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1. Introduccién

1.1. Aspectos generales

La Amazonia es la mayor cuenca hidrogréfica del planeta, con un gran territorio
cubierto por selva tropical, asociada a una extensa red de humedales, rios y lagos.
Contiene el 20% de las reservas de agua dulce del mundo y alrededor de 31% de los
bosques tropicales. Hasta el afio 2000, cerca del 68.8% de la Amazonia estaba cubierta
por selva primaria. De 2000 a 2010 fue relatada una disminucion del 4.5% en la
superficie forestal (Confalonieri et al., 2014; Davidson et al., 2012).

La Amazonia abarca nueve paises de América de Sur y su mayor parte (cerca de
65%) esta incluida en el norte de Brasil. Pert posee un 10.1% de la region y Colombia
un 6.2%. Su poblacién total es aproximadamente de 33 millones. El término Amazonia
Legal es utilizado en Brasil para referirse al territorio definido por las unidades
geograficas administrativas, llamadas estados, que comparten la cuenca amazonica;
dichos estados son Acre, Amapa, Amazonas, Para, Ronddnia, Roraima y parte de los
estados de Mato Grosso, Maranh&o y Tocantins (Figura 1) (Confalonieri et al., 2014;
Imazon, 2013).

Los seres humanos han formado parte del sistema selva-rio de la cuenca
amazonica durante miles de afios (Davidson et al., 2012). En los ultimos cinco siglos,
exploradores, conquistadores y colonos han penetrado en varias secciones de la selva y
han realizado la explotacién de sus recursos naturales y de los pueblos autdctonos, en
una serie de oleadas culturales denominadas “fronteras” (Browder et al., 2008). Este
proceso de expansion de la frontera ha provocado grandes transformaciones ecologicas
en la Amazonia, especialmente en las Ultimas décadas (desde 1970) debido a la
intensificacion de la ocupacion del espacio (Confalonieri et al., 2014; Davidson et al.,
2012). Las presiones sobre el medio ambiente natural de la region han ido en constante
aumento debido a la apertura de nuevas carreteras, la mineria industrial, la extraccion de
petréleo, la construccion de presas para la generacion de energia hidroeléctrica, la tala
de arboles, el crecimiento urbano y la expansion agropecuaria. Estos cambios
ambientales y los cambios sociodemograficos asociados, han influido profundamente en
la dinamica de transmision de las enfermedades infecciosas tropicales en la region
(Confalonieri, 2000; Patz et al., 2000; Soares-Filho et al., 2006).
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Figural: Estados de la Amazonia Legal y alcance del bioma amazénico (fuente: Imazon).

De entre las enfermedades existentes en la Amazonia, las parasitosis intestinales
representan un importante problema de salud publica, tanto en las periferias de las
grandes ciudades como en las areas remotas del territorio (Bdia et al., 2006; Béia et al.,
1999; Coura et al., 1994). Debido a la ocupacion humana no planeada del ambiente
amazonico, muchas poblaciones se instalan de forma desordenada en el espacio
geografico con deficientes condiciones socio-sanitarias (mala infraestructura de los
domicilios y escaso 0 ausente sistema de saneamiento basico).

Gran parte de la poblacion en la Amazonia estd ubicada en areas remotas de
dificil acceso. Este problema restringe el acceso de estas poblaciones a un sistema de
salud publica integral y de calidad. En estas areas, la escasa inversion para implementar
mejorias en el sistema de salud, genera déficits de material y personal sanitario.
Ademas, es dificil introducir técnicas de diagnostico de laboratorio nuevas o con mayor
complejidad que puedan ayudar a la préactica clinica, lo que se traduce en algunos casos
en la utilizacion de técnicas tradicionales sencillas cuyo desempefio no ha sido
adecuadamente evaluado. Este escenario contribuye a la falta de informacion clinico-

epidemioldgica acerca de los principales agentes patogénicos existentes, generandose



grandes deficiencias en la vigilancia y control de las enfermedades infecto-contagiosas
en el area amazonica.

En la presente tesis, trataremos de la epidemiologia y diagnostico de Calodium
hepaticum y de parésitos intestinales en dos diferentes areas remotas del estado del
Amazonas, Brasil. Especificamente abordaremos como temas de estudio la incidencia y
aspectos de la dindmica de transmision del helminto zoonético C. hepaticum; asi como,
la prevalencia de parésitos intestinales y los factores de riesgo asociados a las
infecciones por helmintos y, finalmente, el desempefio de dos técnicas de laboratorio
empleadas para el diagnostico de helmintos y protozoos intestinales.

La primera area de estudio es una pequefia comunidad (comunidad de Rio
Pardo) de 701 habitantes, que es un asentamiento rural creado en 1996 por el Instituto
Nacional de Colonizacdo e Reforma Agraria (INCRA) en el municipio de Presidente
Figueiredo, estado del Amazonas (Figura 2). El asentamiento esta compuesto por
domicilios ubicados a lo largo de ambos lados de siete calles sin pavimentar, conocidas
localmente como “Ramais”. Estas calles no pavimentadas se organizan de acuerdo con
el patron tipico de la deforestacion de los asentamientos de la Amazonia, llamado
“espina de pescado”, que consiste en una calle principal conectada perpendicularmente
a las calles laterales y que estan en intimo contacto con la selva tropical (Figuras 3 e
4A). Una parte de la comunidad vive a lo largo del arroyo Rio Pardo (Figura 4B). Las
principales actividades econdmicas son la agricultura, la caza, la pesca y la explotacion
forestal de madera y castafia (Kano et al., 2012).

La segunda area es una pequefia ciudad urbanizada (Barcelos) del municipio de
Barcelos (Figura 2), fundada en 1758 y que consta actualmente de 11.157 habitantes
(IBGE, 2010). Barcelos es una ciudad ubicada en un area remota, en medio de una
extensa area de selva tropical preservada a 490 km por via fluvial de Manaus (capital
del estado del Amazonas), en el margen derecho del rio Negro (Coura et al., 1994)
(Figuras 5y 6). La ciudad esta limitada al sur-oeste por el arroyo Salgado. Una de las
fuentes de ingresos es la pesca de peces ornamentales, destacandose por la produccion y

exportacion de los mismos.



Figura 2: Areas de estudio (municipios de Barcelos y Presidente Figueiredo)

en el estado del Amazonas, Brasil.
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Figura 3: (A) Patrén tipico de la deforestacion en “espina de pescado” de la Amazonia (fuente:
https://maps.google.es/); (B) Detalle de tres ramais en la comunidad de Rio Pardo. Los puntos rojos

numerados representan domicilios (fuente: ILMD/Fiocruz-Amaz6nia; imagen de Sylvain Desmouliére).
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Figura 4: Comunidad de Rio Pardo. (A) Calle sin pavimentar, conocida localmente como “Ramal”; (B)

Tipico domicilio en el arroyo Rio Pardo (fuente: Kano et al., 2012).

Figura 5: (A) Ubicacidn de la ciudad de Barcelos en el margen derecho del rio Negro; (B) La ciudad en

detalle (fuente: https://maps.google.es/).

Figura 6: Ciudad de Barcelos. (A) detalle de la parte noroeste de la ciudad, frente al rio Negro; (B)

Domicilios de la ciudad.



1.2. Epidemiologia de las parasitosis transmitidas por via fecal-oral en area

amazonica

Los parasitos intestinales contribuyen de forma importante en la carga mundial
de enfermedad y afectan especialmente a la poblacion que vive en las regiones del
mundo en vias de desarrollo (Alum et al., 2010). De entre las enfermedades tropicales
desatendidas (del inglés: Neglected tropical diseases -NTDs-) que afectan a cientos de
millones de personas en todo el mundo (Hotez et al., 2006; Utzinger et al., 2012), las
geo-helmintiasis son consideradas como una de las NTDs més prevalentes, ya que
persisten en la poblacion més pobre residente en las zonas rurales, en los barrios
urbanos periféricos o en las zonas de conflicto (Hotez et al., 2009). Las especies mas
comunes de geo-helmintos son el Ascaris lumbricoides, el Trichuris trichiura y los
anquilostomas (Ancylostoma duodenale y Necator americanus) (Hotez and Ehrenberg,
2010; WHO, 2012a). Estas son responsables de causar la pérdida de 39 millones de
afios de vida ajustados por discapacidad anualmente (del inglés: disability adjusted life
years -DALYs-) (Chan, 1997). Las enfermedades causadas por protozoos intestinales,
como la giardiasis y la amebiasis, también causan una considerable morbilidad (Savioli
et al., 2006; Ximénez et al., 2011).

La transmisién de los parasitos intestinales depende de factores que favorezcan
la supervivencia de los parasitos durante las etapas ambientales tales como temperatura
calida y humedad; y también de condiciones como la indisponibilidad de agua potable,
escasas practicas de higiene personal y publica, bajo nivel socio-econémico y de
educacion (Alum et al., 2010). En este sentido, el area amazonica presenta las
caracteristicas necesarias para la transmision, siendo una de las regiones de Brasil en
donde se reportan las mayores prevalencias de los geo-helmintos A. lumbricoides, T.
trichiura, anquilostoma y de los protozoos Blastocystis spp. y de los del complejo
Entamoeba histolytica (Boia et al., 2006; Carvalho-Costa et al., 2007; Coura et al.,
1993a; Coura et al., 1994). Ademas, estudios realizados durante los ultimos 10 afios en
la Amazonia brasilefia muestran una deteccion cada vez mas frecuente de infecciones
causadas por el helminto zoonético C. hepaticum (Fuehrer et al., 2011). A pesar de eso,
la epidemiologia de las parasitosis transmitidas por via fecal-oral presenta hasta hoy
aspectos poco conocidos en esta area (de Souza et al.,, 2007), lo que dificulta la

implementacion de programas eficaces de control.



El tratamiento farmacologico, la mejora del acceso al agua potable, el
saneamiento y la higiene adecuada constituyen la estrategia global para el control de las
parasitosis transmitidas por via fecal-oral (WHO, 2010).

1.2.1. El helminto zoonético C. hepaticum

Entre los helmintos presentes en area amazoénica, el C. hepaticum Moravec 1982
(sinbnimo Capillaria hepatica Bancroft, 1893) es un parasito nematodo de la familia
Capillariidae, agente etioldgico de una enfermedad raramente relatada a nivel mundial,
Ilamada calodiasis hepética (o capilariasis hepética).

C. hepaticum infecta preferentemente el parénquima hepatico de roedores, que
son los principales huéspedes, y también de marsupiales, carnivoros, hominidos y otros
mamiferos de diversas familias (Sawamura et al., 1999). Ha sido documentado que este
helminto infecta el higado de mas de 140 especies de mamiferos en mas de 50 paises
(Fuehrer et al., 2011).

1.2.1.1. Ciclo biologico de C. hepaticum

El patron de transmision de C. hepaticum es zoondtico y el ciclo biologico es de
tipo directo. Conceptualmente existen dos tipos de infeccion: la infeccion espuria (0 no
verdadera) y la infeccion verdadera. La infeccidon espuria ocurre tras la ingesta de
huevos no embrionados y no produce enfermedad. La infeccion verdadera ocurre tras la
ingesta de huevos embrionados y puede llevar al desarrollo de la enfermedad hepatica.

En la infeccion verdadera los huevos embrionados ingeridos pasan por el tracto
digestivo y en el ciego liberan larvas (L1) que atraviesan la pared intestinal, alcanzando
el higado via sistema porta-hepatico. En el parénquima hepético las larvas maduran y se
transforman en adultos 28 dias después de la infeccion. Las hembras liberan huevos no
embrionados, que se encapsulan en el parénquima hepatico y se desarrollan solamente
hasta la etapa de ocho células. Los huevos alcanzan el exterior solamente por la
descomposicion del cuerpo del huesped o, con su liberacion a través de las heces de
animales depredadores o canibales que se alimentan de aquellos parasitados. Los huevos
embrionan en el ambiente en 5 a 8 semanas cuando las condiciones de temperatura,

humedad y exposicion al aire son optimas. El ciclo se completa con la ingesta de huevos



embrionados por un nuevo huesped. En la infeccion espuria los huevos no embrionados
ingeridos pasan por el tracto intestinal y salen con las heces sin causar enfermedad,
aunque algunos autores sugieren que la infeccion espuria puede causar diarrea leve
ocasionalmente (Fuehrer et al., 2011; Juncker-Voss et al., 2000; Li et al., 2010;
McQuown, 1954).

1.2.1.2. Dindmica de la transmision de C. hepaticum

La dinamica de transmision de C. hepaticum y los factores de riesgo asociados a
la infeccion permanecen poco claros, existiendo pocos estudios al respecto (Andrade et
al., 2013; Farhang-Azad, 1977a). Se admite la existencia de dos mecanismos de
transmision (Andrade et al., 2013; Camargo et al., 2010; Fuehrer et al., 2011), que

pueden ocurrir concomitantemente:

a) mecanismo basado en el contacto con suelo o alimentos contaminados con heces
infectadas o contaminados a partir de la descomposicion de un mamifero infectado. En
este mecanismo ocurre la ingesta de huevos embrionados (y no embrionados) presentes

en las fuentes contaminadas.

b) mecanismo basado en la ingesta directa de huevos no embrionados en higado de

mamifero infectado por C. hepaticum.

En &reas urbanas y periurbanas la transmision se relaciona con la presencia de
pequefios roedores (e.j. Rattus novergicus y Mus musculus) y bajas condiciones
higiénicas y sanitarias en el domicilio o peridomicilio (Galvao, 1981; Juncker-Voss et
al., 2000; Moreira et al., 2013; Sawamura et al., 1999). Se postula que determinadas
caracteristicas asociadas a los pequefios roedores como la elevada prevalencia de
infeccion por C. hepaticum (Chieffi et al., 1981; Galvao, 1981; Li et al., 2010; Seo et
al., 1964), el rapido recambio de poblaciones y el habito de canibalismo podrian
explicar la elevada transmision del parasito entre ellos y su participacion en la
dispersion de huevos por el ambiente (Choe et al., 1993; Farhang-Azad, 1977b).
Diversos autores, han informado de una alta prevalencia de infeccion natural de
pequefios roedores en las grandes ciudades, hallandose prevalencias de alrededor de
60% o superiores (Assis et al., 2004). Galvao (1976) contabilizo la infeccion de 57% de



los R. novergicus capturados en la ciudad de Salvador (Bahia, Brasil), siendo esta una
espécie de roedor altamente disseminada en esta cuidad (Galvdo, 1976). Por estos
motivos los pequefios roedores son considerados los principales huespedes de C.
hepaticum (Choe et al., 1993; Farhang-Azad, 1977b). En este contexto de transmision el
hombre se infectaria a través del suelo o de alimentos contaminados por huevos
procedentes de la descomposicion de roedores, o de las heces de algin animal carnivoro
que se haya alimentado de un roedor infectado.

Ha sido sugerido por algunos autores que los animales domésticos (gatos y
canideos) podrian actuar en la dispersion de huevos por el peridomicilio, debido a su
habito de cazar pequefios roedores, ingerir animales muertos o ser alimentados por sus
duefios con higados infectados (canideos) (Lubinsky, 1956; Sawamura et al., 1999).
Algunos estudios que relatan casos de infeccion espuria o enfermedad en humanos,
describen a su vez la presencia de animales domésticos en el peridomicilio, siendo este
hecho sugerente de riesgo de infeccion (Carvalho-Costa et al., 2009; Choe et al., 1993;
Klenzak et al., 2005; Sawamura et al., 1999). Sin embargo, ningun articulo ha relatado
la infeccion de un animal doméstico en un ambiente peridomiciliar concomitante con
presencia humana de infeccion o enfermedad. Por este motivo la participacion de
animales domeésticos en el ciclo domiciliar no esté bien definida.

La dinamica de transmisién de C. hepaticum en areas urbanas y periurbanas con
la probable participacion de pequefios roedores ha tenido importancia mundial debido a
los relatos de casos de enfermedad en estas areas. Sin embargo, en los ultimos afios,
especialmente en areas rurales amazonicas, el mecanismo de transmision basado en la
ingesta de huevos no embrionados presentes en el higado de mamiferos empez6 a ganar

importancia epidemiolégica debido al aumento de relatos de infecciones espurias.

1.2.1.3. La calodiasis hepatica

Los casos de enfermedad por C. hepaticum en humanos son tradicionalmente
considerados raros, habiendo sido reportados solamente 72 casos en todo el mundo
hasta 2011 (Fuehrer et al., 2011). Algunos autores han sugerido la posibilidad de un
importante subdiagndstico de la calodiasis hepética que seria debido a la dificultad del
diagnostico clinico y de laboratorio (Sawamura et al., 1999). La enfermedad hepética
puede cursar de forma severa y culminar en la muerte (Juncker-Voss et al., 2000). La

mayoria de los casos fue descrita en nifios menores de 8 afios y se cree que los hallazgos



estan relacionados con el comportamiento tipico en nifios, como la mayor frecuencia del
contacto de las manos con el suelo o la pica (Berger et al., 1990; Nabi et al., 2007).

Clinicamente la calodiasis hepatica se caracteriza por la triada fiebre persistente,
hepatomegalia y leucocitosis con eosinofilia. La anemia y sintomas respiratorios son
también frecuentemente reportados (Choe et al., 1993). Méas de la mitad de los casos
publicados fueron diagnosticados por autopsia. El diagndstico definitivo es
histopatolégico a través de muestras de biopsia hepatica (Fuehrer et al., 2011).

En Brasil, solamente cinco casos de enfermedad (Pereira and Franca, 1981;
Pereira and Mattosinho Franca, 1983; Piazza et al., 1963; Sawamura et al., 1999) fueron
relatados en la literatura cientifica y todos ellos provinieron de areas urbanas de
municipios del estado de S&o Paulo.

1.2.1.4. Infeccidn espuria y reservorios naturales de C. hepaticum

A nivel mundial, la infeccion espuria fue descrita, por mas de la mitad de los
autores, en comunidades tribales o en inmigrantes. Cerca de 78 casos de infeccion
espuria fueron relatados en la literatura mundial hasta 2011 (Fuehrer et al., 2011). La
ingesta de huevos no embrionados presente en el higado de mamiferos fue inicialmente
sugerida como causa de la infeccion espuria por Foster & Johnson (Foster and Johnson,
1939). Los autores relacionaron la infeccion espuria en nativos de Panama con el
hallazgo de tres nuevos mamiferos hospedadores (Tayassu pecari, Ateles geoffroyi y
Cebus capucinus) cominmente usados por los nativos como alimento.

Los autores de otro estudio realizado en una comunidad rural de la Amazonia
brasilefia sugerieron que la ingesta de higado de tapir (Tapirus terrestris) fue la causa de
la infeccidn espuria diagnosticada en un humano y plantearon la posibilidad de que la
infeccion verdadera podria ocurrir en estas areas a partir del ambiente contaminado
(Carvalho-Costa et al., 2009). En una sola poblacion indigena amazonica de Brasil
fueron descritos 41 casos humanos de infeccion espuria y la infeccion verdadera de un
pecari (T. pecari) y de un mono (Ateles paniscus), lo que sugiere el potencial de estos
mamiferos como reservorios locales (Soares et al., 2011). Todavia, no existen estudios
que confirmen los modelos de transmision a humanos, o que evidencien la aparicion de
ciclos que potencien la transmision de C. hepaticum.

En la ultima decada, la mayoria de los casos de infeccion espuria por C.

hepaticum relatados en el mundo fueron encontrados en Brasil (Fuehrer et al., 2011). En

10



una revison bibliografica especifica de los casos de infeccion espuria en Brasil,
realizada por nuestro grupo, hemos encontrado descritos 82 casos (Camargo et al.,
2010; Carvalho-Costa et al., 2009; Coimbra and Mello, 1981; Machado et al., 2008;
Palhano-Silva et al., 2009; Santos et al., 1995, 1985; Soares et al., 2011), lo que supone
un aumento de los casos a nivel mundial relatados anteriormente por Furher et al.
(2011). De estos 82 casos, 81 de ellos fueron en estados de la Amazonia (Rondonia,
Mato Grosso e Amazonas) y ocurrieron en tribus indigenas o en comunidades rurales.
Un estudio relata seroprevalencia de 0.81% para C. hepaticum en una comunidad
amazonica donde previamente fueron encontrados 6 casos de infeccion espuria
(Camargo et al., 2010). Cabe resaltar que a pesar de aportar el 98% de los casos
relatados de infeccion espuria en Brasil, en la Amazonia brasilefia no ha sido descrito
ningun caso de enfermedad hasta el momento. Esto sugiere un probable subdiagnostico
de la enfermedad en esta area dada la alta probabilidad de contaminacion ambiental por
huevos embrionados (Camargo et al., 2010; Carvalho-Costa et al., 2009). La falta de
conocimiento de los profesionales de salud sobre la existencia del patdégeno junto al
bajo acceso a servicios de salud en areas rurales de la Amazonia provoca dificultades
para diagnosticar este helminto. Ademas, contribuye a esta dificultad la co-existencia de
otras enfermedades en area tropical (malaria, hepatitis viricas, toxocariasis, arbovirosis,
entre otras) (Camargo et al., 2010) que comparten los mismos signos y sintomas

clinicos de la calodiasis hepatica (Choe et al., 1993).

1.2.2. Helmintos intestinales

Actualmente, méas de 5.000 millones de personas en el mundo estan en riesgo de
infectarse por los geo-helmintos A. lumbricoides, T. trichiura y los anquilostomas
(Pullan and Brooker, 2012) y méas de 1.000 millones estan infectadas por una o varias
especies de geo-helmintos (Bethony et al., 2006; Knopp et al., 2012). En Brasil,
teniendo en cuenta el riesgo de infeccion y la poblacion por municipio, se estimé que
29.7 millones de brasilefios estan infectados por A. lumbricoides, 19.2 millones por T.
trichiura y 4.7 millones por anquilostoma (Scholte et al., 2013). La poblacion estimada
con alto riesgo de infeccion por helmintos (prevalencia mayor al 50%) fue de 1.8
millones para A. lumbricoides, 1.6 millones para T. trichiura y 290 mil para

anquilostoma (Chammartin et al., 2013). En relacién al norte de Brasil, que alberga la
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Amazonia, Scholte et al. (2013) resaltaron que esta es una de las areas que requiere con
mayor urgencia intervenciones de control para las geo-helmintiasis.

La cronicidad, la recurrencia y las infecciones con varias especies de helmintos
(multiparasitosis) son comunes en los paises en desarrollo (Steinmann et al., 2008). Las
infecciones por helmintos pueden causar diarrea, dolor abdominal y astenia. Los efectos
mas graves a largo plazo incluyen la desnutricion, el estancamiento de crecimiento
fisico e intelectual en los nifios, y la reduccion de la productividad laboral en los adultos
(Bethony et al., 2006; Hotez et al., 2008; Knopp et al., 2012). Los individuos con
multiples especies de helmintos sufren infecciones mas intensas y pueden estar en
riesgo de mayor morbilidad (Pullan et al., 2008). Por ende, algunos estudios indican que
la capacidad inmunomoduladora de los helmintos puede tener importancia en la co-
infeccion con otros patdgenos (como Plasmodium spp. y Mycobacterium tuberculosis)
influyendo en la evolucion clinica de otras enfermedades infecto-contagiosas (Elliott et
al., 2007; Resende Co et al., 2007). Ademas, los helmintos también pueden producir
cuadros clinicos especificos, como por ejemplo, la obstruccion del intestino causada por
A. lumbricoides, el prolapso rectal causado por T. trichiura y la anemia causada por los
anquilostomas (Camillo-Coura et al., 2013).

Otro helminto de interés para la salud publica en la Amazonia es el
Strongyloides stercoralis. S. stercoralis es un geo-helminto que causa habitualmente
infeccion crénica asintomatica. Sin embargo, un cambio en el estado inmunologico del
individuo infectado puede conducir a un aumento de la carga parasitaria, causando el

sindrome de hiperinfeccion, que puede llevar a la muerte (Mejia and Nutman, 2012).

1.2.3. Protozoos intestinales

Diversas especies de protozoos intestinales infectan frecuentemente el hombre
en areas amazonicas, siendo algunas comensales (Entamoeba coli, Endolimax nana,
lodamoeba butschlii, Chilomastix meslini), otras patogénicas (Entamoeba histolytica,
Giardia lamblia) y una de controvertida patogenicidad (Blastocystis spp.).

La especie E. histolytica es capaz de invadir la mucosa intestinal y causar
disenteria amebiana, y ocasionalmente puede invadir érganos extra intestinales, como el
higado (en la mayoria de los casos), la piel, los pulmones y el cerebro (Huston, 2004).

En los Gltimos afios, investigaciones cientificas demostraron la existencia de otras dos
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especies morfologicamente idénticas a E. histolytica: Entamoeba dispar y Entamoeba
moshkovskii. Las nuevas especies son responsables de causar infecciones asintomaéticas
del trato intestinal humano, a pesar de que algunos estudios evidencian, particularmente,
el potencial patogénico de E. dispar (Ximénez et al., 2010). Debido a este hallazgo,
actualmente la identificacion se basa en las pruebas para deteccion de antigenos
especificos o en el diagnostico molecular, ya que la microscopia dptica no permite la
diferenciacion entre las especies (Santos et al., 2013). Sin embargo, debido al elevado
coste de las nuevas tecnologias, en las areas mas pobres economicamente de los paises
en desarrollo (como la Amazonia) el diagndstico basado en microscopia sigue siendo
realizado como Unica opcidn de diagnostico de laboratorio, lo que dificulta un adecuado
manejo clinico.

La amebiasis, enfermedad causada pela E. histolytica, es un importante
problema de salud publica en diversos paises, siendo considerada por la Organizacion
Mundial de la Salud (WHO/PAHO/UNESCO, 1997) como la tercera mayor causa de
muerte debido a infeccidn por parasitos, después de la malaria y la esquistosomiasis. E.
histolytica es de especial importancia en el area amazoénica pues las prevalencias mas
elevadas del complejo E. histolytica (grupo compuesto por E. histolytica, E. dispar y E.
moshkovskii) han sido descritas en las regiones norte y nordeste de Brasil. La
prevalencia del complejo E. histolytica es del 2.5 al 11% en las regiones sur y sudeste,
del 19% en el norte y aproximadamente del 10% en el nordeste y centro-oeste de Brasil
(Silva and Gomes, 2001). Ademas, las regiones norte y nordeste de Brasil, presentan
mayor frecuencia y gravedad de la forma invasiva de la enfermedad (Braga et al., 1996;
Cunha, 2013).

La G. lamblia (syn. Giardia duodenalis y Giardia intestinalis) es un paréasito
intestinal de humanos y otros mamiferos (perros, gatos y ganado). Generalmente la
infeccion por G. lamblia es asintomatica, pero el parasito puede causar diarrea
persistente acompafiada de mala absorcién en nifios (McDowall et al., 2011; Muhsen
and Levine, 2012).

El Blastocystis spp. es un protozoo frecuentemente descrito en estudios
epidemioldgicos en el area amazdnica. Diversos trabajos sugieren fuertemente que el
Blastocystis spp. es un patégeno que causa sintomatologia clinica, principalmente
diarrea o dolor abdominal, aunque dicha hipotesis esta en discusién. Muchos genotipos
fueron descritos y trabajos recientes indican que los humanos son en realidad huéspedes

de numerosos genotipos zoondticos patogénicos 0 no patogenicos, lo que podria
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explicar la controversia existente sobre la patogenia de Blastocystis spp. en humanos
(Tan, 2008).

1.2.4. Prevalencia de parasitos intestinales en el Amazonas

Los parasitos intestinales estan presentes en todo el territorio amazonico, con
distintas prevalencias en funcién de la poblacion estudiada, ya sea urbana o rural,
indigena o no indigena. En los estudios realizados en el estado del Amazonas, en areas
no indigenas, las prevalencias globales de parasitos y comensales intestinales estuvieron
generalmente por encima del 50%. De entre los helmintos, el A. lumbricoides, el T.
trichiura y los anquilostomas son los que presentaron las mayores prevalencias. En
diversos estudios realizados en comunidades rurales o en areas urbanas de municipios
distantes de la capital del estado del Amazonas (Manaus), la infeccion por A.
lumbricoides fue generalmente la mas prevalente (26%-68.1%), seguido por T. trichiura
(2.7%-41.8%), Blastocystis spp. (9.3%-39.1%), anquilostoma (2.7%-36.3%), complejo
E. histolytica (4.5-34%), S. stercoralis (0.9-16.5%), Hymenolepis nana (0.2-3.8%),
Cryptosporidium spp. (3%), Enterobius vermicularis (0.1-1.1%) y Hymenolepis
diminuta (0.9%) (Araujo and Fernandez, 2005; Boia et al., 2006; Boia et al., 1999;
Carvalho-Costa et al., 2007; Coura et al., 1993a; Coura et al., 1994; Coura et al., 1993b;
da Silva et al., 2009; dos Santos et al., 2010; Hurtado-Guerrero et al., 2005; Monteiro et
al., 2009; Oliveira et al., 2007; Rios et al., 2007; Valverde et al., 2011).

