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RESUMO

As infecgOes causadas pelo Streptococcus pneumoniae sdo um problema de
saude publica em todo o mundo, acometendo principalmente os extremos das
idades. Com o intuito de controlar a doenca pneumocdcica véarias formulagbes da
vacina contra o pneumococo foram desenvolvidas. Apesar da vacina ter diminuido
as taxas de doenca pneumocdcica, apés a sua implementacdo foi observado um
aumento da doenca causada por sorotipos nao vacinais, relacionado com a
emergéncia principalmente do sorotipo 19A, tornando o manejo das infec¢gdes um
problema, pois este sorotipo estd associado a resisténcia aos antimicrobianos.
Como a vacina PCV10 foi recentemente introduzida em nosso Pais (2010), ha
poucos estudos demostrando a epidemiologia local das infec¢cdes pneumocadcicas e
do perfil de suscetibilidade ap6s os novos critérios estabelecidos pelo CLSI (Clinical
and Laboratory Standards Institute). Assim o objetivo deste trabalho foi
primeiramente avaliar o perfil de suscetibilidade aos antimicrobianos em 159
isolados provenientes de Doenca Pneumococica Invasiva (DPI), identificados logo
apos a introducao da vacina, durante o periodo de 2010-2012, além de verificar os
sorotipos mais frequentes. Posteriormente devido ao aumento observado de
isolados pertencentes ao sorotipo 19A, principalmente durante o ano de 2014, foi
determinada a prevaléncia deste sorotipo durante o periodo de 2008-2014
recuperados de doenca invasiva e nao invasiva, assim como o perfil de
suscetibilidade e perfil genotipico através de técnicas moleculares de MLVA
(Multiple-Locus Variable Number Tandem Reapeat) e MLST (Multi Locus Sequence
Type). Os isolados foram provenientes de trés hospitais de Porto Alegre, RS. Os
pneumococos foram sorotipados utilizando a metodologia de multiplex-PCR e/ou
Quellung, a presenca dos genes que conferem resisténcia aos macrolideos (mefA e
ermB) foram determinados por duplex-PCR e para determinar a Concentracao
Inibitéria Minima (MIC) utilizou-se fitas de E-test. Em relacdo aos 159 isolados
pertencentes ao periodo de 2010-2012 identificou-se 33 diferentes tipos capsulares.
A taxa de nado suscetibilidade aos R-lactamicos, como penicilina e ceftriaxona, foi
baixa ficando restrita aos sorotipos 14 e 19A. A resisténcia a eritromicina foi de 8,2%
e 0 gene mefA foi o determinante genético de resisténcia aos macrolideos mais
frequente. A ndo suscetibilidade a sulfametoxazol-trimetoprim e tetraciclina foi de

37,7% e 22%, respectivamente. Ao comparar oS anos pré e pos PCV-10 foi



observado a emergéncia do sorotipo ndo vacinal 19A no periodo pos-vacinal. Assim
foram estudados 38 isolados deste sorotipo, sendo que 3,46% dos isolados
pertenciam ao periodo pré-vacinal, ocorrendo um aumento significativo para 8,10%
no periodo pos-vacinal (p = 0,04196). Considerando apenas os anos p6s-PCV10
houve um aumento significativo de 1,24% em 2011 para 1851% em 2014
(p=0,00001). Comparando os dois periodos, também ocorreu um aumento da nao
suscetibilidade aos antimicrobianos, principalmente associada com a emergéncia da
ST320. A nado suscetibilidade para sulfametoxazol-trimetoprim eritromicina e
tetraciclina foi de 80,7%, 74,2% e 48,4%, respectivamente. O gene ermB estava
associado com os maiores MICs para a eritromicina, entretanto o gene mefA estava
presente na maioria dos isolados (75,8%). Estudos como este sdo de extrema
importancia por que podem auxiliar na tomada de deciséo clinica, pois muitas vezes
a antibioticoterapia é realizada de forma empirica, além de auxiliar em uma possivel

substituicdo da vacina que atualmente é disponibilizada para a populagéo.

PALAVRAS-CHAVE: Streptococcus pneumoniae. Perfil de suscetibilidade. Sorotipo
19A. PCV10. Brazil.



ABSTRACT

Infections caused by Streptococcus pneumoniae are a global public health
problem, affecting mainly infants and elders. Several formulations of the vaccine
against pneumococcus have been developed to control pneumococcal disease.
Although the vaccine has reduced pneumococcal disease rates, an increase in the
disease caused by non-vaccine serotypes after its implementation was observed,
mainly due to the emergence of serotype 19A. The management of infections is a
problem as this serotype is associated with antimicrobial resistance. The PCV10
vaccine was recently introduced in Brazil (2010), and there have been few studies
demonstrating the local epidemiology of pneumococcal infections and susceptibility
profile after the new breakpoints established by CLSI (Clinical and Laboratory
Standards Institute). This study aims at evaluating the susceptibility profile of 159
isolates from invasive pneumococcal disease (IPD), identified soon after the
introduction of the vaccine in 2010-2012, apart from identifying the most common
serotypes. Subsequently due to an increase in serotype 19A isolates, mainly in 2014;
we determined the prevalence of this serotype from 2008 to 2014 recovered from
invasive and non-invasive sites, as well as the susceptibility and genotypic profile
through MLVA (Multiple-Locus Variable Number Tandem Repeat) and MLST (Multi
Locus Sequence Type). The isolates were obtained from three hospitals in Porto
Alegre, southern Brazil. Isolates were serotyped using a multiplex PCR and/or
Quellung reaction. 33 different serotypes were obtained from the 159 isolates
between 2010 and 2012. Non-susceptibility rate to 3-lactam, such as penicillin and
ceftriaxone, were low, mainly associated to serotypes 14 and 19A. Resistance to
erythromycin occurred in 8.2% and the mefA gene was the most common macrolide
genetic determinant. Non-susceptibility to trimethoprim-sulfamethoxazole and
tetracycline was 37.7% and 22.0%, respectively. Comparing the pre- and post-
PCV10 periods an emergence of the 19A non-vaccine serotype was observed in the
post vaccine period. Therefore we studied 38 isolates of this specific serotype, of
which 3.46% of the isolates belonged to the pre-vaccine period, and a significant
increase in the post-vaccine period (8.10%) was observed when comparing both
periods (p=0.04196). In the post-PCV10 period a significant increase from 1.24% in
2011 to 18.51% in 2014 (p=0.00001) was observed. In the post-PCV10 period an

increase in non-susceptibility to antimicrobials was found, mainly associated with the



emergence of the ST320 MLST genotype. Non-susceptibility to trimethoprim-
sulfamethoxazole, erythromycin and tetracycline was 80.7%, 74.2% and 48.4%,
respectively. The ermB gene was associated to higher MICs, on the other hand the
mefA gene was present in most isolates (75.8%). Studies like this are extremely
important as they can assist in clinical decisions as, often, antibiotic therapy is
performed empirically, and they can also aid in providing evidence for a possible
replacement for the vaccine that is currently available for the population.

Keywords: Streptococcus pneumoniae. Susceptibility profile. Serotype 19A. PCV10.
Brazil.
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1. INTRODUCAO

1.1 Streptococcus pneumoniae

O Streptococcus pneumoniae, conhecido também como pneumococo, é um
coco Gram positivo pertencente ao Reino Monera, Filo Firmicutes, Classe Bacilli,
Ordem Lactobacillales, Familia Streptococcaceae e Género Streptococcus.
Atualmente sdo reconhecidas 99 espécies pertencentes a este género (Thompson et
al., 2013) tendo como caracteristica a ndo producdo da enzima catalase e do
citocromo-oxidase. A espécie S. pneumoniae apresenta condicdes de crescimento
especiais, € um anaerébio facultativo, requerendo para o adequado crescimento
meio de cultura ricos, como o agar sangue acrescido de 5% de sangue de carneiro,
atmosfera de 5% de nivel de CO? e temperatura em torno de 35+2°C. Os
pneumococos produzem uma hemolisina que quebra a hemoglobina parcialmente,
assim as colbénias ficam circundadas por uma zona esverdeada durante o
crescimento em placas de agar sangue, caracterizando sua alfa-hemolise, podem
ainda apresentar morfologia colonial concava, caracteristica desta espécie, como a
ocorréncia de uma depressdo central na colbnia devido a acdo das autolisinas
produzidas pelo proprio micro-organismo (Spellerberg & Brandt, 2011).

O S. pneumoniae foi descoberto em 1880, quase ao mesmo tempo por dois
pesquisadores, Sternberg nos Estados Unidos e Pasteur na Franca, que o isolaram
pela primeira vez em ratos que tinham sido inoculados com saliva humana (Pasteur,
1881; Sternberg, 1881). Inicialmente chamado de "Micrococcus Pasteuri, Sternberg”,
posteriormente passou a ser denominado como atualmente é conhecido. A origem
de seu nome atual é devido a semelhanca de suas colénias quando visualizadas
pelo método de Gram serem parecidas com 0s estreptococos por isso
“Streptococcus®, e “pneumoniae“ por ser considerado agente etiolégico da
pneumonia, posteriormente foi relacionado como agente etiolégico de outros
processos infecciosos (Austrian, 1999; Henrichsen, 1999).

Entre os estreptococos do grupo alfa-hemolitico o S. pneumoniae pode ser
separado dos outros estreptococos do grupo viridans (S. mitis, S. oralis, S. cristatus,
S.infantis, S.peroris e S. pseudopneumoniae) a partir dos testes de bile solubilidade

e de suscetibilidade a optoquina, que sdo metodologias realizadas atualmente nos
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laboratérios clinicos com o objetivo de identificar o pneumococo, juntamente com a
coloragdo de Gram, sendo possivel visualizar as carateristicas morfo-tintoriais
classicas, pois se apresentam geralmente como diplococo Gram positivo com
extremidades lanceoladas e com um halo em volta dos diplococos devido a
producéo de cépsula polissacaridica em sua parede celular, além das caracteristicas
morfolégicas da coldnia quando cultivada em agar sangue (Spellerberg & Brandt,
2011).

No teste da optoquina (cloridrato de etil-hidrocupreina), este antimicrobiano
que nao € mais utilizado na prética clinica devido a sua toxicidade, atua alterando
seletivamente a membrana celular do S. pneumoniae impedindo o seu
desenvolvimento na area onde ocorreu a difusdo do sal. Como consequéncia dessa
acao, visualiza-se um halo de inibicdo do crescimento bacteriano, se este halo for =
14 mm considera-se suscetivel a optoquina, podendo suspeitar de pneumococo.
Porém, nos ultimos anos, ha relatos de pneumococo resistentes a optoquina e de S.
mitis suscetiveis a optoquina (Spellerberg & Brandt, 2011), assim o teste de bile
solubilidade deve ser realizado para complementar a identificacdo de S.pneumoniae
para evitar que ocorra identificacdo errbnea e subsequente tratamento inadequado.
A resisténcia do pneumococo a optoquina ocorre devido a mutacdes no gene atpC
que codifica subunidades da enzima alvo, uma H+ ATPase que é responsavel pelo
transporte de prétons da cadeia respiratoria (Dias et al., 2007).

O teste de bile solubilidade esta baseado na capacidade do pneumococo em
diminuir a turbidez da suspencdo de desoxicolato de sodio a 10%, este sal biliar
promove a aceleracdo da atividade litica das autolisinas em degradar o
peptideoglicano presente na parede celular, ocorrendo assim destruicdo das células
e, como consequéncia, a suspensao ficara limpida. Entretanto, alguns isolados de
pneumococo podem se apresentar insollveis ao desoxicolato de sodio devido a
modificacdes nos mecanismos regulatérios das autolisinas, ou na alteracdo de sua
estrutura molecular (Diaz, Lépez & Garcia, 1992; Obregon et al., 2002).

A identificagdo do pneumococo também pode ser realizada por métodos
moleculares utilizando tanto PCR (Reacdo em Cadeia da Polimerase) convencional
como a PCR em tempo real podendo inclusive identificar o pneumococo a partir do
préprio material clinico sem necessidade de crescimento bacteriano. Com estas
técnicas é possivel realizar a identificacdo de S. pneumoniae a partir da amplificacéo

do gene cps que codifica a capsula polissacaridica, ou a partir de alguns outros
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determinantes de viruléncia como o gene pspC que codifica uma adesina, IytA que
codifica a principal autolisina de pneumococo ou o gene ply responsavel por
codificar a pneumolisina deste micro-organismo (Jefferies et al.,, 2007,
Gholamhosseini-Moghaddam et al., 2015).

Além dos métodos moleculares a identificagdo do pneumococo pode ser
realizada por testes soroldgicos de aglutinacdo em latex, enzima-imuno ensaio
(ELISA), imunodifusdo radial dupla, sistema de microesferas Luminex® que utiliza
estas microesferas com anticorpos especificos permitindo a identificacdo de alguns
sorotipos (Pride et al., 2012), BinaxNow® que identifica antigenos do pneumococo
em amostras de urina de pacientes com pneumonia e em amostras de liquor de
pacientes com meningites (Stralin et al., 2004).

Entretanto a metodologia considerada padréo é a reacdo de Quellung, a qual
necessita de crescimento bacteriano (Austrian, 1979). Esta metodologia se baseia
em uma reacgdo sorologica utilizando antissoros especificos, na qual se observa o
intumescimento capsular provocado pela interacdo das bactérias encapsuladas com
anticorpos anticapsulares especificos, que se torna visivel ao microscopio Optico,
sendo possivel distinguir sorotipos do mesmo sorogrupo. Porém esta técnica é
trabalhosa e esta disponivel somente em laboratérios de referéncia, apresenta
algumas limitagcbes como: aquisicdo de todos o0s antissoros para identificacdo
capsular, necessita de pessoal capacitado por que a interpretacdo dos resultados
pode ser subjetiva (Selva et al., 2012).

Além da reacdo de Quellung, também é possivel identificar os diferentes
sorotipos de pneumococo utilizando técnicas moleculares baseadas na deteccao
dos genes especificos que codificam os polissacarideos capsulares dentro do locus
cps. Sao utilizados primers especificos para cada sorotipo ou, em alguns casos,
sorogrupo capsular. Para identificar os sorotipos mais frequentes na América Latina,
foi desenvolvido um ensaio de PCR multiplex que detecta os 30 sorotipos mais

frequentes desta regido (Dias et al., 2007).
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1.2 Epidemiologia das infec¢cdes por S. pneumoniae

As infec¢Bes por S. pneumoniae sdo um problema de saude publica em todo
o mundo, com altas taxas de mortalidade e morbidade, acometendo principalmente
os extremos das idades como crian¢cas menores de 5 anos de idade e idosos, além
de individuos com sistema imunoldgico debilitado. O pneumococo esta relacionado a
processos infecciosos importantes e graves, sendo considerado o principal agente
causador de Doenca Pneumocécica Invasiva (DPI) como meningite, bacteremia e
pneumonia, principalmente entre criangas menores de 2 anos de idade (Nourti &
Whitney, 2010; Simell et al., 2012), além de otite média aguda e sinusite. Este grupo
etario € mais suscetivel a infeccbes devido a imaturidade do sistema imunoldgico e
também por que estdo mais expostos a coloniza¢do pelo pneumococo (Tan, 2012).

Nos EUA desde a introducdo da vacina conjugada contra o Haemophilus
influenzae tipo b, 0 pneumococo esta entre os principais causadores de meningites
bacterianas, responsaveis por mais de 50% de todos o0s casos, com
aproximadamente 10 casos/100.000 habitantes entre as criangas (Tan, 2012; CDC,
2015).

Segundo estimativas mundiais, de aproximadamente 8,8 milhnes de mortes
anuais que ocorrem em criancas menores de 5 anos de idade, 476 mil foram
causadas por infec¢cdes pneumocdcicas (Sartori, Soarez & Novaes, 2012), a maioria
destas mortes ocorreu em paises em desenvolvimento, onde a pneumonia ainda é a
maior causa de morte entre esses individuos (WHO, 2012).

Nos EUA ocorrem aproximadamente 400.000 hospitalizacbes anualmente
devido a pneumonia pneumocdcica. Mais de 12.000 casos de bacteremia, com uma
taxa de caso-fatalidade de aproximadamente 20% aumentando para 60% entre
pacientes mais velhos (CDC, 2015).

No Brasil segundo os dados do SIREVA Il, de todos os casos de DPI a
meningite foi a mais prevalente com 44,8% dos casos, seguida por
sepse/bacteremia com 34,4%, 19,3% de pneumonia e 1,6% de outras doencas
invasivas (SIREVA I, 2012). Das infec¢cdes causadas pelo S. pneumoniae, a
pneumonia adquirida na comunidade ainda é a mais frequente. Porém como a
pneumonia bacteriana ndo estad classificada como uma doenca de notificacdo
compulséria, como ocorre nos casos de meningite bacteriana, € possivel que os

dados disponiveis estejam subestimados; entretanto estima-se que 13,8 milhdes de
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casos de pneumonia ocorrem a cada ano no mundo, causando 90% de todas as
mortes relacionadas com a infeccdo pneumocécica (Sartori, Soarez & Novaes,
2012).

Segundo o Ministério da Saude, durante o periodo de 2000 a 2008 houve em
média 1.218 casos anuais de meningite pneumocacica, representando cerca de 11%
dos casos de meningite bacteriana registrados no Sistema de Informagédo de
Agravos de Notificacdo (SINAN), com incidéncia anual de 0,7 casos/100.000
habitantes e uma letalidade de 30% (Ministério da Saude, 2010). J& em crian¢as
menores de dois anos de idade a incidéncia foi de 5,9 casos/100.000 habitantes com
letalidade de 33%, tendo um aumento significativo entre menores de um ano de
idade com 9,5 casos/100.000 habitantes e letalidade de 34% (Ministério da Saude,
2009).

Um dos grandes problemas enfrentados na tentativa de combater as taxas de
infeccdo pneumocdcica é que este micro-organismo reside na superficie da mucosa
do trato respiratério superior como colonizador assintomatico em humanos, ou seja,
€ um micro-organismo natural da nossa nasofaringe, e a sua transmissao ocorre a
partir do contato direto com secrecbes de individuos colonizados, sendo que a
colonizacdo € o passo inicial para o processo infeccioso. A efetividade da
colonizacdo torna um ambiente propicio para o pneumococo alcancar sitios
normalmente estéreis configurando DPI (Bogaert, Groot & Hermans, 2004). A
colonizacdo € um pré-requisito para que ocorra a doenca, a transmissdo e a
evolucdo da espécie. Vale ressaltar que apenas um pequeno percentual de
portadores ira desenvolver a doenca, e alguns fatores contribuem como: o estado
imunoldgico do individuo, o sorotipo de pneumococo envolvido, a viruléncia da cepa,
a carga bacteriana e a presenca de co-morbidades (Simell et al., 2012). O estado de
portador pode ser encontrado em qualquer faixa etaria, porém evidéncias sugerem
que é mais frequente nos primeiros dois anos de vida, quando aproximadamente
60% das criancas poderdo ser colonizadas, representando o reservatorio mais bem
estabelecido do pneumococo (Garcia-Rodriguez & Fresnadillo Martinez, 2002; Sa-
Ledo et al., 2008). O estado de portador decresce com a idade, estudo recente
mostra que a prevaléncia de portador entre individuos com mais de 60 anos foi de
2,3%, sugerindo que a transmissao ocorra a partir do contato com criancas
colonizadas (Almeida et al.,, 2014). A baixa prevaléncia de portadores entre 0s

idosos pode ser devido a maior producdo de mediadores inflamatérios, como
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consequéncia haverad desequilibrio da resposta imunologica necesséria para a
persisténcia da colonizagao (Ferreira et al., 2013).

