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Lista de abreviaturas utilizadas

ARDS: Acute respiratory distress syndrome
ANF: Aspirado nasofaringeo

CD4": Linfocitos T CD4 positivos

CD8": Linfocitos T CD8 positivos

CT: Valor de ciclo limiar

DCs: Células dendriticas

HA: Hemaglutinina

HPAIV: Virus influenza aviario altamente patogénico
IAV: Virus influenza A

IL: Interleucina

INF: Interferon

IP10: IFN-y-induced protein

IRA: Infecgao respiratéria aguda

M1: Proteina de matriz 1

M2: Proteina de matriz 2

MCP-1: Monocyte chemoattractant protein
MHC: Complexo de histocompatibilidade
MIP1-a: Macrophage inflammatory protein
MS: Ministério da Saude

N: nucleoproteina

NA: Neuraminidase

NEP: Proteina de exportagao nuclear

NP: Nucleoproteina

NS1: Proteina nao-estrutural 1

OMS: Organizacdo Mundial da Saude
ORF: Fase aberta de leitura

PA: Polimerase acida

PB1: Polimerase basica 1

PB2: Polimerase basica 2

RNA: Acido ribonucleico

RNP: Ribonucleoproteina

RT-PCR: Transcrigao reversa seguida por Reagao em Cadeia da Polimerase

SA: Acido sialico

SARS: Severe acute respiratory syndrome
SRAG: Sindrome respiratéria aguda grave
TH1: Linfécitos T classe 1

TNF: Fator de necrose tumoral

TNFR: Receptor do fator de necrose tumoral
VIOP: Influenza de origem suina

VRNP: Ribonucleoproteinas virais



Resumo da Tese

Introducgao

Um novo virus influenza A H1N1, de origem suina, causou a primeira
pandemia do século XXI, a qual foi considerada de viruléncia moderada. No
Brasil, as regides Sudeste e Sul foram as mais afetadas e apresentaram as
maiores taxas de mortalidade. Apds a pandemia, um sistema de vigilancia
epidemiologica mundial foi instalado para caracterizar sequéncias gendmicas
do influenza A e buscar marcadores de viruléncia.

Objetivos

Analisar os fatores clinicos, o perfil de citocinas e mutacdes virais que estao
envolvidos na infecg&o do virus Influenza A no Rio Grande do Sul.

Material e Métodos

Foi realizada RT-gPCR para diagnostico e carga viral de amostras de
aspirado nasofaringe de pacientes com Sindrome Respiratoria Aguda e
dosagens citocinas/quimiocinas a partir do soro. O genoma completo de 56
isolados virais foram sequenciados para analises filogenéticas e identificacao
de mutagdes nas proteinas virais.

Resultados

A carga viral no periodo pandémico de 2009 foi significativamente maior para
o virus A(H1IN1)pdm09 que amostras de virus sazonal e essa relagdo
inverteu no ano de 2011. No entanto, nos dois periodos, pandémico e pods
pandémico estudados, o maior numero de casos fatais foi causado pelo virus
influenza A(H1N1)pdm09. Houve um perfil de resposta imune inata/

inflamatdria e adaptativa associado aos casos fatais, perfil este representado



VI

pelas citocinas/quimiocinas IL-8, IL-4, MIP1-a, IL-15 e TNF-a. Houve
constante evolugado viral a partir do periodo pandémico, principalmente nos
anos de 2012 e 2013. Nenhuma mutacdo de resisténcia ao oseltamivir,
(H275Y) foi encontrada.

Conclusodes

Um perfil de elevacdo na expressao de citocinas/quimiocinas teve relagao
direta com a gravidade da infecgdo: IL-8, IL-4, MIP1-a, IL-15 e TNF-a. A
analise das 56 sequéncias genbmicas virais completas, revelou um maior
acumulo de mutagdes nas proteinas HA, NA e PA, as quais estdo
relacionadas com a antigenicidade e com a capacidade replicativa do virus.
Tais mutagdes poderiam determinar a adaptagao do virus ao hospedeiro, sua
viruléncia e a eficiéncia da vacina anti-influenza. Este estudo contribui para o

conhecimento e a vigilancia do influenza A no Rio Grande do Sul.



1. Introducao

A infeccdo respiratéria aguda (IRA) é um dos maiores desafios para a
saude publica uma vez que atinge 113 milhdes de pessoas ao redor do
mundo sendo a causa de 3,5 milhdes mortes, anualmente (Murray and
Lopez, 2013). O amplo acometimento da populagdo ocorre devido a
facilidade de disseminagdo dos agentes infecciosos causadores da IRA
ocasionando elevada morbidade e mortalidade, especialmente entre
pacientes pediatricos (menores de 6 anos de idade) e idosos (maiores de 65
anos de idade) (Kesson, 2007; Murray and Lopez, 2013). Entre 50 a 90% dos
casos de IRA sdo causados por virus, incluindo o virus respiratorio sincicial,
virus influenza A e B, virus parainfluenza 1, 2 e 3, rinovirus e o adenovirus
(Thomazelli e cols., 2007; Seo e cols., 2014). Recentemente, novos métodos
de triagem molecular baseados na amplificacdo dos acidos nucléicos dos
virus e na analise das sequéncias gendmicas permitiram a identificacdo de
virus respiratorios outrora desconhecidos, como por exemplo alguns
coronavirus (Konig e cols.,, 2010), influenza A H5N1 e influenza A
(H1N1)pdmO09, metapneumovirus humano (hMPV) e bocavirus humano
(HBoV) (Kahn, 2006; Williams e cols., 2006; Yang e cols., 2009). O quadro
clinico de pacientes com IRA viral é inespecifico e inclui sintomas que variam
desde um simples resfriado com congestdo nasal e rinorréia, faringite e
crupe, até quadros mais severos representados por bronquiolite e pneumonia
(Kesson, 2007). Complicagbes nos quadros sintomaticos podem levar ao

agravamento da disfungéo respiratoria e, consequentemente, a morte.

O virus influenza A, agente causador da enfermidade popularmente



conhecida como gripe, pertence a familia Orthomyxoviridae, a qual
compreende seis géneros: i) Influenzavirus A, ii) Influenzavirus B, iii)
Influenzavirus C, iv) Isavirus, v) Quaranjavirus e vi) Thogotovirus (ICTV,
2014). Os ortomixovirus s&o virus de RNA envelopados, com genoma
segmentado constituido por RNA fita-simples senso-negativo (Lamb e Krug,

2007).

O virus influenza A é classificado em diferentes subtipos com base nas
especificidades antigénicas determinadas pelas glicoproteinas de membrana
viral, a Hemaglutinina (HA) e a Neuraminidase (NA). Ja foram caracterizados
e documentados 18 tipos de HA e 11 tipos de NA, sendo as aves aquaticas o
principal reservatorio desses subtipos; apenas trés tipos de HA (H1, H2 e H3)
e dois de NA (N1 e N2) afetam a espécie humanos (Hilleman, 2002; Hsieh e
cols., 2006). Os tipos A e B contém oito segmentos gendmicos distintos, em
que cada um codifica pelo menos uma proteina (Palese and Shaw, 2007;
Konig e cols., 2010). Estudos recentes sobre o virus influenza A revelaram
que mecanismos moleculares tais como splicing alternativo e diferentes fases
de leitura (ORF) podem levar a produ¢gdo de um numero variado de proteinas
virais, de modo a facilitar a infeccdo e replicagao viral na célula hospedeira
(Vasin e cols., 2014). No total sdo 10 proteinas bem descritas e outras 8
proteinas recentemente descobertas que desempenham importante papel na
formacéo do cenario de viruléncia do virus, incluindo a adaptacéo da infecgéo
e transmissdo em novas espécies de hospedeiro, a capacidade de modular a
resposta imune do hospedeiro, e a capacidade de replicar de forma eficiente
baixas temperaturas (Chen e cols., 2001; Arias e cols., 2009; Wise e cols.,

2011).



Uma pandemia € definida como uma epidemia que ocorre em nivel
mundial, a qual cruza as fronteiras internacionais e afeta um grande numero
de pessoas. Este evento envolve o surgimento de um novo virus influenza, o
qual deve ser capaz de causar enfermidade e disseminar-se entre os
hospedeiros humanos (Poland e cols., 2007). Mais especificamente, o
surgimento de um novo virus influenza representa o surgimento de proteinas
virais inéditas, principalmente a hemaglutinina e neuraminidase para o qual a
populagcdo ndo apresenta resposta imunoldgica ou apresenta de maneira
pouco reativa. Este novo virus pode surgir como consequéncia de um
rearranjo de dois ou mais virus de origem distintas, principalmente entre virus
humanos sazonais e um ou mais virus de origem animal. A histéria registra
trés episédios pandémicos de influenza A no século XX: a Influenza
espanhola H1N1 (“Gripe Espanhola”) entre 1918 e 1920; a Influenza asiatica
H2N2 entre 1957 e 1960; e a Influenza de Hong Kong H3N2 de 1968 a 1972
(Figura 1). Ressalta-se ainda a transmissé&o direta do virus influenza aviaria

de alta patogenicidade A (H5N1) ao homem, gerando surtos de elevada
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Figura 1. Cronologia da circulagdo dos virus influenza A em humanos. Desde o século XIX houve
cinco ocorréncias de modificagbes antigénicas maiores (antigenic shiff), com aparecimento de cepas

distintas daquelas circulantes, culminando em pandemias (1889-1891, 1918-1920, 1957-1958, 1968—



1969, e 2009-2010). Os virus H1N1, descendentes da Influenza Espanhola de 1918, foram
introduzidos na populagédo de suinos em algum momento apés 1918. Trés subtipos de hemaglutinina
(H1, H2 e H3) e 2 de neuraminidase (N1 e N2) tém sido isolados de humanos desde 1933 (primeiro
isolado viral). Em 1976 foi registrado um surto de Influenza de origem suina (VIOP), e em 1977
reapareceu a cepa H1N1 humana. As linhas descontinuas indicam evidéncia sorolégica sem registro
de isolados virais. As linhas continuas indicam circulagdo sazonal de cada cepa (as quais
continuamente sofreram modificacdes antigéncias menores (drift) durante os periodos interpandémicos
e as interrogagdes significam que a data exata da circulagao e/ou origem do subtipo ndo esta definida

(Modificada deMedina, 2010).

letalidade na Asia (Lai e cols, 2016).

A Gripe Espanhola foi uma pandemia responsavel por mais de 50 milhdes
de mortes em todo o mundo entre 1918-1920, sendo uma das mais letais de
toda histéria médica contemporanea. Depois do reaparecimento do subtipo
H1N1 em 1977, provavelmente reintroduzida por um erro de manejo
laboratorial, esta cepa co-circulou na populagdo humana juntamente com o
subtipo H3N2, a qual teve origem no ano 1968 (Medina, 2010); ambas

constituem subtipos causadores de epidemias sazonais.

FASE 4

FASE 5-6/
PANDEMIA

POS PICO
POS
FAJE 13 T PANDEMIA
TEMPO I ‘ I

INFECCAO TRANSMISSAO  INFECCAO POSSIBILIDADE NIVEIS DE
PREDOMINANTEMENTE SUSTENTADA HUMANA DE EVENTOS ATIVIDADE
ANIMAL; ENTRE HUMANOS RECORRENTES SAZONAL DA
ALGUMAS INFECCOES DOENCA
EM HUMANOS

Figura 2. Fases de uma pandemia segundo a OMS. (Modificada  de
http://www.who.int/csr/disease/swineflu/phase/en/)



O primeiro evento pandémico do século XXI| foi causado por um novo
virus H1N1, A(H1N1)pdmO09, que surgiu no México entre fevereiro e margo de
2009 e foi substituindo a cepa sazonal H1N1, co-circulando na atualidade
com o subtipo H3N2 (Fineberg, 2014). A cepa pandémica tem origem suina e
€ um exemplo de recombinagao tripla, evento que deu origem a segmentos
gendmicos totalmente distintos dos originais (Garten e cols., 2009; Wang and
Palese, 2009). Foi estimado que durante o primeiro ano de circulagdo da
cepa A(H1N1)pdmO09 houve de 151.700 a 575.400 casos ao redor do mundo
e que mais de 18 mil pessoas morreram em mais de 200 paises, segundo
dados da Organizagdo Mundial da Saude (OMS) (WHO, 2013). Uma
caracteristica desta pandemia foi a maior prevaléncia em pessoas com
menos de 65 anos (80%), embora este ultimo grupo seja usualmente o
principal alvo das epidemias sazonais de influenza (Kesson, 2007). A Figura
2 resume as fases da pandemia de 2009, segundo a OMS. Na fase 1, os
virus Influenza circulam somente em animais, na fase 2 o risco de
transmissao entre humanos é elevada devido a circulacdo do virus em
animais domeésticos e € na proxima etapa, a fase 3, que ocorre transmissao
eventual entre humanos. Na fase 4, ocorre a transmissao sustentada entre
humanos mas ainda em nivel local, sendo a proxima etapa a fase 5, onde
dois ou mais paises de uma mesma regido da OMS ¢ afetada pelo mesmo
Influenza isolado na fase 4. Na préxima etapa, adicionalmente aos critérios
definidos na fase 5, 0 mesmo virus causa transmisséo sustentada em grupos
de pessoas em pelo menos uma segunda regido definida pela OMS. A fase
pos pico pandémico é definida como a etapa onde uma vigilancia eficaz foi

aplicada para conter a doencga, poréem podem ocorrer ondas de infec¢do onde



a atividade viral volta a ser elevada. Finalmente, a fase pds pandémica €&
caracterizada por niveis de atividade semelhantes a Influenza sazonal, na

maioria dos paises afetados, devido a vigilancia adequada.

1.1. Aspectos clinicos e epidemioldgicos da doenga

Durante uma epidemia sazonal de Influenza, cerca de 5 a 15% da
populacao € infectada, resultando em aproximadamente 3 a 5 milhdes de
casos graves por ano e de 250 a 500 mil mortes no mundo, principalmente
entre idosos e portadores de doengas crénicas (Saude, 2015). A Influenza ou
gripe se apresenta com um amplo espectro clinico, desde infeccéo
assintomatica até quadros letais. A Sindrome Respiratéria Aguda Grave
(SRAG), é caracterizada pelos sintomas: febre, tosse e dispneia. Em sua
forma clinica classica a sindrome gripal (SG) caracteriza-se por sintomas de
inicio subito, com febre, calafrios, prostragdo, cefaleia, mal-estar, mialgia,
tosse, congestado nasal e dor de garganta. Ocasionalmente, a Influenza pode
causar broncoespasmo, bronquite ou pneumonia. As infec¢gdes bacterianas
(sinusite, otite, pneumonia) s&o as complicagbes mais comuns em criangas e
em idosos. A evolugcdo €, em geral, benigna, com desaparecimento dos
sintomas em 7 dias, embora a tosse, o mal-estar e a prostragdo possam
permanecer por algumas semanas. Sinais de agravamento, como mialgia
intensa, piora de sintomas gastrointestinais, dispneia e persisténcia ou
aumento da febre por mais de 3 a 5 dias pode indicar pneumonite primaria
pelo virus da Influenza ou secundaria a infecgdo bacteriana ou, raramente,
miocardite, pericardite, mielite transversa e encefalite. A vigilancia da

influenza no Brasil € composta pela vigilancia sentinela de Sindrome Gripal e



de Sindrome Respiratéria Aguda Grave e pela vigilancia universal de SRAG.
A vigilancia sentinela conta com uma rede de unidades distribuidas em todas
as regides geograficas do pais e tem como objetivo principal identificar os
virus respiratorios circulantes para subsidiar, com os isolamentos virais, a
composi¢cdo da vacina contra gripe, além de permitir o0 monitoramento da
demanda de atendimento por essa doenga. A vigilancia da SRAG monitora
0s casos hospitalizados e obitos, além de casos de SRAG em gestantes e
surtos ocasionais, com o objetivo de identificar o comportamento da influenza
no pais para orientar na tomada de decisbes em situacdes que requeiram
novos posicionamentos do Ministério da Saude e Secretarias de Saude
Estaduais/Municipais.

Durante a pandemia de 2009, a regido Sul do Brasil foi a mais afetada,
com 18.349 casos confirmados até a semana epidemioldgica (SE) 47 de
2009. As taxas de incidéncia (66,2/100.000 habitantes) e de mortalidade
(2,32/100.000 habitantes) também foram mais elevadas no Sul do que em
outras regides do Brasil (Gorini da Veiga e cols., 2012a). No Rio Grande do
Sul (RS) foram confirmados 3.585 casos de Influenza A(H1N1)pdmOQ9, dos
quais 298 foram a o6bito. Ja no ano de 2010 ndo foram confirmados casos de
Gripe A no RS e em agosto deste mesmo ano foi declarada a fase pos-
pandémica da Influenza A(H1N1)pdmO09 pela Organizagdo Mundial da Saude
(OMS); porém em 2011 voltaram a ser confirmados 103 casos de infecgdes
por A(H1TN1)pdmO09, dos quais 14 foram a oébito (Gregianini e cols., 2011;

Martins e cols., 2012).

Dos 812 casos de Sindrome Respiratéria Aguda Grave (SRAG) causadas

pelo virus Influenza A no RS em 2012, 527(65%) foram causados por



influenza A(H1N1)pdmOQ9, levando 68 individuos ao 6bito, enquanto o virus
sazonal H3N2 levou 9 individuos a 6bito, apesar dos 285 casos confirmados;
nesse mesmo ano os estados vizinhos de Santa Catarina e Parana
reportaram 752 casos com 73 oObitos e 1.097 casos com 36 Oobitos,
respectivamente (Martinse cols., 2012). Em 2013 o RS confirmou 731 casos
de SRAG por influenza A, sendo 277 casos de influenza A H3N2 e 454 casos
de influenza (H1N1)pdmQ09, e um total de 71 obitos. No ano de 2014 esses
numeros cairam para 177 casos de SRAG causados por Influenza A e,
desses, 25 foram a obito. Ja no ano de 2015, segundo dados da Vigilancia
Epidemiolégica do Ministério da Saude (MS), o Rio Grande do Sul registrou 7
obitos por influenza A (5 6bitos por H3N2 e 2 por influenza A nao subtipado),
mas nenhum caso ou obito por influenza (H1N1)pdmO09 foi confirmado nesse
ano (Saude, 2015). A tabela 1 resume os dados epidemioldgicos do periodo

do estudo, juntamente com os dados atualizados do ano de 2016.

Tabela 1. NUmero de casos de SRAG e casosde influenza no RS, 2009-2016.

Ano SRAG A HIN1pdm09 A H3N2 A(?) Influenza B Referéncia

Casos Mortes Casos Mortes Casos Mortes Casos Mortes Casos Mortes
2009 8338 494 3585 298 NI NIL 172 NI NI NIl Martinsetal., 2011
2010 716 60 0 0 N.I.  N.L 0 0 25 0 Martins et al., 2011
2011 1501 125 103 14 N.I.  N.L N.. NI NIL NI Martinsetal., 2011

2012 3951 214 527 68 285 9 0 0 49 0 CEVS, 2013a
2013 3176 326 454 58 2717 13 0 0 131 2 CEVS, 2013b
2014 1956 177 29 12 142 13 1 0 17 0 CEVS, 2014
2015 2332 211 0 0 47 5 13 2 27 2 CEVS, 2015
2016™ 4399 469 1096 177 2 0 18 14 0 0 CEVS, 2016

*Varias amostras ndo foram subtipadas.
** Até 8/11/16, 178 casos ainda ndo haviam sido analisados.
N.1.: ndo informado.

Apesar de a cepa pandémica (H1N1)pdmO09 ser antigenicamente similar a
cepa H1N1 espanhola (1918), a magnitude das manifestagdes clinicas no

evento pandémico de 2009 foi muito menor que aquela apresentada pela



Gripe Espanhola, com um indice de mortalidade 100 vezes menor que a
pandemia de 1918 (Watanabe and Kawaoka, 2011). Sobre esse fato, alguns
estudos tém demonstrado a ocorréncia de protegdo cruzada, ou seja,
producdo de anticorpos protetores por exposi¢ao prévia a uma cepa distinta
da atual, mas antigenicamente relacionada, em pessoas com mais de 60
anos (Medina e cols., 2010; Xu e cols., 2010). Adicionalmente, a leve
enfermidade associada a cepa pandémica de 2009 é consistente com a
auséncia de marcadores de viruléncia, os quais foram identificados
previamente em cepas humanas e aviarias (Hatta e cols., 2001; Medina and

Garcia-Sastre, 2011).

E sabido que em suinos, que também constituem um importante
reservatorio dos virus influenza, ocorre o fendmeno de recombinagéo entre
as mais distintas cepas, e um virus ja recombinado, como o (H1N1)pdmQ9,
pode vir a sofrer rearranjos dos seus segmentos novamente e dar origem a
novos marcadores de viruléncia, como por exemplo o surgimento de uma HA
com maior afinidade as células do trato respiratorio inferior, induzindo assim
pneumonia viral (Vincent e cols., 2008). O desafio dos novos estudos é
investigar quais fatores contribuem para a patogenicidade viral, a qual pode
ser incrementada com a exposicdo das cepas circulantes ao sistema
imunoldgico do hospedeiro, a co-circulagdo com outras cepas como a
sazonal humana H3N2 e, por fim, com a exposi¢cdo dos virus as drogas
antivirais. Nao obstante, durante os surtos ou pandemias o diagndstico rapido
e preciso se torna fundamental para a prevencao da disseminag¢ao da doencga
e para estudos epidemiolégicos (Nishiura e cols., 2009; Zhou and Wentworth,

2012)
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1.2. Etiologia

O virus Influenza A pertence a familia Orthomyxoviridae e possui
genoma segmentado composto por 8 fitas simples de RNA com polaridade
negativa envoltos por uma nucleoproteina (NP), que se unem ao complexo
de transcrigao/replicagao viral formado pela polimerase basica 1 (PB1), pela
polimerase basica 2 (PB2) e pela polimerase acida (PA). Este conjunto de
RNA viral e proteinas se denomina complexo ribonucleoprotéico (RNP)
(Figura 3a). No caso do virus Influenza A, cada segmento codifica uma ou

duas proteinas funcionalmente importantes.