En la ciudad de Manaus, estudios realizados en centros sanitarios, en poblacion
pediatrica o en areas periféricas de la ciudad relataron prevalencias en general mas bajas
para A. lumbricoides (11.9%-13.5%), T. trichiura (4.5-4.9%), Blastocystis spp. (1.1%),
anquilostoma (1.1-9.5%), S. stercoralis (0.6-3.8%) y H. nana (2%) que las presentadas
en otros municipios. Sin embargo, las prevalencias descritas en Manaus para el
complejo E. histolytica son elevadas (13.7-21.5%) (Benetton et al., 2005; Maia et al.,
2009; Oliveira et al., 2010).

En estudios realizados en todo el estado del Amazonas, se ha estimado que la
prevalencia de G. lamblia en nifios se situaba entre el 4.4 y el 29% (Carvalho-Costa et
al., 2007; da Silva et al., 2009; dos Santos et al., 2010; Maia et al., 2009; Monteiro et
al., 2009). En una pequefia comunidad indigena de la localidad de lauareté, municipio

de Sdo Gabriel da Cachoeira, es donde se han descrito las prevalencias mas altas en el
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estado del Amazonas para anquilostoma (75%) y complejo E. histolytica (75%) (Bdia et
al., 2009). La multiparasitosis, es decir, la infeccion por mas de una especie de parasito
intestinal también fue descrita, siendo del orden del 24.1 al 35.1% (Benetton et al.,
2005; Bdia et al., 1999; Coura et al., 1994; Rios et al., 2007; Valverde et al., 2011).

1.2.5. Factores de riesgo para la infeccion por parasitos intestinales

A pesar de que elevadas prevalencias para parésitos intestinales han sido
relatadas en comunidades rurales o pequefias ciudades urbanizadas de la Amazonia
brasilefia, pocos estudios sobre los factores de riesgo para infeccion en area amazénica
han sido publicados (Benetton et al., 2005; Maia et al., 2009; Visser et al., 2011), y
ninguno fue realizado en areas remotas.

Estudios epidemiol6gicos previos indican que ciertas caracteristicas son
comunes a la epidemiologia de las distintas especies de helmintos intestinales en
comunidades (Bundy and Medley, 1992). Ha sido observado que las condiciones del
domicilio asociadas con la pobreza, tales como tener suelo de tierra (Walker et al.,
2011), el aceso limitado a la letrina (Hesham Al-Mekhlafi et al., 2008; Nasr et al., 2013;
Traub et al., 2004; Walker et al., 2011), el uso de agua no potable (Nasr et al., 2013;
Ngui et al., 2011), el hacinamiento (Pullan et al., 2008) y el nivel bajo de educacién de
la madre (Naish et al., 2004; Traub et al., 2004) representan factores de riesgo para la
infeccion por geo-helmintos (y otros parésitos intestinales) y contribuyen a los patrones
de agregacion domiciliar detectados en comunidades estudiadas (Chan et al., 1994;
Forrester et al., 1988; Halpenny et al., 2013).

El analisis de patrones de agregacion de las infecciones en poblaciones puede
generar informacion atil para los servicios de salud para el control de las parasitosis
intestinales, pues identifica areas geograficas con mayor riesgo de transmisiéon y de
morbilidad. En un estudio realizado en una comunidad agricola del estado del Acre
(Amazonia brasilefia) casi la mitad de las infecciones por geo-helmintos encontradas
estuvieron concentradas en apenas el 5.3% de los domicilios estudiados, que estaban
situados en un radio de 690 metros (de Souza et al., 2007). La existencia de
agregaciones de infeccion por geo-helmintos ha sido asociada con caracteristicas
biofisicas y climaticas tal como presencia de cobertura forestal, lluvia, temperatura

calida y tipo de suelo. Estas caracteristicas conjuntamente con la deficiente estructura de
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saneamento e higiene facilitan la supervivencia de huevos y larvas de helmintos, y por
tanto su transmision (Halpenny et al., 2013).

Ha sido descrito, ademds, que en las zonas econdmicamente deprimidas del
tropico las multiples infecciones por helmintos (y también las maultiples infecciones
parasitarias) son comunes. Sin embargo, hasta ahora poco se sabe sobre los factores
determinantes de los patrones de infeccién por mdaltiples especies de helmintos en
comunidades (Drake and Bundy, 2001; Howard et al., 2002; Pullan et al., 2008) y hasta
la fecha ningln estudio se ha enfocado a los factores de riesgo para multiparasitosis en

las poblaciones amazonicas.

1.3. Diagnéstico de laboratorio de las parasitosis intestinales

La evaluacion del desempefio de las pruebas de diagndstico es fundamental en la
busqueda de pruebas validas para proporcionar una atenciéon adecuada del paciente,
evaluar la efectividad de farmacos, controlar la eficacia de los programas de control y
obtener una mejor comprension de la epidemiologia de los parasitos intestinales
(Harhay et al., 2011; Tarafder et al., 2010). Técnicas de diagnostico mas sensibles son
actualmente necesarias en muchos paises en desarrollo para el control de los parasitos
intestinales. En Brasil, un estudio nacional realizado entre 2010 y 2012 demostro la
disminucion general de las prevalencias de Schistosoma mansoni y geo-helmintos
cuando fue comparado con el ultimo estudio nacional realizado entre 1977 y 1981
(comunicacion oral de Dr. Naftale Katz en el Congreso de la Sociedad Brasilefia de
Medicina Tropical en 2013). Este estudio destaca la necesidad de buscar técnicas mas
sensibles para el diagnostico de S. mansoni y geo-helmintos ya que en areas de baja
endemicidad, donde predominan las infecciones leves, las técnicas parasitoldgicas
actualmente existentes (como el Kato-katz) presentan baja sensibilidad (WHO, 2012b).

Para algunos patdgenos importantes, nuevas pruebas diagndsticas se han
desarrollado y se estan validando actualmente. Sin embargo, diversas técnicas antiguas
pero utilizadas rutinariamente en centros de diagnostico y de investigacion (por su
simplicidad) siguen sin una adecuada validacion, lo que se traduce en la generacion de
informaciones clinicas y epidemioldgicas de baja fiabilidad.

El diagnostico de laboratorio de las parasitosis intestinales en las areas de

€scasos recursos econdmicos en Brasil se realiza a través de técnicas basadas en la
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microscopia oOptica que son de bajo coste y simplicidad técnica. En este contexto, la
técnica de concentracion mas ampliamente usada es la técnica de sedimentacion
espontanea de Lutz (SST) (Lutz, 1919), también llamada técnica de Hoffman, Pons y
Janner (Hoffman et al., 1934). Otras técnicas basadas en la sedimentacion espontanea
son el Paratest (Brandelli et al., 2011) y la técnica de sedimentacion espontanea en tubo
(Ribeiro and Furst, 2012). Estas técnicas también son utilizadas en otros paises de la
America Latina como Venezuela (SST) (Devera et al.,, 2008) y Peru (Técnica de
sedimentacion espontanea en Tubo) (Tello et al., 2012). Ademas de que son técnicas
baratas y de facil ejecucion, permiten la deteccion simultanea de helmintos y protozoos
intestinales y por eso en areas de escasos recursos su uso se prefiere en contraposicion a
las técnicas basadas en la sedimentacion por centrifugacion o flotacién. Sin embargo,
las técnicas basadas en la centrifugacion han demostrado ser mejores en relacion a las
que se basan en la sedimentacion espontanea (Carvalho et al., 2012; Gomes et al.,
2004), aunque algunas excepciones han sido publicadas (Devera et al., 2008; Tello et
al., 2012).

1.3.1. Evaluacién de pruebas de diagnéstico en la ausencia de un patrén oro

En el contexto de la evaluacion de pruebas de diagnostico, no existe ningun test
que pueda considerarse como patron oro para el diagndstico de las parasitosis
intestinales (Basso et al., 2013; Tarafder et al., 2010).

Un patrén oro es aquella prueba que presenta una sensibilidad y especificidad
del 100% y respecto la cual se estima la validez de otras pruebas de diagnostico. Sin
embargo, la mayoria de los estudios de estimacion de la sensibilidad y la especificidad
de las pruebas aplicadas al diagndstico de parasitos intestinales consideran como el
patron de oro los resultados de una de las dos pruebas comparadas (por lo general la
prueba tradicional) o la combinacion de los resultados de varias pruebas de diagnostico
(Brandelli et al., 2011; Carvalho et al., 2012; Devera et al., 2008; Dogruman-Al et al.,
2010; Glinz et al., 2010; Inés et al., 2011; Knopp et al., 2011; Levecke et al., 2011;
Steinmann et al., 2012). Debido a la ausencia de un verdadero patron oro, la
comparacion de una determinada prueba respecto una prueba de referencia imperfecta

podria dar lugar a estimaciones sesgadas de la validez de la prueba (Basso et al., 2013).
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Una solucidn propuesta para subsanar el problema de no disponer de una prueba
patrén oro es utilizar un modelo con una variable latente e estimarlo mediante
estadistica bayesiana. Esta metodologia ha demostrado su potencial en validar técnicas
diagnosticas y proporcionar una estimacion fiable de la prevalencia de las infecciones o
enfermedades, cuando al menos tres resultados independientes de las pruebas de
diagnostico estan disponibles (Basafiez et al., 2004).

El analisis estadistico con variable latente se basa en la idea de que los
resultados observados de varias pruebas imperfectas para la misma enfermedad se ven
influidos por una variable latente subyacente comin (no observada) sobre el estado
verdadero de la enfermedad (Hadgu et al., 2005). La informacion al respecto del estado
verdadero de la enfermedad puede ser recuperada a partir de los datos observados
mediante el uso de un modelo estadistico apropiado. Ademas, la estadistica bayesiana
permite incorporar informacion previa distinta a la contenida en los datos observados
del estudio (Basso et al., 2013), que ha de ser obtenida a partir de la literatura cientifica.

Hasta ahora, solo tres articulos en el area de paréasitos intestinales humanos han
presentado estimaciones de la sensibilidad y la especificidad de las pruebas de
diagnostico utilizando esta metodologia (Booth et al., 2003; Tarafder et al., 2010; Traub
et al., 2009). En estas publicaciones se ha evaluado la sensibilidad y especificidad del
Kato-katz para el diagnostico de anquilostoma, A. lumbricoides, T. trichiura y S.
mansoni (Booth et al., 2003; Tarafder et al., 2010); y de la flotacion con sulfato de zinc,
prueba de inmunofluorescencia y reaccion en cadena de la polimerasa para el
diagnostico de G. lamblia (Traub et al., 2009).

1.3.2. Evaluacion de la repetibilidad de las pruebas de diagnostico

Otro aspecto importante durante la evaluacion de las pruebas de diagndstico es
la repetibilidad de sus resultados (Sanchez et al., 2002). Segun Jacobson (1998) uno de
los principales objetivos en el proceso de desarrollo de un método de ensayo es como
minimizar la variabilidad en los resultados de la prueba examinando diferentes maneras
gue maximizan la repetibilidad y la reproducibilidad de la prueba (Jacobson, 1998). La
repetibilidad se refiere al grado de concordancia entre las evaluaciones repetidas de una
misma muestra con la misma técnica en el mismo laboratorio, por el mismo técnico
(Braun-Munzinger and Southgate, 1992; White and van den Broek, 2004).
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La repetibilidad también se puede referir al grado de concordancia entre las
lecturas de una prueba. También se puede considerar la concordancia intra-evaluador e
inter-evaluadores (White and van den Broek, 2004). Por tanto, la repetibilidad nos da
informacién acerca de la confiabilidad de una prueba y puede ser influenciada por
diversos factores externos que intervienen antes y durante el procesamiento de una
prueba, como por ejemplo la preservacion de las muestras, el tiempo de almacenamiento

de las muestras y la manipulacion (Sanchez et al., 2002).

1.3.3. La técnica de sedimentacion espontanea de Lutz

El SST fue inicialmente descrito por Adolph Lutz en 1919, siendo desarrollado
para el diagnostico de huevos de S. mansoni en heces y con el objetivo de sustituir el
método directo debido a la escasez de huevos detectados por esta técnica cuando el
namero de hembras era pequefio. Posteriormente, Hoffman, Pons y Janer en 1934
verificaron la utilidad de la técnica para el diagnostico de otras parasitosis intestinales y
confirmaron su superioridad en comparacion con el método directo (Costa-Macedo,
2013).

El principio de la técnica es la sedimentacion en agua de material fecal diluido
ya sea en agua 0 conservante, bajo la accion de la gravedad. Resumidamente, las
muestras de heces previamente conservadas o diluidas en agua corriente en el
laboratorio, son filtradas a través de una tira de gasa doblada dos veces en una copa
conica de 125 ml. Al filtrado se afiade agua corriente hasta un volumen de 3/4 de la
copa. La suspension se deja en reposo durante 1 o 2 horas, y después de este periodo,
parte del sedimento se recoge de la camada inferior con una pipeta, y una gota es puesta
en un portaobjetos y es tefiida con lugol para el examen por microscopia Optica (De
Carli, 2007a) (Figura 7).

Algunas modificaciones de la técnica fueron propuestas, pero no son utilizadas
en todas las ocasiones: a) pasado el periodo de sedimentacion, cerca de 2/3 del liquido
sobrenadante es decantado con cuidado para no perder el sedimento. b) el sedimento es
resuspendido en agua corriente y la suspension se deja en reposo por una hora. c) este
procedimiento de lavado puede ser repetido hasta que el liquido sobrenadante quede
relativamente claro. Algunos autores recomiendan la sustitucion del agua corriente por

solucion acuosa de glicerina a 0.5% para disminuir la tension superficial y aumentar el
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numero de organismos, o por solucion salina a 0.85% para evitar la lisis de las formas
vacuolares de Blastocystis spp., que ocurre en presencia de agua (De Carli, 2007a).

El SST presenta la ventaja de ser una técnica de coste barato y de facil
ejecucion, pues utiliza poca cantidad de material de laboratorio, no siendo necesario el
uso de reactivos ni la centrifugacion. La cantidad de heces utilizada en la técnica es
variable, de 1 a 5 gramos, lo que por un lado es una ventaja por la mayor cantidad de
heces frente otras técnicas (que favorece la probabilidad de encontrar parasitos), y por el
otro implica la desventaja de que una gran cantidad de detritos fecales esta presente en
el sedimento, lo que dificulta con frecuencia la preparacion y examen por el
microscopio (De Carli, 2007a; Hoffman et al., 1934).

Figura 7: Técnica de sedimentacion espontanea de Lutz (SST). (A) Suspensién de heces filtrada a través
de gasa; (B) Sedimento después de dos horas de reposo; (C1) Suspension de heces filtrada (hora cero);
(C2) Sedimento después de dos horas de reposo; (D y E) Recogida del sedimento en la parte inferior de la
copa con una pipeta de vidrio; (F) Una gota del sedimento se coloca en el lado izquierdo del porta objetos
y una gota de solucién de yodo (lugol) en el lado derecho. Las dos gotas son mescladas (fuente: De Carli
et al., 2007a y Facultad de Farmacia — UFMG).
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1.3.4. El kit Paratest

El Paratest es un kit desarrollado por la empresa Dk Diagnostics (S&do Paulo,
Brasil) para el diagnostico de los parasitos intestinales a través de la sedimentacion
espontanea de las heces previamente conservadas. El kit fue desarrollado con el objetivo
de expandir nuevos métodos basados en la simplificacion de los procedimientos de
laboratorio y al mismo tiempo mejorar la bioseguridad. El kit proporciona un
contenedor de heces que tiene una tapa equipada con un filtro de 266 micras. Esta
caracteristica simplifica la manipulacion y el examen de muestras de heces mediante la
realizacion de los pasos de la conservacion, la filtracion y la concentracion en el propio
contenedor (Brandelli et al., 2011; Dk Diagnostics, 2013).

Actualmente la empresa permite el uso de tres tipos diferentes de conservantes
(formalina 5% neutra y taponada; conservante biodegradable Greenfix®; SAF (acido
acético, acetato de sodio y formaldehido)), que vienen en el contenedor del kit. De
acuerdo a las instrucciones del fabricante, dos porciones de heces frescas son
recolectadas con el lado conico de la pala que viene en el kit. En el caso de diarrea, 3
porciones son recolectadas con el otro lado de la pala. Las porciones de heces son

completamente disueltas en el liquido conservante del contenedor (Figura 8).

COMO UTILIZAR METODOLOGIA
Retirar el Paratest del embalaje v " (:Z!uital el tapon de cierre para
abrir el contenedor con cuidado liberar los gases
para no derramar el liquido
conservante

Insertar ¢l tapén de cierre v
homogeneizar la muestra agitando
el contenedor. Retirar el tapén de

Recoger las heces con la pala ; ;:
cierre de nuevo cuidadosamente
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Invertir el contenedor
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y poliestireno, sin el tapon de cierre.
Esperar 15 6 30 minutos. Preparar
el porta objetos para la lectura
microscopica

Figura 8: Metodologia del Paratest (fuente: http://www.dkdiagnostics.com).
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Para proceder con la sedimentacion, el tapdn de cierre de la tapa es retirado para
eliminar los gases de las heces y es insertado otra vez, tras presionar el contenedor, para
crear un vacio en la tapa. Finalmente, el contenedor es agitado, el tapén de cierre es
retirado y el contenedor es invertido y colocado sobre una bandeja de poliestireno (que
viene con el kit) para la sedimentacion espontanea de la suspensién fecal. Pasados 15 0
30 minutos, dos gotas de sedimento son depositadas en un porta objetos y se tifien con
lugol para el examen microscopico (Dk Diagnostics, 2013) (Figura 8).

El Paratest tiene la ventaja de permitir el uso de una cantidad estandarizada de
heces (2 gramos) que para el volumen empleado de conservante es la ideal para
proporcionar un sedimento méas limpio tras la filtracion. En comparacion al SST, el
Paratest es mé&s répido, necesitando un maximo de 30 minutos en la etapa de
sedimentacion (Dk Diagnostics, 2013). Debido a estas ventajas, ademés de la
bioseguridad y su estructura compacta, el Paratest es ideal para uso en lugares remotos,

como las areas rurales de la Amazonia.
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2. Hipotesis

Las hipotesis y objetivos planteados en esta tesis van dirigidos a incrementar los
conocimientos acerca de la epidemiologia de helmintos y protozoos que se transmiten
por via fecal-oral, y generar mejor conocimiento acerca del desempefio de técnicas
usadas en el diagndstico de paréasitos intestinales. La contextualizacion de la
problematica considerando aspectos sobre el area de estudio estd presentada en el

apartado “Aspectos generales” de la Introduccion.

Hipétesis principal:

Los parasitos transmitidos por via fecal-oral (Calodium hepaticum y parasitos
intestinales) constituyen una importante causa de infecciones humanas en areas remotas
amazonicas y estan infra-diagnosticados debido al uso de pruebas de diagndstico poco
sensibles.

Hipotesis especificas:

Hipotesis 1. La infeccion espuria por C. hepaticum estd presente en comunidades
rurales amazonicas y la transmision estd relacionada con la ingesta de mamiferos

silvestres.

Hipotesis 2: Las poblaciones de areas remotas urbanizadas de la Amazonia presentan
una alta prevalencia de infeccion por helmintos y protozoos intestinales. Caracteristicas
socio-demograficas y relacionadas al domicilio son factores de riesgo para la infeccién

por helmintos.

Hipdtesis 3: Las técnicas de sedimentacion espontanea (técnica de sedimentacion
espontanea de Lutz -SST- y Paratest) presentan una buena concordancia, un desempefio

similar y una baja sensibilidad para el diagndstico de parasitos intestinales.
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3. Objetivos

Objetivo general:

Evaluar aspectos relacionados a la epidemiologia de los parasitos transmitidos
por via fecal-oral (Calodium hepaticum y parasitos intestinales) en areas remotas de la
Amazonia brasilefia y evaluar el desempefio de dos técnicas de sedimentacion
espontanea, que son ampliamente usadas en Brasil para el diagnostico de parasitos

intestinales.

Objetivos especificos:

Objetivo 1: Estimar la incidencia y el riesgo de infeccidn espuria, asi como estudiar la
dindmica de la transmision de C. hepaticum en una comunidad rural de la Amazonia
brasilefia (comunidad de Rio Pardo, municipio de Presidente Figueiredo, estado del

Amazonas).

Obijetivo 2: Estimar la prevalencia de parasitos intestinales y estudiar factores de riesgo
para las infecciones por helmintos en una ciudad remota de la regién amazénica de

Brasil (ciudad de Barcelos, municipio de Barcelos, estado del Amazonas).

Obijetivo 3: Evaluar y comparar el desempefio (repetibilidad, concordancia, sensibilidad
y especificidad) de dos técnicas de sedimentacion espontanea (técnica de sedimentacién
espontanea de Lutz —SST- y Paratest) en la deteccion de infeccién por helmintos
(Ascaris lumbricoides, anquilostoma, Trichuris trichiura y C. hepaticum) y protozoos
(Giardia lamblia, complejo Entamoeba histolytica y Blastocystis spp.) transmitidos por
via fecal-oral, utilizando enfoque bayesiano para la estimacién de sensibilidad y
especificidad.

Los estudios realizados para desarrollar los objetivos especificos han generado
tres articulos, dos publicados en revistas internacionales del 1% cuartil del area de
Medicina Tropical y uno sometido a una revista internacional indexada:
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Obijetivo 1: Publicado en PLoS Neglected Tropical Diseases

Gongalves AQ, Ascaso C, Santos I, Serra PT, Julido GR, Orlandi PP. Calodium
hepaticum: household clustering transmission and the finding of a source of human
spurious infection in a community of the Amazon region. PLoS Neglected Tropical
Diseases (online), v.6, p.e1943, 2012. doi: 10.1371/journal.pntd.0001943. Factor de
impacto: 4.56 (1% cuartil del area de Medicina Tropical).

Objetivo 2: Sometido a Parasitology Research

Gongcalves AQ, Junqueira ACV, Abellana R, Comella del Barrio P, Terrazas W, Sodré
FC, Bdia MN, Ascaso C. Prevalence of intestinal parasites and risk factors for single
and multiple helminth infections in a remote city of the Negro river, Brazilian Amazon.
En revision por la revista Parasitol Res.

Objetivo 3: Publicado en Acta Tropica (version online)

Gongalves AQ, Abellana R, Pereira-da-Silva HD, Santos I, Serra PT, Julido GR,
Orlandi PP, Ascaso C. Comparison of the performance of two spontaneous
sedimentation techniques for the diagnosis of human intestinal parasites in the absence
of a gold standard. Acta Tropica 131: 63-70, 2014.
http://dx.doi.org/10.1016/j.actatropica.2013.11.026

Factor de impacto: 2.78 (1* cuartil del area de Medicina Tropical).

Los resultados parciales y finales de esta tesis tambien han sido discutidos y

presentados previamente en los siguientes congresos:

Gongalves AQ, Ascaso C, Julido GJ, Orlandi PP. Elevada incidéncia de infecgéo
espuria por Calodium hepaticum (Capillaria hepatica) na Amazénia brasileira e
emergéncia desta &rea como prioritaria para pesquisa de casos de doenca. XLIX
Congresso da Sociedade Brasileira de Medicina Tropical, 6 a 10 de agosto de 2013,
Campo Grande, Mato Grosso do Sul, Brasil. Presentacion oral.

Goncalves AQ, Abellana R, Pereira-da-Silva HD, Julido GR, Orlandi PP, Ascaso C.
Comparacdo do desempenho (repetibilidade e acuracia) de duas técnicas de
sedimentacdo para o diagndstico de parasitas intestinais na auséncia de um padrao ouro.
XLIX Congresso da Sociedade Brasileira de Medicina Tropical, 6 a 10 de agosto de
2013, Campo Grande, Mato Grosso do Sul, Brasil. Poster.

Gongalves AQ, Ascaso C, Santos I, Serra PT, Julido GR, Orlandi PP. Calodium
hepaticum: household clustering transmission and the finding of a source of human
spurious infection in a community of the Amazon region. XVIII Internacional Congress
for Tropical Medicine and Malaria and XLVIII Congress of the Brazilian Society of
Tropical Medicine. From 23-27 september, 2012. Rio de Janeiro, Brazil.
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Gongalves AQ, Julido GJ, Serra PT, Serfaty DMB, Pessoa RO, Santos I, Ascaso C,
Orlandi PP. Infection by Calodium hepaticum in a rural area of the Amazon: rare event
or misdiagnosis? 7" European Congress on Tropical Medicine and Internacional Health.
From 3-6 october, 2011. Barcelona, Spain.

26



4. Resultados

4.1. Articulo 1: Calodium hepaticum: household clustering transmission and the
finding of a source of human spurious infection in a community of the Amazon

region

Autores: Gongalves AQ, Ascaso C, Santos I, Serra PT, Julido GR, Orlandi PP

RESUMEN

Calodium hepaticum: transmision domiciliar y hallazgo de una fuente de infeccién

espuria humana en una comunidad de la region amazoénica

Introduccion: EI Calodium hepaticum (sindnimo Capillaria hepatica) es un helminto de
distribucion mundial en el que numerosos aspectos de su transmisién no estdn adn
esclarecidos. En la region Amazonica, ha sido sugerido que el mecanismo de
transmision basado en la ingesta de huevos presentes en el higado de mamiferos
silvestres podria ser la causa de las infecciones espurias descritas anteriormente. Hemos
realizado un estudio epidemioldgico para determinar la incidencia, el riesgo de
infeccion espuria y la dinamica de transmision del C. hepaticum en una comunidad de la

Amazonia Brasilefia.

Material y métodos: Se obtuvieron muestras de heces de 135 personas, 2 perros Y tejido
hepético de un pecari (capturado y consumido por los residentes en esta comunidad) que
fueron analizados por la técnica de sedimentacion espontanea de Lutz. Las heces de los
perros fueron recogidas del jardin de los domicilios de personas que presentaron
infeccion espuria por C. hepaticum. Fueron investigadas las practicas comunitarias y

habitos alimentarios de la poblacion residente.

Resultados: La incidencia de infeccion espuria fue del 6.7% (95% CI; 2.08-11.24).
Casos de infeccion espuria fueron observados en el 7.5% de los domicilios y la
incidencia intradomiciliar de la misma fue entre el 50 a 83.3%. El riesgo de infeccion

espuria fue 10 veces mayor en personas que consumen higado de mamifero silvestre (p=
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0.02). El higado del pecari y una de las muestras de heces de perro presentaron huevos
de C. hepaticum. El consumo de higado infectado fue identificado como la causa de

infeccion espuria en uno de los domicilios.