Existe uma variacdo nos sorotipos que podem causar doencga, enquanto
alguns estao mais relacionados com a DPI outros ficam mais restritos a nasofaringe.
Um recente estudo mostrou que 0s sorotipos incluidos nas vacinas conjugadas
possuem maior capacidade de causar doenca invasiva entre as criangas quando
comparados com sorotipos ndo incluidos nestas vacinas, havendo um significativo
aumento do potencial invasivo para o sorotipo 19A incluido apenas na PCV-13
(Vacina Conjugada 13-Valente), dos sorotipos 1 e 7F pertencentes a PCV-10
(Vacina Conjugada 10-Valente) e da PCV-13; e do sorotipo 4 incluido em todas as
PCVs. Alguns sorotipos ndo-vacinais foram encontrados apenas nha regido da
nasofaringe, como o sorotipo 35B, 21 e 38, além de sorotipos nao tipaveis (Browall
et al., 2014), mostrando que estes sorotipos ndo possuem capacidade de causar
DPI, pois durante o processo de colonizacdo, a capsula pode interagir com a
superficie mucosa da nasofaringe induzindo a producéo de anticorpos em individuos
saudaveis prevenindo futuras infeccfes causadas por estes sorotipos que estao
colonizando (Soinicen et al., 2001).

Dependendo do sorotipo também hé& diferenca nas manifestacdes clinicas,
infeccbes causadas pelos sorotipos contidos apenas na PCV-7 (Vacina Conjugada
7-Valente) causam mais meningites e estdo mais frequentemente associados com
infeccbes em criancas com co-morbidades como: leucemia, doencga coronariana e
doencas congénitas. Ja os sorotipos adicionais incluidos na PCV-10 (sorotipo 1, 5 e
7F) possuem maior capacidade de causar pneumonia. Nos adultos os sorotipos
associados com maiores taxas de mortalidade sdo o 3, 6A e 19A pertencentes
somente a PCV-13, e o sorotipo ndo-vacinal 11A. Os sorotipos ndo-vacinais estéo
mais associados a septicemia, afetam principalmente criangas com co-morbidades e
adultos imunocomprometidos e estdo menos associados com a pneumonia (Browall
et al., 2014).
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1.3 Fatores de Viruléncia

Varios sdo os fatores de viruléncia presente em S. pneumoniae, 0s quais
contribuem para o processo de patogénese de modo multifatorial. No processo de
colonizagdo, as adesinas sdo fundamentais, pois permitem a adesdo das células
bacterianas com as células do epitélio respiratério, além disso, alguns pneumococos
podem produzir pili, os quais medeiam a ligacdo do pneumococo nas células, além
de estimular a producédo de citocinas pro-inflamatérias (Mitchell & Mitchell, 2010). A
Protease de IgA inativa o anticorpo IgA presente nas mucosas do epitélio. A
neuraminidase (NanA) favorece a manutengdo do pneumococo, pois atua na
clivagem de substancias do muco respiratorio, diminuindo assim sua viscosidade
(Bogaert et al., 2004). Existem também outras enzimas importantes no processo
como a [R-galactosidade (BgaA), RN-acetilglicosaminidase (StrH), hialuronidase
(Hly), enolase (Eno), fator de pneumococico A de adesdo e viruléncia (PavA)
(Kadioglu et al., 2008).

No processo de dano ao hospedeiro, ha a atuacdo de enzimas como as
pneumolisinas (Ply), que sé@o proteinas que desestabilizam as células humanas por
inibirem os movimentos ciliares do epitélio respiratério, além de ativarem células do
sistema imune do hospedeiro para que depois sejam utilizadas contra o proprio
hospedeiro, como TCD4+, citocinas e o sistema do complemento. A autolisina (LytA)
que atua degradando o peptideoglicano presente na parede celular, provocando
assim lise da célula com liberagdo de enzimas como a pneumolisina, importante no
processo de patogénese. O antigeno A de superficie pneumocdécica (PsaA) que
integra o sistema de transporte ABC, e permite que a bactéria resista ao estresse
oxidativo gerado tanto pelo préprio metabolismo quanto pelo processo da resposta
imune do hospedeiro. Ja a proteina de superficie pneumocdcica (PspA) dificulta a
ligacdo do sistema do complemento na superficie do pneumococo e assim impede a
fagocitose e opsonizacdo (Kadioglu et al., 2008; Mitchell & Mitchell, 2010).

Apesar destes fatores de viruléncia desempenharem um importante papel na
instalacdo do pneumococo, permanéncia no hospedeiro e manutencado do processo
de patogénese, o principal fator de viruléncia é a capsula polissacaridica que tem
como principal funcdo evitar a fagocitose, protegendo a célula bacteriana contra a

resposta imune do hospedeiro (Mitchell & Mitchell, 2010).
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A capsula polissacaridica é codificado por um unico locus cps (Capsular
Polysaccharide Synthesis), que na maioria dos pneumococos, esta localizado entre
0s genes dexB e aliA de seu genoma. O locus cps codifica todos os genes para a
sintese, translocacdo através da membrana, polimerizacdo e ligacdo das cadeias
polissacaridica do peptideoglicano da parede celular do pneumococo. Na regido 5
do locus cps ha os genes cpsABCD que séo importantes na regulacao da sintese da
capsula, sendo que o gene cpsA é o mais conservado entre 0S pneumococos
(Yother, 2011).

Devido a sua estrutura quimica e caracteristicas imunogénicas a capsula
apresenta uma grande variabilidade em sua composi¢cao sendo descritos atualmente
95 diferentes sorotipos capsulares (Rayner et al., 2015). Por desempenhar papel
fundamental na patogénese do pneumococo, ela é o principal alvo no
desenvolvimento de imunoprofilaxia, porém apenas alguns destes sorotipos estao

incluidos nas diferentes formulacfes das vacinas desenvolvidas até o momento.

1.4 Imunoprofilaxia

Com o descobrimento da penicilina 1940 e posterior utilizacdo mostrando
resultados promissores contra as infec¢cdes pneumocdcicas, o interesse no controle
da doenca pela imunoprofilaxia diminuiu (Tillett, Cambier & McCormack, 1944;
Austrian, 1999). Porém com o surgimento de isolados de pneumococos resistentes a
penicilina e multirresistentes, levando ao insucesso do tratamento, aumentando
assim as taxas de morbidade e mortalidade entre os individuos afetados por este
micro-organismo, ressurgiu o interesse da prevencdo da DPI através da vacinagao
(Cherry et al., 2004).

Atualmente existem duas classes de vacinas pneumocécicas que Sao
amplamente utilizadas: a polissacaridica e as vacinas conjugadas com carreadores
protéicos. A primeira vacina desenvolvida foi a vacina polissacaridica, em 1977 que
continha em sua formulagdo os 14 sorotipos mais frequentes envolvidos nas
infec¢cBes pneumocdcicas daquela época, posteriormente em 1983 foi licenciada nos
EUA a vacina polissacaridica 23-valente, composta por 23 antigenos capsulares do
pneumococo (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F,
19A, 20, 22F, 23F e 33F), devido a sua baixa imunogeneicidade ndo deve ser
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administrada em criangas menores de 2 anos de idade (CDC, 2010). Nesta faixa
etéria as células B ainda ndo estdo maduras, e como a vacina é classificada como
timo-independente, ou seja, € capaz de ativar somente as células B sem a
cooperacao das células T-helper, gerando assim uma resposta imunolégica baixa e
sem a estimulacdo dos anticorpos de memodria, ndo sendo efetiva na prevencdo da
DPI entre este grupo etario, o qual € o mais afetado pela doenga pneumocécica
(Oosterhuis-Kafeja, Beutels & Van Damme, 2007). Sendo recomendada para
individuos incluidos em grupos especiais de risco para DPI e para adultos acima dos
60 anos de idade (CDC, 2010).

Além disso, este tipo de vacina ndo interfere no estado de portador e ndo se
mostra efetiva na prevencao de infeccbes da mucosa, como a otite média e sinusite.
Entretanto, parece reduzir significativamente a doenca pneumocdcica entre
individuos com diabetes mellitus, doenca coronariana, doenca pulmonar crénica,
insuficiéncia cardiaca congestiva, asplenia funcional ou anatémica (Tan, 2012).

J& as vacinas pneumocécicas conjugadas (Pneumococcal Conjugate Vaccine
— PCV), a capsula polissacaridica do pneumococo pode ser conjugada com toxoides
tetanicos e/ou com uma variante n&o toxica da toxina diftérica (CRM197) e/ou com a
proteina D de Haemophilus influenzae, dependendo de sua formulacdo pode conter
um ou todos os tipos de carreadores protéicos (Tan, 2012). Infelizmente, como para
cada sorotipo necessita-se de uma grande quantidade de conjugado a fim de
estimular uma resposta imune-especifica, e como existe uma grande quantidade de
sorotipos capsulares, apenas um numero limitado de sorotipos pode ser incluido na
formulacdo destas vacinas (Briles et al., 1997). A escolha dos sorotipos que fazem
parte das vacinas € dirigida aos sorotipos mais frequentemente associados com DPI
(Talbot et al., 2004). A primeira vacina conjugada foi a vacina PCV-7 introduzida nos
EUA em 2000, para todas as criangas de 2 a 23 meses e para criangas mais velhas
com algum fator de risco para a DPI conferindo imunidade para apenas o0s sete
sorotipos (4, 6B, 9V, 14, 18C, 19F e 23F) responsaveis por mais de 70% de todos os
casos de DPI no mundo (WHO, 2012).

Com o objetivo de ampliar o numero de sorotipos contemplados nas
formulacbes e assim aumentar a cobertura vacinal abrangendo um maior nimero
possivel de sorotipos envolvidos com a DPI, posteriormente foi formulada a PCV-10,
gue inclui os sete sorotipos da PCV-7 mais trés sorotipos adicionais (1, 5, e 7F) e a

PCV-13 que inclui os dez sorotipos da PCV-10 mais trés sorotipos adicionais (3, 6A,
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e 19A). Os sorotipos contidos na PCV-13 causam mais de 80-90% das doencas
pneumocadcicas em varias regidées do mundo inclusive na América Latina (Romney et
al., 2008).

As PCVs promovem a reducéo do estado de portador pelos sorotipos vacinais
e consequentemente na DPI, atingindo tanto individuos alvos da vacinagdo, como
agueles que néo a recebem devido ao efeito indireto (Tan, 2012).

No Brasil as vacinas contra o pneumococo, como a vacina polissacaridica 23-
valente e a PCV-7 estdo disponiveis desde a década de 1990 nos Centros de
Referéncias de Imunobiologicos Especiais (CRIE) para individuos com maior
suscetibilidade a aquisicdo da infeccdo pneumocdcica. Porém, somente em 1999 a
vacina polissacaridica 23-valente passou a fazer parte da Campanha Nacional de
Vacinacdo do Idoso, sendo administrada em individuos a partir de 60 anos
(Ministério da Saude, 2010).

Recentemente a vacina PCV-10 foi licenciada no Brasil, como parte do
Programa Nacional de Imunizac¢des, distribuida gratuitamente para todas as criancas
através do SUS (Ministério da Saude, 2010). A vacina foi introduzida em todas as
cidades do Brasil entre margo a setembro de 2010, em 3 doses, a primeira aos 2
meses, seguida de uma dose aos 4 e 6 meses de idade e um reforgo adicional entre
12 -15 meses de idade (Afonso et al., 2013). Entretanto, para criangas que tinham
na época da introducdo da vacina de 12-23 meses de idade a vacina foi
administrada somente em uma dose (Domingues et al., 2014). Segundo o Ministério
da Saude, a inclusdo da vacina PCV-10 no calendario de vacinagdo infantil
representa um grande avango para a saude publica brasileira, e tem como meta
imunizar aproximadamente 6 milhdes de criancas menores de 2 anos de idade em
todo o pais (Ministério da Saude, 2010).

1.5 Impacto da Vacinacao

A introducdo das vacinas conjugadas dentro dos programas de imunizacao
em varias regidées do mundo teve um impacto positivo na reducdo da incidéncia e
prevaléncia da DPI, reduzindo também a taxa de portador na nasofaringe,
diminuindo a probabilidade de transmissdo das criangas mais novas,

frequentemente colonizadas, para outros individuos da populagéo, inclusive entre
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adultos, mecanismo conhecido como imunidade de rebanho (efeito indireto)
favorecendo a reducéo de sorotipos vacinais do pneumococo circulantes entre os
individuos (Brueggemann et al., 2007; Pilishvili et al., 2010).

Com a vacinacao foi possivel reduzir em aproximadamente 20% as taxas de
DPI em todas as idades (Harboe et al., 2014). Entretanto 0o maior impacto foi
visualizado entre criangas menores de 2 anos de idade, alvo da imunizagdo, com
diminuicdo de 69% das taxas totais da doenca pneumocdcica (Whitney et al., 2003).
Em relacdo aos idosos (= 65 anos de idade), houve uma queda de 92% de DPI
causada por sorotipos vacinais da PCV-7 e de 37% em relagédo a todos os sorotipos,
devido a imunidade de rebanho (Hicks et al., 2007; Pilishvili et al., 2010).

Apesar da vacina contra o pneumococo ter sido introduzida no Brasil
recentemente, ja € possivel ver seu impacto positivo na reducdo de DPI, pois um
estudo realizado em Salvador, Bahia verificou que a incidéncia anual de casos de
meningites diminui de 1,65/100.000 habitantes em 1996 para 0,2/100.000 habitantes
em 2012 (Santos et al., 2015). Em S&o Paulo houve uma significativa reducédo na
incidéncia total de DPI entre criancas menores de 2 anos de idade, reduzindo de
20,3/1000 individuos no periodo pré vacinacdo para 3,97/1000 individuos apés a
introducdo da vacina (p<0,0012), em relagdo aos sorotipos vacinais contidos na
PCV-10 houve também reducdo de seu envolvimento na DPI entre as criancas
menores de 2 anos de idade de 16,47/1000 individuos para 0,44/1000 (p=0,0002),
mostrando o efeito direto da vacinagcdo nas taxas de DPI (Santos et al., 2013). Em
relagdo ao Rio Grande do Sul as taxas de incidéncia de meningite diminuiram de
3,80/100.000 em 2007 para 1,80/100.000 habitantes em 2012 (Grando et al., 2015).

Ao ser avaliada a taxa de mortalidade em casos de meningite por
pneumococo, verificou-se uma redugéo nas taxas entre criancas menores de 2 anos
de idade de 1,30 para 0,40/100.000 habitantes. Assim a PCV-10 reduziu em 50% a
taxa de incidéncia e em 69% a taxa de mortalidade por meningite pneumocécica,
comparando os anos de 2007 e 2012, porém as maiores taxas registradas foram
entre as criangas com idade de seis meses completos e menores de um ano
(Grando et al., 2015).

Em relacdo a pneumonia que continua sendo a infecgdo que mais acomete as
criangcas menores de 5 anos de idade, com altas taxas de mortalidade verificou-se
que entre cinco cidades do Brasil ap6s um ano da introducdo da vacina houve

diminuicao nas taxas de hospitalizacdo por pneumonia (Afonso et al., 2013).
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Um estudo caso-controle realizado no Brasil com criangas mostrou que a
PCV-10 é efetiva contra a DPI causada por sorotipos vacinais em 83,8% dos casos e
em 77,9% dos casos de doenca invasiva causada por sorotipos ndo vacinais, mas
gue pertencem ao mesmo sorogrupo dos sorotipos da PCV-10 (como os sorotipos
6A, 6C, 6D, 7C, 9N, 18A, 18B, 19A e 23A). A vacina também foi efetiva em criancas
gue receberam apenas uma dose da vacina das quatro doses recomendadas, por
que tinham na época da introducdo da vacina entre 12-23 meses de idade. A
efetividade para casos de meningite foi de 87,7% e pneumonia ou bacteremia foi de
81,3%. Entretanto a vacina ndo se mostrou significativamente eficaz contra os
sorotipos nao vacinais (Domingues et al., 2014).

Fica claro que a vacina conjugada apresenta efeitos positivos em reduzir a
doenca pneumocdcica, uma doenca com altas taxas de mortalidade em varias
regibes do mundo, porém a vacina modifica a distribuigdo dos sorotipos de
pneumococo mais prevalentes causadores de DPI. Foi verificado nos EUA, primeiro
pais a introduzir a PCV-7, que apesar da vacina reduzir o niumero de casos por
sorotipos vacinais, houve um aumento de doenca invasiva causada por sorotipos
nao vacinais, estes haviam sido responsaveis por apenas 17% de todos os casos de
DPI durante os anos pré-vacina, aumentando para 88% dos casos em 2004, quatro
anos apos a introducdo da vacina (CDC, 2010), tornando-se uma grande
preocupacao, por gue muitos destes sorotipos estdo associados com maiores taxas
de resisténcia aos antimicrobianos. Um dos maiores exemplos de emergéncia apés
a introducao da PCV-7 foi o sorotipo 19A (Kim et al., 2012; Lee et al., 2013).

Estudo realizado em S&o Paulo mostrou que os sorotipos mais frequentes
antes da vacinacao eram 14, 5, 6B, 12F e 1. Apés dois anos da introducéo da vacina
o sorotipo 7F pertencente a PCV-10, foi o mais frequente, seguido dos sorotipos 8,
12F e 3 (ndo pertencentes a PCV-10). Em relagdo aos sorotipos néo vacinais, houve
um aumento n&o significativo de 26% para 62% em DPI, ndo sendo observado nesta
populacdo o aumento do sorotipo 19A conforme relatado em outros paises (Santos
et al., 2013). Ja para Domingues e col. (2014) os sorotipos mais frequentes em DPI
entre as criancas foram: 14, 6B, 19A, 3, 6A e 23F, sendo que o sorotipo 19A, 3 e 6A
nao estéo incluidos na PCV-10, mas estao presentes na PCV-13. Em nossa regiao
sorotipos vacinais como 14, 6B, 23F, 18C e 19F permanecem entre oS sorotipos
mais frequentes causando doenca invasiva dois anos apoés a introdugédo da PCV-10,

entretanto como este estudo incluiu basicamente a populacéo adulta, sugere-se que
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nao houve tempo de verificar a efetividade da vacina (imunidade de rebanho) nesta
populacdo (Caierdo et al., 2014). A circulacdo de sorotipos vacinais mesmo apoés a
implementacéo da vacina em Porto Alegre pode ser explicada porque nesta cidade e
em Sao Paulo a cobertura da vacina mesmo ap0s um ano de sua introducao ficou
em aproximadamente 80%, enquanto que em outras cidades como Belo Horizonte,
Curitiba e Recife a cobertura vacinal foi maior que 90%. Outra possivel razado é que
em Porto Alegre o inicio da vacinacdo comecou mais tarde que em outras cidades
brasileiras (Afonso et al., 2013).

Vale ressaltar que o impacto da vacinacdo no Brasil, mesmo sendo
introduzida h& pouco tempo, mostra um efeito positivo, observado principalmente na
populacdo alvo da vacinagdo (criancas menores de 2 anos de idade). Porém,
estudos de vigilancia para monitorar a distribuicdo dos sorotipos circulantes e avaliar
a ocorréncia de sorotipos emergentes sdo extremamente importantes. Em especial,
a emergéncia de infec¢des causadas pelo sorotipo 19A, verificada apos a introducéo
da PCV-7 devendo ser monitorada em paises que, como o Brasil, adotaram a vacina
PCV-10.

