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Resumo da Dissertagao

Introducao: O transplante renal é o tratamento de escolha para a doencga renal
cronica de estagio final. O periodo de maior mortalidade apds o transplante é
até o terceiro més, entretanto apés um ano a taxa de sobrevida é ~80% maior
quando comparada aos pacientes que permaneceram sem dialise. Atualmente
uma das complicagdes do transplante renal é a infeccéo por poliomavirus BK
(BKPyV) que pode levar a perda da fungéo do enxerto. Testes ndo invasivos
como a reagao em cadeia da polimerase em tempo real (QPCR) sao descritos
como testes de escolha para rastreamento da infec¢céo ativa e como o valor da
carga viral pode indicar nefropatia presuntiva por BKPyV em estagios iniciais
da doenca. Entretanto, na literatura ndo ha um consenso quanto ao ponto de
corte da viruria e viremia que melhor prediz nefropatia por BKV (BKVN), sendo

necessario que cada centro estabeleca seus proprios valores.

Objetivos: Estabelecer o ponto de corte para carga viral viruria e viremia que
melhor prediz a BKVN em nossas instituicdes e avaliar os fatores relacionados

do desenvolvimento da BKVN.

Material e Métodos: Foram incluidos 200 pacientes submetidos a transplante
renal, ambos os sexos e =218 anos. Os pacientes foram acompanhados por 9
meses e a cada trimestre amostras de urina e sangue foram coletadas para
posterior extracdo de DNA e pesquisa de BKPyV. A extracdo de DNA e
deteccdo do ponto de corte para BKVN foram feitos por kits comerciais. O
desenvolvimento do teste in-house foi validado através da linearidade com o

teste comercial.



IX

Resultados: A prevaléncia de BKVN foi de 4%. Os pontos de corte para viruria
e viremia que melhor inferiu BKVN foram 25,7 log e 23,8 log cépias/mL,
respectivamente. Com 100% de sensibilidade e de valor preditivo negativo, a
urina mostra-se como excelente material para o rastreio da doencga; ja a viremia
mostrou especificidade e valor preditivo positivo de 96% e 64%,
respectivamente, sendo o material de escolha para predizer BKVN.
Conclusées: O uso do qPCR é uma 6tima ferramenta de rastreio para
infeccdo por BKPyV. Ao se definir o melhor ponto de corte para nossas
instituicbes melhoramos a detecgao dos possiveis casos de BKVN, muitos dos
quais possivelmente nao viessem a ser diagnosticados se utilizassemos outros

pontos de corte ja validados na literatura.

Palavras-chave: Transplante renal; Nefropatia por BK virus; qPCR; Bibpsia

renal; Viremia; Viruria.
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1. Introdugao

O transplante renal € a modalidade mais comum de transplante de 6rgéo
soélido e a ultima linha de tratamento para os pacientes de doencga renal crénica
em estagio terminal Suthanthiran e Strom, 1994. Segundo dados do Registro
Brasileiro de Transplante (RBT) o rim é o 6rgao mais transplantado no Brasil,
com 5.433 transplantes realizados no ano de 2013. Comparando-se com outros
paises, o Brasil fica atras somente dos Estados Unidos, onde ocorreram 18.005
transplantes, no mesmo ano (RBT, 2014). No Brasil, o numero de transplantes
renais vem aumentando desde o ano de 2007, com um crescimento de 3,5%
no ano de 2014; essa elevacdo se deu principalmente pelo incremento dos
transplantes com doador falecido o qual aumentou 4,7%, enquanto que o
transplante com doador vivo estabilizou-se no ano de 2014 apds uma queda de
22% nos seis anos anteriores (RBT, 2014).

Segundo dados do publicados pelo Organ Procurement and
Transplantation Network (OPTN) juntamente com o The Scientific Registry of
Transplant Recipients (SRTS), ambos localizados nos Estados Unidos,
mostram que a sobrevida do enxerto proveniente de doador vivo é maior
quando comparado com o de doador falecido, apds cinco anos de
acompanhamento: 85,7% e 73,5%, respectivamente (Hart e cols., 2014). O
periodo de maior risco de morte para receptor de doadores falecido sao os trés
primeiros meses apo6s o transplante (Hazard Ratio (HR) 2,0 [Intervalo de
Confianga (IC) 95% (1,5-2,7]) comparado ao dos pacientes em didlise. Apos
esse periodo observa-se um aumento na sobrevida dos pacientes
transplantados, podendo chegar a ~80%, quando comparado com os pacientes

em didlise ndo submetidos ao transplante (3—6 meses HR 0,45 [IC 0,27-0,74];
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6-11 meses HR 0,23 [IC 0,14-0,27; =212meses HR 0,15 [IC 95% 0,12-1,19]); o
risco de morte, 60 dias apd6s a perda da fungdo do enxerto mostra-se mais
elevado dentre os pacientes que perderam a fungcdo do enxerto até 12 meses
apo6s o transplante comparado aos que morreram com o enxerto funcionando
(McDonald e Russ, 2002). Ao longo da ultima década, a taxa de morte com o
enxerto funcionando para receptores de doadores vivos e falecidos
permaneceu estavel, o que indica uma taxa maior de transplantes em
receptores mais velhos, os quais estdo propensos a falecer antes do enxerto
falhar (Hart e cols., 2014).

Com o avanco da terapia com imunossupressores desde a década de
1980, a taxa de sobrevida do enxerto aumentou para ~95% no primeiro ano
pos-transplante (Pascual e cols., 2002; Barraclough e cols., 2011). Embora ao
longo das ultimas duas décadas tenha havido uma redugao na perda do 6rgao
no primeiro ano poés-transplante, a prevaléncia de perda do enxerto ainda
atinge percentuais téo elevados quanto 77% e 56%, para cinco e dez anos pos-
transplante, respectivamente (Legendre e cols., 2014), estando essas taxas
relacionadas, em parte, a imunossupresséo de longo prazo.

A infeccdo pelo poliomavirus BK (BKPyV) é uma das complica¢des
relacionadas ao uso de imunossupressores (Drachenberg e cols., 2007). Apés
a infecgcado o BKPyV possui tropismo para o sistema renal, onde permanece em
estado de laténcia (Bohl e Brennan, 2007). A reativagdo do virus pode ocorrer
em pessoas imunocompetentes (Hirsch e Steiger, 2003), entretanto, taxas mais
altas sé&o observadas em pacientes imunocomprometidos (Barraclough e cols.,
2011). As alteragdes clinicas causadas pelo BKPyV, no entanto, sé&o

observadas em pacientes com algum comprometimento da resposta imune
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(Barraclough e cols., 2011), tendo sido reportado em mulheres gravidas,
pacientes com cancer, paciente com Sindrome da Imunodeficiéncia Adquirida
(SIDA), e em pacientes submetidos a transplante de medula 6ssea e de 6rgéo
sélido (Bohl e Brennan, 2007; Gilis e cols., 2014). No transplante renal, a
infeccdo pelo BKPyV pode apresentar diferentes manifestacbes clinicas:
estenose uretérica, cistite hemorragica e disfuncao renal progressiva levando a
nefropatia por BKPyV (BKVN); a BKVN é a causa mais importante para a perda
do enxerto por perda de sua fungédo (Bohl e Brennan, 2007; Barraclough e

cols., 2011; Elfadawy e cols., 2014).

1.1. Poliomavirus

O BKPyV e o poliomavirus JC (JCPyV), pertencem a familia
Polyomaviridae, género Orthopolyomavirus, sendo os unicos virus deste grupo

com potencial patogénico que infectam humanos. O Simian virus 40 (SV40),

cujos hospedeiros sao os primatas, é outro representante dessa familia; sua
importancia provém da similaridade genémica da proteina do capsideo VP-1
(>70%) com o BKV e JCPyV, sendo utilizados anticorpos anti-SV40 no
diagndstico por imunoistoquimica para ambos os virus (Hirsch e cols., 2005;
Johne e cols., 2011). O SV40 teve grande repercussao da década de 60 por
estar presente na vacina da poliomielite, uma vez que o cultivo do poliovirus
deu-se em células de rim de macacos Rhesus e acredita-se que tenha sido
introduzido na populagdo humana por meio da vacina (Stratton e cols., 2002).
Dentre os poliomavirus anteriormente citados vale citar a importancia do BKV e

o JCPyV para o transplante renal, uma vez que sao os Unicos associados ao
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desenvolvimento de nefropatia (Drachenberg e cols., 2007; Kantarci e cols.,
2011).

O JCPyV ¢é raramente associado com nefropatia em pacientes
transplantados. O primeiro caso reportado foi em 2003 e, desde entao, poucos
casos adicionais foram descritos (Kazory e cols., 2003; Lautenschlager e cols.,
2014). Entretanto, o JCPyV tem notoria importancia como agente da
leucoencefalopatia multifocal progressiva (PML), uma infecgdo oportunista do
sistema nervoso central, frequente em pessoas com grave comprometimento
da imunidade, seja por uso de potentes imunossupressores sistémicos ou
devido a infeccdo pelo virus da imunodeficiéncia humana (HIV), o qual
corresponde a 80-90% dos casos. Normalmente, os pacientes sédo levados a
Obito em poucos meses, sendo, no entanto, em alguns casos, possivel reverter
a doenca, muito embora dificilmente os pacientes fiquem livres de sequelas
neurologicas (Wollebo e cols., 2015).

Por outro lado, o BKPyV esta associado a doengas do trato urinario,
como agente de cistite hemorragica no transplante de medula 6ssea e de
nefropatia no transplante renal (Gilis e cols., 2014; Hirsch e cols., 2005).
Estudos de soro prevaléncia mostraram que mais de 80% da populagao geral
possui anticorpos especificos para BKPyV (Knowles, 2006) e reativacdes
periodicas podem ocorrer tanto na populagdo imunocompetente (0-62%) como
em pacientes imunocomprometidos (Hirsch e Steiger, 2003). BKPyV foi isolado
pela primeira vez por Gardner e cols. (1971) na urina de um paciente quatro
meses apds o transplante renal, o qual ja havia tido dois episédios de rejeicao
aguda (o virus recebeu por nome as iniciais do paciente, B.K.). Entretanto, foi

somente apds 24 anos que o BKPyV foi associado com a perda da fungéo do
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enxerto no transplante renal. No exame patoldgico, foi observado infiltrado
inflamatério intersticial, com células epiteliais tubulares apresentando um
alargamento basofilo no nucleo e com teste de imunoistoquimica positivo para
SV40 (Purighalla e cols., 1995). Na atualidade, a prevaléncia de BKVN em
transplantados de rim tem variado de 1-13% (mediana 4,5%), levando a perda
do enxerto em mais de 80% dos casos, até cinco anos apos o transplante

(Hirsch e cols., 2005; Costa e Cavallo, 2012).

1.2. Genoma do BKPyV

Os poliomavirus séo virus pequenos, com aproximadamente 40 nm de
diametro e ndo envelopados. O capsideo tem o formato icosaédrico composto
por 72 capsOmeros Yan e cols., 1996. Esse circunda o genoma que &
composto por dupla fita de DNA circular com ~5.000 pb, o qual pode ser
dividido em 3 partes: regido precoce, tardia e ndo-codificante (NCCR). A regi&o
precoce é composta pelos genes tumoral-t pequeno (tAg), tumoral-T grande
(TAgQ) e truncado (trunc-TAg). Esses genes d&o origem a proteinas com seus
respectivos nomes (Abend e cols., 2009) as quais s&o essenciais para a
regulacdo da replicagdo e expressao viral. O TAg possui caracteristica
oncogénica levando a imortalizagao celular por interagir com as proteinas da
familia pRb, p53, p107 e p130 (Harris e cols., 1996). Os genes da regido tardia
codificam as trés proteinas do capsideo (VP1, VP2 e VP3) e a agnoproteina. A
proteina grande do capsideo VP1 tem uma estrutura pentamérica e a ela liga-
se a uma proteina VP2 ou VP3 (Yan e cols., 1996) e a agnoproteina facilita a

exocitose celular do virion (Johannessen e cols., 2011). A regidao NCCR contém
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elementos promotores dos genes localizados na regidao precoce e favorece o
inicio da replicagao viral (Jiang e cols., 2009).