Conclusiones: Esta es la primera identificacion de una fuente de infeccidn espuria por
C. hepaticum en humanos y hemos descrito una alta incidencia intradomiciliar
relacionada al habito de comer higado de caza. El hallazgo de heces de perro
contaminando el suelo peridomiciliar sugiere la posibilidad de aparicion de nuevas
infecciones. EI mecanismo de transmision basado en la ingesta de higado de mamifero

silvestre es importante en la dindmica de transmision del C. hepaticum en esta area.
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Abstract

Background: Calodium hepaticum (syn. Capillaria hepatica) is a worldwide helminth parasite of which several aspects of
transmission still remain unclear. In the Amazon region, the mechanism of transmission based on the ingestion of eggs
present in the liver of wild mammals has been suggested as the cause of the spurious infections described. We performed
an epidemiological investigation to determine the incidence, risk of spurious infection and the dynamics of transmission of
C. hepaticum in a community of the Brazilian Amazon. Methodology/Principal Findings: Stool samples of 135 individuals,
two dog feces and liver tissue from a peccary (captured and eaten by the residents) were analyzed by conventional
microscopy. Dog feces were collected from the gardens of households presenting human cases of spurious C. hepaticum
infections. Community practices and feeding habits related to the transmission of the parasite were investigated. The
individual incidence of spurious infection was 6.7% (95% Cl: 2.08-11.24). Cases of spurious infection were observed in 7.5%
of the families and the household incidence was from 50% to 83.3%. The risk of spurious infection was 10-fold greater in
persons consuming the liver of wild mammals (p=0.02). The liver tissue of a peccary and one feces sample of a dog
presented eggs of C. hepaticum. The consumption of the infected liver was the cause of the spurious infections reported in
one household. Conclusions/Significance: This is the first identification of a source of spurious infection by C. hepaticum in
humans and we describe a high rate of incidence in household clusters related to game liver alimentary habits. The finding
of a dog feces contaminating peridomiciliary ground suggests the risk of new infections. We conclude that the mechanism
of transmission based on the ingestion of liver is important for the dynamics of transmission of C. hepaticum in the studied
area.
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Introduction

Calodium hepaticum (syn. Capillaria hepatica) is a zoonotic nematode
of the Trichinellidae family found worldwide. This helminth
infects the hepatic parenchyma of rodents (principle hosts) and
various other mammals (e.g. carnivores, humans) of different
families [1]. In humans infection may cause hepatic calodiasis (syn.
hepatic capillariasis), a rare liver disease (72 cases reported around
the world, 5 being found in Brazil) which may have a severe
clinical course [1-5].

Infection by C. hepaticum occurs following the ingestion of
embryonated eggs (true or hepatic infection) which pass through
the intestinal tract. Larvae hatch at the level of the cecum, pass
through the intestinal wall and reach the liver via the portal-
hepatic system. The larvae mature in the hepatic parenchyma,
transforming into adults 28 days after the infection. Females lay

PLOS Neglected Tropical Diseases | www.plosntds.org

the eggs in the parenchyma and these develop only to the eight-cell
stage. Eggs reach the environment through the decay of the host
carcass or when a predator or cannibal ingests the host and
releases the eggs through the stools. Over a 5-8 week period in
optimal conditions of temperature, humidity and air exposure, the
eggs embryonate in the ground and may infect a new host.
Ingestion of non embryonated eggs leads to untrue (or spurious)
infection in which the eggs pass through the intestinal tract and
exit with the stools without causing liver disease [6-8].

The dynamics of the transmission of C. fhepaticum and the risk
factors associated with infection remain unclear [9,10]. In urban
areas transmission is related to the presence of small rodents (c.g.
Rattus novergicus and Mus musculus) and poor hygienic and sanitary
conditions [1,6,11]. In small rodents, characteristics such as the
high prevalence of natural infection [7,11,12], the rapid popula-
tional turnover and the habit of cannibalism may explain the
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Author Summary

The zoonotic parasite Calodium hepaticum is the causative
agent of rarely reported liver disease (hepatic calodiasis)
and spurious infections in humans. In spurious infections
eggs of this parasite are excreted in the stools without
causing disease. It has been suggested that the cause of
this type of infection in Amazonian areas is the ingestion
of liver of wild mammals infected with the eggs of the
parasite. Nonetheless, studies are needed to confirm this
mechanism of transmission and investigate its epidemio-
logical importance. In the present study we report the high
individual (6.7%) and household incidence (50%-83.3%) of
spurious infection in a rural community of the Brazilian
Amazon. We found a high risk of spurious infection among
subjects who usually ate the liver of wild mammals and
detected a source of spurious infection in humans (peccary
liver) as well as, for the first time, ground contamination
with infected dog feces in a household presenting human
cases. We confirm the existence of this mechanism of
transmission of C. hepaticum and suggest that it is
important for transmission not only in this area but
probably also in other areas of the Amazon with similar
sociocultural characteristics.

elevated transmission of the parasite among these rodents and
their involvement in environmental contamination by eggs
[13,14]. The ingestion of eggs present in the ground or in
contaminated foods has been accredited as the mode of
transmission to humans in urban areas. It has been suggested
that domestic animals (cats and dogs) may also contaminate the
peridomiciliary ground with infected stools [1,14] after eating
small rodents, carcasses or infected liver of other mammals [15].
The participation of domestic animals in the domiciliary cycles has
not, as yet, been well defined.

Spurious infection has predominantly been described in tribal
or immigrant communities around the world [5]. Several authors
have suggested that the cause of this infection in determined
populations is the mechanism of transmission based on the
ingestion of non embryonated eggs present in the liver of
mammals [15-20]. Foster & Johnson related the occurrence of
spurious infection in natives of Panama to the encounter of three
new hosts (Tayassu pecari, Ateles geoffropi and Cebus capucinus)
commonly used by the natives as food [16]. In a rural community
in the Brazilian Amazon a case of spurious infection was associated
with the reported consumption of liver of tapir [18]. Recently, 41
cases of spurious infection and the true infection of a peccary (7.
pecart) and a monkey (Ateles paniscus) were reported in an indigenous
amazonian population from Brazil suggesting the potential of these
animals as local reservoirs [21]. However, studies are needed to
confirm the mechanisms of transmission of C. /epaticum to humans
as well as provide evidence of the cycles potentiating this
transmission.

More than half of the spurious infections by C. hepaticum
reported worldwide in the last decade have been found in Brazil
[5]. Ninety-eight percent (81/82) of these cases are from
indigenous tribes or rural communities of the Amazon region
(from the States of Mato Grosso and Rondénia) [17-19,21-25].
Nonetheless, no case of disease has, to date, been described in this
region. The probable explanation is diagnostic difficulties in the
Amazon that may be attributed to factors such as scarce access to
health care services, unawareness of health professionals of the
existence of the pathogen and the co-existence of tropical diseases
(such as malaria, viral hepatitis, arbovirosis, toxocariasis, among
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others) [19] which share the same clinical symptoms and signs
(typical syndrome for C. hepaticum: persistent fever, hepatomegaly
and leukocytosis with eosinophilia) [14] suggesting that hepatic
calodiasis is probably neglected in this region [18,19].

The aim of the present study was to determine the incidence
and risk of spurious infection as well as the dynamics of
transmission of C. fhepaticum in a community in the Brazilian
Amazon region.

Materials and Methods

Ethics statement

This study was approved by the Ethics Committee in Investiga-
tion of the Oswaldo Cruz Foundation (Protocol 384/07 of 20/08/
2007). Written Informed consent was obtained from all the study
participants. According to the current regulations of the Brazilian
legislation and of the Commission of Ethics in the Use of Animals
(CEUA) of the Oswaldo Cruz Foundation, the study of dog feces
samples collected from the gardens of households does not require
ethical approval because the dogs were not handled or manipulated
by the researchers. Dog owners provided prior permission for the
collection of dog feces samples from their gardens.

Study area and population

This study was carried out in the agricultural community of Rio
Pardo of the municipality of Presidente Figueiredo, located
~160 Km to the north of the city of Manaus (~1°48'S; 60°19'W),
Amazonas State, Brazil (Figure 1). This community was officially
created in 1996 by the National Institute of Colonization and
Agricultural Reform (INCRA), in an area of tropical jungle. It is
composed of 7 unpaved roads, known locally as “Ramal”, which
includes households on both sides of these roads surrounded by
tropical rain forest. The community also includes a riverine
population living along the Rio Pardo stream known as “Igarapé”.

A population census (October—September of 2008) identified
701 inhabitants in the Rio Pardo community, with 360 (51.4%)
living in the Ramal area and 341 (48.6%) in the Igarapé area.
Most of the incomers are natives from the Amazon Region and
make their livings from subsistence farming, plant harvesting
(wood, chestnuts, medicinal herbs), hunting and fishing. Most of
the households present precarious basic sewage systems. Health
care services are sparsely available in the community.

Study design and laboratory analyses

A cross-sectional coproparasitologic study (Text S1) of 40
randomly selected households was performed in the community in
August 2009. One stool sample was collected from each
participant and evaluated 1-6 times by the Lutz [26] and/or
Paratest (Diagnostek, Sdo Paulo, Brazil) techniques. In addition,
feces samples of dogs collected from the gardens of households
presenting human cases of C. hepaticum and a liver tissue sample of
a wild mammal (captured and eaten by the residents) were
analyzed by the Lutz technique. The liver tissue was manually
shredded in a NaCl solution at 0.85% prior to performing the
diagnostic technique.

Identification of the eggs of C. hepaticum was based on
morphologic and morphometric analysis of 20-50 eggs per
sample. The morphologic analysis was based on aspects of the
structure of the eggshells [27,28]. Photomicrographs were made
with a Leica microscope.

Epidemiological investigation

A questionnaire was applied to obtain socio-demographic and
epidemiologic information, especially community activities (hunt-
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Figure 1. Map of the State of Amazonas and study area (area in the inset).

doi:10.1371/journal.pntd.0001943.g001

ing), individual risk factors (habits of ingestion of game meat) and
family practices related to the transmission of the parasite (the
habit of sharing game meat with dogs).

Statistical analysis

The characteristics of the population and the eggs of C. hepaticum
were described using tables of frequencies if the variables were
qualitative and calculating means, standard deviations, maximum
and minimum values if the values were quantitative. Comparisons
of groups and the associations among variables were evaluated with
Chi-square or Fisher exact tests. Estimations of incidence and
relative risk (RR) were made with a 95% confidence interval (CI).
The analyses were performed using the SPSS v.18 statistical
package and the EPIDAT 3.1. A level of significance of 5% was set.

Results

A total of 135 individuals residing in 40 households in the
community participated in the study. The study population was
characterized by a predominance of males (60.7%) and adults (65.2%).

Incidence and risk of spurious infection

Nine cases of spurious infection were identified, representing an
incidence of 6.7% (95% CI: 2.08-11.24). The eggs presented
morphologic and morphometric characteristics compatible with
the species of C. hepaticum, being yellowish-brown in color, barrel-
shaped, with shallow polar plugs and radial striations and
measuring an average of 64.4 um in length and 36.7 pm in width
(Figure 2, Table 1). The cases were from households located in the
area of Igarapé and in one of the Ramals of the community. Of
the individuals infected, 55.5% were women and 55.5% children
(<14 years of age). The rate of households with spurious infection
was 7.5% (95% CI: 1.50-20.38).

Eight out of nine (88.9%) of the cases were found in two
households of the Ramal. The rate of intradomiciliary spurious
infection was 83.3% (5/6) in one household and 75% (3/4) in the
other. All the cases were asymptomatic with the exception of two
individuals in the same household who presented diarrhea and
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were both co-infected by Blastocystis hominis and Salmonella spp. The
case of spurious infection from the area of Igarapé was an adult
woman, the only participant that could not be found to do the
questionnaire. In this latter case, the rate of intradomiciliary
spurious infection was 50%.

The habit of game intake was reported by 94.8% (127/134) of
the individuals. The animals most frequently consumed were paca
(85%), peccary (57.5%), armadillo (42.5%), agouti (37.5%) and
deer (37.5%). Game was eaten at least once a week by 25.6%), with
the liver of game being eaten by 57.5%. The risk of spurious
infection was 10-fold greater in those eating the liver of wild
mammals [10% vs. 0% (p=0.02)].

Transmission of C. hepaticum

After undertaking the epidemiological investigation the com-
plete history of the spurious infections in the Ramal was obtained.
The residents reported that a few days prior to the copropar-
asitologic study a group of hunters captured several peccaries and
shared the entrails and meat among the residents of the Ramal for
food. The two families presenting cases of C. hepaticum reported
having eaten the liver of the hunted peccaries.

In addition, one of the families reported that raw meat
remaining from the peccary liver that had been consumed was
still stored in the freezer of their home. This piece of liver tissue
was provided and analyzed in the laboratory, being positive for the
presence of typical eggs of C. hepaticum. On average the eggs
measured 63.1 pm in length and 36.3 um in width (Figure 2,
Table 1). In this household the consumption of infected liver was
the cause of the spurious infection reported in 83.3% (5/6) of the
residents. The host was probably a Pecari tgjacu or 1. pecari since
there are only two species of peccary in the study area.

Some families reported the habit of giving game meat (raw) with
their dogs as food. We estimated that 7.5% (3/40) of the families
surveyed did this. Two dog feces samples were collected from the
gardens of the two Ramal households presenting human cases of C.
hepaticum. Omne of the samples analyzed presented eggs with
characteristics compatible with species C. hepaticum, measuring an
average of 61.1 pm i length and 35.4 um in width. (Figure 2, Table 1).

December 2012 | Volume 6 | Issue 12 | %1943



Transmission of Calodium hepaticum in Amazon

Figure 2. Eggs of Calodium hepaticum in stool and liver tissue. A. In human stools, B. In peccary liver tissue, C. In dog feces. Scale=31 um (all

images).
doi:10.1371/journal.pntd.0001943.9g002

Discussion

In the present study we describe a rate of spurious infection of
6.7% 1in a rural community of the Amazon, being, to our
knowledge, one of the highest reported to date. This rate was
similar to that estimated for indigenous people of the northwest of
State of Mato Grosso (8.6%) [21] and of the Surui etnia in
Rondénia (5.2%), in the Brazilian Amazon [25], indicating that
the Amazon region has the highest incidence of spurious infection
worldwide. Other studies have reported lower rates ranging from
0.2% to 2.3% [17,22-24]. It should be noted that the rate
estimated here might have been lower than that presented if all the
samples had been evaluated only once.

Three capillarid species of zoonotic importance are known: C.
hepaticum, Eucoleus aerophilus (syn. Capillaria aerophila) and Paracapillaria
(Crossicaprllaria) philippinensis (syn. Capillaria phalippinensis) [5). E. aerophilus
is widespread and parasitizes the trachea and mainly the bronchi of
dogs, cats, wild carnivores and, occasionally, humans [29,30]. P.
plulippinensis is a parasite of fish, endemic in Philippines and Thailand
and is the etiologic agent of human mtestinal capillariasis [31]. Only
the species C. hepaticum has been reported in Brazil.

Eggs of C. hepaticum, E. aerophilus and P. philippinensis can be
found in human feces and can be differentiated. In capillarids,
different aspects of the eggshell structure can be used as a
taxonomic clue [27,28]. The combination of morphologic and
morphometric analysis of the eggs allows the identification of
species of capillarids at a light microscopy level [27,32].
Morphologic characteristics of the bipolar plug (asymmetric in
E. aerophilus, inconspicuous flattened in P. philippinensis), the shell
(with a network of anastomosing ridges in E. aerophilus, striated in
P. philippinensis) and the shape (peanut like in P. philippinensis) can be
used for differentiation of the eggs [30,33]. The morphology of the
eggs found in this study (from dog feces, human stools and liver

tissue) was compatible with the species C. hepaticum (presence of
shallow polar plugs and radial striations) with dimensions
according to those described by previous authors (40-75 pm in
length x27-41.3 um in width) [8,14,18,21,27,34].

We report a frequent habit of wild mammal meat (94.8%) and
liver (57.5%) intake similar to previous studies in Amazon
populations and in indigenous tribes [18,19,25]. Recently, in a
river-side population from the State of Rondénia (western
Brazilian Amazon) with a high consumption (91.7%) of meat
from wild mammals (paca, agouti or peccary), the serum
prevalence of C. hepaticum was 34.1% at a dilution of 1:150,
suggesting frequent contact with eggs of C. hepaticum [19].

Mild diarrhea has been reported in spurious infection of C.
hepaticum, although this type of infection appeared to be
asymptomatic in most cases [35]. In this study most individuals
were asymptomatic, but the occurrence of diarrhea in two subjects
could not be attributed to spurious infection by C. hepaticum due to
the concomitant presence of two potential agents of diarrhea (B.
hominis and Salmonella spp.).

This 1s the first report of a causative source of spurious infection of
humans by C. hepaticum, that of peccary liver. Peccaries of the species
1. pecari and P. tgjacu are natural reservoirs of C. hepaticum [16,21,36],
are widely distributed in Brazil [37], and are one of the wild
mammals most frequently used as food in Brazilian amazonian
communities [19]. For these reasons we suggest that these animals
can be an important source of spurious infection for humans in the
Amazon region. In Brazil, liver infection by C. hepaticum has been
described in domestic dogs and cats and other mammals of the
subfamilies Murinae (R. novergicus, Rattus rattus and M. musculus),
Sciurinae (Sciurus aestuans), Caninae (Lycalopex gymnocercus, Cerdocyon
thous and Chrysocyon brachyurus), Tayassuinae (P. tgjacu and T. pecar),
Felinae (Puma concolor) and Atelinae (A. paniscus) [21,34,36,38—40].

Table 1. Morphometric parameters of the eggs of C. hepaticum from human stools, peccary liver tissue and dog feces.

um =micrometer.

n, =sample size.

n,=number of eggs measured.

SD =standard deviation.
doi:10.1371/journal.pntd.0001943.t001
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Length (um) Width (um)
Source of eggs n, ny Mean Range SD Mean Range SD
Human stools 9 320 64.4 55-72.5 3.20 36.7 32.5-40 1.63
Liver tissue 1 20 63.1 57.5-67.5 331 36.3 35-41.2 1.68
Dog feces 1 20 61.1 60-65 1.51 354 33.7-37.5 1.09
Legend:
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We estimated, for the first time, that individuals who usually eat
the liver of wild mammals present a 10-fold higher risk of presenting
spurious infection than those without this habit. As a consequence of
this alimentary habit the spurious infection showed previously
unreported high intradomiciliary rates (50% to 83.3%), character-
ized as infection by household clusters. The present results confirm
the suspicion of several authors as to the existence of the mechanism
of transmission by the ingestion of non embryonated eggs present in
the liver of mammals and their involvement as a cause of spurious
infection in humans. This thereby allows the conclusion that this is
an important mechanism of transmission of eggs of C. hepaticum in
this area and probably also in other areas of the Amazon with
similar sociocultural characteristics.

Eggs characteristic of the species C. hepaticum were found in a
sample of dog feces collected from the garden of one household
presenting cases of spurious infection. It is known that domestic
dogs are susceptible to infection by C. hepaticum [40,41] and other
capillarid species (E. aerophilus and Eucoleus boehmi) [32]. E. boehmi
(syn. Capillaria boehmi) is a parasite of the nasal cavities and sinuses
of wild canines (e.g. foxes and wolves) and domestic dogs, and its
eggs can also be found in feces. Eggs present asymmetrical plugs,
tiny pits on the surface of the wall and measure 50-60 um x30—
35 um [32]. E. aerophilus have been described in dogs from Europe,
North America and Australia and £. boehmi in dogs from Europe
and North America [32]. Only the species C. hepaticum has been
described in domestic dogs from Brazil.

The spurious infection by C. hepaticum of a pet within a setting
presenting human spurious infections has not been previously
described. This finding may be related to the report of the families
about having given raw game meat to the dogs. The practice of
feeding pets with raw meat and close living relationships between
humans and pets have previously been suggested as having an
important role in the transmission of zoonotic pathogens [42,43].

This suggests that dogs may potentiate the emergence of a
peridomestic cycle of C. hepaticum in this area. Since the dogs
usually deposit their feces around the houschold, a new epizootic
focus could be established very close to the family thereby
increasing the risk of spurious and hepatic infections and even the
development of cases of disease, especially among children.
Children are more likely to be infected because of pica (especially
geophagia) [5]. The deficient sanitary conditions in the community
studied may be another important factor contributing to the risk of
further infections. This last characteristic is common in rural
communities which routinely hunt in the Amazon region
[18,19,25], suggesting the risk of the emergence of cases in other
populations.

We therefore recommend the implementation of an epidemi-
ologic surveillance system for the diagnosis of spurious infection
(with correct microscopic identification of the parasite) in areas in
which the population has the habit of eating game meat. To
prevent mix-ups, laboratory technicians could be trained to
differentiate the eggs of Trichuris trichiura from those of capillarids
[5], taking into account morphologic and morphometric charac-
teristics. Since Trichuris spp. eggs have smooth walls they can be
distinguished from the mainly ornamented eggs of the capillarids

[44].
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Moreover, in areas presenting spurious infections, we recom-
mend the investigation of C. hepaticum in subjects with clinical
suspicion of hepatic disease by serology and, if necessary,
histopathological examination of liver biopsy samples [5]. To
date, there are no molecular tools for the detection of C. hepaticum.
As measures of prevention it should be recommended that families
should cook the liver well prior to ingestion and should not feed
dogs with raw entrails. Improvements in local sanitary conditions
should also be implemented.

Investigation of the sources of infection in areas in which the
presence of spurious infection has been confirmed is advisable,
including the mammals most frequently consumed and small
rodents. In the latter case, several studies have described the
adaptation of some small rodents (Rhipidomys spp. and Mesomys
spp.) to villages and houscholds located in deforested areas of the
Amazon invaded by man [45,46]. Thus, their role in the dynamics
of peridomiciliary transmission in rural Amazon areas should also
be evaluated. In addition, the species M. musculus and R. rattus,
which are widely distributed reservoirs of C. hepaticum in Brazil
(that adopts the human household or its proximities as its habitat),
have already been described in an area of the Amazon biome with
recent human occupation [47]. Near the location of the present
study, in an area of forest reserves (Minimum Critical Size of
Ecosystems reserves), small rodents of some subfamilies, such as
Sigmodontinae (e.g. Euryoryzomys macconnelli, Hylaeamys megacephalus
and Rhupidomys nitela) and Eumysopinae (e.g. Proechimys cuvier) have
been found. Moreover, known C. hepaticum reservoirs, such as
peccaries (P. tgjacu and T. pecart), A. paniscus and P. concolor have
been described in the area [48].

This is the first study to identify a source of spurious infection of
C. hepaticum in humans (peccary liver) in a rural community of the
Brazilian Amazon. A high rate of incidence in household clusters is
described in relation to the habit of the ingestion of liver of wild
mammals. The finding of contaminated peridomiciliary ground
with an infected dog feces suggests greater risk of new infections
without the participation of a wild agent. The dynamics of
transmission found in the community studied led to the conclusion
that the mechanism of transmission following the ingestion of liver
of wild mammals is an important mechanism in this area.
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4.2. Articulo 2: Prevalence of intestinal parasites and risk factors for single and
multiple helminth infections in a remote city of the Negro River in the Brazilian

Amazon

Autores: Gongalves AQ, Junqueira ACV, Abellana R, Comella del Barrio P, Terrazas
WCM, Sodré FC, Boia MN, Ascaso C

RESUMEN

Prevalencia de la infeccion por parasitos intestinales y factores de riesgo para las
infecciones Unicas y multiples por helmintos en una ciudad remota del rio Negro,

Amazonia brasilefa

Introduccion: Las infecciones por pardsitos intestinales son frecuentes en regiones
tropicales. No obstante, pocos estudios describieron los factores de riesgo para la
infeccion por parésitos intestinales en poblaciones de la Amazonia, especialmente en las

ubicadas en areas remotas.

Material y métodos: un estudio transversal fue realizado en 594 personas de 137
domicilios en la ciudad de Barcelos (estado del Amazonas, Brasil) para estimar la
prevalencia de helmintos y protozoos intestinales y determinar factores de riesgo para
infecciones por helmintos. Fueron obtenidos a través de una encuesta, datos
demograficos, caracteristicas y localizacién de los domicilios e informacion socio-

econdmica.

Resultados: Las prevalencias de Ascaris lumbricoides, anquilostoma, complejo
Entamoeba histolytica, Trichuris trichiura y multiparasitosis por helmintos fueron del
53.4%, 27.1%, 13.6%, 8.8% y 24.6%, respectivamente. Los principales factores de
riesgo detectados fueron no tener letrina (OR=1.71, 95%CI 1.05-2.78) para la infeccion
por A. lumbricoides; ser varon (OR= 2.43, 95% CI 1.58-3.75) y tener suelo de tierra o
madera en el domicilio (OR= 1.74. 95% CI 1.04-2.90) para la infeccién por
anquilostoma; finalmente ser varon para la infeccion maltiple por helmintos (OR= 2.26,

95% CI 1.30-3.93). Tomando en cuenta los diferentes barrios, identificamos dos areas
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distintas con mayor riesgo de infeccion (por multiples especies de helmintos,

anquilostoma y T. trichiura) en la ciudad.

Conclusiones: Encontramos una alta prevalencia de parasitos intestinales e
identificamos algunos factores de riesgo para helmintos. Estos hallazgos sugieren que
deben ser tomadas medidas de intervencion especificas para el control de las parasitosis
intestinales.
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Abstract

Helminths and intestinal protozoan infections are common in tropical regions. However,
few studies have described the risk factors of these infections in amazonian populations,
especially from remote areas of the Amazon. A cross-sectional survey was performed in
594 individuals from 137 households of the Barcelos city (Amazonas state, Brazil) to
estimate the prevalence of intestinal parasites and determine the risk factors for single
and multiple helminth infections. Demographic data, the characteristics and location of
the households and socio-economic information were collected with a questionnaire.
The prevalence of Ascaris lumbricoides, hookworm, Entamoeba histolytica complex,
Trichuris trichiura and multiparasitism by helminths was 53.4%, 27.1%, 13.6%, 8.8%
and 24.6%, respectively. The main risk factors determined were: not having a latrine
(OR= 1.71, 95% CI 1.05-2.78) for A. lumbricoides infection, being male (OR= 2.43,
95% CI 1.58-3.75) and having earth or wood floors (OR= 1.74. 95% CI 1.04-2.90) for
hookworm infection; and being male (OR= 2.26, 95% CI 1.30-3.93) for multiple
helminth infections. Taking the different neighborhoods into account we identified two
distinct areas of high risk of infection (by multiple helminth species, hookworm or T.
trichiura) in the city. The high prevalence of intestinal parasites and the identification of
risk factors for helminth infections highlight the need for implementing control
interventions in the city. Future interventions should be based on chemotherapy,

sanitation and health education.

Keywords: intestinal parasites, helminths, prevalence, risk factors, Amazon, Brazil
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1. Introduction

Neglected tropical diseases (NTDs) still affect millions of people worldwide
(Hotez et al. 2006; Utzinger et al. 2012) and soil-transmitted helminthiasis is considered
among the most prevalent NTDs as they persist in the poorest populations living in
remote or rural areas, urban slums or in conflict zones (Hotez et al. 2009). The most
common soil-transmitted helminth (STH) species, Ascaris lumbricoides, Trichuris
trichiura and hookworms (Ancylostoma duodenale and Necator americanus) (Hotez
and Ehrenberg 2010; WHO 2012) cause infections that are estimated to result in the loss
of 39 million disability adjusted life years annually (Chan 1997). Current helminthiasis
control programs focus on preventive chemotherapy, delivered particularly to school
children (WHO 2002, 2006). Likewise, diseases caused by intestinal protozoans, such
as giardiasis and amoebiasis, cause considerable morbidity (Savioli et al. 2006;
Ximénez et al. 2011).

The Northern region of Brazil presents remote areas in which inappropriate
living conditions are an important public health issue (de Souza et al. 2007). The
Amazon is situated in this region and presents environmental (such as soil type and
humidity) and climatic conditions (e.g. temperature, rainfall) that are favorable for the
development of stages of STHs (Confalonieri et al. 2014). A high prevalence of
intestinal parasites has been reported in rural communities and in small urbanized cities
of the Brazilian Amazon presenting limited sanitation and hygiene practices (Coura et
al. 1993a,b; Coura et al. 1994; Miranda et al. 1999; Boia et al. 1999; Hurtado-Guerrero
et al. 2005; Carvalho-Costa et al. 2007). Nevertheless, few studies concerning the risk
factors related to infections by intestinal parasites in amazonian populations have been
published to date (Benetton et al. 2005; Maia et al. 2009; Visser et al. 2011), with none
of these studies being performed in remote areas.

Previous epidemiological studies have reported that certain characteristics are
common to the epidemiology of single helminth species in communities (Bundy and
Medley 1992). It has been observed that household conditions related to poverty, such
as limited access to a latrine (Traub et al. 2004; Hesham Al-Mekhlafi et al. 2008;
Walker et al. 2011; Nasr et al. 2013), unsafe water supply (Ngui et al. 2011; Nasr et al.
2013), having earth floors in the household (Walker et al. 2011) and household

crowding (Pullan et al. 2008) represent risk factors for infection by STHs and contribute
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to the patterns of household aggregation detected in community-level epidemiological
studies (Forrester et al. 1988; Chan et al. 1994; Halpenny et al. 2013). In a survey
performed in an agricultural settlement in the state of Acre (Brazilian Amazon) almost
half of the STH infections reported were concentrated in only 5.3% of the households
surveyed, that were situated within a radius of 690 m (de Souza et al. 2007).