1.6 Mecanismos de escape a vacinacao

Apesar de todos os beneficios bem documentados anteriormente em relacéo
a utilizacdo das vacinas, e como apenas alguns sorotipos entdo contidos em sua
formulagéo, inevitavelmente a vacina provoca uma redistribuicdo dos sorotipos mais
frequentes envolvidos na infeccdo pneumocodcica e em portadores. Assim, apés a
introducdo das PCVs observa-se um aumento de casos de DPI decorrentes de
sorotipos ndo vacinais em muitas regiées do mundo, estes sorotipos ndo vacinais
comecaram a ocupar o nicho anteriormente preenchido pelos sorotipos vacinais
(Brueggemann et al, 2007). Como ndo sao alvos da imunoprofilaxia os
pneumococos de sorotipos ndo vacinais escapam da vacina e consequentemente
reduzem o seu efeito através da expansdo e aumento na frequéncia de clones pré-
existentes, devido a substituicho de sorotipos e/ou devido a troca de sorotipo
capsular. Estes fenbmenos estdo relacionados com o aumento na frequéncia de
sorotipos nao vacinais causando DPI (Brueggemann et al.,, 2007; Wyres et al.,
2013).
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A substituicdo dos sorotipos, fendmeno conhecido como replacement, ocorre
quando h& uma diminuicdo na prevaléncia de sorotipos vacinais acompanhada por
um aumento de sorotipos ndo vacinais que acabam preenchendo este nicho
desocupado. Este mecanismo de substituicdo de sorotipos na nasofaringe de
criangas saudaveis pode ou ndo ser um problema, dependendo se estes novos
sorotipos tém poder de causar doenca (Brueggemann et al., 2007).

Devido ao replacement, um significativo aumento de isolados pertencentes ao
sorotipo 19A foi verificado nos EUA apos a vacinacdo, tanto em criancas como em
idosos. A caracterizacdo genotipica dos sorotipos 19A por MLST (Multi-Locus
Sequence Typing) mostrou que a maioria destes isolados circulantes pertencia a
ST199 (Sequence Type), que ja existia antes da introducdo da vacina, porém em
menor quantidade, ocorrendo a expansao clonal deste genétipo apds a pressao
exercida pela introdugéo da vacina (Pai et al., 2005; Brueggemann et al., 2007).

A troca capsular ou switching capsular ocorre quando genes que codificam
um tipo capsular sdo trocados, via transformacéo e recombinacdo, por genes que
codificam outro tipo de céapsula. Este mecanismo de troca permite que clones
geralmente associados com sorotipos vacinais persistam mesmo apés as PCVs
mantendo seu background genético, porém agora expressando outro sorotipo
capsular (Brueggemann et al., 2007; Rayner et al., 2015), sendo um grande
problema por que permite que estes sorotipos escapem da vacina. Isolados que
escapam da vacina podem progredir dentro de 2-3 anos ap6s a sua introducéo,
como ja detectado nos EUA e em alguns paises da Europa (Brueggemann et al.,
2007; Ansaldi et al., 2011).

Estudos in vitro mostram que o switching capsular pode atuar sobre as
propriedades de viruléncia do pneumococo, principalmente por que a capsula
polissacaridica € o seu principal fator de viruléncia, assim sorotipos que ndo tinham
um potencial virulento devido a troca capsular passaram a expressar um tipo mais
virulento (Sabharwal et al., 2013).

A emergéncia do sorotipo 19A ap6s introdugédo da PCV-7, pode ser explicada
tanto pelo mecanismo de replacement, mas também pelo processo de switching
capsular que ocorreu, por exemplo, devido a emergéncia de um novo isolado de
pneumococo recombinante como a ST695, que comegou a expressar a capsula do
sorotipo 19A, mas manteve seu background genético do sorotipo vacinal 4. Estas

amostras foram detectadas apenas trés anos apos a implementacéo da vacina, mas
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rapidamente tiveram sua prevaléncia aumentada (Brueggemann et al., 2007). Outros
exemplos de switching capsular foram recentemente sugeridos (Wyres et al., 2013;
Caierao et al., 2014).

1.7 Emergéncia do sorotipo ndo vacinal 19A apé6s a introducdo das

vacinas conjugadas PCV-7 e PCV-10

A epidemiologia do pneumococo esta constantemente mudando, e esta
mudanca € favorecida pela propria flutuacdo na prevaléncia dos sorotipos que
ocorre naturalmente mesmo na auséncia de pressdo causada pela vacinacdo
(Hulten et al., 2013).

O sorotipo 19A emergiu como 0 sorotipo mais prevalente nos EUA apos a
utilizacdo da PCV-7, como caracteristica € um sorotipo relacionado com resisténcia
a multiplas drogas. De 1999-2000 para 2008-2009 a porcentagem dos sorotipos
vacinais entre isolados clinicos nos EUA diminui de 55% para 5% e a porcentagem
do sorotipo 19A aumentou de 2% para 22% (Richter et al., 2013). O aumento de
DPI causada pelo sorotipo 19A foi também observado na Europa, Paises Asiaticos
(van der Linden et al., 2013; Lai et al., 2014) e em alguns paises da América Central.
No México, por exemplo, o sorotipo 19A aumentou sua frequéncia de 6,3% no
periodo pré-vacinacao para 23,6% no periodo pos-vacinacdo (2009-2012) (Echéaniz-
Avilés et al., 2014).

Um estudo controlado randomizado da Holanda demostrou um aumento do
sorotipo 19A na nasofaringe de individuos que receberam a PCV-7, quando
comparado com controles que ndo receberam a vacina (Van Gils et al., 2010).
Porém, o aumento do sorotipo 19A também ocorre em paises sem a introducao da
vacina sugerindo a acdo de outros fatores além da vacinacdo para a emergéncia
deste sorotipo, como a disseminacao de alguns clones especificos, como é o caso
da ST320 que esta disseminada mundialmente e esta fortemente associada com
resisténcia a penicilina; além disso, esta ST apresenta algumas vantagens
associadas a colonizacdo na nasofaringe permitindo que ela rapidamente ocupasse
este nicho (Hsieh et al., 2013).

Na América latina durante o periodo de 1990-2010, o sorotipo 19A aumentou

sua frequéncia de 1,5% para 4,9%, ocupando o nono lugar entre os 20 sorotipos
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mais prevalentes, sendo que na Argentina e Coldombia se verificou um aumento
significativo na prevaléncia deste sorotipo (Castafieda et al., 2012).

No Brasil a distribuicdo dos sorotipos varia de uma regido para outra, em Sao
Paulo a frequéncia deste sorotipo permaneceu estavel logo apds a introducdo da
PCV-10 (Santos et al., 2013). Em Porto Alegre foi observado um aumento nao
significativo na proporgéo de isolados pertencentes ao sorotipo 19A em apenas dois
anos apos a introducdo da vacina, aumentando de 2,5% antes da PCV-10 para
aproximadamente 5% em 2012 (Caieréo et al., 2014).

Alguns estudos sugerem que a PCV-10 induz a imunidade cruzada para
sorotipos estreitamente relacionados, assim os anticorpos formados pelos sorotipos
6B e 19F (sorotipos vacinais) induziriam uma protecédo cruzada para 0s sorotipos 6A
e 19A (ndo vacinais), respectivamente, tanto em portadores quanto em casos de
doenca (Vesikari et al., 2009; Wysocki et al., 2009). Em paises que utilizaram a PCV-
7, a vacina resultou em 76% de efetividade contra DPI causada pelo sorotipo 6A,
mas nado foi efetiva na reducdo de doenca pneumocécica devida ao sorotipo 19A
(Whitney et al., 2006; van der Linden et al., 2013). Entretanto, alguns autores
afirmam que a maneira como ocorre 0 processo de conjugagcdao da PCV-10, ela
proporcionaria esta imunidade cruzada entre estes sorotipos (Poolman et al., 2011,
Mrkvan et al.,, 2013). No Brasil um recente estudo caso-controle realizado com
criancas para verificar a efetividade da PCV-10, mostrou que a vacina promove uma
protecdo cruzada contra o sorotipo 19A, entretanto nao foi verificada esta efetividade
para o sorotipo 6A. (Domingues et al., 2014). Resultados similares também foram
evidenciados por um recente estudo de coorte indireto (Verani et al., 2015).

Em muitos paises, como os EUA, apds observarem este aumento significativo
de sorotipos ndo vacinais como o sorotipo 19A houve a substituicdo da PCV-7 pela
PCV-13, a qual inclui este sorotipo em sua formulag&o. Dados recentes indicam uma
reducao significativa na incidéncia de DPI em criancas causadas pelos sorotipos da
PCV-13, inclusive uma diminuicdo na prevaléncia do sorotipo 19A foi observada
(Moore et al., 2015).
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1.8 Emergéncia de outros sorotipos néo vacinais ap6s a PCV-13 e novos

alvos de vacinas contra o S. pneumoniae

Em 2010 foi licenciada nos EUA a vacina PCV-13 substituindo a PCV-7 ap0s
a preocupante emergéncia principalmente do sorotipo 19A, o qual estd associado
com altas taxas de resisténcia. Ndo foi somente o sorotipo 19A que aumentou em
sua frequéncia, mas os sorotipos adicionais incluidos na PCV-13 (1, 3, 5, 6A, 7F e
19A) acometiam 63% da DPI na populacéo pediatrica apés a PCV-7 (Duggan, 2010;
Nuorti & Whitney, 2010).

Entretanto apds a introducdo da PCV-13 observou-se a emergéncia de
sorotipos nao incluidos nesta vacina, a prevaléncia do sorotipo 15B/15C aumentou
de 2,7% para 6,3% em 2012, assim como a prevaléncia do sorotipo 35B que
aumentou de 3,6% em 2009 para 8,2% em 2012. Sendo também evidenciado um
aumento para o0s sorotipos 6C/6D e 23A. Interessantemente a propor¢ao de
pneumococo nado tipaveis isolados de pacientes com idade igual ou maiores de 65
anos aumentou ao longo do tempo (Mendes et al., 2015).

Na tentativa de se prevenir a emergéncia de sorotipos nao vacinas, e como €
impossivel colocar nas vacinas atualmente disponiveis todos os 95 sorotipos
capsulares, novos alvos da vacina estdo em desenvolvimento baseados em
proteinas de superficie como PspA, PscC, IgAlp, PpmA e SirA, e em fatores de
viruléncia como a pneumolisina, assim estas novas vacinas teriam um potencial de
protecdo contra todos 0s sorotipos de pneumococo que causam doencga, por que
estes sdo constituintes presentes em todos os pneumococos. Testes em modelos

animais mostram sua imunogenicidade e capacidade contra as DPI (Tan, 2012).

1.9 Perfil de Suscetibilidade aos Antimicrobianos

A evolucdo clinica DPI é influenciada por diversos fatores, entre eles a
escolha do tratamento adequado. De modo geral, o tratamento das infeccOes
pneumococicas é feito de forma empirica baseada em caracteristicas clinicas e
epidemiologicas da doenca (Bartlett, 2011). Nos casos de DPI, especialmente
meningite, € de fundamental importancia tanto o diagndstico quanto o tratamento

precoce, pois em muitos casos apesar do adequado tratamento, sdo ainda relatadas
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elevadas taxas de sequelas neuroldgicas e mortalidade entre os pacientes
(Ruckinger et al., 2009).

Atualmente, a penicilina continua sendo o antimicrobiano de escolha no
tratamento de infec¢cdes pneumocécicas apresentando em geral baixos niveis de
MIC (Minimal Inhibitory Concentration). Entretanto, devido a emergéncia de S.
pneumoniae nao suscetivel a penicilina (PNSP) ou multirresistentes (MDR),
classificados como isolados apresentando resisténcia aos R-lactamicos e a mais
outras duas classes de antimicrobianos, o tratamento destas infec¢des tornou-se um
dos principais problemas de saude publica em todo o mundo (Lee et al., 2010; Tsai
et al., 2012).

Como alternativa terapéutica, os macrolideos, especialmente a eritromicina e
a azitromicina, comecaram a ser utilizados, porém foi observado resisténcia a estes
antimicrobianos. A resisténcia aos macrolideos disseminou-se conjuntamente com
0s PNSP. Pneumococos resistentes sdo motivo de grande preocupacédo devido a
disseminacdo de clones multirresistentes, os quais estdo associados a elevadas
taxas de mortalidade (Richter et al., 2009).

Entre as classes de antimicrobianos que até o momento ndo apresentam
resisténcia, os glicopeptideos como a vancomicina sdo uma boa opcao terapéutica,
entretanto, deve ser utilizada com cautela para prevenir o surgimento de resisténcia.
Também ha as fluoroquinolonas, tetraciclinas, sulfametoxazol-trimetoprim,
lincosamidas e cloranfenicol, porém para estes antimicrobianos a taxa de resisténcia
pode ocorrer em frequéncias variadas dependendo da regido (Cunha et al., 2014).

O mecanismo de acdo dos R-lactamicos é pela ligacdo nas Proteinas de
Ligacdo a Penicilina (PBP) que catalisam o estagio terminal da sintese do
peptideoglicano, principal constituinte da parede celular bacteriana; assim estes
antimicrobianos provocam lise celular. O primeiro relato de resisténcia a penicilina
ocorreu na década de 1960, porém esse fato s6 ganhou importancia em 1977
quando foi relatada uma epidemia de infeccéo por pneumococo na Africa do Sul por
isolados resistentes (Appelbaum et al., 1977).

Existem trés classes de proteinas totalizando seis diferentes tipos de PBPs.
Classe A (PBPla, PBP1lb e PBP2a), classe B (PBP2x e PBP2b) e PBP3. A
diminuicdo da afinidade das PBPs a penicilina pode envolver alteracdo em uma
Gnica PBP ou em diferentes PBPs ao mesmo tempo, conferindo diferentes perfis de

suscetibilidade, pois mutacbes em PBP2x e PBP2b estdo fortemente relacionadas a
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resisténcia a penicilina. Mutagbes em PBPla juntamente com PBP2b e PBP2x
aumentam o MIC da penicilina, ja alteracbes em PBP2a apresentam MICs mais
baixos (Cornick & Bentley, 2012).

MutacBes nestes genes estdo associadas com eventos de recombinacéo
tanto intra espécie, pois algumas destas mutacdes sao estaveis em clones de PNSP
disseminados internacionalmente, sugerindo que estes genes proporcionam
vantagens evolutivas, como entre espécies, sendo relato eventos de recombinacéo
envolvendo espécie de S. mitis e S.oralis (Cornick & Bentley, 2012).

Outro mecanismo que confere resisténcia a penicilina é o switching capsular,
pois durante a troca do sorotipo capsular, duas das seis Proteinas de Ligagcdo a
Penicilina, a PBP2x e PBP1a, as quais ficam posicionadas ambas em regides finais
do locus cps, entre os genes dexB e aliA, que codifica a capsula do pneumococo
(Brueggemann et al.,, 2007), poderédo ser transferidas juntamente para a amostra
receptora.

Em 2008, o Clinical and Laboratory Standards Institute (CLSI) estabeleceu
novos pontos de corte para os RB-lactamicos como a penicilina e cefalosporinas,
devido a caracteristicas de farmocinética e farmocodindmica destes antimicrobianos,
levando em consideracdo o sitio de infeccao e a via de administracdo do farmaco.
Assim para a penicilina administrada por via intravenosa em casos de nao meningite,
houve uma modificacdo na MIC de < 0,06 pg/mL para < 2 ug/mL, de 0,12-1,0 pg/mL
para 4,0 ug/mL e de = 2,0 yg/mL para = 8,0 ug/mL, para os isolados identificados
como sensivel, intermediario e resistente, respectivamente. Além disso, para os
casos de meningite os isolados sdo categorizados como sensivel ou resistente,
assim os pontos de corte para penicilina administrada por via intravenosa sao de <
0,06 pg/mL ou = 0,12 ug/mL, respectivamente (CDC, 2008). A ado¢do dos novos
critérios fez com que a prevaléncia de resisténcia se modificasse, conforme alguns
exemplos a seguir: estudo realizado em Minas Gerais apds os novos critérios foi
observado diminuicdo nas taxas de resisténcia de 33% para 1% (Wolkers et al.,
2009). Na Coréia do Sul também ocorreu diminuicdo na proporcdo de isolados néo
suscetiveis a penicilina, de 80,4% para 27,9% (Lee et al., 2010). Estudo realizado
por Hampton e col. (2012) mostrou que sob o novo ponto de corte para a
administracao parenteral, a taxa de DPI causada por PNSP permaneceu abaixo das
taxas que existiam antes da introducao da PCV-7, exceto para os adultos com idade

entre 50-64 anos. Entretanto, de forma geral, dados avaliando a suscetibilidade a
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penicilina apdés as modificagbes determinadas pelo CLSI, sdo, ainda, escassos em
NOsso pais.

Os macrolideos atuam inibindo a sintese protéica do RNA ribossomal. A
resisténcia pode ocorrer de duas formas, ou devido a modificacdo no sitio ativo
mediado pela enzima ermB-metilase codificada pelo gene erm, que confere
resisténcia a todos macrolideos, lincosamidas e estreptogamina B. A producéo desta
enzima metilase é o principal mecanismo de resisténcia, conferida pelos genes
erm(B) responsavel pelos maiores MICs de eritromicina, e erm(TR). O outro
mecanismo de resisténcia é devido a bomba de efluxo, codificado pelos genes mef
(mefA e mefE). Este mecanismo de resisténcia ndo abrange a lincosamidas e
estreptogaminas ficando restrita apenas aos macrolideos, como caracteristicas
apresentam MICs menores. Existem também outros mecanismos menos frequentes
como mutagdes no gene 23S rRNA ou em proteinas ribossomais (Tait-Kamradt et
al., 2000; Leclercq & Courvalin, 2002).

As fluoroquinolonas agem em dois alvos importantes para a replicacdo
bacteriana, na DNA girase e na topoisomerase. Ambas as enzimas sdo compostas
por heterotetrametros com dois tipos de subunidades, chamadas de GyrA e GyrB na
DNA girase e ParC e ParE na topoisomerase V. A resisténcia é verificada devido ao
acumulo de mutacdes ponto na Regido Determinante de Resisténcia a Quinolonas
(QRDR), a maioria das mutacdes ocorre nas regibes de GyrA e/ou ParC,
apresentando MICs elevados. Ja mutacées em GyrB e ParE sdo menos frequentes e
geralmente conferem niveis de resisténcia mais baixo. Ha relatos que a resisténcia a
fluoroquinolonas pode ser devido a uma Unica mutacdo em ParC e GyrA (Lupien et
al., 2013).

A tetraciclina atua se ligando na subunidade ribossomal 30S inibindo a
sintese protéica, a resisténcia a este antimicrobiano € devido a presenca dos genes
Tet(M) e Tet(O), ou menos frequente devido a bombas de efluxo (Canton et al.,
2003; Montanari et al., 2003). O mecanismo de acdo da sulfametoxazol-trimetoprim
é de inibir a sintese do acido félico e a resisténcia € devido a mutagdes nos genes
folA e folP (Cornick et al., 2014).