A partir da variabilidade genética da proteina VP1 o BKV é dividido em
quatro gendtipos (I-1V). O gendtipo | possui ampla distribuicdo mundial e é
dividido em subgrupos I/a, I/b-1 (Africa), I/b-2 (Europa), l/c (noroeste da Asia).
O gendtipo IV compreende seis subgrupos (1V/a-1, IV/a-2, IV/b-1, IV/b-2, IV/c-1,
IV/c-2), exceto o IV/c-2 todos os outros subgrupos sao prevalentes no leste
asiatico, sendo esse prevalente na Europa e no noroeste da Asia. Assim
especula-se que a variacdo dos subgrupos do BKPyV podem estar
relacionados com a migragéo do povo europeu, americano e asiatico (Zhong e
cols., 2009). No Brasil, URBANO (2013) avaliou a urina de 71 pacientes
saudaveis, com maior prevaléncia para o gendtipo | (79%), especialmente
subgrupo I/a (63%), seguido do gendtipo IV (10%) e Il (5%) (Urbano, 2013).
Além disso, Zalona e cols. (2011) ao investigar 51 pacientes submetidos a
transplante renal encontraram o gendtipo | em 96% dos pacientes com
predominio subgrupo I/b (67%). Esses achados podem estar relacionados tanto
com a vinda de imigrantes europeus, ao longo dos anos, para o Brasil e pelo

periodo da escravatura no periodo colonial.

1.3. Transmissao

O BKPyV encontra-se difundido em todos os continentes, ndo estando
restringido a paises menos desenvolvidos € nem a grupos socioecondmicos. A
infeccao primaria pelo BKPyV usualmente ocorre na infancia, geralmente nos
primeiros anos de vida, com prevaléncia de 83% até os dois anos e de 65-90%

aos 5-9 anos (Knowles, 2006). A rota natural de transmissdo do BKPyV ainda
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permanece indefinida; entretanto, suspeita-se que possa haver transmissao por
meio de aerossodis do trato respiratorio (BKPyV presente na amidalas de
criangas), saliva, pelas rotas uro-oral e oro-fecal, transfusdo de sangue, por
relacdo sexual e por agua nao tratada, sendo esse ultimo um dos seus
principais reservatorios (Siguier e cols., 2012).

A infeccao primaria pelo BKPyV costuma ser subclinica ou assemelhar-
se a um resfriado (Hirsch, 2005). Com o processo de replicagéo viral no local
da primoinfecgéo, o virus atinge a corrente sanguinea, disseminando-se pelo
corpo onde ocorre tropismo principalmente para as células renais e uroteliais e
bexiga. Também pode ocorrer infecgdo secundaria nos leucdcitos, figado,
pulmdes, prostata e cérebro (Hirsch e Steiger, 2003; Pahari e Rees, 2003).
Apds, o virus entra em estado de laténcia nos 6rgaos acima citados enquanto o
hospedeiro ndo apresentar alteragdes na imunocompeténcia, seja por motivo

patolégico ou por regime medicamentoso.

1.4. Fatores de risco associado ao desenvolvimento de BKVN

O principal fator de risco relacionado ao desenvolvimento de BKVN é o
estado de imunossupressao do paciente, pois os sinais clinicos associados a
doenga sao observados, em sua maioria, em pacientes imunossuprimidos
(Hirsch e Steiger, 2003). Diversos estudos mostraram que ao diminuir a
imunossupressao do paciente promove-se consecutivamente uma redugédo na
carga viral do BKPyV (Hirsch e Steiger, 2003). Outros fatores de risco que
influenciam na replicagdo do BKPyV e desenvolvimento de BKVN s&o: (i) uso
de imunoglobulina, (ii) alta incompatibilidade do antigeno leucocitario humano

(HLA), (iii) rejeicdo aguda prévia e (iv) caracteristicas ligadas ao doador e o
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receptor (sexo, idade e tipo de doador) (Dall e Hariharan, 2008; Dharnidharka e

cols., 2009). Tabela 1.

Tabela 1. Fatores de risco associados ao desenvolvimento de nefropatia

associada ao virus BK.

Fator de Risco Referéncia
Fatores de risco Incompatibilidade do HLA (Awadalla e cols.,
associados ao doador 2004)
Doador do sexo feminino (Khamash e
cols., 2007)
Fatores de risco Idade >55 anos (Khamash e
associados ao receptor cols., 2007)
Receptor de cor branca (Rocha e cols.,
2004)
Receptor do sexo masculino (Rocha e cols.,
2004)
Receptor soronegativo (Smith e cols.,
2004)
Receptores com deficiéncia (Ginevri e cols.,
humoral (BKV IgG) 2003)
Fatores de risco Rejeicao aguda prévia (Awadalla e cols.,
associados ao 2004)

transplante

Uso de terapia antilinfocitos

(Awadalla e cols.,

2004)
Nivel de MMF (Ginevri e cols.,
2003)
Alta concentragdo de (Rocha e cols.,
tacrolimos 2004)

Tabela adaptada de Dall e Hariharan (2008).

1.5. Diagnéstico laboratorial utilizado para preven¢ao de BKVN

O diagnéstico “padrédo ouro” para BKVN é realizado através da

observacéo histolégica do tecido apds a bidpsia renal. Os achados histologicos

que caracterizam BKVN s&o a presenca alteragbes citolégicas mediadas por

virus nas células do epitélio tubular seguido de infiltrado inflamat6rio e reacéo

imunoistoquimica positiva com o antigeno SV40 (Drachenberg e cols., 2004). A

fim de diminuir a incidéncia de resultado falso negativo, que pode variar de 10—
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36%, é indicado que no ato da bidpsia seja coletado pelo menos duas amostras
mais centrais contendo preferencialmente tecido medular diminuindo o erro
inerente da amostra, uma vez que a nefropatia tem um desenvolvimento focal
(Hirsch e Steiger, 2003; Hirsch e cols., 2013). Assim, um resultado de biopsia
negativo n&o descarta a possibilidade de BKVN focal precoce (Hirsch e cols.,
2013).

A maior incidéncia de BKVN ocorre no 6° més pds-transplante e é
precedida de viremia (~4 semanas) e por “decoy cell’ ou viruria (~12 semanas)
(Hirsch e cols., 2005). Assim como método de rastreamento e preventivo para
a ocorréncia de BKVN sao recomendado testes n&o invasivos como pesquisa
de “decoy cell’ na urina e qPCR na urina e no plasma mensalmente nos
primeiros 3 meses e, apos, trimestralmente até 2 anos pés transplante (Hirsch
e cols., 2013). Esta abordagem pode identificar entre 80-90% dos pacientes
em risco de BKVN evitando a perda de fungdo do enxerto (Hirsch e cols.,
2013).

Entretanto, novas estratégias de rastreamento ja estdo sendo utilizadas
com sucesso com: citologia urinaria a cada 2 semanas nos primeiros 3 meses
pos transplante e apés mensalmente até o 6° més e trimestralmente até dois
anos apos o transplante e se em alguma amostras no exame citolégico for
positiva avalia-se a viremia por qPCR (Schaub e cols., 2010) ou pesquisa de
BKPyV no sangue mensalmente no seis primeiros meses e apdés
trimestralmente até o 2 anos e sempre que tiver aumento na nao explicado da

creatinina sérica e apds tratamento para rejeicdo aguda (Kasiske e cols., 2010).
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1.5.1. Citopatologia urinaria

O exame citopatologico da urina observa as alteragcdes celulares, as
quais, podem predizer uma infecdo ativa por BKPyV. Essas alteragdes
celulares podem ser vistas pela coloragdo de Papanicolaou (Singh e cols.,
2006), microscopia com contraste de fase (Fogazzi e cols., 2001) e mais
atualmente por microscopia de campo claro sem o uso de coloragao (Tesser
Poloni e cols., 2011). Essas células s&o chamadas de “decoy cells”. Sua
caracteristica morfolégica pode presentar: aumento do nucleo com uma grande
inclusdo basofilica intranuclear circulado por cromatina fosca ou de aparéncia
gelatinosa; as inclusbes nucleares também podem apresentar aspecto
vesicular ou cercado por um halo e a cromatina pode apresentar-se aglutinada
(Kahan e cols., 1979; Singh e cols., 2006). O uso das decoy cells como como
ferramenta de predicdo de nefropatia por BK virus foi estabelecida por Hirch e
cols. (2002), com sensibilidade e especificidade de 100% e 71%
respectivamente e valor preditivo positivo (VPP) de 29% e valor preditivo
negativo de 100%. Esse ultimo valor tem grande importancia pois, uma vez o
teste molecular negativo, a suspeita de nefropatia por BKPyV pode ser
descartada (Hirsch e cols., 2002). Entretanto, quanto a capacidade de predic&o
de nefropatia da “decoy cell’, estudos mais recentes (Viscount e cols., 2007;
Nankivell e cols., 2015) mostram valores inferiores aos dados previamente

apresentados por Hirsch e cols. (2002).

1.5.2. qPCR em urina e plasma

A determinacéo quantitativa de BKPyV por técnicas de PCR é muito util

no diagndéstico da infecgéo, precedendo a ocorréncia de nefropatia associada a
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este virus. A viruria precede em 4-12 semanas o desenvolvimento da viremia e
da nefropatia (Hirsch e cols., 2005; Hirsch e cols., 2013). O ponto de corte para
viruria para predizer BKVN varia de 6-10 log/mL (recomenda-se 7 log
copias/mL) e tem especificidade de 83-97% (Tabela 2) (Hariharan, 2006;
Viscount e cols., 2007; Costa e cols., 2008). Apesar de ser uma otima
ferramenta no rastreamento devido ao seu alto valor preditivo negativo (100%)

para BKVN, carece o valor preditivo positivo (~40%) (Hariharan, 2006).

Na quase totalidade dos casos de BKVN a viremia esta presente e essa
acomete de 10-40% de pacientes transplantados renais; por esse motivo, o
uso do gqPCR na avaliagdo da viremia tem se mostrado uma importante
ferramenta de busca em pacientes com risco de BKVN, no diagnéstico precoce
e presuntivo de BKVN e no controle do tratamento da nefropatia, uma vez que
observa-se uma reducédo da carga viral ao mesmo tempo que se reduz a
imunossupresséo do paciente (Hariharan, 2006). Atualmente, o ponto de corte
na avaliagdo para alto risco de BKNV, & recomendado o valor de 10.000
copias/mL (4 log copias/mL) (Hirsch e cols., 2005), entretanto, a literatura
mostra diferentes pontos de corte em diversos estudos e especificidade que
varia de 69-100% (Tabela 2). Assim, Hassan e cols. (2014), avaliam que o
valor de 4 log/mL pode subestimar alguns casos de BKVN recomendando que
cada centro de diagndstico estabeleca seu ponto de corte. A American Society
of Transplantation (AST) e Infectious Diseases Community of Practice
recomendam que pacientes com viremia persistente 24 log/mL e com auséncia
de alteracbes histologicas mediadas por virus na bidpsia devem ser

diagnosticados como BKVN presuntiva (Hirsch e cols., 2013).
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1.6. Tratamento

O tratamento da infeccdo do BKPyV visa a eliminagdo do virus,
preservando a fung¢ao renal e prevenindo a rejeicdo aguda ou cronica (Dall e
Hariharan, 2008). Atualmente, ndo existe uma terapia antiviral especifica para
tratar o BKPyV; a recomendagédo de reduzir a imunossupressdo mantem-se
como tratamento de escolha, mesmo que baseada em pequenos estudos
(Nickeleit e cols., 2000; Hirsch e cols., 2005; Wadei e cols., 2006; Barraclough
e cols., 2011; Pham e cols., 2014; Sawinski e Goral, 2015). Essas
recomendagdes carecem de investigagbes mais profundas, uma vez que
Vasudev e cols. (2005) evidenciaram que a reducdo da imunossupressao nao
recobrou a fungdo renal de todos os pacientes que apresentaram diminui¢cao da
funcdo renal causada por BKPyV. O risco em diminuir a imunossupressao é
ocasionalmente promover um quadro de rejeicdo aguda (Dall e Hariharan,
2008). Pham e cols. (2014), avaliou agentes imunossupressores e antivirais no
combate a infecgéo por BKPyV, concluindo que ainda é incerta a eficiéncia dos
antirretrovirais e que ndo ha evidéncias de que nenhum imunossupressor em
particular apresente influéncia sobre outro no risco de desenvolvimento de

BKVN, sendo o rastreamento a melhor ferramenta para evitar a nefropatia.

