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RESUMO

Este estudo teve como objetivo avaliar a preseagatdvirus (RVA), adenovirus (AdV),
norovirus (NoV) e virus da hepatite A (HAV) em atnas ambientais (esgoto e lodo de esgoto
primario e tratado) geradas e obtidas em diferdastscoes de Tratamento de Esgoto (ETEs) da
cidade do Rio de Janeiro pela deteccdo, quantiiccas caracterizacdo molecular, assim como
determinar a eficiéncia de diferentes metodologiesecuperacao viral em lodo de esgoto. A
concentracdo destes virus foi determinada em ETSpithlares que operam por processos
anaerobios (reator UASB e filtros anaerdbios) élaer(lodo ativado de aeracédo prolongada) e
em uma ETE urbana de grande porte (Alegria, Cap® gtiliza processo de lodo ativado
convencional. Os resultados demonstraram que oengdls hospitalares sdo contaminados com
elevadas cargas virais, especialmente RVA, apoatpada o risco da disseminacdo ambiental
guando processos de tratamento biologicos conueaisio(aerobios e anaerdbios) ndo sao
adequados para a remocgao viral. Uma grande vadiath de gendtipos virais foi encontrada nos
efluentes hospitalares, particularmente para AdVa ps quais foram detectadas espécies C e D,
comumente envolvidas em casos de infec¢Oes regpaimte conjuntivite nosocomial. Apenas
genotipo GlI.4 de NoV foi detectado nos efluentesyitalares, confirmando a prevaléncia desse
genotipo no Brasil. No estudo que avaliou a detectiHAV nas aguas residuérias urbanas foi
constatado que 58% das amostras de esgoto brutm fpositivas para HAV e as cargas de
genomas virais ndo foram detectadas nos efluemégadds do processo de lodo ativado
convencional. A analise filogenética baseada n&oedo genoma VP1/2A de HAV detectados
em 2009-2010 demonstrou a prevaléncia do subgendife os isolados apresentaram maior
identidade de nucleotideos com isolados de HAV disiBe Argentina. A deteccéo viral obtida
em diversas etapas da ETE de grande porte demorstppedominancia de RVA e AdV e o
sistema de lodo ativado convencional reduziu agasade genomas virais em 1 — 1,5 unidades
logio no efluente final tratado. A andlise da eficiéndis métodos de detecgéo viral em lodo de
esgoto demonstrou que a presenca de inibidoresmastras afeta o desempenho da amplificacéo
de acidos nucléicos e o uso do controle internatéb@fago PP7) pode ser adequado para
monitorar as etapas de deteccéo viral. O métodealdasa eluicdo utilizando extrato de carne foi
0 mais viavel para recuperar 0s virus pesquisatdsetudo AdV em lodo de esgoto. Os AdV
foram predominantes nas amostras de lodo de edgatado e, portanto, poderiam ser
considerados bons indicadores para a presencaudedd disseminacao entérica nesses residuos.
Esse € o primeiro estudo demonstrando a ocorré&eiRVA e NoV Gll em lodo de esgoto
digerido anaerobicamente no Brasil, e espera-seegse trabalho contribua para expandir essa
linha de investigacao, incluindo a analise de ldlidss produzidos por outros processos de
estabilizacéo.

Palavras-chaves: virus de disseminacdo entérica, estacdes de tatamde esgotos, aguas
residuarias, lodo de esgoto, metodologias de coraego viral.
X
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ABSTRACT

The aim of this study was to evaluate the presasfceotavirus (RVA), adenovirus (AdV),
norovirus (NoV) and hepatitis A virus (HAV) in em@nmental samples (sewage and primary and
treated sewage sludge) produced in different wadtwreatment plants (WWTPSs) in Rio de
Janeiro city through the detection, quantificatimmd molecular characterization, as well as,
determining the efficiency of different viral remy methods in sewage sludge. Viral
concentrations were determined in hospital WWTRS tiperates by anaerobic processes (UASB
reactor and anaerobic filters) and aerobic (acttvaiudge process with prolonged aeration) and
in a great urban WWTP (Alegria, Caju) that operditgsonventional activated sludge process.
The results demonstrate that hospital wastewatetdraated effluents by anaerobic and aerobic
processes are contaminated with high viral loadpe@&ally RV-A, pointing environmental
dissemination risks when conventional biologicalatment processes are not suitable for virus
removal. A great variability of viral genotypes wasind, mainly for AdV, which species C and
D involved in respiratory infectious diseases amsatomial keratoconjuctivites cases were
detected. Only NoV GIll.4 was obtained in hospitaktewaters, confirming the prevalence of this
genotype in Brazil. In the study that evaluated HAtection in urban wastewaters was
demonstrated that 58% of the raw sewage samples pasitive for HAV and the viral genome
loads were not detected in the treated effluertsnfiactivated sludge process. Phylogenetic
analysis based on VP1/2A genome region of HAV detkén 2009-2010 demonstrated the
prevalence of subgenotype IA and the isolates stolgher nucleotide identity with HAV
isolates from Brazil and Argentina. Virus detectidetermined in distinct stages of the
conventional activated sludge process demonsttheedredominance of RVA and AdV and viral
genome loads were reduced in 1 — 1,5damits in the treated effluent. Analysis of theusir
recovery methods efficiency in sewage sludge detretiesl that the presence of inhibitors affect
the performance of the nucleic acid amplificatieaations and the use of an internal control (PP7
bacteriophage) can be suitable to monitoring wiletlection stages. The method based on beef
extract elution was more viable for recovering ses, mainly AdV in sewage sludge.
Adenoviruses are predominant in these samples tmetefore, could be considered good
indicators to evaluate the viral contaminationhege residues. This is the first Brazilian repaort o
the occurrence of RV-A and NoV GIl in sewage sludiggated by anaerobic digestion and is
expected that the present study contributes forirthestigation of the enterically disseminated
viruses in biosolids treated by other stabilizafiwocesses.

Key-words: enterically disseminated viruses, wastewater rireat plants, wastewaters,
sewage sludge, viral concentration methods.
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1. INTRODUCAO

Os primeiros estudos em virologia ambiental foraalizados a partir de 1940 através
da deteccédo dos poliovirus em ambientes aquaftitexélf et al. 1995). Em anos posteriores,
0s poliovirus continuaram sendo o0s principais agentirais entéricos pesquisados em
matrizes ambientais, principalmente devido ao dedeimento de culturas celulares (Fong e
Lipp, 2005).

Nas décadas de 1960 e 1970 as pesquisas em \aro&gbiental avancaram
significativamente através do aperfeicoamento d®odoed para a concentracdo de virus da
hepatite A (HAV) em agua; dos avancos nas pesquisesepidemioldgicas de surtos de
gastroenterite ndo bacterianas demonstrando a tameda dos calicivirus (particularmente
dos norovirus - NoV) e do rotavirus humano (RVA)dmeréia infantil (Wilhelmi et al. 2003)

e do reconhecimento de que muitos surtos de hepatigastroenterite poderiam ser
provocados pela transmissao de virus entéricosbieate (Metcalf et al. 1995).

Com o desenvolvimento das técnicas de biologia cotde notadamente da Reacgéo
em Cadeia da Polimerageolymerase Chain ReactiechPCR) na década de 1980, uma nova
era em virologia ambiental teve inicio. O desenwoénto das técnicas moleculares
permitram ampliar a analise para a deteccdo de waréedade de grupos virais,
principalmente para virus fastidiosos ou para gsugmvirus para 0s quais ainda ndo existem
métodos de cultura celulares adaptados para aaegb viral, como € o caso dos norovirus
humanos (Wilhelmi et al. 2003; Tan e Jiang, 2007).

Nos ultimos anos a linha de pesquisa em virologiaiental tem se intensificado no
Brasil com o desenvolvimento de estudos demongsiranoresenca de virus de disseminacéo
entérica em agua, esgotos e aguas superficiaigdpsl(Villar et al. 2006, 2007., De Paula et
al. 2007., Barrella, 2008, Barrella et al. 2009aiistovich et al. 2008., Ferreira et al. 2009;
Garrafa, 2009; Victoria et al. 2009, 2010., Fumeral. 2010, 2011., Rigotto et al. 2010.,
Schilindwein et al. 2010). A ocorréncia desses svinos ecossistemas aquaticos tem sido
relacionada a falta de servicos de esgotamentdasanadequado (De Paula et al. 2007;
Miagostovich et al. 2008).



A expansédo dos sistemas de esgotamento e a qualdizsl servigcos prestados,
particularmente o bom desempenho das estacOesatisnénto de esgotos (ETES) em
remover poluentes, sdo importantes para assegumbaoa qualidade dos efluentes tratados e
minimizar impactos ambientais e riscos de saudégaiiNo entanto, Oliveira e Von Sperling
(2008) tém demonstrado que muitas ETEsS que operanpais apresentam niveis de
desempenho aquém do esperado para a remocao d@rmajénica e bactérias do grupo dos

coliformes.

Entretanto, o uso de indicadores microbianos trawmiis, tais como os coliformes,
ndo é adequado para predizer 0s niveis de contg@oireresisténcia viral aos processos de
tratamento de agua e esgoto (Tyrrell et al. 199ggB et al. 2001). E necessario obter
informacdes acerca do desempenho desses sistem&amogho viral, validar os processos de

tratamento e subsidiar estratégias adequadas pmr@ieciamento de esgotos.

Um dos maiores problemas operacionais no contrae EFEs se refere ao
gerenciamento adequado dos residuos sélidos (loglo esigoto) produzidos como
consequéncia do processo de tratamento. Esseaagsidcessitam de tratamento adequado
para a reducdo dos niveis de contaminantes, inlduiricroorganismos patogénicos.

Embora alguns métodos venham sendo utilizadosdmeatar virus de disseminacao
entérica em lodo de esgoto ou biossélidos, ainda fodi estabelecido um método
padronizado, simplificado e que apresente uma fiogrecia para recuperar grupos virais
distintos (Straub e Chandler, 2003; Sidhu e To2892Girones et al. 2010; Jofre e Blanch,
2010).

O desempenho dos métodos utilizados para a detedgdono ambiente varia
conforme o tipo de amostra analisada. Os limitededeccdo desses métodos freqlientemente
nao sdo demonstrados e, em muitos casos, exigteeasidade de utilizar controles internos
para monitorar as diferentes etapas do processdetdzcdo viral. Esses procedimentos
poderiam evitar a obtencdo de resultados falsotivega garantindo uma analise mais
confiavel de risco a saude publica.

Os trabalhos desenvolvidos nessa tese tém comuvobgnpliar os conhecimentos
acerca de algumas questdes referidas anteriorm@st@vancos e desafios pertinentes ao

tema serdo apresentados ao longo da revisao eshiscdos trabalhos produzidos.



1.1. VIROLOGIA AMBIENTAL E A IMPORTANCIA NA VIGILANCIA
EPIDEMIOLOGICA

“Em vez de nos referirmos as “doencas negligenci&dieveriamos

usar, 0 que seria mais correto, “doencas de popidsc
negligenciadas”...“Negligenciamento”, neste casépre so a falta de
instrumentos, ferramentas para a saude publica omlbate as

doencas, mas também se refere ao acesso da popu@gapostos,
aos agentes de salude a saneamento bésico“As doengas

negligenciadas sdo causa e consequéncia da pobferaos que ter

disponibilidade de novas ferramentas, novas egjiagécom énfase
na atencao primaria e melhorias nos servicos dalsau

“Isso é parte de uma agenda na salde publica quefaiconcluida

no pais. Ainda estamos atrasados. Necessitamos sttatégias

especiais e énfase no nivel local, com decisbesadas em
evidéncias, necessidade de informacdo adequada paapulacéo,

integracdo com a atengdo primaria (ESF), intervesg;0
interprogramaticas, como ter acesso a agua potagetondicdes

béasicas de higiene nas comunidades do pais”.

(In: segunda sessédo da Plenéria do V Encontro dtitlio Oswaldo
Cruz (IOC/Fiocruz) realizada em 21/06/2011 por JslBarbosa —
secretario de Vigilancia em Saude - MS).

A prevencao de surtos ou epidemias associadaseagaminfecciosas de transmissao
hidrica teve inicio nos paises que primeiramenfterson o intenso processo de urbanizacédo e
industrializacdo (Lofrano e Brown, 2010). No Brasilpreocupacédo com a saude ambiental
teve seu apogeu com o movimento de Reforma Samitare teve inicio nas décadas de 1960
e 1970 e cujos desdobramentos culminaram na criag&istema Unico de Satde (SUS) em
1990, o qual se estrutura sobre a integralidadenddelo de atencéo a saude (Lima et al.
2005; Paim, 2008), incluindo a saude ambiental comodos determinantes do processo

saude-doenca.

As doencas infecciosas de transmissao hidricagawtante as doencas diarréicas e as
hepatites virais, ainda representam um sério pmublee saude publica. A Organizacao
Mundial da Saude (OMS) estima que cerca de 1,5dmslhde mortes por ano sejam
provocadas por doencas diarréicas, afetando paimcgmnte criancas dos paises em
desenvolvimento (OMS, 2009) (Figura 1.1.1).

As causas das infec¢des sao atribuidas em nuaitms aos fatores ambientais como
agua contaminada com esgoto e as precarias coadiedédarias e de higiene da populagéo

(Bosch et al. 2008; Okoh et al. 2010). A OMS tamigstimou que os fatores ambientais sé&o
3



responsaveis por 19% sobre a carga total de doepgmsafetam o Brasil, sendo que as
condicbes ambientais podem ser responsaveis péb Bd acometimento por doencas
diarréicas (OMS -Country profile of environmental burden of disea011. Disponivel

online:http: //www.who.int/quantifying ehimpacts/national/countryprofile/brazil.pdf ).

Mortesrbor 100 000 criangas
| 0-100
[ ] 01-200

He
[ 201-500 2.

| Dados nao disponivels
| Dados néo aplicaveis

# World Health
% ¥ Organization
©WHO 2011 A rights reserved

Fig 1.1.1.Mortes por diarréia em criangas menores de 5 anadeeorréncia de condi¢cbes

sanitérias precérias - 2004

Fonte. OMS, Environment and Healtt2011. Disponivel online:
http://gamapserver.who.int/mapLibrary/Files/Mapsil wsh_daly 2004.png

Embora as taxas de mortalidade por doencas diasréienham diminuindo
progressivamente no Brasil devido a melhoria daslicbes sanitarias e socio-econémicas da
populacdo; a taxa de morte em 100 000 habitantescd de 3%, com taxas mais elevadas
nas regides norte e nordeste (Lista de Morbidati2,10 - DATASUS, MS, 2011). Também
deve se levar em consideracdo que esses dadosfesemreaos casos devidamente
diagnosticados e notificados; casos subnotificgaakeriam camuflar dados mais realisticos,

sobretudo para localidades que carecem de sev&sisos de saude.
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A prevencdo da ocorréncia das doencas diarréicdsriporeduzir as demandas de
atendimento e internacbes no SU3.numero total de internacdes hospitalares no SUS
somente por doenca diarréica aguda em 2010 fopdmxianadamente 250.000 internacdes
(DATASUS, MS, 2011. Lista Morb. CID-10: diarréiagastroenterite de origem infecciosa

presumivel).

Fatores de riscos associados a epidemiologia daxscds infecciosas sdo agravados

pelas precarias condi¢des sanitarias, socio-ecaadiile moradia e higiene das populagdes.

A falta dos servicos de esgotamento sanitario imntpara agravar os niveis de
degradacdo dos corpos hidricos e a disseminacamid®rganismos patogénicos no

ambiente, sobretudo virus de disseminacao entérica.

Pacientes com gastroenterites ou hepatites vicaisrp excretar ao redor de®¥010>
particulas de virus por grama de fezes (Fong e, 12pp5; Bosch et al. 2008; Okoh et al.
2010), e, portanto, esses patdgenos estdo presemtealtas concentracfes nas aguas
residuarias ou em aguas superficiais poluidas @sM004; Fong e Lipp, 2005; Bosch et al.
2008; Girones et al. 2010; Jofre e Blanch, 2010).

As particulas virais sdo altamente resistentesoasligbes desfavoraveis do meio
ambiente (Rzezutka e Cook, 2004), o que contribarapa grande disseminacéo,

potencializando os riscos de transmisséo.

A distribuicdo e a prevaléncia desses patdogendsgtento, sdo varidveis entre as
diversas regides do mundo porque dependem do perflemiolégico da comunidade, das
condicbes geogréficas, incluindo padrbes de sadaa@, das condicbes sbcio-econbmicas e

ambientais especificas.

Os virus de disseminacdo entérica podem ser trademipor contato pessoa-a-
pessoa, fomites, alimentos contaminados e, quastdo presentes no ambiente aquatico eles
podem ser transmitidos pelo consumo de agua comdaiai pelo contato com aguas de
recreacdo ou pelo contato com a pele e inalacamJuges e Sellwood, 2001). A figura
1.1.2 apresenta as principais rotas de transmids&oagentes virais entéricos quando

presentes no ambiente.
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Rotas de transmissiio de virus entéricos. Virus sio excretados em altos mimeros nas fezes e
vomitos de individuos infectados e alcancam as dguas residudrias. Desde que processos de
tratamento de esgoto atuais nfio sdo capazes de eliminar os virus no efluente tratado, esses patégenos
contaminam diversos ambientes aquaticos: marinho (a); rios (b); dguas subterrineas (¢). Os virus
presentes nesses ambientes podem contaminar mariscos cultivados em dguas poluidas (d), a agua

potavel (e) e alimentos cultivados em terras irrigadas com efluente de ETEs e/ou fertilizadas com

lodo de esgoto (f) e (g).

Fig 1.1.2.Rotas de transmisséo de virus entéricos no amebient
Fonte. Bosch et al. 2008.

Os virus de disseminagdo entérica sao relacionadtisersos surtos de veiculagcdo
hidrica. Os NoV seriam 0s principais agentes vieaigricos responsaveis pelos surtos de
veiculacao hidrica no mundo, seguidos pelos AdWokitus e HAV (Sinclair et al. 2009).

No Brasil, dados da Secretaria de Vigilancia emd84&VS), do Ministério da Saude
(MS), mostraram que de 1999 a 2008 foram notifisaB43 surtos de doencas infecciosas
provocadas pela transmissao hidrica (MS - COVEH/TBRVEP/SVS/MS, atualizado em
14.07.2008). Quanto a identificacdo do agentediob, os virus da hepatite A, rotavirus e

norovirus foram os responséveis pela maioria desscaotificados de surtos de veiculacdo
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hidrica (54 surtos) seguidos por surtos de origantebiana (52 surtos). Aproximadamente
45% dos surtos de veiculacdo hidrica ndo foramtifiterdos, demonstrando que o papel da

vigilancia epidemiologica no esclarecimento dessetos deve ser reforcado.

Em 2005, o papel da Politica Nacional de Saude Amadi foi redefinido e algumas
linhas de atuag&o foram propostas: (1) a estridaraco fortalecimento da Vigilancia em
Saude Ambiental; (2) a constru¢cdo de agendas éwbei@is integradas; (3) o fomento a
promocdo de ambientes saudaveis; (4) o estimulorodlugdo de conhecimento e
desenvolvimento de capacidades em saude ambiend); a construcdo de um Sistema de
Informacado Integrado em Saude Ambiental (Consellhcidhal de Saude, MS, 200Ih:
Subsidios para a constru¢édo da Politica NacionS8hadele Ambiental).

Nesse novo contexto, a ampliacdo e a avaliacdo uddidgde dos servicos de
saneamento basico constituem medidas preventivasriamtes em saude publica e serdo
discutidos com maiores detalhes nos itens 1.4 @ld tese. As principais caracteristicas e a
epidemiologia dos virus de disseminacao entérieasqo foco de analise desse estudo serao

resumidas nos topicos seguintes.

1.2. CARACTERIZACAO E EPIDEMIOLOGIA DO VIRUS DA
HEPATITE A (HAV)

O HAV pertence a familiaPicornaviridae do géneroHepatovirus (Totsuka e
Moritsugu, 1999). Esse virus € uma particula icdise& ndo envelopada, com 27 a 32 nm de
didametro (Robertson et al. 1992; Wasley et al. 2006genoma é constituido de RNA de fita
simples, polaridade positiva, contendo 7,5 kb auiteuma simples regido de leitura aberta
(open reading frame- ORF) que codifica uma simples poliproteina d@522a 2227
aminoacidos, com 3 regides distintas (P1, P2 gR&nan et al. 2006). Esta poliproteina é
posteriormente clivada através de uma proteasé (8iGpro), resultando na producéo de 4
proteinas estruturais que compdem o capsideo (VIP4,VP3 e VP1) e varias proteinas nao
estruturais (2A, 2B, 2C, 3A, 3B, 3C e 3D) (Figura.1).



78 ORF

7415

VPg 741 7478
Genoma O—— }|—PolyA
S'NCR l 3'NCR
Poliproteina (PO) { P1 i P2 ; P3 ]
AD Qv ‘A lcvs QGQs QR
v v i 4 v v v y
Sitios de clivagem | | i | Il ]
T s
M \ l iE/G
VP4 24 B8g
Proteinas maduras ~ |LVP2] VP3 | VP1%: | 2B | _2C_ ] Il 3C | 3D |
21 222 246 <300 45 251 335 7423 219 449
J L1 .
f | VPg RNA polimerase
Replicacdo do  Pre VP
Proteinas do capsideo RMA e

Protease

Fig 1.2.1.0rganizacdo do genoma do HAV, produtos de tradegélivagem da poliproteina
(HAV HM 175).

Fonte. Totsuka e Moritsugu, 1999. Adaptado.

O segmento de 168 nucleotideos (nt) na regido donga da VP1/2A é usado para a
classificacdo dos gendtipos de HAV, desde que @ssatem relativamente alta variabilidade

na sequéncia de nt e aminoacidos (Robertson #2192, Totsuka e Moritsugu, 1999).

S&o reconhecidos 7 genotipos diferentes de HAWimdo 4 gendtipos que infectam
humanos (I, II, Il e VII) e 3 gendtipos que infaot simios (IV, V e VI) e 6 subgendtipos (IA,
IB, IA, 1IB, IlIA e 1lIB) (Robertson et al. 1992Carrilho et al. 2005), sendo que cerca de
80% dos HAV isolados de humanos pertencem ao genhtsubdividido em 2 subgenatipos:
IA e IB (De Paula et al. 2004).

O HAV se replica nos hepatécitos, é excretado leaebliberado nas fezes (Wasley et
al. 2006). A doenca causada pela infeccdo com o AV um periodo tipicamente abrupto
gue pode incluir febre, anorexia, ndusea, descnfaindominal, urina escura e ictericia.
Criancas com até 6 anos de idade séo frequentemssitdomaticas e criancas mais velhas e
adultos sdo geralmente sintomaticos, com icteociarendo em mais de 70% dos casos
(Wasley et al. 2006; Matrtinelli et al. 2010). Aectdo e a vacinagdo geralmente conferem

imunidade prolongada contra a re-infeccao (Jacobs@opman, 2004).
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Aproximadamente 1,4 milhdes de novas infec¢besatis por HAV sédo estimadas
por ocorrer no mundo a cada ano (OMS, 2011. Disgbni online:

http://www.who.int/mediacentre /factsheets/fs328/en/index.html).

A taxa de infeccdo é correlacionada com o acesssaaeamento basico e com
indicadores soOcio-econdémicos, sendo que a doenca&n&émica nos paises em

desenvolvimento (Jacobsen e Koopman, 2005; Waskdy 2006; Braga et al. 2008).

Embora um progressivo declinio das taxas de mdaiddi por infeccdo do HAV venha
sendo observado no Brasil (0.2 / 100 000 habitaerte4980 para 0.02 / 100 000 habitantes
em 2002) (Vitral et al. 1998; 2006); de 2007 a 20M1649 casos de hepatite viral aguda tipo
A foram notificados no Brasil, segundo dados ddeBia de Informacdo de Agravos de
Notificacdo (SINAN — Net) (MS/SVS, 2011).

A maioria dos paises Latino-Americanos tem altoseisi de soroprevaléncia anti-
HAV em criangas e adultos, mas as taxas médiasdidimuido nos ultimos 20 anos. No
Brasil de 1977 a 1996-1997, a taxa de soroprevialéamti-HAV diminuiu de 98.4% para

64.7%, respectivamente (Jacobsen e Koopman, 2004).

A queda da soroprevaléncia reflete uma mudancad@p epidemiolégico da doenca
no Brasil como consequéncia do crescimento so@oémnico e do acesso aos servicos de
saneamento basico. O Brasil apresenta taxas imdérias de soroprevaléncia anti-HAV
(Figura 1.2.2), o que acarreta um maior numerand&iduos susceptiveis a doenca na fase

adulta.



Soroprevaléncia
anti-HAW

\ hy ta
e Intermediéria
| Baixa
Muito baixa

Fig 1.2.2 Soroprevaléncia (anti-HAV IgG) por regido do marf@i990 — 2005)

Fonte. CDC (Centers for Disease Control and Prevenjid2011. (disponivel online:

http://wwwnc.cdc.qgov/travel/yellowbook/2012/chapBinfectious-diseases-related-to-

travel/hepatitis-a.htin

As epidemias ndo sao comuns em areas altamentenieadéporque a maioria dos
adultos adquiriu imunidade precocemente, mas eieggom menores niveis de imunidade

dos adultos, surtos da infec¢ao séo recorrentesl{San e Koopman, 2005).

Por causa da severidade da doenca ser pronun@ad® @aumento da idade, paises
contendo populacdes com altas proporcdes de adsitsseptiveis deveriam considerar
programas de vacinacao direcionados as populagdesaibr risco (Jacobsen e Koopman,
2004). A eficacia da vacina para reduzir as taxaimigccdo pelo HAV tem sido demonstrada
em alguns estudos (Wasley et al. 2006., Martieelil. 2010). Além da vacinagéo, a melhoria
Nno acesso aos servicos de saneamento basico podetidbuir para diminuir os riscos de
transmissao do HAV, particularmente em regifesaju@a séo altamente endémicas.
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1.3. CARACTERIZACAO E EPIDEMIOLOGIA DOS VIRUS
CAUSADORES DE GASTROENTERITE AGUDA

1.3.1. Rotavirus (RV)

Os rotavirus da espécie A (RVA) sao os principagenées responsaveis pelas
gastroenterites que acometem criancas menoregsmesxe idade em varias regides do mundo
(Linhares et al. 2011; Giordano et al. 2011; Guaghal. 2008). Globalmente, os RV causam
mais de 500 000 mil mortes a cada ano, principatieneos paises em desenvolvimento (Figura
1.3.1.1) (Parashar et al. 2006). Nos paises da iéméLatina e Caribe existem
aproximadamente 10 milhdes de casos, 2 milhdessdasvclinicas, 75 000 hospitalizacdes e
15 000 mortes anualmente causadas por gastroestasstociadas aos RV (Linhares et al.
2011).

Fig 1.3.1.1.Distribuicdo global estimada de mortes relaciosataRV.

Cada ponto representa 1000 mortes relacionadd®\aos

Fonte. Parashar et al. 2006.
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Os Rotavirus pertencem ao génBataviruse sao classificados na famiReoviridae
(Linhares et al. 2011). Esses virus possuem sinétasaédrica, ndo sado envelopados e
possuem cerca de 70 nm de diametro. Quando obssresd microscopia eletrénica (ME)

eles apresentam um formato de “roda” (Figura 123.1.

O génerdRotavirusinclui pelo menos 7 grupos (A-G) que podem sdrmdjaidos com
base nas suas relagOes antigénicas e nos padriegy@dedo dos segmentos de RNAdf

atraves de eletroforese em gel de poliacrilamideSP).

Fig 1.3.1.8icrografia eletrbnica de RV humano

Fonte. ICTVdb. Disponivel online :

(http://ictvdb.bio-mirror.cn/Images/Safrica/rotabdsitm)

O genoma dos RV consiste de 11 segmentos de RNIA ftg (df) que codificam 6
proteinas estruturais (VP1, VP2, VP3, VP4, VP6, MP® proteinas nao estruturais (NSP1 —
NSP6). Com a excecdo do segmento 11 o qual codifipaoteinas (NSP5 e NSP6), os
segmentos do genoma sdo monocistronicos. O genoaraudado em uma particula de
camada tripla: camada interna consistindo da VP cpbre o genoma e 2 proteinas
estruturais menores, VP1 e VP3, as quais formaore & camada do meio consiste da VP6
circundando o core, formando uma particula de cardagla e a camada externa que consiste
da VP7 e projecOes tipo espiculas de VP4, formamdmicamada capsidica ou virion

infeccioso (Figura 1.3.1.3.).
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Fig 1.3.1.3. Estrutura dos RV. (A) PAGE mostrando os 11 segosemio genoma. Os
segmentos sdo numerados a esquerda e as proteénakes| codificam a direita. (B) Crio-ME
demonstrando o triplo capsideo. As proteinas V4cséoridas em laranja e a camada de
VP7 em amarelo. (C) Corte do triplo capsideo madivaa VP6 em azul e a VP2 em verde e
as enzimas transcricionais (vermelho) ancoradasamada da VP2. (D) Esquema da
organizacdo do genoma de RV. Os segmentos do geestda representados como espirais
cOnicas invertidas circundando as enzimas traneoes. (E e F) modelo em Crio-ME
mostrando a dupla camada. A transcricdo enddégsnfiaena liberacdo simultanea do RNAm
transcrito dos canais localizados no vértice derfigs da dupla camada do duplo capsideo.

Fonte. Jayaram et al. 2004.

Historicamente a VP6 foi a primeira proteina de i®dda para a classificacdo. A VP6
apresenta diferentes epitopos os quais permitearedifiar diferentes especificidades de
subgrupos (SG) do grupo de RVA: SGI, SGIl, SGI +oll SG nado | - ndo Il, que sédo
distinguidas de acordo com a reatividade com Zamtos monoclonais (MAbs) (Iturriza-

Gomara et al. 2002; Thongprachum et al. 2009).

