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RESUMO

Neisseria meningitidis € o agente mais prevalente entre os casos de meningite bacteriana,
acompanhados de altas taxas de letalidade, causando também outras doengas invasivas. Os
objetivos deste estudo foram: caracterizar as cepas de N. meningitidis de pacientes com doenga
meningococica no Rio Grande do Sul (RS), de 2003 a 2005, assim como determinar a
diversidade de tipos de PorA e avaliar uma técnica de PCR em tempo real para detectar o DNA
de N. meningitidis em amostras clinicas. Alguns isolados e amostras clinicas foram
caracterizados por MLST e tipagem de PorA, e amostras clinicas foram amplificados por uma
técnica de PCR em tempo real utilizando como alvo o gene bexA4. Este estudo demonstrou alta
prevaléncia de algumas linhagens hipervirulentas e emergéncia de algumas delas, incluindo as
linhagens W135:P1.5,2:complexo ST-11, e C:P1.22,14-6:complexo ST-103. Estas linhagens sdo
provavelmente responsaveis pelos aumentos de incidéncia dos sorogrupos W135 e C observados
no periodo. Os complexos clonais mais prevalentes foram os complexos ST-32, ST-103, ST-11,
ST-41/44. Os tipos de PorA mais encontrados para o sorogrupo B foram P1.19,15, P1.7,16, e
P1.18-1,3, representando uma distribui¢ao de tipos de PorA diferente de outros estados do Brasil,
0 que tem implica¢des na escolha e na eficacia de vacinas baseadas em OMPs. A caracterizacao
detalhada e precisa das cepas de meningococo ¢ um elemento importante nos estudos da
epidemiologia, biologia populacional e evolucao do meningococo, ¢ fornece informagdes para o
desenvolvimento de estratégias de controle da doenga. Os resultados de sensibilidade (96%) e
especificidade (97%) alcancados pela PCR para N. meningitidis, testando 186 amostras clinicas,
foram adequadas para a sua utilizagdo como método de confirmagdo de casos de meningite por
meningococo, excluindo a etapa de extragdo de DNA das amostras clinicas, o que diminui o custo

da reacao.



ABSTRACT

Neisseria meningitidis is the most prevalent agent among bacterial meningitis cases, with
high fatality rates and also causing other invasive diseases. The aims of this study were: to
characterize N. meningitidis strains causing invasive disease in Rio Grande do Sul (RS), during
2003 to 2005, as well as to determine the diversity of PorA VR types; and to evaluate a real time
PCR assay to detect N. meningitidis DNA in clinical specimens. To achieve that, isolates and
clinical specimens were characterized by MLST and PorA VR typing, and clinical specimens
were amplified by real time PCR using target sequence from gene bexA. This study demonstrated
high prevalence of some hypervirulent lineages and emergence of new ones, including the
lineages W135:P1.5,2:ST-11 complex, and C: P1.22,14-6:ST-103 complex. These lineages are
probably responsible for the increasing incidence of serogroups C and W135 observed. The most
prevalent clonal complexes were ST-32, ST-103, ST-11 e ST-41/44 complexes. The most
prevalent PorA VR types found for serogroup B were P1.19,15, P1.7,16, and P1.18-1,3,
representing a different distribution of PorA types if compared to other states of Brazil. The
different distribution of PorA VR types in RS has implications in vaccine design and efficacy.
Detailed and accurate meningococcal characterization is an important element in studies of
meningococcal epidemiology, population biology, and evolution and provides information for the
design of control strategies. Good sensitivity (96%) and specificity (97%) were achieved for N.
meningitidis PCR, testing 186 specimens. The method is appropriate to be used for confirmation
of cases of meningococcal meningitis, and eliminating the DNA purification step reduces

reaction costs.
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INTRODUCAO

As doencas invasivas causadas por Neisseria meningitidis apresentam evolugdo aguda e
sdo geralmente acompanhadas de altas taxas de letalidade. A meningite bacteriana, uma das
principais apresentagdes de doenca invasiva, ¢ considerada a mais importante causa de infeccao
do Sistema Nervoso Central (SNC). Pode ser causada por diversos virus, fungos, bactérias e
protozoarios, sendo que a forma aguda da doenga ¢ provocada, na grande maioria dos casos, por
uma destas trés bactérias: N. meningitidis, Streptococcus pneumoniae € Haemophilus influenzae
(Tunkel & Scheld, 1995; Mantese et al., 2002). A incidéncia de meningite por H. influenzae
diminuiu drasticamente nos paises que instituiram a vacinagdo. Desde o seu descobrimento, em
1805, até meados do século 20, a meningite bacteriana foi sempre fatal. Apesar de a introdugado
da terapia antimicrobiana tornar a meningite bacteriana e as outras formas de doenca bacteriana
invasiva curaveis, a morbidade e a mortalidade observadas em casos de doenca por meningococo

continuam muito elevadas ainda hoje.

1. Neisseria meningitidis

1.1 Biologia e microbiologia

Neisseria meningitidis, ou meningococo, ¢ uma bactéria pertencente a familia
Neisseriaceae da classe B-proteobacteria. Apresenta-se como cocos gram-negativos, ocorrendo
ao pares, aerobicos, nao moveis, ndo formadores de esporos, cuja temperatura ideal para cultivo ¢
de 35 a 37 °C, na presenga de CO, e umidade, sdo oxidase e catalase-positivos. O Ginico
reservatorio natural do meningococo ¢ o homem, sendo seu habitat a nasofaringe humana,

geralmente sem causar infec¢ao (Janda & Knapp, 2003).



O meningococo possui uma membrana interna € uma membrana externa, separadas por
uma parede celular de peptideoglicano. A membrana externa contém numerosas estruturas
protéicas, pili e lipooligossacarideos (LOS), e ¢ circundada por uma capsula polissacaridica, nas

cepas patogénicas, como pode ser visualizado na Figura 1.

membrana citoplasmatica

S \;f— espaco periplasmico

proteinas de membrana — membrana externa

citoplasmatica

lipooligossacarideo

pilus

capsula

proteinas de membrana externa

fosfolipideo

Figura 1. Corte transversal da membrana celular do meningococo (modificado de Rosenstein et al., 2001)

A cépsula polissacaridica, essencial para a patogenicidade da bactéria, contém
lipoproteinas e outros antigenos de superficie altamente variaveis (Vogel ef al., 1999, Perrett &
Pollard, 2005). A capsula polissacaridica pode ser um homopolimero ou um heteropolimero com
repeticoes de mono, di ou trisacarideos, possuindo fungdes importantes na transmissao da
bactéria, colonizagdo da mucosa da nasofaringe e na prote¢ao contra dessecacao, fagocitose e
atividade bactericida mediada pelo complemento (Tabela 1). Dentre os 13 sorogrupos conhecidos
de meningococo, baseados em diferencas na estrutura de capsula polissacaridica, seis sao
descritos como causadores de doenga invasiva: A, B, C, W135, X e Y, sendo responsaveis pelos

surtos, epidemias e endemias observados em todo o mundo. A expressao da capsula



polissacaridica varia in vivo, sendo que as cepas patogé€nicas apresentam maior expressao de

capsula que as nao patogénicas (Stephens et al., 2007; Schoen et al., 2008).

Tabela 1. Composicao quimica da capsula polissacaridica dos
sorogrupos patogénicos de Neisseria meningitidis
SOROGRUPO CAPSULA POLISSACARIDICA

A a-N-acetil D-manosamina -1-fosfato

B a-2,8-acido N-acetilneuraminico

C a-2,9-acido N-acetilneuraminico

Wiss D-galactose e acido N-acetilneuraminico 1:1
Y D-glicose e acido N-acetilneuraminico 1:1

Adaptado de: Volk et al., 1996; Tzeng & Stephens, 2000; Taha, 2002.

A membrana externa contém um numero limitado de proteinas principais, chamadas
proteinas de membrana externa ou “outer membrane proteins” (OMPs), classificadas em cinco
classes estruturais, de acordo com o peso molecular e mapeamento de peptideos (Tsai et al.,
1981). As OMPs de classes 1, 2 e 3 sdo porinas, possuindo fun¢ao de passagem de pequenos
solutos. Virtualmente todos os isolados de N. meningitidis contém OMPs de classe 1, nomeadas
proteinas PorA por serem codificadas pelo gene porAd. As proteinas de classes 2 e 3 sdo
codificadas pelo mesmo gene porB, ¢ sdo chamadas de proteinas PorB. Foram identificadas trés
regides hipervaridveis (VR-“variable regions”) em PorA, nas voltas 1,4 ¢ 5 (VRI, VR2 e VR3,
respectivamente) € duas VRs nas voltas 1 e 5 de PorB. As VRs sdo localizadas nas porc¢des
superficiais das voltas contidas na estrutura, demonstrando alta variabilidade em tamanho e
seqiiéncia (van der Ley et al. , 1991). Por ser expressa pela maioria das cepas de meningococo e
por sua capacidade antigénica, PorA constitui-se em potencial componente de vacinas, embora a

grande variabilidade apresentada seja um fator limitante (Maiden et al., 1991).



As OMPs de classe 4 (RmpM) té€m funcao de ligacdo da membrana externa com
pepitideoglicano e interagao com porinas (Grizot & Buchanan, 2004). As OMPs de classe 5 (Opc
e Opa) sao proteinas opacidade-associadas, que promovem aderéncia as células do hospedeiro
(Rosenstein et al., 2001).

FetA também ¢ uma proteina presente na membrana externa, cuja expressao ¢ regulada
pela disponibilidade de ferro, e apresenta uma VR (Thompson, 2003). Outros componentes
importantes da membrana externa sdo os lipooligosacarideos (LOS), responsaveis pela inducao
de resposta inflamatodria na doenga invasiva (Plant, 2006) e os pili, que promovem aderéncia as

células epiteliais, endoteliais e eritrocitos (Rosenstein et al., 2001)

1.2 Doenca meningocécica

Cerca de 10% das pessoas possuem N. meningitidis colonizando sua nasofaringe, habitat
natural desta bactéria, convivendo com seu hospedeiro sem causar doenga invasiva. A
transmissdo ocorre através de contato direto entre pessoas ou contato com secregdes
nasofaringeas. O que provavelmente determina a invasdo das células da nasofaringe do
hospedeiro ¢ uma combinacdo de fatores, como viruléncia da bactéria e fatores imunologicos e de
interagdo com o hospedeiro (Stephens, 1999; Schoen et al., 2007).

N. meningitidis entra na nasofaringe e adere-se as células epiteliais ndo ciliadas, através
da ligagdo dos pili e proteinas Opa e Opc a receptores celulares. As bactérias aderidas podem ser
engolfadas pela célula, entrar nos vactolos fagociticos e entdo passar através da célula, atingindo
a corrente circulatoria e causando doenca invasiva. Neste processo, proteinas PorB aceleram o
processo de maturagdo dos fagossomos. Na corrente circulatéria, as bactérias secretam
endotoxinas na forma de vesiculas (“outer membrane vesicles” - OMV), contendo LOS, OMPs,

fosfolipideos e polissacarideo capsular. Estas endotoxinas estimulam a producao de citocinas



pelos hospedeiros e ativam a via do complemento (Rosenstein et al., 2001; van Deuren et al.,
2000; Tzeng & Stephens, 2000).

Por ser muitas vezes passageira, a entrada do meningococo na corrente circulatoria nem
sempre ¢ reconhecida clinicamente. O meningococo sobrevive e multiplica-se apenas se for capaz
de vencer os sistemas imunoldgicos humorais e fagociticos. A presenca da bactéria na circulagao
(bacteremia ou meningococcemia) pode ser a fonte de infecgdo das meninges, pericardio e
articulagdes. Nas criangas com DM, 30 a 50% tém apenas meningite, 7 a 10% apresentam apenas
sinais de sepse e 40% apresentam sinais de meningite e sepse ao mesmo tempo. Coagulacao
intravascular disseminada acompanha muitos casos de DM (Havens et al., 1989; Kirsch et al.,
1996). A evolugao da doenga ¢ aguda mas bastante variavel, dependendo das defesas do
hospedeiro, viruléncia da bactéria e quantidade de bactérias infectando o hospedeiro, ou seja, a
evolucdo dos sintomas e da patogenia pode variar de poucas horas (nos casos de DM fulminante)
até 48h, por exemplo.

No entanto, para a maioria das pessoas a coloniza¢do da nasofaringe pelo meningococo ¢é
um processo imunogénico € os anticorpos bactericidas circulantes no sangue parecem impedir a
multiplicagdo e disseminacdo da bactéria para outros tecidos. Isso explicaria o fato dos picos de
incidéncia de infecgdes invasivas de meningococo ocorrerem entre 6 meses € 2 anos de idade,
que corresponde ao tempo de perda dos anticorpos transplacentarios e a aquisi¢cao dos anticorpos

naturalmente adquiridos (Arditi & Yogev, 1997).

1.3 Diagnéstico

O diagnéstico clinico da doenga meningocdcica inclui o reconhecimento de sinais e
sintomas como febre, “rash”cutaneo, meningismo, estado neuroldgico alterado e petéquias.

Entretanto, o diagnostico deve ser confirmado através de métodos laboratoriais, pois estes



sintomas sa3o comuns a meningites por outros agentes e o desenvolvimento dos sinais mais
especificos, como meningismo e petéquias, acontece geralmente apos 8 h de infecgdo, ou estao
ausentes. O liquido cérebro-espinhal (LCE) coletado através de puncao lombar deve ser
examinado através de analise citoldgica, bioquimica e bacteriologica (CDC, 1998).

Analise citoquimica

Alteragdes como aumento do niumero de leucdcitos polimorfonucleares, baixa
glicorraquia e altos niveis de proteinas no LCE sdo indicativos de meningite bacteriana, como

indicado na Tabela 2 (Faria & Farhat, 1999).

Tabela 2. Caracteristicas do LCE em meningites bacterianas

LCE Meningite Bacteriana

N° de Leucocitos t (em geral >1000/mm”) predominio de neutréfilos
Glicose I (<40mg/dL)

Relacdo glicose LCE/sangue <0,3

Proteinas t (em geral >100 mg/dL)

Gram (Bacterioscopia) Bactéria presente nos casos nao tratados

Cultura Positiva

Fonte: modificado de Faria & Farhat, 1999.

Analise bacteriolégica

O diagnéstico presuntivo rapido pode ser feito através da observagdo do LCE pela
coloracdo de Gram, onde sdo visualizados diplococos gram-negativos intra ou extracelulares, de
tamanho variavel (Janda & Knapp, 2003). Esse método, quando realizado por profissionais
treinados, alcancga sensibilidade entre 50 e 80% (Gray & Fedorko, 1992; Dunbar ef al., 1998;

Phillips & Simor, 1998).
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A cultura ¢ considerada o método de referéncia para a identificagdo do meningococo.
Amostras de sitios normalmente estéreis (LCE) podem ser inoculadas em meio agar chocolate ou
agar sangue, ja as amostra de sitios ndo estéreis (“swabs’’ de nasofaringe) devem ser semeadas
em meio seletivo também. A incubag¢do ocorre entre 35 ¢ 37°C, com 5% de CO», e deve ser
observada depois de 24h, 48h e 72h. As colonias tém aproximadamente 1 mm de didmetro em
24h de incubagdo, sdo convexas, lisas e de superficie brilhante; em agar sangue podem apresentar
coloracdo acinzentada. As cepas com alta expressdo da capsula podem ser mucoides (Janda &
Knapp, 2003). Sensibilidades em torno de 85% foram relatadas para a cultura a partir de amostras
de pacientes nao tratados (Tunkel & Sheld, 1995; Phillips & Simor, 1998). Tanto a cultura quanto
a coloracdo de Gram tém a sensibilidade diminuida em mais de 50% quando realizadas a partir de
amostras clinicas de pacientes tratados previamente a coleta da amostra (Tunkel & Sheld, 1995).