Visto que na literatura ndo ha consenso quanto ao ponto de corte a ser
considerado para predicdo de nefropatia por BKPyV, como observado na
tabela 2, foi necessario estabelecermos esses valores de referéncia para

BKVN, observando a populagéo atendida.
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2. Objetivo

2.1. Objetivo geral

Determinar os pontos de corte de viruria e viremia por BK
possam melhor predizer o desenvolvimento de nefropatia por BKPyV,

coortes de pacientes submetidos a transplante renal.

2.2. Objetivos especificos

2.2.1. Determinar a incidéncia de viruria por BKPyV em transplantados
bem como o momento da ocorréncia da mesma;

2.2.2. Determinar a incidéncia de viremia por BKPyV, bem como o mol
ocorréncia da mesma, na populagéo supracitada;

2.2.3. Determinar a incidéncia de nefropatia associada ao BKPyV, em
transplantados de rim;

2.3.4. Caracterizar os fatores de risco para viruria, viremia e nefropatia
BKPyV, em transplantados de rim;

2.2.5. Realizar uma revisao sistematica da literatura sobre métodos de
diagndstico n&o invasivos comparados com a bidpsia para diagndstico
BKVN;

2.2.6. Determinar o impacto de métodos de extragdo e de compartimel

urina na quantificacdo de BKPyV em amostras de urina;
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Most transplant centers screen kidney transplant recipients for BK virus (BKV) infection using molecular
techniques for the virus load determination. However, there is no consensus about the pre-analytical
methods involved in the viral detection. In this study BK viral load was compared by the means of two
urine treatment protocols (pelleted vs. whole urine) and two commercial DNA extraction kits for a quan-
titative PCR (qPCR) experiment. Ten patients who presented decoy cells in their urine sediment were
selected for the study. Viral load was considerable higher (>1.51og) for pelleted urine, in comparison to
whole urine but no significant difference was observed between the extraction kits. PCR inhibition did
not occur by using pelleted urine. In order to increase test sensitivity to detect BK viruria, pelleted urine
should be the preferred urine compartment for qPCR experiments.

© 2013 Published by Elsevier B.V.

The polyomavirus BK (BKV) has been regarded as one of the key
agents that can lead to loss of graft function in patients who have
undergone kidney transplantation. BKV is the leading infectious
cause of graft loss occurring in the first 5 years after transplanta-
tion (Bechert et al., 2010). The prevalence of BKV reactivation after
kidney transplantation varies from 1 to 10% and the allograft loss
due to BKV range from 10% to more than 80% (Hirsch et al., 2005).
Currently, the gold standard for the diagnosis of BKV nephropa-
thy is kidney biopsy, however when a positive result is obtained
the kidney may already have suffered irreversible injury. Molec-
ular biology may allow early detection of BKV, in a time frame
in which clinicians can still alter the patient immunosuppression
regime, potentially avoiding the occurrence of late-stage renal dis-
ease (Bechert et al., 2010).

It is well known that BK viruria may precede viremia and BKV
nephropathy by several weeks (Koukoulaki et al., 2009) and, there-
fore, the detection of BK in urine is of paramount importance
in transplant patients. However, there is no consensus about the

* Corresponding author at: Molecular Biology Laboratory, ISCMPA, Av Indepen-
dencia 155, Hospital Dom Vicente Scherer, 8 andar, Porto Alegre 90035-075, Brazil.
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0166-0934/$ - see front matter © 2013 Published by Elsevier B.V.
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pre-analytical methods involved in the viral detection. Further-
more, it is necessary to establish the ideal urine compartment
to be analyzed (i.e., whole urine versus a pelleted sam-
ple) (Behzadbehbahani et al, 1997; Si-Mohamed et al.,, 2006;
Mitterhofer et al., 2010; Anzivino et al., 2011; Pires et al,, 2011).
In this study, two urine treatment protocols and two commercial
extraction kits for the detection of BK viruria in kidney transplant
patients were compared.

Urine samples from 10 patients attending a referral transplant
center in Southern Brazil were used in this study. These samples
were selected based on the presence of decoy cells in urine sedi-
ment by bright field microscopy. Samples were collected in sterile
flasks without preservatives and shipped to the Molecular Biology
Laboratory where they were refrigerated at 4°C until processed
for DNA extraction. DNA was extracted from urine samples on the
same day of sample collection by using two commercial kits: QIAmp
DNeasy Blood and Tissue Kit (QIAGEN, Hilden, Germany) - from
now on referred to as kit 1; and QIAmp Viral RNA Mini Kit (QIAGEN,
Hilden, Germany) - kit 2. Kits for tissue have been used in the lit-
erature to extract BKV DNA from urine samples (Mitterhofer et al.,
2010; Anzivino et al., 2011), whilst kit 2 has been recommended by
the manufacturer for such purpose (QIAGEN, 2010). For each DNA
purification kit, two urine preparations were tested: whole urine
and urine pellet of centrifuged sample.
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Table 1
BK urinary viral load (copies per ml of urine) obtained by the means of two commercial DNA extraction kits and two urine compartments (n=10).
Whole urine Urinary pellet p value
Kit 1 QIAmp DNeasy Blood and Tissue Kit (Qiagen) 1.299 x 1010 5.676 x 101 0.003
Kit 2 QIAmp Viral RNA Kit (Qiagen) 1.107 x 10'° 4.285 x 10! 0.002
p value 1.000 0472

When whole urine was tested, the sample was homogenized and
a volume of 140 .l and 220 .l were used as initial sample, as rec-
ommended by the manufacturer, respectively, for DNA extraction
kits 1 and 2.

For pelleted urine, DNA extraction proceeded as follows. For kits
1and 2, 10 ml of homogenized urine was transferred to a sterile fal-
con tube and centrifuged at 3500 rpm for 10 min. The supernatant
was discarded and a pellet of 140 .l for kit 1 and 220 pl for kit 2
was used as recommended by the manufacturer.

Extracted DNA samples were stored at —80°C for later quan-
titative polymerase chain reaction (qPCR) testing. The CPE-DNA
Internal Control (Nanogen, Buttigliera Alta, Italy) was added in each
of the extracted DNA samples, as recommended by the manufac-
turer. The internal control was the human (3-globin gene, which
was amplified simultaneously with the target sequence.

BKV DNA detection was performed by qPCR using a commer-
cial kit (BKV Q-PCR Alert Ampliprobe, Nanogen, Buttigliera Alta,
Italy) in a 7500 thermal cycler qPCR System (Applied Biosystems).
The following cycling steps were used: pre-holding stage 2 min at
50°C, initial denaturation at 95 °C for 10 min, followed by 45 cycles
of 95°C for 1 min and 60 °C for 1 min. The standard curve for this
quantitative amplification assay was obtained using BKV Q-PCR
Standard (Nanogen, Buttigliera Alta, Italy), containing four known
concentrations of BKV DNA (102-10° plasmid copies in 10-fold
dilution steps). Results were read by comparing the cycle threshold
(Ct) from the unknown sample with the standard controls. In addi-
tion to the positive controls, in every run a negative BKV control as
well an internal control was added to the reaction.

Descriptive statistics were used to summarize the data. Vari-
ables were treated with Wilcoxon test with an internal confidence
of 95%. p values of <0.05 were considered statistically significant
and data analysis was performed using the SPSS 16 software (IBM).
The study was approved by the Institutional Review Board (proto-
col numbers 3531/11 and 915/12), and followed the guidelines and
regulatory standards for research involving human subjects of the
Brazilian National Health Council (Resolution CNS/196).

The number of copies of BKV DNA detected by qPCR varied
markedly when the two urine compartments were compared. The
average difference between pelleted urine and whole urine was
1.64 log for kit 1 (p=0.003), and 1.59 log for kit 2 (p=0.002). There
was no significant difference when comparing the same urine
compartment between both commercial DNA extraction kits (mag-
nitude of difference was 0.07 log [p=1.000] for whole urine and
0.12log [p=0.472] for urine pellet) — Table 1.

There is a general agreement that the presence of BKV DNA
should be screened in kidney transplant patients, preferably using
quantitative molecular tests. Although the detection of BKV in the
blood may better predict BKV nephropathy, many studies rec-
ommend performing BKV screening using urinary samples, since
viruria may precede viremia by several weeks (Si-Mohamed et al.,
2006; Koukoulaki et al.,2009). Even though different protocols have
been used in the literature to detect BKV DNA in the urine, no previ-
ous investigation has evaluated variations in BK viral load according
to different DNA extraction methods and urine protocols. Differ-
ent extraction methods have been published which include DNA
extraction from a volume of 1 ml of urine (Anzivino et al., 2011),
performing a concentration step before DNA extraction (Elfaitouri
et al., 2006), testing whole urine (Pang et al., 2007), and urinary

pellet (Pires etal.,2011). Furthermore, BKV DNA has been extracted
from the urine using different commercial kits, including Qiagen
QIAmp Blood and Tissue Kit (Anzivino et al., 2011), Qiagen QIAmp
DNA Mini Kit (Pang et al., 2007), Invitrogen PureLink Viral RNA/DNA
Kit (Pires et al., 2011), and Qiagen Viral RNA Mini kit (Elfaitouri
et al., 2006). In this study, it was demonstrated that the choice of
the urinary compartment is very important because different urine
protocol showed distinct BK viral loads, whilst the use of different
DNA extraction kits had a minor influence in quantitative results.

This study showed that the urinary pellet presents a consider-
able higher BK viral load when compared with the urine that was
only homogenized. The magnitude of difference between pelleted
and whole urine was greater than 1.5 log for both DNA extraction
kits. Therefore, the use of pelleted urine increases the sensitivity
of the method to detect BKV, which may be of particular interest
for patients with a low BK viral load. These results are in accor-
dance with the findings by Drachenberg et al. (2001), who showed
that BK virions were observed mainly in the cell interior. Therefore,
using urine pellet as primary material has the potential to detect
higher concentrations of BKV in the clinical sample. A potential dis-
advantage of pellets relies on the increased concentration of PCR
inhibitors, a problem that did not occur in this investigation.

One of the main limiting factors for this study was the small
number of samples evaluated. Increasing the number of compar-
isons could potentially show a significant variation between DNA
extraction kits, which is something that deserves additional inves-
tigation. Since only patients who were known to have decoy cells in
the urine were included in the study the number of BKV copies was
very high. For such patients, the difference in BK viral load observed
between pelleted and whole urine may have no clinical relevance,
which is probably not the case of patients with low BK viral loads.