Em 1989 um sistema de classificacdo binario fotadin Os RV sao classificados em
sorotipos ou gendétipos G (Glicoproteina) e soratipa genotipos P (sensivel a protease),

definidos por analises soroldgicas através da oe@p@in anticorpos monoclonais ou de
13



acordo com a diversidade de sequéncias de gemeameds da VP7 e VP4, respectivamente
(Linhares et al. 2011). Até o momento, 19 genodtios 27 gendtipos P tém sido descritos
(Leite et al. 2008). Muitas combinacdes G/P saaipess dentro do sistema binario utilizado

para caracterizar os genotipos de RVA, entretanaimbinacdes de G1P[8], G2P[4], G3PI[g],

G4P[8] e G9P[8] sao os gendtipos mais comumentdifibados ao redor do mundo (Leite et

al. 2008).

Atualmente, um sistema de classificagdo compregttdeodos os 11 segmentos dos
genes de RV tem sido recomendado (Matthijnssems. &011). Este sistema fornece uma
abordagem mais acurada para analisar relacdescentduas interespécies de RV e eventos
dereassortmentgreestruturacao) de genes de RV.

Em marco de 2006 uma vacina de RVA atenuado GI1RRptariX—
GlaxoSmithKline, Rixensart, Belgium) foi introduzicho calendario nacional de imunizagdes
e o Brasil foi o primeiro pais Latino-Americano@otar esse programa de vacinacao nacional
(O’ Ryan et al. 2011). Em 2008, a cobertura danagéo foi de 89.9% (12 dose) e de 76.4%
(22 dose) (Leite et al. 2008).

Os efeitos positivos da vacinagdo sobre a redwd#® taxas de morbidade e
mortalidade no Brasil tém sido observados (CDC, MRIV2011a; O'Ryan et al. 2011).
Entretanto, alguns estudos apontam para a complixidos padrées de evolucdo de RVA
apos o periodo de pdés-vacinacdo, no qual algungtiges de RVA estariam emergindo ou
re-emergindo (Gurgel et al. 2007, 2008; Nakagonale2008). O monitoramento constante
de RVA selvagem ou de origem vacinal em amostrascak e ambientais € de suma

importancia no contexto atual (Leite et al. 20@8mian et al. 2011., Linhares et al. 2011).

1.3.2. Norovirus (NoV)

O NoV foi identificado primeiramente como a caugauin surto de gastroenterite em
Norwalk, Ohio, em 1968 (Kapikian et al. 1972).

Diferentemente dos RVA, que afetam principalmeriancas menores de 5 anos de
idade, os NoV causam gastroenterite aguda em Eesldodas as idades. Esses agentes

virais sdo reconhecidamente os principais respeisor surtos geralmente ocorrendo em
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locais fechados (escolas, creches, hospitais, uresti#s, navios) e sao transmitidos

principalmente pela ingestdo de agua ou alimemotminados (Patel et al. 2008).

A doenca tipicamente inicia apés um periodo de bacéo de 12 — 48 horas e é
caracterizada por um inicio agudo, diarréia semguan vomitos, nausea e colicas
abdominais. Algumas pessoas podem apresentar sowmemito ou diarréia. Febre baixa e
dores no corpo também podem estar associadas auiecedo. Aproximadamente 10% das
pessoas acometidas com gastroenterite causadaqdordduer atencdo médica, podendo

incluir até 5 dias de hospitalizacao (Ribeiro e2@D8).

Os norovirus (NoV) sao virus com genoma de RNAitdesimples, ndo envelopado,
classificado dentro do génelorovirus (previamente referido comdorwalk-like viruses-
NLVs), da familia Caliciviridae (Knipe et al. 2001). Outros géneros dentro da I[fami
Caliciviridae incluem osSapovirus os quais também provocam gastroenterite aguda em

humanos, bem comagoviruse Vesivirus os quais infectam animais (Chen et al. 2004).

Os NoV podem ser divididos em 5 genogrupos, desige Gl a GV, baseado sobre a
identidade de aminoacidos da maior proteina estdufMP1) (Figura 1.3.2.1). As espécies
gue infectam humanos pertencem ao genogrupo Gl,eGBIV, enquanto espécies que
infectam animais pertencem ao Glll e GV, respentimate.
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Fig 1.3.2.1.Classificacdo dos NoV em 5 genogrupos (Gl — G\B5egendtipos baseados

sobre a diversidade de sequéncias da proteina etangu capsideo (VP1).

Fonte.CDC - MMWR, 2011b. Adaptado.

Uma potencial transmissédo zoonotica incluindo astrassao interespécies de NoV
tem sido documentada (CDC, MMWR, 2011Db).

Desde 2001 o genotipo Gll.4 de NoV tem sido assloccom a maioria dos surtos de
gastroenterites virais ao redor do mundo (Motomefraal. 2008). Estudos recentes tém
demonstrado que esses virus acumulam uma seérieudangas ao longo do tempo na
sequéncia nucleotidica do gene que codifica a WRjyal permite evasédo da imunidade na

populacdo humana (Siebenga et al. 2007).

Mais de 30% das infeccbes por NoV sdo assintoastie pessoas assintomaticas
podem excretar os virus, embora em titulos merdoapie pessoas sintomaticas (Barreira et
al. 2010). A imunidade protetora aos NoV é complexainfec¢cdo ndo confere propriedade

de protecédo prolongada (Tan e Jiang, 2007).
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A maioria dos laboratérios de virologia clinicaalizam andlise de RT-PCR,
particularmente analise de PCR em tempo real patateccdo de NoV (CDC, MMWR,
2011b).

Quatro regides diferentes (denominadas A-D) do mendém sido usadas com

sucesso para a deteccéo e genotipagem de NoV dHAidiR.2).

5 ORF 1 5374 6,950 ORF 3 7,588

5,358 ORF 2 6,950

RT C D
85/98bp 330/344bp 177/253bp

Detecgao |‘ Genotipagem J

Fig 1.3.2.2. Alvos de regides gendmicas de NoV usadas em amalle RT-PCR para

deteccao e genotipagem (ORBpen Reading Framép = pares de bases).

Fonte. CDC, MMWR, 2011b. Adaptado.

A higiene apropriada das méaos é a forma mais itapta para prevenir a infec¢cao por
NoV e controlar a transmissdo. O saneamento ba@slequado também poderia contribuir

para reduzir as rotas de disseminacdo desseswiraimbiente.

1.3.3. Adenovirus (AdV)

Os AdV pertencem a familiddenoviridag no génerdMastadenovirug séo virus nao
envelopados, com genoma de DNA dupla fita lineam 26 a 45 Kpb (Russell, 2009., Smith
et al. 2010). O capsideo icosaédrico possui di@amedr 70 a 100 nm, consistindo de 3
proteinas maiores (hexon, base penton e fibras)rerosas proteinas menores compondo o

capsideo (Smith et al. 2010., Robinson et al. 2(Higura 1.3.3.1).
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Fig 1.3.3.1.Estrutura do AdV baseada em microscopia crioeletede cristalografia.

Fonte.Russell, 2009. Adaptado.

Os AdV infectam uma grande diversidade de espéeiggssuem tropismo variado
infectando varios sitios mucosos, incluindo o tgdstrointestinal, respiratério, genitourinario

e superficies oculares (Russell, 2009., Robinsah 011).

Existem 51 sorotipos de AdV humanos (Knipe et @013 e, mais recentemente, mais 5
sorotipos foram descritos (Robinson et al. 201%%eB sorotipos podem ser subdivididos em
6 espécies ou subgrupos (A a F) com base na s@alagnalise do genoma (Russell, 2009).
A espécie F (sorotipos 40 e 41) é responsavel pelria dos casos de gastroenterite
(Russell, 2009). A distribuicdo das espécies etipm® que causam diversas infeccbes é

demonstrada na tabela 1.3.3.1.
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Tabela 1.3.3.1 Sitios anatdmicos de isolamento de AdV humanespcies e sorotipos

envolvidos

Sitios anatémicos de isolamento de AdV Espécies eratipos de AdV humanos

envolvidos

Trato respiratorio superior A:18B: 3,7,11, 14, 16, 2C: 1, 2, 5D: 15,
19, 29, 30, 3E: 4

Trato respiratorio inferior A:12B:3,7,11, 14, 21, 35, 55: 1, 2, 5D:
8,19, 39, 56:: 4
Superficie ocular B:3,7,11, 14, 1€: 2, 5, 6D: 8, 10, 15, 17,

19, 22, 23, 24, 37,53, 54, 56 4
Trato geniturinario B:7,11,21,34,3%:1D: 8, 37E: 4

Trato gastrointestinal A: 12,18, 31B: 3, 7, 50C: 2D: 9, 13, 20,
25, 26, 27, 28, 32, 33, 36, 38, 39, 42, 43, 44,
45, 46, 47, 48, 49, 54. 40, 41G: 52

Coracao C:2,5,6

Fonte. Robinson et al. 2011. Adaptado.

O genoma dos AdV humanos é dividido em regidestesgintermediarias e tardias, as
quais correspondem ao ciclo infeccioso do virusflete os padrdes de transcricdo. A regiao
recente consiste de 4 familias de transcritos B2],E3 e E4) que sdo necessarias para o
estabelecimento da replicacdo viral. O gene intdi@ni® consiste de 2 transcritos (IX e
IVa2) e a regido tardia do genoma contém 5 famdlesanscritos (L1, L2, L3, L4 e L5) que

sao envolvidas na producao do virion maduro (Figuse.2).
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Fig 1.3.3.2.Mapa transcricional de AdV humano espécie D. Aasdinhas centrais definem

o comprimento do genoma com cada linha verticatessgmtando 5000 pb. Setas pretas

representam regides codificantes de proteinas.iEra @unidades de transcricao recente (E) e

unidades de transcri¢éo tardia (L)).

Fonte. Robinson et al. 2011.

Em 1998, os AdV foram incluidos na “Lista de Comtzantes” como parte dBafe

Drinking Water Actpela U.S.Environmental Protection Agendgy).S. EPA) por causa das

suas implicacdes na saude publica e as ocorréinegigentes em muitos ambientes aquéticos

(Fong e Lipp, 2005). Atualmente estdo sendo corailes bons indicadores da contaminacéo

viral humana em ambiente (Bofill-Mas et al. 200&hiAana-Gimenez et al. 2009).
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1.4. TECNOLOGIAS DE TRATAMENTO DE ESGOTOS NO
BRASIL

Embora as condi¢cdes no acesso aos servi¢cos darsarteabasico tenham avancado
no Brasil nos ultimos anos, sobretudo na cobedar®rnecimento de agua potavel, o mesmo

nao foi observado para a cobertura dos servicesgetamento sanitério (Figura 1.4.1).

%
79,9
68,8
55,2 58,0
522
it 440

305

353 e

35 285 —

202
68
Municipios Domicilios Municipios com  Municipios Esgoto Numerode Namero de
com rede COm acesso ampliagdes ou com coletado municipios economias
geral da 4 rede goral malhorias no tratamento quaé com rade  residenciais
esgoto de esgoto servico de coleta  de esgoto tratado geral de esgotadas
de esgotamento esgoto
sanitario, dentro
0S que tém
esse servigo
2000 2008 . Taxa de crescimento 2000/2008

Fig 1.4.1.Evolucéo percentual das principais variaveis getasnento sanitario —
Brasil — 2000/2008

Fonte. IBGE, Diretoria de Pesquisas, Coordenacdo de Bofaole Indicadores Sociais,
Pesquisa Nacional de Saneamento Basico — PNSB)/2ZIlB.

Nota. O percentual de municipios com tratamentesg®to em 2000 refere-se aqueles que o coletam
e tratam.

E importante ressaltar que apenas 28,5 % dos rpiosdirasileiros possuem sistemas
de tratamento de esgoto e uma parcela significatbsa esgotos coletados é descartada
naturaem corpos de aguas receptores, principalmentaaso@BGE, PNSB, 2008).
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Os Unicos estados com mais da metade dos damidtendidos por rede geral
coletora de esgoto sao: Distrito Federal (86,3% Baulo (82,1%); e Minas Gerais (68,9%).
O Rio de Janeiro (49,2%) e o Parana (46,3%), camseymetade dos domicilios atendidos, se
situam acima da média nacional (44,0%), enquanideotis apresentam menos de 35% de
cobertura (IBGE, PNSB, 2008).

Dos sistemas de tratamento de esgotos disponigsisnanicipios, 49% representam
sistemas bioldgicos secundarios e apenas cerc® derdm tratamento terciario ou avancado
(IBGE, PNSB, 2008).

Dentre os sistemas de tratamento de esgoto sa@oscas tecnologias anaerdbias séo
amplamente distribuidas, principalmente devido aoenores custos envolvidos na
construcdo, manutencao e operacao (Aiyuk et ab)2@ntretanto, as tecnologias anaerébias
frequentemente ndo produzem uma boa qualidadeldentfs considerando os limites de
poluentes estabelecidos por regulacfes espeatiigcamioria dos paises europeus (Zakkour et
al. 2001). No Brasil resultados similares também $&lo descritos (Oliveira e Von Sperling,
2008).

No entanto, uma grande parcela dos sistemas demgato que operam no Brasil
corresponde a diferentes tecnologias de aeragédominando sistemas de valos de oxidag&o
e lodo ativado, lagoas aeradas e filtros biol6g{®B&E, PNSB, 2008).

As tecnologias de aeracdo apresentam algumas eastagn comparagcdo aos processos
anaerobios, tais como maior eficiéncia na remogiaudrientes (N e P) e, em alguns casos,
microorganismos patogénicos (Zakkour et al. 200dive®a and Von Sperling, 2008; Jamwal
et al. 2009). As maiores desvantagens estdo adascao consumo de energia devido a
introducdo de oxigénio através de aeradores mexsirocl devido a adicdo de outros
equipamentos mecanizados (Aiyuk et al. 2006) eosustlativamente mais elevados (Von
Sperling, 2005).

Informacgdes sobre o desempenho desses procesgasadgento na remocao de virus de
disseminagéo entérica ainda séo limitadas no Beasitios os estudos publicados se referem
a sistemas de tratamento de lodo ativado (Quadt)1Iisso significa que o desempenho de
outros processos de tratamento anaerobios e dgdagparmanece desconhecido. O quadro
1.4.1 contém os dados dos trabalhos publicadose sabr concentracbes de virus de

disseminacgédo entérica obtidos em efluentes de BoBsasil.
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Quadro 1.4.1. ConcentragOes virais obtidas por gPCR em esgaito be tratado em

processos de lodo ativado no Brasil.

Virus Esgoto bruto Efluentes tratados Referéncias

Média ou alcance Média ou alcance

Rotavirus 25x10-1.6x10CG L* - Fumian et al. 2010

27x10-16x10CG L* 11x16-3x16cG Lt Fumian et al. 2011

Adenovirus 1.16 x 10 CG L* - Rigotto et al. 2010
50 - 1.3 x16CG mr* - Schlindwein et al. 2010

Norovirus

Gl 72x16cG ! 34x10cGL!t Victoria et al. 2009*

Gl 24x16cCG L? 6.4 x 16 CG mI* Victoria et al. 2009*

Polyomavirus | 1.2x16-32x10CG2ml* | 26x16-6.2x16CG mI* Fumian et al. 2010*
(JCPyYV)

HAV 1.2x16-89x16CG mI' 1.7x16-3.8x 16 CG mI* Villar et al. 2007

3.4x16-4.4x16CG mi* NA Schlindwein et al. 2010

* dados de processo de lodo ativado com remocaodita de nutrientes; CG = cOpias de genoma

A resisténcia de virus de disseminacéo entéricprenessos de tratamento bioldgicos
secundarios de esgoto, bem como por tratament@siafeccao final por cloracdo tem sido
descrita (Bofill-Mas et al. 2006; Carducci et a)08; Katayama et al. 2008; Petrinca et al.
2009).

A cloracao tem sido o processo mais utilizado erk<€lbrasileiras para promover a
desinfeccao final de esgotos (Von Sperling, 20BS)a tecnologia ainda € a mais barata e nao
necessita manutencao ou treinamento especializzdoapaplicacdo. O completo dominio das
tecnologias baseadas em UV e o0zbnio ainda néo fadaemgados no Brasil e maiores
aplicacdes seriam necessarias para confirmar m@atedesses processos na desinfeccao de
microorganismos patogénicos, incluindo a remocaovides em ETEs brasileiras (Von
Sperling, 2005).
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Os residuos sdlidos, que sédo o produto final dosgssos de tratamento de esgotos,
também necessitam de tratamento adequado para ecdende matéria organica e
microrganismos patogénicos. A seguir, a questaorekiduos solidos produzidos em ETEs

sera discutida.

1.5. BIOSSOLIDOS PRODUZIDOS EM ESTACOES DE
TRATAMENTO DE ESGOTOS (ETES)

O lodo de esgoto € um residuo gerado durante eegsocde tratamento de esgoto
como consequéncia da sedimentacdo dos solidosnsuspdo esgoto (US EPA, 2003). Esse
residuo acumula matéria organica e uma variedademtaminantes decorrentes do processo

de tratamento. A figura 1.5.1 apresenta um esquizngeracao desse residuo.

Tratamento do lodo

Esgoto Domeéstico
\ v Digestéo (aerdbia e anaerdbia
ﬁ ﬁ v Secagem

¥" Compostagem

(=)
st

Tratamento
de esgoto

®mp . Estabilizagéo alcalina

v Tratamento témnico

et Disposicao
e
Zefluente 27 biossélido
= T v Aterro
Pré-tratamento
ela indistria ‘ v Lixbes
v Mar, rios, etc
Reusos
v’ Agricultura
Esgoto industrial v Reflorestamento

v Parques, jardins

Fig 1.5.1.Esquema geral do processo de tratamento de es@podesolidos.

Fonte. USEPA, 2003. Adaptado.
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Além da composicado quimica caracteristica (Quadsdl)l esses residuos acumulam
diversos tipos de contaminantes, principalmente aimetpesados e microrganismos

patogénicos (bactérias, virus, protozoarios e mts).

Quadro 1.5.1Composicéo quimica tipica do lodo bruto e digerido

Composigao Lodo bruto  Lodo digerido
Variacao Variacao

Sdélidos totais ST (%) 2-7 6-12
Sdélidos volateis (%) 60 — 80 30 - 60
Graxas e gorduras soluveis (%) 6 - 30 5-20
Proteinas (%) 23 -30 15-20
Nitrogénio (%) 15-4 16-6
Fosforo (%) 0,8-2,8 15-4
Potassio (%) 0-1 0-30
Celulose (%) 8-15 8-15
Ferro 2-4 3-8
Silica (SiQ) (%) 15-20 10 - 20
pH 5-8 6,5-7,5
Alcalinidade mgt 500 - 1500 2500 - 3500
Ac. Organico mgt 200 - 2000 100 - 600

Fonte Andreoli et al. 1998.

Toneladas de lodo de esgoto sédo produzidas diantaneen ETES em todo o mundo

(Wang et al. 2008). A producéo de lodo no Brasi& esstimada entre 150 mil e 220 mil
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toneladas de matéria seca por ano (Andreoli, 2Q0rhp das maiores questdes recorrentes no

gerenciamento das ETEs se refere ao tratamenpmsitjgio e/ou reutilizacdo desse residuo.

No Brasil aproximadamente 40% dos biossolidos gera&mn ETES sdo dispostos em
aterros sanitarios, mas, aproximadamente 15% sstadados diretamente nos rios, 8% em
terrenos baldios, 1% em oceanos e 15% séao reafadosi(IBGE, PNSB, 2008).

Os estados do sul do pais sdo os que mais pragigdonmas de reuso desses residuos
(Figura 1.5.2).
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Fig 1.5.2.Distribuicdo do reaproveitamento do lodo de es@®p gerado em processos de
tratamento de esgoto segundo as grandes regiGeeioag

Fonte. Pesquisa Nacional de Saneamento Basico — PNSH;, IB(G8. Adaptado.

No Rio de Janeiro, os tipos de disposicdo dos dlidss sdo demonstrados na figura
1.5.3.
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Rio de Janeiro

Termreno baldio
6%

Reaproveitamento
17%

Incineragdo
0%

Aterro sanitario
53%

Fig 1.5.3.Destino ou disposi¢céo do lodo de esgoto geradcs pelacessos de tratamentos de

esgoto no Rio de Janeiro — Brasil, 2008.

Fonte. Pesquisa Nacional de Saneamento Basico — PNSH;, IB®S8. Adaptado.

No entanto, a disposicdo em aterros esta se tavrrasttita como resultado da falta de
disponibilidade de terra, oposicao publica, lixdoa e problemas de emissdo de gases de
efeito estufa. Muitos paises tém planejado evitaremluzir a aplicacdo dos biossélidos em
aterros (Wang et al. 2008).

Das diversas alternativas para a adequada disppsiQdlodo, a reciclagem
agricola é a mais promissora tanto sob o aspectoeartal quanto econdmico, pois
transforma um rejeito em um importante insumo agaqAndreoli, 2001; Corréa et
al. 2005; Wang et al. 2008).

O reuso completo decorrente da aplicacdo no sopdidanem custo relativamente
baixo. Por isso, a aplicagéo no solo poderia seita opcao de gerenciamento preferida onde
existe possibilidade para a grande aplicacédo (Paise grandes areas de cultivo) (Wang et
al. 2008).

O lodo de esgoto pode ser aplicado em culturaeegvastagens, florestas, locais de

contato publico (parques), gramados e jardins dasca
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Entretanto, a aplicacdo no solo ou em outras sigsfde disposicdo de lodo de
esgoto ndo adequadamente tratado cria um potgrasi@mla exposicdo humana aos patdégenos

através do contato direto ou indireto (Singh e Aga2008).

O contato direto inclui o0 manuseio do residuo, agda na area, manuseio do solo
onde o residuo tem sido aplicado, contaminacdovédrale aerosoOis (vento, durante a

aplicacao, etc).

O contato indireto pode acontecer pelo consumo lueeltos que tenham sido
cultivados em terras que receberam o residuo cemtitizinte ou condicionador do solo;
atravées do consumo de leite ou outros produtosealitios advindos de animais que
pastaram em terras que receberam o residuo comi@dmipela ingestdo de agua que tenha
sido contaminada por infiltracdo de patégenos aguifero subterrdneo ou pelo arraste
através de agua de chuva em locais proximos deagfb; através do contato com vetores
que podem carrear 0s patdgenos (ex. insetos, andoaiésticos, etc) (USEPA, 2003; Sidhu
e Toze, 2009). Dessa forma, a reducdo da concéntae patdgenos € essencial para evitar

riscos ambientais e de saude publica.

O lodo que tem sido estabilizado (tratado) paduzie o conteldo de matéria
organica, microrganismos patogénicos e tem potedeiaplicacdo benéfica é denominado
biossdlido (Viau e Peccia, 2009). No quadro 1.3quiraas formas de estabilizacdo ou de

tratamento de lodo comumente utilizadas para reduziimero de patdgenos sao descritas.

Embora os processos descritos na tabela 1.5.2 sgpmnumente usados para o
tratamento do lodo, processos mais avancados tondgisenvolvidos, tais como digestéao

aerdbia termofilica, radiacdo utilizando raios leetgama e pasteurizacdo (USEPA, 2003).

Os diferentes processos de tratamento de lodeedifemn eficiéncia quanto a remogéo
de microrganismos patogénicos (Quadro 1.5.3).

Alguns fatores que influenciam a sobrevivéncia dosrorganismos incluem: pH,
temperatura, competicdo com outros microrganistuad)V, umidade e niveis da mistura do
lodo (Rzezutka e Cook, 2004; Sidhu e Toze, 2008)algente, virus patogénicos e bactérias
sao inativados dentro de 1 a 3 meses em biossolosirus podem sobreviver no solo em
média 3 meses, mas podem atingir até 1 ano e d2 theses sobre a superficie de plantas
(USEPA, 2003).
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Quadro 1.5.2. Processos de tratamento para reduzir o nameroatfggnos em lodo de

esgoto

Tipo de Tratamento

Digestéo aerdbia

Secagem ao ar

Digestédo anaerdbia

Compostagem

Estabilizacéo alcalina

Fonte. USEPA, 2003.

Caracteristicas do Tratamento

O lodo de esgoto é agitado com ar |ou
oxigénio para manter condicfes aerdbias/ em
uma temperatura especifica. A temperatura e
tempo de residéncia do lodo deve ser entre
40 dias a 20°C ou 60 dias a 15°C.

O lodo é seco em leitos de areia ou em bases
pavimentadas ou nao pavimentadas. O lodo
deve ser seco por um minimo de 3 meses e a
temperatura média diaria deve estar acime de
0°C.

O lodo é tratado na auséncia de ar por um
tempo de residéncia e temperatura especifica.
O tempo de residéncia e temperaturas deve
ser entre 15 dias de 35 a 55°C ou 60 dias a
20°C.

Pode ser usado um reator, uma pilha aerada
estatica ou compostagem. A temperatura do
lodo é aumentada para 40°C ou mais e
permanece a essa temperatura ou maiores por
5 dias.

7

Cal suficiente é adicionada ao lodo péara
elevar o pH a 12 por mais de 2 horas| de

contato.
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Quadro 1.5.3.Resumo de reducdo de patégenos em varios proassa@gamento de lodo

Reducdo em Log

Tratamento Virus entéricos Bactérias Parasitas
coliformes

Digestédo anaerdbica mesofilica 05-2 05-4 0

Digestdo aerdbia 05-2 05-4 0

Compostagem 2a4d 2 2a>4

Secagem ao ar 0.5 05-4 054

Estabilizacéo alcalina >4 2a>4 0

Fonte. Godfree e Farrell, 2005.

O gerenciamento adequado requer solu¢cdes ambiemtdmoorretas, economicamente
viaveis e socialmente aceitaveis. Para protegatidespublica, muitos paises regulam agora o

uso e a disposicao do lodo.

Em agosto de 2006 o Conselho Nacional do Meio Antbi (CONAMA)
implementou uma resolucéo (no. 375/2006) para idefncritérios e os procedimentos para o

uso agricola de lodos de esgotos gerados em ETES.

Nessa Resolucdo, além de parametros fisico-quémitaambém foi incluido o
monitoramento de agentes patogénicos como o0s ok termotolerantes, ovos viaveis de

helmintos,Salmonellae virus entéricos (Quadro 1.5.4).

30



Quadro 1.5.4.Limites de patdégenos permitidos em biossoélidogldese A e B (Conama,
375, 2006)

Tipo de Lodo Concentracao de patégenos

A Coliformes termotolerantes < 10MP/g de ST
Ovos viaveis de helmintos < 0,25 ovo/g de ST
Salmonellaauséncia em 10g de ST
Virus < 0,25 UFP ou UFF /g ST

B Coliformes termotolerantes <RMP / g ST
Ovos viaveis de helmintos < 10 ovos /g ST

ST = Solidos Totais; NMP = NUumero Mais Provavel;RJE Unidade Formadora de Placa;

UFF = Unidade Formadora de Foco

As opcOes geralmente selecionadas para reduzinga da patégenos em biossélidos
de classe A sdo: aguecimento-secagem, compostaggabilizacdo alcalina e digestao
aerdbica termofilica (Godfree e Farrell, 2005).igedtdo anaerdbia mesofilica é reconhecida
por produzir biossélidos com qualidade de clasgedter e Pérez, 2010), mas é amplamente

utilizada no Brasil para realizar o tratamentoatiol (Andreoli, 2001).

Os virus entéricos a serem pesquisados prefeherecite nesses residuos devem ser:
adenovirus e virus do géneknterovirus (Poliovirus, Echovirus e Coxsackievirus). Em
situacdes especiais — endémicas ou epidémicasggletdiarréia, hepatite A e outras viroses
de transmissao fecal-oral) deve-se pesquisar RW ldAoutros que poderdo ser definidos
pelo 6érgdo ambiental (CONAMA, 375, 2006).

A principal questdo envolvendo o monitoramento vileis entéricos em lodo €
direcionada para a aplicacdo de metodologias adaequde deteccdo. No proximo item
guestdes relacionadas com os métodos geralmerdesupara concentrar e detectar virus
entéricos em biossolidos serdo discutidas.
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1.6. METODOS PARA DETECCAO VIRAL EM ESGOTO,
LODO DE ESGOTO E BIOSSOLIDOS

As etapas basicas para a analise viroloégica em teasosmbientais incluem:
concentracdo dos virus e purificacdo da amostangento viral utilizando cultura de

células, ou mais recentemente, a detecgdo de auidt&Ecos virais por técnicas moleculares.

Durante as Ultimas décadas, uma grande variedad&cécas moleculares tem
emergido e as técnicas de amplificacdo de aciddginas (notadamente a reacdo em cadeia
da polimerase - Polymerase Chain Reaction - PCRER quantitativa (QPCR) ou PCR em
Tempo Real (Real-time PCR), sédo atualmente os rgtothis usados para a analise de virus

em ambiente (Bosch et al. 2008; Girones et al. 010

A aplicacdo desses métodos apresenta a vantageonnde a analise mais rapida e
custo-efetiva, servindo para uma série de propgs#d identificar virus fastidiosos ou que
ndo produzem efeito citopatico em culturas de aélabnvencionais, b) para a enumeracao,
c) a caracterizacdo molecular de microrganismosofgegem), d) para o rastreamento de
fontes de contaminacdo humana e animal e, em algasss, para detectar patdgenos

emergentes (Jofre e Blanch, 2010., Girones eDaby

No entanto, a grande diversidade de amostrasaadepersao das particulas virais
nesses ambientes e a presenca de inibidores safjueiafetam a reacdo de amplificagéo de
acidos nucléicos sdo apontadas como 0s principdiaves para obter resultados seguros
(Guzman et al. 2007a; Rock et al. 2010).

Nesse sentido as etapas de concentracdo e pudickcamostra sdo cruciais para o
bom desempenho da deteccdo utilizando métodos ubates. Em geral, os métodos de
concentracdo em agua e esgoto sdo bem estabelecmimem ser baseados nos seguintes
principios: adsorcdo-eluicdo em filtros de membracerregados positivamente ou
negativamente, ultrafiltracdo, floculacdo fisicdrmica e separacdo em fase ou por

cromatografia de afinidade (Wyn-Jones e Sellwo60,12.

