“Virosis emergentes:
Gripe e influenza aviar H5N1 e
influenza A HIN1(2009) pandémica”
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¢Que son los virus causantes de la gripe
estacional, la gripe aviar y la influenza
pandemica?

¢QUE se conoce de su patogenesis?

¢Cual es la situacion 2010 ante estas Virosis
emergentes / re-emergentes?

¢Como) se las diagnostica?
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Toser y estornudar: se expelen
microgotas de Fltigge

s Al . diseminacion
de cientos de
microgotas mas de

900 kmy/h.

o Al :
diseminacion
de centenas de miles de

micCrogotas. a mas de
100 km /1,




Sabia que...

¢ Bastan 1 a 5 TCIDso para infectar un
Aumano...

¢ El virus Influenza (humano) persiste
Infeccioso al menos un dia.

¢ El virus Influenza aviar (HSNI)
PEersiste Infective durante al MmEeENoS
ValiasS SEmanas) EnNl SUPELCIES NG
POreSaS, dependiendoerdela e v la
AUMmEdaa.




Relacion entre infeccion y
enfermedad

¢ Patogenicidad:

“capacidad para
uert generar enfermedad”
P = N O de enfermos

Enfermos NC total de infectados

» Virulencia:
X Gravedad de la enfermedad.

Expuestos




Neumonia severa por virus
Influenza A

¢ Paciente de 30 anos
InNMUnNocompetente.

¢ Infiltrados en lobulo
meadio derechor e
: d Inferieres bilaterales.
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Seccion obtenida mediante tomografia crioelectrénica correspondiente a un
campo conteniendo particulas de virus Influenza. Las flechas blancas indican
ribonucleoproteinas (RNP) tipicas del virus. Los arcos negros indican areas de
la capa de matriz con zonas que exhiben gaps o una menor densidad de
“paquetes” de glicoproteinas de envoltura. La imagen irregular marcada con
un asterisco -probablemente se haya formado en el proceso de disrupcion
celular- contiene en su interior una particula brotando. La particula viral
enmarcada se observa también en la figura 2. La barra ubicada en el extremo
inferior derecho del panel indica 100 nm.

Fuente Harris A. et al. PNAS 2006, 13: 19123-7.



Virus Influenza: M2: canal ibnico
y activador del inflamasoma

Esquema

Hemaglutinina

Ribonucleoproteina
(RNP)

Capside

Envoltura /

lipoproteica

Neuraminidasa

PB2 RNP

PA: Polimerasa acida
PB1: Polimerasa basica 1
PB2: Polimerasa basica 2.
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RNA de polaridad (-)




Distribucion de las hemaglutininas (HA) y neuraminidasas
(NA) en la superficie del virus Influenza, seglin su
disposicion espacial.

Se observa un cluster de hemaglutininas (panel “a”, a la
izquierda), una molécula de neuraminidasa en un cluster
de hemaglutininas (panel “a”, al centro) y un cluster de
neuraminidasas (panel 'a”, a la derecha).

Los paneles “'b" y “c” muestran dentro del recuadro
respectivo la estructura de HA y NA. La barra horizontal
indica 5 nm.

El panel “d” muestra un modelo de distribucion de HA (en
verde) y NA (en amarillo), asi como de la capa lipidica de
envoltura (en azul).

La barra indica 20 nm.

I\\

Fuente: Harris A. et al. PNAS 2006, 13: 19123-7.




Tipo B |Tipo C

Subtipos S| (seglin Hemaglutinina NG NG

(=) V. Neuraminidsa ()
Producen Si Si No
epldemias
Pueden NG NG
PrEGAUCIH
pancdemias
Huéspedes Aves acuaticas, aves de Humanos | Humanos,

corral, cerdos , caballos, cerdos
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RUManos




Subtipos de hemaglutinina del
virus Influenza A

Seres humanos

Cerdos
Aves
Hemaglutininas Caballos
asociadas a

virosis
emergentes en
anos recientes
o enla
actualidad
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Reservorios

del virus

Influenza A




Influenza A en...




1918
Gripe “espanola”

1957 1968
Gripe asiatica Gripe de Hong Kong
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Gripe estacional por
Influenza A
H3N2 6 HIN1




m Circulacion en Humanos de Tipos y
Subtipos de Virus Influenza
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. : e : Status as of week 30
Percentage of respiratory specimens that tested positive for influenza 25 July - 31 July 2010
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Fase actual de alerta de la OMS

para Influenza A H5N1 (aviar)

Fase inter- Bajo) FESEOREERCE SIS 1
pandémica humanes (NN

Nuevo virus VEWeF rlaseo de C.r, 2
circula en

animales. No C.H.

Alerta de Ausericia o lirnitziele N9 ele
Pandemia C:rl.

Nuevo virus causa prnzrnio de |z transmlision
C.H. incernurnariz

SighiiicatVoratimentorderia
transmisSionNnterhumana

Pandemia Eficiente y sostenida
transmision interhumana



Fase actual de alerta de la OMS

para Influenza A 2009 (H1N1)

Fase inter- Bajo [ESCONEENES0S!
pandémica humanes (NN
NUGVO virus Mayor HESHOREENeN S
circula en

animales. No C.H.
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Pandemia Eficiente y sostenida Hasta el
A 10-8-2010
transmision interhumana



Pandemias de gripe

¢ Aprendamos del pasado...
¢ Exploremos el presente...

¢ Preparemonos paral el futuro...



Pandemias y alertas de
pandemia en los siglos XX, XXy

XXI

, 1891-92 H3
, 1918-19 “Gripe espaiola” H1N1

, 1957 “Gripe asiatica” H2N2

, 1968 “Gripe de Hong Kong” H3N2

., 1976 Episodio de Fort Dix “gripe porcina”
. 1977 “Gripe rusa” H1N1

o 1997 Trifltanze avizre A (FlSNL)

2~ 2004 Laifltanza avizre A (FlSNL)

o 2005 = 2009 Influanza avizr A (FSNEL)
, 2009 Influenza A (H1N1/09)

[s)




Variabilidad del virus
Influenza

& Falta
de lectura de prueba de
la Polimerasa viral (no se
COFFIGEN Errores: se

acumulan )
o

* | génica

i génica

= de una

cepa de otra especie
al humano




Johan Hultin and his colleagues in Brevig, Alaska, in June 1951, standing in

the mass grave of flu victims whose bodies had been preserved by permafrost
since 1918. From left, Hultin, Otto Geist, Jack Layton and Albert McKee
(Courtesy of Johan Hultin)
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Lung tissue samples, preserved in paraffin, from victims of the 1918 flu. These

and more than 3 million other tissue samples are stored in the National Tissu
Repository maintained by the Armed Forces Institute of Pathology (Couresyof
Eric Haase)




Jeffrey Taubenberger
Secuencio el genoma completo

del virus Influenza H1IN1 de 1918

Jeffery Taubenberger
and Ann Reid exam-
ine DNA readouts at

the Armed Forces

Institute of Pathology
in Washington, D.C.

