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RESUMO

A esquistossomose humana é apontada como uma das doencas tropicais mais
devastadoras, afetando cerca de 250 milhfes de individuos em todo o mundo. Por este
motivo, € considerada a segunda doenca parasitdria mais importante em termos de
efeito socioecondmico, perdendo apenas para malaria. No Brasil, o Schistosoma
mansoni € o unico agente etioldégico da esquistossomose e atinge 19 Estados. Em
areas de recente introducdo da doenca ou onde ocorre o controle, a baixa carga
parasitaria € uma realidade, e sua deteccdo € dificultada pela baixa sensibilidade
diagnéstica dos métodos disponiveis. O Helmintex® é um método proposto
recentemente, que utiliza uma grande quantidade de fezes, inUmeros processos de
concentracdo, e adicdo de particulas paramagnéticas, provando-se com alta
sensibilidade para a deteccdo de ovos de S. mansoni nas fezes. No entanto, € um
processo laborioso, com limitada aplicacdo em campo e demora na entrega do
diagnoéstico. O foco principal desta Tese é o aprimoramento de metodologias de
deteccdo de ovos para o diagndéstico da esquistossomose, buscando, principalmente, o
melhoramento da metodologia Helmintex®. Desta forma, o primeiro capitulo desta Tese
propde a reducdo do sedimento final Helmintex®, com o uso de detergente neutro,
Tween 20, e a coloracdo dos ovos de S. mansoni com ninidrina, buscando otimizar a
metodologia. O segundo capitulo visa o uso de uma reacdo quimioluminescente para a
deteccdo de ovos S. mansoni em meio ao sedimento final Helmintex®, objetivando a
rapidez no diagnostico final. Por fim, o terceiro capitulo, explora o entendimento das
peculiaridades dos ovos na sua passagem pela parede intestinal, observando a
passagem em “cluster” e secrecédo, pelos ovos, de uma proteina denominada Sm 16.
Os resultados obtidos neste trabalho reforcam o papel proposto ao método Helmintex,
de servir como referéncia para o diagnéstico da esquistossomose intestinal, e para a
avaliacdo comparativa de outros testes, além de registrar pela primeira vez, a formacgéo
de “cluster” e a excrecdo da proteina Sm16 por ovos de S. mansoni durante sua

migracéo pela parede intestinal de camundongos.

Palavras Chave: Esquistossomose, baixa endemicidade, sensibilidade.



ABSTRACT

Human schistosomiasis is considered one of the most devastating tropical diseases,
affecting about 250 million people around the world. For this reason, it is considered the
second most important parasitic diseases in terms of socio-economic effects, losing only
to malaria. In Brazil, Schistosoma mansoni is the only etiological agent of
schistosomiasis, affecting 19 States. In areas of recent disease introduction or where the
control occurs, low parasite burden is a reality and its detection is hampered by the low
sensitivity of the available diagnostic methods. Helmintex® is a recently proposed
method that uses a large amount of feces, numerous concentration steps, and addition
of paramagnetic particles, conveying high sensitivity for the detection of eggs of S.
mansoni in feces. However, it is a laborious process, with limited application in the field
and delayed delivery of the diagnosis. The objective of this thesis is the improvement of
egg detection methodologies for the diagnosis of schistosomiasis, mainly seeking the
improvement of the Helmintex® methodology. Thus, the first chapter of this thesis
proposes the reduction of the final Helmintex® sediment, with the use of neutral
detergent, Tween 20, and the staining of S. mansoni eggs with ninhydrin, aiming to
optimize the methodology. The second chapter investigates the use of a
chemiluminescent reaction for the detection of S. mansoni eggs in the final Helmintex®
sediment, aiming to speed up the final diagnosis. Finally, the third chapter explores the
peculiarities of eggs and their passage through the intestinal wall, observing their
clustering and the secretion by the eggs of a protein called Sm 16. The results obtained
in this work reinforce the proposed role of the Helmintex method, to serve as a reference
for the diagnosis of intestinal schistosomiasis, and for the comparative evaluation of
other tests, in addition to registering for the first time, the formation of cluster and the
excretion of the protein Sm16 by S. mansoni eggs during their migration through the

intestinal wall of mice.

Keywords: Schistosomiasis, low endemicity, sensitivity.
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aprimoramento da metodologia Helmintex, com a utilizacdo de solugédo de luminol em
apenas 100 pL do sedimento final, para discriminar amostras positivas e negativas, e
posterior confirmacdo da parasitose e quantificacdo dos ovos, utilizando coloracéo de
ninidrina e visualizagdo em microscopia optica de todo sedimento final...................... 138
Figura 25: Fenbmeno de agregacdo de ovos de S. mansoni. Imagens obtidas por
microscopio invertido de cultivo in vitro de vermes de S. mansoni, aumento 20x. Grupo
de Parasitologia Biomédica da PUCRS, 2014..........oouuiiiiii e 206
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1. PREFACIO

Em janeiro de 1997, um paciente homem, residente do municipio de Esteio (RS),
de meia idade, dava entrada em um hospital do municipio de Sapucaia (RS) com
sintomatologia que levava a um diagndstico inicial de hepatite. Dentre varios exames,
os realizados com fezes (método de sedimentacdo espontanea), revelaram a existéncia
de ovos de Schistosoma mansoni. Apds o conhecimento deste caso, estudos realizados
pelo Grupo de Parasitologia Biomédica da PUCRS no municipio de Esteio, através da
investigacdo epidemioldgica da rede de contatos do caso indice, comprovaram a
existéncia de um foco de esquistossomose no municipio de Esteio. Ao longo de 21
anos, este achado proporcionou ao Grupo de Biologia Parasitaria ndo s6 mais uma
linha de pesquisa, mas inUmeras parcerias consolidadas nacionais e internacionais e
trabalhos publicados. Um deles, publicado no ano de 2007, buscava suprir a deficiéncia
diagndstica de testes ja consolidados em areas onde a carga de ovos eliminados nas
fezes é muito baixa, fato encontrado no municipio de Esteio. Denominado Helmintex®, a
nova metodologia apresenta uma sensibilidade de 100% para cargas maiores do que
1.3 ovos por grama de fezes (OPG). Para alcancar esta sensibilidade a metodologia foi
desenvolvida a partir da utilizacdo de grande quantidade de fezes (30 gramas) que
passam por Varios passos de concentracao, terminando com o isolamento dos ovos
através de sua interacdo com particulas paramagnéticas em um campo magnético
(Teixeira et al., 2007).

Um estudo realizado no municipio de Januaria (MG) com 270 individuos (Oliveira
et al., 2018) e outro no municipio de Estancia (SE) com 461 individuos (Lindholz et al.,
2018) confirmaram a alta sensibilidade do Helmintex® como método diagnéstico para
deteccdo de ovos de S. mansoni nas fezes em areas endémicas, apesar de
deificuldades de sua aplicagdo em campo. Aqueles estudos (encontrados nesta Tese
no ANEXO E) serviram de base para que o Ministério da Saude adotasse o Helmintex®
como padréo de referéncia para avaliar a eficiéncia no Brasil de um teste rapido de

urina indicado pela Organizacdo Mundial da Saude (http://www.pucrs.br/blog/orgao-

publicos-reconhecem-metodo-diagnostico-de-esquistossomose/). Por esse motivo, a



http://www.pucrs.br/blog/orgao-publicos-reconhecem-metodo-diagnostico-de-esquistossomose/?fbclid=IwAR12TpMmSEmPgc-VUkZaziCxyopPGTtX64JhqKut1D5D1E3vIrgvNUg3K7M
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otimizacdo do HTX tronou-se prioritaria, com a busca de processos alternativos que
possam reduzir o tempo de sua aplicacgéo.

A presente Tese, dividida em trés capitulos, tem como objetivo principal
aprimorar o Helmintex® para diagnéstico da infeccdo por S. mansoni através da
deteccédo de ovos nas fezes.

O Capitulo | da Tese, apresenta um aprimoramento do Helmintex®, visando
especialmente otimizar a etapa de leitura, focando na reducédo do sedimento final pela
aplicacdo de detergente (Tween-20) e a coloracdo dos ovos de S. mansoni pela
ninidrina, facilitando a visualizagéo destes em meio ao sedimento espalhado sobre filtro
de papel. A publicacdo destes dados em 2017 na revista Experimental Parasitology,
com o titulo “Optimization of the Helmintex® method for schistosomiasis diagnosis”,
estabeleceu uma nova versdo para o método HTX. Sua aplicacdo em dois grandes
estudos de campo, demonstraram que a sensibilidade do Helmintex® é pelo menos trés
vezes maior do que a sensibilidade do método de Kato-Katz, e descreveram as
limitacbes do método POC-CCA (teste rapido de urina), para diagnosticar individuos
com baixa carga parasitaria. Por esse motivo, 0 método passou a ser recomendado
como referéncia para diagnéstico de esquistossomose intestinal e para avaliagdo
comparativa de testes parasitoldgicos.

No Capitulo Il, buscou-se reduzir ainda mais a etapa de leitura do sedimento final
Helmintex®. Trata-se de uma nova metodologia de deteccdo de ovos, baseada no uso
da quimiluminescéncia (Luminol-H,0,) acoplada a deteccdo por espectrofotometria em
apenas 100 pL de sedimento final Helmintex®. Tal inovacdo faz parte de um primeiro
artigo sobre o tema, denominado “A new diagnostic strategy which uses a luminol-H,O,
system to detect Schistosoma mansoni eggs in fecal sediments processed by the
Helmintex method”, submetido & revista PNAS. Por possuir dados inéditos, hoje se
encontra com pedido de adicdo de invencdo sob numero de processo BR
1020170064786 (ANEXO A). O Capitulo ainda contempla informagdes substanciais
obtidas através de iniUmeros experimentos, sobre moléculas oriundas de ovos de S.
mansoni, que possam ser responsaveis pela emissao de luz. A hipotese principal € de
que tal fendbmeno deve-se a existéncia de ions metalicos na casca de ovos e nos

miracidios.
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O Capitulo lll, trata sobre um melhor entendimento da passagem dos ovos
através da parede intestinal, e possibilidades de associacdes dos ovos em aglomerados
e 0S mecanismos moleculares intervenientes nesta critica etapa de saida no intestino
do hospedeiro vertebrado. Embora esta seja uma questdo biolégica muito basica do
ciclo do S. mansoni, a detec¢do dos ovos nas fezes, por métodos diagndsticos como o
HTX, é inteiramente determinada pelo sucesso do processo de saida dos ovos através

da parede intestinal.
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2. REFERENCIAL TEORICO

2.1. A esquistossomose

Em 1851, registrava-se pela primeira vez a esqusitossomose, apos a realizacao
de uma autépsia pelo médico alemao Theodor Bilharz no Egito. Por este motivo, por
muitos anos, a esquistossomose ficou conhecida como bilharziose (Jordan, 2000),
termo hoje pouco utilizado (Ross et al., 2002).

A esquistossomose € uma parasitose, que algumas vezes pode levar a uma
doenca crbnica, considerada uma das infec¢cdes parasitarias mais prevalentes em
humanos (Santos e Chaves, 1997), e uma das doencas tropicais mais importantes
(Gray et al., 2011; Bockarie et al., 2013), pois atinge cerca de 78 paises da Africa, das
Américas, do Oriente Médio e do Sudeste Asiatico (Gray et al., 2011; Who, 2015).
Globalmente, o risco de infecgao atinge cerca de 779 milhdes de pessoas (Steinmann
et al., 2006; Utzinger et al., 2009); a infeccdo estd presente em mais de 250
milhdes de individuos em todo o mundo, onde 201,5 milhdes destas, vivem na
Africa (Steinmann et al., 2006; Utzinger et al., 2009; Hotez et al., 2014). Esta
diretamente ligada a aspectos socioecon6micos, principalmente a pobreza e falta de
saneamento bésico (Barbosa et al., 1996; Who, 2016). E causada por helmintos
trematédeo do género Schistosoma, com seis espécies conhecidas, S. hematobium, S.
intercalatum, S. japonicum, S. malayensis, S. mansoni e S. mekongi (Colley et al., 2014;
Who, 2015), mas apenas trés delas sdo responsaveis pela infeccdo mais comuns em
humanos: S. haematobium, S. mansoni e S. japonicum (Colley e Secor, 2017; McManus
et al., 2018). Schistosoma mansoni é a Unica espécie encontrada em areas endémicas
nas Américas, que incluem quatro paises: Brasil, Venezuela, Suriname e Santa LUcia
(Zoni et al., 2016). O Brasil possui a area mais extensa e é responsavel por 95% dos
casos (WHO, 2010). No entanto, registros do Ministério da Saude indicam que, desde
2014, a percentagem de casos identificados através de inquéritos de busca em
municipios endémicos tem decrescido gradualmente (Ministério da Saude 2014). O

recente inquérito Nacional de Prevaléncia da Esquistossomose mansoni e
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Geohelmintoses (INPEG) estima que o total de casos no pais ndo ultrapassa dois
milhdes (Katz, 2018).

No Brasil, sua distribuicédo atinge principalmente varias areas de Estados da regido
Nordeste e o norte de Minas Gerais, no entanto, séo encontrados focos isolados de
transmissdo nos Estados do Espirito Santo, Rio de Janeiro, Sdo Paulo, Parand, Santa
Catarina e Rio Grande do Sul (Ministério da Saude, 2013). Na regido Sul, o primeiro
caso autoctone da doenca foi descoberto em janeiro de 1997, em um paciente
hospitalizado no municipio de Sapucaia e residente em Esteio (Graeff-Teixeira et al.,
1999). Desde entdo, o Grupo de Parasitologia Biomédica da PUCRS vem estudando e
monitorando este foco, se envolvendo diretamente em estudos que visam otimizar

meétodos diagndsticos de alta sensibilidade para a esquistossomose.

2.2. Carga parasitéria e prevaléncia da esquistossomose

Na maioria das parasitoses, em especial para esquistossomose, a quantidade de
ovos nas fezes tem correlacdo direta com a quantidade de vermes adultos existentes
no paciente. Sendo assim, a carga parasitaria é indicada pela contagem de ovos por
grama de fezes (OPG) (Tarafder et al.,, 2010; Neto et al., 2012). Desta forma, a
Organizacdo Mundial da Saude (OMS), baseada em exames de Kato-Katz obtidos a
partir de uma amostra de fezes em duas laminas, classifica os individuos infectados em
trés categorias, de acordo com a intensidade da infeccao: leve ou baixa (1 a 99 OPG),
moderada (100 a 399 OPG) e alta ou grave (= 400 OPG). Dos quais, o percentual de
casos com intensidade alta (= 400 OPG) é preconizado pela OMS, como indicador das
metas para “controle de morbidade” (< de 5% de casos com OPG > 400) e “eliminagéo
como problema de saude publica” (< de 1% de casos com OPG > 400) (WHO 2013).

Estudos realizados em 2016 revelam que a carga global da esquistossomose é
estimada em 1,9 milhdes de anos de vida, ajustados por incapacidade (Hay et al.,
2017), dado alarmante, visto que na maioria das areas endémicas geralmente a
infecc@o inicial ocorre em criangcas a partir de 2 anos, e nestas, pelas inUmeras
infeccdes que terdo, calcula-se que a carga parasitaria crescera durante os proximos 10
anos de vida (Colley et al., 2014). Por este motivo, a maior prevaléncia e intensidade de
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infeccdo sdo comumente descritas em adolescentes (Hotez e Kamath, 2009; Colley et
al., 2014), e séo classificadas em trés categorias: alta prevaléncia (= 50% infectados),
moderada prevaléncia (= 10% e < 50% infectados) e baixa prevaléncia (< 10%
infectados) (WHO, 2002).

2.3. Schistosoma mansoni

Os esquistossomos, ao contrario de outros trematddeos, apresentam sexos
separados. Os vermes adultos possuem corpo cilindrico com cor branca ou
acinzentada, com 7-20 milimetros (mm) de comprimento, apresentado duas ventosas
terminais, um tegumento complexo, um trato digestivo de fundo cego e 6érgaos
reprodutores (Gryseels et al., 2006). O macho ainda apresenta um sulco longitudinal ou
canal ginecoforo, no qual ele retém a fémea, mais longa, cilindrica e mais fina (Gryseels
et al., 2006). O parasito apresenta diferentes estagios de desenvolvimento: ovo,
miracidio, esporocisto, cercaria, esquistossdmulo e verme adulto (Souza et al., 2011),
possuindo longevidade de trés a cinco anos, podendo chegar a 30 anos (Hinrichsen,
2005; Prata, 2007).

2.4. O ciclo bioldgico

O ciclo possui duas fases parasitarias: uma infectante do hospedeiro
intermediario, molusco da espécie Biomphalaria glabrata, e outra infectante do
hospedeiro definitivo, humano (Neves et al., 2010). Na agua, os ovos maduros sofrem
influéncia da baixa osmolaridade do meio, de estimulos luminosos e temperatura, o que
leva a intensos movimentos do miracidio, resultando na ruptura da casca do ovo e
liberacdo do miracidio, que nada em direcéo a seu hospedeiro intermediario. Dentro do
molusco, os miracidios se transformam em esporocistos e fazem reproducgéo
assexuada, produzindo esporocistos filhos, e destes se origina um grande numero de
cercéarias. Passados 30 dias, as cercarias emergem do molusco em resposta a luz e
calor (Figura 1) (MacManus et al., 2018).
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A infeccdo em humanos ocorre pelo contato com &gua contaminada por
cercarias, que penetram na pele intacta (Ross et al., 2001; Gryseels et al., 2006). No
momento da penetracédo, perdem a cauda e transformam-se em esquistossémulos, que
migram pela circulacdo sanguinea até o sistema porta hepatico, onde irdo amadurecer

e transformar-se em vermes adultos dentro de 25-28 dias (Coura, 2007).

Ciclono hospedeiro humano

Ciclono meio . ' S

aquatico ‘ '
\/OVOS c
Miracidios 150 m

Figura 1: Ciclo biolégico do S. mansoni (Adaptado pelo Grupo de Parasitologia
Biomédica da PUCRS, 2018).

”

2.5. Os ovos

O ovo do S. mansoni mede aproximadamente 150 ym de comprimento por 65
pm de largura, com polo anterior delgado e posterior volumoso, possuindo um espinho
(espiculo) lateral saliente e agudo, caracteristico da espécie (Figura 2) (Ford e
Blankespoor, 1979; Karl et al., 2013). A eliminacéo diaria de ovos pelas fémeas, no
interior das vénulas mesentéricas inferiores, é de 300 ovos imaturos (Prata, 1957;

Pellegrino e Goelho, 1978; Rey, 2001), outros autores relatam 350 ovos, (Cheever et
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al., 1994). Uma vez eliminados, para chegar a luz do intestino, atravessam o endotélio,

a membrana basal das veias, e o epitélio do intestino.

Figura 2: Imagem de ovos de S. mansoni

em microscopia em sedimento Helmintex®.

Microscopia optica de 20 x. Imagem obtida

eop  Pelo Grupo de Parasitologia Biomédica da
PUCRS, 2012.

A maturacdo dos ovos de S. mansoni ocorre em duas etapas pré-embrionarias
dentro da fémea, e oito estagios embrionarios apos a postura dos ovos (Jurberg et al.,
2009). Recém depositados, 0s ovos ndo possuem estruturas complexas entre a casca e
o embrido (Neill et al., 1988), assim sua maturacdo, que simplesmente consiste da
casca do ovo reticulado em torno do 6vulo e das células vitelinicas, leva cerca de uma
semana, e quando maduros sdo transportados e eliminados para o limen intestinal
(Lenzi et al., 1991). A estimativa é que um terco desses ovos percorra este caminho
para a luz do intestino, com o objetivo de completar o ciclo. Os demais ao falharem no
processo de aderir e penetrar na parede dos vasos seguem o fluxo sanguineo
(DeWalick et al., 2011).

A casca de ovos maduros, eliminados nas fezes, apresenta aspecto liso quando
visualizados em microscopia Optica. Porém, quando visualizados em microscopia
eletrbnica de varredura (MEV), a casca apresenta-se com uma aparéncia granulada
devido a presenca de irregularidades e microfilamentos, que formam uma espécie de
tapete sobre a superficie (Figura 3) (Neill et al., 1988; Karl et al., 2013). As cascas dos
ovos de S. mansoni apresentam-se endurecidas com coloracdo marrom-claro-

transparente, devido principalmente a ligacdes cruzadas de proteinas quinonas, que
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sado dependentes da atividade da tirosinase (Mathieson e Wilson, 2010; DeWalick et al.,
2011). A tirosinase é uma glicoenzima que contém cobre (Cu), e desenvolve um papel
importante no mecanismo de reticulagdo da casca do ovo de S. mansoni durante toda a
sua maturacdo (Seed et al., 1978; Cordingley, 1987; Fitzpatrick et al., 2007).
Aproximadamente um terco das proteinas encontradas nas cascas dos ovos de S.
mansoni, obtidos de figado, sdo proteinas celulares comuns, entre elas a p40, HSP-70,
enolase, fosfoenolpiruvato carboxiquinase (PEPCK), precursor de superéxido
dismutase, e tiorredoxina peroxidase (Mathieson e Wilson, 2010; DeWalick et al., 2011).

A superficie dos ovos de S. mansoni também é rica em carboidratos, o que lhes
confere caracteristicas extremamente dinamicas, permitindo diversas interagdes entre o
parasita e o hospedeiro (Abdul-Salam e Mansour, 2000). Os ovos, além de produzirem
glicoproteinas, e antigenos glicolipidicos, também produzem oligossacarideos néo

conjugados unicos, ndo detectados em meio de cultura (Robijn et al., 2007)

iy, T
WD det HV  mag spot 50 pm det HV mag spot
11.8 mm ETD 20.00 kV'2 000 x 4.0 11.4 mm ETD 20.00 kV 50 000 x 4.0

Figura 3: Ovo de S. mansoni visualizado em microscopia eletrdnica de varredura
(MEV). A: Imagem do ovo inteiro. B: Superficie do ovo com uma aparéncia granulada
devido a presenca de irregularidades e microfilamentos. Imagem obtida pelo Grupo de
Parasitologia Biomédica da PUCRS, 2016.
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2.6. Etapas da infec¢ao e fisiopatologia

Se néo for tratada, a esquistossomose pode resultar, em uma minoria dos
infectados, em morbidade grave e até em mortalidade. Embora haja controvérsias
gquanto a extensdes exatas da morbi-letalidade, hoje se reconhece que a
esquistossomose sempre influencia negativamente a qualidade de vida, como uma
patologia inflamatéria sistémica crénica, mesmo na auséncia das formas clinicas
graves classicamente descritas (King et al., 2005; McManus et al., 2018).

A maioria das lesBes causadas pela esquistossomose mansoni € influenciada
pela resposta imunitéria induzida e seus efeitos na formacgéo de granulomas (Dunne e
Pearce, 1999; Cheever et al., 2000), sendo os ovos de S. mansoni considerados 0s
elementos centrais na patogénese, devido a excrecdo de proteinas quando maduro
(Prata, 1957; DeWalick et al., 2011).

2.6.1. Mecanismos

Trés estagios gerais caracterizam a progressao da infeccao:

Estagio agudo: Apds a penetracdo na pele, parte das cercarias irh morrer na
pele, enquanto as restantes ganham a circulacdo venosa através de pequenos vasos
sanguineos, ou entrando em vasos linfaticos, sendo transportadas por vasos
sanguineos para o local de maturacdo dos vermes adultos, no figado. (Ross et al.,
2007).

Na pele, nas primeiras 12 horas (h), a resposta imune inata a larvas mortas,
pode originar reacdes de hipersensibilidade e causar uma reacdo pruritica
maculopapular, chamada dermatite cercariana (Lichtenbergova et al., 2008). Esta
reacdo é predominantemente constituida por leucécitos mono e polimorfonucleares e se
apresenta clinicamente como um exantema maculopapular pruriginoso (Mahmoud,
2009), cuja intensidade depende do numero e duracdo das exposi¢cdes, e ao estado
imunoldgico do hospedeiro (Lichtenbergova et al., 2008). Durante a passagem pela
epiderme e derme, ocorre reacédo de hipersensibilidade do tipo imediata com ativacao

de varios componentes da resposta imune inata. Em dois dias, organiza-se um infiltrado
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de polimorfonucleares, mononucleares e células de Langerhans, além de producéo
local de quimiocinas — CCL3/ MIP-1a — e citocinas — IL-1b, IL-6, IL-12p40, IL-10 (IL =
interleucina) (Hogg et al., 2003).

As formas clinicas da esquistossomose aguda geralmente ocorrem entre duas
semanas e trés meses apds o contato, em individuos expostos pela primeira vez (Ross
et al., 2007). Raramente observada em populacbes de areas endémicas devido a
dessensibilizacdo in utero (King et al., 1998) ou possivelmente devido a exposi¢ao
repetida a penetracdo de cercarias na pele induzindo producéao de IL-10 por células T
CD4 + na pele, que resulta em resposta imune reguladora (Sanin et al., 2015).

Os sintomas muitas vezes acompanhados de eusinofilia e infiltrados pulmonares
(Gryseels et al., 2006; Ross et al., 2007; Clerinx e Van Gompel, 2011), s&o causados
por reacdes de hipersensibilidade sistémica e formacdo de imunocomplexos em
resposta a antigenos liberados durante a migracao de esquistossdmulos, ou no inicio
da deposicao de ovos (Ross et al., 2007).

Infeccdo ativa estabelecida: A infeccdo se estabelece com a maturacdo dos
vermes adultos, iniciando-se a producao e excrecao de ovos (Colley e Secor, 2014). Os
vermes adultos, que residem nas veias mesentéricas inferiores, possuem mecanismos
de escape das reacdes imunologicas do hospedeiro, por exemplo, através da
mimetizacao da sua superficie externa (Melo e Coelho, 2005).

As principais lesdes e sintomas relacionados a esquistossomose mansoni estao
relacionados a respostas inflamatorias contra os ovos dos parasitas que ficam retidos
nos tecidos (Coura, 2000; Souza et al., 2011). Os ovos liberam antigenos solUveis que
induzem a destruicdo do tecido circunjacente por acéo litica, e levam a uma reacéao
inflamatoria granulomatosa (Nascimento-Carvalho e Moreno-Carvalho, 2005). O figado
€ o principal 6rgdo afetado, por ser a primeira barreira mecanica para ovos nao
eliminados nas fezes e que seguem centripetamente o fluxo do sangue venoso
mesentérico, exibindo diferentes graus de lesdes inflamatodrias destrutivas e obstrutivas
dos ramos do sistema porta intra-hepatico (Andrade e Bina, 1983).

As populacdes que correm o maior risco de lesdes graves, pela frequéncia de
exposicado em cursos d’agua, englobam criancas e adolescentes (Casavechia et al.,

2018), nos quais a infeccdo crbnica pode resultar em anemia, fibrose intestinal e
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hepatica, esplenomegalia e complicacdes neuroldgicas (Gryseels et al., 2006; Colley e
Secor, 2014; Organization, 2014). Estes sintomas sdo inteiramente reversiveis apos
tratamento e remocao dos vermes (Gryseels et al., 2006).

Infeccdo crénica tardia: Em areas endémicas, a maioria das pessoas estao
continuamente expostas a infeccdo e gradualmente, diminuem sua carga parasitaria
apos o inicio da adolescéncia, a medida que novas infec¢des se sucedem com gradual
incremento de eficacia da resposta imune (Wilkins et al., 1984). A resposta imune na
infeccdo cronica tardia é gradativamente modulada para menor reatividade, diminuindo
assim o tamanho dos novos granulomas, e levando a uma melhor resolugdo dos

granulomas prévios (McManus et al., 2018).

2.6.2. Fisiopatologia

Durante os estagios ativo, estabelecido, e crbnico tardio, a gravidade dos sintomas
geralmente esta correlacionada com a intensidade da infeccdo, podendo gerar
morbidade 6rgdo-especifica devido ao acumulo de ovos e ao desenvolvimento de
fiborose (Ross et al., 2007). Na esquistossomose intestinal, associada a ovos
aprisionados em tecido intestinal, é possivel verificar a inducdo de inflamacéo
granulomatosa da mucosa, com surgimento de microulceragbes, sangramento
superficial e por muitas vezes, pseudopolipose (Gryseels et al.,, 2006; Chen et al.,
2014). Ja na esquistossomose hepatoesplénica, granulomas formados ao redor de ovos
presos no tecido periportal e pré-sinusoidal causam substancial aumento do bago e do
figado (Vennervald et al., 2004; Gryseels et al., 2006; Wilson et al., 2011). Em algumas
pessoas, 0s granulomas resultam em fibrose periportal grave, com deposicdo de
colageno em torno da veia porta, oclusdo dos ramos portais menores e patologia

severa, irreversivel em muitos casos (Lambertucci et al., 2009; Gray et al., 2011).

2.7. Controle e eliminacéo

O consenso em relacdo a doencas tropicais negligenciadas (NTDs) como a
esquistossomose é de que o controle pode ser realizado de forma coordenada com o

tratamento coletivo das populagdes, utilizando medicamentos seguros administrados
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em intervalos regulares independentemente de diagnéstico individual prévio
(quimioterapia preventiva ou quimioprofilaxia) (WHO, 2017). Este consenso foi definido
pela resolucdo 54.19, aprovada no ano 2001 pela Assembleia Mundial da Saude (WHA
54.19), que reconhece a importancia do fornecimento de agua potavel, saneamento
basico e da quimioterapia repetida com medicamentos seguros, de dose Unica em
intervalos regulares, especialmente das criancas (WHO, 2002).

A resolucdo WHA 54.19, levou a criacdo de uma nova Resolu¢do no ano de
2012, a WHA 65.21, que prevé a interrupcdo da transmissdo da esquistossomose
(Secor e Colley, 2018). A Resolucdo WHA 65.21 prevé o tratamento regular de pelo
menos 75% das criancas de areas endémicas até o ano de 2020 (WHO, 2015), o
fornecimento de agua potavel, saneamento e higiene (WHO, 2018), o controle de
caramujos e acima de tudo, métodos diagndsticos mais sensiveis, jA que as
intensidades das infec¢des diminuem, devido a quimioterapia repetida, aproximando-se
dos limites de sensibilidade para as técnicas recomendadas (Yu et al., 1998).

Todos estes objetivos previstos pela WHA 65.21 trouxeram a tona pela primeira
vez a possibilidade real de eliminag&o da esquistossomose (Bergquist et al., 2017). Mas
para que este objetivo seja alcancado os esforcos de todos os paises endémicos
devem ir além das medidas de controle biomédico, incluindo o desenvolvimento social e
econdmico, traduzido em amplo fornecimento de agua e saneamento, sustentados até
a certificacdo da eliminacéo (Secor e Colley, 2018).

O Brasil é signatario da resolucdo WHA 65.21, por esta razdo, o Ministério da
Saude assumiu o compromisso de cumprir 0os objetivos estratégicos da Organizacéo
Mundial da Saude (OMS) 2012-2020 (Cabello et al., 2016). Estes objetivos sédo reduzir
a prevaléncia de infeccdo de intensidades altas (OPG = 400) para menos de 5% até
2020 (controle de morbidade) e para menos de 1% até 2025 (eliminagdo da
esquistossomose como problema de salde puablica). Dadas as peculiaridades
epidemioldgicas e as politicas de saude publica do Brasil, as diretrizes para controle de
morbidade ressaltam a identificacdo precoce e o tratamento oportuno dos portadores de
infeccdo, em vez da administracdo em massa de praziquantel (Ministério da Saude,
2014; Favre et al.,, 2015). Além disso, a fim de eliminar a transmissdo da

esquistossomose, o0 Ministério da Saude (2014) considera essencial implementar
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medidas preventivas incluindo educagdo em saude, saneamento ambiental e

mobilizacdo comunitaria, no ambito do Sistema Unico de Saude (SUS).

2.8. Diagnéstico

O diagndstico padrao confirmatério da esquistossomose é feito através da direta
visualizacdo dos ovos nas fezes do individuo (Knopp et al., 2011; Albonico et al., 2012;
Levecke et al., 2014). Como alternativa, sdo utilizados imunodiagnosticos (Cesari et al.,
2005; Sulahian et al., 2005), deteccdo de DNA (Sandoval et al., 2006), e deteccéo
direta de antigenos no soro (Van Lieshout et al., 2000). Embora estes métodos sejam
Uteis devido a eficacia e rapidez no diagndstico, em areas de baixa prevaléncia, estes
nao estabelecem a intensidade da infeccdo, e muitos deles ndo servem como
diagnoéstico da infeccdo ativa, uma vez que os resultados das provas imunolégicas
podem permanecer positivos por muito tempo, mesmo apds o tratamento da infeccao
(Sturrock, 2001).

A técnica coprologica conhecida como Kato-Katz (KK), que consiste na
clarificacdo de 42 miligramas (mg) de fezes cobertas por uma lamina de celofane
embebida em verde de malaquita (Katz et al., 1972), é recomendado por programas de
controle em areas de moderada a alta intensidade de infeccéo e prevaléncia. Devido ao
seu uso extensivo, foi estabelecida como parte das diretrizes da OMS para programas
de controle de morbidade (Who, 2011). No entanto, em areas de baixa intensidade de
infeccdo e prevaléncia, esta técnica demonstrou grande variabilidade (De Vlas e
Gryseels, 1992; Kittur et al., 2016). Devido a este fato, 0 método KK pode levar a
ocorréncia de diagndésticos falso-negativos e o0 ndo estabelecimento da real prevaléncia
(Enk et al., 2008).

Nos ultimos anos, diversos estudos relatam o uso de um teste diagndstico
indireto como alternativa aos métodos parasitologicos diretos para o diagnostico de S.
mansoni, denominado Antigeno Catédico Circulante (POC-CCA) (Shane et al., 2011;
Stothard et al., 2011; Coulibaly et al., 2013), com capacidade de deteccao de
glicoproteinas do esquistossomo na urina do hospedeiro (Deelder et al., 1994; De
Clercq et al., 1997; Disch et al., 1997; Polman et al., 1998; Coulibaly et al., 2013). As

principais vantagens do POC-CCA incluem seu facil manuseio sob condicbes de
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campo, e requisitos minimos de treinamento pratico para sua aplicacdo (Colley et al.,
2017). Estudos realizados no Quénia (Verani et al., 2011), Uganda (Sousa-Figueiredo
et al., 2010; Stothard et al., 2011) e Costa do Marfim (Coulibaly et al., 2013) relatam que
0 POC-CCA é até seis vezes mais preciso do que a técnica de Kato-Katz, (Kittur et al.,
2016). Entretanto, a especificidade do POC-CCA ¢ influenciada pela reacdo cruzada
com outras infec¢cdes por helmintos, produzindo falsos positivos, especialmente em
areas de prevaléncia moderada e baixa (Lodh et al., 2013), podendo levar a uma
superestimacao da prevaléncia (Colley et al., 2017).

