. 2009; Van
Cauwenberge 1997).
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Os anticorpos IgE produzidos se ligam a receptores de alta afinidade (FceRI) na superficie de
mastdcitos e basofilos e, em posterior contato com o alérgeno, pode haver a formacdo de um
complexo composto por dois anticorpos IgE ligados a seus respectivos receptores se ligando
ao mesmo antigeno (cross-linking), promovendo a imediata liberacdo de mediadores inflama-
torios, inicialmente histamina e, secundariamente, leucotrienos, prostaglandinas, tromboxanos

e citocinas (Bartunkova et al. 2009).

Dentre as citocinas e quimiocinas envolvidas no processo, como IL-4, IL-5, IL-6, IL-9 e IL-
13, CCL11, CCL17 e CCL22, algumas possuem papel importante no desenvolvimento da
reacdo de hipersensibilidade imediata e a consequente inflamacéo ocasionada. A IL-4 promo-
ve a diferenciacao e proliferacdo de células Th2 e a IL-13 medeia a hiperresponsividade das
vias aéreas, com a producdo exacerbada de muco, além disso, as duas sdo capazes de estimu-
lar a troca de isétipo de imunoglobulinas, levando a producéo de IgE. A IL-5 tem um papel na
ativacdo e recrutamento de eosinofilos. As quimiocinas CCL11, CCL17 e CCL22 promovem
infiltracdo de células inflamatdrias em locais expostos aos alérgenos (Arima & Fukuda 2011).
Estes fatores promovem inflamacdo pulmonar com infiltrado predominantemente eosinofilico,
muco, hiper-reatividade e remodelamento brénquico, além de elevados niveis séricos de IgE e
de citocinas caracteristicas do perfil Th2 (Arima & Fukuda 2011; Rizzo & Fomin 2005).

A asma ndo atdpica, em populacdes latino-americanas, € mais comum na infancia, mas tam-
bém esta relacionada a casos graves de asma em adultos, sendo composta por uma sibilancia

ndo mediada por IgE (Moncayo et al. 2010; Turato et al. 2008).

Evidéncias tem demonstrado uma diferenca entre fatores de risco associados a asma atopica
e ndo atdpica em criancas e adolescentes (Barreto et al. 2010a). O sibilo atépico em criancas
tem sido associado principalmente a infecgfes virais (Turato et al. 2008). Entretanto, um es-
tudo feito em uma comunidade pobre de Uruguaiana, cidade do extremo no Sul do Brasil, em
2007, demonstrou que a infeccdo por Ascaris lumbricoides é um fator de risco para asma nédo
atépica em criangas com historia de bronquiolite antes dos dois anos de idade (Pereira et al.
2007).

Embora a presenca de eosindfilos no infiltrado pulmonar proveniente de individuos com asma

ndo atopica ser possivel e sintomas respiratorios e hiperresponsividade bronquica serem de
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gravidade semelhante nos dois principais fendtipos de asma, os asmaticos ndo atdpicos, exi-
bem um perfil de infiltrado pulmonar tipicamente neutrofilico e com alto nimero de mastdci-
tos (Kraneveld et al. 2002; Stoten et al. 2005).

A asma, na América Latina, é considerada uma doenca de ambiente urbano, podendo-se ob-
servar, através dos poucos estudos desenvolvidos em zonas rurais, uma prote¢do da populagéo

rural a asma e outras doencas alérgicas (Cooper et al. 2009).

Estudos epidemioldgicos tem demonstrado um significativo aumento das enfermidades alér-
gicas em paralelo a um decréscimo na incidéncia e prevaléncia de doencas infecciosas em um
mesmo periodo de tempo. Esses fatores estdo aparecendo concomitantemente com melhores
condicdes de vida, representadas pela melhoria do saneamento béasico e condi¢cdes econémi-
cas, mudancas nos habitos de higiene e do estilo de vida, aumento do uso de vacinas, antibio-
ticos e de alimentos industrializados (Pereira 2007).

Os mecanismos pelos quais microrganismos e helmintos regulam as doencas alérgicas tém
sido estudados na hipotese da higiene. Inicialmente a hipdtese descrevia apenas o papel regu-
lador de respostas de tipo Thl sobre respostas de tipo Th2. No entanto, a observacdo de que
infeccbes de tipo Th2, induzidas por helmintos, também possuiam um papel protetor, redu-
zindo o risco de alergia, levou a uma reformulacdo da hipotese, e ressaltou o papel de células
T regulatérias modulando as respostas inflamatérias tanto no perfil Thl, como no Th2
(Alcantara-Neves et al. 2012; Rodrigues et al. 2008).

Helmintos, pincipalmente aqueles que parasitam intimamente o corpo humano, como Schisto-
soma spp. e filarideos linfaticos, tém sido reportados como fortes moduladores do sistema
imune de humanos e animais experimentais (Smits & Yazdanbakhsh 2007). Em humanos,
eles estdo envolvidos na redugdo da resposta imune em criangas que fazem parte de progra-
mas de vacinacdo (Cooper et al. 2011; Elias et al. 2008), na diminuicdo da hipersensibilidade
cutanea a aeroalérgenos (Araujo et al. 2000; van den Biggelaar et al. 2000), asma (Medeiros

et al. 2003) e na resposta imune inflamatdria de doencas autoimunes (Bodammer et al. 2011).

Moléculas de helmintos tém sido isoladas e demonstram uma interatividade com o sistema

imune natural e adquirido, resultando em uma resposta imune Th2 modificada, com diminui-
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cdo de CTLA4 e de CD40L e producdo de IL-10 E TGF-B, que sdo citocinas regulatorias
(Cardoso et al. 2010; Goodridge et al. 2005; Harnett & Harnett 2009; Oliveira et al. 2009).