They are studying tis-

sue samples from vic-
tims of the 1918 flu to

try to determine what

made the virus so

d(‘&lL“y (Courtesy of
Evric Haase)




% El inicio de una enfermedad

. emergente
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Brote de Hong
st = R KONng 199/ por
M ‘ Influenza A
% (H5N1)

‘A “M;h ¥
«Wi-f m%ﬂ h- I'

-’-.5,' -

Factor principal de
Infeccion:

EXxposicion a aves de
granja una semana
antes de la
enfermedad.

(Periodo de
Incubacion:.2-10 dias)




Influsnza A (RSN 20 Aorie Kore
Vleyo = Dicigrnores 1997

18 casos confirmados (16 por aislamiento viral,
2 por seroconversion)

6 muertos

Brotes concomitantes de enfermedad por
A(H5N1) en aves de corral.
A/goose/Guangdong/1/96(H5N1). HPAI para

pollos

Todos

Dero No para

0S genes de

derivac

0S de virus ¢

patos.
0s virus A (H5N1) eran

e influenza aviares.

No hubo evidencia de reasociacion con virus
Influenza humanos.




Eliminacidon (sin proteccion) de pollos
probablemente muertos por Influenza H5N1
Tailandia, Febrero de 2004




¢ Qué se requiere parala emergencia de
una pandemia de influenza ?

1. Emergencia de una nueva cepa de influenza
con una nueva HA o una nueva HA'y NA
(shift antigénico).

2. Susceptibilidad de la mayoria de la
poblacion para la nueva cepa.

3. Transmision humano-humano eficiente del
nuevo Virus.




Virus
pandémico

Alerta de
pandemia
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H5N1 en aves silvestres

H5N1 en humanos

ol

Influenza aviar
H5N1.
Octubre 2006




Status as of 08 October 2007

Nigeria .
Cases: 1 ‘
Deaths: 1

Country, area or territory
Cases: cumulative number
Deaths: cumulative number

~

Turkey
Cases: 12
Deaths: 4

;

Egypt
Cases: 38
Deaths: 15

Azerbaijan
.o Cases: 8
Deaths: 5

Iraq
Cases: 3
Deaths: 2

~ Djibouti
Case: 1
Death: 0

- Areas with confirmed human cases

i

China
Cases: 25
; Deaths: 16
" Lao People’s
Democratic Republic
Cases; 2
Deaths: 2
Thailand
Cases: 25
B Deaths: 17 i
)
Q‘\-
S
Indonesia
Cases: 108 :
Deaths: 87 .

* All dates refer to onset of illness
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Status as of 30 April 2008
| atest available update
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Nigeria
Cases: 1
Deaths: 1

ifirmed human cases of H5N1 avian influenza since 200
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Status as of 06 May 2010
Latest available update
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WHO

Country 2003 2004 2005 2006 2007 2008 2009 2010 Total

cases||deaths||cases||deaths||cases||deaths||cases||deaths||cases||deaths||cases||deaths||cases||deaths||cases||deaths||cases deaths

Azerbaijan ||O 0 0 0 0 0 8 5 0 0 0 0 0 0 0 0 5
Bangladesh||0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 -4 0
I Cambodia 0 0 0 0 4 4 2 2 5 1 b 3 0 1 0 1 1 10 8
China 1 1 0 0 8 5 13 8 D 3 49 49 7 4 1 1 39 26
Djibouti 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 i o
Egypt 0 0 0 0 0 0 18 10 25 9 8 4 39 4 21 8 111 35
Indonesia 0 O 0 0 20 13 55 45 42 37 24 20 21 19 6 S 168 139
Iraq 0 0 0 (o] 0 0 3 2 (0] (o] (o] (0] (o] 0 (0] (0] 3 2
Lao
o e R ) ) ) ) o 0 ) 2 2 ) ) ) ) ) ) 2 2
Republic
[Myanmar |0 o 0 0 0 0 0 0 1 0 0 0 0 0 o 4]
[nigeria 0 0 0 ) 0 ) 0 ) 1 1 0 0 0 ) 0 ) 1
IPaklstan 0 0 0 0 0 0 0 0 3 % 0 0 0 0 0 (o]
Fl'hailand 0 0 17 12 D 2 S 3 o] (o] 0 (0] 0 (0] (¢] 0 25 17
Turkey 0 0 0 0 0 0 12 4 0 0 0 0 0 0 0 0 12 4
Viet Nam 3 3 29 20 61 19 0 0 8 5 6 5 5 > 7 2
Total 4 4 46 32 98 43 115 79 88 59 44 33 73 32 36 17 504 299




Cumulative Number of Confirmed Human Cases of Avian Influenza A/(H5N1)

Country

Azerbaijan
Bangladesh
Cambodia
China
Djibouti
Egypt
Indonesia

Iraq

Lao People's
Democratic
Republic

Myanmar
Nigeria
Pakistan
Thailand
Turkey
Viet Nam

Total

2003

cases deaths

0

0

2004

cases deaths

0

17

29

46

12

20

32

2005

cases deaths

0

20

61

98

0

13

19

43

Reported to WHO

2006

cases

8

0

13

18

55

12

115

deaths

10

45

79

2007

cases deaths

0

25

42

88

37

59

2008

cases deaths

0

24

44

0

20

33

2009

cases

39

21

73

deaths

19

32

2010

cases deaths

0

48

24

16 June 2011

2011

Total

cases deaths cases

0

45

0

0

8

3

16

40

149

178

deaths

14

26

51

146
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@@ Mecanismos patogenicos de

~ Influenza
Estrategias

+Resistencia

+Contraataque

¢Escape



Escape a la respuesta Inmune
(por modificacion viral)

epitopes T y B (cambios
MENOres)

¢ Introduccion
(por reasociacion o
adaptacion génica)
de




ESQUEMA DE UN MONOMERO DE HA

Cabeza
globular

SitioB
Sitio de union
al receptor
SitioD




| =JReconocimiento del receptor de

acido sialico con 2-3 Galactosa
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{2 Union de la hemaglutinina viral
al receptor celular
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J) Clivaje de 4cido sialico por la

Neuraminidasa viral
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% Hemaglutinina de Influenza H5

0,

HA1 HA2
Avirulenta ... . RETR*GLF
Altamente patégena e s *GLF
HK humanos E *GLF

La presencia de multiples aminoacidos basicos Arg —R- 0
Lys —K- adyacentes al sitio de clivaje de la HA aumenta el
tropismo para diferentes tejidos de los virus aviares.