It is also known that in economically deprived areas of the tropics multiple
helminth infections (and also multiple parasitic infections) are common. However, up to
now little is known about the determinants of patterns of infection by multiple helminth
species within communities (Drake and Bundy 2001; Howard et al. 2002; Pullan et al.
2008) and to date no study has addressed the risk factors for multiparasitism in
amazonian populations. The aim of this study was to determine the prevalence of
helminths and intestinal protozoa and the risk factors for single and multiple helminth

infections in a remote urbanized city of the Amazon region of Brazil.

2. Materials and methods

2.1. Study area and population

This study was carried out in Barcelos city (0°58°S; 62°56 W), located in the
municipality of Barcelos, in the state of Amazonas, northern Brazil. The city is a remote
and urbanized area situated in the middle of an extensive area of preserved tropical
rainforest, on the right bank of the Negro River. It is 490 km away by river from the city
of Manaus, the capital of the Amazon state (Coura et al. 1994). The Negro River
borders the far north of the city and the Salgado Stream borders the south-to-west limit.
In the year in which the fieldwork was conducted, the city was composed of six
neighborhoods. According to the census of the Brazilian Institute of Geography and
Statistics (IBGE), Barcelos city had a total of 4,022 inhabitants distributed in 727
households (IBGE 1991).
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2.2. Study design and laboratory procedures

A cross-sectional coproparasitologic study was performed in the city in July
1997 by students and professors of the post graduate course of Tropical Medicine from
the Instituto Oswaldo Cruz (Fiocruz, Rio de Janeiro, Brazil). The minimal sample size
of the prevalence study was calculated from an estimation of 50% for intestinal
parasites with a confidence level of 95% and precision of 5%, being determined to be
351 subjects. Through a systematic sampling by familiar conglomerates, one in four
inhabited households was selected for the study. Shops, churches and public buildings
were excluded. By means of this sampling process 194 households with 996 inhabitants
were selected.

In each household demographic data, the characteristics of the household, socio-
economic information and the location of the household were collected using a
questionnaire. All the inhabitants of the selected households were invited to participate
in the study and to provide one fresh stool sample. Stool samples were evaluated by the
spontaneous sedimentation technique (Lutz 1919) and the Rugai, Mattos and Brisola

technique (Rugai et al. 1954) in a local laboratory.

2.3. Statistical analysis

All the parasitological and questionnaire data collected were entered into Epi
Info software (version 6.04d). Participants were recorded as positive for infection by a
specific helminth or protozoan if detected by at least one of the tests (Spontaneous
sedimentation or Rugai, Mattos and Brisola technique).

The study participants were subdivided into 5 age groups: 0-5 years old, 6-14
years old, 15-39 years old, 40-59 years old and > 60 years old. A variable related to
multiple infections by helminths and/or intestinal protozoa, named “multiple infections”
was constructed as (i) not having multiple infection (having no infection or harboring
one helminth or protozoan species), (ii) having multiple infection (harboring two or
more helminth/protozoan species). A multi-categorical variable was constructed to
assess multiparasitism by helminths and named “multiple helminth infections”, being
categorized as (i) no infection, (ii) single infection, (iii) multiple infection (presenting
two or more helminth species). The number of inhabitants and the number of rooms in

each household were used to categorize the households as crowded (< 1 room/person)
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or not crowded (+ 1 room/person). Information on having a means of transport was used
to compose a socio-economic indicator, as follows: (i) not having any kind of transport,
or (i) possessing at least one kind of transport (bicycle, motorcycle or car).

The number of individuals and the corresponding percentages were used to
summarize the demographic data (sex and age group), the characteristics of the
households (presence of latrine, construction material of the floors, type of water
supply, crowding), socio-economic information (having a means of transport) and the
location of the households (neighborhood in which each household was located).The
prevalence and the confidence interval at 95% for each species of intestinal parasite and
for the multiple infections were determined. The confidence intervals were computed
using the normal distribution. In the cases with a small number of infected people and
the normal assumptions failed, Poisson distribution (the exact confidence interval) was
applied. The relationship between infection by intestinal parasites (helminths,
protozoans and multiple infections) and the variables sex, age group and neighborhood
was assessed using the Chi-squared and the Fisher exact tests, the latter being used if
the number of expected cases was less than five.

In order to evaluate the association between the presence of helminth infection
(A. lumbricoides, hookworm and T. trichiura) and the demographic and household
characteristics, socio-economic information and the neighborhood, a univariable and a
multivariable logistic regression analyses with random effects were used, taking into
account that the members of the same household are not independent. A household
clustering as random effects was also considered. To evaluate the relationship between
the multi-categorical variable “multiple helminth infections” and the independent
variables, univariable and multivariable multinomial regression analyses with household
clustering as random effects were considered. The likelihood ratio test was used to
eliminate non-significant risk factors. Statistical significance was assumed at a P value
<0.05. The statistical analyses were performed using IBM SPSS statistics 20 software
and SAS software (version 9.3) and the sample size of the prevalence study was
calculated with Epidat 1.0.

2.4. Ethics statement

This study was approved by the Ethics Committee in Investigation of the

Instituto de Pesquisa Clinica Evandro Chagas, Fundacdo Oswaldo Cruz (Protocol
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CAAE 0030.0.009.000-08). Written Informed consent was obtained from all the study
participants. Subjects infected with pathogenic intestinal parasites received appropriate
treatment during the fieldwork.

3. Results

3.1. Study compliance

Of the 194 households selected, 137 participated in the study. In these
households, 594 (74.1%) out of a total of 801 inhabitants submitted a stool sample for
the diagnosis of helminths and intestinal protozoa. On comparing the neighborhoods,
the no-returning of samples by the households was similar among all the
neighborhoods, constituting a random loss (Kruskal Wallis= 2.790, p = 0.732). All the
samples were submitted to the spontaneous sedimentation technique, but only 27.3%
were processed by the Rugai, Mattos and Brisola technique due to the lack of sufficient
feces. In the population studied, there were slightly more females (56.2%). The mean
age was 23.9 years + 20.3 (range: < 1 to 82 years). The ages of the participants were as
follows: < 5 (17.7%), 6-14 (28.1%), 15-39 (33%), 40-59 (12.1%) and > 60 (9.1%).
Adults were primarily engaged in the tertiary work sector (17.1%), especially commerce
and general services, while fewer worked in the primary sector (6.9%), as farmers and
fishermen. Preschool-aged children, students and housewives represented 17.4%, 37.0%
and 15.5% of the population studied, respectively. People were distributed by
neighborhoods as follows: 40.1% in Centro, 19.2% in S8o Lé&zaro, 15.6% in S&o
Francisco, 14.1% in Sdo Sebastido, 6.6% in Nazaré and 4.4% in Aparecida.

3.2. Household profiles

Most households were comprised of 5 to 7 inhabitants (58/136, 42.6%). Large
households with 8 or more people accounted for 22.8% (31/136) in our study sample.
The number of rooms in the households varied from 1 to 8. Households with 1 to 3
rooms represented 48.3% (57/118) of the total, with 15.2% (18/118) having only one
room. Most of the households (80/118, 67.8%) were crowded and almost half (63/127,
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49.6%) did not have a latrine. Few households consumed water directly from private
artesian well or stream. The pipes were the main source of water in 119/131 (90.8%)
households, with the water being provided by 8 public artesian wells located in 5
neighborhoods. The floor of almost half of the households (68/137, 49.6%) was
constructed of wood or was composed of earth. Other materials used for flooring were
ceramic tiles and concrete. With regard to having a means of transport, 69.3% (95/137)
of the households did not have any vehicle. Among the households having at least one
kind of transport, 20.4% had a bicycle and 10.2% had a motorcycle or car.

3.3. Helminths and intestinal protozoa infections

Overall, 77.9% (463/594) of the population was infected with at least one
species of helminth or intestinal protozoan. Helminths predominated and were identified
in 65.3% of the subjects, while protozoa were presented in 39.1%. The prevalence of
intestinal parasites and multiparasitism by sex, age group and neighborhood is presented
in Table 1. A. lumbricoides (53.4%), hookworm (27.1%) and T. trichiura (8.8%) were
the most common helminths. Among the potential pathogenic protozoa, amoebas from
the Entamoeba histolytica complex, Giardia lamblia and Cystoisospora belli were
found in 13.6%, 8.6% and 0.2% of the samples, respectively. The protozoa Entamoeba
coli (11.3%), Endolimax nana (11.3%) and lodamoeba butschlii (6.4%) were also
found.

The overall prevalence of infection was equal between the sexes (p = 0.789);
78.5% of the males and 77.5% of the females were infected. However, infections by
Strongyloides stercoralis (p = 0.001) and hookworms (p < 0.001) were higher in males.
Significant associations were reported with the age group in A. lumbricoides (p <
0.001), hookworm (p = 0.001) and T. trichiura (p = 0.005) infections, with the highest
prevalence observed in children in the 6-14 age group and in adults > 60 years old. G.
lamblia was more prevalent in children < 5 years of age (p < 0.001). There was
significant variation between the neighborhoods in relation to infection by A.
lumbricoides (p = 0.004), hookworm (p < 0.001) and T. trichiura (p = 0.002). The
neighborhood of Aparecida presented the highest prevalence for A. lumbricoides
(69.2%) and T. trichiura (26.9%), while that of Nazaré showed the highest prevalence
for hookworm (43.6%).
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Almost half of the population presented multiple infections by helminths and/or
intestinal protozoa (48%) and 24.6% presented multiple helminth infections. The
prevalence of multiple helminth infections by neighborhood is also presented in Figure
1. Infection by single or multiple helminth species differed between sex (p = 0.017),
with males being more frequently infected (30%) by multiple helminths than females.
Both types of multiple infections considered were associated with age groups and
neighborhoods. Furthermore, the highest prevalences were observed in the age groups
of 6-14 and > 60 and in the neighborhood of Nazaré.

3.4. Risk factors for single and multiple helminth infections

The results of the univariable and multivariable logistic regression models of the
risk factors of infections by A. lumbricoides, hookworm and T. trichiura are presented
in Table 2. The neighborhoods with significant risk of helminth infection are shown in
Figure 1. The risk factors associated with A. lumbricoides infections were age groups,
not having a latrine (OR=1.71, 95% CI 1.05-2.78) and not having a means of transport
(OR=2.39, 95% CI 1.43-3.97). Specifically, all the age groups (except that from 40-59
years of age) had a greater risk of infection than the children less than 5 years old.

Regarding hookworm infections, all the age groups presented a higher risk of
infection than the 0-5 age group. Moreover, being male (OR= 2.43, 95% CI 1.58-3.75)
and having earth or wood floors in the household (OR= 1.74, 95% CI 1.04-2.90)
showed a greater risk of hookworm infection. With respect to the neighborhood of
Centro, the neighborhoods of Nazaré (OR= 3.96, 95% CI 1.48-10.62), S&o Lazaro (OR=
3.62, 95% CI 1.83-7.19) and Sé&o Sebastido (OR= 2.91, 95% CI 1.35-6.26) presented a
higher risk of hookworm infections.

The risk factors found for T. trichiura infections were: being 6-14 years of age
(OR= 5.15, 95% CI 1.11-23.91) and living in Aparecida (OR= 8.20, 95% CI 2.11-
31.91).

Regarding single and multiple infections by helminths, the results of the
univariable and multivariable multinomial regression models are presented in Table 3.
Males were more likely to be multi-infected than females (OR= 2.26, 95% CI 1.30-
3.93). All age groups except the 40-59 age group had a greater risk of having single and
multiple infection by helminths than the 0-5 year old group. An increased risk for

multiparasitism by helminths was found in children aged 6-14 years old (OR= 13.65,
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95% CI 5.25-35.47) and adults > 60 years old (OR= 25.07, 95% CI 6.73-93.43). People
living in the neighborhoods of Aparecida (OR= 6.55, 95% CI 1.53-28.06), Nazaré (OR=
7.05, 95% C1 1.90-26.12) and Sé&o Lazaro (OR=3.79, 95% CI 1.56-9.18) had a high risk
of having multiple infection by helminth and those who did not have any means of
transport were more likely to be multiparasitized (OR= 2.63, 95% CI 1.27-5.46).

4. Discussion

The present study determined the prevalence of infection with helminths and
intestinal protozoa among a population in a remote city from the Amazon region of
Brazil and found that parasitic infections are a public health issue. In our population,
STHs predominated and more than half of the people were infected by A. lumbricoides.
Among the potential pathogenic protozoa, amoebas from the E. histolytica complex
were the most frequent, followed by G. lamblia. Almost half of the population
presented multiparasitism by helminths and/or intestinal protozoa and one quarter of the
subjects studied had infection by multiple helminths. We observed that children, young
adults and old people present an increased risk of infection by A. lumbricoides,
hookworm and multiple helminth species, and males were more likely to be infected by
hookworm and multiple helminth species. The lack of a latrine was associated with A.
lumbricoides infection. Earth or wood floors in the households was found to be a risk
factor for hookworm infections and the lack of any means of transport, for A.
lumbricoides and multiple helminth infections. The differences in risk among
neighborhoods suggested a heterogeneous geographical distribution of the infections by
T. trichiura, hookworm and multiple helminth species.

The high overall prevalence of infections with helminths and intestinal protozoa
observed in our study corroborates previous studies from the micro-region of the Negro
River in the Amazonas state, which reported prevalences between 69.3% and 87.6%
(Coura et al. 1994; Bodia et al. 1999; Rios et al. 2007; Carvalho-Costa et al. 2007). In
these studies, A. lumbricoides was almost always the most prevalent in comparison with
other intestinal pathogenic parasites, with the prevalence ranging from 19.3% in the
municipality of Sdo Gabriel da Cachoeira (lauareté) to 51% in the city of Barcelos

(Coura et al. 1994; Boia et al. 2009). The E. histolytica complex was the next in
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frequency, with a prevalence varying from 7.3% to 34% (Boia et al. 2006; Rios et al.
2007). E. histolytica is a protozoan of special importance in the Amazon since it is one
of the regions with the greatest number of cases of hepatic amebic abscess reported in
the country (Cunha 2013). In our study a single stool sample was obtained from each
participant for the assessment of infection status. In view of the considerable day-to-day
variation in the output of parasitic forms, it is likely that the prevalence could be higher
than the reported here if more samples had been evaluated. In addition, since few
samples were submitted to the Rugai, Mattos and Brisola technique the prevalence of S.
stercoralis has probably been underestimated.

In a previous cross-section survey performed in the population of Barcelos city,
the general prevalence (69.4%) and the prevalence of A. lumbricoides (51%) and the E.
histolytica complex (19.7%) were similar to that in present study. On the other hand the
prevalence of hookworm was lower (2.7%) (Coura et al. 1994). This prevalence would
probably have been higher if the participation of men in the study (39.2%) (Coura et al.
1994) had been greater since different studies (even the present study) have
demonstrated that hookworms infect more men than women (Bradley et al. 1992; Keiser
et al. 2002; Raso et al. 2006). In other studies conducted in communities or cities from
the Negro River the prevalence of hookworm varied from 3.5% to 21% (Boia et al.
2006; Rios et al. 2007). These differences in prevalences could be due to variations in
human exposure in different micro epidemiological scenarios that could be dependent
on local environmental characteristics (presence of humidity and partially shaded soils)
(Mabaso et al. 2003; Brooker et al. 2004), sanitation and hygiene, and work-related
activities (such as agricultural work associated with the practice of open defecation)
(Schad et al. 1983; Brooker et al. 2006; Matthys et al. 2007; Valverde et al. 2011).

The lack of a latrine was as a risk factor for A. lumbricoides infection in our
study. This condition is known as an important factor implicated in the transmission of
intestinal parasites in poorly developed settings (Traub et al. 2004; Hesham Al-
Mekhlafi et al. 2008; Walker et al. 2011; Halpenny et al. 2013). One possible
explanation for the fact that only infection by A. lumbricoides was associated with the
lack of a latrine may be due to its high prevalence in our study, and thus, the data related
to this helminth has greater statistical power to detect associations. In an indigenous
children population of Panama also presenting a high prevalence of A. lumbricoides, the
infrequent use of a latrine and low relative household wealth influenced the prevalence

of Ascaris reinfection, but not that of hookworm (Halpenny et al. 2013).
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Three years after the development of the present study our research group
performed a bacteriological analysis of water from the 8 public artesian wells that
supply almost the entire city. All the wells presented water suitable for human
consumption (data not published). Since 90.8% of the households studied consumed
water from public wells, we can therefore suppose that they consumed water of good
quality. In our study the use of water from a private well or stream by a few households
did not appear as a risk factor. This result added to the lack of latrines in 49.6% of the
households evaluated and the presence of open sewage ditches throughout the city
suggests that the transmission of intestinal parasites in the city could mainly be
conditioned by soil contamination by human feces. The contamination of the soil of the
city, beyond the peridomestic environment, could be responsible for the increased risk
of infection encountered in individuals from various age groups.

We observed that people living in households with floors composed of earth or
wood were more frequently infected by hookworm. This result may reflect the typical
transmission mechanism of hookworms, which occurs mainly by penetration of the
infective larvae through the skin (Raso et al. 2006). Previous studies have reported a
significant association between housing characteristics and infections with STHs
(Holland et al. 1988; Tshikuka et al. 1995; Raso et al. 2005; Walker et al. 2011).
Particularly, the use of cement on floors and slabs was identified as a protective factor
against transmission (Raso et al. 2005) and thus, the use of cement in latrines and
houses could prevent environmental contamination with the larval stages of STHSs
thereby reducing the risk of infection (Asaolu and Ofoezie 2003). On the other hand,
Pullan et al. (2008) found that the variable of flooring material was no longer associated
with co-infection with N. americanus and Schistosoma mansoni when the socio-
economic status was considered in the analysis, thus constituting a problem of co-
linearity between these variables (Pullan et al. 2008). We found that the variable of
flooring material was not associated with the variable used as a socio-economic
indicator (having a means of transport), thereby indicating that the variable of flooring
in our study is probably related to the transmission of hookworm.

We considered the possession of a means of transport as a socio-economic
indicator because our population was homogenous with respect to having typical
household assets such as a television and refrigerator, making it difficult to construct a
socio-economic indicator based on this parameter. The variable of having a means of

transport was considered to be a valid socio-economic indicator in our study because on
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descriptive analysis we observed that this variable showed a different distribution
among the neighborhoods. In the neighborhood of Aparecida none of the households
possessed means of transport (bicycle, motorcycle or car), constituting the poorest
population. The neighborhood of Centro presented equal proportions of households
possessing or not transport and in the neighborhoods of S&o Francisco, Séo Lazaro and
Nazaré most households did not have transport. The multivariable model demonstrated
that people without any kind of transport, precisely the poorest people in the city,
presented a higher risk of A. lumbricoides and multiple helminth infections.

The risk of helminth infection varied among the neighborhoods depending on
the type of infection (by a specific or by multiple helminths) taken into account. Two
distinct areas of the city, composed by two neighborhoods each, presented a high risk of
infection (by multiple helminth species, hookworm or T. trichiura). However, no
neighborhood demonstrated having a greater risk of A. lumbricoides infection, thereby
indicating widespread dispersion of this highly prevalent helminth in the city. In the
study of indigenous children from Panama the authors identified spatial clusters of T.
trichiura and hookworm that overlapped in the poorest areas, while no clusters were
detected for A. lumbricoides, which was the most prevalent and scattered helminth in
the population (Halpenny et al. 2013). Characteristics related to A. lumbricoides, such
as the elimination of around 200,000 eggs daily by the female and the long-term
viability of the eggs (Camillo-Coura et al. 2013), may facilitate their dispersion through
the environment, leading to more evenly distributed egg exposure (Halpenny et al.
2013), which may explain the widespread infection throughout the city.

The identification of areas of increased risk of helminth infections is useful
information for the planning of control actions, since they represent sites of the highest
transmission in the city. Moreover, if we consider that numerous studies have
demonstrated that individuals infected with multiple helminth species tend to harbor the
most intense infections (Haswell-Elkins et al. 1987; Ferreira et al. 1994; Booth et al.
1998; Brooker et al. 2000; Pullan et al. 2008), the neighborhoods in our study which
presented a high risk of multiple helminth infections would have an increased risk of
morbidity. Regarding hookworms, it is known that infections by these helminths may
present a clustering distribution in regions with forest and humid soil (Saathoff et al.
2005; Raso et al. 2006). Sites with these environmental characteristics in the city
studied are found within one of the areas identified with a high risk of hookworm

infection, near the Salgado Stream. The Salgado Stream has forest along its course,
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representing a probable biotope for the development of the larvae of hookworm.
Furthermore, people living on the banks of the stream and of the river are generally the
poorest of the city, and are likely those most frequently exposed to infection and
morbidity by hookworms as well as perhaps multiple helminth species.

In the present study we report a high prevalence of intestinal parasites and the
widespread dispersion of A. lumbricoides infection in a city of the Amazon region. To
our knowledge this is the first study to determine the risk factors related to intestinal
infection by single and multiple helminth species in a remote city of the Brazilian
Amazon. The identification of areas of high risk of helminth infection highlights the
need for the implementation of control interventions in specific areas in the city of
Barcelos. It is important to note that to date local sanitation programs and periodic
deworming campaigns have not been implemented in the city, suggesting that the
scenario described possibly persists today. In addition to sanitation, improvement of
environmental hygiene, periodic chemotherapy and health education must be

implemented.
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Table 1 Prevalence of intestinal parasitic infections by sex, age group and neighborhood, Barcelos city, state of Amazonas

Infections N (%) Sex (%) Age group (years) (%) Neighborhood (%0)
(95% ClI) Female Male <5 15-39 40-59 >60 Centro Aparecida Nazaré S. Francisco S.Ldazaro S. Sebastido
(n=594) (n=334) (n=260) (n=105) (n=167) (n=196) (n=72) (n=54) (n=238) (n=26) (n=39) (n=93) (n=114)

Helminths

A. lumbricoides "¢ 317 (53.4) 53.6 53.1 34.3 66.5 51.5 45.8 66.7 47.1 69.2 64.1 52.7 65.8 45.2
(49.4 -57.4)

Hookworm 3¢ 161 (27.1) 20.7 354 12.4 311 30.6 20.8 389 17.6 30.8 43.6 25.8 38.6 31.0
(23.5-30.7)

T. trichiura ¢ 52 (8.8) 7.8 10.0 8.6 15.0 5.1 2.8 111 4.6 26.9 10.3 12.9 11.4 6.0
(6.5-11.1)

S. stercoralis * 32 (5.4) 2.7 8.8 1.0 7.2 6.6 4.2 5.6 4.2 0.0 2.6 6.5 6.1 9.5
(3.6-7.2)

E. vermicularis 4 (0.7) 0.9 0.4 0.0 2.4 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0
(0.2-1.7)

H. nana 3(0.5) 0.3 0.8 1.0 0.6 0.5 0.0 0.0 0.0 0.0 0.0 2.2 0.0 1.2
(0.1-1.5)

Protozoans

E. histolytica complex 81 (13.6) 14.1 13.1 9.5 11.4 17.3 16.7 111 11.3 23.1 12.8 16.1 15.8 11.9
(10.8 - 16.4)

G. lamblia® 51 (8.6) 75 10.0 219 9.0 3.6 5.6 3.7 8.0 3.8 10.3 10.8 5.3 13.1
(6.3-10.9)

C. belli 1(0.2) 0.0 0.4 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0
(0.0-0.9)

Multiple infections ¢

Yes 285 (48.0) 46.7 49.6 37.1 59.9 454 40.3 51.9 374 61.5 64.1 51.6 57.9 48.8
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(44.0 - 52.0)
Multiple helminth

infections &°¢
Single 242 (40.7) 41.6 39.6 36.2 40.1 42.3 43.1 42.6 45.0 42.3 35.9 43.0 37.7 32.1
(36.4 - 45.2)
Multiple 146 (24.6) 204 30.0 9.5 35.9 23.0 139 38.9 14.3 385 38.5 24.7 36.8 26.2
(20.2 - 29.0)

N absolute frequency, % percentage, Cl confidence interval, n number of individuals studied, E. vermicularis Enterobius vermicularis, H. nana Hymenolepis nana

2p < 0.05 for sex, ° p < 0.05 for age group, ¢ p < 0.05 for neighborhood (p value)
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Table 2 Results of univariable and multivariable logistic regression models for risk factors of specific helminth infections in Barcelos city, state

of Amazonas
Indicators Ascaris lumbricoides Hookworm Trichuris trichiura
Univariable model Multivariable model Univariable model Multivariable model Univariable model Multivariable model
OR (95% CI) Pvalue OR (95%Cl) Pvalue OR (95% CI) Pvalue OR (95% ClI) Pvalue OR (95% CI) Pvalue OR (95% CI) P value
Sex 0.900 <0.001 <0.001 0.344
Female 1 1 1 1
Male 0.97 (0.71,1.35) 2.10 (1.45,3.03) 243 (1.58,3.75) 1.32 (0.74,2.33)
Age group <0.001 <0.001 0.001 <0.001 0.009 0.040
0-5 1 1 1 1 3.28 (0.69,15.66) 1.87 (0.34,10.21)
6-14 3.80 (2.27,6.36) 473 (2.54,8.79) 320 (1.64,6.23) 3.94 (1.88,8.29) 6.16 (1.42,26.76) 515 (1.11,23.91)
15-39 2.04 (1.25,3.33) 2.68 (1.49,4.81) 312 (1.62,6.01) 498 (2.36,10.51) 1.88 (0.40,8.80) 1.66 (0.33,8.23)
40-59 1.62 (0.88,3.00) 1.86 (0.90,3.80) 1.86 (0.82,4.19) 2.62 (1.06,6.46) 1 1
>60 3.83 (1.91,7.68) 498 (2.11,11.75) 4.50 (2.02,10.00) 721 (2.81,18.50) 4.37 (0.85,22.60) 2.67 (0.40,17.93)
Latrine 0.009 0.030 0.458 0.250
Yes 1 1 1 1
No 157 (1.12,2.19) 1.71 (1.05,2.78) 1.15 (0.79,1.66) 1.42 (0.78,2.59)
Floor 0.012 0.023 0.036 0.036
Concrete/ceramic 1 1 1 1
Earth/wood 151 (1.09,2.09) 1.53 (1.06,2.20) 1.74 (1.04,2.90) 1.89 (1.04,3.42)
Water supply 0.613 0.923 0.235
Public system 1 1 1
Well/stream 0.86 (0.47,1.56) 1.03 (0.52,2.01) 1.74 (0.69,4.33)
Crowding 0.252 0.009 0.027
No 1 1 1
Yes 1.28 (0.83,1.96) 2.09 (1.20,3.61) 3.85 (1.16,12.70)
Neighborhood 0.004 <0.001 0.003 0.004 0.051
Centro 1 1 1 1 1
Aparecida 253 (1.06,6.04) 2.07 (0.84,5.08) 2.33 (0.73,7.41) 7.60 (2.64,21.87) 820 (2.11,31.91)
Nazaré 2.01 (0.99,4.05) 3.61 (1.76,7.37) 3.96 (1.48,10.62) 2.36 (0.71,7.81) 1.21 (0.22,6.82)
Séo Francisco 1.25 (0.77,2.02) 1.62 (0.91,2.87) 1.84 (0.86,3.96) 3.06 (1.29,7.20) 3.03 (0.99,9.26)
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Sédo Lazaro
Sao Sebastido

2.16 (1.36,3.43)
093 (0.56,1.53)

2.93 (1.77,4.85)
2.09 (1.18,3.70)

362 (1.837.19)
291 (1.35,6.26)

266 (1.15,6.13)
131 (0.44,3.87)

Transport <0.001 0.001 0.012 0.030
Yes 1 1 1 1
No 1.96 (1.36,2.81) 2.39 (1.43,3.97) 1.73 (1.12,2.66) 2.36 (1.09,5.14)

245 (0.86,6.95)
152 (0.44,5.23)

OR odds ratio, Cl confidence interval
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Table 3 Results of univariable and multivariable logistic regression models for risk factors of single and multiple helminth

infections in Barcelos city, state of Amazonas

Indicators Univariable model Multivariable model
Single infection Multiple infection Single infection Multiple infection P value
OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) OR (95% CI)
Sex 0.462 <0.001 0.015
Female 1 1 1 1
Male 1.19 (0.81,1.74) 1.84 (1,20-2.83) 1.40 (0.91,2.14) 226 (1.30,3.93)
Age group 0.053 <0.001 <0.001
0-5 1 1 1 1
6-14 251 (1.42,4.43) 8.55 (3.91,18.69) 3.69 (1.91,7.11) 13.65 (5.25,35.47)
15-39 1.83 (1.08,3.08) 3.77 (1.74,8.14) 2.06 (1.13,3.76) 4,92 (1.95,12.43)
40-59 1.50 (0.78,2.86) 1.83  (0.69,4.89) 1.85 (0.89,3.83) 2.77 (0.88,8.71)
>60 3.45 (1.47,8.05) 11.97 (4.36,32.84) 4.85 (1.76,13.35) 25.07 (6.73,93.43)
Latrine 0.891 0.001
Yes 1 1
No 1.46 (0.99,2.15) 157 (1.01,2.44)
Floor 0.075 <0.001
Concrete/ceramic 1 1
Earth/wood 1.40 (0.97,2.04) 217 (1.41,3.35)
Water supply 0.732 0.277
Public system 1 1
Well/stream 1.38 (0.68,2.80) 1.08 (0.50,2.32)
Crowding 0.758 <0.001
No 1 1
Yes 1.09 0.68,1.73) 255 (1.33,4.89)
Neighborhood 0.484 <0.001 0.038
Centro 1 1 1 1
Aparecida 1.99 (0.66,5.94) 570 (1.82,17.88) 2.29 (0.72,7.29) 6.55 (1.53,28.06)
Nazaré 1.26 (0.53,2,99) 4.27  (1.75,10.42) 1.93 (0.71,5.23) 7.05 (1.90,26.12)

Sao Francisco

1.20 (0.69,2.08)

218 (1.12,4.27)

1.23 (0.64,2.37)

232 (0.86,6.29)
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Séao Lazaro 1.34 (0.77,2.31) 413 (2.23,7.63) 1.43 (0.76,2.67) 3.79 (1.56,9.18)

S&o Sebastido 0.69 (0.39,1.23) 1.79 (0.92,3.47) 0.72 (0.38,1.37) 2.14  (0.84,5.40)
Transport 0.135 <0.001 0.033

Yes 1 1 1

No 1.35 (0.91,2.01) 291 (1.73,4.90) 1.33 (0.83,2.12) 2.63 (1.27,5.46)

OR odds ratio, Cl confidence interval
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Significantrisk for helminth infection Pie chart of prevalence of multiple helminth infections
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Source: Fundacdo de Vigilincia em Salde do Amazonas, Brazil

Figure 1 Prevalence of multiple helminth infections and risk for helminth infection
stratified by neighborhood in Barcelos city, in the state of Amazonas, Brazil. Two areas
in the city presented increased risk of helminth infection. One area is composed by the
neighborhoods of S&o Sebastido and S&o Lazaro and the other by the neighborhoods of

Nazaré and Aparecida.
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4.3. Articulo 3: Comparison of the performance of two spontaneous sedimentation
techniques for the diagnosis of human intestinal parasites in the absence of a gold
standard

Autores: Goncalves AQ, Abellana R, Pereira-da-Silva HD, Santos I, Serra PT, Julido
GR, Orlandi PP, Ascaso C

RESUMEN

Comparacion del desempefio de dos técnicas de sedimentacion espontanea para el
diagndstico de parasitos intestinales humanos en ausencia de patrén de oro

Introduccion: La evaluacion del desempefio de pruebas diagnosticas es crucial en la
busqueda de un diagnéstico valido. La falta de una prueba patrén oro en parasitologia es
frecuente, suponiendo una dificultad para la evaluacion de la validez del diagndstico.
Ademas, la fiabilidad (evaluada a través del estudio de repetibilidad) es una
caracteristica de las pruebas diagndsticas raramente estudiada. El estudio comparé y
evaluo el desempefio (repetibilidad, concordancia, sensibilidad y especificidad) de la
técnica de sedimentacion espontanea de Lutz (SST) y del Paratest para el diagndstico de
Giardia lamblia, complejo Entamoeba histolytica, Blastocystis spp., Ascaris

lumbricoides, anquilostoma, Trichuris trichiura y Calodium hepaticum.

