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“If gripe condemns,

the secondary infections execute.”

Louis Cruveilhier

(1873 — 1950)
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Resumo

Introducao:

O virus influenza A (IAV) é um dos principais agentes etiolégicos da sindrome
respiratoria aguda grave (SRAG) em humanos, podendo causar pandemias. A
mais recente pandemia por IAV ocorreu em 2009, sendo ocasionada pelo
subtipo H1N1. Frequentemente é reportada uma associagdo positiva na
interacdo entre bactérias patogénicas e virus respiratorios nas infecgbes do
trato respiratorio, o que, por sua vez, tem relacdo com os sintomas e o

desfecho da SRAG.

Objetivos:
Investigar o microbioma bacteriano do trato respiratério superior em pacientes

infectados pela linhagem |AV pandémica de 2009.

Material e Métodos

Um total de 144 amostras de aspirado de nasofaringe coletadas em 2012 e
enviadas para o LACEN-RS para diagnoéstico viral foram selecionadas para o
estudo. Todas as amostras foram provenientes de pacientes hospitalizados por
apresentarem SRAG. Realizou-se PCR espécie especifico para a identificacédo
de bactérias patogénicas, método de fingerprinting por PCR para observacéo
da diversidade bacteriana e, por fim, sequenciamento de alto desempenho para

identificar a composi¢do do microbioma bacteriano.
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Resultados
A PCR identificou a presenca de bactérias patogénicas em mais de dois tergos
das amostras testadas. No entanto, a presengca bacteriana nao esteve
associada a presenca de IAV pandémico. A PCR fingerprinting resultou na
identificacdo da menor diversidade bacteriana nos pacientes positivos para o
influenza A pandémico com pneumopatia crénica quando comparados aqueles
sem a mesma. O microbioma bacteriano de pacientes positivos para o IAV
pandémico apresentou maior frequéncia de sequéncias bacterianas do filo
Firmicutes, enquanto que o microbioma de pacientes negativos apresentaram

maior frequéncia para o filo Proteobacteria.

Conclusoes

Os pacientes com doenga cronica do trato respiratorio infectados pelo 1AV
estdo mais propensos a baixa diversidade bacteriana e, consequentemente, a
dominancia de linhagens potencialmente patogénicas. O IAV(H1N1)pdmQ9 é
um importante modulador da composicdo do microbioma favorecendo, o
género Streptococcus em detrimento aos géneros pertencentes ao filo

Proteobacteria.

Palavras-chave

Metabarcode; bacterioma; RISA; Pandemia; IAV(H1N1)pdmO09;
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1. Introdugao

A gripe ou influenza € uma doenca respiratéria aguda causada pelos
virus influenza A ou B. A influenza sazonal apresenta um periodo de incubagao
de 1 a 4 dias, podendo ser mais extenso em criangas (WHO, 2011). A
gravidade clinica da infecc&o varia desde uma infecgcédo assintomatica até uma
pneumonia viral importante, podendo causar a morte do individuo.
Complicagdes comuns ocasionadas pela infeccdo pelo influenza incluem
pneumonia secundaria causada por bactérias, otite média em criancas e a
exacerbacéo de doencgas cronicas (CEVS, 2011).

O aumento da circulacdo do virus influenza na populacédo esta
diretamente associado ao aumento de doencas respiratérias agudas, do
numero de visitas médicas e de hospitalizacdes, e dos casos de morte. Esta
associagdo da a este agente etioldgico um carater relevante em saude publica.
Estima-se que durante periodos nao pandémicos, a taxa de infecgao por
influenza entre adultos seja entre 5 e 15% (SVS, 2012).

A vigilancia do influenza no Estado do Rio Grande do Sul utilizou
diferentes estratégias para controlar os possiveis surtos de gripe pelo virus
Influenza A pandémico [IAV(H1N1)pdmQ09]. Foram empregadas as
investigagbes de surtos em instituigdes/comunidades fechadas, o controle de
sindromes gripais em unidades sentinelas e o controle dos casos
hospitalizados por sindrome respiratéria aguda grave (SRAG). A triagem de
caso suspeito foi definida pela presenca de sinais e sintomas de SRAG, que
incluem febre, tosse e dispneia. Além disso, exames diagndsticos para o virus

influenza foram empregados seguindo a recomendacdo da Organizagéo
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Mundial da Saude (OMS) (WHO, 2011), além do diagnéstico diferencial para
observar a existéncia de coinfecg&o por outros virus respiratérios, como o virus
sincicial respiratério (VSR), o adenovirus e o parainfluenza .

Em 2009, o IPB/LACEN/RS recebeu 5.286 amostras de casos suspeitos
de Influenza A. Destas, 2.109 (39,9%) foram positivas para o IAV(H1N1)pdm09
e 523 (9,9%) para a linhagem sazonal que, até entdo, circulava na populagéo
(CEVS, 2009), sendo uma propor¢cao de 4:1 entre casos de linhagem
pandémica e de linhagem sazonal. Estes dados mostraram que, embora ainda
houvesse uma parcela do virus sazonal causando importante infecgédo, o
IAV(H1N1)pdmO09 apresentava um dominio das infec¢des respiratdrias agudas
por influenza durante o ano pandémico.

Em 2010, apdés o primeiro ano de vacinagdo contra a linhagem
pandémica, ndo se detectou no Estado nenhum caso de infecgéo respiratoria
aguda pelo novo subtipo viral. Possivelmente, este dado esteja relacionado a
obtengao da meta de vacinacao de 80% da populacéo (Luna e cols., 2014). Em
agosto deste mesmo ano, a OMS anunciou o fim do periodo pandémico e o
inicio da fase pdés-pandémica (CEVS, 2011).

Os casos de infecgdo respiratéria aguda pelo IAV(H1N1)pdmQ9
tornaram a ser detectadas em 2011. Durante aquele ano, novamente se
observou a co-circulagdo dos virus IAV(H1N1)pdm09 (107 casos, 7,5% dos
casos de SRAG) e influenza A sazonal (182 casos, 12,7% dos casos de
SRAG), em todas as faixas etarias da populagdo (CEVS, 2011). Este dado
descaracterizou uma continua dominancia da linhagem pandémica sobre a

linhagem sazonal que havia sido observada em 2009 e reforgcou a importancia
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da manutencdo das campanhas vacinais pés periodo pandémico, bem como o
acompanhamento dos subtipos circulantes (CEVS, 2011).

O terceiro ano do periodo pds-pandémico foi marcado por uma vigilancia
mais experiente para o controle dos novos casos de infeccdo por
IAV(H1N1)pdmO09. A pratica da triagem de novos casos suspeitos por SRAG,
adquirida desde o ano pandémico, ocasionou o aumento do numero de
notificagbes em 2012. No Brasil, foram observados 20.539 casos de SRAG.
Destes, 19,5% foram confirmados como sendo ocasionados pelo virus
influenza. Observou-se uma dominéncia dos casos de IAV(H1N1)pdmO09 (65%
dos casos) sobre os casos de virus influenza A sazonal H1N1 (SVS, 2012). No
Rio Grande do Sul, foram confirmados 522 casos (13,2% dos casos de SRAG)
de IAV(H1N1)pdm09 com 67 mortes (28,9% dos casos de morte com SRAG).
Em torno de 34% dos casos de morte ocorreram entre pacientes que
apresentavam comorbidades, como pneumopatia cronica, cardiopatia,

obesidade, doencga renal ou diabetes mellitus (CEVS, 2012).

1.1.0 virus influenza

O virus influenza esta classificado dentro da familia Orthomyxoviridae.
Os virus desta familia sdo envelopados e caracterizados por apresentarem
genoma segmentado de RNA fita simples e senso negativo. O genoma é
utilizado como molde para o RNA mensageiro e para a sintese da fita
complementar. O virion possui aspecto pleomoérfico, na grande maioria com
particulas de diametro entre 80-120 nm (Cheung e Poon, 2007), mas pode se

apresentar de forma alongada, atingindo até 300 nm (Arias e cols., 2009).
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Filogeneticamente, existem trés principais tipos virais: influenza A, influenza B
e influenza C. Enquanto este ultimo, que ocorre principalmente em humanos,
nado causa danos significativos a saude e apresenta pequena variagcéo
antigénica, o influenza A e o influenza B causam a influenza viral humana, com
altas taxas de morbidade e mortalidade (Frank, 2002; Hilleman, 2002).

O influenza A é o maior responsavel por infeccbes em humanos,
estando envolvido na ocorréncia de pandemias. Este tipo viral infecta também
aves e outros mamiferos como suinos, cavalos, martas, baleias e focas.
(Cheung e Poon, 2007; Taubenberger e Kash, 2010).

O genoma total do virus influenza A possui 13.6 Kb, sendo dividido em 8
segmentos de RNA gendémico (Figura 1) que codificam 11 proteinas principais,
além de outras proteinas acessoérias (Cheung e Poon, 2007; Arias e cols.,
2009; Vasin e cols., 2014). Cada segmento possui nas extremidades 5 e 3’
uma regiao n&o traduzida de tamanho variavel contendo sinais de replicagao e

encapsidacao viral.

N M1
Lipid envelope,

M2
NA

NEP

RNP
PB1, PB2, PA NP

A "

vRNA

Figura 1 — Particula do virus influenza A. A representagcdo mostra genoma viral
segmentado, proteinas estruturais e néo estruturais. Em destaque o complexo
ribonucleoproteina (RNP).

Fonte: Tscherne e Garcia-Sastre, 2011
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Cada um dos oito segmentos de RNA do virus influenza A possui um
gene que codifica pelo menos uma proteina. O segmento 1 do genoma viral
codifica uma das subunidades da polimerase viral, a polimerase basica 2
(PB2). Estudos sugerem que esta proteina possa ser a maior determinante do
controle da patogenicidade do virus influenza A (Shinya e cols., 2004; Zhou e
cols., 2011). Os segmentos 2 e 3 do genoma codificam, respectivamente, a
polimerase basica 1 (PB1) e a polimerase acida (PA), subunidades da RNA
polimerase viral. A subunidade PB1 esta ligada a PA na por¢gao amino-terminal
e a PB2 na porgao carboxi-terminal, sendo responsavel tanto pelo acoplamento
das trés subunidades da polimerase quanto pela funcdo catalitica da
polimerizacdo do RNA (Cheung e Poon, 2007). Algumas linhagens virais
também codificam uma proteina de 90 aminoacidos chamada de PB1-F2, que
€ reconhecida como um fator indutor de apoptose por inducdo de estresse
oxidativo celular (Schnitzler e Schnitzler, 2009), contribuindo indiretamente nos
estagios de replicacdo viral e no aumento da gravidade da doenca (Shin e
cols., 2015).

A PA é a menor subunidade da RNA polimerase viral. Essa proteina
contém sinal de localizagdo nuclear e é essencial para a atividade de
transcricdo e replicagdo. Sua expressao na célula, na auséncia das demais
subunidades que compdem a polimerase, pode causar indugao de lise celular
(Cheung e Poon, 2007).

O segmento 4 do genoma viral codifica a hemaglutinina (HA), uma
glicoproteina de superficie responsavel pela ligagdo ao acido sialico presente
nos receptores das células do epitélio respiratério do hospedeiro e pela fusédo

do virus a membrana celular (Cheung e Poon, 2007). O segmento 5 codifica a
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nucleoproteina (NP), uma proteina envolvida nas etapas de transcricdo e
replicagdo do genoma viral, além de encapsidar o genoma viral (Arias e cols.,
2009). O segmento 6 codifica a neuraminidase (NA), uma glicoproteina que
atua na liberagdo da nova particula viral através da clivagem do residuo de
acido sialico do receptor celular da célula hospedeira infectada, tornando a
nova particula viral apta a infectar novas células. Devido ao seu importante
papel na multiplicagdo viral, a NA é alvo de drogas antivirais, as quais
bloqueiam o sitio de atividade enzimatica, inibindo a neuraminidase (Moscona,
2005).

O segmento 7 do influenza A codifica duas proteinas: a proteina de
matrix 1 (M1) e a proteina de matrix 2 (M2). A M1 promove a interacdo do
complexo ribonucleoproteina (RNP) com a membrana lipidica da célula
hospedeira durante a montagem viral, fornecendo a estrutura do virus. A M2 é
uma proteina transmembrana que forma canais ibnicos para a regulagao do pH
viral, atuando tanto em etapas da entrada quanto do brotamento viral
(Rossman e Lamb 2011). O segmento 8 do genoma do influenza A é
responsavel por codificar a proteina nao-estrutural 1 (NS1) e a proteina néo-
estrutural 2 (NS2). A NS1 estd envolvida em processos de evasao viral do
sistema imune do hospedeiro. A NS2 esta envolvida na sinalizacdo de
exportacdo nuclear do RNA viral (Cheung e Poon, 2007; Rossman e Lamb,
2011).

Baseado na variagdo da estrutura antigénica das glicoproteinas de
superficie HA e NA, o virus influenza A é dividido em subtipos. Atualmente séo
conhecidos 18 diferentes HA e 11 diferentes NA (Tong et al., 2012; Neumann e

Kawaoka, 2015). A grande maioria destes subtipos podem ser encontrados em
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aves aquaticas, o que sugere que estes animais sejam o0s reservatorios
naturais deste virus. As mutacbes que ocorrem nos genes dessas
glicoproteinas podem determinar a efetividade do sistema imune do hospedeiro
no reconhecimento antigénico da variante. Por outro lado, a recombinag&o ou
rearranjo destas diferentes estruturas antigénicas pode ser determinante para o
sucesso da infeccéo viral. Apenas os subtipos H1N1, H2N2, H3N2, H5N1,
H7N7, H7N9 e HIN2 foram isolados em humanos, indicando que ha uma
importante restricdo na interagdo subtipo viral-hospedeiro (Cheung e Poon,

2007).

1.1.1. Hemaglutinina (HA)

A glicoproteina de superficie HA é responsavel pela ligagdo do virus
influenza a receptores da superficie celular do hospedeiro e pela mediagédo da
fusdo da membrana viral a membrana do hospedeiro, a fim de promover a
endocitose do capsideo viral. A HA é o principal alvo de neutralizag&o viral por
anticorpos. A alta pressdo imunologica sobre a molécula HA é um importante
direcionador e a maior causa da alta taxa de mutagcdo desta regido viral,
mutacdo esta que é estimada em uma substituicdo de base no gene HA por
geracéo viral (Webster e cols., 1992; Cheung e Poon, 2007; King e cols., 2011).

A HA ¢é traduzida na forma precursora HAO, necessitando de
processamento pés-traducdo. O processamento da HAO ocorre em trés etapas,
que envolvem clivagem proteolitica (Kim e cols., 2013), glicosilacédo (Medina e
cols., 2013) e acilagcao de acidos graxos (Veit e cols., 2013). Em uma ultima

etapa de processamento, € necessario que a HAO seja clivada por acéo de
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proteases, gerando duas novas subunidades. O processo de clivagem ocorre
no meio extracelular por proteinas exdgenas e é relativamente instavel em pH
acido. A subunidade HA1 possui aproximadamente 324 aminoacidos e cadeias
variaveis de carboidratos, e a subunidade HA2 possui aproximadamente 222
aminoacidos, cadeias variaveis de carboidratos e trés residuos de palmitato.
Esta clivagem final € um pré-requisito para a maturacdo da HA do virus
influenza A (Webster e cols., 1992; Cheung e Poon, 2007; King e cols., 2011;
Lu e cols., 2012).

Ao longo do processo de maturacdo, a molécula de HA forma
homotrimeros. Cada molécula de HA consiste de uma porgdo globular
suportada por uma haste. A porgao globular é formada exclusivamente pela
subunidade HA1. O sitio de ligacdo ao receptor de membrana da célula
hospedeira esta localizado no dominio da HA1. A especificidade desta ligagcéo
determina a afinidade de certos subtipos virais do virus influenza ao
hospedeiro. A HA reconhece as moléculas de acido sialico (AS) no receptor de
superficie da célula hospedeira. Os ASs sao monossacarideos de nove
carbonos comumente encontrados na extremidade terminal de muitos
conjugados de glicol, geralmente ligadas a galactose através de ligagbes a2,3
ou a2,6 (Jongkon e cols., 2009; Ma e cols., 2009). Moléculas HA que contém
um residuo glutamina na posicéo 226 possuem preferéncia por ligacbes ao AS
a2,3, encontrado em células do tecido gastrico de aves. A presenca de
moléculas de leucina na posicdo 226 da molécula de HA dao especificidade
para a ligacdo o2,6, encontrada em células do tecido traqueal humano

(Webster e cols., 1992; Cheung e Poon, 2007; King e cols., 2011).
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1.1.2. Infecgao pelo IAV(H1IN1)pdm09

As pandemias tipicamente envolvem o surgimento ou ressurgimento de
uma HA, marcando o predominio do novo subtipo viral e o desaparecimento do
subtipo viral anterior. Cerca de 68 anos € o tempo estimado entre pandemias
de mesmo subtipo, o que possibilita previsbes sobre quando ocorrerdo os
proximos eventos (Hilleman, 2002). Esse intervalo sugere que seja necessario
aproximadamente 68 anos para que ocorra uma queda de imunidade na
populagcdo humana como um todo, permitindo que o virus ganhe novo acesso
ao hospedeiro e se estabeleca novamente na populagéo (Hilleman, 2002). Por
exemplo, as pandemias de 1889 e de 1957 foram causadas pelo virus
influenza A H2N2; a de 1900, pelo H3N8, sendo que a H3 reapareceu somente
68 anos depois, no virus H3N2, que causou a pandemia de Hong Kong em
1968. A pandemia de 1918-1919, mais conhecida como gripe Espanhola, foi
causada pelo H1N1, o qual parou de circular na populagdo com o surgimento
do H2N2 que se estabeleceu em 1957 (Hilleman, 2002). Um novo H1N1
potencialmente pandémico voltou a circular na populagcdo em 2009 causando a
mais recente pandemia por influenza. O subtipo pandémico se contrapbs a
uma linhagem H1N1 que a alguns anos estava presente na populagéo
(Tscherne e Garcia-Sastre, 2011).

A gripe por IAV acomete principalmente criangas e idosos, apresentando
uma curva de distribuicao por faixa etaria da populacédo geralmente em forma
de V. Nas pandemias, como foi 0 caso da gripe espanhola e da pandemia de
2009, a letalidade também € elevada entre pessoas da faixa etaria de 20-40

anos (Hilleman, 2002; Hsieh e cols., 2006; Gorini da Veiga e cols., 2012).
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Clinicamente, os pacientes infectados pelo IAV apresentam, em geral, febre
alta, tosse seca, calafrios e dificuldade respiratéria, podendo evoluir para
pneumonia. Alguns casos também descrevem diarreia e vomitos, dores de
cabeca e de garganta, tosse sanguinolenta e, nos casos mais graves, morte do
paciente. A gripe espanhola foi mais agressiva, causando um quadro de
prostracdo crescente, epistaxe e pneumonia, além de wuma maior

susceptibilidade a infeccdes bacterianas (Hsieh e cols., 2006).