Entretanto, os métodos usados para processar édsgbto ou biossolidos ainda ndo
sao otimizados ou de eficiéncia comprovada. O hElesgoto contém numerosos compostos
organicos e inorganicos (acidos humicos, fulvipadifendis, metais pesados) que sao toxicos
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e sdo capazes de formar complexos com os &ciddsicus ou inibir as enzimas de

amplificacdo em reacdes de PCR (Rock et al. 2010).

De modo geral, a concentracdo viral em lodo ousbia$os requer duas etapas
principais: a aplicacdo de reagentes eluentes (fesagregar os virus adsorvidos na matéria

sélida) e purificagcdo através de estratégias deifteyacao.

Varios reagentes eluentes sdo testados para proraceleicdo viral do lodo, entre
eles: extrato de carne, glicina, caseina, lisicajcdaspartico, Tween 80, EDTA e enzimas
hidroliticas (Farrah et al. 1981., Mignotte etl®99., Monpoeho et al. 2001., 2004., Belguith
et al. 2006., Sano et al. 2003., Rock et al. 2010).

Esses reagentes podem ser divididos em pelo melasscdtegorias baseadas nos seus
modos de acdo. A primeira categoria inclui matenmoteinaceos 0s quais competem com as
proteinas das particulas de virus pelos sitiosgdedo no material adsorvente (Hurst et al.
2002). O extrato de carne é o reagente mais calthecaplicado dessa categoria. A segunda
categoria de eluentes consiste de compostos geeralta favorabilidade de adsorcdo e
incluem solucfes que contém varias substanciagsatentre os quais glicina, ou detergentes
como Tween 80 e EDTA, os quais servem como agententes de metais (Hurst et al.
2002).

Métodos de concentracdo secundéria podem ser @gigaara reduzir o volume de
amostra eluida e aumentar a eficiéncia de recufraais como a floculacdo organica
(Katzenelson et al. 1976) ou etapas subsequentesndgugacao ou ultracentrifugacéo. Para
purificar a amostra e evitar a contaminacao potébas, uma filtracdo em filtros Millipore

(0.22 um) pode ser uma alternativa (Guzman eO8i72).

Apds a concentracdo e purificacdo de amostras,r@snmas etapas consistem na
extracdo seguida da detecgéo de &cidos nucléicos.

A maioria das técnicas moleculares aplicadas élbdasem protocolos de amplificacao
dos acidos nucléicom vitro, dos quais a PCR é a mais frequentemente utili¢iafee e
Blanch, 2010; Girones et al. 2010).

No entanto, a PCR quantitativa (QPCR) esta rapidtemge tornando estabelecida no
setor ambiental. A gPCR comumente usa coranteseBuentes, tais como SYBR Green

conhecido por intercalar entre as moléculas de Di#a a deteccdo de um segmento
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amplificado. Entretantonolecular beaconsu outras sondas fluorescentes tais como TagMan
(Applied Biosystems, Foster City, CA, USA) conferamaior especificidade por serem
baseadas no uso de sondas complementares paratdicagiio do segmento do genoma
selecionado (Girones et al. 2010). Esses métodoscgahecidos por apresentarem alta
sensibilidade e especificidade para identificar uandificar baixas concentra¢des virais

presentes em amostras ambientais.

Entretanto, a quantificacdo acurada de coOpias denga virais identificados nas
matrizes ambientais demanda o controle de passssaisr tais como eficiéncia dos
procedimentos de extracdo dos &cidos nucléicodsvigadas enzimas envolvidas na
amplificagdo molecular. Além dos controles posgiwnegativos especificos nas reacées de

PCR, outros controles sédo requeridos.

A alternativa adotada é o uso de um controle ioteras reacbes para monitorar a
eficiéncia de todas as etapas de deteccdo. O ukeoe apresentar caracteristicas fisico-
quimicas similares aos microrganismos alvos e,rd&e@ncia, ndo serem encontrados nos
ambientes avaliados. Os melhores candidatos pam @eposito sdo virus de RNA com
capsideo, tais como virus de RNA animal ou badeggas de RNA (Bosch et al. 2008).

Outra estratégia muito utilizada para garantie gasultados falso-negativos nao
estejam sendo obtidos € diluir os acidos nucléeaues das etapas de amplificacdo para
avaliar a presenca de inibidores potenciais quesmpodfetar a precisdo da quantificacdo
(Girones et al. 2010).

A avaliacdo precisa da eficiéncia desses meétodosletieccdo e quantificacdo é
necessaria principalmente para estabelecer estiedasalises de risco mais acuradas e inferir
quais limites virais sdo aceitaveis para garamiirfes de seguranca atuais que determinem a

qualidade da agua, bem como de efluentes e resi@UBTES.
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2. RELEVANCIA

O controle da qualidade virologica da agua e aiagéd do desempenho de sistemas
de tratamento e processos de desinfeccdo de agggot sdo temas pertinentes e atuais no
contexto da saude ambiental. No entanto, o momitento viral ainda ndo € realizado
regularmente para analisar a qualidade microbiotogia agua, de efluentes e residuos de
Estacbes de Tratamento de Esgotos (ETES) e exiggressidade de intensificar estudos
nesse campo, principalmente diante do aumento gladecdo dos ecossistemas aquaticos e

das novas necessidades de reuso de efluented@osesi

Além da limitagé@o de informag6es, sobretudo salmgaalidade de efluentes e residuos
sélidos produzidos em ETEs, um dos maiores despéits aperfeicoar estudos nesse campo
sdo o desenvolvimento e a padronizacdo de metadslate deteccdo que possam ser

eficientemente utilizadas em analises de rotina.

Tal abordagem é particularmente importante parastas com altos niveis de
contaminagdo ou inibidores naturais que interfersajretudo, quando a identificacdo é
realizada através da deteccdo de acidos nuclésogcnicas moleculares, especialmente a
PCR e, subsequentemente, a PCR quantitativa (QRSRp se tornando comumente
utilizadas para a deteccéo viral em matrizes antdigerNo entanto, resultados falso negativos
frequentemente sdo observados, o que compromatadaanalise confiavel de risco a saude

publica.

A ineficiéncia ou a falta de confiabilidade dosuleedos obtidos sao particularmente
importantes no estudo de deteccéo viral em amostaés complexas, com alto conteudo de
contaminantes e matéria sélida. Esse € o caseedimiios solidos produzidos em ETES, mais
especificamente do lodo de esgoto e biossélidoané&sdos de concentracdo e purificacdo
dessas amostras teriam papel crucial na remoc¢aocasminantes, permitindo que as

reacOes de amplificacdo de acidos nucléicos ocaroamo minimo de interferéncias.

Um bom método de recuperacdo deve ser simplificedopnomicamente viavel,
reprodutivel e eficiente para recuperar gruposisidistintos. Nesse sentido, torna-se
necessario realizar analises comparadas sobrei@nefa desses métodos para recuperar uma

grande variedade de virus. O estabelecimento dieathotes utilizados para avaliar a
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contaminagdo virolégica em residuos também é iraptaf uma vez que em analises de

rotina a deteccado simultanea de varios patdgemais @e torna inviavel.

Algumas medidas estdo sendo estabelecidas panatigaesultados mais confiaveis
guando analises de biologia molecular sdo adotadtas. delas seria 0 uso de um controle
interno nas reacdes para monitorar a eficiéncisodas as etapas envolvidas no processo de
deteccdo. Nesse estudo optou-se por incluir comtyaie interno um bacteriéfago (PP7) que
infecta Pseudomonas aerugings@ois vinha sendo reportado como adequado pam ess
propoésito (Rajal et al. 2007). Esse bacteriéfago propriedades similares a alguns virus

entéricos e nao é detectado em amostras ambientais.

Uma outra questéo relevante sobre o assunto redediecauséncia de dados informando
os limites de deteccdo dos métodos utilizadoscip@timente para matrizes solidas. Por isso,

muitas vezes, a real presenca de virus patogémésses residuos pode ser subestimada.

A avaliagédo da contaminacgdo de lodo de esgoto assbiidos é necessaria diante das
formas de disposicéo ou reuso, principalmente quandestino final é a aplicacdo em solos
agricolas. A ocorréncia de RVA e NoV ainda naodescrita em biossolidos produzidos no

Brasil.

A prevaléncia e a concentracdo de virus de diss®@in entérica presentes em
amostras ambientais pode ser variavel com o tipandastra e com o perfil epidemiolégico
das comunidades. A analise da disseminacdo deat&pepos no ambiente pode subsidiar
politicas mais adequadas de saude publica pareerprea transmissdo desses agentes

infecciosos em uma dada localidade.
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3. OBJETIVOS

3.1. Objetivo geral

Avaliar a ocorréncia de virus de disseminagcdo Eatéem amostras ambientais
(esgoto e lodo de esgoto primario e tratado) priddgzem diferentes Estacdes de Tratamento
de Esgoto (ETESs) (hospitalares e urbana) da cidadeio de Janeiro através da deteccao,
quantificacdo e caracterizagcdo molecular de raiayiRV-A), adenovirus (AdV), norovirus
(NoV) e virus da hepatite A (HAV), assim como deterar a eficiéncia de diferentes
metodologias de recuperacao viral para amostrésddede esgoto primario e tratado.

3.2. Objetivos especificos

1 —Auvaliar os niveis de contaminacédo de efluentesitalapes produzidos em dois processos
distintos de tratamentd: sistema anaerébio (reator UASB com pds-tratamentdr@s filtros
anaerobios dispostos em sérig);sistema de aeracao (lodo ativado de aeracéo peadai,
comparando as cargas virais detectadas para RVAX, AoV Gl e GIl e HAV em cada

sistema e o potencial de remocao alcancado pos tsg@logiagArtigo 1).

2 —Avaliar a disseminacao e a eficiéncia de remocablA¥ em uma ETE de grande porte
(ETE Alegria, Caju, RJ) que utiliza tratamento podo ativado convencional pelo
monitoramento de afluentes e efluentes tratadaantieio periodo de 1 ano (agosto de 2009 a
julho de 2010)Artigo 2).

3 —Determinar a influéncia dos processos de sedim&nfagmaria e secundaria na remocao
de RVA, AdV, NoV GIl e HAV em amostras obtidas duea estagios distintos do processo
de tratamento de esgoto por lodo ativado conventieravaliar a eficiéncia de métodos de

recuperacao viral em lodo de esgoto (ETE Alegizaju, RJIYArtigo 3).
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4 — Avaliar diferentes metodologias de concentracadrdd, AdV, NoV Gll e HAV em
amostras de lodo de esgoto tratado por digestader@mea mesofilica, pela utilizacdo de
controle interno, testes de inibicdo, assim comda pearacterizacdo dos diferentes
concentrados por microscopia eletrénica de vareedMEV) acoplada com sistema EDS
(Artigo 4).

4. MATERIAIS E METODOS

As metodologias utilizadas nos estudos estado dascros trabalhos que constam no
item 5 da tese.

A configuracdo e os parametros de operacao das Bi@sadas neste estudo estao
descritas na secédo de anexos (item 10.1). A me&tg@doknvolvida na analise dos residuos

sélidos através de MEV esta descrita na secaoa@arfitem 10.3).

5. RESULTADOS

A metodologia e os resultados obtidos na tese eapiiesentados na forma de

manuscritos publicados ou submetidos a publicagéo.

5.1. Quantification and Molecular Characterization of Enteric Viruses Detected in Two
Hospital Wastewater Treatment Plants. (Revista: Water Research, vol. 45. Pg 1287-1297,
2011)
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Hospital wastewater has been described as an important source of spreading pathogenic
microorganisms in the environment However, there are few studies reporting the pres-
ence and concentrations of gastroenteric viruses and hepatitis A viruses in these envi-
ronmental matrices. The aim of this stidy was to assess the contamination by viruses
responsible for acute gastroenteritis and hepatitis derived from hospital wastewater
treatment plants (WWTPs). Rotavirus A (EV-A), human adenoviruses (HAdAV), norovirus
genogroup I and IT (NoV GI/GH) and hepatitis A viruses (HAV) were detected and quantified
in sewage samples from two WWTPs located in Rio de Janeiro (Brazil) that operates
different sewage treatments. WWTP-1 uses an Upflow Anaerobic Shidge Blanket (UASB
reactor) and three serial anaerchic filters while WWTP-2 uses aerobic processes, activated
shudge with extended aeration and final chlorination of the effluents. Viruses' detection
was investigated by using conventional PCR/RT-PCR, quantitative real-time PCR (gPCFR) and
partial sequencing of the genome of the viruses detected. Rate of viruses detection ranged
from 7% {NoV GI in WWTP-1) to 95% (RV-A in WWTP-2) and genome from all viruses were
detected. The most prevalent genotypes were EV-A 5G I, HAJV species D and F, NoV GII/4
and HAV subgenotype [A. Mean values of viral loads (genome copies (GC)/ml) obtained in
filtered effluents from anaerobic process was 1.9 « 10° (RV-A), 2.8 » 10° (HAdV) and
2.4 « 107 (NoV GI). For chlorinated effluents from activated sludge process, the mean
values of viral loads (GC/ml) was 1.2 = 10° (RV-A), 1.4 = 107 (HAdV), 81 = 10° (NoV GITj and
2.8 x 10" (HAV). Data on viral detection in reated effluents of hospital WWTPs confirmed
the potential for environmental contamination by viruses and could be useful to establish
standards for policies on wastewater management
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1. Introduction

Several sources of sewage could contribute to the load of
pollutants released in water bodies, particularly hospital
sewage, as they carry a large amount of toxic substances and
pathogenic microorganisms (Emmanuel et al, 2005, 2009;
Prado et al., 2008). Wastewater treatment plants (WWTPs)
have played an important role in microbiological reduction,
minimizing the risks associated with pathegen circulation into
the environment, althouph viruses still pose a challenge in
wastewater treatment and disinfection.

Entericviruses transmitted by the fecal-oralroute are often
involved ininfecfonresulted by the ingestion of contaminated
food and water, although the global impact of water related
disease is difficult to assess. Those vinuses are shed in large
quantities and disseminate widely in the environment repre-
senting a potential risk to human health, mainly due to their
stability under adverse conditions (Bosch et al., 2008). In this
context it was demonstrated the importance of studies on the
efficiency of virus removal in WWTPs mainly in developing
countries that often present high rates of morbidity or
mortality associated to infectious diseases of fecal-oral
transmission such as hepatitis and gastroenteritis (Parashar
et al, 2006; Leite etal., 2008; Vitral et al., 2008).

Viral detection, molecular characterization and removal
efficiency of pathopgenic viruses from WWTPs have been
reported in Brazil (Villar et al, 2007; Barrella et al, 2009;
Ferreira et al, 2009; Victoria et al, 2009), however none study
specifically for hospital WWTPs. Studies on environmental
contamination from hospital WWTP should be considered
a prionty since the major consume of water in these institu-
tions results in a significant volume of wastewater carrying
a high load of pathogenic viruses (Wang et al.,, 2005) and anti-
microbial-resistant bacteria (Prado et al., 2008) as well as high
levels of chemical substances such as pharmaceuticals, heavy
metals, disinfectants, hermones, radionuclides and solvents
(Emmanuel et al., 2005, 2009).

Molecular methods of virus detection such as PCR assaysz
have improved environmental virology surveys due to their
sensitivity, specificity and ability to detect quickly a wide
group of vinuses in environmental samples (Bofill-Mas et al,
2006; De Paula et al., 2007; Girones et al., 2010).

The aim of this study was to assess the environmental
contamination by viruses responsgible foracute gastroenteritis
and hepatitis derived from hospital WWTPs. For purposes of

this study two hospital WWTPs using different sewage feat-
ment processes were evaluated for the presence and quanti-
fication of rotavirus A (RV-A), human adenoviruses (HAdV),
norovinuses (NoV) genogroup I and 11 (GI/GII) and hepatitis A
viruses (HAV). It was used adsorption-elution method for virus
concentration associated to molecular methods of genome
amplification. Viruses molecular characterization was also
used for genotyping and demonstration of the prevalent
strains disseminated in the study area.

2. Material and methods

21.  Characterization of the sewage treatment plants
and sampling

A total of 34 samples were collected from two hospital WWTPs
in the metropolitan area of Rio de Janeiro, Brazilover a period
between 2005 and 2008 (section 3.2, Tables 3 and 4). While
offering different characteristics of services, both hospitals
have laboratories, rehabilitation and dialysis units, hospitali-
zation, pediatrics, surgery, clinics, laundry, cafeteria and
restaurants. Effluents from both WWTP are discharged in the
municipal drainage system that flows across Guanabara Bay
(WWTP-1) and empties into Jacarepagua Lagpon (WWTP-2),
both eutrophic ecosystems located in the Metropelitan Region
of Rio de Janeiro.

WWTP-1 servesan average of 2. 000 patients permonth and
has 800 regular employees. It uses an anaerobic treatment
process (Upflow Anaerobic Sludge Blan ket, UASBE reactor) with
a hydraulic retention time of 8 h, followed by post-treatment
in three serial anaerobic filters (with crushed stone number
four for fill support) with a hydraulic retention time of 4 h. The
mean influent flow was of 254 Vs Fourteen samples were
collected from the following sampling points: influent (raw
sewage), UASE reactor effluent and treated effluent (filtered
effluent).

WWTPE-2 was built to serve 12.000 patients monthly but
now serves an average of 22.000 patients per month. [tuses an
azrobic treatment process (activated sludge with extended
aeration and disinfection of final effluent by chlorination)
with a hydraulic retention time of 18h in the aeration tank,
and a mean influent flow of 5.0 l/s. Twenty sewage samples
were collected from influent (raw sewage), sedimentation
tank effluent and final effluent after chlorination.

Table 1 — Viruses analyzed. PCR assay types, genomic regions of amplification on the genome, lengths of the amplicons

Viruses PCR asszay Region on the genome Lengths of the amplicons References

RV-A RT-PCR VPé 379 bp Irurriza-Gomara et al (2002)
RT-qPCR NSP3 86 bp Zeng et al. (2004

HAAV Nested PCR Hexon gene 171 bp Allard et al, (2001)
qPCR Hexon gene 135 bp Heim et al. (2003)

NoV (GYGIH) Semi-nested RT-PCR RARp 188 bp (Glj and 237 bp (GI) Boxman et al. 2006}
Multiplex RT-PCR ORF-1-ORF-2 junction region 85 bp (GI) and %8 bp (GI) Pang et al, (2005)

HAV Nested RT-PCR VP1/2A junction region 247 bp De Paula etal. (2002)
RT-gPCR HNon-coding region 5'(NC) 83bp De Paula et al. (2007)
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Table 2 — Mean physicochemical parameters obtained at each sampling point from wastewater treatment plants (WWTPs).

WWTP Stages of sewage pH mean/SD BOD; mg/l COD mg/1 Ammonium mg/l
treatment process mean 5D mean/sD mean/SD
1 RSn=4 7.0/0.09 404/12.08 157.0¢57.98 9.7/3.29
Ue (n =4} 7.0/0.05 7.7/7.5 61.7/10,22 12.1/7.39
FE(n=4) 6.9/0.31 4¥5.47 28.4/14.37 3.1/3.60
Total removal (3) (50.0) {B1.9) {(743)
2 RE(n=198 7.0/0.05 95.9/4.55 285.6/75.06 B.53/3.01
ES (n=6) 61/0.22 17.5/2.14 52.8/842 1.5/1.55
ChLE (n = 6) 6.2/0.15 137/4.31 70.5/33.92 1.3/1.10
Total removal (%) (85.7) (75.3) (84.3)

RS = raw sewage; Uc = UASE effluent; FE = filtered effluent; ES = effluent from sedimentation tank; ChLE = chlorinated effluent;
BOD = biochemical oxygen demand, COD = chemical oxygen demand, SD = standard deviation.,

At each sampling point, 2 | of sewage were collected in
sterile plastic bottles, kept at 4 °C and transported to the
laboratory for immediate analysis.

22. Physicochemical parameters

pH, BOD; (biochemical oxygen demand over 5 days), COD
{chemical oxygen demand) and ammonium (N—NH.) were
evaluated These physicochemical parameters were per-
formed according to the Standard Methods for the Examina-
tion of Water and Wastewater (1998).

23, Concentration method

The adsorption-elution method used a type-HA negatively
charged membrane filter (Millipore Corporation, Bedford, MA,
USA) of a 0.45-pm pore size, 142-mm ofdiameter and a vacuum-
pump filtration of samples, as described by Katayama et al.
(2002). The sewage samples were pre-filtered through an AP 20
membrane (Millipore) (retention rate, 0.8—8 um) before adding
to the type-HA negatively charged membrane filter. Decon-
tamination was done using a free chlorine solution (0.3 mM) for
15min. Recirculation of distilled sterile water was done through
the vacuum-pump system and was performed before each viral
concentration procedure. The concentrated samples were
stored at - 70 °C until molecular analysis.

24, Viral genomic extraction

Viral RNA was extracted from 140 pl of the eluate to obtain
a final volume of 60 pl, using the QIAmp Viral RNA kit (Qiagen,
Inc,, Valencia, CA) accordingto themanufacturer's instructions.

25. Reverse transcription (RT) reaction

cDMNA synthesis was carried out by RT using a random primer
(PdMNg; 5045en units; Amersham Biosciences, Chalfont St Giles,
Buckinghamshire, UK) for RV-A, NoV (GV/GII) and HAV. 2 pl of
dimethyl sulfoxide (Sigma, St Louis, MO) and 10 pl of BNA were
mixed briefly, heated at 97 °C for 7 min, and chilled on ice for
4 min. The components of the mixture and their final concen-
trations for a 50-ul RT reaction were as follows: 2.5 mM each
deoxynucleoside triphosphate (GIBCO BRL, Life Technologies,
Inc., Grand Island, NY), 1.5 mM MgCl, 200U of Superscript Il
reverse transcriptase (Invitrogen), and 1 pl of PdN; The RT

reaction mixture was incubated in a thermal cycler (PTC-100
Pogrammable Thermal Controller; M Research, Inc., Water-
town, MA) at 25°C for Smin, S0°Cfor 60minand 70°C for 20 min.

2.6. Conventional (c) and quantitative (q)PCR protocols
for viral detection

PCR protocols for viruses' detection and quantification, as well
as the target region on the genome and lengths of the ampli-
cong generated can be found in Table 1.

To avoid false-positive results, quality control measures
such as using separate rooms were adopted and each set of
amplifications included negative and positive controls,

cPCR was performed using a thermal cycler (PTC-100
Programmable Thermal Controller; M} Research, Inc,, Water-
town, MA). PCR products were separated on 1.5% electropho-
resis-grade agarose gel (GIBCO BRL, Life Technologies, Inc.,
Grand Island, NY) and stained with ethidium bromide (0.5 pg/
ml). Images were obtained using an image capture system
{Biolmaging Systems) and Labworks 4.0 software (UVP, Inc,,
Upland, CA). gPCR was carried out using an ABIL PRISM 7500
Sequence Detection System (Applied Biosystemns, CA, USA).
For all viruses a standard curve (SC; 107 to 10" copies per
reaction) was generated using tenfold serial dilutions of
pCR2.1 vectors (Invitrogen, USA) containing the target region.
The concentration of the primers and probes used in the gPCR
reaction were described previously (Table 1). The gPCR reac-
tion was performed in a final volume of 25 pl by using
Universal PCR Master Mix (Applied Biosystems, CA, USA).
Amplification data were collected and analyzed using
Sequence Detection Software version 1.0 (Applied Biosystems,
CA, USA). All reactions were performed in duplicate.

2.7. Nucleotide sequencing

cPCR products were purified with the QlAquick PCR Purifica-
tion Kit (Qiagen) or QlAquick Gel Extraction Kit (Qiagen),
according to the manufacturer's instructions, and quantified
by a 2.0% agarose gel electrophoresis with a Low DNA Mass
Ladder (Invitrogen). PCR amplicons were sequenced in both
directions with the Big Dye® Terminator Cycle Sequencing Kit
v.3.1 (Applied Biosystems, CA, USA) in an ABI Prism 3730
Genetic Analyzer™ (Applied Biosystems, CA, USA) as described
by Otto et al. (2008), with the same primers used in the
amplification reactions.
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28. Sequence and phylogenetic analysis

Nucleotide (nt) sequences were edited and aligned with Bio-
Edit® Sequence Alignment Editor (Hall, 1999). The sequences
were compared with their prototypes as well as with other
sequences of the National Center for Biotechnology Informa-
tion (NCBI/GenBank) (http//www.ncbinlm.nih.gov/). Phylo-
genetic trees were constructed using MEGA v.4.0 (Tamura
et al, 2007) with the neighbor-jeining methed, using genetic
distance corrected by the Kimura two-parameter model with
2.000 pseudoreplicates.

29. Nucleotide sequence accession numbers

The Genbank accession numbers for the sequences obtainedin
this study are HM244916 to HM244934 (RV-4), HM244884 to
HM244902 (HAAV), HM244881 to HMZ244883 (NoV) and
HM244903 to HM244915 (HAV).

2.10. Statistical analysis

For each type of virus analyzed, the totalfrequency of detection
obtained in the same WWTP using conventional and/or quan-
titative PCR assays were compared by using chi-square test or
Fisher's exact test at a significance level of 0.05. The same
procedure was carried out for viruses' comparizon between
different WWTPs. The same statistical analysis was performed
to determine the significant differences between cPCR or gPCR
for each viral group found in the same WWTP. These analyses
were made by use EPI InfoTM version 3.5.1 program, available
in (http://www.cde. gov/epiinfo/epiinfo htm).

3. Results
31 Physicochemical parameters

The pH values obtained from both sedimentation tank and
chlorinated effluent in WWTP-2 were slightly acidic. The
BOD-/COD ratios in WWTP-1 and WWTP-2 were of 0.25 and
0.33, respectively, indicating that chemical substances could
be present at relative high concentrations despite satisfactory
removal efficiencies of BOD<, COD and ammonium (Table 2).

3.2 Virus detection

Table 3 (WTTP-1) and 4 (WTTP-2) present the total detection
frequency of each viral group using ¢ PCR and gPCR. According
to results, at least one virus was detected in 86% of samples in
WTTP-1 and 100% in WWTP-2. HAdV was found the most
prevalent in WWTP-1, followed by RV-A, HAV and NoV Gl
(Table 3). The differences in the total frequencies of viruses'
detection in WWTP-1 were significant between HAdV and NoV
GII {p= 0.02, Chi-square) and HAdV and HAV (p = 0.02, Chi-
square).

In WWTP-2, RV-A was found the most prevalent virus,
followed by HAdV, HAV and NoV GII (Table 4). Similarly to
WWTP-1, the frequency of detection between RV-A and HADV
was not significant ( p = 0.30, Fisher), but differences were
significant between RV-A and NoV Gl (p = 0.0005, Chi-

square), RV-A and HAV ( p = 0.04, Fisher) and between HAdV
and NoV Gl { p = 0.008, Chi-square).

NoV Gl was identified by gPCR in one raw sewage sample (1/
14 [7.0%)) from WWTP-1 and in two effluent samples (/20
[10.0%]) from sedimentation tank in WWTP-2, where NoV GIL
was statically more frequent ( p =0.01, Chi-square) than NoV Gl.

The comparison of the viruses detection obtained from
different WWTPs showed higher frequencies detection for all
viruses in WWTP-2 than WWTP-1, but theses differences were
statistically significant only for RV-A (p = 0.003, Fisher) and
HAV ( p = 0.01, Chi-square).

In both WWTP no significant statistical differences were
found between cPCR and gPCR detection frequencies for all
viruses, except for NoV Gl found in WWTP-2, where gPCRwas
more sensitive ( p = 0.01, Chi-square).

The mean values of viral loads (genome copies (GC)/ml)
obtained from each stage of the sewage treatment processes
areshown in Table 5. Viral loads were observed even after post-
treatment by three anaerobic filters in WWTP-1 and after
disinfection by chicrination in WWTP-2 for almost all viruses
analyzed (Table 5). Higher viral loads were obtained for RV-Ain
all stages in both WWTPs compared with other viruses
analyzed in these treatment systems. HAV presented the
second-highest mean viral loadsin all stages in WWTP-2 (Table
5). The mean values (GC/ml) of NoV Gl were lower (1.4 » 10" GC/
ml) than other viruses analyzed in both WWTPs.

3.3. Molecular characterization

Molecular characterization of the viruses detected was based
on the nt sequence of cPCR products cbtained according
methods described previously (section 2.8). Nt sequences were
compared to respective prototypes and other strains available
in GenBank/NCE! in order to genotype strains as demon-
strated at Tables 3 and 4. All RV strains sequenced were
determined to belong to RV-A SG 1 with nt-identity ranging
92 6%—95.9% (WWTP-1, Table 3) and 94.1%—95.9% (WWTP-2,
Table 4) with prototype strain (EF426124 GenBank accession
number).

For HAdV, the partial sequence of genome charactenized 3
species D (WWTP-1, Table 3); 8 species F distinctly clustered (3
serotype 40 and 5 serotype 41), 5 species D and 3 species C
(WWTP-2, Table 4). For specie F (serotype 40) the percentages
of nt-identity ranged from 99.4% to 100.0% and for serotype 41
the nt-identity ranged from 92.6% to 954% with prototype
strain (MC001454 GenBank accession number), for specie D
(WWTP-1) and (WWTP-2) the nt-identity ranged from 98.8% to
99.4% and 96%—97.7%, respectively, with prototype strain
MC002067 GenBank accession number) and for specie C, the
nt-identity ranged 983%—988% with prototype strain
(NCD01405 Genbank accession number). HAdV specie C (322 —
WWTP-2) ranged 100.0% nt-identity with adenovirus type 2
(EU334498 — GenBank accession number) cbtained from chil-
dren with acute respiratory disease in Brazil.

All NoV strains sequenced (Tables 3 and 4) clustered with
GIl/4 genotype, ranging 91.1% of nt-identity with GII/4 proto-
type (X76716 — Bristol - GenBank accession number). NoV
strain sequenced from WWTE-1 (Table 3) obtained a high
homology (98.2% nt-identity) with NoV GII/M (AB447453 —
GenBank accession number) izolated from clinical sample in
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Japan, 2006, that appointed the circulation of new variants of
MoV during that period.