Factores virales en la infeccion por
Influenza H5 N1

+ Patogenicidad: ¢ Transmisibilidad
multigenica multigenica

HA HA

NA NA

PBi PBi

PB2 (Lisina 627y

Asparagina 701):
aumentan capacidad
replicativa;

NS1 (Ac. Glutamico 92:
bloguea inhibicion por:
IFN)




Restriccion de especie

del virus Influenza

Influenza AA en Union a receptor
Hemaglutinina
Humana 226 Leu
228 Ser Ac. Sialico a-2,6-
( ) Galactesa (tracto alto)
Aviar (HSNI1): 226 Gin AvViar:
2281 Gly Ac. Sidlico a-2,3-

(belsillerestrecho)

=102)0) %

Galactosa

(tambien' en celtlas cuboidales no
Cllladas bronguiolares y.en

[IEUTIOROCILOS tiPONI humanos)

HANI(Grpe
Espanola)

¢ Gln<1j
228 Gl

+

AG. Sialicor ad=2,6-
galactosa




Evolucion 1997 - 2005 g
Del virus Influenza H5 N1 | [ Th16/04 y Su-SiaLe* & Su-3'SLN
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Molecular Basis of Replication of Duck H5NI1 Influenza Viruses in a

Mammalian Mouse Model

Zejun Li,' Hualan Chm ' Peirong Jiao,' ~Guohua Deng,' Guobin Tian," Yanbing Li,'
. 3
Erich Hoffmann,” Robert G. Webster,” Yumiko Matsuoka,” and Kangzhen Yu'"

Animal Influenza Laboratory, Ministry of Agriculture, and National Key Laboratory of Veterinary Biotechnology, Harbin
Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Harbin 150001, People’s Republic
of China'; Division of Virology, Department of Infectious Diseases, St. Jude Children’s Research Hospital,
Memphis, Tennessee 38105%; and Influenza Branch, Centers for Disease Control,
1600 Clifton Road, Atlanta, Georgia 30333’

Received 27 January 2005/Accepted 10 June 2005

We recently analyzed a series of HSN1 viruses isolated from healthy ducks in southern China since 1999 and
found that these viruses had progressively acquired the ability to replicate and cause disease in mice. In the
present study, we explored the genetic basis of this change in host range by comparing two of the viruses that
are genetically similar but differ in their ability to infect mice and have different pathogenicity in mice.
A/duck/Guangxi/22/2001 (DKGX/22) is nonpathogenic in mice, whereas A/duck/Guangxi/35/2001 (DKGX/35) is
highly pathogenic. We used reverse genetics to create a series of single-gene recombinants that contained one
gene from DKGX/22 and the remaining seven gene segments from DKGX/35. We find that the PA, NA, and NS
genes of DKGX/22 could attenuate DKGX/38 s fousaiibttichos Bl DKGX/22 virus attenuated the
DKGX/35 virus di oY, and an Asn-to-Asp substitution at position 701 of PBZ plays e il this
functiope "ersely. of the recombinant viruses in the DKGX/22 background, only the one that contains
PR oene of DKGX/35 was able to replicate in mice. A single amino acid substitution (Asp to Asn) at position
01 of PB2 enabled DKGX/22 to infect and become lethal for mice. These results demonstrate that amino acid
Asn 701 of PB2 is one of the important determinants for this avian influenza virus to cross the host species
arier and infect mice, though the replication and lethality of HSNI1 influenza viruses involve multiple genes
and ™wggesult from a constellation of genes. Our findings may help to explain the expansion of the host range
and lethality D™seaedSN | influenza viruses to humans.
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Gendarmes rumanos trasladan
un ganso muerto
posiblemente por gripe aviar.

Bucarest, Qgtubre de 2005
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L) Influenza aviar H5N1
Periodo de incubacion: 2 - 10 dias




Paciente con Linfopenia
Inversion CD4/CDS8

Plaquetopenia

Hemofagocitosis
Transaminasas elevadas

Alta Carga viral en fauces e
hipercitoquinemia y
quimioqu.ivnemia (1)
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El diagnostico virologico

¢ Aislamiento viral

¢ Deteccion de antigeno. o Serologia (con

S fines
epidemiologicos)






Inhibidor de

Neuraminidasa

Retenciéon viral

Brotacion
viral

NA CLIVA

Ac. sialico




Vacunas de Influenza hurmana

(no-aviarH5NY)

+ Vacuna a virus completo inactivado:
cultivado en huevos embrionados.

Para H5 N1

2 «Se investigan vacunas a DNA

eVacuna producida mediante genética reversa (4
plasmidos)

Inactivadas preparadas en cultivos celulares
Atenuadas H5N1

H5 recombinante en vectores adenovirales

4

Vacunas conteniendo NP
VLP (VIRAL LIKE PARTICLES)




A CLINICAL TRIAL OF A WHOLE-VIRUS H5N1
VACCINE DERIVED FROM CELL CULTURE

o Hartmut J. et al. N Engl J Med 2008;358:2573-84. (12 June 2008)
Abstr act
Background

Widespread infections of avian species with avian influenza H5N1 virus and its
limited spread to humans suggest that the virus has the potential to cause a human
influenza pandemic. An urgent need exists for an H5N1 vaccine that is effective
against divergent strains of H5N1 virus.

Methods

In a randomized, dose-escalation, phase 1 and 2 study involving six subgroups, we
investigated the safety of an H5N1 whole-virus vaccine produced on Vero cell cultures
and determined its ability to induce antibodies capable of neutralizing various

H5N1 strains. In two visits 21 days apart, 275 volunteers between the ages of 18 and
45 years received two doses of vaccine that each contained 3.75 ng, 7.5 ng, 15 ug,

or 30 pg of hemagglutinin antigen with alum adjuvant or 7.5 pg or 15 pg of hemagglutinin
antigen without adjuvant. Serologic analysis was performed at baseline and

on days 21 and 42.