1.2. Microbioma humano

O primeiro estudo da microbiota humana foi realizado por Antonie van
Leewenhoek em 1680 (Ursell et al., 2012). Atualmente, a avaliagcdo do
microbioma humano esta em evidéncia, e o entendimento da inter-relagcéo
micro-organismo—hospedeiro tem evoluido rapidamente nos ultimos anos.

Alguns conceitos ainda sdo vistos de maneira sobreposta ou mesmo
trocados nos estudos publicados. No entanto, a disponibilidade de novas
tecnologias laboratoriais, e o avango da bioinformatica e dos bancos de dados
tem contribuido para a obtencdo de novos achados e para o aumento do
interesse da comunidade cientifica pelo estudo da inter-relagdo entre micro-
organismos e hospedeiro. Consequentemente, os conceitos que permeiam
este campo de estudo tem sido melhor estabelecidos.

O temo microbiota € definido como o conjunto de micro-organismos
(unidades taxonémicas microbianas) em um ambiente ou amostra, enquanto
que microbioma é definido como o conjunto de genes de micro-organismos em

um ambiente ou amostra (Ley e cols., 2008; Ursell e cols., 2012). Outros
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conceitos importantes s&o a metagenémica e a metabarcode. O primeiro
refere-se a caracterizacdo do DNA total de uma amostra pela aplicagcado de
técnicas de sequenciamento total (shotgun), enquanto que o segundo refere-se
a caracterizagdo do DNA de uma amostra utilizando genes marcadores, como
0s genes ribossomais (Ursell e cols., 2012).

Neste contexto, analises utilizando metabarcodes apresentam-se como
estratégias adequadas para caracterizar a composicdo e a dinamica das
comunidades microbianas, pois permitem a caracterizagdo dos microrganismos
ali presentes, sem necessidade de cultivo. Isto proporciona a coleta de dados
em grande escala, de forma padronizada e comparavel, em ambientes diversos
(Hugenholtz e Tyson, 2008). No ambito deste tipo de abordagem, a analise da
regido codificadora da subunidade menor do gene ribossomal (16S para
procariotos e 18S para eucariotos) tem se tornado um dos métodos mais
eficientes para a identificagdo de organismos. Estes marcadores se revelam
poderosos para a caracterizacdo da diversidade de linhagens filogenéticas
presentes em um determinado ambiente, e também servem como base para o
delineamento de varreduras genémicas empregando multiplos segmentos, ou
para a reconstrugdo de genomas completos ou vias metabdlicas presentes no
local. A escala desta caracterizagdo é particularmente grande quando aplicada
uma estratégia de sequenciamento de DNA de alto desempenho (deep
sequencing), o qual gera milhares de fragmentos do gene de interesse
simultaneamente, permitindo a obtencao de informacbes detalhadas sobre a
populacao microbiana de uma determinada amostra (Cristescu, 2014).

Além do uso de metagendbmica para estudos ecoldgicos, a Analise

Intergénica de Espacadores Ribossomais (RISA) é uma importante ferramenta
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molecular utilizada em estudos de microbiologia ambiental e clinica (Borneman
e Triplett, 1997). Esta técnica se baseia na amplificacdo por PCR de uma
regido do gene ribossomal entre o 16S e o 23S, chamada de regido
espacadora, que possui heterogeneidade significativa na sequéncia de
nucleotideos e no comprimento. Isso permite uma visualizagdo da diversidade
microbiana em uma amostra levando em conta o tamanho dos fragmentos
gerados por PCR e também o numero de fragmentos que aparecem em uma
amostra (Fisher e Triplett, 1999; Scanlan e cols., 2008; Flight e cols., 2015).

A forma dominante de interag&o entre humanos e micro-organismos &
aquela que beneficia o hospedeiro, também conhecida como relagdo comensal,
e também aquela em que ambos se beneficiam, conhecida como relagéo
simbidtica (Blaser e Falkow, 2009). O microbioma humano facilita a obtencéo
de energia dos alimentos, fornece fatores acessoérios de crescimento, estimula
os sistemas imunolégicos inato e adaptativo, e fornece resisténcia a
colonizagéo de patégenos invasores (Blaser e Falkow, 2009). Esta interacao foi
formada ao longo da evolugdo humana e pode ser considerada bastante
individualizada.

Atualmente, entende-se que, com o passar do tempo, um microbioma
cerne foi formado em humanos. Este microbioma cerne foi levemente alterado
com o passar das geragdes, principalmente devido a mudancas ambientais e
comportamentais da populagcédo. Até o momento, é estabelecido que antes do
nascimento os humanos séo livres de qualquer micro-organismo. Rapidamente
apos o nascimento se inicia a formacéo de comunidades microbianas nos mais
diversos ambientes do organismo (Dominguez-Bello e cols., 2010; de

Steenhuijsen Piters e cols., 2015). No entanto, € possivel que a formacao das
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primeiras comunidades se iniciem ainda durante a gestacdo (Koleva e cols.,
2015). A formagao da primeira composi¢gao do microbioma de cada um destes
ambientes depende de diversos fatores, como a forma de nascimento, a dieta,
o historico genético e outros fatores ambientais (Blaser e Falkow, 2009). Com o
passar dos anos, o microbioma adquire uma composi¢cdo especifica com
diferencgas interindividuais estaveis (Palmer e cols., 2007).

O microbioma humano é formado por diferentes e numerosas
populacdes bacterianas. No entanto, € dominado por apenas 4 dos 50 filos
bacterianos conhecidos — Firmicutes, Bacteroidetes, Actinobacteria e
Proteobacteria (Blaser e Falkow, 2009). A composi¢gao do microbioma é tao
especifica que é capaz de diferenciar-se de qualquer outro microbioma de
qualquer outra espécie de mamifero. Estas caracteristicas demonstram o poder
seletivo durante a formacdo do microbioma que, em individuos saudaveis, é
amplamente dependente da relagdo micro-organismo—hospedeiro (Ley et al.,
2008).

A estabilidade do microbioma depende de um estado de equilibrio entre
0S micro-organismos que compdem o microbioma e o hospedeiro. Blaser e
Kirschner (2007) propuseram que cada ecossistema contém comunidades que
contribuem no controle de uma outra comunidade. Isto €, o estado de equilibrio
de uma populagdo microbiana é controlador de outra populagdo dentro de um
mesmo microbioma, gerando uma cadeia de controle que pode explicar o

equilibrio e a proteg¢ao contra bactérias patogénicas.



26

1.2.1. Microbioma da nasofaringe humana

O microbioma do trato respiratério humano ainda foi pouco explorado se
compararmos com os estudos referentes ao microbioma intestinal. No entanto,
assim como para o intestino, sabe-se que o nascimento tem importante relagéo
com a composi¢cao do microbioma da nasofaringe (Dominguez-Bello e cols.,
2010).

Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, Fusobacteria e
Cyanobacteria sdo filos comumente encontrados na nasofaringe (Bogaert e
cols., 2011). As primeiras populagbes microbianas a colonizar a nasofaringe
pertencem a géneros normalmente encontrados na pele (Staphylococcus,
Streptococcus e Dolosigranulum) ou na vagina materna (Lactobacillus,
Prevotella, Atopobium e Sneathia) (Figura 2). Ainda, outras populagdes, como
a Moraxella, o Corynebacterium e o Dolosigranulum, podem ser associadas a
amamentag¢ao materna (Biesbroek e cols., 2014; de Steenhuijsen Piters e cols.,

2015).
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Figura 2 — Principais filos bacterianos que compdem o microbioma da Narina anterior,
Nasofaringe e Orofaringe humana. A representagdo mostra a localizagdo anatdémica dos
diferentes ambientes e particularidades da composi¢do da comunidade bacteriana de cada
um deles. Os filos bacterianos aparecem descritos em ordem de ocorréncia na populagdo.
Séao indicados os géneros mais frequentes entre os filos.

Adaptado de: de Steenhuijsen Piters, 2015.

Mudancas sao observadas na composi¢cédo do microbioma com o passar
dos primeiros anos de vida. Algumas espécies microbianas desaparecem,
outras iniciam a colonizagdo do trato respiratdrio, e pelo menos até os dois
anos de vida o microbioma ainda é diferente do encontrado na vida adulta
(Biesbroek e cols., 2014). Apo6s estabelecido o primeiro microbioma da
nasofaringe, a tendéncia é o alcance do equilibrio das populacdes e a
confirmacéao da estabilidade da comunidade. Neste estagio, de maneira geral, o
microbioma é composto por uma ampla variedade de micro-organismos que se
misturam entre comensais e potencialmente patogénicos. Streptococcus
pneumoniae, Haemophilus influenzae, Moraxella catarrhalis e Staphylococcus

aureus sado algumas das espécies patogénicas mais comuns a colonizar a
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nasofaringe em humanos livres de doenga (Bogaert e cols., 2004; Margolis e
cols., 2010).

Bogaert e cols. (2004) observaram que criangas saudaveis com 3 anos
de idade apresentavam um pico de incidéncia de 55% de colonizagao por S.
pneumoniae. No mesmo estudo, se demonstrou que a incidéncia desta diminui
para 8% em criangas com 10 anos de idade.

Biesbroek e cols. (2014) observaram auséncia do género Prevotella em
criangas, entre o periodo de 1,5 e 24 meses ap6s o0 nascimento. No mesmo
estudo, se demonstrou que quando a colonizagao inicial do trato respiratério foi
composto por um perfil dominado por Moraxella e Corynebacterium ou
Dolosigranulum e Corynebacterium, o microbioma foi marcado pela maior
estabilidade com o passar do tempo. No entanto, quando a colonizagéo inicial
foi composta por um perfil dominado por Streptococcus e Haemophilus, o
microbioma foi marcado por um padrdo de frequentes mudangas durante o

passar do tempo.

1.3. Coinfecgao virus-bactéria

A deteccao viral na nasofaringe € tdo frequente quanto a presenca de
bactérias patogénicas. Alguns autores tem reportado a co-presenca destes
patdbgenos e a possivel associagdo existente entre eles para o desfecho da
doencga (van den Bergh e cols., 2012; Bosch e cols., 2013). No entanto, é dificil
dissociar a causa do desfecho da doenca, uma vez que a mortalidade por

pneumonia e influenza incluem a morte por infecg¢ao viral primaria e a morte por
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infecgdo bacteriana secundaria. Isto se deve a dificuldade de se estabelecer
distingao entre as causas (Thompson e cols., 2003).

Por mais que uma infecgédo viral por influenza A possa ser por si s6
causadora de doenga grave, o risco de complicacbes e de mortalidade
aumenta na presenca de uma bactéria patogénica. A sugestdo de que a
infeccéo viral predispde a doencga bacteriana foi primeiro atribuida ao médico
francés Laennec, em 1803, que observou o aumento do numero de casos de
pneumonia durante periodos de epidemia de influenza (McCullers, 2006).
Desde entdo, a interacdo entre bactérias patogénicas e virus respiratérios
durante o desenvolvimento de infeccdo viral é frequentemente reportada
(Brockson e cols., 2012; van den Bergh e cols., 2012; Bosch e cols., 2013;
Leung e cols., 2013).

Wei e cols. (2015), reportaram 17% de casos de coidentificagéo virus-
bactérias patogénicas entre 3181 criangas hospitalizadas devido a infecgéo
respiratoria aguda. No entanto, o mesmo estudo demonstrou ndo haver
influéncia no desfecho da doenga. Damasio e cols. (2015), detectaram a
presenca de coinfeccdo em 45% dos pacientes analisados, sendo que 40%
estavam infectados pelo IAV(H1N1)pdm09. No mesmo estudo, ndo se
observou nenhuma influéncia da presenga de coinfeccéo sobre o periodo de
hospitalizagdo, sobre a severidade ou sobre a taxa de mortalidade.

Estudos tém demonstrado uma associacdo positiva para doenga em
infeccbes pelo virus influenza na presenca de algumas espécies bacterianas,
como o S. pneumoniae, o H. influenzae e o S. aureus (Bosch e cols., 2013). Ja
van den Bergh e cols. (2012), reportaram forte associagédo positiva entre o S.

aureus, o S. pneumoniae e o virus influenza.
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Bactérias coinfectantes do trato respiratério podem ser responsaveis
pela excrecdo de proteases, contribuindo para a ativacdo da HA viral e,
consequentemente, para o aumento de particulas virais aptas a ingressarem
nas células hospedeiras. Proteases microbianas podem, também, promover a
producdo de proteases pelo hospedeiro nos locais de infecgéo; por exemplo,
plasmina, trombina e calicreina pela presenca de estafilo e estreptoquinase
(Mancini e cols., 2005).

Tashiro e cols. (1987a), reportaram que algumas linhagens de
Staphylococcus aureus séo capazes de secretar proteases que promovem a
ativacado da HA do virus influenza, exercendo decisiva influéncia no desfecho
da infeccdo em camundongos. No mesmo ano, Tashiro e cols (1987b),
reportaram uma serino protease bacteriana com atividade de ativagao da HA,
semelhante a tripsina e a plasmina. Uma importante especificidade envolvendo
tanto a linhagem bacteriana produtora da protease quanto a HA ativada com

sucesso foram determinadas no mesmo estudo.

1.4.Microbioma da nasofaringe de pacientes infectados por

IAV(H1N1)pdm09

O virus influenza A €, dentre os virus respiratérios que infectam humanos,
possivelmente o mais habilidoso na arte de se modificar a fim de evitar o
ataque do sistema imunologico hospedeiro. Tendo em vista o grande numero
de casos estimados de infecgdes humanas por este virus, pode-se dizer que
uma infeccdo pelo virus influenza raramente causa doenga em pessoas

saudaveis, exceto quando ha o envolvimento de linhagens virais pandémicas.
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Inclusive, €& possivel detectar virus influenza em pessoas portadoras
assintomaticas (Melchior e cols., 2015).

Estudos envolvendo amostras de pacientes mortos durante pandemias
por influenza mostraram que grande parte dos Obitos podem ser atribuidos a
coinfecg&o bacteriana. Linhagens virais mais agressivas foram associadas ao
S. pneumoniae (Morens e cols., 2008) enquanto linhagens mais brandas foram
associadas ao S. aureus (McCullers, 2006).

O trato respiratério superior € a via de entrada dos virus respiratérios. Nas
vias aéreas € que as particulas virais do influenza entram em contato com as
células do hospedeiro e estabelecem ligagdo e adesdo virus-célula via
receptores especificos. Neste ambiente, o virus precisa encontrar condi¢des
favoraveis para progredir e estabelecer sua infecgdo. No entanto, € importante
observar que neste ambiente ha estabelecido pelo menos duas complexas
relagbes de constante conflito: (a) entre o sistema imune do hospedeiro e
bactérias potencialmente patogénicas e (b) entre populagdes bacterianas que
compartilham o microbioma local.

Assim sendo, o estudo do microbioma da nasofaringe pode esclarecer
alguns aspectos que envolvem a coinfecgéo virus-bactéria e o desfecho da

doenga em pacientes saudaveis e em portadores de doengas crénicas.
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2. Objetivos

Tendo como foco investigar o microbioma do trato respiratério superior

de pacientes infectados pela linhagem pandémica 2009 do virus influenza A da

populacao do estado do Rio Grande do Sul, os objetivos deste estudo foram:

Determinar a diversidade bacteriana do trato respiratorio
superior de diferentes grupos de pacientes hospitalizados por
Sindrome Respiratoria Aguda Grave (SRAG) no Estado do Rio

Grande do Sul;

Identificar a presenga de coinfecgdo entre influenza A H1N1
linhagem pandémica e bactérias patogénicas no trato respiratorio

superior de pacientes hospitalizados;

Identificar o perfil do microbioma de pacientes hospitalizados
com doencga respiratoria aguda por virus influenza A da linhagem
pandémica (H1N1) 2009, utilizando o método de metabarcoding com

sequenciamento de alto desempenho.
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Abstract

Influenza A virus (IAV) infection causes significant morbidity and mortality
worldwide. The coinfection with potentially pathogenic bacteria as well as the
presence of comorbidities has been reported to be associated with increased
virulence and complications for the viral disease. The molecular fingerprint
method RISA is based on the amplification of the bacterial intergenic region
located between the 16S and 23S rRNA gene. The aim of the present study
was verify the bacterial diversity in the upper respiratory tract of patients
infected by the pandemic strain of influenza A virus (IAV(H1N1)pdm09) with and
without chronic pneumopathy (CP). Nasopharyngeal samples from 144 patients
were enrolled in the study. Specie specific PCRs were performed to identify
Streptococcus pneumoniae, Staphylococcus aureus, Moraxella catarrhalis, and
Haemophilus influenzae. RISA were also performed to find the bacterial
community profile and measure the diversity using ecological data analyses.
The microbial diversity observed in IAV(H1N1)pdmQ09 patients (H'= 3.438) when
compared to non-IAV(H1N1)pdmQ9 patients (H= 3.361) did not present
statistical difference. Samples of IAV(H1N1)pdm09 patients presenting CP
displayed lower bacterial diversity (H= 3.223) when compared to samples from
IAV(H1IN1)pdmQ9 patients without CP (H= 3.455). The Streptococcus
pneumoniae was identified in 62% of samples, while 26% presented Moraxella
catarrhalis. Lower frequencies were observed for Haemophilus influenzae
(17%), and Staphylococcus aureus (12%). As a conclusion, was verified a high
frequency of potentially pathogenic bacteria in the nasopharynx of patients. Our
finds suggest that IAV(H1N1)pdmO09 patients with CP may present a profile of

lower bacterial diversity than IAV(H1N1)pdmO09 patients without CP.
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Introduction

Acute lower respiratory infections are the second most common cause of iliness
affecting people at different ages and socioeconomic groups, having Influenza
A Virus (IAV) as its major contributor of iliness. It is estimated that 5-10% of the
world’s population is infected each year by IAV [1]. Influenza disease is
characterized by non-specific acute symptoms like fever, myalgia, headache
and pneumonia in several cases [2], but also asymptomatic individuals have
been identified [3]. More than 50,000 cases of IAV infection were reported in
Brazil during the last pandemic period, most of them by pandemic strain of
Influenza A virus (IAV(H1N1)pdm09). The Influenza A virus can be responsible
for increasing the hospitalization up to 33% for children and up to 9% for adults
presenting chronic pneumopathy (CP) [4]. Moreover, comorbidities may
contribute to enhancing the severity of IAV-associated infections [5], as well as
coinfection by pathogenic bacteria [6].