For HAV, 2 strains from WWTP-1 belonged to subgenotype
14 (94.6% and 94 .0%) nt-identity with prototype strain (HAS-
15— X15464 GenBank accession number), and two strains were
characterized as subgenotype IB (Table 3), ranging from 91% to
92 2% of nt-identity with res pective prototype strain (HM-175 —
M14707 GenBank accession number). In WWTP-2, all strains
sequenced fall into subgenotype LA with percentages of nt-
identity ranging from 94.6% to 952% with prototype strain
HAS-15.

anaerobic
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4. Discussion
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4.1.  Hospital WWTPs and viral detection
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24«
31 x
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The load of pathopenic viruses found m effluents from
WWTPs used in healtheare facilities are not well known yet as
well as its potential to eliminate these agents. The pollution of
water bodies and dissemination of pathogens in the envi-
ronment could be minimized by suitable alternative sewage
treatments. However, the consttucton, maintenance and
operation of hospital WWTPs can mean additional costs to
health systems meaning therefore that such systems should
be more economically viable.

Anaerobic processes for wastewater treatment are encour-
aged in Brazil, and a system of alternative treatment (UASB
reactor with post-treatment by three anaercbic filters) was
designed to treat sewage from a hospital in Rio de Janeiro.
However, UASE reactors with post-treatment by three anaer-
obic filters arranged in geries are not commonly reported and
data on the effectiveness of such treatment in the removal of
organic matter and pathogenic microorganisms should be
validated. A previous study on the use of sewage samples from
the same WWTP-1 evaluated the presence of multidrug-resis-
tant Enterobacteriaceae to antibiotics and demonstrated the
potential for spread of multidrug-resistant bactera in the
environment (Prado et al, 2008).

In this study the potential of environmental contamination
by organic matter and enteric viruses present in treated efflu-
ents from hospital WWTP-1 (anaerobic process) was compared
with viruses' detection found in treated effluents from another
hospital WWTP-2 (activated sludge process).

Regarding analysis of physicochemical parameters it was
demonstrated that concentrations of BOD; and COD found
during the stages of sewage treatment processes were lower
when compared to data observed in other studies (Rezaes
et al, 2005; Emmanuel et al., 2005, 2004). In both WWTPs the
COD concentrations were higher than BODs. AtBODg/COD < 5,
persistent chemical substances could be present in these
effluents and delay biological treatment processes (Emmanuel
et al., 2005). However, drugs, disinfectants and other chemical
substances possibly present in hospital wastewater did not
seem to affect the systems’ perfformance.

The high viral load found in effluents from both WWTPs
indicates that these hospital wastewaters contain great loads
of enteric virugses, mainly RV-A and HAV found in WWTE-2.
The excessive number of patients at this hospital and higher
mflow of wastewater seems to have influenced the results.

n
positive
1
2
1
2
4
3

10°/1.5 = 10°
16 x 10%/15 x 10°
14 x 100723 % 10°

Mean/SD
5.0 = 10°%/1.0 = 104
1.0 = 10713 = 10°
2.8 % 10021 x 10°
chlorinated effluent; SD = standard deviation; ND

HAAV
1.0

n
positive
=
3
3
4
5
3

Mean/SD
1.7 = 10%/3.8 = 107
4.2 % 10%/4.5 = 107
1.9 x 10°7/3.9 = 107

« 10P/4.0 x 105
8.3 » 107/1,3 = 107

RV-A

41
1.2 » 10°/28 = 10°
effluent from sedimentation tank: ChLE

2
2
1
7
7
4

positive

filtered effluent; ES

raw sewage; Ue = UASE effluent; FE =
process, WWTP-2 = activated sludge process,

Ue (n = 5)
=4}
RSn=7)
ES(n=7)
ChLE (n = 6)

{n = total samples)
RS{n=35)
FE (n

Stages of sewage treatment processes

g
i
[
k-
3
g
:
&
:
o
:
Qb
§
k-]
:
-
§
&
=
§
3
g
o
2
]
:
=1
&
2
e
i
g
k:
"
=
3
=

WWTPs
1

2

RS =

45



1294

WATER RESEARCH 45 [20f1) 1287—-1257

Mean viral loads of HAV found in hospital wastewaters in
WWTP-2 were approxdmately 2 log higher than mean values
of HAV quantified in wastewaters of an urban sewage treat-
ment plant in Rio de Janeiro, Brazil (Villar et al., 2007).

The viral concentrations detected in treated effluents from
UASB reactor corroborated for data about the limited effec-
tiveness of the system in the removal of pathogenic microor-
ganisms (Ottoson etal , 2006; Pradoet al, 2008). Post-treatment
with three anaerobic filters is relatively inexpensive to build,
operate, and maintain as a complementary treatment for
removal of organic matter. However, high viral loads were
detected even after post-treatment with anaerobic filters,
suggesting that these treatment processes do not have a good
performance to eliminate pathogenic viruses.

Membrane bioreactor (MBE) processes, have been suggested
as better alternatives for removal of pathogenic microorgan-
isms, including some viruses (Ottoson et al,, 2006; Zhang and
Farghbakhsh, 2007). However, high installation and mainte-
nance costs may limit their use in developing countries,
particularly considering hospital settings.

Results also suggest that chlorination of the effluents in
WWTP-2 do not enable a satisfactory removal of viruses.
Resistance of virusesin chlorinated effluents from WWTPs has
beenreported (Tyrrell et al., 1995; Carducci et al., 2008; Petrinca
etal, 2009 and could be due to the presence of organic matter
in effluents (Petrinca et al, 2009), which could facilitates the
aggregation of virus.

Some factors could be attributed to disinfection of viruses
using chlorination: chlorine concentration x contact time (CT
values), temperature (Lim et al,, 2010), ionic strength and pH
{Cromeans et al, 2010). Also, viral inactivation can be variable
according to intrinsic characteristics of each type of virus and
among different environmental samples (Espinosa et al, 2008;
Cromeans et al., 2010).

Moreover, Lim et al (2010) appointed that a great propor-
tion of viruses detected by PCR after dizsinfection with chlorine
could be related to the lengths of the amplicons (short
templates) used in the amplification reactions by PCR, which
underestimates viral inactivation. A controversial study
demonstrated that virus infectivity was correlated with the
persistence of viruges' genetic material detected by PCR after
chlorination in water samples, suggesting that molecular
techniques would be suitable for detecting viruses in water
(Espinosa et al., 2008).

4.2.  Methods for detecting enteric viruses in hospital
wastewater

The method that uses a type-HA negatively charged
membrane filter (Katayama et al , 2002) seems appropriate for
concentrating enteric viruses in hospital sewage samples.
However, the pre-filtration of sewage samples (2 [) through an
AP 20 membrane filter (Millipore) retained part of the sus-
pended solids in which some viruses could be aggregated.
There is a hypothesis that viral concentration obtained in this
study, mainly in raw sewage samples would be probably
higher than the observed. Katayama et al (2008) evaluated the
effectiveness of this concentration method for detecting
poliovirus type 1 (PV-1) in sewage samples from WWTPs and
found mean recovery yields of 23.0% for PV-1 recovered from

100 mL of raw sewage, 80.0% and 65.0% for PV-1 recovered in
1000 mL of secondary treated effluents and treated effluents,
respectively. The evaluation of recovery yields of vinises using
different concentraion methods should be important for
studies of viral removal efficiency in WWTPs.

This study has evaluated the applicability of molecular
methods to detect gastroenteric viruses and HAV in hospital
sewape samples. No statistically significant difference was
found between cPCR and qPCR for detecting viruses, except
with NoV GIL The improvement of qPCR over cPCR for
detecting NoV in sewage samples was algo found by Victoria
et al. (2009). The lengths of the amplicons obtained by qPCR
{very short template) could explain a better performance
when using this method in relation to cPCR used for ampli-
fying the polymerase region of NoV. Similar results were not
observed for RV detection, where the length of the amplicons
obtained by gPCR was found lower than the one obtained by
cPCR. Studies have demonstrated that different PCR protocols
and primer sets may result in varying detection and quanti-
fication results (Bofll-Mas et al, 2006; Ferreira et al., 2009;
Victoria et al., 2009). Moreover, gPCR is not always more
sensitive than conventional PCR (Bastien et al., 2008), and an
ongoing assessment of these methods are needed for detect-
ing different types of viruses in environmental samples.

Generally, PCRs have been considered as useful tools in
environmental virology studies, especially due their speci-
ficity and sensitivity to detect a few viral genomic copies in
several environmental matrices (Girones et al., 2010). Molec-
ular methods can also be used to detect viruses that are not
traditionally cultivable in cell cultures, such as human nor-
ovirus (NoV), and fastidious viruses such as rotavirus (RV-A)
and human hepatitis A virus (HAV).

Some studies have demonstrated that there are a great
proportion of viral genomes detected by PCRinenvironmental
samples that corresponds to infectious wviral particles
(Espinosa et al., 2008; Barrella et al, 2009). Moreover, viral
concentration methods could play an important role in the
recovery of intact virions versus naked genomes. Haramoto
et al (2007a) demonstrated that the adsorption-elution
method using a type-HA negatively charged membrane filter
for viral concentration in water samples is appropriate for
detecting intact viral particles predominantly.

Methods that combine features of cell culture and molec-
ularmethods for arapid, sensitive detection of infective virus
particles detected in water samples have been developed
(Cantera et al,, 2010) and is found promising to be used in the
future.

4.3. Molecular characterization

RV is the leading cause of acute gastroenteritis in children
worldwide (Parashar et al, 2006). Viral genome detection in
environmental samples could contribute to the characteriza-
tion of RV-A load in several geographic settings, mainly for
monitoring prevalent genotypes after the introduction of the
rotavirus national vaccination program, in March 2006 (Leite
et al, 2008).

In this study, BV-A detection in two hospital WWTPs
showed high frequencies of detection and viral loads, sug-
pesting that these viruses remain disseminated widely in our
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region. Higher prevalence of BV-A in relation to other gastro-
enteric viruses in environmental samples has been reported
in Brazil (Miagostovich et al, 2008; Ferreira et al, 2009).
Molecular characterization based on partial amplification of
VP6 gene demonstrated that the drculation of RV-A 5G 1
differed from results obtained from RV-A detected in sewage
samples, in Rio de Janeiro 2005, in which all RV-A strains
belonged to SG I (Ferreira et al., 2009).

VP6 iz a trimeric protein that interacts with the inner-layer
protein VP2 and with the two outer-layer proteins VP7 and VP4
(Iturriza Gémara et al., 2002). Previous study provided evidence
on independent segregation of the genes encoding VP? and
VP4 in reassortant rotavirus strains, where G1 P[8] strains are
associated with a VP6 of 5G I, while G2 P[4] strains are asso-
ciated with a VP& of SG1 (Iturriza Gémara etal., 2002). Infact,in
last years there has been a remarkable reemergence of G2 P[4]
RV-A in Brazil but it seems to reflect a continental phenom-
enon (Leite et al, 2008) that is not associated necessarily with
vaccination. Further epidemiological studies should be con-
ducted to look for additional changes in the post-vaccination
era.

HAdV iz algo one of the main causes asgociated with
different clinical syndromes including gastroenteritis, respira-
tory diseases, conjunctivitis, hemorthagic cystitis and exan-
thema (Ishiko et al, 2008). HAdV was the most prevalent
pathogen detected in WWTP-1 and the second most prevalent
in WWTP-2 None statistically significant difference was
obtained between detection frequencies of effluents from both
WWTPs, indicating that this type of virus would be regularly
excreted in these environments. The varety of spedes and
serotypes that cause several diseases could contribute for wide
dissemination of HAdV in the environment

Interestingly, specie F (enteric serotypes 40 and 41) was not
detected in WWTP-1, as expected in environmental samples
(Haramoto et al., 2007b), but it was detected in 50% of HAAV
strains sequenced from WWTP-2. The prevalence of enteric
serotype (40 and 41) of HAAV had been reported in acute
gastroenteritis cases in hospitalized children from Rio de
Janeiro and Salvador, Brazil (Pereira-Filho et al., 2007). HAdV
gpecies C and D, that include serotypes assocdiated frequenty
with respiratory tract infections and nosocormnial keratocon-
junctivitis cases (Ishiko et al., 2008) were detected in 50% of
samples analyzed from WWTP-2 indicating that the preva-
lence of species can vary according to the type of environment
evaluated.

NoV is transmitted mainly through contaminated water or
food and has been related in outbreaks that cccur frequenty
inschools, hospital restaurants, among others (Tan and Jiang,
2007). The low detection of NoV Gl found in this study is in
accordance with other studies that reports lower frequencies
of this genogroup when compared to Gl in dlinical and sewage
samples in Rio de Janeiro, Brazil (Victoria et al, 2007, 2009).
The clustering of NoV strains obtained in this study with NoV
GIl/4 prototypes corroborates with data that demonstrates
that this genotype is the most prevalent worldwide (Siebenga
et al,, 2007).

Eronomic development combined with improvement of
sanitation services, mainly drinking and piped water supply,
has contributed to a shift from a high to medium endemicity
of HAV infection in Brazl (Vitral et al., 2008). Although all

forms of viral hepatitis are considered diseases of compulsory
notification, data on the incidence of HAV in the country are
still incomplete due to msufficdent information on notified
cases and the fact that sometimes the aetiology of the infec-
tion is not investigated fully in the country (Vitral et al., 2008).
In fact, HAV outbreaks have been occurming in Brazilian
communities, considering water as the source of infection (De
Paula et al, 2002, 2007), mainly in locations with less sanita-
tion (Silva et al., 2007) showing a high detection of HAV
obtained from Brazilian environmental samples (De Paula
et al, 2007; Villar et al, 2007).

The most of human HAV strains have been found belonging
to genotype [, in which subgenotype 1A predominates over
subgenotype IB in South American countries (Costa-Mattioli
et al., 2001), corroborating with data obtained in this study.
However, the co-circulation of 1A and IB subgenotypes in
clinical and environmental samples in Brazil have also been
identified as well as reported in this study carried out with
hospital wastewaters samples in 2006, providing important
information on the circulating genotypes of HAV strains in
Brazil (De Paula et al.,, 2002, 2007; Villar et al , 2007).

5. Conclusion

(1) Results showed that both WWTPs are not suitable systems
for removal of gastroenteric viruses and HAV present in
hospital wastewaters.

(2) Hospital wastewaters can be contaminated by high load of
enteric viruses, but the frequencies of detection and quan-
tification results could be variable according to virus' type
and effluents coming from different health care centers.

{3) EV-A could be considered the main responsible for acute
gastroenteritis cases in the periods analyzed.

(4) The prevalence of viral genotypes m hospital sewage
samples demonstrated that environmental and molecular
approach could provide viruses' distribution, mainly in the
absence of an accurate clinical diagnostic. Viral circulation
pattern into the environment could be influenced by each
geographic region and the epidemiological community
profile. Other species of HAdV, associated generally with
respiratory tract diseases and keratoconjunctivites cases
could be easily detected in hospital wastewaters.

(5) This iz the first study concerning the detection, quantifi-
cation and molecular characterization of several types of
gastroenteric viruses and HAV in effluents from different
hospital WWTPs carried out in Brazil. Studies on the
performance of current WWTP processes for removing
pathogenic microorganisms should be encouraged to
support the sanitary authorities to improve policies on
wastewater management.
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Hepatitis A is a viral disease with a significant public health impact, especially in developing
countries. Improvements in sewage services could prevent hepatitis A virus (HAV) dis-
semination into the environment and minimize the risk of infection. The aim of this study
was to monitor HAV for one year in urban sewage samples from the largest wastewater
treatment plant in Rio de Janeiro, Brazil to assess environmental contamination with HAV
and its dissemination after treatment by an activated sludge process. For this purpose, 48
samples (24 raw sewage samples and 24 treated effluent samples) were collected from
August 2009 to July 2010 for HAV detection.

Using quantitative real-time PCR 14 (58%) raw sewage samples were positive for HAV,
and the highest viral genome loads were detected in the spring and summer. HAV was not
detected in treated effluent samples, which suggests that the viral loads observed could
be easily removed by the activated sludge process, thus preventing the dissemination of
HAV into the environment. All of the HAV strains sequenced belonged to subgenotype 1A,
which clustered closely with Brazilian and Argentine HAV strains. These data demonstrate
that environmental monitoring can be a useful tool in epidemiological studies.

© 2011 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd.
All rights reserved.
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1. Introduction

Hepatitis A virus (HAV) is a non-enveloped RNA virus
that is 27 to 32 nm in diameter, has icosahedral symmetry,
and belongs to the genus Hepatovirus of the Picornaviridae
family. Hepatitis A virus has a single-stranded, 7.5 kb
genome with positive polarity.!2

Genetic analysis of the selected genome regions has
suggested that distinct genotypes can be found in different
locations. At least seven HAV genotypes have been iden-
tified around the world, initially including four human

# Corresponding author. Present address: Av. Brasil 4.365 Manguinhos
CEP 21040-360 Rio de Janeiro R] Brazil. Tel.: +5521 2562 1900;
fax: +5521 2562 1711.
E-mail address: tprado@ioc.fiocruz.br (T. Prado).

genotypes (I, II, Il and VII) and three simian genotypes
(IV, V and VI).? However, further investigation has sug-
gested that genotype VII should be reclassified as a
subgenotype of genotype II, based upon analysis of the
complete virion protein (VP1) sequence? Genotype |
(subdivided into two subgenotypes IA and IB) is preva-
lent among the HAV strains that are detected in human
infections worldwide,!33

Hepatitis A virus is commonly transmitted by the
faecal-oral route, either directly from person to person or
via contaminated food or water.2 Contaminated water is
frequently considered a potential source of HAV transmis-
sion, and some studies have demonstrated that the virus
is present in polluted aquatic environments in Brazil.5-8

In Latin America, 350000-400000 new cases of
HAV infection are estimated to occur per year, and
the mortality rate in patients under 15 years of age is

0035-9203/$ - see front matter © 2011 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights reserved.
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3000 deaths/year.? In Brazil, between 2000 and 2005,
approximately 14000-21000 cases of hepatitis A are
reported annually, and the incidence of infection is vari-
able across the distinct geographical regions, with the
highest rates in the north and northeast regions.1?

Due to economic development and improvements in
sanitation conditions, mainly affecting the drinking water
supply, the endemicity pattern has decreased from a high
to an intermediate level in Brazil.!° As a consequence of
this changing pattern, infection susceptibility has propor-
tionally increased which has resulted in a higher incidence
among older people who are at risk of developing more
severe disease symptoms.!!

Brazil has not adopted a routine vaccination policy!®
and plans to prevent infection through better sanitation
conditions in the poorest regions.!! Monitoring HAV in
environmental samples is not a common practice in Brazil,
and there is little information on either viral contamina-
tion levels in aquatic environments or the efficacy of virus
removal through wastewater treatment plants (WWTPs)
that operate at full-scale.78.12

Therefore, the aim of this study was to monitor HAV
for one year in urban wastewater samples from the largest
WWTP in Rio de Janeiro, Brazil to assess environmental
contamination with HAV and its dissemination after an
activated sludge process. The HAV genome load was mea-
sured using real-time PCR, and the positive samples were
submitted for partial amplification of the virion protein
1 and 2A genes (VP1/2A) and nucleotide sequencing to
confirm the quantitative real-time PCR (qPCR) results and
determine the prevalent genotypes in the study area.

2. Materials and methods
2.1. Wastewater treatment plants and sample collection

The urban WWTP analysed in this study is located in the
metropolitan area of Rio de Janeiro, Brazil, which is served
by a separate sewer system, This WWTP is the largest in Rio
de Janeiro and receives urban sewage from approximately
1500000 inhabitants (24.6% of the population), including
those residents in the central and peripheral regions of the
city.13

The plant employs a secondary treatment process (an
aerobic process using conventional activated sludge) with
amean inflow of 2500151, The treatment process begins
with a preliminary treatment and primary sedimentation
at a hydraulic retention time (HRT) of 2 h. There are four
aeration tanks in parallel (11500 m? per tank) that have
the capacity to treat 6251s-1 of effluent at an HRT of 5h.
Secondary sedimentation is performed in four secondary
settling tanks (8800m3 each) with an HRT of 4h. The
total HRT for the system is approximately 12 h. The final
effluents are not chlorinated.

Treated effluent from the WWTP is discharged into
Guanabara Bay (22°40'-23°00" S and 43°00'-43°20" W;
area: 380km?), which is an ecosystem that surrounds
a large part of the city, including the ports. Fishing,
recreational practices and tourism are frequent in this
ecosystem.

During this study, a total of 48 sewage samples were
collected bi-monthly (at 15 day intervals) for one year
(August 2009 to July 2010). Twenty-four samples from
raw sewage and 24 samples from treated effluents were
collected. For each sample, 100 ml of sewage was collected
in sterile plastic bottles, stored at 4°C and transported to
the laboratory for immediate analysis.

2.2. Concentration method

The viruses were concentrated using an ultracentri-
fugation-based method, as previously described.' For the
procedure, 42 ml of each sewage sample was concentrated
to a final volume of 2 ml. All of the concentrated samples
were stored at —70°C until the molecular biology analysis.

2.3, Viral genomic extraction and reverse transcription
reaction

Nucleic acids were extracted from 300 pl of concen-
trated sample using the glass powder method described
previously!® to extract the RNA in 60 pl,

cDNA synthesis was performed using reverse tran-
scription (RT) with a random primer (PdNg; 50A260
units; Amersham Biosciences, Chalfont St Giles, Bucking-
hamshire, UK). First, 2 .l dimethyl sulphoxide (Sigma, St.
Louis, MO, USA) and 13 p.l RNA were mixed briefly, heated
at 97 °C for 7min, and chilled on ice for 4 min. The com-
ponents of the mixture and their final concentrations in a
50-p.1 RT reaction were as follows: 2.5 mM each deoxynu-
cleoside triphosphate (GIBCO BRL, Life Technologies, Inc.,
Grand Island, NY, USA), 1.5mM MgCly, 200 U Superscript
Il reverse transcriptase (Invitrogen), and 1 pul of PdNg. The
RT reaction mixture was incubated in a thermal cycler
(PTC-100 Programmable Thermal Controller; MJ] Research,
Inc., Watertown, MA, USA) at 25°C for 5min, 50°C for
60 min and 70°C for 20 min.

2.4. Quantitative real-time PCR

The 5 noncoding region of the HAV genome was
used for amplification and absolute quantification via the
TagMan qPCR assay. The primers and probe, amplification
positions on the genome, standard curve and thermal
cycling conditions have been described previously.516
The qPCR reaction was performed with 5l of ¢cDNA at
a final volume of 25 pl using the Universal PCR Master
Mix (Applied Biosystems, CA, USA). The amplification data
were collected and analysed using Sequence Detection
Software version 1,0 (Applied Biosystems). All of the reac-
tions were performed in duplicate and the samples were
considered positive when one or two tubes fluoresced
and had a cycle threshold (Ct) value lower than 40. To
avoid false-positive results, quality control measures such
as using separate rooms were adopted, and each set of
amplifications included positive and negative controls.

The number of viral genomes was determined by
adjusting the values according to the volumes used in each
step of the procedure (extraction, cDNA synthesis and
qPCR reaction). The number of genome copies (GC) that
were observed is reported in ml per concentrated sample.
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2.5. Reverse transcription-nested PCR

The samples that were positive in the gPCR analysis
were further analysed using RT-nested PCR. The VP1/2A
coding junction region was amplified using primers for
which the sequence gene position and reaction conditions
have been described elsewhere.!” In all of the reactions,
positive and negative controls were included and separate
rooms were used for each set of amplifications (RT-PCR and
RT-nested PCR). The products from the second round of
PCR were loaded onto a 1.5% agarose gel and stained with
ethidium bromide (0.5 wg ml-') to detect bands (expected
length, 244 bp) after elecirophoresis. Products were visu-
alised in an ultraviolet transilluminator (GEL Logic 212
Imaging System KODAK), and the images were analysed
using the image capture system software (Molecular
Imaging Software KODAK),

2.6. Nucleotide sequencing

The RT-nested PCR products were purified using
the QIAquick PCR Purification Kit (Qiagen) according to
the manufacturer's instructions and quantified by elec-
trophoresis using a 2.0% agarose gel with a Low DNA Mass
Ladder (Invitrogen). The PCR amplicons were sequenced
in both directions using the Big Dye® Terminator Cycle
Sequencing Kit v.3.1 (Applied Biosystems) in an ABI Prism
3730 Genetic Analyzer® {Applied Biosystems) as described
by Otto et al.'® with the same primers that were used for
the second round of RT-nested PCR.

2.7. Sequence and phylogenetic analysis

The nucleotide sequences were edited and aligned using
the BioEdit® Sequence Alignment Editor.'® The sequences
were compared with their prototypes and other sequences
from the National Center for Biotechnology Information
(NCBI{GenBank) (http://www.ncbi.nim.nih.gov/). The phy-
logenetic tree was constructed using MEGA v.4.020 with
the neighbour-joining method and the genetic distance
was corrected using the Kimura two-parameter model
with 2000 pseudoreplicates.

3. Results

HAV was detected throughout the year; 58% (14/24) of
the total raw sewage samples collected were positive using
gPCR (Figure 1) and none (0/24) of the treated effluent
samples were positive. Analysis of the raw sewage samples
showed that the mean viral loads were highest during
the spring and summer periods (October to March), and
reached the highest peak in October (3.7 x 107 GCml')
(Figure 1).

All 14 positive samples that were identified by gPCR
were analysed using RT-nested PCR, and only 4 positive
(28.5%) raw sewage samples were detected using this
method (Figure 2).

The results of nucleotide sequencing revealed that all of
the HAV strains belonged to subgenotype IA, and formed
distinct sequence clusters with high nucleotide simi-
larity (Figure 2). HAV isolates had nucleotide identities
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Figure 1. Mean hepatitis A virus (HAV) genome loads detected in raw
sewage samples from the wastewater treatment plant.
Bars: Maximum and minimum values,

ranging from 96.5% to 97% with the prototype strain
HAS-15 and from 96% to 100% homology with sequences
available in GenBank (Figure 2). Three identical HAV
strains sequences (R] 521, 524, 553) were obtained and
they differed from the HAV strain R] 616 by 3.5% at the
nucleotide level. A BLAST search was performed and the
most similar sequences were included in the phylogenetic
analysis. The identical HAV sequences had maximum
homology with the HAV strains commonly circulating in
Brazil (100% nucleotide identity with sequences reported
in the northeastern regions, including Maranhao {MA),
Pernambuco (PE) and Bahia (BA) and southeastern region,
including Rio de Janeiro (R]). A distinct HAV strain (R] 616)
was closely related {(nucleotide identity 99-99.5%) to HAV
isolates from Argentina (Arg.) and the southeastern and
northeastern regions of Brazil (R] and BA, respectively)
(Figure 2). The amino acid sequences from the Brazilian
HAV isolates were compared with each other and the proto-
typical subgenotype IA strain (HAS-15). The heterogeneity
observed at the nucleotide level did not yield amino acid
substitutions.

4. Discussion

Improvements in sanitation conditions are an important
preventive measure against the acquisition of HAV infec-
tion, especially in regions where a routine immunization
policy is not employed.?!

In Brazil, sewage networks and WWTP construction
have expanded in recent years according to Brazilian Insti-
tute of Geography and Statistics, to overcome a historical
deficiency in this sector. 2223

Viruses are not regularly monitored as part of a standard
procedure to assess the microbiological quality of efflu-
ents. However, new monitoring parameters are emerging
primarily due to the increased degradation of the aquatic
ecosystems and the environmental and health impacts
from global climate change, a scarcity of water resources
and new alternatives for effluent disposal and reuse.

Guanabara Bay has historically been recognized as con-
taining high levels of pollution, principally from domestic
and industrial sewage that are directly discharged without
effective treatment. The recent introduction of a secondary
treatment at this WWTP is part of a major government
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Figure 2. Phylozenetic tree of hepatitis A virus (HAV ) isolates from sewage samples obtained in this study {represented with m). Phylogeny was based on
an analysis of 200-bp segments of the VP1/2A genome junction region (nucleotide position 2880-3079). Bootstrap percentages >70% are shown. The HAV
strains obtained in this study and the prototypes are indicated by the CenBank access numbers on the tree. The location, month and year of isclation are
indicated in parentheses. GenBank accession numbers for other nucleotide sequences included in the phylogenetic analysis are:

RJ 12(AY323034) R 37 (AY322840), RI 81 (AY322841) R 86 (A¥322839) R] 178 (AY323023).R] 104 (AY323022), BA 251 (AY323033), BA 256 (AY322842),

BA 295 (AY322838), MA 347 (AY323039], MA 367 (AY323036), MA 373 (AY323035), MA 378 (AY323037), PE 17677 (DQ002558), Arg 47 (AY257997),

Arg 4.8 (AY257998), Arg 4.9 (AY257999), Arg 5.5 (AY258000), Arg 11.9 (AY314891), Arg 23.10 (AY924965), Arg 25.9 (AYG7 5465 ).

Arg: Argentina, BA: Bahia, MA: Maranhdo, PE: Pernambuco, R]: Rio de Janeiro.

Bar: genetic distance.

project to decontaminate Guanabara Bay (Guanabara Bay
Decontamination Program (GBDP).!? The presence of HAV
has not been investigated in this environment, and the
data obtained in this study could be useful to address
adequate strategies for wastewater management.

To detect HAV, sewage samples were concentrated
using an ultracentrifugation protocol. This method
is appropriate for concentrating enteric viruses from
wastewater (the mean recovery rate was 47% for rotavirus
A (RV-A) and has a higher recovery efficiency than the
adsorption-elution method, which is commonly employed
for enteric viruses recovery from wastewater.?* Using
this ultracentrifugation-based method a mean of 1.9 x 10°
RV-A genomes per | of raw sewage was detected using
the TagMan gPCR assay, which detected a positive result
through a ten-fold dilution.2*

The TagMan gqPCR assay has a high sensitivity for
detecting HAV in water samples (the detection limit is
60 genome copies (GC) per ml).'S This qPCR assay is
considered suitable to detect these viruses in raw sewage
and treated effluent samples.’-12

Using the TagMan gPCR assay, HAV was detected in 58%
of the raw sewage samples analyzed, which demonstrates
the potential of this wastewater to disseminate viruses
into the environment.