A particula viral do influenza A é pleomorfica (forma esférica ou oval),
mede 80-120nm de didmetro e esta envolta por um envelope de bicamada
lipidica, do qual emergem duas glicoproteinas de superficie — hemaglutinina
(HA) e neuraminidase (NA), codificadas pelos segmentos 4 e 6 do RNA
gendmico, respectivamente. A HA atua na adeséo e fus&o do virus a célula
hospedeira, enquanto a NA evita a agregagao das particulas virais e auxilia
na liberagdo das novas particulas de dentro da célula infectada, apos a
replicacdo do virus (Figura 3b); assim, ambas sdo determinantes para a
infectividade, além de serem os principais antigenos contra os quais a
resposta humoral do hospedeiro € direcionada. O segmento M do genoma
viral codifica as proteinas da matriz, M1 e M2. A M1 localiza-se logo abaixo
do envelope viral e participa da montagem do virus na célula hospedeira; a
M2 é uma proteina tetramérica que forma um canal ibnico entre o interior do
virus e o meio, permitindo mudangas de pH durante a sintese da HA e o

desencapamento viral. O segmento 8 codifica duas proteinas nao-estruturais:
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a NS1, que antagoniza a acdo supressora do interferon (INF), e a NEP,
proteina de exportagdo nuclear (Hilleman, 2002; Hsiehe cols., 2006).
Adicionalmente, estudos recentes tém identificado novas proteinas como a
PB1-N40 (funcdo desconhecida), PA-X94 a qual é supressora da expressao
génica celular as quais sao codificadas por PB1 e PA, respectivamente
(Hayashi e cols., 2015). Outras duas formas de PA foram identificadas e
nomeadas PA-N155 e PA-N182, com papel no ciclo replicativo do virus.
Alguns virus expressam a proteina pro-apoptotica PB1-F2, a qual é

codificada por uma segunda ORF no segmento PB1 (Vasin e cols., 2014).

O genoma do virus pandémico (H1N1)pdm09 tem aproximadamente
13.580 nucleotideos, sendo que o tamanho dos segmentos variam de 890 a
2.341 nucleotideos. Além da regido codificadora, cada segmento contém
regides né&o-codificadoras, que na extremidade 5 variam de 20 a 58
nucleotideos, sendo 13 deles conservados em todos os segmentos, e na
extremidade 3’ variam de 19 a 45 nucleotideos, sendo 12 deles conservados

(Hoper e cols., 2011).
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Figura 3. Caracteristicas da particula viral do Influenza A e sua replicagao. a) A particula viral do
virus Influenza A possui genoma com 8 segmentos (genes) de RNA de fita simples, de sentido negativo
que juntos codificam as proteinas demonstradas no esquema. Estes segmentos gendmicos se
empacotam em complexos de ribonucleoproteinas virais (vVRNP) juntamente com as polimerases PB1,
PB2 e PA (codificadas por seus respectivos segmentos). Os segmentos n&o estruturais codificam a
proteina de exportagdo nuclear NS2 e o antagonista da resposta viral do hospedeiro NS1; o segmento
da matriz codifica a proteina M1, M2 proteina de canal idnico, e a M42, uma proteina relacionada a M2.
O segmento HA codifica a glicoproteina de ligagdo ao receptor celular HA; e o segmento NA codifica a
neuraminidase, a qual cliva moléculas de acido sialico (SA) (Fineberg, 2014). Adicionalmente, as duas
novas proteinas identificadas recentemente N40 (fungdo desconhecida) e PA-X94, a qual é um
repressor da expressdo génica celular, sdo codificadas por PB1 e PA, respectivamente. Outras 2
formas de PA foram recentemente identificadas e nomeadas PA-N155 e PA-N182, com papel no ciclo
replicativo do virus. Alguns virus expressam a proteina pro-apoptética PB1-F2, a qual é codificada por
uma segunda ORF no segmento PB1. b) A infecgéo viral é iniciada pela ligacdo do virus ao SA do
receptor da célula hospedeira e sua entrada é mediada por endocitose. A clivagem da HA por
proteases celulares é requerida para expor o peptideo de HA, que é responsavel pela fusdo entre o
envelope viral e a membrana endossomal a um pH baixo, processo que abre o canal de ion M2,
acidifica o interior viral e libera os segmentos do genoma viral dentro do citoplasma. Estes segmentos
sdo entdo translocados para o nucleo onde sao transcritos e replicados pelo complexo polimerase
RNA-dependente. As novas particulas virais sdo montadas na membrana celular e liberadas por

brotamento para o fluido extracelular, processo mediado pela NA e sua atividade de neuraminidase, a
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qual destréi SA das glicoproteinas celulares e virais que, caso contrario, reteriam o virus na membrana
celular. Para que a nova particula viral seja infecciosa, a proteina HA deve ser cortada por proteases
extracelulares similares a tripsina. Estas proteases estédo localizadas somente nas mucosas intestinais

e respiratorias, o que restringe a infecgdo pelo influenza A nestas areas (Shi e cols., 2014).

1.2.1.  Tropismo tecidual e patogénese

Em humanos, apos a transmisséo por via respiratéria, o virus influenza
A liga-se e penetra nas células epiteliais da traqueia e dos brénquios. Ocorre
entdo a replicacdo viral que resulta em destruicdo da célula hospedeira. A
viremia raramente € bem documentada, porém nas secregdes respiratorias o
virus é detectado por pelo menos 10 dias apds a infeccdo, dependendo
essencialmente da condi¢gdo imunolégica do paciente, com um pico durante
as 48 horas seguidas ao contagio (Gorini da Veigae cols., 2012a). Tanto o
processo infectivo/replicativo como o desenvolvimento da enfermidade
dependem de fatores moleculares virais e do hospedeiro e da interacao

destes fatores (Figura 4).

A proteina HA do virus Influenza A, além de modular a antigenicidade,
também modula o tropismo tecidual e a patogénese viral através da sua
ligacdo especifica a um receptor celular. Por esse motivo, a maioria dos
subtipos virais de influenza sdo hospedeiro-especificos, embora alguns
subtipos possam ser capazes de circular em mais de uma espécie de
hospedeiro, como por exemplo os subtipos H1N1 e H3N2, os quais sao
endémicos em humanos, aves e suinos. O virus entra na célula hospedeira
através de uma interagao especifica entre a HA e moléculas de acido sialico

(SA) unidos em uma conformagédo a-2,6 ou a-2,3 as por¢des glicanas das
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glicoproteinas de superficie celular. Classicamente, os subtipos de Influenza
A humanos se unem ao receptor de conformagao a-2,6 SA, os quais sao
abundantes nas células do epitélio nasofaringeo e traqueal do trato
respiratorio superior; nas células epiteliais do trato respiratério inferior
humano, por outro lado, predomina a forma a-2,3 SA. Os virus de origem
aviaria, por outro lado, tém preferéncia pela forma a-2,3 SA do receptor; essa
diferenca de especificidade explica o fato de subtipos de influenza A aviario
altamente patogénicos apresentarem baixa transmissibilidade entre

humanos.

A adaptagdo de uma cepa a diferentes hospedeiros se origina por
mutagdes que resultam em trocas de residuos pontuais na HA, ou entao por
rearranjo dos segmentos de subtipos diferentes em uma mesma célula
hospedeira; tal adaptagcédo pode originar eventos zoonoticos (transmissao de
um animal ndo-humano para humanos ou vice-versa) que, por sua vez,
podem causar pandemias na populacao (Wilks e cols., 2012). Portanto, um
novo subtipo viral pode surgir pela coinfecgdo de um hospedeiro
intermediario, como € o0 caso dos suinos, 0s quais possuem ambos tipos de
receptores (a-2,3 SA e a-2,6 SA) em uma mesma célula. Esse mecanismo
pode explicar a tripla recombinagdo de segmentos genémicos virais que deu
origem ao virus pandémico de 2009, o qual possui segmentos de cepas
humanas (H1N1 de 1918 e H3N2 sazonal), e H1N1 de suinos. Apesar da
especificidade da ligacdo da HA ao receptor celular, para cada subtipo
especifico parece haver um conjunto de diferentes residuos que influenciam
nesta ligacdo e, consequentemente, modula sua patogenicidade. Um

exemplo € a mutagdo D222G, encontrada em isolados do virus pandémico
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(H1N1)pdmO09, a qual foi associada com doenga grave e morte (Kilander e
cols., 2010; Chan e cols., 2011). Essa cepa mostrou ter uma afinidade
aumentada pelo receptor a-2,3 SA, sem alterar sua capacidade de se ligar ao
receptor a-2,6 SA humano. Portanto, uma pequena alteragdo na
especificidade de ligagado ao receptor pode aumentar o potencial patogénico
do virus, permitindo a infecgdo de células do trato respiratério inferior, desta
forma modulando a inducédo de pneumonia em casos severos da infeccéo, ou
mesmo para que o virus possa adaptar-se e adquirir a capacidade de cruzar
a barreira interespécie aves-humanos ou ser transmitido de humano para
humano. Portanto, varias substituicdbes de aminoacidos estdo sendo
caracterizadas como marcadores de viruléncia pela capacidade de modificar
diretamente as proteinas virais e assim causar efeitos graves ou fatais no

hospedeiro.

Além da HA, outras proteinas virais podem modular e conferir ao virus
vantagem replicativa em humanos e levar a um aumento da viruléncia.
Estudos tém documentado que mutagdes no complexo da polimerase viral,
como T271A em PB2 (Bussey e cols., 2010) e T971 em PA (Song e cols.,
2009) aumentam a sintese de RNA viral em cepas do influenza A H5N1, um
subtipo aviario altamente patogénico. A lisina (627K) da proteina PB2, por
sua vez, é um determinante de infecgdo em humanos (Subbarao e cols.,
1993). Mais recentemente, uma substituicdo de Aspartato para uma
Asparagina (N) na posicédo 701 da PB2 também foi associada a adaptacao de
virus aviario ao crescimento em células de mamiferos (Gabriel e cols., 2005;
de Jong e cols., 2006). Polimorfismos em NS1 podem causar elevagéo da

sua capacidade de inibir IFN e, consequentemente, diminuicdo da resposta



16

protetora do hospedeiro.

A evolugao genética do virus influenza A em humanos destaca-se por
sua imprevisibilidade devido a sua capacidade de adquirir mutagdes através
do tempo, as quais podem alterar constantemente a patogenicidade
independente dos fatores do hospedeiro. Por essa razao torna-se essencial o
monitoramento dos polimorfismos no genoma viral por metodologias
avangadas de sequenciamento, como por exemplo o sequenciamento de alta
performance (deep sequencing), a fim de definir novos fatores de viruléncia e
sua relagdo com a magnitude da enfermidade, além da resposta ao

tratamento antiviral e a vacina.

Fatores do Hospedeiro Fatores Virais

Individuos de alto risco

* Adultos > de 65 anos

* Criancas <2 anos ~+ Gendtipo da HA determina a

* Mulheres gravidas antigenicidade, tropismo e

* Individuos ubiquidade
imunocomprometidos Genétipo de PB1, PB2, PA e NP

. ’ ) RSS9 determina competéncia
Condigdes de saude subjacentes 0 replicativa

- incre.m.e.ntam 2 2L ¢ Gendtipo de NA e M2 determina
susceptibilidade resisténcia a oseltamivir e
amantadina respectivamente

"

Asma e Doenga pulmonar
obstrutiva crénica (DPOC)

Antagonismo da resposta celular

* Enfermidades cardiovasculares e

* Desordens neuroldgicas antiviral

1 Qbesidade * Atividade NS1 antagonista de IFN
°- Diabetes * PB1-F2: atividade pro-apoptotica
o] e antagonista de IFN. Promove

crescimento bacteriano

Figura 4. Fatores do hospedeiro e fatores virais que influenciam na severidade da doenga.
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1.2.2.  Mudangas Antigénicas do Virus Influenza A e Resposta

Imunolégica do Hospedeiro

O acumulo de mutagdes nos sitios antigénicos da HA diminuem ou
inibem a ligac&o de anticorpos neutralizantes, permitindo assim o surgimento
de novas cepas virais que se disseminam na populagdo, uma vez que tais
variantes podem escapar da imunidade desenvolvida por infeccdo ou
vacinagao previas. Este acumulo de mutagdes pontuais € um mecanismo de
variabilidade genética do virus influenza conhecido como variagdo antigénica
menor (antigenic drift) e € a explicagdo molecular para as epidemias sazonais
de gripe, uma vez que, para o virus mutante, a resposta imunologica é
ineficaz ou incompleta. Em uma variagado antigénica menor, s&o produzidos
mutantes antigénicos como resultado da modificacdo da sequéncia de
aminoacidos das glicoproteinas do envelope vira HA e NA, e do padrao de
glicosilagdo de ambas. Esses virus mutantes sdo selecionados como virus
predominantes na medida que se diferenciam do virus antecessor, o qual é
suprimido por anticorpos especificos que surgem na populagdo como

resposta a infecgao. Este ciclo se repete continuamente.

Quando surge um virus de tipo A com HA e/ou NA diferentes daquelas
presentes nos virus circulantes na populacdo, temos a chamada variagao
antigénica maior (antigenic shiff). As variagbes maiores surgem
provavelmente em consequéncia da recombinagédo genética entre segmentos
de diferentes tipos virais (humano e/ou animal) que infectam uma mesma
célula (Frank, 2002). Como os virus influenza de varios subtipos circulam em

diversas espécies animais, especialmente em aves migratorias, o risco de
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transmissao inter-espécies e a adaptagdo ao homem é real e continuo.

7

Outro segmento imunogénico importante é a proteina viral
neuraminidase (NA), a qual, ao sofrer mutagdo pontual, pode levar a
resisténcia do virus as drogas antivirais que tém como alvo a NA — os
chamados inibidores de neuraminidase. Um exemplo é a resisténcia ao
oseltamivir (Tamiflu) através do surgimento de substituicbes de aminoacidos,
como H227Y a qual anula a unido do composto ativo do farmaco a NA

(Gubareva e cols., 2010).

Embora a infecgdo por Influenza seja frequente, um padrdo para a
resposta inflamatoria ou a regulagdo da resposta imune e a patogénese do
efeito citopatico em humanos ainda n&o esta completamente esclarecida. A
maioria das evidéncias sao oriundas de estudos com modelos animais e a
patofisiologia dos modelos utilizados podem variar substancialmente em

humanos.

1.3. Imunidade e o virus influenza A

A protecao contra o virus da gripe depende da presenga de anticorpos
neutralizantes no hospedeiro, enquanto a eliminagao da infecgdo € mediada
por imunidade celular citotoxica (resposta TH1). Uma resposta TH1 o6tima
consiste em secregdo especifica de IFN-y contra os virus por células CD4" e
células citotoxicas CD8", as quais lisam as células infectadas. Ja as células
dendriticas (DCs) representam o principal grupo de células apresentadoras
de antigenos para as células T e, assim, iniciam a resposta imune primaria.

Antes de migrarem aos ganglios linfaticos, as DCs sofrem maturagéo e
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regulam positivamente o MHC de classe |l e as moléculas co-estimulatérias
da liberacdo de citocinas proé-inflamatérias e das quimiocinas, as quais
auxiliam na sua fungéo de estimular as células T, levando assim a iniciagéo
de respostas imunes adaptativas especificas contra o patégeno. Antes de
contribuir para a resposta imune de memoria, as DCs contribuem para a
resposta imune inata, secretando IFN-a/B, uma potente citocina antiviral

(Ramos and Fernandez-Sesma, 2015).

A proteina NS1 do influenza A inibe a produgao de IFN pelas células
infectadas (Garcia-Sastre, 2002), incluindo DCs humanas, modulando tanto a
resposta inata como a adaptativa (Fernandez-Sesma e cols., 2006). Ao inibir
a producdo de INF em DCs humanas, esta proteina permite que o virus
complete seu ciclo replicativo; consequentemente, a infec¢cao se estabelece.
Adicionalmente, a proteina viral PB1-F2 é um importante fator de viruléncia,
pois pode ativar a apoptose das células infectadas principalmente
representadas pelas células do sistema imune, mais especificamente os
macrofagos. Esse efeito apoptotico em macréfagos desregula a resposta
imune inata e também adaptativa, causando uma maior incidéncia de

infeccdes secundarias e pneumonia (Chene cols., 2001).

Os casos leves da infecgao pelo influenza sao limitados a replicagao
viral no trato respiratorio superior, e os sintomas nesses casos sado devido a
indugdo de inflamagéo logo apds o estabelecimento da infecg&o viral neste
local. As complicagbes da infeccdo pelo virus Influenza A sdo mais
frequentes em pessoas que apresentam comorbidades, tais como doenca

pulmonar crbénica ou cardiaca, asma, imunossupressao e diabetes mellitus
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(Figura 4). Isso inicia-se quando o virus alcanga o epitélio do trato respiratorio
inferior, onde um quadro severo de injuria ao epitélio alveolar pode resultar
em disfungédo respiratéria ou sindrome respiratéria aguda grave (SRAG)
(Short e cols., 2014). Grande parte da patologia pulmonar durante esta
sindrome ¢é sabido estar associada a liberagcdo de citocinas e quimiocinas; os
altos niveis de inflamagdo evidenciam que o dano tecidual é causado por
uma resposta imune inflamatéria exacerbada (Bruder e cols., 2006; Shorte
cols., 2014). Estudos demonstram que em casos graves de influenza
altamente patogénico (HPAIV-High Pathogenic Avian Influenza Virus) em
humanos, altos niveis de IP10, MCP-1, IL-8, IL-6, IL-10 e diversos outros
fatores pré-inflamatérios estdo envolvidos na patogénese dos casos de
influenza (Beigel e cols., 2005; de Jonge cols., 2006). Segundo a revisao
publicada por Ramos e Fernandez-Sesma (2015), recentes estudos tém
proposto terapia anti-inflamatoria para atenuar o dano tecidual. Além disso,
segundo esses mesmos autores, existem diferengas na patogenicidade entre
os subtipos do virus influenza A. No caso dos virus influenza sazonais, as
complicagdes s&o na maioria das vezes associadas com infecgdo bacteriana
secundaria. Ja a maioria dos casos de pneumonia primaria viral severa tem
sido associada ao influenza pandémico, como o influenza A(H1N1)pdmQ09 ou
H1N1 de 1918 (Ramos and Fernandez-Sesma, 2015).

Durante a pandemia de 2009, muitos casos graves foram associados a
presenca de comorbidades pré-existentes, contudo a alta severidade em
adultos saudaveis ainda carece de associacbes com fatores de risco. No
Brasil, a maior incidéncia de casos de influenza e a maior morbi-mortalidade

esta concentrada na regido sul e sudeste (Gorini da Veigae cols., 2012a;
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Baccin e cols., 2013). Entender os fatores do hospedeiro e os fatores virais
que levam a maior incidéncia de casos graves nestas regides € de suma
importancia para direcionar as acgbes de Vvigilancia epidemiologica,

monitoramento viral, e manejo clinico do paciente.
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3. Justificativa

Compreender o papel do virus da gripe A na saude publica em uma
area geografica especifica tem sido o foco de muitos estudos
epidemioldgicos e moleculares, em particular a analise genémica viral,
que permite a caracterizacdo de fatores de viruléncia e as relagdes
filogenéticas entre cepas circulantes locais, bem como entre estas cepas
e aquelas oriundas de outras regides do mundo. A falta de dados
moleculares das cepas de influenza A de amostras clinicas colhidas no
Brasil, especificamente no estado do Rio Grande do Sul, um dos estados
mais afetados pela gripe, com elevados indices de mortalidade, justifica a

necessidade e a importancia da realizagao do presente estudo.



28

4. Objetivos

Analisar os aspectos epidemiologicos, o perfil de citocinas e as mutagdes
genbmicas virais que estdo envolvidos na infec¢do do virus Influenza A
em pacientes com Sindrome Respiratéria e Sindrome Respiratoria Aguda

Grave, e investigar fatores que podem predispor a gravidade da doenca.