E importante enfatizar que a OMS recomenda atualmente tanto o KK (1 amostra,
2 lamias) e o POC-CCA para controle de morbidade (n&o eliminacdo) da
esquistossomose mansoni. Entretanto, € seguro afirmar que nem o KK e nem o POC-
CCA podem detectar todos os casos de infec¢do por S. mansoni em uma éarea, sendo
necessaria a utilizacdo de mais um teste, sensivel e especifico para fins de diagnéstico,
que possa ser usado como “padrao de referéncia”.

Em 2007, uma técnica coproparasitologica que ultiliza uma amostra de 30
gramas de fezes foi relatada pela primeira vez. Denominda Helmintex® (Teixeira et al.,
2007), a nova metodologia trouxe avanco siginificativo para a detec¢do de ovos de S.
mansoni em areas onde as cargas parasitarias encontram-se reduzidas. Sua recente
otimizacao (Favero et al., 2017) e aplicacdo em dois estudos de campo, confirmaram
sua alta sensibilidade (Oliveira et al., 2018; Lindholz et al., 2018). Aléem de permitir a
comparacao entre o KK (1 amostra, 2 laminas) e o POC-CCA (uma amostra de urina)
usando a metodologia Helmintex (1 amostra de 30 gramas (g) de fezes) como
referéncia, revelando que as vantagens da metodologia Helmintex superam suas
dificuldades operacionais, deixando claro inclusive que o indice de Utilidade Clinica
(CUI) do POC-CCA ¢é menor (54%) do que do KK (70,9%) (Lindholz et al., 2018).
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3. JUSTIFICATIVA

ApoOs 21 anos da descoberta do foco de esquistossomose mansdnica no municipio
de Esteio/RS, que conduziu o Grupo de Parasitologia Biomédica da PUCRS a
desenvolver, patentear e publicar no ano de 2007 a metodologia Helmintex®, a
resolucdo WHA 65.21 no ano de 2012, trouxe a tona a importdncia de métodos
diagndésticos mais sensiveis para a eliminacdo da esquistossomose.

Mesmo com sensibilidade de 100% para cargas acima de 1,3 OPG (Teixiera et al.,
2007), muitos aspectos da metodologia Helmintex® vem sendo otimizados nos Gltimos
anos para torna-la menos trabalhosa e, se possivel, ainda mais eficaz. A grande
quantidade (30 g) de fezes examinada, os diversos processos de limpeza e
concentracdo, o consequente esfor¢co de reducao e limpeza do sedimento, e a demora
na leitura de todo o sedimento final sdo obstaculos técnicos a serem superados,
sempre garantindo a alta sensibilidade do método.

Portanto, é razoavel concordar que a metodologia necessita de adequacgdes para
melhorar sua aplicabilidade no laboratério, e eventualmente em campo, com menor
complexidade e tempo de processamento. Por este motivo, no presente estudo a
otimizacdo da metodologia Helmintex® visou especialmente simplificar e reduzir o tempo
para deteccdo dos ovos. Também investigamos o fendbmeno da passagem de ovos de
S. mansoni pela parede intestinal, o que vai determinar a eliminacdo dos ovos no

ambiente.

4. OBJETIVO GERAL DO DOUTORADO

Aprimorar a metodologia de detecgéo de ovos da metodologia Helmintex® para o

diagnoéstico da esquistossomose mansoni.
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CAPITULO |

Otimizacdo do método Helmintex para o diagndstico de esquistossomose.
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1. INTRODUCAO

A esquistossomose, causada por parasitos do género Schistosoma é ainda uma
infeccdo prevalente, apesar dos esfor¢cos para controle de sua disseminacao (Chitsulo
et al., 2000). O diagnéstico se baseia na identificacdo dos ovos do parasita nas fezes
de individuos infectados (Albonico et al., 2012; Levecke et al., 2014). No entanto, a
maioria dos métodos atualmente utilizados no diagndstico ndo apresenta sensibilidade
suficiente em areas de carga parasitaria baixa (Corachan, 2002; Noya et al., 2002). O
método Helmintex® (Teixeira et al., 2007) foi desenvolvido para deteccéo de pequenos
nameros de ovos de S. mansoni, 0 que costuma ocorrer em areas com baixa
intensidade de transmisséo. Este método utiliza uma grande quantidade de fezes que
sao processadas por varios passos de concentracdo e, em sua etapa final, os ovos séao
isolados em um campo magnético, apds incubacdo com particulas paramagnéticas.
Todas estas etapas trouxeram ao método alta sensibilidade. Porém, a realizacdo de
toda metodologia demanda tempo e esfor¢co para concluséao do resultado.

O presente Capitulo descreve o desenvolvimento dos experimentos para a
incorporacdo de: 1) um detergente ndo ibnico, estavel e néo toxico, utilizado em
inUmeras aplicacdes domésticas e cientificas e farmacoldgicas conhecido como Tween-
20 (Helenius et al., 1979), para melhor homogeinizacéo, reducéo de gorduras e grumos
de sedimento fecal; 2) enzima celulase, que hidrolisa celulose, um polissacarideo
formado por varias unidades de glicose, muito utilizada em aplicacdes biotecnoldgicas,
industria de bebidas e nutricdo animal (Lynd et al., 2002; Castro e Pereira Jr, 2010),
para hidrolise de matérias celulésicos no sedimento; 3) e adicdo de um poderoso
agente oxidante chamado de ninidrina, usado na deteccdo de aminoacidos (Plummer,
1978) , anteriormente utilizado por Bell para coloracdo de ovos de S. mansoni (Bell,
1963).

HISTORICO DO CAPITULO I: Os dados de colorac¢éo de ovos utilizando ninidrina foram
obtidos durante Mestrado realizado no Programa de PoOs-Graduagdo em Biologia
Celular e Molecular da PUCRS. A experimentacdo com detergente, enzima celulase e

padronizacdo da nova metodologia foi realizada durante o primeiro ano de doutorado no
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Programa de Pds-Graduagdo em Medicina e Ciéncias da Saude. Estes dados foram
publicados na revista Experimental Parasitology, em artigo intitulado “Optimization of
the Helmintex method for schistosomiasis diagnosis” (encontrado neste capitulo na
pagina 42). Neste artigo, foram propostos seis critérios de identificacdo para ovos de S.
mansoni quando corados com ninidrina, posteriormente revisados e analisados a partir
do material produzido no inquérito, realizado no sul de Sergipe, em novembro de 2015.
Estas andlises, e a consolidacdo da proposta dos critérios, fazem parte de um short
communication recentemente submetido ao periédico Memérias do Instituto Oswaldo
Cruz, intitulado “Criteria for identification of Schistosoma mansoni eggs from Helmintex
fecal sediments stained with nynhidrin” (encontrado neste capitulo na pagina 49).

Esta nova versdo do método Helmintex foi aplicada em dois ensaios de campo
gue hoje se encontram publicados na revista PLoS Neglected Tropical Diseases em
dois artigos, intitulados respectivamente “Evaluation of diagnostic methods for the
detection of intestinal schistosomiasis in endemic areas with low parasite loads: Saline
gradient, Helmintex, Kato-Katz and rapid urine test” e “Study of diagnostic accuracy of
Helmintex, Kato-Katz, and POC-CCA methods for diagnosing intestinal schistosomiasis
in Candeal, a low intensity transmission area in northeastern Brazil”, encontrados nesta
Tese no ANEXO E e F. Estes dois estudos demonstraram a maior sensibilidade do
Helmintex em relacdo aos métodos de Kato-Katz e o POC-CCA.

Por este motivo, o Helmintex® foi escolhido como método de referéncia na
comparacao entre os métodos Kato-Katz e POC-CCA, no projeto de pesquisa
multicéntrico denominado, “Validacdo de Teste Diagndstico de Urina POC-CCA
(Antigeno Catddico Circulante) para deteccdo de esquistossomose em areas de baixa
endemicidade”, coordenado por Otavio Sarmento Pieri (LEAS/IOC-Fiocruz). Tal projeto
foi encomendado pelo Ministério da Saude do Brasil, para produzir dados que
suportassem a deciséo de rever, no pais a rotina de varredura de casos e determinacéo
das taxas de prevaléncia. Grupos participantes deste projeto: das unidades da
FIOCRUZ do Rio de Janeiro, Minas Gerais e da Bahia, bem como da Universidade
Federal do Ceara e do Instituto Evandro Chagas, do Para, passaram por treinamento
da metodologia Helmintex, em curso ministrado no més de setembro de 2018, pela
autora desta Tese (ANEXO H).
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2. OBJETIVO GERAL

Aperfeicoar o método Helmintex® para reduzir o tempo de processamento de

amostras e aumentar a eficacia do processo de deteccao.

2.1. Objetivos especificos

o Reduzir o volume do sedimento final do Helmintex®, através da
incorporacao de um detergente n&o idnico (Tween-20) e incubacdo com celulase;

o Aperfeicoar e padronizar o método de coloracdo dos ovos de S. mansoni
com ninidrina no sedimento final do Helmintex®;

o Revisar os critérios de identificacdo de ovos de S. mansoni, corados pela

ninidrina.
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schistosomiasis. The Helmintex (HTX) method is based on the use of magnetic beads to trap eggs in a
magnetic field. This technique is highly sensitive, but the screening of fecal samples consumes lots of
time, thus delaying the results, especially in field studies. The objective of this work was to determine the
effects of incorporation of the detergent Tween-20 into the method in an attempt to decrease the final
pellet volume produced by the HTX method as well as the use of ninhydrin to stain the Schistosoma

gﬁ;?;i mansoni eggs. We showed that these modifications reduced the final volume of the fecal sediment
Helmintex produced in the last step of the HTX method by up to 69% and decreased the screening time to an average
Ninhydrin of 10.1 min per sample. The use of Tween 20 and ninhydrin led to a high percentage of egg recovery
Schistosoma mansoni (27.2%). The data obtained herein demonstrate that the addition of detergent and the use of ninhydrin to
Low endemic area the HTX process can optimize the screening step and also improve egg recovery, thus justifying the

insertion of these steps into the HTX method.
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1. Introduction

Schistosomiasis mansoni is a parasitic disease that is becoming
more prevalent, despite the advances and efforts to control its
spread (Chitsulo et al., 2000). A definitive diagnosis of this disease is
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infected individuals (Albonico et al., 2012; Levecke et al, 2014).
However, most methods currently used in schistosomiasis diag-
nosis do not show sufficient sensitivity in areas where it has been
recently introduced or where actions have been implemented to
control the disease, leading to a decrease in parasite load, thus
resulting in a lower number of eggs in the feces (Corachan, 2002;
Noya et al,, 2002).

The World Health Organization (WHO) recommends using the
Kato-Katz (KK) method for schistosomiasis diagnosis (Katz et al.,
1972) in field studies as it is a simple and low-cost technique. The
KK method has a specificity of 100%, but its sensitivity varies with
the prevalence and intensity of infection (Gray et al., 2011). Ac-
cording to a study conducted by Enk et al. (2008), a single sample
examined by the KK method is not sufficient for the diagnosis of
positive cases of schistosomiasis in low endemic areas.

A significant advance in the diagnosis of schistosomiasis in low
endemic areas was the development of the Helmintex (HTX)
method, which promotes the isolation of S. mansoni eggs based on
their interaction with paramagnetic particles in a magnetic field
(Teixeira et al,, 2007). This technique has 100% sensitivity for egg
burdens above 1.3 eggs per gram of feces (Teixeira et al,, 2007),
which is greater than the method currently recommended by the
WHO (Caldeira et al., 2012; Pinheiro et al., 2012). Nonetheless, the
HTX method requires several steps that culminate in a final sedi-
ment to be analyzed through the reading of an average of 21 slides.
Due to the time required to complete the whole analysis, the
method is not feasible for large-scale use or field studies.

The aims of this study were to develop a modified HTX method
that includes two new steps, in order to make it more efficient and
less time consuming, and to compare it to the standard HTX
method. Therefore, we tested the incorporation of a nonionic
detergent, Tween-20 (Helenius et al, 1979); incubation with
cellulase enzyme, which is capable of hydrolyzing cellulosic ma-
terials (Lynd et al., 2002; Tolan, 2002); and the use of ninhydrin
staining of the final sediment, in order to stain the S. mansoni eggs
(Bell, 1963),

2. Material and methods
2.1. Biological material

Schistosoma mansoni eggs were obtained from infected mouse
livers used for the maintenance of the parasite cycle in the Parasitic
Biology Laboratory of the School of Biosciences, PUCRS (Ethics
clearance, CEUA- 15/00443).

Human feces samples, hookworm eggs, and Ascaris [umbricoides
eggs were obtained from a survey in the municipality of Janudria,
Minas Gerais, Brazil, in association with the Institute of Biological
Sciences (UFMG) (MCTI, CNPg, MS-SCTIE, - Decit No. 40/2012).

Fasciola hepatica eggs were obtained from sanitary inspections
of slaughterhouses provided by the Laboratory for Molecular
Biology of Cestodes of the Biotechnology Center of the Federal
University of Rio Grande do Sul (UFRGS). The worms were crushed
and mixed with 0.9% saline solution, filtered through sieves with
apertures of 150, 75, and 45 pm, and the eggs retained in the 45-um
sieve were stored in 0.9% saline solution at —20 °C.

All the stool and egg samples obtained for this study were
separated in different aliquots, fixed, and maintained in 0.9% saline
solution at —20 °C, 10% formaldehyde, 70% ethanol, or 100% ethyl
acetate, according to each protocol used.

2.2. Standard Helmintex method

The standard HTX procedure was performed as described by
Teixeira et al. (2007). Briefly, 30 g of feces were fixed in 10%

formaldehyde and filtered through a sieve with an aperture of
500 um. After consecutive washes and sedimentation, the pellet
was passed through three different sieves (apertures of 150, 75, and
45 pm). The material retained on the last sieve (45 pm) was pro-
cessed by the Ritchie method (1948), and 19 uL of paramagnetic
particles (Bangs Labs, USA) was added to the final sediment. After
incubation for 30 min, the microtubes containing the final sedi-
ment were placed in contact with a rare earth magnet (Bangs Labs,
USA), and the material that did not adhere to the wall of the
microtube was discarded. The samples were placed on slides,
covered with a coverslip, and examined by compound optical mi-
croscopy using a 10 x magnification objective lens. The entire
coverslipped area was examined.

2.3. Modified HTX method

The following modifications were made to the standard HTX
method and compared against the standard method described
above.

Modification 1: a) Sample fixation with 70% ethanol; b) use of
filter paper as a support for staining of the final pellet with 3%
ninhydrin for 15 min at 24 °C.

Modification 2: a) Sample fixation with 70% ethanol and treat-
ment with detergent (0.5%, 2.5%, or 5% Tween-20; T-0.5, T-2.5, and
T-5, respectively); b) elimination of the 75-um sieve.

Modification 3: a) Sample fixation with 70% ethanol and treat-
ment with detergent(T-5); b) elimination of the 75-pm sieve; ¢) use
of filter paper as a support for staining of the final pellet with 3%
ninhydrin for 15 min at 24 °C.

Modification 4: a) Sample fixation with 70% ethanol; b) elimi-
nation of the 75-um sieve; c¢) sample treatment with 5 mg/mL
cellulase (C-5) to reduce the sediment volume obtained in the 45-
um sieve; d) use of filter paper as a support for staining of the final
pellet with 3% ninhydrin for 15 min at 24 °C.

2.4, Ninhydrin staining of eggs

For staining of the final sediment, three different concentrations
of ninhydrin solution (Sigma-Aldrich) were tested: 1%, 2%, and 3%
ninhydrin in 70% ethanol. For each concentration, three groups of
20 S. mansoni eggs in 10% formaldehyde and three groups of 20
S. mansoni eggs in 0.9% saline solution were placed on filter paper,
covered with 500 pL of each ninhydrin solution, respectively, and
incubated at 21 °C for 60 min. The eggs that had purple coloration
were counted. The experiments were performed in duplicate.

From the observation that the eggs fixed with 10% formaldehyde
were not stained by ninhydrin, other methods were tested. Groups
of 100 S. mansoni eggs were seeded in stool samples, which were
then fixed with 70% ethanol or 100% ethyl acetate and kept in 0.9%
saline (control). The samples were processed by the standard HTX
method and stained with the three ninhydrin concentrations as
described above. The experiments were performed in triplicate.

Considering that the best results were obtained after the fixa-
tion of samples with 70% ethanol and 3% ninhydrin, two groups of
20 S. mansoni eggs fixed with 70% ethanol were processed ac-
cording to modification 1 of the HTX method to the final sediment.
The samples were then placed onto qualitative filter paper
(5 cm x 2.5 cm; UNIFIL 24-uM pore, Brazil) and stained with 3%
ninhydrin. The filter papers were placed on glass slides, moistened
with 70% ethanol, and examined by light microscopy
(10 = magnification). The eggs were counted and checked for
staining. The experiments were performed in triplicate.

To determine the optimal time and temperature for the staining,
eight groupsof 20 5. mansoni eggs were seeded in 100 pL of the final
pellet obtained by modification 1 of the HTX method. The
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sediments were stained with 3% ninhydrin and exposed to different
temperatures: 18 °C, 19 °C, 20 °C, 21 °C, 22 °C, 23 °C, 24 °C, and
37 °C. The samples were checked every 10 min for 60 min to verify
the progress of the staining. The eggs were counted and checked for
staining. The experiments were performed in triplicate.

To verify if the use of ninhydrin would result in a more efficient
HTX method, two groups containing 10 samples of 30 g of feces and
100 eggs each were tested. The first group was processed according
the standard HTX method, and the second group was processed
according modification 1 of the standard HTX method. The sedi-
ments were analyzed using optical microscopy, and the eggs were
counted and checked for staining. The time consumed to analyze
the sample was also counted.

In order to verify if ninhydrin would stain other helminth eggs,
20 eggs each of E hepatica, A. lumbricoides, and hookworm were
seeded in the final sediment of the standard HTX method. The
samples were stained with 3% ninhydrin, and the staining intensity
was observed.

2.5. Tween 20 detergent treatment of the final fecal sediment

In order to evaluate the effect of treating the final sediment
obtained from the HTX method with detergent, Tween 20 was
tested at different concentrations: 0.5% (T-0.5), 2.5% (T-2.5), and 5%
(T-5) in 70% ethanol. The Tween 20 samples were added to samples
of 30 g of feces in a sufficient volume to cover the whole fecal
sample. After incubation for 30 min, the sample was processed by
modification 2 of the standard HTX method (Section 2.3 above),
and the final volume was measured.

After opting for the concentration that showed a better volume
reduction of the final sediment, two groups with 15 samples con-
taining 30 g of feces each were used. Group | was processed ac-
cording to the standard HTX method, and group II was fixed with T-
5 and processed by modification 2 of the standard HTX method. The
final sediment volume was measured for each sample.

2.6. Comparison between the standard HTX method and
modification 3

In order to verify if the use of T-5 solution and ninhydrin opti-
mizes the performance of the HTX method without reducing its
sensitivity, ten sets of 100 5. mansoni eggs were seeded in ten
samples of 30 g of feces, and the samples were processed according
to modification 3 of the standard HTX method. Next, the filter pa-
pers were analyzed by optical microscopy. The numbers of gener-
ated filters as well as recovered S. mansoni eggs were counted and
checked regarding coloration. The time spent screening the sam-
ples was also counted.

2.7. The use of cellulase to decrease the final sediment volume

The use of the enzyme cellulase (Aspergillus niger 9012-54-8 EEC
No. 232734—4, Sigma-Aldrich, USA) was tested at three different
concentrations, diluted in sodium citrate buffer (10 mM, pH 4.8;
Dynamic-Brazil): 0.25 mg/mL (C-0.25), 1.2 mg/mL (C-1.2), and
5 mg/mL (C-5).

To test the effect of the enzyme, three samples of the sediment
retained in the 45-pm sieve were separated and transferred to 15-
mL tubes. C-0.25, C-1.2, and C-5 were added in a sufficient volume
to cover the pellet. The tubes were incubated at 37 °C for 2 h. Then,
the pellet was again passed through a 45-pum sieve and processed
according to the last steps of the standard HTX method. The final
volume of the sediment was measured and recorded.

After defining which cellulase concentration led to a greater
reduction of the final sediment volume, two groups of 15 samples

containing 30 g of feces were separated. Group I was processed
according to the standard HTX method. Group Il was processed
without the 75-um sieve and the addition of the C-5 cellulase so-
lution to the pellet retained on the 45-um sieve, The sediment was
incubated at 37 °C for 2 h. The pellet was then treated as described
previously. The final volume of the sediment was measured.

2.8. Comparison between the standard HTX method and
modification 4

In order to analyze the recovery of the eggs in the final sediment
after treatment with the C-5 solution, 100 S. mansoni eggs were
seeded in ten samples of 30 g of feces. The samples were processed
according to modification 4 of the standard HTX method. The
number of generated filters was noted; in addition, the recovered
S. mansoni eggs were counted and checked regarding coloration.
The time consumed to screen the samples was counted.

2.9. Identification criteria for S. mansoni eggs in the preparation
stained with ninhydrin

Fig. 1 illustrates the findings used as criteria for identification of
S. mansoni eggs in preparations stained with ninhydrin: (a) size
(approximately 150 pum); (b) shape; (c) lateral spicule; (d) sharp
delimitation of the shell; (e) purple/blue color (ninhydrin staining);
and (f) empty space between the shell and internal content (the
miracidium). Size, lateral spicule, and shell delimitation should be
considered “major” criteria. At least two major criteria and one
minor criterion (color, shape, or empty space) are required to
establish diagnosis, but extensive evaluation should be performed
to validate the proposed “major” and “minor” classification criteria.

2.10. Statistical analysis

The statistical analysis was performed using analysis of variance
(ANOVA) and the Tukey test for comparison between the standard
HTX groups and the different HTX modification methods (p < 0.05),
while the paired Student’s t-test was used for comparison between
the standard HTX method and those that used Tween-20 or
cellulase.

3. Results

3.1. The efficiency of S. mansoni egg staining using ninhydrin varied
according to the fixative agent and the temperature

The eggs were colored purple when ninhydrin was used at all
three concentrations (1%, 2%, and 3%) at 21 °C, although variations
in the staining time occurred (Table 1). In eggs treated with 3%
ninhydrin, the purple coloration could be observed after 27 min
(Fig. 1). The samples did not stain when 10% formaldehyde was
used.

The time required to stain the eggs with 3% ninhydrin decreased
as the temperature increased. At 37 °C, the eggs became colored at
10 min. However, at 24 °C, purple coloration was achieved at
15 min. Therefore, since 24 °C is similar to room temperature, it was
chosen as the temperature for further experiments.

E hepatica and hookworm eggs also were stained with 3%
ninhydrin.

3.2, Staining of the final pellet with ninhydrin and standard HTX
processing led to a reduction in reading times but a decreased egg

recovery

The samples produced by the standard HTX method presented a
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Fig. 1. 5. mansoni eggs in human fecal sediment stained with 3% ninhydrin
(100 = magnification), illustrating the identification criteria: size, purple color, shape,
spine, well-defined wall (arrow head), and the internal empty space (asterisk). One egg
(a) presents all criteria, while the image of another egg (b) lacks the typical shape and a
visible spine. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

recovery of 20% of the total eggs seeded in the initial stool sample
when the entire sample was examined. An average of 20 slides
were prepared and examined in 6 h and 26 min. Modification 1 of
the HTX method, which was carried out with the addition of
ninhydrin to the final sediment, presented a total of 13.2% of eggs
stained in the entire sample, and 4 filters were prepared and
examined in 23 min (Figs. 2—4).

3.3. The use of tween 20 detergent in the fixation step led to a
reduction in the final sediment volume produced by the HTX method

Modification 2 of the HTX method led to a reduction of 13+ 6%
(p = 0.011) of the final sediment volume with T-0.5, 38+ 3%
(p < 00001) with T-2.5, and 54+ 5% (p < 0.0001) with T-5,
compared with the final sediment volume of the standard HTX
method.

The use of T-5 solution in 15 samples led to a significant
(p < 0.0001) reduction in the final sediment volume with the
modified method, with a mean volume reduction of 69% compared
to the standard method (Fig. 5).

Table 1
Mean time used to stain S. mansoni eggs with ninhydrin,

Ninhydrin solution Ninhydrin Coloration Average time for staining (min)

Formaldehyde 10% 1% - -
2% - -
3% - —
Saline 0,9% 1% + 51
2% + 43
3% + 27
Ethanol 70% 1% + 52
2% + 40
3% + 24
Ethyl acetate 100% 1% + 54
2% + 37
3% + 29

Results represent the average of three triplicate: negative staining (—); positive
staining (+).

3.4. The use of cellulase led to a reduction in the final sediment
volume produced by the HTX method

The addition of cellulase to the sediment retained in the 45-um
sieve showed a volume reduction of 14.7% with the use C-0.25,
27.9% with C-1.2, and 41.7% with C-5, when compared to the final
sediment volume produced by the standard HTX method.

The addition of C-5 to 15 samples led to a significant
(p < 0.0001) reduction in the final sediment volume with the
modified method, with a mean volume reduction of 48% compared
to the standard method (Fig. 6).

3.5. Detergent addition and ninhydrin staining improved the
performance of the HTX method

With the addition of the detergent Tween 20 and ninhydrin to
the stool samples containing S. mansoni eggs, a 27.2% recovery of
the seeded eggs was obtained. The final sediment was examined in
10 min by screening an average of 2.6 filter papers per sample
(Figs. 2—4).

3.6. Cellulase treatment of the HTX final sediment decreased the
recovery of S. mansoni eggs

The use of cellulase showed a recovery of 11.2% of the eggs,
while the standard HTX method showed a recovery of 20%. The
average number of filter papers used to screen the samples was 3.3,
and an average of 12 min was needed to analyze each sample
(Figs. 2—4).

4. Discussion

It is well known that efforts to control schistosomiasis are hin-
dered by the lack of sensitive diagnostic tools (Sandoval et al., 2006;
Spear et al,, 2012). The control of this parasite relies on mass drug
administration in endemic areas in an attempt to alleviate
morbidity of individuals affected by this disease (Geary, 2012).
However, effective therapy has the potential to turn those areas
into low endemic areas, where the infected population will present
a low worm burden when examined, making detection of the
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Fig. 2. Mean number of eggs per filter paper together with standard deviations shown
as error bars for each modified Helmintex method. * indicates a significant difference
(p < 0.05).
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Fig. 3. Mean time required to read a sample with standard deviations shown as error
bars for each modified Helmintex method. *** indicates a significant difference
(p =< 0.0001).
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Fig. 4. Means and standard deviations of the total number of eggs detected in 10
samples of seeded feces for each modified Helmintex method. ANOVA indicates that
the means are significantly different. Tukey's multiple comparison test was used to
determine whether the difference is significant from the standard Helmintex method;
n. s. indicates not a significant difference; * indicates a significant difference (p < 005).

parasite in those individuals very difficult (Spear et al, 2012)
Therefore, a reliable and very sensitive new gold standard tech-
nique applicable in field studies is urgently needed.

The WHO recommends the KK method for epidemiological
studies, but it lacks sensitivity for lower egg burdens (Ebrahim
et al, 1997; Zhanga et al, 2009). In individuals excreting fewer
than 100 eggs per gram of feces, the estimated sensitivity is 60%
(Alarcon de Noya et al,, 1992; Noya et al., 2002).

Recent studies have shown that the sensitivity of the HTX
method is superior to that of the KK method (Caldeira et al., 2012;
Pinheiro et al., 2012). Data presented by Teixeira et al. (2007) show

Fig. 5. Sediment volumes at the final step using the standard Helmintex method
compared to the Hemintex method with Tween 20 (modification 2) for 15 samples of
seeded feces. The Student's paired t-test indicates a significant (p < 0.0001) reduction
in the final sediment volume with the modified method, with a mean volume
reduction of 69z 15% compared to the standard method.
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Fig. 6. Sediment volumes at the final step using the standard Helmintex method
compared to the Hemintex method with cellulase {modification 4) for 15 samples of
seeded feces. The Student's paired t-test indicates a significant (p < 0.0001) reduction

in the final sediment volume with the modified method, with a mean volume
reduction of 48+ 26% compared to the standard method.

&

that the HTX method recovers 30 times more eggs than the KK
method. This is a huge improvement in parasitological diagnostics,
and the HTX method currently stands as one of most sensitive
methods in the validation stage.

Nevertheless, the HTX method presents some disadvantages.
For example, it is difficult to perform in field studies because
laborious processing is necessary. Another disadvantage is the time
required to analyze the numerous slides generated from the last
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step of the method.

Taking into consideration these difficulties, the present study
aimed to implement solutions that could improve and optimize the
performance of the HTX method by reducing the final sediment
volume and staining the eggs to facilitate their visualization in the
final sediment.

Bell (1963 ) proposed staining S. mansoni eggs with ninhydrin.
Ninhydrin is an oxidizing agent that reacts with z-amino acids at a
pH between 4 and 8, generating a compound with a purple color
(Plummer and Plummer, 1988). However, combining the HTX
method and Bell's method would add to the processing time
because Bell's original process requires a 12-h incubation with
ninhydrin solution (Bell, 1963). In order to reduce this processing
time, modifications of the original methods were evaluated. In this
study, it was shown that 3% ninhydrin staining of S. mansoni eggs is
accomplished within 15 min at room temperature. The use of
ninhydrin also significantly reduced the time for complete
screening of samples by microscopy from an average of 6 h—23 min.

In addition, we evaluated the specificity of ninhydrin staining
using eggs from other parasites that have a similar size to those of
S. mansoni, which would likely be present in the HTX final sedi-
ment, The observation that F. hepatica and Ancylostoma sp. eggs
were also stained does not affect the application of ninhydrin in the
process as the morphological characteristics are still preserved and
S. mansoni eggs are easily recognized when compared to other eggs
of the same size.

In an attempt to reduce the final sediment volume produced by
the HTX method, the addition of cellulase and Tween 20, sepa-
rately, was tested. In general, the cellulase produced by filamentous
fungi presents its best activity under acidic conditions (pH 3.6—5.0)
and at high temperatures such as 54 °C (Castro, 2010). In the pre-
sent study, the incubation with cellulase was done at 37 °C and pH
4.8, leading to a 48% reduction of the final sediment volume. It is
possible that incubation of the sediment with the enzyme at higher
temperatures could result in an even lower volume. However, the
conditions used here were chosen to avoid shrinkage of the mira-
cidium, minimize structural distortions of the eggs, and reduce egg
hatching, all of which could ultimately render identification of
S. mansoni eggs difficult (Bell, 1963).

Tween 20, also known as polyethylene glycol sorbitan mono-
laurate, is a nonionic detergent that is able to break protein—lipid
and lipid—lipid interactions; it is often used as a cleaning agent
during enzyme-linked immunosorbent assay procedures (Helenius
et al,, 1979). When this detergent was applied to the initial steps of
the HTX method, a significant reduction in the final sediment vol-
ume resulted, producing a volume 69% lower than that of the
standard HTX method. These results showed that Tween 20 was
more effective than cellulase at reducing the final sediment vol-
ume. The sediment produced after the addition of Tween 20 was
laid out on an average of 2.6 filter papers per sample, and its ex-
amination by microscopy was completed in an average of 10 min.

Sieving steps are sites for retention of eggs, especially if the eggs
adhere to clumps of fecal debris. These clumps are usually seen by
microscopy of untreated sediments. The removal of the 75-um
sieve step in combination with the use of Tween-20 (modification 3
of the HTX method) led to the highest egg recovery, compared to
either the standard HTX method or other modified methods. This
improvement could be due to the fact that some eggs might get
trapped in the 75-um sieve during the standard HTX procedure.

The data presented in this work will pave the way for further
investigations. One consideration to be made could be to double the
amount of feces initially used in the method, enabling the HTX
method to analyze a larger sample from each patient. In this way,
the HTX method could halve the limit of the detection of eggs per
gram of feces, thus further improving its sensitivity.

In summary, the modifications of the HTX method evaluated (5%
Tween 20, removal of the 75-um sieve, and ninhydrin staining)
significantly improved the recovery of S. mansoni eggs by 27.2%
while decreasing the examination time by microscopy. Although
the modified HTX method is still a complex and labor-intensive
method, its high sensitivity and specificity supports its use as the
gold standard for evaluation of other diagnostic tools for schisto-
somiasis. This modified HTX method may also have a role in field
applications, like cure control and as one criterion for transmission
interruption certification. Other modifications are also currently
being studied.

Acknowledgments

Financial support was provided by Conselho Nacional de Pes-
quisa e Desenvolvimento Tecnologico do Brasil (CNPq), CAPES
(Coordenacio de Aperfeicoamento de Pessoal de Nivel Superior)
“edital 32/2010", and FAPERGS. C. Graeff-Teixeira is a recipient of a
CNPq PQ 1D fellowship and grants (307005/2014-3). We also thank
Dr. Martin Cancela from the Laboratério de Cestodeos UFRGS and
Dr. Stefan M. Geiger from the Instituto de Ciencias Biologicas UFMG.

References

Alarcén de Noya, B, Noya, 0., Balzan, C, Ces
control and eradication of schistosomiasi:
Cruz, 87, 227-231.

Albonico, M., Ame, S.M,, Vercruysse, ], Levecke, B., 2012, Comparison of the Kato-
Katz thick smear and McMaster egg counting techniques for monitoring drug
efficacy against soil-transmitted helminths in schoolchildren on Pemba Island,
Tanzania. Tran R Soc Trop. Med. Hyg. 106, 199—-201.