Com a disseminacdo de isolados resistentes tornou-se necessario a
implementacdo e padronizacdo de técnicas de tipagem molecular com base
epidemioldgica como o PFGE (Pulsed Field Gel Electrophoresis) e MLST, bem como

a padronizacdo da nomenclatura destes clones. Assim, em 1997 foi criada, a
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Pneumococcal Molecular Epidemiology Network (PMEN) com o objetivo principal de
unificar a nomenclatura e a classificacdo de clones de S. pneumoniae resistentes os
antimicrobianos em todo o mundo, entretanto nos ultimos anos clones suscetiveis
aos antimicrobianos internacionalmente distribuidos também foram incluidos no
PMEN. O primeiro clone classificado pelo PMEN foi o clone Spain®*F-1 mostrando
resisténcia a macrolideos, fluoroquinolonas e rifampicina. Foi isolado pela primeira
vez na Espanha e pertencia ao sorotipo 23F. Esta € a ordem de classificacdo
padronizada pelo PMEN, ou seja, primeiro é colocado o nome do pais que
primeiramente foi identificado o isolado de pneumococo, em seguida vai 0 primeiro
sorotipo do clone encontrado e por ultimo o numero representando a ordem
cronoldgica que foi inserido no PMEN. Quando h& o switching capsular depois do
namero de classificagdo do PMEN ¢é inserido o sorotipo que ocorreu 0 mecanismo,
por exemplo, Spain®*7-1-19F (sorotipo 19F é uma variante do Spain®F-1).
Atualmente sdo descritos 43 clones no PMEN (PMEN, 2015).

A ocorréncia da resisténcia aos antimicrobianos ndo € homogénea entre as
diferentes localidades e nem ao longo do tempo, devido a pressao seletiva causada
pelo proprio uso dos antimicrobianos como pela circulagdo de clones resistentes. A
dispersédo de alguns isolados resistentes deve-se a expansado de poucos clones no
mundo. Nos EUA, durante o periodo de 2004 — 2005, portanto ainda sob a vigéncia
do antigo critério para definicAo de resisténcia, 63% dos isolados eram
multirresistentes estando associados principalmente a dois clones internacionais,
Taiwan*"-14 e Utah®®-24 (Richter et al., 2009).

Em Salvador durante o periodo de 1996 a 2012 um total de 20,3% dos
isolados de meningite foram ndo suscetiveis a penicilina. Havendo um aumentou de
PNSP de 18,8% em 1996 para 33,3% em 2012, mesmo apds 0S novos pontos de
corte (Santos et al., 2015).

Estudo realizado recentemente em Porto Alegre mostrou que poucos Sao 0s
isolados de DPI com nao suscetibilidade a penicilina e a ceftriaxona. Nao foram
encontrados neste estudo isolados com MIC a penicilina >4 upg/mL. A néo
suscetibilidade a penicilina ficou restrita aos sorotipos 14 e 19A, sendo que alguns
isolados pertencentes ao sorotipo 19A mostraram multirresisténcia, principalmente
relacionada a tetraciclina, eritromicina e a ndo suscetibilidade aos R-lactamicos.
Neste estudo apenas um isolado foi resistente a levofloxacina. Em relacdo aos

macrolideos, a ndo suscetibilidade foi de 8%, sendo associada principalmente com a
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presenca do gene mefA (44,0%). Todos os isolados que apresentavam o gene ermB
foram resistentes a clindamicina. A ndo suscetibilidade a eritromicina foi de 7,9%
(Caieréo et al., 2014).

Outro estudo realizado logo apds a introducdo da PCV-10 também nesta
cidade mostrou que a penicilina e ceftriaxona ainda s&o boas opcdes para o
tratamento de doenca pneumocoécica, exceto para casos de meningite, pois foi
verificado somente um isolado com suscetibilidade reduzida a penicilina (MIC= 4,0
png/mL) e dois a ceftriaxone (MIC= 2,0 ug/mL) todos estes isolados pertenciam ao
sorotipo 19A. Considerando os pontos de corte para meningites 6 dos 28 isolados de
liguor, ou seja, 21,4% foram resistentes a penicilina, estes pertenciam aos sorotipos
14, 3, 9V, 23F e 24F e todos foram sensiveis a ceftriaxona. Resisténcia a
eritromicina foi observada em 8,2% dos isolados, o gene mefA foi o0 mais frequente
(46,1%). Entretanto, o gene ermB esta associada com MIC= 256 upg/mL para
eritromicina, em trés isolados o teste fenotipico de resisténcia induzivel a
clindamicina, o teste D estava positivo indicando que nestes casos a clindamicina
nado deve ser utilizada. A ndo suscetibilidade a sulfametoxazol-trimetoprim e
tetraciclina foi de 37,7% e 22% respectivamente, e nenhum isolado apresentou
resisténcia a vancomicina (Mott et al., 2014).

2.0 Métodos de tipagem molecular em isolados de S. pneumoniae

Na investigacdo das infec¢cBes pneumocédcicas € muito importante conhecer
as relacdes genéticas entre os isolados, estudar suas rotas de transmisséo, avaliar o
impacto das intervencfes humanas, como a vacinacdo e determinar fontes de
infeccdo ou surto. Para realizar estas analises € preciso recorrer a métodos de
genotipagem. Atualmente, destacam-se o MLST e o PFGE, entretanto outro método,
o MLVA (Multi Locus Variable Number of Tandem Repeat Analysis) tem emergido
com uma ferramenta mais discriminatéria, barata e rapida que o MLST. O MLST e
MLVA sao Uteis para comparar perfis genotipicos entre diferentes regidées do mundo,
superiores ao PFGE que é uma técnica que se restringe a caracterizacéo
epidemiologica de micro-organismos localmente, ndo permitindo a comparagao dos

resultados entre laboratérios (McGee et al., 2001; Rayner et al., 2015).
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O MLST foi desenvolvido por Enright e Spratt em 1998. Esta técnica se
baseia na amplificacdo e posterior sequenciamento de sete genes constitutivos
(housekeeping) (genes aroE, gdh, gki, recP, spi, xpt e ddl) considerados estaveis e
menos propensos a eventos de recombinacdo que o restante do genoma, permitindo
estudar possiveis mudancgas que ocorrem na populacdo ao longo do tempo (Enright
& Spratt, 1998). Cada sequéncia obtida a partir dos sete genes gera uma sequéncia
tipo (Sequence Type ou ST) que ser4d comparada com um banco de dados
internacional, disponivel em www.pubmlst.org/spneumoniae/. Para que um isolado
seja considerado como pertencente ao mesmo Complexo Clonal (CC), este isolado
deve ter no minimo 5 alelos iguais entre os sete analisados. Entretanto o MSLT é
uma técnica cara e laboriosa, limitada a laboratorios que dispdéem de recursos para
sequenciamento. A base de dados internacional do MLST pode ser utilizada para
comparar isolados de pneumococo encontrados em varias regides do mundo
(Rayner et al., 2015). Com o objetivo de reduzir os custos e de ser uma técnica de
mais facil execucdo o MLVA foi desenvolvido, porém é mais utilizado para estudos
epidemioldgicos a curto prazo e surtos localizados (Koeck et al., 2005; Elberse et al.,
2011). O MLVA envolve a amplificacdo do nimero de repeti¢cdes (Variable Number
of Tandem Repeats — VNTR) de sequéncias curtas de DNA geralmente nao
codificantes, que se repetem em uma quantidade variavel dentro de um locus
génico, e o tamanho do produto de PCR amplificado varia de acordo com o tamanho
do fragmento. Os VNTR sao alvos da genotipagem por que ha mudltiplos loci ao
longo do genoma e eles séo polimérficos. Um dos grandes problemas € que existem
diferentes protocolos de MLVA que possuem como objetivo diminuir o nimero de
loci a ser realizado (Rayner et al., 2015). Entretanto, o protocolo que atualmente tem
maior poder discriminatorio, por que analisa mais regides, € o esquema proposto por
Koeck em 2005 que analisa 18 loci (Koeck et al., 2005). Para a técnica de MLVA
também ha um banco de dados de acesso livre, 0 qual compara os perfis,
atualmente ha 1087 diferentes genoétipos avaliados neste banco de dados
(www.mlva.eu). Até o momento ndo ha estudos brasileiros utilizando esta técnica de

tipagem molecular, ficando restrita a técnica de MLST e PFGE.
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2.1 Principais Perfis Genotipicos pertencentes ao sorotipo 19A

O PMEN relaciona apenas quatro clones internacionais para o sorotipo 19A, o
clone Hungary'®A-6 (ST268), S.Africa’®*-7 (ST75), CSR*®*-11 (ST175), e S.Africa’®-
13 (ST41) (PMEN, 2015). Serdo aqui abordados alguns dos principais clones do
sorotipo 19A.

A andlise molecular de isolados pertencentes ao sorotipo 19A mostra que a
maioria dos clones deste sorotipo nos EUA estava relacionada a expanséao clonal da
ST199, que ja existia antes da introducdo da PCV-7. O CC199 (ST199 e suas
variantes) predominava entre as amostras de 19A isoladas de criancas < 5 anos de
idade antes da era vacinal e durante 2003-2004, representando aproximadamente
70% das amostras invasivas identificadas (Pai et al., 2005). Novos gendétipos de 19A
foram também observados, em funcdo da ocorréncia de eventos de recombinacéao,
como o que ocorreu com o clone do sorotipo 19A ST199, em que um fragmento
contendo o locus capsular e duas proteinas ligadoras de penicilina adjacentes foram
transferidas para uma amostra receptora pertencente ao sorotipo 4 da ST695
(Brueggemann et al., 2007), tornando-se o terceiro clone mais comum entre 0s
casos de DPI ocasionados pelo sorotipo 19A em 2007 nos EUA (Beall, 2007 ).

Porém, apds a introducdo da PCV-7 nos EUA, a ST320 foi o clone mais
importante que emergiu relacionado ao sorotipo 19A. Esta ST € uma Doble Locus
Variant (DLV) da ST236 (clone Taiwan'®"—14), ou seja, elas compartilham cinco
alelos dos sete analisados pelo MLST (Hsieh et al., 2013). Conhecido também como
clone Taiwan**"—14 ou como PMEN14, primeiramente detectado como sendo do tipo
capsular vacinal 19F, quando foi caracterizado por MLST foi identificado em um
hospital Taiwanés em 1997, se espalhou globalmente antes da introducédo da PCV-
7, com caracteristicas de resisténcia aos antibioticos. Este clone pertence a ST236
gue sofreu um evento de switching capsular entre o sorotipo 19F e o sorotipo néo
vacinal 19A resultando na ST320 (Croucher et al., 2014).

A evolucao genética do clone ST236 para ST320, em que a ST320 melhor se
adaptou a colonizacdo da nasofaringe, nao reflete apenas na mudanca do sorotipo
capsular (switch), mas também nas mudancas de outros loci como a transferéncia
de genes relacionados com a resisténcia a penicilina (Hsieh et al., 2013).

Nos paises em que a PCV-7 é ausente ou que a cobertura vacinal € muito

baixa, também se verificou esta substituicAo entre a ST236 para a ST320,
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mostrando que a utilizagdo dos antimicrobianos, também pode estar associada com
a emergéncia do sorotipo 19A ST320. Além disso, um estudo mostrou que o sorotipo
19A pertencente a ST320 é mais virulento que seu ancestral, a ST236 (Hsieh et al.,
2013).

A ST271 é uma Single Locus Variant (SLV) da ST236, sendo idéntica em seis
dos genes analisados pelo MLST. Porém, a ST271 é menos resistente aos 3-
lactamicos que a maioria dos isolados PNEM 14 (ST236). As STs 236, 271 e 320
sao todas agrupadas dentro do CC320, que inclui também pneumococo ndo MDR
(Croucher etal., 2014).

Outra ST relacionada com o sorotipo 19A é a ST230 representando pelo
clone Denmark'*-32 é uma importante causa de manutencdo da resisténcia
antimicrobiana, sendo relatada antes da introducédo da vacina PCV-7 em Portugal
(Aguiar et al., 2010).

No Brasil e em paises da América Latina, o conhecimento sobre os diferentes
genatipos causadores da DPI é limitado, 0 que representa uma importante lacuna de
conhecimento. Em um dos primeiros estudos publicados que envolveu isolados de
DPI, predominantemente de paciente adultos, obtidos entre 2007 e 2012, do Sul do
Brasil, observou que entre os isolados pertencentes ao sorotipo 19A houve uma
consideravel diversidade genética quando comparada com outros sorotipos. Foram
descritas duas STs novas, a ST8800 e ST8884, esta ultima com fendtipo de
multirresisténcia sendo uma SLV da ST320. Também foram encontradas as STs:
ST2878, ST320, ST4967, ST199, ST733. Entretanto, a ST2878 foi a mais frequente
(36,4%), e é um clone identificado no Brasil em diferentes regibes e momentos,
sendo descrito pela primeira vez em 1998, mostrando que esta ST esta bem
adaptada em nosso pais. Neste estudo, também foram demonstrados sete eventos
de recombinacdo que nao tinham sido relatados anteriormente, sugerindo o evento
de switching capsular, sendo que um deles foi relacionado a ST4967 primeiramente
identificada como pertencendo ao sorotipo 23F e agora sendo relatada como
sorotipo 19A (Caierao et al., 2014).

As diferencas entre os perfis genotipicos relacionados com o sorotipo 19A
mostram a necessidade de mais estudos em nosso Pais, ja que a emergéncia deste
sorotipo ndo incluido na PCV-10 é preocupante, levando em consideracdo a

resisténcia relacionada com seus clones.
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3. JUSTIFICATIVA

O monitoramento das infecgBes pneumocadcicas invasivas é importante para o
estabelecimento de medidas de controle. O conhecimento sobre a distribuicdo dos
sorotipos e o perfil de resisténcia aos antimicrobianos sdo componentes
fundamentais neste processo. Embora existam caracteristicas gerais que definem
estes fendmenos, como a pressao seletiva causada pelo uso de antimicrobianos, ou
0S mecanismos de escape a vacinacdo, ha questbes especificas em espaco e
tempo gque exigem constante investigacdo. Ha uma lacuna de conhecimento sobre
esta questdo em paises como o Brasil. Estudos como este tém papel importante
sobre a necessidade futura de uma potencial substituicdo da vacina atualmente

distribuida para a populacéo.
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4. OBJETIVO

4.1 Objetivo Geral

Determinar a prevaléncia da resisténcia de Streptococcus pneumoniae aos
antimicrobianos, correlacionando com o sorotipo e gendtipos em isolados clinicos de

Porto Alegre, RS.

4.2 Objetivos Especificos

Verificar a prevaléncia da resisténcia antimicrobiana de isolados de S. pneumoniae

apos a introducdo da PCV-10;
Verificar os sorotipos prevalentes apés a PCV-10;
Correlacionar sorotipos e resisténcia,
Verificar a emergéncia de sorotipos ndo vacinais apés a PCV-10;
Avaliar o perfil de resisténcia dos isolados pertencentes ao sorotipo 19A.

Avaliar através da utilizacdo de técnicas de tipagem molecular, a relacdo clonal

entre os isolados do sorotipo 19A,;
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Objectives: To evaluate the susceptibility patterns among Streptococcus pneumoniae recovered during the
years 2010-2012 and to correlate these with serotypes.

Methods: Pneumococci from invasive sites were serotyped by sequential multiplex PCR and/or Quellung
reaction. Etest strips were used to determine the minimal inhibitory concentrations, and the Clinical and
Laboratory Standards Institute (CLSI) guidelines were used for interpretation. Genetic determinants of
macrolide resistance were assessed by PCR, and the occurrence of the D phenotype was analyzed
following the recommendations of the CLSI.

Keywords: Results: One hundred fifty-nine S. pneumoniae were studied; most were recovered from blood and were
SthPIOCOCCHS pneumoniae associated with serotypes 14, 3, 4, 23F, 20, 7F, 12F, 19A, and 19F. Pneumococcal conjugate vaccine PCV7,
Resistance PCV10, and PCV13 and 23-valent polysaccharide vaccine serotypes represented 38.2%, 48.7%, 64.5%, and
f/?cﬁﬂis 85.5%, respectively. B-Lactam non-susceptibility (non-meningitis) was basically related to serotype 19A.

For meningitis, it was observed in 21.4% (serotypes 14, 3, 9V, 23F, and 24F). Resistance to erythromycin
occurred in 8.2% and mefA was the most common macrolide genetic determinant. One isolate was
resistant to levofloxacin. Non-susceptibility to trimethoprim-sulfamethoxazole was 37.7% and to
tetracycline was 22.0%.
Conclusions: Our population of pneumococci represents a transition era, soon after the introduction of
PCV10. Non-susceptible patterns were found to be associated with classical PCV serotypes (especially
serotype 14), which is still highly prevalent, and non-PCV10 ones (19A), which may disseminate,
occupying the biological niche left by the vaccine serotypes.
© 2013 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases. All rights reserved.

However, antimicrobial resistance among Streptococcus pneumo-
niae has become a subject of concern, and as a result, empirical
therapeutic choices may be compromised.’

Penicillin is the most important antibiotic against pneumo-
coccal diseases. Strains with decreased susceptibility to penicillin

1. Introduction

The microbiological diagnosis of pneumococcal diseases is
frequently associated with challenging situations, such as the lack
of sensitivity of culture-related methodologies and the use of

antimicrobials prior to specimen collection.! Thus, the final
diagnosis is commonly based on clinical and epidemiological
characteristics of the disease, which results in empirical therapy.?

* This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike License, which permits non-
commercial use, distribution, and reproduction in any medium, provided the
original author and source are credited.

* Corresponding author.

E-mail address: julianaca@ufcspa.edu.br (J. Caierdo).

were first reported in the 1960s, and since that period, resistance
to this agent and other antimicrobials has been increasing
constantly, to various degrees, from one region to another.*-®
For the laboratory detection of penicillin and ceftriaxone
resistance, the Clinical and Laboratory Standards Institute (CLSI)
currently defines different breakpoints for meningitis and non-
meningitis isolates.’

Studies have reported that some resistance patterns may be
related to specific serotypes or clones, and the Pneumococcal
Molecular Epidemiology Network (PMEN) has described the most

1201-9712/$36.00 - see front matter © 2013 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. All rights reserved.
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relevant clones of antibiotic-resistant pneumococci.'® The increase
in penicillin non-susceptibility in the USA following the introduction
of the 7-valent pneumococcal conjugate vaccine (PCV7), which was
strongly associated with the dissemination of serotype 194, is a good
example of the clone-resistance pattern correlation.!!

The introduction of different formulations of conjugate vaccines,
as well as other variables, has contributed to changes in antimicro-
bial resistance worldwide.® In Brazil, a 10-valent vaccine (PCV10)
has been introduced for children aged less than 2 years as part of the
national program of immunization; however its effect on serotype
distribution and antimicrobial resistance in this country are yet to be
determined. As the diversity of serotypes and the increasing
resistance to antibiotics are two essential elements that must be
taken into account for the prevention and management of
pneumococcal infections,>'? the objective of the present study
was to evaluate the susceptibility patterns among S. pneumoniae
recovered during the years 2010-2012 and to correlate these with
serotypes.

2. Materials and methods
2.1. Bacterial isolates

A total of 159 non-duplicate S. pneumoniae isolates were
included in the study. They were isolated from January 2010 to
April 2012 in three general hospitals in Porto Alegre, Brazil. The
study included isolates from patients with invasive pneumococcal
diseases (IPD). The isolates were maintained at —80 °C and the
species identification was done by routine tests: colony morphol-
ogy, optochin susceptibility, and sodium deoxycholate lysis.'?