However, our data were compared with a previous
study in which HAV was detected in 88% (22/25) of
the raw sewage samples that were collected during
one year (2005) in Rio de Janeiro using the same qPCR
assay.” The statistical program EPI Info™ version 3.5.1
(http://www.cdc.gov/epiinfo/epiinfo.htm) was used to
confirm whether there was a significant difference in the
HAV detection frequency observed between the studies.
Using this program, we observed a significant reduction in
the HAV detection frequency (from 20057 to 2009/2010)
for Rio de Janeiro wastewater (p-value 0.01, ¥* test,
significance level 0.05).

Moreover, the HAV genome was not observed in the
treated effluent samples, which demonstrated that the
activated sludge process efficiently removed approxi-
mately two log units of HAV in the raw sewage, which is
an advance in HAV dissemination control for the period
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evaluated. Nevertheless, viral genome loads below the
gqPCR assay detection limit could be present in treated
effluents samples.

The quality of the effluent produced by the activated
sludge processes could be related to the WWTP's variable
design and operational conditions, including the hydraulic
retention time in the aeration tanks, adequate aeration, the
percentage of the flow treated, protozoan predation and
the characteristics of the sewage being treated.?® More-
over, the WWTP size is an important factor in the pollutant
removal performance because compact treatment units
are subject to more instability because of the variation in
influent characteristics.?® For this reason, the activated
sludge process that was analyzed in this study may have
a higher stability and better HAV removal compared with
other activated sludge processes in Brazil.7.12

Socio-environmental variables have an important role
in HAV epidemiology, especially in countries with tropical
climates. During this study the highest HAV genome
loads were observed in warmer and rainy seasons, which
corroborates data from a previous study.”

Some authors have explained that rainfall events
lead to overflow in the streams, rivers and open sewage
channels that surround communities and increase the
number of infections in this region during these seasons.?”
The habits of the population, such as swimming in aquatic
environments during warmer periods, also contributes to
HAV outbreaks in Rio de Janeiro.2®

Hepatitis A virus genome loads were obtained of the
sewage samples using the qPCR assay, which has been
reported to be more sensitive than conventional PCR in
many cases,”-'6 as was observed in this study.

Molecular characterization of the HAV nucleotide
sequences demonstrated that genotype | was prevalent,
within which only subgenotype 1A was observed. The
prevalence of HAV subgenotype 1A has been reported in
South American countries.2?

The Brazilian isolates in this study were either genet-
ically closely related or identical to isolates in Brazil
and Argentina. ldentical HAV sequences clustered with
HAV strains have been observed primarily in Maranhao
(MA) state and form a distinct cluster of subgenotype 1A
compared with HAV isolates from other regions in Brazil.®

The incidence of HAV infection remains high in areas
with lower socio-economic conditions and less sanitation,
such as the north and northeast regions'®22 in which only
3.8% and 22.4% of households, respectively, have access to
a sewage network.2?

The HAV strain R] 616 had a higher nucleotide similarity
to Brazilian and Argentine HAV isolates. The Argentine
HAV strains that were included in the phylogenetic anal-
ysis have been isolated since 1998, indicating a relatively
high degree of genetic conservation among the HAV strains
circulating in these regions. These data suggest that an
endemic HAV population is circulating in several South
American regions, as reported by other authors.2”

A limited number of South American HAV isolates have
been characterized at the genomic level.'72® Improve-
ments in molecular approaches, including sequencing
of the other regions on the genome, such as entire
VP1 region,? should allow researchers to establish more

accurate epidemiological relationships between HAV
isolates from South America in the near future.

The data herein indicate that a large activated sludge
processes that is operating normally may be suitable to
control HAVs that are circulating in wastewaters from Rio
de Janeiro and other locations where the viral loads that
are detected in urban wastewaters are similar to this study.

In recent years certain measures have been taken to
expand the coverage and efficiency of sewage services
in Brazil, such as an effective interconnection with the
areas of public health, water resources management and
urban planning.Y The Ministry of Health has encouraged
activities in environmental health surveillance, including
integrated information and monitoring systems.?? These
systems should include environmental health conditions
indicators and data on the effectiveness of the basic
sanitation services, which involve setting goals to ensure
service quality and prevent an environmental impact and
public health risk.
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Running headline: Assessment ofenteric viruses in WWTP and methods for virus

recovering from primary sludge

Surveys on enteric viruses in effluents and solabste from wastewater treatment plants
(WWTP) have demonstrated environmental contaminalip those viruses as well as the
difficulty to eliminate them once spread in the ieomment. This study, presented in two
parts, aims to assess rotavirus A (RV-A), adenavfAdV), norovirus (NoV) and hepatitis A

virus (HAV) concentrations in samples obtained frdifferent stages of a large urban WWTP
using an activated sludge process. The ultracagation method used in this study was also

compared to other viral concentration methods @movering those viruses from primary
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sludge (part 1) and biosolids (part Il) sampleseTise of a bacteriophage PP7 was also

evaluated as an internal control (IC) in all prages.

ABSTRACT

Purpose: The aim of this study was to evaluate concentnatiof rotavirus A (RV-A),
adenovirus (AdV), norovirus (NoV) and hepatitis Aug (HAV) in environmental samples
from an urban wastewater treatment plant (WWTP} tlss an activated sludge process,
located in Rio de Janeiro, Brazil. Virus recoveates and detection limits of sludge samples
were evaluated by using two different virus concaian methods.

Methods: the ultracentrifugation based method was perforfoedecovering enteric viruses
from raw sewage, primary sludge, primary, treatifldients and biosolid samples. A second
virus concentration method based in beef extradiosi was tested for recovering enteric
viruses from primary sludge and biosolids (part Ah internal control (PP7 bacteriophage)
was included in these analyses to avoid false-negaesults. Virus concentrations were
determined by quantitative real-time PCR (qPCRagss

Results and conclusionsUltracentrifugation is suitable for detecting eideviruses from
sewage samples, but a beef extract based-methoth@rassuitable for detecting viruses from
naturally contaminated primary sludge, althouglovecy efficiency is lower than 10%. Viral
genome loads in primary sludge are expected to b2 [bg, units higher than found in raw
sewage. Treated effluent samples and anaerobichligsted sludge pose a risk for
environmental contamination since viral genomesnarteeliminated by treatment processes.
AdV were present in 90% of the analyzed primarylgkisamples and could be considered

good indicators for evaluating the presence ofrentéruses in these residues.

Key-words: enteric viruses, primary sludge, activated sluggecess, virus concentration

methods.

1. Introduction

Activated sludge process is the most widespreathnigae for biological wastewater
treatment (Potier et al. 2005). In general, thddgical stage is performed in three units:
primary settling tank, aeration tank and secondatiling tank. Data have demonstrated that
these systems do not present a good performangeugiremoval and the resistance of these

agents by secondary biological treatment procemseédinal disinfection by chlorination have
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been described in several studies (Bofill-Mas e2@06; Fumian et al. 2011; Katayama et al.
2008; Petrinca et al. 2009; Prado et al. 2011aovie et al. 2010).

Some mechanisms have been proposed for explainimg vemoval by the secondary
treatment process (Wen et al. 2009). The main nmesims involve adsorption of viruses onto
the biological flocs, settling to the sludge phasel predation by other microbes, such as
protozoa and metazoans (Silva et al.2007; Wen @080P). However, many questions remain
to be elucidated, such as attachment propertiegro$es onto sludge flocs and variable
removal rates for different viruses, as suggestesiviere (Silva et al. 2007).

Nowadays, there is a scarcity of information abthé destination and release of several
enteric viruses in conventional current WWTPs,udahg viral analysis in sewage sludge and
biosolids (Simmons and Xagoraraki 2011). The vinahitoring is fundamental to support an
adequate management of the solid wastes genenat®®WTPs in order to avoid both
environmental and human contamination (Sidhu armeT2009).

Nowadays, molecular biology methods, notably payase chain reaction (PCR) and
their subsequently development in quantitative-tea¢ PCR (qPCR) are the most adequate
for virus detection in environmental samples (Ga®sret al. 2010; Jofre and Blanch 2010).
However, natural inhibitors affect PCR performaace commonly false negative results can
be obtained, mainly when considering virus deteciio sewage sludge (Jofre and Blanch
2010). Limits of detection of these methods shdadabtained to ensure a reliable analysis of
health public risks.

Therefore, the aim of this study was to evaluatgcentrations of rotavirus A (RV-A),
adenovirus (AdV), norovirus (NoV) and hepatitis Aus (HAV) in environmental samples
obtained from several stages of an urban wastevira@aiment plant (WWTP) that uses an
activated sludge process, located in Rio de Janddxazil. For this purpose an
ultracentrifugation based-method widely used forsteavater samples (Pina et al. 1998;
Bofill-Mas et al. 2006; Fumian et al. 2010) was lagap for different samples including raw
sewage, primary sludge, primary and treated efthigrart I) and biosolids (part | and II). An
ultracentrifugation based method that had not ktested for virus recovery from sludge
samples was compared with a second virus conciemtrabethod based in beef extract
elution, virus recovery rates and detection linoitshe assays were determined. In this study

it was also evaluated the use of PP7 bacteriopasig® internal control.

2. Materials and methods

2.1. Sampling collection at WWTP
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The urban WWTP analyzed in this study is locatethenmetropolitan area of Rio de Janeiro,
Brazil. The plant operates by a secondary treatnpeatess (an aerobic process using
conventional activated sludge) with a mean infldvt 600 | §*. The treatment process begins
with a preliminary treatment and primary sedimeaatatt a hydraulic retention time (HRT)
of 2 h. There are 4 aeration tanks placed in prélll 500 m per tank) that have the
capacity to treat 625 ['sof effluent at an HRT of 4 h. Secondary sedimémiais performed

in secondary settling tanks at an HRT of 4 h. TdtaltHRT for the system is approximately
of 12 h. The final effluents are not chlorinated.

Raw sewage, primary effluent (after treatment ia phimary settling tanks), sewage sludge
from primary settling tanks, treated effluent sagsplafter secondary settling tanks) and
biosolids were collected from January to July, 20¢@lumes of 100 ml of samples were
collected in sterile plastic bottles, stored at 43@d transported to the laboratory for

immediate analysis.

2.2. Virus concentration methods

Ultracentrifugation-based method initially descdbby Pina et al. (1998), was used for
enteric viruses concentration for all samples. pamary sludge and biosolid samples, the
minor modifications were performed. Briefly, 25 ofl sewage sludge was suspended in 10
ml of 0.25N glycine buffer (pH 9.5) whilst for biokds, 5 g (dry matter (d.m.) - determined
according to USEPA 625/R-92/013, 2003, Appendixwd) suspended in 15 ml of 0.25N
glycine buffer (pH 9.5). After incubation in icerf@0 min., the solution was neutralized by
the addition of 10 ml of 2 x phosphate-bufferedirgal(PBS, pH 7.2). The mixture was
centrifuged (12 000 x g for 15 min, 4°C) and thepesmatant was submitted to an
ultracentrifugation (Beckman ultracentrifuge eq@@ith a type 35 rotor) at 100 000 x g for
1h at 4°C. Pellet was resuspended in 1.0 ml oPBS pH 7.2.

For primary sludge samples another method basedluion with beef extract was also
evaluated. This method was described by Guzmah @087), which consists of a simplified
method, similar to USEPA 625/R-92/013, Appendix 20d3). Briefly, in 25 ml of sewage
sludge 10% beef extract solution was added (LPOZ98pid Ltd. Basingstoke, Hants.,
England), pH 7.2 at 1 :10 (v/v) or (w/v). The saemplas stirred by magnetic stirring (500
rpm) for 20 min at room temperature. After, the pltwas centrifuged at 4,000 x g for 30
min at 4°C. The supernatant was recovered andeiteéhrough a low protein binding 0.22um

pore size membrane filters (Millipore) for decontaation.
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2.3. Viruses and sludge spike experiments
RVA G1P[8] (GenBank accession no. GU831596), NoW4=train (GenBank accession no.
DQ997040) isolated from positive fecal suspensitdlf) previously identified from acute
gastroenteritis outbreaks in Brazil were used iikexp experiments. AdV serotype 5
propagated in cell culture (Hep-2) and HAV straitAE-203) in Rhesus kidney cell cultures
(FRhK-4) were used to perform all experiments @filet al. 2006). A PP7bacteriophage
(ATCC 15692-B2) kindly provided by Dr. Veronica RhSalta University, Argentina), was
included as internal control (IC). The replicatisras performed by culture in the host
Pseudomonas aerugino$ATCC 15692) using a previously described protq&tdjal et al.
2007).
For spiked experiments, sludge samples were awedtlaat 121°C for 30 min for
decontamination. Viruses were spiked in 25 ml o¢f #ludge sample and adsorbed onto
sludge flocs by adjusting the pH to 3.8.% with HCI (1N), as described by Sano et al. 00
and stirring with a magnetic stirrer for 30 min.el$§ludge samples were centrifuged (10,000 x
g, 15 min, 4°C) and pellet generated in each erpat were analyzed through concentration
methods and Real-Time PCR assay for determiningsviecovery yields. Procedures were
performed in triplicate and repeated at differeated. In all experiments, negative controls
(decontaminated sewage sludge samples withoutegrsseded) were also included
Detection limits of methods were tested dilutingtial spiked viral titers to the
samples. Viral titers varying from 1€ 10 viral particles were inoculated in all experiments
performed in triplicate. High concentration (ran@é’ — 10° GC mI*) of PP7 bacteriophage

were spiked in naturally contaminated samples.

2.4. Viral genomic extraction and reverse transcripon (RT) reaction

Nucleic acids were extracted from 140 pl of theatduo obtain a final volume of 60ul, using
the QIAamp Viral RNA (Qiagen, Inc., Valencia, CArcarding to the manufacturer’'s
instructions.

cDNA synthesis was carried out by RT using a randommmer (PdN; 502 units;
Amersham Biosciences, Chalfont St Giles, Buckingstane, UK) for RV, NoV, HAV and
PP7. 2ul of dimethyl sulfoxide (Sigma, St. LouisDMand 10ul of RNA were mixed briefly,
heated at 97°C for 7 min, and chilled in ice fomé. The components of the mixture and
their final concentrations for a 50-ul RT reactware carried out as follows: 2.5 mM each
deoxynucleoside triphosphate (GIBCO BRL, Life Tealogies, Inc., Grand Island, NY), 1.5

mM MgCl,, 200U of Superscript Il reverse transcriptaseif{togen), and 1ul of PdNThe
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RT reaction mixture was incubated in a thermal ey¢PTC-100 Programmable Thermal
Controller; MJ Research, Inc., Watertown, MA) at@53or 5 min, 50°C for 60 min and 70°C

for 20 min.

2.5. Virus quantification by Real-Time PCR

Real-time PCR protocols including sequence of prinad probes, region of amplification
of the genome and references can be found in Tlatfer all virusesa standard curve (SC;
10% to 10 copies per reaction) was generated using a teséoid! dilution of pCR2.1 vectors
(Invitrogen, USA) containing the target region. TqfeCR reaction was performed in the final
volume of 25 pl by using 12.5 ul of the Univers@lfPMaster Mix (Applied Biosystems, CA,
USA) and 5 pl of the cDNA on the following inculmti conditions: 50°C for 2 min to
activate UNG, initial denaturation at 95°C for 1@and then 40-45 cycles of 95°C for 15s
and 50-60°C, depending on virus type, for 1 min. pfification data were collected and
analyzed using Applied Biosystems 7500 SoftWar2.0 (Applied Biosystems, Foster City,
CA). All reactions were performed in duplicate. Begy was considered when samples
signals crossed the threshold line, presentingasackeristic sigmoid curve. The number of
viral particles was determined by adjusting thaugalaccording to the volumes used for each
step of the procedure (extraction, cDNA syntesid gRCR reaction). The values (genome

copies — GC) found in each methodology were regdarten| or g of concentrated samples.
2.7. Virus recovery efficiency
The virus titer after viral elution from sludgengales was determined by Real-Time

PCR assays. The virus recovery efficiency from eaetthod tested was calculated with the
following previously described equation (Sano e280D3):

Virus recovery efficiency (%) = virus titer (GC thor %) after the virus elution x 100

Titer of added viruses (&C") in sludge samples

2.8. Statistical analysis

The frequency of detection of each tested virugiobd in raw sewage, sewage
sludge, primary effluent and treated effluent saspliere compared using a chi-squa€® (
test and/or Fisher’'s exact test at a significavellef 0.05. For this purpose it was used an EPI

Info™ version 3.5.1 program, available ittp://www.cdc.gov/epiinfo/epiinfo.htjn
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3. Results

3.1. Viruses’ detection in the stages from WWTP

Table 2 shows frequency of viruses’ detection Inmlestigated samples by using an
ultracentrifugation method. RV-A and NoV were thesndetected in raw sewage followed
by AdV, but no significant statistical differenceasvobtained for these enteric viruses>(p
0.5, Fisher exact test). AdV and RVA were prevaianprimary effluent samples (Table 2)
and no significant statistical difference § 0.3, Fisher exact test) was found for their
presence, but AdV were shown statistically morenificant when compared with NoV
detection (p < 0.01X* test). Lower frequencies of detection were obthirfer all
gastroenteric viruses analyzed in the final treat@tlent samples, but at relatively high
concentrations (Figure 1). HAV was only detectedrie raw sewage sample (7.7 X BT L
1), one primary sludge (Table 2 and 4) and in onmany effluent sample (1 x 1GC L?) at
the same sampling date (February™1But were not detected in the final treated efftue
samples (Table 2). Frequencies of detection oldafioe viruses in primary sludge and
biosolid samples were lower than 45% using thecéntrifugation method (Table 2). Figure
1 shows the average of virus concentration in iffe samples investigated by
ultracentrifugation method. Mean viral loads werghler for AdV in raw sewage samples
(mean: 1.3 x 10+SD 2 x 18 GC LY than for RV-A (mean: 1.2 x 2@SD 2.1 x 16 GC LY
and NoV (mean: 5.2 x £&:SD 7.4 x 16 GC L") (Figure 1). However, in primary effluent
samples, mean viral loads were higher for RV-A (mdal x 16 +SD 1.8 x 18 GC L) than
for AdV (mean: 5.2 x 10+SD 7.1 x 16 GC L'Y) and NoV (mean: 2.9 x f&SD 5.1 x 16
GC LY (Figure 1). RV-A and AdV were detected in simi@mcentration in treated effluent
samples (1.3 x 10+SD 2.7 x 16 and +SD 2.4 x 10GC L%, respectively), while NoV
showed lower viral load (mean: 3.6 X*#5D 8 x 16 GC L) (Figure 1).

3.2. Spike experiments and natural occurrence of égric viruses in primary sludge

Table 3 shows the results of virus recovery ratasined by ultracentrifugation and
beef extract methods used to concentrate primadgsl samples. According to results it was
possible to observe that both methods preseniegitig recovery lower than 10%. AdV was
better recovered by the two concentration methodksimitial spiked viral titers of NoV and

HAV were not detected by method 2. RV-A was also/\ymorly recovered by this method.
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All viruses analyzed were recovered by the utradegation method, but in relative low
recovery rates.

Detection limits of the assays were tested diluiimgjal viral titers spiked into de
sludge samples. RV-A, NoV and HAV were not detected method 2 when viral
concentrations of F0GC ml™ were seeded in sludge samples, but AdV were aetdotean
recovery concentrations: 1.3 x 218SD 2.1 x 16 GC mi*). By using ultracentrifugation
based-method, initial viral concentrations of AdVx(1¢ GC mi*), RVA (2.6 x 16 GC mt)
and NoV (4 x 18 GC mI') were detected at mean recovery rates as follavlirgx 16 +SD
2 x 10° GC mi* for AdV, 8 x 10 +SD 1.3 x 0GC mlI*for RVA and 3.3 x 10+SD 5.7 x 16
for NoV, but HAV was negative when 1GC miI* was spiked. In concentrations of0L0"
GC mI* all analysis showed negative results for virusstection in both methods evaluated.
PP7 bacteriophage was the most recovered virus twon methods (Table 3) and was
detected until 2 x T0GC mi* initially spiked by method 2 (recovered rates: $.9C° + SD
7.8 x 16 GC mi*) and until 4 x 1®8GC mi* initially spiked by method 1 (recovered rates: 2.1
x 10* + SD 1.6 x 16 GC ml™).

Table 4 shows the results for enteric viruses deteim sewage sludge samples using
two concentration methods. Method 2 (based in tlmefact elution) was suitable for
detecting AdV and for recovering RV-A and NoV whesmpared with method 1. HAV was
only detected in one sample by the ultracentrifiogamethod (Table 4). The total frequency
of detection, independently of used methods, detrates that AdV was the most detected
(91%) (range: 1.8 x fao 1.1 x 16 GC LY , followed by RV-A (range: 8 x o 8 x 16
GC L), NoV (range: 1.6 x Tto 4.9 x 18 GC LY) (both 50%) and HAV (8%) (8.6 x 1GC
LY. AdV was significantly most prevalent than RVAQW (p < 0.03, Fishers’ exact test) and
HAV (p < 0.00004 X test) in sewage sludge.

4. Discussion

Enteric viruses are responsible to cause sevetarlane infectious diseases, mainly
affecting developing countries (Okoh et al. 208¥veral viral pathogens can be presented at
high concentrations in wastewaters or pollutedasugrfwaters (Bosch et al. 2008; Girones et
al. 2010; Jofre and Blanch 2010).

The use of traditional microbiological indicatorsed to predict the contamination of

water by human fecal pollution or effluent qualgyoduced in WWTPs (e.g. coliforms or
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thermotolerants) has been found limited to evaluége contamination caused by other
pathogens, such as enteric viruses (Jofre and BI20t0).

A good performance of biological sewage treatmeatgsses in virus removal is still
a challenge (He et al. 2008) and there is stiltaraty of information about prevalence and
viral concentrations in primary sewage sludge, Whias been assumed to contain very high
viral concentrations when compared with raw sew@ieéhu and Toze 2009; Simmons and
Xagoraraki 2011).

In this study, an ultracentrifugation based-metheas firstly used for recovering
enteric viruses from sewage and sludge samplesubecid has been showed to present
advantages on the other concentration methods @ruetial. 2011). This concentration has a
mean recovery rate of 47% for RV-A in raw sewagengfan et al. 2011). However, lower
mean recovery rates have been found for detectitgyie viruses from primary sludge and
biosolids (shown in part Il).

The simplified method based in beef extract eluts@s suitable for detecting AdV in
primary sludge and more suitable when compared withcentrifugation for detecting RV-A
and NoV GII from naturally contaminated sewage gkidlrhis method is more simplified to
be used in routine monitoring, avoiding additiorredigents and steps to improve the analysis.

An ultracentrifugation-based method has concerdrdteggher amounts of final
precipitate with tested glycine buffer volume, whicould include organic and inorganic
matter. The higher presence of suspended solitieeifinal eluates should affect the nucleic
acid extraction procedure and viruses could reradsorbed onto particulate matter.

Based on virus recovery rates achieved by the temcentration methods, it is
expected that these primary sludge samples ararmamted with higher viral genome loads
than the observed. Primary sludge samples caninorital concentrations at least 1 to 2 log
units more elevated than the raw sewage ones.

The high frequency of detection for AdV indicatéeit large dissemination in these
residues and supports the hypothesis that theg atitable index for evaluating human viral
contamination in sewage sludge (Bofill-Mas et @l0@, Schilindwein et al. 2010).

The lower frequency of HAV detection in compariseith other enteric viruses in
wastewaters and sludge is in accordance with atiaelies carried out in Brazil (Schilindwein
et al. 2010). The improvement in sanitary conddgicseems to be preventing the HAV
dissemination into the environment, except whemmak cases are involved, mainly during

warmer and rainy seasons (Prado et al. 2011b).
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The presence of high HAV genome loads present imgwy effluent samples
suggesting that primary sedimentation has not apoitant role for HAV removal in
activated sludge process, at least when relatifigdi viral loads are circulating in these
environments. None HAV genome load was detectedraated effluent samples (after
secondary treatment process), similarly as predent@revious study (Prado et al. 2011b),
but viral concentrations below the detection limitgPCR (Villar et al. 2006) could have
been observed. Elucidative mechanisms for HAV reaha@v conventional activated sludge
processes need further investigations.

RV-A and AdV are the most disseminate enteric wsusn Brazilian aquatic
environments and are resistant to sewage treatrpemtesses (Fumian et al. 2011,
Miagostovich et al. 2008; Prado et al. 2011a; Suihilein et al. 2010).

RV-A was the most detected virus in raw sewage sssnwhile was poorly recovered
in sewage sludge samples comparing with AdV pressetitese samples. Some authors have
described that RV could poorly adsorb on solidtfcars contained in sewage sludge (Arraj et
al. 2005; Sidhu and Toze 2009) and this study sapphis hypothesis, although the lower
frequency of RV-A found in these residues could dls related to detect limits of the used
methods.

The great dissemination of AdV in sewage sludge effidents from WWTPs could
be associated to a high resistance of inactivati@ewage treatment processes (Schilindwein
et al. 2010). Although relative high viral loadsvlaeen found in treated effluent samples,
the activated sludge process was able to removeodppately a mean of 1.0 to 1.5 units
logyp Of viruses, as expected for this secondary bickdgireatment process (Godfree and
Farrell 2005).

Initial viral concentrations found in raw sewagengdes also seem to be important for
virus removal efficiency in activated sludge pras=s beyond adequate aeration, pH,
conductivity and temperature (Nordgreen et al. 200@do et al. 2011b; Wen et al. 2009).
Moreover, adequate flocculating properties of sewslgdge and chemical constituents on
their surfaces seem to have an important role dsoiption of viruses onto particulate matter
(Wilén et al. 2003). Therefore, further studies biming physical-chemical properties of the
wastewaters and sewage sludge with viruses’ detectuld be conducted to elucidate the
responsible mechanisms to provide virus removalcamventional biological treatment
processes.

The mesophilic anaerobic digestion (MAD) used &atrsewage sludge is not capable

of eliminating enteric viruses and similar frequiescof viruses’ detection can be found in
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primary sludge and biosolid samples (Part Il). Aleguate wastewater management includes
a correct monitoring and disposal of the solid esgjenerated in WWTPs. Efficiency of the
methods used for virus monitoring in these residiesild be evaluate to avoid that the real
presence of viruses are underestimated, as recepflginted by other study (Jebri et al.
2012). These issues are discussed with more detaakst 11 of this manuscript.

Although the virus monitoring is not included ingtgations to control water and
effluent quality in Brazil, there is an internatadnconsensus about the importance for
monitoring these pathogens in effluents producedwater and wastewater treatment
processes (Girones et al. 2010; Jofre and Blanch0)20Information about viruses’
concentrations is required for various purposeserisure the quality for reusing water, to
validate wastewater treatment processes and t@rdesiequate strategies in wastewater
management.

The Brazilian Ministry of Health has incentive acts to improve monitoring and
information services to evaluate environmental theabnditions and effectiveness of basic
sanitation services. The knowledge about the mestmsninvolved in virus removal of the
current WWTPs could contribute to implement strege@r necessary alternatives to improve
the performance of conventional sewage treatmesttgsises and to ensure a better effluent

quality in the near future.
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Table 1Viruses, PCRs assays, primers’ sequences, gengmoa ignd references

Viruses and qPCR assay Primers and Sequences 5" to 3° Genome region References
probe
RV-A and PP7 NSP3 F ACCATCTWCACRTRACCCTCTATGAG NSP3 Fumian et al. 2010
multiplex RT-qgPCR
NSP3 R GGTCACATAACGCCCCTATAGC
NSP3 probe VIC-AGTTAAAAGCTAACACTGTCAAA
247 F GTTATGAACCAATGTGGCCGTTAT Replicase
320R CGGGATGCCTCTGAAAAAAG
274 probe FAM-TCGGTGGTCAACGAGGAACTGGAAC-TAMRA
HAdV gPCR AQLlF GCCACGGTGGGGTTTCTAAACTT Hexon Hemhal. 2003
AQ2R GCCCCAGTGGTCTTACATGCACATC
Probe FAM-TGCACCAGACCCGGGCTCAGGTACTCCGA-TAMRA
NoV RT-gPCR COG2F CARGARBCNATGTTYAGRTGGATGAG ORF1-ORF2 junction region Kageyama et al. 2003
COG2R TCGACGCCATCTTCATTCACA
RING2-probe FAM-TGGGAGGGCGATCGCAATCT-TAMRA
HAV RT-gPCR Forward primer CTGCAGGTTCAGGGTTCTTAAATC 5’ non-coding region (NC) Villar et al. 2006

Reverse primer

Probe

GAGAGCCCTGGAAGAAAGAAGA
FAM-ACTCATTTTTCACGCTTTCTG

a TUB code: W= A/IT, R=A/G, B=C/G/T, Y=CIT, N=A/GIT.
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TableD®tection (%) of RV-A, AdV, NoV GIl and HAV in theamples obtained from different stages
of the WWTP by ultracentrifugation method

Viruses Number of positive samples / total samples (%)

Raw sewage Primary sludge Primary effluent Treated effluent  Biosolid

RV-A  8/12(66%)  1/12(8%) 8/11 (72%) 311 (27%)  3/11 (27%)

AdV 7/12 (58%)  3/12 (25%) 10/12 (83%) 4/12 (33%)  5/11 (45%)

NoV 8/12 (66%)  4/12 (36%) 4/11 (36%) 2/11 (18%)  4/11 (36%)

HAV 1/12 (8%) 1/12 (8%) 1/12 (8%) 0 1/11 (9%)
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Table 3 Virus recovery efficiency (%) obtained by two centration methods and gPCR results (GC)rirt primary sludge samples

Concentration method * AdV RV-A NoV HAV PP7
Method 1
Virus titers spiked 4.2 x fo 7.9x16 1.0x 16 6.6 x 16 1x10
Virus recovered 3.1 x Pq+SD 4 x 16) 1.0 x 14 (+SD 8.6 x 16) 8.3 x 16 (+SD 1.4 x 16) 4.3 x 10 (+SD 3.2 x 16) 2.7x16 (+SD 1.4 x 16)
Efficiency recovery (%) 7.3 0.1 0.8 6.5 27
Method 2
Virus titers spiked 4.2 x fo 7.0x16 1.5 x 1d 6.0 x 16 1x10
Virus recovered 1.8 x Pq+SD 1.4 x 18) 3.0x 10 (+SD 5.2 x 18) 0 0 8.7 x 16 (+SD 4.6 x 16)
Efficiency recovery (%) 4.2 0.0004 0 0 8.7

*Methods were run in triplicate, SD= standard @&en. Method 1 = ultracentrifugation, Method 2eebextract
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Table 4 Viral loads (GC [*) in primary sludge obtained by the two concentratnethods following detection using qPCR

Sampling date Viral groups

AdV RV-A NoV HAV PP7
Concentration 1 2 1 2 1 2 1 2 1 2
method
31/01 2x16  74x1d o© 0 0 0 0 0 ND ND
14/02 0 94x10 0 0 0 0 86x10 0 ND ND
28/02 0 1.8x1b 0 0 0 0 0 0 48xf0 ND
14/03 0 1.1x10 0 0 0 0 0 96xfo 2.6x1d
28/03 0 49x1b 0 0 0 24x10 0 0 74x18  42x16
11/04 31x16 36x1d 0 0 0 0 0 0 ND 1.3x fo
25/04 0 25x10 0 8x16 0 46x16 0O 0 7x168 1.4 x 16
16/05 0 1.1x10 0 8x16 24x1d 4x10 0 0 88x18 1.8x1d
13/06 0 0 2x1b 0 0 0 0 0 ND 1.6 x 0
27/06 0 8.7x1b 24x16 16x1d 54x1d 0O 0 8x168 2.6 x 16
11/07 0 5.3x 1 4x160 49x16 12x16 © 0 1.3x18 1.3x18
25/07 2x16  74x1d o0 1x16 5x1d 24x16 o0 0 1.4x18 ND
Frequency of 25% 91% 8% 41% 33% 50% 8% 0 100% 100%

detection

Method 1 = ultracentrifugation, Method 2 = beefragt; ND = not done
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5.4. Assessment of enteric viruses in a wastewater treatt plant and comparison of

concentration methods for virus recovering. Il. Bsolids
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Running headline: Assessment ahethods for virus recovering from biosolids

ABSTRACT

Purpose: The aim of this study was to evaluate differenthuds for recovering rotavirus
species A (RVA), adenoviruses (AdV), norovirus ggmooip 11 (NoV Gll) and hepatitis A
virus (HAV) from biosolid samples treated by mestplanaerobic digestion in a large urban
WWTP in Brazil.