Bell, D.R., 1963. A new method for counting 5. mansoni eggs in faces. Bull. Org
Mond. Santé Bull. Wid. Hith. Org. 29, 525-530.

ixeira, CF, Silveira, M.B s, LCC,, Romanzi

, C, 2012. Comparison of Kato-Katz and H ex methods for
the diagnosis of schistosomi in low-intensity transmission focus in Ban-
deirantes, Parand, southern Br . Mem. Inst. Oswaldo Cruz 107, 690—692,

Castro, AM., 2010. Produgao, propriedades e aplicagio de celulases na hidrdlise de

siduos agroind ustriais. Quim. Nova 33, 181188,

Chitsulo, L., Engels, D., Montresor, A., Savioli, L, 2000, The global status of schis-
tosomiasis and its control. Acta Trop. 77, 41-51.

Corachan, M, 2002. Schistosomiasis and international travel. Travel Med. 35,
446—450.

Ebrahim, A., E-Morshedy, H., Omer, E., El-Daly, S., Barakat, R, 1997. Evaluation of
the Kato-Katz thick smear and formol ethe nentation techniques for
quantitative diagnosis of Schistosoma mansoni infection. Am. |. Trop. Med. Hyg
57, 706—708.

Enk, M., Lima, AC., Drummond, 5.C., Schall, V.T,, Coelho, PM., 2008. The Effect of
the number of stoll samples on the observed prevalence and yhe infection

with Schistosoma mansoni among a population in an area of low

lission. Acta Trop. 108, 222—228

Geary, T.G,, 2012. Are new anthelmintics needed to eliminate human helminthia-
ses? Curr. Opin. Infect, Dis, 25, 709-717.

Cray, DJ., Ross, A.G., Li, ¥.S,, MacManus, DP.,, 2011. Diagnosis and management of
:chistosomia BM] 342, d2651.

Helenius, A., McCaslin, D.R,, Fries, E., Tanford, C, 1979. Properties of detergents,
Methods Enzymol. 56, 734749,

Katz, N, Chaves, A., Pellegrino, ]., 1972, A simple device for quantitative stool thick-
smear technique in schistosomiasis mansoni. Rev. Inst. Med. Trop. Sao Paulo 14,
397400,

Levecke, B., Brooker, SJ]. Knopp, S., Steinmann, P, Sousa-Figueiredo, ].C.
Stothard, J.R, Utzinger, ]., Ve ysse, ., 2014, t of sampling and diagnostic
effort on the assessment of schistosomiasis and soil-transmitted helminthiasis
and drug efficacy: a meta-analysis of six drug efficacy trials and one epidemi-
ological survey. Parasitol 141, 1826—1840.

Lynd, LR, Wi . PJ., van Zyl, W.H., Pretorius, 1.5., 2002. Micaobial cellulose uti-
lization: fundamentals and biotechnology. Microbiol Mol. Biol. Rev. 66,
506—577.

Noya, 0., Alarcon-de-Noya, B, losada, S., Colmenares, C,, Guzmadn, C, Lorenzo, M.A.,
Bermiidez, H., 2002. Laboratory diagnosis of schistosomia: dreas of low
transmission. A review of a line of research. Mem. Inst. Oswaldo Cruz 1,
167-169.

Pinheiro, M.C.C,, Carneiro, T.R, Hanemann, ALP, Oliveira, S.M., Bezerra, ESM,
2012, The combination of three faecal parasitological methods to improve the
diagnosis of Schistosomiasis mansoni in a low endemic setting in the state of
Ceara, Brazil Mem. Inst. Oswaldo Cruz 107, 873—876.

Plummer, M., Plummer, DJ., 1988. An Introduction to Practical Biochemistry, 2. ed.

LM., 1992, New approaches for the
n Venezuela. Mem. Inst. Oswaldo

J., Bittenciurt, H.R,

47




34

Tata McGraw Hill Publishing Company.

Ritchie, LS., 1948. An ether sedimentation technique for routine stool examinations.
Bull, U, S. Army Med. Dep. 8, 326,

Sandoval, N, Siles-Lucas, M., Lopez Aban, |, Perez-Arellano, ].L. Garate, T.. Muro, A.,
2006. Schistosoma mansoni: a diagnostic approach to detect acute schistoso-
miasis infection in a murine model by PCR. Exp. Parasitol. 114, 84—88.

Spear, RC, Seto, EY., Carlton, EJ., Liang, 5., Remais, JV., Zhong, B,, Qui, D., 2012. The
challenge of effective surveillance in moving from low transmission to elimi-
nation of schistosomiasis in China. Int. | Parasitol. 41, 12431247,

V. Favero et al. | Experimental Parasitology 177 (2017) 28—34

Teixeira, C.F, Neuhauss, E., Ben, R., Romanzini, J., Graeff-Teixeira, C,, 2007 Detection
of Schistosoma mansoni eggs in feces through their interaction with para-
magnetic beads in a magnetic field. PLoS NTD 1, 73.

Tolan, S, 2002. logen's process for produdng ethanol from cellulosic biomass.
Clean. Techn. Environ. Policy 3, 339345,

Zhanga, Y.Y., Luab, |.P, Liuc, Y.M., Wangd, QZ, Chene, J.H., Xuf, MX., 2009. Evalu-
ation of Kato-Katz examination method in three areas with low-level ende-
midty of schistosomiasis japonica in China: a Bayesian modeling approach.
Acta Trop. 112, 16—22.

48



4. ARTIGO I

Memérias do Instituto Oswaldo Cruz

MEMORIAS

DO INSTITUTO OSWALDO CRUZ

Criteria for identification of Schistosoma mansoni eggs in
fecal sediments prepared with the Helmintex method and

stained with nynhidrin

Journal: | Memorias do Instituto Oswaldo Cruz
Manuscript ID | Draft
Manuscript Type: | Short Communication

Date Submitted by the
Author:

n/a

Complete List of Authors:

Perotto-De-Souza, Renata; Pontificia Universidade Catdlica do Rio
Grande do Sul, Ecology and biodiversity

Favero, Vivian; Pontificia Universidade Catdlica do Rio Grande do Sul,
Ecology and biodiversity

Pascoal, Vanessa; Pontificia Universidade Catdlica do Rio Grande do Sul,
Ecology and biodiversity

Lindholz, Catieli; Pontificia Universidade Catdlica do Rio Grande do Sul,
Ecology and biodiversityPontificia

Bittencourt, Helio; Pontificia Universidade Catdlica do Rio Grande do Sul,
Mathmatics, Polytechnical School

Graeff-Teixeira, Carlos; Pontificia Universidade Catolica do Rio Grande do
Sul, Ecology and biodiversityPontificia

Keyword:

schistosomiasis, egg-detection, nynhidrin, coproparasitology

Theme:

Parasitology, Schistosomiasis, Diagnostics

SCHOLARONE™
Manuscripts

https://mc04.manuscriptcentral.com/mioc-scielo

49



50

Porto Alegre, november 8th, 2018.

To the Editor

Memérias do Instituto Oswaldo Cruz

| hereby submit the manuscript “Criteria for identification of Schistosoma mansoni eggs in fecal
sediments prepared with the Helmintex method and stained with nynhidrin” as a “short
communication” for publication at MIOC.

| stay ready for any information or procedure that is required by the editors/reviewers, as the

corresponding author.

Prof. Dr. Carlos Graeff-Teixeira
Laboratory of Parasite Biology

School of Sciences, PUCRS

Celular 51 99981 8599

graeff.teixeria@gmail.com



o1

Short Communication

Running Title: Schistosome eggs stained by nynhidrin

Criteria for identification of Schistosoma mansoni eggs in fecal sediments

prepared with the Helmintex method and stained by nynhidrin

Renata Perotto de Souza®, Vivian Favero', Vanessa Fey Paschoal’, Catieli Lindholz?,

Hélio Radke Bittencourt?, Carlos Graeff-Teixeira”

'School of Sciences and “Polytechnical School, Pontificial Catholic University of Rio
Grande do Sul (PUCRS)

# corresponding author: graeff.teixeira@gmail.com
Sponsorship: CG-T is a recipient of a CNPq PQ 1D fellowship and grants 307005/2014-
3. RP-S is a recipient of a BPA-PUCRS fellowship.

ABSTRACT

Helmintex is a sensitive method for detecting Schistosoma mansoni (Sm) eggs. Here,
we describe the individual frequency of six proposed criteria for the identification of Sm
eggs prepared with the Helmintex method and stained with nynhidrin. The capacity for
these criteria to classify Sm eggs when applied in various combinations is also
examined. Nine observers registered the presence or absence of six different criteria in
100 eggs at microscopy (100x). The nynhidrin purple color was frequently observed and
was the criteria associated with the lowest inter-observer variability. Use of at least

three criteria also resulted in a significantly better performance in the identification of

eggs.
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An increasing number of countries have achieved control of schistosomiasis with
the goal of eliminating this public health problem, or at the very least, interrupting its
transmission (Tchuenté et al., 2017; Zoni et al., 2016; WHO, 2013). However, classical
diagnostic methods lack the sensitivity needed to diagnose schistosomiasis in areas with
reduced infection intensity (De Vlas and Gryssels, 1992; Kittur et al.,2016). A recent
development in the ability to diagnose schistosomiasis has been use of the Helmintex
(HTX) method (Teixeira et al., 2007). This method uses the interaction of eggs with
paramagnetic particles in a magnetic field to obtain a sample that can then be stained
with nynhidrin (Bell, 1963). However, despite the high sensitivity of this method, it is a
laborious method despite several modifications (e.g., new sieving procedures, inclusion
of detergent in the fixation solution, and staining of eggs with nynhidrin for examination
at a microscope) (Favero et al., 2017). While the HTX method is not a “point-of-care”
diagnostic method, it is considered to be a reference method for detecting
schistosomiasis due to its extremely high sensitivity (Lindholz et al., 2018).

Favero et al. (2017) have proposed a set of criteria for the identification of
Schistosoma mansoni (Sm) eggs in preparations obtained via the HTX method and
stained with nynhidrin. These criteria include: 1) the presence of spines; 2) egg size:
150-117pum x 70-40um (Lenzi et al., 2008); 3) egg shape; 4) definition of shell line; 5)
internal space; and 6) color. The goal of this study was to evaluate these criteria by: (i)
describing the frequency of individual and combinatorial subsets of these six criteria and
(i) evaluating the performance of the criteria for identifying Sm eggs.

Filter papers containing positive fecal sediments were originally prepared as part
of a field study conducted in Candeal, Sergipe in northeastern Brazil. The original study
was approved by the PUCRS ethical committee (register 48809715.1.0000.5336) and
the field and laboratory protocols used are described elsewhere (Lindholz et al., 2018).
We selected these filter papers for reexamination in the present study.

The criteria for identifying Sm eggs in HTX preparations stained with nynhidrin
were proposed by experienced readers at the GPB-PUCRS laboratory. These criteria
were paired according to their presumed contribution to a definitive diagnosis of Sm
eggs, with slightly decreasing certainty associated with Groups A-C, respectively

(Figure 1). Different combinations of criteria from Groups A, B, and C were also
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analyzed in the following subsets: Combination 1 - defined as the use of criteria from
only one Group; Combination 2 - defined as the use of criteria from any two Groups; and
Combination 3 - defined as having at least one criteria from all three Groups.

Analysis was performed by a group of nine readers who simultaneously observed
selected fields containing a total of 100 eggs on a flat screen monitor. The readers
recorded their observations regarding the six possible criteria on a standardized form.
All of the images shown were obtained with a ZEISS AXIO microscope equipped with a
QIMAGE RESTINGA 7 camera and IMAGE PRO 7 software. The projected images
were obtained at 100 x magnification. Graphs were generated and statistical analysis
were performed with IBM SPSS 20. Frequencies and Confidence Intervals (Cl) for
proportions were computed to compare the prevalence among the criteria.

The proportional frequencies of the criteria observed ranged from 58 % (shape) to
99 % (purple color). The criteria, “shape” and “definition of shell line”, had the highest
inter-observer variability with Cl 95%, from 54.9% to 61.3% (range: 6.4) and 70.2% to
76% (range: 5.8) respectively. The best performance and highest inter-observer
agreement were associated with Combination 3 (observing at least one criteria from
each Group) (Figure 2).

The classification of criteria into Groups A, B, and C was based on their
decreasing specificity for identifying helminth eggs and Sm eggs (Figure 1). The
presence of a lateral spine is a very unique characteristic of Sm eggs, and use of this
criterion for detecting Sm eggs was nearly 100% specific. The criteria, “definition of shell
line”, refers to an often well-defined line that is a very striking feature of many helminth
eggs (e.g., Ancylostoma spp eggs and Enterobius spp eggs). However, the possibility
that fecal sediment debris will present these features is very low. If the eggs are not
deformed, they may present appropriate size and/or shape for identification (e.g., Group
B criteria).

The purple color produced by nynhidrin staining (Group C criteria) is very helpful
for quickly spotting eggs during an initial screening of filters under the microscope.
However, other debris may also stain purple. While the purple color criteria had the
highest detection prevalence (99.7%) and the lowest inter-observer variability (range:

0.7), the use of this criteria alone (or any of the other criteria alone) was not sufficient for
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egg identification. Moreover, a clear space between the miracidium and the eggshell
(Group C criteria) is not always present and it is not specific for Sm eggs. Therefore,
except for the presence of a lateral spine and purple coloring, correct identification of the
other four criteria requires more extensive observer training.

In areas with high prevalence and intensities of infection, recognition of egg
details under a microscope have not been a serious concern. However, with an
increasing number of low endemic areas, more careful training and microscopic
examinations are required, particularly when detection of eggs by microscopy is required
for a reference method or cure control. The inter-observer variability can be improved
with continuous and rigorous training of observers and quality control measures.
However, it was quite clear that Combination 3 (observation of at least one criteria from
each Group) had the best performance compared to Combinations 1 and 2, being all
combinations mutually different at 0.05 significance level (Figure 2).

In conclusion, the present findings indicate that identification of Sm eggs can be
achieved with nynhidrin-stained HTX preparations when at least one criterion from each
Group (A—C) was detected. Our findings also indicate that classification of preparations,
as “major/minor” is not recommended. The proposed use of combinatorial observations
for identifying Sm eggs was found to be especially useful for egg specimens prepared
according to the highly sensitive HTX method. Thus, the high sensitivity of the HTX
method combined with the use of multiple criteria for the egg identification should
provide more reliable diagnosis in settings characterized by extremely low infection

intensities.
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Figure Legends

Figure 1: Overview of the six observation criteria used in this study (divided into Groups
A-C) for the identification of Sm eggs in sediments prepared according to the HTX
method and stained with nynhidrin.

Figure 2: Frequency (95% confidence intervals) of Combinations (Combi) 1, 2, and 3
criteria by nine observers, with mutually significant difference (p=0.05).



Group A:
A1: presence of a lateral spine
A2: well-defined shell outline

Group B:
B1: ovoid shape
B2: size 150-117um x 70-40um

Group C:

C1: space between the shell
and the miracidium

C2: purple color

Figure 1 - Overview of the six observation criteria used in this study (divided into Groups A-C) for the
identification of Sm eggs in sediments prepared according to the HTX method and stained with nynhidrin.
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Figure 2: Frequency (95% confidence intervals) of Combinations (Combi) 1, 2, and 3 criteria by nine
observers, with mutually significant difference (p=0.05).
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5. DISCUSSAO E CONCLUSAO

A alta sensibilidade do método Helmintex® esta relacionada diretamente com a
grande quantidade de fezes utilizadas, aos passos graduais de concentracdo e a
utilizacdo de particulas paramagnéticas, o que tornam o método laborioso e demorado.
Os objetivos de aperfeicoamento do método Helmintex®, propostos neste Capitulo, ndo
pretendiam modificar nenhuma das etapas que tornam o método tao sensivel, mas sim
adaptar novas alternativas a metodologia. A utilizacdo de detergente Tween-20 nas 30
gramas de sedimento inicial, resultou na reducéo do sedimento final Helmintex® em até
69%, mesmo apos a retirada da peneira com abertura de 75 um, que poderia estar
retendo ovos, ja que estes medem aproximadamente 150 ym de comprimento. Este
fato poderia justificar a melhora na recuperacéo de ovos (27,2%), quando comparada a
metodologia padréo (=13%). O uso da ninidrina para corar ovos de S. mansoni foi
inicialmente descrito por Bell (1963), e a utilizacdo de filtro para deposicdo do
sedimento e posterior leitura, diminuiu em mais de 6 horas o tempo de triagem dos ovos
em meio ao sedimento, jA que os ovos ficam marcados com cor purpura, € sdo mais
facilmente detectados. Tais modificacdes trouxeram ao método uma nova versao e
aumentou o potencial de uso do método em campo (Favero et al., 2017). Os resultados
dos dois inquéritos, em Januaria/MG e em Estancia/SE, confirmaram a alta
sensibilidade do Helmintex, quando comparado aos métodos Kato-Katz e o POC-CCA
(Lindholz et al., 2018; Oliveira et al., 2018).

A utilizacdo da ninidrina para coloragédo de ovos de S. mansoni e a experiéncia
em estudos populacionais com predominio de baixa carga, expuseram o problema da
correta identificacdo de ovos. Critérios que identificassem um ovo de S. mansoni até
entdo ndo tinham sido propostos e analisados detalhadamente, ja que a identificagédo
sempre se baseou em preparagcbes com grande numero de ovos e, de forma néo
sistematica, em alguns dos elementos caracteristicos do ovo, especialmente a forma e
a presenca do espiculo. Assim, é inédita a sistematizacdo de seis critérios em
preparacdes coradas pela ninidrina: 1) espiculo, 2) tamanho aproximado, 3) forma, 4)
linha bem definida dos limites da casca, 5) espaco entre o miracidio e a casca, 6)

coloracdo purpura do miracidio.
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Portanto, no conjunto tais adequacdes trouxeram ao método uma reducao de
sedimento final em até 69%, diminuicdo do tempo de leitura para em média de 10
minutos por amostra, recuperacdo de ovos de 27,2%, definicdo de seis critérios de

identificacdo para ovos de S. mansoni.
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CAPITULO I

Uma nova estratégia diagnostica utilizando o sistema Luminol-H,O, na deteccéao
de ovos de Schistosoma mansoni em sedimento produzido pelo método
Helmintex.
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1. INTRODUCAO

Desde a antiguidade, fendbmenos de emissdo de luz sdo descritos, mas, por
muito tempo, eram associados a mitos ou fantasmas (Rossi & Ferreira, 2002). Em 1669,
a producdo de fosforo (pela destilacdo de ureia), que oxidado pelo ar produz
quimiluminescéncia, levou o médico H. Brandt a realizar o primeiro relato sobre o
fenbmeno (Campbell e Campbell, 1988). O primeiro composto organico sintético
quimiluminescente, descrito em 1887, foi a lofina (2,4,5-trifenilimidazol) (Radziszewski,
1877). A partir desses resultados, em 1888 Wiedemann diferenciou quimiluminescéncia
de incandescéncia, definindo-a como “emissao de luz que ocorre como parte de
processos quimicos” (Wiedemann, 1888). O trabalho pioneiro sobre a reacao do luminol
foi publicado em 1928 por Albrecht, que define quimiluminescéncia como uma emissao
de luz (ultravioleta, visivel ou infravermelho) que ocorre durante o processo de uma
reacdo quimica (Francis et al., 2004). Desde entdo, a quimiluminescéncia tem sido
objeto de inumeros estudos.

Todas as reacdes de quimiluminescéncia envolvem processos de oxirreducéo,
gue ocorrem em compostos organicos e inorganicos, nas fases liquida ou sélida
(Isacsson e Wettermark, 1976). Nas ultimas décadas, este tipo de fenbmeno tem sido
amplamente aplicado em é&reas cientificas e tecnoldgicas, especialmente em analises
clinicas, por apresentar versatiidade e capacidade de Ilimites de detecgdo
ultrassensiveis (Kricka, 2003).

Particularmente, técnicas que utilizam a oxidacdo do luminol tém sido alvo de
inlmeros estudos, provavelmente por ser o mais conhecido dos compostos
guimiluminescentes e o mais eficiente (White et al., 1970), além de ser um composto
possivel de mensuracéo e visualizacdo pela emissdo de luz no espectro visivel, de cor
azulada. (Ferreira e Rossi, 2002). Atualmente, métodos baseados na deteccdo da
reacado do luminol sdo aplicados para identificacdo e quantificacdo de compostos em
amostras bioldgicas, como tecidos, urina e sangue (Ci et al., 1993; Kubo e Toriba,
1997).

Véarios compostos sao descritos como agentes emissores de luz, quando

expostos a uma solucdo de luminol como: peroxidases; compostos com elevada
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capacidade de oxidacao; compostos que contenham em sua composi¢do quimica ions
férricos ou ferrosos e outros ions metalicos, especialmente cobalto, cobre e manganés,
que podem estar presentes moléculas bioldgicas, incluindo grupos prostéticos ativos
em reacdes redox: proteinas heminicas, como peroxidases, catalase, citocromos; e
biomoléculas ndo heminicas, como a enzima com grupamentos ferro-enxofre e as
proteinas de transferéncia de elétrons como a rubredoxina e ferredoxina (Lindley, 1996;
Wilson e Schiffrin, 1996). Em particular, quando ocorre a oxidacéo do luminol por H,Oo,
os catalisadores envolvidos podem ser: Ferro (lll) (Obata et al., 1993) ferrocianeto
(Seitz, 1978; Radi et al., 1991); peroxidase de Rabano Silvestre, e outros compostos
contendo ferro (Fe) (Radi et al., 1991; Adam et al., 1992; Ci et al., 1993).

O ferro € um dos metais mais abundantes em humanos, e sua maior parte esta
ligada & hemoglobina (= 66%), a mioglobina (= 10%), e armazenada nas proteinas
ferritina e hemossiderina (= 23%) no figado, baco e medula 6ssea. Menos de 1% do
ferro em humanos estd ligado a varias enzimas (proteinas redox) ou estd sendo
transportado no sangue pela transferrina (Lindley, 1996). Em sua fase adulta, os
vermes de esquistossomo habitam o0s vasos sanguineos de seus hospedeiros
humanos, onde se alimentam de eritrocitos para suprir suas necessidades nutricionais
(Whitfield, 1979). O Heme, grupo prostético da hemoglobina consistindo de um ion de
ferro (Fe?”, é essencial para o crescimento e reproducdo de hemiparasitas como
Leishmania e Plasmodium (Gaughan e Krassner, 1971; Surolia e Padmanaban, 1992),
e sua importancia na bioquimica do esquistossomo destaca-se devido a grande
quantidade de ferriproteinas, tais como citocromo c oxidase e tiorredoxina peroxidase
(Cole, 1973; Glanfield et al., 2010). Em 2007, Jones e colaboradores descreveram a
existéncia de altos niveis de ferro (Fe) em fémeas adultas de S. mansoni e seus ovos,
indicando que o ferro (Fe) é um elemento necessario para atividade metabdlica do
verme. Em 2015, experimentos que descrevem a presenca heme no corpo de fémeas
de esquistossomos indicaram que este é transportado preferencialmente para o0s
tecidos gonadais (oocito, ovario e células das glandulas vitelinas) para a formacgéo de
ovos (Toh et al.,, 2015). Karl e colaboradores, em 2013, observaram que ovos de S.
mansoni obtidos de figado de camundongos contém ferro (Fe) em sua composicao.

Também foi confirmada a presenca nos ovos de enzimas contendo cobre (Cu), como a
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tirosinase (Mathieson e Wilson, 2010) DeWalick et al., 2011) em cascas de ovos;
dismutase e tioredoxina peroxidase (DeWalick et al., 2011), tiorredoxina, superéxido
dismutase, peroxidase dependente de ferro (Mathieson e Wilson, 2010) descritas em
cascas de ovos e miracidios.

Diante disto, aliadas ao uso de uma de uma ferramenta amplamente utilizada
(Khan et al., 2014), o presente estudo objetivou padronizar a utilizagcdo do Luminol-
H,O, como ferramenta inédita para o diagndstico de ovos de S. mansoni em sedimento
fecal, pressupondo a existéncia de compostos quimiluminescentes, entre eles o ion

Fe?*, em ovos de S. mansoni.

HISTORICO DO CAPITULO: Nos experimentos iniciais de padronizacdo e prova de
conceito do Helmintex®, quando comparadas varias particulas magnéticas com
diferentes ligantes na superficie, notou-se que aquelas contendo estreptavidina tinham
melhor desempenho na recuperacao de ovos, Tabela 3, em (Teixeira et al., 2007). Isto
levou a hipbtese da existéncia de moléculas biotina-simile na superficie dos ovos, e a
tentativa bem sucedida de incubar ovos com peroxidase biotinilada, seguindo-se a
exposicdo ao luminol como parte de um kit de revelagdo de Western-blot, para
producdo de luz e deteccdo em filmes de radiologia. Porém, o fenbmeno nédo se
reproduzia adequadamente, os controles negativos muitas vezes davam reatividade e
nem sempre preparacdées com ovos resultavam em luz detectavel nos filmes. Um dos
problemas identificados foi o de lavagem e remocdo da peroxidase biotinilada nao
ligada a estreptavidina. Durante o Mestrado realizado no Programa de Pds-Graduagao
em Biologia Celular e Molecular da PUCRS, a autora retomou estes experimentos
envolvendo o uso da quimiluminescéncia do sistema Luminol-H,O,. Depois de
confirmado o ineditismo dos relatos da técnica como método diagndstico de
helmintiases em sedimentos fecais, iniciou-se um processo de pedido de patente junto
ao ETT da PUCRS. Apos varias reformulacdes no processo da técnica utilizada e
adicdo da leitura por espectrofotometria, o pedido foi aceito em 2017, e hoje se
encontra como pedido de adicdo de invencdo, com o numero de processo BR
1020170064786 (ANEXO A). Os dados iniciais foram recentemente submetidos a

revista PNAS, em artigo denominado “A new diagnostic strategy which uses a luminol-
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H.O, system to detect Schistosoma mansoni eggs in fecal sediments processed by the
Helmintex method” (pagina 68 deste capitulo). A extensa busca pelo composto
responsavel pela emissao de luz, neste caso, apresentou inameros obstaculos, gerados
principalmente pela dificuldade na obtencédo de grandes quantidades de ovos vindos de
fezes humanas. Resultados parciais, obtidos até o momento (pagina 95) j& nos

direcionam aos compostos responsaveis pela quimiluminescéncia.
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2. OBJETIVO GERAL

Investigar a utilidade e o mecanismo de reagdo de quimiluminescéncia

empregando o sistema luminol-H,O, para a deteccao de ovos Schistosoma mansoni.

2.1. Objetivos especificos

o Testar a hipétese de que incubacao de ovos de S. mansoni com luminol-
H.O, desencadeie uma reacao quimiluminescente com especificidade;

. Investigar variaveis da reacdo quimilumiescente, quanto a origem dos
ovos: figado de camundongos infectados, cultivo in vitro e fezes humanas;

. Verificar se existe correlacdo entre a intensidade de luz gerada e o
namero de ovos;

o Padronizar os procedimentos da reacdo de quimiluminescéncia, para
identificacdo especifica da presenc¢a dos ovos;

o Testar a reacdo de quimiluminescéncia em amostras de fezes humanas
naturalmente infectadas e controles negativos;

o Investigar 0s componentes e mecanisSmos responsaveis pela

luminescéncia associada aos ovos;
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ABSTRACT

Schistosomiasis remains a serious public health problem in intertropical regions,
affecting more than 250 million people. In addition, its elimination requires sensitive
diagnostic methods. Advances in the use of Iluminol-based chemiluminescent
techniques have enabled greater sensitivity and speed in obtaining results in different
diagnostic settings. In this study, we developed a luminol-H,O, chemiluminescence (CL)
method to detect Schistosoma mansoni (S. mansoni) eggs in human fecal sediments
processed by the Helmintex (HTX) method. Briefly, eggs from different sources were
incubated with a solution of Iluminol-H,O, and then were analyzed by a
spectrophotometer at 431 nm for 5 min. The presence of eggs was also confirmed by
optical microscopy. CL intensity was found to correlate with different sources and
numbers of eggs. Furthermore, positive versus negative results were obtained with
100% sensitivity and 71% specificity. To our knowledge, this is the first study to report
the use of CL for the diagnosis of helminths from fecal sediments. Moreover,
combination of the HTX method with CL represents an important advance in providing a

reference method with the highest standards of sensitivity.

Keywords: Schistosomiasis; Helmintex; Chemiluminescence;

1. INTRODUCTION

Among the parasitic diseases that occur in developing countries, schistosomiasis
is considered the second most important in terms of socioeconomic effects, prevalence,
and public health, second only to malaria (1-4). Schistosomiasis affects more than 250
million individuals worldwide, and three species are the most common sources of human
infections: Schistosoma haematobium, Schistosoma mansoni (S. mansoni), and
Schistosoma japonicum (3, 5-7). There are a large number of endemic countries who
are engaged in efforts led by the World Health Organization to eliminate the

transmission of schistosomiasis (7).
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Highly sensitive diagnostic tests have a pivotal role in detecting the late stages of
elimination and confirming that transmission has been interrupted (8). Therefore, the
development of sensitive and rapid diagnostic molecular methods, which are also simple
to perform and inexpensive, is a top priority (8-11). Furthermore, these parameters for a
diagnostic method would facilitate its widespread use. Currently, a urine-based test
provides rapid detection of circulating cathodic antigen (POC-CCA) (11-14). The latter
method has also exhibited better performance than egg detection by the Kato-Katz
method (15) in high endemic localities (16-20). However, the POC-CCA method has
exhibited reduced accuracy in the diagnosis of low intensity infections (2, 21, 22).

The highly sensitive Helmintex (HTX) diagnostic method detects S. mansoni eggs
in clinical samples by isolating them from a large volume of feces with paramagnetic
particles (PMP) placed in a magnetic field. This method exhibits 100% sensitivity for egg
numbers greater than 1.34 eggs per gram of feces (23). Consequently, this method has
been proposed as a gold standard for evaluating the diagnostic accuracy of other
methods (23). However, despite the high sensitivity of the HTX method, and recent
improvements to the method introduced by Favero and collaborators (24), the HTX
method remains laborious. The most time consuming aspect of the HTX method is the
rate-limiting final step which involves screening of the final sediment by microscopy to
identify eggs.

Among the experiments which have been performed to establish proof of concept
for the HTX method, one compared the binding affinity of three sets of PMP which only
differed in the surface functionalization of the particles used. The particles functionalized
with streptavidin produced the highest rate of egg isolation (23). Thus, it was
hypothesized that biotin-like molecules are present on the surface of S. mansoni eggs.
This hypothesis was later confirmed, thereby leading to the successful application of a
chemiluminescence (CL) reaction to more rapidly detect eggs present in sediment
processed by the HTX method. Therefore, here we report the development and
standardization of an innovative luminol-H,O, system for the rapid detection of S.

mansoni eggs in human fecal sediments processed by the HTX method.
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2. RESULTS

2.1. S. mansoni eggs emit a strong and persistent visible light when

exposed to luminol-H,O, solution

Visible blue light was observed when 25 S. mansoni eggs (L-eggs, Iv-eggs, and
HF-eggs) were incubated with a luminol-H,O, solution (Figure 1). In particular, the L-
eggs and Iv-eggs preparations produced light emission for longer than 10 min, while the
HF-eggs only exhibited light emission for 3 min. Similarly, the positive control (1:4000

diluted M-blood) exhibited an intense emission of light for only 3 min.

2.2. Light intensity is proportional to the number of eggs in a sample

CL generated by different numbers of S. mansoni eggs was quantitatively
analyzed at 431 nm. The CL generated by L-eggs, Iv-eggs, and HF-eggs preparations
varied according to the number of eggs present (Figure 2 A). Furthermore, a statistical
analysis to compare AUC values for the different samples (Kruskal-Wallis test) showed
that the samples containing 25 eggs emitted significantly greater CL intensity compared
to the samples containing 10 eggs (Figure 2 B). In contrast, HF-Eggs, miracidia, and
eggshell samples only containing 10 eggs each exhibited no significant difference in CL
intensity (Figure 2, C e D).

2.3. S. mansoni eggs isolated with the HTX method can be distinguished

from controls based on CL intensity

S. mansoni and A. lumbricoides eggs obtained from fecal sediments were
prepared as samples containing 10, 25, or 50 eggs for CL analysis. The samples
containing 10 or 25 A. lumbricoides eggs emitted less intense light compared with the S.
mansoni samples containing similar numbers of eggs (HF-eggs-PMP). However, the
samples containing 50 A. lumbricoides eggs exhibited the same light intensity as the S.
mansoni samples containing 25 or 50 eggs (Figure 3 C).

The M-blood and Neg-HF (1:3) samples generated strong CL signals when
incubated with the luminol-H,O, solution. In addition, different dilutions of M-blood and
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numbers of washing steps for Neg-HF (1:3) were performed (Figure 3, A, B and D). For
the latter, the greater number of washes resulted in a significant reduction in CL signal
(Kruskal-Wallis test, followed by nonparametric multiple comparisons (Figure 3A). Low
CL intensity was also observed when several chemical reagents from the HTX method
were individually tested (Figure 4). When luminol was absent (blank samples),
significantly lower CL values were obtained (Figure 4).

2.4. Positive and negative human samples of S. mansoni can be
distinguished by their CL

The CL curve obtained from analyzing sediments of human samples prepared
with the HTX method shows that the samples analyzed differed in the intensity of their
CL signals, with the egg-positive samples producing higher light intensities (Figure 5).
After the spectrophotometry assays were completed, 200 pL aliquots of the same
samples were screened by optical microscopy. We found that light intensity correlated
with the number of eggs present (Table 2). Furthermore, a ROC curve analysis
established a cut-off value at the 3.51 x 10> CL peak which produced an estimated
100% sensitivity and 71% specificity for the detection of true-positive samples (Figure 5).
Another interesting observation was that the CL peak always registered 1 min before the
spectrophotometry readings were made.