Objetivos especificos

a) Determinar as caracteristicas epidemiolégicas e clinicas dos
individuos diagnosticados com infecgdo pelo virus Influenza A, no

periodo de 2009 a 2015.

b) Avaliar a resposta imune inflamatéria, bem como marcadores da
resposta imune adaptativa, desenvolvida apds a infeccdo em uma
coorte de pacientes de 2009, os primeiros a entrarem em contato com o

novo virus pandémico, no Rio Grande do Sul.

c) Analisar a diversidade gendbmica das cepas isoladas e compara-
las, na busca de alteragbes génicas que possam estar envolvidas na

severidade da doenca.
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5. Metodologia

Amostra

Foram analisadas amostras de aspirado nasofaringeo de individuos
com Sindrome Gripal (SG) ou Sindrome Respiratoria Aguda Grave
(SRAG) notificadas no Rio Grande do Sul e encaminhadas ao LACEN-
RS nos anos de 2009 a 2015. As amostras foram colhidas no periodo
de 3 a 7 dias apos o aparecimento dos primeiros sintomas. Para as
amostras de soro colhidas durante o periodo pandémico de 2009, com
diagnostico positivo para Influenza A, foi analisada a resposta
imunoldgica, ou seja, citocinas e quimiocinas envolvidas na resposta
imune inata e adaptativa. A partir do ano de 2011, as amostras que
foram incluidas no estudo foram somente de pacientes hospitalizados
com SRAG. Os resultados preliminares com amostras de 2009 e 2011
ja foram publicados (Gorini da Veiga e cols., 2012b; Baccine cols.,
2013). Para cada amostra foi preenchida a Ficha de Investigagdo
Influenza Humana (Ministério da Saude, 2010), que serve de base para
analise dos dados epidemioldgicos (CEP-UFCSPA, Par. n° 873/09 de
18/06/2009).

Foi estimado um tamanho amostral de 120 amostras de aspirado
nasofaringeo com diagnostico positivo para influenza A, colhidas entre
2009 e 2015., correspondendo a um total de 2,5% das amostras que
foram positivas para influenza neste periodo. Estas amostras foram
selecionadas aleatoriamente (adultos e criangas) durante o periodo
proposto. Este tamanho amostral foi baseado na frequéncia do

marcador de gravidade da doenga, substituicdo nucleotidica D259G,
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(Ferreira e cols.,, 2011), juntamente com a taxa de mortalidade
relacionada a infecgdo pelo Influenza A (no ano de 2009: 2.1/10000
habitantes) para um nivel de significancia de 0.05% e um grau de
confianga de 0.20 (beta). A figura 5 demonstra geograficamente a
proveniéncia das amostras deste estudo, apdés a obtencdo das
sequéncias gendmicas. Seguida a realizagdo das analises laboratoriais

previstas neste estudo, as amostras biolégicas foram descartadas.
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Figura 5. Locais de proveniéncia das amostras de aspirado de
nasofaringe, segundo as regides do RS e de acordo com os anos de
colheita.

Extragao de acidos nucléicos

O RNA viral das amostras de aspirado nasofaringeo dos pacientes foi

extraido com o QlIAamp Viral RNA Mini kit (Qiagen), de acordo com as
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instru¢des do fabricante.

qRT-PCR

Para a identificacdo do virus A(H1N1)pdm09 nas amostras, sera
utilizado o protocolo padrdo do Center for Disease Control and
Prevention (CDC, EUA), baseado em um conjunto de 4 pares de
primers e sondas TagMan® especificos: “InfA” identifica a presenca de
influenza A; “swinfA” identifica virus influenza A de origem suina;
“swH1” detecta especificamente o subtipo A(H1N1)pdm09; RP amplifica
uma regido do gene da RNase P de humanos e serve para controle
interno da reagéao (WHO, 2009b).

Para as reagbes de gRT-PCR foi empregado o SuperScriptlll
Platinum One-Step Quantitative kit e Influenza A (H1N1) Primer and
Probe Set (Invitrogen) (WHO, 2009b), cada reag&o contendo 0,5 ul de
SSllI/Platinum Taq, 0,5ul de primer/probe, 12,5ul 2X Master Mix, 0,05ul
de ROX e 5ul de amostra de RNA, em volume total de 25pl. Foi utilizado
o termociclador 7500 da Applied Biosystems® nas seguintes condigdes:
50°C por 30 min e 95°C por 2 min; 45 ciclos de 95°C por 15s e 55°C por
35s.

Quantificagao da Carga Viral

Foi realizada a analise da carga viral relativa das amostras através do
método 24°T (Livak & Schmittgen, 2001), com base nos resultados de
gRT-PCR, considerando o valor de Curve Threshold (CT) de cada
reacao (de cada conjunto de primers e sonda. A fim de excluir qualquer
possibilidade de variagao de valores de CT decorrentes das diferengas

nas quantidades iniciais de amostra empregadas nas reagdes, 0s
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valores de CT das reagdes de cada amostra com os primers e sonda
especificos para influenza A (infA, swinfA e swH1) foram normalizados
com base no valor de CT da reacdo com os primers e sonda da RP para
a respectiva amostra. Desta forma, a RNase P serve como padrao de
referéncia para o calculo de carga viral relativa.

Sequenciamento de Acidos Nucleicos

Para obter o genoma completo do virus das amostras clinicas
originais, os RNAv foram sequenciados de novo diretamente do
aspirado nasofaringeo através de sequenciamento em massa (next
generation deep-sequencing, plataforma lllumina® através do Programa
de Sequenciamento Viral do J. Craig Venter Institute (JCVI), EUA.

Ensaios de quantificacao da resposta imune: perfil de
citocinas/quimiocinas

Quarenta e cinco amostras de soro, as quais foram enviadas para o
Laboratério Central até a semana epidemiologica 28 de 2009, foram
analisadas quanto a concentracdo de 18 citocinas/quimiocinas,
incluindo concentragdo de GM-CSF, IFN2-a, IFN-y, IL-10, IL-12 (p40),
IL-13, IL-15, B IL1-, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IP-10, MCP-1, MIP1-
a, TNF- a. Estes ensaios sdo multiplex e utilizam microesferas
marcadas com fluorocromos e atuam tanto como o identificador, como
superficie solida. As reagdes s&o analisadas no equipamento Luminex
200™ baseado em citometria de fluxo, o qual fornece quantificagao
simultanea em pg/mL. O painel de citocinas/quimiocinas foi selecionado
para o estudo com base em outras pesquisas anteriores descritos em

uma recente revisdo (Okomo-Adhiambo e cols., 2015). Como grupo
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controle, soros de 31 individuos que n&o apresentaram sintomas de
gripe, foram analisados para o mesmo painel e a mediana dos valores
serviram para normalizar as dosagens dos soros dos pacientes.

Analise Estatistica

As correlagdbes entre as concentracbes do painel de
ciotocinas/quimiocinas para os quatro diferentes grupos: controles,
pacientes ambulatoriais, pacientes hospitalizados e falecidos graves,
foram comparados através do método paramétrico de ClusKal Wallis,
inferido no programa SPSS, versdo 17. Para analisar perfis entre os
grupos, e para a construgéo de graficos dotplot foi utilizado o programa
“‘R”. O teste ndo-paramétrico de Mann-Whitney U-test foi utilizado para
comparar amostras independentes. Para todas as analises estatisticas

o valor de p <0,05 foi considerado como indicativo de significancia.
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Abstract

Influenza A virus infects the upper respiratory tract of humans, causing acute respiratory iliness;
some cases may progress to severe lower respiratory-tract complications and death.
Pathogenesis of severe cases is associated with a complex interaction between the host and
the virus, including, among others, cytokine/chemokine responses and virulence factors. This
study analyzed the profile of serum expression of cytokines/chemokines of 45 patients infected
during the 2009 pandemic according to severity, and the mutations spectrum of 56 full genome
influenza A virus along the 2009-2015 seasons. Results suggest that there is a profile of
inflammatory responses associated to diseases severity, represented by IL-8, IL-4, IL15 and
TNF-a. The amino acid substitution analysis reflect a constant evolution of all segments, mainly
those coding for the HA, NA and PA proteins. No resistance mutations in NA were found and
there was no association between any specific genotype and death. Nevertheless, mutations
observed only in some fatality cases might be associated with disease outcome, such as HA-
D239G, which was found in two of nine fatality cases. Specific mutations that characterized the
different seasons were observed, as well as an accumulation of mutations mainly in the 2013
strains. Results point to the importance of evaluating severity markers in order to better conduct

treatment of patients, as well as disease control and prevention.

Keywords: Influenza A virus, cytokines/chemokines, viral mutations, molecular epidemiology.
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Introduction

Seven years after the last influenza pandemic, we are still trying to determine the key
factors that influence the transmissibility and pathogenesis of the 2009 pandemic influenza A
virus (IAV) — (H1N1)pdmO09 — in order to develop more accessible diagnostic tests, investigate
more effective vaccines, and other treatment interventions based on a better understanding of
the dissemination and evolution of influenza virus.

IAV infection usually lasts around one week and is characterized by a sudden onset
of high fever, chills, cough, nasal obstruction, headache, sore throat and rhinitis. Most influenza
cases are limited to viral replication in the upper respiratory tract, and in such cases symptoms
arise from the induction of inflammation after the onset of local viral infection [1]. Complications
from 1AV infection are usually more common in people who have comorbidities, such as chronic
heart or lung disease, asthma, immunosuppression and diabetes mellitus. Risk factors such as
age — less than 2 years old and over 65 years old — and clinical conditions such as pregnancy
and obesity have also been related to the severity of influenza [2].

IAV may disrupt the microbiome in the upper respiratory tract, promoting the
proliferation of pathogenic bacteria. Complications begin when the infection reaches the
epithelium of the lower respiratory tract, causing severe injury to the alveolar epithelium that
eventually result in acute respiratory distress syndrome (ARDS), which may be fatal.

Infected epithelial cells produce cytokines that attract white blood cells, neutrophils
and macrophages and activate adjacent endothelial cells, causing cell injury and triggering
apoptosis [3]. Most of the pulmonary disorder is associated with the release of high levels of
cytokines and other pro-inflammatory mediators [4]. The CD8+ T lymphocytes (CTLs) specific
against influenza play a key role in the elimination of host cells infected with influenza virus in
the lung through two well-defined effector activities: antigen-specific cytotoxicity and
cytokines/chemokines. Traditionally, IFN-y, TNF-a and IL2 are the most prominent effector
cytokines produced by CTLs.

IFN-y is a potent antiviral agent; it increases the cytotoxicity of other cells in the
immune system, promotes activation of dendritic cells (DCs) and helps B cells in promoting
antibody isotype switching. TNF-a is mainly a pro-inflammatory cytokine; it induces the
nonspecific death of infected cells and regulates the function of other immune cells via TNFRIL-
10 is typically produced by regulatory CD4+ T cells and/or CD4+ T helper cells; it is usually
recognized as an immune anti-inflammatory regulating cytokine, which serves as a regulator of
the ongoing inflammation [5].

In a study by Gao et al., 2009, high levels of seven proteins were found in the lungs
of fatal H1N1 influenza cases in 2009: IL1RA, IL6, TNF-qa, IL8, MCP1, MIP1-B and IP10 [6].
Another similar study by To et al., 2009, found high plasma levels of G-CSF, TNF-a, IL1-a, IL6,
IL10, IL15, IP10 and MCP1 in patients who developed acute respiratory distress syndrome
(ARDS) [7]. High levels of IP10, MCP1 and MIP1-B were found in a study that evaluated groups
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of hospitalized patients and in severe cases of IAV infection. Also, high levels of IL8, IL9, IL17,
IL6, TNF- a, IL15, and IL12p7 were found in patients that were hospitalized, and IL6, IL12, and
IL15 were considered markers of severe disease [8].

The pathogenesis of IAV infection is not restricted to host factors, since virulence
factors have been also associated with changes in the viral genome. Such changes occur
primarily in the genes of the immunogenic viral envelope glycoproteins, HA and NA, responsible
for the annual appearance of epidemics and influenza outbreaks; nevertheless, changes in
other viral proteins also play a role in pathogenesis. In the case of influenza A (H1N1)pdm09
virus, mutations as HA-D239G and PB2-K340N seem to have an increased occurrence in
severe cases [9]. Furthermore, the NA-H275Y mutation is associated with resistance to the
antiviral agent amantadine [10].

Genomic comparison with strains that are well established is important to
characterize the genetic background of isolates. The seasonality of outbreaks and diversity in
relation to disease severity may be associated with viral variants [11]. Therefore, understanding
local viral diversity and reconstituting its genetic evolution may be useful for therapeutic
approaches and for the development of vaccines. In this study, we examined the profile of the
immune response through the levels of cytokines/chemokines in different groups of patients
infected with IAV (H1N1)pdmO09 in the State of Rio Grande do Sul, Brazil, where there is a high
incidence of infections by this virus compared to other regions in Brazil. Additionally, 56 whole
genomes of viruses circulating from 2009 to 2015, including (H1N1)pdm09 and H3N2 were

assessed for their evolution and mutations related to virulence.

Methods

Study Subjects, Clinical Data, and Biological Samples

We retrospectively studied a group of 45 patients with laboratory-confirmed infection
by IAV (H1N1)pdm09, among July and September 2009. Another 56 samples of
nasopharyngeal aspirates collected between 2009 and 2015 were included in this study; the
patients included in this study from 2011 onwards were only those who met the hospitalization
criteria, or severe acute respiratory syndrome (SARS), and who were also infected by influenza
A (H1IN1)pdmO09. For each patient, a clinical form was filed out by the attending
physician/nurse, at time of collection [12]. The following data were obtained: demographic
characteristics, date of notification, date of onset of symptoms, acute respiratory infection
symptoms, comorbidities, pregnancy status and X-ray results (when available). All samples and
forms were sent to the State Central Laboratory (LACEN-RS) for analysis.

This study has been approved by the Research Board and Ethics Committees of
Universidade Federal de Ciéncias da Saude de Porto Alegre (UFCSPA), and HNSC (Ethics
Statements n. 1774/12 and n. 14199, respectively). The Committees waived the need for written
informed consent from the donors because samples were routinely received for laboratory
analyses of influenza in the State, which has become compulsory in Brazil and all information

obtained is for epidemiological surveillance and research purposes. Experiments were
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performed in compliance with relevant laws and in accordance with the ethical standard of the

Declaration of Helsinki.

Identification and Quantitation of Influenza A Virus

In order to identify the virus, all samples were analyzed by reverse transcription
followed by real time polymerase chain reactions (RT-qPCR) at the State Central Laboratory
(LACEN-RS) using the SuperScript-1ll Platinum One-Step Quantitative kit and the Influenza A
(H1N1)pdmO09 Primer and Probe Set (Invitrogen-Life Technologies, Carlsbad, CA) as described
elsewhere [12]. RNA extracted from 101 nasopharyngeal aspirate samples using the QlAamp
Viral RNA Mini kit (Qiagen, Hilden, Germany) was used in RT-qPCR. Briefly, reactions were
performed using 0.5ml of SSllI/Platinum Taq Mix, 1 mM of each primer, 250nM of probe, 12.5yl
2X Master Mix, 5ul of RNA sample and water, to a final volume of 25ul. All reactions were
performed in 7500 Real Time PCR System (Applied Biosystems-Life Technologies, Carlsbad,
CA). The following reaction conditions were applied: 50°C for 30 min; 95°C for 2 min; 45 cycles
at 95°C for 15s and 55°C for 35s.

Multi-segment RT-PCR and Sequencing

Fifty six samples with high viral loads (twenty from the pandemic period and 36 from
the post-pandemic period) were used for sequencing. RNA was extracted as mentioned above
and used as template in 50 pl multi-segment RT-PCR, using Superscript lll high-fidelity RT-PCR
kit with influenza-specific universal primers complementary to the conserved 12-13 nucleotides
at the end of all 8 genomic segments. Primer sequences and final concentrations in the reaction
were as follows: Opti1-F1-5 GTTACGCGCCAGCAAAAGCAGG (0.1uM); Opti1-F2-5’
GTTACGCGCCAGCGAAAGCAGG (0.1uM); Opti1-R1- 5 GTTACGCGCCAGTAGAAACAAGG
(0.2uM). Amplicons were purified with 0.45x volume AMPure XP beads (Beckman Coulter).
Next, samples were sent to the Mount Sinai Hospital Sequencing Core for whole genome deep

sequencing.

Sequence Alignment and Concatenation

Sequences of IAV strains from Latin America were retrieved from the Influenza
Research Database (http://www.fludb.org/). The genomic segments and genes were aligned
using software MAFFT [13]. The calculation procedure consists of three stages: (i) all-to-all
comparison, (ii) progressive alignment and (iii) iterative refinement. Aligned segment sequences
were concatenated using Phyutility software. Amino acid substitutions discussed in this analysis
were identified using MEGA 4 package [14]. Additionally, all sequences were analyzed in
http://flusurver.bii.a-  star.edu.sg/help/fag.html, using the sequences of archetype

California/07/2009 as reference.
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Phylogenetic Analysis

Phylogenetic analysis was conducted on all strains with full-length nucleotide
sequences available for all 8 segments. The study dataset was compared with other sequences
of South America obtained in an influenza database (Fludb.org). The phylogenetic tree with all 8
concatenated segments were reconstructed using the maximum-likelihood method implemented
in the PhyML program (v3.0 aLRT) [15]. 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). The phylogenetic trees of each influenza protein where constructed using
MEGA 4 package [14].

Structural Modeling of HA and Map of Mutations

A modeling test was performed to show de amino acid changes in the HA and NA
molecular structures using a homology method tool in http://swissmodel.expasy.org/interactive
using the crystal structure of A/California/07/2009 hemagglutinin as template. Molecular
graphics and analyses were performed with the UCSF Chimera package. Chimera is developed
by the Resource for Biocomputing, Visualization, and Informatics at the University of California,
San Francisco (supported by NIGMS P41-GM103311) [16].

Assays of Serum Concentrations of Cytokines/Chemokines

Forty five serum samples, which were sent to the State Central Laboratory from
epidemiologic week 28/2009, together with nasopharyngeal aspirate to perform the influenza
subtyping, where assayed for 18 cytokines/chemokines concentration including GM-CSF, IFN2-
a, IFN-y, IL-10, IL12(p40), IL-13, IL-15, IL1- B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IP-10, MCP-1,
MIP1-a, TNF-a. These assays use a bead-based multiplex immunology assay-xMAP®
microspheres, which are fluorescently dyed 6.45 um magnetic microspheres that act as both the
identifier and the solid surface to build the assay. The reactions are analyzed in Luminex®
Analyzer: Luminex 200™ system: flow cytometry-based instruments that integrate key xMAP®
detection components, such as lasers, optics, advanced fluidics and high-speed digital signal
processors. Fluorescence flow-cytometry of the beads provides simultaneous quantification in
pg/mL of a panel of cytokines/chemokines. These panel was selected for the study based on
other previous researches described in a recent review [4]. Normal plasma of 31 individuals
where measured to whole panel and served as control group to normalize the data of patients
with the median of controls.
Statistical Analysis

The serum concentrations of cytokines/chemokines for all patients were normalized
with controls median. Next, all ratio values were transformed into log10. Correlations between
these concentrations number of three different groups: outpatients, severe hospitalized and
deceased patients, were analyzed using a parametric method, Clustal Wallis 2-sided tests and
applied Dunn post-hoc test (correction of Bonferroni). To analyze clusters between groups, we
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used Pearson distances with Ward hierarchical clustering, with column and row wise, inferred in
R program. Correlations between serum cytokines/chemokines concentration and clinical
variables were analyzed using the non-parametric Fisher exact test. Statistical analysis was
performed using SPSS software, version 17.0. To construct the dotplot to each parameter we
used the R program. The non-parametric test of Mann-Whitney U-test was used to compare
independent samples. For all statistic analyses p-value 0f<0.05 was considered to indicate

significance.

Results and Discussion

Clinical Background of Patients: from cytokines/chemokines assays

A total of 45 serum samples of patients diagnosed with influenza A (41 pandemic
strains and four H3N2) and 56 complete sequences of Influenza A (H1N1)pdm09 virus (2009 —
2015) were studied. For the 45 patients whose serum were analyzed, the age mean was 34.42
(x17S.D.) years and underlying medical conditions were present in 50% of cases. Gender
distribution was not significantly different among groups (male, 42% vs female, 58%). The
majority (38, 84.4%) of patients were hospitalized with severe influenza disease, and 7 (18.4%)
patients died during hospitalization. Comorbidity and risk factors were present in 40% of
patients with available data (Table1). No patient had cancer, autoimmune disease, kidney
disease, chronic heart disease or asthma and only three patients received the influenza vaccine
(2009 recommendations). Furthermore, 81.2% of patients had X-ray results compatible with

pneumonia (data not shown).

Table 1. Distribution of risk factors and comorbidities among groups considering

disease severity.

Condition/risk factor Total (n=45)* Mild cases Severe cases  Deceased
(available patient data) (n=7) (n=31) (n=7)
Pregnancy (42) 5 1(2.4%) 4(9.5%) -
Diabetes Mellitus (39) 1 - 1(2.6%) -
Obesity (39) 2 1(2.6%) 1(2.6%) -
Immunosuppression

1 - - 1(2.6%)
(39)
Neurological Disease

2 - 1(2.6%) 1(2.6%)
(39)
Down’s syndrome (39) 1 - - 1(2.6%)
COPD' (39) 5 - 4(10.2%) 1(2.6%)
Age years (median) 34.4 31.0 30.5 40.5

*Total number of patients included in the study. 1: Chronic Obstructive Pulmonary Disease
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Clinical Background of Patients: from full genome sequencing

Among patients whose samples had sequencing of influenza A(H1N1)pdmO09 virus
genome (n=56), the age median was 22 years old with 12 (21.4%) representing children with
less than 2 years and 6 (10.7%) representing over 60 years old patients; underlying medical
conditions were present in 19 patients (33.9%). Gender distribution was 25 (44.6%) male vs 31
(55%) female; 4 (7%) were outpatients and 52 (93%) patients were hospitalized with severe
clinical picture, of which 9 (17.3%) patients died during hospitalization. The risk group

represents 66% of all patients.