A Clinical Trial of a Whole-Virus H5N1
Vaccine Derived from Cell Culture (1)

Results

The vaccine induced a neutralizing immune response not only against the clade 1
(A/Vietnam/1203/2004) virus strain but also against the clade 2 and 3 strains. The
use of adjuvants did not improve the antibody response. Maximum responses to the
vaccine strain were obtained with formulations containing 7.5 pg and 15 ug of
hemagglutinin antigen without adjuvant. Mild pain at the injection site (in 9 to 27%

of subjects) and headache (in 6 to 31% of subjects) were the most common adverse
events identified for all vaccine formulations.

Conclusions

A two-dose vaccine regimen of either 7.5 ug or 15 ug of hemagglutinin antigen
without adjuvant induced neutralizing antibodies against diverse H5N1 virus strains
in a high percentage of subjects, suggesting that this may be a useful



Nuevas vacunas recombinantes

conteniendo HS5 y N1
A/duck/Laos/3295/2006 (H5N1) (cado 2.3.4; Fpa:

10 Setiembre 2008)

A/ Egypt /2321-NAMRU3/2007 (H5N1) clado

2.2.1 WHO/CDC; Mayo 2009)

A/ Egypt /3300-NAMRU3/2008 (H5N1)-
PR8-IDCDC-RG13 wHoicbe, 3 Agosto 2010)
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Sintesis

@ Influenza H5N1 ha sido extremadamente
dificil de controlar desde 1997.

@ La relajacion prematura de medidas de

control facilitara la persistencia de la
epizootia por virus H5N1.

@ Hay persistencia y aumento del riesgo de
adaptacion de las cepas H5N1 al humano
mediante reasociacion o mutacion génica.
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Radiografiainicial de pulmén e histologia de una muestra pulmonar
de un paciente infectado con Influenza A (H1N1/09)

Perez-PadillaR et al. N Engl J Med 2009;10.1056/NEJM0a0904252




Virus Influenza A(H1IN1/09)
Agente etiologico de la pandemia 2009-2010

Ve

R Ve

Virus Influenza A(H1N1) causante del actual brote de influenza de
origen porcino en 2009. Fuente: CDC (Centers for Disease Control and
Prevention, EE.UU.). Se observan particulas ovales o esféricas con

_’









Influenza A(H1N1): triple reasociacion génica
ocurrida en 1998.

Influenza A(H1N1) causante de la pandemia
de 2009

NS

Genes del virus influenza porcino,
linaje norteamericano

Genes del virus influenza porcino,
linaje eurasiatico

Genes del virus influenza aviar.
linaje norteamericano

Gen del virus influenza estacional

PB2
PB1

PA
HA
NP




N2

2009
A(H1N1)

2da. triple reasociacion

1ra. triple reasociacion




' [Primer pandemia del siglo XXI!

* 213 paises

¢ 425.650 casos confirmados
mediante estudios de
laboratorio

*6.813 muertes



Requerimiento de factores celulares para la

Virus con HA delecionada
conteniendo en su lugar
el cédigo de la luciferasa
(el virus no replica)

a b —

(= 1096 3ieNAS) ” *
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.

.
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replicacion de Influenza

, Biblioteca de RNAi
celulares (19000
genes celulares
estudiados)

A

23 factores necesarios
para el ingreso viral
(incluyedno miembros
de la ATPasa vacuolar)y
la familia de proteinas
endosomales COPI,
factor de crecimiento
fibroblastico, glucégeno
sintetasa kinasa3-beta).
Ademas 10 proteinas
estan involucradas en la
etapa post-ingreso,
coponentes de la
importacion nuclear,
proteasas, proteina-
quinasa
calcio/calmodulina-

dependiente Il beta.

Transfeccion de alto
rendimiento en células
epiteliales alveolares

A8 Hrs

Infeccidn con Virus
con HA delecionada
(+ luciferasa)

Luciferase Lactferase Laciferase
Read
12 )

Read
(24 W)

Read
{38 Mrs)

Significance {-Log (P)

o 1



ESQUEMA DE UN MONOMERO DE HA

Sitio B
Sitio de union ) ‘
al receptor ,
) SitioD
S
Sitio A —> | abeza
globular
sitio E —= &
Bisagra
: - Sitio C Tallo
Asparagina: sitio de b @ rulo fibroso
glicosilacion que

puede enmascarar el \
sitio antigénico C | Péptido de fusion




Comparacion del perfil de hidrofilicidad

| sionuiar (asociado a antigenicidad) entre la

— Hemaglutinina del virus estacional de
Influenza A (H1N1) circulante en 2008

e Influenza A (H1N1/2009)
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1918 H1N1 2009 H1N1
(SC1918) (CA2009)

Fuente: Chen et al.
J Infect Dis. 2010 Apr 2.
[Epub ahead of print]

Asn104

Asp225—-Gly
Modifica tropismo
12,5% en casos
graves (n=57) vs
0% en casos leves
(n=60)

Modelo tridimensional de
trimeros de Hemaglutinina

Fuente: Igarashi et al. PLoS ONE 5: e8553. doi:10.1371/journal.pone.0008553. 1 Jan 2010.



B  Darwin/2001/2009




Absorbancia (450 nm)

Log de la concentracion (mg/ml)
del anticuerpo 2D1

D » O ¢ O e Onm

H1-SC1918
H1-CA04
H1-PR8
H2-Jap57
H3-HK68
H3-Bris07
H5-Viet04
H7-Neth03



Structural Basis of Preexisting Immunity to the 2009 HIN1 Pandemic Influenza Virus
Science. Epub ahead of print 25 March 2010. En prensa.

Xu‘R, Ekiert DC, Krause JC, Hai R, Crowe Jr JE, Wilson IE

The 2009 H1N1 swine flu is the first influenza pandemic in decades.
The crystal structure of the hemagglutinin from the
A/California/04/2009 H1N1 virus shows that its antigenic structure,
particularly within the Sa antigenic site, is extremely similar to human
H1N1 viruses circulating early in the 20th century.