Species of potentially bacterial pathogens like Streptococcus pneumoniae,
Haemophilus influenzae, Moraxella catarrhalis and Staphylococcus aureus can
colonize the human upper respiratory tract [7]. Each one of those species may
be present in a healthy upper respiratory tract as part of a stable bacterial
community or promoting a process of rupture of the bacterial community and
leading to a respiratory disease, such as a secondary infection of the lower
respiratory tract in patients infected by IAV [6]. In fact, a positive association has
been already demonstrated between IAV and S. pneumoniae [8].

Bacterial diversity has been studied in representative human samples from the
gastrointestinal system, skin, and more recently, the upper respiratory tract [9—

11]. Analyses of the bacterial community inhabiting the upper respiratory tract of
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IAV infected patients might give insights on influenza disease outcome.
Microbial diversity can be assessed using a molecular fingerprint method called
ribosomal intergenic spacer analysis (RISA) which is based on the amplification
of the bacterial intergenic region located between the 16S and 23S rRNA gene
[12-15]. RISA is broadly applied for microbial community analysis and it is a
culture independent method. The aim of the present study was identify and
measure the bacterial diversity in nasopharynx of patients infected by

IAV(H1N1)pdmO09 with and without chronic pneumopathy.



44

Material and methods

Ethics Statement

Experiments were performed in compliance with relevant laws and in
accordance with the ethical standard of the Declaration of Helsinki. All ethical
issues were previously approved by the Research Ethics Committee of
Universidade Federal de Ciéncias da Saude de Porto Alegre (UFCSPA).
Influenza is a notifiable disease, and all samples used in this study have been
collected for health surveillance, diagnosis and treatment of the patients,
without written Informed Consent. Nevertheless, the acquisition of the samples
adheres to the regulations and ethical guidelines for the protection of human
subjects of research in Brazil, and all research activities involving human
subjects were conducted according to these ethical principles. The samples are
labeled in a coded, de-identified manner. All patient identifiers — name, date of
birth, address, and other information that are confidential — are not disclosed,
and researchers have access only to information important for the objectives of

the study, such as clinical symptoms and demographical data (age, gender).

Biological samples and DNA extraction

A total of 144 nasopharyngeal aspirates from patients with severe acute
respiratory infection (SARI = fever >38°C, cough, and dyspnea) were enrolled in
the study. All samples were collected in hospital units of Rio Grande do Sul
State, southern Brazil, during 2012 and sent to the State Central Laboratory
(LACEN-RS). Patients were hospitalized for presenting SARI symptoms.
Moreover, each sample was provided with laboratorial results for

IAV(H1N1)pdm09 - following the WHO/CDC RT-PCR protocol [16] — and a
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clinical record data form. Samples were divided between samples from patients
presenting IAV(H1N1)pdmO09 infection and samples from patients presenting
non-lAV(H1N1)pdmQ9 infection. The information of CP from clinical record data
form of patients presenting IAV(H1N1)pdmO09 infection were used to evaluated
the results of analysis.

Samples were stored at -80°C until required for further laboratory analyses.
Each sample was thawed on ice and DNA was extracted using QlAamp DNA
mini Kit (QIAGEN) according to the manufacturer's instructions. DNA was
quantified using NanoDrop ND-1000 spectrophotometer (Thermo Fisher

Scientific) and then stored at -20°C for further analysis.

Ribosomal Intergenic Spacer Analysis (RISA)

The universal primer set 1406F (5TGYACACACCGCCCGT3’) and 23Sr
(5GGGTTBCCCCATTCRG3’) [17] was used for RISA profile. Reactions
included an initial denaturation at 94°C for 5 min; 35 cycles of amplification at
94°C for 20 s, 50°C for 30 s, and 72°C for 1 min; 72°C for 5 min for final
extension. PCR-RISA reaction mixture was prepared with 1X PCR buffer
(Invitrogen), 3 mM MgCl,, 200 uM of each dNTP, 0.8 uM of each primer, 2.5 U
of recombinant Taq DNA Polymerase, and 2 uL (10-50 ng) of template DNA in a
final reaction volume of 25 yL. PCR products were loaded in a 1.7% agarose
gel and electrophoresis was carried out at 85 V for 180 min (6.5 V cm™) in 0.5X
TBE buffer. The size of PCR fragments stained with 0.7 ug mL™" of ethidium
bromide was estimated using molecular weight markers (GeneRuler 100 pb
DNA ladder from Thermo Fisher Scientific; and 1 kb DNA ladder from New

England Biolabs Inc.).
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RISA Fingerprint analyses

Pattern of banding and genetic distance between samples were analyzed using
PAST v3.10 [18]. Each band into the fingerprint of each sample was considered
an operational taxonomic unit (OTU) represented by the molecular weight
demonstrated on the agarose gel. The intensity of bands was not considered to
differentiate patterns between samples. Presence and absence of each band
was converted into a binary matrix comparing each PCR product and similarity
measure between samples was estimated by Dice coefficient [19]. The samples
were clustered by unweighted pair group method using arithmetic average
(UPGMA) algorithm. Richness was determined by Margalef's index and
diversity of microbial community was examined by Shannon index (H’) [20].
Dominance (D) was observed using Simpson’s diversity index (D = 1-Simpson
index). Compare diversities module from PAST v3.10 software was used to
check differences between groups’ diversity indices. Relative abundance was

expressed as frequency of different OTUs in each group.

Species-specific PCR identification

A multiplex PCR was performed using species-specific forward primers for the
16S rRNA gene sequences of Haemophilus influenzae
(5’CGTATTATCGGAAGATGAAAGTGC3), Streptococcus pheumoniae
(5’AAGGTGCACTTGCATCACTACC3)), Moraxella catarrhalis
(5’CCCATAAGCCCTGACGTTAC3’), and a universal reverse primer
(5’CTACGCATTTCACCGCTACACSZ’) for all three species [21]. The primer

sequences were verified on the Ribosomal Database Project (RDP,
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http://rdp.cme.msu.edu/). The reaction mixture consisted of 1X PCR buffer

(Invitrogen), 1.6 mM of MgCl,, 200 pM of each dNTP, 0.24 yM of each forward
primer, 0.48 uM of the reverse primer, 1 U of Platinum Taq DNA Polymerase,
and 2 pL (5 ng) of template DNA in a final volume of 25 pL. Initial DNA
denaturation at 94°C for 5 min was followed by 30 cycles at 94°C for 30 s, 53°C
for 30 s, and 72°C for 45 s. A final extension was performed at 72°C for 2 min.
The products of reactions were loaded in a 3% agarose gel.

A set of primers (FS’ATCACAAACAGATAACGGCGY and
R5CGTAAATGCACTTGCTTCAGG3’) was used to amplify a region of the nucA
gene for identify Staphylococcus aureus on the samples [22]. The PCR mixture
consisted of 1X PCR buffer (Invitrogen), 1.6 mM of MgCl,, 200 uM of each
dNTP, 0.4 uM of each primer, 1 U of Platinum Tag DNA Polymerase, and 2 yL
(5 ng) of template DNA in a final volume of 25 pL. Initial DNA denaturation at
94°C for 5 min was followed by 30 cycles of 94°C for 30 s, 50°C for 30 s, and
72°C for 30 s; and final extension at 72°C for 2 min. The products of reactions

were loaded in a 1% agarose gel.

Statistical analysis

Statistical analysis was performed using SPSS 20.0. Data were presented as
relative frequencies (%) or median (IQR - interquartile range). The X* test was
used to observe differences. Values were considered statistically significant
when p<0.05. We used Odds Ratio (OR) under 95% of confidence interval to
explore a possible association between IAV(H1N1)pdmO09 infection and the

presence of potentially pathogenic bacteria.



Results

Samples were obtained from 144 patients presenting age between <1 and 86
and median of 38 (11.75 — 55) years old. The dataset was constituted of 52.8%
female and 47.2% male patients. Among them, 15.3% declared smoking. A total
of 52.1% were infected by IAV(H1N1)pdm09 and 19.4% of them had chronic
pneumopathy. The chest X-ray information showed abnormalities in 95.8% of

the patients tested (n=93) (Table 1).

Table 1. Demographic and clinical characteristics of patients groups

Group IAV(H1N1)pdm09? non-IAV(H1N1)pdm09® Total®
n 75(52.1) 69(47.9) 144
Age (%)
<5 15(20.0) 18 (26.1) 33 (22.9)
6-14 3 (4.0) 1(1.4) 4 (2.8)
15-24 3 (4.0) 5(7.2) 8 (5.6)
25-59 46 (61.3) 35 (50.7) 81 (56.3)
>60 8 (10.7) 10 (14.5) 18 (12.5)
Gender (%)
Male 33 (44.0) 35 (50.7) 68 (47.2)
female 42 (56.0) 34 (49.3) 76 (52.8)
Chronic Pneumopathy (%)
n 72 62 134
missed 3 7 10
20 (27.8) 6 (9.7) 26 (19.4)
Smoking (%)
n 71 66 137
missed 4 3 7
12 (16.9) 9(13.6) 21 (15.3)
Chest x-Ray (%)
n 48 45 93
missed 27 24 51
Normal 2 (4.2) 2(4.4) 4 (4.2)
Intestitial infiltrate 22 (45.8) 24 (53.3) 46 (49.5)
Consolidation 12 (25.0) 8 (17.8) 20 (21.5)
Mixed 10 (20.8) 7 (15.6) 17 (18.3)
Other 2 (4.2) 4 (8.9) 6 (6.5)

(a) — Samples of IAV(H1N1)pdmQ9 patients; (b) — Samples of non-

IAV(H1N1)pdmO09 patients; (c) — Samples of all patients.
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Bacterial pattern by RISA

Each bacterial population was successfully analyzed by the RISA methodology.
Amplification using primers 1406F and 23SR generated from 1 to 22 fragments
ranging between 300 and 3,000 bp. All fragments were considered in the
analysis. The occurrence of fragments was more frequent in the range between
500 bp and 1,000 bp and the fragment with 525 bp appeared in 56% of all
samples. The patterns of amplification were observed to be reproducible by
replicates of control.

Dendrograms of cluster analysis using UPGMA algorithm based in the bacterial
pattern of samples by RISA are showed (Figs 1-3). The similarity using Dice’s
coefficient measured 0.606 of correlation between samples (Fig 1). When the
dendrograms were construct separately for samples of IAV(H1N1)pdm09 and
non-lAV(H1N1)pdmQ09 patients, the measures were 0.660 and 0.594,
respectively (Fig 2). Finally, when the Dice’s coefficient was applied for samples
of IAV(H1N1)pdmOQ9 patients with CP and without CP the similarity measured

was 0.765 and 0.680 respectively (Fig 3).
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Fig 1. Dendrogram of similarity profiles for bacterial communities from
nasopharyngeal samples by RISA. Constructed using UPGMA algorithm and
Dice’s coefficient of similarity. Dashed line indicates 60% similarity. The Dice’s

correlation for the 144 samples of nasopharynx was 0.606.
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Fig 2. Dendrogram of similarity profiles for bacterial communities from
nasopharyngeal of patients (A) IAV(HIN1)pdm09 and (B) non-
IAV(H1N1)pdmO09. Constructed using UPGMA algorithm and Dice’s coefficient
of similarity. Dashed line indicates 60% similarity. The Dice’s correlation for the

samples of nasopharynx was (A) — 0.660; (B) — 0.594. The presence of

bacterial specie in the sample is highlighted in black at the table. AUR

Staphylococcus aureus; PNE = Streptococcus pneumoniae; HAE
Haemophilus influenzae; MCAT = Moraxella catarrhalis. Dashed line indicates

60% similarity.
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Fig 3. Dendrogram of similarity profiles for bacterial communities from
nasopharyngeal of patients IAV(H1N1)pdmQ9 (A) with chronic pneumopathy
and (B) without chronic pneumopathy. Constructed using UPGMA algorithm and
Dice’s coefficient of similarity. Dashed line indicates 60% similarity. The Dice’s

correlations for the samples of nasopharynx were (A) — 0.765; (B) — 0.680.
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Bacterial diversity in IAV(H1N1)pdm09 patients

The Shannon index (H’) was used in order to measure the diversity among each
bacterial population, (Table 2). The diversity was H’= 3.429 for all samples. A
higher measure of diversity was observed for samples of IAV(H1N1)pdm09
patients (H= 3.438) when compared with samples of non-IAV(H1N1)pdmO09
(H= 3.361). Samples of patients from samples of IAV(H1N1)pdm09 with CP
showed lower bacterial diversity (H’= 3.223) when compared with samples from
patients without CP (H’= 3.455).

There is no significant difference (p= 0.068) on bacterial diversity when samples
of non-IAV(H1N1)pdm09 with and without CP (H’= 2.583 and H’= 3.362,

respectively) were compared (data not shown).

Table 2. Ecological group-specific analysis: bacterial diversity

Shannon (H') Margalef's richness Dominance (D)
Group?® n  (Cl95%) p value®  (Cl 95%) p value® (Cl 95%) p value®
all samples 144 3.429 (3.371-3.445) 5.602 (5.315-5.602) 0.037 (0.036 - 0.040)
IAV(H1N1)pdm09 75 3.438 (3.344-3.456) 0.060° 6.116 (5.646-6.116) 0.359° 0.037 (0.036 - 0.043) 0.362°
non-IAV(H1N1)pdm09 69 3.361(3.260-3.374) 5.857 (5.206-5.857) 0.039 (0.038- 0.045)
IAV(H1N1)pdm09 with CP 20 3.223(2.976-3.208) 0.023¢ 6.292 (4.871-6.089) 0.897° 0.047 (0.046 - 0.064) 0.058°
IAV(H1N1)pdmO09 without CP 52  3.455 (3.351-3.463) 6.442 (5.781-6.442) 0.036 (0.035 - 0.042)

(a) — Group of samples enrolled in each ecological diversity analyses; (b) —
Bootstrapped comparison of diversity indices; (c) — p-value from diversity
analysis comparison between samples of IAV(H1N1)pdm09 and non-
IAV(H1N1)pdmO09 patients; (d) — p-value from diversity analysis comparison
between samples IAV(H1N1)pdm09 with CP and without CP patients.

Significant difference between groups’ diversity indices when p<0.05.

The relative abundance of OTU showed difference of frequencies between

samples of IAV(H1N1)pdmQ9 with and without CP (Fig 4). The OTUs 825 and
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1375 were abundant between samples of patients without CP and absent
between samples of patients with CP. In lower proportion another OTUs
presented difference on frequency between groups and some of those were

also absent in samples of CP patients.

Relative abundance of OTUs (%)
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Fig 4. Relative abundance of OUTs from samples of IAV(H1N1)pdmQ9 patients
using RISA. Red bars represent samples of patients IAV(H1N1)pdm09 without
chronic pneumopathy; Blue bars represent samples of patients

IAV(H1N1)pdm09 with chronic pneumopathy.

Specie specific bacteria identification

Identification of specific bacteria was done in a multiplex PCR where the
products in the gel appeared as three DNA bands with sizes close to 522 bp,
481 bp and 234 bp for H. influenza, S. pneumoniae and M. catarrhalis,
respectively. Other specific PCR for S. aureus produced a single band with
approximate 244 bp. Results of PCR amplifications were accepted when

positive and negative reaction controls were validated.



56

At least one of specie those potential pathogenic bacteria tested was positive
for 77% of nasopharyngeal samples. Streptococcus pneumoniae was identified
on 90 samples (62.5%). There were 25 (17.4%) and 38 (26.4%) positive PCRs
for H. influenzae and M. catarrhalis, respectively. The less prevalent was S.

aureus, present in 18 samples (12.5%) (Table 3).

Table 3. Prevalence of potentially pathogenic bacteria in the nasopharynx of

IAV(H1N1)pdmO09 patients and non-IAV(H1N1)pdmO09 patients.

Species
S. aureus S. pneumoniae H. Influenzae M. catarrhalis

Age Samples
years Groups n n (%) n (%) n (%) n (%)
0-5

All samples? 33 5(15.1) 22 (66.6) 11 (33.3) 18 (54.5)

IAV(H1N1)pdm09® 15 3 (20) 8 (53.3) 5(33.3) 8 (53.3)

non-IAV(H1N1)pdm09® 18 2(M1.1)  14(77.7) 6 (33.3) 10 (55.5)
6-17

All samples® 9 3(33.3) 8(88.8) 3(33.3) 2(22.2)

IAV(H1N1)pdm09® 5 3 (60) 5 (100) 1 (20) 1 (20)

non-IAV(H1N1)pdm09°® 4 0 (0) 3(75) 2 (50) 1 (25)
218

All samples?® 102 10 (9.8) 60 (58.8) 11 (10.7) 18 (17.6)

IAV(H1N1)pdmO09® 55 7 (12.7) 36 (65.4) 6 (10.9) 9(16.3)

non-IAV(H1N1)pdm09°® 47 3(6.3) 24 (51) 5(10.6) 9(19.1)

(a) — Samples of all patients; (b) — Samples of IAV(H1N1)pdmO09 patients; (c) —

Samples of non-IAV(H1N1)pdmOQ9 patients.

Co-presence of bacteria was observed in samples. Among the 144 samples, 23
(16%) were co-positive for both M. catarrhalis and S. pneumoniae. Similarly, H.
influenzae and S. pneumoniae were co-identified in 19 (13%) samples. There
were also 16 (11%) co-positives for S. aureus and S. pneumoniae, what
correspond to 88.8% of all S. aureus identifications. Staphylococcus aureus

was not co-identified together with M. catarrhalis nor H. influenzae when S.



o7

pneumoniae was absent (Fig 5). Results of triple co-positivity on the multiplex

PCR were evidenced for 8 (5%) samples.

Fig 5. Venn diagram showing the co-occurrence of potentially pathogenic
bacteria in nasopharynx samples of IAV(H1IN1)pdm09 and non-
IAV(HIN1)pdm09 patients. (AUR) - Staphylococcus aureus; (PNE) -
Streptococcus pneumoniae; (MCAT) — Moraxella catarrhalis; (HAE) -

Haemophilus influenzae.

Discussion

The stability in a biological community results from cooperation among several
interactions. Nevertheless competition factors between two populations tend to
eliminate one of the populations from the common habitat [23]. In the
respiratory tract the mechanisms by which viruses influence bacterial
colonization on host are diverse and some of them are well known [6]. Both

positive and negative associations between virus and bacteria have been
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broadly described as an important cause of a secondary bacterial infection
outcome [6,24]. Study about the Spanish Flu has shown that most of the deaths
observed during the pandemic in 1918 and 1919 were due to secondary
pneumococcal pneumonia [25]. On the other hand, recent studies have
identified as asymptomatic carriers of influenza virus as asymptomatic carriers
of bacterial pathobionts [3,11]. In this context the diversity of bacterial
community in patients with influenza constitute a rich source of information to
understand the infection process.