2.2. Serotyping

Isolates were serotyped using a sequential multiplex PCR'*
targeting the 30 most common serotypes related to IPD in Latin
America plus the capsular polysaccharide (cps) gene. For most
isolates that presented amplification of only the cps gene, the
Quellung reaction was performed using pool-, type-, and factor-
specific antisera kindly provided by the US Centers for Disease
Control and Prevention (CDC).

2.3. Susceptibility tests

Etest strips (AB Biodisk, Stockholm, Sweden) were used to
determine the minimal inhibitory concentration (MIC), following
the manufacturer’s instructions. MICs for penicillin, ceftriaxone,
vancomycin, meropenem, erythromycin, levofloxacin, tetracycline,
and trimethoprim-sulfamethoxazole were evaluated. Interpreta-
tion of the results was done in accordance with the CLSI guidelines
(2013),° taking into account the site of isolation to set the penicillin
and ceftriaxone susceptibilities. Etest MICs were rounded up to a
standard two-fold agar dilution scale. The reference strain S.
pneumoniae ATCC 49619 was used for quality control.

2.4. Inducible resistance to clindamycin

To determine the erythromycin inducible resistance to clinda-
mycin, isolates presenting resistance to erythromycin and suscepti-
bility or intermediate resistance to clindamycin were submitted to
D-zone test, following the 2013 CLSI recommendations.®

2.5. Genetic determinants of macrolide resistance
Isolates presenting a MIC >0.5 pg/ml for erythromycin were

submitted to a duplex PCR reaction for the detection of the ermB
and mefA genes, in accordance with Widdowson and Klugman.'®

Briefly, approximately 100 ng of DNA were used as template in a
20-pl reaction with 0.75 M of each primer and 2 U of Taqg DNA
polymerase, at an annealing temperature of 56 °C. PCR products
were visualized on a 2% TBE (Tris-borate-ethylenediaminetetraa-
cetic acid (EDTA)) agarose gel, containing 0.5 pg/ml of ethidium
bromide.

3. Results

We studied 159 S. pneumoniae isolates obtained from invasive
sites, including blood (n = 124), cerebrospinal fluid (CSF) (n = 28),
pleural fluid (n = 5), peritoneal fluid (n = 1), and joint fluid (n=1).
Patients ranged in age from 0 to 94 years, with an average of 47.9
years. Seventeen patients (10.7%) were aged <5 years and 39
(24.5%) were aged >65 years. Age was not available in the records
for 13 patients and three others were identified as ‘pediatric’
without a defined age.

The distribution of serotypes found among isolates (in general
and stratified by age) is shown in Table 1. Three isolates could not

Table 1
Serotype distribution of 159 pneumococcal isolates from invasive infections; Porto
Alegre, Brazil, 2010-2012

Serotype Vaccine formulation® Number of isolates
Total <5 years >6 years
old old
1 PCV10, PVC13, and PV23 3 - 3
3 PCV13 and PV23 13 2 11
4 PCV7, PCV10, PCV13, 15 - 15
and PV23
5 PCV10, PVC13, and PV23 2 - 2
6A PCV13 4 1 3
Serogroup 6 ? 1 - 1
6B PCV7, PCV10, PVC13, 5 1 4
and PV23
6C - 2 1
7C - 1 - 1
7F PCV10, PVC13, 11 - 11
and PV23
8 PV23 5 1 4
9A - 1 - 1
9N PV23 1 - 1
9V PCV7, PCV10, PVC13, 6 - 6
and PV23
10A PV23 1 - 1
11A PV23 4 - 4
12F PV23 11 - 11
14 PCV7, PCV10, PVC13, 16 6 10
and PV23
15B PV23 1 - 1
16F - 2 - 2
17F PV23 1 - 1
18A - 1 - 1
18C PCV7, PCV10, PVC13, 1 - 1
and PV23
19A PVC13, and PV23 7 1 6
19F PCV7, PCV10, PVC13, 5 2 3
and PV23
20 PV23 12 - 12
22F PV23 1 - 1
23F PCV7, PCV10, PVC13, 10 1 9
and PV23
24F - 4 - 4
28A - 1 - 1
34 - 1 - 1
35F - 2 - 2
38 - 2 1 1
Non-typeable - 3 - 3
Not available for - 3 - 3
serotyping
Total 159 17 142

2 PCV 7, 10, and 13 =pneumococcal conjugated vaccine with 7, 10, and 13
serotypes; PV23 =23-valent polysaccharide vaccine.
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Table 2
Prevalence of resistance and the MICso and MICyg among 159 invasive pneumococcal isolates; Porto Alegre, Brazil, 2010-2012
Susceptibility MIC
R (%) 1(%) S (%) MICso (p.g/ml) MICyp (prg/ml)
Penicillin (non-meningitis) 0 1 (0.6) 158 (99.4) 0.025 1
Ceftriaxone (non-meningitis) 0 2 (1.3) 157 (98.7) 0.016 0.5
Meropenem 1(0.6) 6 (3.8) 152 (95.6) 0.006 0.25
Erythromycin 13 (8.2) 0 146 (91.8) 0.125 0.25
Tetracycline® 30(19) 5(3.2) 123 (77.8) 0.25 16
Levofloxacin 1(0.63) 0 158 (99.4) 1 1
Trimethoprim-sulfamethoxazole 32 (20.1) 28 (17.6) 99 (62.3) 0.25 4

MIC, minimal inhibitory concentration; R, resistant; I, intermediate; S, susceptible.
@ Statistically significant.
b One isolate was not available for tetracycline testing.

be recovered for serotyping, and one isolate belonging to serogroup
6 (according to the sequential multiplex PCR procedure) was not
available for Quellung reaction. A total of 33 different serotypes
were identified. Isolates belonging to serotypes 14 (n=16), 4
(n=15), 3 (n=13), 20 (n=12), 7F (n=11), 12F (n=11), 23F
(n=10),19A(n=7),9V (n=6),6B (n=5), and 19F (n = 5) were the
most frequently found. Three isolates were defined as non-
typeable by Quellung reaction. Serotypes included in the 7-, 10-,
and 13-valent conjugate vaccines and the 23-valent polysaccha-
ride vaccine represented 38.2% (n=58), 48.7% (n=74), 64.5%
(n=98),and 85.5% (n = 130), respectively, of the 152 isolates with a
defined serotype. Among children aged <5 years (n = 17), serotype
14 was again the most common, but at this time more
representative (35.5% vs. 7.0% in the population >5 years old).
Vaccine coverage in this group was 58.8%, 58.8%, and 82.3% for the
7-,10-, and 13-valent conjugate vaccines, respectively. In the even
more restrictive group (under 2 years of age, n = 12), the vaccine
coverage was 58.3%, 58.3%, and 83.3%. Taking into account people
aged >65 years, these numbers decreased further: 30.8% (12/39),
33.3% (14/39), and 41.0% (18/40) for the 7-, 10-, and 13-valent
conjugate vaccines, respectively. However, the polysaccharide
vaccine (PPV23) had 71.8% coverage in this specific population.
Table 2 presents the prevalence of resistance and the MICsg and
MICgo for the 159 pneumococcal isolates. One isolate was not
available for tetracycline testing. Regardless of resistance rates, the
most potent drugs against pneumococci were meropenem and
erythromycin (MICgg = 0.25 pg/ml). All isolates were susceptible to

Table 3

penicillin and ceftriaxone (non-meningitis breakpoints); however,
intermediate resistance was found to penicillin (one isolate) and
ceftriaxone (two isolates), all isolates serotyped as 19A. Considering
the meningitis breakpoint (>0.125 pg/ml), resistance to penicillin
was observed in 6/28 (21.4%) isolates obtained from CSF, belonging
to the following serotypes: 14 (twoisolates), 3,9V, 23F, and 24F (one
isolate each). All CSF isolates were susceptible to ceftriaxone
(meningitis breakpoint). Characteristics of pneumococci presenting
resistance to penicillin (intermediate, non-meningitis), to ceftriax-
one (intermediate or full, meningitis or non-meningitis), and to
meropenem (intermediate or full resistance), the serotypes, and
resistance to other antimicrobials are detailed in Table 3. Penicillin
MICs higher than 0.06 p.g/ml were more frequently associated with
serotypes 14 (32.0%), 23F (12.0%), 9V (12.0%), 19A (8.0%), and 19F
(6.0%), representing 70.0% of all cases.

Resistance (MIC >1 pg/ml) to erythromycin was observed in
8.2%(13/159) of the isolates. The mefA gene alone was amplified in
6/13 (46.1%) and the ermB gene alone in 4/13 (30.8%) pneumococ-
ci; both genes were amplified in 3/13 (23.0%). The presence of ermB
(alone or with mefA) was associated with a MIC >256 pg/ml.
Table 4 shows the distribution of genes involved in erythromycin
resistance, the results of the D-test, and serotypes found among
THESE pneumococci.

Isolates were fully susceptible to vancomycin (MICso and
MICgp = 0.5 pg/ml). Only one S. pneumoniae, isolated from a blood
culture, was resistant to levofloxacin, with a MIC of 16 pg/ml; this
isolate belonged to serotype 23F. Higher levels of non-susceptibility

Characteristics of isolates presenting resistance to penicillin (intermediate, non-meningitis), to ceftriaxone (intermediate or full, meningitis or non-meningitis), and to

meropenem (intermediate or full resistance)

[solate number Serotype Specimen Patient age (years) MIC (g/ml) ermB gene mefA gene
PEN CRO MER ERY TET
033.12 14 Blood 27 2 1 0.5 0.047 0.125 ND ND
008.11 14 Blood Pediatric 1 0.5 0.5 24 0.125 Neg Pos
112.11 14 Pleural fluid 2 0.5 0.5 0.5 24 0.25 Neg Pos
162.11 14 blood 4 1 0.5 0.5 16 <0.25 Neg Pos
164.11 14 blood 4 1.5 0.5 0.5 8 1 Neg Pos
025.12 19A Blood 67 4 2 1 >256 6 Pos Pos
167.11 19A Blood 67 2.0 2 0.5 >256 8 Pos Pos

MIC, minimal inhibitory concentration; PEN, penicillin; CRO, ceftriaxone; MER, meropenem; ERY, erythromycin; TET, tetracycline; ND, not done.

Table 4

Distribution of the genes involved among the 13 erythromycin-resistant isolates, serotypes found, minimal inhibitory concentrations, and results of the D-test

Genes involved n Serotypes (number in parenthesis) MIC or MIC range (g/ml) D-test results
mefA 6 14 (5), 19A, non-typeable (1) 1.5-24 Neg

ermB 4 6B (1), 19F (1), 23F (1), 24F (1) >256 Neg (2); Pos (2)
mefA +ermB 3 19A (2), 19F (1) >256 Pos

MIC, minimal inhibitory concentration.
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were observed for trimethoprim-sulfamethoxazole (37.7%: 20.1%
intermediate and 17.6% resistant) and tetracycline (22.0%: 18.9%
intermediate and 3.1% resistant).

4. Discussion

Pneumococcal disease is a global public health problem,
especially in developing countries. In these regions, epidemiologi-
cal surveillance focusing on the serotype distribution and
resistance profiles of pneumococci is of great importance to
reduce the burden of the disease and to improve therapy. A
comprehensive understanding of antimicrobial resistance and the
influence of serotypes on the susceptibility profiles should be
obtained from investigations with pneumococci gathered from
different parts of the world. In this context, the present study
generated epidemiological data on the pneumococci circulating in
the South of Brazil, taking into account the occurrence of
antimicrobial resistance and its correlation with serotypes.

Many studies around the world have demonstrated an
increasing trend in resistance of pneumococci to various classes
of antimicrobials,*~812 both in regions where a conjugated vaccine
is available and efficiently provided to the population,® and where
there is no active public vaccination program.® In the former
context, the fact is possibly explained by the replacement of
vaccine serotypes with others, which may present worrying
resistance rates; serotype 19A is a classical example. In the second
group, the reduced susceptibility may be especially related to the
circulation of vaccine serotypes typically associated with antimi-
crobial resistance, such as 14, 19F, and 23F. Therefore, regardless of
the existence or not of a vaccination program, resistance among
pneumococci is becoming a matter of concern.

Our pneumococci represent post-vaccination isolates. Howev-
er, considering that our study population consisted mostly of
adults, we may expect the findings to represent a transition era, i.e.,
not enough time has elapsed to observe the effects of vaccination
(herd immunity) on the adult population. Indeed, almost half
(47.4%) of our pneumococcal isolates represented PCV10 sero-
types, while the remaining isolates represented mixed non-PCV10
ones. According to Afonso et al.,'® vaccine coverage in Porto Alegre
is around 80%, which is lower than in other cities of Brazil.
Altogether, these data support this being a transitional period.

Dos Santos et al.'” first evaluated the distribution of serotypes
among invasive disease before and after the implementation of
PCV10 in Brazil. As expected, the incidence of PCV10 serotypes
decreased in a comparison of the two periods, although the
reduction was statistically significant only for the population aged
<2 years. This reinforces the concept that a longer period of time
needs to elapse from the implementation of PCV10 to observe its
effect on the adult population (transition period). Among PCV10
serotypes, 14, 1, 5, and 7F were in the group of serotypes with a
higher incidence during both periods observed by Dos Santos et al.
Regarding non-PCV10 serotypes, 19A, 3, and 12F were predomi-
nant in this group. Although these data are from a different
geographical region of Brazil, our serotype distribution results are,
in general, consistent with those observed in that study. Our
isolates present a wide distribution of serotypes, which include
members of the different vaccine formulations, but 17.7% of them
are not included in the most comprehensive of the vaccines, PPV23.

Among children (age <5 years), the proportion of isolates
belonging to serotypes included in the vaccine (PCV10) was lower
compared to values observed in other Brazilian studies (58% vs.
75.7-80%'718), However, it is necessary to note that our data are
derived from a relatively limited number of isolates, which
compromises the interpretation of the results.

With regard to our general population, PCV10 coverage was
even lower. This may be explained in part by the circulation of

serotypes not related to PCV10, such as 12F, 7F, 20, and 19A.
Attention should be drawn to the fact that serotypes such as 12F
and 20, which were among the six most frequent, are not included
in the available conjugate vaccines. This highlights the possibility
of the emergence of these serotypes in the future.

In general, our resistance rates are lower than those observed in
other countries with vaccination programs.®®!° In groups where
there is no active vaccination, or where vaccine coverage is not
wide, resistance rates have also been higher than ours. In these
cases, the most common serotypes recovered have been 14, 23F,
6B, and 19F, classical PCV7 ones.** In Latin America, knowledge of
the circulating pneumococci is limited. Data from the SIREVA
project, connected to the Pan American Health Organization, have
shown reduced susceptibility to penicillin in 38% of isolates, with
an increasing trend in some countries, including Brazil.?° Data
from Brazil are still scarce and fragmented. Some studies have
shown low?!?? or no?? rates of non-susceptibility to penicillin,
whereas others have indicated rates around 20%;2%-2° serotypes
14, 23F, 6B, and 19F have been most commonly associated with
this resistance in brazilian studies.>**

Full resistance (MIC >4.0 p.g/ml) to penicillin was not found
among the isolates included in this study. However, pneumococci
showing intermediate or full resistance to [3-lactams were
observed, and this was associated with serotypes 14 and 19A.
The characteristics of patients are distinct among those with
serotype 14 and 19A. Patients with infection due to resistant
serotype 14 isolates were younger (four children and one aged 27
years), whereas patients with 19A infections were older (>65
years). Also, P-lactam-resistant isolates of serotype 14 were
resistant to erythromycin due to the presence of the mefA gene,
while those belonging to serotype 19A harbored the ermB gene and
had higher erythromycin MICs (>256 pg/ml). Both of these
serotypes contain clones associated with resistance that are
internationally distributed, such as sequence types ST156 (sero-
type 14) and ST320 (serotype 19A). While serotype 14 has
historically (pre-vaccination period) been associated with penicil-
lin resistance, with ST156 distributed worldwide including in
Brazil, 2> many studies in the post-vaccination era have pointed to
the important relationship between 19A and penicillin non-
susceptibility.® 1826

As noted above, among patients infected with non-susceptible
serotype 14 pneumococci, four out of five were children, one of
them without a defined age (‘pediatric’). Two of them were 4 years
old at the time of specimen collection (2011), which suggests that
these patients did not receive the 2010 PCV10 immunization. The
remaining patients were 2 years old (2011). These data may
explain the occurrence of resistant serotype 14 among our
pediatric population. However, as the number of children included
in the study was low, statistical power is lacking to support
information considering serotype distribution and antimicrobial
susceptibility characteristics in this specific age group.

Another important therapeutic choice for pneumococcal
infections is the macrolides. Resistance to erythromycin varies,
in general from 25% to near 50%.>® However, rates as high as 92%
have been reported in some regions.® As shown by Mendonca-
Souza et al.?” in a large prospective study of isolates from three
major cities in Brazil, pneumococci belonging to serotype 19A have
been circulating in our region since 1996, recovered particularly
from non-invasive sites and presenting resistance to erythromycin,
tetracycline, and penicillin (previous 2008 CLSI breakpoints).
Vaccination may provide conditions for the emergence of non-
PCV10 serotypes, such as 19A. Further studies involving genotyp-
ing and clonality are necessary to better determine the influence of
such specific clones on antibiotic resistance in Brazil. It is also
important to highlight the occurrence of isolates exhibiting both
ermB and mefA genes among serotypes 19A and 19F.
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In a recent study in Brazil,> no quinolone resistance and only

one isolate with intermediate resistance was observed among
invasive and non-invasive pneumococci. Similar results were
found in the current study (one fully resistant isolate) and by
another group of authors in Latin America.?® Although our data are
also in agreement with those of other Brazilian studies with regard
to tetracycline resistance (between 20% and 30%), some authors
have shown higher trimethoprim-sulfamethoxazole resistance
rates (up to 60%) in other regions of the country.?*?>

Our study has some limitations. As we did not have a pre-
vaccination population, we were unable to evaluate the impact of
vaccination on resistance rates in our region. We also emphasize
that serotyping the strains before starting a vaccination campaign
is highly recommended for future experience. Also, as mentioned,
our population included a small number of patients less than 5
years of age. Thus, we were not able to evaluate the initial effects of
the vaccination appropriately, once children became the target for
first-stage processing.