Material y métodos: una Unica muestra de heces de 143 individuos fue evaluada, siendo
realizadas tres réplicas para cada prueba. Fueron evaluados los resultados de la
homogeneidad y concordancia entre réeplicas y entre pruebas. La proporcion de
positivos, sensibilidad y especificidad fueron estimados usando un modelo de clase
latente bayesiano.

Resultados: Ambas pruebas presentaron una alta repetibilidad para la deteccion de
parasitos intestinales exceptuando para Blastocystis spp. y anquilostoma. La
concordancia entre pruebas fue alta (coeficiente de correlacién de concordancia, 0.72 -
0.88) excepto para Blastocystis spp, anquilostoma y T. trichiura. El Paratest detectd mas
casos de Blastocystis spp. y menos de anquilostoma que el SST. Las pruebas no

tuvieron concordancia en la deteccion de T. trichiura. Las dos pruebas presentaron una
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baja sensibilidad (39.4-49.2% para SST, 35.8-53.8% para Paratest) y una alta
especificidad (93.2-97.2%). El Paratest presentd una discreta mejor sensibilidad en el
diagndstico de Blastocystis spp. (53.8% vs 39.4%%) y el SST para anquilostoma
(49.2% vs 35.8%).

Conclusiones: Este es el primer estudio de repetibilidad, sensibilidad y especificidad,
usando una metodologia Bayesiana, de dos técnicas de sedimentacién espontanea
utilizadas en el diagnostico de parasitos intestinales. Los resultados de este estudio
sugieren un subdiagnostico de las formas parasitarias con poca densidad (Blastocystis
spp. Y anquilostoma), suponiendo una limitacion técnica de ambas pruebas diagnésticas.
El estudio combinado de repetibilidad, concordancia, sensibilidad y especificidad es una
estrategia adecuada para la evaluacion del desempefio de las pruebas diagndsticas y

puede ser atil también en la identificacion de sus limitaciones técnicas.
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Performance evaluation of diagnostic tests is critical in the search for accurate diagnoses. A gold standard
test is usually absent in parasitology, thus rendering satisfactory assessment of diagnostic accuracy dif-
ficult. Moreover, reliability (assessed by the study of repeatability) is a rarely studied characteristic of
diagnostic tests. This study compared and evaluated the performance (repeatability, concordance and
accuracy) of the spontaneous sedimentation technique (SST) and the Paratest for the diagnosis of Giar-
dia lamblia, Entamoeba histolytica complex, Blastocystis spp., Ascaris lumbricoides, hookworm, Trichuris
trichiura and Calodium hepaticum. Fecal samples of 143 individuals were separated into three replicates
for each test. Concordance and homogeneity of the results between replicates of each test and between
tests were evaluated. Proportions of positives, sensitivity and specificity were estimated using a Bayesian

Keywords:
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Diagnosis
Repeatability Latent Class Model. High repeatability of both tests was found for the detection of intestinal parasites,
Accuracy except for Blastocystis spp. and hookworm. Concordance between tests was generally high (concordance

Bayesian analysis correlation coefficient, 0.72-0.88), except for Blastocystis spp., hookworm and T. trichiura. The Paratest
detected more cases of Blastocystis spp. and fewer of hookworm than the SST. The tests were quite dis-
cordant in the detection of T. trichiura. A low sensitivity (39.4-49.2% for SST, 35.8-53.8% for Paratest)
and a high specificity (93.2-97.2%) were found for both tests. The Paratest presented a slightly higher
sensitivity for the diagnosis of Blastocystis spp. (53.8%), and SST did so for hookworm (49.2%). This is the
first study on repeatability and accuracy (using a Bayesian approach) of two spontaneous sedimentation
techniques. These results suggest underdiagnosis of little dense parasitic forms due to technical limita-
tions in both tests. We conclude that the combined study of repeatability, concordance and accuracy is
a key strategy for better evaluation of the performance of tests and is also useful for the identification of
technical limitations.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction in regions in the developing world (Alum et al., 2010). Of par-
ticular importance worldwide are the soil-transmitted helminths
Ascaris lumbricoides, hookworm and Trichuris trichiura and the
protozoans Entamoeba histolytica and Giardia lamblia (Bethony
et al,, 2006; Fenwick, 2012; Harhay et al., 2010). In the Ama-
zon region, Calodium hepaticum is a zoonotic helminth that has

been increasingly reported as a cause of spurious infection in

Intestinal parasites are, even today, major contributors to the
global burden of disease, affecting especially the population living

Abbreviations: SST, spontaneous sedimentation technique; Kappa IRM, kappa

index for repeatability measure; Kappa IBT, kappa index between tests; CCC, con-
cordance correlation coefficient; Cl, confidence interval; Crl, credible interval.
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humans (Goncalves et al., 2012), and Blastocystis spp. is a highly
prevalent suspected pathogenic protozoan (Borges et al., 2009). C.
hepaticum is also the causative agent of a rarely reported liver dis-
ease (hepatic calodiasis) found worldwide. This helminth infects
the hepatic parenchyma of various mammals (rodents being the
principle hosts). Hepatic infection occurs following the ingestion
of embryonated eggs present in the ground or contaminated food.
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In spurious infection, non-embryonated eggs are ingested (from
the ground, contaminated food or liver of mammals) and directly
exit with the stools without causing liver disease (Fuehrer et al.,
2011; Gongalves et al., 2012). Transmission of intestinal para-
sites depends on the availability of clean water, socio-economic
conditions, education, personal and public hygiene practices, tem-
perature, humidity and the survival of the environmental stages of
the parasites (Alum et al., 2010).

Evaluation of the performance of diagnostics tests is critical in
the search for accurate diagnostic techniques to provide adequate
patient care, assess drug efficacy, monitor the effectiveness of con-
trol programs and obtain better understanding of the epidemiology
of intestinal parasites (Harhay et al., 2011; Tarafder et al., 2010).
In order to evaluate diagnostic tests it is important to take into
account that few, if any, gold standard tests (i.e. a diagnostic test
with 100% accuracy against which the sensitivity and specificity of
other tests are estimated) are available in parasitology and, in par-
ticular, do not exist for the detection of intestinal parasite infection
(Basso etal.,2013; Tarafder et al., 2010). Nevertheless, most studies
estimating the sensitivity and specificity of tests for the diagno-
sis of intestinal parasites consider the results of one of two tests
compared (usually the traditional test) or the combination of the
results of several diagnostic tests as the gold standard (Brandelli
et al., 2011; Carvalho et al., 2012; Devera et al., 2008a; Dogruman-
Aletal., 2010; Glinzetal.,2010; Inés et al.,2011; Knopp etal.,2011;
Levecke et al., 2011; Steinmann et al., 2012). These practices have
led to biased estimations of accuracy. The use of statistical models
that consider the assumption of absence of a gold standard test can
overcome this problem, generating more reliable information as to
the accuracy of diagnostic tests. Up to now, only three articles in
the area of human intestinal parasites have presented estimations
of the sensitivity and specificity of diagnostic tests using the con-
cept of absence of a gold standard test (Booth et al., 2003; Tarafder
et al,, 2010; Traub et al., 2009).

Another important aspect during the evaluation of the perfor-
mance of diagnostic tests is the repeatability of the results (Sanchez
etal., 2002). Repeatability refers to the extent of agreement among
repeat assessments of the same sample using the same technique
in the same laboratory by the same operator (Braun-Munzinger
and Southgate, 1992; White and van den Broek, 2004). Although
the repeatability of a test refers to its reliability (White and van
den Broek, 2004), this important characteristic has been little eval-
uated in studies of the performance of diagnostic tests (Charlier
et al., 2005; Sanchez et al., 2002; Thomas et al., 1981).

Among the diagnostic tests based on optical microscopy those
based on spontaneous sedimentation are among the least expen-
sive and easiest to perform and enable the simultaneous detection
of helminth and protozoan intestinal infections (Brandelli et al.,
2011; Camacho et al., 2013; Carvalho et al., 2012; Ribeiro and Furst,
2012; Tello et al., 2012). For these reasons, in some economically
underdeveloped settings their use is preferred over the tests based
on centrifuge-sedimentation or centrifuge-flotation. Nevertheless,
techniques based on centrifugation have demonstrated to be bet-
ter in relation to those based only on spontaneous sedimentation
(Carvalhoetal.,2012; Gomes et al.,2004), although exceptions have
been reported (Devera et al., 2008a; Tello et al., 2012).

The spontaneous sedimentation technique (SST) (also known as
the Lutz technique or the Hoffman, Pons and Janer technique) is
a traditional test widely used for clinical diagnosis and epidemio-
logical surveys in Brazil and, also, Venezuela (Brandelli et al., 2011;
Carvalho et al., 2012; de Souza et al., 2007; Devera et al., 2008a,b;
Pinheiro et al., 2011; Santos et al., 2013; Velasquez et al., 2005). In
this test, stool samples (previously preserved or diluted in water)
are filtered through a gauze strip into a conical cup and subse-
quently submitted to sedimentation in tap water for 1 or 2h (De
Carli, 2007a). On the other hand, the Paratest (DK Diagnostics, Sdo

Paulo, Brazil) is a commercial kit for spontaneous sedimentation of
preserved stool, developed with the aim of expanding new meth-
ods based on the simplification of laboratory procedures thereby
improving biosecurity (Brandelli et al., 2011). The kit provides a
stool container that has a cap equipped with a filter of 266 wm.
This characteristic synthesizes the manipulation and examination
of stool samples by performing the steps of conservation, filtration
and concentration in the container itself. The amount of feces is
standardized (2 g), whereas variable quantities can be used (1-5 g)
in the SST (Brandelli et al., 2011; De Carli, 2007a; Hoffman et al.,
1934). The Paratest is faster (15 or 30 min of sedimentation) than
the SST and its compact structure allows the performance of the test
in remote places. Despite the widespread use of the spontaneous
sedimentation techniques, no study has evaluated their repeatabil-
ity and accuracy taking into account the absence of a gold standard
in the latter case.

The aim of this study was to evaluate and compare the
performance (repeatability, concordance and accuracy) of two
spontaneous sedimentation techniques (SST and Paratest) in
the detection of infection by several pathogenic (or suspected
pathogenic) intestinal parasites (G. lamblia, E. histolytica complex,
Blastocystis spp., A. lumbricoides, hookworm, T. trichiura and C.
hepaticum), using a Bayesian approach for the estimation of the
proportion of positives, sensitivity and specificity.

2. Materials and methods
2.1. Study area and population

This study was carried out in 2009 with the collection of stool
samples from children and adults from the agricultural community
of Rio Pardo of the municipality of Presidente Figueiredo, located
~160 km to the north of the city of Manaus (~1°48’ S; 60°19' W),
Amazonas State, Brazil.

2.2. Field and laboratory procedures

Participants were asked to submit one fresh stool sample. The
collection of samples was conducted in the households with two
daily visits of the staff of the project, once in the morning and
another in the afternoon. The samples were initially processed
1-3h after collection in a local laboratory unit located in the
community, as follows: firstly, thorough homogenization of each
specimen was performed by stirring with a wooden spatula for
at least 1min. After homogenization, each sample was sepa-
rated into three equal replicates of feces for each test. For the
Paratest the replicates were deposited into three different plas-
tic stool containers provided by the Paratest kit using a device
that enables the collection of 1 g of feces. Each replicate was com-
posed of 2 g of feces diluted in 7 ml of the preservative (5% buffered
formalin pH 7.0) contained in each container. For the SST the repli-
cates were deposited into three different containers with sodium
acetate-acetic acid—-formaldehyde (SAF). For each replicate of the
SST, 2 g of feces (measured with the device provided by the Paratest
kit) were diluted in 7 ml of SAF. In the case of a diarrheal sample,
three measurements of the device provided by the Paratest kit were
applied for the two tests. Samples that could not achieve the total
of six replicates due to the lack of a sufficient quantity of feces were
not included in the study.

The two sedimentation techniques were processed and exam-
ined in the Leonidas e Maria Deane Institute (Fiocruz, Manaus)
by an experienced laboratory technician. The delay in time from
stool sample processing to microscopic reading ranged from 3 to 17
days. The Paratest was carried out according to the manufacturer’s
instructions. In brief, each container with the diluted feces was
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moderately shaken, the sediment exit (located in the cap) was taken
off and the container was inverted and placed onto a polystyrene
tray for the spontaneous sedimentation of the fecal suspension.
Thirty minutes later, two drops of the sediment from each con-
tainer were placed on a slide and stained with lugol for subsequent
microscopic examination. The SST was based on Lutz (1919) and
Hoffman et al. (1934). Each replicate of conserved feces was filtered
through gauze folded twice and the filtrate was received ina 125 ml
polystyrene conical cup. Tap water was added to the filtrate up to a
volume of 3/4 of the cup. The suspension was allowed to stand for
2 h, and after this period, part of the sediment was collected with a
pipette, and one drop was placed on a slide and stained with lugol
for subsequent microscopic examination.

2.3. Statistical analysis

The number of positive results and their percentages for each
intestinal parasite were calculated separately for each replicate
of the tests. The number (and percentages) of discordant results
between tests were calculated for each pair of replicates compared.
These descriptive analyses were also performed with the combina-
tion of the results of the replicates of each test and considering a
positive result when at least one of the three replicates was posi-
tive. This latter information is referred to herewith as a “combined
result”.

The Cochran Q test was used to test intra-test homogeneity,
that is, that assessed if the percentage of positive results was the
same among the three replicates of each test. A generalization of
the kappa index (Broemeling, 2009) (here named “kappa index
for repeatability measure (Kappa IRM)”) was calculated for the
assessment of diagnostic agreement among the three replicates
of each test. The McNemar test was used to test the homogene-
ity (same percentage of positive results) of the results between the
two tests. The kappa index (here named “kappa index between tests
(Kappa IBT)”) was calculated to assess the diagnostic concordance
between the SST and the Paratest (between each pair of replicates
compared and between the combined result of each test). Kappa
measures were interpreted as follows: <0, poor agreement; 0-0.20,
slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate
agreement; 0.61-0.80, substantial agreement; and 0.81-1.0, almost
perfect agreement (Landis and Koch, 1977). The concordance cor-
relation coefficient (CCC) was used to obtain an overall measure of
agreement between the SST and the Paratest taking the results of
the three replicates into account.

ABayesian latent class approach (Joseph etal., 1995) was used to
obtain estimates for the sensitivity and specificity of the two tech-
niques and the proportion of positives for each intestinal parasite.
The conditional dependence between the two tests was estimated
using a fixed parameter (Dendukuri and Joseph, 2001).

The proportion of positives was assumed to follow a Beta prior
distribution with alpha and beta parameters equal to 1 (non-
informative distribution). Informative prior distributions were
used for sensitivity and specificity. Taking into account the results
obtained by Gomes et al. (2004) and Brandelli et al. (2011), we
assumed that the sensitivity of the SST and the Paratest should be
between 30% and 60% and the specificity, between 90% and 100%.
Thus, the parameters for the Beta prior distribution for sensitivity
were alpha equal to 19.35 and beta 23.65, and for specificity 71.25
and 3.75, respectively.

Three different chains were run from different starting points
to assess convergence to ensure robust estimation. Model con-
vergence was assessed using Gelman and Rubin convergence
statistics. The first 5000 iterations were discarded as burn-in
and the next 1500 iterations by chain were used to obtain
a sample of the marginal posterior density for each param-
eter (proportion of positive cases, sensitivity and specificity).

The median and the 95% credible interval of these samples
were used as point and interval estimation of the parameter.
The model was fitted with the WinBUGS 1.4 software (Spiegel-
halter D], Thomas A, Best NG, 2004. WinBUGS version 1.4.;
http://www.mrc-bsu.cam.ac.uk/bugs/winbugs/contents.shtml).

2.4. Ethics statement

This study was approved by the Ethics Committee in Inves-
tigation of the Oswaldo Cruz Foundation (Protocol 384/07 of
20/08/2007). Written Informed consent was obtained from all the
study participants.

3. Results
3.1. Parasitological findings by diagnostic method

A total of 143 stool samples were subjected to the analysis of
three replicates by each test. The cumulative percentages of pos-
itive cases (considering the results of the replicates of each test)
as well as the total percentages of positive cases observed are pre-
sented by intestinal parasite in Fig. 1. The examination of more
than one replicate of the same stool sample by the SST did not rep-
resent an increment in the percentage of positives encountered for
G. lamblia, E. histolytica complex, A. lumbricoides, T. trichiura and C.
hepaticum. The examination of the three replicates by the SST (in
comparison to only one replicate) led to an increase in the percent-
age of positives for Blastocystis spp. (18.9% to 26.6%) and hookworm
(14.7% to 21.7%).

In relation to the results obtained with the Paratest, increases
were also observed in the percentage of positives for hookworm
(6.3% to 11.9%), being even more pronounced for Blastocystis spp.
(23.8% to 39.2%). Using the combined result of the two tests
together, we calculated the total of the positive cases observed for
each intestinal parasite. On considering this combined result, an
increase was observed in the percentage of positive cases of Blas-
tocystis spp. (43.4%) and hookworm (25.9%), and, to a lesser extent,
of T. trichiura (9.8%).

3.2. Proportion of positives and test sensitivity and specificity

The highest estimated proportions of positive cases were
encountered for Blastocystis spp. (63.8%; Crl 46.1-83.5), hookworm
(31.8%; Crl 15.0-50.9) and A. lumbricoides (23.2%; Crl 9.7-40.1). In
general the sensitivity was similar in both tests and for almost all
the intestinal parasites evaluated, except for Blastocystis spp. and
hookworm. In these cases, the sensitivity varied from 42.8% to 46.4%
in the SST and from 43.4% to 45.6% in the Paratest. The Paratest
presented a slightly higher sensitivity for the diagnosis of Blasto-
cystis spp. (53.8%; Crl 43.2-65.3) in comparison to the SST (39.4%;
Crl 30.3-49.9) and the SST presented a slightly higher sensitivity
for hookworm (49.2%; Crl 36.0-62.4) in comparison to the Paratest
(35.8%; Crl 25.0-51.4). The specificity was high (between 93.2% and
97.2%) and similar in both tests and for all the intestinal parasites
evaluated (Table 1).

3.3. Repeatability

In both tests, the concordance between replicates was almost
perfect (Kappa IRM value superior to 0.93) with homogeneity of
the results of replicates for G. lamblia, E. histolytica complex, T.
trichiura and C. hepaticum. However, one exception was A. lum-
bricoides, in which almost perfect concordance was observed in
both tests but with heterogeneity in the SST (Cochran Q, P=0.011).
For the detection of Blastocystis spp., the SST and the Paratest pre-
sented substantial intra-test concordance (Kappa IRM=0.79 and
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Fig. 1. Cumulative percentages of positive cases by test and total percentages of positives, by intestinal parasite.

Table 1
Median value and 95% credible intervals of proportion of positives, sensitivity and specificity of SST and Paratest by intestinal parasites, as estimated by Bayesian analysis.
Protozoans/ Tests Proportion of positives Sensitivity Specificity
Helminths
Median Crl 95% Median Crl 95% Median Crl 95%
. SST 4.4-29.1 44.5 32.5-57.7 96.4 92.6-98.8
G. lamblia Paratest 147 4556 33.7-59.0 96.1 92.2-98.6
E. histolyti I SST 0.9-13.0 44.4 30.9-59.0 96.9 93.9-98.9
- fstolytica complex Paratest 5.0 434 29.7-57.9 97.2 94.5-99.0
Blastocystis spp. SST 638 46.1-83.5 394 30.3-49.9 95.7 90.2-98.7
Paratest ' 53.8 43.2-65.3 94.7 87.6-98.4
L. SST 9.7-40.1 46.4 35.0-58.5 96.1 91.9-98.6
A- lumbricoides Paratest 232 446 33.4-56.5 96.6 92.5-98.9
SST 15.0-50.9 49.2 36.0-62.4 93.2 85.7-98.1
Hookworm Paratest 318 358 25.0-51.4 96.3 91.9-98.9
o SST 2.3-21.2 42.8 28.8-57.6 96.5 92.9-98.8
T. trichiura Paratest 95 442 30.1-59.2 95.6 91.7-98.5
C. hepaticum SST 1.9-19.1 442 31.4-58.3 96.6 93.3-98.8
Paratest 83 442 30.9-58.3 96.5 93.2-98.8

SST = spontaneous sedimentation technique; Crl= credible interval.
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Table 2
Concordance (repeatability) and homogeneity between replicates of SST and of
Paratest by intestinal parasite.

Protozoans/ Tests Kappa IRM Cochran Q
Helminths
Median (CI195%) Pvalue
) SST 1.00 0.97-1.00 0.368
G. lamblia Paratest  0.98 095-1.00  0.717
E. histolytica complex SST 0.98 0.95-1.00 0.050
Paratest ~ 0.99 0.96-1.00 0.607
Blastocystis spp. SST 0.79 0.70-0.86 0.355
Paratest 0.76 0.68-0.84 0.017
- SST 0.96 0.92-0.98 0.011
A. lumbricoides Paratest  0.94 0.89-097  0.459
SST 0.76 0.66-0.84 0.003
Hookworm Paratest  0.88 081-093 0305
- SST 0.95 0.96-0.98 0.368
T. trichiura Paratest 0.93 0.87-0.97 0.273
) SST 0.99 0.96-1.00 0.223
C. hepaticum

Paratest 0.97 0.94-0.99 0.472

SST=spontaneous sedimentation technique; Kappa IRM =kappa index for repeat-
ability measure; Cl=confidence interval.

0.76, respectively). Moreover, the results of replicates were het-
erogeneous only in the Paratest (Cochran Q, P=0.017). Regarding
hookworm, the two tests did not present the same results. The
Paratest presented almost perfect concordance (Kappa IRM =0.88)
and the SST lower concordance (Kappa IRM = 0.76) since the results
of the replicates were heterogeneous in the SST (Cochran Q,
P=0.003) (Table 2).

3.4. Concordance between tests

For each intestinal parasite, the results of the kappa IBT were
concordant with the general measure given by the CCC. The con-
cordance between tests for the diagnosis of G. lamblia and C.
hepaticum was almost perfect (CCC of 0.88 and 0.81, respectively)
and was substantial for E. histolytica complex and A. lumbricoides
(CCC of 0.72 and 0.78, respectively). For the diagnosis of Blasto-
cystis spp., hookworm and T. trichiura the concordance was fair or
slight (CCC of 0.38, 0.17 and 0.10, respectively) and the results of
the tests were heterogeneous for Blastocystis spp. and hookworm
(McNemar test, P<0.001 and P=0.009, respectively) (Table 3).

4. Discussion

In the present study we analyzed the repeatability and esti-
mated the accuracy of two spontaneous sedimentation techniques
applied in the diagnosis of intestinal parasite infections using a
Bayesian approach for the first time.

The study of repeatability showed that the SST and the Parat-
est presented high repeatability for the detection of nearly all the
intestinal parasites evaluated. Low repeatability was observed in
the two tests only for the diagnosis of Blastocystis spp. and hook-
worm, and this may be explained by the different percentages of
positive cases between replicates or because the positive cases did
not correspond to the same individuals in the replicates.

The concordance between tests was high (substantial or almost
perfect concordance) except for the diagnosis of Blastocystis spp.,
hookworm and T. trichiura. The low concordance encountered for
Blastocystis spp. is explained by the fact that the Paratest detected
more positive cases than SST, thereby making the Paratest the best
test for the detection of this protozoan. On the other hand, the lack
of concordance obtained in the diagnosis of hookworm was due to
the detection of less positive cases by the Paratest, thereby making
the SST better in this case. Regarding T. trichiura, the result of low
concordance was in contrast with the finding of homogeneity of the

test results. However, the interpretation of these results together
indicates that the tests were completely discordant in the detection
of positive cases, that is, when a test was positive for T. trichiura eggs
the other was negative, and vice versa.