Embora alguns trabalhos tenham demonstrado que a infec¢do por helmintos intestinais como
Ascaris lumbricoides e Trichuris trichiura esteja associada com imunossupresséo (Figueiredo
et al. 2010; Wammes et al. 2010) e atua diminuindo a atopia (Endara et al. 2010; Rodrigues et
al. 2008) e asma (Dagoye et al. 2003), outros trabalhos tem mostrado auséncia (Cooper et al.

2003) ou exacerbacdo de tal associacdo (Alcantara-Neves et al. 2010; Feary et al. 2011).

Essas diferencas tém sido atribuidas ao tempo da infec¢do parasitaria no individuo, carga pa-
rasitaria e cronicidade dessas infec¢Bes (Smits & Yazdanbakhsh 2007). Em uma mesma popu-
lacdo, por exemplo, Rodrigues e colaboradores (2008) encontraram que criancas na infancia
tardia que foram infectadas com T. trichiura no passado apresentaram menor hipersensibili-
dade cuténea a aeroalérgenos, enquanto Alcantara-Neves e colaboradores (2010) reportaram
gue, quando essas criangas se encontravam em uma faixa etaria menor que cinco anos, elas
apresentavam baixa a moderada carga parasitaria e infeccdes por T. trichiura estavam associ-

adas com aumento de atopia e sibilo atdpico.

A prevaléncia de infec¢des por helmintos intestinais estd diminuindo em grandes cidades de
paises em desenvolvimento, onde medidas de saneamento tém sido implantadas (Barreto et al.
2010b). Entretanto, infec¢bes por Toxocara spp. (T. canis e T. cati) sdo altamente prevalentes
nesses ambientes, pois ndo séo afetadas por medidas de saneamento. O controle destes parasi-
tos depende do desenvolvimento socioecondmico das populagdes afetadas e consequente con-
trole de cées e gatos errantes e conscientizacdo quanto a vermifugacdo de animais de estima-
c¢do, que sdo metas dificeis de serem alcancadas (Regis et al. 2011). Em Salvador, a cidade
onde foi realizado o presente trabalho, Datolli e colaboradores (2011) encontraram 46% de
soropositividade para Toxocara spp. em doadores de sangue livres de infecgdes por helmintos
intestinais e esses individuos possuiam altos niveis de eosinofilia e IgE total no sangue. A
infeccdo por Toxocara tem sido associada positivamente com atopia e asma em diversos estu-
dos (Cooper 2008), mas na populacdo de Salvador, embora seja associada positivamente com
IgE especifica, esta associada negativamente com teste de puntura cutdneo e ndo associado
com sibilancia nessas criancas (dados em submissdo). O efeito de infec¢BGes por helmintos

intestinais isolados e associados a outros patdgenos sobre a atopia e sibilo na populacdo do
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presente estudo ja foi demonstrado (Alcantara-Neves et al. 2012). Também ha relato, nessa
populagéo, sobre como infecc¢Bes por A. lumbricoides e T. trichiura estdo associadas com ci-

tocinas produzidas por células de sangue total ndo estimuladas (Figueiredo et al. 2010).

A imunomodulacdo de inflamac@es alérgicas por antigenos parasitarios tem sido estudada por
diversos grupos de pesquisa e representa novas perspectivas para o tratamento dessas doengas
(Araujo et al. 2010; Cardoso et al. 2010). Entretanto, os processos envolvidos na associacao
de parasitoses e doencas alérgicas e asma ainda sdo controversos, mostrando a necessidade de
novos estudos e da avaliacdo de multiplas infeccGes como um fator importante da imunomo-

dulacéo por essas infeccoes.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

e Avaliar como coinfecgGes por parasitos intestinais (A. lumbricoides e T. trichiura) e
Toxocara spp., em conjunto, podem interagir com o sistema imune e como se associ-
am com atopia e asma em um grupo de criancas de 4 a 11 anos de idade, oriundas de

populacgdes carentes de Salvador, Bahia.

2.2 OBJETIVOS ESPECIFICOS

e Investigar a associacdo das infecgcdes estudadas (A. lumbricoides, T. trichiura e Toxo-
cara spp.) com eosinofilia, reatividade cutanea, presenca de IgE especifica para aeroa-
Iérgenos e IgE total;

¢ Investigar a associacdo das infeccdes estudadas com asma atopica e ndo atopica;

e Investigar a associacdo das infecgdes estudadas com citocinas (IL-10, IL-13, IL-5 e
IFN-y) produzidas por células sanguineas ndo estimuladas e estimuladas com antige-

nos de A. lumbricoides e de aeroalérgenos.
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3 RESULTADOS

De 1.445 criancas participantes deste estudo, 1.271, que tinha dados completos para as varia-
veis estudadas foram incluidas na presente analise. N&o foi encontrada uma diferenca signifi-
cativa entre os individuos excluidos (174) e as criancas estudadas. Em 2005, quando o traba-
lho foi realizado, elas tinha entre 4 ¢ 11 anos de idade, sendo < 5 anos (25,9%), entre 6-7
(40,5%) e > 7 (33,5%). Criancas do sexo masculino representaram 54% da populacao estuda-
da, 70,2% das maes tinhas segundo grau incompleto ou menos e 29,8% tinha completado o
segundo grau. A presenca de asma parental foi encontrada em 13,5% das criancas. Com rela-
cao as infeccdes helminticas detectou-se que 15,8% estavam infectados por A. lumbricoides,
13,8% por T. trichiura e 47,8% eram soropositivos para anticorpos contra Toxocara spp. Um
total de 45,6% das criancas ndo apresentou infeccdo para nenhum dos helmintos, 36,4% pos-
suia pelo menos uma infec¢do, 12,7% duas infecgdes e 5,2% trés infecgdes por helmintos. Em
74,3% e 25,5% foram encontradas eosinofilia acima de 4% e acima de 10%, respectivamente.
IgE total maior que 0,2 ug foi encontrada em 59,7% das criancas. IgE especifica (sIgE) com
valores > 0,70 KU / L e SPT positivo para pelo menos um alérgeno foram encontrados em
37,1% e 30%, respectivamente. Sibilancia esteve presente em 22,7% das criangas, onde 12%
apresentavam sibilo ndo atdpico, 10,7% tinham sibilo atopico e em 26% atopicos nao sibilan-
tes (dados ndo mostrados).