In conclusion, this study has demonstrated that pre-analytical
variables such as the urine protocol chosen for DNA extraction may
markedly influence BK viral load detected by qPCR. A standard-
ized method for processing samples for BKV detection is ultimately
required.
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Screening for BK virus nephropathy in kidney transplant
recipients: comparison of diagnostic tests

Desempenho de métodos diagndsticos no rastreio de nefropatia
pelo virus BK em pacientes transplantados renais

ABSTRACT

Urine cytology and qPCR in blood and
urine are commonly used to screen renal
transplant recipients for polyomavirus-
associated nephropathy (PVAN). Few
studies, however, have directly compared
these two diagnostic tests, in terms of
their performance to predict PVAN. This
was a systematic review in which adult (>
18 years old) renal transplant recipients
were studied. A structured Pubmed search
was used to identify studies comparing
urine cytology and/or qPCR in urine
and plasma samples for detecting PVAN
with renal biopsy as the gold standard
for diagnosis. From 707 potential papers,
there were only twelve articles that
matched the inclusion criteria and were
analyzed in detail. Among 1694 renal
transplant recipients that were included in
the review, there were 115 (6.8%) patients
with presumptive PVAN and 57 (3.4%)
PVAN confirmed. In this systematic
review, the qPCR in plasma had better
performance for PVAN compared to
urine cytopathology.

Keywords: biopsy; BK virus; cell biology;
DNA; kidney transplantation.

Resumo

A citologia urinaria e a reagio da cadeia da po-
limerase em tempo real (QPCR) em amostras
de sangue e/ou urina sdo comumente utiliza-
dos para rastrear nefropatia associada ao
polyomavirus (PVAN), em pacientes trans-
plantados renais. Entretanto, poucos estudos
comparam diretamente esses testes diagnosti-
cos quanto ao desempenho para predizer esta
complica¢do. Aqui realizamos uma revisao
sistematica na qual foram estudados pacien-
tes transplantados renais adultos (> 18 anos).
Uma pesquisa estruturada Pubmed foi utiliza-
da para identificar estudos comparando cito-
logia urindria e/ou QPCR em amostras de uri-
na e plasma para detectar PVAN, utilizando a
biépsia renal como padrio-ouro para o diag-
nostico. Dentre os 707 artigos em potencial,
apenas 12 atendiam aos critérios de inclusio e
foram analisados em maior detalhe. Foram in-
cluidos 1694 pacientes transplantados renais,
entre os quais 115 (6,8%) classificados com
PVAN presuntivo e 57 (3,4%) PVAN confir-
mado. Nessa revisdo sistematica, o qPCR no
plasma tive melhor desempenho para PVAN
em comparagao com citopatologia urinaria.

Palavras-chave: biologia celular; bidpsia;
DNA; transplante de rim; virus BK.

INTRODUCTION

Kidney transplantation is the treatment of
choice for many end-stage renal diseases
that would otherwise require dialysis
and renal replacement therapy.! One
of the main threats for graft survival is
infection caused by the polyomavirus
BK (BKV). The prevalence of clinically
significant BKV reactivation after kidney
transplantation varies, depending on the
study, from 1 to 10% and the incidence
of allograft loss due to BKV have ranged
from as low as 10% to more than 80%
of patients with clinically significant BKV

infection.? Rapid and sensitive detection of
BKYV infection, either in urine or plasma,
can lead to early management strategy
that is critical to prevent irreversible
kidney damage and loss.

The diagnosis of BKV nephropathy
requires allograft biopsy,> however, it may
be too late to reverse the damage. Studies
have shown that cytological abnormalities
(‘decoy cells’) and polyomavirus DNA are
detected in the urine several weeks before
kidney damage occurs.>* Decoy cells may be
observed in the urinary sediment as a result
of renal and urothelial cells infected by BKV.>



Despite being a relatively inexpensive test, the detection
of decoy cells requires considerable expertise and these
are not specific for BKV infection.*” Detection and
quantitation of BKV DNA can be performed using real
time real time polymerase chain reaction (qQPCR). While
it is comparatively more expensive, in comparison to
urine cytopathology, the BKV qPCR has the potential for
higher test sensitivity, better linearity and independence
from personal expertise for accurate results.

In this systematic review, we searched for studies
that directly compared the analytical performance
of urine cytopathology and qPCR, for predicting the
diagnosis of BKV-associated nephropathy, as proven
by histopathology.

MaTeriAL AND METHODS

CRITERIA FOR CONSIDERING STUDIES FOR THIS REVIEW

We selected for inclusion in this review studies
involving patients who had undergone kidney
transplantation not combined with receipt of other
transplanted organs.

TYPES OF STUDIES

Cross section, prevalence and cohort studies were
included. Studies involving 10 or less patients were
not included.

TYPES OF PARTICIPANTS

Adult (> 18 years old) renal transplant recipients
were considered for study, regardless of sex, race, or
nationality.

TYPES OF INTERVENTIONS

Since biopsy is gold standard test for BKV nephropathy,
we included only studies that compared biopsies with
urine cytology and/or qPCR.

TYPES OF OUTCOME MEASURES

The outcome measure was nephropathy caused
by BKV, as confirmed by renal biopsy. Additional
information such as BKV viral load in plasma and
urine; presence of ‘decoy cells’ on urine cytopathology;
use of SV40 antibody staining on biopsied tissue was
investigated and associated with the outcome.

SEARCH STRATEGY

We searched PubMed electronic database using the
strategy demonstrated in Table 1. The search was

BK virus nephropathy in kidney transplant patients

conducted on 14" February 2014 and included all
papers retrieved in the database.

EXCLUSION CRITERIA

Papers that were not written in English and/or not
conducted in humans were excluded. Since this
study aimed for a comparison of diagnostic tests,
we excluded review articles, case reports, studies
involving patients younger than 18 years old, studies
of patients submitted to transplant procedures other
than renal transplantation (even when combined),
drug intervention studies, studies in which biopsies
were not performed to confirm nephropathy and
studies that did not compare biopsies with at least
one of the tests under study. Attempts were made to
contact corresponding authors when articles were not
available on Pubmed or when additional information
was required. In the situations when a response was
not received, the respective articles were excluded.

STUDIES INCLUDED IN THE REVIEW AND DATA SYNTHESIS

The flow-chart diagram in Figure 1 shows the total
number of papers screened and number of manuscripts
that met the inclusion criteria. Additional data were
extracted from these studies.

ETHICAL ASPECTS

The study was approved by the Institutional Review
Board (protocol numbers 3531/11 and 915/12).

ResuLts

The systematic search initially identified 707
potential articles. However, a total of 12 articles
were included in the final analyses. A total of 1694
renal transplant recipients were included in this
review (Table 2). Using biopsy as gold standard there
were 115 cases (6.8%) of presumptive nephropathy
without observation of BKV and 57 cases (3.4%)
of polyomavirus-associated nephropathy (PVAN).
The range of sensitivity, specificity, PPV (positive
predictive (PPV) value) and NPV (negative predictive
(NPV) value) using qPCR as non-invasive test to
detect and predict PVAN in plasma was 60-100%,
33-100%, 7-65% and 72-100% respectively (Table
3). The range of plasma viral load at the time of
diagnosis was 2.7 - 7 log. The threshold of > 3.7 log
for PVAN provide specificity of 91% and positive
predicted value (PPV) of 29%, whereas > 4.2 log
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TaBLE 1

SEARCH STRATEGY USED IN THE STUDY (PuBMED)

(humans)

AND

(((transplant) OR (graft survivallmh]) OR (“graft survival”) OR (graft rejection[mh]) OR (“graft rejection”))

AND

((kidney[mh]) OR (kidney) OR (“allograft loss”) OR (kidney diseaselmhl]) OR (“kidney disease”)))

AND

((molecular diagnostic techniques[mh]) OR (“molecular diagnostic technigues”) OR (molecular biologylmh]) OR
(“molecular biology”) OR (“molecular biology”) OR (PCR) OR (“polymerase chain reaction”) OR (“polymerase chain
reaction”) OR (polymerase chain reactionmh) OR (cytological techniques[mh]) OR (“cytological techniques”) OR
("decoy cells”) OR (papanicolaou) OR (biopsy) OR (viremia) OR (viruria) OR ("viral load"))

AND

(("BK virus") OR (polyomavirus infection[mh]) OR (“polyomavirus infection”) OR (polyomavirus) OR (“BK nephropathy”))

Figure 1. Flow-chart of article screenned.

Potentially relevant articles
screened from eletronic
database (n=707)

Excluded by title (n=618)
(less than 18 years old,

| animals, basic science, drugs
"| intervention, letter, other
outcomes, case reports,
without biopsy and review)

\ 4

Records retrieved more
detailed evaluation (n=89)

Excluded (n=77)

- less than 18 years old;
- less than 10 patients;
- article not found;

- without biopsy;

- combined with others
transplant.

\ 4

\ 4

Articles included in the
systematic review (n=12)

enhanced the specificity to 96% and PPV to 50%.
Sensitivity and NPV were 100% in both cases.® In
those studies where cytology test were performed (n
= 506 patients), decoy cells were found in 30.6% (n
= 155) of the patients. In comparison with qPCR,
decoy cells showed better range on NPV (97-100%),
while sensitivity, specificity and PPV were diminished
(Table 4). In one study, the BKV replication indicated
by decoy cell shedding in urine, BKV viremia (qPCR),
and PVAN (histopathology) occurred in 29%,
13%, and 6% respectively, and the median time
for detection was 3.7 months, 5.4 months and 6.5
months after transplant, respectively.? In all studies
range time for the detection of viruria, decoy cell
and viremia were 0.03-12 month, 0.5-16.1 month
and 0.9-25 month after transplant respectively. The
early (day 5) detection of BKV viruria may predict the

J Bras Nefrol 2016;38(3):356-362

occurrence of both BKV viremia and nephropathy.’
Also, the finding of two or more consecutively
positive urine samples was shown to be a helpful tool
to predict BKV viremia (sensitivity 100%; specificity
94%; positive and negative predictive values of 50%
and 100%, respectively).® It was demonstrated that
20% patients became viremic when BKV copies in the
urine achieved 7 log/mL - a percentage that increased
to 33%, 50% and 100% at 8 log, 9 log and > 10
log, respectively.!* Such an association has not been
demonstrated for decoy cells.

Discussion

This study shows the paucity of data in the literature
regarding the comparison of the performance of qPCR
(either blood or urine) and urine cytopathology for the
diagnosis of PVAN. It seems clear that viruria (defined
as detection of BKV DNA in the urine) precedes the
detection of decoy cells on urinary cytology, which
antecedes viremia and PVAN.? Detection of decoy
cells and BKV viruria are important markers of BKV
replication but poor predictors of PVAN.

The cut-off to determine the clinical relevance of
BKV viremia remains controversial. The American
Society of Transplantation (AST) recommends that in
the presence of plasma loads > 4 log for three or more
weeks the diagnosis PVAN should be presumed and
biopsy should be considered for definitive diagnosis.'?
While the American Society of Transplantation and
the Kidney Disease Improving Global Outcomes
Group suggest a BK viral load of 4 log copies
(10.000 copies) as a cut-off value for PVAN, there
is no US Food and Drug Administration approved or
standardizes methods for BK viral load evaluation.
The diagnosis of BKV is currently based on different
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TABLE 2 PROSPECTIVE STUDIES THAT COMPARED QPCR, URINE CITOLOGY AND KIDNEY BIOPSY IN THE DIAGNOSIS oF PVAN IN
KIDNEY TRANSPLANT RECEPTORS

Author B:ICI:;)Z Viremia (n) Viral Load (plasma) Prs\s/zm(p:;bve PVAN + (n)
Hirsch et al.? 78 23 10 4.4-7 log 5 5
Pang et al." 183 NA 44 Median 2.84 (0-5.86) 0 8
Thamboo et al.?® 97 15 4 3.3-5.4 log 7 3
Viscount et al. 204 26 16 > 3.7 log 12 4
Almeras et al.?* 123 NA 13 2.7-5.6 log i 3
Babel et al."° 233 NA 16 Mean 5.9 (range 4.3-7.5) 10 6
Helanterd et al.? 68 NA 0 NA 5 0
Girmanova et al.® 120 NA 6 > 4.5 log 3 3
Pollara et al."® 75 39 26 2.8-6.5 log 19 7
Saundh et al? 112 NA 12 (r;\fgf ;g’_’%%) 10 2
Knight et al.?! 349 NA 57 5.7 log (SD + 5.9) 17 15
Menter et al.® 52 52 17 > 7 log 16 1

2 Number of patients diagnosed with decoy cells on cytopathology; ® Number of patients with diagnosis of nephropathy but with no visualization
of BKV by SV40 or viral alterations characteristics; ¢ Mean peak of viral load; NA: Not applicable; PVAN: Polyomavirus-associated nephropathy;
sd: Standard deviation.