3. DISCUSSION

CL results from the production of electromagnetic radiation by a chemical reaction
that can occur in solid, liquid, or gaseous systems (27). Detection methods based on the
CL of luminol have exhibited high sensitivity, while also being cost effective (28). Thus,
luminol has been widely used in analytical applications since the 1960s (29) in the fields
of molecular biology and analytical chemistry (30-35). In addition, many compounds with
a high oxidation capacity have been shown to emit light following exposure to luminol.
These compounds include: peroxidases, molecules containing ferric or ferrous ions,
other metal ions (e.g., cobalt, copper, and manganese), or active redox proteic groups

(e.g., heme peroxidases, catalase, cytochromes and non-heme biomolecules, such as
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the iron sulfur enzyme and the electron transfer proteins, rubredoxins and ferredoxins)
(36, 37).

The schistosome eggshell and miracidia both contain divalent metal ions such as
iron (38) and copper (39, 40), and/or proteins which contain metals, such as thioredoxin
peroxidase (39), thioredoxin, superoxide dismutase, and iron-dependent peroxidase (40,
41). The results from ongoing investigations in our laboratory suggest that there are
large amounts of metal ions present in miracidia. The presence of these molecules may
explain the similar CL intensity that is observed following the incubation of S. mansoni
eggs (both eggshells and HF-Eggs) and miracidia with luminol. It remains for these
molecules to be directly detected in eggs which are eliminated in feces, although
spectrometric analyses have been performed with eggs recovered from liver tissues
(25).

PMP, which contain iron oxide, are used in the HTX method. PMP have been
shown to adhere to the surface of eggs (38), and this would explain the intensified CL
peak and dynamic spectrometric data observed for the HF-Eggs-PMP samples in the
present study. Free PMP may also enhance CL, and this justifies performing extended
washing steps in the HTX method to remove unbound PMP. Meanwhile, bound PMP
should improve the capacity of CL reactions to distinguish true-positive from false-
positive results.

Stools from a healthy adult contain approximately 0.2—0.9 mg of iron (42), which
can derive from exogenous sources or mucosal bleeding (43-45). This iron content can
potentially lead to background CL and false positive detection. By including several
washing and sieving steps in the HTX method, including the use of a final sieve with 45-
KM openings, blood cells and other smaller particles and molecules can be removed to
prevent iron contamination (23, 24). However, when whole blood diluted 1:4 x 10° was
incubated with luminol in the present study, significantly lower CL was detected. This
result suggests that blood contamination is not a problem.

It is noteworthy that most of the experiments reported in the literature use eggs
obtained from mouse liver tissue, probably due to the difficulties associated with
harvesting sufficiently large numbers of eggs from human feces. However, there are

several indications that eggs in feces differ from eggs recovered from liver.
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Correspondingly, in the present study, higher CL intensity was exhibited by the L-Eggs
compared to the HF-Eggs (Figure 2, A and B). It is important to consider these
differences not only in relation to tissue/fecal sources, but also in relation to human
versus experimental animal sources.

CL intensities varied with time when sediments from naturally infected human
feces were analyzed. In addition, egg-negative samples produced lower CL intensities
which facilitated establishing a cutoff value of 3.51 x 10°. (Figure 5). When 100 pL of
each sediment sample was analyzed according to this cutoff value, a reliable diagnosis
was achieved with estimated 100% sensitivity and 71% specificity. However, it was
observed that a 100 uL sample aliquot that did not contain any eggs produced a positive
CL peak, while an examination of the remaining sediment sample was positive for S.
mansoni eggs. A possible explanation for this finding is that fragments, or even
molecules, which are released by eggs can trigger a 71% specific CL reaction. If an
accurate diagnosis could be achieved by only evaluating the CL of 100 uL samples,
without needing to evaluate all of the sediment for a sample, the time to complete a
diagnosis would be markedly reduced. Currently, the time for diagnosis is a major
drawback of the HTX method. It is also possible that an evaluation of CL could be
incorporated into a screening procedure that employs a multi-step detection process in
which only the CL-positive samples would be analyzed by microscopy to confirm the
presence of eggs.

Oxidative activity is widespread in nature, although a characteristic pattern for
light emission by S. mansoni eggs was observed with time (Figure 2 A and 4 A), The
present findings also indicate that the dynamics of CL intensity with time (represented by
AUC values) is positively associated with egg burden, and thus can serve as a
guantitative basis for evaluating infections. Discrimination of true-positive samples was
achieved with application of a CL peak cutoff value. It remains to be determined whether
CL can be applied to the detection of other helminth eggs. Previously, Ascaris
lumbricoides eggs were tested for CL reactivity as specificity controls because eggs with
a diameter greater than 45 um are retained with S. mansoni eggs during the final sieving
step in the HTX method. It was observed that A. lumbricoides egg suspensions with

more than 25 eggs per 100 pL of sample produced a CL peak greater than the cutoff
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value established for S. mansoni detection (Figure 3C). This preliminary observation
should be further investigated in order to improve the specificity of schistosomiasis
diagnosis by a HTX/CL combined procedure, while also exploring the utility of the CL
reaction in detecting other helminthic infections.

In conclusion, to the best of our knowledge, this is the first study to apply CL to
the detection of helminth eggs in fecal sediments. This innovative procedure reduced
the time to detect S. mansoni eggs in HTX sediment samples from approximately 10 min
to 1 min per sample. In addition, at least eight samples were simultaneously read by a
spectrophotometer. The ability to standardize an effective luminol-H,O, detection step
for the HTX method reinforces the proposed role for the HTX method to serve as a
reference parasitological method. Furthermore, the development of a highly sensitive
and less laborious diagnostic method should facilitate efforts to eliminate

schistosomiasis.

4. METHODOLOGY
4.1. S. mansoni eggs and miracidia

The Laboratory of Parasite Biology of the School of Sciences (PUCRS) maintains
the cycle of S. mansoni by using mollusks of the genus, Biomphalaria sp., as an
intermediate host and a Swiss strain of Mus musculus as a definitive host (Animal Ethics
Committee — PUCRS CEUA 15/00443).

For this study, 50 days after mice were infected with S. mansoni, they were
anesthetized with 5% isoflurane (BioChimico, Brazil) and then received an
intraperitoneal injection of 100 pL sodium heparin (5000 IU/mL, HEPAMAX-S, Brazil).
After 10 min, the animals were euthanized with CO, anesthetic depression. S. mansoni
adult worms were subsequently recovered by perfusion and livers were removed. Blood
samples were also obtained to serve as positive controls (M-blood) in CL reactions.

Eggs from these murine experimental infections were prepared according to the
following methods (Table 1).

Liver eggs (L-Eggs) were obtained according to the method of Dalton and

colleagues (25). In brief, mouse livers were digested in a solution containing 10 pg
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collagenase B (Sigma-Aldrich, Germany) and 10 ug penicillin-streptomycin (Gibco, USA)
in 1X PBS at 37 °C overnight. The resulting tissue material was then sieved through a
150-uym mesh and the eggs that were recovered were further purified by using a Percoll
gradient (Sigma-Aldrich, Germany). An aliquot of the purified eggs was added to distilled
water and exposed to light in a chamber at 27 °C for 1 h to allow hatching of the
miracidia.

In vitro eggs (lv-Eggs) were obtained from adult S. mansoni worms cultured in
DMEM medium (Gibco, USA) containing a high concentration of glucose (4.5 g/L), 10%
fetal bovine serum (CRIPION, Brazil), and 10% penicillin-streptomycin. The worms were
maintained in media at 37 °C and 5% CO,. Media was changed daily and laid eggs were
collected.

S. mansoni eggs (L-Eggs and IV-Eggs) and miracidia were successively isolated
from other debris with repeated (4x) capture by pipetting under an optical microscope.
Eggs and miracidia were separated into groups of 10, 25, and 50 in tubes containing 1X
PBS (pH 7) and were stored at - 20 °C.

4.2. Isolation of S. mansoni eggs from human samples

Work with human samples was approved by the Ethics Committee of the René
Rachou Research Center (FIOCRUZ, 21824513.9.0000.5091) and the Research Ethics
Committee of PUCRS (48809715.1.0000.5336). Human fecal samples were obtained
from epidemiological studies performed in the municipalities of Januaria, Minas Gerais,
and Estancia, Sergipe, Brazil (21, 26). All volunteers provided informed consent. The
collected samples were separated into two groups, according to the method used to
process them, as described below (Table 1).

Human fecal eggs (HF-eggs): Fecal samples were subjected to the HTX method
(24), although PMP were not added to the final sediment. S. mansoni eggshells were
also separated from these samples and stored at - 20 °C until needed.

Human feces eggs with PMP (HF-eggs-PMP): Fecal samples were subjected to

the HTX method and PMP were added to the final sediment. From this sediment,
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Ascaris lumbricoides (A. lumbricoides) eggs were isolated for CL experiments (see
2.7.3).

S. mansoni eggs (HF-Eggs and HF-Eggs-PMP), eggshells, and A. lumbricoides
eggs were successively isolated from other debris with repeated (4x) capture performed
with pipetting under an optical microscope. Both eggs and eggshells were separated
into groups of 10, 25, and 50 in tubes containing 1X PBS (pH 7) and were stored at - 20
°C.

4.3. Processing of negative control human samples

To obtain human negative control samples (Neg-HF, see Table 1), stool samples
from ten healthy individuals were processed according to the HTX method, but without
the addition of PMP. Microscopic examinations of these sediments showed them to be
negative for eggs. The final pellets for several of these samples were then pooled,
homogenized, and two 1 mL aliquots were placed in microtubes (labeled 1 and 2) each
containing 1 mL PBS and 19 pL PMP. After 30 min of orbital agitation, the samples were
placed in a magnet field to isolate a pellet (HTX methodology (23)). Each pellet obtained
from microtubes 1 and 2 were separately resuspended in PBS (1:1), washed 6x (with
centrifugation performed after each wash, 2 min, 200 x g), and resuspended in PBS
(1:1). A 100 pL aliquot from the microtube 1 sample was reserved after each wash for
CL experiments. Meanwhile, the pellet obtained from microtube 2 was diluted 1:1, 1:2,

and 1:3 in 1X PBS and these samples were stored at -20 °C.

4.4. Luminol - H,O, solution

The luminol-H,0; solution used was composed of: 40 mM luminol (Sigma-Aldrich,
USA), 10 mM KOH (Nuclear, Brazil), and 17 mM H,0, (Sigma-Aldrich, Germany). The

solution was always prepared immediately before use and it was protected from light.
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4 5. CL detection

Samples (100 pL each) were placed in opaque polystyrene plates (OptiPlate-96,
Brazil) and 100 pL luminol-H,O, solution was added with a multichannel pipette
immediately before analysis.

A naked-eye check for emitted light was performed after 15 min in a darkroom at
24 °C. Samples were imaged (Nikon, Coolpix P600) 1, 3, and 10 min after the luminol-
H,O, solution was added.

CL was also detected with a spectrophotometer (Molecular Devices, SpectraMax®
M3) that was adjusted to a temperature of 27 °C. To confirm the ideal wavelength for CL
analysis, an initial scan ranging from 300 nm to 600 nm was performed. CL values were

subsequently recorded for 5 min at 431 nm.

4.6. Experiments
4.6.1. Verification of visible light emission from samples containing eggs

To verify visible light emission generated by the CL reaction, triplicate samples of
25 L-Eggs, 25 Iv-Eggs, 25 HF-Eggs, M-blood diluted in 1X PBS (1:4.000; positive
control), and 1X PBS (negative control) were incubated with the luminol-H,O, solution
and then were visually inspected.

Next, wavelength was analyzed for independent triplicate samples of 10 L-Eggs,
10 HF-Eggs-PMP, 10 HF-Eggs, 100 uL Neg-HF (1:3), 100 yL M-blood diluted in 1X PBS
(1: 4.000), and 100 pyL PBS 1X samples. Blue-colored luminescence observed with the
naked eye corresponds to a wavelength ranging from 380 nm to 495 nm, the expected
range for luminol-induced luminescence. A 431 nm CL peak was detected in all of the,

except in the Neg-HF samples which exhibited a wave peak at 420 nm.

4.6.2. Evaluation of CL from S. mansoni eggs and miracidia detected by

spectrophotometry

CL measurements were collected for six independent replicates of 10-egg and
25-eggs samples of L. Eggs, Iv-Eggs, and HF-Eggs. To verify the luminescence values
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emitted by miracidia and eggshells, six independent replicates of 10 miracidia and 10
eggshell samples were also analyzed under the same conditions.

4.6.2 CL of negative human samples

To better discriminate between non-infected and infected samples, and to
facilitate handling of the final HTX processed sediments, we tested the effect of 6
washes of the HTX pellet and six replicates of different dilutions of Neg-HF in PBS (1:1,
1:2, or 1:3) on CL intensity. The lowest background reading was obtained when

sediment was washed six times and the sediment was diluted 1:3 (Figure 3, A and B).

4.6.3. Evaluation of background CL of isolated reagents

The same conditions described in section 2.5 were applied to six independent
replicates of 100 pL luminol solution, 100 yL PMP in 1X PBS (1:4000), 100 pL ethyl
acetate diluted in 1X PBS (1:4000), 100 pL M-blood diluted in 1X PBS (1:400, 1:4000,
and 1:400000), 100 pyL Neg-HF (1:3), 1X PBS, and samples of 10, 25, and 50 HF-eggs-
PMP. In addition, six independent replicates of samples containing 10, 25, and 50 A.

lumbricoides eggs were also evaluated.

4.6.4. CL produced by naturally infected human samples

Human stool samples (n = 30; obtained as described in 2.2 above) were
processed according to the HTX method. From the final sediment samples obtained,
100 uL of each was set aside for CL testing. The remaining final sediment samples were
used to quantify the total number of S. mansoni eggs present by optical microscopy.
After the CL test, the same 100 pL sample was also analysed by optical microscopy to

count the eggs present in order to analyze a possible correlation with the CL data.

4.7. Statistical Analysis

The experiments performed included a series of 16 measurements from 0-15 min

(t0O—t15) which are presented in two-dimensional graphs of CL intensity versus time. The
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graphs present the mean CL intensity for the groups, although area under the curve
(AUC) values were calculated individually to allow comparisons to be made. The latter
were calculated based on the sum of the area of the rectangle with base of 19s and the
height being the midpoint between f(t) and f(t+15). The final AUC value is the sum of all
of the rectangle areas. To reduce the magnitude of the values, the sums were
logarithmized. After the AUC values were compared, a receiver operating characteristic
(ROC) curve analysis was performed to establish a cutoff value to provide discrimination
of positive samples. Comparisons among the different groups were performed by using
the Kruskal-Wallis test, followed by a multiple comparisons nonparametric test, with a
level of significance of 0.05. Box plots were constructed to present these results. The
statistical software program, SPSS 17.0, was used to perform the statistical analyses for

this study.
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Figure legends
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Figure 1: Visible light emission by a sample of S. mansoni eggs incubated with
luminol-H,O, solution. A- lllustration of triplicate samples in an opaque 96-well plate to
which luminol solution is added. B- A standardized cover is placed on the plate which
allows photographic documentation of CL development. C- Imaging of the CL that
developed 1, 3, and 10 min after the addition of luminol. 1- Positive control (M-blood
1:400); 2- 25 HF-eggs; 3- 25 L-eggs; 4- 25 Iv-eggs, and 5- Negative Control (1X PBS).
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Figure 2: Quantification of CL in S. mansoni eggs samples. CL intensity profile (in
relative light units, “RLU”) obtained at 431 nm with a spectrophotometer: A - 10 (o, O,
A) and 25 (e, m, A): L-Eggs (0, e), Iv-eggs (O, m) and HF-eggs (A, A). B - Bar graph
representing the estimated AUC values of 25 egg versus 10 egg HF-Eggs, L-Eggs, and
Iv-Eggs samples. Groups labeled with letters differ significantly at the 0.05 level
according to the multiple comparison test. C- CL intensity profile for eggshells (e),
miracidia (m) and HF-eggs (A); D- Bar graph representing the estimated AUC values for
samples containing HF-eggs, eggshells, and miracidia as indicated. Significant
differences were not observed.
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Figure 3: Comparison of CL signals between S. mansoni samples and potential
sources of false-positivity. A- fecal sediment produced by Helmintex, from non-
infected human individuals (Neg-HF). Cl gradually reduces with six sequential wash
steps. B- Neg-HF after 6 wash steps, diluted 1:1, 1:2, and 1:3 in PBS, with gradual CL
reduction; C- Fecal sediments processed by the HTX method from naturally infected
human individuals with 50, 25, and 10 eggs, including PMP (HF-eggs-PMP). In addition,
A. lumbridoides samples containing 50, 25, and 10 eggs were analyzed. D- CL intensity
profile for whole rodent blood (diluted 1:400, 1:4,000, and 1:400,000) and PMP diluted
1:400 and 1:4,000. Bar graphs represent AUC values for CL intensity plotted with time.
The letter labels indicate significant differences (0.05) according to the multiple
comparison test.
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Figure 4. Comparison of CL intensity generated by S. mansoni eggs and several
negative controls and blood as a positive control. A- CL intensity profile at 431 nm
for: 50 (e), 25 (V) and 10 (m) eggs obtained from naturally infected humans, processed
according to the HTX method, and including PMP (HF-Eggs-PMP), mouse blood diluted
1:400,000 as a positive control (M-blood, e), fecal sediment from non-infected human
individuals processed by the HTX method (Neg-HF, ) and reagents used in the HTX
method, including: luminol-H,O,: ethyl acetate (e), paramagnetic particles (PMP, o),
PBS (¢) and luminol (e).All of the “blank” samples converged to the same CL intensity
(e). B- Bar graphs presenting estimated AUC values for the samples described in A.
Letter labels indicate significant differences (0.05) according to the multiple comparison
test.
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Figure 5: CL intensity distinguishes human samples infected and not infected with
S. mansoni and processed by the HTX method. CL peak of HTX sediments classified
according to a cut-off value of 3.51 x 10°. CL-positive (black bars) and CL-negative
(empty bars) are shown. Sample 12 represents a CL-positive sediment which had no
eggs observed by microscopy in the remaining total sediment.
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Table 1 — Types of preparations subjected to luminol-H,O, chemiluminescence reactions

according to their biological material and host.

Sample label Biological Material Host
Mouse
L-Eggs Digestion of liver tissue according
to Dalton and colleagues (25)
Mouse
Iv-Eggs In vitro cultured worms
Human
HF-eggs Fecal samples from naturally
infected individuals,
HTX method, — PMP
Human
HF-Eggs-PMP Fecal samples from naturally
infected individuals,
HTX method, + PMP
Human
Neg-HF Fecal samples from healthy, non-

infected individuals, submitted to
HTX method

PMP: paramagnetic particles; HTX: Helmintex.
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Table 2 — Comparison of CL peaks and numbers of Schistosoma eggs detected for 100 pL
aliquots and total samples of sediment obtained from naturally infected human individuals

and prepared with the HTX method.

Sample
number

© 00 N o 0o B~ W N P

N N N DN N N DN DN DNMNDN P P P PP PR RR R
© 0 N o o0~ WN P O © 0O NOoO 0o h~ N kO

30

HTX: Helmintex; CL: chemiluminescence.

HTX final sediment
volume (pL)

700
1000
600
400
850
1500
460
1700
630
720
750
470
760
730
1540
820
670
580
430
380
1280
290
740
750
410
1530
1220
750
750
380

No. eggs in 100 pL aliquot

of HTX sediment

P W Wk, M O O O O O O O OO O O O O o o o

CL peak No. eggs in total

HTX sediment

1.53 x 10’ 1234
1.78 x 10° 1181
1.44 x 10° 104
5.40 x 10° 98
6.98 x 10" 0
1.80 x 10* 0
5.40 x 10° 850
5.85 x 10° 836
3.80 x 10° 432
1.53 x 10° 59
1.03 x 10° 2
7.46 x 10° 0
6.42 x 10° 22
4.13 x 10° 1
3.21 x 10° 0
3.07 x 10° 0
2.25 x 10° 0
1.84 x 10° 0
1.41 x 10° 0
1.32 x 10° 0
9.75 x 10* 0
5.59 x 10* 0
1.39 x 10° 0
1.53 x 10° 0
3.32 x 10° 0
2.95 x 10’ 54
1.22 x 10° 21
3.89 x 10° 63
3.70 x 10° 13
5.60 x 10° 4
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4. ESTUDOS COMPLEMENTARES SOBRE O(S) COMPOSTO(S)
RESPOSAVEL(EIS) PELA QUIMILUMINESCENCIA EM OVOS DE S. mansoni

A seguir, descrevemos inumeros experimentos, que contemplam informacdes
substanciais sobre o entendimento do(s) composto(s) responséavel(eis) pela
quimiluminescéncia oriunda de ovos de S. manoni, buscando entender os achados
inédios descritos no artigo submetido a revista PNAS denominado “A new diagnostic
strategy which uses a luminol-H,O, system to detect Schistosoma mansoni eggs in fecal
sediments processed by the Helmintex method”, encontrado neste capitulo (pagina 68).
Lembrando que nossa principal hip6tese para tal fenbmeno, tem como base, a
existéncia de ions metalicos como ferro (Fe), cobre (Cu), zinco (Zn), niquel (Ni) e

manganés (Mn) em ovos de S. mansoni.
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1. MATERIAIS E METODOS

1.1. Ovos de S. mansoni obtidos em camundongos

O ciclo de S. mansoni € mantido pelo laboratério de Parasitologia Biomédica da
Faculdade de Ciéncias da PUCRS através de passagens por moluscos dos géneros
Biomphalaria sp., e camundongos Mus musculus, cepa Swiss, com aprovacao pelo
Comité de Etica em Animais - PUCRS (CEUA 15/00443).

No 50° dia de infeccdo, os camundongos sdo anestesiados com isoflurano a 5%
para a administracdo de 100 pL de heparina sédica (HEPAMAX-S, Brasil) na cavidade
peritoneal. Passados 10 minutos (min), os animais sdo novamente anestesiados com
isoflurano a 5% e encaminhados para eutandsia por depressdo anestésica com COs.
Apods, os camundongos sdo perfundidos para liberagcdo dos vermes adultos e remocao
dos figados.

Os ovos de S. mansoni obtidos de figado de camundongos, denominados (F-
ovos), foram obtidos de acordo com Dalton (1997). Em resumo, os figados de
camundongos foram triturados e dissociados em uma solucdo contendo 10 uyg de
colagenase B (Sigma-Aldrich, Alemanha), 10 ug de penicilina-estreptomicina (Gibco,
EUA) e 1X PBS, a 37 °C durante a noite. O material resultante foi peneirado através de
uma malha de 150 ym e os ovos foram posteriormente purificados com gradiente de
Percoll (DALTON, et al., 1997). Uma parte dos ovos obtidos foram colocados em agua
destilada e expostos a luz, em camara a 27 °C por 1 h, para a eclosdo de miracidios.

Para a producdo dos denominados ovos in vitro (lv-ovos), vermes adultos de S.
mansoni foram cultivados em meio DMEM (Gibco, EUA) contendo alta concentragéo de
glicose (4,5 g/L), 10% de soro fetal bovino (CRIPION, Brasil) e 10% de penicilina-

estreptomicina, a 37, 5% de CO,. O meio foi mudado diariamente para coleta dos ovos.

1.2. Obtencéo de ovos de S. mansoni em amostras de fezes humanas

Amostras fecais foram obtidas em dois grandes inquéritos realizados nos

municipios de Januaria/MG, com aprovacéo do Comité de Etica em Pesquisa do Centro
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de Pesquisas René Rachou - FIOCRUZ (21824513.9.0000.5091), e em Estancia/SE,
com o registro do Comité de Etica em Pesquisa da PUCRS. (48809715.1.0000.5336).

As amostras coletadas foram separadas em dois grupos de acordo com o
meétodo utilizado para processa-las.

Ovos de fezes humanas (FH-ovos): amostras fecais submetidas ao método
Helmintex (Favero et al.,, 2017), mas sem adicdo de particulas paramagnéticas ao
sedimento final.

Ovos de fezes humanas com particulas paramagnéticas (FH-ovos-PMP):
amostras fecais submetidas ao método Helmintex (Favero et al., 2017), com adi¢cédo de

particulas paramagnéticas ao sedimento final.

1.3. Instrumentacgéo

Todas as amostras contendo ovos foram centrifugadas com 1 mL de PBS 1X por
2 min a 200 x g (6x) para remogdo de contaminantes que pudessem emitir luz, e apos
foram armazenadas em microtubos contendo 1 mL de PBS 1X (pH 7) a -20 °C, até seu
uso.

A captura de ovos foi realizada em quatro etapas, em microscépio éptico com
aumento de 4x: 1) disposicado de 50 uL de sedimento em lamina simples (Pré-Cito,
Brasil), diluicio em 200 pL de PBS 1 X e captura com pipeta 10 uL; 2)
acondicionamento dos ovos em uma segunda lamina com 200 yL de PBS 1 X e
recaptura com pipeta 10 yL; 3) acondicionamento dos ovos em uma terceira lamina
com 200 yL de PBS 1 X e recaptura com pipeta 10 pL; 4) os ovos capturados da
terceira lamina foram acondicionados de acordo com o experimento a ser realizado.

A deteccdo de luminescéncia foi realizada em espectrofotdmetro (Molecular
Devices, SpectraMax® M3), ajustado a uma temperatura de 27 °C. O registro de
luminescéncia nas varias amostras ocorreu durante 5 min a 431 nm. Todas as amostras
foram armazenadas em placas de poliestireno opaco de 96 pocos (OptiPlateTM-96,
Brasil). A reacdo de quimiluminescéncia foi iniciada apos a adi¢ao de 100 pL de solugéo

de luminol, com o auxilio de pipeta multicanal.
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1.4. Andlise de elementos quimicos na superficie de ovos de S. mansoni

1.4.1. Microscopia eletronica de varredura (FEG-SEM) e espectroscopia de

energia dispersiva (EDS)

Para verificar os elementos quimicos existentes apenas na superficie dos ovos
(cascas), trés triplicatas contendo 50 ovos (FH-ovos, Iv-ovos, F-ovos) foram dispostas
em laminulas de 18 mm, previamente tratadas com uma solucéo de 0.1% Poly-L-lysine
(Sigma-Aldrich) para melhor adesédo dos ovos. Posteriormente, as laminulas contendo
os ovos foram lavadas com PBS 1X, desidratadas em série crescente de Etanol,
submetidas a Hexamethyldisilazane (Sigma-Aldrich) e deixadas secar em temperatura
ambiente, em exaustor. Apds a secagem, as laminulas foram depositadas em stubs,
cobertas por deposi¢cado de ions metalicos (ouro) e levadas ao microscopio eletrénico de
(FEG-SEM) Inspect F50 (FEI Company, Netherlands).

A andlise qualitativa por espectroscopia de dispersao de energia (EDS) das
amostras foi realizada em microscépio eletrénico de varredura (FEG-SEM) acoplado ao
detector de microanalise por modelo EDS XL30 (PHILIPS). Em cada amostra, um ovo
foi analisado em 25 pontos de leitura EDS, em todo o seu comprimento. O microscopio
foi operado com a tensdo de aceleracdo a 20 KV, o a EDS foi realizada por 15
segundos em cada um dos 25 pontos.

1.4.2. Espectrometria de Retroespalhamento Rutherford (RBS)

Para determinar a composicdo quimica elementar da superficie dos ovos
(cascas) de S. mansoni, triplicados contendo 130 ovos (F-ovos, FH-ovos e FH-ovos-
PMP) foram depositados em uma fita de carbono dupla face de 0,5 mm montada sobre
uma laminula de vidro de 20 x 26 mm? (Figura 4), e colocada em estufa a 37 °C por 5
dias. A andlise RBS foi realizada com o feixe de He" a 2,0 MeV e o angulo de detecgdo
foi de 165° com relacdo a direcédo de incidéncia do feixe. As medidas de espectrometria
RBS foram obtidas no acelerador eletrostatico Tandetron de 3 MV do Laboratorio de
Implantacao I6nica da Universidade Federal do Rio Grande do Sul (UFRGS). A curva

de calibragdo do multicanal foi obtida analisando amostras contendo elementos
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conhecidos na sua superficie (C, N, O e Si). A partir dos dados gerados, foi obtida uma
reta de calibracdo das energias desses elementos na superficie das amostras padréo,
em funcado do canal onde apareceram os sinais dos elementos. Essa reta é a base para

a identificagéo da massa dos elementos detectados na amostra.

Laminula

<« Fita carbono

_—" dupla face
H B B

1 2 3

Figura 4: llustracdo de laminula (20 x 26 mm? contendo amostras de ovos de S.
mansoni depositados sobre fita de carbono dupla face. 1- F-ovos; 2- FH-ovos; 3- FH-
ovos-PMP.

1.5. Solucéo de Luminol — H,0O,

A solucédo de luminol - H,O,, preparada 15 minutos antes do uso, continha
40 mM de luminol em pé (Sigma-Aldrich, EUA) e 10 M de KOH (Nuclear, Brasil),
dissolvidos em solucdo contendo 9,5 mL de H,O deionizada com 0,5 mL de 1,7 mM
H,O, (Sigma-Aldrich, Alemanha). A solucao foi mantida em frasco escuro e refrigerada

em geladeira (entre 6 e 10 °C) até o momento do seu uso.

1.6. Mecanismo de quimiluminescéncia
1.6.1. Preparacao das amostras

Devido a dificuldade para obtencédo de amostras de ovos de S. mansoni oriundos
de fezes humanas, inicialmente optamos por dois grupos amostrais:

Ovos obtidos de figados de camundongos (F-ovos): contendo 2.500 ovos
dispostos em 5 mL de PBS 1X em pH 7, (equivalente a 50 ovos em 100ul de PBS 1X =
0,5 Un/uL).
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Miracidios: 1.000 miracidios, dispostos em 4 mL de PBS 1X, pH 7, (equivalente a
25 miracidios em 100ul de PBS 1X = 0,25 Un/ pL).

Ambas as preparacfes foram sonicadas com auxilio de 500 pérolas de vidro
(425 a 600 pm, Sigma) por 2 min a 60 kHz, com intervalos de 1 min (8x) em banho de
gelo.

As amostras contendo ovos lisados foram centrifugadas a 200 x g para
separacao da porcéao soluvel (PS) e os fragmentos de cascas (FC). Apds a retirada de
4,5 mL de PS, os FC passaram por mais uma centrifugacdo com PBS 1X (pH 7) com

retirada de sobrenadante e ressuspenséo de 4,5 mL de PBS 1X antes de sua utilizacéo.

1.6.2. Absorbéancia

Com o objetivo de verificacdo se 0 agente emissor de quimiluminescéncia seria
uma proteina, um metal, ou um metal ligado a uma proteina, inicialmente realizou-se
uma varredura de absorbancia no ultravioleta visivel em espectrofotdbmetro (Molecular
Devices, SpectraMax® M3), ajustado para uma temperatura de 27-27,5 °C, variando o
comprimento de onda no intervalo de 200 a 400 nm. A leitura das amostras PS, FC e

miracidios foram realizadas em placas de titulacédo de poliestireno incolor.

1.6.3. Medida da quimiluminescéncia

A luminescéncia foi detectada em espectrofotdbmetro (Molecular Devices,
SpectraMax® M3), ajustado para uma temperatura de 27-27,5 °C, durante 5 min a 431
nm. Todas as amostras foram analisadas em placas de titulacdo de poliestireno opaco
(OptiPlateTM-96, Brasil). A reacdo de quimiluminescéncia foi iniciada com a adicdo de
100 pL de solucdo de luminol com o auxilio de pipeta multicanal. A intensidade das

leituras foi expressa em RLU/min.
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1.6.4. Efeito de quelantes, agentes oxidantes e redutores e altas

temperaturas sobre a quimiluminescéncia

As primeiras experimentacfes para o0 esclarecimento da quimiluminescéncia
tiveram a finalidade de investigar o estado redox e a presenca de metais nas amostras.
Para isto 2 h antes da experimentacdo, em temperatura ambiente 22 °C foi adicionado
as amostras contendo 50 yl de solu¢des PS, FC e miracidios os compostos: Ditiotreitol
(DTT); 2-Mercaptoetanol; acido Etilenodiaminotetraaceticoacid (EDTA); acido Etileno-
bis(oxietilenonitrilo) tetraacético (Egtazicacid ou EGTA), e Orto-Fenantrolina, nas
concentracdes de 20 mM e 50 mM.

A termo estabilidade do(s) composto(s) em estudo foi verificada por fervura, a
100 °C por 5 min, dos microtubos contendo 50 uL de amostras PS, FC e miracidios, e
mais 50 uL de PBS 1X (pH7).

A oxigenacgéo foi realizada nas amostras contendo 50 pL de solugbes PS, FC e
miracidios e 50 pl de PBS 1X, segundos antes da adicdo da solu¢do de luminol, por 10
ciclos de aspiracéo/ejecdo com auxilio de seringa de insulina.

Como controles positivos, foram utilizadas aliquotas contendo solu¢cdes PS, FC e

miracidios, como controle negativo foi utilizado PBS 1X.

1.6.5. Estimativa da massa molecular

De forma a analisar a massa molecular do “composto” responsavel pela emissao
de luz, 500 pl da solugéo PS e da suspensdo contendo miracidios foram ultrafiltradas
em membranas com corte de 3 kDa e 10 kDa (Amicon® Ultra), a 345 x g em
microcentrifuga, por 30 min. Os ultrafiltrados foram fracionados em triplicatas de 100
ML. O material retido na membrana de 10 kDa foi novamente centrifugado, apos a
adicdo PBS 1X, e o liquido final retido na membrana foi removido e aliguotado em

triplicatas 100 pL.

Como controles positivos, foram utilizadas aliquotas contendo amostras néo

fracionadas de PS e miracidios, e como controle negativo foi utilizado PBS 1X.
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1.7. Espectrometria de massa por plasma acoplado indutivamente
(ICP-MS)

Até o momento ndo existem relatos sobre a existéncia de metais em miracidios.
Para responder a esta pergunta, parte dos ovos obtidos de figados de camundongos
(vide item 4,1) foram colocados em garrafa padronizada (Figura 5) com &gua destilada,
e exposta a luz em camara a 27 °C por 1lh, para a eclosdo dos miracidios. Os
miracidios coletados (n=10.000) foram armazenados em tubo de 15 ml com &gua
destilada e congelados a -20 °C até sua utilizacao.

Com objetivo de verificar se a porcado soluvel (PS) dos miracidios também
continha metais, 500 yl da mesma solugcdo usada nos experimentos descritos no item
4.6.4 foi analisada.