O teste de aglutinacdo em latex (LA) é uma técnica rapida e de facil execug¢ao, fazendo dele
uma técnica alternativa apropriada para o diagnodstico de meningite meningococica. A
sensibilidade do LA ¢ aproximadamente 70 a 80%, comparado a cultura. Os resultados falso-
positivos sdo a maior limitagdo desta técnica, além de ndo serem apropriados para a detecgdo de
todos os sorogrupos (Requejo & Ferreira, 1993; Alkmin et al., 1995; Ende et al., 1995; Perkins et
al., 1995). A contraimunoeletroforese (CIE) ¢ uma técnica menos sensivel, mais laboriosa e
dispendiosa, se comparada ao LA, além de ter um tempo longo de execugdo (Alkmin et al., 1996;
Barroso, 2000).

Analise por métodos moleculares

Atualmente, varias metodologias baseadas na detec¢ao do DNA de patégenos em
materiais biologicos e isolados de cultura tém sido desenvolvidas e amplamente utilizadas
(Mothershed et.al., 2006). Um marco tecnoldgico ocorreu em 1983 com o desenvolvimento da

reacdo em cadeia da polimerase (PCR) (Saiki ef al., 1985). A PCR, que baseia-se na amplificagdo

11



in vitro de fragmentos de DNA utilizando “primers” especificos, foi um dos grandes avangos para
possibilitar a rapida detec¢ao de bactérias em amostras clinicas, e tem sido utilizada, associada ou
nao, a outra metodologia como hibridizacao ou digestao dos produtos amplificados com enzimas
de restricao.

As metodologias baseadas em PCR tém demonstrado algumas vantagens uteis ao
diagnéstico: rapidez, boa sensibilidade, ndo dependéncia da viabilidade do microrganismo para
detecgdo, como no caso do uso prévio de antimicrobianos, além de detectar quantidades muito
pequenas de DNA presentes na amostra clinica (Rossetti et al., 1997; Guiver et al., 2000;
Baethgen et al., 2003).

A partir da primeira utilizagdo da PCR como método diagnostico de meningite
meningococica por Kristiansen ef al. (1991), diversos autores sugerem a utilizagdo desta
metodologia para auxiliar no diagnéstico de pacientes com suspeita da doenca e na epidemiologia
das meningites bacterianas. Desde entdo, diferentes alvos de amplificacdo e diferentes estratégias
de deteccdo de produtos amplificados tém sido descritas (Greisen et al., 1994; Radstrom et al.,
1994; Backman et al., 1999; Balganesh et al., 2000; Lu et al., 2000; de Filippis et al., 2005).

A PCR em tempo real, descrita por varios autores para a detec¢do do DNA bacteriano em
casos de meningite causada por N. meningitidis, S. pneumoniae ¢ H. influenzae, parece ter dado
inicio a uma nova era no diagnostico de meningite bacteriana (Guiver et al., 2000; Corless et al.,
em 2001; Mothershed et al., 2004). Este método combina a quimica da PCR e a tecnologia de
detecgdo de produtos amplificados por sondas fluorescentes no mesmo tubo de reacao, realizadas
no mesmo equipamento. Uma das tecnologias utilizadas para a PCR em tempo real, chamada
“Tagman”, baseia-se no uso de uma sonda, dirigida contra uma regido interna da seqiiéncia que
sera amplificada, e que possui um fluor6foro numa das extremidades e um “quencher ” na outra.

Durante a amplifica¢do, a medida que a enzima Taq polimerase avanga sintetizando uma fita
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nova de DNA, ela vai degradando a sonda a sua frente, liberando o fluoroforo, permitindo que
ocorra a absor¢do de energia e emissao de luz. A energia para a excitacdo dos fluorocromos
provém de um feixe de “laser” que atravessa a amostra. A medi¢ao da radiagdo ¢ feita pelo
detector do equipamento que traca um grafico com a absorcao obtida, apos cada ciclo de PCR. O
ciclo em que o limite de negatividade ¢ ultrapassado est4 diretamente relacionado a quantidade de
DNA existente no inicio da reagdo. (Espy ef al., 2006; Mothershed et al., 2006).

A preparagdo da amostra clinica para a reagdo ¢ muito importante, pois interfere
diretamente na sensibilidade do teste. Diferentes protocolos t€m sido utilizados para a extragao
do DNA bacteriano a partir da amostra clinica. (Kristiansen et al., 1991; Ni et al., 1992; Ley et
al., 1997; Backman et al., 1999).

Raskin et al. (1992) propuseram a utilizacdo da amostra clinica sem extracdo de DNA. A
amostra foi submetida a trés ciclos de 96°C por 3 minutos e 55°C por 3 minutos, a fim de romper
as células presentes e liberar o DNA, e entdo foi adicionada a mistura da PCR. Este método foi
testado por Baethgen ef al. (2003) e comparado a um método comercial de extracdo de DNA
(Sephaglas—Band Prep Kit Pharmacia), sendo que a sensibilidade do teste foi maior quando ndo
houve extragao de DNA.

A PCR pode ser utilizada também para a determinagao do sorogrupo de N. meningitidis,
através de “primers” especificos que identificam seqii€ncias de cada um dos diferentes tipos de
capsula polissacaridica da bactéria (Taha et al., 2000a). Além disso, varias metodologias
utilizadas para a caracteriza¢do do meningococo, como “multilocus sequence typing” (MLST) e
tipagem de PorA utilizam a PCR para amplificacdo do material genético e posterior

seqlienciamento de DNA.
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1.4 Caracterizacao de N. meningitidis

Métodos fenotipicos

A caracterizagdo soroldgica do meningococo utiliza um painel de anticorpos monoclonais
baseados nas propriedades antigénicas de diferentes componentes da estrutura bacteriana,
seguindo esta classificagdo: a capsula polissacaridica determina o sorogrupo, a proteina PorB
determina o sorotipo, o sorosubtipo ¢ determinado pela proteina PorA e o imunotipo ¢é
determinado pela composi¢ao de LOS (Frasch, 1985; Russel ef al., 2004).

Estes métodos ainda sdo bastante utilizados, mas possuem algumas limitagdes que devem
ser consideradas: o painel de anticorpos ¢ limitado, alguns isolados ndo expressam o alvo da
tipagem, e existe pouca correlagdo com a relacdo genética entre os isolados, devido aos altos
niveis de pressdo seletiva aos quais estes componentes sao expostos (Caugant, 1998).

Métodos genotipicos

A fim de fornecer métodos de tipagem alternativos aos fenotipicos, de estabelecer a real
relacdo epidemioldgica entre as cepas de N. meningitidis circulantes e de aumentar a informacao
sobre a dindmica da DM, varios métodos genotipicos (andlise baseada no DNA bacteriano) tém
sido desenvolvidos e utilizados nos ultimos anos.

O “pulsed-field gel electrophoresis” (PFGE) ¢ um método muito utilizado para a
determing¢do da relacdo genética entre cepas epidemiologicamente relacionadas, por proporcionar
uma analise de todo o cromossomo bacteriano (Bygraves & Maiden, 1992; Popovic ef al., 2001;
McEllistrem et al., 2004; Ferreira et al., 2006). No entanto, a comparac¢ao interlaboratorial dos
resultados do PFGE com os de outros métodos nao ¢ satisfatoria, além do método nao ser
eficiente na identificagdo de linhagens hipervirulentas de meningococo.

Para a vigilancia mundial da DM, ¢ adequado avaliar a variagao em diferentes /oci do

genoma, cujas taxas de recombina¢do ndo sejam tao altas quanto as de genes expostos a pressao

14



seletiva. Alguns genes constitutivos (“housekeeping genes”), que codificam proteinas que fazem
parte do metabolismo central da bactéria, e por isso estdo sob pressao seletiva estavel para
conservagao de suas fungdes metabolicas, sao alvos ideais para sistemas de vigilancia
abrangentes (Urwin & Maiden, 2003).

“Multilocus enzyme electrophoresis” (MLEE) tem uma abordagem multilocus, analisando a
variagdo em enzimas metabolicas através da mobilidade eletroforética dessas proteinas (Selander
et al., 1986). Foi um método fundamental para a determinagdo de complexos clonais entre as
populacdes de N. meningitidis e para a identifica¢do de algumas linhagens hipervirulentas
(linhagens com alta associcao a doenga invasiva), classificadas quanto ao tipo eletroforético (ET).
No entanto, 0o MLEE ¢ uma técnica laboriosa e cujos resultados ndo sao completamente
comparaveis interlaboratorialmente.

O “multilocus sequence typing” (MLST) foi desenvolvido sobre os mesmos principios do
MLEE, agregando o uso da analise de seqiiéncias de nucleotideos e organiza¢do de um banco de
dados de acesso publico pela internet. O MLST identifica variagcdes nas seqiiéncias de
nucleotideos de fragmentos internos de 7 genes constitutivos e o perfil de alelos identifica um ST
(“sequence type”). Um grupo de STs que tem quatro ou mais alelos em comum ¢ definido como
um complexo clonal, ou seja, tem um gendtipo ancestral em comum (Maiden et al., 1998). Este
método ¢ de facil reprodutibilidade interlaboratorial e os resultados estdo disponiveis via internet
(http://pubmlst.org.neisseria/) para comparagdo mundial e estabelecimento de possiveis rotas de
disseminagdao da DM.

A tipagem de PorA ¢ a determinacgdo da seqiiéncia de nucleotideos das regides
hipervariaveis-principalmente VR1 e VR2- do gene porA4 (Russell et al., 2004). Existe certa
analogia entre as regides seqiienciadas a as regides identificadas pelos anticorpos na

sorosubtipagem. Cada seqiiéncia ¢ traduzida em um peptideo, o qual ¢ classificado em uma
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familia, indicada por um ntimero, com sua possivel variante identificada por outro niamero,
separado por um hifen. Assim obtém-se a nomenclatura convencionada P1.VR1,VR2, por
exemplo, P1.5-2,10-1 (Jolley et al., 2007). A classificagdo ¢ descrita e mantida em uma base de
dados na internet (http://neisseria.org/nm/typing). (Russel et al., 2004).

O seqlienciamento da unica VR do gene fet4 também ¢ utilizado como marcador molecular
na caracterizacao de N. meningitidis, sendo considerado também candidato possivel na
composi¢ao de vacinas de OMPs (Thompson et al., 2003).

O seqiienciamento do gene porB ¢ mais complexo, pois a variabilidade esta dispersa pela
seqiiéncia do gene, sendo recomendada como informagdo complementar a PorA e FetA, somente
quando maior nivel de discriminagdo for necessario (Jolley et al., 2007).

De acordo com Jolley et al. (2007), a tipagem molecular para vigilancia epidemioldgica da
DM deve compreender os métodos de MLST, tipagem de PorA e tipagem de FetA, além da
determinagdo do sorogrupo. Assim, a nomenclatura proposta abrangendo todos os resultados
destes métodos para uma determinada cepa de meningococo seria: sorogrupo: tipo PorA

(subtipo): tipo FetA: ST(complexo clonal), como por exemplo: B: P1.19,15: F5-1: ST-33 (cc32).

1.5 Vacinas

O desenvolvimento de vacinas efetivas contra todos os sorogrupos de meningococo tem
sido o objetivo de muitos grupos de pesquisa atualmente, pois representa a Uinica possibilidade de
prevencao da DM, que provoca altas taxas de mortalidade tanto em paises menos desenvolvidos
economicamente como em paises mais desenvolvidos, ainda que a administragcdo do tratamento

seja precoce.
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Vacinas contra os SGs A, C, Y e W135

Vacinas contra antigenos da capsula polissacaridica dos SGs A, C, Y e W135 foram
introduzidas nas décadas de 1970 e 1980 (Gotschlich et al., 1969; Artenstein et al., 1970; Gold et
al., 1975). As vacinas polissacaridicas, em geral, sdo efetivas e seguras em adultos e criangas
maiores de 2 anos. As vacinas contra os SGs A e C, principalmente, mostraram-se ineficazes para
o grupo de criangas menores de 2 anos, por causa da auséncia de resposta a antigenos T-
independentes nesta idade. Além disso, ndo induzem memoria imunolodgica, ndo influenciam na
diminui¢ao de portadores assintomaticos, ndo tém reag¢ao a dose de reforgo e o periodo de
protegdo ¢ limitado em 3 a 5 anos. Atualmente, ndo sdo utilizadas de rotina, sendo indicadas em
casos de epidemias e surtos, por exemplo, para o controle de epidemias de DM nos paises
africanos do cinturdo de meningite (Stephens, 2007).

Um grande avango na preven¢ao da DM foi o desenvolvimento de vacinas conjugadas,
unindo componentes da capsula polissacaridica e proteinas (toxina diftérica mutante nao toxica-
CRM197, ou toxoide tetanico), alterando a natureza da resposta ao polissacarideo bacteriano para
uma resposta T-dependente. Assim, quando as células B reconhecem o polissacarideo, elas
processam a proteina carreadora, apresentando seus epitopos as células T-CD4+. Este complexo
antigénico induz a produgdo de altos niveis de anticorpos, mesmo em criangas menores de 2 anos,
além de induzir a formagao de linfocito B de memoria, possuindo excelente efeito com dose de
reforco. As vacinas conjugadas t€ém também a capacidade de diminuir o carreamento do
meningococo na populagdo, diminuindo assim a transmissao da doenga (MacLennan et al., 2000;
Snape and Pollard, 2005, Safadi & Barros, 2006).

Viérias vacinas conjugadas, mono ou bivalentes tém sido desenvolvidas por diversas
empresas. Uma vacina tetravalente, contra os SGs A, C, Y e W135 foi licenciada nos Estados

Unidos para uso em adolescentes e alguns grupos de risco (Bilukha & Rosenstein, 2005).
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Atualmente, estdo licenciadas no Brasil trés vacinas conjugadas contra o SG C, duas nas quais o
polissacarideo capsular ¢ conjugado a toxina diftérica mutante (MCC-CRM197) conhecidas
internacionalmente como Meningitec® (Lab. Wyeth) e Menjugate® (Lab. Novartis), € outra na
qual a conjugacao ¢ feita com o toxoéide tetdnico (MCC-TT), internacionalmente conhecida como
Neisvac® (Lab. Baxter) (Safadi & Barros, 2006).

Vacinas contra o sorogrupo B

A capsula polissacaridica de N. meningitidis SG B € composta por um polimero de acido Q-
2,8 N-acetilneuraminico (4cido polisialico), o qual também est4 presente em tecidos humanos, e
por isso ndo induz resposta protetora. Conseqiientemente, as estratégias para o desenvolvimento
de uma vacina contra o SG B tém sido direcionadas para a utilizacdo de antigenos ndo capsulares,
OMP e LOS, contidos nas OMVs. Os anticorpos produzidos em individuos vacinados com
vacinas OMV sao dirigidos principalmente contra os epitopos das proteinas PorA e Opa (Perret
& Polard, 2005; Girard et al., 2006).

A proteina PorA tem sido identificada como grande indutora de anticorpos bactericidas no
soro, além de ser expressa por praticamente todos os meningococos. Algumas vacinas contendo
PorA estao sendo desenvolvidas e avaliadas, revelando eficacias variaveis. Duas vacinas OMV
foram desenvolvidas para uso em surtos ocorridos em Cuba e na Noruega, causados pelos
fenotipos B:4:P1.19,15 e B:15:P1.7,16, respectivamente, entre 1987 e 1991, sendo utilizadas nos
paises de origem, no Brasil e no Chile. A efic4cia e a seguranca foram demonstradas em criangas
entre 10 e 16 anos, para as duas vacinas. Estudos da vacina cubana nas campanhas de vacinacao
em massa em alguns estados do Brasil ndo demonstraram resposta imunologica em criangas
menores de 4 anos. Além disso, estudos recentes no Brasil demonstraram altas prevaléncias do
fenotipo B:15:P1.7,16, sugerindo curta duragdo do efeito protetor da vacina cubana. As vacinas

baseadas em PorA ndo conferem prote¢do heterdloga, a protecao € especifica para cada tipo de
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PorA, o que dificulta sua utilizagdo em populagdes cuja diversidade de tipos de PorA ¢ alta.
Assim, € importante considerar que o surto no Brasil ndo era clonal, e o surto em Cuba era 95%
clonal (Bjune et al., 1991; Sierra et al., 1991; de Moraes et al., 1992; Tappero et al., 1999).