O namero de infeccBes foi estatisticamente e positivamente associado com eosinofilia maior
que 4% e também maior que 10% de maneira dose-dependente (Tabela 1). A tabela 2 néo
mostrou nenhuma associacdo entre as infec¢Ges por helmintos e IgE especifica para alérgenos.
Entretanto, uma associa¢do negativa, estatisticamente robusta, e dose-dependente foi encon-
trada entre o numero de infeccdes por helmintos e a positividade ao teste cutaneo. Na tabela 3
pode-se observar auséncia de associacdo entre infeccdes por helmintos e sibilancia. A analise
politbmica dos fendtipos de asma também ndo demonstrou qualquer associagdo de entre ato-

picos e ndo atopicos, sibilancia e tendo uma ou mais infecgdes.

Nas tabelas 4 e 5, as associagdes entre aqueles que tinham uma ou mais infec¢des helminticas
com a producdo de citocinas pelas celulas obtidas de sangue total e estimuladas com antige-
nos de A. lumbricoides (Tabela 4), ou ndo estimuladas (Tabela 5). Nas culturas estimuladas,

IL-5 foi positivamente associado de maneira dose-dependente nas criangas que tinham de uma
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a trés infeccOes e estas associagdes foram estatisticamente significativas nas analises bruta e
ajustada apenas em criancas que tinha de duas a trés infecgfes. A 1L-10 foi associada positi-
vamente com infecc¢Bes por helmintos, mas foi somente estatisticamente significante na anali-
se bruta em criangas com uma ou duas infeccdes e IL-13 foi associado positivamente nas ané-
lises bruta e ajustada, apenas nas criangas com trés infeccGes (Tabela 4). Em culturas de célu-
las ndo estimuladas apresentou forte associacdo com IL-10 de maneira dose dependente nas
analises bruta e ajustada nas criangas que tinham de uma a trés infecgdes helminticas e IFN-y
teve associacdo positiva, mas sem significado estatistico em nenhumas das categorias de in-
feccBes em ambas as analises e IL-5 e IL-13 ndo mostraram qualquer associacdo com infec-
¢des por helmintos.
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ABSTRACT
Background: Helminths are modulators of the immune system and have been associated with

protection against inflammatory diseases.

Objectives: To investigated how co-infections with Ascaris lumbricoides, Trichuris trichiura

and Toxocara spp. affect markers of allergic inflammation and asthma in children.

Methods: Blood eosinophils, total IgE, allergen-specific IgE (SIgE), anti-Toxocara 1gG anti-
bodies and peripheral blood cell cytokines (IFN-y, IL-5, IL-13 and IL-10) were measured.
Skin prick test (SPT) reactivity to aeroallergens and intestinal helminth infections were as-

sessed. Data on asthma were collected.

Results: Children infected by one parasite were 36.4%; by two 12.7% and by three 5.2%.
Eosinophilia >4% and >10% occurred in 74.3% and 25.5% of the children, respectively. Total
IgE>0.2 ng/mL, slgk >0.70 kU/L and SPT positivity were found in 59.7%, 37.1% and 30% of
the children, respectively. 22.7% had recent asthma (12.0% non-atopic and 10.7% atopic).
Helminth infections were associated with greater eosinophilia, higher levels of total IgE, low-
er prevalence of SPT and a modified Th2 cytokine response, but no associations with asthma

were observed.

Conclusion: Helminth co-infections in this population increase markers of Th2 immune re-
sponses, and induce immune regulatory mechanisms that may suppress allergic effector re-

sponses such as immediate hypersensitivity reactions in the skin.
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INTRODUCTION

Infections with helminths that inhabit the vasculature or tissues of the host such as Schistoso-
ma spp. and filarial parasites have potent modulatory effects on the immune system of hu-
mans and experimental animals [1]. In children, such infections have been associated with the
suppression of the immune response to vaccines [2], decreased skin hypersensitivity to aeroal-
lergens [3, 4], a milder form of asthma [5], and a reduction of inflammation in an animal
model of autoimmune disease [6].

Although some studies in humans have shown that infections with intestinal helminths such
as Ascaris lumbricoides and Trichuris trichiura are associated with immune modulation [7]
and the downregulation of atopy [8], studies of the effect of these parasites on asthma preva-
lence have been inconsistent, with some studies demonstrating a reduced prevalence [9], oth-
ers no association [10], and others an increased risk [11, 12]. These discrepancies have been
attributed to differences between populations with respect to the parasites present, timing of
first infections, size of worm burdens and infection chronicity [1]. For example, Rodrigues
and collaborators [8] showed that children who had infections with T. trichiura in early child-
hood had a reduced prevalence of skin test reactivity to aeroallergens later in childhood, while
in the same population, Alcantara-Neves and collaborators [11] reported a positive association
between T. trichiura infection and wheeze symptoms when the children were of pre-school
age.

The prevalence of infection with intestinal helminths is decreasing in large cities of develop-
ing countries, where sanitation has been introduced [13]. However, infections with Toxocara
spp. (T. canis and T. cati) are highly prevalent in such environments, since they are not affect-
ed by sanitation. A decrease in the prevalence of toxocariasis depends on the control of stray

animals and antihelmintic treatment of pets to prevent the exposure of children to this para-
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site, neither of which are easy to achieve [14]. In the Brazilian city of Salvador, where the
present study was done, Datolli and collaborators [15] found a Toxocara infection seropreva-
lence of 46 % in blood donors who were not infected with intestinal helminths. Seropositive
individuals were more likely to have elevated allergic markers of blood eosinophilia and total
IgE. Previous studies have indicated that individuals with toxocariasis may have an increased
risk of atopy and asthma [16].