Cytokines/Chemokines Responses Influenza A and Clinical Correlations

Comparison of expression levels of each cytokine/chemokine (fold increase in
expression related to control group “0”) in the 3 groups of severity, are shown in Figure 1 and
Figure 2, and in the heatmap on supplementary material S1. Outpatients (mild cases) were
called group 1; group 2 were severe hospitalized patients, group 3 consisted of deceased
patients who died during hospitalization due to complications of IAV infection. The
cytokines/chemokines response patterns in groups of higher severity, that is hospitalized and
deceased, showed increased expression of the pro-inflammatory cytokines IL6 (p=0.025), IL-10
(p=0.000), IL-4 (p=0.004), IL-15 (p=0.020) and TNF-a (p=0.001), and the chemokines IL-8
(p=0.000), IP-10 (p=0.000), MIP1-a (p=0.026) and MCP-1 (p=0.001) than healthy controls. The
increased concentrations of these pro-inflammatory cytokines and chemokines are in
agreement with other studies which showed equivalent profile correlated with disease severity
and outcomes, as reviewed in Ramos et al. [4]. Our study adds that high-expression of another
cytokine, IL-4, an inductor of TH2 response, may be a predictor of critical condition (fatal cases),
along with TNF-qa, IL-8 and IL-15. The latter also has a significant role in ARDS, which is
characterized by large influx of neutrophils to the lung during severe influenza [17]. Some of the
cytokines released (e.g. IL-6 and IL-10) might further dysregulate or inhibit the adaptive
immunity, thus playing a role in disease severity [18].

Types | and Il Interferon levels (IFN-a and IFN-y, respectively) in severity group were
similar to healthy control group, though a tendency to lower concentrations of IFN-y was
observed in hospitalized patients (Figure 1). These cytokines play crucial roles in the activation
of an antiviral state, in activating the cellular TH1 responses, and regulating B cell functions.
The deficit of production of IFN-y may partly explain the severity of cases of influenza in the
study area, which has one of the highest death rates in the country, along with its neighboring
states of Santa Catarina and Parana [19].

Cytokine/chemokine activation was decreased in outpatients (group 1) when
compared with the healthy control group, hospitalized and fatal patients (group 0, 2 and 3,
respectively), as is the case of IL-4 (p=0.022), IL-8 (p=0.04), TNF-a (p=0.038), IL-15 (p=0.02);
notably, all 45 patients presented suppressed expression of IL-5 and GM-CSF, and no
expression of IL1- B3, IL-2 and IL-12 (p40).

A lower expression of chemokine MCP-1 was independently associated with
pregnancy (p=0.024); this chemokine plays an important role in migration and infiltration of
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monocytes, memory T cells and NK cells [4]. Patients who are hospitalized showed higher
levels of serum TNF-a concentrations than patients who were not hospitalized (p=0.024). Other
conditions/comorbidities were less present, therefore no statistical association with cytokines
was found. Nevertheless, MCP-1 serum concentrations were found to correlate significantly with
cough (p=0.024), MIP1-a was correlated with chills (p=0.041) and sore throat (p=0.024), IL-15
with rhinorrhea (p=0.046) and IL-8 with sore throat (0.039) and dyspnea (p=0.010). This last
symptom has been associated with severity and adverse clinical outcome in cases of influenza
[20].
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Figure 1. Dot Plots of normalized serum levels (pg/mL) of cytokines TNF-a, IL6B, IL1, IFN-y, IFN-a, IL-10, IL-2, IL-13, IL-4, IL-5 for patient groups according to disease
severity: control (0), outpatients (1), hospitalized severe patients (2) and deceased (3). *P<0.05, **P<0.001, ***P<0.0001: Kluskal Wallis NP test by Dunn’s multiple

comparison test.
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Figure 2. Dot Plots of normalized serum levels (pg/mL) of cytokines/chemokines IL-12 p40, IP-10, MCP-1, IL-8, MIP1-a, GM-CSF, IL-15, IL-3 for the patient groups
according to disease severity: control (0), outpatients (1), hospitalized severe patients (2) and deceased (3). *P<0.05, **P<0.001, ***P<0.0001: Kluskal Wallis NP test
followed by Dunn’s multiple comparison test.
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Phylogenetics of Influenza A Virus in South America along years 2009 and 2015

Since 2009, the South and Southeast regions of Brazil have had the highest number
of IAV cases in the country [11]. Brazil is a country that borders many South American
countries, with heavy inter-traffic of people. A maximum-likelihood phylogenetic tree of whole
genomes of influenza A (H1N1)pdm09 was constructed (Figure 3), including 51 samples
sequenced in this study and 200 representative strains from other South American regions
circulating during 2009-2015.

All sequences from the 2009 pandemic clustered together, presenting a pattern
indicative of rapid increase in genetic diversity in the absence of strong selective pressures.
Interestingly, a 2011 virus sequence from a deceased case (female, 48 years old obese patient)
was clustered among the 2009 samples and shows an outlier behavior, mainly due to specific
amino acid substitutions unique of this sample (Tables 2-8).

Noteworthy, other strains from later years were clustered among the 2009 samples:
one sequence of 2014 and three of 2015 are grouped to the strains of the pandemic period.
These viruses infected newborns and infant patients from a children's Hospital in Porto Alegre.
This finding is interesting because the evolution of the strains of Influenza tends to supplant the
strains related to previous epidemics and can change the strategy for composition of the next
vaccine. The remaining of strains from past seasons indicates that there is a need for constant
surveillance of circulating strains for better orientations regarding the composition of influenza
vaccines.

In contrast with the pandemic period, post-pandemic A (H1N1)pdm0Q9 viruses isolated
since 2011 have exhibited a ladder-like topology, characteristic of viruses subject to continuous
antigenic drift, typical of human seasonal influenza viruses. During this period distinct clusters of
isolates from Rio Grande do Sul are observed, according to each season, with more than 80%
of isolates within the cluster sampled in this geographical region. This temporal segregation of
Brazilian samples may suggest a tendency of positive selection of A (H1N1)pdmO09 with better

adaptation to propagate than the predecessor strains [21].
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Mutation Mapping

The full-genome sequences of the 56 isolates included in this study were compared

with the archetype strain A/California/07/2009 in search for mutation distribution patterns as well
as the appearance of new mutations along the post-pandemic period, as depicted in Tables 2—8
where sequences of 11 proteins were aligned (HA, NA, PA, PA-X, PB1, PB2, NS1, NS2, NP,
M1, M2).
In our study only viruses sequences recovered directly from clinical samples were included,
thus avoiding substitutions that might have been introduced by passaging in cultured cells.
Detect signs of antigenic drift, genetic and antigenic analyses have been extensively performed
for influenza A (H1N1)pdmO09 isolates obtained from 2009 to 2013 [22-24]. These authors found
various mutations at the antigenic sites of post-pandemic isolates compared with the influenza
A (H1N1)pdmO09; however, antigenic differences from the A/California/07/2009 vaccine strain
were not found when using ferret antiserum against A/California/7/2009 [22;24].

Analysis of amino acid substitutions revealed important differences between strains
from the pandemic and the post-pandemic periods for eleven viral proteins, with a significant
accumulation of both season markers and single substitutions intra-strain along the years with a
higher average of accumulation of substitutions per sites in the year of 2013 (p<0.05).
Noteworthy, in 2012 and 2013 the mortality rate (MR=0.61 and MR=0.65, respectively) was
higher in Rio Grande do Sul when compared to others years (MR average of 0.14 for years
2011, 2014 and 2015) (.

Considering the mutations observed in the genome along the years, all eight
segments displayed continuous mutations reflecting constant evolution of the virus. As
expected, such evolution is most pronounced for segments 4 and 6, which code for the surface
immunogenic glycoproteins HA and NA, respectively (see Table 2 and Figure S1 for HA, Table
3 and Figure S2 for NA; unpublished data).

HA presented 45 substitutions sites in post-pandemic strains versus 17 sites in
pandemic strains, and NA presented 30 vs 13 substitutions sites, respectively. Of 33 sequenced
samples from the post-pandemic period, 31 (93.9%) had the amino acid substitution HA-E391K,
and 27 (81.8%) had the HA-D114N substitution (Table 2). These substitution sites are epitopes
of antibody recognition. Changes in these amino acids have been found to confer a replicative
advantage in mouse bronchioles, but its effect in the pandemic strain is yet unknown [25]. Other
important HA mutations are highlighted in Table 2; among these, 6 are located in antigenic sites
Caz2 (P154S, A156D, D239G), Sa (K180N/I, S200P) and Sb (S202P). Changes in these sites
have been reported in the literature, suggesting an association to antigenic drifts and generation
of escape mutants [26]. Interestingly, mutations in Sa K180Q/I co-occurred with Sb S202T and
D114N; all these sites are antibody receptor-sites and can generate a escape mutant, that is,
the mutant HA can no longer be recognized by host immune system. [26;27]. The mutation
D239D has been found to alter the host cell receptor specificity of HA, so that besides human
alpha-2,6 sialic acid it can also bind avian-like alpha-2,3 sialic acid receptors, which are more
common in ciliated human cells of the lower respiratory tract [27;28]. This mutant strain was
present on two fatal cases in our study (total of 9 fatality cases). These patients had not
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received influenza vaccine, one was a 23 years old pregnant patient from the 2009 pandemic
period, and the other case was a 48 years old obese patient from 2011. In contrast, this
mutation was not founded in the 2012-2015 isolates neither in mild case.

Other mutations found in HA were single sites without previous annotations of
virulence or antigenic effects. Among these are amino acid substitutions T277T/D, T298S,
T3161, N337S, and A302G. We also found the S92T mutation, which has been associated with
host specificity shift in H5N1 influenza A viruses [29]. Our analyses show that different seasons
are marked by the appearance of specific mutations, such as 1233V and V266L in 2011; V6A,
N55D, V190l and N277T/D in 2012; K180Q/I, A273T, K300E and E516K in 2013. All mutations
that characterized the season strains and/or the grouping in the phylogenetic tree of HA, and
also its locations in the molecular structure of the protein are depicted in Figure S1 (A) and (B),
respectively.

Comparison of the NA gene of influenza A(H1N1)pdmQ9 viruses from post-pandemic
years with the vaccine strain shows amino acid substitutions V2411 and N369K (Table 3 and
S3). These mutations are predicted to compensate for the negative effects of the H275Y amino
acid substitution [30]. Four amino acid changes characterized the 2013 season viruses: 134V,
N200S, 1321V and K432E. In turn, 2012 was characterized by one substitution site, the 1467V,
and 2011 viruses had 2 distinguished substitution sites, S95N and 1193V, although only 40% of
the strains had these markers. Most of the post-pandemic period strains carried the N44S
mutation, which creates or loses a putative new potential N-glycosylation site; modification that
changes glycosylation motifs may also affect antigenicity and other properties of NA [30]. More
over, one 2011 strain and one 2013 strain had a mutation in the antigenic site 222, with the
substitution of Asparagine to Aspartic Acid; this mutation has been shown to evolve during
generation of escape mutants of IAV H3N2 [31]. Another important mutation found in two strains
of 2012 and 2013 seasons was N386K, a permissive mutation related with the glycosylation
motif, and accessible on the protein surface [32]. In a local context, this mutation is unique for
our study region. This mutation had been detected in others countries like Australia and Japan,
but not in the Americas [30]. The various single intra-strain mutations are depicted in Table 3.
Mutations associated with drug resistance (p.e. H275Y and 1223R) were not found in the
samples analyzed in this study. The mutations that characterized each seasons strains and/or
the grouping in the phylogenetic tree, based on NA sequences, and also its locations in protein
structure are depicted in fig S2 (A) and (B), respectively.

Tables 4-8 depict amino acid substitutions observed in the other 9 IAV proteins
based on sequences obtained from the samples. Notably, some amino acid substitutions are
shared by strains from the post-pandemic period (shown in gray boxes), suggesting they were
well established in the population, while other amino acid substitutions are markers of viruses
from a specific season.

The polymerase protein PA, which is one of the determinants of viral replicative
capacity, showed a total of 36 amino acid substitutions among the post-pandemic strains versus
9 amino acid substitutions sites in the pandemic period. Mutations V100l and K361R
characterized the 2013 viruses, while H297Y and P400L characterized the 2012 viruses; the
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2011 viruses had 2 distinguished substitutions sites, V141 and S225G. The latter, along with site
400 of the 2012 strains and a combination of other mutations have been associated with
virulence; for example, L400S is a host-specificity marker and S225G is a T-cell epitope
presented by MHC-II molecules [33;34]. In the PA-X protein, the 2011 viruses had the
substitution V141, and the 2013 viruses had V100I, which is related to be a marker of adaptation
to the host in pandemic strains [33]. Unique mutations in the PB1 protein were seen only in the
2011 viruses: V113A, K327R and 1606V. Overall, persistent season markers are typically found
in RNA replication complex proteins and can be located in protein binding domains. These
regions may directly influence the RNP replication complex, or they may enhance replication
through the interaction with host factors.

As mentioned above, 2013 was the year with the highest number of accumulated
mutations (data not shown). Among the markers for strains from this year are the amino acid
substitutions R54K and M661 in the PB2 protein; E55K, K131E and N2015S in NS1; N29S and
T48A in NEP; A22T and S483N in NP; M192V and K230R in M1; and D21G in M2.

No amantadine-sensible strain was found among the samples. Furthermore, there
was no association of specific mutations with the fatal cases in our study, but some mutations
were strain-specific. Indeed some single mutations present in fatal-cases are worth of
investigation as to their phenotype, such as HA-T298S, HA-A302G, HA-T3161, HA-N337N; NA-
S364G, NA-1195V; PB2-K147T, NS1-1128M and M1-T150l.

There are many mutation sites in the genomic dataset, both season marker or single
intra-strain markers, that have not yet been tested for biological effects, and their role in
infectivity and virulence should be clarified. Also relevant is the fact of mutations occurring in
combination and/or being unique to specific influenza seasons, which should also be further
analyzed. This sporadic enrichment of amino acids present in human-hosted viruses may
indicate that influenza A(H1N1)pdm09 have made modest adaptations to their new hosts in the

recent history, but may have become even more virulent over the years.



Table 2. Amino acid substitutions in sequences of the hemagglutinin (HA) protein of the samples in relation to the archetype strain A/California/07/2009
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Hemagglutinin (HA) amino acid position

% [e] <& - 3 x *® x

[] *
Isolates 276 "8 12 15 47 55 56 64 86 87 91 92 100 101 102 114 137 154 156 160 166 180 186 190 200 202 203 214 220 222 233 239 241 252 266 273 277 298 300 302 310 316 319 325 337 338 341 391 416 461 468 485 516 518 537

A/Cal07-2009 H1N1p vac2010 KV L FA V N G V s L 8§ s P S S D T P A S | K K \Y S S A A S R I D E E \ A N T K A Q T K K N | E H N S Y E
A/Alegrete/LACENRS-1453/2009 A T B . . . . . . . S . . . . . . . . . . . . . . . T
Al/Estrela/LACENRS-313/2009-PA . T
Allgrejinha/LACENRS-1803/2009 E

Alljui/LACENRS-2326/2009

A/Nonoai/LACENRS-714/2009 Lo . . . .
A/Osorio/LACENRS-2638/2009 Lo . . |
A/Pelotas/LACENRS-1658/2009

A/Pelotas/LACENRS-3045/2009 P . . . . . .
A/Porto Alegre/LACENRS-1598/2009 P I . . . . . F
A/Porto Alegre/LACENRS-1786/2009

A/Porto Alegre/LACENRS-2121/2009

A/Rio Grande/LACENRS-1406/2009

A/Rosario do Sul/LACENRS-2110/2009 .

A/Santo Antonio da Patrulha/LACENRS-1649, .

AlTenente Portela/LACENRS-2073/2009

A/Triunfo/LACENRS-1611/2009

A/NVacaria/LACENRS-1720/2009 .

A/Nenancio Aires/LACENRS-1539/2009 E . . . . . . .

AlBrazillEntre Rios do Sul-AVS06/2009 P . . E
AlCachoeirinha/Brazil-AV S03/2009 E . . . . . . . . . .
A/Cachoeira do Sul/LACENRS-335/2011 P . . . . . . R
A/Flores da Cunha/LACENRS-713/2011
A/Pelotas/LACENRS-694/2011

A/Porto Alegre/LACENRS-125/2011
A/Porto Alegre/LACENRS-830/2011 .o
A/Santa Cruz do Sul/LACENRS-208/2011 ..M
A/Santa Cruz do Sul/LACENRS-498/2011
A/Santa Cruz do Sul/LACENRS-700/2011
A/Sao Gabriel/LACENRS-124/2011 P
AlTres Passos/LACENRS-134/2011 B N ' . . . . . . .
A/Santa Cruz do Sul/LACENRS-209/2011 R N . . . . . R
A/Santa Cruz do Sul/LACENRS-338/2011
A/Viamao/LACENRS-240/2011
A/Brazil/Bage-AVS11/2011 PR B IR .
A/Brazil/Sao Gabriel-AVS08/2011 R P I
A/Cruz Alta/LACENRS-892/2012
A/Cruz Alta/LACENRS-893/2012 . . . . . .
A/Esteio/LACENRS-1519/2012 B I I 5 . LT
A/Porto Alegre/LACENRS-2274/2012 dAL - . . D

A/Porto Alegre/LACENRS-2577/2012 AL - . D

A/Sao Jose do Inhacora/LACENRS-2082/201 .
A/Tramandai/LACENRS-2067/2012
A/Nacaria/LACENRS-967/2012
A/Bage/LACENRS-3084/2012 . 5
A/Bage/LACENRS-2728/2013 .M
A/Dom Pedrito/LACENRS-2368/2013
A/Porto Alegre/LACENRS-1573/2013
AlPorto Alegre/LACENRS-2328/2013
A/Rosario do Sul/LACENRS-1832/2013 B P . . . . F
A/Santa Cruz do Su/LACENRS-1761/2013 LM . . . . . . . T
A/NVenancio Aires/LACENRS-1862/2013 .

A/Porto Alegre/LACENRS-1485/2014

A/Porto Alegre/HNSC-562063/2014 E

A/Porto Alegre/HNSC-28967/2015 E

AlPorto Alegre/HNSC-977166/2015

AlPorto Alegre/HNSC-42734/2015
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Alignment of the hemagglutinin (HA) vs the archetype sequence A/California/07/2009. Residues within antigenic sites are market with "@" to Ca2,"®" to Sa and “O” to Sb. The taxa in red are deceased cases.
The mutations that characterized the post-pandemic period are shaded in grey, the mutations consensus for 2011 season is blue, for 2012 are green and 2013 are range. The intra-strain single mutations are yellow,
and the mutations marked with "®" are the local unique mutations
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Table 3. Amino acid substitutions in sequences of the neuraminidase (NA) protein of the samples in relation to the archetype strain A/California/07/2009.

Neuraminidase (NA) amino acid position

Isolates 16 26 34 40 41 42 43 44 57 64 79 81 83 88 95 106 127 157 188 193 195 200 222 241 248 264 269 284 321 322 339 364 366 369 386 396 399 432 449 466 467

A/Cal07-2009H1N1pvac2010-NA T | | L G N Q N E Q S V V N S Y L T ] | ] N N W W M D ] F S S S N N | w K N T [
A/Alegrete/LACENRS-1453/2009 . . . . . . . . . . . . . . . | . . . . . . . . .

A/Estrela/LACENRS-313/2009 | G
Allgrejinha/LACENRS-1803/2009 |

A/ljui/LACENRS-2326/2009 . . . . . . . . . . . . . . . |

A/Nonoai/LACENRS-714/2009 . . . . . . . . . . . . . . . |

A/Osorio/LACENRS-2638/2009 . . . . . . . . . |

A/Pelotas/LACENRS-1658/2009 . . . . . . . . K |

A/Pelotas/LACENRS-3045/2009 . . . . . . R |

A/Porto Alegre/LACENRS-1598/2009 |

A/Porto Alegre/LACENRS-1786/2009 . . . . . . . . . . . . . . . | .

A/Porto Alegre/LACENRS-2121/2009 . . . . . . . . . . . . .S . . S
A/Rio Grande/LACENRS-1406/2009 . . . . . . R

A/Rosario do Sul/LACENRS-2110/2009 . . . . . . .