The present study measured bacterial diversity in nasopharyngeal samples of
patients with |AV(H1N1)pdmO09 infection associated or not to chronic
pneumopathy status. Using the RISA method, the bacterial diversity measured
was similar for IAV(H1N1)pdmO09 or non-IAV(H1N1)pdmO09 patients. Most of the
clusters displayed around 60% of similarity or lower with IAV(H1N1)pdm09 and
non-IAV(H1N1)pdmQ9 patients belonging to the same cluster (Fig 1). Even
when the coefficient of similarity is taken into account, both groups seem to be
close. Therefore we did not observe a specific RISA pattern to differentiate 1AV
infected from IAV non-infected individuals.

The samples of patients IAV(H1N1)pdm09 with CP presented higher similarity
of bacterial community than the similarity observed on samples of
IAV(H1N1)pdmO09 without CP. Moreover, when we observed the Shannon’s
diversity and the Margalef’'s richness measures we found lower diversity and
lower richness on IAV(H1N1)pdmO09 with CP compared to patients without CP.
The low richness and diversity might suggest the presence of a bacterial
dominance in the upper respiratory tract of IAV(H1N1)pdm09 with CP patients,

as measured on Dominance index. Accordingly, IAV(H1N1)pdm09 with CP
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patients have shown less frequency of OTUs as opposed to IAV(H1N1)pdmO09
without CP patients. Indeed, some OTUs that lack on IAV(H1N1)pdmO09 with CP
patients, such as OTU 825, and others OTUs that are plentiful, such as OTU
600, suggesting loss of bacterial population and dominance of specific bacteria.
Studies have suggested an association between lung diseases such as chronic
obstructive pulmonary disease or asthma and disturbed microbiome [10,26].
Microbial agents such as Staphylococcus aureus and Haemophylus influenzae
are frequently recovered in cultures from samples of patients with chronic
pneumopathy, being considered causes of disease complications [26]. In the
present study, S. aureus and H. influenzae were co-identified in the
nasopharynx of patients with IAV with and without CP. Considering that the
absence of CP is an apparent condition of stability on a bacterial community,
our results suggest that both species can be present in healthy patients;
therefore the presence of pathogenic bacteria species alone may not be taken
as a parameter for bacterial community stability, but for specific bacterial
populations that constitute the community.

Virus-bacteria coinfection has been shown to play a role in predisposing
individuals to secondary infections. Coinfection of respiratory syncytial virus
(RSV) and H. influenzae predispose M. catarrhalis of upper respiratory tract to
invade middle ear of host and cause infection [24]. Also, influenza virus can
increase bacterial colonization when in coinfection with Streptococcus
pneumoniae [8]. Both pathogens might be involved in a process of microbial
community breakdown by inducing changes in the host immune response.
Indeed, positive association between S. aureus and influenza virus infection

was reported in the upper respiratory tract of patients with acute respiratory
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illness [27]. In our study, there was no difference in the identification of S.
pneumoniae between IAV(H1N1)pdm09 and non-IAV(H1N1)pdmO09 (p=0.576),
neither of S. aureus (p=0.115), H. influenzae (p=0.654) and M. catarrhalis
(p=0.625) between both groups. Nevertheless, a difference for S. aureus cases
was observed (p=0.036) in a positive association with the presence of S.
pneumoniae (OR= 4.574, 1.203-17.392). Thus, coinfection of influenza A virus
and S. pneumoniae might be responsible for increase occurrence of S. aureus.
Previous studies comparing the bacterial diversity in patients infected and in
patients not infected by IAV did not show significant differences [9,11]. In
accordance with that, the diversity of microbial community were also similar in
both groups (p=0.060) of present study; notwithstanding, our study found
significant differences on bacterial diversity between IAV(H1N1)pdm09 with CP
and non-lAV(H1N1)pdmQ9 patients without CP (p=0.023).

The present study has some limitations, such as limited information about the
smoking habit or the specific chronic pneumopathy of each patient, then it was
not possible to associate bacteria species identified and specific disease
outcomes. Another limitation is to be a retrospective study that include only
samples of patients with SARI illness and do not assess samples of healthy
individuals. Indeed, a prospective study may strengthen the results.
Nevertheless, our findings suggest that upper respiratory tract infected by IAV
might disrupt bacterial community equilibrium and that a low bacterial diversity

in these patients might be associated to chronic pneumopathy.

Conclusion
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RISA method has been effective to demonstrate that IAV infected patients
presenting chronic pneumopathy have differences in bacterial diversity of the
upper respiratory tract when compared to IAV without chronic pneumopathy
patients. No difference on bacterial diversity between IAV(H1N1)pdm09 and
non-lAV(H1N1)pdmQ9 patients was observed. Finally, the presence of bacteria
pathobionts might not be associated to a higher chance of IAV(H1N1)pdm09
infection, on the other hand a lower bacterial diversity in IAV-infected patients
might be associated with dominance of bacteria that cause chronic

pneumopathy.
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Abstract

Background: The microbiome of the upper respiratory tract may be disrupted
during infection by viral pathogens. Influenza A virus causes severe acute
respiratory infection with high morbidity and mortality worldwide and the disease
outcome may be associated to changes in the microbiome profile of infected
patients. We aimed to identify traits into the bacterial community structure in the
nasopharynx of hospitalized patients with severe acute respiratory infection
infected and not infected by influenza A pandemic virus.

Methods: A total of 12 nasopharyngeal aspirate samples from patients with
acute respiratory infection were enrolled in the study. Using a metabarcoding
approach we assessed the bacterial community based on the 16S rRNA gene.
Results from the lon Torrent PGM sequencing were submitted to a quality
control for the minimum Phred score of 30 using PRINSEQ. Good quality
sequences were analyzed using QIIME v1.8.0.

Results: No statistic differences were observed for Shannon (p=1.000), chao1
(p=0.631) or Simpson_e (p=0.522) between patients IAV infected and IAV non-
infected. Unassigned sequences were observed in all samples with frequency
of 6.4% (5.31 / IQR 2.71 — 7.06). In general, the frequencies of phyla
sequences were variable between samples, with Proteobacteria (28.3 / IQR 0.8
— 75.8), Firmicutes (13.5 / IQR 2.7 — 40) and Bacteroidetes (17.3 / IQR 0.8 —
56.1) being the dominant phyla. Differences on frequencies of Proteobacteria
(p=0.01) and Firmicutes were observed between samples of IAV infected and

IAV non-infected patients.
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Conclusions: The present study has shown differences in the bacterial
community of patients hospitalized with severe acute respiratory infection
infected and not infected by influenza A virus.

Keywords — Microbiome; Influenza A Virus; SARI; co-infection; Upper

Respiratory Tract
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Background

The microbiome of the human upper respiratory tract (URT) is susceptible to
changes during imbalanced states. Influenza A virus (IAV) entrance into the
host epithelial cells of the URT may disrupt the microbiome stability promoting
the outgrowth of pathogenic bacteria [1].

IAV is among the most common and major causes of human respiratory
infection presenting high morbidity and mortality. The virus is responsible for
hundreds of thousands of hospitalizations every year, mainly during a pandemic
but also in non-pandemic periods [2]. Hospitalized patients with flu disease
present a variety of nonspecific symptoms that are also presented by patients
with other respiratory diseases. While those symptoms are commonly
considered when measuring the severity of the disease, hospitalization fatality
risk (HFL) has been underexplored and underestimated [3]. HFL can define the
probability of death among IAV cases and is considered a better way to predict
the severity of the disease and to avoid worse outcomes [3]. Nevertheless,
others measure need to be included once around 12% of those pandemic 1AV
patients admitted in the hospital require high dependency or intensive care and
up to 5% of them eventually die [4].

Studies of the URT'’s bacteriome have shown the importance of bacterial
community structure analyses on IAV infected patients [5—7]. At birth, bacteria
colonize the nasopharynx as well as other compartments of the respiratory tract
compartments [8]. The URT is colonized by a wide variety of commensal and
pathogenic microorganisms that constitute the nasopharynx microbiome.
Furthermore, it has been reported that the bacterial community from the lower

respiratory tract (LRT) is indistinguishable from the community structure from
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the URT [9], what makes the use of nasopharynx samples highly qualified to
screening for respiratory tract infections.

In balanced states the human microbiome is considered beneficial to the host
[10]. Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria
and Cyanobacteria are common phyla found in URT of healthy people in
variable proportions [11]. Even pathogenic bacteria can be present in
established communities. Eventually, a specific ecological perturbation can
change the bacterial community structure leading to local or systemic infection
by both bacterial and viral pathogens [12, 13].

Some chronic and acute diseases have been associated to decrease or to
increase bacteria of specific phyla [13]. However, alterations at a lower
taxonomic level such as genera or species might be more informative about the
bacterial profile that can be associated to a viral infection. The abundance of the
genera Pseudomonas and Prevotella has been reported to change in patients
infected by IAV [14]. Moreover specific and commensal bacteria like
Streptococcus pneumoniae have been reported to establish a mutually
beneficial relationship with influenza virus [15] leading patients to a bad
outcome of respiratory disease.

The 16S rRNA metabarcoding is a gene marker technique that has become an
important approach for the rapid identification and classification of bacterial
communities from environmental and clinical samples [16, 17]. High-throughput
sequencing takes the strength of the highly conserved 16S rRNA gene for
phylogenetic assignments within bacterial communities from any environment. It
is proper to produce many thousands of small 16S rRNA gene fragments per

sample.
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The aim of the present study was to identify differences in the bacterial
community structure in the URT of hospitalized patients with severe acute
respiratory infection (SARI) either infected or not infected by the pandemic

lineage of influenza A virus (IAV[H1N1]pdmQ9).

Methods

Ethics Statement

Experiments were performed in compliance with relevant laws and in
accordance with the ethical standard of the Declaration of Helsinki. All ethical
issues were previously approved (document number 1774/12) by the Research
Ethics Committee of Universidade Federal de Ciéncias da Saude de Porto

Alegre (UFCSPA).

Biological samples and DNA extraction

The twelve samples enrolled in the study were nasopharyngeal aspirates from a
biorepository of the State Central Laboratory (LACEN-RS). All samples were
collected in hospital units of Rio Grande do Sul, southern Brazil, during 2012,
from patients hospitalized with SARI and suspected of being infected by IAV.
Demographic and clinical information including outcome disease and viral
diagnostic [18] data of patients were obtained for analysis. Samples were
considered “positive samples” when positives for IAV(H1N1)pdm09, while
“‘negative samples” were those negative for all influenza A and B viruses.
Patients were not vaccinated for IAV and did not present comorbidities like

chronic pneumopathy or chronic heart disease. They were not infected or co-
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infected by respiratory virus other than IAV(H1N1)pdm09. The samples were
stored at -80°C until required for laboratory analyses.

Each sample was thawed on ice and DNA was extracted using QlAamp DNA
mini Kit (QIAGEN) according to the manufacturer’s instructions. DNA was
quantified in a NanoDrop ND-1000 spectrophotometer (Thermo Fisher

Scientific) and then stored at -20°C for further analysis.

High-throughput sequencing

The set of primers 515F / 806R was used to amplify ~291 bp from the V3-V4
hypervariable region of the prokaryotic 16S rRNA gene [19]. The PCR
conditions used were one initial denaturation step at 94°C for 45 s; 30 cycles
including denaturation for 45 s at 94°C, annealing for 45 s at 50°C, and
extension for 1 min at 72°C; one final extension step for 7 min at 72°C. PCR
amplicons were purified using solid-phase reversible immobilization (SPRI)
paramagnetic bead technology (Agencount AMPure XP; Beckman Coulter).
After fluorometric quantification (Qubit; Invitrogen), 100 ng of DNA were used
for libraries construction following the lon Plus Fragment Library Kit
manufacturer's recommendations (Thermo Fisher Scientific). Normalization was
done using lon Library Equalizer Kit (Thermo Fisher Scientific). Then, lon One
Touch 2 system was used for template preparation and enrichment of barcoded
libraries. Finally, a multiplexed sequencing run was performed on an lon Torrent
Personal Genome Machine (PGM) System (Thermo Fisher Scientific) using lon
316 Chip kit v2. Sequencing results were deposited in the National Center for

Biotechnology Information (NCBI) under BioProject ID 000000.
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High-throughput sequencing analysis

First, all 16S rRNA reads produced by high-throughput sequencing were
submitted to a quality control which retains sequences with minimum length of
100 bp and trimmed to remove low quality bases for the minimum Phred score
of 30 using PRINSEQ [20]. Also, replicated sequences were identified and
sorted by decreasing read abundance and then filtered to exclude singletons
using USEARCH v7.0.1090 [21]. Clusters were assembled using a minimum
identity of 99% and chimeras were removed using RDP reference database
[22]. The taxonomic assignment was obtained using QIIME v1.8.0 [23] and
Operational Taxonomic Units (OTUs) were selected based on 97% sequence
similarity. Taxonomic data was generated through the classification algorithm
using the 97% OTUs version of GreenGenes 13.8 [24]. The default parameters
of QIIME v1.8.0 were used for the alignment of OTUs (pyNAST) and for
generate of phylogenies (FastTree). Rarefactions of the OTU table were
performed to a maximum subsampling depth of 4700 sequences. Alpha
diversity metrics were calculated using QIIME v1.8.0. Multiple rarefactions were
performed for chao1 (estimates species richness), and Shannon (the entropic
information of the abundances of observed OTUs), and Simpson_e (evenness).
The beta diversity analysis was calculated using unweighted UniFrac. The
Principal Coordinates Analysis (PCoA) was generated to observe differences

between groups and the results were visualized using EMPeror software [25].

Statistical analysis
We used SPSS 20.0 to perform statistical analysis. Data were presented as

relative frequency or median and interquartile ranges (IQR). Mann-Whitney test
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was used to compare the diversity of groups. Values were considered

statistically significant when p<0.05.

Results

Samples and databank

Nasopharingeal samples of twelve hospitalized patients presenting flu-like
symptoms were enrolled in the study. According to the clinical databank,
patients showed no associated comorbidities. Samples had been collected
between days 0 to 2 after hospitalization and were sent to the laboratory for
influenza virus diagnosis. Half of the samples (n=6) selected were positive to
IAV(H1N1)pdmO09, whereas the other half (n=6) consisted of IAV negative

(Table 1).

Table 1 — Demographic and clinical characteristics for influenza diagnosis and

disease outcome of hospitalized patient enrolled in the study

Samples® Age Gender IAV(H1N1)pdm09° Outcome
IP1 38 Female Positive Death
1P2 29 Female Positive Cure
IP3 43 Male Positive Cure
IP4 2 Female Positive Death
IP5 52 Female Positive Death
IP6 28 Female Positive Death
IN1 47 Female Negative Death
IN2 54 Male Negative Cure
IN3 60 Male Negative Cure
IN4 <1 Female Negative Cure
IN5 <1 Female Negative Cure
ING 34 Female Negative Cure

a - IP = identification of positive samples for influenza A virus pandemic 2009 strain; IN =
identification of negative samples for influenza A virus pandemic 2009 strain.
b - IAV identification test was performed at LACEN-RS following the WHO/CDC RT-PCR

protocol [18].
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Sequencing data and estimation of bacterial diversity

DNA sequencing yielded 876,246 bacterial sequences (mean length 184 bp)
from the amplified V3-V4 region of the 16S rRNA gene. The quality control
removed bad quality bases and short reads resulting in 673,186 good quality
sequences with mean length of 187 bp. Eventually, 2,543 OTUs from twelve
samples were analyzed. Rarefaction curves of observed OTUs in all 12

samples reached a plateau between 43 and 290 OTUs at the maximum depth

(Figure 1).
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Figure 1 — Rarefaction plots and diversity indexes. Sampling maximum depth of
4700 sequences. Bar indicate standard deviation. (A) Rarefaction curves of
observed OTUs from all 12 samples. (B) Chao1 index for IAV infected and 1AV

non-infected groups of samples. (C) Shannon index for IAV infected and IAV
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non-infected groups of samples. (D) Simpson_e index for IAV infected and IAV

non-infected groups of samples.

Ecological data were plotted for IAV infected and IAV non-infected groups
measuring the Shannon (H’) index for bacterial diversity and chao1 index for
bacterial richness (Figure 1). No statistic differences were observed for
Shannon (p=1.000), chao1 (p=0.631) or Simpson_e (p=0.522) between IAV

infected and IAV non-infected samples (Table 2).

Table 2 — Ecological measures of the bacterial community of the nasopharynx

of patients with severe acute respiratory infection

Samples OTU® Shannon® chaol® Simpson_e*
j IP1 189 4.732 212214 0.066
£ P2 217 4.654 244.067  0.048
= IP3 90 2.883 102.750  0.043
2 P4 316 5.382 350.182  0.053
> IP5 123 2.645 139.667  0.028
a IP6 317 5.570 349.523  0.077
] IN1 49 1.698 142.000  0.047
e N2 203 5375 242.667  0.102
E: N3 268 4.817 297.129  0.058
E N4 186 3.832 202235  0.032
> NS 244 4.608 309.045  0.049
< NG 341 6.241 378.500  0.084

a - Operational Taxonomic Units; b - diversity index; ¢ - richness index; d -

evenness index

Taxonomic identification
The classification of sequences revealed frequency of gene markers of nine

bacterial phyla (Figure 2). The number of assigned phyla decreased to six phyla
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when frequencies lower than one percent (1%) was compressed for analyses.
Unassigned sequences were observed in all samples with frequency of 6.4%
(5.31/1QR 2.71 — 7.06). In general, the frequencies of sequences in phyla were
variable between samples, with Proteobacteria (28.3 / IQR 0.8— 75.8),
Firmicutes (13.5/ IQR 2.7 - 40) and Bacteroidetes (17.3 / IQR 0.8 - 56.1) being
by far the dominant phyla. The comparison between IAV infected and IAV non-
infected patients showed significant differences in the frequencies of sequences
of two phyla: phylum Proteobacteria was more frequent (p=0.01) in IAV non-
infected patients, while sequences of phylum Firmicutes were more frequent
(p=0.01) in samples from IAV infected group (Table 3).

100%

B,
B
Tk
H Tenaricutes
M synergistates
Bk Hspleochaetes
W proteobacteria
son B Fusobactena
B Firmicutes
B Cyancbacteria
4%
B acteroidetes
B fictinobacteria
ok B unclassified
20,
1M
[0

IFL P2 (=3 iPd IPs e N1 IN2 M3 M4 INS INE

Figure 2 — Relative abundance of genome sequences assigned to bacterial
phyla on samples of IAV infected and IAV non-infected group. IP = identification

of influenza positive samples; IN = identification of influenza negative samples.
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Similar trends occurred at the class level (Table 3). A total of nineteen bacterial
classes were detected among the samples. Sequences from Alpha, Beta and
Gammaproteobacteria were significantly more abundant in influenza negative
samples, than in influenza positive samples (p=0.004, p=0.025, p=0.025;
respectively). At the Order level, frequencies of six orders were significantly
different in a total of thirty-one identified. At the Family level, sequences of
eleven families presented differences in a total of sixty-four sequences assigned

at family taxonomic level.