Uma vacina OMV contendo PorA, PorB e LOS da cepa epidémica da Nova Zelandia
(B:4:P1.7b,4) foi desenvolvida e esta sendo utilizada e avaliada, demonstrando resposta
sorologica em 75% das criangas entre 16 e 24 meses, em estudo de fase II (Wong et al., 2007). O
desenvolvimento de outra vacina, contendo OMV e LOS detoxificados, foi descrito no Brasil, em
2004. Esta vacina demonstrou prote¢ao homologa e heter6loga contra infecgdo meningococica e
choque séptico, em ratos (Jessouron et al., 2004).

O seqiienciamento dos genomas das cepas de N. meningitidis SG B (MC58), SG A (Z2491)
e SG C (FAM18) revelou novas proteinas como antigenos candidatos a componentes de vacinas
(Parkhill et al., 2000; Tettelin et al., 2000; Bentley et al., 2007). A partir da vacinologia reversa,
seqiiéncias de proteinas com possivel potencial antigénico expostas na superficie da estrutura
bacteriana foram identificadas, expressas em Escherichia coli e as proteinas purificadas foram
utilizadas para imunizar camundongos. Algumas proteinas revelaram atividade bactericida no
soro ¢ foram chamadas GNAs (“genome-derived Neisseria antigens”) (Pizza et al., 2000). O
potencial antigénico das lipoproteinas GNA33, GNA2132, GNA1946 e GNA 1870 (LP2086) tem
sido estudado, bem como sua presenga em diferentes cepas de meningococo e diversidade em
determinadas populagdes, demonstrando resultados promissores principalmente para GNA1870,
que possui boa atividade imunogénica em camundongos, principalmente quando combinada a
uma vacina OMV (Granoff et al., 2001; Masignani et al., 2003; Jacobsson et al., 2006;
Koeberling et al., 2007; Plested et al., 2008).

NadA, outro antigeno descoberto pela vacinologia reversa, bastante conservado nos SGs B

e C, estd envolvido na adesdo e invasdo as células hospedeiras e esta presente na maioria dos
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1solados pertencentes as linhagens hipervirulentas ET-37, ET-5 e “cluster” A4, mas nao foi
encontrado em outras linhagens estudadas (Comanducci et al., 2002). Apresentou distribui¢ao
variavel entre isolados dos sorosubtipos mais prevalentes no Brasil e esta praticamente ausente

em isolados de portadores saudaveis (Fukasawa et al., 2003; Comanducci et al., 2004).

1.6 Epidemiologia atual da DM no mundo

A incidéncia de DM nos diversos continentes e paises varia de alguns raros casos a mais de
1.000 casos por 100.000 habitantes.

O meningococo SG A esté ligado aos maiores indices de incidéncia de DM, causando
grandes epidemias em paises da Africa Subsaariana, regido descrita como “meningitis belt” ou
cinturdo de meningite, que acontecem a cada 5-10 anos e surtos anuais durante a estagdo seca. Os
surtos e epidemias no cinturdo de meningite sdo considerados clonais, de emergéncia e
disseminagdo rapidas, provocados por meningococos SG A pertencentes aos complexos clonais
ST-5 e ST-7 (Greenwood et al., 1985; Caugant & Nicolas, 2007; Stephens, 2007). Este sorogrupo
também é um dos mais prevalentes em alguns paises da Asia (Zhang et al., 2008). Desde 2001,
surtos causados pelo SG W135 pertencentes ao complexo ST-11 tém ocorrido em alguns paises
africanos (Caugant & Nicolas, 2007). Vacinas contra o SG A sao utilizadas apenas para controlar
os surtos e epidemias, por causa da disponibilidade e alto custo de manter um programa continuo
de vacinagdo. Em razao disto, existe um projeto em desenvolvimento para a produciao de uma
vacina OMYV efetiva contra o SG A, com larga escala de produgdo e baixo custo, para ser
utilizada especialmente nesses paises africanos (Jodar et al., 2003).

O sorogrupo B ¢ o maior causador de casos esporadicos e doenga endémica, além de estar
envolvido em casos de surtos prolongados na Europa, Cuba, Chile, Estados Unidos, Brasil,

causando altas taxas de morbidade e mortalidade (Tzeng & Stephens, 2000; Dyet & Martin,
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2006; Brehony et al., 2007). A incidéncia global de DM pelo SG B tem sido estimada entre
20.000 e 80.000 casos, ocorrendo 2.000 a 8.000 mortes por ano (Girard et al., 2006). Os
complexos clonais ST-32 e ST-41/44 compreendem a maior parte dos meningococos SG B na
Europa, e em alguns paises da América Latina (de Filippis & Vicente, 2005; Gray et al., 2006;
Brehony et al., 2007). As epidemias causadas pelo SG B desenvolvem-se lentamente e podem
prolongar-se por mais de 10 anos. Na década de 70, iniciou-se uma epidemia pela cepa de
fenotipo B:15: P1.7,16, complexo ET-5, que perdurou por anos na Noruega (Caugant, 1998).
Uma cepa B:P1.7-2,4 do complexo ST-41/44 ¢ a responsavel pela epidemia que ocorre na Nova
Zelandia desde 1991 (Dyet & Martin, 2006).

O sorogrupo C, especialmente do complexo clonal ST-11/ET-37 € responsavel por surtos
epidémicos (Africa, Brasil) e surtos localizados, principalmente em grupos de adolescentes, nos
Estados Unidos, Canada e oeste europeu (Stephens, 2007). Este sorogrupo também ¢
determinante na manutengao de doenga endémica em alguns paises (Harrison, 2006).

O SG W135 passou a ser considerado como potencial responsavel por surtos ¢ epidemias
a partir do surto ocorrido em 2000, durante a peregrinacdo do Hajj, na Arabia Saudita, provocado
pela cepa W135:P1.5,2:ST-11:ST-11cc. A partir de entdo, a presenca de cepas geneticamente
relacionadas tem sido descrita em varios paises, em casos esporadicos e surtos (Taha et al.,
2000b; Aguilera et al., 2002; Mayer et al., 2002; Kilic et al., 2006).

O numero de casos causados pelo SG Y vem aumentando nos Estados Unidos ¢ em Israel,

e 0 SG X tem causado surtos localizados em partes da Africa subsaariana (Stephens e al., 2007).

1.7 Epidemiologia da DM no Brasil e no Rio Grande do Sul

Desde o primeiro relato de DM no Brasil, em 1916, varios surtos e epidemias ja foram

descritos (Barroso, 2000). As epidemias comegaram a ser tratadas como assunto de interesse em
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saude publica na década de 1970, quando a pandemia devida a cepas da linhagem III atingiu o
pais, ao mesmo tempo que epidemias por cepas do SG C, complexo ET-37 desenvolviam-se no
pais em alguns estados (Olyhoek et al., 1987; Barroso, 2000; Puricelli et al., 2004; de Moraes &
Barata, 2005). Em 1975 iniciou-se o Sistema Nacional de Vigilancia Epidemioldgica das
Meningites (WHO, 1998; Barroso, 2000).

No final da década de 1980, desenvolveu-se no Brasil uma epidemia causada por cepas de
fenotipo B:4:P1.19,15, atingindo principalmente a regido da Grande Sao Paulo (Sacchi et al.,
1992; Caugant, 1998; Lemos, 2005). Entao, muitos estados passaram a utilizar a vacina cubana
especifica para este SG e subtipo de meningococo (Caugant, 1998).

O aumento do numero de casos a partir de 1990 foi atribuido ao fenétipo C:2b:P1.3, que foi
responsavel por 74% dos isolados do sorogrupo C de 1990 (Sacchi ef al., 1992) a meados de
1996 (Barroso et al., 1996, Lemos, 2005). Neste mesmo periodo, este fenotipo foi responsavel
por surtos na cidade de Curitiba, ¢ por casos de DM nos estados de Santa Catarina e do Rio
Grande do Sul (RS) (Sacchi et al., 1995).

Em 1995, os SGs B e C apresentavam prevaléncias muito semelhantes na cidade de Porto
Alegre, RS, enquanto que no ano de 1999 foi observado um grande aumento no niimero de casos
notificados atribuidos ao sorogrupo B (Rigatti, 2000). Esta diminui¢ao de casos do SG C
provavelmente foi devida a campanha de vacinagao para o sorogrupo C em 1995, e a campanha
de vacinag@o com a vacina B/C de origem cubana, resultando no quase desaparecimento de casos
atribuidos ao meningococo C na cidade.

Sacchi et al. (2001) demonstraram que os sorosubtipos mais prevalentes no Brasil entre
1997 e 1998 eram P1.19,15 (66%) e P1.7,1 (11%), para a maioria dos estados brasileiros. Nos
estados da regido Sul e principalmente no RS, no entanto, observou-se prevaléncia dos

sorosubtipos P1.19,15 (14%) e P1.7,16 (41%), além da maior prevaléncia de isolados ndo
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sorosubtipaveis (17%) do pais. Outro estudo demonstrou que, até o ano de 2001, este panorama
continuou praticamente constante, com maior disseminacao do sorosubtipo P1.19,15 pelo pais, e
i1solados do sorosubtipo P1.7,16 praticamente confinados a regido Sul do Brasil (Lemos et al.,
2006).

Um estudo de caracterizagdo de 84 isolados dos SGs B e C, provenientes dos estados do
Rio de Janeiro, Santa Catarina, Bahia e Pernambuco, demonstrou que 82% dos isolados eram
geneticamente relacionados a linhagens hipervirulentas. Os complexos clonais mais prevalentes
foram ST-32/ET-5 (68%), ST-8/cluster A4 (6%), ST-41/44/linhagem 3 (5%) e ST-11/ET-37
(3%), e os subtipos mais prevalentes foram P1.19,15 (48%) e P1.7,1 (17%) (de Filippis &
Vicente, 2005).

Lemos et al. (2007) relataram aumento do niimero de casos de DM pelo SG C na Grande
Sao Paulo entre 2003 e 2005 e, através da caracterizacao de isolados deste SG do periodo de
1976 a 2005, demonstraram alternancia de trés complexos clonais causando DM: o complexo ST-
11(fendtipo 2a:P1.5,2) foi substituido pelo ST-8 (fenodtipo 2b:P1.3) e este pelo complexo ST-103
(fendtipo P1.14-6), que prevalece atualmente.

Um estudo sobre a epidemiologia da DM no Rio Grande do Sul no periodo de 1995 a
2003 revelou uma diminui¢ao de 50% no nimero total de casos ao longo deste periodo, com taxa
de letalidade de 22%. Os fenétipos B:4,7:P1.19,15, B:15:P1.7,16 ¢ B:NT:P1.3 foram
responsaveis por quase 50% do total de casos do periodo. A partir da caracterizagdo de isolados
de casos ocorridos no ano 2000, obteve-se prevaléncia de 68% dos isolados pertencendo ao
complexo clonal ST-32/ET-5, 16% ao complexo ST-103, 7% ao complexo ST-461, 2% ao
complexo ST-23/cluster A3 e 7% dos STs ndo pertencendo a nenhum complexo clonal conhecido

(Baethgen et al., 2008).
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JUSTIFICATIVA

Considerando as altas taxas de letalidade devidas as doencas invasivas causadas por N.
meningitidis e a possibilidade de ocorréncia de seqiielas neurologicas apds a meningite, o estudo
microbioldgico, genético e populacional desta bactéria mostra-se imprescindivel no ambito da
saude publica, a fim de melhor controlar, tratar e prevenir estas infecgdes.

O ntimero de isolamentos de meningococo através da cultura nao ¢ suficiente para obter-
se uma exata quantificagdo dos casos devidos a este agente. Apenas 33% dos casos de DM
notificados no RS entre 2003 e 2005 foi confirmado através de crescimento em cultura. Além
disso, aproximadamente 33% dos casos de meningite notificados no RS ndo tém a etiologia
especificada, sendo notificados como meningite bacteriana, meningite ndo especificada ou
meningite por outras etiologias, conforme a Classificagdo Internacional de Doencas (C.I.
Kmetzsch, Secretaria da Satde do RS, comunicacio pessoal). Assim, existe a necessidade de
estabelecer novas metodologias para a identificacdo do meningococo, que oferecam vantagens
em relacdo as ja existentes, como aumento da sensibilidade e ndo interferéncia da utilizag¢do de
antimicrobianos.

Pelo potencial de causar epidemias e pela historia de epidemias e surtos descritos no
Brasil, a DM demanda constantes estudos das caracteristicas microbioldgicas, genéticas e
populacionais do meningococo, a fim de monitorar os casos. A vigilancia epidemiologica, aliada
a caracterizacdo genotipica das cepas circulantes no estado do RS, fornecem subsidios
importantes para o melhor controle de surtos e epidemias, bem como para a escolha e o
direcionamento de pesquisas para o desenvolvimento de uma vacina efetiva contra o SG B do

meningococo.
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OBJETIVOS
Objetivo geral

Avaliar a epidemiologia da doenga meningococica no Rio Grande do Sul, de 2003 a 2005,
através da caracterizacdo genotipica de isolados e amostras clinicas de pacientes com DM, bem
como avaliar a utilizagdo de uma técnica de PCR em tempo real para a detec¢do de M.

meningitidis em amostras clinicas.

Objetivos especificos

1. Dar continuidade aos estudos anteriores no monitoramento da DM no Estado, coletando
as informacgdes epidemioldgicas referentes aos casos de doenga meningococica ocorridos
no RS nos anos de 2003, 2004 e 2005, comparando-as a periodos anteriores.

2. Caracterizar os isolados viaveis e amostras clinicas de pacientes que apresentaram DM no
periodo do estudo, através de MLST.

3. Realizar o seqlienciamento das regides variaveis do gene porA dos isolados e amostras
clinicas de pacientes com DM.

4. Avaliar uma técnica de PCR em tempo real para a deteccdo do DNA de N. meningitidis

em amostras clinicas de pacientes com suspeita de DM.

25



PARTE Il

26



Capitulo 1

artigo aceito para publicag¢@o no periddico Journal of Infection

High prevalence of Neisseria meningitidis hypervirulent lineages and

emergence of W135:P1.5,2:ST-11 clone in southern Brazil

27



High prevalence of Neisseria meningitidis hypervirulent lineages and emergence of
W135:P1.5,2:ST-11 clone in southern Brazil

Running title: Meningococci characterization in RS-Brazil

Authors: Luciana Weidlicha’b*, Ludmila F. Baethgenb Leonard W. Mayer®; Camile Moraesb;
Cecilia C. Kleinb; Luciana S. Nunesd; Silvia da S. Rios®; Claudete I. Kmetzschf, Maria L. R.

Rossetti® and Arnaldo Zaha**

*Programa de Pos-graduagdo em CB: Bioquimica — Universidade Federal do Rio Grande do Sul (PPGBioq —
UFRGS), Porto Alegre, RS, Brazil.

°Centro de Desenvolvimento Cientifico e Tecnolégico da Fundagdo Estadual de Produgdo e Pesquisa em Satide
(CDCT/FEPPS), Porto Alegre, RS, Brazil.

“Meningitis and Vaccine Preventable Diseases Branch, Centers for Disease Control and Prevention (CDC), Atlanta,
GA, United States of America.

dCentro de Biotecnologia do Estado do Rio Grande do Sul, Universidade Federal do Rio Grande do Sul (Cbiot —
UFRGS), Porto Alegre, RS, Brazil.

°Secdo de Bacteriologia do Instituto de Pesquisas Bioldgicas — Laboratorio Central do Estado do Rio Grande do Sul
(IPB/LACEN/RS), Porto Alegre, RS, Brazil.