TaBLE 3 PerrorMANCE oF BKV viRemIA DETECTED BY aPCR IN THE PREDICTION OF PVAN
Molecular Primer or o e e
Author target probe Sequence (5'-3') Sensitivity Specificity PPV NPV
Primer 1, AGCAGGCAAGGG TTCTATTACTAAAT 100 88 50 100
Primer 2, GAAGCAACAGCA GATTCTCAACA
] AAGACCCTAAAGACTTT
H|rsc2h NT CCCTCTGATCTACA CCAGTTT
et al. Probe labeled with 6-carboxyfluorescein
at the 5" end and
6-carboxytetramethylrhodamine at the
3 end
BKpangF ATGTGACCA ACACAGC 60 76 65 72
BKpangR CTGTGCCATCAAACACC
Pang AGGAGAACCCAGA GAGTGGA-
VP1
etalm gene BKpangP1 fluorescein
BKpanaP?2 LC-Red 640-GGCAGCCTATGT
pang ATGGTATGGAA-phosphate
(5-AGG TAG AAG AGG TTA GGG TGT
TTG ATG GCA CAG-3') dual-labeled at
Thamboo the 5° end with 6-carboxyfluorsecein
et al.?8 VP1 gene NI (FAM) and the 3" end with 67 33 20 80
6-carboxytetramethylrhodamine
(TAMRA)
E;'mir CACTTTTGGGGGACCTAGT 100 9% 50 100
, Primer CTCTACAGTAGCA AGGGATGC
Viscount Pol 2as,
B VP2 gene
etal. Probe 1, TCTGAGGCTGCTGCT
PoLP1, GCCACAGGA -fluorescein
Probe 2, LC-Red 640-AGTAG CTGAAATTGCTG
PoLP2, CTGGAGAGGCTGCTphosphate

J Bras Nefrol 2016;38(3):356-362
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ConTINUED TABLE 3.

Primer

CACTTTTGGGGGACCTAGT 100 91 15 100
PolL1s,
PF;rII_r;;sr CTCTACAGTAGCAAGGGATGC
Almeras '
ot al2 VP2 gene Probe 1, TCTGAGGCTGCTGCTGCCA
' PoLP1, CAGGATTTTfluorescein
Probe 2 LC-Red 640-AGTAGCTG
' AAATTGCTGC TGGAGAGGCTGCT
PolLP2,
phosphate
ot VP1 gene NI NI 100 9% 43 100
. Gene that . . )
G|rm:239nova encode large Commermal BKV Q-PCR Detection Alert Kit 100 68 7 100
et al. kit (Chemagen)
T Ag
Pollara Gene that Commercial BKV Q.Alert Kit (Nanogen Advanced
16 encode large . R ) 95 100 NI NI
et al. kit Diagnostics, Italy)
T Ag
BKV Forward TGA CTA AGA AACTGGTGT AGATCA 100 91 17 100
Saundh Genethat gy poverse  YTCCTTTAAT GA AAA ATG GGA
/9 encode large
etal TAg BKV Probe FAM AGT GTT GAG AAT CTG CTG
TTG CTT C BHQ-1
E;"j@f NI NI NI 100 87 26 100
Primer 1, AGCAGGCAAGGGTTCTATTACTAAAT 100 57 41 100
Primer 2, GAAGCAACAGCAGATTCTCAACA
Menter AAGACCCTAAAGACTTTCCCTCTGAT
ot al ® NI CTACACCAGTTT labeled with

Probe

B-carboxyfluorescein at the 5° end and

B-carboxytetramethylrhodamine at the
3 end

Ag: Antigen; BKV: BK virus; NI: Not informed; NPV: Negative Predictive Value; PPV: Positive Predictive Value; PVAN: Polyomavirus-associated nephropathy.

TABLE 4 PERFORMANCE OF URINE CYTOPATHOLOGY IN THE PREDICTION oF PVAN
Author Decoy cell (n) PVAN (n) Sensitivity Specificity PPV NPV
Hirsch et al.? 23 5 100 71 29 100
Thamboo et al.® 15 3 67 85 20 98
Viscount et al.® 26 4 25 85 5 97
Pollara et al."® 39 7 100 53 18 100

NPV: Negative Predictive Value; PPV: Positive Predictive Value; PVAN: Polyomavirus-associated nephropathy.

gPCR approaches, but since there is no standard
method for BKV viral load assessment, it is essential
that institutions implement clinical validation studies
certifying their own methodology to be used as a
guide for clinical treatment. >3-

The definitive PVAN diagnosis is
histopathologically?® in a context in which the viral

made
infection may be difficult to differentiate from organ

rejection. In our review, only four articles reported
the use of SV40 staining in the histopathological

J Bras Nefrol 2016;38(3):356-362

test.212* Therefore, the absence of a confirmatory test
may underestimate the actual frequency of PVAN.
The SV40 should be performed when clinicians
suspect of BKV infection, despite the absence of
visible alterations on the examined tissue.® The AST
recommends a minimum of two core biopsies with
medullary tissue preferable in an intention to decrease
the false negative diagnosis of PVAN, which can be as
high as 20-30% (12, 26). Therefore, a negative biopsy
does not rule out PVAN.?



CONCLUSION

This study demonstrates the paucity of data in the
literature on the comparison of diagnostic tests for
the prediction of PVAN. qPCR has an overall better
diagnostic performance than urine cytopathology for the
detection of PVAN. However, the cut-off for qPCR tests
remain poorly defined. In contrast to cytomegalovirus
(CMV), for which the World Health Organization
has produced international standards,?” there is a need
for standardization for BKV-related tests. Additional
prospective studies are ultimately required in order to
elucidate the ideal cut-off for viral load in the plasma
and urine, for the early diagnosis of PVAN, as well as
the moment for occurrence of viremia, and co-factors
associated with the transplant recipient.
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ABSTRACT

Background. BK virus (BKV) infection in immunosuppressive renal transplant
patients might cause kidney allograft dysfunction leading to nephropathy and
graft loss. Accurate determination of BKV viral load is critical to prevent BKV-
associated nephropathy (BKVAN) but the cut-off that best predicts BKVAN

remains controversial.

Methods. This was a prospective study involving kidney transplant recipients in
two large academic hospitals in Brazil. Patients were screened for BKV infection
every 3 months with a commercial and an in-house qPCR test, for the first year
post-transplant. BKVAN was diagnosed on the basis of histopathology. ROC
curve analysis was used to define the performance of BKV viremia and viruria in

the prediction of BKVAN.

Results. Among 200 enrolled patients, most patients were male (58%), had a
deceased donor (82%) and had diabetes mellitus as the main underlying
disease (19.5%). BKV viremia and viruria were detected in 32.5% and 96.1%,
respectively. BKVAN was diagnosed in 8 patients (4%). BKVAN was associated
with viruria and viremia of 6.7 log and 4.1 log copies/ml, respectively using
commercial kit. The cut-off for the in-house assay was 10.2 log copies/ml (urine)
and 6.1 log copies/ml (plasma). The linearity between the commercial kit and

the in-house assay was R?=0.83893.

Conclusions. Our study shows that marked variability occur in BKV viral load
when different qPCR methodologies are used. The in-house qPCR assay

proved to be clinically useful, a cheaper option to commercial gPCR kits. There
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is an urgent need to make BKV standards available to the international

community.

Key words: Kidney transplantation, PCR, polyomavirus, viremia, viruria.
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INTRODUCTION

BK virus (BKV) is an important agent of infection in renal transplant
recipients, with the potential to cause severe graft dysfunction and eventually
graft loss (1). The prevalence of BKV-associated nephropathy (BKVAN) in renal
transplant patients ranges between 1-10% in the first year after transplantation,
which may cause graft loss in up to 80% of the patients within 5 years after
transplantation (2-4). BKV is usually acquired early in life via aerosols (the virus
is present in tonsils), mostly resulting in asymptomatic infection. Alternative
routes of BKV transmission include uro-oral, faecal-oral, blood transfusion,
organ transplantation, sexual, and soil water, which seems to be an important
reservoir (5, 6). It is estimated that 80-90% of the population presents

antibodies against BKV (3, 7, 8).

Since no effective antiviral is available to treat BKV infection, the best
strategy relies upon BKVAN prevention. This may be achieved by frequent
monitoring of BKV DNA load in urine and/or plasma samples, followed by a
reduction of immunosuppressive therapy whenever significant viral replication is
detected (9). International societies have recommended 4 log of BKV DNA in
the plasma as the cut-off value that best predicts BKVAN. Also, commercial
tests based on quantitative real time polymerase chain reaction (QPCR) may be
expensive for routine use in clinical practice and limited data is available on the
performance of in-house qPCR BKYV tests. Considering these limitations, it is
critical for institutions to conduct clinical validation studies to certify that their

methods are useful to accurately guide clinical decisions (10-17).

The purpose of this study was to establish a clinically significant cut-off

for BKV viruria and viremia to predict BKVAN, in a cohort of renal transplant
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recipients. We also report the performance of an in-house qPCR for
quantification of BKV viral load and the performance of this test against a

commercially available gPCR kit.

MATERIAL AND METHODS

Samples

Between April 2012 and May 2013, 200 patients that received a kidney
transplant in two large teaching Brazilian hospitals (Santa Casa de Misericordia
de Porto Alegre and Hospital de Clinicas de Porto Alegre) were enrolled in a
prospective study. Plasma (n=200 patients) and urine (n=102 patients) samples
were obtained at months 3, 6, and 9 following kidney transplantation, for the
determination of BKV viral load. DNA was extracted from 140 pul of plasma and
urine using the QlAamp RNA Mini Kit (QIAGEN, USA). Urine samples were
centrifuged before DNA extraction, as previously reported (18). In all reactions

B-globin was added as an internal positive control.
DNA amplification with a commercial gPCR kit

BKV DNA amplification was performed by gPCR using a commercial kit
(BKV Q-PCR Alert Ampliprobe, ELITechGroup Nanogen, Buttigliera Alta, ltaly)
in a 7500 thermal cycler gqPCR System (Applied Biosystems), as previously

described (18).
DNA amplification with an in-house BKV qPCR test

We designed a qPCR assay based on TagMan chemistry in a highly
conserved region of the BKV genome targeting the VP1 gene (Gene ID:

1489515, Genomic  Sequence NC_001538.1) with  Primers 5'-

Page 6 of 22
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AGTGTTGAGAATCTGCTGTTGCTT-3' and 5-
GGGATGAAGATTTATTTTGCCATGAAGAT-3;; probe FAM-
CATCACTGGCAAACAT-NFQ). Primers and probes for the human acidic
ribosomal protein (HUPO) were purchased from Applied Biosystems (ABI)
(primers 5-GACAATGGCAGCATCTACAAC-3 and 5-
GTTGCCAGTGTCTGTCTGC-3’; probe FAM-ATTGCGGACACCCTCC-NFQ)
and were used as an internal control. Briefly, the in-house gqPCR assay
consisted of 1 pyl 20X TagMan assay, 10 yl of 2X TagMan® Gene Expression
Master Mix, 4 ul of DNA and 5 ul of RNase-free water. PCR amplification was
performed on an ABI 7500 Thermocycler as follows: 95°C for 10 min, and 40

cycles of 95°C for 15 sec and 60°C for 1 min.