Methods: Real time quantitative PCR (qPCR) was used fdkisgiexperiments in order to
compare limits of detections of the elution withra¢entrifugation (method 1), beef extract
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(method 2), and adsorption-elution with negativelj-charged membrane filter methods
(Method 3). Inhibition tests and an internal cohtrolC (PP7 bacteriophage) were also
included to avoid false negative results.

Results and conclusions:Methods 1 and 2 showed higher virus recovery rataying
according to different viral groups, but a feasitvlethod based on beef extract was better for
detecting enteric viruses, mainly AdV from biosatidmples. This simplified method can be
applicable for routine analysis followed by qPCRassince virus recovery efficiency is
determined in the study. Inhibition tests demonsiga that biosolid samples contain
inhibitors that interfere in gPCR efficiency ane tinse of an IC can be interesting to indicates
variable composition from biosolid. Natural occunze of those viruses was also evaluated by
both recommended methods and demonstrated AdV # @0 the analyzed samples

corroborating their potential as good indicatonstfe presence of enteric viruses in biosolids.

Keywords : enteric viruses, anaerobically digested sludgeicentration methods, virus

recovery yields.

1.Introduction

Wastewater treatment plants (WWTPs) generate lamgeunts of residual sludge as a
consequence of the sewage treatment process. fidsmdaes are recognized to concentrate a
series of contaminants, mainly heavy metals andggg@nic microorganisms, such as
bacterial, viruses, protozoa and helminthes (Guzetaal. 2007a, 2007b; Monpoeho 2001,
2004; Viau and Peccia 2009; Wong et al. 2010).

Enteric viruses, which are responsible to cawseral diseases, including hepatitis and
gastroenteritis, can be present at high conceobtstin sludge and represents a potential
health risk due to disposal and reuse practicath(Sand Toze 2009). In Brazil, about 40 %
of sewage sludge generated in WWTPs are dispodaeddifills, 15% are discharged in rivers,

8 % in wasteland, 2 % incinerated, 0.1 % in oceants15 % is reused (IBGE 2008).

There is a potential for the beneficial use of sgavaludge because these residues contain
nutrients as well as organic matter and may be asddrtilizers or soil amendment (Godfree
and Farrell 2005). However, land application of ages sludge, under certain conditions,
could lead to the contamination of surface watesugdwater, soil and the food chain.

Several stabilization treatments are used to redheeorganic matter and pathogens to

generate a treated sludge, frequently named bassoMesophilic anaerobic digestion
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(MAD), aerobic digestion, composting, air dryingdafime stabilization are among the
commonly used stabilization treatments. Resistaficérus is variable according to different
stabilization treatments (Godfree and Farrell 2088 the presence of enteric viruses has
been reported to be found in treated sewage sl(dgapoeho et al. 2004; Viau and Peccia
2009; Wong et al. 2010).

Most concentration methods used for detecting esua sewage sludge involve, mainly, an
elution and concentration step. Beef extract whschppointed as a referent eluant by U.S.
EPA (625/R-92/013, 2003, Appendix H) has been tepoto concentrate inhibitors in the
final eluant affecting PCR efficiency (Rock et2010; Sano et al. 2003).

Therefore, some concerns remain to be solved, sschstandardization of simplified
concentration methods that present a good perfaeném recover several enteric viruses
using molecular detection methods and the estabésh of detection limits of the assays to
ensure a reliable health risk analysis (Gironed.€2010). Moreover, very limited information
is available on the presence and concentratiom®/oand NoV in biosolids (Sidhu and Toze
2009).

The aim of this study was to determine the efficieaf an ultracentrifugation method used in
a previous study (part 1) as well as other methdelscribed in literature, such as the beef
extract elution and negatively charged membrateafibn, in order to check the viability of
more suitable methods that could be easily emplayethe viral monitoring in routine
analysis. Natural occurrence of rotaviruses A (RVAjlenoviruses (AdV), noroviruses
genogroup I (NoV GIl) and hepatitis A viruses (HAMvere also investigated in

anaerobically digested sludge samples from anatetivsludge process.

2. Materials and Methods
2.1. Biosolid samples

Digested mesophilic sludge samples (biosolids)ewabtained from a large urban
wastewater treatment plant (WWTP) located in Ridaeeiro, Brazil, as previously described
(part ). The WWTP employ an aerobic process (caohweal activated sludge), including
sewage sludge treatment by mesophilic anaerobestian (MAD) and dewatering. The final
digested-dewatered sludge contained about 25 - 3§ #6tal solids. Eleven samples were
collected after MAD from February to July, 2011.e8k solid wastes are the final product of
the treatment process. Samples were collected dnlestplastic bags, kept at 4°C and

transported to the laboratory for immediate analysi
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2.2. Virus concentration methods

Viruses were concentrated using three differentrieues. Method 1 described by
Pina et al. (1998) is an ultracentrifugation basexthod, with minor modifications, as
described in part I.

Method 2 described by Guzman et al. (2007a) cons$iatsimplified method, similar
to USEPA 625/R-92/013, Appendix H (2003). Briefly)% of beef extract solution (LP029B,
Oxoid Ltd. Basingstoke, Hants., England), pH 7.5wadded to 5 g (dry matter - d.m.) of
sewage sludge at 1 :10 (v/v) or (w/v). The sampds stirred by magnetic stirring (500 rpm)
for 20 min at room temperature. After, the sampses wentrifuged at 4,000 x g for 30 min at
4°C. The supernatant was recovered and filteresufir a low protein binding 0.22 um pore
size membrane filters (Millipore) for decontamioati

Method 3 described for virus recovery from coastebwater and wastewater
(Katayama et al. 2002, 2008), consists of an atisorelution method that uses a HA
negatively charged membrane filter (Millipore Corqtton, Bedford, MA, USA), with a
0.45um pore size and a 142 mm diameter, and a waq@ump system. This methodology
was adapted, with minor modifications, for virucaeery from biosolid samples. In this
method, 5 g (d.m.) of sewage sludge were dissdlved of distilled sterile water and Mg£l
. 6H,O was added (in a final concentration of 1200 gahd pH adjusted to 5.0. The sample
was filtered to adsorb the viruses in the negaticblarged membrane filter. Subsequently, 15
ml of ImM NaOH (pH 10.8) was used to elute virugesn the membrane. The eluate was
recovered in a tube containing 50 pl of 50 misBy (pH 1.0) and 100x Tris EDTA buffer
(pH 8.0) for neutralization. The 15 ml of the ekiatere then reconcentrated to 2 ml by
centrifuging the samples in a Centriprep 50 Conegort (YM-50 - Millipore) at 1,500 x g for
10 min.

All concentrated samples were stored at - 70°A omdlecular biology analysis.

2.3. Spiked experiments, inhibition’s tests and vus detection

For spiking experiments, the same virus straingluding an internal control
(PP7bacteriophage) were used as described egdierl).

Biosolid samples were autoclaved at 121°C for 30 for decontamination. Viruses
were spiked in 5 g (d.m) of biosolid sample andwineses titers (final concentrations) seeded

into samples were determined by gPCR assay. Vinses adsorbed onto sludge flocs only
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by adjusting the pH to 3.5&1 with HCI (1N), as described by Sano et al. @0and stirred
with a magnetic stirrer for 30 min. The biosolidrgdes were centrifuged (10,000 x g, 15
min, 4°C) and the portion of supernatant (1 ml) petlet generated in each experiment were
analyzed through of a qPCR assay for determinimgsviecovery yields. Procedures were
performed in triplicate, repeated at different date all experiments, negative controls were
also included (decontaminated biosolid samplesawitlviruses seeded). In all procedures,
extracted nucleic acids were diluted in RNA/DNAseef water (tenfold serial dilution: 1:10
and 1:100) to verify the potential of inhibitorsr BCR reactions. For PP7 used as an IC of
field biosolid samples, high concentrations (randgemn 10 to 10 viral particles) were
spiked. Initial viral titers used in spiked expeeints were diluted to test limits of detection of
the virus concentration methods and qPCR assays.

The extraction methodology, protocols for detectioniral quantification and

calculation for recovering virus efficiency weresdgbed in part I.

3. Results

3.1. Virus recovery efficiency

Three different virus concentration methods werstet® to evaluate recovery
efficiency according to each type of virus. PP7Bdaophage was used as IC in all
experiments. Mean values (genome copies — G€) ofl viruses detected in supernatant of
spiked experiments (i.e. viruses not adsorbed shidge flocs) are shown in Table 1. All
viruses analyzed were adsorbed onto sludge flopeiicentages higher than 99 % (Table 1).
Negative results were obtained for all viruses e in the negative control samples.

Mean viral loads (genome copies — GEdgm.) obtained in each method performed,
including inhibition tests, can be found in Figureln general, higher mean viral loads were
observed when nucleic acids were diluted at lease1:10) (Figure 1). An adsorption-
elution method (method 3) was performed once fovHand the viral load obtained was 5.6
x 10 GC ¢* and 4 x 16 GC ™ when nucleic acids were diluted at 1:10. HAV was no
detected in this method when nucleic acids wenetetil at 1:100. PP7 was recovered in all
analyzed samples and mean viral loads detectedellyoth 1, 2 and 3 were as following: 5.2 x
1°GC g*+SD 1.1 x 18, 2.8 x 1§ GC ¢g* + SD 2.3 x 16and 3.4 x 10GC ¢* + SD 2.9 x
10°, respectively.

Mean maximum value (GC™y obtained in each procedure performed in tripéicat

(including diluted nucleic acids at 1:10 or at Di@or each virus type was considered for
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analysis of virus mean recovery rates (%) (Figuye Wtracentrifugation was better for

recovering both RVA and HAV (Figure 2). NoV was ogered at similar rates by methods 1
and 2 (Figure 2). However, method 1 did not presemtbetter recovery efficiency for AdV

(Figure 2) which were better recovered through meth, based on viral elution using beef
extract. All viral groups were poorly recovered HA-negatively charged membrane filter
strategy (Figure 2).

Limits of detection of gPCR assays were testedofith 1 and 2 methods because of
their better recovery efficiency. HAV showed therstaesults in both methods, with limits of
detection higher than 3G C mi*. For NoV, the limits of detection were of 1.4 X 15C mi*
and 4.8 x 16GC mI* for methods 1 and 2, respectively, as for AdV, lttréts of detection
were of 1.1 x 18GC mI* and 1.5 x 16GC mI*, with mean recovery rates of 5.5 GEfSD
9.6 and 5.9 GC§+ SD 10.2 for methods 1 and 2, respectively. Lsnait detection for RVA
was of 3 x 16 GC mI* with mean recovery rates ranging from 14.9 GC49D 25.8 to 2
GC g* + SD 3.4 by methods 1 and 2, respectively. PP7ra@msvered up until 4 x 2GC mf
in both methods, at relatively high recovery r4f&s).

3.2. Natural occurrence of enteric viruses

Table 2 shows the viral load for AdV, RVA, NoV ahtAV obtained from eleven
biosolid samples collected in an activated sludgegss. Elution with beef extract (method
2) was better for recovering AdV (90%) of the amaly samples. The second most detected
viruses were RVA and NoV (45%). RVA was detectedhagher concentration by the
ultracentrifugation method (Table 2) and NoV Glisaanly detected in May, June and July;
and higher concentrations were obtained by the &defct method (Table 2). HAV was only
detected in two samples at relatively high conegiuins (Table 2). PP7 was detected in all
spiked field samples, with lower concentrationsaoi®d in the samples collected in February
and March (Table 2).

Samples that presented negative results were demio the second round of
experiments based in the nucleic acids dilutiod@Znd 1:100). The dilution of nucleic acids
(1:10) was able to detect NoV in one initially nidga sample by method 1 (sampling date
11/04) (Table 2), and for one sample initially niagafor RV-A (sampling date 27/06) by
method 2 (Table 2). HAV was negative in all dilgtimucleic acids (1:10) of analyzed
samples. All samples analyzed with diluted nucéaitls (1:100) showed negative results for

all viruses analyzed.
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Results of pH showed a mean of 6.7 (+x SD 0.5) enkiosolid samples (Figure 3), as

expected for anaerobically digested sludge samples.

4. Discussion

Viruses are charged patrticles and are expectee tudhly concentrated in biosolids
due to their aggregation and adhesion to sludgelss¢bidhu and Toze 2009). Several
methods have been tested for detecting virus iragewgludge samples (Belguith et al. 2006;
Guzmaén et al. 2007a; Monpoeho et al. 2001, 2004)fdw comparisons among them have
been made regarding recovery yields obtained fiierént viral groups, mainly HAV and
other enteric viruses (Sidhu and Toze 2009). In esarases, negative results could be
attributed to inefficiency of the used methods.

The choice of methods for this study has been revemded by the Resolution of the
National Council of the Environment — CONAMA (Brhan Ministry of Environment,
Resolution no. 357, 2006) which provides guideliies monitoring enteric viruses in
biosolids. Similar to U.S. EPA (625/R-92/013, 20@3)s guideline recommends the use of
beef extract for concentrating virus in biosolidsxda also protocols based on
ultracentrifugation for concentrating RNA virus. RGs also appointed for detecting some
viral groups, including RV and HAV (CONAMA, 357, @6).

The primers and probes used in TagMan gPCR assagsttmore conservative
regions of the virus genome and have been considentable for detecting enteric viruses in
several environmental matrices (Bofill-Mas et &08; Fumian et al. 2010, 2011; Prado et al.
2011a; Simmons and Xagoraraki, 2011; Villar et 2006). However, there is a relative
difficulty in amplifying target nucleic acids in dsolid samples due to the presence of a
variety of inhibitors, such as humic and fulvic ds;i fats, proteins, organic and inorganic
compounds, including polyphenols and heavy metas @re recognized to form complexes
with nucleic acids and inhibit amplification enzysnéRock et al. 2010; Sano et al. 2003;
Sidhu and Toze 2009).

Results obtained in this study indicate that défervirus recovery rates are obtained
according to distinct virus concentration methotlse higher mean recovery rates achieved
by the method based in beef extract were of 6.26aB% for AdV and NoV, respectively and
are quite similar to results obtained for Sandl.e2803) that found 7% to recover poliovirus

from sewage sludge following detection by RT-PCR.
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Ultracentrifugation was considered the better alitve method for detecting RVA
and HAV in the spiked experiments, although in relty contaminated biosolid samples the
use of beef extract was able to detect these d@russimilar frequency of detection than the
ultracentrifugation based-method. However, meaovex@d rate of AdV was very low using
ultracentrifugation.

Rock et al. (2010) has reported that beef extradt glycine buffer can concentrate
different inhibitors compounds responsible to cadgierent results using a gPCR assay.
Nowadays, it's difficult to determine which chamtstic would mainly interfere in qPCR
efficiency. Since ultracentrifugation was usedhiststudy as a final strategy to concentrate
the viruses after the elution using 15 ml of glgcibuffer, a considerable amount of
precipitate was generated.

The presence of higher solids could contributestoonger adsorption of AdV in this
particulate matter since the virus size seems tarbenportant factor related to interactions
between colloidal particles in environmental masiqdDown et al. 1998). Moreover, the
presence of suspended solids in the final eluatns to raise difficulties in the procedure of
nucleic acid extraction because, in many casesetlselids remain retained in the inner
membrane of the column from the extraction Kit @@a) affecting the elution and
purification of nucleic acids.

Moreover, interaction mechanisms between virus atiter colloidal particles in
complex environmental matrices depend on severbrs, such as ionic strength, pH of
solution and the content of organic and inorganetten (Quignon et al. 1998).The viral
capsid proteins charge that determine specifidestric points can change in function of pH
and these approaches need to be further invedtighte to the difficulty in assessing data
with the current methodologies (Michen and Gra@®.

Adsorption-elution method based on membrane fitrahas been used to concentrate
viruses in several environmental matrices, inclgdimater samples with high turbidity
(Katayama et al. 2008; Prado et al. 2011a). Howeadsorption-elution method using a
negatively charged membrane filter, presented l@uyvirus mean recovery rates. The filters
are quickly clogged and the passage of 2 L of watertaining diluted sewage sludge is
difficult. Large amounts of viruses can remain aded onto particulate matter retained on
the filter surface and NaOH used for virus elutaam be inefficient. Despite the advantage
this method offers by inorganic elution favoringtetgion of virus by enzymatic reaction
amplification (Katayama et al. 2002), methods basediltration are not recommended for

sludge samples, as verified previously (Belguithle2006).
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Several strategies can be adopted to minimize opréaalict the interference of
environmental inhibitors for PCR reactions (Rockakt2010; Viau and Peccia 2009), but
dilution of nucleic acids seems to be more simgiifi avoiding addition of reagents.
Nevertheless, differently of some results obtaifredn spiked experiments, when nucleic
acids from the field samples were diluted at 1.h0@e positivity was found, indicating a
great dispersion of results when low viral loads aresent in biosolid matrices.

The use of an internal control (PP7Bacteriophagenonitor the stages of detection
can be an interesting alternative to avoid falsgatiee results, at least when high viral loads
are spiked. High concentrations of PP7 were seedédld samples and it was possible to
observe that in some samples the viral loads reedwaere low. It's possible that negative
results obtained for some of the enteric viruseshase samples occurred due to biosolid
variable composition.

Nevertheless, at least one virus was detectedl ianalyzed anaerobically digested
sludge samples. Similar frequency of detectionXd¥, RV-A, NoV and HAV obtained in
primary sludge samples were found in biosolid sawplsing the same protocol of virus
concentration and gPCR assays (data showed inlpafherefore, these enteric viruses
present at high concentrations in primary sewagegs can be detected at similar recovery
rates after mesophilic anaerobic digestion, wh&checognized to remove 0.5 — 2 Jegnits
of enteric viruses from sewage sludge (Godfreerarcell 2005).

Comparatively, AdV were the most detected viru®884 of positivity) demonstrating
their large dissemination in treated sewage sludipese results support the hypothesis that
AdV could be good indicators for the presence @aéea viruses in biosolid samples (Bofill-
Mas et al. 2006; Wong et al. 2010). While Bofill-Mat al. (2006) reported similar virus
concentrations than the ones found in this studyother investigations have found higher
AdV genome loads in sewage sludge treated by MAIEh eoncentrations varying from 40
to 1# GC g* (d.m.) (Viau and Peccia, 2009; Wong et al. 2010).

Although the RV-A have been found in 45% of thelgred biosolid samples, higher
frequencies of detection could be expected, sirement studies have showed a large
dissemination of RV-A in wastewaters from Rio daeleo (Fumian et al. 2010, 2011; Prado
et al. 2011a). However, there is a hypothesis RMatwould poorly be adsorbed in solid
fractions of sludge (Arraj et al. 2005; Sidhu amakz& 2009) and it could explain the lower

frequency of detection and viral loads when comgharigh AdV observed in these samples.
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Interestingly, NoV GIlI was predominantly detecteddolder months, suggesting a
higher burden and circulation of these viruses rduthis period, corroborating previous
results about peaks of occurrence of NoV in seveageples in Brazil (Victoria et al. 2010).

HAV was poorly recovered from biosolid samples,raborating data from other
studies (Simmons and Xagoraraki 2011; Wong et @102 The lower frequency of HAV
detection in biosolids can be expected since th@arement in sanitary and socio-economic
conditions seems to be preventing the circulatibrthese viruses in the community, and
consequently, in wastewaters, as recently verifredRio de Janeiro, Brazil (Prado et al.
2011b). However, another explanation is relatethélow recovery rates and high limits of
detection of the methods used to detect HAV in dlids, as demonstrated in this study.
Then, the real presence of HAV in biosolids carubderestimated, mainly when low viral
loads are circulating in these environments.

Although methods based in nucleic acid amplificatawe not being able to determine
the infectivity of viruses, studies have confirmihét a great proportion of viral genomes
detected by molecular methods correspond to viedktious particles detected in sewage
sludge or biosolids (Simmons and Xagoraraki 201Xgn@/ et al. 2010). Moreover, the
aggregation of viruses onto sludge flocs could @néwiral inactivation (Sidhu and Toze
2009).

The mean recovery rates obtained by the virus cdrat@on methods indicate that
viral loads found could be higher than the reportedhose environmental matrices. The
knowledge of specific virus recovery rates achiebgdthe methods is important to avoid
misunderstanding related to potential contaminadind quantification of viruses in biosolids
and also to ensure a reliable public health ris&lyams. Although the virus recovery rates
have been relatively low, the feasible concentratioethod based in beef extract elution
followed by gPCR assay seems to be applicabledtacting enteric viruses, mainly AdV, in
biosolids.

This is the first study in Brazil reporting the peece and concentrations of RVA,
AdV, NoV GIl and HAV from anaerobically digestedudge and can be useful to support
other studies about virus contamination levels reated sewage sludge by different
stabilization processes using feasible concentratn@thods for enteric virus recovery by

molecular methods.
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Table 1 Percentage (%) of viruses adsorbed on sludge flocs

Viruses Viruses spiked onto sludge samples Viruses in supernatant (GC ml") Viruses adsorbed on sludge flocs
(GC ml™h
Mean */ SD Mean* / SD (%)
AdV 4x10/ 59x 10 6.7 x10/5.4 x 18 99.99 %
RVA 3.5x16/2.8x 10 8.5x1G/8.5x 16 99.97 %
NoV 3.6x13/1.9x 1d 25x10/1.5x 10 99.93 %
HAV 2.7x10/6.3x 10 2.6x16/4.5x 16 99.90 %
PP7 42x16/0 42x16/4.0x 16 99.0 %

SD=standard deviafion; *Methods were run iplitate.

91



(a) AdV (b) RV-A
1.0E+07 T - 106407 T
Al th
1,0E+06 1 1
# 1,0E+06 ﬁ -+
—~  10E+05 1 [_Jlil 1,0E+05 +
E Lo
2 oE+04 #’ w E 0E +0 ‘:":'
) 0E+04 T = 1, 4T
: : -~ TTT
(=9
& 10E+03 1 g WE07
(O]
D =
2 10E+02 4 iR |
s S
10E+01 1 i |
1,0E+00 t t 1 1 t t t t
1,0E+00 : . : . ; f t :
a ® I@ ~ 'e\ & | < &) 'é‘ §°\ & P sé;b G s“b’ & #
P N U A I * & S & > & 3
& o :P\\ Ry > 5;"\- & & o & “‘F& o 5 &‘& o @é\&
o & & & «F &
- Methods

92




(c) NoV Gl (d) HAV
10E+05 T
1,0E+04 T -
=
10E404 T —a— ks
T 10E403 T |‘_l:|
= + i T 10E+03 1 |—_l—’
o s
: 1,0E+02 l 5
2 T @
a S 10E402 1
e G)
L] E 1.0E401 T
1.0E+01 T &
1,0E+00 —
1.0E+00 i ; : . : e S &S . A &
Ry a S o a S R oy S N 5 o € O o
< > N - &5 O o ‘\w\ \,_\Q' -é\o & N é‘p &’1’ "L
‘}r}\ b\\ & K " 3D oF cb-:“- b.:\. e§\ ‘:\5) e‘? Q@
& & & & & ~ & < &
Methods Methods

Fig 1 Mean numbers in lag units of viruses recovered (genome copies - GCfigm biosolid samples according to each methstete adenovirus

(a), rotavirus (b), norovirus Gll (c), hepatitis (). Methods were performed in triplicate. Tenfaldrial dilution of nucleic acids are shown in

parenthesis on the x axis; Bars = Minimun and maxmvalue; square in black = mean value. Method dltracentrifugation; Method 2 = beef
extract; Method 3 = adsorption-elution. Initial alititers spiked (GC rif): Method 1: 1.1 x 1§ (AdV), 3.2 x 16 (RVA), 1.4 x 14 (NoV), 2 x 10
(HAV); Method 2: 2,7 x 10 (AdV), 3.8 x 16 (+SD 2.8 x 18) (RVA), 3.4 x 18 (+SD 2.3 x 16) (NoV), 9 x 16 (+SD 1 x 16) (HAV); Method 3: 1 x

10° (AdV), 3.7 x 16 (RVA), 4.8 x 13 (NoV), 3.1 x 16 (HAV).
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Fig 2Virus recovery efficiency (%) according to higmeean value obtained in each method performedphdaite, including inhibitions’ tests.




Table Results of viral loads (GC'gd.m.) obtained by real-time PCR assay in anaeatipidigested sludge samples using two concentratio

methods
Sampling date AdV RV-A NoV HAV PP7

Method 1 2 1 2 1 2 1 2 1 2
28/02 6.8x10 0.9x1( O 0 0 0 0 0 1x 16 ND
02/03 0 42x10 O 38x10 O 0 0 0 38x168 26x1d
04/03 21x10 6.8x1(16x16 0 0 0 0 0 2x16 1.4x168
14/03 14x10 1.1x%C 78x10 62x10 O 0 0 0 37x16 1.8x18G
28/03 0 43x10 O 0 0 0 0 0 1.4x18 3.7x16
11/04 0 0 0 0 0 48x 16 0 0 13x16 48x16
25/04 1x10 24x1C O 0 0 0 0 0 13x18 9.4x1d
16/05 0 27x1 0 0 6.4x10 1.2x 16 0 0 13x18 54x1d
13/06 0 19x1® 0 0 1.4x10 1.5x 16 0 2x10 3.1x1d 5.6x10
27/06 24x10 36x16 2.5x10 0 22x10 23x16 48x1 0O ND 9.2x10
11/07 0 1.6x1d 0 7.2x10 1.8x10 5.2x 16 0 0 1x 16 ND

n positive /n total 5/11 10/11 3/11 3/11 4/11 5/11 1/11 1/11 10/10 9/9

Method T = ultracentrifugation; metribd beet extract, * diluted nucleic acids (1:10), NIet done
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6. DISCUSSAO

O monitoramentwiral em aguas residuarias ou efluentes de ETEsstdmdescrito
como modelo apropriado para a compreensao da ejpidgm dos virus de disseminacéo
entérica prevalentes na comunidade servida paknsisde esgotamento sanitario (Pina et al.
2001., lwai et al. 2009., Kamel et al. 2009; Furreaal. 2011; Kokkinos et al. 2011).

A prevaléncia dos virus de disseminacdo entéras dguas residuérias pode ser
variavel de acordo com o tipo de esgoto analisAdmesquisa de virus patogénicos presentes
em esgotos de origem hospitalar ainda é pouco edama literatura cientifica internacional.
No Brasil nenhum estudo ainda havia sido condugata verificar a contaminacéo das aguas
residuérias hospitalares quanto a presenca e difiqpsapio de agentes virais patogénicos

nesses ambientes.

Um dado inédito obtido nessa pesquisa foi a av@iagta contaminagéo viral nos
efluentes de um sistema anaerodbio constituido deesator UASB (pflow anaerobic sludge
blanke} seguido pelo pés-tratamento com trés filtros aiaes dispostos em série (ETE
hospitalar 1). Embora estes sistemas anaerobiosajdm desenhados com o maior objetivo
de remover microorganismos patogénicos, era natessalidar dados em relagcdo ao

desempenho dos mesmos na remocéao viral.

Sistemas de tratamento anaerdbios, incluindo tangeéeticos, lagoas anaerdbias,
reatores tipo UASB e filtros anaerdbicos séo ingadbs no Brasil porque demandam menos
custos para a construcdo, operacdo e manutencdrn{€taro, 2001). Além disso, a
degradacdo da matéria organica e dos poluentézadslpelo processo anaerdbico apresenta
melhor desempenho sob temperaturas mais elevaldass ipara os paises de clima tropical
(Aiyuk et al. 2006).