Divisdo de Vigilancia Epidemiolégica da Secretaria da Saude do Estado do Rio Grande do Sul, Brazil.



ABSTRACT

Objectives. The aim of this study was to characterize Neisseria meningitidis strains causing
invasive disease in Rio Grande do Sul (RS), during 2003 to 2005, monitoring the occurrence of
hypervirulent lineages, as well as to determine the diversity of PorA VR types for the
corresponding isolates and clinical specimens.

Methods. Isolates and clinical specimens were characterized by MLST and PorA VR typing.
Results. This study demonstrated high prevalence of some hypervirulent lineages and emergence
of new ones, including the emergence of lineages W135:P1.5,2:ST-11complex, and C:P1.22,14-
6:ST-103complex. These lineages are probably responsible for the increasing incidence of
serogroups C and W135, despite the overall decrease in serogroup B cases during the period.

The most prevalent complex was serogroup B ST-32/ET-5 complex. The most prevalent PorA
types found for serogroup B were P1.19,15, P1.7,16, and P1.18-1,3, representing a different
distribution of PorA types compared to other states of Brazil.

Conclusions. This study highlights the importance of monitoring each population, even within the
same country. The different distribution of PorA VR types in RS has implications in vaccine
design and efficacy. Detailed and accurate meningococcal characterization is an important
element in studies of meningococcal epidemiology, population biology, and evolution and

provides information for the design of control strategies.

KEYWORDS

Neisseria meningitidis; epidemiology; hypervirulent lineages; PorA VR types; Serogroup B
vaccine



INTRODUCTION

Meningococcal disease (MD), in both endemic and epidemic forms, is an important cause
of morbidity and mortality in developing countries, as well as in the industrialized
world.' Although incidence is low in countries with endemic MD, high case fatality rates (CFR)
have been described in many countries, varying from 7% up to 22%, consisting in an important
public health problem.*”* Outbreaks usually account for less than 5% of total cases reported, but
the CFR is usually higher during outbreaks than for sporadic cases.’

In Brazil, in the last few years (2000 to 2006), 3795 (+/- 637) cases of MD were reported
annually, with incidence rates of 2.15 (+/-0.45) cases per 100000 inhabitants. During this period,
serogroup B was the most prevalent in Brazil. The CFR in the whole country was 20% (+/-0.70)
for the same period (http://portal.saude.gov.br/saude;
http://tabnet.datasus.gov.br/cgi/idb2006/matriz.htm).

Rio Grande do Sul (RS) is the southernmost state of Brazil, with 10.6 million inhabitants
in 2007 (http://www.ibge.gov.br). There was an epidemic period between years 1995 and 2000,
and the pattern of disease became endemic again after 2000.” Incidence of meningococcal disease
between 2003 and 2005 was 1.54 (+/-0.18) per 100000 inhabitants (Epidemiological Surveillance
Office of RS, personal communication).

In the last years, several advances have been made in our understanding of meningococcal
biology and pathogenesis, global epidemiology, transmission, carriage, host susceptibility and
pathophysiology.” Although there is high genetic variability of Neisseria meningitidis, only some
‘hypervirulent lineages’, composed by a minority of genotypes and antigenic types, account for

the majority of the cases of invasive disease.’



Immunological and molecular methods, such as multilocus sequence typing (MLST),
have been used to monitor the spread of hypervirulent lineages worldwide, in order to determine
the pattern of disease and to establish control measures for each specific population.”™’

Despite the use of serogroup B specific vaccines in some settings, the development of
broadly effective vaccine against N. meningitidis serogroup B is still a challenge that has not been
accomplished despite decades of active research.'® Various outer membrane proteins (OMPs)
have been proposed as vaccine components, such as PorA, a highly immunogenic OMP, and
specific antibodies induced by outer membrane vesicle (OMV) vaccines are generally subtype

specific, as well as exhibit both bactericidal and opsonic functions.'"'?

The high antigenic
diversity of PorA has implications for epidemiological analysis and vaccine design, so,
monitoring the subtypes of N. meningitidis circulating strains in each specific population is
fundamental for vaccine target choices and for monitoring vaccine efficacy."

The aim of this study was to characterize N. meningitidis strains causing invasive disease
in RS, monitoring the occurrence of hypervirulent lineages and emergence of new ones, as well

as to determine the PorA types for the isolates and from DNA in clinical specimens, defining the

PorA diversity pattern in this population.

MATERIALS AND METHODS

Population, time and location. Rio Grande do Sul state, located in the south of Brazil,
has a population of 10.6 million inhabitants as of 2007 (http://www.ibge.gov.br). Retrospective
review of surveillance data reported to the Epidemiological Surveillance Office of RS (Secretaria
de Vigilancia em Saude/RS) identified isolates and clinical specimens obtained from patients
with MD that were sent to IPB-LACEN/RS for laboratory confirmation of MD, during the 2003-

2005 period.



Phenotypic characterization of meningococcal isolates and clinical specimens. The
isolates were serogrouped by slide agglutination with polyclonal antisera prepared at Instituto
Adolfo Lutz against serogroups A, B, C, W135, X, Y, Z and 29E." For the clinical specimens, N.
meningitidis infection and serogroup was confirmed by slide agglutination (Pastorex® Meningitis
61718, Sanofi Diagnostics Pasteur) and counterimmunoelectrophoresis (CIE)."” Isolates and
specimens serogrouped as Y/W135 were analyzed by real time PCR for determination of
serogroup, as described by Mothershed et al. (2004).'°

Genotypic characterization of meningococcal isolates and clinical specimens.

Multilocus sequence typing (MLST). Sixty one isolates and 16 clinical specimens,
cerebrospinal fluid (CSF) or serum, were available for genotypic characterization. This sample
corresponds to all viable isolates and available clinical specimens from the period, at the time of
study. These isolates and clinical specimens were typed by MLST as described by Maiden et
al.(1998)%, with some modifications, using the primers listed on Neisseria MLST website
(http://pubmlst.org/neisseria). PCR was performed with 2 puL of boiled bacterial whole cell
suspension from isolates. DNA purification from clinical specimens was performed using
QiaAmp DNA mini kit (Qiagen Inc., Valencia, CA), and 2 pL of purified DNA was amplified
and then visualized on a 1.2% E-gel (Invitrogen Corp. Carlsbad, CA). If no amplification product
was visualized in the gel, the PCR was repeated with 4 and 6 uL of DNA. The amplified
fragments were purified by QIA-quick PCR purification kit (Qiagen Inc., Valencia, CA) and
sequenced with Big Dye Terminator Cycle Kit version 3.1 (Applied Biosystems). Sequencing
products were purified by using Centri-Sep spin columns (Princeton Separations, Adelphia, N.J.)
and were resolved on an Applied Biosystems 3100 automated DNA sequencing system.

Sequence data were analyzed using the software Lasergene version 6 (DNASTAR Inc., Madison,



Wisconsin) and submitted to Neisseria MLST website to assign sequence types (STs) and clonal
complexes.'”’

PorA VR Typing. The 61 isolates and 16 clinical specimens typed by MLST had a partial
sequence of PorA gene amplified according to the protocols described previously, with
modification in some primers, as follows: por4 gene (210- 5’-ATG CGA AAA AAA CTT ACC
GCC CTC-3’ and R773y- 5’-GGC ATA GyT CCC GGC AAA ACC GCC AT-3' ), VRI (U86- 5'-GCC
CTC GTATTG TCC GCACTG-3' and 103L-5’-GAG CAA GAC GTA TCC GTT-3’), VR2
(8Uyy-5’-GGy GAy TCG TAG CGT ACG GA-3’ and R773y)."®"” The amplified fragments
were sequenced and analyzed as above. The sequences obtained were submitted to V.
meningitidis PorA variable regions database (http://neisseria.org/nm/typing) to identify the VR
families.

Statistical analysis

The Chi-square test with Mantel-Haenszel correction was used to analyze the results and a
p-value <0.05 was considered significant. Analyses were made with the software Epilnfo

(version 6.04d, Centers for Disease Control and Prevention, USA).

RESULTS

From January 2003 to December 2005, 493 cases of MD were reported to the
Epidemiological Surveillance Office of RS, representing an incidence of 1.54 cases/100000
population, considering all ages. The incidence rate can achieve 23.5/100000 for children less
than 1 year and 7/100000 for children between 1 and 4 years old (Epidemiological Surveillance
Office of RS, personal communication).

The criteria used by the Epidemiological Surveillance Office to define the cases as MD

were: isolation of meningococcus by culture (33%), clinical signs (28%), latex agglutination



and/or CIE (23%), identification of Gram negative diplococci (11%) and other criteria such as
epidemiologic link, necropsy or unspecified (5%).

About 44% of all isolates and clinical specimens from notified cases in the period were
serogrouped, serogroup B representing 64%, serogroup C 18%, serogroup W135 17%, and
serogroup Y 1%. serogroups A, 29E and X were not detected during the study period. The
serogroup distribution among the isolates selected for this study was similar: 70% serogroup B,
12% serogroup C and 18% serogroup W135. All isolates and specimens serogrouped as Y/W135
were confirmed by PCR to belong to serogroup W135.

The mean serogroup W135 prevalence increased significantly in the period of 2003 to
2005 (17.8%), compared to 3.2% serogroup W135 cases notified between 1995 and 2002
(p<0.001). There was also a significant increase in serogroup C (p<0.05) and decrease in
serogroup B prevalences (p<0.01) in 2003-2005 period, compared to the 3 previous years (non-
epidemic period) (Figure 1).

MLST identified 32 different STs among 77 isolates and specimens from years 2003 to
2005, distributed in 9 clonal complexes. Forty (52%) isolates and clinical specimens belong to
ST-32/ET-5 complex, 11 (14%) to ST-11/ET-37 complex, 12 (16 %) to ST-103 complex, 6 (8%)
to ST-41/44 complex/lineage 3, and 8 (10%) belong to other STs (Table 1). From the total of 32
STs found, 17 (53%) were new STs, and 11 alleles were identified for the first time in this study.
New alleles were about evenly distributed among loci, but 6 (55%) belonged to strains in ST-32
clonal complex. Only 7 genes from 5 clinical specimens could not be totally amplified or
sequenced, so we could not assign STs for these specimens. However, it was possible to classify
all of them into clonal complexes, since we obtained 5 or 6 alleles for each specimen.

It was possible to amplify the target fragment of por4 gene for all 77 isolates and

specimens previously characterized by MLST. Sequencing of porA4 variable regions revealed 19



different PorA VR types, from which 3 VR2 sequences were novel. P1.19,15 was the most
prevalent subtype (27%), followed by P1.7,16 (20%), P1.5,2 (14%), P1.18-1,3 (9%) and
P1.22,14-6 (8%) (table 1). P1.19,15 and P1.7,16 together account for 87% of ST-32 complex
isolates and specimens and are almost all serogroup B except for 2 serogroup C specimens. Of 14
serogroup W135 genotyped, 11 (79%) belonged to ST-11 clonal complex and were subtype

P1.5,2.

DISCUSSION

Molecular characterization studies of N. meningitidis strains causing invasive disease is
fundamental for the understanding of the events related to epidemiological spread of the bacteria
in the population.

The results achieved in this study are consistent with the results presented to 1995-2003
period by Baethgen et al. (2008)%, and comparing both study periods we observed that the MD
incidence has remained constant in Rio Grande do Sul over the last several years, characterizing
the endemic period seen since year 2000. The incidence of MD in Brazil was around 2 cases per
100,000 population, similar to other countries presenting endemic situation, such as USA and
some European countries.>** No epidemic of MD has been documented in RS state or in Brazil
since year 2000. In RS, the incidence during 2003 to 2005 period continued to be significantly
higher for infants under 1 year age (23.5/100,000 population) and between 1 and 4 years age
(7/100000 population), compared to other ages (0.1 to 2.9 cases/100000 population) as
demonstrated previously in other regions.?' It was described previously that attack rates and CFR
can be 20 times higher among children when compared to adults, in endemic situations.*

The characterization of clinical specimens by MLST and PorA typing can be done for

almost all specimens, as demonstrated previously.” In this study, it was possible to obtain STs



for 11 CSF specimens. Only 5 specimens could not have a complete ST assigned, because 7
genes from these specimens could not be amplified, but it was possible to determine the clonal
complex and PorA VR types for all specimens. Considering that only 33% of MD cases in this
period were confirmed by culture, the characterization of meningococci directly from clinical
specimens by MLST and PorA VR typing is a very useful tool.

Baethgen et al. (2008)° characterized about 70% of isolates identified in 2000 from RS as
belonging to the hypervirulent lineage ST-32/ET-5 clonal complex. In this study, 57 (74%)
isolates and specimens belonged to 3 hypervirulent lineages. ST-32 complex continues to be the
most prevalent, accounting for 52% of all isolates and specimens analyzed in this study.
However, a changing pattern in diversity of hypervirulent lineages seems to be occurring in RS
with the appearance of 3 previously undetected clonal complexes. The lineages ST-11/ET-37
complex, ST-103 complex and ST-41/44 complex/lineage 3, account for 11 (14%), 14 (16%),
and 6 (8%) isolates and clinical specimens analyzed in RS in 2003 to 2005, respectively. These
were previously found in other states of Brazil, but not in RS.>**** These hypervirulent clones
have been reported to cause outbreaks and epidemics worldwide, reinforcing the importance of
molecular characterization of MD cases in order to monitor the spread of these lineages and to
establish control measures for the disease.”**”**

There was a higher genetic diversity in isolates within the ST-32 complex than was seen
between 1995 and 2003, with 18 different STs, 8 of them novel. All 6 isolates belonging to ST-
41/44 complex (that was not described in RS previously) were novel STs, in contrast with ST-11
complex, for which one new ST was found among 11 isolates. The genetic diversity found by
MLST was confirmed by the PorA VR typing, which identified 19 different PorA types within
the 77 isolates and specimens analyzed, including 3 new variants. The PorA VR typing, that

analyzes part of por4 gene sequence, overcome the limitations presented by serosubtyping, and



allows complete characterization, including the identification of new variants within the
families.”’

The subtype variability has a direct influence in vaccine development and monitoring, as
well as in disease control measures. So, with the N. meningitidis genetic variability being

demonstrated worldwide®*!

, the monitoring of circulating subtypes by PorA VR typing is
essential.

Subtype P1.19,15, was the most prevalent during 1995 to 2003* and also 2003 to 2005,
accounting for 27% of total isolates and specimens in the recent time period. This is also the most
prevalent subtype found in other states of Brazil, ranging from 48% to 57% of isolates analyzed
by PorA VR typing or serosubtyping”***~*** The second most prevalent subtype found in other
states of Brazil was P1.7,1, which was not found in RS. In contrast, RS had a high prevalence of
subtype P1.7,16 (20% of total cases and 28% of serogroup B cases), which was only seen as
around 2% of isolates in other regions of Brazil. This subtype seems to be more prevalent in the
states from the south administrative region of Brazil, composed by RS, Santa Catarina and
Parana.”

P1.19,15 accounts for 15% and P1.7,16 for 17% of serogroup B cases of MD in
Argentina, a neighbouring country with the south region of Brazil, which could be a possible
source of strains, especially for subtype P1.7,16, not prevalent in other regions of Brazil ** These
findings confirm the trend presented by Bacthgen ef al. (2008)7, that RS state has a different
subtype distribution compared to other states of the country, directly influencing on the definition
of which PorA types should be included in the OMV vaccines that are under development and
evaluation in Brazil. It has been indicated previously that a bivalent vaccine containing P1.19,15

and P1.7,1 would target 77% of MD in the country*’, however, in RS this vaccine would target

only about 35% of serogroup B cases. It would be necessary for a vaccine to contain P1.19,15,
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P1.7,16 and P1.18-1,3 to reach protection of about 74% of serogroup B meningococcus
circulating in RS.

Some changes in the serogroup distribution may possibly be due to the emergence of new
clones. Serogroups C and W135 presented increasing prevalences, while serogroup B showed
decreasing prevalences in the period between 2003 and 2005, compared to previous years.