We have shown previously that pathogens causing chronic infections, including intestinal
helminths [17] and Toxocara spp [18], can modulate atopy in children but not wheezing. In
the present study, we investigated the effects of single and co-infections with intestinal para-
sites (A. lumbricoides and T. trichiura) and Toxocara spp. on several outcomes, including
blood eosinophils total and allergen-specific IgE, skin reactivity to aeroallergen, atopic and
non-atopic asthma and cytokine responses in children living in a poor neighborhoods in a

Brazilian city.

MATERIALS AND METHODS

Study design, population and data collection

We analysed data collected from 1,271 out of 1,445 children aged 4-11 years, enrolled in the
SCAALA Program (Social Change in Asthma and Allergies in Latin America) [19]. One
hundred and seventy-four of the 1,445 children were excluded because of missing data. The
study population comprised a cohort of children living in 24 micro-areas in poor neighbor-
hoods scattered throughout the city, originally constituted to evaluate the impact of a sanita-
tion program on health outcomes when the children were aged 0-4 years [20]. Allergic out-

comes were evaluated in the cohort when the children were aged 4-11 years in 2005 using an
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ISAAC phase Il questionnaire translated into Portuguese. Social, demographic and environ-

mental data were collected using validated questionnaires.

Blood collection and skin prick test (SPT)

The children were evaluated by a medical team composed of a doctor, a nurse and a laborato-
ry technician, in a mobile clinic, that visited each study neighborhood, where blood was col-
lected and skin prick testing for relevant aeroallergens was done. Heparinized blood was col-
lected for differential blood cell counts using in an automated counter (Counter Electronics,
Hialeah, FL, USA), for the preparation of plasma used for measurement of total and allergen-
specific IgE (sIgE) and IgG antibodies against specific pathogens, including Toxocara spp,
and for whole blood cultures for measurement of cytokines.

SPTs were done on the right forearm of each child using extracts of Dermatophagoides pter-
onyssinus, Blomia tropicalis, Blattella germanica, Periplaneta americana, fungi, cat and dog
danders (all from ALK-Abello, Sdo Paulo, Brazil). Saline and 10 mg/mL histamine solution
were used as negative and positive controls, respectively. Reactions were read after 15
minutes and a mean wheal diameter size of at least 3 mm greater than the negative control
was considered positive. Frequencies of positive skin test reactions to dog and cat epithelia

and a fungal allergen mix were low (<4%) and were excluded from further analysis.

Laboratory measurements

Parasitological analysis
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Two stool samples were collected from each child two days apart and analyzed using the
gravitational sedimentation and Kato-Katz [21] technigues to detect eggs of A. lumbricoides,
T. trichiura, hookworms and S. mansoni. Because hookworm (0.1%), Enterobius vermicula-
res (1.4%), Strongyloides stercoralis (0%) and S. mansoni (0%), were rare or absent in the
study population, they were excluded from the analysis and only A. lumbricoides and T.

trichiura were considered in the present analysis.

Detection of total and specific IgE

The measurement of total IgE was performed as previously described [7]. The assay cut-off
(0.2 pg/ml) was the 75™ centile of values obtained from 54 sera from children with three neg-
ative stool samples collected serially, specific IgE levels <0.35kU/L, and <0.2% eosinophilia
in peripheral blood.

Measurement of specific IgE (sIgE) against B. tropicalis, D. pteronyssinus, P. americana, B.
germanica was done using the ImmunoCAP assay (Phadia Diagnostics AB, Uppsala, Swe-
den). These mite and cockroach allergens were chosen to measure atopy based on previous
findings from allergen skin prick testing that showed these to be the most frequently recog-
nized aeroallergens in our study population. A serum sample was considered positive if sIgE

for any of the four allergens was >0.70kU/L.

Definition of asthma and atopy

Children were classified as having asthma if parents/guardians reported wheezing in the pre-

vious 12 months and at least one of the following: diagnosis of asthma ever, wheezing with

exercise in the last 12 months, four or more episodes of wheezing in the last 12 months, and
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waking up at night because of wheezing in the last 12 months. These criteria are more specific
than wheezing in the last 12 months, the most common criterion used for ISAAC studies. All

other children were classified as non-asthmatic.

Since the prevalence of sIgE for each of the studied allergens was greater than the SPT preva-
lence and the frequencies of SPT positivity among those without sIgE was very low [fungi
(0.5%), dog epithelium (1.1%) and cat epithelium (0.9%)], atopy was defined as the presence
of at least one sIgE >0.70 kU/L irrespective of SPT results. Atopic and non-atopic asthma
cases were defined by the presence of symptoms of asthma as defined above in the presence

or absence, respectively, of sIgE >0.70 kU/L for any of the tested aeroallergens.

Absorption of sera with A. lumbricoides and T. trichiura extracts and detection of serum

anti-Toxocara IgG antibodies

To eliminate reactivity against antigenic determinants shared by the ascarid worms A. lumbri-
coides and Toxocara spp., human sera were absorbed with somatic antigen of A. lumbricoides
before measurement of anti-Toxocara IgG. The A. lumbricoides somatic antigen was prepared
as described previously [15]. Because 10.7% of the children were infected with T. trichiura,
some samples of the studied sera were also absorbed with this parasite extract and compared
to the same sera absorbed with A. lumbricoides alone or with both parasites, but because ab-
sorption with A. lumbricoides alone or with both parasites provided comparable titers of anti-
Toxocara IgG, the remaining sera were absorbed with A. lumbricoides antigen alone.

The detection of anti-Toxocara IgG antibodies was carried out as previously described by
Savigny and Tizard [22], with modifications, as reported previously [15]. Excretory/secretory

products of Toxocara canis larvae (TCESLA) used in this assays were obtained as described
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previously [23]. The cut-off of this assay was the mean plus three standard deviations of re-
sults obtained from sera from 20 negative control children with no history of contact with
dogs and cats, attending a private hospital. Because this assay does not discriminate infection
caused by T. canis or T. cati, we used the results of this assay as marker of past or present

infection with both or any of the twoToxocara species [24].