The co-crystal structure of the 1918 HA with 2D1, an antibody from a
survivor of the 1918 Spanish flu that neutralizes both 1918 and 2009
H1N1 viruses, reveals an epitope that is conserved in both pandemic
viruses.

Thus, antigenic similarity between the 2009 and 1918-like viruses
provides an explanation for the age-related immunity to the current
influenza pandemic.




Los anticuerpos anti-hemaglutinina generados por vacunacion
reciente contra la gripe estacional inducen poca o nula reaccion
cruzada contra el virus pandémico, pero 34% de adultos mayores
de 59 ainos SI los evidencian.

Cross-Reactive Antibody Responses to the 2009 Pandemic HIN1 Influenza Virus ive antibodies.
Copyright 2009 Massachusetts Medical Society.

BACKGROUND: A new pandemic influenza A (HIN1) virus has emerged, causing illness globally, primarily in younger
age groups. To assess the level of preexisting immunity in humans and to evaluate seasonal vaccine strategies, we
measured the antibody response to the pandemic virus resulting from previous influenza infection or vaccination in
different age groups. METHODS: Using a microneutralization assay, we measured cross-reactive antibodies to pandemic
HTNT1 virus (2009 HINT) in stored serum samples from persons who either donated blood or were vaccinated with recent
seasonal or 1976 swine influenza vaccines.

RESULTS: A total of 4 of 107 persons (4%) who were born after 1980 had preexisting cross-reactive antibody titers of
40 or more against 2009 HIN1, whereas 39 of 115 persons (34%) born before 1950 had titers of 80 or more.
Vaccination with seasonal trivalent inactivated influenza vaccines resulted in an increase in the level of cross-reactive
antibody to 2009 H1NT1 by a factor of four or more in none of 55 children between the ages of 6 months and 9 years, in
12 to 22% of 231 adults between the ages of 18 and 64 years, and in 5% or less of 113 adults 60 years of age or
older. Seasonal vaccines that were formulated with adjuvant did not further enhance cross-reactive antibody responses.
Vaccination with the A/New Jersey /1976 swine influenza vaccine substantially boosted cross-reactive antibodies to 2009
HINT in adults.

CONCLUSIONS: Vaccination with recent seasonal nonadjuvanted or adjuvanted influenza vaccines induced little or
no cross-reactive antibody response to 2009 HIN1 in any age group. Persons under the age of 30 years had little
evidence of cross-reactive antibodies to the pandemic virus. However, a proportion of older adults had preexisting cross-

redc

Hancoock K, et al. NEJM Published at www.nejm.org September 10, 2009.
4% e NEW ENGLAND
%’ JOURNALo MEDICINE
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Clado 4 l

Las secuencias de Argentina se ubican en este clado
Barrero et al. J Virol 85: 1058-1066, 2011.

Clado 6 E

Clado1 ||

‘ Clado 3

Fuente: Nelson & Holmes.

0.05 PLos Curr Influenza.Nov 2009



Caracteristica |Influenza A |Influenza A |Influenza A Influenza A | Influenza A
(HIN1) (H2N2) (H5N1) aviar (HIN1) e (HIN1) de
causante de |causante de Influenza A |origen
pandemia pandemia (H3N2) porcino
en 1918 en 1957 estacionales |(2009)

Transmision |+++/++++ [+++ [/ ++++ |- > + ++ +++

Interhumana (extremadamente

restringida)*

Gravedad ++++ St ++++ ++ ++

clinica /

bt




Posicion Virus con Virus con Influenza Fu nCién
Proteina Patogenicidad |Patogenicidad |A(HIN1)de
baja alta origen porcino
(2009)
PB2 627 Glu Lys Capacidad para replicar
701 Asp Asn en algunos mamiferos,
incluido el hombre
Importacion nuclear;
afecta la capacidad
replicativa en el raton
PB1-F2 |66 Asn Ser Induccidn de apoptosis
HA Sitio de Unico Multiples Clivaje de la
clivaje aminoacido aminoacidos hemaglutinina
basico basicos (ciertas proteasas de
localizacion
extrapulmonar
reconocen multiples
aminoacidos basicos)
NS1 92 Asp Glu Desconocida (¢ diferente
C-terminal | Delecion Arg — | Glu=Ser- Glu- respuesta al Interferon?)
Ser- Glu- Val Val Desconocida

Fuente: Neumann et al; Nature 459: 931-9, 2009.




Radiografiainicial de pulmén e histologia de una muestra pulmonar

de un paciente infectado con Influenza A (H1N1/09)

La neumonia viral
primaria puede
evolucionar a la
dificultad respiratoria
(distress) y
eventualmente a la
muerte.

Primates:
Estudios de
patogénesis

Huron:
estudios de
patogénesis

El virus
replica en
neumonocitos tipo 11
(epitelio respiratorio
bajo) con receptores
alfa 2-3 y alfa 2-6 Gal
unidos al Ac. sialico:

Lesiones mas graves

que con Influenza
estacional

iEl virus también
replica en
epitelio intestinal!

Curso mas grave en pac:entes embarazadas, 7
en
obesos y en ninos menores de 5 anos.
Hasta 40% de los pacientes padecen
sintomas gastrointestinales. ¢?

No demostrado ain en humanos




RESPUESTA INMUNE ANTIVIRAL DE LOS LINFOCITOS
T CD8* CITOTOXICOS

ouG%EcBLIchAL VIGOROSA

POLICLONAL
MULTIESPECIFICA
(Th1)

Fuente: Comision para la Contingencia de Influenza A
(H1N1), Hospital Nacional Profesor Alejandro Posadas.
Medicina (Bs As ) 69 393- 423 2009



LT CD8*
citotoxico

LT CD4*
nalive

Q

1EN- 7 (NK)

IL-12, 1L-18, L6
IL-23, IL-27 IL-4 IL-21, IL-23,
(Mg , CD) (NKT (CD, LT activados)
mastocitos) TGF-p TGF-B (CD, Treg)
(CD)

IL-i2r ' IL-23r
CD4*Th1l CD4"Th2 CD4" Threg CD4" Th 17



Un delicado balance ... a
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1. A:Expresion de TLR-3 en Controles , Influenza A H1N1/09

macrofagos, células epiteliales A"‘-‘\;’: T ( .‘_-*Bv\\l‘\‘ (4
alveolares y endoteliales. (Bv: vaso P - o ’-;*'-3. LY e \é? .
~ gk,-’_‘. .“i. 5 Y "
sanguineo). B: Significativa we o ang 2y~ N n
. 7 7 ‘:"‘ . Y e - = -, ’f ‘
expresion de TLR-3 en macrofagos 5 ¢ N&~7 TLR-3 i \ B
: itell S g oV oy O
(flecha), células del epitelio I

alveolar y capilares.