In order to accurately build a calibration curve, we designed a synthetic
DNA sequence of 351 bp based on the BK polyomavirus GenBank strain
JQ713822.1 sequence. The synthetic DNA was eluted, quantified and serially
diluted for the calibration curves that were built as a panel of nine vials with
concentrations ranging from 12.9 to 12.9 x 10° copies/ml. This was also used to

define the limit of detection of the assay (12.9 genomic copies/ml).
Clinical Data

Patients’ records were reviewed in order to obtain clinical data and
demographic information. Variables of interest included underlying kidney
diseases, evolution of renal function, HLA mismatches, renal biopsy results, and
changes in immunosuppressive regimens. Renal biopsies were performed by
clinical indication. The glomerular filtration rate (GFR) was estimated by using
the CKP-EPI equation (19). The study was approved by the Institutional Review

Board (protocol numbers 3531/11, 12-154 and 915/12), and followed the
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guidelines and regulatory standards for research involving human subjects of
the Brazilian National Health Council (Resolution CNS/196).

Statistical Analysis

Descriptive statistics were used to summarize the data. The chi-square
and Fisher exact tests were used for the evaluation of categorical variables.
Data normality was checked by Kolmogorov-Smirnov test. Normally distributed
scalar variables were analyzed using ANOVA or Student t-Test when
appropriate. Non-normally distributed scalar variables were analyzed as non-
parametric using the Mann—-\Whitney test. The performance of gPCR tests was
evaluated by receiver operating characteristic (ROC) curves, using kidney
biopsy as the gold-standard to diagnose BKVAN. Linear plots were built to test
the linearity between the commercial and the in-house BKV gPCR tests. For all
comparisons, statistically significance was determined at a P value of < 0.05.
Predictors of BKVAN development were determined in a Cox regression model.
All variables with clinic relevance and p values of <0.05 at univariate analysis
were included in the Cox regression model. All statistical analyses were

performed using SPSS 20.0.

RESULTS

Table 1 summarizes the main characteristics of the patients enrolled.
Patients who developed BKV infection though out the study period were similar
in several aspects to those who did not. Panel reactive antibodies (PRA)
differed between groups. BKV-positive group presented lower percentages of

patients with a less than 10% and between 10% and 49% PRAs. Distribution of
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HLA mismatches did not differ between groups. Ninety-nine patients underwent
a renal biopsy and eight (4.0%) were found to have BKVAN. Graft loss occurred
in seven patients (3.5%) but only one patient (14.3%) the study period (overall
incidence 0.5%) the cause was BKVAN. Other seven patients (3.5%) died

during the study.
BKYV viruria and viremia using the commercial qPCR kit

BKV viruria and viremia were detected in 96.1% (98/102) and 32.5%
(66/200) of patients respectively. BKV viruria was detected in months 3, 6 and 9
following transplantation in 74.5% (n=76), 60.6% (n=72), and 60.8% (n=62) of
patients, respectively, while BKV viremia occurred in 16.5% (n=33), 19.4%
(n=34), and 12.3% (n=18) of patients, in the same months of evaluation. Urine
and plasma BKYV viral loads were higher in BKVAN when compared to non-

BKVAN patients (p<0.05).

Performance of the commercial and the in-house qPCR test

Table 2 shows the cut-off values of qPCR for the prediction of BKVAN,
for BKV viremia and viruria with the commercial and in-house PCR tests. There

was a good linearity between qPCR tests (R?=0.8389) (Figure 1).
Predictors of BKVAN

Table 3 shows the results of the multivariate analysis for risk factors for
BKVAN using the commercial qPCR kit. BKV viremia was independently
associated with BKVAN (p=0.018), with the best cut-off determined at 3.85 log

(7,169 copies/ml).
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DISCUSSION

This study defined clinically significant cut-off values for gPCR for the
prediction of BKVAN. This was demonstrated by using two molecular tests: a
commercially-available qPCR kit and an in-house qPCR test. At nine months
post-transplantation follow up it was found that 32.5% had BKV viremia, 96.1%
viruria but only 8 patients (4%) developed BKVAN. Previous studies performed
in Brazil showed higher frequencies of BKVAN in kidney transplant recipients
(20, 21), which may be related to differences in screening strategy (e.g., urinary
decoy cells to trigger additional sampling for gPCR), regular biopsies, and
ischemia times. The most relevant clinical implication of BKV infection in renal
transplant recipients is based on its ability to lead to graft fibrosis followed by
cause renal dysfunction and eventually to graft loss (13). Therefore in order to
correctly interpret BKV viral loads, institutions should validate their own
methodologies to determine the optimum cut-off values to be employed instead
of using the recommended ‘universal cut-off of 4 log copies/ml as being
clinically significant (3). Certainly, for accurate BKV viral load interpretation,
clinicians must know which PCR test is being used and the performance of that
particular assay. A variety of studies have analyzed the clinical impact of BKV
viremia and viruria using different methodologies. Therefore these cut-off results
cannot be compared against each other, due to the fact that those values were
generated from distinct methods (10-17). There is a variety of factors that
contribute to this diversity, including different protocols for DNA extraction,
variations in primers and probes design, viral targets, PCR conditions, sample

type and the use of different calibration curves (17, 22, 23).
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Based on the present study we propose the cut-offs of =25.7 log and
210.6 log copies/ml to predict BKVAN using urine samples with the
commercially-available and the in-house assays, respectively. As previously
reported we found that urine tests have a high negative predictive value,
therefore useful in excluding the diagnosis, but a very limited positive predictive
value. Urine qPCR may therefore be better used as screening tests (24-26).
Our results with the viremia tests were much more accurate and the cut-offs
were 23.8 log and 26.1 log copies/ml, respectively for the commercial and in-
house kits.

Our study demonstrated the relationship between PRA and BKYV infection
considering patients with PRA <50% of class | and Il, although PRA =50
presented no relevance with BKV (Table 1). These data contrast with previous
studies, which considered PRA =210% was not associated with BKV infection
(27). In our cohort 11.6% of patients had DSA, however 69% of these patients
did not evolved with BKV infection (P<0.001).

Our in-house gqPCR test has several strengths: (i) it is based on a highly
conserved region of the BKV genome targeting the viral structural protein VP1
gene that is highly conserved midst BKV strains (28); and (ii) the quantitative
process is based on the use of a synthetic DNA sequence as a calibration
curve, therefore not requiring the use of commercially available quantified BKV
DNA controls. Results obtained with the in-house gPCR test showed linearity
with the commercial kit (ELITechGroup Nanogen, ltaly), although cut-off values
differed by ~2 log copies/ml. Probably the main advantage of the in-house
gPCR is its reduced cost, in comparison to the commercial test. For instance,

the cost per sample for running a single clinical sample, including the costs
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related to laboratory personnel, is USD 35 and 121, respectively for the in-
house qPCR test and the commercial kit. If three samples are included in a run,
reducing the costs with positive controls, costs per sample would be USD 20
(in-house qPCR) and USD 55 (commercial test).

Some limitations of this study must be recognized. First, the number of
patients with BKVAN was limited even though the percentage of recipients that
developed this condition is consistent with the literature (2, 3). Second, only for
cause kidney biopsies were performed leaving the possibility that some patients
could present BKVAN that could be uncovered by protocol biopsies. However,
the evaluation of the two groups (having or not a biopsy performed) was similar
regarding variables of interest (data not shown). Also, we only measured BKV
viral loads at months 3, 6 and 9 after transplantation and perhaps a longer
follow-up could reveal a higher incidence of BKVAN, however it has being
demonstrated that the peak incidence of this condition occurs within the time
frame of our observation (29, 30). Lastly urine samples were included from one
center only resulting in a smaller number of urine samples in comparison to
plasma samples.

In conclusion, in this prospective multicenter study we validated clinically
two gPCR assays for BKV quantification, a commercially-available kit and an in-
house test. By utilizing the results of such strategies in clinical practice clinicians
may better manage patients infected with BKV, modifying immunosuppressive
therapies in a timely manner. The low frequency of BKVAN observed in our
study (4%) is probably related to proper disease awareness, as well as BKV

DNA monitoring.
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Figure 1. Performance (linearity) of the commercial and the in-house plasma BK

virus qPCR test.
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Table 1. Demographic and clinical characteristics of the population studied. Patient's BKV status

refers to the presence of any positive molecular test for BKV, either in urine or plasma.

All patients BKV-negative BKV-positive P
Variable
(n=200) patients (n=75) patients (N=125) value
Recipient age, mean (sd) 46.3 (13.2) 47.4 (12.9) 45.7 (13.4) 0.659
Donor age, mean (sd) 44.5 (16.3) 43.5 (17.3) 45.2 (15.8) 0.409
Male gender, recipient (%) 58.0 54.7 60 0.459
Male gender, donor (%) 52.0 51.4 52.8 0.843
Deceased donor (%) 82.0 82.4 81.6 0.883
Underlying disease (%)
Diabetes mellitus 19.5 26.7 15.2 0.048
ADPKD 13.5 9.3 16 0.182
SAH 12.0 13.3 11.2 0.653
Glomerulonephritis 10.0 12 8.8 0.465
Reflux nephropathy 6.0 6.7 5.6 0.758
Obstructive uropathy 2.5 2.7 2.4 0.907
FSG 25 1.3 3.2 0.413
SLE 1.5 0 24 0.176
Unknown 32.5 28 35.2 0.293
Induction (%)
ATG 325 41.3 27.2 0.039
Baxiliximab 56.5 49.3 60.8 0.113
Others 0.5 0 0.8 0.437
None 10.5 9.3 11.2 0.677
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PRA (%)
Class |
<10%
210% to <50%
250%
Class Il
<10%
210% - <50%
250%
CMV status (%)
D-/R-
D-/R+
D+/R-
D+/R+
+ve antigenemia
HLA Mismatch, mean (sd)
0 (%)
1-3(%)
4 -6 (%)
DSA (%)

Acute rejection (%)
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64.0
22.0

14.0

62.0
31.0

7.0

1.6
17.2
4.2
76.7
25.0
4.2 (1)
0.5
22
77.5
11.6

12.5

55.4
31.1

13.5

53.3

427

17.4
4.3
78.3
18.7
4.2 (1.3)
0
29.3
70.7
22.7

19.5

69
16.7

14.3

67.2
24

8.8

2.5
17.5
4.2
75.8
29.4
4.6 (1.3)
0.8
17.6
81.6
4.8

29.3
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0.033
0.037

0.641

0.050
0.006

0.198

0.185
0.995
0.943
0.634
0.111
0.758
0.437
0.169
0.730
<0.001

0.269

Hypertension; SLE, Systemic lupus erythematosus.

Legend: ADPKD, Autossomal dominant polycystic kidney disease; ATG, Anti-Thymocyne globulin; BKV, BK virus; CMV,
Cytomegalovirus; D, Donor; DSA, Donor-specific antibody; FSG, Focal segmental glomerulosclerosis; HLA, Human

leukocyte antigen; PRA, Panel reactive antibody; R, Recipient; sd, standard deviation; SAH, Systemic Arterial
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Table 2. Performance of BKV viral load for the prediction of BKV-associated nephropathy, using a

commercial and an in-house qPCR test.