Cytokine production by whole blood cultures stimulated with medium alone or with A.

lumbricoides

Whole blood cultures were done as described previously [7]. Cytokine concentrations were
measured using commercial assays as recommended (R&D Systems, Minneapolis, USA). The
detection limits (low/high) in pg/mL for each cytokine were as follows: I1L-5 (15.6/500), IL-
13 (62.5/4,000), IFN-y (18.5/300), and IL-10 (31.3/500). Responders were defined as those

children with cytokine concentrations above the lower detection limits.

Statistical Analysis

For associations between burden of helminthic infection and eosinophilia, total I1gE, aeroaller-
gen-specific IgE and SPT, and asthma and cytokine responder status, univariate and multivar-
iate analyses were done using logistic regression with robust estimators for micro-areas to
adjust for clustering. However, because models with and without adjustment for clustering
showed similar results only unadjusted results are shown.

For the associations between the burden of helminth infection and the different asthma pheno-
types (atopic vs. non-atopic), polytomous logistic regression analyses were done as described

previously [25]. Based upon previous analyses in this population, a priori confounders for the
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association between helminth infections and outcomes were gender, age, maternal educational

level, and parental asthma [17]. P values of <0.05 were considered statistically significant.

Ethical considerations

Ethical approval was provided by the Ethics Committee of the Instituto de Salde Coletiva,
Universidade Federal da Bahia and by the Brazilian National Ethics Committee. Written, in-
formed consent detailing all procedures to be carried out on the children was signed by a par-

ent or the legal guardian of each child.

RESULTS

Of the 1,445 children enrolled in this study, 1,271 with complete outcome data were analyzed.
Analyses for associations with eosinophilia were done for 1,155 of the latter with data for this
variable. No statistically significant differences were seen between the 174 excluded children
and those included with respect to important baseline variables (data not shown). The ana-
lyzed children were aged between 4 and 11 years with the following age distribution: <5 years
(25.9%), between 6-7 (40.5%) and >7 (33.5%). 54 % of the children were male; 70.2% of
mothers had not completed second grade; and parental asthma was reported for 13.5% of
children. With respect to helminth infections: 15.8% were infected with A. lumbricoides,
13.8% with T. trichiura and 47.8% were seropositive for Toxocara spp antibodies; 45.6% of
children had no helminth infection, 36.4% had one, 12.7 % had two and 5.2 % had three hel-
minth infections. The prevalence of allergic-type outcomes in the study population were: eo-
sinophilia of >4% and >10% was observed in 74.3% and 25.5% of children, respectively;

total IgE >0.2 ug/mL was present in 59.7%; sIgE > 0.70 kU/L and SPT positivity for at least


file:///C:/Users/Filipe/Downloads/Final/v9%20Alcantara-Neves%20JID_gabriela%20(1).doc%23_ENREF_17

278

279

280

281

282

283

284

285

286

287

288

289

290

201

292

293

204

295

296

297

298

299

300

301

302

one allergen were found in 37.1% and 30% respectively; 22.7% had asthma, with 12% having
non-atopic asthma, and 10.7 % atopic asthma; 26% of children were atopic but not asthmatic

(data not shown).

The number of helminth infections was positively and statistically associated with eosinophil-
ia at >4 and >10% and the presence of elevated total IgE in a dose-dependent manner (Table
1). Table 2 shows that there was no statistically significant association between helminth in-
fections and the presence of sIgE but there was a statistically significant inverse association
with SPT positivity, which were stronger with increasing number of infections. Table 3 shows
that the number of helminth infections was not significantly associated with asthma, irrespec-
tive of atopic status, although a non-significant trend of increased risk was observed for non-

atopic asthma.

Tables 4 and 5 show associations between having one or more helminth infections and cyto-
kine production by peripheral blood leukocytes (PBLs) in whole blood cultures stimulated
with A. lumbricoides (Table 4) or in the presence of medium alone (Table 5). In whole blood
cultures stimulated with A. lumbricoides antigen, the production of IL-5 was positively asso-
ciated with increasing number of helminth infections. Although IL-10 was associated with
helminth infections, this association was not significant after adjustment for confounders; and
IL-13 production was significantly associated with having three helminth infections. In the
case of spontaneous cytokine production, IL-10, but none of the other cytokines, was associ-
ated with helminth infections, i.e., children with increasing number of infections were more

likely to be IL-10 cytokine responders.

DISCUSSION
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This study was conducted in Salvador, a city located in the northeastern coastal region of Bra-
zil with a population of over 2.8 million and with a high reported prevalence of asthma in
previous surveys [26]. To study the potential role of helminth infections in the high preva-
lence of allergy and asthma, in the present study we explored the effects of single or multiple
helminth co-infections with A. lumbricoides, T. trichiura and Toxocara spp., on the occur-
rence of several allergy-associated outcomes, including eosinophilia, total and specific IgE,
asthma, and the production of Th2 and regulatory cytokines in whole blood cultures. We ob-
served a strong positive association between number of helminth infections and peripheral
blood eosinophilia, elevated total IgE, spontaneous production of IL-10 and helminth antigen-
stimulated production of Th2 cytokines. The number of helminth infections was strongly in-

versely associated with allergen SPT but had no significant effect on the risk of asthma.