Table 3 — Frequencies of bacterial OTUs with statistical difference between 1AV
infected and IAV non-infected groups of hospitalized patients with severe acute

respiratory infection

Taxon level Operational Taxonomic Unit (OTU) IAV infected IAV non-infected
Total® Total® Taxons Frequency® (%) Median (IQR) Frequency® (%) Median (IQR) pvalue’
£ 9 6
—i Proteobacteria 11.6 0.99 (0.23- 21.4) 63.20 70.98 (35.34-89.02) p =0.01
£ Firmicutes 46.3 32.54 (15.13-90.97) 6.10 4.60(0.22-11.78) p=0.01
19 10
4 Alphaproteobacteria 0.03 0.005 (0.00-0.06)  6.74 4.09(0.79-11.86)  p =0.004
=) Betaproteobacteria 1.45 0.04 (0.00 - 2.19) 3.96 0.97 (0.26 - 9.94) p =0.025
Gamaproteobacteria 9.88 0.33(0.007-19.01) 51.78 44.31(33.18 - 82.44) p =0.025
31 17
Burkholderiales 0.01 0.00 (0.00 - 0.02) 3.75 0.95 (0.18 - 9.13) p =0.003
5 Rhizobiales 0.03 0.00 (0.00 - 0.05) 4.81 0.74 (0.22 - 10.15) p =0.008
° Rhodobacterales 0.00 0.00 (0.00 - 0.00) 1.29 0.57 (0.23-2.18) p =0.002
= Sphingomonadales* 0.00 0.00 (0.00 - 0.00) 0.25 0.12 (0.01 - 0.56) p =0.007
Xanthomonadales 0.00 0.00 (0.00 - 0.75) 7.73 30.93 (12.78 - 82.16) p =0.007
Pseudomonadales 0.43 0.00 (0.00 - 0.00) 41.72 0.57 (0.06-19.67)  p =0.006
64 39
Nocardiaceae 0.00 0.00 (0.00-0.002)  2.77 0.54 (0.32 - 7.07) p =0.003
Rhizobiales family 0.00 0.00 (0.00 - 0.00) 0.69 0.04 (0.02 - 1.55) p =0.002
Bradyrhizobiaceae 0.00 0.00 (0.00 - 0.002) 0.82 0.19 (0.17 - 2.07) p =0.004
Hyphomicrobiaceae 0.00 0.00 (0.00 - 0.00) 0.46 0.60 (0.02 - 0.73) p =0.002
% Phyllobacteriaceae 0.00 0.00 (0.00 - 0.00) 0.66 0.34 (0.04 - 1.42) p =0.007
® Rhizobiaceae* 0.00 0.00 (0.00 - 0.002) 0.99 0.02 (0.007 - 1.52) p =0.020
Rhizobiales family (other) 0.00 0.00 (0.00 - 0.00) 0.33 0.07 (0.007 -0.55)  p =0.007
Rhodobacteraceae 0.00 0.00 (0.00 - 0.00) 1.29 0.57 (0.23 - 2.18) p =0.002
Comamonadaceae 0.00 0.00 (0.00 - 0.00) 2.60 0.91 (0.14 - 4.86) p =0.002
Xanthomonadaceae 0.00 0.00 (0.00 - 0.00) 7.73 0.57 (0.06 - 19.67) p =0.003
Pseudomonadaceae 0.01 0.00 (0.00 - 0.02) 23.78 19.93 (0.55-44.31) p=0.007
110 52
Rhodococcus 0.00 0.00 (0.00-0.002)  2.77 0.07 (0.00-10.61)  p =0.003
Rhizobiales genus (other) 0.00 0.00 (0.00 - 0.00) 0.69 0.04 (0.02 - 1.55) p =0.002
Bradyrhizobiaceae genus 0.00 0.00 (0.00 - 0.00) 0.56 0.11 (0.01- 1.42) p =0.007
Devosia 0.00 0.00 (0.00 - 0.00) 0.33 0.05 (0.01 - 0.54) p =0.002
Phyllobacterium 0.00 0.00 (0.00 - 0.00) 0.51 0.29 (0.01 - 0.54) p =0.007
Agrobacterium 0.00 0.00 (0.00 - 0.002) 0.99 0.02 (0.007 - 1.52) p =0.020
3 Rhizobiales genus (Other) 0.00 0.00 (0.00 - 0.00) 0.33 0.07 (0.007 -0.55)  p =0.007
] Rhodobacteraceae genus 0.00 0.00 (0.00 - 0.00) 0.34 0.21 (0.06 - 0.54) p =0.002
Paracoccus 0.00 0.00 (0.00 - 0.00) 0.95 0.06 (0.02 - 1.75) p =0.002
Acidovorax 0.00 0.00 (0.00 - 0.00) 0.94 0.28 (0.05 - 1.80) p =0.002
Hylemonella 0.00 0.00 (0.00 - 0.00) 131 0.06 (0.02 - 2.79) p =0.002
Comamonadaceae genus (Other) 0.00 0.00 (0.00 - 0.00) 0.33 0.14 (0.02 - 0.72) p =0.002
Xanthomonadaceae genus 0.00 0.00 (0.00 - 0.00) 4.86 0.35 (0.04 - 12.50) p =0.007
Pseudomonas 0.01 0.00 (0.00 - 0.02) 23.34 19.75(0.54 - 44.14) p =0.003

Stenotrophomonas 0.00 0.00 (0.00 - 0.00) 2.87 0.22 (0.01-7.16) p =0.007
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a — Total number of observed OTUs; b — Total number of observed OTUs with frequency
superior than 1%; ¢ — Relative frequency of each taxon in all IAV infected samples or IAV non-
infected samples; d — Mann-Whitney test used to calculate the p-value; * - Taxon with frequency

<1% in all samples enrolled in the study.

At 97% similarity, the sequences matched 110 different OTUs in which 52
(47.2%) had frequencies above 1% of the total reads. Ten of the twelve
samples had at least one third of the total reads composed by a predominant
genus. In general, the most abundant bacterial genera found were Prevotella
(15.8%), Pseudomonas (11.7%) and Streptococcus (9.5%). At all taxonomic
levels, the sequences that could not be classified to known taxa ranged from
1.41% to 16.93% of the total reads and no significant differences have been
observed. Significant differences were evidenced in fifteen genera (Table 3).
Sequences of bacterial genus Pseudomonas was not present on samples of
IAV infected patients, while it was found in high frequency among samples of
IAV non-infected patients (Figure 3). The genus Streptococcus was found in all

samples with relative frequency over than 1%, except in the sample IN1.
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Figure 3 — Relative abundance of OTUs sequences assigned at 97% of
similarity across 12 samples. The circle dots size represents the relative

abundance of each OTU with frequency higher than 1%.

The pairwise value using unweighted UniFrac and PCoA to cluster samples
based on sequence information reveled an association between the bacterial
diversity and IAV infection profile (Figure 4). Individual samples of each 1AV
infected and IAV non-infected plotted fell into two separated clusters suggesting
that the bacterial community in nasopharynx of both groups of patients might be
distinct. When the three most abundant phyla and genera were plotted on the
PCoA the result suggested that phylum Proteobacteria and genus

Pseudomonas were associated to IAV non-infected patients. In opposite,
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phylum Firmicutes and genus Streptococcus were associated to 1AV infected

patients.
(A) (B)
PC2 (20.24%) b PC2 (20.24%) L
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Figure 4 — Principal Coordinate Analysis (PCoA) profile of bacterial diversity
across samples using unweighted UniFrac. Red dots represent IAV non-
infected samples; Blue dots represent IAV infected samples; White dots
represent taxa. (A) — Plot of three principal coordinate axes for PCoA with all 12
samples and the three more frequent phyla. (B) — Plot of three principal
coordinate axes for PCoA with all 12 samples and the three more frequent

genera.
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Discussion

Major changes have been observed in the bacterial community of the URT of
patients after the beginning of an infectious disease process induced by a virus
[1, 26]. Once the patient is hospitalized for a severe acute respiratory infection,
the changes in the microbiome seem to be more specific, consequently it may
be possible to observe and to differentiate groups of patients with similar
symptoms based on their URT microbiome.

The present study aimed to identify differences in the bacterial community in
nasopharyngeal samples of hospitalized patients with SARI, either infected and
not infected by IAV(H1N1)pdmO09. Patients were not vaccinated for IAV and did
not present comorbidities like chronic pneumopathy or chronic heart disease.
They were not infected or co-infected by respiratory virus other than
IAV(H1N1)pdmO09.

The performance of metabarcoding protocol established for this study was
extremely effective. The high throughput sequencing yielded a mean of 56,000
good sequences per sample, which was higher than the numbers reported by
other similar studies [7, 11, 26]. The fact that a high number of sequences were
obtained here most probably contributed to our findings regarding the
differences observed between groups for all taxonomic levels.

The average of OTUs obtained was very similar between the IAV infected group
(1,252) and the 1AV non-infected patients (1,291). Each group had one sample
with low abundance of OTUs, meaning a lower bacterial richness and
dominance of specific bacteria. Notably, IP3 (from IAV infected group) and IN1
(from IAV non-infected group) samples showed low number of OTUs with

dominance of genera Streptococcus (84%) and Acinetobacter (91%),
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respectively. The patient of sample IN1 had a bad outcome of acute respiratory
disease most probably by Acinetobacter infection. In opposite, IP3 patient had
better outcome of acute respiratory disease even co-infected by
IAV(H1N1)pdmO09 and bacteria of genus Streptococcus.

The diversity measured using the Shannon index has shown no statistic
differences between groups. Even for richness or evenness indexes, no
differences were observed. Studies comparing patients infected and not
infected by respiratory viruses report no differences in the Shannon’s diversity
index [7, 26], however, when the acute viral infection is associated to specific
bacteria present on the microbiome, statistically significant differences are
found for the diversity index [27, 28].

Actinobacteria has been reported as the most frequent phylum in healthy
people, while Firmicutes is the most frequent phylum in the nose microbiome of
hospitalized patients [29]. Therefore, it was not a surprise to find relatively low
frequencies of Actinobacteria in the microbiomes, once all samples were from
hospitalized patients. On the other hand, we found a higher frequency of
sequences belonging to the phylum Firmicutes in the 1AV infected group than in
the IAV non-infected patients, even though all patients were hospitalized. The
differences between our results and those reported by Frank et al. [29] might be
due to differences in study design: they analyzed nares’ microbiome, which
might be less stable than the nasopharyngeal microbiome; also, we analyzed
influenza A infection status of the patients, while those examined bacterial
infections; finally, was not reported clinical information, neither the reason of

hospitalization for the patients enrolled in that study.
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In the present study, the major positive contributor for a high frequency of
Firmicutes in the group of IAV infected patients was the genus Streptococcus,
which presented high frequencies in all samples. This genus has been reported
as an important agent of secondary pneumoniae in |AV patients [30] and
beneficiated/benefiter in an interrelation with IAV [15], as well as an important
controller over URT colonization of pathogenic species into the genus [30, 31].
Notably, Streptococcus was also present in almost all samples of IAV non-
infected patients, and the difference between groups was not significant (p =
0.055).

The phylum Proteobacteria was the most frequent in the IAV non-infected
hospitalized patients. Differently from what we have found, some studies have
reported a high frequency of Proteobacteria in patients infected by IAV [5, 7].
Many factors might be responsible for the discordance found, including
differences in the platform used for deep sequencing, protocols using pooled
samples, protocols using processing for enrichment of genome, amount and
origin of samples, and DNA extraction method applied [32]. Others
Proteobacteria genera than Pseudomonas might be involved in acute
respiratory infection. Recently, Lo et al [33] identified and isolated new species
of phylum Proteobacteria causing acute respiratory disease in healthy patients.
Those species were identified as belonging to the Order Rhizobiales. The
referred order presented an average frequency of 4.81% among IAV non-
infected patients and 0.03% among IAV infected patients sequences on the
present study.

An association between influenza A and Pseudomonas has been previously

reported, suggesting that IAV infection may facilitate the establishment of
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pathogenic bacteria in the lower respiratory tract [14]. In contrast, in our study
we have not found evidences of such association. As a matter of fact, the genus
Pseudomonas was identified in very low frequency (less than 1%) in two (IP5
and IP6) of six samples of IAV infected patients, while all samples from IAV
non-infected patients showed high frequencies of sequences assign for this
genus. One of limitations of our study is the relatively small number of
individuals sampled. Probably it will be important to extend the analysis.

Our results demonstrate that it is possible to differentiate the bacterial profile
between patients with acute respiratory infection both infected and not infected
by IAV using metabarcoding deep-sequencing analyses of nasopharyngeal
samples based on the lon Torrent PGM platform. Moreover, based on our
findings suggest that the presence of Streptococcus is not an indicative of a bad
outcome in |AV infected patients, and also suggest that Pseudomonas and 1AV
are not associated in SARI hospitalized patients. Finally, the present study is
the first report using the lon Torrent PGM platform for analyses of URT
microbiome, showing that this is a powerful technique for the characterization of

the human nasopharyngeal microbiome.

Conclusion

The present study has shown that it is possible to identify differences in the
bacterial community between SARI hospitalized patients with and without IAV
acute infection. Streptococcus is highly frequent in nasopharynx of both groups

studied while Pseudomonas might be the mainly discordant genus in the
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nasopharyngeal microbiome of SARI in patients IAV infected and |AV non-

infected.
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4. Consideragoes Finais

Ha muitos anos, junto ao inicio do século 20, quando agentes
infecciosos filtraveis foram cientificamente comprovados serem causadores de
doenga em humanos, o mundo dos virus foi desvelado. Infelizmente, o virus
em questado era o da febre amarela. Caso contrario, poder-se-ia ter poupado
algumas vidas durante a gripe espanhola de 1918. Foi somente nos anos
1930s que o pesquisador Richard E. Shope demonstrou que a doenga mais
devastadora do século 20, a gripe, era causada por um virus.

O mesmo pesquisador que identificou o virus influenza pela primeira vez
demonstrou a existéncia da cooperagdo virus-bactéria na patogénese,
injetando o Haemophilus influenza e o virus influenza concomitantemente em
um animal experimental. Desde entdo, o virus influenza A foi constantemente
estudado e também temido nos diversos novos episddios de pandemia.

A primeira pandemia do século XXI foi causada pelo virus influenza A
subtipo H1N1 - coincidentemente, o mesmo subtipo viral que se estima ter
causado mais de 1,5 milhdes de mortes quase um século antes, durante a
Gripe espanhola de 1918 (Morens e cols., 2008). No Brasil, a pandemia por
IAV(H1N1)pdmO09 foi controlada de maneira eficiente e o ano pandémico
finalizou com 2060 Obitos, correspondendo a 4% dos casos de SRAG
confirmados (SVS, 2012). No Rio Grande do Sul, houveram 298 (8,31%) Obitos
entre os casos confirmados de SRAG por IAV(H1N1)pdmO09 (CEVS, 2012).

Ao ingressar na fase pds-pandémica, observou-se uma queda no
numero de casos de infecgdo por influenza A. No entanto, quando analisamos

a estratificacdo dos dados, por Estado, os numeros mostram um padréo
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incomum para o Rio Grande do Sul: entre 2010 e 2012, observa-se uma curva
ascendente de casos de SRAG por IAV(H1N1)pdm09, mesmo mantendo os
esfor¢os de vigilancia do influenza: foram 0 (2010), 103 (2011) e 522 (2012)
casos confirmados para IAV(H1N1)pdm09. Em outros Estados do pais, por
outro lado, observa-se uma curva descendente no numero de casos de SRAG
por IAV(H1N1)pdm09 entre 2009 e 2011 (SVS, 2012), com um aumento
abrupto de casos nos estados de Minas Gerais, Sdo Paulo, Parana e Santa
Catarina em 2012 (SVS, 2013).

Um estudo envolvendo a analise do genoma do virus IAV(H1N1)pdm09
foi realizado por Sant'/Anna e cols. (2013), na tentativa de encontrar possiveis
explicagbes para a epidemia no Estado. No estudo em questdo, o RNA viral foi
sequenciado e, posteriormente, foram verificadas as mutagdes presentes nos
oito segmentos do virus, além da eficacia vacinal. Os resultados obtidos
demonstraram que pelo menos duas linhagens evolutivas do subtipo
pandémico co-circularam na populagdo do Estado e que, de acordo com as
sequéncias genbmicas das amostras de 2011, os virus que circularam no
periodo pos-pandémico derivaram do mesmo ancestral formador do clado 7
(Nelson e cols., 2009). Além disso, observou-se uma queda significativa na
eficiéncia da vacina (p = 2,285 x 10™) para as sequéncias virais de 2011,
tomando-se como base o estudo das muta¢cdes dos aminoacidos dos cinco
epitopos da subunidade H1 da hemaglutinina (Deem e Pan, 2009). Estes
achados indicaram que houve um escape viral representado pela linhagem do
clado 7, podendo esta ser uma das explicagées para o aumento do numero de
casos durante o periodo pds-pandémico. O estudo foi publicado por Sant’Anna

e cols (2013), na revista Archives of Virology (Anexo ).



94

O estudo publicado mostrou a importancia do desenvolvimento de
projetos utilizando amostras locais e impulsionou as pesquisas relacionadas ao
influenza A em nosso Estado, uma vez que a posicdo geografica e as
condigbes climaticas tornam-no propicio para epidemias por virus respiratorios.
Neste sentido, 0 nosso grupo de pesquisa estabeleceu parceria com a Icahn
School of Medicine at Mount Sinai Hospital (MSSM), através de uma
colaboragéo entre a Dr? Ana Beatriz Gorini da Veiga (UFCSPA) e o Dr. Adolfo
Garcia-Sastre (MSSM), além da obtencdo de projeto contemplado pela
Fundacdo de Amparo a Pesquisa do Estado do Rio Grande do Sul (FAPERGS)
para dar continuidade ao estudo da evolugdo do virus influenza A.