Parasitic forms present a heterogeneous distribution in stool
samples (De Carli, 2007b). Homogenization of a stool prior to sam-
ple processing has been suggested as a procedure to overcome
this problem and improve the diagnostic accuracy (Krauth et al.,
2012). Up to now, the usefulness of homogenization by stirring has
only been demonstrated for Schistosoma japonicum and Schistosoma
mansoni in reducing intra-sample variation of egg location and of
fecal egg counts, respectively (Krauth et al., 2012; Ye et al., 1998).
For A. lumbricoides, T. trichiura and hookworm this procedure was
not helpful (Krauth et al., 2012; Ye et al., 1997). In our study, the
homogenization was performed for each stool sample before sep-
aration into replicates. The result of high repeatability of both tests
for the diagnosis of almost all the intestinal parasites studied means
that the homogenization contributed to obtain replicates with sim-
ilar qualitative content of parasitic forms. On the other hand, the
low repeatability of both tests for Blastocystis spp. and hookworm
detection suggests that this result could have been influenced by
the heterogeneous distribution of their forms in the stools, which,
in these cases, could persist even after the homogenization of stools.

We believe that technical characteristics of the two techniques
may also explain the low repeatability of the tests. During the pro-
cess of the two tests, sediment is generated by the action of gravity,
being characterized by a heterogeneous distribution of parasitic
forms, which is dependent on the settling velocity of these forms
in the liquid media (Sengupta et al., 2011). The homogenization of
the entire sediment before the collection of aliquots for microscopic
evaluation is not carried out in either of these tests. However, in the
SST, aliquot collection is influenced by the handling of the tech-
nician since the aliquots may be removed with the pipette from
any part of the sediment. Since handling is a known external factor
of variation in diagnostic tests (Sanchez et al., 2002), we believe
that some variability in our results conferred by this factor may
be expected. This problem is minimized in the Paratest because
the sediment generated is not directly manipulated by the techni-
cian. In this test, the two drops analyzed by microscopy are almost
always the first of the most posterior end of the sediment that are
eliminated through the exit located in the cap of the container.

The intestinal parasites that did not have reproducible results
in the study of repeatability are characterized by presenting par-
asitic forms of small size (Blastocystis spp., the diameter of which
may vary between 2 and 200 pm) (Tan, 2008) and low specific den-
sity (hookworm, with a specific density of approximately 1.055
in zinc sulphate solution) (Sawitz et al., 1939). Size and den-
sity are important characteristics for the determination of the
dynamics of sedimentation of parasitic forms in liquid media.
According to some authors, the sedimentation of particles in water
is expected to follow Stokes’ law which implies that the settling
velocity depends on particle size, difference in density between
particles and water, and water viscosity (Medema et al., 1998;
Sengupta et al,, 2011). Shuval (1978) reported that the settling
velocity of hookworm (0.39mh~1!) in clean water is slower than
that of Ascaris (0.65mh~1) and Trichuris (1.53mh~1) and as such
the eggs of hookworm are one of the last in settle, suggesting
that their eggs probably occupy the most anterior part of the
sediment. Information about the settling velocity of Blastocys-
tis spp. is not available in the literature. However, we believe
that its forms are also little dense (and probable settle slowly)
since microscopic examination shows that any capillary action
produced in the slide easily produces the displacement or flota-
tion of these forms (Gongalves, personal communication). The
low repeatability of the SST for the diagnosis of hookworm and
Blastocystis spp. could be explained by the previously mentioned
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Table 3
Concordance and homogeneity between SST and Paratest by pair of replicates and by combined result of the tests for each intestinal parasite.
Protozoans/ Tests SST+ P+ SST+ P— SST- P+ Kappa McNemar CCC
Helminths
N % N % N % N % IBT Pvalue (C195%)
G. lamblia SST1/P1 13 9.1 13 9.1 2 14 2 14 0.83 1.000 0.88
SST2/P2 12 8.4 12 8.4 1 0.7 1 0.7 0.91 1.000 (0.85,0.91)
SST3/P3 12 8.4 12 8.4 1 0.7 1 0.7 0.91 1.000
SSTc/Pc 13 9.1 14 9.8 1 0.7 2 14 0.88 1.000 -
E. histolytica complex ~ SST1/P1 5 35 3 2.1 3 2.1 1 0.7 0.49 0.625 0.72
SST2/P2 2 14 2 14 0 0.0 0 0.0 1.00 1.000 (0.67,0.77)
SST3/P3 2 14 3 2.1 0 0.0 1 0.7 0.80 1.000
SSTc/Pc 5 3.5 4 2.8 2 14 1 0.7 0.66 1.000 -
Blastocystis spp. SST1/P1 27 18.9 34 238 11 7.7 18 12.6 0.40 0.265 0.38
SST2/P2 21 14.7 40 28.0 4 2.8 23 16.1 0.45 <0.001 (0.28,0.47)
SST3/P3 23 16.1 47 329 8 5.6 32 224 0.27 <0.001
SSTc/Pc 38 26.6 56 39.2 6 4.2 24 16.8 0.53 <0.001 -
A. lumbricoides SST1/P1 20 14.0 12 8.4 8 5.6 0 0.0 0.72 0.008 0.78
SST2/P2 17 11.9 15 10.5 3 2.1 1 0.7 0.86 0.625 (0.73,0.83)
SST3/P3 14 9.8 13 9.1 3 2.1 2 14 0.80 1.000
SSTc/Pc 20 14.0 18 12.6 2 14 0 0.0 0.94 0.500 -
Hookworm SST1/P1 21 14.7 9 6.3 17 11.9 5 3.5 0.20 0.017 0.17
SST2/P2 16 11.2 7 49 13 9.1 4 2.8 0.21 0.049 (0.09,0.24)
SST3/P3 6 4.2 4 2.8 6 4.2 4 2.8 -0.03 0.754
SSTc/Pc 31 21.7 17 11.9 20 14.0 6 4.2 0.36 0.009 -
T. trichiura SST1/P1 5 35 6 4.2 5 35 6 4.2 -0.04 1.000 0.10
SST2/P2 3 2.1 3 2.1 2 14 2 14 0.32 1.000 (0.03,0.18)
SST3/P3 2 14 2 14 2 14 2 14 -0.01 1.000
SSTc/Pc 8 5.6 10 7.0 4 2.8 6 4.2 0.41 0.754 -
C. hepaticum SST1/P1 6 4.2 7 4.9 0 0.0 1 0.7 0.92 1.000 0.81
SST2/P2 8 5.6 6 4.2 3 2.1 1 0.7 0.70 0.625 (0.77,0.85)
SST3/P3 7 4.9 5 3.5 2 14 0 0.0 0.83 0.500
SSTc/Pc 8 5.6 8 5.6 2 14 2 14 0.74 1.000 -

SST =spontaneous sedimentation technique; SST+ = positives for SST; P+ = positives for Paratest; SST+ P— = positives for SST and negatives for Paratest; SST— P+ = negatives for
SST and positives for Paratest; N=number of cases; % = percentage of cases; Kappa IBT = kappa index between tests; CCC = concordance correlation coefficient; Cl= confidence
interval; SST1, SST2 and SST3 =results of SST for replicates 1, 2 and 3, respectively; P1, P2 and P3 =results of Paratest for replicates 1, 2 and 3, respectively; SSTc = combined

result of SST; Pc=combined result of Paratest.

handling problem. The pipette introduced into the sediment to
collect an aliquot is usually introduced into the most posterior
part of the sediment and almost never at the more superficial part,
where the majority of little dense forms are probably located. This
means that during the microscopic evaluation there is probably a
lack of representativeness of the most anterior part of the sedi-
ment. In the Paratest, the low repeatability also encountered for
Blastocystis spp. and hookworm detection may be explained in the
same way. Since the most posterior part of the sediment is always
the first accessed, the most anterior portion is probably underrep-
resented in the diagnosis. Furthermore, the time of sedimentation
suggested by the kit (15-30 min) may not be sufficient for satisfac-
tory sedimentation of the little dense eggs of hookworm and the
possible little dense forms of Blastocystis spp.

The dynamics of sedimentation of the parasitic forms of pro-
tozoans and helminths in water or preservative liquids of stool
remains little studied. The settling velocity is also dependent
on other characteristics of the parasites, such as the capacity of
some parasitic forms to adhere to surfaces and suspended matter
(Gaspard et al., 1994; Sengupta et al., 2011). Some authors have
reported that high particle concentrations in wastewater typically
results in flocculation of the particles (Droppo, 2001) and this may
lead to attachment and entrapment of eggs of helminths or cysts
and oocysts of protozoans to these flocs (Medema et al., 1998),
affecting the settling velocity of the parasites.

We observed that although both tests presented low repeatabil-
ity in the diagnosis of Blastocystis spp., the Paratest detected more
positive cases. The better results of the Paratest were expected
because it is known that forms of this protozoan are lysed in con-
tact with water (Amato Neto et al., 2003; Stenzel and Boreham,
1996). We believe that although the feces were previously con-
served in SAF, it was not determinative to avoid the lyses of some

forms of Blastocystis spp. during processing of the SST. Some authors
have previously reported the detection of Blastocystis spp. in feces
conserved in formaldehyde and subsequently submitted to sponta-
neous sedimentation in water (Eymael et al., 2010; Velasquez et al.,
2005), sometimes with a lower proportion of detection in com-
parison with other tests (Eymael et al., 2010). On the other hand,
although both tests also presented low repeatability in the diagno-
sis of hookworm, the SST detected more cases thereby suggesting
the possible presence of some technical problems in the Paratest in
relation to hookworm detection. Beyond the previously discussed
problem about the settling of parasites with a low specific density,
the capacity of adherence of eggs could be another characteristic
producing limitations of the test. The ability of eggs to adhere to
the plastic that composes the filter of the Paratest and also their
ability to attach to flocculated particles from the fecal suspension
should be evaluated. These characteristics could contribute to ham-
pering the passage of eggs through the filter of the test. Brandelli
et al. (2011) emphasized that the filtration system of the Paratest
could be a major factor contributing to the false-negative results
observed for larvae in their study.

We report a low sensitivity of the SST (39.4-49.2%) and the
Paratest (35.8-53.8%) in the diagnosis of some intestinal para-
sites. The Paratest was more sensitive (53.8%) for the diagnosis of
Blastocystis spp. and the SST for hookworm detection (49.2%). For
parasites obtaining the same sensitivity in both tests, we also found
a good concordance between the tests for their detection, except
for T. trichiura. So far, previously published data about the accu-
racy of the SST and the Paratest are unreliable since the authors
defined the gold standard as the combination of the results of two
or more tests or considered the SST as the gold standard (with
100% of accuracy). The widespread use of the SST in Brazil has
made it frequently and erroneously considered as the gold standard
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test in many studies. These practices are responsible for the high
variability of the reports of the sensitivity of SST encountered in
the literature, with values ranging from 38.4% to 100% (Brandelli
etal,2011; Devera et al., 2008a; Gomes et al., 2004 ). Regarding the
Paratest, the only data available reported 33% and 55% of sensitiv-
ity for the diagnosis of eggs/larvae and cysts, respectively (Brandelli
et al., 2011). In our study, the specificity of the two tests was high,
as previously reported, although the 100% specificity reported by
some authors is unreal if considering the possibility of occurrence
of false positives (Tarafder et al., 2010).

To date, only one article has estimated the sensitivity and speci-
ficity of a centrifuge-sedimentation technique (Danish Bilharziasis
Laboratory (DBL) technique) for the diagnosis of a human intestinal
parasite using a Bayesian method. The DBL-technique presented a
sensitivity ranging from 65% to 78% for the diagnosis of S. japon-
icum from some non-human mammals, and a high specificity
(92.6-99.1%), when only one stool sample was considered (Carabin
et al., 2005). Since our study was based on the analysis of a single
stool sample, the day-to-day variation in the output of parasitic
forms was not assessed, thus, the estimations of sensitivities could
have been higher if more samples had been analyzed.

Low sensitivity of diagnostic tests for the detection of hookworm
infection may be related to rapid degeneration of hookworm eggs
over time. The sensitivity is influenced by delays in time between
stool production and the processing of samples in the laboratories
(Dacombe et al., 2007; Knopp et al., 2008; Krauth et al., 2012) and,
between the processing of samples and microscopic reading when
using the Kato-Katz technique (Knopp et al., 2008; Tarafder et al.,
2010; WHO, 1994). A decrease in sensitivity of almost 50% for the
detection of hookworm was reported with the formol-ether con-
centration method when preservation with formalin was delayed
by more than 3 h (Dacombe et al., 2007). In our study the time from
stool collection in households until their processing (preservation)
was of up to 3 h. However, the delay in the processing was proba-
bly higher if considering that was not possible for us ascertain the
time of stool production by the participants. Because of the difficul-
ties of the participants to deliver the stools to the field laboratory,
samples were collected in the households by two daily visits of the
staff of the project. The delay in time between stool production and
processing in the field laboratory probably contributed, to some
extent, to the low sensitivity encountered by both tests in hook-
worm detection. This aspect could also be true for Blastocystis spp.,
since the vacuolar form of this protozoan is fragile (Stenzel and
Boreham, 1996).

When considering the analysis of three replicates for each test,
the increment obtained in the percentage of positives of Blastocystis
spp. and hookworm indicates that the processing of three replicates
contributed to better diagnosis. This last result coincides with that
of low repeatability of both tests for Blastocystis spp. and hook-
worm detection. Thus, the great variability between the results of
the replicates led to a great increase in the percentage of positives
observed when considering the cumulative results of the repli-
cates. Regarding T. trichiura, on the detection of different positive
cases by the two tests, the combined use of the two tests provided
a better diagnosis. However, despite the general improvement of
the diagnosis in these cases, the low sensitivity reported for both
tests indicates an important underestimation of the total number
of positive cases.

5. Conclusions

In this study we report an overall high repeatability for the SST
and the Paratest (except for Blastocystis spp. and hookworm by
both tests) and high concordance between the two tests (except for
the diagnosis of Blastocystis spp., hookworm and T. trichiura). Low

sensitivity and high specificity were encountered by both tests.
We conclude that the combined study of repeatability, concord-
ance and accuracy (in the absence of a gold standard test) is a
key strategy for better evaluation of the performance of tests and
is also useful for the identification of technical limitations, pro-
viding opportunities for the generation of proposals for technical
improvements. Additional studies on the dynamics of sedimenta-
tion of diverse parasitic forms in liquid media are needed in order
to improve the traditional tests currently used for the diagnosis
of intestinal parasites. Moreover, for tests based on sedimenta-
tion, the standardization of homogenization of the total sediment
before the collection of aliquots for microscopic evaluation should
be implemented in all situations.
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5. Discusion

Las investigaciones que hemos llevado a cabo han permitido profundizar en los
conocimientos sobre la epidemiologia y el diagnostico del C. hepaticum y de los
parasitos intestinales en areas remotas de la Amazonia. Los resultados obtenidos
describen una de las mayores incidencias a nivel mundial para C. hepaticum y también
una elevada prevalencia de paréasitos intestinales.

En el asentamiento rural del municipio de Presidente Figueiredo, hemos
obtenido que el habito de ingerir higado de mamiferos silvestres es un importante factor
de riesgo para la infeccion espuria por C. hepaticum. La elevada frecuencia de este
habito sugiere que la transmision zoondtica puede ser frecuente y que casos humanos de
enfermedad hepatica pueden ocurrir en la comunidad, asi como en otras comunidades
que presenten el mismo perfil socio-cultural. La posibilidad de aparicion de casos de
enfermedad se debe a que las comunidades rurales amazonicas suelen presentar un
precario sistema de saneamiento, lo que culmina con la contaminacion del suelo
peridomiciliar por heces humanas, posibilitando el desarrollo de huevos embrionados en
el suelo y la transmision de C. hepaticum a nuevos huéspedes. Este estudio permitio
aclarar aspectos fundamentales sobre la dindmica de la transmisién de este helminto e
indica que la Amazonia estd emergiendo como area prioritaria para el estudio y
vigilancia epidemioldgica de este patdgeno y la enfermedad que provoca en humanos.

La falta de saneamiento es también una cuestion central en la epidemiologia de
otros parasitos. Las poblaciones que viven en pequefias ciudades urbanizadas lejanas de
la capital del estado (Manaus) sufren la falta de inversion en saneamiento y acceso a
agua potable. En la area urbanizada remota estudiada (ciudad de Barcelos) encontramos
elevadas prevalencias de parasitos intestinales (como es el caso de A. lumbricoides, que
infectaba alrededor del 50% de la poblacién) y de multiparasitosis por helmintos (25%).
Algunos factores de riesgo para infeccion por helmintos, relacionados con la pobreza,
fueron identificados y describimos la distribucion heterogénea de las infecciones por
multiples especies de helmintos, anquilostoma y T. trichiura a nivel de barrio, siendo
esta informacion de especial interés para la planificacion de politicas publicas locales.

Otro tema central tratdindose de areas remotas amazoénicas es la cuestion del
acceso a un diagnostico de calidad. Estas areas en Brasil presentan un gran retraso en

materia de acceso a nuevas técnicas de diagndstico de laboratorio, lo que genera el uso
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frecuente de técnicas tradicionales baratas que no estan adecuadamente validadas. Este
es el caso de la técnica de sedimentacion espontanea de Lutz (SST), que es una técnica
tradicionalmente empleada para el diagnostico de parésitos intestinales en areas
desfavorecidas econdémicamente de Brasil, y también utilizada en laboratorios de
hospitales publicos de grandes ciudades. En este estudio fue evaluado el desempefio de
las técnicas de SST y Paratest, teniendo en cuenta la repetibilidad, la concordancia, la
sensibilidad y la especificidad asumiendo la no existencia de un patron oro. Esto nos ha
permitido por primera vez, la evaluacion de estas técnicas sin considerar ninguna de
ellas de referencia. Hemos encontrado una baja sensibilidad de ambas pruebas
diagnosticas. Esta es una observacion preocupante debido al extenso uso de las técnicas
de sedimentacién espontanea en Brasil y Latinoamérica, 1o que deja en evidencia la
necesidad de sustituir estas técnicas por otras mas sensibles.

En los apartados siguientes se incluye la discusion especifica de los resultados

de cada uno de los estudios que componen la tesis.

5.1. Estudio de la dindmica de la transmision de C. hepaticum en la Amazonia

En este estudio hemos estimado la incidencia de C. hepaticum en una comunidad
rural amazonica e identificamos un factor de riesgo para infeccion relacionado al habito
alimenticio. Ademas, hemos estudiado la dindmica de la transmision de este helminto.
En la comunidad estudiada la incidencia de infeccidn espuria causada por C. hepaticum
fue del 6.7%, siendo, segun nuestro conocimiento una de las mas altas relatadas en la
literatura. Estimaciones similares fueran relatadas en poblacion indigena del noroeste
del estado de Mato Grosso (8.6%) (Soares et al., 2011) y en indigenas de la etnia Surui
del estado de Rondodnia (5.2%), ambos en la Amazonia brasilefia (Palhano-Silva et al.,
2009). Considerandose que el diagndstico de laboratorio fue basado en el anélisis de 6
réplicas por muestra de heces (tres por el SST y tres por el Paratest), la incidencia
relatada seria menor si solamente una Unica réplica de cada muestra hubiese sido
evaluada.

La identificacion de los huevos de C. hepaticum en las heces se basa en el
andlisis combinado de la morfologia y la morfometria por microscopia Optica. Sin
embargo, otras especies de capilarideos pueden ser también identificadas por estos
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parametros y deben ser consideradas en el diagnostico diferencial (Di Cesare et al.,
2012; Fugassa et al., 2008). Las tres especies de capilarideos conocidas de importancia
zoondtica mundial son C. hepaticum, Eucoleus aerophilus y Paracapillaria
philippinensis (Fuehrer et al., 2011) y pueden ser encontradas en heces humanas y
diferenciadas por los parametros anteriormente descritos. E. aerophilus parasita la
traquea y principalmente los bronquios de perros, gatos, carnivoros silvestres vy,
ocasionalmente, del hombre (Lalosevi¢ et al., 2008; Traversa et al., 2011). P.
philippinensis es un parasito de pescado endémico en Filipinas y Tailandia, siendo el
agente etioldgico de la capilariasis intestinal humana (Saichua et al., 2008). En Brasil
hasta el momento s6lo ha sido relatada la especie C. hepaticum.

De entre los pardmetros a considerarse en el diagnostico diferencial de huevos
tenemos: las caracteristicas morfologicas de las prominencias polares (que son
superficiales en C. hepaticum, asimétricas en E. aerophilus y discretamente aplanadas
en P. philippinensis); las caracteristicas de la capa externa (con estrias radiales en C.
hepaticum, con una red de crestas anastomosadas en E. aerophilus y estriada en P.
philippinensis); y la forma (parecido a un cacahuete en P. philippinensis) (Cross, 1992;
Fugassa et al., 2008; Traversa et al., 2011). Los huevos encontrados en el estudio,
procedentes de heces humanas, heces de perro y tejido hepatico de un pecari,
presentaron caracteristicas morfolégicas compatibles con la especie C. hepaticum y sus
dimensiones estan de acuerdo con lo relatado en la literatura (40-75 um de largo y 27-
41.3 um de ancho) (Carvalho-Costa et al., 2009; Choe et al., 1993; Fugassa et al., 2008;
Ruas et al., 2003; Schmidt, 2001; Soares et al., 2011).

Ante la posibilidad de la asociacion de ingesta de higado de mamiferos silvestres
y la infeccion espuria por C. hepaticum, interrogamos a la poblacion al respecto de sus
habitos alimentarios observandose una elevada proporcién de individuos que admitian
esta practica (57.5%). Asi mismo el 94.8% admitian comer carne de animales de caza.
Las frecuencias encontradas son similares a las relatadas en estudios previos realizados
en comunidades y en tribus indigenas de la Amazonia (Camargo et al., 2010; Carvalho-
Costa et al., 2009; Palhano-Silva et al., 2009). Estos resultados sugieren una elevada
exposicion a la infeccion por C. hepaticum en poblaciones que viven en areas rurales
amazonicas. En un estudio realizado en una poblacion de una comunidad del area rural
del estado de Rondo6nia (oeste de la Amazonia brasilefia), una elevada frecuencia

(91.7%) de consumo de carne de mamiferos silvestres fue relatada y la prevalencia
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serologica de C. hepaticum fue de 34.1% a una dilucion de 1:150, lo que sugiere el
frecuente contacto de la poblacion con huevos de C. hepaticum (Camargo et al., 2010).

A nivel clinico, la infeccion espuria por C. hepaticum fue descrita como causa de
diarrea leve, a pesar de que este tipo de infeccion parece cursar de forma asintomatica
en la mayoria de los casos (McQuown, 1954). En nuestro estudio la mayoria de los
individuos fueron asintomaticos. La presencia de diarrea en dos individuos no pudo ser
atribuida a la infeccion espuria por C. hepaticum debido a la presencia concomitante de
dos potenciales agentes de diarrea (Blastocystis spp. and Salmonella spp.).

Acerca de la transmision, este estudio es el primero a describir una fuente
causadora de infeccidn espuria por C. hepaticum en humanos. La fuente descrita fue un
higado de pecari, que fue utilizado como alimento por una de las familias estudiadas en
la comunidad. Es sabido que los pecaris de las especies Tayassu pecari y Pecari tajacu
son reservorios naturales de C. hepaticum (Foster and Johnson, 1939; Mandorino and
Reboucas, 1991; Soares et al., 2011), estan ampliamente distribuidos en Brasil (Wilson
and Reeder, 2005), y son uno de los mamiferos silvestres mas frecuentemente usados
como alimento en comunidades amazonicas de Brasil (Camargo et al., 2010). Por estas
razones sugerimos que estos animales pueden ser importantes fuentes de infeccion
espuria para humanos en la region amazonica. En Brasil, la infeccion hepatica por C.
hepaticum ha sido descrita en animales domésticos (perros y gatos), y otros mamiferos
de las subfamilias Murinae (R. novergicus, Rattus rattus y M. musculus), Sciurinae
(Sciurus aestuans), Caninae (Lycalopex gymnocercus, Cerdocyon thous y Chrysocyon
brachyurus), Tayassuinae (P. tajacu y T. pecari), Felinae (Puma concolor) y Atelinae
(Ateles paniscus) (Ilha and Barros, 2000; Mandorino and Reboucgas, 1991; Quadros et
al., 2009; Ruas et al., 2003; Soares et al., 2011; Vicente et al., 1997). Recientemente, la
infeccion hepética por C. hepaticum fue descrita en Agouti paca proveniente de una
reserva forestal del estado de Acre, Amazonia brasilefia (Almeida et al., 2013). La A.
paca es un roedor de la familia Cuniculidae, también ampliamente usado como alimento
en poblaciones rurales amazonicas (Camargo et al., 2010).

Hemos estimado por primera vez que individuos que acostumbran a comer el
higado de mamiferos silvestres presentan 10 veces mas riesgo de presentar infeccion
espuria que los que no poseen este habito. Como consecuencia de este habito
alimenticio describimos una elevada incidencia intradomiciliar (50% a 83.3%) de la
infeccion espuria. Este resultado no habia sido aportado anteriormente y supone que la

infeccion presenta un patron de transmision domiciliar. Los resultados obtenidos
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confirman la sospecha de varios autores de la existencia de una transmision tras la
ingesta de huevos no embrionados presentes en el higado de mamiferos y por tanto
como causa de la infeccién espuria en humanos. Debido a los habitos alimenticios
observados en la poblacion se puede concluir que se trata de un importante mecanismo
de transmision de C. hepaticum en la comunidad estudiada y que, probablemente,
también debe de tener importancia en otras areas de la Amazonia que presenten
caracteristicas socio-culturales similares.

En el estudio realizado en muestras de heces de perros recolectadas del suelo
peridomiciliar hemos encontrado huevos tipicos de C. hepaticum en una de las
muestras. La muestra positiva de perro fue proveniente del jardin de una casa que
presentd casos humanos de infeccién espuria. Es sabido que perros domésticos son
susceptibles a la infeccidn por C. hepaticum (llha and Barros, 2000; Stokes, 1973) y por
otras especies de capilarideos (E. aerophilus y Eucoleus boehmi) (Di Cesare et al.,
2012). E. boehmi es un parasito de las cavidades nasales y sinus respiratorios de
canideos silvestres (e.j. zorros y lobos) y perros domésticos, y sus huevos también
pueden ser encontrados en las heces. Este parasito puede diferenciarse de C. hepaticum
ya que sus huevos presentan prominencias asimétricas, pequefios hoyos en la superficie
de la pared y miden 50-60 pum x 30-35 pm (Di Cesare et al., 2012). La especie E.
aerophilus ha sido descrita en perros de Europa, América del Norte y Australia y E.
boehmi en perros de Europa y América del Norte (Di Cesare et al., 2012). Sin embargo,
solamente la especie C. hepaticum ha sido descrita parasitando perros domésticos en
Brasil.

La infeccion espuria de un perro por C. hepaticum en una comunidad que
también presentd casos de infeccion espuria humana no habia sido anteriormente
relatada. Este hallazgo puede estar relacionado al relato de las familias sobre el habito
de compartir la carne de caza cruda con los perros. Diversos autores ya sugirieron que la
practica de alimentar perros con carne cruda y las estrechas relaciones existentes entre
hombres y perros podrian tener un importante papel en la transmision de patégenos
zoonoticos (Cutler et al., 2010; Sanchez Thevenet et al., 2004). Nuestro resultado
sugiere que los perros pueden también potenciar la aparicion de ciclos peridomiciliares
de transmisién de C. hepaticum en la comunidad estudiada. Debido a que los perros
acostumbran depositar sus heces alrededor de las casas, un nuevo foco epizo6tico podria
establecerse muy cerca de las familias, aumentando asi el riesgo de infecciones espurias

e incluso posibilitando el desarrollo de casos de enfermedad, especialmente entre los
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nifios. Las deficientes condiciones sanitarias en la comunidad estudiada podria ser otro
importante factor que contribuiria al riesgo de nuevas infecciones. Esta caracteristica es
comdn en comunidades rurales de la region amazonica que acostumbran cazar con
frecuencia para utilizacion de las visceras como fuente de alimentacion (Camargo et al.,
2010; Carvalho-Costa et al., 2009; Palhano-Silva et al., 2009), lo que sugiere el riesgo
de aparicién de casos en otras poblaciones.