Studies of the associations between helminth infections and allergy have shown inconsistent
findings, although, in general, an increased risk of asthma have been associated with A. lum-
bricoides infection [27] while reduced allergen SPT has been associated with intestinal hel-
minth infections in general [28]. Systemic helminth infections (e.g. with Schistosoma spp)
have been associated with a decreased frequency of SPT [3, 4, 29] and an attenuated form of
asthma [5], while Toxocara species, which also cause systemic infections, although not
adapted to the human host and unable to develop beyond the larval stage, have been associat-
ed with increased atopy [30] and asthma [31] in some but not all studies [32]. We have re-
ported previously that human infections with Toxocara [18] and intestinal helminths [8] [17]
are inversely associated with SPT in this study population but that T. trichiura infection and
the presence of anti-Ascaris IgE were associated with asthma [11] in the same population

when the children were younger.
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Although helminth parasite infections may protect their hosts against inflammatory diseases,
they have also been associated with significant morbidity and economic losses through effects
on nutrition, impaired school performance [33] and reduced efficacy of routine vaccination
programs [2]. A better understanding of parasite effects on the host immune response is,
therefore, of considerable relevance not only to improve strategies for helminth control but
also for the development of novel treatments for inflammatory diseases such as allergic and
autoimmune diseases based on the isolation of parasite molecules with therapeutic potential
[6, 34]. Previous studies of the effects of infections on atopy and allergy have studied virus,
bacterial and protozoa infections in developed countries [35-37] and one study also studied
helminth infections in a developing country setting [17]. However, to the best of our
knowledge, no previous study has examined the effects of co-infections with intestinal and
systemic helminth infections on the modulation of atopic and allergic disease markers as done

in the present study.

Helminth infection are believed to induce an immune response which is distinct from that
produced in response to other chronic pathogens (e.g. protozoa, viruses and bacteria) in that
chronic helminth infections and co-infections [1, 7, 38, 39] are characterized by strong Th2
responses in which various Th2 inflammatory markers such as eosinophilia and increased
serum IgE levels are prominent. In this study, we observed a strong Th2 cytokine response by
PBLs stimulated with A. lumbricoides antigen, which may explain the increased eosinophilia
and levels of total IgE observed in helminth-infected children. These data thus support a large
body of literature showing that helminth infections induce potent Th2-type immune responses
[38]. The prominent IgE response, that is predominantly polyclonal, has been suggested to

play a role in the down-modulation of skin reactivity to allergens through the saturation of
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high-affinity IgE receptors (FCLJRI) on mast cells thus limiting the potential for interaction
between allergens and specific IgE on mast cells [3, 40]. However, it has been shown that
interference of allergen-specific response by polyclonal IgE only occurs at levels that are rare-

ly present in human populations [41].

In the present study, we observed a robust association between helminth co-infections and
frequency of the production of spontaneous IL-10 by PBLs, while helminth-antigen induced
strong Th2 cytokine responses but relatively little IL-10. The effect on spontaneous IL-10
production was greater with increasing number of helminth infections. The failure of A. lum-
bricoides antigen to stimulate IL-10 production by the helminth-infected children’s PBLs in
vitro was unexpected. A possible explanation is that infections with complex organisms such
as helminths and other parasites, are likely to stimulate the immune system with hundreds of
antigens. The greater the number of infections the greater the overall stimulation and such
stimulation could expand and activate populations of regulatory T cells (Tregs) [42], with
many of them possibly being stimulated by antigens that share cross-reactivity with autoanti-
gens [42], which in turn could maintain the Tregs in an activated state Infection with hel-
minths have in fact been associated with increased numbers of circulating CD4" CD25"
FoxP3" Tregs and of autoantigen-stimulated PBLs that secret IL-10 and TGF-B, as well as
with amelioration of symptoms, in multiple sclerosis patients [43] and improvements in hy-
giene, associated with fewer infections by parasites and other pathogens, have been associated
previously with increased prevalence of autoimmune diseases [44]. This increased stimulation
of cross-reactive Tregs due to past or present helminth infections could explain the spontane-
ous production of IL-10 observed in the present study (which would be autoantigen-driven).
As these cells would already have being antigen-stimulated in vivo, they would not be stimu-

lated by A. lumbricoides antigens in vitro (Figure). In fact, we have observed previously, in
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this study population, an increased frequency of the production of IL-10 spontaneously
among the children living in conditions of poor hygiene and with intestinal helminth infec-
tions [7, 45]. The induction of regulatory mechanisms, exemplified by elevated production of
the immune regulatory cytokine IL-10 by non-stimulated cells, has been attributed to living in
environments with low hygiene and intense microbial and helminth exposure during child-
hood — the decline in such exposures in many populations living in affluent countries and the
increase in the prevalence of inflammatory diseases is considered, as suggested by the hy-
giene hypothesis, to be a consequence of a failure in microbe/parasite-induced immune regu-

lation [46].

We hypothesize that spontaneous I1L-10 may play a role in suppressing effector function of
mast cells and, consequently, skin prick test reactivity. As expected, no association was found
between helminth co-infections and IFN-y production by PBLs spontaneously and in response
to A. lumbricoides antigen. Besides that, no statistically significant association was found
with sIgE, although a trend of decreasing odds ratios with increasing number of infections
was seen. It appears, therefore, that helminth infection do not down-modulate sIgE but instead

up-regulate helminth-specific or non-specific polyclonal IgE [41].

Although atopic markers are modulated by helminth infection, no association was found be-
tween helminth co-infections and asthma (atopic and non-atopic). Asthma is a complex dis-
ease and differences in asthma phenotypes between different populations may explain differ-
ences in the effects of helminth infections on asthma observed between studies, [47]. The lack
of association between asthma and parasites found in this study may be result of the predomi-

nance of non-atopic asthma found in this population [48], since many studies have shown that
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infections, including those caused by helminths, protect against atopy and atopic asthma [1, 3,

4, 17].