As explicagdes inicialmente obtidas a partir desses resultados foram um
tanto quanto satisfatorias. No entanto, tendo em vista a natureza viral e as
caracteristicas da via de infeccado em questédo, ndo seria sensato assumirmos a
adaptacao viral como unica explicagdo para os achados epidemioldgicos na
populacdo do Estado. O trato respiratério € uma das principais portas de
entrada de micro-organismos e principalmente um ambiente complexo de inter-
relagdo micro-organismo—hospedeiro. Bosch e cols. (2013), descrevem com
clareza diferentes mecanismos de interacdo virus-bactéria que interferem na
colonizagdo do trato respiratorio superior. Em um primeiro momento, a
presenca de um micro-organismo potencialmente patogénico, como € o caso
do IAV, é fundamental para a ocorréncia da doencga respiratéria. No entanto, é
visivel que outros fatores que permitam o estabelecimento e que favorecam o
dominio do ambiente por outros patobiontes sdo determinantes para a

evolucéo e gravidade do quadro clinico.
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Verificar a inter-relagdo virus-bactéria foi a meta planejada para a
continuagao deste estudo. Dentro das possibilidades metodolégicas disponiveis
para o trabalho, estabeleu-se o uso de ensaios in vitro que possibilitassem
identificar a diversidade bacteriana e a co-presenca das principais bactérias
envolvidas em infec¢gdes do trato respiratorio humano. A técnica de
fingerprinting utilizando a amplificacao de regides ITS do genoma bacteriano é
bastante informativa e amplamente utilizada em estudos de comunidades
bacterianas (Borneman and Triplett, 1997; Scanlan e cols., 2008; Flight e cols.,
2015). Os resultados demonstraram a prevaléncia de Staphylococcus aureus,
Streptococcus pneumoniae, Moraxella catarrhalis e Haemophilus influenzae,
quatro das principais bactérias patogénicas do trato respiratério superior dos
pacientes, e a diversidade bacteriana em presenca ou auséncia do virus
IAV(HIN1)pdm09 e na presengca ou auséncia de pneumopatia crdnica.
Constatou-se que mais de dois tergos das amostras (112/144) apresentaram
ao menos uma das quatro espécies bacterianas pesquisadas. No entanto, a
presencga nao esteve associada ao IAV(H1N1)pdm09. Da mesma forma, nao foi
identificada diferenca na diversidade bacteriana entre as populacbes com
presenca ou auséncia do virus IAV(H1N1)pdmQ9. Apesar disso, constatamos
que ha diferengca na diversidade bacteriana quando se estabelece uma
associagao entre infecgado aguda por IAV(H1N1)pdm09 e pneumopatia crénica,
0 que indica que a comunidade bacteriana é diretamente reduzida pela
presenca de doencga respiratoria crénica e pode favorecer a presenca viral.

A partir dos resultados obtidos, nota-se que a observacao da diversidade
bacteriana em pacientes assintomaticos € o contraponto que falta para

determinar se ha alteracdo de diversidade entre pacientes positivos para o
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IAV(H1N1)pdmO09. Por se tratar de um estudo retrospectivo com amostras de
pacientes doentes triados pela sintomatologia, nao foi possivel incluir no estudo
um grupo de pacientes assintomaticos positivos para o IAV(H1N1)pdmQ9. Este
foi, possivelmente, o primeiro estudo de diversidade bacteriana em pacientes
pneumopatas cronicos com diagndstico positivos para o virus influenza A.
Estes resultados foram submetidos para publicagao na revista PlosOne.

Determinar diferencas entre o trato respiratorio superior de pacientes
IAV(HIN1)pdm09 positivos e negativos ainda seria possivel se
conseguissemos identificar as bactérias do microbioma destes pacientes.
Assim, empregamos o método de sequenciamento de alto desempenho
utilizando o 16S como gene marcador (metabarcoding). A composicdo do
microbioma de 12 pacientes com e sem infeccdo por IAV(H1N1)pdmO09,
hospitalizados por doencga respiratoria aguda, foi obtida. Mesmo utilizando uma
metodologia mais robusta e informativa do que o estudo anterior, confirmou-se
que ndo ha diferenca de diversidade microbiana entre os grupos. Por outro
lado, a composicdo do microbioma diferenciou os dois grupos em todos os
niveis taxonémicos.

As diferengas de frequéncias entre os filos Firmicutes e Proteobacteria
foram evidentes entre os grupos. No entanto, constatou-se que a diferencga
observada para o filo Firmicutes pareceu ser as custas de géneros do filo
Proteobacteria. A auséncia de infecgao por IAV(H1N1)pdmOQ9 pareceu estar em
direcdo oposta a presenca de Proteobacteria e favoreceu o aumento de
frequéncia de géneros que compdem o filo Firmicutes, com predominancia do
género Streptococcus. A Unica diferenca observada para géneros né&o

pertencente ao filo Firmicutes ou Proteobacteria foi o género Rhodococcus,
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pertencente ao filo Actinobacteria. Este se encontrou aumentado entre as
amostras negativas para IAV(H1N1)pdmO09.

Durante o periodo do doutorado, houveram oportunidades de
intercambios e estagios em diversos laboratérios. Todos foram importantes
para a experimentacdo de novas metodologias de estudo. O primeiro estagio
realizado foi no laboratério de Bioinformatica Estrutural da Universidade
Federal do Rio Grande do Sul (UFRGS), por intermédio do professor Dr. Hugo
Verli. Neste local, realizou-se treinamento de bioinformatica para o estudo de
moléculas proteicas in silico. O segundo estagio foi direcionado ao aprendizado
de técnicas de isolamento e amplificacdo do virus influenza em células. Este foi
realizado no laboratério de imunologia de doencgas virais do Centro de
Pesquisas René Rachou, por intermédio do Dr. Alexandre de Magalhaes Vieira
Machado. Dentre todas as oportunidades, as atividades realizadas durante o
doutorado sanduiche na Icahn School of Medicine at Mount Sinai (Nova lorque,
EUA) merecem destaque. Os estudos realizados no laboratério de virologia do
Professor Dr. A. Garcia-Sastre foram relacionados a infectividade do IAV,
utilizando metodologias de biologia molecular recombinante. As metodologias
até entdo ndo sao empregadas pelo nosso grupo e serao de grande valia para
estudos futuros. Os experimentos foram realizados com sucesso e 0s
resultados est&do sumarizados no Anexo Il.

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa
(CEP) da UFCSPA, sob o parecer numero 1774/12 (Anexo lll), e contribuiu
para o entendimento epidemiolégico da pandemia de influenza A ocorrida em
2009 no Estado. Dados clinicos identificados na Ficha de Investigacao (Anexo

IV) de cada paciente foram utilizadas respeitando o sigilo de identificacdo do
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paciente. Ficou evidenciado que os pacientes com doenga cronica do trato
respiratorio infectados por IAV(H1N1)pdmO09 estdo mais propensos a baixa
diversidade bacteriana e a dominancia por linhagem potencialmente patogénica
frequentemente encontrada no microbioma destes pacientes. Esta pode ser
uma condicdo favoravel para infecgdo bacteriana secundaria. O
IAV(H1N1)pdmO09 é um importante modulador da composi¢gédo do microbioma,
favorecendo o género Streptococcus em detrimento aos géneros pertencentes
ao filo Proteobacteria. Estes achados colaboram principalmente para o
entendimento de fatores prognésticos de epidemias e pandemias por IAV
(H1N1). Entretanto, como esperado, um doutorado € pouco para responder
tantas duvidas e novas questdes que vao sendo levantadas a partir dos
resultados obtidos. A continuidade das pesquisas nessa area dependem do
uso de metodologias mais complexas e, consequentemente, de estrutura
laboratorial especifica para estudos de Virologia. Sabe-se que ainda séo
poucos os laboratério deste tipo no pais. Assim, este trabalho também contribui
para aumentar as redes de colaboracdo e os esforcos cientificos para a

pesquisa sobre o virus influenza A no Brasil.
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5. Anexos

5.1. Anexo |

“Genomic analysis of pandemic and post-pandemic influenza A
pH1N1 viruses isolated in Rio Grande do Sul, Brazil”
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Abstract During the 2009 influenza A pHIN1 pandemics
in Brazil, the state that was most affected was Rio Grande
do Sul (RS), with over 3,000 confirmed cases, including
298 deaths. While no cases were confirmed in 2010, 103
infections with 14 deaths by pHIN1 were reported in 2011.
Genomic analysis of the circulating viruses is fundamental
for understanding viral evolution and supporting vaccine
development against these pathogens. This study investi-
gated whole genomes of six pHIN1 virus isolates from
pandemic and post-pandemic periods in RS, Brazil. Phy-
logenetic analysis using the concatenated genome seg-
ments demonstrated that at least two lineages of the virus
co-circulated in RS during the 2009 pandemic period.
Moreover, our analysis showed that the post-pandemic
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pHINT virus from 2011 constitutes a distinct clade whose
ancestor belongs to clade 7. All six isolates contained
amino acid substitutions in their proteins when compared
to the archetype strains California/04/2009 and California/
07/2009. The 2011 isolates contained more amino acid
substitutions, and most of their genes were under purifying
selection. Based on the amino acid substitutions in HA
epitopes from strains isolated in RS, Brazil, in silico ana-
lysis predicted a decrease in vaccine efficacy against post-
pandemic strains (median 31.562 %) in relation to pan-
demic ones (median 39.735 %).

Introduction

Influenza A virus is a pathogen that causes thousands of
human deaths every year. In April 2009, a new HINI1
influenza A virus strain (pHIN1) emerged in North
America and rapidly disseminated around the globe, cul-
minating in the first influenza pandemic of the 21st century
[1]. By the end of the pandemic period, the pHINI strain
was responsible for more than 18,000 deaths worldwide
[2]. Comprehensive phylogenetic analysis demonstrated
that this virus originated from multiple reassortment
events, and although it most likely arose in pigs, it also
contained genes from viruses that infect birds and humans
[3, 4].

Gradual genetic changes in influenza A viruses cul-
minate in their ability to evade recognition by the immune
system and therefore allow their constant circulation
among human populations [5]. As demonstrated by Nel-
son et al. [6], at least seven distinct pHINI1 influenza A
virus lineages circulated around the globe in the first
months of the pandemic period. Considering its ability to
mutate rapidly, the major concern was that the virus
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would acquire mutations that could lead to greater
transmissibility and pathogenicity, and also to drug
resistance [7-9]. For monitoring these evolutionary
changes, genome sequencing is a valuable and accessible
approach. Genomic sequences provide fundamental
information about the chronological and geographical
distribution of the strains, and these data support appro-
priate vaccine development.

Rio Grande do Sul (RS) was the state that was most
affected during the pandemic period in Brazil, with over
3,000 confirmed pHINI cases and almost 300 reported
deaths [10, 11]. A vaccination campaign started in March
of 2010 as a measure to control influenza virus infections,
and no cases of pHIN1 were confirmed in 2010. On the
other hand, over 100 cases occurred in 2011, including 14
deaths [10, 11].

Studies concerning the molecular evolution of this strain
in Brazil are scarce. This shortcoming is even worse in the
current post-pandemic period, since there are no data
available concerning the evolution of the established
pHINT1 viruses. Consequently, this lack of information can
compromise local public-health vaccination policies.

In this study, six pHINI influenza A genomes — four
pandemic and two post-pandemic isolates from RS, Brazil
— were analyzed. Phylogenetic analysis using the concat-
enated genome segments was performed to determine the
lineages of these isolates. Also, amino acid substitutions in
the viral proteins were mapped, and the efficacy of the
vaccine against all isolates was predicted. Finally, the type
of natural selection that the isolates were subjected to was
evaluated.

Materials and methods

Biological samples, virus identification, and genome
sequencing

Nasopharyngeal aspirate samples were collected from
patients with acute respiratory infection in the state of
Rio Grande do Sul, Southern Brazil, during 2009 and
2011 (Online Resource, Table S1). In order to identify
the virus, all samples were analyzed by real-time PCR
at the State Central Laboratory (LACEN-RS) as
described by Veiga et al. [12]. All ethical issues were
approved by the Research Ethics Committee of Uni-
versidade Federal de Ciéncias da Satde de Porto Alegre
(UFCSPA).

Twelve pHINT1 samples with high viral load, eight from
the pandemic and four from the post-pandemic period,
were sent to the J. Craig Venter Institute. Some of them had
an excess of mucus and did not homogenize properly with
the viral transport media. Therefore, after RNA extraction,

@ Springer

only six samples were viable for amplification by multi-
segment RT-PCR [13]. Subsequently, whole-genome
sequencing was performed on these samples, and the
sequences were deposited in GenBank (accession numbers
are listed in Table 1).

Sequence alignment and concatenation

Sequences of influenza A virus strains were retrieved from
the Influenza Research Database (http://www.fludb.org/),
and their accession numbers are listed in Table 1. The
genomic segments and genes were aligned using MUSCLE
[14], embedded in MEGA 5 software [15]. Amino acid
substitutions were visually inspected using the sequences
of archetype strains California/04/2009 and California/07/
2009 as references. Aligned segment sequences were
concatenated using Sequence Matrix (http://code.google.
com/p/sequencematrix/).

Phylogenetic analysis

For phylogenetic analyses, the aligned sequences were first
evaluated using the FindModel software (http://www.hiv.
lanl.gov/content/sequence/findmodel/findmodel.html)  in
order to identify the evolutionary model that best fit the
sequence dataset. Subsequently, phylogenetic analysis was
performed on the Phylogeny.fr platform (www.phylogeny.
fr) [16]. Phylogenetic trees were reconstructed using the
maximum-likelihood method implemented in the PhyML
program (v3.0 aLRT). The GTR (general time reversible)
substitution model was selected assuming an estimated
proportion of invariant sites and four gamma-distributed
rate categories to account for rate heterogeneity across
sites. The gamma shape parameter was estimated directly
from the data. The reliability of internal branches was
assessed using the aLRT test (SH-Like).

Detection of adaptive evolution

A codon-based Z-test for detection of positive and
purifying selection within viral sequences using the Nei-
Gojobori method was conducted in MEGA 5 software
[15]. The numbers of synonymous (dS) and nonsyn-
onymous substitutions (dN) per site of each gene from
RS influenza A virus pHINI isolates in relation to its
counterparts from the archetype strains Califor-
nia\04\2009 and California\07\2009 were assessed. The
difference between the dS and dN of each gene was
computed, indicating the type of adaptive evolution.
dN>dS indicates positive selection, and dS>dN indi-
cates purifying selection. The variance of the difference
was computed using the bootstrap method (1000
replicates).



Pandemic and post-pandemic influenza A pHINI viruses

Table 1 Accession numbers of the segment sequences of pHINI strains utilized for whole-genome phylogeny

Strain Accession number

Segment 1  Segment 2 Segment 3 Segment 4 Segment 5  Segment 6  Segment 7  Segment 8
Arizona/01/2009 GQ200241  GQ377066  GQ377065 GQ117067  GQI117063  GQI117064  GQ117066  GQ117065
Beijing/3/2009 GQ225378  GQ225379  GQ225380 GQ225381  GQ225382  GQ225383  GQ225384  GQ225385
Brazil/AVS03/2009 CY120722  CY120721 CY120720 CY120715  CY120718 CY120717 CY120716 CY120719
Brazil/AVS04/2009 CY120730 CY120729  CY120728 CY120723  CY120726 CY120725 CY120724 CY120727
Brazil/AVS06/2009 CY120738 CY120737  CY120736 CY120731 CY120734 CY120733 CY120732 CY120735
Brazil/AVS07/2009 CY120746  CY120745  CY120744 CY120739 CY120742 CY120741 CY120740 CY120743
Brazil/AVS08/2011 CY120754 CY120753  CY120752 CY120747 CY120750 CY120749 CY120748 CY120751
Brazil/AVS11/2011 CY120762 CY120761 CY120760 CY120755  CY120758 CY120757 CY120756 CY120759
California/04/2009 FJ966079 JF915189 FJ969515 GQ280797  FJ969512 JF915186 FJ969513 FJ969514
California/06/2009 FJ966963 FJ966965 FJ966964 FJ966960 FJ966961 FJ971075 FJ966962 FJ971074
California/07/2009 CY121687  FJ966978 FJ966977 CY121680  GQ338390 CY121682 CY121681 CY121684
California/14/2009 GQI117035 GQI117034  GQ117037 GQ117040  GQ117033  GQ117036  GQ117039  FJ969538
Himeji/1/2009 GQ267838  GQ267837  GQ267836  GQ261272  GQ267834  GQ261273  GQ267833  GQ267835
Italy/127/2009 GQ392026  GQ392027  GQ392028 GQ392029  GQ392030 GQ392031  GQ392032  GQ392033
Jiangsu/1/2009 GQ433894 HM754227 GQA433896 HM754224  GQ433897  GQ433898  GQ433899  GQ433900
Korea/01/2009 GQI160811  GQI160813  GQI160812  GQI131023  GQI131024  GQ132185 GQ131025 GQ131026
Mexico/4108/2009 GQ379815  GQI49652  GQI149661  GQI149662  GQ149667  GQ149666  GQ149690  GQ379814
Minnesota/02/2009 GQI117070  GQI117069  GQ457488 GQ338364  GQI117068 GQ117071  GQ117073  GQ117072
New York/21/2009 GQ200246  GQ200247  GQ200249  GQ200250  GQ200248  GQ200251  GQ338353  GQ200252
New York/3199/2009 CY041209 CY041208 CY041207 CY041202 CY041205 CY041204 CY041203 CY041206
New_York/3177/2009 CY041604 CY041603  CY041602 CY041597 CY041600 CY041599 CY041598 CY041601
New_York/3324/2009 CY043202 CY043201 CY043200 CY043195  CY043198 CY043197 CY043196 CY043199
New_York/4735/2009 CY051670 CY051669  CYO051668 CY051663  CY051666 CY051665 CY051664 CY051667
Omsk/02/2009 GU211242  GU211241  GU211240 GU211235  GU211238  GU211237 GU211236  GU211239
Sakai/1/2009 GQ267845  GQ267844  GQ267843  GQ267839  GQ267841  GQ261274  GQ267840  GQ267842
Shizuoka/759/2009 GQ334352 GQ334353  GQ334351 GQ334346  GQ334349  GQ334348  GQ334347  GQ334350
Sichuan/1/2009 GQ166228  GQI166227  GQ166226  GQ166223  GQ166225 GQ166224  GQ166229  GQ166230
Singapore/GP582/2011 CY124573  CY124574  CY124575 CY091696  CY124576 CY091697 CY124577 CY124578
South_Carolina/09/2009  GQ200222  GQI168854  GQ457472  GQI117056  GQI117052  GQ221795 GQ221796  GQ117054
Texas/42114261/2009 CY051894 CY051893 CYO051892 CY051887 CY051890 CY051889 CYO051888 CY051891
Tokushima/1/2009 GQ324577  GQ324576  GQ324575  GQ287625 < GQ324573  GQ287626  GQ324572  GQ324574
Utsunomiya/1/2009 GQ334354 GQ334361  GQ334360 GQ334355  GQ334358  GQ334357 GQ334356  GQ334359
Yokohama/1/2009 GQ324583  GQ324582  GQ324581  GQ287627  GQ324579  GQ287628  GQ324578  GQ324580

Measure of antigenic distance

In this analysis, all HA sequences from pHINI strains
isolated in RS, Brazil, from 2009 and 2011 deposited in the
Influenza Research Database (http://www.fludb.org/) were
utilized. The additional HA sequences included in the
analysis are from the following strains (accession numbers
are in parentheses): Rio Grande do Sul/4509/2009
(CY052048), Rio Grande do Sul/4772/2009 (CY052049),
Rio Grande do Sul/4782/2009 (CY052050), Rio Grande do
Sul/5395/2009 (CY052347), Rio Grande do Sul/7019/2009
(CY052348), Rio Grande do Sul/7108/2009 (CY054282),
Rio Grande do Sul/277/2011 (CY099996), Rio Grande do

Sul/278/2011 (CY099997), Rio Grande do Sul/279/2011
(CY099998), Rio Grande do Sul/359/2011 (CY099999),
Rio Grande do Sul/360/2011 (CY100001) and Rio Grande
do Sul/361/2011 (CY100002).