Sensitivity %  Specificity % PPV % NPV %

(95% Cl) (95% Cl)  (95% Cl) (95% Cl)
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10 Urine viral load (copies/ml)

12 25.7 log (commercial PCR kit) 100 (48—-100) 79 (64-90) 36 (13-65) 100 (90-100)
26.7 log (commercial PCR kit) 100 (48—100) 81 (67-92) 38 (14-68) 100 (90-100)
17 210.6 log (in-house method) 75 (64-86) 64 (53-75) 73 (32-86) 100 (90-100)
19 Plasma viral load (copies/ml)

21 23.8 log (commercial PCR kit) 88 (47-98) 96 (90-99) 64 (31-89) 99 (94-100)
23 24.1 log (commercial PCR kit) 88 (47-98) 98 (93-100) 77 (40-97) 99 (94—-100)

26.1 log (in-house method) 87 (81-93) 100 (94-100) 73 (39-94) 100 (91-100)

28 Legend: ClI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; gPCR, quantitative

real-time polymerase chain reaction.
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Table 3. Results of Cox regression model for the prediction of BKVAN using a

commercial gPCR test.

P value Exp(B) 95.0% CI for Exp(B)
lower upper
Acute rejection 0.487 2.846 0.149 54.214
Diabetes mellitus 0.324 2.658 0.38 18.578
Viremia at 3.85 log 0.018 35.903 1.85 696.868
GFR at month 6 0.512 1.521 0.434 5.328

Legend: Cl, Confidence interval; GRF, Glomerular rate filtration; gPCR, quantitative real time
polymerase chain reaction.



. Considerag¢oes Finais

Ao longo da pesquisa, evidenciou-se que nao ha consenso na literatura
entre os pontos de corte de viruria e viremia para BKVN. Somado a isso, ja s&o
descritos fatores que predispdem a infeccdo por BKPyV; entretanto, o
desenvolvimento da mesma ¢é multifatorial e relacionado a variaveis
independentes, seja do doador ou do receptor.

Uma das recomendagbes da AST é que seja realizado o rastreio dos
pacientes com infeccdo por BKPyV através da viruria. A fim de diminuir as
variaveis que alteram a carga viral, padronizamos a extragdo de urina para
melhor detectar a viruria. Optou-se por utilizar o pellet urinario ja que sua carga
viral mostrou-se superior a uma aliquota da urina total homogeneizada. A
extracdo de DNA foi realizada através do kit de extragcdo para RNA; esse foi
escolhido em detrimento ao kit de extracdo de DNA por recomendagao do
fabricante, uma vez que poderia eliminar interferentes presentes na urina
possivelmente ndo detectados na padronizagcdo desse protocolo, uma vez o
numero de amostras foi reduzido.

A prevaléncia de BKVN em nosso estudo foi de 4% (8/200). O ponto de
corte da viremia para predicdo de BKVN de 23,8 log cédpia/mL, mostrou-se
préximo ao que descrito na literatura (4 log copias/mL); entretanto, o valor para
viruria de = 5,7 log copias/mL foi inferior ao valor recomendado em outros
estudos (7 log copias/mL). Esses resultados evidenciam a importancia de se
estabelecer os pontos de corte de virlria e viremia para cada centro de
investigacdo, para que casos presuntivos de BKVN ndo sejam subjugados e

evitando um quadro mais grave da infeccdo. Paralelamente, construimos um



teste de deteccdo quantitativo in-house para BKPyV na urina e no plasma e
seus resultados mostraram-se lineares com os resultados do kit de detecgéo
comercial.

Por fim, é de suma importancia ressaltar que sem o financiamento da
FAPERGS/CAPES através do edital PRONEM nao seria possivel a realizagcao
desse trabalho para os pacientes atendidos na Santa Casa de Misericérdia de
Porto Alegre e do Hospital de Clinicas de Porto Alegre. Através desse estudo
foi possivel estreitar lacos de colaboragdo no exterior, a exemplo do Dr.
Raymund R. Razonable médico pesquisador na Division of Infectious Diseases,
Department of Medicine, and the William J von Leibig Transplant Center,

College of Medicine, Mayo Clinic, Rochester, Estados Unidos.



5. Anexos

5.1. Metodologia

5.1.1 Desenho do estudo

Estudo de coorte prospectivo multicéntrico.

5.1.2. Critérios de inclusdo dos pacientes

Foram incluidos no estudo todos os novos pacientes adultos (218 anos)
submetidos a transplante de rim no Complexo Hospitalar Santa Casa de Porto
Alegre e no Hospital de Clinicas de Porto Alegre que consentiram em participar
do estudo. Incluiu-se ambos os sexos, tanto receptores de doador vivo como

de doador falecido.

5.1.3. Amostras

Amostras de plasma e urina foram coletadas de 200 pacientes apés a
assinatura do Termo de Consentimento Livre e Esclarecido (TCLE) pelos
mesmos no periodo de abril de 2012 a maio de 2013, no Complexo Hospitalar
Santa Casa de Porto Alegre e no Hospital de Clinicas de Porto Alegre. Para
analise da viruria e viremia foi utilizado um total de 140 uyl das amostras de
plasma e urina. O material genético das amostras foi extraido por kit comercial
QlAamp RNA Mini Kit (QIAGEN, USA). Conforme descrito no Artigo 3.1 (Pinto
e cols., 2013) as amostras de urina foram previamente centrifugadas. Para o
controle interno das extracdes de DNA foi adicionado beta globina a cada
extracdo e essas foi conduzidas de acordo com as instrugdes dos fabricantes.

Os pacientes incluidos no estudo foram acompanhados por 9 meses. As



amostras foram colhidas durante a rotina de visitas aos hospitais para coleta de

material para exames laboratoriais (3, 6, 9 meses apo6s o transplante).

5.1.4. Critério de exclusao dos pacientes

Foram desconsiderados para inclusdo todos os pacientes <18 anos e
que tenha realizado transplante de rim concomitantemente com qualquer outro
transplante de 6rgao soélido. Paciente com histérico de outros transplantes nao

renal também foram excluidos da amostragem.
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Plataforma Brasil - Ministério da Saude

Hospital de Clinicas de Porto Alegre - HCPA / UFRGS

PROJETO DE PESQUISA

Titulo: Avaliagdo da viremia pelo BKV poés-transplante renal e determinagéo do ponto de corte para
predicao de nefropatia associada ao virus

Area Tematica:

Pesquisador: Afonso Luis Barth Versao: 2
Instituicao: Hospital de Clinicas de Porto Alegre - HCPA / CAAE:01188612.9.0000.5327
UFRGS

PARECER CONSUBSTANCIADO DO CEP

Numero do Parecer: 75438
Data da Relatoria: 15/08/2012

Apresentacao do Projeto:

Estudo de coorte de pacientes transplantados oriundos do HCPA e ISCMPA em que pretende avaliar através
de PCR em tempo real os pontos de corte de virdria e viremia por BKV que se associem com nefropatia por
esse virus, evento esse relativamente comum entre transplantados renais. (Associa-se a perda do enxerto em
até 80% dos casos de nefropatia por BKV, essa ocorrendo em 2 a 8 % dos transplantados.)

Objetivo da Pesquisa:

Determinar os pontos de corte de virdria e viremia por BKV que possam melhor predizer o desenvolvimento de
nefropatia por BKV, em duas coortes de pacientes submetidos a transplante renal.

Avaliacao dos Riscos e Beneficios:

Riscos minimos da coleta de sangue para avaliagéo da viremia.

Beneficio do conhecimento, podendo identificar pacientes candidatos a tratamento da infecg¢éo pelo virus,
objetivando diminuir a incidéncia de nefropatia pelo BKW. Embora ja haja alguns estudos de outros centros, os
resultados ainda sdo inconclusivos e ressaltam a importancia de se testar a populagéo local em virtude de
fatores genéticos do virus em diferentes sitios.

Comentarios e Consideracoes sobre a Pesquisa:

Avaliacdo de duas coortes, que serdo acompanhadas por 12 meses apoés o transplante. Estimam avaliar 200
pacientes, o que determinaria encontrar entre 4 e 16 (2 a 8%) pacientes com nefropatia pelo BKV, o que talvez
dificulte alcancar os objetivos propostos.

Os pacientes serdo avaliados através da pesquisa de células decoy na urina, quando positivas, indicardo a
realizagé@o de PCR para viraria e viremia. O desfecho nefropatia do BKW implica na realizagao de biopsia renal,
complementada por imunoistoquimica. Nao fica claro se todos os pacientes fazem biopsia renal na rotina,
embora pareca ser esse 0 caso, e também ndo é mencionado o momento em que é feita a biopsia.

O pesquisador esclarece que as biopsias renais serdo realizadas durante a rotina de acompanhamento dos
pacientes. Pendéncia atendida.

Na avaliagdo estatistica, apenas menciona dados de descri¢gdo da populagédo, devendo ser mencionado como
pretende estabelecer os pontos de corte de viremia/viraria (Curva ROC?)

O pesquisador afirma que os pontos de corte de virdria e viremia por BKV que possam predizer

nefropatia por BKV serdo determinados através de andlise de curva ROC (receiver operator characteristic),
para avaliar a sensibilidade e especificidade do método (descrito no projeto, pagina 14). Pendéncia atendida.

O cronograma esta defasado, deve ser refeito.
O pesquisador apresenta o cronograma reformulado, encontra-se na pagina 17 do projeto. Pendéncia atendida.




O orgamento € bastante é vultoso e se percebe que o projeto concorreu a um edital FAPERGS/CNPQ de 2011,
nao ficando explicito se foram contemplados com o edital.

O pesquisador afirma que o presente projeto foi comtemplado no edital PRONEM/FAPERGS/CNPq n.
003/2011, possuindo verba suficiente para sua realizacdo. Pendéncia atendida.

Considerac6es sobre os Termos de apresentacao obrigatoria:
O Termo de Consentimento Livre e Esclarecido (TCLE) foi reformulado e encontra-se em condi¢des de
aprovacéo.

Recomendacoes:

Retirar os grifos do TCLE.

Conclusdes ou Pendéncias e Lista de Inadequacées:

Todas as pendéncias foram adequadamente respondidas.

Situacao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Néao

Considerac6es Finais a critério do CEP:
A versdo do projeto e do TCLE aprovados correspondem aos documentos submetidos em 06/08/2012.
Qualquer alteragé@o nestes documentos devem ser encaminhados para avaliagdo do CEP. Informamos que
obrigatoriamente a versé@o do TCLE a ser utilizada devera corresponder na integra a verséo vigente aprovada.

Projeto cadastrado no Sistema WebGPPG: 12-0154.

Na data de emissao desse parecer estava pendente (1) parecer de instituicoes
coparticipantes.

PORTO ALEGRE, 15 de Agosto de 2012

Assinado por:
José Roberto Goldim
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PARECER CONSUBSTANCIADO

Parvecer n" 160¢11
Protocolo n® 3531/11

Titlo: “Avatiacdo da viremia pefo BKV pis-transplante renal e determinagio do ponio de corte para
predigao de nefropatia assoclada we virus"”,

Pesquisador Responsivel: Alessandro Camard Pasqualotio
Tustituigio onde se realizard — Inmandade da Santa Casa de Misericérdia de Porto Alegre.
Data de Entrada: 14042011

11 - Objetivos — Objetivo Geral: Delerminar 0s pontos de certe de virdria ¢ viremia por BRY gue
possam melhor predizer v desenvolvimento de nefropatia por BKV, em duas coartes de pacicntcs
submelidos a transplante renal.