Nevertheless, our data provide important information on the
susceptibility profile of pneumococci soon after the introduction of
the vaccination. To our knowledge, this is among the first works to
provide information on the pneumococcal serotype distribution
following implementation of vaccination in Brazil. Our data show
the occurrence of non-susceptibility to penicillin and other (-
lactams among serotypes 14 and 19A. It is expected that the
finding of serotype 14 in invasive disease will be massively
reduced as the effect of PCV10 is increasingly observed. On the
other hand, because serotype 19A is not included in the current
vaccine formulation, non-susceptible isolates may increase in our
region. In this context, epidemiological studies should be done
systematically to evaluate the long-term effects of vaccination on
serotype distribution and how changes in the distribution of
serotypes in the post-vaccination era will impact resistance rates
in the pneumococcal population.
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5.2 MANUSCRITO Il

Emergence of serotype 19A after PCV10 associated with a ST320 in adult
population, in Porto Alegre, BRAZIL. Sera submetido a revista Epidemiology
& Infection, cujas normas para a publicacdo estdo apresentadas como anexo

deste documento.
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SUMMARY

Use of pneumococcal conjugate vaccine may cause the emergence of
non-vaccine serotypes, as 19A. As far as we know, no Brazilian data
specifically related to this serotype is available. We aimed to evaluate frequency
of occurrence, susceptibility profile and molecular epidemiology of serotype 19A
before and after vaccination in Brazil. ldentification was conventionally
performed. Serotypes were defined by multiplex PCR and/or Quellung.
Resistance was determined by Etest and duplex PCR was used to determine
the presence of ermB and/or mefA. Pneumococci were typed by MLST and
MLVA. Serotype 19A consistently emerged after vaccine from 3.46% to 8.10%
(p = 0.04196). 38 S. pneumoniae serotype 19A were recovered mostly from
invasive sites. Non susceptibility increased to most antimicrobials after vaccine
and was associated to CC 320. MLST showed nine different STs, which were
grouped in two different clonal complexes: CC320 (63.9%) and CC236 (13.9%).
Considering only post vaccine period, frequency of this serotype increased
significantly (p= 0.00001) from 1.24% in 2011 to 18.51% in 2014, decreasing
the genetic variability: ST 320 consistently predominated after vaccination
(61.1%). Overall, our results showed a post PCV10 increase in the frequency of
serotype 19A. This was accompanied by a selection of CC320 and antimicrobial

resistance.

Keywords: Streptococcus pneumoniae, Serotype 19A, ST320, Brazil.
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INTRODUCTION

Infections caused by Streptococcus pneumoniae are a public health
problem worldwide, notably in developing countries, with high morbidity and
mortality rates [1,2]. In order to reduce the occurrence of pneumococcal
diseases, as well as the dissemination of isolates non-susceptible to penicillin

and/or multidrug-resistant, vaccination is a powerful tool [3].

Since the implementation of 7-valent polysaccharide formula (PCV-7), an
increased participation of non-PCV7 serotypes, such as 19A, in invasive
diseases has been observed in some countries [4, 5, 6, 7, 8]. Serotype 19A,
mainly ST 320 [9], has been associated with higher resistance rates, including

penicillin non-susceptibility and multidrug-resistance [7, 8, 10].

To control the worrisome emergence of this (and other) serotypes, 13-
valent (PCV-13) formula (adding serotypes 1, 3, 5, 6A, 7F and 19A) was
implemented for use in US [11]. In Brazil, the 10-valent (PCV10) vaccine, which
does not contain serotype 19A, has been licensed for routine child immunization
since 2010. Its positive impact is clearly observed, decreasing the incidence of
invasive pneumococcal disease, their mortality rates, the hospitalization rates
due to pneumonia and the occurrence of vaccine serotypes [12, 13, 14, 15, 16].
Despite these expected and unquestionable benefits, non-PCV10 serotypes,
including 19A, may emerge because of selective pressure. The knowledge of
these epidemiological changes is a subject of concern to an eventual need of

adequacy of vaccine formulas.

As far as we know, studies focusing on isolates of serotype 19A from

Brazil had not been published yet. This encouraged us to analyze the
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frequency of occurrence, susceptibility profile and molecular epidemiology of
serotype 19A S. pneumoniae recovered from invasive and non-invasive sites

from pre and post vaccine periods in Porto Alegre, South Brazil.

METHODS

S. pneumoniae of serotype 19A obtained from patients with invasive and
non-invasive disease from 2008 to 2014 were included in this retrospective
study. Isolates recovered from 2008 to 2010 were considered pre-vaccine, while
the ones recovered from 2011 to 2014 were the post-vaccine isolates. These
isolates were obtained from three hospitals in Porto Alegre, South Brazil:
Grupo Hospitalar Conceicdo (GHC), Hospital Mae de Deus (HMD), and
Hospital de Clinicas de Porto Alegre (HCPA), which had the study approved by
their Research Ethics Commitee. Identification was performed as described
elsewhere: Gram stain, optochin susceptibility and bile solubility [17]. Isolates

were serotyped using sequential multiplex PCR [18] and/or Quellung reaction.

Minimal Inhibitory Concentrations (MICs) for penicillin, ceftriaxone,
meropenem, tetracycline, erythromycin, trimethoprim-sulfamethoxazole,
levofloxacin and vancomycin were determined using E-test strips, following the
manufacturer’'s instruction, and interpreted according to breakpoints
recommended by Clinical and Laboratory Standards Institute (CLSI) [19]. The
reference strain S. pneumoniae ATCC 49619 was included for quality control
purposes. Isolates non-susceptible to erythromycin were submitted to duplex

PCR reaction for the detection ermB and mefA genes [20].
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Molecular typing of serotype 19A was performed using Multilocus
Sequence Typing (MLST), according to Enright & Spratt [21], and Multiple-
Locus Variable Number of Tandem Repeat Analysis (MLVA), which was
performed according to Koeck and co-workers [22] with 18 simplex PCR
reactions. S. pneumoniae ATCC BAA-255 (R6) was included as reaction
control. Results generated MLVA Types (MT), which belonged to the same
Clonal Group (CG) if at least 13 of the 18 loci were identical (more 70%

similarity).

Statistical analysis was performed using qui-squared test and Fisher’s
exact test whenever necessary. Results were considered statistically significant

when p< 0.05.

RESULTS AND DISCUSSION

From 2008 to 2014, 568 S. pneumoniae were serotyped, 30.46%
(173/568) recovered during pre-vaccine period and 69.54% (395/568)
recovered post vaccination. Of note, pneumococci were mainly (60.91%,
346/568) recovered from older children (5-18 years old) and adults (19-64 years
old): 8.63% (49/568) from children less than 5 years, 25.53% (145/568) from
elderly (> 65 years old). No defined age was available on medical records for
4.93% (28/568). Also, invasive sites were mainly the origin of pneumococci,
representing 74.29% (422/568), while non-invasive samples were the source of
isolation of 22.71% (129/568), and 17 pneumococci were from unknown sites.
Overall, 38 out of 568 (6.69%) were serotyped as 19A: 3.46% (6/173) before

and 8.10% (32/395) after vaccination, demonstrating a statistically significant
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increase in the frequency of this serotype (p = 0.04196) [Figure 1]. It was
notably observed among invasive samples (83.78% - 31/37), mainly blood (one
isolate has not information about site of origin). Age of patients belonging to
serotype 19A ranged from 1 to 80 years old (average: 46.55 years old; median:

54 years old). Only 5 (13.15%) patients had 5 years old or less.

Considering post vaccine period, year-by-year, proportion of 19A
serotype increased. In 2011 it was 1.24% (2/161); 2012, 10.38% (8/77); 2013,
9.21% (7/76); and in 2014 it was 18.51% (15/81). Comparing 2011 with 2014,

frequency of this serotype increased significantly (p= 0.00001) [Figure 1].

MLST was performed for 36 isolates, 5 pre and 31 post vaccine. Nine
different STs were observed and isolates were grouped in two different clonal
complexes: CC320 (63.9%; 23/36) and CC236 (13.9%; 5/36). The remaining
isolates represented singletons [Table 1]. Both, ST 2878 and ST 9678, are
single locus variant (SLV) of ST 236, which is the ST of the PMEN clone
Taiwan'®" — 14. While ST 199 and ST 2878 were recovered either during pre
and post vaccine period, some had presented period specificity: ST 8800 and
ST 4967 were exclusively observed previous vaccination and the remaining
only appeared after vaccine implementation (CC320, ST 2260, ST 733 and ST
9678) [Figure 2]. According to MLST database, most of STs described among
our isolates belong exclusively to serotype 19A (ST 2878, ST 9678, ST 8800,
ST 2260 and ST 8884). Interestingly, all but ST 8800 were previously recovered

in Brazil.

On the other hand, some STs are represented by more than one

serotype and/or serotypes other than 19A [Table 2]. For example, according to
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MLST database [23], ST 733 was first recovered from a patient in Brazil in 2001
and it was an isolate belonging to serotype 19F. After that, all other 4 ST 733
isolates (1 from Germany and 3 from Brazil) were serotyped as 19A.
Nevertheless; and also considering MLST database, ST 4967 previously

described in Brazil were serotyped as 23F.

Penicillin MICs were determined for 35 isolates (5 pre- and 30 post-
vaccine) and varied from < 0.03 to 4 ug/mL. MICso and MICy for all isolates of
serotype 19A were 1.5 and 4 pg/mL, respectively. However, if isolates of CC
320 are not considered, MICsy, and MICgyy consistently decrease to 0.094 ug/mL
and 0.12 ug/mL, respectively. Ceftriaxone MICs for all isolates varied from <
0.03 pg/mL to 2.0 pg/mL. MICso was 1.0 pg/mL and MICgy, 2.0 ng/mL. Again,
MICso and MICyy decrease if CC 320 are not included: 0.047ug/mL and 0.064

ug/mL, respectively.

Table 3 brings the susceptibility profile of all isolates. We had observed
non-susceptibility neither to vancomycin nor to levofloxacin. Considering all
other antimicrobials, an increased frequency of non-susceptibility was seen post

vaccination, mostly associated with ST 320 [Table 3 and 4].

Thirty five isolates were typed using MLVA, which was, in general, more
discriminatory than MLST [Figure 3]. Among ST 320, isolates presented four
different MLVA profiles, and the one named MT 19A.1 was the most common
(68.2%; 15/22), which was also the MLVA type of ST 8884, a SLV of ST 320.

ST 733 and ST 2878 were also related to more than one MLVA type.

Serotype 19A has been a subject of concern in some regions since PCV-

7 implementation [7, 8, 24, 25, 26]. As far as we know, this is the first Brazilian
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study to evaluate frequency of occurrence, susceptibility profile and molecular

epidemiology of this serotype before and after vaccination with PCV10.

Data from Latin America showed that, from 1990 to 2010, this serotype
increased from 1.5% to 4.9% [27]. On the other hand, a study conducted by
Santos and co-workers [13], demonstrated a stable incidence of serotype 19A
among Brazilian children, soon after PCV10 implementation. Also, our group
described a not significant increase in the frequency of serotype 19A among

adult, comparing pre and post vaccination period [28].

Domingues and co-workers [14] designed a study to evaluate the
effectiveness of PCV10 vaccine against invasive pneumococcal diseases in
Brazilian children, and serotype 19A was the third most common; however,
such case-control study concluded that PCV10 might provide cross-
protection against serotype 19A. We must consider that young adults
predominantly compose our study, cross-protection may not be observed
among them. Apart that, our data show that increase of serotype 19A was
consistent comparing pre and post vaccine period. It should be considered,
however, that the increase in 19A is unlikely to be caused exclusively by
vaccination. Other factors may be associated, as antimicrobial use. It was
demonstrated in South Korea, where the spread of the multidrug-resistant CC
320 in the absence of a vaccination program was attributed to antibiotic

pressure [29]. Temporal serotype variation must be also considered [30].

The challenges inherent to some specific clones of serotype 19A also
clearly appeared in our study, i.e., antimicrobial resistance. Indeed, molecular

epidemiology analysis clearly demonstrated a selection, post vaccine, of CC
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320, decreasing considerably the genetic variability of serotype 19A population.
It is well known the relationship between this CC and penicillin non-susceptibility
and/or multiresistant isolates [7, 8, 9]. Undoubtedly, it had become highlighted

in our data.

ST 320 is a DLV (Doble Locus Variant) of the worldwide-established
Taiwan'®"-14 (ST 236) clone, primarily associated with serotype vaccine 19F,
which, by capsular switching, resulted in the ST 320 [31]. The genetic evolution
from ST 236 to ST 320 not only provided advantages in the colonization
process, but also was associated with transference of penicillin resistant genes
[32]. ST 320 was more important clone that emerged after introduction PCV-7 in
several regions the world, mainly in the United States of America [7, 9, 32, 33],
becoming a subject of concern worldwide because of its consistent association

with antibiotic resistance [31].

Interestingly, we could see some combinations of ST and serotype that
may represent a capsular switching. ST733, for example, may be a 19F -19A
switching, as the first described pneumococci (2001) of this ST belonged to
serotype 19F. Also, ST4967 was described in Brazil as serotype 23F
pneumococci (MLST database) [23]. What is not so obvious in this molecular
event is the fact we recovered our 19A belonging to ST4967 before vaccine.
However, it does not exclude the fact that this capsular switching may have
occurred as a response of selective pressures from other global regions and,

then, came to Braazil.

MLVA analysis was more discriminatory among our isolates, subtyping

some STs, such as ST320. As this technique takes into consideration regions
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other than housekeeping genes, what are the biological conditions that
determine changes in this locus remains to be determined, as well as the
stability of this variations. We had not find any critical characteristic (such as
resistance profile, patient’s age, source of the isolate) that could be associated

with a specific MLVA subtype.

Higher MICs for penicillin and ceftriaxone occurred only ST320 and
ST8884, as well as the increased proportion of multidrug-resistance. However
vancomycin and levofloxacin showing to have good activity for pneumococcal
disease. The presence ermB and mefA genes were observed only in ST320
and ST8884 isolates. The ermB gene was associates with higher MICs for
erythromycin. Study previously performed in Brazil showed that non-
susceptibility to penicillin and ceftriaxone were low (0.6% and 1.3%,

respectively), being present in isolates belonging to serotypes 19A and 14 [34].

Overall, our results showed a consistent post PCV10 increase in the
frequency of serotype 19A in invasive and non-invasive isolates of S.
pneumoniae. This was accompanied by a selection of CC320, and,
consequently, antimicrobial non-susceptibility also increased consistently.
Surveillance studies must be performed systematically to determine if this data

will be confirmed in the following years.



240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257
258
259
260
261
262
263
264
265
266

66

Acknowledgements

We thank the Streptococcus Laboratory of the US Centers for Disease

Control and Prevention for technical support.

Financial support

This work was supported by Comisséo de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES) and Fundacdo de Amparo a Pesquisa do Estado do

Rio Grande do Sul (FAPERGS).

Conflict of interest

The authors declare none conflicts of interest.

Ethical standards

The authors assert that all procedures contributing to this work comply
with the ethical standards of the relevant national and institutional committees
on human experimentation and with the Helsinki Declaration of 1975, as revised

in 2008.



267

268

269
270
271
272
273
274

275
276
277
278

279
280
281
282
283

284
285
286

287
288
289
290
291
292
293
204
295
296
297

298
299
300

301

302
303
304

67

REFERENCES

1. NUORTI JP, WHITNEY CG. Prevention of pneumococcal disease among
infants and children-use of 13-valent pneumococcal conjugate vaccine and 23-
valent pneumococcal polysaccharide vaccine. Recommendations of the
Advisory Committee on Immunization Practices (ACIP). MMWR Recomm.
2010; Rep.59 (RR-11):1-18.

2. SIMELL B, et al. Pneumococcal Carriage Group. The fundamental link
between pneumococcal carriage and disease. Exp. Rev. Vaccines 2012;
11:841-855.

3. Centers for Disease Control and Prevention (CDC) (2009). Pneumonia
hospitalizations among young children before and after introduction of
pneumococcal conjugate vaccine-United States, 1997-2006. MMWR Morb
Mortal Wkly Rep 58:1-4.

4. WHITNEY CG, et al. Decline in invasive pneumococcal disease after the
introduction of protein-polysaccharide conjugate vaccine. N Eng J Med 2003;
348 (18): 1737-1746.

5. AGUIAR SI, et al. Denmark**—230 clone as an increasing cause of
pneumococcal infection in Portugal within a background of diverse serotype
19A lineages. J Clin Microbiol 2010; 48: 101-108.

6. ANSALDI F, et al. Increasing incidence of Streptococcus pneumoniae
serotype 19A and emergence of two vaccine escape recombinant ST695
strains in Liguria, Italy, 7 years after implementation of the 7-valent conjugated
vaccine. Clin Vaccine Immunol 2011; 18: 343-345.

7. RICHTER S, et al. Pneumococcal serotypes before and after introduction of
conjugate vaccines, United States, 1999-2011. Emerging Infectious Disease
2013; 19 (7): 1074-1083.

8. van der LINDEN M, et al. Epidemiology of serotype 19A isolates from
invasive pneumococcal disease in German children. BMC Infectious Diseases
2013; 13 (70).


http://www.ncbi.nlm.nih.gov/pubmed?term=Whitney%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=21150868

305
306
307

308
309
310
311
312

313
314
315
316
317

318
319
320
321

322
323
324
325

326

327
328
329

330
331
332
333
334
335
336
337
338
339

340
341
342

343

68

9. ARDANUY C, et al. Emergence of a multidrug-resistant clone ST320 among
invasive serotype 19A pneumococci in Spain. Journal of Antimicrobial
Chemotherapy 2009; 64: 507-510.

10. TAN TQ. Pediatric invasive pneumococcal disease in the United States in
the era of pneumococcal conjugate vaccines. Clin. Microbiol. Rev. 2012; 25(3):
409-419.

11. Centers for Disease Control and Prevention (CDC). 2010. Invasive
pneumococcal disease in Young children before licensure of 13-valent
pneumococcal conjugate vaccine — United States, 2007 MMWR Morb. Mortal.
WKly. Rep.59:253-257.

12. AFONSO E, et al. Effect of 10-Valent Pneumococcal Vaccine on
Pneumonia among Children, Brazil. Emerging Infectious Diseases 2013; 19(4):
589-597.

13. SANTOS S, et al.Serotype distribution of Streptococcus pneumoniae
isolated from patients with invasive pneumococcal disease in Brazil before and
after tem-pneumococcal conjugate vaccine implementation. Vaccine 2013; 31:
6150-6254.

14. DOMINGUES CM, et al. Effectiveness of tem-valent pneumococcal
conjugate vaccine against invasive pneumococcal disease in Brazil: a matched
case-control study. Lancet Respir Med 2014; 2(6): 464-71.

15. SANTOS M, et al. Temporal trends and clonal diversity of penicillin non-
susceptible pneumococci from meningitis cases from 1996 to 2012, in Salvador,
Brazil. BMC Infectious Diseases 2015; 15(302)1-10.

16. GRANDO IM, et al. Impact of 10-valent pneumococcal conjugate
vaccine on pneumococcal meningitis in children up to two years of age in Brazil.
Cad. Saude Publica 2015; 31(2):1-9.

17. SPELLERBERG B, BRANDT C. Streptococcus. In: Versalovic J, Carrole K,
Funke G, Jorgensen J, Landry ML, Warnock D. Manual of Clinical Microbiology.
10" ed., American Society for Microbiology, Washington, DC, 2011;p 331-349.



344
345
346
347
348
349
350
351
352

353
354
355

356

357
358
359

360

361
362

363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378

379
380
381
382
383

384

69

18. DIAS CA, et al. Sequential multiplex PCR for determining capsular
serotypes of pneumococci recovered from Brazilian children. J Med Microbiol
2007; 56:1185-1188.

19. Clinical and Laboratory Standards Institute (CLSI) 2015. Performance
standards for antimicrobial susceptibility testing. 25th informational supplement
M100-S25. Clinical and Laboratory Standards Institute, Wayne, PA.

20. WIDDOWSON CA, KLUGMAN KP. Emergence of the M phenotype of
erythromycin-resistant pneumococci in South Africa. Emerg Infect Dis 1998;
4:277-81.

21. ENRIGHT MC, SPRATT G. A multilocus sequence typing scheme for
Streptococcus pneumoniae: identification of clones associated with serious
invasive disease. Microbiology 1998; 144:3049-3060.

22. KOECK JL, et al. Evaluation and selection of tandem repeat loci for
Streptococcus pneumoniae MLVA strain typing. BMC Microbiol 2005; 5:66.