The subtype W135:P1.5,2:ST-11 complex was the third most prevalent clone found in RS
during the 2003 to 2005 period, representing 14% of isolates and specimens analyzed. This is the
same genotype as the 2000 Hajj related clone®~**"*%3° The significant increase in number of
serogroup W135 cases in RS may be related to the emergence of the hypervirulent clone
W135:P1.5,2: ST-11(ST-11/ET-37cc). As described previously by Baethgen ez al. (2008)?, only 3
cases of phenotype P1.5,2 were identified between 1995 and 2003, but all occurred before the
year 2000. Rio de Janeiro and Argentina are also seeing similar increases in serogroup W135
MD.***! In addition to outbreaks and epidemics, the Hajj clone is associated with high CFR
rates”, therefore, molecular characterization of meningococcal invasive strains as well as careful
analysis of epidemiological data, not only in RS, but in the entire country, are essential to detect
and prevent the spread of this strain by appropriate available vaccines.*

Serogroup C was identified in 9 (12%) cases in this study, from which 6 (67%) have the
genotype C:P1.22,14-6:ST-103 complex. serogroup C:P1.14-6 was the most prevalent
serosubtype in greater Sdo Paulo in a study reporting an increase of this phenotype in the last few
years® Sequencing of some of these isolates from Sdo Paulo revealed they have the genotype
P1.22,14-6 (A.P.Lemos, personal communication), the same as RS strains. Considering the
possibility of a genetic and epidemiological relation between RS and Sao Paulo strains, this fact
would explain the significant increase of serogroup C in RS during 2003 to 2005, what is

concerning because of the possibility of a clonal distribution of this subtype throughout the whole
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country, causing an epidemic of serogroup C MD. Efforts are needed to monitor this clone spread
and to evaluate the future need for serogroup C vaccination campaigns.

This study highlights the importance of monitoring all regions and populations within the
same country, because large discrepancies in antigenic distribution can be observed among
different regions of a large country, such as Brazil. Dynamics of N. meningitidis populations are
not well understood neither is the reason for the existence of so diverse meningococcal
populations, and so it is not possible to predict the effects of using vaccines that do not offer
comprehensive protection against MD. Consequently, detailed and accurate meningococcal strain
characterization is therefore a particularly important element of studies of meningococcal
epidemiology, population biology and evolution’, and should be performed as a systematic

protocol to provide information to assist with appropriate control measures.
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(Epidemiological Surveillance Office of RS, personal communication).
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Capitulo 2

artigo submetido ao periddico Journal of Microbiological Methods, em formato de

comunicagao breve (“notes”)

“Real-time PCR for rapid detection of meningococcal DNA

in clinical specimens”
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ABSTRACT

Disease caused by Neisseria meningitidis remains as devastating infections worldwide.
This study aimed to standardize a real time PCR assay to detect N. meningitidis DNA in
clinical specimens, without DNA purification. Sensitivity of 96% and specificity of 97%

were achieved testing 186 specimens.
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Meningitis caused by Neisseria meningitidis (N.men) and meningococcal disease
(MD) remain as devastating infections worldwide and important causes of invasive
disease in children in Brazil, with mortality rates around 20% (Baethgen et al., 2008; de
Moraes et al., 2005). It has been increasingly difficult to detect N.men by culture, the
gold standard method, probably because of the early administration of antibiotics, delays
in transport, or other factors. In Brazil, only about 25% of suspected cases of MD and
meningitis are culture confirmed (Ministry of Health, personal communication). Early and
accurate diagnosis is essential for effective treatment, prompt prophylaxis to contacts,
and epidemiological confirmation.

The aim of this study was to evaluate a real-time PCR assay, previously
described to resolve latex agglutination discrepancies in isolates, to be used with clinical
specimens from patients with suspected meningitis or MD (Mothershed et al., 2004).

The Laboratdrio Central do Estado do Rio Grande do Sul (IPB/LACEN) is the
laboratory responsible for confirmation of suspected meningitis cases in the state of Rio
Grande do Sul (RS) and Grupo Hospitalar Conceigao (GHC) is the largest hospital in
Porto Alegre, capital of RS. A total of 186 clinical specimens (9 serum and 177
cerebrospinal fluid) received by IPB/LACEN and from patients of GHC with clinical
suspicion of meningitis, during 2003 through 2005, were tested by real time PCR.

Eighty-two specimens (positive controls) were from patients with meningococcal
meningitis or MD confirmed by at least one laboratory test (culture, latex agglutination or
counterimmunoelectrophoresis), and 104 specimens (negative controls) with negative
results for meningococcal testing and positive results for other bacteria, yeasts, or from

patients with viral meningitis or other diseases, defined by clinical symptoms.



Reactions were carried out with the ABI Prism 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA), using Tagman technology. Primers, probes (CDC
Biotechnology Core Facility, Atlanta, GA) and conditions of reaction were the same used
by Mothershed et al. (2004). The target was gene ctrA, unique to N.men and highly
conserved among all serogroups.

In order to evaluate the use of clinical specimens without DNA purification for
detection of N.men, we used two protocols: 78 positive control specimens and 20
negative were submitted to DNA purification by MagNA Pure LC System (Roche,
Indianapolis, IND) and 2 pyL of DNA were applied to the PCR reaction mix; alternatively,
74 positive control specimens and 104 negative were heated to a temperature of 95°C
for 5 minutes and 4 pL were used directly in the PCR reaction mix, without DNA
purification (boiling protocol). A positive control of N.men whole cell suspension was
included on every run, as were multiple no-template controls. The specimens were run
in duplicate, and a positive result is indicated by an increase of the measured
fluorescent signal above a calculated background threshold, indicating amplification of
the target sequence. The amplification was observed during 50 cycles.

The sensitivity achieved for DNA purification protocol was 100% and for the boiling
protocol was 96%, since there were 3 false negative results. Considering that the
sensitivity of 96% achieved for boiled clinical specimens represents a great advantage
of the assay proposed here, since DNA purification methods are expensive and time-
consuming, requiring a volume of specimen that is not always available, all other
specimens were tested by the boiling method.

The Ct values for boiled specimens using the ctrA gene ranged from 15.3 to 40.0,

and for purified DNA specimens from 16.5 to 40.0, and for several samples the Ct for



boiled specimens was lower than for purified DNA. It is very important to highlight that,
with the exception of 3 specimens considered as false positives, all negative control
specimens yielded “undetermined” results (no amplification detected within 50 cycles).
Considering that one of these was clinically classified as viral meningitis, but the patient
was treated with antibiotics (Negrini et al., 2000), and the other 2 false positives were
clinically classified as unspecified meningitis, there is a high probability that the 3 cases
were meningococcal meningitis, demonstrating the capability of this PCR assay in
elucidating a very frequent situation: a case of meningitis that cannot have the etiology
determined by conventional methods. These results suggest that the assay does not
detect low DNA samples in the same range of negative samples. From this data, it
would be possible to indicate a cutoff of 40 cycles to consider a specimen as positive,
but it is still prudent to observe the fluorescence variation between 40 and 50 cycles
during a future validation study.

Sensitivity, specificity, negative and positive predictive values for ctrA PCR are
presented in table 1. These findings are similar or better than some results of other PCR
assays described in the literature. Using PCR or real-time PCR assays targeting ctrA
gene, nspA gene, and 1S71106 insertion sequence, sensitivities ranging from 88 to 100%
were found for detection of N.men DNA, mostly in CSFs with DNA purification
(Baethgen et al., 2003, Corless et al., 2001, de Fillipis et al., 2005, Richardson et al.,
2003). Besides that, this assay has a turnaround time of about 3 hours, which can be
extremely important in elucidating suspected meningitis and MD cases. The majority of
the specimens tested were CSFs, so it is important to consider that a larger number of
serum specimens should be carefully tested by the boiling method, because of the

higher incidence of PCR inhibitors in serum or whole blood specimens. Such inhibitors



were probably the cause of one false-negative result, from a serum specimen. In the
same way, the negative PCR results in 2 N.men positive CSFs are possibly due to
inhibitors present in CSF but, as they were low volume specimens, it was not possible to
purify DNA.

Determining the etiology is a fundamental key for surveillance and control of
invasive diseases, and PCR have an important role in this context. The findings
demonstrate that the boiling ctrA PCR assay presented here is a valuable tool for
meningitis and MD diagnosis, thus stimulating the running of a validation study to
increase the number of cases and test the boiling cfrA PCR performance as a routine

assay.
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TABLES

Table 1. Sensitivity, specificity and predictive values of the real time ctrA PCR

assay for detection of N. meningitidis in clinical specimens

Assay Sensitivity Specificity PPV? NPV°

C”A'p(”nrfgag)DNA 78/78 (100%)  20/20 (100%)  78/78 (100%)  20/20 (100%)

ct(r,:;t;c;igglg 71/74 (96%)  101/104(97%)  71/74 (96%)  101/104 (97%)

4PPV: positive predictive value
®NPV: negative predictive value



PARTE Il

58



DISCUSSAO

A vigilancia de doengas bacterianas invasivas ¢ um elemento fundamental das estratégias
de satde publica para o controle das doengas infecciosas, assim como o estudo genético,
microbiologico e populacional das bactérias causadoras.

Os estudos de caracterizagao molecular de cepas de N. meningitidis contribuem de forma
importante para o entendimento dos fatores que determinam a disseminagao da bactéria na
populagdo e as particularidades da epidemiologia em cada populagao especifica (Caugant, 2008).

Comparando os dados epidemioldgicos relativos ao periodo deste estudo aos resultados
apresentados por Baethgen ef al. (2008), relativos ao periodo de 1995 a 2003, € possivel fazer
algumas inferéncias acerca da epidemiologia geral da DM no RS. A incidéncia de DM no periodo
de 2003 a 2005 foi de 1,54 casos por 100.000 habitantes, permanecendo constante desde o ano de
2000, caracterizando um periodo endémico a partir de entdo. Entre os anos de 1995 e 2000, a
incidéncia foi aproximadamente 47% maior, caracterizando um periodo epidémico (Baethgen et
al., 2008). Situacao endémica com taxas de incidéncia semelhantes ¢ descrita em varios paises
europeus ¢ nos Estados Unidos (Cartwright et al., 2001; Brooks et al., 2006).

A incidéncia de 23,5/100.000 em criangas menores de 1 ano ¢ de 7/100.000 em criangas
de 1 a 4 anos ¢ significativamente maior do que a incidéncia de DM nas outras faixas etarias.
Além de incidéncia maior, criancas até 4 anos com DM podem apresentar taxas de letalidade em
torno de 20 vezes superior aos adultos, em situacdo de doenca endémica. Nao foi possivel
calcular a taxa de letalidade para o periodo do estudo, pois nao ha informagao sobre o desfecho
do caso para 66% das notificacdes. A taxa de fatalidade calculada para o periodo no Brasil foi de
19%, e no RS em anos anteriores foi de 17 a 22% (Baethgen et al., 2008;

http://portal.saude.gov.br/saude; http://tabnet.datasus.gov.br/cgi/idb2006/matriz.htm).

59



Apenas 33% dos casos de DM foram confirmados por cultura e 34% foram confirmados
por métodos imunolodgicos ou coloragao de Gram, ou seja, 33% dos casos ndao foram confirmados
laboratorialmente. Casos que ndo sao confirmados laboratorialmente geralmente sao confirmados
com base em sinais clinicos ou vinculo epidemioldgico, o que pode prejudicar a definigao das
etiologias na vigilancia epidemiologica das doengas invasivas por estes agentes, gerando dados
imprecisos.

Além disso, como o isolado bacteriano nao € obtido para a maioria dos casos e nem todos
os isolados obtidos estdo viaveis no momento da caracterizagdo, o nimero de isolados disponivel
para caracterizagdo genotipica muitas vezes ndo ¢ representativo do numero total de casos. Para
contornar este problema, parece ser cada vez mais importante realizar também a caracterizagao a
partir de amostras clinicas, obtendo-se assim uma amostra mais representativa do total de casos e
em relacgdo a distribuicao de SGs (Birtles at al., 2005). Neste trabalho foi possivel caracterizar,
através de MLST e tipagem de PorA, além dos isolados bacterianos viaveis, 16 amostras clinicas
correspondendo a 21% do total de espécimes caracterizados.

Do total de 439 casos notificados no periodo, 44% foram sorogrupados. O SG B
continuou sendo o mais prevalente no RS (64%), seguido do SG C (18%), SG W (17%) e SG'Y
(1%). Através destas prevaléncias, foi possivel observar um aumento significativo dos SGs C
(p<0,05) e W (p< 0,001), concomitantemente a diminuicao significativa do SG B (p<0,01).
Modificagdes deste tipo no padrao de distribui¢do dos SGs devem ser investigadas a fim de
determinar se sdo devidas a clones hipervirulentos, com potencial de causar grandes surtos e
epidemias.

Verificou-se que 74% dos isolados e amostras caracterizados por MLST pertenciam a trés
linhagens hipervirulentas, o que representa maior diversidade de linhagens hipervirulentas,

comparando ao ano de 2000, quando 70% dos isolados pertenciam a uma tnica linhagem
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hipervirulenta, o complexo clonal ST-32 (Baethgen et al., 2008). Em 2003-2005, o complexo ST-
32 continuou sendo o mais prevalente, correspondendo a 52% dos casos, apresentando grande
diversidade de STs. No entanto, duas linhagens hipervirulentas descritas anteriormente em outros
estados do Brasil, mas ndo no RS, foram detectadas neste estudo: complexo ST-11 (14%) e
complexo ST-41/44 (8%) (de Filippis & Vicente, 2005; Baethgen et al., 2008). Esses clones
hipervirulentos tém sido descritos em varios paises como responsaveis por grandes surtos €
epidemias, refor¢ando a importancia da analise genotipica das cepas de N. meningitidis
circulantes para o seu monitoramento, prevengao e controle de epidemias (Takahashi et al., 2004;
Dyet & Martin., 2006; Zhang et al., 2008).

A diversidade genética apresentada pelo MLST foi confirmada pela tipagem das regides
varidveis do gene porA, que identificou 19 tipos de PorA entre os 77 isolados e amostras clinicas
analisados, incluindo 3 novas variantes emVR2. O subtipo mais prevalente no RS, P1.19,15,
representando 27% dos espécimes testados, foi também o subtipo mais encontrado em varios
estados do Brasil, em prevaléncias variaveis (Sacchi et al., 2001; de Filippis & Vicente, 2005;
Lemos et al., 2006; de Filippis et al., 2007). O subtipo P1.7,16 foi o segundo mais encontrado no
periodo do estudo (20%), diferentemente de outros estados do Brasil, onde o subtipo P1.7,1 é o
segundo mais prevalente, o qual ndo foi detectado no RS neste estudo ou anteriormente. O
subtipo P1.7,16 ¢ encontrado em outras regides do Brasil sempre em prevaléncias baixas, em
torno de 2%, parecendo estar, de alguma forma, confinado a regido Sul do Brasil ha varios anos,
principalmente ao estado do RS (Sacchi et al., 2001; Lemos et al., 2006). O motivo que leva a
este confinamento nao € evidente, podendo estar relacionado as diferengas climaticas, culturais e
de origem da populacdo (coloniza¢do) da regido Sul, em relacdo as outras regidoes do Brasil.

Estes dados confirmam a hipdtese proposta por Baethgen et al. (2008) de que o RS

apresenta uma distribuicdo diferente de subtipos em relagcdo aos outros estados brasileiros
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previamente estudados, influenciando diretamente na escolha de uma possivel vacina baseada em
OMPs, para uso no pais. Alguns estudos avaliam o potencial de uma vacina baseada nos subtipos
P1.19,15 e P1.7,1, sendo indicado que atingiria em torno de 77% de proteg¢do contra o SG B no
Brasil (Sacchi ef al., 2001; Jessouron et al., 2004). No entanto, no RS, esta vacina atingiria
apenas cerca de 35% dos casos devidos ao SG B. Para atingir uma cobertura de aproximadamente
74% dos meningococos SG B circulantes no RS, uma vacina baseada em OMPs deveria incluir
os subtipos P1.19,15, P1.7,16 e P1.18-1,3.