The antigenic distances of the five epitopes of hemag-
glutinin of the samples in relation to those of the vaccine
strain California/07/2009 were evaluated as described by
Deem and Pan [17]. The p-distance is defined as the pro-
portion of different amino acids for each epitope between
two strains, and it was measured using MEGA software.
The largest of the p-distance values is defined as pepitope
and can be used to estimate vaccine efficacy (E) by the
equation E = 0.47 — 2.47 X Pepitope [17]. The difference of
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Table 2 Amino acid substitutions in the HA protein from RS influenza A virus pHINI isolates

Amino acid position

Strain 47 100* 114  208*
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California/04/2009
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Grey background, change in antigenic site in relation to the vaccine strain California/07/2009
* H1 antigenic sites (positions 100, 208, 222, 233 and 240 were described by Deem and Pan [17], and position 391 by Maurer-Stroh et al. [20])

e No amino acid change

the predicted vaccine efficacies between the pandemic
(2009) and the post-pandemic (2011) periods in RS, Brazil,
was evaluated by Mann-Whitney test using PAST software
[18]. A P-value less than 0.05 was considered significant.

Results
Identification of amino acid substitutions

Six influenza A virus pHINI strains, four from the pan-
demic period (2009) and two from the post-pandemic
period (2011), isolated in RS, Brazil were sequenced.
Predicted proteins from the isolates were compared with
those from the archetype strains California/07/2009 and
California/04/2009, and the amino acid alterations are
shown in Tables 2, 3, 4 and 5.

The 2011 isolates showed a higher number of amino
acid substitutions than the 2009 isolates in relation to the
archetype strains, notably in the proteins HA and NA
(Tables 2 and 3 and Online Resource, Figures S1 and S2).
The HA protein from the 2011 isolates had five modifi-
cations in antigenic sites, while that from the 2009 iso-
lates had two modifications (Table 2). The amino acid
substitution HA Q310H, which is associated with high
mortality rates, was found in the RS samples AVS03 and
AVS04 (2009) (Online Resource, Figure S2). However,
the alteration D239N/G, which is associated with severe
illness [19], was not observed in the isolates. The modi-
fication E391K, which is associated with changes in
antigenic properties [20], is present in the 2011 isolates
(Table 2 and Online Resource, Figure S2).

In the NA protein, there were two substitutions in
antigenic sites in the post-pandemic isolates, and only one
in the pandemic samples analyzed (Table 3). None of the
NA proteins contained the modifications H275Y and
S247N (Online Resource Figure S3), which are associated
with oseltamivir resistance [21].
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The 2011 isolates had more alterations in RNA poly-
merase complex proteins when compared to the 2009 iso-
lates (Table 4).

Phylogenetic analysis

Preliminary phylogenetic analysis of each segment
confirmed that all isolates were phylogenetically closer
to pHIN1 than to other influenza A virus strains
(Online Resource, Figure S3). Subsequently, whole-
genome phylogeny was performed in order to determine
the lineages of the isolates. The segments were aligned
with those from representative strains of each of the
seven clades determined by Nelson et al. [6]. All seg-
ment alignments were concatenated and subjected to
phylogenetic analysis using maximum likelihood under
the GTR model, which had the best performance in the
test of nucleotide substitution models (Online Resource,
Table S2).

As shown in Figure 1, the Brazilian isolates were dis-
tributed between clades 6 and 7, which had high aLRT
values (96 and 99, respectively). These isolates exhibited
the characteristic amino acid changes that define each clade
[6]. Isolates from clade 6 had changes in HA (K2E and
Q310H), NP (V100I) and NA (V106 and N248D), and
those from clade 7 had substitutions in HA (S220T), NP
(V100I), NA (V1061 and N248D) and NS1 (1123V)
(Tables 2, 3 and 5 and Online Resource, Figures S1 and
S2).

The 2009 RS isolates from clade 6 were phylogeneti-
cally the closest to each other. In clade 7, the strain Brazil/
AVS/06/2009 was closer to the strain Omsk/02/2009 than
to the strain Brazil/AVS/07/2009.

The post-pandemic strains formed a monophyletic clade
and shared a most recent common ancestor with clade 7
strains. Also, these strains accumulated more mutations
than the pandemic strains, as shown by their longest
branches in the phylogenetic tree.
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Table 3 Amino acid
substitutions in the NA proteins

Amino acid position

of RS influenza A virus pHINI1 Strain 40 81 106* 157* 241 248 364 369 396

isolates California/04/2009 L v A\ T v N S N I
California/07/2009 . .

Grey background, change in BraZ%l/AVSOS/2009 I D

antigenic site in relation to the Brazil/AVS04/2009 [ D

vaccine strain California/07/ Brazil/AVS06/2009 I D .

2009 Brazil/AVS07/2009 . . | . D G .

* NA antigenic sites Brazil/AVS08/2011 1 A I A I D K M
Brazil/AVS11/2011 A 1 A I D K M

e No amino acid change

Table 4 Amino acid substitutions in the PA, PB1 and PB2 proteins from RS influenza A virus pHIN1 isolates

Strain Amino acid position

PA

PB1

PB2

14 224 225 287 362 364 394

538 76 113 197 363

435 563 60 82 344 354 451 559

California/04/2009 V P S A R S D E
California/07/2009 .
Brazil/AVS03/2009 S N
Brazil/AVS04/2009 . S
Brazil/AVS06/2009 . S
Brazil/AVS07/2009 . S
Brazil/AVS08/2011 I S

S

Brazil/AVS11/2011 1

D V K K 1 R

D N VvV 1T I I

N . M

v . T
. K . A%
G A R T S M M
A R R T S M M

e No amino acid change

Table 5 Amino acid substitutions in the M1, M2, NEP, NP and NS1 proteins of RS influenza A virus pHIN1 isolates

Strain Amino acid position

M1 M2 NEP NP NS1

150 21 22 29 115 100 101 483 98 122 123
California/04/2009 T D G N v D N M A I
California/07/2009 . G .
Brazil/AVS03/2009 . . I T
Brazil/AVS04/2009 . G E . I .
Brazil/AVS06/2009 . . . S I . \Y%
Brazil/AVS07/2009 I I I v
Brazil/AVS08/2011 I v \%
Brazil/AVS11/2011 I v \Y%

e No amino acid change

Natural selection analysis

Genes from the pHINI isolates were tested for purifying
and positive selection. No positive selection was detected
in any of the genes of the isolates analyzed (Online
Resource, Table S3). Results of the purifying selection
test are listed in Table 6. Purifying selection was not
found in the M2, NS1 and NEP genes of any of the
isolates.

Notably, among the pandemic isolates, the polymerase
genes PA, PB1 and PB2 were more frequently affected by
purifying selection than other genes. Furthermore, the pat-
tern of purifying selection was not found in any HA genes,
while for the NA gene only one isolate (Brazil/AVS03/
2009) presented such a pattern of natural selection.

Analysis of the post-pandemic isolates indicated that the
HA, NA, M1, NP, PA, PB1 and PB2 genes were under
purifying selection.
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of — South Carolina/09/2009
o L New York/3177/2009
Sichuan/1/2009
Arizona/01/2009
74_7 Brazil/AVS06/2009
Omsk/02/2009
los[” Shizuoka/759/2009
! Yokohama/1/2009
[ Texas/42114261/2009
—2—— Brazil/AVS07/2009
I California/14/2009
I New York/21/2009
— New York/3199/2009

Clade 3

Clade 7

100

Singapore/GP582/2011
[ Brazil/AVS11/2011 2011

— Beijing/3/2009
52 New York/4735/2009
— Utsunomiya/1/2009
Italy/127/2009
Brazil/AVS03/2009
Brazil/AVS04/2009
New York/3324/2009
Tokushima/1/2009
o7~ Sakai/1/2009
75<|erimeji/1/2009
Korea/01/2009
— Minnesota/02/2009
93— Jiangsu/1/2009 Clade 2
— Mexico/4108/2009
California/06/2009
_l__ California/04/2009 } Clade 1/Outgroup
California/07/2009

—
0.0005

Clade 5

Clade 4

Fig. 1 Phylogenetic tree of concatenated genomic segments of RS
influenza A pHINI1 viruses. The tree was constructed using the
maximum-likelihood method. aLRT values greater than 50 % are

Vaccine efficacy prediction

The antigenic distances of five epitopes of HA from all
isolates in relation to those from the vaccine strain Cali-
fornia/07/2009 were computed in order to estimate the
efficacy of the vaccine against these isolates using the
Pepitope Method [17], as shown in Table 7. The pepitope Of all
pandemic strains was 0.029 (dominant epitope E),
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Clade 6

"L Brazil/AVS08/2011 i

shown next to the branches. The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary distances used to
infer the phylogenetic tree. The RS HINT isolates are in bold

culminating in a vaccine efficacy estimation of 39.735 %.
The dominant epitope varied among the post-pandemic
HAL1 proteins, and the predicted vaccine efficacy values
(median = 31.562 %) were lower than those from the pan-
demic strains (Mann-Whitney test P-value<0.05) (Table 7).
The relative vaccine efficacy medians of the pandemic and
post-pandemic strains compared with a perfect-match virus
(Pepitope = 0) were 84.543 % and 67.154 %, respectively.
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Table 6 Purifying selection

analysis of the genes from RS HA NA M1 M2 NEP
influenza A virus pHIN1 daS - dN dS - dN dS - dN dS - dN daS - dN
isolates 1 2 1 2 1 2 1 2 1 2

I California/04/2009

2 California/07/2009  0.097 0.000 0.000 0.000 0.000

3 Brazil/AVS03/2009 1.157 0.876| 1.825 1.825|0.000 0.000| 0.000 0.000|-1.008 -1.008

4 Brazi/AVS04/2009 0.702 0336| 1.061 1.061|1.042 1.042|-1.064 -1.064|-1.031 -1.031

5 Brazil/AVS06/2009 1.138 0.846| 0.997 0.997|1.797 1.797| 0.000 0.000|-1.038 -1.038

6 Brazil/AVS07/2009 0.871 0.537| 1297 1.297|1.194 1.194] 0.000 0.000| 0.000 0.000

7 Brazil/AVS08/2011  2.905 2.796| 1.767 1.767|2.418 2.418| 0.000 0.000| 0.000 0.000

8 Brazil/AVS11/2011 2.642 2.534| 1.667 1.667|2.418 2.418| 0.000 0.000| 0.000 0.000

NP NS1 PA PB1 PB2
S - dN dS-dN dS-dN dS - dN S - dN
1 2 1 2 12 1 2 1 2

dS and dN are the numbers of I California/04/2009
synonymous and 2 California/07/2009  -1.055 0.000 0.000 1.008 1.004
nonsynonymous substitutions 3 Brazil/AVS03/2009 1.518 1.297| 0.000 0.000|1.004 1.004| 2.618 2.354| 1.420 1.771
per site, respectively. Grey 4 Brazil/AVS04/2000 1241 0992| 1.071 1.071|1.823 1.823| 2963 2.679| 2.294 2.496
background indicates P-values 5 Brazil/AVS06/2009 ~ 2.105 1.958| 0.686 0.686|1.684 1.684| 1.584 1.217| 1.968 2.219
less than 0.05. Genes with dS > 6 BraziV/AVS07/2000 1.592 1.391|-1.468 -1.468|1.964 1.964| 1220 0.704| 1.897 2.151
dN and P-value < 0.05 were 7 Brazil/AVS08/2011 2716 2.570| 0375 0.375|1.680 1.680| 2.999 2.800| 3.737 3.894
considered to be under purifying )
selection 8 Brazi/AVSI11/2011 2716 2.570| 0.375 0375|2362 2362| 3428 3.237| 3.737 3.894

Discussion

In this study, genomes of pHINI viruses from the pan-
demic (2009) and post-pandemic periods (2011) isolated in
Rio Grande do Sul (RS), Southern Brazil, were
investigated.

Whole-genome phylogenetic analysis of the pandemic
isolates revealed that clade 6 and clade 7 pHINI strains co-
circulated in RS in 2009. In a previous study using HA
gene sequences, clade 6 strains were isolated in Sao Paulo
(Southeast Brazil), and clade 7 strains in Mato Grosso and
Distrito Federal (Center-West region, Brazil), and Sao
Paulo [22]. However, these Brazilian strains were not the
most similar to the RS isolates, considering all HA
sequences deposited in the Influenza Research Database
(http://www.fludb.org/) (data not shown). Therefore, it is
likely that in 2009 multiple pHIN1 phylogenetic sublin-
eages could have been introduced in Brazil. The assump-
tion is also supported by the fact that pandemic RS isolates
from clade 7 were not the most similar to each other.

On August 2010, the World Health Organization
(WHO) declared that the pHINI pandemic had ceased
and predicted that this virus type would circulate for the
years to come, but causing minor problems [2]. In 2010,
no cases of pHINI infections were detected in RS, Brazil,
which was attributed to the intensive vaccination cam-
paign adopted that year, when almost 45 % of the RS
population was vaccinated [10]. However, in 2011, 103
cases (14 deaths) of pHIN1 were reported in RS [I1].

Phylogenetic analysis of the post-pandemic 2011 RS
isolates demonstrated that they belong to a monophyletic
group that is nested in clade 7. During the 2009 pan-
demic, clade 7 strains were the most common in Latin
America [22, 23] and in other countries such as the USA
[24], India [25] and Canada [26]. The founder effect
hypothesis would explain the global dominance of clade
7, since the initial foothold of this lineage occurred in
New York State, which could have facilitated its rapid
global spread via New York City’s high international
interconnectivity [24]. Further studies should be per-
formed to evaluate if most of the currently circulating
pHINI1 strains in Brazil were derived from the clade 7
lineage, since the WHO recommendation for influenza
vaccine composition is to utilize the clade 1 strain Cali-
fornia/07/2009, whose antigenic properties could be dis-
tinct from the former ones.

Evolution at high mutation rates is a genetic variation
mechanism that ensures that RNA viruses survive [27].

As demonstrated previously, nonepitopic sites tend to
accumulate fewer mutations than epitopic ones [28]. This
phenomenon is also observed in internal viral proteins,
such as matrix (M1), polymerase (PA, PB1, PB2), nucle-
oprotein (NP), and nonstructural proteins NS, since they
are hidden from antibodies and are thus under less selective
pressure to change. Furthermore, these proteins have a
constrained structure, and mutations that impair their
functionality are therefore promptly removed by purifying
selection [29]. For instance, polymerase genes have the
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Table 7 Predicted vaccine efficacy against RS influenza A virus pHINI1 isolates

p-distance Vaccine
efficacy
A B C D E
Brazil/AVS03/2009 0 0 0 0.021 0.029 0.39735
Brazil/AVS04/2009 0 0 0 0.021 0.029 0.39735
Brazil/AVS06/2009 0 0 0 0.021 0.029 0.39735
Brazil/AVS07/2009 0 0 0 0.021 0.029 0.39735
Rio Grande do Sul/4509/2009 0 0 0 0.021 0.029 0.39735
Rio Grande do Sul/4772/2009 0 0 0 0.021 0.029 0.39735
Rio Grande do Sul/4782/2009 0 0 0 0.021 0.029 0.39735
Rio Grande do Sul/5395/2009 0 0 0 0.021 0.029 0.39735
Rio Grande do Sul/7019/2009 0 0 0 0.021 0.029 0.39735
Rio Grande do Sul/7108/2009 0 0 0 0.021 0.029 0.39735
Median 0.39735%*
Brazil/AVS08/2011 0 0 0 0.063 0.029 0.31562
Brazil/AVS11/2011 0 0 0 0.063 0.029 0.31562
Rio Grande do Sul/277/2011 0 0 0 0.063 0.029 0.31562
Rio Grande do Sul/278/2011 0.042 0.045 0.031 0.042 0.059 0.3247
Rio Grande do Sul/279/2011 0 0.045 0 0.021 0.029 0.3577
Rio Grande do Sul/359/2011 0 0 0 0.063 0.029 0.31562
Rio Grande do Sul/360/2011 0 0 0 0.063 0.029 0.31562
Rio Grande do Sul/361/2011 0 0.045 0 0.021 0.029 0.35772
Median 0.31562*

p-distance - proportion of different amino acids for each HA1 epitope between the strain of interest and the vaccine strain California/07/2009

A, B, C, D and E - HAI epitopes
Bold - pepitope (argest p-distance)

Vaccine efficacy (E) is calculated by the equation E = 0.47 — 2.47 X Pepitope

* Mann-Whitney test P —value=2.285 x 107>

lowest dN/dS ratio among the virus genes, indicating that
intense purifying selection acted on these genes [30].

Among the RS pHINI isolates, purifying selection was
detected in most genes of the 2011 post-pandemic viruses.
However, it was observed that some genes from 2009
pandemic isolates were already under purifying selection,
even with the short time of divergence from the common
ancestor shared with the archetype strains. Nevertheless,
although purifying selection is an important driving force
of pHINTI virus evolution, it is worth noting that RS post-
pandemic and pandemic isolates accumulated amino acid
mutations relative to the vaccine strain. This observation is
in agreement with the findings of Plotkin et al. [29], who
suggested that influenza viruses are subject to an intrage-
nomic conflict over the mutation rate: certain genes, and
specific residues within those genes, experience frequency-
dependent selection to change, while other genes experi-
ence purifying selection to remain fixed.

Studies have attempted to correlate the presence of the
amino acid alterations in the major viral antigenic deter-
minants HA and NA proteins with prognosis of illness,
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pathogenicity, virulence, and resistance to antiviral drugs.
In this respect, for instance, the substitution Q310H in the
HA protein was detected in the isolates AVS03 and
AVS04. Although a previous study pointed out the asso-
ciation of this mutation with fatal cases [8], this finding
was recently challenged [9, 31].

Amino acid changes in NA associated with oseltamivir
resistance were not found in the RS isolates. Assessments
of oseltamivir resistance frequency among RS strains
during the pandemics and the post-pandemic period (2010-
2011) revealed that the H275Y mutation is extremely rare
in RS [10, 32]. However, because there are limited options
for antiviral treatment, the emergence of resistant strains is
a public-health concern [33].