Para a ICP-MS, foi realizada digestdo em 500 pL de acido nitrico 65% e H,0,
29% v/v overnight de 10.000 miracidios e 500 pL solu¢do PS separadamente. Apos a
digestédo, cada amostra foi diluida com agua ultra pura, em baléo volumétrico de 5 mL e
analisadas em ICP-MS, modelo 7700, Agilent, Téquio, JP no Centro de Pesquisaem

Toxicologia e Farmacologia (PUCRS).
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Figura 5: Padronizacdo de garrafa para eclosdo e coleta de miracidios.
Representacdo grafica da garrafa pet padroniza pelo Grupo de Parasitologia Biomédica
da PUCRS para coleta de miracidios.

1.8. Gréficos e analise estatistica

Os resultados obtidos em espectrofotdmetro foram expressos em graficos
utilizando o software GraphPad Prism (versao 5.0). As areas das curvas obtidas foram
submetidas a analise estatistica, utilizando-se o teste de Kruskal-Wallis, seguido de

comparacao multipla com teste n&o paramétrico, com nivel de significancia de p<0,05.
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2. RESUTADOS

2.1. Andlise de elementos quimicos na superficie de ovos de S. mansoni

confirmam a existéncia de ion metalicos

A presenca de metais da superficie do ovo foi verificada utilizando as técnicas
EDS e RBS.

A anadlise EDS, realizada com a incidéncia do feixe de elétrons em 25 pontos
distintos na superficie dos ovos (Figura 6), mostrou a presenca nha superficie das
diferentes amostras de cobre (Cu), ferro (Fe), niquel (Ni), zinco (Zn) e manganés (Mn),
diferindo em quantidade para as amostras Iv-ovos, F-ovos, FH-ovos, porém mostrando
uma tendéncia para maiores quantidades na amostra FH-ovos (Figura 7). Quando as
medidas das amostras foram comparadas ndo apresentaram diferencas. Outros
elementos como sédio (Na) e cloro (Cl) da solucao salina para estabilizagéo, silicio (Si)
(substrato de deposicéo) e ouro (Au), que era o elemento de revestimento da amostra,

também foram encontrados.

Figura 6: Analise da composicdo quimica da superficie do ovo de S.mansoni por
EDS. Imagem obtida por microscopia eletrénica de varredura (MEV) de um ovo obtido
de fezes humanas (FH - ovos) de S. mansoni com 25 pontos marcados para analise de
espectroscopia de energia dispersiva (EDS).



105

1.3+
1.24
1.14

0.9
0.8+
0.7
0.6
0.5+
0.4+
0.3+
0.2+
0.1
0.0

% massa

1 (Fe) A
2 (Fe) A
3 (Fe) 1
1 (Cu)A
2 (Cu) 1
3 (Cu) 1
1(Zn)
2 (Zn)
3(zn)
1 (Ni)
2 (Ni) 1
3 (Ni) -
1 (Mn)
2 (Mn)
3 (Mn)

Figura 7: Dados gerados por EDS obtidos de ovos de S. mansoni. Médias da
analise qualitativa de 25 pontos em triplicatas de ovos. Resultados para os elementos
Ni, Zn, Fe, Cu e Mn nas amostras: 1- Iv-ovos; 2 - F-ovos; 3 - FH-ovos

As analises por RBS mostram que as trés amostras testadas: F-ovos, FH-ovos-
PMP e FH-ovos (Figura 8 e Figura 9 A e B) apresentaram Ferro (Fe) em sua superficie.
As analises possibilitaram a visualizacdo de um sinal proximo ao canal 520 que
corresponde a energia dos ions de He retroespalhados por atomos de carbono (C) das
superficies das amostras. Em torno do canal 760, temos o sinal de retroespalhamento
por atomos de oxigénio (O) e canal 1160, o sinal de retroespalhamento por atomos de
silicio (Si), devido a laminula. Junto ao canal 1240 temos o sinal de retroespalhamento
por atomos de enxofre (S), em seguida, temos o reto espalhamento dos atomos de
calcio (Ca) junto ao canal 1360, o retro espalhamento dos atomos de ferro (Fe) perto do
canal 1525 e o de bario (Ba) em 1790. Finalmente, temos retro espalhamento por
atomos que faziam parte da solucdo de PBS: Sddio (Na), Fésforo (P), Cloro (Cl) e
Potassio (K) préximos aos canais 1000, 1200, 1320 e 1350, respectivamente. A altura

relativa entre dois sinais de elementos distintos de um mesmo espectro indica a

guantidade relativa entre eles.
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Figura 8: Gréfico gerado pela andlise de RBS, demonstrando retroespalhamento
dos atomos de ferro (Fe) perto do canal 1525 em amostra contendo ovos obtidos
de figado de camundongo (F - ovos). O pico indica pequena quantidade de ferro.
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Figura 9: Graficos gerados pela analise de RBS demonstram retroespalhamento
dos atomos de ferro (Fe) perto do canal 1525: A- FH-ovos-PMP com pico indicando
grande quantidade de ferro, devido a presenca de particulas paramagnéticas na
superficie dos ovos; B- FH-ovos com pico indicando ferro.
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2.2. Varredura de absorbancia no ultravioleta

Dados obtidos pela varredura de absorbancia no ultravioleta (UV), de amostras
de PS, FC e miracidios indicaram leituras em torno de 260-280 nm (Figura 10),
caracteristica de aminoacidos aromaticos em proteinas, como triptofano, fenilalanina e
tirosina, nessa ordem de intensidade. Leituras em comprimentos de onda em torno de

210-220 indicam duplas liga¢Bes, como ocorre na ligacéo peptidica, por exemplo.
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5 -~ Miracidios
o
S 20100
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200 220 240 260 280 300 320 340 360 380 400
Comprimento de onda/nm

Figura 10: Pico obtido em Varredura de absorbancia (UV) indica presenca de
proteinas. Varredura de absorbancia corresponde a um comprimento de onda de 200
nm a 400 nm das amostras contendo fragmentos de cascas de ovos de S. mansoni
(FC), porcao soluvel (PS) e miracidios.

2.3. Anélise de quimiluminescéncia das amostras testadas

As diferentes amostras porcéo soluvel (PS), fragmentos de casca (FC) de ovos,
e miracidios, apresentam curvas de quimiluminescéncia diferenciadas que se mantém
ao longo de 5 min, apresentando pico de luminescéncia rapido no primeiro intervalo de
registro (Figura 11 A). A amostra contendo miracidios apresentou luminescéncia
superior, estatisticamente significativa (p<0,05), detectavel mesmo a quantidade mais
baixa de miracidios por pL (0,25 Un/pL) (Figura 11 B).
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Figura 11: Comparacao de quimiluminescéncia (CL) entre porcéo soluvel (PS),
fragmentos de cascas (FC), e miracidios. A- Amostras apresentado curvas de
quimiluminescéncia diferenciadas mantidas ao longo de 5 minutos. B- Grafico
demonstrando &rea sob a curva das solu¢des. Por¢do contendo miracidios (0,25Un/uL)
apresentou maior quimiluminescéncia. Todas as amostras apresentaram diferencas
estatisticas quando comparadas ao controle PBS 1X (p<0,05). Comprimento de onda
de 431 nm.

2.4. Inibicdo de quimiluminescéncia por agentes redutores

Os resultados obtidos tratando-se as amostras com Ditiotreitol (DTT), um forte

agente redutor, evidenciaram que o(s) composto(s) que aumenta (m) a luminescéncia
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nos ovos de S. mansoni € nos miracidios é sensivel a oxidoredugcédo. Quando 0s grupos
contendo o agente redutor DTT em diferentes concentragbes foram analisados
estatisticamente, apenas as amostras PS e FC contendo 50 mM diferiram
significativamente (p<0,05) em relacdo aos seus controles (Figura 12). Ja para 0s
miracidios, observou-se que ambas as concentracdes de DTT testadas (20 e 50 mM)
provocaram inibicdo da luminescéncia.

O 2-Mercaptoetanol, um agente redutor mais fraco que o ditiotreitol, ndo foi

capaz de inibir a quimiluminescéncia em nenhuma das amostras testadas (Figura 13).
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Figura 12: Efeito do agente redutor Ditiotreitol (DTT), na quimiluminescéncia de
amostras da porcédo soluvel (PS) e fragmentos de cascas (FC) de ovos, e
miracidios. O redutor nas diluicbes de 20 mM e 50 mM foi pré-incubado com as
amostras por 2 horas a temperatura ambiente, antes da adi¢cdo de luminol. Quando as
amostras foram comparadas com seus controles, todas tratadas com DTT (20 mM e 50
mM) apresentaram diferencas significativas (p<0,05). Comprimento de onda de 431 nm.
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Figura 13: Efeito de agente redutor 2-Mercaptoetanol, na quimiluminescéncia de
amostras da porcdo soluvel (PS) e fragmentos de cascas (FC) de ovos, e
miracidios. O redutor nas diluicdes de 20 mM e 50 mM foi pré-incubado com as
amostras por 2 horas a temperatura ambiente, antes da adicdo de luminol. Quando as
amostras foram comparadas com seus controles ndo apresentaram diferencas
significativas. Comprimento de onda de 431 nm.

2.5. Influéncia de metais na quimiluminescéncia

Os resultados obtidos com na presenca de EDTA e EGTA, agentes guelantes
especificos para Na“ e Ca®**, demonstraram ndo haver influéncia destes na
quimiluminescéncia, indicando que o(s) composto(s) néo requer (em) ions Na* (EDTA)
ou Ca®* (EGTA). A andlise estatistica das amostras PS, FC e miracidios revelou ndo
haver diferencas significativas, em ambas as concentragdes testadas, quando
comparado aos seus controles (Figura 14 A e B).

Ja o tratamento das amostras com Fenantrolina a 50 mM, um quelante de metais
pesados, reduziu a quimiluminescéncia em todas as amostras testadas. Na
concentragdo mais baixa, 20 mM, a Fenantrolina inibiu a quimiluminescéncia somente

dos miracidios (Figura 15).
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Figura 14: Efeito do uso de quelantes, EDTA e EGTA, na quimiluminescéncia de
amostras da porcédo soluvel (PS) e fragmentos de cascas (FC) de ovos, e
miracidios. Os quelantes, nas concentractes de 20 mM e 50 mM, foram pré-incubadas
por 2 h a temperatura ambiente com as amostras de por¢ao soluvel (PS) e fragmentos
de cascas (FC) de ovos, e miracidios, antes da adi¢cdo de luminol. A- EDTA; B- EDTA.
Quando as amostras foram comparadas com seus controles ndo apresentaram
diferencas significativas. Comprimento de onda de 431 nm.
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Figura 15: Efeito do quelante Fenantrolina, na quimiluminescéncia de amostras da
porcdo soluvel (PS) e fragmentos de cascas (FC) de ovos, e miracidios. O
quelante, nas concentracdes de 20 mM e 50 mM, foi pré-incubadas por 2 h a
temperatura ambiente com as amostras de porc¢ao soluvel (PS) e fragmentos de cascas
(FC) de ovos, e miracidios, antes da adi¢cao de luminol. Apenas as amostras PS, FC 50
mM e miracidios 20 e 50 mM, apresentaram diferencas significativas quando
comparadas aos seus controles (p<0,05). Comprimento de onda de 431 nm.

2.6. Efeito de oxidacao e alta temperatura na quimiluminescéncia

Os resultados obtidos na Figura 12 indicaram que o(s) composto(s)
responsavel(éis) pela quimiluminescéncia necessita(m) estar em um estado oxidado,
que é revertido na presenca de ditiotreitol (DTT). Para investigar se a
quimiluminescéncia poderia ser potenciada por oxidacao adicional, ou se seria inibida
por excesso de oxidagdo, aumentou-se a oxigenacdo das amostras PS, FC e
miracidios, por 10 ciclos de aspiragdo/ejecdo das solugbes em uma seringa. A
comparacao das amostras revelou que nao houve diferenga significativa em relacao
aos controles (Figura 16 A), demonstrando que o(S) composto(s) responsavel(éis) ja
encontrava(m) plenamente oxidado(s)

Quando as amostras foram aquecidas a 100 °C por 5 min, e o0s resultados

comparados com controles ndo aquecidos, ndo foi possivel verificar diferencas
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significativas entre eles, demonstrando que o(s) composto(s) é (sdo) termoestavel(éis)
(Figura 16 B).
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Figura 16: Efeito da oxidacéo e da alta temperatura na quimiluminescéncia.

A- Oxigenacéo induzida por 10 ciclos de aspiracéo/ejecdo com seringa de Insulina em
amostras PS, FC e miracidios. B- Aquecimento a 100°C por 5 minutos de amostras
PS, FC e miracidios. Como controles positivos foram utilizados PS, FC e miracidios
nao tratados. Quando ambas as amostras foram compradas com seus controles nao
apresentaram diferencas significativas. Comprimento de onda de 431 nm.
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2.7. Estimativa da massa molecular

Os resultados obtidos com ultrafiltragdo da amostra PS em membranas porosas
com corte de 3 kDa e de 10 kDa revelou que o composto ou compostos
quimiluminescente(s) existente(s) tanto porcao lisada dos ovos (PS) como nos

miracidios, possui(em) massa molecular menor que 3 kDa (Figura 17 A e B).
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Figura 17: Estimativa da massa molecular por ultrafiltragdo. A- Quimiluminescéncia
obtida em amostras PS e miracidios apés ultrafiltracio em membrana de 10 kDa. B-
Quimiluminescéncia obtida em amostras PS e miracidios apoés ultrafiltracdo em
membrana de 3 kDa. “Concentrado” se refere ao material retido nas membranas,
“ultrafiltrado” se refere ao material que passou pelos poros das membranas. Das
amostras testadas, apenas o ultrafiltrado de miracidios (membrana de 10 kDa e 3 kDa)
e ultrafitrado de PS (membrana de 3 kDa) apresentaram diferencas significativas
guando comparadas com o0s seus controles (p<0,05). Comprimento de onda de 431 nm.
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2.8. Existéncia de metais nas amostras contendo miracidios e na porcao

PS dos ovos

As amostras analisadas em ICP-MS revelaram a existéncia de metais como Mg,
Ca, Fe, Ni, Cu e Zn em miracidios e Mg e Ca na porcdo PS. Os dados encontram-se

resumidos na Tabela 1.

Tabela 1: Andlise de metais por ICP-MS de 10.000 miracidios e porcdo PS

Elemento Mg Ca Fe Ni Cu Zn
(Mg/10k) (ug/10k) (Mg/10k) (Mg/10k) (Mg/10k) (Mg/10k)
Miracidios 0,34 1,13 0,49 0,02 0,03 0,15
PS 65,0 671,0 - - - -

ug/10K: microgramas por 10.000 miracidios
ug/L: microgramas por Litro da amostra
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5. DISCUSSAO E CONCLUSAO

Mesmo ap0ls a otimizacdo da metodologia Helmitex pelo uso da ninidrina, a
dificuldade para a entrega do resultado diagnostico do método ainda depende da
varredura de todo sedimento final de uma amostra, independentemente de esta ser
negativa ou positiva. Esta leitura ainda precisa ser realizada por um profissional
treinado na visualizacdo direta de ovos.

Entre 2003 e 2006 entre inUmeros experimentos realizados para estabelecer a
prova de conceito do Helmintex®, um em especial visava comparar trés particulas
paramagnéticas com diferentes moléculas superficiais. Com 6timos resultados obtidos
na utilizacdo de particulas cobertas com estreptavidina, iniciaram-se no laboratorio de
parasitologia o0s primeiros testes que envolviam quimiluminescéncia, utilizando
incubacdo de ovos de S. mansoni com peroxidase biotinilada e a revelacdo com
luminol. Passados sete anos dos experimentos iniciais e com 0 surgimento de artigos
gue revelaram a existéncia de cobre (Cu) (Mathieson e Wilson, 2010; DeWalick et al.,
2011) e de ferro (Fe) (Kral et al., 2013) em ovos de S. mansoni, a ideia de revelar a
presenca dos ovos por quimiluminescéncia voltou a ser testada com a utilizacéo direta
de uma solucéo de luminol.

As primeiras experimentacdes revelaram que ovos de S. mansoni em contato
com solucado contendo Luminol-H,0, emitiam luz, e que estd luz seria passivel de
quantificacdo. Prém, evidenciaram também diferencas na emissdo de luz entre ovos
obtidos de figado de camundongos, cultivo in vitro e fezes humanas. Este resultado
mostrou que o fenbmeno de quimiluminescéncia poderia também estar relacionado a
moléculas biologicas, incluindo grupos protéticos ativos para reacdes redox (Lindley,
1996; Wilson e Schiffrin, 1996), alguns ja descritos nas cascas de ovos e miracidios
como proteina dismutase, tioredoxina peroxidase (DeWalick et al., 2011), tiorredoxina,
superéxido dismutase, peroxidase dependente de ferro (Fe) (Mathieson e Wilson,
2010). Uma hipdtese para explicar as diferencas na emissdo de luz é que estes
compostos poderiam estar presentes em maior ou menor quantidade durante as

diferentes etapas de maturacdo dos ovos (Jurberg et al., 2009). Este achado também
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revelou que ovos figado de camundongos, cultivo in vitro e fezes humanas ndo sao
iguais em sua composicao biolégica.

Com o delineamento dos experimentos e resultados que demonstravam maior
quimiluminescéncia em ovos de fezes humanas apos adicdo de particulas
paramagnéticas que contém oOxido de ferro (Fe), o passo seguinte para utilizacdo da
nova metodologia em sedimentos humanos revelou que apenas 100 pL retirados do
sedimento final Helmintex seriam suficientes para determinar a positividade de uma
amostra, para uma leitura de 5 min em espectrofotbmetro. A leitura realizada em placas
de polistireno opaco de 96 pocos também possibilitou avaliar mais de uma amostra por
vez (1 até 8 amostras), revelando rapidamente amostras positivas, e eliminando as
negativas, tornando-se especialmente util em trabalhos de campo.

O desenvolvimento da metodologia Helmintex® teve como finalidade a detecgéo
de ovos de S. mansoni, por este motivo toda estrutura da metodologia esta baseada na
eliminacdo de detritos e selecdo de ovos com diametros superiores a 45 um, devido
especificamente a abertura da Ultima peneira de tamisacdo. Os ovos de Ascaris
lumbricoides foram testados quanto a reatividade de quimiluminescéncia como
controles de especificidade, pois os ovos com diametro superior a 45 um sao retidos
juntamente com ovos de S. mansoni na etapa final de peneiramento. Foi demonstrado
gue as suspensdes de ovos de A. lumbricoides superiores a 25 ovos/100 pL podem
produzir um pico de quimiluminescéncia acima do ponto de corte para a deteccao de S.
mansoni. Esta observagéo preliminar merece novas investigagdes visando melhorar a
especificidade do diagnostico da esquistossomose pelo procedimento Helmintex e
quimiluminescéncia, e também explorar a utilidade da reagcdo quimiluminescéncia para
detectar outras infec¢gbes helminticas.

A extensa busca pelos composto(s) responsavel(eis) pela quimiluminescéncia
em ovos de S. mansoni apresentou como um obstaculo significativo, a dificuldade na
obtencdo de grandes quantidades de ovos oriundos de fezes humanas. Mesmo assim,
0s experimentos realizados pelas técnicas de EDS e RBS, nas quais foi possivel
analisar ovos de fezes humanas, revelaram a existéncia de ferro (Fe), na superficie de

ovos livres de particulas paramagnéticas (Figuras 7, 8 e 9).
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Os resultados aqui obtidos a partir da sonicacdo de ovos coletados de figados e
miracidios apds a eclosédo natural de ovos de figado de camundongos, revelaram que
todas amostras (PS, FC e miracidios) apresentam algum tipo de composto(s)
guimiluminescente, sendo a maior capacidade de emissdo de luz encontrada nas
amostras contendo miracidios (Figuras 11). Os experimentos envolvendo agentes
redutores, agentes quelantes, oxigenagdo e aquecimento das amostras a 100 °C
revelaram que o(s) composto(s) responsavel(éis) pela quimiluminescéncia € sensivel a
oxidoreducdo (como séo as pontes dissulfeto em proteinas), € termoestavel, e requer
um metal pesado para a emisséo de luz. Por ultrafiltracdo das amostras em membranas
com corte de 3 e 10 kDa, determinou-se que 0o(s) composto(s) quimiluminescente(s)
apresenta(m) massa molecular menor que 3 kDa.

Analise por espectrometria de massa por plasma acoplado indutivamente (ICP-
MS) revelou a existéncia de 0,49 ug/10K de ferro, dado inédito que reforca a hipotese
inicial deste trabalho e sustenta os achados de maior quimiluminescéncia nas amostras
contendo miracidios. Por ICP-MS néo foi possivel detectar ferro (Fe) e cobre (Cu) na
porcdo PS de ovos. As grandes quantidades de magnésio (Mg) e calcio (Ca)
encontradas na por¢cdo PS podem estar relacionadas diretamente com o estagio de
desenvolvimento dos ovos, ja que a eclosdo de miracidios ocorre com o completo
desenvolvimento do ovo, enquanto que a por¢cdo PS é representativa da composi¢cao
interna de ovos de figado, que estdo em estagios de desenvolvimento diversos. Este
fato justificaria as diferencas encontradas na emissdo de quimiluminescéncia das
amostras PS (contendo o lisado de 0,5 Un/uL) e miracidos (contendo 0,25 Un/uL).

Apesar da baixa massa molecular estimada por ultrafiltracéo, ainda € cedo para
descartar que os compostos quimiluminescentes possam ser ou derivar de proteinas
existentes em ovos e miracidios, como proteina superoxido dismutase (Mathieson e
Wilson, 2010; DeWalick et al., 2011), que contem Cu-Zn (Protasio et al., 2012 ou
alguma proteina contendo heme, como peroxidases (Mathieson e Wilson, 2010;
DeWalick et al., 2011), lembrando que peroxidases possuem elevada capacidade de
oxidacdo e em contato com uma solu¢ao de luminol emitem forte quimiluminescéncia
(Lindley, 1996; Wilson e Schiffrin, 1996).
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Portanto, os resultados relatados neste capitulo revelaram um modo inovador de
detectar ovos de S. mansoni através de quimiluminescéncia, no sedimento final do
método Helmintex, com capacidade discriminatéria entre amostras positivas e
negativas, quando analisado apenas 100 pL do sedimento final, tornando-se
especialmente atraente em estudos de campo com centenas de amostras.

Em concluséo, estes resultados demonstram que a quimiluminescéncia permite a
deteccdo de ovos em sedimentos fecais com alta sensibilidade, podendo ser utilizada
na etapa de deteccdo de outros métodos de concentracdo. Esta inovacdo contribuira
para os esforcos de eliminacdo da esquistossomose, potencialmente também das
infec¢des por outros helmintos, e para otimizacdo da avaliacdo comparativa de métodos

diagndésticos moleculares.
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CAPITULO 1lI

Passagem de ovos de Schistosoma mansoni pela parede do intestino de
camundongos.
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1. INTRODUCAO

Para a postura de ovos, as fémeas de S. mansoni migram até o sistema venoso
mesentérico inferior, e a partir dai modulam os mecanismos protetores do hospedeiro
para que a passagem dos ovos pela parede intestinal seja facilitada (Schwartz e Fallon,
2018). Para chegar a luz intestinal, os ovos necessitam vencer a barreira endotelial,
membrana basal das veias e o epitélio intestinal. Inicialmente, este processo depende
da resposta imune do hospedeiro, e requer respostas de linfécitos T CD4 * T-helper 2
(Th2) (Doenhoff et al., 1978; Cheever et al.,, 1993) e subsequente a ativacdo de
macrofagos intestinais (Hebert et al., 2004), mas € provavel que mecanismos adicionais
estejam envolvidos (DeWalick et al., 2014). O tempo necessario para esta transicao
coincide com a viabilidade do ovo, cerca de trés semanas (Jourdane e Théron, 1987).
Assim, 0 ovo é um organismo biologicamente ativo e com total capacidade de interacao
com o hospedeiro (Schwartz e Fallon, 2018).

Embora o processo de excrecdo nas fezes de ovos de S. mansoni ainda
permaneca pouco conhecido até o momento, em uma revisdo recente, Schwartz e
Fallon (2018) relatam que esta passagem pode ser dividida em quatro estagios: I-
Liberacdo do ovo na corrente sanguinea e adesdo ao endotélio; II- Formacao de
granuloma imune-dependente; Il - Transicdo dos ovos entre o endotélio e o epitélio; V-
Liberacdo do ovo no limen intestinal (Schwartz e Fallon, 2018).

Um fato importante para ser lembrado € que ovos de S. mansoni tém uma
estrutura rigida de proteinas reticuladas e, portanto, ndo podem ser impulsionados com
base na movimentacdo do miracidio (DeWalick et al., 2012). Mesmo assim, a hipétese
mais antiga retratava que a migracao até o limen intestinal implicaria a participacdo do
espiculo (Jourdane e Théron, 1987). No entanto, a funcdo do espiculo ainda é incerta,
mas ainda n&o se descartou a possibilidade que este possa facilitar a ligagédo do ovo ao
endotélio, causando danos celulares a este (Schwartz e Fallon, 2018). Lenzi e
colaboradores em 1987, com base em modelos murinos de infeccdo experimental,
propdés que a passagem dos ovos pela parede intestinal seria dependente de
eusindfilos, que danificariam a membrana basal do epitélio, tornando-a penetravel para

0S 0VO0S, e assim, 0S ovos seriam passivamente expelidos pelo peristaltismo intestinal.
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Outros autores afirmaram que a passagem dos ovos pelos vasos sanguineos e paredes
intestinais seria facilitada por enzimas proteoliticas produzidas pelo miracidio (Kloetzl,
1967; Gryseels et al., 2006), uma vez que a passagem dos ovos é coordenada para
coincidir com o completo desenvolvimento dos miracidios (Pellegrino et al., 1962). A
teoria de secrecdo de proteinas por ovos de S. mansoni data de 1954, proposta como
sendo uma fonte de antigenos para sorologia, chamada de “reagéo de precipitagdo em
torno do ovo” (COP) (Oliver-Gonzalez, 1954). Neste teste diagndstico, as proteinas
antigénicas secretadas através dos poros da casca do ovo sdo precipitadas e
visualizadas ao microscépio em torno do ovo, apdés a incubacdo com soro do
hospedeiro contendo anticorpos reativos (Demaree e Hillyer, 1981) Uma proteina
secretada que poderia estar envolvida no processo de passagem de ovos pela parede
intestinal € a Sm16, uma glicoproteina anti-inflamatéria (Cass et al., 2007), que atua
como ligante a lipidios, induzindo a apoptose apO0s sua absorcdo, em células de
mamiferos (Holmfeldt et al., 2007). Porém, sua presenca s6 foi confirmada, até o
momento, em cercarias (Bickle e Oldridge, 1999) e em vermes adultos de S. mansoni,
sendo secretada pelo parasita para a penetracdo cutanea (Rao e Ramaswamy, 2000).
Estudos com S. japonicum, cuja proteina anti-inflamatéria homaéloga € chamada de Sj16
(Hu et al., 2009), relatam sua presenca em cercarias, ovos, miracidios, esporocistos e
esquistossémulo (Gobert et al., 2009).

Experimentos realizados com ovos cultivados in vitro, mostraram a aderéncia de
plaguetas sanguineas a superficie dos ovos (Ngaiza e Doenhoff, 1990; Wu et al., 2007),
sugerindo que estas poderiam participar do extravasamento e excre¢cao dos ovos in
vivo (Ngaiza et al., 1993). DeWalick e colaboradores, em um artigo publicado em 2014,
descreveram que ovos de S. mansoni atraem proteinas e células hospedeiras, como o
fator Von Willebrand e outras proteinas plasmaticas envolvidas na hemostase que se
aderem a casca do ovo, promovendo assim a ligagdo com o endotélio e facilitando a
passagem pela parede do vaso sanguineo (DeWalick et al., 2014). A hip6tese que
aderéncia dos ovos ao endotélio dos vasos sanguineos mesentéricos induz uma
resposta inflamatdria com formacédo de granulomas, facilitando assim a passagem dos
ovos para o lumen intestinal foi sustentada por DeFranco et al. (2007). Esta formacao

granulomatosa envolve compostos liberados pelos ovos que podem se ligar as
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proteinas da matriz extracelular, e assim gerar inflamacdao, facilitando a passagem dos
ovos através da vasculatura mesentérica até as barreiras endoteliais e mucosas do
limen intestinal, possibilitando assim a excrecéo (Cass et al., 2007).

Um estudo publicado em 2013 mostrou que o local da deposicdo de ovos dentro
do trato intestinal influencia a saida eficiente de ovos, sendo que a entrada dos ovos em
Placas de Peyer facilitaria a saida para o lamen intestinal (Turner et al.,, 2012). No
entanto, Schwartz e Fallon (2018) revisaram 0 assunto e relatam que a excrec¢do de
ovos através da parede intestinal s6 pode ser alcancada na presenca de uma
inflamag&o granulomatosa. Contudo, séo ainda desconhecidos os detalhes sobre os
mecanismos que produzem a saida do ovo (Hams et al., 2013).

Este Capitulo da Tese teve como objetivo investigar o fenbmeno da passagem de
ovos de S. mansoni pela parede intestinal de camundongos, buscando constatar se
ocorre fenbmeno de agregacéo (cluster) de ovos, ja observado em cultivo de vermes de
S. mansoni e em varias situacfes do trabalho em laboratério (ANEXO G). Como um
braco de estudo molecular da interacdo ovo-tecidos do hospedeiro, contando também
com colaboragcdo com pesquisadores da Queens University, da Irlanda, foi analisada a
expressdo da proteina Sm16 na superficie dos ovos, durante a sua passagem pela

parede intestinal, através de imunofluorescéncia em cortes histoldgicos parafinados.
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2. OBJETIVO GERAL

Investigar detalhes da passagem de ovos S. mansoni pela parede intestinal

2.1.

Objetivos especificos

Descrever a passagem dos ovos pela parede intestinal do hospedeiro
vertebrado (camundongo Mus musculus);

Investigar a hipétese de agregacédo (cluster) dos ovos na passagem pela
parede intestinal,

Verificar a expressao da proteina Sm16 na superficie dos ovos, durante a

sua passagem pela parede intestinal.
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3. MATERIAIS E METODOS

3.1. Obtencao de intestinos de camundongos infectados com S. mansoni

O ciclo de S. mansoni € mantido pelo laboratério de Parasitologia Biomédica da
Faculdade de Ciéncias da PUCRS, através de passagens por moluscos dos géneros
Biomphalaria sp., e camundongos Mus musculus, cepa Swiss, com aprovacao pelo
Comité de Etica em Animais - PUCRS (CEUA 15/00443).

Apbés 50° dia de infeccdo com 150 ceracrias, 10 camundongos foram
previamente anestesiados com isoflurano 5% para administracdo de 100 pL de
Heparina Sddica 5000 Ul/mL (HEPAMAX-S, Brasil) na cavidade peritoneal. Apés 10
minutos (min), os animais foram novamente anestesiados com isoflurano 5% e
encaminhados para a eutanasia por depressdo anestésica de CO,. Os camundongos
foram perfundidos com uma solucdo contendo 0,13 mol/L de citrato de sddio (Synth,
Brasil) para liberacdo dos vermes adultos, e logo apds, procedeu-se a retirada do
figado e do intestino. O experimento foi dividido em dois grupos com cinco amostras de
intestino cada:

Grupo 1 - Swiss roll: Os intestinos foram abertos longitudinalmente e apés
lavagem para retirada das fezes, estes foram fixados por 60 min em formalina 10% e
entdo enrolados com a serosa para o lado interno (Figura 18), segundo a técnica
denominada Swiss roll (Moolenbeek e Ruitenberg, 1981). Logo apds, os intestinos
foram acomodados em cassetes e acondicionados em formalina 10% até seu

processamento, para obtengéo de cortes histolégicos.
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Figura 18: Grupo 1 - Swiss roll. Representacao gréfica da técnica Swiss roll utilizada
para o processamento de 5 intestinos de camundongos, apos fixacdo em formalina
10%.

Grupo 2 - Cortes transversais: Os intestinos ainda contendo fezes em seu interior
foram acondicionados em formalina 10% por 24 h. Passadas 24h, os intestinos foram
seccionados transversalmente em amostras com 5 mm de espessura provenientes do
duodeno, jejuno, ileo, ceco, cdlon e reto (Figura 19). Os tecidos foram cuidadosamente
acomodados em cassetes e acondicionados em formalina 10% até seu processamento,

para obtencéo de cortes longitudinais.

Fragmento de intestino delgado.
Jejuno

Fragmento de intestino delgado.
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Figura 19: Grupo 2 - Cortes transversais. Representacdo grafica das seccles
travessais de amostras com 5 mm de espessura provenientes do duodeno, jejuno, ileo,
ceco, colon e reto.
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3.2. Histologia

Os cassetes foram acomodados em um processador de tecidos do tipo carrossel,
onde passaram por desidratacdo, diafanizacdo e infiltracdo de parafina. Apdés o
processamento, os tecidos foram incluidos em parafina, cortados em micrétomo com
espessura de 3 pm e corados com Hematoxilina-Eosina (HE), para posterior

observagdo em microscopio.

3.3. Imunofluorescéncia indireta

Blocos pré-selecionados foram novamente cortados em micr6tomo com
espessura de 3 pum e dispostos em duas laminas (um corte positivo e um controle
negativo). As laminas foram colocadas em estufa a 37°C por 10 min e apds, passaram
por processo de desparafinizacdo. A preparacdo da lamina foi realizada com lavagens
em PBS 1X por 5 min (2x), seguida de incubacdo com solucédo de 0,3% de H,O, em
metanol (temperatura ambiente) e posterior lavagem com PBS 1X por 5 min (2x). Apds
as laminas foram bloqueadas com PBS 1X + 10% BSA e incubadas overnight com IgG
de coelho (anti-Sm16) como anticorpo primario, diluido em PBS 1X (1:500). No dia
seguinte, as laminas foram lavadas em PBS 1X por 5 min (2x), e a elas foi adicionado
100 uL de Goat Anti-Rabbit 1IgG H&L (FITC) (Abcam) diluido em PBS 1x (1:300).
Passados 4 minutos, as laminas foram deixadas para secar em local escuro até sua
visualizacdo em microscopio confocal. Um segundo corte do mesmo tecido, nédo

incubado overnight com IgG de coelho (anti-Sm16), foi usado como controle negativo.