Algumas vacinas baseadas em OMVs ja utilizadas mostraram-se efetivas, indicando que,
atualmente, este tipo de vacina parece ser o mais apropriado contra o SG B (Wong et al., 2007).
No entanto, alta diversidade de tipos de PorA tem sido observada em varias localidades
mundialmente, o que dificulta a utilizacdo de tais vacinas, que teriam que incorporar muitos tipos
de PorA, tornando-as inviaveis tecnicamente. A partir do seqlienciamento da cepa de V.
meningitidis MC58, novos antigenos foram descritos por vacinologia reversa e tiveram sua
imunogenicidade testada (Tettelin ez al., 2000; Granoff et al., 2001; Comanducci et al., 2002;
Masignani et al., 2003; Jacobsson et al., 2006; Koeberling et al., 2007; Plested et al., 2008).
Recentemente, tem sido investigada a estratégia de unir outros antigenos as vacinas baseadas em
OMPs, visando um aumento da cobertura vacinal, ja que a maioria destes novos antigenos parece
possuir menor diversidade genética do que as proteinas PorA (Fukasawa et al., 2003; Koeberling
et al., 2007. Estas estratégias sao promissoras, mas devem ser avaliadas com cautela, e sempre
considerando estudos abrangentes de prevaléncias dos antigenos alvo na populagao mundial e
ndo apenas em populacdes restritas a paises desenvolvidos.

Quatorze por cento dos espécimes analisados foram caracterizados como
W:P1.5,2:complexo ST-11, o mesmo gendtipo descrito para as cepas envolvidas na epidemia que

atingiu os peregrinos do Hajj na Arabia Saudita em 2000 e que tem causado surtos e epidemias,
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desde entdo, em varios paises (Taha ef al., 2000b; Aguilera et al., 2002; Mayer et al., 2002; Kilic
et al., 2006; Traoré et al., 2006). Aumento no nimero de casos de DM pelo SG W135 foi
descrito no Rio de Janeiro e na Argentina, mas este clone nunca foi descrito no Brasil
anteriormente € sua emergéncia pode explicar o aumento significativo de casos do SG W135 no
RS a partir de 2003 (Barroso & Rebelo, 2007; Chiavetta et al., 2007).

O aumento no numero de casos do SG C observado no periodo deste estudo pode estar
relacionado a cepa C:P1.22,14-6:complexo ST-103 observada. Uma cepa classificada
fenotipicamente como C:P1.14-6 foi descrita como responsavel pelo aumento no nimero de
casos de SG C na Grande Sao Paulo, entre 2003 e 2005 (Lemos et al., 2007), sendo que alguns
isolados seqlienciados demonstraram pertencer ao genotipo P1.22,14-6, idéntico as cepas
circulantes no RS (A.P. Lemos, comunicagao pessoal). Por isso, ¢ valido alertar para a
disseminagdo de um provavel clone entre Sao Paulo e RS, para que o monitoramento dos casos
de SG C seja mais detalhado no RS, a fim de evitar que uma possivel epidemia devida a este
clone se instale no estado.

A partir dos dados deste trabalho, torna-se notavel a importancia de realizar estudos de
caracterizagdo de meningococo em populacdes locais, ou em amostras representativas de toda a
populacdo de um pais, para fazer inferéncias sobre as cepas circulantes na populagido em geral.
Isto se aplica principalmente a paises de grande extensao geografica, como o Brasil, que podem
apresentar grandes diferengas na epidemiologia das doencas em diferentes regioes.
Conseqiientemente, a caracterizagdo genotipica ¢ uma ferramenta muito importante no estudo da
epidemiologia, biologia populacional e evolucao de N. meningitidis, ¢ deveria fazer parte do
protocolo de vigilancia epidemioldgica de rotina, a fim de fornecer informacdes para medidas de

controle apropriadas para a DM.
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A baixa taxa de isolamento bacteriano e o alto percentual de casos notificados de DM sem
confirmacao laboratorial chamam a ateng¢do para a necessidade de utilizacao de outras técnicas
para a confirmagao da etiologia dos casos. Uma técnica de PCR em tempo real, padronizada
anteriormente para amplificacdo de uma seqiiéncia do gene ctr4 de N. meningitidis a partir de
isolados de cultura, foi adaptada e avaliada para a amplificagdo da mesma seqii€ncia a partir de
amostras clinicas, principalmente LCE (Mothershed et al., 2004). As mesmas amostras clinicas
foram submetidas a PCR em dois protocolos: com purificagdo de DNA e sem purificacao de
DNA, onde as amostras foram adicionadas a mistura da rea¢do apds fervura.

A PCR realizada com o DNA purificado apresentou especificidade e sensibilidade de
100%. A sensibilidade de 96% e a especificidadede 97% alcangadas para o protocolo que utilizou
amostras sem extragdo de DNA, apesar de um pouco mais baixas do que para as amostras cujo
DNA foi purificado, foram adequadas para o propdsito da metodologia em questdo, e estes
valores foram superiores a varios outros estudos utilizando PCR, que variaram de 88 a 100%
(Baethgen et al., 2003; Corless et al., 2001; de Fillipis et al., 2005; Richardson et al., 2003).

Além disso, a eliminagdo da etapa de purificacdo do DNA diminui o custo e o tempo de
analise, vantagens importantes considerando a adogdo desta técnica por laboratorios de referéncia
da rede publica no Brasil, além do fornecimento mais rapido do resultado para confirmagdo da
etiologia e adequacao da terapia antimicrobiana a ser instituida. Sabe-se que o LCE é uma
amostra clinica que contém, em geral, baixo nivel de interferentes 8 PCR, por isso a realizacao
desta técnica sem extracdo de DNA torna-se possivel nestes casos. O soro ¢ uma amostra clinica
que possui maior quantidade de interferentes, por isso a eliminagdo da purificagdo do DNA
dessas amostras deve ser avaliada mais criteriosamente, a partir de um estudo incluindo um

numero maior destas amostras.
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E muito importante salientar o fato de que, com excegdo das trés amostras consideradas
falso-positivas, todas as amostras utilizadas como controle negativo apresentaram resultados
indeterminados, o que significa que nao houve casos negativos com Ct (“cycle threshold”) na
mesma faixa considerada para casos positivos.

Estes resultados demonstram ser esta uma técnica apropriada como método de diagnostico
de DM, a partir de amostras clinicas, devendo seguir ainda uma fase de validag¢ao na rotina
laboratorial, a fim de comprovar os resultados aqui apresentados. Por tratar-se de um sistema
onde a amplificagdo e a detec¢do sdo realizadas no mesmo tubo fechado, a PCR em tempo real
oferece grandes vantagens como diminui¢ao do risco de contaminagdo das reagdes e
principalmente do ambiente, diminuindo o risco de contaminagdo das reacdes subseqiientes. O
sistema requer consideravelmente menos manipulagdo e sua realizagdo é mais simples que o
sistema de PCR convencional. Maior agilidade e aumento da sensibilidade do método, devido ao
sistema e reagentes utilizados, sdo outras vantagens apresentadas pelo método (Espy et al., 2006;

Mothershed et al., 2006).
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CONCLUSOES

1. Através deste estudo, foi possivel dar continuidade aos estudos de monitoramento
epidemioldgico da DM no RS, comparando-se o periodo estudado com periodos anteriores.
Observou-se que o periodo endémico, iniciado no ano 2000, manteve-se com incidéncias
constantes até 2005, com diferencas na distribui¢do dos SGs em relagdo a periodos anteriores.

2. A caracterizagdo de N. meningitidis por MLST no periodo de 2003 a 2005 no estado do RS
demonstrou alta prevaléncia de cepas geneticamente relacionadas a clones hipervirulentos, e alta
diversidade entre as cepas do complexo mais prevalente, ST-32.

3. A tipagem de PorA confirmou a diversidade desta proteina na populacdo de meningococos
causando DM no RS e forneceu informagdes para confirmar a hipdtese previamente proposta de
que o RS possui distribuicao diferente de tipos de PorA em relagdo a outros estados brasileiros
estudados, o que influencia diretamente na escolha de uma vacina para utilizagao no Brasil.
Através da caracterizacdo molecular foi possivel indicar os motivos para o aumento de casos
pelos SGs W135 e C no periodo: a emergéncia do clone hipervirulento de importancia mundial
W:P1.5,2:complexo ST-11 e a presenca do clone C:P1.22,14-6:complexo ST-103, possivelmente
relacionado geneticamente ao clone C:P1.14-6:complexo ST-103, descrito como responsavel por
grande aumento do nimero de casos por este sorogrupo em Sao Paulo.

4. Os resultados obtidos na utilizacdo de uma técnica de PCR em tempo real para a deteccao de
N. meningitidis a partir de amostras clinicas foram adequados para a sua utilizagdo no diagnéstico
de casos de DM, mesmo excluindo a etapa de purificagdo de DNA, o que torna a técnica mais

acessivel para uso na rede publica de satde.

66



PERSPECTIVAS FUTURAS

A partir dos resultados deste trabalho, espera-se incentivar as autoridades de satde do
estado do RS a apoiar a criacdo de um programa regular de caracterizacdo molecular das cepas de
meningococo, a fim de detectar surtos e prevenir possiveis epidemias, ja que o estado possui

infraestrutura para isso.

Além disso, a equipe deve acompanhar o estudo de novos antigenos candidatos a vacinas
e o desenvolvimento de novas vacinas contra o SG B do meningococo, a fim de manter
atualizada a caracterizacao da populagdo do estado frente a possibilidade de uso dessas vacinas

em desenvolvimento.

A técnica de PCR avaliada neste trabalho deve passar por testes de validacao, sendo
utilizada na rotina de investigagao clinica, concomitantemente aos métodos convencionais de
identificagdo do meningococo, a partir de diferentes amostras clinicas, a fim de determinar se os
resultados demonstrados neste trabalho confirmam-se na rotina laboratorial. Se os resultados dos
testes de validagdo forem adequados, as técnicas poderdo ser utilizadas pelo CDCT ou LACEN
na confirmagao dos casos de DM, e por outros laboratorios que desejarem utilizé-las para auxiliar

no diagnoéstico da DM.
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ANEXO 2

Outros resultados obtidos durante o Estagio de Doutorando no Exterior, realizado no
“Centers for Disease Control and Prevention” (CDC), Atlanta, Estados Unidos.
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The accurate diagnosis of pneumococcal disease has frequently been hampered not only by the difficulti
obtaining isolates of the organism from patient specimens but also by the misidentification of pneumococe

S-
like viridans group streptococci (P-LVS) as Streptococcus pneumoniae. This is especially critical when the

specimen comes from the respiratory tract. In this study, three novel real-time PCR assays designed for the
detection of specific sequence regions of the lyid, ply, and psad genes were developed (lyt4-CDC, ply-CDC, and
psaAd, respectively). These assays showed high sensitivity (<10 copies for hA-CDC and ply-CDC and an
approximately twofold less sensitivity for psaA). Two additional real-time PCR assays for Iy and ply described
previously for pneumococcal DNA detection were also evaluated. A panel of isolates consisting of 67 S.
prenrnoniae isolates (44 different serotypes and 3 nonencapsulated S. preumoniae isolates from conjunctivitis
outbreaks) and 104 nonpneumococcal isolates was used. The 67 5. preumoniae isolates were reactive in all five
assays. The new real-time detection assays targeting the 1 and psad genes were the most specific for the
detection of isolates confirmed to be S. pneumoniae, with lytA-CDC showing the greatest specificity. Both ply
PCRs were positive for all isolates of S. pseudopneumoniae, along with 13 other isolates of other P-LVS isolates
confirmed to be non-S. pneurnoniae hy DNA-DNA reassociation. Thus, the use of the ply gene for the detection
of pneumococci can lead to false-positive reactions in the presence of P-LVS. The five assays were applied to
15 culture-positive cerebrospinal fluid specimens with 100% sensitivity; and serum and ear fluid specimens
were also evaluated. Both the lyeA-CDC and psad assays, particularly the hiA-CDC assay, have improved
specificities compared with those of currently available assays and should therefore be considered the assays
of choice for the detection of pneumococcal DNA, particularly when upper respiratory P-LVS might be present

in the clinical specimen.

Streptococcus pneumoniae continues to be a serious etiologic
agent of disease throughout the world, causing a range of
illnesses which include otitis media, sinusitis, pneumonia, bac-
teremia, and meningitis (1, 6). The limitations of culture-
based, conventional tests for the detection ol S. preurmoniae
make the establishment of a definitive diagnosis difficult. Tso-
lation of 8. preumoniae from blood, the recognized “gold stan-
dard,” occurs in only 20 to 30% of adult cases of pneumococcal
pneumonia and less than 10% of cases among children (18,
24), and serologic assays [or both antibody and antigen detec-
tion lack specificity and sensitivity (16, 30). Although the re-
cently introduced Binax NOW urine antigen test has been
shown to be sensitive and specific for the detection of the
organism in adults in some studies (22, 23), it is unable to distin-
guish between carriage and disease in children (11). Com-
pounding this problem, the misidentification of pneumococ-
cus-like viridans group streptococci (P-LVS) as S. preumoniae
presents additional opportunities for the misidentification of

* Corresponding author. Mailing address: Centers for Diseases Con-
trol and Prevention, 1600 Clifton Road, Mail Stop G035, Atlanta, GA
30333. Phone: (404) 639-3802. Fax: (404) 639-4043, E-mail: JSampson
@CDC.gov.
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the causative agents of infections (3), especially when identi-
fication is attempted with specimens from nonsterile sites, such
as sputum. The identification ol S. preumoniae has classically
been based on bile solubility, optochin sensitivity, and the
GenProbe AccuProbe Pneumococcus identification test (14);
but increasingly, there have been reports in the literature of the
isolation of P-LVS from clinical specimens, which may give
positive or variable reactions by one or more of these standard
tests for the detection of pneumococci (3). Moreover, among a
subset of reported isolates of P-LVS, a newly recognized spe-
cies classified as Streptococcus pseudopneumoniae has been de-
scribed and characterized (3). S. pseudopneumoniae organisms
are bile solubility negative and are resistant to optochin in the
presence of 5% CO,, but they are AccuProbe assay positive
(3). The appearance of these pneumococcus-like organisms
has complicated identification and diagnosis even [urther, es-
pecially when specimens from nonsterile respiratory sites are
used for organism identification. Therefore, special care must
be taken to monitor and correctly identily isolates conlirmed to
be pneumococci in the clinical setting, and assays in develop-
ment will need to include S. pseudopneumoniae and other
P-LVS in specificity determinations for a more precise diag-
nosis. Previous studies in our laboratories have shown that
DNA-DNA hybridization or the PCR assay based on the au-
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tolysin (fyt4) and pneumococcal surface adhesion (psa4) gene
sequences can reliably distinguish S. preurnoniae from S. pseu-
dopreumoniae (21). In a recent publication by Llull et al. (19),
tA sequences from S. preumoniae and S. pseudopneumoniae
were carefully analyzed and pneumococcus-specific alleles
were identified. For the differentiation of isolates confirmed to
be pneumococci, they developed a standard PCR based on
these sequences, followed by an enzyme digestion step. Al-
though these techniques are very suitable for organism identi-
fication, they may not be the most ideal for rapid diagnostics.
The development of simple, sensitive, rapid, and more accu-
rate assays for the detection of S. preumoniae has been en-
couraged and is of the utmost importance in making exact
estimates of disease burden, tracking changes in the epidemi-
ology ol 8. preumoniae disease, and evaluating the ellective-
ness of currently used vaccines.