In summary, our data show strong associations between helminth infections, eosinophilia, and
total IgE and an inverse association between helminth infections and SPT in helminth-
infected children. To our knowledge, this is the first study to show that an increasing number
of helminth infections has a dose-response effect on these allergic inflammatory markers. Our
data demonstrate also that helminth infection, and especially multiple infections, are associat-
ed with a typical Th2 immune response (e.g. the production of Th2 cytokines by PBLs stimu-
lated with helminth antigens and peripheral blood eosinophilia) but that such infections are
associated with the upregulation of the regulatory network with an increase in IL-10 produc-
tion which could play a role in the suppression of immediate hypersensitivity reactions in the
skin. Further studies are needed to understand the molecular mechanisms by which this im-
mune modulation occurs and they could test our hypothesis that helminth infections in early
childhood may induce cross-reactive populations of regulatory immune cells that are main-
tained by self antigens and serve to dampen inflammatory responses to both endogenous and

exogenous stimuli.
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Table 1: Associations between burden of helminth infections and eosinophilia or total IgE in 1,155 children

- T - TS700
Number of helminth infections Eosinophilia > 4% Eosinophilia > 10% Total IgE
#OR #OR #OR
(n=1,155) n (%) n (%) n (%)
(Cl 95%) (Cl 95%) (C1 95%)
0
(n=533: 46.2%) 343 (64.6) 1 83 (15.6) 1 282 (52.9) 1
1 2.13 1.81 1.53
(n=422; 36.6%) 336 (79.6) (1.57; 2.90) 110(26.1) (1.31; 2.52) 268 (63.5) (1.17; 1.99)
2 3.36 3.82 1.92
(n=139; 12.0%) 121 (87.1) (1.96; 5.77) 62 (44.6) (2.51; 5.83) % (69.1) (1.28; 2.88)
3 8.85 7.96 2.22
(n=61; 5.3%) 58(95.1) (2.70; 28.99) 39(63.9) (4.42; 14.35) 44(72.) (1.22; 4.02)

# Adjusted for gender, age, maternal education and parental asthma. Numbers in bold are statistically significant at P<0.05.
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Table 2: Associations between burden of helminth infections and specific IgE or skin prick test (SPT) positivity for at least one allergen in 1,271 children.

o "sIgE >0. "SPT
Number of helminth infections sIgk 20.70 < S ~
(n=1,271) n (%) OR n (%) OR
’ (Cl 95%) (Cl 95%)
0
(n=580: 45.6%) 212 (36.6) 1 202 (34.8) 1
1 1.09 0.71
(n=463; 36.4%) 175 (37.8) (0.84; 1.41) 128(27.7) (0.54; 0.94)
2 1.15 0.60
(n=162; 12.8%) 64(39.6) (0.79; 1.67) 40(24.7) (0.40; 0.91)
3 0.79 0.36
(n=66; 5.2%) 21(318) (0.45; 1.38) 11(16.7) (0.18; 0.71)

*For at least one the four studied allergens; *Adjusted for gender, age, mother education and parental. Numbers in bold are statistically significant at P<0.05.
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Table 3: Associations between burden of helminth infections and asthma or asthma phenotypes in 1,271 children.

All asthma Non-atopic asthma Atopic asthma
l\il:fr:cli?gn: i:jllrg%h n (%) “OR n (%) **Non-atopic/non- n (%) **Ni'liﬁtrﬁgifémn- **aAstt%I:ri]Ztr;gn-
(C1 95%) asthmatic
(n=580? 45.6%) 164 (28.3) 1 59 (10.2) 1 60 (10.3) 1 1
(n=463;136.4%) 133 (28.7) (0.7%3';012.34) 60 (13.0) (0.912';42.11) 51 (110) (0.811.;2390) (0.6;;011.74)
(n=162;212.8%) 52(321) (0.812.;22.75) 21 (13.0) (0.72;3;38) 19(11.7) (0.62;223.23) (0.52';011.92)
(n=66?5.2%) 25 (37:9) (0.911.;5;63) 12 (18.2) (0.817.;8;89) 6(.1) (0.3(()5';921.34) (0.317.;022.84)

*Adjusted for gender, age, maternal education and parental asthma; ** Reference groups for polytomous logistic regression analysis
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Table 4. Associations between burden of helminth infection and cytokine production by peripheral blood leukocytes (PBLS) stimulated with A. lumbricoides

antigen
A. lumbricoides-induced cytokine production
Number of hel- 9 .
minth infections n (%) %6 Non Resp(f;ders Crude "Adjusted “P-value
responders (n) OR (IC) OR (IC)
IFN-y
(n=904) (n=23)
0 416 (44.9) 97.1 2.9 1 1 0.883
1 342 (36.9) 98.0 2.0 0.70(0.27; 1.81) 0.71(0.27; 1.87)
2 114 (12.3) 97.4 2.6 0.91(0.25; 3.28) 0.90(0.24; 3.38)
3 55 (5.9) 98.2 1.8 0.62(0.08; 4.89) 0.64(0.08; 5.23)
IL-5
(n=1.013) (n=139)
0 530 (46,0) 91.3 8.7 1 1 0.000
1 422 (36,6) 87.7 12.3 1.47 (0.97; 2.25) 1.45 (0.94; 2.23)
2 140 (12,2) 82.9 17.1 2.17 (1.28; 3.71) 1.89 (1.09; 3.28)
3 60 (5,2) 717 28.3 4.16 (2.20; 7.87) 3.54 (1.82; 6.86)
IL-10
(n=1.205) (n=51)
0 568 (45.2) 97.4 2.6 1 1 0.114
1 461 (36.7) 95.1 4.9 1.93 (1.00; 3.75) 1.87 (0.95; 3.66)
2 160 (12.8) 93.8 6.2 2.46 (1.08; 5.58) 2.23 (0.96; 5.18)
3 67 (5.3) 95.5 4.5 1.73 (0.49; 6.13) 1.43 (0.39; 5.23)
IL-13
(n=955) (n=236)
0 542 (45.5) 81.6 18.4 1 1 0.076
1 438 (36.8) 79.2 20.8 1.16 (0.84; 1.59) 1.18 (0.85; 1.63)
2 147 (12.3) 83.0 17.0 0.91 (0.56; 1.47) 0.90 (0.55; 1.48)
3 64 (5.4) 68.8 31.2 2.01 (1.13; 3.56) 1.99 (1.10; 3.58)
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*Chi® test (x%); * adjusted for gender, age, maternal education and parental asthma. Numbers in bold are statistically significant at P<0.05