Debido a la elevada incidencia de infeccion espuria encontrada en la comunidad
y las evidencias de que la Amazonia es un importante sitio de transmision de C.
hepaticum, recomendamos la implementacion de un sistema de vigilancia para el
diagnostico de infeccion espuria en areas donde la poblacion presente el habito de
alimentarse con carne de caza. El diagnostico de la infeccion espuria deberia basarse en
la correcta identificacion microscopica del parasito. En este sentido los técnicos de
laboratorio de las areas identificadas en riesgo deberian ser entrenados para distinguir
los huevos de T. trichiura de los huevos de los capilarideos. Esta medida ayudaria a
prevenir que los huevos de C. hepaticum fuesen confundidos con los huevos de otros
nematodos, debido a que los técnicos de laboratorio (e incluso el personal sanitario)
desconocen la existencia del parésito. La identificacion de los huevos debe tener en
cuenta las caracteristicas morfoldgicas y morfométricas. Por ejemplo, los huevos de
Trichuris spp. presentan paredes lisas que pueden ser facilmente diferenciadas de los
huevos adornados de los capilarideos (Fugassa, 2010). A pesar de que los huevos de C.
hepaticum son muy diferentes de los huevos de A. lumbricoides, ellos también
adquieren una coloracion marrdén oscura en la heces, lo que puede confundir los técnicos
de laboratorio.

En relacion al abordaje clinico en individuos con sospecha de enfermedad
hepatica residentes en areas que presenten infeccion espuria y una vez descartada otras
enfermedades més prevalentes (como la malaria o hepatitis viricas), creemos
recomendable la investigacion de calodiasis hepatica por serologia. En caso de serologia
positiva, seria necesario confirmar la enfermedad por estudio histopatoldgico hepatico
(Fuehrer et al., 2011). Es importante comentar que hasta la fecha no existe ninguna
técnica molecular estandarizada para la deteccion de C. hepaticum. Como medidas de
prevencion a nivel local se debe recomendar que los habitantes en estas regiones
cocinen bien el higado de los mamiferos silvestres y que no alimenten los perros u otros

animales domésticos con visceras crudas.
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Es aconsejable también la investigacion de fuentes de infeccidn en areas donde
la presencia de infeccion espuria haya sido confirmada. En este tipo de estudio se
deberia incluir los mamiferos mas frecuentemente consumidos y los pequefios roedores.
Acerca de los pequefios roedores, estudios describieron la adaptacion de algunos, como
el Rhipidomys spp. y el Mesomys spp., en aldeas y casas localizadas en areas
deforestadas de la Amazonia (Patton et al., 2000; Tribe, 2005). En este sentido, el papel
de los pequefios roedores en la dinamica de la transmision peridomiciliar en areas
rurales amazonicas deberia también ser estudiada. Recientemente, las especies de
pequefrios roedores M. musculus y R. rattus, que son conocidos reservorios de C.
hepaticum ampliamente distribuidos en Brasil, fueron descritos en una area del bioma
amazonico con reciente ocupacion humana (de Freitas et al., 2012). La importancia de
este hallazgo es que estas dos especies adoptan areas proximas a las casas o incluso las
propias casas como habitat, tal como ocurre en los centros urbanos o periurbanos de

Brasil.

5.2. Estudio de la prevalencia de parasitos intestinales y de los factores de riesgo

para infeccion por helmintos

El estudio ha estimado la prevalencia de la infeccion por helmintos y protozoos
intestinales en una poblacién de una ciudad urbanizada remota del estado del
Amazonas, Brasil. En nuestra poblacién, los helmintos predominaron respecto a los
protozoos; observamos que més de la mitad de los individuos del estudio estaban
infectados por A. lumbricoides. De entre los potenciales protozoos patogenos, la
infeccion por amebas del complejo E. histolytica fue la mas frecuente, seguida por G.
lamblia. Casi la mitad de la poblacion presentd multiparasitosis por helmintos y / o
protozoos intestinales y un 25% multiparasitosis por helmintos. Acerca de las
caracteristicas demograficas de los individuos hemos observado que los nifios, adultos
jévenes y ancianos presentaron mayor riesgo de infecciones por A. lumbricoides,
anquilostoma y multiples especies de helmintos, y los varones fueron mas propensos a
estar infectados por anquilostoma y multiples especies de helmintos. En relacion a las
caracteristicas de los domicilios, la falta de letrinas fue identificada como un factor de
riesgo para la infeccion por A. lumbricoides y tener suelo de tierra o madera fue

identificado como un factor de riesgo para las infecciones por anquilostoma. El hecho
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de no poseer medio de transporte estuvo asociado a las infecciones por A. lumbricoides
y multiples especies de helmintos. Las diferencias en el riesgo entre los barrios indican
heterogeneidad de la distribucién geografica de las infecciones por T. trichiura,
anquilostoma y multiples especies de helmintos.

La alta prevalencia de parasitos intestinales, observada en nuestro estudio,
corrobora estudios previos realizados en la micro regioén del rio Negro, estado del
Amazonas, donde prevalencias de entre 69.3% y 87.6% fueron reportadas (Bdia et al.,
1999; Carvalho-Costa et al., 2007; Coura et al., 1994; Rios et al., 2007). En estos
estudios, A. lumbricoides fue casi siempre el mas prevalente en comparacion con otros
parasitos intestinales patogenos, con prevalencias que variaron del 19,3% en el
municipio de Sao Gabriel da Cachoeira (lauareté) al 51% en la ciudad de Barcelos (Bdia
et al., 1999; Coura et al., 1994). EI complejo E. histolytica fue el segundo mas
importante, con prevalencias que variaron del 7.3% al 34% (Boia et al., 2006; Rios et
al., 2007). E. histolytica es un protozoo de especial importancia en la Amazonia, ya que
esta es una de las regiones con més casos informados de absceso amebiano hepatico en
el pais (Cunha, 2013). En este estudio, una sola muestra de heces se obtuvo de cada
participante para la evaluacion de la infeccion por parasitos intestinales. En vista de la
considerable variacién dia a dia en la eliminacién de formas parasitarias, es probable
que la prevalencia pudiera haber sido mayor si mas muestras hubiesen sido analizadas.
Ademas, dado que pocas muestras pudieron ser sometidas a la técnica de Rugai, Mattos
y Brisola, la prevalencia de S. stercoralis esta probablemente subestimada.

Si comparamos nuestros resultados con los de Coura et al. (1994) en la ciudad
de Barcelos, ese grupo obtuvo que la prevalencia general de parasitos intestinales
(69.4%) y las prevalencias de A. lumbricoides (51%) y del complejo E. histolytica
(19.7%) fueron similares a los obtenidos en nuestro estudio. En cambio, la prevalencia
de anquilostoma fue menor (2.7%). Probablemente esta prevalencia hubiera sido mas
elevada si la participacion de hombres en el estudio, que fue de uno 39.2% (Coura et al.,
1994), hubiese sido mayor, ya que diversos estudios (e incluso el presente estudio) han
demostrado que los anquilostomas infectan mas hombres que mujeres (Bradley et al.,
1992; Keiser et al., 2002; Raso et al., 2006).

En otros estudios realizados en comunidades o ciudades del rio Negro la
prevalencia de anquilostoma vari6 de 3.5% a 21% (Boia et al., 2006; Rios et al., 2007).
Estas diferencias en las prevalencias podrian deberse a la variacion en la exposicion en

diferentes escenarios micro epidemioldgicos que dependen de las caracteristicas
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ambientales locales (presencia de humedad y de suelos parcialmente sombreados)
(Brooker et al., 2004; Mabaso et al., 2003), del déficit de saneamiento e higiene, y de las
actividades relacionadas con el trabajo (como el trabajo agricola asociado a la préactica
de la defecacion al aire libre) (Brooker et al., 2006; Matthys et al., 2007; Schad et al.,
1983; Valverde et al., 2011).

Cuando analizamos los factores asociados a cada helminto especifico,
observamos que la falta de letrina fue identificada como un factor de riesgo para la
infeccion por A. lumbricoides. Esta carencia se conoce como un importante factor
implicado en la transmision de parésitos intestinales en regiones poco desarrolladas
(Halpenny et al., 2013; Hesham Al-Mekhlafi et al., 2008; Traub et al., 2004; Walker et
al., 2011). Una posible explicacion para el hecho de que sélo la infeccién por A.
lumbricoides se asocio a la falta de letrina puede ser debido a su alta prevalencia en
nuestro estudio, y en consecuencia los datos relacionados a este helminto
proporcionaron mas poder estadistico para detectar asociaciones. En una poblacion
infantil indigena de Panama que también presentd una alta prevalencia de A.
lumbricoides, el uso infrecuente de la letrina y el bajo poder adquisitivo de los
domicilios fueron influyentes en la prevalencia de la reinfeccion por Ascaris, pero no
por anquilostoma (Halpenny et al., 2013).

Tres afios después del desarrollo del presente estudio nuestro grupo de
investigacion realizd un andlisis bacteriologico del agua de los 8 pozos artesianos
publicos que suministran agua a casi toda la ciudad. Todos los pozos presentaron agua
apta para el consumo humano (datos no publicados). Dado que el 90.8% de los
domicilios estudiados consumen agua de pozos publicos, podemos suponer, por tanto,
que estos habitualmente consumian agua de buena calidad. En nuestro estudio, el uso de
agua de pozo privado o derivada de arroyo, en algunos pocos domicilios, no fue un
factor de riesgo. Este resultado sumado a la falta de letrinas en el 49.6% de los
domicilios evaluados y la presencia de zanjas de alcantarillado abiertas en toda la
ciudad sugiere que la transmision de parasitos intestinales en la ciudad estaria
condicionada principalmente por la contaminacion del suelo por heces humanas. La
contaminacion del suelo de la ciudad, mas alla del entorno peridomiciliar, podria ser
responsable del riesgo aumentado de infeccion encontrado en individuos de diferentes
grupos de edad.

En relacion a los anquilostomas, hemos encontrado que las personas que vivian

en domicilios con suelo compuesto por tierra 0 madera han presentado mas infecciones.
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Este resultado puede reflejar el mecanismo de transmision tipico de los anquilostomas,
que se produce principalmente por la penetracion de las larvas infectivas a través de la
piel (Raso et al., 2006). Estudios previos ya relataron la asociacion significativa entre
las caracteristicas de los domicilios y las infecciones por geo-helmintos (Holland et al.,
1988; Raso et al., 2005; Tshikuka et al., 1995; Visser et al., 2011). Particularmente, el
uso de cemento en suelos y losas fue identificado como factor de proteccion para la
transmision (Raso et al., 2005), por lo que su uso en casas Yy letrinas evitaria la
contaminacion del medio ambiente con los estadios larvales de los geo-helmintos
reduciendo asi el riesgo de infecciones (Asaolu and Ofoezie, 2003). Por otro lado,
Pullan et al. (2008) encontraron que la variable “material del suelo” ya no se asocié con
la co-infeccion con N. americanus y S. mansoni cuando el estatus socio-econémico se
considerd en el analisis, lo que constituye un problema de colinealidad entre estas
variables (Pullan et al., 2008). En nuestro estudio se utilizé la variable “posesion de
medio de transporte” como un indicador socio-econémico y ademas, ésta no se asocio
con la variable “material del suelo”. Eso indica que el resultado obtenido en nuestro
estudio con la variable suelo esta probablemente relacionado con la transmision de los
anquilostomas.

Hemos considerado la posesion del medio de transporte como un indicador
socio-econdmico ya que nuestra poblacion es homogénea respecto a la posesion de los
bienes tipicos del domicilio (como television y nevera), lo que dificulta la construccion
de un indicador socio-economico basado en este parametro. La variable posesion de
medio de transporte fue considerada como un indicador vélido para discriminar estatus
socio-econdmico en nuestro estudio porque a través de un analisis descriptivo
observamos que esta variable presentaba una distribucion diferente entre los barrios. En
el barrio de Aparecida, el 100% de los domicilios no poseian ningun tipo de transporte
(bicicleta, moto o coche), constituyéndose en la poblacion méas pobre de la ciudad. En el
barrio de Centro la proporcién de domicilios que disponian de transporte era la misma
respecto los domicilios que no tenian ningun medio de transporte y en tres barrios (Sao
Francisco, Sdo Lazaro e Nazaré) la mayoria de domicilios no disponian de ningun
transporte. A través del modelo multivariable se obtuvo que las personas que no tenian
ningun tipo de transporte, precisamente las personas mas pobres de la ciudad,
presentaron un riesgo mas alto para infecciones por A. lumbricoides y por multiples

especies de helmintos.
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El riesgo de infeccidn por helmintos varid entre los barrios dependiendo del tipo
de infeccion (especifica o multiple) evaluado. Dos é&reas distintas de la ciudad,
compuestas por dos barrios cada una, presentaron un alto riesgo de infeccion (por
multiples especies de helmintos, anquilostoma o T. trichiura). Sin embargo, ningun
barrio demostrd tener un mayor riesgo de infeccion por A. lumbricoides, indicando de
este modo la dispersion generalizada de este helminto altamente prevalente en la ciudad.
En el estudio de los nifios indigenas de Panama, se identificaron clusters espaciales de
T. trichiura y anquilostoma que se superponian en las zonas méas pobres, mientras que
no se detectaron clusters de A. lumbricoides, que fue el helminto mas frecuente y
extendido en la poblacion (Halpenny et al., 2013). Caracteristicas relacionadas con A.
lumbricoides, como la eliminacion de alrededor de 200 mil huevos al dia por hembra y
la viabilidad a largo plazo de los huevos (Camillo-Coura et al., 2013), pueden facilitar
su dispersion a través del medio ambiente, lo que lleva a una distribucion mas uniforme
de la exposicién a los huevos (Halpenny et al., 2013) y puede explicar la infeccion
generalizada por toda la ciudad.

La identificacion de las areas de mayor riesgo de infeccion por helmintos es una
informacidn atil para la planificacion de las acciones de control, ya que representan los
sitios de transmision mas elevada de la ciudad. Ademas, si tenemos en cuenta que
numerosos estudios han demostrado que las personas infectadas con varias especies de
helmintos tienden a presentar infecciones més intensas (Booth et al., 1998; Brooker et
al., 2000; Ferreira et al., 1994; Haswell-Elkins et al., 1987; Pullan et al., 2008), los
barrios en nuestro estudio que presentaron un alto riesgo de infecciones mdultiples por
helmintos tendrian un mayor riesgo de morbilidad. En cuanto a los anquilostomas, se
sabe que las infecciones por helmintos de este grupo pueden presentar una distribucién
por clusters en regiones con bosques y suelo humedo (Pullan et al., 2008; Raso et al.,
2006; Saathoff et al., 2005). Sitios con estas caracteristicas ambientales en la ciudad
estudiada se encuentran dentro de una de las areas identificadas con alto riesgo de
infecciones por anquilostomas, cerca del arroyo Salgado. Los margenes del arroyo
Salgado estan cubiertos por bosques a lo largo de su curso y por eso representan un
probable biotopo para el desarrollo de las larvas de anquilostomas. Ademas, la
poblacién que vive en los margenes del arroyo y del rio es generalmente la mas pobre
de la ciudad, que debe de ser la mas expuesta a la infeccion y morbilidad por

anquilostomas y tal vez también por multiples especies de helmintos.
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El presente estudio es el primero, segin nuestro conocimiento, en identificar los
factores de riesgo relacionados con la infeccion por A. lumbricoides, T. trichiura,
anquilostoma y mdltiples especies de helmintos en una ciudad remota de la Amazonia
brasilefia. La identificacion de areas de alto riesgo de infeccion por helmintos destaca la
necesidad de la implementacion de intervenciones de control en areas especificas de la
ciudad de Barcelos. Es importante tener en cuenta que hasta la fecha no se
implementaron programas de saneamiento local y campafias de desparasitacion
periddica en la ciudad, lo que sugiere que posiblemente el escenario descrito en el
estudio persista hasta la actualidad. Ademas de los servicios de saneamiento, la mejora
de la higiene ambiental, la quimioterapia periodica y la educacion sanitaria deberian ser
implementadas en la ciudad.

5.3. Estudio comparativo del desempefio de dos técnicas de sedimentacion
espontanea

En este estudio hemos evaluado el desempefio de dos técnicas de sedimentacion
aplicadas al diagndstico de las parasitosis intestinales. El estudio de la repetibilidad, de
la concordancia entre pruebas y de la sensibilidad y especificidad teniendo en cuenta la
ausencia de un patron oro ha permitido una mejor evaluacion del desempefio de las
técnicas e incluso la identificacion de limitaciones de las técnicas. La estrategia
empleada en el estudio podra servir de ejemplo para futuros estudios.

El estudio de la repetibilidad mostré que el SST y el Paratest presentaron
elevada repetibilidad para la deteccidn de casi todos los parasitos intestinales evaluados.
Sin embargo, observamos una baja repetibilidad de ambas pruebas en el diagnéstico de
Blastocystis spp. y anquilostoma. Este ultimo resultado se explica por los diferentes
porcentajes de casos positivos obtenidos entre las réplicas de cada prueba o porque los
casos positivos no se corresponden a los mismos individuos.

Acerca de la concordancia entre pruebas, para la mayoria de los parasitos
intestinales la concordancia fue alta (concordancia substancial o casi perfecta); excepto
para Blastocystis spp., anquilostoma y T. trichiura. La baja concordancia encontrada
para Blastocystis spp. se explica porque el Paratest detectdé mas casos positivos que el
SST, haciendo asi con que el Paratest fuera mejor prueba para la deteccion de este

protozoo. Por otro lado, la baja concordancia obtenida en el diagnéstico de
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anquilostoma fue debido a la deteccion de menos casos positivos por el Paratest,
haciendo con que el SST fuera mejor en este caso. En relacion a T. trichiura, el
resultado de baja concordancia estuvo en contraposicion con el hallazgo de
homogeneidad de los resultados de las pruebas. Sin embargo, la interpretacion de estos
resultados indica que las pruebas fueron completamente discordantes en la deteccion de
casos positivos, significando que, cuando una prueba fue positiva para huevos de T.
trichiura la otra fue negativa y viceversa.

Es sabido que las formas parasitarias presentan distribucion heterogénea en las
muestras de heces (De Carli, 2007b). Esta caracteristica provoca que partes distintas de
una misma muestra de heces puedan presentar resultados cualitativos o cuantitativos
distintos. Un procedimiento relatado en la literatura y ampliamente usado para superar
este problema es la homogenizacion de las heces antes de proceder la retirada de parte
de la muestra para procesamiento técnico (Krauth et al., 2012). Sin embargo, la utilidad
de este procedimiento solamente ha sido demostrada hasta ahora en la reduccion de la
variacion intra-muestra de la localizacion de los huevos de Schistosoma japonicum (Ye
et al., 1998) y en la reduccién de la variacion intra-muestra del conteo de huevos de S.
mansoni (Krauth et al., 2012). Por otro lado, este procedimiento no fue util para A.
lumbricoides, T. trichiura y anquilostoma (Krauth et al., 2012; Ye et al., 1997). Debido
a los pocos relatos existentes en la literatura, no esta establecida la eficacia de la
homogeneizacion en la reduccion de la heterogeneidad de la distribucion en las heces de
las diversas especies existentes de helmintos y protozoos intestinales. En nuestro
estudio la homogenizacion fue realizada en cada muestra de heces antes de la
separacion en réplicas. El resultado obtenido de elevada repetibilidad en ambas pruebas
para el diagnostico de casi todos los parasitos intestinales evaluados indica que la
homogenizacion contribuyé para la obtencion de réplicas con similar contenido
cualitativo de formas parasitarias. Por otro lado, la baja repetibilidad de ambas pruebas
para la deteccion de Blastocystis spp. y anquilostoma sugiere que este resultado puede
haber sido influenciado por la distribucion heterogénea de sus formas parasitarias en las
heces, que, en estos casos, podria persistir a pesar de la homogenizacion de las heces.

Otros factores podrian también, en nuestra opinion, explicar la baja repetibilidad
encontrada en las pruebas y estarian relacionados a las caracteristicas técnicas de ambas
pruebas. Es conocido que durante el procesamiento de las pruebas se genera un
sedimento por la accién de la gravedad, siendo este caracterizado por la distribucion

heterogénea de las formas parasitarias, que por su vez es dependiente de la velocidad de
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sedimentacion de estas formas en medio liquido (Sengupta et al., 2011). La
homogenizacién de todo el sedimento generado previamente a la recoleccion de
alicuotas para la evaluacién microscopica no se realiza en ninguna de las pruebas. Sin
embargo, en SST, la recoleccion de alicuotas es influenciada por el manejo del técnico
de laboratorio ya que las alicuotas pueden ser sacadas con una pipeta desde cualquier
parte del sedimento. Debido a que el manejo es un conocido factor externo de variacion
en pruebas de diagnostico (Sanchez et al.,, 2002), nosotros creemos que alguna
variabilidad en nuestros resultados debe de ser atribuida a este factor. Este problema es
minimizado en el Paratest porque el sedimento generado no es directamente manipulado
por el técnico de laboratorio. En esta prueba, las dos gotas analizadas por microscopia
son casi siempre las primeras de la porcion mas posterior del sedimento, que son
eliminadas por la salida localizada en la tapa del contenedor.

Los parésitos intestinales que no tuvieron resultados reproducibles en el estudio
de repetibilidad son caracterizados por presentar formas parasitarias de pequefio tamafio
(Blastocystis spp., que presenta diametro que varia entre 2 y 200 um) (Tan, 2008) y baja
densidad especifica (anquilostoma, que presenta una densidad especifica de
aproximadamente 1.055 en solucion de sulfato de zinc) (Sawitz et al., 1939). Tamafio y
densidad son importantes caracteristicas para la determinacién de la dinamica de la
sedimentacion de formas parasitarias en medio liquido. De acuerdo a algunos autores, la
sedimentacion de particulas en agua se espera que siga la ley de Stokes, que implica que
la velocidad de sedimentacion depende del tamarfio de la particula, de la diferencia de
densidad entre las particulas y el agua, y de la viscosidad del agua (Medema et al.,
1998; Sengupta et al.,, 2011). La velocidad de sedimentacion de los huevos de
anquilostoma en agua limpia es de 0.39 mh™, siendo mas lentos que los de Ascaris (0.65
mh™) y Trichuris (1.53 mh™) (Shuval, 1978). Esta informacién sugiere que los huevos
de anquilostoma son uno de los ultimos en sedimentar y que probablemente ocupen la
parte mas anterior del sedimento. La velocidad de sedimentacion de Blastocystis spp. no
es conocida hasta la fecha. Sin embargo, nosotros creemos que sus formas parasitarias
también son poco densas, y probablemente sedimentan de forma lenta, porque durante
el examen microscopico se puede observar que cualquier accién capilar producida en el
porta objeto facilmente produce el desplazamiento o flotacion de estas formas. La baja
repetibilidad del SST para el diagnostico de anquilostoma y Blastocystis spp. podria ser
explicada por el problema de manejo previamente mencionado. La pipeta introducida

dentro del sedimento para recolectar una alicuota generalmente es introducida en la
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parte mas posterior del sedimento y casi nunca en la parte mas superficial, donde la
mayoria de las formas poco densas estan probablemente localizadas. Esto significa que
durante la evaluacién microscépica existe una probable falta de representatividad de la
parte mas anterior del sedimento. En Paratest, la baja repetibilidad también relatada para
la deteccion de Blastocystis spp. y anquilostoma puede explicarse de la misma manera.
A partir de la idea que la parte mas posterior del sedimento es siempre la primera a la
gue se tiene acceso, la porcidon mas anterior estaria probablemente infra-representada en
el diagndstico. Ademas, el tiempo de sedimentacion sugerido por el kit (15 6 30
minutos) puede no ser suficiente para una satisfactoria sedimentacion de los huevos
poco densos de anquilostoma y de las probables formas poco densas del Blastocystis
spp.

La dinamica de la sedimentacion de las formas parasitarias de protozoos y
helmintos en agua o liquidos conservantes de heces todavia es poco conocida. La
velocidad de sedimentacion es también dependiente de otras caracteristicas de los
parasitos, tal como la capacidad de algunas formas parasitarias de adherir a superficies y
materia en suspension (Gaspard et al., 1994; Sengupta et al., 2011). Algunos autores
relataron que altas concentraciones de particulas en aguas residuales resultan en
floculacion de estas particulas (Droppo, 2001) y esto puede propiciar la fijacion y el
atrapamiento de huevos de helmintos o quistes y ooquistes de protozoos a estos floculos
(Medema et al., 1998), afectando la velocidad de sedimentacién de los parasitos.

Observamos en el estudio que aunque ambas pruebas presentaron baja
repetibilidad en el diagnéstico de Blastocystis spp., el Paratest detectdé mas casos
positivos. EI mejor resultado de Paratest era esperado porque se sabe que formas de este
protozoo son lisadas en contacto con agua, que es utilizada en el SST (Amato Neto et
al., 2003; Stenzel and Boreham, 1996). Creemos que aunque las heces hayan sido
previamente preservadas en solucion de formaldehido-acido acético-acetato de sodio
(SAF) esto no fue determinante para evitar la lisis de algunas formas de Blastocystis
spp. durante el procesamiento del SST. Algunos autores ya habian relatado la deteccién
de Blastocystis spp. en heces conservadas en formaldehido y subsecuentemente
sometidas a sedimentacion espontanea en agua (Eymael et al., 2010; Velasquez et al.,
2005), algunas veces con una proporcién menor de deteccion en comparacion con otras
pruebas (Eymael et al., 2010). Por otro lado, aunque ambas pruebas también presentaron
baja repetibilidad en el diagnostico de anquilostoma, el SST detecté mas casos, de este

modo sugiriendo la posible existencia de algunos problemas técnicos en el Paratest en
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relacion a la deteccion de anquilostoma. Ademas de los problemas previamente
discutidos sobre la sedimentacion de parasitos que presentan baja densidad especifica, la
capacidad de adherencia de los huevos podria ser otra caracteristica que produciria
limitaciones de la prueba. La habilidad de los huevos de adherir al plastico que
compone el filtro del Paratest y también su capacidad para adherirse a particulas
floculadas de la suspension fecal deberian ser evaluadas. Estas caracteristicas podrian
contribuir para dificultar el paso de los huevos a traves del filtro de la prueba. En un
estudio realizado por Brandelli et al. (2011), los autores han sugerido que el sistema de
filtracion empleado en el contenedor del Paratest podria ser un factor que contribuya a
la obtencion de falsos negativos en el diagnostico de larvas.

En relacion a la sensibilidad y especificidad de las pruebas encontramos que el
SST y el Paratest presentaron baja sensibilidad y elevada especificidad para el
diagnostico de los parasitos intestinales. EI SST presento sensibilidades que variaron del
39.4% al 49.2% vy el Paratest, del 35.8% al 53.8%. El Paratest fue mas sensible (53.8%)
para el diagnéstico de Blastocystis spp. y el SST para la deteccion de anquilostoma
(49.2%). Para los parasitos que obtuvieron la misma sensibilidad en ambas las pruebas
fue también encontrada buena concordancia entre pruebas en su deteccion, a excepcién
de T. trichiura. Hasta el momento, los datos publicados previamente sobre la validez de
SST y Paratest son poco fiables debido a que los autores definieron el patron oro como
la combinacion de los resultados de dos 0 méas pruebas o consideraron el SST como el
patrén oro. El extenso uso del SST en Brasil ha provocado que frecuentemente y de
manera errénea fuera considerado el patrén oro en muchos estudios. Estas practicas son
las responsables de la elevada variabilidad de los resultados de sensibilidad del SST
encontrados en la literatura, con valores variando del 38.4% al 100% (Brandelli et al.,
2011; Devera et al., 2008; Gomes et al., 2004). En relacion al Paratest, el unico estudio
disponible ha obtenido una sensibilidad del 33% y del 55% para el diagnéstico de
huevos/larvas y quistes, respectivamente (Brandelli et al., 2011). En nuestro estudio, la
especificidad de las dos pruebas fue elevada como previamente habia sido publicado,
aunque el relato de 100% de especificidad realizado por algunos autores es irreal si
consideramos la posibilidad de identificaciones erréneas y por tanto de falsos positivos
(Tarafder et al., 2010).

Hasta la fecha, solamente un articulo ha estimado sensibilidad y especificidad de
una técnica de centrifugo-sedimentacion (Laboratorio Danés Bilharziasis -DBL-) para el

diagnostico de un parasito intestinal humano, usando metodo bayesiano. La técnica
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DBL presentd sensibilidad que vario del 65% al 78% para el diagnostico de S.
japonicum en mamiferos no humanos y una elevada especificidad (92.6% - 99.1%)
cuando se considerd s6lo una muestra de heces (Carabin et al., 2005). Debido a que
nuestro estudio fue basado en el anélisis de solo una muestra de heces, la variacion dia a
dia en la eliminacion de formas parasitarias no fue evaluada, y las estimaciones de
sensibilidad podrian haber sido mayores.