23. Multi Locus Sequence Typing (MLST). MLST Database.
ttp://pubmlist.org/spneumoniae/. Accessed on January, 14th 2016.

24. KIM SH, et al. Changingtrends in antimicrobial resistance and serotypes of
Streptococcus pneumoniae isolates in Asian countries: an Asian Network for
Surveillance of Resis-tant Pathogens (ANSORP) study. Antimicrob Agents
Chemother 2012; 56:1418-26.

25. LEE MR, et al Capsular serotypes and antimicrobial susceptibilities of
Streptococcus pneumoniae causing invasive pneumococcal disease from
2009-2012 with an emphasis on serotype 19A in bacteraemic pneumonia and
empyema and [(-lactam resistance. Intern. Journal Antimicrobial Agents 2013;
42: 395-402.

26. ECHANIZ-AVILES G, et al. Prevalencia de Streptococcus pneumoniae
serotipo 19A antes y después de la introduccibn de la vacuna
conjugadaheptavalente en México. Salud Publica de México 2014; 56(3):266-
271.



385
386
387
388

389
390
391
392

393
394

395
396
397
398
399

400
401
402
403

404
405
406
407

408
409
410

411
412
413
414
415

416

417

418

419

420

421

422

70

27. CASTANEDA E, et al.Streptococcus pneumoniae serotype 19A in Latin
America and the Caribbean: a systematic review and meta-analysis, 1990-
2010. BMC Infect Dis 2012; 12:124.

28. CAIERAO J, et al. Serotypes and Genotypes of Invasive Streptococcus
pneumoniae Before and After PCV10 Implementation in Southern Brazil. Plos
One 2014; 9(10):e111129.

29. CHOI EH, et al. Streptococcus pneumoniae serotype 19A in children, South
Korea. Emerg Infect Dis 2008; 14: 275-281.

30. HULTEN K, et al. Changes in Streptococcus pneumoniae Serotype 19A
Invasive Infections in Children from 1993 to 201. Journal of Clinical
Microbiology 2013; 51(4):1294-1297.

31. CROUCHER N, et al. Evidence for Soft Selective Sweeps in the Evolution
of Pneumococcal Multidrug Resistance and Vaccine Escape. Genome Biol.
Evol 2014; 6(7):1589-1602.

32. HSIEH YC, et al. Expansion and evolution of Streptococcus pneumoniae
serotype 19A ST320 clone as compared to its ancestral clone, Taiwan **F-14
(ST236). J Infect Dis 2013; 15:203-210.

33. SHIN J, et al. Predominance of ST320 among Streptococcus pneumoniae
serotype 19A isolates from 10 Asian countries. J Antimicrob Chemother 2011;
66: 1001-1004.

34. MOTT M, et al. Susceptibility profiles and correlation with pneumococcal
serotypes soon after implementation of the 10-valent pneumococcal conjugate
vaccine in Brazil. Int J Infect Dis 2014; 20:47-51.



71

423

PCVA0 Introduced
100

20
80
70
60 .
50 — Serotype 19A

40 == Other serotypes

30 ok
20
10

0

Percentage of Isolates

2008 2009 2010 2011 2012 2013 2014

Year
424

425 Figure 1: Increase of 19A isolates after the PCV10 introduction.

426

427 (*) Statistically significant (p = 0.04196) comparing pre- and post-vaccination; (**) Statistically
428 significant (p= 0.00001) comparing only post vaccine period 2011 with 2014.

429
430
431
432
433
434
435
436
437
438

439



440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

72

. 2260

Taiwan 19F - 14
2878 236 9678 L4967

320 8884
®

. 8800 . 733

L1998

Figure 2: e-burst analysis of MLST result. Size of circles are proportional to the
number of isolates. Pink represent STs recovered during pre and post period. Green,
STs of post vaccination period and in black are the STs from pre vaccine years. In red,

the ST of PMEN clone Taiwan**"-14.



455 022-10
456

457
9.00
458 049-14 .

459 1:00
022-12 042-09

460

461

9.00
9.00

462

463 030-12

055-11

062-12
464 Q 2.00 ‘
500,

465 015-08 11.00
3.00

466 014-14
467 4.00

468 060-14 .

469

8.00

167-11 ,006—12

472 2100

2:00
025-12 .—2—.00*00 pet-la
473 130-12/ 200
2.00 ‘
) 014-12
474 041-14 “2=°0 115-13, 016-14. 030-14, ...
017-14__ o5

475 o 3 __00’112'13

‘“"Otioo 063-13

470

471

037-14 1065-1400 .
476 12.00
010-13
4.00
477 4.00
087-12
3.00 046-13 025-14
78 o ®
025-11 1.00
479 O
024-14
480

481  Figure 3: MLVA of 19A isolates from non-invasive and invasive disease obtained pre-

482  vaccination and post-vaccination.



483

484  Table 1: Results from MLST analyzes of 36 serotype 19A S. pneumoniae isolates.

ST CcC N (%) pre (%) / post (%)
320 320 22 (61.1%) zero / 22 (100%)
8884 320 1 (2.8%) zero / 1 (100%)
2878 236 4 (11.1%) 2 (50%) / 2 (50%)
9678 236 1(2.8%) zero / 1 (100%)
733 Singleton 3 (8.3%) zero / 3 (100%)
199 Singleton 2 (5.5%) 1 (50%) / 1 (50%)
4967 Singleton 1(2.8%) 1 (100%) / zero
8800 Singleton 1 (2.8%) 1 (100%) / zero
2260 Singleton 1 (2.8%) zero / 1 (100%)

485

486

487

488

489 Table 2: STs observed during the study period which include serotypes other than 19A

490
ST Period Serotypes Region
320 Post Mainly 19F and 19A Around the world, including Brazil
199 Pre and post | Many Around the world, including Brazil
733 Post 19F and 19A Brazil and Germany
4967 Pre 23F Brazil

491

492



75

493 Table 3: Characteristics 38 S. pneumoniae isolates of serotype 19A recovered pre and
494 post vaccine period.

Period Identification Specimen ST MT PEN CRO MER TET SXT ERY erm mefA
(Mg\mL) (ug\mL) (ug\mb) (pg\mL) (pg\mb) (pg\m) B
Pre-
Vaccination
049-09 Blood 4967 19A.13 0.25 0.06 <0.06 0.5 >4 <0.03 - -
022-10 Blood 8800 19A.12 =<0.03 <003 <0.06 <0.25 0.25 <0.03 - -
025-11 Blood 199 19A5 0.12 0.06 <0.06 <0.25 <0.12 =<0.03 - -
015-08 Pleural fluid 2878 19A.2 0.12 <003 <0.06 <0.25 1 0.06 - -
055-11 Blood 2878 19A.2 0.12 <0.03 <0.06 <0.25 0.5 <0.03 - -
015-10 - - 19A.10 - - - - - - - -
Post-
Vaccination
030-12 Blood 2878 19A.2 0.12 0.06 <0.06 <0.25 0.5 0.06 - -
062-12 Blood 2878 19A.14 0.094 0.06 <0.06 <0.25 0.25 <0.03 - -
046-13 Tracheal 199 19A5 <0.03 <0.03 <0.06 <0.25 0.064 0.047 - -
aspirate
022-12 Blood 733 19A4 <0.03 <003 <0.06 <0.25 0.75 <0.03 - -
001-14 Blood 733 19A.11 0.016 <0.03 <0.06 <0.25 3 <0.03 - -
049-14 Blood 733 19A4 0.016 <0.03 <0.06 <0.25 15 <0.03 - -
060-14 Blood 2260 19A.9 0.064 <0.03 <0.06 <0.25 15 0.047 - -
014-14 Blood 9678 19A.2  0.047 0.06 <0.06 <0.25 0.25 <0.03 - -
130-12 CSF 8884 19A.1 4 2 1 >8 >4 >32 pos pos
167-11 Blood 320 19A1 2 2 1 >8 >4 >32 pos pos
006-12 Sputum 320 19A.1 4 2 1 <0.25 >4 4 neg pos
025-12 Blood 320 19A.1 4 2 1 >8 >4 >32 pos pos
054-12 Sputum 320 19A1 4 1 0.38 >8 3 >32 pos pos
010-13 Pleural fluid 320 19A.1 15 2 0.5 >8 >4 >32 pos pos
063-13 Blood 320 19A1 2 15 0.5 >8 >4 >32 pos pos
112-13 Pleural fluid 320 19A.1 4 1 0.25 4 >4 >32 pos pos
115-13 Blood 320 19A1 15 15 0.38 <0.25 2 2 neg pos
016-14 Blood 320 19A1 0.75 1 0.25 <0.25 3 3 neg pos
017-14 Blood 320 19A1 0.75 1 0.38 3 3 >32 pos pos
030-14 Blood 320 19A1 2 2 0.38 <0.25 15 2 neg pos
037-14 Blood 320 19A1 3 2 0.25 <0.25 1 0.75 neg pos
056-14 Blood 320 19A1 0.75 0.75 0.25 <0.25 15 2 neg pos
057-14 CSF 320 19A1 0.75 0.75 0.25 <0.25 15 2 neg pos
065-14 Blood 320 19A.1 2 2 0.38 15 1 >32 pos pos
024-14 CSF 320 19A3 15 15 0.38 3 0.75 >32 pos pos
025-14 Blood 320 19A3 15 2 0.38 1 0.38 >32 pos pos
014-12 Tracheal 320 19A.6 4 2 1 >8 >4 >32 pos pos
aspirate
041-14 Blood 320 19A7 15 2 0.25 3 15 >32 pos pos
062-13 Blood 320 - 2 2 0.25 3 3 >32 pos pos
092-14 Blood 320 - 0.125 0.38 <0.06 6 15 >32 pos pos
111-13 Broncho 320 - - - - - - - - -
alveolar
lavage

087-12 Sputum - 19A.8 - - - 2 0.5 12 neg pos




495

496

497

498

499

76

ST (Sequence Type); MT (MLVA type); PEN (Penicillin); CRO (Ceftriaxone); MER (Meropenem);

TET (Tetracycline); SXT (trimetroprim-sulfamethoxazole); ERY (Erythromycin); CSF (cerebrospinal fluid);
Neg (negative); pos (positive).

MIC Penicillin parenteral (honmeningitis): <2.0 - 4.0- 28.0 pug/mL; MIC Penicillin parenteral (meningitis):
<0.06 - 20.12 pg/mL; MIC Ceftriaxone (nonmeningitis): 1.0 - 2.0 - 24.0 pg/mL;MIC Ceftriaxone (meningitis):
<0.5-1.0- 2 2.0ug/mL; MIC Meropenem: <0.25 -0.50- 21.0 pug/mL; MIC Tetracycline: <1.0 -2.0- 24.0pg/mL;
MIC Erythromycin: 0.25 -0.50- 21.0ug/mL; MIC Trimethoprim-Sulfamethoxazole: <0.5 - 1/19-2/38 —

> 4/76 pg/mL; MIC
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500

501

502 Table 4: Antimicrobial susceptibility profile of 36 S. pneumoniae from serotype 19A pre (5

503 lIsolates) and post vaccine (31 isolates)

PRE POST
S (%) (%)  R(%) S (%) I (%) R (%)

Penicillin (non-meningitis)* 5(100)  0(0) 0 (0) 23 (76.7%) 7(233%) 0(0)
Penicillin (meningitis) * 1{20%) - 4 (80%) 7 (23.3%) - 23(76.7%)
Ceftriaxone (non-meningitis)*  5(100)  0(0) 0 (0) 15 (50.0%) 15(50.0%) 0 (0)
Ceftriaxone (meningftis) * 5(100)  0(0) 0 (0) 9 (30.0%) 9(30.0%) 12(40.0%)
Meropenem * 5(100)  0(0) 0 (0} 16 (53.3%) 9(20.0%) 5(16.7%)
Tetracycline 5(100)  0(0) 0 (0) 16 (51.6%) 6(19.4%) 9(29.0%)
Erythromycin 5(100)  0(0) 0 (0) 8 (25.8%) 1(3.2%) 22(71.0%)
Trimethoprim-

504  Sulfamethoxazole 3(60) 1(20)  1(20) 6 (19.3%) 17(54.9%) 8 (25.8%)

505

506 S, susceptible; I, intermediate; R, resistant.

507 Post-vaccine period was analyses only 30 isolates for Penicillin, Ceftriaxone and Meropenem
508

509
510
511

512
513
514
515
516
517
518
519
520
521
522
523
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. CONCLUSOES

A taxa de ndo suscetibilidade para os R3-lactamicos ficou baixa, com
0,6% para penicilina e 1,3% para ceftriaxona. Porém, quando
considerado os breakpoints para meningite 21,4% dos isolados foram
resistentes a penicilina. A ndo suscetibilidade a sulfametoxazol-
trimetoprim, tetraciclina e meropenem foi de 37,7%, 22,0% e 4,4%,
respectivamente. E a taxa de resisténcia a eritromicina foi de 8,2%.

Dois anos ap0ls a introducdo da PCV10 observou-se que entre o0s
isolados invasivos, o sorotipo vacinal 14 foi o mais predominante, e entre
0s sorotipos ndo vacinais os mais prevalentes foram o 3, 20, 12F e 19A;

Quando analisado todos 0s sorotipos a nédo suscetibilidade fica restrita
ao sorotipo 14 e 19A. Havendo diferenca no perfil de suscetibilidade
entre 0s sorotipos, enquanto o sorotipo 14 apresentou menores MICs
para a eritromicina devido a presenca do gene mefA; o sorotipo 19A
estava associado com maiores MICs para a eritromicina estando
presente o gene ermB;

Verificou-se 0 aumento do sorotipo ndo vacinal 19A ap6s a introducdo
da PCV10, principalmente no ano de 2014 (quatro anos apos a
introducéo da vacina);

Paralelamente com a emergéncia deste sorotipo aumentou as taxas de
nao suscetibilidade aos antimicrobianos apds a introducdo da PCV10.
Para penicilina a taxa de nado suscetibilidade foi de 23,3% e para
ceftriaxona foi de 50,0% (breakpoints para ndo meningite). Ja para o
meropenem a taxa de ndo suscetibilidade foi de 46,7%, para tetraciclina
foi de 48,4%, eritromicina foi de 74,2% e para sulfametoxazol-
trimetoprim foi de 80,7%;

O aumento do sorotipo 19A foi devido a emergéncia da CC320 (63,9%),
um clone bem estabelecido em outras regiées e com caracteristicas de
resisténcia. Dentro deste CC ha a ST8884 uma SLV da ST320. Ja s
ST2878 e a ST 9678 sdo uma SLV da ST236 (clone Taiwan®" -14),
enquanto a ST320 é uma DLV do clone Taiwan'®" -14. Dentre os 9 tipos
de ST identificadas 2 tipos foram identificadas somente no periodo pré-
PCV10 (ST8800 e ST4967), outras 2 em ambos os periodos (ST199 e a
ST2878), e o restante foi identificada apenas no periodo pds-PCV10
(CC320, ST2260, ST733 e ST9678).
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Abstract

Streptococcus pneumoniae is a rare cause of appendicitis. We report a
pneumococcal appendicitis with secondary peritonitis in a human im-
munodeficiency virus-positive adult, with favorable outcome after sur-
gery and antibiotic therapy. Secondary peritonitis is frequently
complication of S pneumoniae appendicitis in the few reported cases,
and no specific risk factor has been identified so far.

A 43-year-old woman, human immunodeficiency virus (HIV) posi-
tive (CD4™, 239 cells/mm?), was admitted to the emergency service
complaining of fever, severe diffuse abdominal pain, diarrhea, and
vomiting. Initial laboratory examinations demonstrated leukocytosis
(16100 cells/mm?, with 79% neutrophils). Abdominal tomography re-
vealed a thickened appendix (filled with liquid) with approximately
1 c¢cm in the higher diameter with discrete densification of the
appendiceal fat, high number of regional lymph nodes, and a moderate
amount of free intracavitary fluid.

Exploratory laparotomy revealed multiple abscesses, which were
drained, and the presence of a large amount of pus was observed. Ap-
pendicectomy was performed, and empirical therapy for a secondary
bacterial peritonitis was initiated (2-g intravenous ceftriaxone every
12 hours and 500-mg intravenous metronidazole every 8 hours). Patho-
logic examination revealed cecal appendix with vascular congestion
and acute fibrinosuppurative perivisceritis.

Culture of drained purulent secretion revealed pure growth of
Streptococcus pneumoniae belonging to the capsular serotype 3 as
defined using a sequential multiplex polymerase chain reaction [1].
Minimal inhibitory concentration was determined using E-test
(BioMérieux, Marcy I'Etoile, France). The isolate was susceptible to all
antimicrobials tested, following the interpretative Clinical and Labora-
tory Standards Institute breakpoints [2]: penicillin (minimal inhibitory
concentration, 0.012 ug/mL), ceftriaxone (0.023 ug/mL), erythromycin
(0.023 pg/mL), levofloxacin (1.0 pug/mL), tetracycline (0.19 pg/mL),
trimethoprim/sulfamethoxazole (0.19 pg/mL), and vancomycin
(1.0 pg/mL).

Treatment was changed to 3-g intravenous ampicillin/sulbactam
every 6 hours plus 500-mg metronidazole every 8 hours. The associa-
tion of a B-lactamase inhibitor was used because of the unavailability
of ampicillin alone. Despite the anti-anaerobical activity of this combi-
nation, metronidazole was maintained due to the severity of the case
to cover potential 3-lactam-3-lactamase-resistant Bacteroides species.
Patient was discharged 12 days after abdominal intervention without
any complication.

# Conflict of interest: All authors declare no conflict of interest.

0735-6757/© 2014 Elsevier Inc. All rights reserved.

Infection involving abdominal organs, such as appendix, is among
the less common form of intraabdominal pneumococcal disease [3].
The first published description dates almost 40 years ago [4], and very
few cases have been reported (Table).

Only 3 patients (including ours) were HIV positive, and no specific
risk factor could be associated to the occurrence of pneumococcal ap-
pendicitis, even those historically recognized as predisposing factors
for pneumococcal infections.

Information regarding previous respiratory infections was not
available for all cases, but no patient questioned by this has re-
ported previous infection [5-9], and only 1 presented pneumococ-
cal nasopharynx colonization [7]. We have neither assessed the
occurrence of previous infection nor previous administration of
antipneumococcal vaccine.

Bacteriologic study of appendicitis has not reported pneumococci,
but they may conceivably constitute a part of the not fully identified
group of nonhemolytic and viridans streptococci [10,11]. Indeed, the ac-
tual incidence of pneumococcal appendicitis is unknown because cul-
tures of appendix specimens are not routinely performed. Furthemore,
preoperative antibiotic therapy can interfere with culture results in
many cases [9].

A careful prospective microbiologic study [12] identified pneumo-
cocci in peritoneal exudates of 5% of children who had appendicitis
with perforation, suggesting that pneumococci might colonize bowel
more often than has been recognized but may be overlooked when cul-
tured with mixed colonic flora.

The etiology of appendicitis is usually polymicrobial and associated
with common intestinal pathogens. It is intriguing, therefore, that only 1
case was associated with the expected enteric microorganisms [6,13]. In
fact, in most cases (87.5%, 14/16), S pneumoniae was detected in pure
cultures.