2. C. Débil expresion de interferén-y
en macrofagos alveolares. D.
Significativa expresion de
interferén-y en macrofagos y
células epiteliales (flecha).

3. EyG. Escasas células CD8*y
granzima B*, respectivamente, en
las paredes alveolares.

4. Fy H. Aumento del nimero de
células CD8*y granzima B*, con
tendencia al agrupamiento
alrededor de los pequefos vasos
(Bv). La barra indica 50 p.

Fuente: Mauad et al, Am J Respir Crit Care Med Vol 181. pp 72-79, 2010 ,



Monocitos HLA-DR en monocitos
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sanos Giamarellos-Bourboulis et al; 009 Dec 23;4:€8393.
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Fuente: Giamarellos-Bourboulis et al; PLoS One 2009 Dec 23;4:€8393.



La union de la Hemaglutinina (HA) de
Influenza A (H1N1/2009) al receptor
celular ocurre con menor afinidad que la
observada con la HA del virus
pandémico de 1918.

Potenciales implicancias:
v'La menor afinidad de la union al receptor podria reducir la

inflamacion y la patologia consiguiente.

v'El virus Influenza A (H1N1/2009) podria causar daino tisular
en un territorio pulmonar mas amplio pero con una menor
gravedad que el virus de la gripe espanola de 1918 (H1IN1) y el
virus altamente patogénico H5N1 aviar.



PB2 residue 271 plays a key role in enhanced polymerase activity of
influenza A viruses in mammalian host cells.

The genomic comparison of influenza A virus isolates has

identified highly conserved residues in influenza proteins that are

specific to either human or avian viruses, including 10 residues in PB2.

We characterized the activity of avian polymerase complexes containing
avian-to-human mutations at these conserved PB2 residues and found that,
in addition to the E627K mutation, the PB2 mutation T271A enhances
polymerase activity in human cells. We confirmed the effects of the T271A
mutation using recombinant WSN viruses containing avian NP and polymerase
genes with wild-type (WT) or mutant PB2. The 271A virus showed enhanced
growth compared to that of the WT in mammalian cells in vitro. The 271A
mutant did not increase viral pathogenicity significantly in mice compared
to that of the 627K mutant, but it did enhance the lung virus titer. Also,

cell infiltration was more evident in lungs of 271A-infected mice than in
those of the WT. Interestingly, the avian-derived PB2 of the 2009 pandemic
H1N1 influenza virus has 271A. The characterization of the polymerase
activity of A/California/04/2009 (H1N1) and corresponding PB2 mutants
indicates that the high polymerase activity of the pandemic strain in
mammalian cells is, in part, dependent on 271A. Our results clearly

indicate the contribution of PB2 amino acid 271 to enhanced polymerase
activity and viral growth in mammalian hosts

Bussey K et al. J Virol. 2010 May;84(9):4395-406.



Factores virales en la infeccion por

Influenza A (H1N1/2009) pandémica

Patogenicidad: ++ — +++ Transmisibilidad:

Probable existencia de factores eficiente en humanos.
aun desconocidos. Resultados controversiales
No se detectaron (inicialmente) en hurones infectados con
diferencias geneéticas entre las cepas aisladas en Méxicoy
cepas que infectaron a EE.UU. vs otra de Holanda:
individuos con curso leve 6 grave  ;hay eficiente transmision

de la enfermedad. mediante aerosoles?

Ciertos factores de virulencia de
otros virus Influenza no serian
funcionales en Influenza A

jiiHurones infectados con la cepa
holandesa no estornudaban, pero los

(H1N1/2009): infectados con las cepas americanas si
PB1-F2 (pro-apoptética en macréfagos): lo hacian!!!
truncada por seial STOP en codén 12 ¢Porque?

NS1 (anti-IFN): truncada



Cinética de la replicacion viral de cepas de Influenza pandémica de Buenos Aires

Titulo viral en MDCK

El mismo paciente con una poblacion wt
y luego resistente al oseltamivir

EVER b)e
¢ | HA A232S y PB1 H47N g |

E | E
2 £
-]
g4 HA S457L 3
31 3
2 4 —8— HNRG15 2 4
11 —o— HNRG23 (H275Y) 11
0 ()}

12 24 36 48 60 72

Hours post-infection

‘.

A
i Ay

[ATY

HNRG15 HNRG23
Cepasalvaje o Cepa mutante
Wild type (wt) H275Y resistente

al oseltamivir

HNRG14: cepa aislada de un caso leve;
HNRG5, HNRG45 y HNRG102: cepas aisladas de casos
fatales;

iMenor titulo y placas mas pequeiias

en cepas de casos fatales!
—e— HNRG14 —&— HNRG45

—a— HNRG102 —eo— HNRG5

Diferentes tamanos de placas

HNRG14

12 24 36 48 60 72

Hours post-infection

HNRG102
Cepa de un Cepa de un
caso leve caso fatal

Journal of Virology

JOUI'na'S.ASM.Org ’ Copyright © American Society for Microbiology. All Rights Reserved.

Barrero, P. R. et al. 2011. J. Virol. 85(2):1058-1066



Severe pandemic 2009 H1N1 influenza disease due
to pathogenic immune complexes.

Pandemic influenza viruses often cause severe disease in middle-
aged adults without preexisting comorbidities. The mechanism of
illness associated with severe disease in this age group is not well
understood. Here we find preexisting serum antibodies that cross-
react with, but do not protect against, 2009 H1N1 influenza virus in
middle-aged adults. Nonprotective antibody is associated with
immune complex-mediated disease after infection. We detected high
titers of serum antibody of low avidity for H1-2009 antigen, and low-
avidity pulmonary immune complexes against the same protein, in
severely ill individuals. Moreover, C4d deposition--a marker of
complement activation mediated by immune complexes--was present
in lung sections of fatal cases. Archived lung sections from middle-
aged adults with confirmed fatal influenza 1957 H2N2 infection
revealed a similar mechanism of illness. These observations provide
a previously unknown biological mechanism for the unusual age
distribution of severe cases during influenza pandemics.