A/Santo Antonio da Patrulha/LACENRS-1649/2009 . M . . . . R . . . . . .
A/Tenente Portela/LACENRS-2073/2009 . . . . . . . . . . . .M
A/Triunfo/LACENRS-1611/2009 . . . . . . R
A/Vacaria/LACENRS-1720/2009

A/Venacio Aires/LACENRS-1539/2009

A/Cachoeirinha/Brazil-AvVS03/2009

A/Brazil/Entre Rios do Sul-AVS06/2009 . . . . . . . . . . . . . .
A/Cachoeira do Sul/LACENRS-335/2011 . . . . . . . . . . . . . . N
A/Flores da Cunha/LACENRS-713/2011 |
A/Pelotas/LACENRS-694/2011 |
A/Porto Alegre/LACENRS-125/2011

A/Porto Alegre/LACENRS-830/2011

A/Santa Cruz do Sul/LACENRS-498/2011

A/Santa Cruz do Sul/LACENRS-700/2011

<<-

zZZ-

A/Tres Passos/LACENRS-134/2011 . . . | . . . . . . . . A
A/Santa Cruz do Sul/LACENRS-208/2011 . . . . . . .| s
A/Santa Cruz do Sul/LACENRS-209/2011
A/Viamao/LACENRS-240/2011

A/Santa Cruz do Sul/LACENRS-338/2011 . . . .
A/Brazil/Sao Gabriel-AVS08/2011 . . . |
A/Brazil/Bage-AVS11/2011
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A/Cruz Alta/LACENRS-893/2012 . . . . . . . .
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A/Porto Alegre/LACENRS-2274/2012

A/Porto Alegre/LACENRS-2577/2012 . . . . . .
A/Sao Jose do Inhacora/LACENRS-2082/2012 . . . . . S
A/Tramandai/LACENRS-2067/2012

A/Vacaria/LACENRS-967/2012
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A/Bage/LACENRS-2728/2013 . . B \%
A/Dom Pedrito/LACENRS-2368/2013 .
A/Porto Alegre/LACENRS-1573/2013
A/Porto Alegre/LACENRS-2328/2013
A/Rosario do Sul/LACENRS-1832/2013
A/Santa Cruz do Sul/LACENRS-1761/2013
A/Venacio Aires/LACENRS-1862/2013
A/Porto Alegre/LACENRS-1485/2014 .
A/Porto Alegre/HNSC-562063/2014 . . . . . . . . . . . . . . 1
A/Porto Alegre/HNSC-28967/2015 . . . . . . . . . . . . . . . |
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A/Porto Alegre/HNSC-977166/2015 . . . . . . .
A/Porto Alegre/HNSC-42734/2015 . . . . . . R
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Alignment of the protein neuraminidase (NA) strains with the sequence of archetype strain A/California/07/2009. The taxa in red are deceased cases. The mutations that characterized the post pandemic period are shaded in
grey. The mutations consensus for 2011 season is blue, for 2012 are green, 2013 orange. The intra-strain single mutations are yellow.
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Table 4. Amino acid substitutions in sequences of the polymerase basic protein PA and PA-X proteins of the samples in relation to the archetype strain A/California/07/2009.

Amino acid position

PA PA-X
Isolates 14 31 57 97 100 126 129 143 161 180 186 224 225 233 237 252 263 284 287 297 308 321 327 330 343 348 359 361 362 364 369 387 394 400 441 444 522 538 557 559 581 603 606 664 669 14 31 57 97 100 126 129 143 161 180 186 206 209 215 220 221 229 232

A-Cal07-2009 H1N1p vac2010 VERT V E | T Y Q S P S V E E T L A H [ N E | A | N K R §$ A V D P M N S§ E V R M K S K Vv VERT V E | T Y Q S R E P H R L M

A/Alegrete/LACENRS-1453/2009 L . . . . . . . . . . . . . . . G . . . . . . . . . . . . . . . . . . . Lo . . . . . . . . . . . .

AEstrela/LACENRS-313/2009

Nlgrejinha/lLACENRS-1803/2009

AVljuilLACENRS-2326/2009

A/Nonoai/LACENRS-714/2009

AlOsorio/LACENRS-2638/2009

AlPelotas/LACENRS-1658/2009

AlPelotas/LACENRS-3045/2009

AlPorto Alegre/LACENRS-1598/2009

AlPorto Alegre/LACENRS-1786/2009

AlPorto Alegre/LACENRS-2121/2009

AlRio Grande/LACENRS-1406/2009

A/Rosario do Sul/LACENRS-2110/2009 S . . . . . .

ASanto Antonio da Patrulha/LACENRS-1649/2009 . . . . . . . . . H

AlTenente Portela/LACENRS-2073/2009

ATriunfo/LACENRS-1611/2009

AlNVacaria/LACENRS-1720/2009

AlVenancio Aires/LACENRS-1539/2009

AlCachoeirinha/Brazil-AVS03/2009

AlBrazil/Entre Rios do Sul-AVS06/2009

AlCachoeira do Sul/LACENRS-335/2011 . . . .

AFlores da Cunha/LACENRS-713/2011 P I . G

AlPelotas/LACENRS-694/2011 P I . G

AlPorto Alegre/LACENRS-125/2011

AlPorto Alegre/LACENRS-830/2011 .

A/Santa Cruz do SullLACENRS-498/2011 |

ASanta Cruz do SullLACENRS-700/2011 |

A/Sao GabriellLACENRS-124/2011 |

AlTres Passos/LACENRS-134/2011

AlSanta Cruz do SullLACENRS-208/2011

A/Santa Cruz do SullLACENRS 209/2011 |

AViamo/LACENRS 240/2011 |

A/Santa Cruz do SullLACENRS 338/2011 .

ABrazillSao Gabriel-AvVS08/2011 .
|
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AlBrazil/Bage-AVS11/2011
AlCruz Alta/LACENRS-892/2012 e . .
AlCruz Alta/LACENRS-893/2012 . Q . T
AJEsteio/LACENRS-1519/2012 .

AlPorto Alegre/LACENRS-2274/2012 VoL . . .
AlPorto Alegre/LACENRS-2577/2012 B . . A
A/Sao Jose do Inhacora/LACENRS-2082/2012

AlTramandailLACENRS-2067/2012

AlVacaria/LACENRS-967/2012

A/Bage/LACENRS 3084/2012 .o . . . .
A/Bage/LACENRS-2728/2013 o . . . F
A/Dom Pedrito/LACENRS-2368/2013

AlPorto Alegre/LACENRS-1573/2013

AlPorto Alegre/LACENRS-2328/2013

ARosario do Sul/LACENRS-1832/2013 .o . . .
AlSanta Cruz do SullLACENRS-1761/2013 .o . . F
AlVenancio Aires/LACENRS-1862/2013
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Alignment of the protein acid PA and PA-X of isolates with the sequence of archetype strain A/California/07/2009. The taxa in red are deceased cases. The mutations that characterized the post pandemic period are
gray. The mutations consensus of the 2011 strains is blue, for 2012 are green and for 2013 are orange. The intra-strain single mutations are yellow.
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Table 5. Amino acid substitutions found in sequences of polymerase basic protein PB1 of the samples in relation to the archetype strain A/California/07/2009

Isolates

Amino acid position

PB-1

14 20

80 97

111

113

154

164

171

197

205 260 317 327 363 374 375 384 393 397 435 451 456 529 563 566 587 606 618 619 637 646 654 667 698 715 753

A-Cal07-2009 H1N1p vac2010
A/Alegrete/LACENRS-1453/2009
A/Estrela/LACENRS-313/2009
Allgrejinha/LACENRS-1803/2009
A/ljui/LACENRS-2326/2009
A/Nonoai/LACENRS-714/2009
A/Osorio/LACENRS-2638/2009
A/Pelotas/LACENRS-1658/2009
A/Pelotas/LACENRS-3045/2009

A/Porto Alegre/LACENRS-1598/2009
A/Porto Alegre/LACENRS-1786/2009
A/Porto Alegre/LACENRS-2121/2009
A/Rio Grande/LACENRS-1406/2009
A/Rosario do Sul/LACENRS-2110/2009
A/Santo Antonio da Patrulha/LACENRS-1649/2009
AlTenente Portela/LACENRS-2073/2009
A/Triunfo/LACENRS-1611/2009
A/Vacaria/LACENRS-1720/2009
A/Venancio Aires/LACENRS-1539/2009
A/Cachoeirinha/Brazil-AVS03/2009
A/Brazil/Entre Rios do Sul-AVS06/2009
A/Cachoeira do Sul/LACENRS-335/2011
A/Flores da Cunha/LACENRS-713/2011
A/Pelotas/LACENRS-694/2011

A/Porto Alegre/LACENRS-125/2011
A/Porto Alegre/LACENRS-830/2011
A/Santa Cruz do Sul/LACENRS-498/2011
A/Santa Cruz do Sul/LACENRS-700/2011
A/So Gabriel/LACENRS 124/2011

A/Tres Passos/LACENRS-134/2011
A/Santa Cruz do Sul/LACENRS-208/2011
A/Santa Cruz do Sul/LACENRS 209/2011
A/Viamo/LACENRS 240/2011

A/Santa Cruz do Sul/LACENRS 338/2011
A/Brazil/Sao Gabriel-AVS08/2011
A/Brazil/Bage-AVS11/2011

A/Cruz Alta/LACENRS-892/2012

A/Cruz Alta/LACENRS-893/2012
A/Esteio/LACENRS-1519/2012

A/Porto Alegre/LACENRS-2274/2012
A/Porto Alegre/LACENRS-2577/2012
A/So Jos do Inhacor/LACENRS-2082/2012
A/Tramandai/LACENRS-2067/2012
A/Vacaria/LACENRS-967/2012
A/Bage/LACENRS 3084/2012
A/Bage/LACENRS-2728/2013

A/Dom Pedrito/LACENRS-2368/2013
A/Porto Alegre/LACENRS-1573/2013
A/Porto Alegre/LACENRS-2328/2013
A/Rosario do Sul/LACENRS-1832/2013
A/Santa Cruz do Sul/LACENRS-1761/2013
A/Venancio Aires/LACENRS-1862/2013
A/Porto Alegre/LACENRS-1485/2014
A/Porto Alegre/HNSC 562063/2014
A/Porto Alegre/HNSC-28967/2015
A/Porto Alegre/HNSC-977166/2015
A/Porto Alegre/HNSC 42734/2015
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Alignment of the protein basic PB1 of isolates with the sequence of archetype strain A/California/07/2009 The taxa in red are deceased cases. Mutations that characterized the post-pandemic period are shaded in grey;
mutations common only in 2011 viruses are blue. The intra-strain single mutations are shown in yellow.
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Table 6. Amino acid substitutions found in sequences of PB2 protein of the samples in relation to the archetype strain A/California/07/2009

Amino acid position

PB-2

Isolates 23 54 60 65 66 82 90 94 107 141 154 157 164 184 191 192 195 251 266 293 297 299 303 339 344 354 394 402 405 411 451 453 456 480 507 526 559 667 680 716 731

=y
N

A-Cal07-2009 H1N1p vac2010 S T R D D M N M L S | L K M A E E D R | R | R T K V | | M S | | S N Vv Q K | Vv D L V
A/Alegrete/LACENRS-1453/2009 . | . . . . . . . . . . . . . . . . . . . . . | . . . . . . . . . . . . . . . . . .
A/Estrela/LACENRS-313/2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . \%

Allgrejinha/LACENRS-1803/2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . \

A/ljui/LACENRS-2326/2009 . . . . . . . . . . . |

A/Nonoai/LACENRS-714/2009
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A/Brazil/Entre Rios do Sul-AVS06/2009 . . . . . . . . . . . . . . . .
A/Cachoeira do Sul/LACENRS-335/2011 . . . . . . . . . . . . . . . G
A/Flores da Cunha/LACENRS-713/2011

A/Pelotas/LACENRS-694/2011

A/Porto Alegre/LACENRS-125/2011 . . . . . . . . . .

A/Porto Alegre/LACENRS-830/2011 . . . . . . . . . R . . . . . .
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A/So Jos do Inhacor/LACENRS-2082/2012 . . . . . . . . . . . . R
A/Tramandai/LACENRS-2067/2012

A/Vacaria/LACENRS-967/2012 . . . . . . . . . . . . . . . . . . . .
A/Bage/LACENRS 3084/2012 . . . . . . . . . . . . . . . . . . . \
A/Bage/LACENRS-2728/2013

A/Dom Pedrito/LACENRS-2368/2013
A/Porto Alegre/LACENRS-1573/2013
A/Porto Alegre/LACENRS-2328/2013
A/Rosario do Sul/LACENRS-1832/2013
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Alignment of the protein basic PB2 of isolates with the sequence of archetype strain A/California/07/2009. The taxa in red are deceased cases. The mutations that characterized the post-pandemic period are gray; mutations
common only in 2013 viruses are in orange. The intra-strain single mutations are shown in yellow.
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Table 7. Amino acid substitutions found in sequences of non-structural proteins NS1 and NS2, and of nucleoprotein NP of the samples in relation to the archetype strain A/California/07/2009.

Amino acid position

NS1 NEP NP

Isolates F2 55 90 91 98 111 122 1

N

3 128 129 131 137 149 173 178 202 205 219 2 22 29 48 67 81 89 115 22 34 100 105 119 2 126 152 256 297 373 425 483 498

=
N

A-Cal07-2009 H1N1p vac2010 D E L S M [l A
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A/ljui/LACENRS-2326/2009

A/Nonoai/LACENRS-714/2009 . . . .
A/Osorio/LACENRS-2638/2009 . . . Y
A/Pelotas/LACENRS-1658/2009

A/Pelotas/LACENRS-3045/2009

A/Porto Alegre/LACENRS-1598/2009

A/Porto Alegre/LACENRS-1786/2009
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A/Porto Alegre/LACENRS-2577/2012
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A/Vacaria/LACENRS-967/2012
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Alignment of the non-structural proteins NS1 and NS2 of isolates with the sequence of archetype strain A/California/07/2009. The taxa in red are deceased cases. The mutations that characterized the post -pandemic period
are gray; the mutations consensus of the 2013 strains is orange. The intra-strain single mutations are yellow.
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Table 8. Amino acid substitutions found in sequences of the matrix proteins M1 and M2 of the samples in relation to the archetype strain A/California/07/20089.

Amino acid position

M1 M2
Isolates 30 80 150 181 191 192 219 230 1 13 16 21 23 27
A-Cal07-2009 H1N1p vac2010 S V T L Q M 1 K T S E D S V
A/Alegrete/LACENRS-1453/2009 [\ . . . . . . . . G .

A/Estrela/LACENRS-313/2009 . . |
Algrejinha/LACENRS-1803/2009

A/ljui/LACENRS-2326/2009

A/Nonoai/LACENRS-714/2009

A/Osorio/LACENRS-2638/2009

A/Pelotas/LACENRS-1658/2009

A/Pelotas/LACENRS-3045/2009

A/Porto Alegre/LACENRS-1598/2009

A/Porto Alegre/LACENRS-1786/2009

A/Porto Alegre/LACENRS-2121/2009

A/Rio Grande/LACENRS-1406/2009

A/Rosario do Sul/LACENRS-2110/2009

A/Santo Antonio da Patrulha/LACENRS-1649/2009

A/Tenente Portela/LACENRS-2073/2009
A/Triunfo/LACENRS-1611/2009

A/Vacaria/lLACENRS-1720/2009 . . . . . . . . . . . .
A/Venancio Aires/LACENRS-1539/2009 . . . . . . . . . . . G
AlCachoeirinha/Brazil-AVS03/2009

A/Brazil/Entre Rios do Sul-AVS06/2009 . . . . . . .
A/Cachoeira do Sul/LACENRS-335/2011 . . . . . Vv
A/Flores da Cunha/LACENRS-713/2011 . [
A/Pelotas/LACENRS-694/2011 . |
AlTres Passos/LACENRS-134/2011 . .
A/Porto Alegre/LACENRS-125/2011 . |
A/Porto Alegre/LACENRS-830/2011 . | . . . . .
A/Santa Cruz do Sul/LACENRS-498/2011 . . . . . . \%
A/Santa Cruz do Sul/LACENRS-700/2011 . . . . . . \Y
A/Sao Gabriel/LACENRS-124/2011 . .
A/Santa Cruz do Sul/LACENRS-208/2011 . | . . . . .
A/Santa Cruz do Sul/LACENRS 209/2011 . . . . . . Vv

A/Viamo/LACENRS 240/2011 . o . . . . o
A/Santa Cruz do Sul/LACENRS 338/2011 . 5 . . . . V

A/Brazil/Sao Gabriel-AVS08/2011
A/Brazil/Bage-AVS11/2011 .
A/Cruz Alta/LACENRS-892/2012 |
A/Cruz Alta/LACENRS-893/2012 |
A/Esteio/LACENRS-1519/2012 |
A/Porto Alegre/LACENRS-2274/2012 |
A/Porto Alegre/LACENRS-2577/2012 |
A/Sao Jose do Inhacora/LACENRS-2082/2012 |
A/Tramandai/LACENRS-2067/2012 |
A/NVacaria/lLACENRS-967/2012 |
A/Bage/LACENRS 3084/2012 . | . . .
A/Bage/LACENRS-2728/2013 . | . . H

|

|

|

|

|

|

|

A/Dom Pedrito/LACENRS-2368/2013
A/Porto Alegre/LACENRS-1573/2013
A/Porto Alegre/LACENRS-2328/2013
A/Rosario do Sul/LACENRS-1832/2013
A/Santa Cruz do Sul/LACENRS-1761/2013
A/Venancio Aires/LACENRS-1862/2013
A/Porto Alegre/LACENRS-1485/2014
A/Porto Alegre/HNSC 562063/2014
A/Porto Alegre/HNSC-28967/2015
A/Porto Alegre/HNSC-977166/2015
A/Porto Alegre/HNSC 42734/2015
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Alignment of the matrix proteins M1 and M2 of isolates with the sequence of archetype strain A/California/07/2009. The taxa in red are deceased cases. The mutations that characterized the post-pandemic period are gray; the
mutations consensus of the 2011strains is blue and the 2013 mutations consensus is orange. The intra-strain single mutations are yellow.
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Conclusion

This study attempted to summarize some of cytokine response patterns identified in
patients with different clinical manifestations of influenza A cases. Beyond that, viral genomic
characteristics in patients infected by influenza A(H1N1)pdm09, including hospitalized and
deceased patients were accessed. Our observations provide evidence that cytokines IL-4, TNF-q,
and chemokine IL-8 may be markers of disease severity since the levels of these were up-
regulated in severe cases. Pathogenesis of severe influenza is complex, involving interactions
between host and viral factors, e.g. innate and adaptive responses, prior or cross-immunity in
addition to comorbidities. Pathogen features like complex genetic background, virulence, immune
evasion, tropism can be accessed by whole genome. We investigated a total of 56 influenza
A(H1N1)pdmO09 from different years (2009 to 2015) to map the full spectrum of mutations. We
showed the accumulation of mutations and the appearance of mutant strains along the years and
the putative sites of selective pressure (epitopes sites) or founder effect, identified as homogeneous
clusters in phylogenetic trees. This, however, requires further mutation experimental testing, with an
ideal animal model, to study distinct phenotypes and transmission capacity, disease and vaccine

efficacies.
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S1 Fig. Heatmap: analysis of the cytokines/chemokines relative concentrations by Pearson

distances with ward hierarchical clustering-column, comparing the different groups of patients.
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S2 Fig. (A) ML-phylogenetic tree of segment 4, that codes for HA, of influenza A (H1N1)pdm09
virus isolates aligned with archetype strain A/California/07/2009 and mapping of mutations possibly
associated with each cluster. Year of sample collection are marked by different colors.

A/Cal07-2009_H1N1p_vac2010-HA
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A/Vacaria/LACENRS-1720/2009

A/Porto_Alegre/HNSC-42734/2015

A/Triunfo/LACENRS-1611/2009

A/Tenente_Portela/LACENRS-2073/2009

A/Santo_Antonio_da_Patrulha/LACENRS-1649/2009

A/Rosario_do_Sul/LACENRS-2110/2009

A/Rio_Grande/LACENRS-1406/2009
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A/Santa_Cruz_do_Sul/LACENRS-498/2011
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A/Sao_Jose_do_Inhacora/LACENRS-2082/2012
A/Cruz_Alta/LACENRS-892/2012

_|_ A/Cruz_Alta/LACENRS-893/2012

A/Porto_Alegre/LACENRS-2274/2012
A/Porto_Alegre/LACENRS-2577/2012
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0.0030

S2 Fig. (B) Position of mutations that characterized the phylogenetic clades of this study in viral
protein structure of hemmagglutinin (HA) monomer modeled onto the Cal/09 HA (PDB 3LZG). Most

mutations are located in the globular domain than stem of protein.
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S3 Fig. (A) NA ML-phylogenetic tree relating segments of influenza A (H1N1)pdmOQ9 virus isolates

aligned with archetype strain

A/California/07/2009 and mapping the mutations possibly associated

with cluster. Year of sample collection are marked by different colors.
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S3 Fig. (B) Positions of mutations that characterized phylogenetic clades of our study in viral

protein structure of neuraminidase (NA) monomer modeled onto the Cal/09 HA (PDB 4QNP) in

complex with CD6 monoclonal antibody. All the mutations are onto the catalytic domain of the

protein

A/Porto_Alegre/LACENRS-1485/2014
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7. Consideracgoes finais e perspectivas

Muitos sdo os fatores que podem contribuir para a patogenia da
infeccdo pelo virus influenza A, e estes estdo relacionados tanto ao
hospedeiro quanto ao patégeno. Com base nisto, nosso objetivo inicial foi
avaliar quais caracteristicas clinicas e epidemioldgicas poderiam estar
relacionadas a determinado subtipo do virus influenza A — H1N1 pandémico
de 2009 ou H3N2 sazonal — e qual a prevaléncia destes dois subtipos na
populagdo da nossa regido, além de avaliar se a carga viral e/ou
caracteristicas demograficas poderiam estar associados a gravidade da
doenca, comparando o periodo pandémico com o periodo pdés-pandémico.
No periodo pandémico vimos que n&o houve associagao do subtipo viral com
os casos de Obitos, embora a carga viral tenha sido mais elevada nas
amostras positivas para o subtipo pandémico; ja no periodo pos-pandémico,
o numero de Obitos foi maior em pacientes hospitalizados com diagnéstico de
influenza A pandémico comparado ao subtipo sazonal, embora a carga viral
avaliada no ano pdés-pandémico de 2011 tenha sido significativamente maior
nas cepas sazonais. A partir desses dados, sugerimos que outros fatores,
que nao apenas a quantidade de virus presente no trato nasofaringeo,
podem estar interagindo para caracterizar a gravidade da doenga, como por
exemplo, a resposta imune inata e condi¢des clinicas adjacentes, ou, ainda,
fatores de viruléncia adquiridos por pressao seletiva do virus frente a
resposta imune. Assim, como segundo objetivo, avaliamos o perfil de
resposta imune inata para um grupo de pacientes da primeira onda da
pandemia de 2009, e encontramos um perfil de resposta entre os diferentes

grupos classificados de acordo com a gravidade da doenga. Os pacientes
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que foram a ébito apresentaram maior expressao sérica de IL-4, IL-8, IL-15 e
TNF-a. Este perfil podera impactar no manejo clinico futuro de pacientes com
niveis séricos exacerbados destes marcadores imunologicos.