To this end, researchers are exploring the use of newer
nucleic acid-based techniques such as real-time PCR to im-
prove pneumococcal disease diagnosis. The advantages of real-
time PCR over conventional assays are its speed; elimination
of the need [or postprocessing steps which could contribute to
contamination; and its wider dynamic range, which allows de-
tection over much larger variations in concentrations of the
target. The most important advantage is the lower limit of
detection. Thus, the real-time PCR technology shows great
sensitivity and is the only means ol detection ol some of the
respiratory viruses (5, 32). Real-time PCR assays for S. preu-
moniae have been reported in the literature (8, 15, 16, 20, 26,
29). These assays, mostly based on amplification of the ;4 and
ply genes, are not in routine use but have been used in research
studies for the detection of pneumococcal DNA and for eval-
uation of their suitability when they are used with different
clinical specimen types (2, 8, 20, 23, 26-29, 33). In this study,
we have developed three new real-time PCR assays for the
detection of specific sequence regions of the pneumococcal
psaA, lved, and ply genes. These newly developed hrd and ply
assays use primer/probe sequences different from those used n
assays described previously. We have taken advantage of the
extensive strain collection of the CDC Streptococcus Labora-
tory to thoroughly evaluate these new PCRs with a stringent
specificity panel.

An adequate, extensive, and simultaneous evaluation of the
published real-time PCRs performed with the same samples to
ascertain the comparative sensitivities and specificities of the
assays has not been done to date. Therefore, it is unclear if the
use of one assay is more advantageous than the use of another
or if they have equal sensitivities and specificities. In this study,
the three newly developed assays were compared to two pre-
viously published assays, the ply assay developed by Corless et
al. (8) and the htd assay developed by McAvin et al. (20), to
determine relative sensitivities and specificities. These assays
were chosen because they were performed in-house in our
laboratories. One goal of this study was to thoroughly evaluate
the performance of these assays as well as those of the new
assays by using the same set ol isolates and clinical specimens
to assess their relative usefulness. We also wanted to demon-
strate that it is possible, with the use of and access to an
exacting strain collection, to design a highly specific real-time
assay for S. preumoniae which would not require additional
postprocessing steps.

PNEUMOCOCCUS DETECTION BY REAL-TIME PCR 2461

MATERIALS AND METHODS

Bacterial isolates. The panel consisted of 67 strains representing 44 different
serotypes of S. pnewmoniae (serotypes 1, 2, 4,5, 6A, 6B, 7B, 7C, 7F, 8, ON, 0V,
10A, 11A, 12F, 13, 14, 15B, 15A, 15C, 16F, 17A, 17F, 18B, 18C, 18F, 194, 19C,
19F, 20, 21, 22A, 22F, 23B, 23F, 24A, 24B, 28A, 28F, 32F, 33A, 33F, 35A, 35F,
and 40 and 3 nonencapsulated strains from conjunctivitis outbreaks) and 104
nonpneumococcal isolates, including S. pseudopneumoniae, Sireptococcus mitis,
Streptococeus oralis, Streptococcus sanguinis, Sireptococcus parasanguimis, Sirep-
tococcus peroris, Strepiococcus infuntis, Streptococeus gordonii, Streptococcus cris-
tatus, Streptococcus salivarius, Streptococcus vestibularis, Streptococcus australis,
Streptococcus sinensis, Sireptococcus oligofermentans, Streptococcus intestinalis,
Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus canis, Streprococ-
cus anginosus, Streprococcus equi subsp. equi, Streptococcus equi subsp. zooepi-
demicus, Streptococcus porcinus, Streptococcus dysgalactiae, Streptococcus con-
stellatus, Streptococeus iniae, Streprococcus imtermedius, Staphylococcus aureus,
Staphylococcus warneri, 13 viridans group streptococel not identified to the spe-
cies level, Dolosigranulum pigrum, Enterococcus faecalis, Escherichia coli, Chla-
mydia prnewmoniae, Chlamydia psittaci, Mycoplasma pneumnoniae, Legionella
pneumophila, Haemophilus influenzae types a to f and nontypeable, Haemophilus
parainfluenzae, Corynebacierium diphtheriae, Corvnebacterium pseudotuberculosis,
Nocardia farcinica, Nocardia asteroides, Klebsiella pneumoniae, Mycobacterium
fortuitum, Mycobacterivun tuberculosis, Pseudornonas aeruginosa, Bordetella per-
tussis, and Bordetella bronchiseptica. S. pnewmoniae ATCC strain 33400 was used
as a positive control in all assays. All bacterial isolates were obtained from the
culture collections of CDC laboratories (Streprococcus Laboratory, Respiratory
Diseases Branch and Meningitis Laboratory, Meningitis and Vaceine Prevent-
able Diseases Branch).

OPT. The optochin susceptibility test (OPT) was performed on 5% sheep
blood agar plates in 5% CO, environments, as described by Arbique et al. (3).

BS test. The tube bile solubility (BS) test was performed as described previ-
ously (3, 25).

DNA probe hybridization test. The AccuProbe Streprococcus pneumoniae cul-
ture identification test, based on the rRNA gene sequence, was performed
according to the manutacturer’s instructions (Gen-Probe, San Diego, CA).

DNA-DNA reassociation. Growth, harvesting, and lysis of the bacterial cells
were performed as described previously (3, 7). Extraction and purification of
DNA and DNA-DNA reassociation studies, including determination of DNA
relatedness by the hydroxyapatite hybridization method, were performed as
described by Brenner and colleagues (7). DNA hybridization experiments were
performed at 55°C for optimal DNA reassociation and at the stringent DNA
reassociation temperature of 70°C. The levels of divergence within related se-
quences were determined by assuming that each degree of heteroduplex insta-
bility was caused by 1% unpaired bases. Divergence, expressed by the change in
melting temperature, is the decrease in the thermal stability (in degrees Celsius)
of the heterologous DNA duplex relative to that of the homologous duplexes.
Divergence was calculated to the nearest (.5%.

Clinical specimens. Clinical specimens consisted of serum, middle ear fluids
(MEFs), and cerebrospinal fluids (CSFs) and were obtained in accordance with
CDC Institutional Review Board stipulations. The sera and MEFs were obtained
from the Soroka University Hospital in Beer-Sheva, Israel. Serum specimens
were collected from 15 patients with pneumococcal bacteremia and 15 age-
matched, ethnic group-matched, healthy control children for whom nasopharyn-
geal swab cultures were negative for S. prewmoniae. MEF specimens consisted of
10 8. pneumoniae culture-positive MEF specimens and 10 8. preumoniae culture-
negative but H. influenzae-positive MEF specimens. Twenty-five CSF specimens
were obtained from the Laboratorio Central do Estado do Rio Grande do Sul,
Porto Alegre, Brazil, and consisted of 15 specimens from meningitis patients who
were pneumococcal culture positive and 10 CSF specimens from pneumococcus-
negative, Neisseria meningitidis-positive patients. The specimens were shipped on
dry ice and were frozen at —70°C upon arrival.

DNA extraction for real-time PCR analysis. DNA was extracted from the
isolates by a modification of the OIAGEN DNA Mini kit (QIAGEN Inc.,
Valencia, CA) method. Briefly, a looptul of the overnight growth from a blood
agar plate was resuspended in lysis buffer (20 mM Tris-HCI, pH 8.0, 2.0 mM
EDTA, 1.2% Triton X-100) containing 0.04 g/ml lysozyme and 75 U/ml of
mutanolysin (Sigma Chemical Co., 5t. Louis, MO) and incubated for 1 h at 37°C
in a water bath. The remaining procedures followed the manufacturer’s mstruc-
tions.

For clinical specimens, 200 pl of clinical material was added to 100 pl of TE
(Tris-EDTA) buffer containing 0.04 g/ml lysozyme and 75 U/ml of mutanolysin
(Sigma Chemical Co.), and the mixture was incubated for 1 h in a 37°C water
bath. All subsequent steps were as outlined in the OIAGEN DNA Mini protocol
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TABLE 1. Real-time PCR primers and probes®

Oligonucleotide Sequence le??ﬁde GenBank

position accession no.

ItA-CDC forward 5"-ACGCAATCTAGCAGATGAAGCA-3 1841014 AE005672

htA-CDC reverse 5-TCGTGCGTTTTAATTCCAGCT-3' 1840961

htA-CDC probe 5"-FAM-GCCGAAAACGCTTGATACAGGGAG-3'-BHO1 1840985

psaA forward 5'"-GCCCTAATAAATTGGAGGATCTAATGA-3' 166 U53509

psaA reverse 5"-GACCAGAAGTTGTATCTTITTTTTCCG-3' 279

psaA probe?? 5'"-HEX-CTAGCACATGCTACAAGAATCGATTGCAGAAA 219

GAAA-3"-phosphate

plv-CDC forward 5'"-GCTTATGGGCGCCAAGTCTA-3' 721 AE008539

ply-CDC reverse 5"-CAAAGCTTCAAAAGCAGCCTC TA-3' T98

ply-CDC probe®< 5"-FAM-CTCAAGTTGGAAACCACGAGTAAGAGTGAT 742

GAA-3-phosphate

“The psaA probe is designed to bind to the reverse strand of the amplicon.
2T, the thymidine on which the internal BHQ quencher was attached.
¢ For multiplex detection the 5 end label was changed to CAL Flour 610.

@ After this study was completed a modification to the probe for the t4-CDC assay by the addition of a T residue (in boldface) to the 5" end, which yielded the probe
sequence 5" -FAM-TGCCGAAAACGCTTGATACAGGGAG-3'-BHOI, was shown to improve the intensity of the signal but not change the LLD with purified DNA
or the sensitivity or specificity with DNA from isolates. Unfortunately, the supply of the clinical specimens used in the study and the DNA from them was depleted,
so we were unable to completely evaluate the new probe. All our preliminary experiments with this new probe suggest that it performs as well as the original probe.

We recommend its use and have begun a complete evaluation and validation study.

booklet. DNA was eluted in 100 pl of QIAGEN elution buffer and stored at
—20°C. The concentrations of the DNA extracted from the bacterial cultures
were determined by the Nanodrop method (Nanodrop Technologies, Wilming-
ton, DE).

Real-time PCRs for lyi4, ply, and psa4. The two previously published real-time
PCR assays were performed as described previously (8, 20). For development of
the new assays, oligonueleotide primers and fluorescent dye-labeled probes were
designed on the basis of the previously published fved, ply, and psad gene
sequences and the sequences available in GenBank by using Primer Express
software {Applied Biosystems, Foster City, CA). The probes were labeled at the
5" end with either 6-carboxylluorescein (FAM) or, in the case of the psad probe,
hexachloro-6-carboxyfluorescein (HEX). Black hole quencher 1 (BHOQ1; Bio-
search Technologies, Novato, CA) was placed either at the 3" end of the probe
or internally on a thymidine (Table 1). If the sequence was internally quenched,
the 3" end was capped with a phosphate group to prevent extension of the probe.
The primer and probe sequences are listed in Table 1. The assays were carried
out in a final 25-pl reaction volume and were performed by use of the TagMan
Universal Master Mix kit {Applied Biosystems), according to the instructions of
the manufacturer, with 2.5 pl of sample DNA. The primer and probe concen-
trations for each of the three assays were optimized; and in accordance with the
experimentally optimized concentrations, 500, 200, and 200 nM psaA-, [ved-, and
ply-specific primers, respectively, and 100, 200, and 200 nM psaAd-, hrd-, and
ply-specific probes, respectively, were used for all subsequent experiments. A
no-template control and an S. preumoniae-positive DNA control (S. pneumoniae
ATCC 33400) were included mn every run. DINA was amplified with the Mx3000P
system (Stratagene, La Jolla, CA) or the 7500 Real Time PCR system (Applied
Biosystems) by using the following cycling parameters: 95°C for 10 min, followed
by 40 eyeles of 05°C for 15 s and 60°C for 1 min. Amplification data were analyzed
by instrument software (Stratagene or Applied Biosystems). Negative samples
were defined as those with cycle threshold (Cy) values greater than =40. The new
assays are designated Ji4-CDC, ply-CDC, and psaA.

Analytical sensitivity and specificity determinations of real-time PCRs. For
assessments of the lower limits of detection (LLDs), serial 10-fold dilutions
(equivalent to from 6,666 to 6.6 copies) of purified DNA from pneumococcal
reference strain ATCC 33400 were prepared, and aliquots were tested by all five
real-time PCR protocols. Specificity determinations were made by testing at 5
ng/pl the DNAs extracted from 67 8. prewmoniae isolates and 104 nonpneumo-
coccal isolates (listed above) by all five assays.

Real-time PCR of clinical samples. The detection of §. prewmnoniae DNA in
the serum, MEF, and CSF specimens was performed in parallel with aliquots of
the same specimen for all assays. DNA extracted (2.5 pl of undiluted DNA or 2.5
il of a 1:3 dilution) from serum, MEF, or CSF specimens was used in the
amplification reactions. All assays with each clinical sample were performed in
triplicate. A specimen was considered positive if two of the three triplicates gave
a positive result within the <40-cycle cutoff. The assay protocols were as de-

scribed above. A control reaction with RNase P human gene was performed
independently with each sample to check for the presence of inhibitors (13). A
failure to get amplification in this reaction was considered indicative of the
presence of inhibitors.

Mutiplex psad, lytA-CDC, and ply-CDC real-time PCRs. The three sets of
primers and probes were combined into a single reaction mixture for multiplex
detection. Modifications to the single-gene detection assays included the use of
QIAGEN's QuantiTect Multiplex PCR NoR OX master mixture, changing of the
ply gene probe fluorescent label from FAM to CAL Flour Red 610 at the 5' end
and BHQ?2 (both from Biosearch Technologies) at the 3" end, and reduction of
the concentration of the fv.d FAM probe to 100 nM from the original 200 nM.
The temperatures and the numbers of cycles remained the same as described
above for the original single-PCR protocols.

RESULTS

LLDs of assays for S. pneumoniae detection. The analytical
LLDs for all five assays were measured by amplilying serial
dilutions of purified extracted genomic DNA from positive
control strain S. preumoniae ATCC 33400. All five assays
showed high sensitivities with their respective primer pairs and
probes, with a limit of detection equivalent to <10 copies for
all PCRs except the psad PCR, which was approximately two-
fold less sensitive. All standard curves generated had slopes of
—3.4 to —3.2, with the R? value being >0.96. The efficiencies of
the assays were very similar and ranged from 96% to 100%.
Evaluation of the five assays for their abilities to amplify DNA
from a panel of 67 S. preumoniae strains representing 45 se-
rotypes and nontypeable S. preumoniae strains resulted in
100% amplification or the detection of DNA from all S. prreu-
moniae strains tested.