Es sabido que la baja sensibilidad de las pruebas de diagnostico para la deteccion
de infeccidn por anquilostoma puede estar relacionada a la rapida degeneracion de los
huevos de anquilostomas con el tiempo. La sensibilidad esta influenciada por retrasos
que ocurren entre la produccion de heces y el procesamiento de muestras en el
laboratorio (Dacombe et al., 2007; Knopp et al., 2008; Krauth et al., 2012), ademas de
la demora entre el procesamiento de muestras y la lectura microscopica cuando se
utiliza la técnica de Kato-Katz (Knopp et al., 2008; Tarafder et al., 2010; WHO, 1994).
Una disminucion en la sensibilidad de casi 50% para la deteccién de anquilostoma fue
relatada con el método de concentracion por formol-éter cuando la preservacion con la
formalina demor6 mas de 3 horas en ser realizada (Dacombe et al., 2007). En nuestro
estudio el tiempo desde la recoleccion de heces en las casas hasta el procesamiento
(preservacion) de estas heces fue de hasta 3 horas. Sin embargo, el retraso en el
procesamiento fue probablemente mayor si consideramos que no fue posible averiguar
el momento de produccion de las heces por los participantes. Debido a las dificultades
de los participantes en entregar las heces al laboratorio de campo, las muestras fueron
recolectadas en las propias casas a través de dos visitas diarias del equipo del proyecto.
El retraso entre la produccion de heces y el procesamiento en el laboratorio de campo
probablemente contribuyd, hasta cierto punto, a la baja sensibilidad encontrada en
ambas pruebas para la deteccion de anquilostoma. Este aspecto podria ser también
posible para Blastocystis spp., debido a que la forma vacuolar de este protozoo es fragil
(Stenzel and Boreham, 1996).

Cuando consideramos el andlisis de tres réplicas de cada prueba, el incremento
obtenido en el porcentaje de positivos de Blastocystis spp. y anquilostoma indica que el
procesamiento de tres réplicas contribuyd a un mejor diagndéstico. Este ultimo resultado
coincide con el resultado de baja repetibilidad obtenido en ambas pruebas para la
deteccién de Blastocystis spp. y anquilostoma. Asi, la gran variabilidad entre los
resultados de las réplicas conduce a un gran aumento en el porcentaje de positivos

observados cuando se considera el resultado acumulativo de las réplicas. Con respecto a
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T. trichiura, debido a la deteccion de diferentes casos positivos por las dos pruebas, el
uso combinado de las dos pruebas proporciond un mejor diagnéstico. Sin embargo, a
pesar de la mejora general del diagndstico en estos casos, la baja sensibilidad de ambas
pruebas indica una importante subestimacion del total del nUmero de casos positivos.
Concluimos que el estudio combinado de la repetibilidad, la concordancia y la
sensibilidad y especificidad (en ausencia de una prueba patron oro) es una adecuada
estrategia para una mejor evaluacion de los resultados de las pruebas de diagnostico y
también es util para la identificacion de las limitaciones técnicas, proporcionando
oportunidades para la generacion de propuestas de mejoras técnicas. Se necesitan
estudios adicionales sobre la dinamica de la sedimentacion de las diversas formas
parasitarias en medios liquidos con el fin de mejorar las pruebas tradicionales que

actualmente se utilizan para el diagnéstico de los paréasitos intestinales.
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6. Conclusiones

Al respecto de Calodium hepaticum (Objetivo 1)

1. La incidencia de infeccion espuria por C. hepaticum fue de 6.7% en la

comunidad de Rio Pardo, estado del Amazonas, Brasil.

Los individuos de la comunidad de Rio Pardo que consumen higado de
mamiferos silvestres tuvieron 10 veces mas riesgo de presentar infeccion

espuria que los que no tienen este habito.

Los casos de infeccion espuria por C. hepaticum presentaron un patron de

transmisiéon domiciliar en la comunidad de Rio Pardo.

El higado de pecari (Pecari tajacu o Tayassu pecari) fue identificado como

una fuente de infeccion espuria de C. hepaticum para humanos.

El hallazgo de suelo peridomiciliar contaminado con las heces de un perro
infectadas por C. hepaticum sugiere riesgo de nuevas infecciones sin la

participacion de un mamifero silvestre.

Debido a la dindmica de transmision encontrada en la comunidad se
concluye que la ingesta de higado de mamiferos silvestres es un importante

mecanismo de transmision de C. hepaticum para humanos en esta area.

I1. Al respecto de las infecciones por parasitos intestinales (Objetivo 2)

1. Las infecciones més prevalentes en la ciudad de Barcelos, estado del

Amazonas, Brasil, fueron por Ascaris lumbricoides (53.4%), anquilostomas
(27.1%), mdltiples especies de helmintos (24.6%), amebas del complejo
Entamoeba histolytica (13.6%) y Trichuris trichiura (8.8%).
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2. Los factores de riesgo encontrados para las infecciones por helmintos en la
ciudad de Barcelos fueron: para la infeccion por A. lumbricoides no tener
letrinas (OR=1.71, IC 95% 1.05-2.78) ni medio de transporte (OR= 2.39, IC
95% 1.43-3.97); para la infeccion por anquilostomas ser del sexo masculino
(OR=2.43, IC 95% 1.58-3.75) y vivir en casa con suelo de tierra 0 madera
(OR=1.74, IC 95% 1.04-2.90); para las infecciones multiples por helmintos
ser del sexo masculino (OR= 2.26, IC 95% 1.30-3.93) y no disponer de
medio de transporte (OR= 2.63, IC 95% 1.27-5.46).

3. Dos areas de la ciudad de Barcelos (el area compuesta por los barrios Séo
Lazaro y Sao Sebastido y el area compuesta por los barrios Aparecida y
Nazaré) fueron identificadas con alto riesgo de infecciones por mdaltiples

especies de helmintos, anquilostoma o T. trichiura.

I11. Al respecto de las técnicas de sedimentacidn espontanea (Objetivo 3)

1. La técnica de sedimentacion espontanea de Lutz (SST) y el Paratest
presentaron elevada repetibilidad, excepto en el diagnéstico de Blastocystis
spp. y anquilostoma.

2. Obtuvimos elevada concordancia entre las pruebas para el diagnostico de
parasitos intestinales, excepto para Blastocystis spp., anquilostoma y T.
trichiura.

3. SST y Paratest presentaron baja sensibilidad (39.4 - 49.2% para SST, 35.8 -
53.8% para Paratest) y elevada especificidad (93.2 - 96.9% para SST, 94.7 -
97.2% para Paratest).

4. El Paratest presentd una sensibilidad ligeramente mas alta para el
diagnostico de Blastocystis spp. (53.8% vs 39.4%) y el SST para
anquilostoma (49.2% vs 35.8%).
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Abstract

Background: Calodium hepaticum (syn. Capillaria hepatica) is a worldwide helminth parasite of which several aspects of
transmission still remain unclear. In the Amazon region, the mechanism of transmission based on the ingestion of eggs
present in the liver of wild mammals has been suggested as the cause of the spurious infections described. We performed
an epidemiological investigation to determine the incidence, risk of spurious infection and the dynamics of transmission of
C. hepaticum in a community of the Brazilian Amazon. Methodology/Principal Findings: Stool samples of 135 individuals,
two dog feces and liver tissue from a peccary (captured and eaten by the residents) were analyzed by conventional
microscopy. Dog feces were collected from the gardens of households presenting human cases of spurious C. hepaticum
infections. Community practices and feeding habits related to the transmission of the parasite were investigated. The
individual incidence of spurious infection was 6.7% (95% Cl: 2.08-11.24). Cases of spurious infection were observed in 7.5%
of the families and the household incidence was from 50% to 83.3%. The risk of spurious infection was 10-fold greater in
persons consuming the liver of wild mammals (p=0.02). The liver tissue of a peccary and one feces sample of a dog
presented eggs of C. hepaticum. The consumption of the infected liver was the cause of the spurious infections reported in
one household. Conclusions/Significance: This is the first identification of a source of spurious infection by C. hepaticum in
humans and we describe a high rate of incidence in household clusters related to game liver alimentary habits. The finding
of a dog feces contaminating peridomiciliary ground suggests the risk of new infections. We conclude that the mechanism
of transmission based on the ingestion of liver is important for the dynamics of transmission of C. hepaticum in the studied
area.
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Introduction

Calodium hepaticum (syn. Capillaria hepatica) is a zoonotic nematode
of the Trichinellidae family found worldwide. This helminth
infects the hepatic parenchyma of rodents (principle hosts) and
various other mammals (e.g. carnivores, humans) of different
families [1]. In humans infection may cause hepatic calodiasis (syn.
hepatic capillariasis), a rare liver disease (72 cases reported around
the world, 5 being found in Brazil) which may have a severe
clinical course [1-5].

Infection by C. hepaticum occurs following the ingestion of
embryonated eggs (true or hepatic infection) which pass through
the intestinal tract. Larvae hatch at the level of the cecum, pass
through the intestinal wall and reach the liver via the portal-
hepatic system. The larvae mature in the hepatic parenchyma,
transforming into adults 28 days after the infection. Females lay
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the eggs in the parenchyma and these develop only to the eight-cell
stage. Eggs reach the environment through the decay of the host
carcass or when a predator or cannibal ingests the host and
releases the eggs through the stools. Over a 5-8 week period in
optimal conditions of temperature, humidity and air exposure, the
eggs embryonate in the ground and may infect a new host.
Ingestion of non embryonated eggs leads to untrue (or spurious)
infection in which the eggs pass through the intestinal tract and
exit with the stools without causing liver disease [6-8].

The dynamics of the transmission of C. hepaticum and the risk
factors associated with infection remain unclear [9,10]. In urban
areas transmission is related to the presence of small rodents (e.g.
Rattus novergicus and Mus musculus) and poor hygienic and sanitary
conditions [1,6,11]. In small rodents, characteristics such as the
high prevalence of natural infection [7,11,12], the rapid popula-
tional turnover and the habit of cannibalism may explain the
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Author Summary

The zoonotic parasite Calodium hepaticum is the causative
agent of rarely reported liver disease (hepatic calodiasis)
and spurious infections in humans. In spurious infections
eggs of this parasite are excreted in the stools without
causing disease. It has been suggested that the cause of
this type of infection in Amazonian areas is the ingestion
of liver of wild mammals infected with the eggs of the
parasite. Nonetheless, studies are needed to confirm this
mechanism of transmission and investigate its epidemio-
logical importance. In the present study we report the high
individual (6.7%) and household incidence (50%-83.3%) of
spurious infection in a rural community of the Brazilian
Amazon. We found a high risk of spurious infection among
subjects who usually ate the liver of wild mammals and
detected a source of spurious infection in humans (peccary
liver) as well as, for the first time, ground contamination
with infected dog feces in a household presenting human
cases. We confirm the existence of this mechanism of
transmission of C. hepaticum and suggest that it is
important for transmission not only in this area but
probably also in other areas of the Amazon with similar
sociocultural characteristics.

elevated transmission of the parasite among these rodents and
their involvement in environmental contamination by eggs
[13,14]. The ingestion of eggs present in the ground or in
contaminated foods has been accredited as the mode of
transmission to humans in urban areas. It has been suggested
that domestic animals (cats and dogs) may also contaminate the
peridomiciliary ground with infected stools [1,14] after eating
small rodents, carcasses or infected liver of other mammals [15].
The participation of domestic animals in the domiciliary cycles has
not, as yet, been well defined.

Spurious infection has predominantly been described in tribal
or immigrant communities around the world [5]. Several authors
have suggested that the cause of this infection in determined
populations is the mechanism of transmission based on the
ingestion of non embryonated eggs present in the liver of
mammals [15-20]. Foster & Johnson related the occurrence of
spurious infection in natives of Panama to the encounter of three
new hosts (Tayassu pecari, Ateles geoffropi and Cebus capucinus)
commonly used by the natives as food [16]. In a rural community
in the Brazilian Amazon a case of spurious infection was associated
with the reported consumption of liver of tapir [18]. Recently, 41
cases of spurious infection and the true infection of a peccary (7.
pecart) and a monkey (Ateles paniscus) were reported in an indigenous
amazonian population from Brazil suggesting the potential of these
animals as local reservoirs [21]. However, studies are needed to
confirm the mechanisms of transmission of C. /epaticum to humans
as well as provide evidence of the cycles potentiating this
transmission.

More than half of the spurious infections by C. hepaticum
reported worldwide in the last decade have been found in Brazil
[5]. Ninety-eight percent (81/82) of these cases are from
indigenous tribes or rural communities of the Amazon region
(from the States of Mato Grosso and Rondénia) [17-19,21-25].
Nonetheless, no case of disease has, to date, been described in this
region. The probable explanation is diagnostic difficulties in the
Amazon that may be attributed to factors such as scarce access to
health care services, unawareness of health professionals of the
existence of the pathogen and the co-existence of tropical diseases
(such as malaria, viral hepatitis, arbovirosis, toxocariasis, among
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others) [19] which share the same clinical symptoms and signs
(typical syndrome for C. hepaticum: persistent fever, hepatomegaly
and leukocytosis with eosinophilia) [14] suggesting that hepatic
calodiasis is probably neglected in this region [18,19].

The aim of the present study was to determine the incidence
and risk of spurious infection as well as the dynamics of
transmission of C. fhepaticum in a community in the Brazilian
Amazon region.

Materials and Methods

Ethics statement

This study was approved by the Ethics Committee in Investiga-
tion of the Oswaldo Cruz Foundation (Protocol 384/07 of 20/08/
2007). Written Informed consent was obtained from all the study
participants. According to the current regulations of the Brazilian
legislation and of the Commission of Ethics in the Use of Animals
(CEUA) of the Oswaldo Cruz Foundation, the study of dog feces
samples collected from the gardens of households does not require
ethical approval because the dogs were not handled or manipulated
by the researchers. Dog owners provided prior permission for the
collection of dog feces samples from their gardens.

Study area and population

This study was carried out in the agricultural community of Rio
Pardo of the municipality of Presidente Figueiredo, located
~160 Km to the north of the city of Manaus (~1°48'S; 60°19'W),
Amazonas State, Brazil (Figure 1). This community was officially
created in 1996 by the National Institute of Colonization and
Agricultural Reform (INCRA), in an area of tropical jungle. It is
composed of 7 unpaved roads, known locally as “Ramal”, which
includes households on both sides of these roads surrounded by
tropical rain forest. The community also includes a riverine
population living along the Rio Pardo stream known as “Igarapé”.

A population census (October—September of 2008) identified
701 inhabitants in the Rio Pardo community, with 360 (51.4%)
living in the Ramal area and 341 (48.6%) in the Igarapé area.
Most of the incomers are natives from the Amazon Region and
make their livings from subsistence farming, plant harvesting
(wood, chestnuts, medicinal herbs), hunting and fishing. Most of
the households present precarious basic sewage systems. Health
care services are sparsely available in the community.

Study design and laboratory analyses

A cross-sectional coproparasitologic study (Text S1) of 40
randomly selected households was performed in the community in
August 2009. One stool sample was collected from each
participant and evaluated 1-6 times by the Lutz [26] and/or
Paratest (Diagnostek, Sdo Paulo, Brazil) techniques. In addition,
feces samples of dogs collected from the gardens of households
presenting human cases of C. hepaticum and a liver tissue sample of
a wild mammal (captured and eaten by the residents) were
analyzed by the Lutz technique. The liver tissue was manually
shredded in a NaCl solution at 0.85% prior to performing the
diagnostic technique.

Identification of the eggs of C. hepaticum was based on
morphologic and morphometric analysis of 20-50 eggs per
sample. The morphologic analysis was based on aspects of the
structure of the eggshells [27,28]. Photomicrographs were made
with a Leica microscope.

Epidemiological investigation

A questionnaire was applied to obtain socio-demographic and
epidemiologic information, especially community activities (hunt-
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Figure 1. Map of the State of Amazonas and study area (area in the inset).

doi:10.1371/journal.pntd.0001943.g001

ing), individual risk factors (habits of ingestion of game meat) and
family practices related to the transmission of the parasite (the
habit of sharing game meat with dogs).

Statistical analysis

The characteristics of the population and the eggs of C. hepaticum
were described using tables of frequencies if the variables were
qualitative and calculating means, standard deviations, maximum
and minimum values if the values were quantitative. Comparisons
of groups and the associations among variables were evaluated with
Chi-square or Fisher exact tests. Estimations of incidence and
relative risk (RR) were made with a 95% confidence interval (CI).
The analyses were performed using the SPSS v.18 statistical
package and the EPIDAT 3.1. A level of significance of 5% was set.

Results

A total of 135 individuals residing in 40 households in the
community participated in the study. The study population was
characterized by a predominance of males (60.7%) and adults (65.2%).

Incidence and risk of spurious infection

Nine cases of spurious infection were identified, representing an
incidence of 6.7% (95% CI: 2.08-11.24). The eggs presented
morphologic and morphometric characteristics compatible with
the species of C. hepaticum, being yellowish-brown in color, barrel-
shaped, with shallow polar plugs and radial striations and
measuring an average of 64.4 pm in length and 36.7 um in width
(Figure 2, Table 1). The cases were from households located in the
area of Igarapé and in one of the Ramals of the community. Of
the individuals infected, 55.5% were women and 55.5% children
(<14 years of age). The rate of households with spurious infection
was 7.5% (95% CI: 1.50-20.38).

Eight out of nine (88.9%) of the cases were found in two
households of the Ramal. The rate of intradomiciliary spurious
infection was 83.3% (5/6) in one household and 75% (3/4) in the
other. All the cases were asymptomatic with the exception of two
individuals in the same household who presented diarrhea and
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were both co-infected by Blastocystis hominis and Salmonella spp. The
case of spurious infection from the area of Igarapé was an adult
woman, the only participant that could not be found to do the
questionnaire. In this latter case, the rate of intradomiciliary
spurious infection was 50%.

The habit of game intake was reported by 94.8% (127/134) of
the individuals. The animals most frequently consumed were paca
(85%), peccary (57.5%), armadillo (42.5%), agouti (37.5%) and
deer (37.5%). Game was eaten at least once a week by 25.6%), with
the liver of game being eaten by 57.5%. The risk of spurious
infection was 10-fold greater in those eating the liver of wild
mammals [10% vs. 0% (p =0.02)].

Transmission of C. hepaticum

After undertaking the epidemiological investigation the com-
plete history of the spurious infections in the Ramal was obtained.
The residents reported that a few days prior to the copropar-
asitologic study a group of hunters captured several peccaries and
shared the entrails and meat among the residents of the Ramal for
food. The two families presenting cases of C. hepaticum reported
having eaten the liver of the hunted peccaries.

In addition, one of the families reported that raw meat
remaining from the peccary liver that had been consumed was
still stored in the freezer of their home. This piece of liver tissue
was provided and analyzed in the laboratory, being positive for the
presence of typical eggs of C. hepaticum. On average the eggs
measured 63.1 pm in length and 36.3 um in width (Figure 2,
Table 1). In this household the consumption of infected liver was
the cause of the spurious infection reported in 83.3% (5/6) of the
residents. The host was probably a Pecari tgjacu or 1. pecar since
there are only two species of peccary in the study area.

Some families reported the habit of giving game meat (raw) with
their dogs as food. We estimated that 7.5% (3/40) of the families
surveyed did this. Two dog feces samples were collected from the
gardens of the two Ramal households presenting human cases of C.
hepaticum. Omne of the samples analyzed presented eggs with
characteristics compatible with species C. /hepaticum, measuring an
average of 61.1 pm i length and 35.4 um in width. (Figure 2, Table 1).
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Figure 2. Eggs of Calodium hepaticum in stool and liver tissue. A. In human stools, B. In peccary liver tissue, C. In dog feces. Scale=31 um (all

images).
doi:10.1371/journal.pntd.0001943.9g002

Discussion

In the present study we describe a rate of spurious infection of
6.7% 1in a rural community of the Amazon, being, to our
knowledge, one of the highest reported to date. This rate was
similar to that estimated for indigenous people of the northwest of
State of Mato Grosso (8.6%) [21] and of the Surui etnia in
Rondénia (5.2%), in the Brazilian Amazon [25], indicating that
the Amazon region has the highest incidence of spurious infection
worldwide. Other studies have reported lower rates ranging from
0.2% to 2.3% [17,22-24]. It should be noted that the rate
estimated here might have been lower than that presented if all the
samples had been evaluated only once.

Three capillarid species of zoonotic importance are known: C.
hepaticum, Eucoleus aerophilus (syn. Capillaria aerophila) and Paracapillaria
(Crossicaprllaria) philippinensis (syn. Capillaria phalippinensis) [5). E. aerophilus
is widespread and parasitizes the trachea and mainly the bronchi of
dogs, cats, wild carnivores and, occasionally, humans [29,30]. P.
plulippinensis is a parasite of fish, endemic in Philippines and Thailand
and is the etiologic agent of human intestinal capillariasis [31]. Only
the species C. hepaticum has been reported in Brazil.

Eggs of C. hepaticum, E. aerophilus and P. philippinensis can be
found in human feces and can be differentiated. In capillarids,
different aspects of the eggshell structure can be used as a
taxonomic clue [27,28]. The combination of morphologic and
morphometric analysis of the eggs allows the identification of
species of capillarids at a light microscopy level [27,32].
Morphologic characteristics of the bipolar plug (asymmetric in
E. aerophilus, inconspicuous flattened in P. philippinensis), the shell
(with a network of anastomosing ridges in . aerophilus, striated in
P. philippinensis) and the shape (peanut like in P. philippinensis) can be
used for differentiation of the eggs [30,33]. The morphology of the
eggs found in this study (from dog feces, human stools and liver

tissue) was compatible with the species C. hepaticum (presence of
shallow polar plugs and radial striations) with dimensions
according to those described by previous authors (40-75 pm in
length x27-41.3 um in width) [8,14,18,21,27,34].

We report a frequent habit of wild mammal meat (94.8%) and
liver (57.5%) intake similar to previous studies in Amazon
populations and in indigenous tribes [18,19,25]. Recently, in a
river-side population from the State of Rondénia (western
Brazilian Amazon) with a high consumption (91.7%) of meat
from wild mammals (paca, agouti or peccary), the serum
prevalence of C. hepaticum was 34.1% at a dilution of 1:150,
suggesting frequent contact with eggs of C. hepaticum [19].

Mild diarrhea has been reported in spurious infection of C.
hepaticum, although this type of infection appeared to be
asymptomatic in most cases [35]. In this study most individuals
were asymptomatic, but the occurrence of diarrhea in two subjects
could not be attributed to spurious infection by C. hepaticum due to
the concomitant presence of two potential agents of diarrhea (B.
hominis and Salmonella spp.).

This is the first report of a causative source of spurious infection of
humans by C. hepaticum, that of peccary liver. Peccaries of the species
T. pecari and P. tgjacu are natural reservoirs of C. hepaticum [16,21,36],
are widely distributed in Brazil [37], and are one of the wild
mammals most frequently used as food in Brazilian amazonian
communities [19]. For these reasons we suggest that these animals
can be an important source of spurious infection for humans in the
Amazon region. In Brazil, liver infection by C. hepaticum has been
described in domestic dogs and cats and other mammals of the
subfamilies Murinae (R. novergicus, Rattus rattus and M. musculus),
Sciurinae (Sciurus aestuans), Caninae (Lycalopex gymnocercus, Cerdocyon
thous and Chrysocyon brachyurus), Tayassuinae (P. tgjacu and T. pecar),
Felinae (Puma concolor) and Atelinae (4. paniscus) [21,34,36,38—40].

Table 1. Morphometric parameters of the eggs of C. hepaticum from human stools, peccary liver tissue and dog feces.

um =micrometer.

n, =sample size.

n,=number of eggs measured.

SD =standard deviation.
doi:10.1371/journal.pntd.0001943.t001
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Length (um) Width (um)
Source of eggs n, ny Mean Range SD Mean Range SD
Human stools 9 320 64.4 55-72.5 3.20 36.7 32.5-40 1.63
Liver tissue 1 20 63.1 57.5-67.5 331 36.3 35-41.2 1.68
Dog feces 1 20 61.1 60-65 1.51 354 33.7-375 1.09
Legend:
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We estimated, for the first time, that individuals who usually eat
the liver of wild mammals present a 10-fold higher risk of presenting
spurious infection than those without this habit. As a consequence of
this alimentary habit the spurious infection showed previously
unreported high intradomiciliary rates (50% to 83.3%), character-
ized as infection by household clusters. The present results confirm
the suspicion of several authors as to the existence of the mechanism
of transmission by the ingestion of non embryonated eggs present in
the liver of mammals and their involvement as a cause of spurious
infection in humans. This thereby allows the conclusion that this is
an important mechanism of transmission of eggs of C. hepaticum in
this area and probably also in other areas of the Amazon with
similar sociocultural characteristics.

Eggs characteristic of the species C. fhepaticum were found in a
sample of dog feces collected from the garden of one household
presenting cases of spurious infection. It is known that domestic
dogs are susceptible to infection by C. hepaticum [40,41] and other
capillarid species (E. aerophilus and Eucoleus boehmi) [32]. E. boehmi
(syn. Capillaria boehmi) is a parasite of the nasal cavities and sinuses
of wild canines (e.g. foxes and wolves) and domestic dogs, and its
eggs can also be found in feces. Eggs present asymmetrical plugs,
tiny pits on the surface of the wall and measure 50-60 um x30—
35 um [32]. E. aerophilus have been described in dogs from Europe,
North America and Australia and E. boehmi in dogs from Europe
and North America [32]. Only the species C. hepaticum has been
described in domestic dogs from Brazil.

The spurious infection by C. hepaticum of a pet within a setting
presenting human spurious infections has not been previously
described. This finding may be related to the report of the families
about having given raw game meat to the dogs. The practice of
feeding pets with raw meat and close living relationships between
humans and pets have previously been suggested as having an
important role in the transmission of zoonotic pathogens [42,43].

This suggests that dogs may potentiate the emergence of a
peridomestic cycle of C. hepaticum in this area. Since the dogs
usually deposit their feces around the houschold, a new epizootic
focus could be established very close to the family thereby
increasing the risk of spurious and hepatic infections and even the
development of cases of disease, especially among children.
Children are more likely to be infected because of pica (especially
geophagia) [5]. The deficient sanitary conditions in the community
studied may be another important factor contributing to the risk of
further infections. This last characteristic is common in rural
communities which routinely hunt in the Amazon region
[18,19,25], suggesting the risk of the emergence of cases in other
populations.

We therefore recommend the implementation of an epidemi-
ologic surveillance system for the diagnosis of spurious infection
(with correct microscopic identification of the parasite) in areas in
which the population has the habit of eating game meat. To
prevent mix-ups, laboratory technicians could be trained to
differentiate the eggs of Trichuris trichiura from those of capillarids
[5], taking into account morphologic and morphometric charac-
teristics. Since Trichuris spp. eggs have smooth walls they can be
distinguished from the mainly ornamented eggs of the capillarids

[44].
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Moreover, in areas presenting spurious infections, we recom-
mend the investigation of C. hepaticum in subjects with clinical
suspicion of hepatic disease by serology and, if necessary,
histopathological examination of liver biopsy samples [5]. To
date, there are no molecular tools for the detection of C. hepaticum.
As measures of prevention it should be recommended that families
should cook the liver well prior to ingestion and should not feed
dogs with raw entrails. Improvements in local sanitary conditions
should also be implemented.

Investigation of the sources of infection in areas in which the
presence of spurious infection has been confirmed is advisable,
including the mammals most frequently consumed and small
rodents. In the latter case, several studies have described the
adaptation of some small rodents (Rhipidomys spp. and Mesomys
spp.) to villages and households located in deforested areas of the
Amazon invaded by man [45,46]. Thus, their role in the dynamics
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been described in the area [48].

This is the first study to identify a source of spurious infection of
C. hepaticum in humans (peccary liver) in a rural community of the
Brazilian Amazon. A high rate of incidence in household clusters is
described in relation to the habit of the ingestion of liver of wild
mammals. The finding of contaminated peridomiciliary ground
with an infected dog feces suggests greater risk of new infections
without the participation of a wild agent. The dynamics of
transmission found in the community studied led to the conclusion
that the mechanism of transmission following the ingestion of liver
of wild mammals is an important mechanism in this area.
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