No entanto, vem sendo demonstrado que esses eced® apresentam bom
desempenho na remocdo de matéria organica e naaiengos patogénicos sob as condi¢des
de operacdo no pais (Oliveira e Von Sperling, 2008) resultados obtidos nesse estudo,
também demonstraram que os sistemas de reatore8 WASItros anaerdbios ndo sao
eficientes para reduzir cargas consideraveis des\de disseminacdo entérica presentes em

esgoto hospitalar. No entanto, outras tecnologeagds-tratamento para reatores tipo UASB,
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como lagoas de polimento ou anaerébicas, poderianeatar a eficiéncia de remocgédo de
microorganismos (Von Sperling, 2005., Oliveira enN\&perling, 2008), embora tais sistemas

ainda nao tenham sido avaliados quanto a capacpadeemover virus entéricos.

O desempenho de um processo de tratamento de esgdtmio, operando por lodo
ativado com aeracdo prolongada (ETE hospitalarteé2bém foi avaliado quanto a sua
capacidade na remocdo de HAV e virus gastroengecicoulantes em esgoto hospitalar. Em
relacdo a avaliacdo de remocao viral nessa ETE&auibi possivel constatar que elevadas
cargas virais permanecem nos efluentes finais dwmafamesmo apds a aplicacdo da

desinfeccao final por cloragao.

A resisténcia de virus entéricos em efluentes desEffatados com cloracdo vem
sendo demonstrada em alguns estudos (Carducci2&t0dl., Petrinca et al. 2009) e os autores
atribuem que a ineficdcia dos processos de clorag@ie estar associado a presenca de
matéria organica ou solidos em suspensao presaotesfluentes finais. Aléem disso, o
processo de desinfeccéo estaria relacionado corosofattores, tais como temperatura, forca
ibnica, pH, doses de cloro aplicadas e o tempoodéato (Cromeans et al. 2010., Lim et al.

2010).

Outros estudos também apontam para a resisténgigids entéricos a processos de
tratamento secundario e terciario ou avancado (& 2008), demonstrando que a remocao

viral em diversos tipos de sistemas de tratamemsdoto € um grande desafio.

Em relacédo a distribuicdo dos tipos de virus deedmsnacédo entérica analisados, foi
possivel demonstrar que os RVA e os AdV séo pratedenessas aguas residuarias, sendo
que as concentragfes de RVA sdo maiores do quet@dwa os outros virus analisados,
sugerindo uma alta taxa de infeccdo por RVA nosiamtés hospitalares avaliados.

A grande disseminacao e concentracdo de RVA naEpéderia estar associada ao
namero de pacientes atendidos nesse hospital. Hesgetal publico tem capacidade para
atender 12 000 pacientes por més, mas, na époealidaacdo do estudo, contava com uma
superlotacéo de 22 000 pacientes.

Embora ndo tenha sido possivel obter dados de @htigos clinicos e namero de
pacientes acometidos por diarréia aguda nessetélpspprecariedade dos servi¢cos de saude
poderia contribuir para a disseminacéo de infecgasgroentéricas, principalmente em locais

fechados ou com grande adensamento populacionélsifle¢do poderia comprometer
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também a higienizacdo adequada de leitos e &reassalecomum, contribuindo para a
disseminacéo viral no ambiente hospitalar, comerigkd em estudos anteriores (Linhares,
2000).

Embora o estudo da deteccao viral nos efluenteETda 2 tenha compreendido o
periodo de julho de 2008, nenhum efeito marcantgamanalidade da deteccdo de RVA vem
sendo demonstrada em aguas residuarias urbanas qbumian et al. 2011). A grande
disseminacdo de RVA também corrobora dados de asstadteriores sobre a prevaléncia
desses virus em comparacdo a ocorréncia de ouinas @e disseminacdo entérica em

ambientes aquaticos brasileiros (Miagostovich.2@08; Ferreira et al. 2009).

Padrbes de alta circulacdo de RVA em aguas resgdutambém sdo observados na
China (He et al. 2008). Na maioria dos paises ewspEUA e Japdo estudos sobre a
ocorréncia de RVA em aguas residuarias sdo menosmimentes e NoV sdo mais
extensivamente pesquisados, muito provavelmentgupolinfeccbes de RVA atingem

principalmente criangas dos paises em desenvoliimen

Os AdV foram os virus mais detectados na ETE 1 segundo na ETE 2, mas
nenhuma diferenca estatistica foi encontrada enmesvaléncia desses virus e entre os RVA
nas duas ETEs. A grande diversidade de espéciesotpss de AdV capazes de causar
inUmeras infeccdes (gastroentéricas, respiratariasrias, oculares, etc) poderiam contribuir

para a ampla disseminacdo nessas amostras.

O HAV foi 0 segundo agente viral cujas concentragdiatidas por L de esgoto bruto
no sistema aerado foram as mais elevadas (métlia:12 CG L'). Comparando esses dados
com resultados obtidos através do monitoramentbzaga ao longo de 1 ano sobre a
deteccdo de HAV em aguas residuarias urbanas @gilRi et al. 2007., Prado et al. 2011b)
foi possivel observar que as concentracdes de HA&&eptes nas aguas residuarias

hospitalares foram maiores do que em esgoto darnésti

Comparativamente, os NoV foram menos frequenteendatectados nos efluentes
hospitalares, com prevaléncia do GlI. A prevalérdgaNoV Gll disseminados em &aguas
residuérias do RJ ja havia sido previamente cadaatVictoria et al. 2009), bem como em

amostras clinicas (Victoria et al. 2007).

As frequéncias de deteccdes obtidas usando cPQGRGCGR foram analisadas e

nenhuma diferenca estatistica foi encontrada eataela aplicabilidade para detectar virus
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de disseminacao entérica em aguas residuariastdlasps, exceto para NoV para os quais o
melhor desempenho da gPCR usando pares de prier@sumplificar a regido da juncéo do
genoma (ORF1 e ORF2) ja havia sido observada (Wéced al. 2009).

No entanto, outros estudos demonstraram que a ci2a para amplificar o
segmento do genoma da regido da juncdo VP1/2A d¢ efA amostras de agua e esgoto
apresenta um desempenho inferior a gPCR usadapguiificar a regido 5’ ndo codificante
(NC) do genoma (Villar et al. 2006, 2007., PradaleR011b).

Uma explicacdo poderia estar relacionada ao lidetdeteccao dessas analises. Villar
et al. 2006, demonstrou que o limite de deteccaqRi2R referida anteriormente era de 60
CG mil* para detectar HAV em amostras de agua, enquanttedi muito maiores foram
obtidos para cPCR. Nesse sentido, nenhuma difestgigdicativa pode ser observada com o
uso desses dois métodos na deteccdo de HAV emrasdst esgoto hospitalar uma vez que
provavelmente as cargas virais presentes nessesefs estariam bem acima do limite de

deteccao da cPCR.

Altas concentracdes virais também foram obtidasefloentes tratados de ambas as
ETEs para todos os grupos de virus analisados;aindd que esses processos bioldgicos
convencionais de tratamento de esgotos hospitat#iespoderiam contribuir em grande

medida para evitar a disseminacado desses agembgg€paos em corpos de aguas receptores.

Também € importante enfatizar que o método baseswlofiltracdo através de
membrana carregada negativamente utilizado par@aeotmar os virus nesses efluentes
apresenta uma eficiéncia de 5% para recuperar RWAsgoto bruto (Fumian et al. 2010).

Por isso, cargas virais ainda maiores poderiann pstaentes nessas aguas residuarias.

A analise filogenética dos genomas virais detestados efluentes hospitalares

demonstrou a grande variabilidade de genétipo®ptes nesses ambientes.

Pares de primers para amplificar um fragmento ¢ @ da regido do genoma de
RVA que codifica a proteina VP6 foram utilizadosgpalentificar subgrupos (SG) de RVA
presentes nos efluentes hospitalares. Essa regidmglificacdo do genoma foi utilizada
porque havia sido previamente descrita como a m@pispriada para detectar RVA em

amostras ambientais (Ferreira et al. 2009).
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Somente RVA SGI foram identificados nos efluemespitalares analisados em 2006-
2008, diferindo de resultados anteriores demordgtranprevaléncia de RVA SGII detectados
em aguas residuarias do RJ em 2005 (Ferreira 20@®). Foi sugerido que RVA SGI estaria
mais associado com cepas de RV animais ou envsleitheeventos deassortmenbaseado
em estudos sobre a segregacédo independente desqgeneodificam as proteinas VP7 e VP4
(Iturriza-Gomara et al. 2002). Nesse mesmo estaisbém foi sugerido que gendtipos de RV
G2P[4] poderiam ser prevalentes entre cepas de Rd#Atendo especificidade de SGI

(Iturriza-Gomara et al. 2002).

Alguns estudos ja vinham demonstrando a preval&wigenoétipo G2P[4] de RVA no
Rio de Janeiro ap0s a introducdo do programa deagio nacional para rotavirus em 2006
(Carvalho-Costa et al, 2009, 2011).

Um estudo recente demonstrou a disseminacédo de dkVAsgoto da cidade do RJ e
foi observada a predominancia dos gendtipos G2 4 ®filizando nested PCR com
amplificacdo parcial de segmentos do genoma qudicad as proteinas VP7 e VP4,
respectivamente (Fumian et al. 2011). No entargoham genoétipo de RV de origem vacinal
foi identificado nesse mesmo estudo. Outro estudibigado recentemente demonstrou que a
vacina pentavalente (RV5) de RVA introduzido naasigua contribuiu para a reducao de
infeccdes de RV na regido, incluindo uma baixautigdo desses virus em aguas residuarias

urbanas e hospitalares na cidade (Bucardo et hl)20

De acordo com algumas especulacdes, a vacina nmentvaG1P[8] de RVA
Rotarix® (GlaxoSmithKline, Rixensart, Belgium) poderia estantribuindo para um efeito de
pressdo seletiva no surgimento e emergéncia desoggenotipos de RV circulantes na
comunidade, uma vez que teria menor efeito, prabcipnte na prevencdo da circulacdo de
cepas G2P[4] heterotipicas (Ruiz-Palacios et @d6R(Entretanto, Leite et al. (2008) alertou
para o problema das flutuacdes genotipicas natdeaRV, para os quais a prevaléncia do

genotipo G2P[4] poderia ndo estar associado ne@@ssmte com a vacinagao.

A vacinagdo tem um importante papel na reducao didbidade e mortalidade por
doenca diarréica no pais (Carmo et al. 2011) eusiiaacdo como medida preventiva no

controle da infeccdo de RV-A nao deve ser desceresild.

No entanto, a alta circulacdo de RVA em ecossisteagaaticos brasileiros poderia

estar relacionada com diversos fatores, entre elaksance incompleto da cobertura vacinal
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em certas regifes do pais (incluindo a administraigéprimeira e segunda dose) (Carmo et
al. 2011). Além disso, os fatores socio-econémécambientais também podem ter influéncia
nos padrbes epidemiologicos da doenca em algurgaesebrasileiras. A precariedade das
moradias e a falta de saneamento basico em divessasidades podem propiciar condi¢cdes
favoraveis para o aumento do numero de infeccoesRdy incluindo infecgbes mistas.
Também é importante considerar o potencial de mme&s$io zoonadtica nessas regides, que
pode contribuir para a ocorréncia de eventosredessortmentde genes entre diferentes
espécies de RV, acarretando mudancas genéticagribomdo para que certas cepas de RV
sejam resistentes a imunidade conferida pela vgéina

Em relag&o a caracterizagdo molecular dos AdV tites nos efluentes hospitalares,
foi interessante observar uma grande variedadespiecies circulantes nesses ambientes, a
qual se constituiu em um dado inédito no Brasiespécie D de AdV foi a Unica encontrada
nos efluentes da ETE 1, enquanto 50% das espé&ri@st@rizadas na ETE 2 corresponderam
as espécies C e D, as quais sdo comumente assoaiadaccdes respiratdrias e conjuntivite
nosocomial. Dessa forma, uma maior variabilidadesjecies de AdV poderiam ser obtidas
a partir de amostras de aguas residuarias hospgalao contrario do esperado em esgotos
domésticos ou em Aaguas superficiais, nos quaispérao a predominancia de AdV
gastroentéricos (espécie F, sorotipos 40 e 41)afHato et al. 2007b., Miagostovich et al.
2008).

Tal afimativa parece estar de acordo com dadositex@btidos através da avaliacdo
de AdV em amostras de esgoto urbano da cidade doefJque foi demonstrada a
predominancia de AdV espécie F em amostras coket@oldongo de 1 ano (2009-2010) em
uma grande ETE da cidade (Fumian et al. dados nBlicados — Laboratério de Virologia
Comparada e Ambiental — IOC/FIOCRUZ/RJ).

Todos os NoV identificados nos efluentes hospialaem 2006 e 2008 foram
pertencentes ao genotipo Gll.4. O gendtipo Gll.dedcrito como o principal genotipo
envolvido em casos de surtos de gastroenteriteaagad NoV no mundo (Siebenga et al.
2007). Esses resultados estdo de acordo com esintErsores demonstrando a prevaléncia
desse gendtipo em amostras clinicas e ambientaiRiolode Janeiro e outros Estados
brasileiros (Victoria et al. 2007; 2009; Barreitaak 2010; Ferreira et al. 2010).

Para comparar com os resultados de deteccao obtalos em efluentes de ETEs

hospitalares, a deteccdo dos virus de disseminagi@ica foi realizada em outro estudo
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conduzido para avaliar a contaminacdo das aguakiéeiss urbanas do RJ, bem como os
efluentes de diversas etapas de tratamento de Uilal& grande porte (ETE Alegria — Caju,

RJ). Esse estudo iniciou com a deteccdo de HAV imi@uo durante 1 ano (2009-2010) nos
efluentes dessa ETE.

A andlise de HAV em amostras de esgoto € considaragortante para avaliar a
melhoria das condi¢cbes de saneamento basico dasnmades (Rodriguez-Manzano et al.
2010), uma vez que a prevaléncia e a incidénciafdacdo estariam altamente relacionadas

as condicdes sanitarias e socio-econdmicas dasagdes (Santos et al. 2008).

O Brasil ndo tem adotado um programa universalatgnacao para hepatite A e as
medidas preventivas recaem sobre a melhoria dadigd®s sanitarias das comunidades
(Hendrickx et al. 2008).

O monitoramento de HAV em aguas residuais urbdoeRio de Janeiro (2009-2010)
demonstrou que 58% das amostras foram positivas gsse virus, confirmando o potencial

de contaminacao desses esgotos.

Uma reducédo estatisticamente significativa na #egia de positividade para HAV
em aguas residuais urbanas do RJ foi obtida quemahparadas a um estudo prévio sobre a
deteccdo de HAV em esgoto do RJ em 2005, sugegue@s melhorias das condi¢cbes socio-
econdmicas e acesso ao saneamento basico podernoedtdouindo para prevenir infeccdes
de hepatite A nessa regiao.

Picos de concentragbes de HAV foram obtidos nosesnesis quentes e chuvosos,
similarmente a um estudo prévio (Villar et al. 20@E&monstrando que os fatores climaticos
podem ter grande contribuicdo para a epidemioldgiBlAV no RJ. Esses resultados também
confirmaram dados de estudos prévios demonstranel@xjste uma variacdo sazonal para a
ocorréncia de infecgbes de hepatite A no Brasilguess seriam predominantes nos meses
mais quentes e chuvosos (Villar et al. 2002., Saeta@l. 2008).

Dessa forma, o monitoramento de HAV utilizando dagem ambiental poderia ser

um instrumento Util para apoiar estudos epidemiot®yno Brasil.

Nesse estudo, o HAV néo foi detectado nos efludrdéesdos na ETE de grande porte

sugerindo que esse sistema pode ser adequado tnoleada disseminacdo de HAV durante o
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periodo analisado. No entanto, cargas virais abdixtmite de deteccdo da gPCR poderiam

estar presentes nesses efluentes.

As amostras positivas na qPCR foram submetidamgifecacdo atraves de uma
nested RT-PCR com alvo na regido de juncédo do gemamespondente a VP1/2A. Somente
amostras que apresentaram maiores concentracOgerenas virais atraves da gPCR
puderam ser detectadas através da nested RT-PCRstudo anterior ja havia demonstrado
gue essa mesma analise de nested RT-PCR era nesrsdset do que a gPCR para detectar

HAV em amostras ambientais (Villar et al. 2006).

A analise filogenética dos isolados de HAV obtidesse estudo demonstraram a
prevaléncia do genotipo | e apenas subgendtipmiAldtectado, corroborando a prevaléncia
da circulacdo desse gendtipo no Brasil (De Paulal.eR004., Santos et al. 2008). A
prevaléncia do subgendtipo IA também é observadaatses da América do Sul e parece ser
0 Unico subgenotipo identificado em alguns paisssal regido (Costa-Mattioli et al. 2001.,
Munné et al. 2007., Sulbaran et al. 2010).

Trés isolados de HAV apresentaram 100% de idergidednucleotideos, sugerindo
gue poderiam ser provenientes de um mesmo surtonp@ando essas sequéncias
nucleotidicas com outras sequéncias disponivei&@oBank, maiores identidades foram
obtidas com isolados de HAV detectados na regiadeste do Brasil, especificamente do
Maranh&o e Pernambuco e com isolados circulantd®IndJm isolado diferente (RJ 616)

obteve maior identidade de nucleotideos com HA®utates no RJ e Argentina.

Alguns autores sugerem que existe uma populacéneca de HAV circulando nos
paises sul-americanos e esse fenbmeno poderiavisen@ado através das similaridades
filogenéticas (Munné et al. 2007).

No entanto, embora a regido da VP1/2A seja adegpada distinguir diferentes
genotipos de HAV e estabelecer relagdes filogeagtioutras regides do genoma estao sendo
propostas para identificar as relacdes filogengtatre diferentes isolados de HAV com
maior grau de acuidade, tais como a regiao de Bafapegido VP1/P2B e a regidao da VP1
completa (Costa-Mattioli et al. 2003., Nainan e248i06).

Também € importante enfatizar que um numero limitdd isolados de HAV sul-
americanos tem sido caracterizado no nivel gendifideoPaula et al. 2002., Munné et al.

2007) e, portanto, € necessario ampliar essa tieh@vestigacdo nesses paises para que as
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inferéncias sobre as relacdes epidemiologicas difgeentes isolados de HAV dessa regido

sejam mais precisas no futuro.

A partir da obtencédo dos resultados de HAV dathxg nos efluentes da ETE Alegria
em 2009-2010, estudos subseqientes foram realizzdo2011 no intuito de comparar as
frequéncias de detecgdo obtidas para outros uitési@s, incluindo a analise mais detalhada
sobre a distribuicdo viral em diferentes estdgios pdocesso de tratamento, incluindo
amostras de esgoto bruto, lodo de esgoto do delanfaimario, esgoto do efluente de
decantacdo primaria, efluente do decantador sedon@d dos residuos solidos finais

(biossolidos) produzidos como consequéncia do psacde tratamento.

Poucos estudos tém sido conduzidos para avafieesgenca de virus de disseminagao
entérica durante distintos estagios de processosrai@mento de esgotos (Simmons e
Xagoraraki, 2011).

Através da andlise comparada foi possivel obsewamenhuma diferenca estatistica
foi obtida para as frequiéncias de deteccédo de FRAGY, e NoV GIl nas amostras de esgoto
bruto, enquanto RVA e AdV foram mais prevalentes araostras de efluente primario (apos
decantacédo primaria). No entanto, as cargas médigenomas de RVA obtidas nos efluentes

de decantacédo primaria foram mais elevadas do apaeAulV.

Os resultados obtidos para as amostras de lod@goirsugerem que essas amostras
contém cargas elevadas de virus de disseminac&dcantespecialmente AdV que foram
detectados em 90% das amostras analisadas. Amadstrexio primario poderiam conter
concentragdes virais pelo menos 1 — 2 unidades hogiores do que no esgoto bruto. Embora
os RVA tenham sido detectados com maior frequénem amostras de esgoto bruto, o
mesmo nao foi verificado para as amostras de lododpio. Alguns autores tém sugerido que
0s RV adsorveriam pobremente nas fracdes solidésdde(Arraj et al. 2005; Sidhu e Toze,
2009) e este estudo apodia esta hipotese, emboreerasres frequéncias de deteccdo nessas
amostras também poderiam estar associadas a eficiéle recuperacdo dos meétodos
utilizados.

Os dados também demonstraram que HAV sao menagefrags nas aguas residuarias
do RJ quando comparados com 0s outros virus dentiisacao entérica e a baixa frequéncia
de deteccdo obtida estdo de acordo com outrososstuchduzidos no Brasil (Barrella et al.
2009; Schilindwein et al. 2010).
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Nenhum HAV foi detectado nos efluentes finais ttag similarmente ao estudo
realizado anteriormente em 2009-2010. No entarmparando dados desse estudo com o
realizado em 2009-2010, uma menor frequéncia ceccd@d de HAV foi observada em 2011
para o periodo observado, sugerindo que a disseatndesses virus nas aguas residudrias
urbanas do RJ esta em declinio.

Embora os virus entéricos tenham sido detectados menores frequéncias nas
amostras de efluentes tratados (apds decantacéindsei@) relativamente altas cargas de
virus persistiram ao processo de tratamento. Emticgto sistema foi capaz de remover cerca
de 1 — 1,5 unidades lggde cépias de genomas virais em relacdo ao esgoto, lm que
estaria dentro do esperado para padrbes de remardlonestes sistemas biolégicos

secundarios (Godfree e Farrell, 2005).

A andlise dos parametros fisico-quimicos nos efksentratados dessa ETE
demonstraram que a DBO (demanda bioquimica de mwi)géDQO (demanda quimica de
oxigénio), SS (solidos sedimentaveis) e pH estadmmtro dos limites aceitaveis para
efluentes de ETES, exceto para coliformes, pamrguass um valor acima de 2500 NMP/100
ml foi determinado (anexo item 10.1.4., Cedaeatéeio técnico, 2009-2010).

Diferentes metodologias para a recuperacdo virallaeto de esgoto e biossélidos
também foram avaliadas. A grande questdo assoc@taa deteccdo viral nessas matrizes
ambientais se refere a eficiéncia dos métodos digpis e dos inibidores naturais que

interferem nas reacdes de amplificacdo de aciddginas.

Diversos métodos séo descritos para recuperar R@ssas matrizes ambientais, mas
0s procedimentos essenciais incluem a aplicacaeagentes eluentes para desagregar os
virus aderidos aos solidos e etapas posterioresmentracdo que podem ser realizadas por
métodos de centrifugacéo, ultracentrifugacdo, agdio de polimeros sintéticos como PEG ou
floculacdo organica, que consiste na diminuicdo pitb da solucdo para promover a
precipitacdo de proteinas (Katzenelson et al. 19a8tah et al. 1981; Goyal et al. 1984;
Lewis e Metcalf, 1988; Lasobras et al. 1999; Migmatt al. 1999; Monpoeho et al. 2001,
2004., Sano et al. 2003; Belguith et al. 2006; Garzrat al. 2007a, 2007b; Rock et al. 2010;
Schlindwein et al. 2010; Wong et al. 2010; 2011).

O extrato de carne tem sido considerado como o aneifuente em diversos
protocolos testados (Farrah et al. 1981., Monp@ttab. 2001., Belguith et al. 2006., Guzman
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et al. 2007a, 2007b) e tem sido o reagente recaswendela US EPA (apéndice H, 2003),

assim como pela Resolu¢cdo Conama 375, 2006, parpe&r virus entéricos em biossadlidos.

Dessa forma o método de recuperacdo baseado gacelutilizando extrato de carne
foi escolhido para a deteccdo viral em lodo e lldss nesse estudo. Esse método foi
adaptado por Guzman et al. (2007a) que simplifwonétodo inicialmente proposto pela US
EPA (2003) e ainda ndo havia sido testado parec@peeacdo de virus gastroentéricos e
HAV. Outro método foi baseado na eluicéo utilizamgicina seguido de ultracentrifugacéao,

contendo menores modificacdes (Pina et al. 1998).

Para amostras de biossélidos, um terceiro métodtestado baseado em adsorgéo-
eluicdo em filtros de membrana carregados negaémgno qual vem sendo utilizado para a

deteccao viral em amostras de esgoto (Villar 2@07; Katayama et al. 2008).

De acordo com os experimentos de inoculagdo wrahétodo de adsorcéo-eluicdo
apresentou a menor eficiéncia de recuperacédo dondnilizado para a deteccao viral nas
amostras de biossolidos naturalmente contamin&#aéltros contendo material residual de
lodo retido foram secos para a remocdo da umidadeaeterizados em MEV (para maiores
detalhes consultar item 10.3. do anexo). As miafas eletronicas (anexo 10.3.6 — Imagens:
9.3.6.1, 9.3.6.2, 9.3.6.3 e 9.3.6.4) demonstraram guantidades consideraveis de matéria
organica com argilominerais (indicados pela presate Si, Al e Fe) estavam presentes nas
amostras retidas nos filtros o que pode ter caritlibpara prejudicar a eluicdo dos virus com
NaOH.

Os experimentos realizados com a inoculacdo ddoditwirais conhecidos
demonstraram que diferentes eficiéncias de recg@ernpodem ser obtidas de acordo com o
tipo de método e grupo viral analisado. De uma imarmgeral, as eficiéncias dos métodos de
recuperacao para detectar RVA, NoV GIl e HAV forarais baixas para a recuperacdo em
amostras de lodo primario do que para biossoli@ssdados sugerem que amostras de lodo
primério poderiam conter maiores quantidades dst&nbias inibidoras, tais como &cidos,
metais pesados, polifendis e matéria organica éonquodo tratado (biossélido). Guzman et
al. (2007) também apontou a maior dificuldade etedar colifagos em amostras de lodo

contendo maiores niveis de umidade.

No entanto, quando os métodos foram utilizados peasdiar amostras naturalmente

contaminadas de lodo e biossdlidos o método deatextde carne apresentou maior
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confiabilidade para detectar AdV, RVA e NoV GII.KAV foi somente detectado em uma
amostra de lodo primario pelo método de ultrackmfsicdo, e em duas amostras de
biossdlidos pelo método de extrato de carne ecelttaifugacdo, sugerindo que para estes
virus que estdo presentes em baixas propor¢cOestadonée ultracentrifugacdo poderia
aumentar a probabilidade de concentracao e deteccéo

Rock et al. (2010) tém demonstrado que a eluicdial We biossolido digerido
anaerobicamente utilizando extrato de carne podeoiacentrar maior quantidade de
compostos inibidores que afetam o desempenho d@searde gPCR, tais como matéria
organica e acidos humicos e fllvicos, quando coatmaao método de eluicdo utilizando

glicina.

Entretanto, € dificil definir quais compostos dsatarpromovendo a inibicdo para as
reacfes de amplificacdo nos métodos avaliados esepte estudo, uma vez que a eluicdo
com glicina foi seguida pela etapa de ultracergafidio, no qual se observou que esse método
foi capaz de concentrar maiores quantidades ddosotesiduais. Mesmo com a ressuspensao
do concentrado final com PBS foi possivel obsepeguenas quantidades de sélidos em

suspensao no eluato final.

Os residuos sélidos presentes nas amostras cad@ntrpelo método de
ultracentrifugacdo em lodo e biossolidos foram car&zados através de MEV com sistema
de EDS para verificar os principais componentesagematrizes solidas (anexo - item 10.3.2.
e 10.3.4.). Foi possivel constatar a presenca daerais como graos de quartzo (8iO
embebidos em estruturas contendo matéria orggmieagnca de C), argilominerais, além de

compostos contendo quantidades consideraveisaadotit

As amostras obtidas pelo método de extrato de cameentraram proporcionalmente
menores quantidades de residuos solidos e apenasaramostragem foi possivel obter um
pouco de material concentrado que foi secado e atithona analise de MEV (anexo — item
10.3.5.). Por conter muito pouca quantidade de nmhte ser analisado, foi possivel apenas
inferir que essas amostras poderiam conter pequguastidades de matéria organica e

compostos de argilominerais finamente particulados.

Além da analise desses residuos, os testes dedailfdiluicio seriada de acidos
nucléicos) também demonstraram que tanto as araagiraeentradas por ultracentrifugacao

como pelo extrato de carne ainda apresentam coagposbidores capazes de prejudicar a
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eficiéncia das reagbes de amplificacdo de &cidadéicos. Os inibidores contidos nas
amostras eluidas com extrato de carne poderiam astaciados com a presenca de acidos

hamicos e fulvicos, como previamente descrito (Retckl. 2010).

Quando os métodos foram realizados para detectaviros em amostras de
biossoélidos naturalmente contaminadas, a diluigddaldos nucléicos na proporcao de 1:10
permitiu detectar RVA e NoV que nao haviam sidaiaimente detectados pela gPCR, mas
guando os acidos nucléicos foram diluidos na pgdmde 1:100 nenhum virus foi detectado
nas amostras que haviam inicialmente apresentagldtado negativo, diferentemente do
observado para os testes com altas concentracddsilde virais inoculados. Isso sugere a
grande dispersdo de resultados quando a qPCRzaddilpara detectar baixas concentracdes
virais nessas amostras. Provavelmente a maiogé@dude acidos nucléicos reduz os niveis de
inibidores, mas também as concentracbes de acidogicos para abaixo do limite de

deteccdo dos métodos.

O uso do bacteriofago PP7 usado como controlenimtpara monitorar a eficiéncia
das etapas de deteccdo viral em biossélido pardequado, pelo menos quando altas
concentragdes iniciais sdo inoculadas. O PP7 merténfamiliaLeviviridag do género
Levivirus e € um virus com genoma de RNA de fita simplegsideo de simetria
icosaédrica, com 24 a 26 nm de diametro, posspirigadades similares aos enterovirus e nao
€ detectado no ambiente o que lhe confere umatedsdica apropriada para ser usado como
controle em experimentos de detecc¢ao viral em aagambientais (Rajal et al. 2007).