Monsalvo AC, et al .
Nat Med. 2011 Feb;17(2):195-9



http://www.ncbi.nlm.nih.gov/pubmed/21131958
http://www.ncbi.nlm.nih.gov/pubmed/21131958
http://www.ncbi.nlm.nih.gov/pubmed/21131958
http://www.ncbi.nlm.nih.gov/pubmed/21131958
http://www.ncbi.nlm.nih.gov/pubmed/21131958

Metodos directos:

Muestra clinica: Hisopado

nasal bilateral y faringeo.
Deteccion genomica por
RT-PCR o RT-PCR en tiempo real

(confirmacion: Cultivo viral y secuenciamiento

nucleotidico de amplicones de RT-PCR)

Los tests rapidos para deteccion de antigeno N de Influenza
tienen una sensibilidad del 10-70% (falsos negativos cuando hay
bajo titulo viral en la muestra clinica) .

Métodos indirectos: La serologia puede establecer un diagndstico retrospectivo, con
fines epidemiologicos o de investigacion.



[.+) Sintesis: Pandemia de gripe A

Patogénesis y diagndstico

Virus Influenza A
(H1N1/2009)
emergente con triple
reasociacion genomica.
Marcadores
moleculares virales
conocidos: no explican
los casos graves
observados.

La HA del virus es
semejante a la de 1918.

Pacientes con gripe A
(HIN1/2009) exhiben
monocitosis y linfopenia
de LT CD4* y LB,

con 1T de Tregs

(n° pacientes = limitado)

El diagnostico virologico
se realiza mediante RT-
PCR en tiempo real a
partir de Hisopado N-F.



Situacion epidemioloégica
en Argentina

Fuente: Ministerio de Salud. 12 de Septiembre 2009.




Distribucion porcentual de casos confirmados de Influenza A
(H1N1) en Argentina segun el grupo etario
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Fuente: Ministerio de Saluc
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Fuente: Ministerio de Saluc
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eDistribucidn relativa de virus respiratorios

en Argentina 2009 segun grupo etario
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Devenir de la pandemia de Influenza
A (HIN1/09)en Argentina

Casos 2009

O_

Fuente: Ministerio de Salud,. 5 de Agosto 2009



) Indicadores de la pandemia en
Argentina

Fuente: Ministerio de Salud, 5 -8-2009



Grafico 1. Distribucion de casos confirmados y en estudio segun fecha de inicio de
sintomas. Argentina 2009. n= 15.455
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Fuente:
Ministerio de Salud.
12 de Septiembre de 2009
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“s\ Corredor Endémico Semanal de Enfermedades
Tipo Influenza. Argentina 2009,

La vigilancia ETI registra un aumento de
casos de Enfermedad Tipo Influenza

notificados a partir de fa semana 22. Como
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muestra el canal endemico (grafico 8) , el
numero de casos supera el canal de alerta a
partir de la semana 24, alcanzando una tasa
maxima de 366 casos por 10.000
habitantes en la semana 26 (28 de junio al 4
de julio). A partir de la semana 27 se

= aprecia un descenso evidente en el

nimero de casos. Sin embargo, la
Intensidad de la actividad de enfermedad

tipo influenza para la SE 34 es aun
moderada (5,8 por 10.000 hab.).

Fuente:
Ministerio de Salud.
12 de Septiembre de 2009



Percentage of respiratory specimens that tested positive for influenza Status as of week 20
15-21 May 2011

By influenza transmission zones
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Number of specimens positive for influenza by subtypes
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El diaghostico virologico
Metodos directos:

Muestra clinica: Hisopado

nasofaringeo y orofaringeo.
Deteccion genomica por
RT-PCR o RT-PCR en tiempo real

(0

Cultivo

Los tests rapidos para deteccion de antigeno N de Influenza
tienen una sensibilidad del 10-70% (falsos negativos cuando hay

bajo titulo viral en la muestra clinica) .

Métodos indirectos: La serologia puede establecer un diagndstico retrospectivo, con f
fines epidemiologicos o de investigacion.




Inhibidores de la
neuraminidasa:

v Oseltamivir

vZanamivir




Estructural tridimensional cristalografica

Neuraminidasa de cepas de Influenza A H1N1 /2009
con resistencia al oseltamivir
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Se detectaron casos de

resistencia al oseltamivir

H275Y (reemplazo de histidina por tirosina) codificada en el
gen de la neuraminidasa del virus Influenza
se asocia a la resistencia a dicho antiviral
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Emergence of intratreatment resistance to

oseltamivir in pandemic influenza A H1N1 2009 virus.

METHODS:

Complementary DNAs, including the 275 codon, were obtained by reverse transcriptase
PCR using viral RNAs extracted from nasopharyngeal or tracheal aspirates. Conventional
sequencing and pyrosequencing were performed on each sample. In order to measure
the virus susceptibility to oseltamivir, 50% inhibitory concentration determinations were
performed by chemiluminescence.

RESULTS:

Sequential samples of two paediatric patients under oseltamivir treatment were
analysed. Pretreatment samples were composed of 100% oseltamivir-sensitive variants.
In case 1, the oseltamivir-resistant variant was found 8 days after the beginning of
treatment. In case 2, the viral population became resistant on the second day of
treatment, with 83% of the viral population bearing the mutation and this reached 100%
on the seventh day.

CONCLUSIONS:

We describe the intratreatment emergence of oseltamivir resistance in two paediatric
patients. Pyrosequencing allowed us to detect variant mixtures, showing the transition
of the viral population from sensitive to resistant.

Hospital de Nifnos Ricardo Gutiérrez

Valinoto LA, et al. Antivir Ther 2010;15(6):923-7.




Profilaxis activa

EE.UU. ! 1aFDA (Food and Drug Administration)

aprobo el 21/09/2009 la utilizacion de 4

vacunas.
3 son inactivadas (administracion inyectable) y
1 es atenuada (para administrar por via intranasal).

China: esta inmunizando con una
vacuna inactivada propia.




Response after One Dose of a Monovalent Influenza A
(H1N1) 2009 Vaccine —Preliminary Report

Background A novel influenza A (H1IN1) 2009 virus is responsiblefor the firstinfluenza pandemic in 41
year. A safe and effective vaccine is urgently needed.