Table 5. Association between burden of helminth infection with cytokine production by peripheral blood leukocytes cultured in medium alone (i.e. sponta-
neous cytokine production)

Spontaneous cytokine production

Number of hel- 0 .
mit:lthbienf((a)ctioens n (%) %6 Non respon- Resp:r)lders Crude Adjusted *P-value

ders (n) ) OR (IC) *OR (I1C)
IFN-y

(n=870) (n=114)

0 450 (445.7) 89.8 10.2 1 1 0.606
1 361 (36.7) 87.8 12.2 1.22(0.79; 1.89) 1.17(0.74; 1.84)
2 117 (11.9) 86.3 13.7 1.39(0.76; 2.56) 1.35(0.72; 2.53)
3 56 (5.7) 85.7 14.3 1.46(0.65; 3.28) 1.36(0.59; 3.11)
IL-5

(n=1.150) (n=66)
0 569 (46.8) 95.1 4.9 1 1 0.342
1 443 (36.4) 94.1 5.9 1.20(0.70; 2.09) 1.18(0.67; 2.07)
2 144 (11.8) 95.8 4.2 0.84(0.34; 2.07) 0.86(0.34; 2.15)
3 60 (5.0) 90.0 10.0 2.15(0.85; 5.41) 2.18(0.84; 5.67)
IL-10

(n=1.213) (n=110)
0 610 (46.1) 95.1 4.9 1 1 0.000
1 482 (36.4) 90.7 9.3 1.99(1.23; 3.21) 1.99(1.22; 3.24)
2 164 (12.4) 88.4 11.6 2.53(1.39; 4.63) 2.45(1.32; 4.55)
3 67 (5.1) 76.1 23.9 6.07(3.10; 11.86) 5.97(2.97; 12.01)
IL-13

(n=826) (n=432)

0 542 (45.5) 65.4 34.6 1 1 0.948
1 458 (36.4) 66.6 33.4 0.95(0.73; 1.23) 0.96(0.73; 1.24)
2 152 (12.1) 64.5 35.5 1.04(0.72; 1.51) 1.07(0.73; 1.57)
3 64 (5.0) 64.1 35.9 1.06(0.62; 1.82) 1.10(0.63; 1.91)

664  *Chi® test (x); “Crude OR; " OR adjusted for gender, age, maternal education and parental asthma. Numbers in bold are statistically significant at P<0.05
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Figure. A hypothesis to explain the pattern of cytokine production observed in cultures of peripheral blood leukocytes from individuals who had
been infected with multiple helminths: (i) an spontaneous production of IL-10 in the absence of exogenous antigen (i.e. in unstimulated cultures); and
[49] the presence of a Th2 recall response, but not an 1L-10 recall response, to A. lumbricoides antigens. (1) Multiple helminth infections could lead to
stimulation of the immune system by hundreds of different antigens, including antigens that are cross-reactive with self antigens. (2) Strong helminth-specific
and nonspecific polyclonal Th2 immune responses, with the differentiation and expansion of memory cells, would result from such infections. The Th2 im-
mune response could lead to helminth-specific and non-specific polyclonal IgE production, to eosinophil expansion and activation, and to inflammation. The
high levels of polyclonal IgE could theoretically inhibit mast cell activation, by competition with allergen-specific IgE for FceRII receptors on mast cells,
causing inhibition of immediate hypersensitivity skin test to allergens). (3) A consequent differentiation and expansion of helminth-specific Tregs, some of
them cross-reactive with self antigens (and some perhaps only autoantigen-reactive, as a consequence of tissue damage by inflammation) could occur (for the
sake of clarity, only cross-reactive and helminth-specific Tregs are shown). (4) The cross-reactive/self antigen-specific Tregs would be maintained in a steady
state of activation by self antigens, and would release low levels of regulatory cytokines, including I1L-10. The spontaneous production of elevated levels of
IL-10 could suppress mast-cell degranulation. Because these Tregs could be maintained through continuous stimulation to self antigens in vivo, they would not
be further stimulated by helminth antigens in vitro. TLR = toll-like receptor
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4 CONCLUSAO

Os dados dispostos no referido trabalho, demostram fortes associa¢@es entre infec¢bes por
helmintos, eosinofilia e IgE total, além de uma associagéo inversa entre infeccdes por helmin-
tos e SPT, em criancas infectadas por helmintos, demonstrando um efeito de dose-resposta
relacionando esses marcadores alérgicos/inflamatorios a infec¢Ges por helmintos.

Também foi demonstrado que a infeccdo por helmintos, em especial quando em coinfeccdes,
estd associada a uma resposta imune Th2 tipica. Entretanto, tais infeccdes estdo associadas
com uma paralela regulacéo exercida pelo aumento da producédo de IL-10, que possivelmente
desempenha um papel na supressao de reagdes de hipersensibilidade imediata na pele.

A auséncia de associacao entre infecgdes por helmintos e sibilancia foi atribuida ao fato de
que o sibilo se apresenta, na populacdo de estudo, predominantemente na natureza ndo atopi-
ca. Outros trabalhos publicados utilizando a mesma populagdo indicam, inclusive, que em
apenas 25% dos individuos sibilantes atopicos, o sibilo se deve realmente a atopia.

Estudos posteriores se fazem necessarios, para elucidar os mecanismos moleculares dessa
modulacdo imunoldgica, no intuito de testar a presente hipdtese sugerida, de que infeccdes
por helmintos na infancia podem induzir a uma reacdo cruzada nas populacfes de células
imunes reguladoras que sdo mantidas por antigenos préprios e servem para atenuar a resposta

inflamatoria a estimulos enddgenos e exdgenos.
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