Objetivos especificos: « Determinar a incidéncia de viraria por BKY em transplantados de rim. bem
Coma o memenlo da ocotréncia da mesma;

* Dererminar a incidéncia de viriria por BKV em transplantados de rim, hem como o momento da
ocorréncia da mesma:

* Determinar a incidéncia de viremia por BKY, bem come 0 momento da ocorréncia da mesma;

*+ Determinar a incidéncia de nefropatia associada ao BKV,

+ Correlacionar os fesies de citopalogia unindria (células decoy) com a detecgio quaniiativa de DNA de
BKY na urina, através da téenica de PCR em lempo real;

+ Caracterizar os fatores de risco para virria, viremia e nefropatia por BKV.

I - Sumsirio do Projeto

Deserigdo e caracterizaciio da amostra: Estudo de coorte prospectivo observacional multicentnico.
Para todos os pacientes incluidos no estudo, serdo obtidos dados demograficos, bem com informagies
referentes ao prucedimento cinirgico, 4s doengas de base ¢ il presenga ou auséncia de rejeigao. Dados
relerentes ao protocolo empregado pars imunossupressao serao observados, bem como a tuncio do
oo transplentado,

Critérios de inclusdo e exclusdo: Serao considerados para inclusiio no estudo tadas 03 novos pacienies
adultos (=18 anos) submetidos a transplante de rim na Santa Casa Complexo Hospitalar @ no Flospital de
Clinicas de Porto Alegre, durante periodo de um ano, a comtar de julho de 2011, Serdo incluidos wodns ns
receptares de transplante renal., isolado ou combinadn a transpiante do pancreas, que consislam ¢m
participar do ¢studo, Incluir-se-io ambos ox sexos, tanto receptores de doador vivo como de doador
falecida,

Adequagio das condigdes - Hospital cscola com infra-estrutura adequada para a realizagin do estudo
descrilo
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Feconim ichy Comissso hapcnal de E1ca am Pesquisa - SONEF ! MiFIstana 48 Saids
FH - slthonal Redew Boana pala L 3 Dapartmact of Haslth g Fumsn Seesices [DHHS)
Ofoe for ~uman Aeseanch Frasectiors IOFTH;] 900 “Gme; - INDCCCC2S23
PWA - Faoeralwise ASSUTRNGE 800 "UIMEIT - PAADICZECS
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IV - Comentirios:

- Justificativa do uso de placebo — Nio se aplica.

- Anilise de riscos e beneficios — Adequado.

- Adequacdo do termo de consentimento e forma de obté-lo — Adequado.

- Informagio adequada quanto ao financiamento — Serd financiado pela FAPERGS, conforme

informado no projeto.

- Outros centros no caso de estudos multicéntri

cos — Nio se aplica.

V - Parecer do Relator —"Apds avaliagdc do protocolo acima descrito, o presente comité niio

encontrou Sbices quanto ao desenvolvimento do
partir da data deste parecer”.

VI - Data da Reuniio: 03/05/2011.

estudo em nossa Instituicéo e podera ser iniciado u

“Projeto e Termo de Consentimento, Aprovados”,

Obs.: 1 - O pesquisador responsavel deve enc

aminhar a este CEP, Relatérios de Andamento dos

Projetos desenvolvidos na ISCMPA. Relatorios Parciais (pesquisas com duragdo superior a 6 meses),
Relatorios Finais (ao término da pesquisa) e os Resultados Obtidos (copia da publicagdo).

2 — Para o inicio do projeto de pesquisa, o investigador deverd apresentar a chefia do servico (onde serd
realizada a pesquisa), o Parecer Consubstanciado de aprovagao do protocolo pelo Comité de Etica,

Porto Alegre, 05 de Maio de 2011.

’

(Lo Mol

}’) ] Prof.Dr- a'udjooTelO'ken
'x'& Coordenador do CEP/ISCMPA

Comité de Etica em Pesquisa — CEP/ISCMPA Fone/Fax (51) 3214-8571 - e-mail:cep@santacasa.tche. br Parecer 160/11
Reconhecido: Comissao Nacional de Etica em Pasquisa ~ CONEP / Ministério da Saude

IRB -~ Institutional Review Board peio

U.S. Department of Health and Human Services (DHHS)

Office for Human Reasaarch Protections (ORPH) sab nimero - IRB00002509.
FWA - Federaivide Assurance scb nimero - FWA00002949,




5.3. Termo de Consentimento livre e Esclarecido

O. TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé esta sendo convidado para participar de um projeto de pesquisa que tem o objetivo de
realizar testes para diagnosticar, de forma mais precoce, a infecgdo por um virus, chamado de BK. A
maioria da populagdo ja teve contato com esse virus que fica latente, ou seja, sem causar doenga.
Quando se faz uso de medicamentos que baixam a imunidade para evitar a rejeicdo do rim
transplantado esse virus pode comegar a se multiplicar e causar dano no rim transplantado e até a
perda do 6rgdo. Como parte deste estudo, serd coletado a sua urina e analisada a cada 3 meses para
avaliar se ha a presenca deste virus, durante um ano; se algum destes for positivo, analisaremos
também seu sangue (4mL) que sera coletado no mesmo dia da coleta da urina.

Este estudo esta sendo conduzido em dois hospitais, a Santa Casa de Porto Alegre (ISCMPA) e o
Hospital de Clinicas de Porto Alegre (HCPA). Esperamos contar com a participacdo de 200 pacientes.
Para que vocé participe do estudo, sera preciso que assine este documento em duas vias, sendo que
uma ficarad com vocé.

Sua participagdo neste estudo é voluntdria e, caso vocé ndo deseje participar, ndo havera
nenhum prejuizo ao seu tratamento. Vocé ndo sera remunerado ao participar do estudo. O beneficio
que este estudo poderd trazer para vocé serd o de ter a possibilidade de um diagndstico de forma mais
precoce de infecgdo por este virus. Podera também trazer um melhor conhecimento para os pacientes
com problemas semelhantes ao seu no futuro em relagdo ao teste de quantificagdo da infecgdo no
sangue e na urina que traz mais risco de causar dano no rim transplantado. O Unico risco conhecido do
estudo se relaciona a coleta do sangue, que pode lhe causar algum desconforto no local da picada ou
hematoma (roxdo). A coleta de amostra de urina serd feita em frasco estéril pelo préprio paciente.
Deixamos claro que, se vocé, aceitar participar, mas por qualquer razdo, desistir durante o andamento
do estudo o seu cuidado pela equipe médica sera mantido.

Em caso de alguma duvida, vocé podera entrar em contato com o Dr. Alessandro Pasqualotto,
coordenador deste estudo na ISCMPA, pelo telefone 51 99951614 ou o Dr. Afonso Luis Barth
coordenado deste estudo no HCPA, pelo telefone 51 33598707. Se vocé tiver qualquer outra pergunta
sobre o estudo, pode também procurar o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto
Alegre — CEP/HCPA, pelo nimero 51 33597640.

A ser preenchido pelo paciente ou representante:

Nome: Assinatura:

Data: _ /_/

A ser preenchido pelo pesquisador que aplicou este termo:

Nome: Assinatura:

Data: _/ /




5.4. Planilha de coleta de dados dos pacientes

Estudo BKYV - Protocolo de coleta de dados Ficha nimero:
Nome:

Instituicio; ( ) ISCMPA; ( ) HCPA. Prontuario niimero:

Data de nascimento: _ / /  Sexo: ( ) Masculino ( ) Feminino

Data transplante: / /

Doenca basica: ( ) GNC; () Urop Obstrutiva; ( ) HAS; ( ) DM; ( ) DRPA; ( ) PNC/RVU; ( )

Outra ( ); ( ) Desconhecida«doenca_basica»

Data do inicio da dialise: «tempo_dialise» / /

Prova cruzada pré Tx: T CDC ( ); CF ( ); BCDC ( ); CF ( );

PRA: Atual: CI. % CII: % Pico: CI: % CIl: % (data: _/ / )

Anticorpo doador-especifico: () Sim; ( ) N&o. Se presentes anotar especificidade e intensidade da

fluorescéncia:

HLA:A: / B: / DR: /

CMYV pré-TR (+/-)«ultimo_pra_cii»: IgG: __; IgM:

Protocolo imunossupressor inicial (anotar):«protoc_imun_inicial»

Inducio: ( ) ATG; ( ) Basiliximabe; ( ) Outro: «inducao»

Tempo de isquemia fria: o («tempo_de isquimia_h»horas

:«tempo_de_isquimia_my»minutos)

DADOS DO DOADOR

Nome: ;




Idade (anos):

Tipo: ( ) Vivo; ( ) Falecido.«tipo»

Sexo: () Masculino ( ) Feminino

HLA:A: / B: / DR: /

CMYV pré-TR (+/-)«ultimo_pra_cii»: IgG: _ ; IgM:

Se Falecido. Causa do ébito: «doador falecido_causa»

Creatinina do final do doador falecido: «creat doad in» , mg/dL «creat doad_fin»

Doador de critérios expandidos: ( ) Nédo ( ) Sim - quais ( ) HAS ( ) DM

Biopsia pré-implante: percentual de glomeruloesclerose , fibrose intersticial atrofia
tubular , arterioloesclerose outras alteracdes
relevantes

DADOS POS-TRANSPLANTE

DGF (HD por qualquer motivo na 1.a semana)«dgf»: ( ) SIM duragéo: «dgf_duracao»dias;
( ) Nao

Rejei¢do aguda (RA) pos-TR: ( ) Sim; () Nao.

Banff 2007 episodio 1:

Banff 2007 episddio 2: «rejeicao_aguda pos_tr»

Banff 2007 episddio 3: «rejeicao_aguda pos_try«rejeicao_aguda pos_tr»

Tratamentos RA: () Metilprednisolona: _ dias; ( ) ATG: __ doses; ( ) plasmaferese; (
) Ivlg; ( ) Rituximabe. ( ) Outro 1 ; () Outro 2 «doad_crit_exp»

Infeccio CMV: «infec_vir pos_tx» () Ndo; () subclinica; ( ) clinica«tipo_infec vir pos_tx»

Infeccdes bacterianas: ( ) Sim; ( ) Nao




Creatinina: POD 7: _, mg/dL; POD 30: _, mg/dL; POD 90: _, mg/dL; POD 180: _,
mg/dL; POD 360: _, mg/dL; PO 18 meses: _, mg/dL; PO 24 meses: _, mg/dL;

Perda do enxerto: ( ) Sim; ( ) N&o «perda_enxerto» Data: «data_perda_enxerto» / /

Causa da perda:

Obito: ( ) Sim; ( ) Nio «perda enxerto» Data: «data_perda enxerton / /

Causa do ébito:

PROTOCOLO DE COLETA DOS DADOS PRIMARIOS,
Viruria e viremia: indicar nimero de copias | ); Células Decoy (presentes ou ausentes);
Biopsia (sim/néo)

Més 1; ( ) Virtria; ( )Viremia; ( ) Decoy; Houve bidpsia () Sim; ( ) Néo
Imunossupressido: Medicacdo e dosagem ( )
Més 2; ( )Viruria;  ( )Viremia; ( ) Decoy; Houve bidpsia () Sim; ( ) Néo
Imunossupressio: Medicagdo e dosagem ( )
Més 3; ( )Viruria;  ( )Viremia; ( ) Decoy; Houve bidpsia () Sim; ( ) Néo
Imunossupressio: Medicagdo e dosagem ( )
Més 6; ( )Viraria;  ( )Viremia; ( ) Decoy; Houve bidpsia () Sim; ( ) Néo
Imunossupressio: Medicagdo e dosagem ( )
Més 9; ( )Virtria;  ( )Viremia; ( ) Decoy; Houve bidpsia ( ) Sim; ( ) Néo
Imunossupressio: Medicacgdo e dosagem ( )

Més 12; ( )Virtria; )Viremia; ( ) Decoy; Houve bidpsia () Sim; ( ) Néo

Imunossupressdo: Medicacio e dosagem ( )