It is difficult to define the pathogenic process by which S pneumoniae
causes such focused intraabdominal infection. Bowel colonization may
be the source of the pathologic process [6]. However, the intrinsic pneu-
mococcal susceptibility to acid environment supports the protective
role of gastric acid against significant bowel colonization. Hematogenic
dissemination from the upper respiratory tract is also a possible situa-
tion, especially in children, which is densely colonized by pneumococci
in the nasopharynx [14] or in HIV/acquired immunodeficiency syn-
drome patients, when invasive pneumococcal infections commonly
present concomitant bacteremia [15].

Although 2 patients presented mild complications, most (93.7%,
15/16) were readily discharged. However, a 9-year-old boy [4] had
more severe complication because he presented meningitis 26 hours
postoperatively, with S pneumoniae being recovered from blood and
spinal fluid [16].
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Table
Clinical and microbiological features of reported pneumococcal appendicitis
Age in Underlying condition Specimen for Culture findings Serotype Clinical/pathologic findings Complication/outcome Ref
years (sex) culture
9 (M) No Peritoneal and S pneumoniae ND Cloudy, odorless exudate surrounded and Meningitis/cure 4
spinal fluid; blood accutely suppurative appendix
25 (F) Corticoid replacement therapy Appendiceal pus S pneumoniae ND Appendiceal abscess Cure 16
postadrenalectomy
30 (M) No Appendix S pneumoniae 19A Acute appendicitis Cure 5
31 (F) No Appendix S pneumoniae 23F Acute appendicitis Cure 5
1(F) No Peritoneal swab S pneumoniae, E coli, Bacteroides, 19C Acute appendicitis mucosal ulceration, Prolonged postoperative fever/cure 6
microaerophilic streptococci heavy polymorphonuclear infiltration
12 (M) No Peritoneal swab S pneumoniae 12A Acute appendicitis, patchy necroses, Cure 6
polymorphonuclear infiltration
14 (M) No Peritoneal swab S pneumoniae 23A Acute appendicitis, mucosal erosion, Prolonged postoperative fever; inflamed 6
inflammation decreasing toward periphery = abdominal mass postoperative/cure
23 (F) No Periappendicular S pneumoniae 3 Acute/chronic appendicitis and Cure 6
pus periappendicitis, mucosal ulceration,
polymorphonuclear infiltration
78 (M) Diabetes mellitus Peritoneal swab S pneumoniae 6A Acute appendicitis, local peritonitis, Cure 6
polymorphonuclear infiltration
80 (F) No Periappendicular S pneumoniae ND Acute appendicitis, periappendicular Cure 6
pus abscess, polymorphonuclear infiltration,
nonmalignant hyperplastic polyp in the
proximal appendix
4 (M) Intermittent abdominal pain for 1 year; Appendix secretion S pneumoniae; Haemophilus 8 Acute nonsuppurative endoappendicitis Cure 7
pharyngeal adenoid vegetation removed right influenzae
before
28 (M) HIV (CD4™ 390/mm?) Appendix secretion S pneumoniae 19 Gangrenous appendicitis Cure 13
12 (M) No Periappendicular S pneumoniae ND Acute appendicitis Cure 8
pus
41 (M) Alcoholism; HIV Appendiceal pus S pneumoniae ND Acute appendicitis with perforation, Cure 3
appendiceal abscess and peritonitis
12 (F) No Inflamed appendix S pneumoniae ND Acute appendicitis Cure 9
43 (F) HIV Appendiceal pus S pneumoniae 3 Acute appendicitis Cure This
case

Abbreviation: E coli, Escherichia coli; ND, not defined.
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Microbiological characteristics are poorly explored in case
reports. Indeed, only 1 study refers antimicrobial susceptibility in-
formation limited to penicillin [8]. Our isolate was submitted to a
complete susceptibility test, showing in vitro susceptibility to all
drugs tested. Because of the limited number of cases and the wide
distribution of serotypes, it is impossible to correlate a specific sero-
type with the clinical condition, although among the 10 isolated in
which the serotype was defined, the serogroup 19 was the most
prevalent, followed by serotype 3.

In conclusion, we reported a rare case of pneumococcal appendicitis
complicated with secondary peritonitis, with good outcome after
surgery and ampicillin therapy. Literature review indicates that second-
ary peritonitis is frequently associated with S pneumoniae appendicitis.
Although our patient was an HIV/acquired immunodeficiency syn-
drome patient, no risk factor associated with pneumococcal appendici-
tis has been clearly identified, not even microbiological features, such
as serotype.
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Original Papers: The text of articles should normally be divided into sections with the headings Introduction, Methods, Results and Discussion. Papers should be only as long as they need to
be, and preferably between 2000 and 4000 words. Please keep the number of references below 40.

Short Reports: The journal also publishes Short Reports in the form of a continuous narrative with the only separate section being the Summary. These short reports are not published more
rapidly but are intended to be the vehicles for valuable but limited or preliminary observations. The number of words should be below 3000, and we would normally expect not more than one
table or figure, and up to 10 references.

Review Articles: The journal welcomes Review Articles, Editorials and leading articles on recent developments, controversial issues and other aspects of infectious disease epidemiology.
These are usually commissioned, but unsolicited papers are also welcomed. Preliminary discussion by email or letter with the Editor-in-Chief is advised. All papers in this category, including
those commissioned, are peer reviewed.

Systematic Reviews and Meta-analyses

For authors wishing to submit papers on systematic reviews and meta-analyses to Epidemiology and Infection, please follow the PRISMA guidelines. These are described on their website:
http://www.prisma-statement.org. Epidemiology and Infection also subscribes to the STROBE initiative for observational studies www.strobe-statement.org.

Those intending to submit a review or meta-analysis are invited to discuss objectives and content with the Editor-in-Chief before submission.

Letters to the Editor: Epidemiology and Infection only accepts letters related to papers published by the journal. These should be sent, as a letter, to the Editor-in-Chief
(norman.noah@lshtm.ac.uk) stating clearly the paper to which the letter applies. All letters are sent to the corresponding author of the original paper for response or comment; no further
correspondence is generally allowed. If possible, the letter should be sent as soon as possible after electronic publication of the paper in question. Epidemiology and Infection will then
endeavour to publish the paper, letter and response together in the same online issue. The Editor’s decision on whether or not to publish the correspondence is final.

General: All manuscripts should be submitted in English using English spellings. Manuscripts written by those whose primary language is not English should be edited carefully for language
prior to submission. Authors who are not fluent in written English are encouraged to seek assistance in this regard before submitting their manuscripts. The journal aims to communicate and
educate across disciplines, and many of its readers do not have English as their first language, so plain language is always preferred.
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Ethical standards
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Journal style: Guidance to authors

Spelling: It is the convention of Epidemiology and Infection to use *-ize’, and not ‘-ise’, e.g. characterize, immunize. The following spelling is used for words that frequently appear:

programme (but program for computer software), diarrhoea, faeces, aetiology, centre, paediatric, titre, litre, analyse, epidemiological (not epidemiologic), and similarly, microbiological,
serological, etc. Upper case in first letter and italics is used only for a microorganism when it is speciated e.g. Campylobacter sp. or Campylobacter jejuni, not when otherwise used, e.g. ...
following culture, campylobacter were isolated ......

Dates: The format ‘26 January 1993’ is used, and year durations are not elided, e.g. ‘1993-1996’ not ‘1993-6".
Percentages: Use ‘per cent’ when following a figure that is spelt (e.g. at start of sentence ‘Twelve per cent ....") and % when in text following numeral (e.g. 12%).

Numerals: Use numerals for figures over 10, and spell out figures one to ten. Note, however, that all time durations are numerals e.g. 1 h, 3 days, 5 weeks (unless beginning a sentence).
Numerals are also used when numbers appear closely together, e.g. ‘3 of 11, 6 of 9, 14 of 21’, as this convention improves the visual appearance of the text. Thousands and millions are not
separated by commas e.g. “1200000’ not '1,200,000’, but will be separated by half spaces during printing. Avoid beginning a sentence with numbers over ten or decimal/fraction numbers. Spell
out any numbers that are used to begin a sentence, e.g. Five...: Nineteen...; One hundred and twenty-four...

References

Number references consecutively in the order in which they are first mentioned in the text. Identify references in text, tables and legends by Arabic numerals in square brackets (not superscript
numbers). References cited only in tables or in legends to figures should be numbered in accordance with a sequence established by the first identification in the text of the particular table or
illustration.

Use the style of the examples below, which are based on the formats used by the US National Library of Medicine in Index Medicus. The titles of journals should be spelled out in full. Consult
List of Journals Indexed in Index Medicus, published annually as a separate publication by the library and as a list in the January issue of Index Medicus.

Try to avoid using abstracts as references; ‘unpublished observations’ and ‘personal communications’ may not be used as references, although references to written, not oral, communications
may be inserted (in parentheses) in the text. Include among the references papers accepted but not yet published, or published online only [supply Digital Object Identifier (doi) reference, if
known]; designate the journal and add ‘(in press)’. Information from manuscripts submitted but not yet accepted should be cited in the text as ‘unpublished observations’.

The references must be verified by the author(s) against the original documents.
Do not insert full stops after author initials, commas after author surnames, or ‘and’ between last two authors.

Only use upper case first letters for the first word of the title of a paper or when a proper noun, e.g. ‘Isolation from rabbits trapped in Australia’, not ‘Isolation from Rabbits Trapped in Australia’
(even if this was the presentation in the journal of source).

Do not include issue number of a journal after volume e.g. ‘1994; 10: 183-188." not ‘1994; 10 (12): 183-188".

Do not elide page numbers e.g. ‘183-188; 11-18’ not ‘183-8; 11-8'.

Ensure when giving a reference to a book that the town/city/country of the publisher is given in addition to their name.
Examples of correct forms of references are given below.
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(1) Standard journal article —
List all authors when three or fewer; when four or more, list only first author and add et al.

Wrensch M, et al. History of chickenpox and shingles and prevalence of antibodies to varicella-zoster virus and three other herpesviruses among adults with glioma and controls. American
Journal of Epidemiology 2005; 161: 929-938. Example of an article published online (but not yet in a printed issue):

Kiely RA, et al. Emergence of group B Streptococcus serotype IV in women of child-bearing age in Ireland. Epidemiology and Infection. Published online: 7 June 2010.
doi:10.1017/S0950268810001275.

(2) Corporate author

National Institutes of Health. Consensus Development Conference Statement. Management of hepatitis C: 2002, 10-12 June 2002. Hepatology 2002; 36: S3-S20.
(3) No author given

Anon. Coffee drinking and cancer of the pancreas [Editorial]. British Medical Journal 1981; 283: 628.

(4) Journal supplement

Mastri AR. Neuropathy of diabetic neurogenic bladder. Annals of Internal Medicine 1980; 92 : 316-318.

Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of splenic activity by bone marrow scan [Abstract]. Blood 1979; 54 (Suppl. 1): 26a.
(5) Journal paginated by issue

Seaman WB. The case of the pancreatic pseudocyst. Hospital Practice 1981; 16: 24-25.

Books and other monographs

(6) Personal author(s)

Eisen HN. Immunology: An Introduction to Molecular and Cellular Principles of the Immune Response, 5th edn. New York: Harper and Row, 1974, pp. 406.
(7) Editor, compiler, chairman as author

Dausset J, Colombani J (eds). Histocompatibility Testing 1972. Copenhagen: Munksgaard, 1973, pp. 12-18.

(8) Chapter in book

Weinstein L, Swartz MN. Pathogenic properties of invading microorganisms. In: Sodeman Jr. WA, Sodeman WA, eds. Pathologic Physiology: Mechanisms of Disease. Philadelphia: Saunders,
1974, pp. 457-472.

(9) Published proceedings paper

Dupont B. Bone marrow transplantation in severe combined immuno-deficiency with an unrelated MLC compatible donor. In: White HJ, Smith R, eds. Proceedings of the Third Annual Meeting
of the International Society for Experimental Hematology. Houston: International Society for Experimental Hematology, 1974, pp. 44-46.

(10) Monograph in a series

Hunninghake GW, et al. The human alveolar macrophage. In: Harris CC, ed. Cultured Human Cells and Tissues in Biomedical Research. New York: Academic Press, 1980, pp. 54-56. (Stoner
GD, ed. Methods and Perspectives in Cell Biology, vol. 1.)

(11) Agency publication

Ranofsky AL. Surgical operations in short-stay hospitals: United States — 1975. Hyattsville, MD, USA: National Center for Health Statistics, 1978; DHEW publication no (PHS) 78-1785. (Vital
and health statistics; series 13; no. 34.)

(12) Dissertation or thesis

Cairns RB, Infrared spectroscopic studies of solid oxygen (dissertation). Berkeley, CA, USA: University of California, 1965, 156 pp.
Other articles

(13) Newspaper article

Shaffer RA. Advances in chemistry are starting to unlock mysteries of the brain: discoveries could help cure alcoholism and insomnia, explain mental illness. How the messengers work. Wall
Street Journal 1977; 12 August.

(14) Magazine article

Roueche B. Annals of medicine: the Santa Claus culture. The New Yorker 1971; 4 September: pp. 66-81.

(15) Citation of databases or other sources from the internet

These should be included in the numbered list of References at the end of the article in the following format:

Full name of database [www address(URL)]. Date accessed.

See example below:

1. Swiss Life Sciences (SLS) database (http://www.swisslifesciences.com/swisslifesciences/db/). Accessed 7 April 2005.

The text should contain a shortened version of the database title (for example, an acronym) and a numerical indicator linking it to the Reference section. See example below:

...details can be found in the SLS database [1]. More information is...
Tables

Type each table double spaced on a separate sheet. Tables should be placed in the main manuscript file at the end of the document, not within the main text. Do not submit tables as pictures
or photographs. Number tables consecutively in the order of their first citation in the text and supply a brief title for each. Give each column a short or abbreviated heading. Place explanatory
matter in footnotes, not in the heading. Explain in footnotes all non-standard abbreviations that are used in each table. Identify statistical measures of variations such as standard deviation,
standard error of the mean. Do not use internal horizontal or vertical rules. Be sure that each table is cited in the text. If you use data from another published or unpublished source obtain
permission and acknowledge fully.

Figures

You can find further information about how to prepare your figures at the following link: http://www.journals.cambridge.org/artworkguide.

Figures should be prepared electronically, or scanned from high-quality originals: freehand or typewritten lettering is unacceptable. Letters, numbers and symbols should be clear and even
throughout and of sufficient size so that when reduced for publication each item will still be legible. 9pt Arial font is ideal. Titles and detailed explanations belong in the legends for illustrations,
not on the illustrations themselves.

http://journals.cambridge.org/action/displaySpecial Page?pageld=5908 3/4


http://www.swisslifesciences.com/swisslifesciences/db/
http://www.journals.cambridge.org/artworkguide

18/01/2016 Epidemiology & Infection - Epidemiology and Infection Instructions for Contributors (HYG) - Cambridge Journals Online

At initial submission, figures may be submitted as TIF, JPG, GIF, EPS or PNG files. Please note that figures saved as PDF, PPT and DOC files are not accepted. When you submit your revised
manuscript, figures should be submitted as TIF or EPS files at 100% of final size and at appropriate resolution (1000-1200 dpi for line drawings, 300 dpi for photographs and halftone images,
and at least 600dpi for combination figures). Other file formats or figures ‘pasted’ into Word files are not accepted. Colour figures should be saved in CMYK (not RGB, except for Supplementary
files).

Photomicrographs must have internal scale markers. Symbols, arrows or letters used in the photomicrographs should contrast with the background. If composite or multiple
electronmicrographs, electrophoresis patterns, etc. are to be included, authors are requested to ensure that all the original photographic plates are of matched densities and contrast. If
photographs of persons are used either the subjects must not be identifiable or their pictures must be accompanied by written permission to use the photograph. Figures should be numbered
consecutively according to the order in which they have been first cited in the text. If a figure has been published, acknowledge the original source and submit written permission from the
copyright holder to reproduce the material. Permission is required irrespective of authorship or publisher, except for documents in the public domain. Figures such as pie charts, histograms and
bar charts that are drawn in three dimensions without three-dimensional graph axes are not accepted. Only figures in which the axes have three dimensions will be considered for publication in
three dimensions.

Colour figures will be published online free of charge
Legends for figures

Type legends for illustrations double spaced, starting on a separate page, with arabic numerals corresponding to the illustrations. When symbols, arrows, numbers or letters are used to identify
parts of the illustrations, identify and explain each one clearly in the legend. Explain the internal scale and identify method of staining in photomicrographs. If your figure contains third-party
copyrighted material, you should include a credit in your figure caption.

Units of measurement

Measurements of length, height, weight and volume should be reported in metric units (metre, kilogram, litre) or their decimal multiples. The terms kilobases and base pairs (abbreviations kb
and bp) should be used when referring to nucleic acid sequences and the molecular mass of proteins and peptides should be given in kilodaltons (kDa). Temperatures should be given in
degrees Celsius. Blood pressures should be given in millimetres of mercury (mmHg). All haematological and clinical chemistry measurements should be reported in the metric svstem in terms
of the International System of Units (Sl). Editors may request that alternative or non-Sl units be added by the authors before publication.

Abbreviations and symbols

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full term for which an abbreviation stands should precede its first use in the text unless it is a standard unit of
measurement. Do not use ampersands (&) unless part of a formal name, e.g. Procter & Gamble.

Online supplementary material

The online platform gives authors the opportunity to include material that it would be impossible or impractical to include in the printed version, for example, extensive datasets, complex
mathematical calculations, 3D-structures, 3D-images or video files. You must upload Supplementary Material at the same time as you submit your manuscript, and you must give details in your
cover letter of all supplementary files uploaded. If accepted, this material will be placed in the Cambridge University Press Supplementary Material data archive, and it will be accessible online.
Authors should ensure that they mention within their article that Supplementary Material is available on the Cambridge Journals Online website.

At the head of the first page of your Supplementary Material file, type ‘Epidemiology and Infection’, the article title, the names of the authors, the heading ‘Supplementary Material’, and then the
relevant inclusions. Please note that (unlike figures included in the printed article) captions or legends should be included for all figures and tables in Supplementary Material. You should
number figures or tables with the prefix ‘'S’, e.g. Supplementary Figure S1, Supplementary Table S1. Colour images for online publication as Supplementary Material must be saved in RGB
format (not CMYK).

Although Supplementary Material is peer reviewed, it is not checked, copyedited or typeset after acceptance and it is loaded onto the journal’s website exactly as supplied. You should check
your Supplementary Material carefully to ensure that it adheres to journal styles. Corrections cannot be made to the Supplementary Material after acceptance of the manuscript. Please bear this
in mind when deciding what content to include as Supplementary Material.

Open Access

Authors have the option to publish their paper under a fully Open Access agreement, upon payment of a one-off Article Processing Charge. In this case, the final published Version of Record
will be made freely available to all in perpetuity under a creative commons license, enabling its re-use and re-distribution. This Open Access option is only offered to authors upon acceptance of
an article for publication.

Authors choosing the Open Access option are required to complete the Open Access License to Publish form. More information about Open Access, including the current Article Processing
Charge, can be found on our website.

Author Language Services

Cambridge recommends that authors have their manuscripts checked by an English language native speaker before submission; this will ensure that submissions are judged at peer review
exclusively on academic merit. We list a number of third-party services specialising in language editing and / or translation, and suggest that authors contact as appropriate. Use of any of these
services is voluntary, and at the author's own expense.

Log in now or Register for online Access

Click below if you have a personal subscription
User Login
Click below if you have institutional off-campus access

Institutional Login
Register if you do not have an existing account
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