Além dos fatores do hospedeiro, analisamos o repertério genético do
virus, através do sequenciamento de alta performance, diretamente das
amostras clinicas de pacientes do Rio Grande do Sul, uma das regides
brasileiras mais afetadas pela epidemia anual de influenza e com taxas de
mortalidade mais elevadas em comparagéo a outras regides do Brasil.

Estudos de epidemiologia molecular do influenza A no nosso estado
sS40 escassos, assim como em toda América Latina, portanto o presente
estudo contribuiu com uma amostragem significativa para a vigilancia das
modificagdes que o virus sofreu ao longo do tempo (2009 a 2015), além de
ter analisado a possivel aquisicdo de novos fatores de viruléncia,
representados pelas mutagdes pontuais nas 8 proteinas virais. Nao
encontramos associagao entre estas mutacdes e os caso de oObitos desta
casuistica. Por outro lado, encontramos mutacbes comprovadamente
associadas a casos de Obitos em outras regides geograficas, como a
mutagcdo D239G na hemaglutinina, presente em 2 dos 9 casos de 6Obitos aqui
analisados. De modo geral, houve um aumento do numero de mutagdes ao
longo do periodo de 2011 a 2015, sendo algumas destas mutagdes
associadas as diferentes epidemias anuais.

E importante enfatizar que ndo s6 a vigilancia epidemiolégica em
humanos contribui para a vigilancia do virus influenza, mas a deteccdo e
caracterizagao dos virus circulante em animais domeésticos e selvagens é de

fundamental importancia para a deteccdo e mapeamento de novos virus,
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uma vez que a chance de ocorrer o fendbmeno de recombinagdo nestes
reservatorios virais € iminente e constante. Outro aspecto a ser considerado
quando do seguimento da vigilancia clinico-epidemiolégica do influenza é a
diferengca no padréo de expressao da resposta imunoldégica nos individuos,
principalmente num contexto de pds-pandemia e co-circulacdo de distintas
linhagens virais. O acompanhamento da atividade das cepas de influenza A
circulantes tanto em humanos como em outros hospedeiros, portanto, &
importante para estudos de evolugédo e dindmica viral e para o controle da

doenca.

8. Resultados nao publicados

O desenvolvimento de doenga grave em alguns individuos
diagnosticados com o virus da gripe A humana pode ser modulada pelo
genotipo e por modificagdes do genoma viral durante o processo de infecgéo,
modificagdes que podem incrementar sua viruléncia. Por esse motivo, faz-se
necessario isolar o virus das amostras clinicas destes pacientes e testa-los
em modelo animal. Pensando em uma perspectiva de analise destes
genotipos virais e suas mutagdes pontuais, nos realizamos o cultivo viral,
utilizando o protocolo sugerido pela OPAS (Organizagdo Pan-Americana da
Saude). Foram cultivadas um total de 68 amostras de aspirado nasofaringe.
Ao final, obtivemos 21 isolados virais, sendo 11 isolados virais de amostras
de pacientes diagnosticados com H1N1 pandémico de 2009 e 10 isolados
virais de amostras identificadas como Influenza A H3NZ2. Estes isolados virais
estdo armazenados a -80°C na Universidad Catdlica de Chile e poderao ser

testadas em projetos de pesquisa futuros.
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Introduction

Influenza viruses are highly contagious and circulate in all
geographical regions. Although it causes mild symptoms in the
majority of cases, illnesses can result in hospitalizations and deaths

el

period [5). Past the pandemic period, after August of 2010, the behavior
of influenza A(HIN1)pdm09 virus is like that of a seasonal virus [1].

Brazil has 2 Program of Surveillance of Influenza since 1999 and
has as goal the identification of the viral subtype, including emergent
strains. Meanwhile, investigation of biological and clinical aspects,
such as viral loads and correlation with aspects of the host 1s needed for
the mnunmty of influenza A virus control, prevention and treatment

mamly among high-risk groups (the very young, elderly or chronicall
ill patients). Worldwide, these annual epidemics result in about three
to five millson cases of severe illness, and about 250,000 to 500,000
deaths [1).

In spite of the constant concern of authorities and the establishment
of health survedllance systems, influenza A viruses are known for its
tendency to antigensc variatson, which can be quick and unpredictable
[2]. Intense selection from the host immune system dnvu antigenic

change in infl virus, I m pl t of

af i dp C d with these issues, our group has smlcd
2 continuous research on the molecul id logy of i

A in RS, combming molecular analyses bas«l on gRT-PCR, genome
sequencing of viral samplcx. quanulabon of viral loads, with clinical

data of p Accordingly, we d indl A cases in the
State of Rm Grande do Sul duning the yur of 2008, showing lhal viral
loads were much higher in pati fected by the pandemi

A (HIN1)2009 than vmh seasonal influenza A nrux furthermore,
relative viral load correlated posstively with symptoms such as chills,
mynlgn and rhinorrhea [5). Viremia i patients infected by different

circulating strains [3). In Braxil, durmg the 2009 pandemics caused
by influenza A(HIN1)pdm09 virus, over 80,000 cases of severe acute
respiratory infection (SAR.I) cases were reported, among which 27,850
cases were confirmed as ic indl Hospitals and health care
services were ov:rcmwd@d and unprepared for such a large number
of cases, especially in the South, where 18,349 cases were confirmed
and mortality rates reached 2.32 (per 100.000 inhabitants); the State
of Rio Grande do Sul (RS) alone confirmed 2,109 influenza A(HIN1)
pdm09 case [4]. In 2010, 2 massive vaccmnation program was applied i m

th A subtypes depends on several factors that interfere with
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RS when 4,898,723 people {44.9% of the population) were
As 2 consequence, the A(HIN1)pdm09 virus was not detected in 2010
in RS, but reemerged in 2011 and has since then been increasingly
circulating in the population, together with seasonal HIN2 influenza
Co-circulation of viral subtypes has been observed since the pandemsc
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virus-host interaction; mutations that lead to antigenic changes, the
host’s immunity and genetic background, as well as vaccination status
are factors that contribute to the virus fitness and influence viral loads.

In this study we analyzed the relative viral loads observed in patients
infected with either A(HIN1)pdmO09 virus or seasonal influenza A
viruses in the State of Rio Grande do Sul, Southern Brazil, during 2011
and correlate the results with the clinical and demographical data in the
post- pandemic period.

Materials and Methods
Study subjects, clinical data and biological samples

During the epidemiological weeks 1-52 (January-December) of
2011, 1,501 cases of severe acute respiratory infection were reported
in the State of Rio Grande do Sul (RS), Southern Brazil (estimated
population: 10.7 million people). Of these, nasopharyngeal aspirate
samples were collected from 1,433 patients, together with the Influenza
Notification Form (demographic characteristics, date of notification,
date of onset of symptoms, acute respiratory infection symptoms, co-
morbidities, smoking habits, pregnancy status, vaccination status, and
X-ray results). The form is filled out by the attending physician/nurse,
at time of collection at the respective health unit, however some data
might be neglected.

All 1,433 samples and forms were sent to the State Central
Laboratory (LACEN-RS) for real time reverse transcription-polymerase
chain reactions (QRT-PCR) analysis. Samples were identified either as
pandemic influenza A or seasonal influenza A according to the qRT-
PCR results (see below). All experiments were performed in compliance
with relevant laws and institutional guidelines and in accordance with
the ethical standards of the Declaration of Helsinki. The Research
Ethics Committee of UFCSPA approved this study.

Identification and quantitation of influenza A virus

RNA was extracted from 1,433 nasopharyngeal aspirate samples
using the QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instructions. qRT-PCR was performed
using the SuperScript-IIT Platinum One-Step Quantitative kit and
the Influenza A (HIN1) Primer and Probe Set (Invitrogen-Life
Technologies, Carlsbad, CA) as described elsewhere. Briefly, reactions
were performed using 0.5 ml of SSIII/Platinum Taq Mix, 1 mM of each
primer, 250 nM of probe, 12.5 pl 2X Master Mix, 5 pl of RNA sample
and water, to a final volume of 25 pl. This method is based on a panel
of 4 primers/probe sets: InfA is designed for universal detection of
type A influenza viruses; swInfA detects all swine influenza A viruses;
swH1 detects swine H1 influenza; and RNP targets the human RNase P
gene and serves as an internal positive control for human nucleic acid.
Therefore, if a sample was amplified with all the sets, it was considered
pandemic influenza A. Samples that were positive only with InfA and
RNP were considered seasonal influenza A. Samples that amplified
only with RNP were considered negative for influenza A [5]. All PCR
reactions were performed in a Step One Plus thermocycler (Applied
Biosystems-Life Technologies, Carlsbad, CA). The following reaction
conditions were applied: 50°C for 30 min; 95°C for 2 min; 45 cycles at
95°C for 15 s and 55°C for 35s.

The relative viral load in each sample was calculated with the
threshold cycle (CT) value based on the 24" method [6]. The CT values
obtained in the qQRT-PCR with the InfA and RNP primer/probe sets

(target and reference genes respectively) were used for delta calculation
(ACT=CT,, -CT

InfA RN l’) N
Statistical analysis

Only samples with complete epidemiological data (n=88 for
influenza A(HIN1)pdm09 and n=149 for seasonal influenza A) were
included in statistical analyses to compare viral loads and clinical data
from patients infected by pandemic or seasonal influenza. Regarding
clinical conditions such as co morbidities, smoking habit and disease
evolution, the total number of patients analyzed was 80 and 120 for
pandemic and seasonal influenza A, respectively.

Descriptive statistics was used to summarize the data. Categorical
data were treated with chi- square and Exact Fisher test, while
continuous variables were compared using Mann-Whitney test,
Md (P25-P75). Values were considered statistically significant when
P<0.05.

Results
Influenza A identification by qRT-PCR

In 2010, the first post-pandemic year in Brazil, no cases of influenza
A(HIN1)pdm09 virus were confirmed. Nevertheless, the virus
reemerged in May 2011 and has since then circulated in the human
population. Accordingly, 1,501 cases of SARI were notified in 2011 in
RS. Of these, 1,433 nasopharyngeal aspirates were collected and sent to
the Central Laboratory in Porto Alegre (LACEN-RS) for viral detection
by qRT-PCR. A total of 107 (7.5%) cases of influenza A(HIN1)pdm09
virus were confirmed versus 182 (12.7%) cases of seasonal influenza A.
Further analyses showed the seasonal influenza A being of the H3N2
subtype (data not shown). The highest influenza activity occurred in
June, with concomitant circulation of both A(HIN1)pdm09 and H3
subtypes. The seasonal influenza was detected during epidemiological
weeks 1-32, with five positive outbreaks in different institutions. The
A(HIN1)pdm09 circulation persisted until the epidemiological week
44, especially after the seasonal influenza decline.

Samples negative for influenza A (n=1,144) were investigated for
other respiratory viruses. Respiratory Syncytial Virus accounted for
20.1% of the influenza-negative SARI cases, and influenza B, adenovirus
and parainfluenza (1, 2 and 3) viruses accounted for a total of 4.4% of
these cases. In 67% of SARI cases, no respiratory viruses were found.

Characteristics of patients infected with influenza A in rio
grande do sul

Complete Influenza Notification Forms were available for 88 and
149 pandemic and seasonal influenza A confirmed cases, respectively.
However, clinical conditions such as comorbidities, smoking habit and
disease evolution (death) were available only for 80 pandemic and 120
seasonal influenza-infected patients.

As shown in Table 1, the age distribution of patients infected by
pandemic and seasonal influenza A in the year 2011 was homogenous.
Among patients infected with A(HIN1)pdm09 virus, 53.4% were male
and among patients infected with seasonal virus, 52.3% were female.

The frequency of pandemic and seasonal influenza A infection
varied significantly among age groups (p=0.01), and the highest
frequency of both subtypes was in patients aged 0-10 years (39.8% and
27.3%, respectively). When the distribution of the type of influenza in
each age group was compared, the highest difference between seasonal
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and pandemic influenza was in patients in the age group 31-40 years I F i
old (14.1% and 4.5%, respectively) (Table 1 and Figure 1). When age Ll \ (n=149), | F ic (n=88), \ P
groups that are more susceptible to infection (0-10 years old and > 60 Fever
years old) are combined, a total incidence of about 46.7% is observed Yes | 120(93.8%) |  87(100%) | *p=0.017
for both A(HIN1)pdm09 and seasonal influenza A viral infection. No ‘ 8 (6.2%) ‘ 0 ‘
. - . . Cough
Regarding t}fe vaccination st.atus of the p.atlents, in thelyear 2011 Yes | 125@ri | 85088%) | 00532
most of the patients that were infected by influenza A virus (79%,
A . - No | 3 (2.3%) | 1(1.2%) |
p<0.001) did not receive vaccine (Table 1). Chils
All samples examined in this study were from patients presenting Yes | 55(504%) | 36 (50%) ‘ p=0.952
SARI with at least one of the symptoms: fever, cough, chills, dyspnea, No | 54(496%) | 36 (50%) ‘
sore throat, arthralgia, myalgia, conjunctivitis, rhinorrhea, diarrhea, as Dyspnea
depicted in Table 2. The presence of fever, cough, dyspnea, myalgia Yes ‘ 90 (72%) ‘ 73 (84.9%) ‘ *p=0.028
and rhinorrhea were the most frequent symptoms both in patients No | 35@28%) | 13(151%) |
infected by pandemic as well as by seasonal influenza A (positivity Sore Throat
>60%) and conjunctivitis was the least frequent symptom, presented Yes | 40(37.1%) | 28(412%) | p=0.583
by 6.7% and 15.6% of patients with seasonal and pandemic influenza No | 68(629%) | 40(58.8%) |
A, respectively. Notably, fever, dyspnea and conjunctivitis showed a Arthraigia
positive correlation with infection by A(HIN1)pdm09 virus (p<0.05). Yes | 42(396%) | 22(338%) | p=0.449
No |  64(604%) | 43(66.2%) |
Characteristic | al (n=149) | P ic (n=88)* p Myalgia
Yes | 64(60.9%) |  45(66.2%) | p=0.487
Age group (years) No |  41(391%) |  23(338%) |
0-10 35 (27.3%) 35 (39.8%) *p=0.01 22N
11-20 13 (10.2%) 11 (12.5%) Conjunctivitis .
21-30 12 (9.4%) 13 (14.8%) ves | 8@ [ 12056%) p=0.045
140 16 (14.1%) 5% No | 111(933%) | ' 65(84.4%) |
41-50 8 (6.3%) 11(12.5%) Rhinorrhea
5160 17 (13.5%) 8(0.1%) Yes | 72(64.9%) |  50(625%) | p=0.670
61-70 16 (12.5%) 6 (6.8%) No | 49(31%) o 32 (G7.5%)
7180 7(55%) 0 Yes | 22(202%) | Ia,:se(ja.s%) [ p=0.999
81-90 2 (1.6%) 0
Gonder No | 97(798%) |  66(815%) |
Female ‘ 78 (52.3%) ‘ 41 (46.6%) *p=0.235 2Not _aII_ symptc_;mg were availa_ble for all patients
Male ‘ 71 (47.7%) ‘ 47 (53.4%) y significant by Chi-Square Test
Viral load Table 2: Frequencies of acute respiratory infection symptoms in patients
- infected by pandemic and seasonal influenza A virus.
(Median [p25-p75]) | 1.86(0.06-157.58) | 0.05(0.002-2.44) | #p<0.001
Vaccine In addition to symptoms attributable to SARI, other clinical
Yes [ 33 (28.9%) [ 8 (9.5%) *p=0.001 manifestations that represent risk factors to this acute respiratory
No ‘ 81(71.1%) ‘ 76 (90.5%) ‘ disease were observed in patients infected with both seasonal and

2Vaccination status was not informed for all patients
*Statistically significant by Chi-Square Test
#Statistically significant by Mann Whitney U Test

Table 1: Demographic characteristics of patients infected by seasonal and
pandemic Influenza A virus.

[ 10000

F 1000
— Frequency
Pandemic

krequency
Seasonal

-+ Viral Load

g

z | Pandemic
3o

g “Viral Load
< 01 Seasonal”

010 11.20 2130 3140 4150 5160 6170 7180 81.90
Age groups(years)

Figure 1: Frequency of pandemic and seasonal influenza A virus in each age
group. Relative viral loads are shown in logarithmic scale.

pandemic virus. The frequency of each symptom was lower than the
frequency of SARI symptoms with cardiopathy and pneumopathy
being the most frequent comorbidities observed (Table 3). The
distribution between the two types of virus was homogenous.

Only patients infected by the pandemic virus died (12.9%, p=0.001),
showing an overall frequency of 5.4%.

Relative viral load and demographic data

In order to compare data from the post pandemic periods with that
obtained during the pandemic period according to variables such as
age, gender, clinical condition or severity of symptoms, viremia was
calculated for each patient. Analysis or relative viral loads in seasonal
and pandemic influenza A samples was based on the 2-*" method [6],
considering the CT values obtained in qQRT-PCR with the infA primer/
probe set [5].

The median relative viral load was higher in patients infected with
seasonal virus in comparison to those infected by A(HIN1)pdm09
virus (1.86[0.06-157.58] vs. 0.05[0.0020-2.44], p<0.001) (Table 1).

‘When median viral load was compared between different age
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groups for pandemic or seasonal influenza cases, no differences were
observed (Table 4). On the other hand, the highest viral loads for
pandemic influenza occurred in the age group 41-70 years, followed by
the age group 21-30 years (Figure 1); regarding seasonal influenza, the
highest viral loads occurred in patients older than 70 years, followed by
the age groups 41-50 years and 61-70 years (Table 4).

The median viral loads between females and males infected by
seasonal influenza A virus were statistically different, with females
displaying higher viral loads in relation to male (11.72[0.15-340.35]
versus 0.81[0.02-47.3], p=0.02). As for patients infected by pandemic
influenza A, no significant differences were found in viral loads
between genders.

Viral load did not show statistically significant association with
any respiratory infection symptom. Nevertheless, considering other
clinical conditions such as immunosuppression and metabolic disease,
a positive association between high viral loads and these conditions was
observed within seasonal influenza group only (Table 4).

Discussion

Past the pandemic period when a new influenza A virus was
introduced worldwide, a strong surveillance was applied to monitoring
the circulation of respiratory viruses in Brazil. Prevention actions
coordinated by the Ministry of Health to contain the flu, including fast
diagnosis and treatment of patients, were boosted all over the country,
especially in the state of Rio Grande do Sul (RS), where high incidence
of SARI is observed. A massive vaccination program was applied in RS
beginning in April 2010, when 44.9% of the population was vaccinated;

Characteristic Seasonal (n=149)* Pandemic (n=88)* 14 .
Seasonal/Pandemic

Cardiopathy

Yes [16 (13.7%) 6 (7.5%) |p=0.177

No 101 (86.3%) 74 (92.5%) |

Pneumopathy

Yes [14 (11.2%) [11(13.6%) [p=0.737

No 1103 (88.8%) 70 (86.4%) |

Renal

Yes [2.(1.6%) lo [p=0.238

No 1114 (91.9%) 80 (100%) |

Immunosuppression

Yes 4 (3.4%) 5 (6.2%) [p=0.350

No 1113 (96.6%) 75 (93.8%) \

Smoking habit

Yes [12 (10.2%) 8 (10.0%) [p=0.969

No 1106 (89.8%) 72 (90.0%) |

Metabolic disease

Yes 8 (6.7%) 2 (2.5%) [p=0.181

No 1111 (93.3%) 78 (97.5%) |

Hemoglobinopathy

Yes 3 (2.6%) [0 (0%) [p=0.149

No 114 (97.4%) 80 (100%) |

Death

Yes o [11(12.9%) [*p=0.001

No 1120 (100%) 74 (87.1%) |

2Not all characteristics were available for all patients
*Statistically significant by Chi-Square Test

Table 3: Frequencies of clinical conditions and disease evolution in patients
infected by pandemic and seasonal influenza A virus.