3.4. Registro das imagens

As imagens dos cortes histologicos corados em HE foram fotografadas em
microscopio Zeiss Axioskop 40 (Carl Zeiss, Oberkochen, Alemanha), equipado com
videocamera Qlmaging Retiga 2000R (Surrey, Canada), e processadas com o
programa de imagens Image Pro Plus 6.0 Media Cybernetics, Rockville, EUA.

As imagens de imunofluorescéncia indireta foram adquiridas em microscopio

confocal LSM5 Exciter Zeiss.
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4. RESULTADOS

4.1. Passagem dos ovos de S. mansoni pela parede intestinal de

camundongos

As analises dos cortes histologicos dos Grupos 1 - Swiss roll e Grupo 2- Cortes
transversais, revelaram que o fendbmeno de passagem dos ovos de S. mansoni se da
ao longo de todo o intestino do camundongo. Esta passagem ocorre desde o intestino
delgado (duodeno, jejuno e ileo) até o intestino grosso (Ceco, colon e reto) (figuras 20 e
21). O fenbmeno de agregacao (cluster) de ovos foi observado em inUmeros cortes
analisados (Figuras 20, 21 e 22).

As visualizagbes das laminas coradas em HE por microscopia confocal
revelaram a existéncia de um espaco irregular no entorno do ovo, tanto naqueles que
estdo passando pela parede intestinal (b), como em ovos que ja se encontram em meio

as fezes (a) (Figura 22).
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Figura 20: Passagem de ovos de S. mansoni se da ao longo de todo o intestino
de camundongos. Grupo 1 - Swiss Roll. Registro em microscopio, aumento 4x,
coloracdo Hematoxilina-Eosina (HE). Nas imagens as setas indicam granulomas e
agregacao (cluster) de ovos de S. mansoni, no intestino delgado (A e B) e no intestino
grosso (C e D).
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Figura 21: Cortes histologicos revelam fenbmeno de agregacédo (cluster) de ovos
na parede intestinal. Grupo 2 - Cortes transversais. Registro em microscopio Zeiss
Axioskop 40, aumento 4x. A - Intestino delgado, por¢cédo do duodeno, as setas indicam
local com eusinofilia aumentada e agregacdo de mais de oito ovos de S. manoni
passando por microvilosidades; B - Intestino delgado, por¢éo do jejuno, as setas indicam
ovos passando por microvilosidades; C - Intestino delgado, por¢éo do ileo, setas indicam
passagem de ovos em linha e eusinofilia alterada; D - Intestino grosso, por¢céo do ceco,
setas indicam granuloma bem formado contendo ovos, e ovos iniciando passagem pelas
microvilosidades intestinais; E - Intestino grosso, por¢cdo do célon, a seta indica
passagem de mais de cinco ovos por microvilo em regido com eusinofilia aumentada; F -
Intestino grosso, porcao do reto, a seta indica ovos préximo a camada basal do epitélio.
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Figura 22: Passagem de ovos de S. mansoni pela parede do endotélio intestinal
mostrando um espacgo irregular em torno dos ovos. Corte transversal de intestino
grosso. Imagens registradas por microscopia confocal, com laser no comprimento onda
405 e 488 nm em aumento 20x. As setas indicam ovos que ja se encontram no
sedimento fecal (a) e no momento da passagem pelo endotélio intestinal (b). Em
ambos, é possivel observar um espaco irregular em torno dos ovos (*).

4.2. Secrecéo de proteina Sm 16 durante passagem pelo endotélio intestinal

A visualizacdo em microscopio confocal das laminas incubadas com anticorpo
primario (Sm16) revelaram maior florescéncia quando comparadas aos seus controles
(Figura 23).



Controle A " A- Sm16

Controle B

Controle C

Figura 23: Imunofluorescéncia indireta retrata secrecdo da proteina Sm 16
durante passagem de ovos pela parede do endotélio intestinal. Corte transversal
de intestino grosso, obtido de camundongo apés 50 dias de infecgdo por S. mansoni.
Grupos controle (A, B, C) e Sm16 (A, B, C), submetidos a Imunofluorescéncia indireta,
com imagens registradas por microscopia confocal, com laser no comprimento onda
405 e 488 nm. As setas indicam ovos, no momento da passagem pelo endotélio.
Registro em aumento 20x.
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5. DISCUSSAO E CONCLUSAO

O entendimento da fisiopatologia da infec¢do por S. mansoni tem avancado nos
altimos anos com o0 uso de camundongos, mesmo que este modelo experimental
apresente diferencas na fibrose hepética e patologia, em relagdo ao que se observa em
humanos (Fallon, 2000). No modelo murino, o desenvolvimento de granulomas reflete
adequadamente a formacdo granulomatosa humana. Desta forma camundongos séo
modelos adequados para estudar a passagem dos ovos pela parede endotelial
(Schwartz e Fallon, 2018).

A formacgéo de granuloma ao redor de ovos presos dentro do tecido hepatico e
intestinal € uma caracteristica marcante da infeccdo pelo esquistossomo, e a principal
causa de patologia nos hospedeiros infectados. No entanto, o granuloma do ovo
funciona tanto para o hospedeiro quanto para o parasita (Hams et al., 2013): (a)
inflamac&o granulomatosa intestinal facilita o processo de translocagcéo do ovo para o
[limen gastrointestinal; (b) reduz a translocacdo bacteriana do intestino para a
circulacdo do hospedeiro, (c) protege os tecidos do hospedeiro de respostas imunes
exageradas contra antigenos do ovo, e (d) em ultima andlise beneficia os parasitas
adultos, ao favorecer a saida do principal elemento patogénico nesta infeccdo
(Schwartz e Fallon, 2018).

Uma das principais questdes trazidas neste Capitulo era o entendimento da
passagem dos ovos pela parede do endotélio intestinal, com énfase no fenébmeno de
agregacdao (cluster), nunca estudada antes para ovos de S. mansoni. Esta hipotese de
passagem surgiu com a observacdo constante do oviposi¢cdo in vitro e inumeros
registros feitos pelo Grupo de Parasitologia (vide ANEXO G). Tal fenbmeno, se
possivel, favoreceria o equilibrio parasito-hospedeiro.

Ja a ideia de investigacdo da secrecao da proteina Sm16 por imunofluorescéncia
indireta em cortes parafinados, até entdo pioneira, foi guiada por experimentos
realizados por um dos nossos colaboradores, Dr. John P. Dalton da Queens University
Belfast, Irlanda, que identificou por imunolocalizacdo a proteina Sm16 em ovos de S.

mansoni apds técnica de criomicrotomia em figados de camundongo.
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Nossos resultados até o momento comprovaram a hipdétese de passagem de
agregados (cluster) de ovos pela parede intestinal, como frequentemente registrada em
todos os cortes histologicos realizados nos grupos: 1 - Swiss Roll e 2 - Cortes
transversais. Também foi observado no modelo de infeccdo experimental, que a
passagem de ovos ocorre ao longo de todo o intestino, do duodeno até o reto. Na
microscopia confocal, foi observado um espaco irregular em torno dos ovos que estao
passando pela parede intestinal e que se encontram no sedimento fecal. Tal espaco
poderia estar relacionado com a secrecdo de proteinas (enzimas hidroliticas) pelos
ovos de S. mansoni, como ja relatado (Oliver-Gonzéalez, 1954; Demaree e Hillyer,
1981).

Quando os cortes transversais referentes ao intestino grosso foram submetidos
a imunofluorescéncia indireta para verificagcdo da secre¢do da proteina Sm16 por ovos
durante a passagem pela parede intestinal, foi possivel verificar maior fluorescéncia nos
cortes corados com anti-Sm 16, quando comparadas aos controles.

Em conclusao, relatamos pela primeira vez a secrecdo da proteina Sml6 e a
agregacao (cluster) de ovos de S. mansoni, durante a passagem pela parede intestinal

de camundongos.
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CONSIDERACOES FINAIS

O presente estudo teve como objetivo o aprimoramento da metodologia
Helmintex® para o diagnéstico da esquistossomose mansoni. Com base nos dados
apresentados, fica evidente que a otimizacdo do método Helmintex, e sua aplicacdo em
dois grandes estudos de campo, trouxeram a metodologia a certificacdo de sua
sensibilidade, o reconhecimento para sua utilizacdo como método de referéncia para o
diagnoéstico da esquistossomose intestinal, e para a avaliacdo comparativa de outros
testes. Ainda relatamos o uso inédito da quimiluminescéncia na deteccdo de ovos de S.
mansoni, trazendo a metodologia Helmintex agilidade no diagndstico, pela capacidade
discriminatdria entre amostras positivas e negativas de apenas 100 pL do sedimento
final. Tais modificacBes encontram-se sintetizadas na Figura 24. Alem disso, relatamos
pela primeira vez a formacdo de agregados (cluster) e a excre¢cdo da proteina Sm 16
por ovos de S. mansoni durante a passagem pela parede intestinal de camundongos.

Tais dados contribuirdo significativamente para a reducdo da prevaléncia de
infeccbes de intensidade alta (para menos de 5% até 2020), e eliminacdo da
esquistossomose como problema de saude publica (para menos de 1% até 2025),
compromisso este, assumidos pelo Ministério da Saude (Plano Estratégico da
Organizacdo Mundial da Saude 2012-2020).
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Figura 24: Aprimoramento da metodologia Helmintex. Representacdo esquematica do aprimoramento da metodologia
Helmintex, com a utilizacdo de solugcéo de luminol em apenas 100 pL do sedimento final, para discriminar amostras positivas e
negativas, e posterior confirmagao da parasitose e quantificagdo dos ovos, utilizando coloragcéo de ninidrina e visualizagdo em
microscopia optica de todo sedimento final.
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PERSPECTIVAS

o Dar continuidade a investigacdo dos componentes e mecanismos
responsaveis pela gquimiluminescéncia em ovos de S. mansoni obtidos de fezes

humanas com a realizacao de estudos de proteomica;

o Investigar a reagéo de quimiluminescéncia em ovos de outros helmintos;

o Testar a 0 uso do sistema Luminol - H,O, em amostras de HTX obtidas no
municipio de Indiaroba/SE, durante realizacdo do projeto de pesquisa multicéntrico
denominado, “Validagdo de Teste Diagndstico de Urina POC-CCA (Antigeno Catddico
Circulante) para deteccao de esquistossomose em areas de baixa endemicidade”, em
abril de 2019;

o Prosseguir com os estudos sobre a expressdao da proteina Sm1l6 na

superficie dos ovos, durante a sua passagem pela parede intestinal.
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ASPECTOS ETICOS

O presente estudo foi realizado de acordo com as normas da Sociedade
Brasileira de Ciéncia em Animais de Laboratorio (SBCAL), estando vinculado ao projeto
‘Desenvolvimento de metodologias de vigilancia sanitaria e diagndstica da
esquistossomose mansoénica em focos de baixa endemicidade e verificagdo da sua
aplicabilidade pela rede basica de servico de saude”, com a devida aprovacdo do
Comité de Etica da FAMED e de Etica em Pesquisa da PUCRS (Protocolo 2015-0016)
e projeto de “Manutencgédo do ciclo e producdo de antigenos diagnosticos dos helmintos:
Schistossoma mansoni, Angiustrongylus cantonesis e A. Costaricencis”, registro CEUA
15/00443 (ANEXO B).
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ANEXO D - Aprovacao SIPESQ

SIPESQ

Sistema de Pesquisas da PUCRS PROPESQ

Codigo SIPESQ: 6857 Porto Alegre, 22 de setembro de 2015.

Prezado(a) Pesquisador(a),

A Comissdo Cientifica da FACULDADE DE MEDICINA da
PUCRS apreciou e aprovou o Projeto de Pesquisa "Caracterizacdo da
estrutura e superficie dos ovos de Schistosoma mansoni em diferentes
estagios de desenvolvimento para o uso da quimicluminescéncia e suas
interacdes com o hospedeiro” coordenado por VINICIUS DUVAL DA SILVA.
Caso este projeto necessite apreciacdoc do Comité de Etica em Pesquisa
(CEP) efou da Comissdo de Etica no Uso de Animais (CEUA), toda a
documentacdo anexa deve ser idéntica a documentacdo enviada ao
CEP/CEUA, juntamente com o Documento Unificado gerado pelo SIPESQ.

Atenciosamente,

Comisséo Cientifica da FACULDADE DE MEDICINA
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Abstract

Background

In some tropical countries, such as Brazil, schistosomiasis control programs have ledto a
significant reduction in the prevalence and parasite burden of endemic populations. In this
setting, the Kato-Katz technique, as the standard diagnostic method for the diagnosis of
Schistosoma mansoniinfections, which involves the analysis of two slides from one fecal
sample, loses its sensitivity. As a result, a significant number of infected individuals are not
detected. The objective of this study was to perform extensive parasitological testing of up
to three fecal samples and include a rapid urine test (POC-CCA) in a moderate prevalence
area in Northern Minas Gerais, Brazil, and evaluate the performance of each test separately
and in combination.

Methods and findings

A total of 254 individuals were examined with variants of the standard Kato-Katz technique

(up to18 Kato-Katz slides prepared from three fecal samples), a modified Helmintex (30 g of
feces), the saline gradient (500 mg of feces), and the POC-CCA methods. We established a
reference standard taking into consideration all the positive results in any of the parasitologi-
cal exams. Evaluation of the parasite burden by two Kato-Katz slides confirmed that most of
the individuals harbored a light infection. When additional slides and different parasitological

PLOS Neglected Tropical Diseases | https:/doi.org/10.1371/joumal.pntd.0006232 February 22, 2018

1/22




168

@ PLOS NEGLECTED
~Z : TROPICAL DISEASES Diagnosis of schistosomiasis in individuals with low parasite load

Amparo a Pesquisa de Minas Gerais (FAPEMIG),
within the program to support researchers from
the State of Minas Gerais, Brazil (PPM program).
SMG received additional financial support from the
World Health Organization, TDR Program (Small
Grants Scheme, #A-869/2015). The funders had no
role in study design, data collection and analysis,
decision to publish, or preparation of the
manuscript.

Competing interests: The authors have declared
that no competing interests exist.

methods were included, the estimated prevalence rose 2.3 times, from 20.4% to 45.9%.
The best sensitivity was obtained with the Helmintex method (84%). All parasitological
methods readily detected a high or moderate intensity of infection; however, all lost their
high sensitivity in the case of low or very low intensity infections. The overall sensitivity of
POC-CCA (64.9%) was similar to the six Kato-Katz slides from three fecal samples. How-
ever, POC-CCA showed low concordance (k = 0.34) when compared with the reference
standard.

Conclusions

The recommended Kato-Katz method largely underestimated the prevalence of S. mansoni
infection. Because the best performance was achieved with a modified Helmintex method,
this technique might serve as a more precise reference standard. An extended number of
Kato-Katz slides in combination with other parasitological methods or with POC-CCA was
able to detect more than 80% of egg-positive individuals; however, the rapid urine test
(POC-CCA) produced a considerable percentage of false positive results.

Author summary

Human infection with the flatworm Schistesoma mansoni continues to be a public health
problem in many tropical countries, including Brazil. The parasitological method recom-
mended by the World Health Organization for the detection of intestinal schistosomiasis,
the Kato-Katz method (KK), underestimates the prevalence of the infection in endemic
areas with reduced parasite burden. When extensive and supplementary parasitological
exams were performed, the prevalence of schistosomiasis in the examined population
increased 2.3 times. Additional KK slides and other parasitological methods, such as saline
gradient and Helmintex, allowed us to establish a strong reference standard that was used
to assess the parasitological tests and the rapid urine test for the detection of the circulat-
ing cathodic antigen of S. mansoni (POC-CCA). All tests readily detected the presence of
the flatworm in individuals with medium to high parasite loads. The Helmintex method
showed the best performance as it detected almost 84% of all infected individuals. A vari-
ant of the standard KK method, involving six fecal smears from three stool samples,
detected two-thirds of all infections, thus having a performance comparable to that found
with the POC-CCA. A combination of this variant KK method with the POC-CCA may
be a field-applicable alternative to improve the diagnosis of S. inansoni infections in indi-
viduals with low parasite loads in endemic areas.

Introduction

Recent estimates of helminth infections indicate the existence of more than one billion
infected individuals in underdeveloped areas of Africa, Asia, and in Central and South Amer-
ica [1]. Among the different trematode species infecting humans, schistosome species are the
parasites with the highest impact on public health, affecting more than 240 million individuals
and with 700-800 million people living at risk of infection [2-4]. In sub-Saharan Africa,
approximately 280,000 deaths per annum have been attributed to schistosome infections and
their clinical complications [5]. In Brazil, the only schistosome species transmitted among the
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human population is Schistosoma mansoni and estimates vary between 1.5 and 6 million

Since the implementation of the National Schistosomiasis Control Program (NSCP) in the
1970s and decades of consequent chemotherapeutic interventions, the Brazilian health author-
ities reported significant improvements in terms of transmission, prevalence, and parasite load
in the country’s endemic regions, especially in the states of Minas Gerais and Bahia [10]. In
this new epidemiological scenario, most of the infected individuals in endemic areas harbor
low parasite loads and are very unlikely to be detected with the commonly used parasitological
methods [11,12].

The Kato-Katz method (KK) [13] is recommended by the World Health Organization
(WHO) as the standard method for the detection of S. mansoni infection [14-16]. It is very
efficient in individuals with high to medium parasite loads, e.g. more than 100 eggs per gram
of feces, but shows reduced sensitivity in individuals with low parasite loads. Asa consequence,
the real prevalence in an endemic setting may be significantly underestimated and that has led
to shortcomings in the control of schistosomiasis in these areas [17-20]. An important result
of the NSCP was a significant reduction in the number of severe clinical cases and deaths due
to S. mansoni infection [21, 22]. However, the failure to correctly identify all or most of the
individuals with low parasite burden by the standard parasitological approach (1 or 2 KK
slides) has contributed to the continuation of §. mansoni infection, with accompanying con-
tamination of the environment, especially the water bodies, and hence, allow reinfection in
endemic areas. Therefore, if new WHO guidelines about the elimination of schistosome infec-
tions in the world are sought to be achieved [16], new and more sensitive methods, apart from
the standard KK test, will have to be applied.

Due to the reduced performance of the KK method for the diagnosis of S. mansoni infection
in areas with low endemicity, new parasitological methods have been developed such as saline
gradient [23] and Helmintex [24]. Even immunological methods have been re-evaluated in
order to improve detection of S. mansoni infection in endemic populations [25-27]. As an
alternative to enhance the specificity of immunological methods for the diagnosis of schisto-
some infections, some assays focus on the detection of parasite-secreted antigens in serum or
urine samples of infected individuals [28]. Indeed, circulating cathodic antigens (CCA) of 8.
mansoni are released into the circulation by juvenile and adult schistosomes and the levels of
these antigens correlate with the worm burden, thus indicating active infection [29-31]. Based
on these initial studies, a rapid antigen test, the Point-of-Care-CCA rapid test (POC-CCA) was
developed and is commercially available. It detects the circulating antigen in urine samples
and has a higher sensibility than the standard KK method when it was evaluated in schistoso-
miasis endemic areas in Africa [32-35]. However, most of these studies were restricted to
Africa and they only compared the POC-CCA reactivity in urine samples with parasitological
results obtained with the standard KK method and using this method as the reference standard
[36]. Since the KK method is not sensitive enough to identify individuals with low parasite
burden and serve as a “gold standard’, the real efficiency of the POC-CCA to detect S. mansoni
infection in endemic populations remains to be validated in relation to more sensitive parasi-
tological, molecular, and serological methods.

In the present study, we performed a combination of alternative parasitological methods to
detect more precisely intestinal schistosomiasis in an endemic area in Brazil. The thorough
parasitological investigation allowed us to implement a new reference standard to detectactive
S. mansoni infection and to evaluate each of the parasitological methods for its performance
and accuracy. Moreover, we analyzed the potential of POC-CCA rapid urine test as an alterna-
tive for time-consuming parasitological exams in detecting individuals with low parasite
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burden commonly found in endemic areas subjected to long-term chemotherapeutic
interventions.

Materials and methods
Ethics statement

The present study was approved by the Ethics Committee of the Research Center René Rachou—
FIOCRUZ and all project details have been registered on the Brazilian Platform for Research with
Human Subjects (Plataforma Brasil) under the following number: CAAE#21824513.9.0000.5091.
Before any research activities, the local health authorities were contacted and agreed to collaborate
with the researchers from the different institutions. All enrolled participants were required to sign
an informed consent form. Parents or legal guardians signed the informed consent when minors
were involved.

When the parasitological results were positive, the relevant individuals were informed and
received free oral treatment at the local health clinic. Schistosomiasis: praziquantel (40 mg/kg
for adults and 60 mg/kg for children); intestinal helminths: albendazole (400 mg); protozoan
parasites: metronidazole (250 mg/2x/ 5 days).

Study area and population

The study was conducted in a rural area of the district of Brejo do Amparo, Municipality of
Januaria (S1 Fig Supplemental Information), located in the northern part of Minas Gerais
State, Brazil, approximately 600 km from the capital Belo Horizonte. The community is located
along the margins of the Tocantins brook and consists of roughly 270 individuals in total. In
local meetings and house-to-house visits, the project was explained to all interested inhabi-
tants, and stool exams were offered. A family-based socio-economic questionnaire was applied
to gather information on household construction, water supply, sanitation, and other socio-
economical aspects. Also, an individual questionnaire was used to record demographic and
occupational information and to indicate previous clinical conditions that might be relevant
for the research. Based on past interventions carried out by the local health authorities respon-
sible for schistosomiasis control, a prevalence of S. mansoni infection between 15-20% was
expected in this area. According to these authorities, no schistosomiasis control interventions
had been performed in the localities during the last two years before the beginning of the pres-
ent study.

Collection of biological samples and laboratory procedures

Participants were asked to provide a urine sample and three fecal samples, which were col-
lected on consecutive days. Fecal samples were brought to the field laboratory in Januaria to be
processed by the different parasitological methods. The flow diagram in Fig 1 shows the total
number of samples analyzed by each parasitological test and the results obtained with the
rapid urine test (POC-CCA). At least 50 grams of feces were collected with the first fecal sam-
ple using a 500 ml plastic container, which is sufficient for a complete fecal evacuation. The
fecal samples collected in the following days were small and, therefore, 80 ml plastic cups were
used.

Variants of the standard KK technique [13] were perfomed by preparing 14 slides with the
first fecal sample and two slides for the second, and third samples. Slides were examined under
the microscope (100x) for the presence of S. mansoni eggs and other intestinal helminths. The
exams were conducted by experienced microscopists at the Centro de Pesquisas René Rachou
and the Universidade Federal de Minas Gerais. At least 15% of all slides had their reading
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Exclusion
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[ |
Questionnaires Fecal Samples Urine
(n=229)
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Helmintex Saline KATO- HPJ POC-CCA
(n=218) Gradient KATZ Method (n=228)
(n=197) (n=249)
SPL1 SPL1 SPL1 SPL1 SPL1-3
K1-K2 K1-K6 K1-K12 K1-K14 K1-K2
(n=235) (n=214) (n=212) (n=214) (n=188)

Fig 1. Flowchart describing the workflow for the diagnosis of intestinal schistosomiasis in an endemic population
within the district of Brejo do Amparo, Januaria, Minas Gerais, Brazil. Fecal samples were examined with the Kato-
Katz technique with one fecal sample and two (SPL1 K1-K2), six (SPL1 K1-K6), 12 (SPL1 K1-K12), and 14 thick-
smears (SPL1 K1-K14), or with three fecal samples with two slides each (SPL1-3 K1-K2), saline gradient, Helmintex
and spontaneous sedimentation technique (HPJ). Further, individual urine samples were analyzed with the point-of-
care rapid urine test (POC-CCA) that detects the circulating cathodic antigen of Schistosoma mansoni. The numbers in
brackets indicate the number of individuals tested with each method.

https://doi.org/10.137 1/joumal.pntd.0006232.9001

confirmed by a second microscopist, after random selection. The intensity of infection was cal-
culated by determining the mean number of S. mansoni eggs found in each slide and multiply-
ing the mean obtained by 24 to determine the number of eggs per gram of feces (EPG).
According to the World Health Organization [14], the intensity of S. mansoni infection can be
categorized as light (1-99 EPG), moderate (100-399 EPG), or heavy (>400 EPG). The sponta-
neous sedimentation method [37] was used to evaluate the presence of protozoan parasites in
fecal samples.

Next, a subsample was taken from the first fecal sample and processed following the saline
gradient technique and a modified Helmintex method. For the saline gradient method [23], a
suspension of 500 mg of feces was subjected to a slow flow of a 3% saline solution during one
hour. Subsequently, the supernatant was removed and the sediment was placed onto micro-
scope slides to search for S. mansoni eggs. The modified Helmintex method was performed as
described by Favero and colleagues [38]. Briefly, 30 grams of feces from the first fecal sample
were suspended in 70% ethanol, treated with detergent (Tween-20), subjected to repetitive fil-
tration and sedimentation steps, the addition of a solution with magnetic particles, and the
separation of 8. mansoni eggs using a magnetic field. Finally, the free suspension was discarded
and the attached particles, which formed the final sediment, were mixed with 3% ninhydrin
solution and transferred onto microscope slides to search for S. mansoni eggs [38].

As mentioned above, each participant was also asked to provide a urine sample to perform
the rapid urine test (POC-CCA, Rapid Medical Diagnostics, Pretoria, South Africa) and detect
the circulating cathodic antigen of S. mansoni. To this end, first-morning urine samples were

5/22
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collected, transferred to the field laboratory in Januaria, aliquoted in 10-15 ml samples, and
stored at -20°C until further testing. The test followed the manufacturers’ gnidelines, and was
read 20 minutes after addition of the urine sample and buffer solution. Test results were scored
as negative if the circulating cathodic antigen band was absent. Positive results were scored as
trace (very light band), weak (+), medium (++) and strong (+++) depending on the intensity
of the circulating cathodic antigen band [28, 39]. Cases with trace results for the circulating
cathodic antigen of S. mansoni were considered as positive. The tests were scored indepen-
dently by two investigators. In case of conflicting results, a third investigator was consulted.

Statistical analyses and performance of the parasitological methods

Analyses were performed using Open Epi, version 3.03 and GraphPad Prism, version 5.0. In
order to evaluate the performance of the different diagnostic tests, a “Reference Standard” was
established, which included all positive results (visible eggs) from any of the parasitological
methods used (18 KK slides, saline gradient, and Helmintex). Normal distribution of the data
was verified by the Shapiro-Wilk test. For non-parametric data and categorical variables, the
Chi-square test was used. To compare the means for continuous variables, the Manny-Whit-
ney U-test and Kruskal-Wallis test were used, with a p-value < 0.05 considered significant.
The overall prevalence of S. mansoni infection in the endemic area was calculated by the num-
ber of egg-positive individuals found in any of the parasitological exams, as defined by the
“Reference Standard”, divided by the total number of participants. To compare the perfor-
mance and accuracy of each method, we calculated the sensitivity, specificity, positive (PPV)
and negative predictive values (NPV), and concordance (kappa index). To evaluate the degree
of concordance between the different methods, the kappa index (k), which varies from 0 to
1.0, followed the following categorization: no agreement if k< 0.01; bad if 0.01 <x<0.20; weak
it 0.21 <x< 0.40; moderate if 0.41<x<0.60; good if 0.61 <1k <0.80, and excellent agreement if
k>>0.81 [40]. The relationship between the intensity of infection, as determined by the mean
EPG value of two slides from the first fecal sample and the semi-quantitative intensity of
POC-CCA results was examined by the Spearman’s rank correlation test.

Results
Characterization of the study population

As shown in Table 1, the parasitological study included 257 individuals, of which 122 were
male (47.5%) and 135 female (52.5%). Age of the participants ranged from 2-88 years, with a
mean age of 34.9 years (SD +22.6) and a median age of 32 years (interquartile range 15-51
years). The number of individuals was equally distributed throughout the different age groups.
The study population was of low income and educational level: 90% of adult individuals
earned minimum Brazilian wages, and almost 80% had only elementary education or less. The
primary drinking water source is the local brook (60% of the residences) and the domestic sew-
age receives no treatment.

The initial fecal analyses performed with the saline gradient and the standard KK (two
slides) methods revealed that 85 individuals were positive for protozoan cysts and 81 individu-
als eliminated helminth eggs in the fecal samples (Table 2). The most prevalent helminthic
infections were intestinal schistosomiasis (20.4%) and hookworm (9.8%). The mean number
of S. mansoni eggs in infected individuals was 210 + 645.8 EPG. Among these 48 infected indi-
viduals, most (66.7%; n = 32) had a low parasite load of less than 100 EPG, 25% (n = 12) had a
moderate infection, and 8.3% were heavily infected (Fig 2A). There was no statistically signifi-
cant association between the prevalence and the intensity of schistosomiasis with gender. Also,
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Table 1. Selected socio-economic parameters and demographics of the study population in a rural community of Brejo do Amparo, Januaria, Minas Gerais, Brazil.

Variables

Age Category @

Category

Total N (%)

Prevalence (%)

Parasite Load Eggs/g feces
(Means +SD) ¢

< 10 38 (16.6) 73 8.9435.1
11-20 43 (18.8) 27.7 153.0+679.9
21-40 61 (26.6) 27.9 36.0191.8
41-60 60 (26.2) 15.4 9.6+47.3
>60 27 (11.8) 8.3 874388

Income (Brazilian minimum wage) ©

< 1 salary 19 (35.9)
1-2 salaries 16 (30.1)
> 2 salaries 18 (34.0)

Sewage system @

Rudimentary cesspool

47 (88.6)

Does not know or no answer

6(11.4)

“Variable evaluated by a questionnaire applied to each participant (n = 229)
®'ariable evaluated by a questionnaire applied to each participant (n = 207). Children under 6 years of age were excluded from the analysis
Variable evaluated by a questionnaire applied to the participants’ families (n = 53 residences).
(d) Parasite loads in males and females and in each age group are indicated as mean eggs per gram of feces + standard deviation(SD), as determined by two KK slides
from one fecal sample for each egg-positive individual.

https://doi.org/10.1371/journal.pntd.0006232.1001

the intensity of 8. mansoni infection was similar among individuals of different age groups (Fig

2B).

Comparison of different methods for the diagnosis of schistosomiasis

To evaluate the sensitivity of the technique recommended by the WHO (two KK slides from
one fecal sample) and other parasitological tests to identify S. mansoni infection, we performed
thorough parasitological examinations using three fecal samples. Moreover, urine samples col-
lected from the participating individuals were tested for the circulating cathodic schistosome
antigen using the rapid urine test (POC-CCA), as described above.

The inclusion of additional parasitological methods for schistosome diagnosis resulted in
the detection of a much higher number of infected individuals within the study population
(Table 3). The apparent prevalence rose from 20.4 to 29.9%, when the number of KK slides
was increased from two to 14 slides, or to 38.3%, when we used two slides prepared from each
of the three fecal samples. Other parasitological methods that used a higher amount of fecal
matter, such as the saline gradient and Helmintex, also detected a higher number of §. man-
soni-infected individuals (Table 3). Overall, and taking into consideration the results of all the
parasitological methods (reference standard), the prevalence of intestinal schistosomiasis
reached 45.9%, which represents a 2.3 times increase in relation to the WHO's recommended
standard KK procedure. The reference standard was used to evaluate the efficacy of each of the
diagnostic methods tested. For the fecal techniques, the best performance was obtained with
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Table 2. Prevalence of Schistosoma mansoni infection and other intestinal parasites in a rural community of the
Municipality of Januaria, Minas Gerais, Brazil.

Number of infected Prevalence (CI 95%)
Intestinal protozoa (n = 249) 85 34.1 (28.3-40.4)
Entamoeba coli 31 12.5(8.6-17.2)
Endolimax nana 25 10.0(6.6-14.5)
Blastocystis hominis 13 5.2(2.8-8.8)
Entamoeba histolytica/dispar 9 3.6(1.7-6.8)
Giardia lamblia 4 1.6 (0.4-4.1)
Todamoeba butschlii 2 0.8(0.1-2.9)
Entamoeba hartmani 1 0.4 (0.01-2.3)
Number of Infected Prevalence (CI 95%)
Helminths (n = 235) 81 34.5 (28.4-40.9)
Schistosoma mansoni® 48 20.4 (15.5-26.2)
Hookworm 23 9.8 (6.3-14.3)
Enterobius vermicularis 8 3.4(1.5-6.6)
Strongyleides stercoralis 1 0.4 (0.01-2.3)
Trichuris trichiura 1 0.4 (0.01-2.3)
Coinfection (S. mansoni + Protozoa) 30 12.1(8.6-16.7)
Coinfection (8. i + other helminths) 11 4.7 (2.6-8.2)

* Positive for Schistosoma mansoni, as determined by two KK slides from one fecal sample.

https://doi.org/10.1371/journal pntd.0006232.1002

the modified Helmintex method, which identified schistosome eggs in feces of 88 individuals
(40.4% of prevalence). This parasitological method showed a high sensitivity (86.6%) and the
highest degree of concordance in relation to the reference standard (kappa = 0.84) (Table 3).
The analysis also demonstrated that the sensitivity of the KK method increased from 41.4%
with two slides from one fecal sample to up to 66.7% with six slides from three fecal samples.
In comparison, if only one fecal sample was processed, the sensitivity remained around 60%,
even when the number of examined slides was increased to 12 or 14 (Table 3 and Fig 3). The
improved performance of the KK method due to an increased number of examined slides (14
slides) or increased sampling effort (three fecal samples) is shown in Fig 3.

Fig 4 shows the prevalence of S. mansoni infection for the differentage groups and as a
function of the parasitological methods, e.g. the standard KK method (2 slides from one fecal
sample) versus the reference standard (18 Kato-Katz slides, saline gradient, and Helmintex).
Using the reference standard, we found that children and young adults (11-20 years of age)
had the highest prevalence (55%) for S. mansoni infection. In contrast, the prevalence was
reduced to less than 50% in the other age groups, being further reduced in the elderly (older
than 60 years of age). Importantly, the prevalence found in each age group, considering the
combination of all parasitological exams (reference standard), was 1.7 to 4.7 times higher than
the prevalence obtained with the recommended two KK slides from one fecal sample (Fig 4).