Quando o PP7 foi utilizado para monitorar as etap@mseteccdo em biossolidos
naturalmente contaminados foi possivel observaretpiéoi detectado em todas as amostras,
mas menores taxas de recuperacdo foram observadaslgemas amostras analisadas,
sugerindo que o biossdlido produzido em diferepgrgodos poderia variar em composi¢ao,
determinando diferentes eficiéncias de recuperaicab

A eficiéncia da ultracentrifugagéao foi muito bapara detectar particularmente AdV
através de gPCR em amostras de biossolidos eaggsisimilares puderam ser observados
para a deteccao utilizando PCR convencional (cP@Rgxo — item 10.2.). Os limites de
deteccdo para recuperar especialmente HAV tambéamfcariticos, sugerindo que os
métodos apresentam eficiéncias de recuperacd@mifadas de acordo com a espécie viral.
Diferentes mecanismos de adsorcdo e eluicdo viesksas matrizes solidas poderiam

influenciar a eficiéncia de recuperacgéao viral.
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A presenca de matéria organica e inorganica contig& amostras de lodo e
biossdlidos € responsavel pelos mecanismos de céds@r eluicdo viral nessas matrizes,
juntamente com pH e forca i6nica da solucéo (Lips@&totzky, 1984; Rao et al. 1986; Dowd
et al. 1998; Quignon et al. 1998; Harvey e RyarQ42Mylon et al. 2009; Walshe et al,
2009).

Os virus assumem um comportamento similar aosdeg@m ecossistemas aquaticos
e sdo denominados de biocoloides em estudos emda\associacdo entre particulas nesses
ambientes (Rao et al. 1986; Dowd et al. 1998; HaevRyan, 2004; Walshe et al, 2009).

Coldides séo particulas com dimensfes entre 1 df gm e geralmente possuem
carga elétrica sobre suas superficies (Sen e KHIR@06). Muitos materiais organicos e
inorganicos existem como coléides na naturezapimdb minerais (principalmente ferro,
aluminio, calcio, 6xidos de manganés, hidréxidoarbanatos, silicatos e fosfatos),
fragmentos de minerais e rochas, biocoloides (vbvastérias e protozoarios) e componentes

macromoleculares da matéria organica natural (Veadslal, 2009).

Biocoldides virais possuem cargas de superficiem#gntes de pH em meio polar
COmo a agua e essas cargas sao derivadas da &andas; grupos funcionais das proteinas do
capsideo e variam de acordo com a espécie viral.c#gas eletrostaticas coloidais
determinam a mobilidade das particulas livres em aampo elétrico e direcionam o
comportamento coloidal, tendo um importante papginocesso de adsorcéo e liberacao viral

em meios geoldgicos ambientais (Michen e Graul&QR0

O mecanismo para compreender as forcas eletr@st&jiee dominam a ligacdo e a
liberacdo de virus da matéria particulada ou ddsizea solidas em ecossistemas aquéticos €
explicado pela teoria de Derjaguin-Landau-Verweyefeek (DLVO), que foi desenvolvida
para predizer a estabilidade dos coloides em saépdisen e Khilar, 2006Entretanto, para
microorganismos que adsorvem em superficies sotidagplexas, € necessario considerar
outros fatores que ndo sao explicados pela teerlLY/O, entre elas, a atragdo hidrofébica e
as forcas de hidratacdo (Harvey e Ryan, 2004., &S#&hilar, 2006., Healy e Fuerstenau,
2007). As dimensdes das particulas virais também est@&sioeladas aos mecanismos de
adsorcdo em meios geoldgicos ambientais, sendopgu&ulas com maiores dimensdes

tenderiam a adsorver mais fortemente nas matrétems (Dowd et al. 1998).
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Dessa forma, a baixa eficiéncia estabelecida paraperar AdV das amostras de
biossdlidos pelo método de ultracentrifigacdo p@destar relacionada com a maior adsor¢ao
dessas particulas nos soélidos concentrados, d#ifmo o procedimento de deteccdo. Partindo
dessa hipotese, também poderia ser esperado uroagoacentracdo desses virus agregados
nas fracdes sdlidas de lodo de esgoto e biossplida® verificado através da alta frequiéncia

de deteccdo dos AdV nessas amostras usando edtratone e gPCR para a deteccao.

Os biossélidos sdo produzidos em varios estagmgprdcesso de tratamento de
esgotos. Eles sdo uma mistura de solidos primdlmdo do decantador primario) e
secundarios (lodo do decantador secundario). Adrdeé resultados obtidos nesse estudo foi
interessante constatar que frequéncias de detggafisimilares foram obtidas para amostras
de lodo priméario e biossélido, evidenciando quaaise do lodo primario é importante para
verficar o potencial de remocao viral obtida pgloscessos subsequentes de estabilizacdo do

lodo.

Além de virus de disseminacado entérica, a anéliseamostras de biossdlido por
MEYV identificou colbnias de ovos de parasitas (anexitem 10.3.3., Imagens: 10.3.3.5;
10.3.3.6; 10.3.3.7; 10.3.3.8), alertando para ouseio e gerenciamento adequado desse

residuo.

A andlise dos virus de disseminacdo entérica pieseras amostras de biossoélidos
obtidos por digestdo anaerobica mesofilica demanastr que em todas as amostras pelo
menos um tipo de virus foi detectado. Os AdV fomammais detectados (90%) nas amostras
analisadas, seguida pelos RV-A (45%), NoV Gl (458)AV (8%).

Resultados similares de concentragbes de AdV erssdlidos foram obtidos por
Bofil-Mas et al. (2006). A prevaléncia de AdV emmastras de lodo digerido
anaerobicamente em relacdo a presenca de outres dér disseminacdo entérica tem sido
verificada em outros estudos (Wong et al. 2010) lmmo a confirmacdo de que o
tratamento de digestdo anaerdbica mesofilica rdi reatisfatoriamente as concentractes de
virus de DNA nesses residuos (Wong e XagoraralilR2@utros processos de tratamento,
como estabilizacdo alcalina e secagem em estufeckestdo sendo descritos como mais

apropriados para a remocao viral (Camparini e Asaarinho, 2003; Barrella, 2008).

A grande disseminacédo de AdV corrobora a hipotesque eles poderiam ser bons

indicadores para determinar a contaminacgéo viraloglm de esgoto e biossolidos digeridos
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anaerobicamente. Este € o primeiro estudo realimadgrasil descrevendo a contaminacao de
RVA e NoV GIl em lodo de esgoto digerido anaeroinieate e o segundo no mundo

descrevendo as concentracdes de NoV Gll nessdsioegi\Wong et al. 2010).

Espera-se que outros estudos sejam conduzidosasd para avaliar a contaminacao

viral em biossolidos produzidos em diferentes ETES.

7. CONCLUSOES

A deteccédo e a quantificacdo dos virus de disse@inantérica em aguas residuarias
hospitalares e urbanas do Rio de Janeiro demongtrews RVA, juntamente com os AdV,
sdo 0s grupos virais mais disseminados nesses raegyiesendo que as concentragbes de

RVA séo frequentemente maiores do que para osvitnes analisados.

As concentracdes virais obtidas para esgotos dgerarihospitalar foram maiores
quando comparadas as cargas virais presentes oo edgmeéstico, particularmente para

RVA e HAV, apontando para a grande disseminac¢ab nesses ambientes.

Os sistemas de tratamento biolégicos convenciaaissgotos ndo sao capazes de
promover uma grande remocao viral, incluindo arsediacdo primaria e secundaria em

processo de lodo ativado convencional.

O HAV tem sido detectado com menor frequéncia gassresiduarias urbanas do RJ
comparado aos outros virus de disseminacdo entériestudos comparados de 2005 a 2011

tém demonstrado um declinio na ocorréncia desas gm esgotos do RJ.

A analise da presenca viral no lodo de esgoto piimda ETE Alegria-Caju

demonstrou que o método de concentracdo baseadrteato de carne € mais adequado para

112



0 monitoramento utilizando amostras de campo @ddicularmente desejavel para detectar
AdV nessas amostras. Concentracdes virais em ledsgbto seriam aproximadamente 1 — 2
unidades log maiores nesses residuos quando comparados asiwagdes presentes em

esgoto bruto.

A andlise da eficiéncia dos métodos de recuperaigdbem biossolidos demonstrou
gue essas amostras contém inibidores capazesjddigae o desempenho da amplificagéo de
acidos nucléicos. A diluicdo de acidos nucléicopimgorcdo de 1:10 (v/v) em &gua livre de
DNAse/RNAses € desejavel para remover inibidorasraentar a eficiéncia de recuperacéo

viral em amostras de biossolidos.

O uso de um controle interno (bacteriofago PP AJeg@ado para monitorar as etapas
de deteccdo viral em amostras de biossdlidos,cpttimente quando altas concentracdes

virais sdo inoculadas.

O método baseado em eluicdo com extrato de catinends apropriado para a
deteccdo viral nas amostras de biossolidos natardércontaminadas e, por ser um método
simplificado, pode ser recomendado para detectausvide disseminacdo entérica,

especialmente AdV, em analises de rotina usanddgi¥ta a deteccao.

Os limites de deteccdo usando métodos de concaatm@nalise de gPCR sugerem
que os HAV poderiam ser pobremente recuperadosislessostras de biossolidos, uma vez
que os limites de deteccdo foram muito altos (acmaC coépias de genomayy Portanto, a
real presenca de HAV nos biossoélidos poderia degstimada, principalmente quando baixas

concentracdes virais estao presentes nesses r@siduo

A analise dos virus de disseminagdo entérica pieseras amostras de biossolidos
obtidos por digestdo anaerobica mesofilica demanastr que em todas as amostras pelo
menos um tipo de virus foi detectado, alertanda pargerenciamento adequado desse
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residuo. Os AdV foram frequentemente detectados amasstras de lodo de esgoto e
biossdlidos, corroborando a hipdtese de que eleker@on ser bons indicadores para

determinar a contaminacao viral nesses residuos.

8. PERSPECTIVAS

Nesse estudo a prevaléncia e as concentracbededentks virus entéricos foram
determinadas em efluentes de diferentes ETEs nal®ianeiro. Foram avaliados processos
de lodo ativado (convencional e de aeracdo probtajghem como um sistema anaerdbio

(reator UASB seguido de poOs-tratamento por filanaerobios).

No Brasil a avaliacdo do desempenho dos processdsathmento de esgotos na
remocao viral tem sido realizada apenas para sstel@ lodo ativado (Prado, 201 press.
Dessa forma, o desempenho de outros processostdménto aerébios (lagoas aeradas e
filtros biologicos) assim como anaerobios (lagoasmeadbias, tanques seépticos, etc)
permanece desconhecido em relacdo a eficiéncia edeocio de virus patogénicos.
Recomenda-se que as pesquisas sejam ampliadasyraemtar 0 nivel de conhecimento
acerca de outros sistemas de tratamento de esgbtesnogao viral.

Os métodos de concentracdo analisados nesse est@édecuperar virus entéricos em
amostras de lodo primério e biossolidos demonsiragiae as taxas de recuperacdo e 0s
limites de deteccado sao criticos para recuperacedmente HAV através de gPCR. Por isso,
outros métodos de concentracdo e/ou deteccdo podear desenvolvidos visando aumentar

a eficiéncia de recuperacao de HAV em amostrassiduos solidos.

A andlise da cPCR para detectar virus entéricos aenostras naturalmente

contaminadas também deve ser avaliada.

Os virus de disseminacéo entérica foram detectatiasés de métodos de biologia
molecular, os quais ndo sdo capazes de determindeaciosidade das particulas virais.
Métodos baseados em cultura de células integra@&Ra(ICC-PCR) poderiam ser testados

para caracterizar os niveis de infecciosidade degcplas virais presentes em biossolidos.
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O processo de estabilizacdo de lodo avaliado fdigastdo anaerdbica mesofilica.
Seria interessante analisar a presenca e a coac&miios virus de disseminacao entérica em
biossdlidos produzidos por outros processos debiBstagdo, tais como digestdo aerdbia,

secagem ao ar ou compostagem, para os quais aodxistem dados no Brasil.
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10. ANEXOS

10.1. Caracterizagdo das ETEs

10.1.1. Sistema de tratamento de esgoto anaerdobio (ETE hospitalar - 1)

A ETE-1 utiliza processo anaerébio de tratamentestmtos, composta pelas unidades de
reator UASB seguido de pOs-tratamento por trésoéilanaerdbios, dispostos em série, com

direcédo de fluxo ascendente.

As principais unidades que compdem este sistenrat@denento de esgotos sao:

» Sistema de gradeamentopara a retencdo e remocgéo de sélidos grossei®®siao

contidos no fluxo.

» Estacdo elevatoria: para elevar o liquido da cota de chegada ap0s [z ala
gradeamento, até o nivel de entrada do reator @maeratravés de dois conjuntos

motor-bomba do tipo submerso, acionada por boias\a.
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» Reator Anaerdbio de Fluxo Ascendente e Manta de Lad(UASB): onde é realizado
o principal processo de estabilizacdo da matégaroca, através da formacdo de uma

manta de lodo densa e de elevada atividade.

» Filtros anaerdbios: unidades de pods-tratamento para o polimento detesg
utilizando trés filtros bioldgicos anaerdbios emieséde fluxo ascendente, com uma
capacidade de remocdo complementar de matériaicag®presentam como suporte

de preenchimento pedra brita n° 4.

Os parametros de dimensionamento sédo descritasoabai

Dimensionamento do reator UASB:

= Vaz&do média (adotada): 226 oi*tou 2,54 L. &
= Tempo de retencédo hidraulica (TRH): 8 horas
= Volume total do reator: 73,36°m

= Altura do reator: 4,5m

= Area corrigida: 16,5 f

= Distribuidores internos: 8

= Avaliacdo da producéo de metang@= 22,5 ni d*

O dimensionamento do reator UASB esta represemtadiogura:
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Figura 9.1.1 Dimensionamento do reator UASB

Dimensionamento do filtro anaerdbio:

Para o dimensionamento dos filtros anaerobidigaram-se as disposi¢cdes contidas na
norma ABNT 7229/93 referentes a fossas sépticassgosicdo final de efluentes. Como
parametro de tempo de retencéo hidraulica méde fpap anaerébio como unidade de pos-

tratamento, adotou-se 4 horas.

= Volume util: 50,7 M
=  Profundidade maxima do filtro: 1,2 m
» Area (adotada): 42,24m

= Suporte de preenchimento dos filtros: pedra bfitd n
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Figura 9.1.2.Dimensionamento dos filtros anaerdbios

Apés o tratamento, o efluente € lancado na reddicaude coleta de esgotos da
CEDAE (Companhia Estadual de Agua e Esgotos doaRdual desemboca na Baia da
Guanabara (RJ).

10.1.2. SISTEMA DE TRATAMENTO DE ESGOTO AEROBIO
(ETE HOSPITALAR 2)

O sistema de esgoto aerdbio € composto de um pmaeks lodo ativado com aeracéo

prolongada.

O influxo de esgoto nessa ETE é maior do que dsaua anteriormente, com capacidade
para tratar 5 L '§ O tanque de aeracdo tem um tempo de retencddulidr de 18 h
aproximadamente. Os efluentes finais sdo trataolmsoboracdo. Os dados de dimensionamento da
planta, bem como a concentracao final de cloracagéi ndo foram fornecidos pela empresa que
gerenciava esta ETE (Rio Aguas) no momento do estNd entanto, um esquema geral das

unidades da ETE por lodo ativado com aeracao pyalien é fornecido na figura.
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Grade Desarenador Tanque de aeragao Decantador

Efluente
Esgoto bruto—v// —~— » tratado
‘née fﬂsc.
solida sdbda
Cloragéo

ledo de retorno

Figura 10.1.3.Esquema de uma ETE por lodo ativado com aeragiongada. Adaptado de
Von Sperling, 2005.

10.1.3. ETE URBANA (ALEGRIA - CAJU - RJ)

A ETE da Alegria comecou a ser operada em 200Bzepéarte do Programa de
Despoluicdo da Baia de Guanabara (PDBG). E comsldeuma das maiores ETEs da
América Latina. No final da construcdo dos troncaoletores, a ETE Alegria deveré receber a
contribuicdo de esgotos sanitarios de uma areaedsa ade 8.600 hectares, servindo a

aproximadamente 1,5 milhdes de pessoas (Cedae). 2010

No desenvolvimento das obras, a fase preliminatrd@mmento foi revisada pelo
consorcio construtor e pela CEDAE, modificando-skystancialmente a concepcdo da
Estacdo Elevatoria de chegada, e das grades gesssdiinas, inclusive a capacidade destas
unidades, que passou a ser de uma vazdo médiaalataid,5 n¥s, e vazdo maxima de 7,4
m/s (Cedae, 2010).

S&8o quatro as sub-bacias principais contribuintestacdo de tratamento: Alegria,
Timbo-Faria, S&o Cristévao, e o conjunto Centronilee e Catumbi, conforme prevé o
Plano Diretor de Esgotamento Sanitario da Regiatrddelitana do Rio de Janeiro e das

Bacias Contribuintes a Baia de Guanabara (Ceda#).20

A coleta e o tratamento da contribuicdo destas bsgias constituira sensivel

beneficio para a melhoria da qualidade das aguascdmpos receptores, eliminando os
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lancamentos diretos na Baia de Guanabara e nos dasais urbanos que contribuem para a

baia.

Essa ETE constitui um sistema de lodo ativado awmigeal (Figura 10.1.3.1). O

fluxograma da ETE esta demonstrado na Figura 10.1.3

Figura 10.1.3.1.ETE Alegria — Caju, RJ.

Fonte. Cedae, 2010
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Figura 10.1.3.2 Fluxograma da ETE Alegria

FonteCedae, 2010.
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Decantadores primarios

Os efluentes das caixas de areia sdo conduzidoscamis, aos decantadores
primarios (Figura 10.1.3.3). Os cinco decantadeé&esretangulares, também modulados para
a vazdo média de 13, cada um, nos quais o esgoto flui de forma mitierue o sélidos
decantéveis se depositem no fundo e os solidasafites (escuma) se dirijam a superficie. Os
sélidos removidos por sedimentacao nos decantagarearios constituem o lodo primario.

O lodo retido € recolhido em pocos localizados exdeemidades dos decantadores e
encaminhado aos adensadores por gravidade por decibombas centrifugas. O lodo

adensado é encaminhado para os digestores.

Figura 10.1.3.3.Decantador primario em operacao

Fonte. Cedae, 2010

Sistema biologico de tratamento

O termo lodo ativado designa a massa microbiarauldota que se forma quando
efluentes biodegradaveis sdo submetidos a aer@csistema de lodo ativado convencional é

composto por:

- Tanques de aeracdo: onde uma alta concentracdlmades microbianos, mantidos em

suspensdao, promove a degradacao dos poluentes;
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- Difusores porosos de ar nos tanques de aeragiadistribuido pelos difusores serve como
fonte de oxigénio para a atividade bacteriana,nagsimo para manter em suspensao 0s
sélidos (biomassa) contidos nos tanques de aeracao.

- Decantadores secundarios mecanizados: separbbams fmicrobianos. O sobrenadante

clarificado pode ser descartado ou seguir paraat@amento complementar;

- Elevatoria de recirculacdo de lodo ativado e xieegso de lodo: o lodo sedimentado é
recirculado para o tanque de aeragao, permitindoegte opere com elevada concentragao
microbiana. O lodo em excesso é direcionado paadiésacao.

Na ETE Alegria o esgoto proveniente do canal deadaté alimentado nos oito
tanques de aeracéo do sistema de lodo ativadolnfdnte apenas quatro tanques de aeragao
estdo em operacdo. Cada tanque de aeracdo possaiume de 11.500 correspondente a

um tempo de retencao hidraulica de 3,5 — 4 h cordar projeto.

A aeracdo nos tanques € realizada por um sistenaa diduso, aplicado através de
difusores de bolhas instalados no fundo de cadpéaa também a instalacédo de difusores de
bolhas grossas na camara seletora, alimentadasypoonjunto de seis compressores (Figura
10.1.3.4). O lodo biolégico e esgoto tratado deixamanques de aeracdo e seguem para 0S
decantadores secundérios (Figura 10.1.3.5). Nosntkmbores secundarios os flocos de lodo
ativado, que se mantinham em suspensdo no tanquaemdedo devido a turbuléncia
promovida pelos dispositivos de aeracao, sdo s@parpor sedimentacdo. Os efluentes
tratados (Figura 10.1.3.6) sédo descartados no Gkn&unha, que desemboca na Baia da

Guanabara.

Figura 10.1.3.4 Tanque de aeracao Figura 10.1.3.5.Decantador secundario
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Figura 10.1.3.6.Efluente final tratado

Fonte. Cedae, 2010

Sistema de tratamento da fase sélida

O sistema de tratamento da fase sdlida, para dondimento e desidratacdo do lodo

gerado na ETE, € composto pelas seguintes unidades:

- adensadores por gravidade, mecanizados, paraadento do lodo primario;
- elevatdria de lodo adensado;

- centrifugas para adensamento do lodo secundar&xeesso;

- digestores anaerdbios com as respectivas boneb@sidculacao;

- centrifugas para desidratacdo do lodo digerido.

Na ETE Alegria a estabilizacdo do lodo misto (prim& secundario) é realizada por
cinco digestores anaerodbios (Figura 10.1.3.7). &stiabilizacdo é bioldgica, onde se utilizam
microorganismos anaerobios para promover a edapdlo da fracdo biodegradavel da
matéria organica. O digestor € alimentado de foocmatinua ou em batelada e o lodo é
mantido no seu interior por determinado periodaakhente somente 2 dos digestores estao
em operac¢ao devido a baixa vazéo de esgoto tratafdE.
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Figura 10.1.3.7 Digestores anaerdbios de lodo

Fonte. Cedae, 2010

Apés condicionamento e desidratacdo (centrifugacaa) adicdo de polieletrolitos
catidnicos o lodo estabilizado e desidratado éspartado para o aterro de Gramacho (RJ)
(Figura 10.1.3.8).

Figura 10.1.3.8.Transporte do lodo tratado

Fonte. Cedae, 2010

Na ETE Alegria existe um secador térmico que ctmsia passagem do lodo por uma
fonte de calor, de modo a provocar a evaporacaourdalade existente no lodo e

consequentemente alcancar a inativacdo térmicandwsorganismos. Entretanto, o secador
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térmico ndo esta em funcionamento atualmente dewvigouca producéo de biogés, que € o

combustivel para a secagem do lodo (Cedae, 2010).

Quando a ETE Alegria estiver operando com uma veedntrada de esgoto proxima
da vazéao de projeto, havera uma producéo de bsgeésente para servir como combustivel
para o secador térmico. O lodo centrifugado passat@ pelo secador térmico antes de ser
destinado ao aterro sanitario de Gramacho (Ce@46)2

10.1.4. QUALIDADE DO EFLUENTE AO LONGO DO
TRATAMENTO (DADOS OBTIDOS DE SETEMBRO DE 2009 A
AGOSTO DE 2010 PELO DEPARTAMENTO DE CONTROLE DE

QUALIDADE DE ESGOTO - CEDAE, 2010)

Demanda Bioquimica de Oxigénio (DBO)

Tabela 10.1.4.1Valores médios, desvio padrdo, maximo e minimDEO e as respectivas

eficiéncias de remocéo de cada etapa

ciANe Eficiéncia
DBO Saida E:C? BOt Eficiéncia Erg(r:r;iggc? remogao DBO
DBO Afluente decantador uente ~
L Final remocdo DBO DBO
(Ponto 10) primario . S Global
(Ponto 20) Trat.Prim. (%) Trat.Sec.
(Ponto 2000) (%) (%)
Média 311 + 206 97 +40 10+6 63 +18 88+9 95+4
Maximo 940 190 39 94 97 99
Minimo 28 14 4 13 43 79

Demanda Quimica de Oxigénio (DQO)

Tabela 10.1.4.2Valores médios, desvio padrdo, maximo e minimo QO as respectivas

eficiéncias de remocéo de cada etapa
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DQO Eficiéncia

DQO Eficiéncia Eficiéncia

remocao
DQO Saida  Efluente  emocso  remocio DQ(%
Afluente decantador Final DQO DQO
(Ponto 10) primario (Ponto Trat.Prim. Trat.Sec. Global
Ponto 20 % %
( ) 2000) (%) (%) %)
Média 729 +£427 266+125 46+ 33 58 + 23 77+16 0+92
Maximo 1980 621 200 95 98 99
Minimo 73 26 9 6 19 30

Sdlidos Sedimentaveis (SS)

Tabela 10.1.4.3Valores médios, desvio padrdo, maximo e minim88e as respectivas
eficiéncias de remocéao de cada etapa

SS  Eficiencia Eficiéncia oo
SS Saida Efluente - - remogao
SS  decantador i remogao  remocao Ss
Afluente ~- 2 Final Ss SS
(Ponto 10) (Iggmirg)O) (Ponto Trat.Prim. Trat.Sec. Global
2000) (%) (%) %)

Média 11,8+10506+10 0,1+0,0 92+14 46 + 43 97 +7

Maximo 71 7.5 0,3 100 100 100
Minimo 0,1 0,1 0,1 0 0 0
pH

Tabela 10.1.4.4Valores médios, desvio padrdo, maximo e minimpHle
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pH pH

Efluente Final

pH
Saida decantador

Afluente (Ponto 10) orimério (Ponto 20) (Ponto 2000)

Média 6,56 + 0,36 6,52 + 0,36 6,50 + 0,37
Maximo 7,39 7,21 7,14
Minimo 5,35 5,37 5,31

Turbidez

Os valores de turbidez foram medidos apenas nergéuinal, atingindo uma média
de 12 £+ 7 NTU.

Coliformes

O efluente final da ETE Alegria, durante o perica@liado (setembro de 2009 a
agosto de 2010), pode ser classificado como im@Omois apresenta concentracdo de

coliformes termotolerantes superior a 2500 NMP 18y mL.

10.2. RESULTADOS DE PCR QUALITATIVA UTILIZADA PARA
DETECTAR VIRUS ENTERICOS EM AMOSTRAS DE
BIOSSOLIDOS
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Tabela . Deteccao viral obtida através de trés métodos deerdracdo e deteccdo por PCR
convencional

Métodos* AdV RVA NoV HAV PP7
1:10 1:100 1:10 1:100 1:10 1:100 1:10 1:100 1:10 1:100
1 + + + - - -+
+ + + + +
- - + + + + +
2 - - + + + + +
-+ + + + +
-+ + + + +
3 -+ + + - - = +
+ i - - - ND +
R + ND -

1 = extrato de carne, 2 = ultracentrifugacéo, 8lsoecdo-elution; * Métodos foram realizados
em triplicata; 1:10 and 1:100 (diluigcbes seriadasadidos nucléicos); Titulos virais médios
inoculados: 1H(AdV), 1 (RVA), 1¢* (NoV), 1 (HAV) e 10 (PP7). Referéncias da cPCR:
AdV (Allard et al. 2001), RVA (lturriza-Gémara et. 2002), NoV (Boxman et al. 2006),
HAV (De Paula et al. 2002), PP7 (Rajal et al. 2007)

10.3. MICROSCOPIA ELETRONICA DE VARREDURA (MEV)

Amostras de lodo primério e biossolidos obtidasEd& Alegria em 2011 foram
submetidas a analise de microscopia eletronicaadedura — MEV (modelo Jeol 2000 Fx
200 Kv EDX Noran). As analises foram realizadas haboratério Multi-usuario de
Microscopia Eletrénica e Microanalise — F-203, dalidade de Engenharia Metalurgica e de
Materiais da Universidade Federal do Rio de Jar{eiFdRJ), Rio de Janeiro, RJ.

A analise de MEV-EDS foi realizada para avaliar@fologia (tamanho e forma) dos
elementos contidos nessas amostras e da aproxintlasdelementos quimicos das fases

organicas e minerais.
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As amostras de lodo primario foram passadasegrde um sistema de bomba a vacuo
para adsorver em filtros de membrana AP20 (Milgper poro 0,45 pm). Os residuos
adsorvidos nos filtros foram colocados em estufa 85°C até a completa remocdo de
umidade. Para amostras de lodo primério submetidamétodo de ultracentrifugacéo, as
amostras concentradas finais (x 1 ml) foram cergatflas (14000 rpm) por 5 min para
precipitar os soélidos em suspensdo. O sobrenadantdescartado e o precipitado foi
colocado na estufa a + 35°C até a completa remdedomidade. Nao foi possivel obter

precipitados dos eluatos finais do método de exttatcarne.

Amostras de biossdlidos secos foram diretamentdisadas no MEV. Para as
amostras concentradas pelos métodos de ultraceyaicdio e extrato de carne o mesmo
procedimento descrito acima para lodo primario uttizado. Muito pouca quantidade de
material precipitado foi obtida pelo método de axtrde carne. Amostras de biossélidos
concentradas em filtro HA (Millipore) pelo métode adsorcdo-eluicdo foram secos na estufa

até a remocéao de umidade.

As amostras de lodo e biossélidos secas foranbeetas com microparticulas de ouro
antes de serem analisadas no MEV. Diferentes @@aamostras foram investigadas pelo
MEV a 20 KeV. A distribuicdo dos elementos das amagsfoi examinada pela analise
pontual usando EDS sobre pontos escolhidos alaaterite sobre cada amostra. Os

resultados obtidos dessas andlises estdo demasstrasl itens a seguir.

10.3.1. AMOSTRAS DE LODO PRIMARIO (ETE ALEGRIA -
CAJU - RJ - 2011)
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Imagem 10.3.1.6Lodo primario 25/04/11 Imagem 10.3.1.7Lodo primério 25/04/11
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10.3.2. AMOSTRAS DE LODO PRIMARIO SUBMETIDAS A
METODOLOGIA DE ULTRACENTRIFUGACAO (MEV DOS
PRECIPITADOS FINAIS)
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10.3.3. AMOSTRAS DE BIOSSOLIDOS ANALISADOS EM MEV
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10.3.4. AMOSTRAS DE BIOSSOLIDO SUBMETIDOS A
METODOLOGIA DE ULTRACENTRIFUGACAO (MEV DOS
PRECIPITADOS FINAIS)
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10.3.6. AMOSTRAS DE BIOSSOLIDO SUBMETIDOS A
METODOLOGIA DE ADSORCAO-ELUICAO (MEV DA MATERIA
ADSORVIDA NOS FILTROS DE MEMBRANA CARREGADOS
NEGATIVAMENTE - HA - MILLIPORE)
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Imagem 10.3.6.2Biossolido 28/03/11  Imagem 10.3.6.38Biossolido 28/03/11
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