Viral Load
Characteristic |Seasonal (n=128) Pandemic (n=88) ‘P

Md o5 75) Md o5 75, 1
Gender
Male [0.81(0.02-47.3) [0.1(0.0005-1.9)  [*p=0.02/0.86
Female [11.72(0.15-340.35)  [0.04 (0.007-3.4) |
Age group (years)
0-10 1.1(0.2-90.6) 0.05(0.03-8.0)  |#p=0.1/0.49
11-20 1.9 (0.4-1280.0) 0.2 (0.0005-10.5)
21-30 1.1(0.1-71.3) 0.4 (0.01-3.7)
31-40 1.5 (0.02-170.2) 0.2 (0.03-0.1)
41-50 28.8 (0.5-411.8) 0.02 (0.0006-0.1)
51-60 17.1 (0.4-1676.5) 1.0 (0.02-5.4)
61-70 216 (1.1-524.2) 0.0013 (0.0-2.0)
71-80 0.6 (0.2-0.9) -
81-90 6238.3 (891-.) -
Comorbidity
Immunosuppression
Yes [438.6 (30.8-12495.9) [0.114 (.0001-14.9) [#p=0.049/0.87
No 1.87 (0.06-163.2) |0.101 (0.003-3.3) |
Metabolic disease
Yes [1503.9 (8.2-18024.6) |4.23 (3.53-.) [#p=0.025/0.175
No 1.9 (0.07-168.9) 0.089 (0.002-2.7) |

*statistically significant by Chi-Square Test
# Results by Mann Whitney U Test

Table 4: Viral loads in patients infected by pandemic and seasonal influenza
A virus distributed by gender and age group. Statistically significant clinical
conditions are also shown.

in that year, which was the first post-pandemic year in Brazil, no cases
of influenza A virus were confirmed. Nevertheless, the virus reemerged
in May 2011 and since then both A(HIN1)pdm09 and seasonal
influenza A have been co-circulating with influenza B virus.

In the present study, virologic and epidemiological data was
described for 237 patients who were diagnosed with pandemic (n=88)
and seasonal (n=149) influenza A viruses infection in 2011. Analyses
combining epidemiological and molecular data provide important
information about the disease, including characteristics of the host-
pathogen interaction after massive exposure during pandemic
periods. The viral loads, vaccine and epidemiological data for patients
infected by influenza A viruses during the whole year were analyzed.
Nasopharyngeal aspirates were collected from patients in RS presenting
with symptoms of acute respiratory infection and tested by gqRT-PCR.
Only 7.5% cases of A(HIN1)pdmO09 virus were confirmed versus 12.7%
of seasonal influenza A (either HIN1 or H3N2). In the last publication
describing the 2009 pandemics in southern Brazil found that, among
patients presenting SARI, 30% were positive for A(HIN1)pdm09 and
5.5% were positive for seasonal influenza [5]. According to Dapat et
al. [7] decrease in the number of clinical cases may be attributed to
an increase in antibody levels against the A(HIN1)pdmO09 virus in the
community. In the case of Brazil, such a decrease can also be attributed
to the vaccination campaign.

In the present study, the frequency of infection varied significantly
among age groups. The highest frequency of infection was observed
in patients between 0 and 10 years old in both seasonal (27.3%) and
pandemic (39.8%) groups. This is quite different from the pandemic
period, in which the highest frequency was in the age groups 21-30
years old (26.3% seasonal and 25.7% pandemic influenza) and 31-40
years old (21.1% seasonal and 19.3% pandemic influenza) [5]. This
might result from a combination of acquired immunity, vaccination
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and also a public health program focused on educative information
such as hand washing and other preventive behaviors. Infections
leading to death were observed only in patients infected with the
pandemic virus (12.9%); this frequency was higher when compared
with the 2009 pandemic period when 5.9% of patients infected with
A(HIN1)pdm09 died. This result suggests that the pandemic virus
could have acquired additional pathogenicity, overcoming the host’s
immunity. On the other hand, considering the whole population
presenting SARI, the mortality rate (5.3%) was similar to that observed
in the pandemic period.

The fact that no death cases were observed among patients infected
by seasonal influenza A suggests that the public health policies
were considerably efficient and the patient management was more
appropriate in the post-pandemic period, including extensive antiviral
treatment and prophylaxis. Nevertheless, 79% of the patients that were
infected by influenza A virus did not receive vaccine, a fact that reveals
a gap in the vaccination program in that year.

Further studies are needed in order to infer possible molecular
changes in the viral genome that could be associated with differences
in its pathogenicity during the pandemic and the post- pandemic
periods. A study that analyzed samples from a different region of
Brazil aiming the monitoring of antiviral resistance to neuraminidase
inhibitors showed that the prevalence of mutants did not support the
detection of resistance strains of A(HIN1)pdmO09 virus during 2009-
2010 [8]. Another study that analyzed only samples from RS found a
low prevalence of the mutations H275Y and S247N of the NA protein
in strains circulating between 2009-2011 [9]. In a recent study with
Brazilian clinical samples, Ferreira et al. showed a significant association
between the D239G substitutions in the haemagglutinin (HA) gene of
pandemic influenza A HIN1 virus with mortality [10]. In the present
study, seasonal influenza A virus was detected co- circulating with the
pandemic strain throughout the whole year of 2011, corroborating
other studies that suggest that influenza genetic diversity is generated
continually in tropical regions [11]. The next step of this study will be
to evaluate how viral genome alterations may be associated with drug
resistance and factors of virulence.

During the post-pandemic period, viremia was higher in patients
infected by seasonal influenza A, as opposed to the pandemic period,
when viral loads were higher in patients infected by the pandemic virus
and is in accordance with other study realized in China with samples
collected out of the pandemic period [5,12]. Even though vaccination
could contribute to lower viremia, most of the patients with pandemic
virus infection (90.5%) were not vaccinated; regardless of they displayed
low viremia, a high rate of mortality was observed among these patients
(12.9%).

In this present study were analyzed samples from patients
presenting acute respiratory infection symptoms during the post-
pandemic period. Therefore, most patients presented fever, cough,
dyspnea, myalgia and rhinorrhea; conjunctivitis was the least frequent
symptom. Considering all the mentioned symptoms, fever, dyspnea and
conjunctivitis showed a positive correlation with infection by A(HIN1)
pdmo09 virus. Unlike the pandemic period, no significant association
was found between these symptoms and viremia [5]; in contrast, when
other clinical conditions are taken into account, a positive association
was found between high viral loads and immunosuppression as well
as metabolic disease in patients infected by seasonal influenza A.
Lee et al. [13] report a correlation between viral loads and systemic

comorbidities emphasizing that the use of systemic corticosteroids
to treat concomitant medical conditions during influenza infection
is associated with a slow decrease in viremia. These can explain the
association between immunosuppression and higher viral load within
the seasonal group. Yet these data should be interpreted cautiously due
to the varied quality of data regarding underlying diseases and small
numbers of complete Influenza Notification Forms.

As a matter of fact, one of the limitations of this study was that
the Influenza Notification Form was not uniformly filled out by the
different health units’ clinician/nurse. Therefore, some demographic
and clinical data were missing, reducing our sample number - of 107
samples positive for pandemic influenza A and 182 samples positive
for seasonal influenza A samples, only 88 and 149 had complete forms
for analyses, respectively, which means a loss of approximately 18%.
Finally, vaccination status was also not informed for all patients and
this information is of major interest to evaluate the vaccine’s efficacy
and for public health measures.

In summary, the data demonstrated marked differences among
pandemic and post-pandemic periods about dynamics of host,
environment and pathogens. Molecular characteristics such as virus’
genome sequencing should be considered in future strategies to
understand viral pathogenesis. Brazilian surveillance has been effective
to implement policies of outbreaks contention through vaccination
programs and antiviral treatment offered by the public health
system. These strategies include improvement of laboratory capacity,
information about prevention, availability of prophylaxis treatment
and global molecular studies.
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9.2.

Parecer CEP UFCSPA

@ COMISSAQ CIENTIFICA E COMISSAO DE PESQUISA E ETICA EM SAUDE
LFCSPA

COMITE DE ETICA EM PESQUISA - CEP
UFCSPA

O Comité de Etica em Pesquisa da UFCSPA, registrado na Comissao Nacional de Etica em Pesquisa
(CONEP) sob o n° 075/05 em 23/07/04, analisou o Projeto:

Projeto: 10-691 Verséo do Projeto: Verséo do TCLE:

Pesquisadores:

ANA BEATRIZ GORINI DA VEIGA
CECILIA DIAS FLORES

PEDRO ALVES D'AZEVEDO
TATIANA SCHAFFER GREGLANINI
DAVID SPIRO

LAURA TREVIZAN CORREA

Titulo:  EMPREGO DE FERRAMENTAS DE BIOINFORMATICA PARA O ESTUDO DE
VIRUS PATOGENICOS HUMANOS- ANALISE FILOGENICA E RELAGAO ENTRE
CARGA VIRAL E EVOLUGAO DO QUADRO CLINICO.

Esse projeto foi aprovado em seus aspectos éticos e metodolégicos conforme as Resolugdes 196/09 e
demais Resolugdes complementares. Toda e qualquer alteracao do projeto, assim como eventos adversos
graves, devergo ser comunicados a este CEP. Os TCLE, quando necessarios, somente poder&o ser
utilizados apos prévia e explicita aprovagéo (carimbo) de sua redacéo por este CEP".

Porto Alegre, 15 de dezembro de 2010.
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9.3. Parecer CEP HNSC

s
s

CONCEIGAD  HOSH RISTO REDENTOR S.A.  HOSPI
a Nossa P 2 8

Vinculados ao Ministério da Saide - Decreto n® 99.244/90

O Comité de ética, em Pesquisa do Grupo Hospitalar Conceicdo (CEP/GHC), que é reconhecido pela
Comissdo Nacional de Etica em Pesquisa (CONEP)/MS desde 31/10/1997, pelo Office For Human Research
Protections (OHRP)/USDHHS, como Institutional Review Board (IRB0001105) e pelo FWA - Federalwide
Assurance (FWA 00000378), em 03 de agosto de 2015, reavaliou o seguinte projeto de pesquisa:

Projeto: 14199 Versao do Projeto: Versdo do TCLE:

Pesquisadores:

ANA BEATRIZ GORINI DA VEIGA
TATIANA SCHAFFER GREGIANINI
NELSON ALEXANDRE KRETZMANN FILHO
TATIANA GASPERIN BACCIN

Titulo: O virus influenza A no Rio Grande do Sul.

Documentagao: Aprovada
Aspectos Metodoldgicos: Adequados
Aspectos Eticos: Adequados

Parecer final: Este projeto de pesquisa, bem como o Termo de Consentimento Livre e Esclarecido (se
aplicavel), por estar de acordo com as Diretrizes e Normas Internacionais e Nacionais e complementares do
Conselho Nacional de Satde, especialmente a Resolugao 466/12, obteve o parecer de APROVADO(S) neste
CEP.

O Pesquisador responsavel deve encaminhar dentro dos prazos estipulados, o(s) relatério(s) parcial(ais) e/ou
final ao Comité de ética em Pesquisa do GHZ&e Centro de Resultados onde foi desenvolvida a pesquisa.

Coordenador-geral do CEP-GHC

71



9.4. Ficha epidemioldgica

Republica Federativa do Brasil SINAN
Ministério da Satde SISTEMA DE INFORMAGAO DE AGRAVOS DE NOTIFICAGAO

FICHA DE INVESTIGAGAO INFLUENZA HUMANA POR NOVO SUBTIPO (PANDEMICO)

N°

CASO SUSPEITO DE INFLUENZA HUMANA POR NOVO SUBTIPO (PANDEMICO):
Todo paciente procedente de area afetada que apresente temperatura >= 38°C E tosse OU dor de garganta OU dispnéia.

Tipo de Notificagcédo L
2 - Individual

Agravo/doenca Coédigo (CID) Data da Notificacéo
INFLUENZA HUMANA POR NOVO SUBTIPO (PANDEMICO)| Ji1 J L

J
L
PI JEMunicipio de Notificagao ‘ Codllgo (IBGE) J
-
L

Dados Gerais

@ Unidade de Satde (ou outra fonte notificadora) ‘ Codigo Data dOS anewos Smtomas
11 l

Nome do Paciente J E Data de Nasumento
[

- Hora Gestante
| XO M - Mascul e Ra a/Col
u) Idade 2 Dia Sexo F- Fominn D 1-1°Trimestre  2-2°Trimestre 3-3°Trimestre ¢ D
| 3-Més 4- ldade Gestacional Ignorada 5-Nao  6- N&o se aplica 1-Branca  2-Preta 3-Amarela

I - Ignorado

Notificagio Individual

4- Ano 9-lanorado 4-Parda___ 5-Indigena _9- Ignorado
4 Escolaridade
0-Analfabeto 1-1° a 4° série incompleta do EF (antigo primario ou 1° grau)  2-4° série completa do EF (antigo primario ou 1° grau) D
35° a 8" série incompleta do EF (antigo ginasio ou 1° grau) _4-Ensino fundamental completo (antigo ginasio ou 1° grau) — 5-Ensino médio incompleto (antigo colegial ou 2° grau )
6-Ensino médio completo (antigo colegial ou 2° grau) 7- do superior superior completa  9-Ignorado  10- Ndo se aplica
F Numero do Cartdo SUS J Nome da mae

UF Municipio de Residéncia Cadigo (IBGE) m Distrito
J [

[20] Bairro J Logradouro (rua, avenida,...)
Numero EComplemento (apto., casa, ...) JGeo campo 1

E Geo campo 2 J Ponto de Referéncia

[ |
(DDD) Telefone E Zona1 _Urbana 2 - Rural D m Pais (se residente fora do Brasil)
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Correlation between virologic profile and clini-
cal features of patients infected by influenza
virus provides important information for epide-
miological control and clinical management
of future disease outbreaks. Samples from
patients in Southern Brazil, from June to
December 2009, were examined and the viral
load was correlated with epidemiological data.
All samples were analyzed by qRT-PCR for de-
tection of the 2009-pandemic Influenza A
(H1IN1). Relative viral loads were d

human infection and viral dissemination, and
for implementing effective measures and public
health policies against future novel disease out-
breaks. J. Med. Virol. 9999:1-9, 2011.
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based on the 27T method and epidemiologi-
cal data were obtained for each patient, follow-
ing ethical policies. A total of 933 samples were
positive for pH1N1 (2009) influenza; 172 were
positive for seasonal influenza A; 13 were
undetermined; 1992 samples were negative for
influenza A. Combined molecular and epidemi-
ological data were available for 38 seasonal
and 198 pandemic samples. The median viral
load was higher in pandemic than in seasonal
influenza samples; in patients infected with
pH1IN1 (2009), viral load associated positively
with chills, myalgia and rhinorrhea, and nega-
tively with dyspnea, but no association was ob-
served with other symptoms, nor with clinical
conditions such as pregnancy, smoking, immu-
nodepression and co-morbidities. Regarding
patients infected with seasonal influenza, viral
loads did not show statistically significant asso-
ciation with any of the symptoms. This is the
first study in Brazil that examines epidemiologi-
cal and molecular data from the 2009 influenza
pandemic. The results may serve as a basis
for developing strategies to control human-to-
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INTRODUCTION

Influenza A are negative-sense single-stranded RNA
((—)ssRNA) viruses of the genera Influenzavirus A,
which belongs to the Orthomyxoviridae virus family,
and is known for causing severe respiratory illness in
humans. According to the World Health Organization
(WHO), 214 countries and territories had reported in-
fluenza cases caused by the pandemic influenza A
(pH1N1) 2009 virus—pH1N1 (2009)—until July 2010,
including over 18,239 deaths [WHO, 2010]. In Brazil,
the highest incidence and mortality rates (66.2 and
2.3 per 100,000 inhabitants, respectively) occurred in
the South, with 18,349 confirmed cases. In the state
of Rio Grande do Sul, the first case was registered in
the epidemiological week 18; owing to the Corpus
Christi holiday—during which many people traveled
abroad, either to neighbor countries such as
Argentina, Uruguay, Paraguay and Chile, or to USA
and Europe—the number of cases increased signifi-
cantly after epidemiological week 23, reaching its
peak at epidemiological week 31 and decreasing after
that. A total of 2,074 cases were confirmed in Rio
Grande do Sul by March 2010 [CEVS, 2009]. Recently,
97 new cases of patients infected with the pHIN1
(2009) have been confirmed in Rio Grande do Sul in
2011, including 13 deaths [CEVS, 2011].

While in countries of the northern hemisphere the
dominant circulating influenza subtype in 2009 was
the pHIN1 (2009) virus, in South American countries
co-circulation of seasonal subtypes (mainly H3NZ2)
was also observed [WHO, 2010]. Identification of the
viral subtype and quantitation of viral loads are im-
portant for a proper diagnosis and treatment of
infected patients. In addition, information on circulat-
ing influenza A subtypes may be useful in conducting
studies on viral reassortment and prediction of
novel emerging pathogenic viruses, as well as for
implementing adequate health control measures
[Schrauwen et al., 2011].

With the announcement of the pandemic influenza
A by the World Health Organization in June 2009,
the Health Secretary in Rio Grande do Sul took sever-
al measures to control the disease; concerning diagno-
sis and treatment, such measures included analysis of
all samples collected from patients with acute respira-
tory infection symptoms throughout the State and
prescription of oseltamivir [CEVS, 2009]. Even though
medical bulletins have been released, the most recent
data have not been analyzed and there are no studies
relating the viral loads and clinical data found of
these patients in Rio Grande do Sul.

This study examined the relative viral loads ob-
served in patients infected with either pHIN1 (2009)
or seasonal influenza A viruses in the State of Rio
Grande do Sul, Southern Brazil and correlate the
results with the clinical and demographical data. The
main differences between the present findings and
those reported by similar studies in other geographi-
cal regions are discussed.

J. Med. Virol. DOI 10.1002/jmv
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MATERIALS AND METHODS

Study Subjects, Clinical Data, and
Biological Samples

During the 2009 influenza pandemic, nasopharyn-
geal aspirate samples were collected from all patients
presenting with an acute respiratory infection in
health units throughout Rio Grande do Sul state,
Southern Brazil (estimated population: 10.7 million
people). For each patient, a clinical form was filled out
by the attending physician/nurse, at time of collection
[Ministério da Saude, 2010]. The following data were
obtained: demographic characteristics, date of notifi-
cation, date of onset of symptoms, acute respiratory
infection symptoms, co-morbidities, smoking habits,
pregnancy status, and X-ray results (when available).
All samples and forms were sent to a central laborato-
ry (LACEN-RS) for real time reverse transcription-po-
lymerase chain reactions (qRT-PCR) analysis. Only
samples with complete epidemiological data were in-
cluded in this study. Samples were identified either as
pandemic influenza A (n = 198) or seasonal influenza
A (n = 38), according to the qRT-PCR results (see be-
low). All experiments were performed in compliance
with relevant laws and institutional guidelines and in
accordance with the ethical standards of the Declara-
tion of Helsinki; this study was approved by the Re-
search Ethics Committee of UFCSPA, and written
consent was obtained from each patient.

Identification and Quantitation of
Influenza A Virus

RNA was extracted from clinical samples using
the QIAamp Viral RNA Mini kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instruc-
tions. qRT-PCR was performed using the SuperScrip-
tIII Platinum One-Step Quantitative kit and the
Influenza A (HIN1) Primer and Probe Set (Invitro-
gen-Life Technologies, Carlsbad, CA) as described
elsewhere [WHO, 2009]. Briefly, reactions were per-
formed using 0.5 pl of SSIII/Platinum Taq Mix, 1 pM
of each primer, 250 nM of probe, 12.5 ul 2X Master
Mix, 5 pl of RNA sample and water, to a final volume
of 20 pl. This method is based on a panel of 4 primers/
probe sets: InfA is designed for universal detection of
type A influenza viruses; swInfA detects all swine in-
fluenza A viruses; swH1 detects swine H1 influenza;
and RNP targets the human RNase P gene and serves
as an internal positive control for human nucleic acid.
Therefore, if a sample was amplified with all the sets,
it was considered pandemic influenza A. Samples that
were positive only with InfA and RNP were consid-
ered seasonal influenza A. Samples that amplified
only with RNP were considered negative for influenza
A. All PCR reactions were performed in a Step One
Plus thermocycler (Applied Biosystems-Life Technolo-
gies, Carlsbad, CA). The following conditions were ap-
plied: 50°C for 30 min, 95°C for 2 min, and 45 cycles
at 95°C for 15 s and 55°C for 35 s.
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The relative viral load in each sample was calculat-
ed with the threshold cycle (CT) value based on
the 27%¢T method [Livak and Schmittgen, 20019%.
The CT values obtained in the qRT-PCR with the
InfA and RNP primer/probe sets (target and reference
genes, respectively) were used for delta calculation
(ACT = CTinea — CTrap)-

Statistical Analysis

Descriptive statistics was used to summarize the
data. Categorical data were treated with chi-square
and Fisher test, while continuous variables were com-
pared using Mann-Whitney test, Md (P25-P75). Val-
ues were considered statistically significant when
P < 0.05.

RESULTS
Influenza A Identification by gqRT-PCR

Over 8,000 patients presented with an acute respi-
ratory infection in the State of Rio Grande do Sul
state, during epidemiological weeks 16-46 in 2009. A
total of 5,506 respiratory samples were sent to the
Central Laboratory in Porto Alegre (LACEN-RS) for
viral detection, with 3,108 samples being analyzed by
qRT-PCR. Nine hundred and thirty-three samples
were positive for pHIN1 (2009); 172 samples were
positive for seasonal influenza A. The results of 13
samples were undetermined. The other 1,990 samples
were negative for influenza. Combined molecular and
epidemiological data were available for only 198 pan-
demic and 38 seasonal influenza samples.