Classification of infected individuals and performance of the different
parasitological methods according to the parasite load

The parasite load in S. tmansoni infected individuals was determined by counting the eggs
found in two KK slides from one fecal sample and converting the counts in eggs per gram of
feces (EPG), according to standard procedures recommended by the WHO [14]. We assigned
an EPG value of 1 for the individuals who were not detected by two KK slides, but who were

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/joumal.pntd.0006232 February 22, 2018 8/22
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Fig 2. Classification of Schistosoma mansoni-infected individuals according to their parasitic load. A: Individual egg counts of one fecal
sample analyzed with two Kato-Katz slides and classification of egg- positive individuals according to their parasite load. Infection intensity was
determined by the number of eggs per gram of feces (EPG) and was classified as light (1-99 EPG, triangles), moderate (100-399 EPG, squares)
or heavy (>400 EPG, circles). Individual EPG values are plotted on a logarithmic scale and the horizontal bars indicate the mean EPG value in
each category. B: Boxplots showing the median, interquartile ranges, and 95% intervals of the parasite load (EPG) by the different age groups
and indicated on a logarithmic scale. Non-parametric Kruskal-Wallis test revealed no statistical significance between age groups (p > 0.05).

https:/doi.org/10.1371/joumal.pntd.0006232.g002

found positive when additional slides were analysed or when other fecal exams were used.
Thus, we classified 102 individuals with a light parasite load (EPG: 1-99), 12 individuals with a
moderate parasite load (EPG: 100-399), and four individuals with a heavy parasite load (EPG:
400 or more). Therefore, most of the infected individuals within the studied population had a
light parasitic infection.

Next, we analyzed the performance of the parasitological methods in relation to the parasite
load, with the individuals with a light infection being arbitrarily divided into three subgroups
(Lable 4). All the diagnostic methods readily detected individuals with heavy to moderate
infections. On the other hand, the diagnostic methods decreased their sensitivity to detect
individuals with a low parasite load, especially in fecal samples with less than 12 EPG. In this
case, the best performance of the KK method (SPL1-3 K1-K2) reached a sensitivity of only
40%. In the group with a very low parasite load, the saline gradient and the rapid urine test had
sensitivities of 33.9 and 50.8%, respectively. The Helmintex method showed the highest sensi-
tivity for the group with very low parasite load (84.1%).

Table 3. Performance of different parasitological and immunochromatographic methods for the detection of intestinal schistosomiasis in comparison with the ref-
erence standard (18 Kato-Katz slides, saline gradient, and Helmintex).

Method Prevalence (%) Sensitivity % (CI 95%) Kappa Index (CI 95%)
SPL1 K1-K2 20.4 41.4 (32.8-50.5) 0.42 (0.31-0.52)
SLP1 K1-Ké 29.0 56.4 (47.0-65.3) 0.56 (0.44-0.67)

SLP1 K1-K12 30.3 58.7 (49.3-67.5) 0.58 (0.46-0.70)
SLP1 K1-K14 29.9 58.2 (48.8-67.0) 0.58 (0.46-0.70)
SLP1-3 K1-K2 38.3 66.7 (57.3-74.9) 0.63 (0.50-0.76)
Saline Gradient 21.3 44.7 (35.0-54.7) 0.46 (0.34-0.58)
Helmint 40.4 83.8 (75.6-89.6) 0.84 (0.71-0.97)
POC-CCA 47.4 64.9 (55.6-73.1) 0.34 (0.22-047)

Data shows the prevalence, sensitivity, and kappa index of concordance for the Kato-Katz technique obtained with the analysis of one fecal sample using two (SPL1
K1-K2), six (SPL1 K1-K6), 12 (SPL1 K1-K12), and 14 slides (SPL1 K1-K14), or obtained from two slides prepared from each of three fecal samples (SPL1-3 K1-K2), or
obtained with the saline gradient, Helmintex, or with POC-CCA methods.

https://doi.org/10.1371/journal.pntd.0006232.1003
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Fig 3. Prevalence of intestinal schistosomiasis and sensitivity of the Kato-Katz method, according to the number
of examined slides and stool samples. Prevalence of Schistosoma mansoni infection (white bars), as determined by the
analysis of one fecal sample with two (SPL1 K1-K2), six (SPL1 K1-K6), 12 (SPL1 K1-K12) or 14 slides (SPL1 K1-K14),
or obtained with the analysis of two slides prepared from each of three fecal samples (SPL1-3 K1-K2). The sensitivity of
the different numbers of Kato-Katz slides examined (black bars) was calculated in relation to the reference standard,
which included the combined results of 18 Kato-Katz slides, the saline gradient, and the Helmintex methods.

https://doi.org/10.1371/journal.pntd.0006232.9003

Performance of the POC-CCA as diagnostic method for intestinal
schistosomiasis
The POC-CCA identified 108 out of a total of 228 individuals as infected, which resulted in a

prevalence of 47.4% and a sensitivity of 64.9%, when compared with the reference standard
(18 Kato-Katz slides, saline gradient, and Helmintex). The sensitivity of the POC-CCA was
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Fig 4. Prevalence profile of intestinal schistosomiasis in an endemic population divided by ditferent age groups
according to the different parasitological methods. Black circles indicate the prevalence profile in the population
considering the sum of all parasitological methods used (reference standard: 18 Kato-Katz slides, saline gradient, and
Helmintex); grey squares indicate the prevalence profile considering the recommended two KK slides from one fecal
sample. Prevalence values (%) for each age group are indicated.

https://doi.org/10.1371/jounal.pntd.0006232.0004
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Table 4. Sensitivity of different diagnostic methods for the detection of intestinal schistosomiasis considering the parasite load, as defined by egg counts of two
Kato-Katz slides.

Classification by Parasite Load (EPG value)
Sensitivity (%) of each diagnostic method

SPLI K1-K2 070)

SPL1 KI-K12 27417/62)
SPLI-3 K1-K2 400 (24/60)
841 (53/63)

Data show the sensitivity (%) of each diagnostic method and the number of individuals detected positive for intestinal schistosomiasis versus the total number of
examined individuals (in brackets), according to parasite load classification. Individuals with a light infection were arbitrarily divided into three subgroups with egg
counts of 99-50 eggs per gram of feces (EPG), 49-12 EPG, and less than 12 EPG.

https://doi.org/10.1371/journal.pntd.0006232.t004

superior to the saline gradient and comparable to the results obtained with six KK slides from
three fecal samples. However, the kappa index of the urine test was considerably lower than
that obtained with the other parasitological tests (Table 5).

The performance of the POC-CCA is illustrated in Fig 5. The visual scores ranged from
negative to trace, weak (+), moderate (++), and strongly positive (+++), with trace results con-
sidered a positive reaction for S. mansoni infection, as recommended by the manufacturer (Fig
5A). Comparing the POC-CCA result with the other parasitological analyses, we observed
that, of the 139 negative individuals in the parasitological tests, only 116 participants provided
urine samples for the POC-CCA test. Of these individuals, 81 (70%) were also found not reac-
tive (negative) in the urine test. However, 33 urine samples (28%) from the individuals found
negative by the other parasitological tests showed a trace reaction and another two samples
(1.7%) of parasitologically negative individuals had a weak positive result (+) (Fig 58). Among
these 35 individuals, only four (11.4%) individuals had a hookworm infection and eight
(22.9%) individuals presented with protozoan cysts in their feces.

From 118 individuals found positive for S. mansoni eggs in any of the parasitological exams
(reference standard), 112 participants provided urine samples. Out of these 112 samples, 73
(65%) were tested positive for the circulating cathodic antigen of S. mansoni and were in

Table 5. Performance of the rapid urine test for circulating cathodic antigen of Schistosoma mansoni (POC-CCA), as compared with the reference standard of a pos-
itive result in any of the used parasitological methods.

Method P Fp TN FN Prevalence % Sensitivity % Specificity % PPV (%) NPV (%) Kappa
(n positives/ n total) (CI 95%) (CI 95%) (CI 95%)
POC-CCA** 30 2 114 82 14.0 26.8 98.3 93.8 58.2 0.25(0.17-0.35)
(n = 32 0f 228) (19.5-35.7) (93.9-995) | (799-983) | (51.2-649)

The POC-CCA test was evaluated considering trace results as a positive result (*), as indicated by the manufacturer, or considering trace results as a negative result (**).
The data show the number of true positive (TP), false positive (FP), true negative (TN}, and false negative (FN) individuals, as well as the prevalence (%), sensitivity,
specificity, and kappa index, together with the respective confidence intervals (CI), of concordance of each test.

hitps://doi.org/10.1371/journal pntd.0006232.t005
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Fig 5. Performance of the rapid urine test (POC-CCA) for the diagnosis of Schistosoma mansoni infection. A:
Photograph showing the different reactions possible with the POC-CCA: negative, trace, weak (+), medium (++) and
strong (+++). B: Distribution of the POC-CCA results in individuals from an endemic area classified as negative (n = 116)
or positive (n = 112) for S. mansoni infection by extensive parasitological testing (Reference standard: 18 Kato-Katz slides,
saline gradient, and Helmintex); total n = 228). Data indicate the percentages of POC-CCA reactivities in each group of
parasitologically negative or positive individuals. Red circles indicate discordant results in comparison with the reference
standard (false positive: 28 and 2%; or false negative: 35%).

https://doi.org/10.1371/journal.pntd.0006232.9005

agreement with the results of the other parasitological exams. The results were classified as trace,
weak (+), medium (++), or strongly positive (+++) in 43 (38%), 17 (15%), 10 (9%), and three
(3%) of the examined urine samples, respectively (Fig 5B). In contrast, 39 urine samples (35%)
from egg-positive individuals were not reactive in the urine test and, therefore, were misclassified
as uninfected (false negatives). Interestingly, the mean EPG value from these missclassified indi-
viduals was considered as very low (mean EPG: 4.3; minimum: 1 EPG, maximum: 36 EPG).

Out of the 73 samples that were positive according to the reference standard and in the
POC-CCA, 59 (81%), 10 (14%), and four (5%) individuals were considered to have a light, moder-
ate or high parasite load, respectively. A significantly positive correlation was found between the
scores of the POC-CCA and intensity of infection, as determined by individual EPG values
(R = 0.537; p = 0.0001). The agreement between POC-CCA and the reference standard, as the sum
of all parasitological exams, showed a low concordance (k = 0.34), which was even lower when
trace results in the urine test were considered as a negative result (x = 0.25) (see also Table 5).

Combination of methods for an improved diagnosis of intestinal
schistosomiasis

Since the KK method is the recommended technique for the diagnosis of intestinal schistoso-
miasis [14], we compared the combination of more KK slides and fecal samples with the

PLOS Neglected Tropical Di | https://doi.org/10.1371/joumal.pntd.0006232 February 22, 2018 12/22
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Table 6. Prevalence, sensitivity and specificity of different diagnostic tests when combined with the Kato-Katz method, as compared with the reference standard
(18 Kato-Katz slides, saline gradient, and Helmintex).

Combination of Diagnostic Methods Prevalence (%) Combined sensitivity parallel tests (%) Combined specificity parallel tests (%)
SPL1 K1-K2 + GRAD 27.8 67.6 100
SPL1 K1-K6 + GRAD 313 75.9 100
SPL1-3 K1-K2 + GRAD 40.1 81.6 100
SPL1 K1-K2 + HTX 45.4 90.0 100
SPL1 K1-Ké6 + HTX 48.7 92.5 100
SPL1-3 K1-K2 + HTX 56.9 94.3 100
SPL1 K1-K2 + POC-CCA* 48.4 79.4 69.3
SPL1 K1-K2 + POC-CCA™* 33.0 57.1 98.3
SPL1 K1-Ké6 + POC-CCA* 54.1 84.7 69.3
SPL1 K1-K6 + POC-CCA** 39.3 68.1 98.3
SPL1-3 K1-K2 + POC-CCA* 60.3 88.3 69.3
SPL1-3 K1-K2 + POC-CCA** 46.6 75.6 98.3

The Kato-Katz method with an increasing number of slides or fecal samples was combined with the saline gradient (GRAD), Helmintex (HTX) and the rapid urine test
(POC-CCA). Rapid urine test (POC-CCA) with trace results considered positive(") and trace results considered negative(**).

https://doi.org/10.1371/journal.pntd.0006232.1006

modified Helmintex method, saline gradient, and the rapid urine test (POC-CCA). The com-
bination of two KK slides from one fecal sample (1SPL K1-K2) with Helmintex or of six slides
from three fecal samples (SPL1-3 K1-K2) with POC-CCA resulted in the highest prevalence
rates (45.4% and 60.3%) and highest sensitivity rates (90.0% and 88.3%) (Table 6). Looking for
easily applicable diagnostic methods with improved sensitivity for epidemiological studies, we
found that the combination of the KK method with the POC-CCA test produced better results
when the number of slides and fecal samples was increased (Lable 6).

Discussion

Human schistosomiasis is still considered a parasitic infection with global health impact as it
affects about 250 million people in 78 countries and more than 700 million individuals are esti-
mated to live at risk of infection [3,4,16]. In the Americas, the only schistosome species is S. man-
soni and recent estimates indicated about 1.8 million infected individuals and approximately 25
million people living at risk of infection, with most of the cases occurring in Brazil [9]. In Brazil,
transmission of schistosomiasis occurs in 19 states with a larger presence in the northeastern states
as well as Minas Gerais, and Espirito Santo [41]. Recent data released by the Brazilian Ministry of
Health in 2012 indicated a positivity rate of 4.5% of examined individuals residing in the endemic
areas covered by the National Program for Schistosomiasis Control [42].

The large-scale parasitological screening, individual diagnosis, and ongoing treatment with
praziquantel promoted by the NPSC led to a considerable reduction of infection rates, severe
clinical cases, and transmission of S. mansoni in endemic areas [21, 42]. For field-based diag-
nosis, the recommended tool for the detection of intestinal schistosomiasis is the KK thick-
smear method [13], which detects schistosome eggs in two KK slides from one fecal sample
[14]. However, it has been shown, in different endemic settings, that this technique is not sen-
sitive enough to detect schistosomiasis in individuals with low parasite burden [17,25,43-47],
being even less sensitive when only one KK slide was examined, as usually occurs during the
interventions promoted by the NPSC [12,19,20]. Thus, the Brazilian Ministry of Health recom-
mends the examination of a higher number of KK slides in areas where the parasite burden is
supposed to be low [42].

13/22
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In the present study, we tested the sensitivity of an increasing number of KK slides using up
to three fecal samples and compared its performance with other parasitological methods in an
area endemic for intestinal schistosomiasis. By performing thorough parasitological exams, we
aimed to get close to the ‘real’ picture of S. mansoni infections in this endemic region, which is
located within the area of action of the NSPC, but had not suffered any intervention in the two
years before the beginning of the present study. The diagnostic effort presented herein allowed
us to evaluate different parasitological methods in the light of a strong reference standard,
uniquely defined in this study.

Most of the population from the rural area studied herein had no adequate water supply
and sanitation. While waterborne protozoan infections were common, other intestinal hel-
minth infections were less frequent. 8. mansoni infection was initially estimated to be 20.4%,
after examination of two KK slides from one fecal sample, which led the area to be classified as
with moderate risk of infection [48]. The classification of infected individuals according to
their parasite load [14] confirmed that two thirds of the initially diagnosed individuals har-
bored alight S. mansoni infection and less than 10% had a heavy infection. After performing
additional KK slides and other parasitological methods, the prevalence rose to 45.9%, which
represented a 2.3 times increase when compared with the initial exams and indicated nearly
half of the examined population as infected. As revealed by previous studies in areas of low
transmission of S. mansoni [12,19,20,25], the prevalence of infection for this parasite in the
area studied herein was largely underestimated when only the standard KK method was used.
The prevalence profile for intestinal schistosomiasis in different age groups revealed herein
matched that from other studies [4, 49,50]. However, if the standard method of two KK slides
was compared with our reference standard (18 KK slides + saline gradient + Helmintex), we
identified up to 4.7 times higher prevalences in the different age groups. This is in line with

results published previously [19, 20|, showing that an increase in the number of examined KK
slides considerably augmented the number of egg-positive individuals. However, and this goes
beyond the already existing data on the evaluation and performance of multiple KK slides, we
showed that even using the superior version of the KK technique, which involves analyzing
two slides from three different fecal samples, we still missed more than one third of the
infected population.

Besides the KK technique, the other parasitological tests composing our reference standard
included a saline gradient using 500 mg of fecal matter from the first fecal sample [23] and per-
formed modified Helmintex method [38], which used up to 30 grams of feces. Using these
methods, a considerable number of additional egg-positive individuals were detected, with the
Helmintex method presenting the best performance and a sensitivity of over 80%. Initially, the
Helmintex method was described of being 30 times more sensitive than the standard KK
method [24], which is mainly due to the high amount of examined fecal matter, the successive
sieving and concentration processes and the separation and distinction of eggs by paramag-
netic beads and additional staining methods in the modified version [38]. A study investigat-
ing a low transmission area in the northeast of Brazil using the Helmintex method showed
similar results to ours published [51]. However, it has to be emphasized that, in the present set-
ting, none of the parasitological methods tested herein was able to detect eggs in every positive
sample. In this context it is interesting to note, that in seeding experiments with 30 grams of
feces, the recovery of schistosome eggs in fecal samples processed by the Helmintex method
was about 27%, only [38]. Further, it was not the aim of the study to evaluate and compare the
different methods in terms of applicability in field surveys, as well as operational, personnel,
and logistics and other factors that influence their implementation, as stated by others [19, 52-
54].
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An interesting alternative to the time consuming and labor intensive parasitological meth-
ods are rapid immunochromatographic tests for circulating antigens. Therefore, we included
the commercialized rapid urine test (POC-CCA) [28] in our study and evaluated it in compari-
son with our parasitological reference standard The POC-CCA has shown promising results
for the detection of intestinal schistosomiasis in various settings in Africa and Asia [32-34,

56]. When the S. mansoni egg-positive individuals tested herein were classified according to
their parasite load, the parasitological tests and the POC-CCA readily detected the individuals
with heavy or moderate infections. In contrast, all tests (parasitological and the POC-CCA)
showed reduced sensitivities when individuals with a low (99-12 EPG) or very low (less than
12 EPG) parasite load had to be detected. Especially in the case of very low parasite load, the
KK technique, at its best, only detected 40% of the infected individuals. In the case of the indi-
viduals with very low parasite load, the POC-CCA and the Helmintex methods showed the
best performance with sensitivities of more than 50 and 84%, respectively.

The rapid urine test (POC-CCA) has been successfully tested in different regions of Africa
and Asia [32,34, 56-58] and there are initiatives which favor this test for screening and map-
ping of intestinal schistosomiasis and improve transmission control and the elimination of
schistosomiasis [59,60]. However, the epidemiological situation of intestinal schistosomiasis in
most areas in Brazil is different from that found in many endemic settings in other tropical
countries. This is probably because the country has a national program for schistosomiasis
control since the 1970s with regular intervals of diagnosis and treatment rounds in endemic
populations. Data from the Brazilian Ministry of Health [42] and risk mapping of schistosomi-
asis in the country [61-63] indicated a considerable decrease in infection rates and high preva-
lence risk areas with ongoing interventions [42, 63]. However, these claims might be overly
optimistic since they are based on data from one KK slide from one fecal sample. In any case,
according to the government-published data, as a result of the NPSC interventions, the para-
site burden, significant morbidity, and mortality rates decreased during the last two decades
[42]. We evaluated the performance of POC-CCA and compared it with the reference standard
to detect S. mansoni infection in individuals of a community where NPSC’s interventions
including varying rounds of treatment had been promoted. The POC-CCA showed a sensitiv-
ity of approximately 65%, which is superior to that obtained with the saline gradient method,
comparable with the results obtained with KK variant using six KK slides from three fecal sam-
ples, and inferior to the sensitivity found with Helmintex, when the criteria of evaluation were
used as indicated by the manufacturer that is, if ‘trace’ was considered a positive result. A simi-
lar result for the sensitivity of POC-CCA and comparison with the performance of multiple
KK smears was obtained in an endemic area in Africa [64]. In our study, the main shortcom-
ing of the rapid urine test (POC-CCA) was a low concordance with the reference standard,
since we found 30 and 35% of false positive and false negative results, respectively. This low
concordance for the rapid urine test was not observed in other studies where parasitological
efforts for detection of schistosome eggs in feces were far less rigorous [35, 65]. Also, the dis-
crepancy might be partially explained by the discontinuous distribution of eggs in the fecal
matter, intermittent egg excretion, a small number of female worms, or by occult infections
with just one sex or aging worms. This is somewhat expected in elderly individuals since they
rarely visit contaminated water streams and are, therefore, less prone to reinfection
than 98%, but the sensitivity dropped to less than 27%, which we consider insufficient for a
screening method. In a recent study, the performance of POC-CCA was compared with that of
a KK test with two slides of one fecal sample, as recommended by WHO, and without further
extensive parasitological testing [65]. Even in that experimental setting, without a strong refer-
ence standard, the rapid urine test had a considerable percentage of false positive results, and
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that occurred even for individuals from an area considered as non-endemic for schistosomia-
sis. Additionally, 14% were classified as negative by the urine test, but these were proven to be
positive during parasitological exams [65]. Previous studies have reported cross-reactivity
between schistosomes and other intestinal helminths or other clinical conditions that can lead
to a false positive POC-CCA result [68-70]. However, we were not able to correlate any intesti-
nal protozoan or helminth infection with a ‘trace” or positive POC-CCA result.

In order to improve the performance of POC-CCA test and elucidate the situation of indi-
viduals who were tested as ‘trace’, prior concentration of urine by lyophilization significantly
improved the concordance of the test in individuals with low parasite burden [70]. Also, recent
investigations on the specificity and sensitivity of methods for the detection of circulating
anodic antigen (CAA) from schistosomes seem to be even more promising [71-74].

To reach a maximum sensitivity and specificity and indicate alternatives for schistosomiasis
control programs, we tried to combine the standard KK method and different modifications of
this technique with the other parasitological methods or the POC-CCA. The best KK variant
tested herein (six slides prepared from three fecal samples) achieved a sensitivity of 82, 88, and
94% when combined with the saline gradient, POC-CCA or Helmintex methods, respectively.
Whether any of these scenarios is applicable to large-scale national control programs has to be
carefully evaluated, considering logistic and economic aspects [54]. In any case, maybe a first para-
sitological test has to be combined with a second more specific test for schistosomiasis in order to
join efforts against soil-transmitted helminthiasis and schistosomiasis [54,59,75]. Further, we
believe that in areas of low endemicity or low intensity infections, serology or molecular biology,
as proposed elsewhere [11,25,76-78], might be valuable alternatives to be included as additional
diagnostic procedures. We are currently investigating the performance of molecular biological
methods and serology in the parasitologically well-defined population studied herein.

In conclusion, we showed that in endemic areas of intestinal schistosomiasis with low-
intensity infections, the actual prevalence can be underestimated by up to 4.7 times when mea-
sured by the recommended standard procedure. The rigorous parasitological testing of three
fecal samples allowed us to evaluate parasitological and immunochromatographic methods for
diagnosis of infection with S. mansoni. The KK technique, even at its best was able to detect
only two-thirds of the infected individuals. The best sensitivity rate (over 80%) was achieved
with the Helmintex method. However, in its present form, Helmintex is not applicable for
large-scale screening due to the required sample size and the time-consuming sieving and sedi-
mentation processes [38], but might be an adequate reference standard or gold standard for

the evaluation of newly developed, field-based diagnostic tools. In addition, the performance
of the POC-CCA was in the range of the best KK variant (six slides from three fecal samples),
but a high number of individuals were not correctly diagnosed (false positive or false negative).
Furthermore, studies are underway, in order to re-evaluate the use of standard serological
methods and PCR-based detection of parasite DNA with our well-defined biological samples.
We believe that a combination of methods has to be implemented since the schistosomiasis
control programs in different regions of the world are moving from morbidity control towards
transmission control and elimination.

Supporting information

$1 Fig. Geographical localization of Minas Gerais State within Brazil (small red window)
and localization of the endemic area in the Municipality of Januaria, northern region of
Minas Gerais (zoom). Source: https://pt.wikipedia.org/wiki/Janu%C3%A Iria#/media/File:
MinasGerais Municip Januaria.sve.
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Abstract

Control initiatives have successfully reduced the prevalence and intensity of schistosomia-
sis transmission in several localities around the world. However, individuals that release low
numbers of eggs in their feces may not be detected by classical methods that are limited by
low sensitivity. Given that accurate estimates of prevalence are key to implementing plan-
ning control actions for the elimination of schistosomiasis, new diagnostic tools are needed
to effectively monitor infections and confirm transmission interruption. The World Health
Organization recommends the Kato-Katz (KK) thick smear as a parasitological test for epi-
demiological surveys, even though this method has been demonstrated to underestimate
prevalence when egg burdens are low. The point-of-care immunodiagnostic for detecting
schistosome cathodic circulating antigen (POC-CCA) method has been proposed as a
more sensitive substitute for KK in prevalence estimations. An alternative diagnostic, the
Helmintex (HTX) method, isolates eggs from fecal samples with the use of paramagnetic
particles in a magnetic field. Here, a population-based study involving 461 individuals from
Candeal, Sergipe State, Brazil, was conducted to evaluate these three methods compara-
tively by latent class analysis (LCA). The prevalence of schistosomiasis mansoni was deter-
mined to be 71% with POC-CCA, 40.% with HTX and 11% with KK. Most of the egg burdens
of the individuals tested (70%) were < 1 epg, thereby revealing a dissociation between prev-
alence and intensity in this locality. Therefore, the present results confirm that the HTX
method is a highly sensitive egg detection procedure and support its use as a reference
method for diagnosing intestinal schistosomiasis and for comparative evaluation of other
tests.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/joumal.pntd.0006274 March 8, 2018
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Author summary

Schistosomiasis is a parasitic infection that is caused by flatworms that live inside venous
vessels. The parasite eggs are eliminated with human feces. They hatch in the water and
the free swimming larvae infect snails. The larvae develop in the snail tissues and, on
reaching an infective stage, are released into the water and can penetrate human skin to
restart the cycle. Millions of people on several continents have schistosomiasis, although
sanitary improvements, treatment, and environmental control have reduced the intensity
of transmission in various localities around the world. In order to eliminate schistosomia-
sis, identification of infected individuals is critical. However, in areas where transmission
has declined, the methods used to detect eggs in human feces are not sufficiently sensitive.
Therefore, the aim of the present study was to evaluate new and more sensitive methods
for obtaining a diagnosis of schistosomiasis. This study compared the relative perfor-
mance of the POC-CCA method, which detects parasite molecules released in urine and
the Helmintex (HTX) method, which isolates eggs from large volumes of feces in a mag-
netic particle-based assay, together with the Kato-Katz method. In comparison with the
egg detecting methods (Kato-Katz [KK] and HTX), the POC-CCA method exhibited limi-
tations in detecting low intensity infections, while the HTX method was confirmed to be a
highly sensitive diagnostic method for schistosomiasis. These results provide insights into
the deployment of diagnostic tools for efforts to eliminate schistosomiasis in low endemic

regions.

Introduction

Schistosomiasis is a common infection that affects over 290 million individuals, especially in
Sub-Saharan Africa, Asia, and South America [1]. In Brazil, the sole agent of schistosomiasis is
Schistosoma mansoni, responsible for intestinal schistosomiasis. This species is endemic to
northeastern and southeastern regions in Brazil, although focal transmission sites have been
reported in other regions [2].

It is challenging to diagnose schistosomiasis in areas of low endemicity where prevalence
and worm burden have decreased [3]. Classical diagnostic methods lack sensitivity in popula-
tions where effective control measures have reduced transmission or in areas where the para-
site has recently been introduced [4,5]. Detection methods that employ antibodies [6],
antigens [7], or DNA [8] have exhibited high sensitivity but reduced specificity compared to
microscopy-based assays [9] and they are semi-quantitative [10]. The Kato-Katz (KK) fecal
smear method [11] is recommended by the World Health Organization for routine use in epi-
demiological surveys as part of control measures in endemic areas [12]. The KK method has
exhibited good performance in high endemic areas and is still applied in diagnostic surveys
due to its ease of application and specificity. However, KK is not an accurate diagnostic in
many situations, for example in situations where part of a population has been previously
treated and low egg burden is present in stool [13]. In addition, because the volume of stool
needed for the KK method is very small (< 50 mg), and eggs may be unevenly distributed in
feces [14,15], a large fraction of true positives may be missed with the KK method [13].

To address these limitations, the Helmintex (HTX) method was developed [16] to specifi-
cally detect light infections. The HTX method is based on interactions between S. mansoni
eggs and superparamagnetic particles in a magnetic field. Seeding experiments have demon-
strated 100% sensitivity with this method for egg burdens higher than 1.3 epg [16]. Biophysical

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/joumal.pntd.0006274 March 8, 2018
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properties of the egg surface that may contribute to the performance of the HTX method have
also been extensively studied [17,18]. Furthermore, Favero etal. [19] recently proposed an
optimization of the HTX method that makes it less time consuming and more efficient for
field surveys.

A point-of-care immunodiagnostic for detecting schistosome cathodic circulating antigen
in urine (POC-CCA method) has been proposed as a substitute for the KK method based on
its estimated higher sensitivity and operational advantages, especially in highly endemic areas.
However, even with the advantages of the POC-CCA method, there is still a need for a highly
sensitive and direct method for detecting eggs that can serve as a reference in performance
evaluations. Other direct diagnostic methods, like biopsy, are not feasible for populational-
based studies. Antigen detection methods, like POC-CCA, may indicate the presence of
worms that are not excreting eggs at that time, but further studies are required for extensive
evaluation of its specificity. Thus, the aim of the present study was to compare by latent class
analysis the performances of the HTX, KK, and POC-CCA methods in an endemic area for
schistosomiasis in northeastern Brazil and to evaluate the following hypotheses: i) highly sensi-
tive methods can be evaluated in medium-high endemic areas rather than in low endemic
arcas if they include large numbers of low intensity infections and ii) the HI'X method has the
capacity to serve as a reference egg detection method due to its high sensitivity.

Materials and methods
Area of study and population

Between October and November 2015, a prospective community- and geographically-based
study was conducted in the locality of Candeal, Municipality of Estancia, State of Sergipe,
Northeastern Brazil (11° 167 04" § 37° 26’ 16" W). Approximately 700 people live in Candeal, a
restricted area with houses in close proximity that is well delineated by a federal highway (BR-
101) on its west side, a stream to the south, and farms on its northern and eastern borders.
Schistosomiasis morbidity was not addressed. Routine yearly fecal convenience sampling and
examination by KK (but with poor coverage) is followed by treatment provided by local health

service.

Ethical issues

A total of 580 individuals living in Candeal provided written informed consent to participate

in this study. For the children and teenagers included in this study (aged 1-17 years), consent
was provided by their parents or legal guardian. The protocol for this study was approved by

the PUCRS Ethics Committee (register 48809715.1.0000.5336).

Sample collection and examination protocols

Study design and reporting follow the Standards for the Reporting of Diagnostic accuracy
(STARD-2015: http://www.stard-statement.org/) (S1 Checklist and S1 Flow Diagram).

Fecal samples

Each individual received a large container (1 L) and was directed to collect an entire evacua-
tion. Feces were processed immediately upon their arrival in the laboratory.

A commercial KK kit (HelmTest, Biomanguinhos, Brazil) was employed for the preparation
of slides with fecal smears, according to the manufacturer’s instructions. Briefly, each sample
was placed on a paper, then a metal mesh was pressed over it. The sieved feces were then
scraped into a plastic circular template mounted on a glass slide so that the template was filled.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/joumal.pntd.0006274 March 8, 2018 3/16
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After removing the template, cellophane coverslips presoaked in a glycerin-malachite green

solution were placed over the sieved feces. Two slides of each sample were prepared, labeled,
and vertically stored in plastic boxes to ensure that no contact occurred between the slides.

The boxes were kept in a refrigerator until they were examined by light microscopy. Each slide
was completely screened by optical microscopy ata final magnification of 100x for the identifi-
cation and quantitation of S. mansoni eggs. Egg per gram (epg-KK) values were calculated
based on the average number of eggs counted on two slides, and multiplied by 24.

The HT'X method was performed as previously described by Favero et al. [19] (Fig 1).
Brietly, 30 g of feces was dissolved and fixed in a 10% T'ween-20/70% ethanol solution (v/v).
After 30 min, each suspension was passed through a 500 pm metal mesh, transferred to a coni-
cal flask, and washed until a clear supernatant was obtained. The suspension was then succes-
sively sieved through metal meshes with openings of 150 pm and 45 pm, respectively. The

fraction retained by the last sieve was suspended in a 30% (v/v) ethyl acetate aqueous solution,
homogenized and centrifuged for 10 min. at 200 xg. The pellet was collected after discarding
the debris ring at the top of the aqueous phase (a modified Ritchie method) [20]. Each pellet
was transferred to a microtube containing 19 pL of iron oxide paramagnetic particles (Bangs
Labs, USA). After the pellets and particles were allowed to homogenize for 30 min with orbital
rotation, the microtubes were placed in a magnetic rack (Bangs Labs, USA) for 3 min. Un-
bound material was discarded before each tube was removed from the rack. The magnetic-
responsive pellets were then resuspended in 100 pL of 0.9% aqueous NaCl solution (w/v) and
stored at -4°C until analyzed. T'o prepare the samples for microscopy analysis, each sediment
was suspended and stained in 3% ninhydrin (Sigma-Aldrich, USA) in 70% ethanol (v/v) and

homogenized by pipetting. Each suspension was evenly spread over 5 cm x 2.5 cm filter papers

(24-um pore) (UNIFIL, Brazil), identified, and kept for examination by optical microscopy
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Fig 1. Schematic illustration of procedures in Helmintex method. It includes concentration steps from 1 to 8, followed by detection steps (9 and 10),

ninhydrin staining and microscopic examination.
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(magnification, 100x). At the time of microscopy, the filters were moistened with drops of
70% ethanol (v/v) before the total number of eggs present were counted. The filters were stored
separately in paper envelopes to avoid cross-contamination between samples. The sum of the
eggs detected on all of the filter papers was divided by 30 to express the number of epg of feces.
Throughout the text “epg” is meant to be the egg burden estimated by HTX.