Specificities of assays for S. pneumoniae detection. The an-
alytical specificity of each of the five assays was evaluated and
the specificities were compared by amplifying DNA extracted
from 104 strains of nonpneumococcal bacteria. These strains
represented several genera of gram-positive and gram-negative
bacteria, some of which inhabit the oral cavity. No amplifica-
tion occurred with any of the nonstreptococci in the specificity
panel. There was, however, amplification with some strains of
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TABLE 2. DNA-DNA hybridization and real-time PCR for unidentified viridans streptococci and Streptococcus pseudopneumoniae®

Identification

Geographic test result

No. of 8. pneumoniae
ATCC 334007/ no. of S.
pseudopneumoniae ATCC
BAA 0607 reference strains

Real-time PCR result

Strain origin Specimen whose DNA was labeled
OPT BStwest GP RoR™  RERA D pud ha paCDC ply  ph-CDC
S. preumoniae ATCC S + +  100/55 100/28 0.0/3.5 + + + + +
33400"
Unidentified viridans
streptococci
868-84 MD Blood R - - 66/ND  59ND 45ND - = = + +
2901-90 AL Throat R + = 65/ND  5I/ND 6.0ND  — - = + +
2904-90 AL Throat S + = 6I/ND  49ND 55ND - = = + =
2909-90 AL Throat R - - 61/ND  46/ND 6.0ND  — = = + +
2913-90 AL Throat 5 - - 65/52 58/44  4.5/4.5 - = = + +
2916-90 AL Throat R - - 58ND  42ND 6.0ND - = = + +
2918-90 AL Throat S + - 63)/ND  54ND 6.0ND  — = = + +
2919-90 AL Throat R - - 63ND  54ND 45ND - = = + =
2920-90 AL Throat S + = 62/ND  53ND 65ND - = = + +
2921-90 AL Throat R - - 62ND  58ND 4.5ND - = = + =
2939-90 AL Throat R - - 66/ND  57ND 4.0ND - = = + +
Streptococcus
pseudopretimoniae
ATCC BAA-960" NS-CA  Sputum R = + 62/100  56/100  4.0/0.0 - = = + +
253-03 NS-CA  Sputum R - + 70/84 6074 4.02.0 - = = + +
276-03 NS-CA  Sputum R - + 68/83 5377  4.0/1.0 - = = + +
288-03 NS-CA  Sputum R - + 70/82 57/50  4.0/0.5 + + = + +
290-03 NS-CA  Sputum R - + 70/81 64/75  4.0/1.5 - - = + +
2482-91 AL Throat R - + 58/72 46/71  3.0/1.0 = + = + +
2483-91 AL Throat R = + 58/76 46/71  3.5/L.5 - = = + +
2497-91 AL Throat R = + 37/82 49/80  3.572.0 + = = + +
2946-98 AL Throat R - + 61/76 54716 3.0/1L.5 = + = + +
2987-98 AZ NP swab R - + 61/98 5073 3.0/1.0 = + = + +

4T type strain; GP, GenProbe Accuprobe Pneumacoccus culture identification test; RBR, relative binding relation at 55°C (optimal temperature) and 70°C (stringent
temperature); ). divergence calculated to the nearest 0.5%; ND, not done; AL, Alaska; AZ, Arizona; MD, Maryland; NS-CA, Nova Scotia, Canada; R, resistant; S,

susceptible; NP, nasopharyngeal.

P-LVS and S. pseudopneumoniae. The strains of P-LVS were
specifically selected from among strains that were submitted to
the CDC Streptococcus Laboratory which had been diflicult to
identify or classify by using the standard methodology criteria.
DNA-DNA reassociation analysis had been performed with
these isolates, in addition to the BS test, OPT, and the Accu-
Probe assay. The DNA-DNA reassociation values revealed
that these P-LVS and the §. pseudopneumoniae strains (Table
2) were not S. preumoniae. Analysis of these strains by real-
time PCR demonstrated that the new yt4-CDC real-time PCR
assay was the most specific (100%), showing no detectable
fluorescent signal with DNA from the non-S. preurmoniae or-
ganisms in the specificity panel (Table 2). This was followed by
the psaA real-time PCR (98% ), which gave positive results with
two of the S. pseudopneumoniae isolates, and the lytA4 real-time
PCR (96%) published by McAvin et al. (20), which was posi-
tive for four S. pseudopneumoniae isolates. No amplification
occurred with DNAs from P-LVS with the A, ht4-CDC, or
psad primer/probe sets (Table 2). The two ply assays gave
positive reactions with all S. pseudopneumoniae isolates; of the
other isolates of P-LVS, positive reactions occurred with both
the ply (13 of 13) and the ply-CDC (10 of 13) assays, making
final specificities of 78% and 81%, respectively.

Detection of S. pneumoniae in clinical samples. The five
assays were used with three types of clinical specimens (de-
scribed above) to evaluate and compare the results of the
assays (Table 3). The results of all five assays showed excellent
correlations. When specimens were positive or negative by one
assay, the identical specimens were generally positive or neg-
ative, respectively, by the other assays. Only differences in the
total numbers of positive and negative specimens for each were
detected. Sensitivities were calculated on the basis ol the re-
sults for the 15 culture-positive serum specimens, even though
one of these was RNase P negative, indicating inhibition. The
sensitivities with serum samples were 53% (8/15) for the lveA-
CDC and ply-CDC assays (1 additional positive specimen for
each assay, but the specimens were different), 47% (7/15) for
the fvt4 and psad assays, and 40% (6/15) for the ply assay.
Analysis of the results for the S. preumoniae culture-negative
sera showed that there was a good correlation between the
results of the assays and that the specificities were good. No
positive results occurred by the psad, hid, and ply assays,
resulting in 100% specificities with serum.

Analysis of the MEF and CSF specimens revealed that all
five assays gave positive results [or all 10 of the S. preumoniae-
positive MEF specimens and all 15 CSF specimens, yielding
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TABLE 3. Assay results for clinical specimens for all five real-time PCRs

Real time-PCR result

No. of

S. preurnaniae

Specimen o . psad ytd yt4-CDC ply-CDC ply
culture result specimens
Positive  Negative  Positive  MNegative  Positive  Negative  Positive  Negative  Positive  Nepative
Serum + 157 7 8 7 8 8° 7 & 7 6 9
- 15 0 15 0 15 1% 14 1f 14 0 15
MEF + 10 10 0 10 0 10 0 10 0 10 0
- 10 6 4 6 4 6 4 i 3 6 4
CSF + 15 15 0 15 0 15 0 15 0 15 0
= 10 I 9 7k 8 g} 7 208 8 2 8

% One serum specimen was RNase P gene negative.

b The averages of the Cy values was =38 for the lytA, lved-CDC, and ply-CDC assays.

¢ Cpvalues were =37 for all five PCRs with the one specimen.

sensitivities ol 100%. Evaluations of the specificities of the
assays with the 10 culture-negative MEF specimens resulted in
positive results with the same six MEF specimens by the psa4,
iytA, htA-CDC, and ply real-time PCR assays, yielding speci-
ficities of 40%. An additional specimen was positive by the
ph-CDC assay, for a 30% specificity. Examination of the S.
preumoniae-negative CSF specimens showed good specificity.
The numbers of positive results were 1 of 10 (90% specificity)
for the psad assay; 2 of 10 (80% specificity) for the ftd,
ph-CDC, and ply assays; and 3 of 10 (70% specificity) for the
Iyt4-CDC assay.

Mutiplex CDC real-time PCRs for psad, lytd, and ply. To
ascertain if use of a combination of the primer/probe sets for
the detection all three genes (psaA. A, and ply) at once would
be advantageous in improving sensitivity, we constructed a
multiplex of the three newly developed assays. Evaluations of
the LLDs with serial dilutions of known concentrations of the
pneumococcal positive control strain ATCC 33400 were done,
and the results were compared to those of the singleplex assay
for each gene. These studies showed that the variation was less
than =1 Cyvalue (the cycle number at which the fluorescence
value crosses the threshold) compared to the Cy values for all
the singleplex PCRs. Evaluation of the S. pseudopneumoniae
and other P-LVS bacteria yielded results similar to those of the
individual assays. There were no additional positive or negative
reactions.

DISCUSSION

Newer nucleic acid techniques, particularly real-time PCR,
offer an opportunity to readdress the problem of the diagnosis
of S. preumoniae disease. In the present study we developed
three new S. preumoniae-specific real-time PCRs and demon-
strated their abilities to detect S. prewmoniae DNA from cul-
tures and three different types of clinical samples. These new
assays were compared with each other and with two previously
described real-time PCRs, with promising results.

The LLDs for all five assays were excellent. All demon-
strated a linear detection range of 6 orders of magnitude and
gave positive amplifications signals with all S. preumoniae
serotypes and nontypeable S. preurnoniae strains tested. Spec-
ificity evaluations, however, indicated differences among the
assays. None of the five assays amplified any of the nonstrep-

tococcal species tested, but in contrast, the specificity was prob-
lematic for both ply real-time PCRs when the amplification of
S. pseudopneumoniae and other isolates of P-LVS was evalu-
ated; these assays lacked sufficient specificity and amplified
these S. preumoniae-related strains. Several researchers have
investigated and reported on atypical alpha-hemolytic strepto-
coceil and their likenesses in their phenotypic and genotypic
properties to S. preumoniae strains (3, 17). Arbique et al. (3)
described S. pseudopneumoniae species and thoroughly dis-
cussed the problems posed for S. pneuroniae disease diagnos-
tics due to both the detection of the ply and the /4 genes in
these organisms and also the high degree of sequence similar-
ity found in the rRNA gene which is used in the GeneProbe
AccuProbe Pneumococcus identification test. The present
study added five more isolates of 8. pseudopneumoniae whose
identities were confirmed by DNA-DNA reassociation to the
original ones described by Arbique et al. (3), and again the
rRNA gene sequence region chosen by the GenProbe investi-
gators for their test failed to discriminate between S. preu-
moniae and S. pseudopneumoniae. The detection of ply in sev-
eral P-LVS isolates and the detection ol psad and lyt4 in S.
pseudopreumoniae 1solates in this study reinforce the call for
caution in choosing sequence regions when these genes are
used for the development of diagnostic assays. In nature, a
taxonomic situation exists in which many mosaic organisms
that do not clearly fit any particular species is evolving over
time, and this could explain the detection of these genes in
pneumococcus-like organisms (3, 12, 17). The role of P-LVS, if
any, in disease has yet to be elucidated. However, a recent
publication by Keith et al. (17) describing a study of patients
with chronic obstructive pulmonary disease (COPD) suggests
that the isolation of S. pseudopreumoniae from sputum speci-
mens was associated with both a history of COPD and the
exacerbation of COPD (17). The increasing ability of labora-
tories to identify this species will help to elucidate its preva-
lence and clinical relevance. Tt is difficult to say if the lack of
the ability to discriminate between them may have affected
previous clinical studies on the detection and identification of
S. preurnoniae, but this cannot be ruled out.

This study described rapid, reliable assays that clearly dis-
criminate S. pseudopneumoniae and other P-LVS from S. preu-
moniae. The P-LVS isolates in our specificity panel were in-
tentionally selected because of the difficulty in classifying them,
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and thus, their use provides a strict criterion for assay speci-
ficity determinations. Both the lyt4-CDC and the psaA real-
time PCRs were highly specific, showing no amplification with
P-LVS isolates. The psad real-time PCR was slightly less spe-
cific, amplifying two of the S. pseudopneumoniae isolates.
These results correlate with those of an earlier study that used
conventional PCR, showing the utility of these genes in dis-
criminating S. preumoniae strains (21). Undoubtedly, the in-
creasing incidence of 1solation of P-LVS i1s certain to complicate
diagnosis and create additional obstacles for pneumococcal assay
design; therefore, their inclusion may be required in future
specificity evaluations for pneumococcal assay development.

The clinical performance of these pneumococcal real-time
PCR assays was assessed with a limited number ol samples of
three different clinical specimen types. Our studies and those
of others indicate that the choice of specimen comes with its
own set of problems and that many different factors affect the
sensitivities of the assays. Overall, PCR of blood and blood
fractions has been reported to be very unpredictable and chal-
lenging due to the presence of inhibitors in blood and the low
numbers of pneumococci (10, 28, 33). In previous studies,
others have shown that the rate of positivity is greater by PCR
than by culture and have suggested that PCR is more sensitive
(10, 28, 33). In our analysis of pneumococcal culture-positive
serum specimens, the rates of positivity by the five real-time
PCRs correlated well among the various assay but were lower
than expected compared with the culture results. There are
several possible explanations for this. These include delays in
processing and storage ol specimens, the drawing ol blood al
times different from those at which blood for culture was
drawn, and the presence of low levels of inhibitors. Addition-
ally, while viable organisms are not required for PCR amplifi-
cation, the length of time after the initiation of antibiotic treat-
ment and specimen collection may affect the reactivity of the
PCR, as reported by Dagan et al. (10). Other PCR studies that
have evaluated blood have cited one or more of these reasons
for discordant results (28, 29). For the specimens evaluated in
this study, it is possible that both the storage conditions and the
inability to perform PCR at the same time that the blood
culture was performed may be factors. Thus, a prospective
study with serum specimens collected and stored specifically
[or PCR would be a better indicator ol the true value of these
real-time PCRs with serum specimens. Use of MEF and CSF
specimens, on the other hand, proved to be 100% sensitive,
possibly reflecting the lack of or the presence of lower levels of
inhibitors or the case of removal of inhibitors during extraction
and the higher bacterial counts generally seen in MEF speci-
mens than in blood.

Among the culture-negative samples of all three specimen
types (serum, MEF, and CSF), some real-time PCR ampli-
fication of the samples occurred. Again, this occurred in
most cases with identical samples, and there was close to
100% agreement between all five assays, with one or two
specimen outliers. Tn cases in which this occurred, the av-
erage ol the C4 value was =38, which is very close to the
assay Cy limit of 40. The amplification of samples that are
culture negative has been reported in previous publications
and has been attributed to one or more of the following: (1)
the superior sensitivity of PCR methods over that of culture,
(ii) amplification of viridans group streptococcus-related se-
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quences, (iii) detection of bacterial DNA from dead organ-
isms, or (iv) contamination (15, 16, 27). The fact that we
detected S. preumeoniae in MEF specimens that were culture
positive only for H. influenzae is not surprising; other inves-
tigators have reported that up to approximately 24% of
MEF samples from patients result in mixed S. preu-
moniae-H. influenzae culture isolations (4, 9, 31). Thus, an-
other plausible explanation for these S. pneumoniae culture-
negative, PCR-positive MEF specimens is dual infection not
revealed by culture, for even though S. preumoniae was
undetectable by culture, its presence and/or the presence of
its DNA cannot be ruled out. Additionally, S. preumoniae
has previously been detected in healthy children by PCR
(for the ply gene) of serum samples and was attributed to the
carriage of S. preumoniae (10), which might be doubtful,
since ply gene PCRs have been found to be nonspecific (21).
In our study, the high specificities of the fytd and psad
assays make it highly unlikely that atypical alpha-hemolytic
streptococcet are responsible for the amplilication of these
culture-negative clinical samples. In addition, our strict lab-
oratory methods regarding PCR procedures and the fact
that the same samples that were positive by one assay were
positive by the other assays lend support to the true-positive
results for these samples and not positive results due to
contamination by PCR amplicons. Moreover, with samples
from nonsterile sites such as MEF and the difficulty of
pneumococcal culture, the real-time PCR positivity of cul-
ture negative specimens is not unexpected. Therefore, we
suspect that amplification for these culture-negative speci-
mens is most likely indicative of the greater sensitivity of
real-time PCR or the amplification of DNA still present in
specimens [rom patients treated with antibiotics.

Despite the limited numbers of specimens tested, there was
very good agreement among the results of the assays. The
results with clinical samples were good overall and very prom-
ising. LLD estimations indicate that the real-time assays are
highly sensitive, detecting at least 10 copies lor ply and lyt4.
However, a true clinical assessment must await the execution
of much larger, well-defined clinical studies with different types
of specimens. Our results clearly demonstrate the enhanced
specificities of the iyz4-CDC and psaA assays for the detection
ol true S. pneumoniae strains. Although the two ply assays were
shown to be very sensitive, they were much less specific and
their use could be problematic, especially if they were applied
to the analysis of specimens from nonsterile sites. The true
value of real-time PCR for the diagnosis of pneumococcal
disease 1s not yet firmly established, and thus, no one assay 1s
routinely used. The newly developed assays described here
present the opportunity to use not only assays with high sen-
sitivities but also assays that have improved specilicities com-
pared with those of the assays currently in use. The improve-
ment in specificity allows their use with specimens from
nonsterile sites as well as sterile sites, making them suitable for
use for diagnosis and in carriage studies.

Currently, the trend is to use multiplex assays lor the simul-
taneous detection of various pathogens, providing a savings in
time and money. We have done this for a single pathogen but
propose that our lyt4-CDC or psad primer/probe sets would
provide high specificity in an array for respiratory pathogen
detection multiplexed with primers and probes for the detec-
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tion of other respiratory pathogens. This potential for multi-
plexing and the speed of performance make these assays prom-
ising tools for molecular detection and epidemiologic carriage
studies. This technology should offer an added advantage when
it 1s used in conjunction with other assays for pneumococcal
disease diagnosis.
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