Relative Viral Load Determination

Analysis of relative viral loads in seasonal and pan-
demic influenza A samples was based on the 272¢T
method [Livak and Schmittgen, 2001]. The median
relative viral load in samples positive for pandemic
(HIN1) 2009 was 4.9453 (0.1698-47.5496), while in
seasonal influenza A samples the median relative vi-
ral load was 0.0024 (0.0004-0.019).

Characteristics of Patients Infected With
Influenza A in Rio Grande do Sul

Table I describes the characteristics of patients
infected by pandemic or seasonal influenza A virus in
the State of Rio Grande do Sul state. The highest inci-
dence for pHIN1 (2009) influenza virus infection was
observed in patients aged 21-30 years-old, followed by
the age groups 31-40 and 11-20 years-old. For sea-
sonal influenza, the highest incidence was also in
patients in the age group 21-30 years old, followed by
the age groups 31-40 and 41-50 years-old. Among the
patients infected with pHIN1 (2009), 56.4% were
females; the largest difference in gender distribution
was observed in the 21-30 years-old group, in which
69.6% of patients were female (data not shown). In

3

TABLE I. Characteristics of Patients Infected by Pandemic
Influenza A and Seasonal Influenza A Virus

Frequencies
Pandemic Seasonal

Characteristic (n = 198) (n = 38)
Gender

Female 56.4 65.8

Male 43.6 34.2
Age group (years)

0-10 9.6 5.3

11-20 17.9 10.5

21-30 25.7 26.3

31-40 19.3 21.1

41-50 13.3 18.4

51-60 11.0 10.5

61-70 3.2 5.3

the case of seasonal influenza A virus, 65.8% of the
infected patients were females.

All samples examined in this study were from
patients who sought medical assistance during 2009
in Rio Grande do Sul presenting at least one of the
following influenza-like symptoms: fever, cough,
chills, dyspnea, sore throat, arthralgia, myalgia, con-
junctivitis, rhinorrhea. The occurrence of these symp-
toms was observed in patients infected by both
pandemic and seasonal influenza, as depicted in
Figure 1A. The distribution of these symptoms in
each group of patients is shown in Table II.

In addition to symptoms attributable to acute respi-
ratory infection, other clinical manifestations and un-
derlying diseases such as diarrhea, pneumopathies,
nephropathies, immunodepression, metabolic disease,
smoking habit and pregnancy were also observed in
pandemic and seasonal influenza-infected patients.
However, the frequency of these symptoms was lower
than the frequency of acute respiratory infection
symptoms, as shown in Figure 1B and Table III. On
the other hand, heart disease was observed only
among patients infected by pandemic influenza.

The frequency of death was similar in the pandemic
(6%) and the seasonal (5.9%) influenza groups.

Viral Load and Demographic Data of
Infected Patients

In order to verify a possible correlation between vi-
remia in the patients and severity of illness—if viral
titers in the samples vary according to the patient’s
age, gender, clinical condition or severity of the ill-
ness—viral load data were compared with epidemio-
logical data available for each patient.

The median viral load was higher in patients
infected with pandemic HIN1 virus, in comparison
to those infected by seasonal influenza A (4.9453
[0.1698-47.5496] vs. 0.0024 [0.0004-0.0190]). The
highest viral loads for pandemic influenza occurred in
the age group 50-59 years, followed by age groups
60—69 and 10-19 years old. In the case of seasonal

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. Frequency of acute respiratory infection symptoms (A) and
other clinical manifestations (B) in patients infected by pandemic
influenza A and seasonal influenza A virus.

influenza, the highest viral loads occurred in patients
in the age group 40-59 years, followed by the age
group 0-9 (Table IV and Figure 2). The median viral
loads were not statistically different between females
and males, neither between age groups.

Patients with pandemic influenza who sought medi-
cal care during the first 48 hr of the onset of symp-
toms had higher viral loads; in other words, viral
loads were associated inversely with the time taken
from the onset of symptoms to sample collection (onset
hours) (Table IV).

Viral Load and Clinical Profile

As shown in Table V, the patients infected with
pHIN1 (2009) the viral load associated positively
with the presence of chills (P =0.010), myalgia
(P =0.007), and rhinorrhea (P = 0.039), while a
negative association was observed with dyspnea
(P = 0.02); no association was found between viral
loads and fever, cough, sore throat, arthralgia or con-
Jjunctivitis in this group of patients. In patients with
seasonal influenza, the viral load did not show sta-
tistically significant association with any respiratory
infection symptom.

With regards to other clinical conditions such as
pregnancy, smoking habits, immunodepression, and
comorbidities, no association was found between viral
loads and any of the symptoms in either group of
patients (Table VI).
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TABLE II. Frequencies of Acute Respiratory Infection
Symptoms in Patients Infected by Pandemic Influenza A
and Seasonal Influenza A Virus

Frequencies

Symptom Pandemic (n = 198) Seasonal (n = 38)
Fever

Yes 93.5 97.3

No 6.5 2.7
Cough

Yes 94.5 91.9

No 5.5 8.1
Chills

Yes 58.9 61.1

No 41.1 38.9
Dyspnea

Yes 64.9 27.0

No 35.1 73.0
Sore Throat

Yes 44.2 37.8

No 55.8 62.2
Arthralgia

Yes 41.9 38.9

No 58.1 61.1
Myalgia

Yes 68 75.7

No 32 24.3
Conjunctivitis

Yes 12.6 2.8

No 87.4 97.2
Rhinorrhea

Yes 48.1 32.4

No 51.9 67.6

TABLE III. Frequencies of Clinical Manifestations and
Evolution of Patients Infected by Pandemic Influenza A and
Seasonal Influenza A Virus

Frequencies

Characteristic Pandemic (n = 198) Seasonal (n = 38)

Diarrhea
Yes
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TABLE IV. Viral Loads® and Demographic Characteristics of Patients Infected by Pandemic Influenza A and Seasonal
Influenza A Virus

Viral load

Ch: teristi

aracterisue Pandemic (n = 198) Seasonal (n = 38) P

Md (p25.p75) Md (pg5-p75) Pandemic/Seasonal

Gender

Female 4.7 (0.2-39.6) 0.002 (0.0007-0.03) 0.816/0.415

Male 5.5 (0.2-103.7) 0.001 (0.0002-0.01)
Age group (years)

-10 1.1 (0.2-119.5) 0.006 (0.002—0.01) 0.663/0.377
11-20 7.5(0.7-161.9) 0.002 (0.0003-0.02)

21-30 5.7(0.5-73.7) 0.003 (0.0002-0.8)
31-40 1.0 (0.01-47.8) 0.001 (0.0006—-0.05)
41-50 5.4 (0.02-75.8) 0.01 (0.001-0.03)
51-60 10.2 (0.6-39.4) 0.01 (0.003-0.7)
61-70 8.0 (0.2-18.3) 0.0002 (0.0001-0.0004)
71-80 — 0.0001 (0.0001-0.0001)
Onset of symptoms (days)
<1 7.3 (0.2-180.1) 0.0001 (0.0001-0.0001) 0.003*/0.885
1 14.3 (0.6-161.2) 0.01 (0.0004—4.24)
2 20.32 (2.3-221.1)* 0.001 (0.0003-35.7)
3 3.1(0.1-43.5) 0.002 (0.0002-0.008)
4 2.0 (0.04-12.0) 0.002 (0.0003-19.4)
>5 0.6 (0.1-14.6) 0.003 (0.001-0.03)
DISCUSSION pandemic, health measures were focused on diagnosis

During the 2009 influenza pandemic, over 2,000
confirmed cases of pHIN1 (2009) infections were
recorded in Rio Grande do Sul state, Southern Brazil.
Owing to the emergency of medical care during the
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Fig. 2. Viral load in patients infected by pandemic influenza A (A)
and seasonal influenza A (B) virus, distributed by age group.

and treatment of these patients, with little attention
being given for molecular and epidemiological studies.
In this study, virologic and epidemiological data are
described for 236 patients who were diagnosed with
influenza A virus infection during the pandemic
(HIN1) 2009, including 198 patients who were
infected by the pHIN1 virus. These results provide
important information about the virus, the severity of
the disease, and the characteristics of the host—patho-
gen interaction. Furthermore, this type of analysis
may be employed for establishing public health meas-
ures to control the spread of infection and disease out-
breaks. Since Rio Grande do Sul was the first state to
report the 2009 pandemic influenza in Brazil and the
number of cases increased rapidly, preventive meas-
ures were adopted by the Government, such as: can-
cellation of classes in Elementary and Middle Schools,
restriction of visits to patients in hospital, establish-
ment of a military front next to the main hospital care
in the state, the introduction of alcohol gel for hand
hygiene in public and private places, among others
[Capelozzi et al., 2010; Jiménez et al., 2010; Donalisio
et al., 2011].

This study correlates viral loads and epidemiologi-
cal data for patients infected by influenza virus dur-
ing the 2009 pandemic, from the epidemiological
weeks 16-46. Nasopharyngeal aspirates were collect-
ed from patients in Rio Grande do Sul presenting
with symptoms of acute respiratory infection and test-
ed by qRT-PCR. Approximately 30% of the samples
were positive for pHIN1 (2009) influenza and 5.5%
were positive for seasonal influenza (either HIN1 or
H3N2). Few reports differentiate the frequency of
pandemic versus seasonal influenza during the 2009

J. Med. Virol. DOI 10.1002/jmv
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TABLE V. Correlations Between Viral Loads and Acute Respiratory Infection Symptoms in Patients Infected by Pandemic
Influenza A and Seasonal Influenza A Virus

Viral load
Symptom Pandemic (n = 198) Seasonal (n = 38) P
Md (p25-p75) Md (pgs-p75) Pandemic/Seasonal
Fever
Yes 5.0 (0.2-46.3) 0.002 (0.0004-0.02) 0.791/0.261
No 7.5 (0.01-694.6) 0.0002 (0.0002-0.0002)
Cough
Yes 5.2 (0.2-46.3) 0.002 (0.0004—0.02) 0.731/1.000
No 1.0 (0.02-563.0) 0.008 (0.00007-0.02)
Chills
Yes 12.0 (0.8-83.8)" 0.002 (0.0003-0.01) 0.010%/0.256
No 1.4 (0.02-42.3) 0.003 (0.001-0.8)
Dyspnea
Yes 1.2 (0.1-41.71)* 0.002 (0.0004-0.01) 0.002%/0.437
No 12.04 (1.5-172.6) 0.005 (0.001-1.5)
Sore throat
Yes 7.2 (0.6-87.2) 0.002 (0.0003-0.01) 0.346/0.684
No 4.62(0.17-42.33 0.002 (0.0004-0.02)
Arthralgia
Yes 7.1(0.6-52.7) 0.002 (0.0002-0.01) 0.262/0.299
No 4.0 (0.17-45.2) 0.003 (0.0005-0.04)
Myalgia
Yes 8.3(0.6-125.2)* 0.004 (0.0006-0.03) 0.007%/0.096
No 1.1(0.1-21.3) 0.0004 (0.0001-0.003)
Conjunctivitis
Yes 13.3 (2.6-166.4) 0.0001 (0.0001-0.0001) 0.089/0.163
No 6(0.1-45.4) 0.002 (0.0004-0.02)
Rhinorrhea
Yes 7.7(0.6-75.0)" 0.02 (0.0002-11.2) 0.039/0.218
No 6(0.1-42.6) 0.001 (0.0004-0.008)

pandemic period in Brazil. According to the Health
Surveillance Secretary in Brazil, among the acute re-
spiratory infection cases registered in 2009 in the
country until the epidemiological week 47, 34.5%
were positive for pHIN1 (2009) influenza, while 2.7%
were positive for seasonal influenza; in the south,
40.9% and 1.7% of the acute respiratory infection
cases were positive for pandemic and seasonal influ-
enza A, respectively [SVS, 2009]. The most recent in-
ternational publication describing the 2009 influenza
pandemic in Brazil reports the situation from epide-
miological week 16 to epidemiological week 33 [Oli-
veira et al., 2009]. Even though the number of cases
in Rio Grande do Sul reduced after epidemiological
week 31 (first week of August), severe acute respirato-
ry infection cases caused by pandemic influenza were
reported in the state until December 2009 [SVS,
2009]. Thus, this study contributes with additional
data on these cases.

In the present study, 56.4% of the patients infected
by pandemic influenza were females, which is in ac-
cordance with the national surveillance report (56.5%
female) [Oliveira et al., 2009] and with the 2010 de-
mographic census of the State of Rio Grande do Sul
(53.1% females) [IBGE, 2010]. However, when com-
paring the sex and age average, 21-30 years old, it
appears that the incidence of pHIN1 (2009) infections
in women is higher than the average population
[IBGE, 2010]. There was a high frequency of infection
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in patients between 20 and 40 years old in both pan-
demic and seasonal influenza groups; considering
younger patients (<20 years old), pandemic cases
were more common than seasonal infections. These
findings are in agreement with other epidemiological
studies worldwide [Oliveira et al., 2009; Vaillant
et al.,, 2009]. Approximately 5.96% of the pHIN1
(2009) cases analyzed in this study progressed to
death, which is in accordance to the national (5.8%)
and worldwide reports for mortality of 2-9% during
the 2009 influenza pandemic [SVS, 2009]. A similar
mortality rate was observed in the present study re-
garding seasonal influenza infection. It has been well
documented and discussed elsewhere that, despite the
negative impacts that an influenza pandemic has on
global health and economy, mortality by influenza vi-
rus is higher in interpandemic years due to infection
by seasonal influenza [Hilleman, 2002].

It has been reported that, in individuals infected by
influenza virus, the highest viral loads and viral shed-
ding are observed within 1-2 days after onset of acute
respiratory infection symptoms [Lau et al., 2010]. Ac-
cordingly, in the group of patients infected by pan-
demic influenza the highest viral loads were detected
in samples collected after two days of onset of symp-
toms, and in the group of seasonal influenza the high-
est viral loads were in samples collected after 24 hr of
the onset of symptoms. In a study comparing viral
loads in patients with seasonal and pandemic
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TABLE VI. Correlations Between Viral Loads and Clinical Characteristics of Patients Infected by Pandemic Influenza A
and Seasonal Influenza A Virus

Viral load
Characteristic Pandemic (n = 198) Seasonal (n = 38) P
Md (p25-p75) Md (pgs5-p75) Pandemic/Seasonal
Diarrhea
Yes 6.2 (0.5-38.0) 0.0002 (0.0002-0.0002) 0.848/0.198
No 5.2 (0.2-55.2) 0.002 (0.0004-0.02)
Heart diseases
Yes 2.6 (0.1-15.9) — 0.410/—
No 5.2(0.2-48.4) 0.00005 (0.00005-0.00005)
Pneumopathy
Yes 4.6 (0.1-132.6) 0.002 (0.0002-0.02) 0.874/0.929
No 5.4 (0.2-47.8) 0.001 (0.0001-0.02)
Renal
Yes 18.3 (11.8—xx%%) 38.9 (38.9-38.9) 0.189/0.113
No 4.7(0.2-47.9) 0.002 (0.0004-0.02)
Immunodepression
Yes 4.8 (1.1-315.6) 0.002 (0.0002-0.02) 0.948/0.768
No 5.4 (0.2-48.2) 0.003 (0.0004—-0.02)
Smoking habit
Yes 4.2 (0.02-39.6) 0.01 (0.0004-0.03) 0.726/0.423
No 6.5 (0.2-60.7) 0.002 (0.0002-0.02)
Metabolic
Yes 3.4 (0.01-16.0) 7.0 (0.01-14.0) 0.336/0.201
No 5.4 (0.2-53.0) 0.002 (0.0004-0.02)
Death
Yes 5.8 (0.2-48.1) 0.003 (0.0004-0.02) 0.142/0.341
No 0.5 (0.03-13.0) 0.001 (0.0002-0.001)
Pregnancy
Yes 17.0 (0.2-160.6) 0.03 (0.008-35.7) 0.510/0.51
No 5.4 (0.2-45.0) 0.002 (0.0003-0.01)

influenza, To et al. [2010] found higher viral loads in
the former group, and in both groups viral load de-
creased gradually after onset of symptoms [To et al.,
2010]. The present study reports higher viral loads in
pandemic influenza-infected patients than in those
with seasonal influenza virus; the difference between
results described in the current study and those from
To et al. [2010] relies in the fact that their seasonal
influenza samples were from archived respiratory
specimens from 2007, while in the present study, both
seasonal and pandemic samples were collected during
the 2009 influenza pandemic. On the other hand, an-
other study found no significant differences in viral
loads among samples positive for pHIN1 (2009) virus,
seasonal HIN1 and seasonal H3N2 collected during
the 2009 pandemic [To et al., 2010]. As will be dis-
cussed further on, viremia in patients infected by dif-
ferent influenza A subtypes depends on several
factors that interfere with virus—host interaction.

This study examined samples from patients that
sought health emergency units in Rio Grande do Sul
during the 2009 influenza pandemic presenting acute
respiratory infection symptoms, so fever and cough
were observed in most of the patients, regardless of
the virus subtype. However, no association between
mean viral loads and these symptoms was observed.
On the other hand, results show an association be-
tween viral loads in pandemic cases and chills, myal-
gia, rhinorrhea, and dyspnea. Regarding other clinical

characteristics, no association was found in this study,
not even between viral loads and pregnancy, immuno-
depression or death. While some studies report no sta-
tistical correlation between viral loads and acute
respiratory infection symptoms [To et al., 2010],
others report a correlation between viral loads and
systemic comorbidities [Lee et al., 2009].

Lee et al. [2009] emphasize that the use of systemic
corticosteroids to treat concomitant medical conditions
during influenza infection is associated with a slow
viral decrease and, thus, to a higher viral load in
these patients [Lee et al., 2009]. The present study
did not evaluate the use of any medication by the
infected patients, which could influence viral shed-
ding. On the other hand, the use of antiretroviral
drugs by immunosuppressed patients may lower viral
loads, which could explain the lack of association be-
tween viral loads and immunosuppression in this
study.

In a recent study in pregnant patients infected by
the pH1N1 (2009) virus in Porto Alegre, no correlation
was found between pregnancy or comorbidities and
the risk of being admitted to the Intensive Care Unit
(ICU); no viral loads were examined in the study
[Jiménez et al., 2010]. Accordingly, no association be-
tween pregnancy and viral load, neither between
pregnancy and death was found (data not shown).

The pathogenicity and replicative fitness of influen-
za A viruses may vary significantly among different
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viral clades of the same subtype [Memoli et al., 2009].
Mutations in proteins involved in viral infection and
replication may account for an enhanced replicative
fitness, which plays an important role in viral evolu-
tion. Considering that the immune response and ge-
netic background of the host are also key factors
influencing viral evolution, the viral-host interaction
is a complex process that depends on and involves the
biology of both pathogen and patient; thus, param-
eters such as viral load may vary between different
human populations, epidemic seasons and viral sub-
types. Therefore, it is not surprising that studies that
examine viral loads in samples from groups of
patients infected by different influenza viruses from
different geographical regions find diverging results.
Nevertheless, such epidemiological and molecular
data help understanding local and global viral
dynamics.

One limitation of this study is that, since it exam-
ined data already collected from health units through-
out the State of Rio Grande do Sul, it was not possible
to require physicians and nurses to complete the Pan-
demic Human Influenza Investigation Forms, so some
information has not been provided. In addition, owing
to technical limitations such as the number of staff
members and thermocyclers available for real time
RT-PCR, the molecular analyses were performed in
separate laboratory units and most of the information
from qRT-PCR was not available. Therefore, even
though over 3,000 samples were analyzed by qRT-
PCR and that 933 samples were positive for pandemic
and 172 samples were positive for seasonal influenza,
combined information on viral loads and epidemiologi-
cal data was available for only 198 pandemic and 38
seasonal influenza samples.

Since the aim of this study was to analyze and com-
pare the relative viral loads of seasonal or pandemic
influenza A in the samples, only the InfA gene was
used as target gene. Nonetheless, the CT values
obtained in the qRT-PCR for amplification of the
swInfA and the swH1 genes are also being examined
(data not shown); since they may give different rela-
tive viral loads from those obtained with the InfA
gene, comparison of the three markers in the same
samples is informative and could have an application
in finding the best parameter to be taken into account
when studying pHIN1 (2009) infection in a specific
patient population.

Finally, this is the first study conducted in Brazil
that analyzes and makes correlations between epide-
miological and molecular data from the 2009 influenza
pandemic. Descriptions of antigenicity and other
aspects of viral phenotype, such as virulence or trans-
missibility, improve understanding of the constraints
on viral evolution [Ferguson et al., 2003]. Most impor-
tantly, considering that 97 cases of influenza A
pHIN1 (2009) infections have been confirmed in
patients in Rio Grande do Sul in 2011, including 13
deaths [CEVS, 2011], the present results serve as a
basis for developing strategies to control human-to-
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human infection and viral dissemination, and for
implementing effective measures and public health
policies against future novel disease outbreaks. Col-
laborations with the Ministry of Health in Brazil and
the Health Surveillance Unit of the state of Rio
Grande do Sul have been established aiming the im-
provement of the influenza A database in our region.
Furthermore, in 2010 the Central Laboratory of the
State (LACEN-RS) contracted staff scientists to work
on the molecular diagnosis of viral pathogens such as
influenza A, dengue and Yellow fever, which will help
in future epidemiological and molecular studies.
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