Some amino acid substitutions occurred in antigenic
sites of the HA and NA, which could affect influenza
vaccine efficacy. As expected, the post-pandemic strains
had more amino acid changes in the antigenic sites of
HA, culminating in a decrease in the predicted vaccine
efficacy against the post-pandemic strains in relation to
the pandemic ones. A study performed recently in Japan
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demonstrated that, in post-pandemic strains containing
multiple mutations in antigenic sites of HA (2 to 4
mutations), these mutations did not contribute to a change
in antigenicity [34]. However, this probably depends on
the site where the mutation occurred and also the type of
amino acid substitution. For instance, viruses with the
double mutation E391K and D142N have been associated
with several breakthrough infections [35]. The D142N
alteration was not observed in the 2011 isolates. Never-
theless, other changes in epitopic sites, such as R222K
and 1233V, which are both lacking in the archetype
strains, must be evaluated.

It is worth noting that in 2011, there were 103 cases with
14 deaths due to influenza A virus pHIN1 in RS. In 2012,
until October, 525 cases with 67 deaths were confirmed, an
increase of 409.71 % and 378.57 %, respectively, in rela-
tion to 2011 [11]. Therefore, future studies are necessary to
evaluate the efficacy of the current vaccine against the
circulating pHINI strains in Brazil.

Conclusion

Genome sequences provide fundamental data for the
understanding of influenza virus evolution. In this study,
we investigated whole-genomic sequences of Brazilian
pHINT viruses and demonstrated that distinct lineages co-
circulated in RS, Brazil. Moreover, we also showed that the
pHINI isolates contained amino acid substitutions that
could alter their biological and antigenic properties. At
present, it is evident that the pHIN1 viruses persisted and
are constantly evolving. Therefore, monitoring the circu-
lating strains is crucial to ensure proper local prevention
and control measures against these pathogens.
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5.2. Anexo Il

“Polymerase  activity of influenza virus (H1N1)pdmO09
ribonucleoprotein reassortment with H7N9 human influenza virus”
Luiz Gustavo dos Anjos Borges; Ana Beatriz Gorini da Veiga; Randy

Albrecht; Adolfo Garcia-Sastre; Shashank Tripathi.
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Abstract

Introduction - The present century has reaffirmed the significance of infections
from reassortant influenza A viruses. Although it was easily controlled after one
year, a triple reassortant of the influenza virus A, (H1N1) pdm09, quickly spread
globally and infected thousands of humans. A less transmittable human virus of
avian-origin (H7N9) has caused aggressive disease in infected patients. A new
reassortment from both viruses could be a threat for a novel pandemic virus.
Objective - The aim of this study was to investigate the polymerase activity of
virus reassorted between influenza A (H1IN1)pdmQ09 and 2013 H7N9 human
influenza in human cells.

Methods - Sixteen different combinations of pDZ-PA, -PB1, -PB2, -NP of
A/Anhui/1/2013 (H7N9) and A/Cal/04/2009 (H1N1) were prepared and
transfected at 37°C on HEK293T cells using Lipofectamine2000 and pRL-TK
and pPoll-FF/Luc. A second transfection was performed using three different
incubation conditions (33/37/39°C) for combinations of pDZ-PA and -NP and -
NP/-PA of H7N9. The polymerase activity was measured using the luciferase
assay system. MTT assay was done using a gradient of concentration for pDZ-
PA and -NP.

Results - The reporter gene assay showed that H/N9 NP as well as PA
increased the activity of H1N1 polymerase up to 150% and 100%, respectively,
when compared to H1N1 wild type. The higher polymerase activity was also
confirmed at all temperatures used and an increase was observed mainly at
33°C for -PA/-NP combination and at 37°C and 39°C for NP combination.
Discussion - Most combinations in the reassortment that include NP or PA

genes contribute to the activity of HIN1 polymerase on 293T cells in vitro. On
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the other hand, PB1 and PB2 of H7N9 contribute low for the polymerase activity

of the reassortant vRNPs.

Introduction

The last pandemic human influenza A virus (IAV), (H1N1)pdm09, demonstrated
an exponential spread in 2009 (de Picoli Junior et al., 2011). Moreover, even
absent of the hallmark of highly pathogenic strains, the pandemic of IAV
(H1N1)pdmO09 produced a more severe disease compared to previous seasonal
H1N1 (Tscherne and Garcia-Sastre, 2011). Even though the pandemic has
been controlled, A(H1N1)pdmQ9 is still circulating in the population and also in
swine poultry, being a potential candidate for novel recombination events (Liang
et al., 2014).

Since isolated for the first time in 2013 from an elderly Chinese person, infection
by H7N9 human IAV has been related to exposure to carrier poultry of the virus.
Although the H7N9 subtype causes asymptomatic infection in chicken, the
human strain of avian-origin virus has caused an aggressive disease in infected
humans (Kageyama et al., 2013). Specific mutations on subunits of VRNP have
been recently reported as responsible by the gain on polymerase activity of
H7N9 (Zhu et al., 2015).

Despite being aggressive in human infection, H7N9 has not the fithess to
spread in humans, so human-to-human infection is very rare. Nevertheless,
some studies have reported that human H7N9 is capable of infecting pigs
(Jones et al., 2013; Zhu et al., 2013). Considering the hypothesis that swine can
serve as a mixing vessel (Tscherne and Garcia-Sastre, 2011) of avian and

human strains viruses, reassortment between an aggressive strain like human
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H7N9 and a pandemic strain with fitness to spread like A(H1N1)pdmOQ9 is
unfortunately feasible.

The aim of this study was to investigate the polymerase activity of the
reassortment between influenza virus A(H1N1)pdm09 and 2013 H7N9 human

influenza viruses in human cells.

Material and methods

Minigenome assay

The human embryonic kidney-derived 293 cells, HEK-293T, were maintained in
Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum.
Cells were cultured at 37°C in 5% CO,. We used an ambisense cloning vector
pDZ for -NP, -PA, -PB1, and -PB2 from A/Anhui/1/2013 (H7N9), and
A/Cal/04/2009 (H1N1) (Quinlivan et al., 2005). Also, we used a firefly luciferase
vector (pPoll-FF/Luc) and a Renilla Luciferase control report vector with HSV-
thymidine kinase promoter (pRL-TK) to be cotransfect the HEK-293T cells.
Fourteen different combinations of vVRNP using the four plasmids containing one
of each subunit (pDZ-PA, -PB1, -PB2, -NP) of A/Anhui/1/2013 (H7N9) and
A/Cal/04/2009 (H1N1) strains were prepared. One combination for both vVRNP
wild type and one combination with absence of subunits (cell control) were
included in the tests. We prepared the DNA solution with 40 ng of pPoll-FF/Luc,
10 ng of pRL-TK, 200 ng pDZ-NP, 50 ng of each pDZ-PA, pDZ-PB1, pDZ-PB2
in a total volume of 100 pL of OptiMEM (Gibco) for each combination. DNA
solution was added to 100 pL of OptiMEM (Gibco) and 4 pL Lipofectamine
2000 mixture. The transfection was performed in four replicates on HEK293T

cells seeded on 24 well tissue culture plates for 3 h at 37°C. After transfection
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incubation OptiMEM was changed for DMEM with 10% FBS 1%
penicillin/streptomycin (Gibco) and the cells were incubated for 24 h at 37°C,
5% CO,. After incubation, polymerase activity was measured on 96 well plate
using Dual-Luciferase Report 1000 Assay System (Promega) following
instructions. We used Synergy-Hybrid Reader Biotek to read out plates.

A second transfection was performed using three different incubation conditions
(33/37/39°C) for subunits presenting high active in all combinations. Following
results of first transfection, we used pDZ-PA and -NP of A/Anhui/1/2013 on
combinations. Moreover, a third transfection procedure was performed to check
dose-response for NP and PA subunits. DNA solution with a range between 50-
200 ng for pDZ-NP and pDZ-PA were prepared for the transfection. The toxicity
for 293T cells on transfection assay protocol was measured using MTT assay.
An alignment of NP and PA amino acids sequences was constructed using
ClustalW (Thompson et al., 1994) in order to measure the similarity level of both
sequences and the presence of hallmark for activities in mammalian cells or

temperature sensitivity.

Statistical analysis
Statistical analysis was performed using SPSS version 20.0. The t-student test
was applied for identified difference of VRNP activity. Values were considered

statistically significant when p<0.05.

Results and Discussion
The results show the VRNP activity of A/Anhui/1/2013 (H7N9), A/Cal/04/2009

(H1N1), and fourteen combinations expected from a reassortment of both vVRNP
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viral strains (Figure 1). The H7N9 strain (combination 16) had a higher
polymerase activity than H1N1 strain (combination 1) (p = 0.002). There were
eleven of fourteen combinations expressing significant higher polymerase
activity than H1N1 wild type.

Analyzing the vRNP activity of combinations 2 to 5 only the combination 4 did
not improve polymerase activity. In which PB1 of H1N1 strain was replaced by
PB1 of H7N9 strain. The highest polymerase activities of H1N1 vRNP was
observed when NP from H7N9 was present followed by recombination with PA
and PB2 from H7N9 in that order.

The polymerase activities were significant different in all combinations with
double substitutions (combinations 6 to 11). Interestingly, the polymerase
activity had a significant decrease when PB1 and PB2 of H7N9 strain changed
the respective VRNP subunits (combination 7) in comparison with wild type
H1N1 polymerase.

Comparing with the polymerase activity of the H7N9 strain, six combinations
had significant higher vRNP activities than H7N9 wild type (combinations 2, 5,
6, 9, 10, 13). The NP of HIN1 was shown to be able to improve the activity of
VRNP H7N9. The high activity with NP from H1N1 has not observed when PA of
H1N1 was present (in double or triple combination). These results show that PA
of HIN1 is less effective than PA of H7N9 in mammalian cells.

Results suggest that the polymerase activity is not efficiently improved for
combinations carrying at the same time the PA subunit from H1N1 and the PB1
subunit from H7N9 (combinations 4, 7, and 12). Perez and Donis (2001) have
reported that PA might be responsible in mediating PB2-PB1-PA interaction and

in to stimulating PB1 activity. Moreover, the PB2-PB1-PA interaction is essential
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for virus viability in cell culture. Probably PA of HIN1 was not efficient to
stimulate PB1 of H7N9 strain and consequently is not able to increase the
polymerase activity of vVRNP. However, the probable low affinity in the PA-PB1
interaction might not be the unique reason for these findings. The NP has been
reported to be a major determinant in the regulation of the switch between
transcription and replication activity that is performed by the PB1 subunit
(Portela and Digard, 2002). This fact might explain the differences in VRNP
activity between combination 4 (NP, PB2 and PA from H1N1, and PB1 from
H7N9) and combination 8 (PB2 and PA from H1N1 NP, and PB1 from H7N9),
the latter displaying significantly higher activity than the former in relation to
wild-type VRNP of H1N1. Still, combination 8 had a lower activity compared to
combinations such as 10 and 13, when both PB1 and PA from H7N9 were
present.

Considering the roles of PA and NP in vRNP activity, we next analyzed the
dose response (Figure 2) and the cytotoxicity (Figure 3) of these subunits. For
dose response, the best concentrations were 50 ng and 200 ng for PA and NP,
respectively. The MTT assay did not show evidence of cytotoxicity for PA and

NP.
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Figure 1 — Polymerase activity of 17 vVRNP subunits combinations between
A/California/04/2009 (C) and A/Anhui/01/2013 (A) strains. Results are shown as
averages with standard deviation of four replicates. Symbol “/* indicates
matches to non-subunit. * t-student Test — p<0.05 comparing to

A/California/04/2009; ¢ t-student Test — p<0.05 comparing to A/Anhui/01/2013.
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Figure 2 — Dose response of polymerase activity for H7N9 PA and NP subunits
in PA dose response test (A) and NP dose response test (B). Subunit from
A/California/04/2009 is represented by C; subunit from A/Anhui/01/2013 strain
is represented by A. Absence of subunit is represented by symbol “/”. Numbers
in parentheses indicate the concentration of subunit in nanogram. Results are
shown as averages of relative luciferase unit. Standard deviation of four

replicates represented by black bars.
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Figure 3 — Cytotoxicity test of PA and NP subunits in PA MTT test (A) and NP

MTT test (B). Subunit from A/California/04/2009 strain is represented by C;
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subunit from A/Anhui/01/2013 strain is represented by A. Absence of subunit is
represented by symbol “/”. Numbers in the parenthesis indicate the
concentration of subunit in nanogram. Results are shown as relative average of
viable cells in comparison to results obtained for combination number 6

(absence of subunits transfected).

The vVRNP reassortment for combinations of H1N1 subunits using NP and PA
subunits from H7N9 were performed under 33°C, 37°C, and 39°C (Figure 4).
The activity was higher for all combinations in comparison with the wild type
H1N1 at different temperatures. Bussey et al. (2011) reported that PA of
A/California/04/2009 has three specific residues, 85, 186, and 336 that might
contribute for enhancing avian polymerase activity in mammalian cells.
Observing the H1N1 and H7N9 alignment of PA subunit we found difference in
amino acids in the residues mentioned above between the two strains (data not
shown). Despite this PA of H7N9 confirmed to be the fittest in all tested
temperatures when compared to wild type H1N1 that presents those specific
residues.

The VRNP with both NP and PA of H7N9 showed to be more active at 33°C
than other combinations. Even though the present study had showed that PA of
H7N9 might improve the polymerase activity of HIN1 polymerase, results also
show that, at higher temperatures, NP bursts the VRNP. A study by Jin et al.
(2003) reported that residue 34D on NP is a major factor for temperature
sensitivity and might result in a reduction of virus titer at 39°C. The strain of

human H7N9 as well as of HIN1 used in the present study do not have the
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amino acid reported on residue 34 of NP, therefore they were able to be active

also at high temperatures like 39°C.
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Figure 4 — Polymerase activity of PA and NP subunits combinations at different
temperatures, 33°C (A), 37°C (B) and 39°C (C). Subunits from
A/California/04/2009 strain are represented by C and subunits from
A/Anhui/01/2013 strain are represented by A. Absence of subunits are
represented by symbol “/”. Results are shown as the percentage of polymerase
activity average in comparison to polymerase activity of H1N1 wild type, * t-

student Test — p<0.05 comparing to A/California/04/2009.

Conclusion
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The reporter gene assay used in this study showed that H7/N9 NP as well as PA
increase the activity of H1N1 polymerase when compared to H1N1 wild type up
to 150% and 100%, respectively. Also, while the polymerase activity is not
efficiently improved for combinations carrying at the same time PA subunit from
H1N1 and the PB1 subunit from H7N9, but it can be improved when the NP
subunit of H7N9 is present. The present study showed that a novel recombinant
of H7N9 and H1N1 influenza A virus might be aggressive and powerful if infect
humans. More studies need to be done to have insight about control and

prevention against the a future H7N9 recombinant virus.
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5.3. Anexo lll
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5.4 Anexo IV

Ficha de Investigacéo
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03 - Trabalho 07 - Sem Histéria de Contato 11 - Outro
04 - Creche/Escola 08 - Outro Pais

Informagoes sobre Deslocamento (datas e locais freqlientados no periodo de até 10 dias antes do inicio dos sinais e sintomas)

Data UF Municipio/Localidade Pais Meio de Transporte

dias antes do inicio dos sinais e sintomas?

E Contato com Aves Doentes ou Mortas até 10E1 UF m Nome do Municipio Pais
.

1-Sim 2-Nao 9 -lIgnorado

Dados Clinicos

Sinais e Sintomas 1-8im 2-N&o 9 - Ignorado
D Febre D Dispnéia D Mialgia D Diarréia
[_] Tosse [ ] Dor de Garganta [ | Conjuntivite [ ]outros

[ |calafrio D Artralgia D Coriza

E Comorbidade D Cardiopatia crénica I:] Renal Cronico D Imunodeprimido D Doenca Metabdlica Crénica
1-Sim 2-Nao 9 - Ignorado [ | Pneumopatia crénica [ ] Hemoglobinopatia [ | Tabagismo [ ]Outros
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o |[45] Ocorreu Hospitalizacéo [] Data da Internacdo UF
5 1-Sim 2-Nao 9 - Ignorado Jl | l | ' |1 J |
£ Municipio do Hospital g
g unicipio do Hospita Codigo (IBGE) 48] Nome do Hospital Cdigo
D
3 o ) NN
PCR Tipo de Amostra
= . . i D @ Resultado D
50| Data da Coleta 1 - Secrecdo de Nasofaringe 4 - Tecido pés-mortem 9 - Ignorado _
2 - Lavado Bronco-alveolar 5 - Soro 1 - Positivo 3 - Inconclusivo
| | | I | 1 | J 3 - Fezes 6 - Outro 2 - Negativo 4 - N&o realizado
Diagnostico Etiolégico
1 - Influenza por novo subtipo viral (pandémico) 2 - Influenza A Sazonal D E Tipo
- Influenza B Sazonal - Influenza Aviéaria 5 - Outro Agente Infeccioso H N l I
I
CULTURA 56| Tipo de Amostra
2 j = . . . D Resultado D
g Data da Coleta 1 - Secregéo de Nasofaringe 4 - Tecido pos-mortem 9 - Ignorado B ]
B 2 - Lavado Bronco-alveolar 5 - Soro 1- Positivo 3 - Néo realizado
| RN J 3 - Fezes 6 - Outro 2 - Negativo
g - J
2 - -
S | INIBICAO DA HEMAGLUTINACAO D
2 59| Resultado
= m Data da Coleta j .
a Dl J 1 - Positivo 2 - Negativo 3 - Inconclusivo 4 - N&o realizado
60| Diagnostico Etiologico
) ) . D m Tipo
1 - Influenza por novo subtipo viral (pandémico) 2 - Influenza A Sazonal
- Influenza B Sazonal - Influenza Aviaria 5 - Outro Agente Infeccioso H | J N t I
RAIO X TORAX
63]Se sim, resultado D
Data da Realizag:éo . o o .
1-Normal 2 - Infiltrado Intersticial 3 - Consolidagédo 4 - Misto 5 - Qutros
[ J
Classmcagao Final @ Critério de Confirmacéo D
i i 3 - Descartado
1 -Influenza por Novo S.Ub“po Viral 1 - Laboratorial 2 - Clinico-Epidemiolégico
2 - Outro agente infeccioso
Local Provavel de Fonte de Infeccao
[66] O caso & autoctone do municipio de residéncia? 0 UF Pais
S 1-Sim 2-Nao 3-Indeterminado | |
3
g Mun|clp|0 Codigo (IBGE) JF Distrito Bairro
© L 11 1 | J
Doenga Relacionada ao Trabalho | | Evolugdo do Caso []
1-Sim 2-N&o 9 - Ignorado 1 - Cura 2- Obito por Influenza 3- Obito por outras causas  9- Ignorado
Data do Obito J Data do Encerramento
| |1 I R J

bbservagées Adicionais

Municipio/Unidade de Saude

Cébd. da Unid. de Saud

)

Nome

L -

Investigador

I

Assinatura

J
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