A randomized, observer-blind, parallel-group trial evaluating two doses of an

Inactivated, split-virus 2009 HIN1 vaccine in healthy adults between the ages of

18 and 64 years is ongoing at a single site in Australia.

Methods This preliminary report evaluates the immunogenicity and safety of the vaccine 21 days after
the first of two scheduled doses. A total of 240 subjects, equally divided into two age groups (<50 years
and 50 years), were enrolled and underwentrandomization to receive either 15 pg or 30 gg of
hemagglutinin antigen by intramuscular injection. We measured antibody titers using hemagglutination-
inhibition and microneutralization assays at baseline and 21 days after vaccination. The coprimary
iImmunogenicity end points were the proportion of subjects with antibody titers of 1:40 or more on
hemagglutination-inhibition assay, the proportion of subjects with either seroconversion or a significant
increase in antibody titer,

and the factor increase in the geometric mean titer.

Results By day 21 after vaccination, antibody titers of 1:40 or more were observed in 116 of 120 subjects
(96.7%) who received the 15-pg dose and in 112 of 120 subjects (93.3%) who received the 30-pg dose. No
deaths, serious adverse events, or adverse events of special interest were reported. Local discomfort
(e.g., injection-site tenderness or pain) was reported by 46.3% of subjects, and systemic symptoms

(e.g., headache) by 45.0% of subjects. Nearly all events were mild to moderate in intensity.

Conclusions A single 15-pg dose of 2009 HIN1 vaccine was immunogenic in adults, with mild-to-
moderate vaccine-associated reactions.

Greemberg M.E. et al . 5 e NEW ENGLAND

NEJM September 10, 2009 %2’ JOURNAL of MEDICINE




Trial of Influenza A (H1N1) 2009 Monovalent MF5g-

Adjuvanted Vaccine -- Preliminary Report.

BACKGROUND: The 2009 pandemic influenza A (H1N1) virus has emerged to cause the first
pandemic of the 21st century. Development of effective vaccines is a public health priority. METHODS:
We conducted a single-center study, involving 175 adults, 18 to 50 years of age, to test the monovalent
influenza A/California/2009 (H1N1) surface-antigen vaccine, in both MF59-adjuvanted and
nonadjuvanted forms. Subjects were randomly assigned to receive two intramuscular injections of
vaccine containing 7.5 mug of hemagglutinin on day 0 in each arm or one injection on day 0 and the
other on day 7, 14, or 21; or two 3.75-mug doses of MF59-adjuvanted vaccine, or 7.5 or 15 mug of
nonadjuvanted vaccine, administered 21 days apart. Antibody responses were measured by means of
hemagglutination-inhibition assay and a microneutralization assay on days 0, 14, 21, and 42 after
injection of the first dose.

RESULTS: Results of an interim analysis of the responses to the 7.5-mug dose of MF59-adjuvanted
vaccine by days 14 and 21 are presented (data from four of the seven groups studied, for a total of 100
subjects). The most frequent local and systemic reactions were pain at the injection site and muscle
aches, noted in 70% and 42%o of subjects, respectively. Two subjects reported fever, with a
temperature of 38 degrees C or higher, after the first dosing. Antibody titers, expressed as geometric
means, were generally higher at day 14 among subjects who had received two 7.5-mug doses of the
MF59-adjuvanted vaccine than among those who had received only one by this time point (P=0.04 by
the hemagglutination-inhibition assay and P<0.001 by the microneutralization assay). By 21 days after
vaccination with the first dose of 7.5 mug of MF59-adjuvanted vaccine, the rates of seroconversion, as
measured with the use of a hemagglutination-inhibition assay and a microneutralization assay, were
76% and 92%% of subjects, respectively, who had received only one dose to date (with the second dose
scheduled for day 21) and 88 to 92% and 92 to 96% of subjects, respectively, who had already
received both doses (P=0.11 and P=0.64, respectively).

CONCLUSIONS: 1n preliminary analyses, the monovalent influenza A (H1N1) 2009 MF59-
adjuvanted vaccine generates antibody responses likely to be associated with protection
within 14 days after a single dose is administere *

Clark TW, et al. NEJM September 10, 2009

The NEW ENGLAND
%z JOURNALof MEDICINE




¢Es posible una reasociacion entre

cepas HgN1 y HiN1 pd 2009?

Gene mutations and reassortment are key mechanisms by which influenza A virus acquires
virulence factors. To evaluate the role of the viral polymerase replication machinery in producing
virulent pandemic (H1N1) 2009 influenza viruses, we generated various polymerase point mutants
(PB2, 627K/701N; PB1, expression of PB1-F2 protein; and PA, 971) and reassortant viruses with
various sources of influenza viruses by reverse genetics. Although the point mutations produced
no significant change in pathogenicity, reassortment between the pandemic
A/California/04/09 (CA04, H1N1) and current human and animal influenza viruses
produced variants possessing a broad spectrum of pathogenicity in the mouse model.
Although most polymerase reassortants had attenuated pathogenicity (including those
containing seasonal human H3N2 and high-pathogenicity H5N1 virus segments)
compared to that of the parental CA0O4 (H1N1) virus, some recombinants had
significantly enhanced virulence. Unexpectedly, one of the five highly virulent
reassortants contained a A/Swine/Korea/IJNS06/04(H3N2)-like PB2 gene with no known
virulence factors; the other four had mammalian-passaged avian-like genes encoding
PB2 featuring 627K, PA featuring 971, or both. Overall, the reassorted polymerase
complexes were only moderately compatible for virus rescue, probably because of
disrupted molecular interactions involving viral or host proteins. Although we observed
close cooperation between PB2 and PB1 from similar virus origins, we found that PA
appears to be crucial in maintaining viral gene functions in the context of the CA04
(H1N1) virus. These observations provide helpful insights into the pathogenic potential
of reassortant influenza viruses composed of the pandemic (H1N1) 2009 influenza virus
and prevailing human or animal influenza viruses that could emerge in the future.

Song, M.-S. et al. 2011. J. Virol. 85(13):6275-6286



Sobrevida de ratones inoculados con virus con genoma reasociado experimentalmente
gue tienen igual o mayor patogenicidad que la cepa pandémica CA04 (H1N1)
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Formar(se) desde la Verdad, en

el Bien, y por amor al projimo

Francisco Xavier Muniz _
Carlo Urbani*

La salud y la dignidad son
inseparables en el ser humano; es una obligacion estar en contacto con las victimas y garantizar sus derechos