Urine samples

Each participant received a 200 mL container for urine collection. From each sample, 4 mL of
urine was aliquoted and stored at -20°C for subsequent analyses.

POC-CCA tests were performed according to the manufacturer’s instructions (Rapid Medical
Diagnosis, Pretoria, South Africa). Briefly, a drop of urine was placed in a cassette and then a
drop of developing reagent was added. Each cassette was kept at room temperature and the pres-
ence of a control line and a test line was checked exactly 20 min after the application of each sam-
ple. The results were recorded and independently verified by three trained observers. These
results were also recorded by a digital camera under identical exposure settings. These images
were reviewed by the same three observers for classification of intensity of test bands according to
criteria (weak, medium, strong) proposed by Silveira et al. [21]. For most samples, the three sets
of observations were in agreement. When different scores were recorded for a sample, the pre-
dicted infection status of the samples was reviewed by all three observers. If this review could not
resolve the status, the final result was determined based on the observations of two of the three
observers. “I'race” was considered a faint line with at least part of its limits not defined or absent.
The instructions of the manufacturer states that “positivity” is any color that develops at the
expected test site, but we register the result “trace” as defined above to allow a detailed compara-
tive evaluation of the diagnostic methods, as previously reported by other authors [21, 22, 23].

Blood samples

Venous blood was collected. Serum was stored at -20°C for transportation and then was stored
at -80°C at the laboratory for future serological studies. No adverse effects were reported after
collection of any biological samples.

KK and HTX egg detection

The rationale for KK and HTX test positivity is that identification of an egg is pathognomonic
for infection. Eggs of S.mansoni were identified using criteria as described by Favero et al. [19].
Performers and readers were blinded to other tests results or any clinical/epidemiological
information.

Statistical analysis

Assuming no diagnostic test is a “gold-standard”, relative diagnostic performance was accessed
by latent class analysis (LCA) for each of the tests conducted based on sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and accuracy of the tests.
Latent class models estimate prevalence and diagnostic accuracy based on the observed data
from different tests. It is assumed that 2 latent classes correspond to groups of truly infected
and non-infected individuals [24]. The 461 qualitative results from KK, POC-CCA and HTX
methods were starting data points for LCA available in R software, Package 1071 (https://
cran.r-project.org, assessed on November 4, 2017).

Classification as “false-positive” or “false-negative” was based mainly on the estimates from
LCA but it should not be taken as definitive since in the present study neither irregular daily

PLOS Neglected Tropical Diseases | https:/doi.org/10.1371/joumal.pntd.0006274 March 8, 2018 5/16
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Table 1. A comparison of Kato-Katz (KK) and Helmintex (HTX) diagnostic methods that were applied to samples collected from the community of Candeal, Estan-
cia, Sergipe, northeastern Brazil, November 2015 (n = 461).

HTX positive (%) HTX negative (%) Total (%)
KK positive 54 (11.7) 1 (0.2) 55 (11.9)
KK negative 133 (28.9) 273 (59.2) 406 (88.1)
Total 187 (40.6) 274 (59.4) 461 (100.0)

hitps://doi.org/10.1371/journal pntd.0006274.t001

egg climination in feces (false-negative results from egg-detecting tests, KK and HTX) nor lab-
oratory cross-contamination (HTX false-positive results) could be ruled out.

The Fisher exact test was used to compare the proportions of positive results obtained from
KK, HTX and POC-CCA. The Cohen’s Kappa coefficient was used to evaluate the agreement
between the methods. The Student’s t-test, ANOVA and Tukey’s test were used to compare
the means of epg in each category of POC-CCA band intensity.

Results

The HTX method is more sensitive than the KK method, while the
POC-CCA method produced divergent results

A total of 681 individuals from Candeal, Brazil agreed to submit at least one type of biological
sample for analysis in this study. A total of 461 (68%) participants donated feces, blood, and
urine samples. Age groups comprised of 49 (10.7%) individuals less than 7 years-old, 92 (20%)
school-aged-children (7 to 14 years-old) and 319 (69.3%) teenagers and adults. In order to
compare all three methods, only results from those participants who provided all three speci-
mens were examined (Tables 1-5 and S1 Table).

The results obtained from analyzing the fecal samples with the HTX and KK methods, and
analyzing the urine samples with the POC-CCA method, are compared in Tables 1-5. The
prevalence estimates that were obtained varied according to the method used. For example, a
total of 187 (40.6%) and 55 (11.9%) samples were positive for S. mansoni eggs according to the
HTX and KK methods, respectively (52 Table). When the samples were analyzed with the
POC-CCA method, 330 (71.6%) and 187 (40.6%) samples were positive for schistosomiasis
when trace results were considered positive rather than negative, respectively (Tables 2-5).

The relative diagnostic performance of the tests was estimated by LCA and the resulting val-
ues are presented in Table 6. The KK and HTX methods were in agreement regarding 54
(11.7%) positive samples and 273 (59.2%) negative samples. However, in 133 (28.9%) samples,
schistosomiasis was only diagnosed by the HT'X method (kappa coefficient = 0.329).

The urine samples were analyzed with a POC-CCA kit and the results were recorded in two
different ways (Tables 2-5). If “trace” results were treated as positive, as recommended by the
POC-CCA kit manufacturer, 34 (7.4%) and 8 (1.7%) individuals that were diagnosed as posi-
tive for 8. mansoni infection by the HTX and KK methods, respectively, would be incorrectly

Table 2. A comparison of point-of-care cathodic circulating antigen detection in urine (POC-CCA) and Kato-Katz (KK) diagnostic methods that were applied to
samples collected from the community of Candeal, Estancia, Sergipe, northeastern Brazil, November 2015 (n = 461). For this analysis, POC-CCA resulting in a faint
line with at least part of its limits not defined or absent (“trace”) was considered a positive result.

POC-CCA positive (%) POC-CCA negative (%) Total (%)
KK positive 47 (10.2) 8 (1.7) 55 (11.9)
KK negative 283 (61.4) 123 (26.7) 406 (88.1)
Total 330 (71.6) 131 (28.4) 461 (100.0)

hitps://doi.org/10.1371/journal pntd.0006274.1002
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Table 3. A comparison of point-of-care cathodic circulating antigen detection in urine (POC-CCA) and Helmintex (HTX) diagnostic methods that were applied to
samples collected from the community of Candeal, Estancia, Sergipe, northeastern Brazil, November 2015 (n = 461). For this analysis, POC-CCA resulting in a faint
line with at least part of its limits not defined or absent (“trace”) was considered a positive result.

POC-CCA positive (%) POC-CCA negative (%) Total (%)
HTX positive 153 (33.2) 34 (7.4) 187 (40.6)
HTX negative 177 (38.4) 97 (21.0) 274 (59.4)
Total 330 (71.6) 131 (28.4) 461 (100.0)

htips://doi.org/10.1371/journal.pntd.0006274.1003

classified as negative by the POC-CCA method. In contrast, when a comparison was made of
the POC-CCA data with the examination of 187 samples with egg detected by HTX, 177
(38.4%) and 283 (61.4%) individuals would have false-positive results, respectively. In the sub-
sets of samples containing < 1 epg or > 1 epg, the POC-CCA method produced the lowest
proportion of true-positive results (44% vs. 88%, respectively) and the highest proportion of
false-negative results (24% vs. 3%, respectively) (Lable 7

Values for the estimated prevalence of schistosomiasis in the Candeal
community differed widely according to the method used to diagnose the
infection

The estimates of schistosomiasis prevalence varied from 11.9% (KK) to 71.6% (POC-CCA,
with “trace” considered positive). The prevalences estimated from examining KK-slidel and
KK-slide2 were identical (8.7%), yet were lower than the prevalence estimate that was calcu-
lated when the results from slides 1 and 2 were combined (11.9%) (53 Table). When prevalence
estimates were analyzed by the HTX and POC-CCA methods (with the “trace” considered
negative), the value was identical (40.6%), but Kappa coefficient was low (0.156) indicating
poor agreement between these methods (Table 8).

The Candeal community includes a high prevalence of infected individuals
with low egg burdens (low infection intensity)

The majority of the infected individuals examined presented low egg burdens. For example,
among the 187 positive cases diagnosed by the HI'X method, 131 (70%) cases involved < 1
epg (Fig 2). In contrast, 56 epg was the highest result obtained with the HTX method. When
the epg numbers obtained for the samples with the HTX and KK methods were compared, 46
and 14 samples, respectively, had between 1 and 12 epg, while 23 samples had epg values >50.

Egg burden is estimated differently by the HTX and KK methods

Egg burdens estimated with the KK method were 2.1 to 720 times higher than those estimated
with the HTX method in 96% of the samples, resulting in a correlation coefficient of 0.5615

Table4. A comparison of point-of-care cathodic circulating antigen detection in urine (POC-CCA) and Kato-Katz (KK) diagnostic methods that were applied to
samples collected from the community of Candeal, Estancia, Sergipe, northeastern Brazil, November 2015 (n = 461). For this analysis, POC-CCA resulting in a faint
line with at least part of its limits not defined or absent (“trace”) was considered a negative result.

POC-CCA positive (%) POC-CCA negative (%) Total (%)
KK positive 40 (8.7) 15 (3.2) 55 (11.9)
KK negative 147 (31.9) 259 (56.2) 406 (88.1)
Total 187 (40.6) 274 (59.4) 461 (100.0)

htips://doi.ora/10.1371/journal.pntd.0006274.1004
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Table 5. A comparison of point-of-care cathodic circulating antigen detection in urine (POC-CCA) and Helmintex (HTX) diagnostic methods that were applied to
samples collected from the community of Candeal, Estancia, Sergipe, northeastern Brazil, November 2015 (n = 461). For this analysis, POC-CCA resulting in a faint
line with at least part of its limits not defined or absent (“trace”) was considered a negative result.

POC-CCA positive (%) POC-CCA negative (%) Total (%)
HTX positive 107 (23.2) 80 (17.3) 187 (40.6)
HTX negative 80 (17.3) 194 (42.1) 274 (59.4)
Total 187 (40.6) 274 (59.4) 461 (100.0)

https://doi.org/10.1371/journal.pntd.0006274.1005

(Fig 3). Meanwhile, for only two samples the HTX method estimated 1.3- and 1.5-times higher
epg values than KK (S1 Table).

POC-CCA band intensity partially correlates with egg burden when epg is
equal or higher than 1

The average egg burden for POC-CCA band intensity categories were similar: 0.30 (strong),
0.33 (medium), and 0.26 (weak), in the epg <1 samples subset. Within the epg =1 group, there
was an increase in the epg average from 3.37 (weak) to 11.61 (medium) and 14.70 (strong).
The proportions of samples with strong reactivity have increased from 3.5% (epg<1) to 23.5%
(epg>1), while those with weak reactivity decreased from 71.9% (epg<1) to 39.2% (epg>1)
(Table 9).

An initial fecal mass less than the standard 30 g mass does not appear to
influence HTX performance

Among the 461 fecal samples that were analyzed by the HTI'’X method, only 7 samples had vol-
umes less than the standard 30 g typically analyzed (25¢g,22¢,20g,20g,12g,12g,and 12 g).
The number of eggs detected in these samples were 5, 4, 90, 3, 10, 24, and 1, respectively;

which corresponds to epg estimates of 0.1, 0.13, 3, 0.1, 0.33, 0.8, and 0.03, respectively. In this

Table 6. Comparisons of the estimated sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy values after latent
class analysis comparing Kato-Katz (KK) and, Helmintex (HT'X) methods and point-of-care immunodiagnostic for detecting Schistosoma cathodic circulating anti-
gen method (POC-CCA) in samples from Candeal, Estancia, Sergipe, northeastern Brazil, November 2015.

Parameters evaluated KK HTX POC-CCA POC-CCA
% (95% CI) % (95% CI) t-ve (%) t+ve (%)
% (95% CI) % (95% CI)
Sensitivity 29.3 100.0 57.4 81.9
(22.9-36.3) (98.1-100.0) (50.0-64.6) (75.7-87.1)
Specificity 100.0 100.0 71.1 35.5
N/A (**%) (98.7-100.0) (65.3-76.4) (29.9-41.5)
PPV 100.0 100.0 57.7 46.7
N/A N/A (52.2-63.1) (43.9-49.4)
NPV 67.2 100.0 70.8 74.0
(65.2-69.2) N/A (66.9-74.4) (66.9-80.1)
Accuracy 71.1 100.0 65.5 54.4
(67.0-75.3) N/A (61.2-69.8) (49.9-59.0)
Prevalence 11.9 40.8 40.6 716
(9.0-14.9) (36.3-45.4) (36.1-45.0) (67.5-75.7)

(*) POC-CCA t-ve refers to the results obtained with the POC-CCA method when the “Trace” results were considered negative
(**) POC CCA t +ve refers to the results obtained with the POC-CCA method when the “Trace” results were considered positive.
(***) N/A, not available.

hitps://doi.ora/10.1371/journal.pntd.0006274.1006
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Table 7. Distribution of POC-CCA method results according to egg burden (epg <1 and >1) in 187 samples collected from Candeal, Estancia, Sergipe, northeastern

Brazil, November 2015.

Detection result epg < 1 % epg% 1 % Total %

Positive 57 442 51 87.9" 108 57.8

Negative 31 24.0* 2 3.4° 33 17.6

"Trace" 41 31.8° 5 8.6 46 246
129 100.0 58 100.0 187 100.0

POC-CCA, point-of-care immunodiagnostic for detecting schistosome cathodic circulating antigen; epg, egg per gram, as estimated by HTX.
(@ B Different letters in the same line indicate a significant difference between the two proportions at 0.01 level of significance by using Fisher Exact Test.

https://doi.org/10.1371/journal. pntd.0006274.1007

group of samples, eggs were only detected by the KK method in one sample (the 12 epg sam-
ple). These results indicate that the HT'X method performs well with fecal masses less than
30g.

Discussion

Andrews [25] previously proposed that the sensitivity of egg-detecting methods increases with
the volume of biological material that is examined. The HT'X method is applied to 30 g of feces
and was developed after observing that S. mansoni eggs could be isolated from feces based on
their interactions with paramagnetic particles in a magnetic field [16]. Thus, rather than
screening filtered fecal samples, as occurs with the KK method, the eggs that are presentin a
larger volume of feces can be concentrated into a smaller volume with the HTX method in
order to be more easily screened by microscopy. In seeding experiments, HTX method was
100% sensitive with egg burdens higher than 1.3 epg [16]. HTX processing takes approximately
3h and its current estimated cost is US$ 3 per sample (a single KK slide preparation costs US$
0.2 and POC-CCA costs US$ 1). More recently, the HI'X method has been improved by intro-
ducing a detergent (Tween 20) at the concentration step, and then staining the final sediment
with ninhydrin prior to microscopic evaluation [19]. As a result, significantly less time is spent

Table 8. A comparison of the positive (1) and negative (0) results obtained when the KK, POC-CCA (CCA)
(Trace considered as “positive” or “negative”), and HTX methods were applied to 461 samples were collected in
Candeal, Estincia, Sergipe, northeastern Brazil, November 2015.

Positive (1) or Trace Trace

Negative (0) results "positive” "negative"
KK CCA HTX Sum % Sum %
+ + 47 10.2 40 8.7
+ - 0 0 0 0
+ - - 1 0.2 0.2
+ - + 7 1.5 14 3.0
- - - 97 21.0 194 42.0
- - + 26 5.6 65 14.1
- + 107 232 68 14.8
- - 176 38.2 79 17.1

461 100 461 100

KK, Kato-Katz method; HTX, Helmintex method; POC-CCA, point-of-care immunodiagnostic for detecting
schistosome cathodic circulating antigen method.
Kappa coefficients: 0.329 (HTX versus KK); 0.156 (POC-CCA trace positive); 0.285 (POC-CCA trace negative).

https://doi.org/10.1371/joumal.pntd.0006274.t008
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Fig 2. Egg counting by Helmintex (HTX) and Kato-Katz (KK) methods. (A) Distribution of HTX-measured faecal
egg burdens in the 187 subjects who tested positive and (B) distribution of the KK-measured faecal egg burdens in the
55 subjects who tested positive. Note the logarithmic scale on the horizontal axis.

https://doi.org/10.1371/journal.pntd.0006274.9002
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Fig 3. Case-to-case comparisons of the egg burden values estimated by the KK and HTX methods. Correlation
coefficient is 0.5615 and 96% of the samples have higher epg values detected by the KK method.

https://doi.org/10.1371/jounal pntd.0006274.g003

screening sediment samples, reducing the overall cost of the HTX method. However, it is also
recognized that even with recent optimizations of the HTX procedure [19], the HT'’X method
remains labor intensive and not applicable as a routine field diagnostic. Therefore, it is pro-
posed that the HTX method should serve as a reference method for evaluating other methods.

The KK method is operationally simple and inexpensive, and is the diagnostic method rec-
ommended by the WHO for epidemiological studies [12]. However, this method lacks sensi-
tivity when fewer eggs are present in a sample [13]. In a number of observational studies
where “infected” and “non-infected” individuals were evaluated based on use of the KK
method, false negatives probably occurred preventing a correct interpretation of the data [26].
In the present study, the HI'X method exhibited higher sensitivity than the KK method. If this
is confirmed in future studies, then the HT'X method would represent the best method for
obtaining a precise determination of infection status by egg detection. This determination is
particularly critical for vaccine efficacy evaluations, individual clinical diagnoses, and control
of cure efforts, especially in non-endemic countries [26,27,28].

Superior sensitivity of the HTX method compared with KK was previously demonstrated
in field-based studies that were conducted in low endemic areas in Brazil [29,30]. In the pres-
ent survey that was conducted in Candeal, Brazil, the HTX method detected eggs in 29% of the

Table 9. Distribution of POC-CCA method positive results according to egg burden (epg <1 and >1) and intensity of the reaction in 108 samples collected from
Candeal, Estancia, Sergipe, northeastern Brazil, November 2015.

Intensity epg < 1 epg = 1 Total %
n % Average % Average
Strong 2 35 0.30** 12 23.5 14.70"® 14 13.0
Medium 14 246 0.33*4 19 37.3 11.61"° 33 30.5
Weak 41 71.9 0.26%* 20 39.2 3.37%4 61 56.5
57 100.0 51 100.0 108 100.0

POC-CCA, point-of-care immunodiagnostic for detecting schistosome cathodic circulating antigen; epg, egg per gram.

@5 Different letters in the same line indicate a significant difference between the two means at 0.05 level of significance by using t-test (equal variances not assumed).

(4 B) Different letters in the same column indicate a significant difference between the means at 0.05 level by using post-hoc Tukey's test.

hitps://doi.org/10.1371/journal.pntd.0006274.1009
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samples that were negative according to the KK method. In addition, the prevalence estimated
by the HTX method was 3 times higher than the KK method (40% vs. 11%, respectively)

(Lable 1). The assessment of relative diagnostic performance by latent class analysis also clearly
indicated that the HTX method provided high sensitivity and displayed an overall better per-
formance (Table 6).

Egg burdens are predominantly low among infected individuals in the Candeal community,
with 70% of them harboring less than 1 epg. It is noteworthy that low infection intensity is also
associated with morbidity and should be targeted in late stages of schistosomiasis elimination
[31]. This locality has been under surveillance and regular treatment for many years by the
local Ministry of Health authorities. As a result, a high-prevalence, yet low infection-intensity
profile has developed in the community. This is in contrast with the more typical coupling of
high prevalence and intensity of infections. The potential for prevalence and intensity of infec-
tions to be dissociated should be considered in future epidemiological studies and should be
used to adjust control measures appropriately. In addition, classification of endemicity needs
to account for both prevalence and intensity [3].

With the exception of two samples, egg burdens were found to be higher with the KK
method than with the HI'X method (Fig 3). While both methods include concentration steps
(sieving-KK and HTX; isolation with magnetic particles-HTX; see Fig 1), estimation of epg by
the HTX method derives from absolute counting of eggs in 30 g of sample and the KK method
estimates epg based on an extrapolation of egg counting in 42 mg of sample. Consequently, the
latter potentially contributes to overestimated epg values. This interesting aspect is consistent
with discussions in the field regarding the randomness of S. mansoni egg distribution in feces
[14]. With the KK method only examining 42 mg of fecal samples, the possibility that eggs are
unevenly distributed would become more evident when lower numbers of eggs are present.
This was observed in the present study. It is also possible that HTX underestimates epg because
of its estimated egg recovery of aproximately 27% in seeding experiments [19].

POC-CCA is a rapid antigen-based detection test that is applied to urine samples. It has
received increasing attention as a promising point-of-care field diagnostic tool, especially
based on its use in high endemic areas (e.g., areas with high prevalence and intensity of infec-
tions). However, evaluations of this rapid test in low endemicity (specifically low intensity)
areas is urgently needed [32,33,34]. The set of samples evaluated in the present study provided
an opportunity to directly evaluate the performance of the POC-CCA method with predomi-
nantly low intensity infections in comparison with a very sensitive egg detection method
(HTX). After LCA analysis, a higher probability of false-positive results is indicated by low
positive predictive values (PPV = 46.7% when “trace” is considered positive) (Lable 6). Vari-
ability in daily egg excretion may explain POC-CCA positive and egg-negative detection and
this issue should be addressed in future studies together with appropriate protocol adjustments
to minimize cross-contamination in order to avoid false-positive egg detection. Furthermore,

performance of the POC-CCA method was worse in the subset of samples that contained less
than 1 epg, with a lower detection of “true-positives” and a higher number of “false-positive”
results observed (Table 7). Correlation of band intensity and egg burden is also poor, especially
with samples containing less than 1 epg (Table 9). Thus, the limitations of the POC-CCA assay
for diagnosis of schistosomiasis in individuals that eliminate low numbers of eggs in stool were
demonstrated.

In conclusion, the results of the present study support the two initial hypotheses. First,
medium-highly endemic areas (defined by prevalence) are suitable for evaluating the diagnos-
tics performance of egg detection methods if a large number of low intensity infections are
present, as is the case in Candeal. Thus, “low endemicity areas” with low numbers of positive
samples should be avoided when evaluating detection methods. Second, the HT'X method is

PLOS Neglected Tropical Di | https://doi.org/10.1371/joumal.pntd.0006274 March 8, 2018 12/16
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very sensitive and should be used as a reference method for diagnosing intestinal schistosomia-
sis and for comparative evaluation of other tests. The HT'X method should also be considered
for use in the monitoring and certification of transmission interruption.
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ANEXO G - Imagens obtidas pelo grupo de Parasitologia Biomédica da PUCRS,
demonstrando fenbmeno de agregacao (cluster) em ovos de S. mansoni, durante

manutencdo de vermes in vitro.

Figura 25: Fendmeno de agregacao de ovos de S. mansoni. Imagens obtidas por
microscoépio invertido de cultivo in vitro de vermes de S. mansoni, aumento 20x. Grupo
de Parasitologia Biomédica da PUCRS, 2014.
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ANEXO | - Teste de quimiluminescéncia utilizando luminol desenvolvido pela

LAPSE/UFRJ, com mensuracdo em Luminémetro.

Experimentos realizados no LAPSE/UFRJ em parceria com Prof. Claudio
Cerqueira Lopes.

A mensuracdo da quimiluminescéncia foi realizada com Luminémetro (Hyginea®).



Teste de quimioluminescéncia Luminol-H.0; com ovos de Schistosoma mansoni

1.0 Introdugao.

A literatura relata varias formulagdes detecgéo de sangue latente com base na reacéo de quimioluminescéncia
do luminol. A primeira formulagéo destinada ao uso forense, GRODSKY et. al (1951), era formada por solugéo recém
preparada contendo perborato de sédio, carbonato de sédio e Luminol. A instabilidade e baixa sensibilidade desta
formulagéio estimularam o desenvolvimento de outras formulagdes destinadas ao uso forense, a mais citada pela
literatura forense & formulacéo descrita por WEBER (1966). Associada a estas formulagdes também foram relatadas
diferentes condigées de anélise e diferentes limites de sensibilidade. Segundo BARNI et. al. (2007), estas diferencas
podem ser atribuidas as variacdes nas condigdes experimentais e dos métodos de preparo e utilizagéo.

A formulagéo desenvolvida por WEBER (1966) tem o objetivo de realizar de forma direta o teste de deteccéo
residuos de sangue na superficie suspeita, assim em local totalmente escurecido a visualizagéo da luminescéncia de
cor azul caracteristica confirmaria a presenga de residuos hematicos (Teste visual). No projeto Luminol
desenvolvido no LASAPE (CHANTRE, 2014), bem como no ensaio com ovos de Schistosoma mansoni descritos neste
documento, propusemos o emprago do luminol em um teste visual e em paralelo, a detecgdo da luminescéncia
produzida pela reagéo de quimiluminescéncia em um lumindmetro. Um equipamento de detecgéo de luminescéncia
portatil que permite o emprego de metodologias qualitativas e semi-quantitativas da matéria organica (Teste com
lumindmetro)..

Q trabalho de tese desenvolvido neste projeto (CHANTRE, 2014) avaliou a desempenho do Luminal produzido
no LASAPE e do padréo adquirido pela Sigma-Aldrich e os testes demonstraram que as duas amostras dos reagentes
quando submetidos &s mesmas condigdes produziram dois conjuntos de resultados estatisticamente iguais. Isto
significa que e as diferengas quanto taxas de emisséo (URL/s) séo relativamente pequenas e as diferengas no grau de
pureza dos dois produtos ndo é significativo para o seu emprego nos ensaios de quimioluminescéncia. Com base
nestes resultados os ensaios de quimioluminescéncia com ovos de helmintos foram conduzidos empregando
o Luminol produzido no LASAPE. As amostras foram submetidas a formulacdo desenvolvida por WEBER
(1966) uma das mais difundidas na ciéncia forense.

Os mecanismos de catalise ou intensificagéo da reacio de quimioluminescéncia promovidos pelos ovos dos
helmintos néo s&o conhecidos, desta forma para o controle de desempenho dos testes foram empregadas solugdes
com sangue humano diluido, uma vez que os efeitos cataliticos deste substrato sob a reagdo de
quimiluminescéncia do Luminol sdo bastante difundidos na literatura (BARNI 2007).

2.0- Objetivos

Avaliar de forma preliminar a empregabilidade do sistema quimicluminescente luminol-H202 na detecgdo de ovos de
helmintos.
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3.0- Resultados

3.1- Resultados do Teste visual

- Reagentes
50mg de Luminol em 100mL de solugéo de NaOH 0,1M em agua ultrapura. - Solugdo A
Solugéo de hemoglobina 150 ppm em agua ultrapura (sangue humano diluigo 1:10.000).- Solugéo Ctrl

Solugéo de H202 3% em agua ultrapura.- Solucdo B
- Preparo das amostras

Foram recebidas amostras rotuladas como: 25 e 50. Segundo a mensagem
eletrénica recebida no dia 20/06/2018 o grupo de amostras rotuladas como 25 séo
tubos contendo 25 ovos obtidos de figado de camundongo, diluidos em PBS 1X, pH
neutro. E o grupo de amostras rotuladas como 50 s&o micro tubos contendo 50 ovos
obtidos de figado de camundongo, diluidos em PBS 1X, pH neutro.

- Amostras: O sistema de coleta e extracdo de matéria orgénica presente nos microtubos empregou de swabs
que absorviam todo contelido dos microtubo (Figura 1). O contetido de cada microtubo foi absorvido por um
swab que foi em seguida inserido em um tubo de ensaio contendo 1,0ml da Solugéo A (Figura 2).

Figura 1 Figura 2

- Branco: 3 unidades de Swabs novos foram inseridos em 6 tubos & ensaio contendo 1,0ml da Solugéo A
cada.

- Contrale: 3 unidades de microtubo (capacidade de 2,0 ml) foram preenchidos com 0,5ml de Solugéo Cirl. O
contelido de cada microtubo foi absorvido por um swab que foi em seguida inserido em um tubo de ensaio
contendo 1,0ml da Solugéo A.

Procedimento experimental

Em local escuro, com o auxilio de uma pipeta automatica e ponteiras pléasticas, foram transferidos 0,25ml da
Solugédo B para cada um dos tubos, & observada a luminescéncia.
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Resultados do Teste visual
Legenda: (-) Resultado Negativo; ( + ) Resultado positivo fraco; ( + + ) Resultado positivo médio; (+ + +)
Resultado positivo forte
Amostra Resultado Amostra Resultado Amostra Resultado
BRANCO (Figura 3) - BRANCO - BRANCO -
CONTROLE (Figura 4) +++ CONTROLE +H+ CONTROLE +Ht
25 (Figura 5) + 25 + 50 +
25 (Figura 6) - 25 + 50 +
25 (Figura 7) - 50 + 50 +
25 + 50 (Figura 8) + 50 +

BRANCO (Figura 3) CONTROLE (Figura 4) 25 (Figura 5)

25 (Figura 6) 25 (Figura 7) 50 (Figura 8)

No teste de quimiluminescéncia visual, como ja esperado, o branco néo produziu luminescéncia enquanto o
controle produziu forte quimiluminescéncia. O grupo de amostras rotuladas como 25 produziu luminescéncia muito
fraca em alguns casos foram considerados negativos os resultados, j& o grupo de amostras rotuladas como 50
produziu luminescéncia moderada.

- 3.2- Resultados do Teste com luminémetro

Neste trabalho foi empregado o sistema de monitoramento de sujidade da empresa Hygiena ®; o SystemSURE
Plus munido do sistema de residuos hematicos desenvolvido pelo LASAPE no Projeto Luiminol (CHANTRE,2014) .
Neste sistema, propde-se detectar a presenca de residuos hematicos em superficies & também em liquidos, através
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da quimiluminescéncia do Luminol. Quanto maior a quantidade de residuo maior a quantidade de luz gerada. A
luminosidade é detectada e amplificada por um fotomultiplicador no luminémetro e convertidos via software para
unidades relativa de luminescéncia (URL) .

As imagens acima foram extraidas do documento manual de uso do equipamento Hygiena ® - SystemSURE Plus

O valor 1000 URL é o limite entre presenca e auséncia de residuos hematicos da metodologia e corresponde
a amostras de sangue com diluigdes superiores a 1:108. Assimo valor de 1000 URL é o “limite de corte” da leitura do
sistema. Todos os valores entre 0 e 1000 URL sdo gerados por fatores internos do  equipamento
(quimioluminescéncia de fundo ou variagdes elétricas do aparelho. Nos resultados superiores a 1000 URL a luz foi
gerada por uma fonte externa ao sistema do equipamento, portanto a presenca de espécies capazes de catalisar e ou
intensificar a reagéo de quimioluminescéncia do luminol.

- Reagentes
50mg do solido (Spum ) em 100mL de solugéo de NaOH 0,1M em agua ultrapura. - Solugdo A
Solugéo de hemoglobina 150 ppm em agua ultrapura (sangue humano diluigéo 1:10.000).- Solugéo Ctrl

Solugéo de H:0, 3% em agua ultrapura.- Solugéo B
- Preparo das amostras e procedimento experimental

e Amostras: O sistema de coleta e extragéo de matéria organica presente nos microtubos empregou de
swabs que absorviam todo contetido dos microtubo (Figura 1). O conteldo de cada microtubo foi
absorvido por um swab que foi em seguida inserido em um tubo de ensaio contendo 1,0ml da Solugéo
A (Figura 2).

e Branco: 3 unidades de Swabs novos foram inseridos em 6 tubos & ensaio contendo 1,0ml da Solugéo
A cada.

e Controle: 3 unidades de microtubo (capacidade de 2,0 ml) foram preenchidos com 0,5ml de Solugéo
Ctrl. O contetdo de cada microtubo foi absorvido por um swab que foi em seguida inserido em um
tubo de ensaio contendo 1,0ml da Sclugéo A.

e O luminémetro portétil foi acionado, em seguida aguardou-se 60 segundos para que fosse feita sua
autocalibraréo.

e Retirou-se aleatoriaments um dos tubos de ensaio da estante e anotou-se sua identificacéo.

e O tubo foi imediatamente inserido no campo do equipamento reservado para o tubo de leitura e
recebeu 0,25 ml da Solugéo B em seguido foi acionado a tecla de leitura.

e O valor de URL fornecido pelo aparelho e a identificagdo da amostra foram registrados.

e As etapas anteriores foram repetidas para todas as amostras e os resultados foram dispostos em
uma tabela abaixo exposta na seccéo de resultados deste documento.
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AMOSTRA AMOSTRA

BRANCO 25 50 CONTROLE

297 1892 2776 6515

228 2157 3043 6982

=2 371 2220 3231 7004

= 674 2315 3440 7041

781 2587 4101 7337

853 2739 4727 7560

MEDIA 5814 2318,3 33182 70732

DESV. PAD 269,9 305,5 501,2 3556
DESV. PAD

% 46,4 13,2 15,1 5,02

No teste de quimiluminescéncia com o luminémetro, como ja esperado, o conjunto controle produziu
luminescéncia forte e um conjunto de valores de URL coerente e preciso. Enguanto o conjunto branco
produziu luminescéncia dentro do esperado pela metodologia, valores abaixo de 1000 URL, entretanto
produziu um conjunto de resultados muito disperso.

No teste visual, o grupo de amostras rotuladas como 25 produziu luminescéncia muito fraca em alguns
casos foram considerados negativos os resultados, ja no teste com o luminémetro estas amostras produziram
um conjunto de resultados imprecisos, no entanto eles estao claramente acima do limite corte da metodologia
0 que caracteriza uma resposta positiva e/ou a confirmacéo da presencga de espécies capazes de catalisar a
reagdo quimioluminescente do luminol.

No teste visual, o grupo de amostras rotuladas como 50 produziu luminescéncia moderada e reste
resultado se confirmou no este com luminémetro. As amostras 50 também produziram um conjunto de
resultados imprecisos, no entanto eles estdo claramente acima do limite corte da metodologia o que
caracteriza uma resposta positiva e/ou a confirmagéo da presenca de espécies capazes de catalisar a reagéo
quimioluminescente do luminol.
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