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2009 A/HIN1 Influenza Virus
2009 H1N1 Pandemic Influenza (pdm)
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Timeline of Emergence
‘ Influenza A Viruses in Humans

Reassorted Influenza virus
Just-in-Time Lecture (Swim_e‘F(_lu)
Rashid A. Chotani, MD, MPH, DTM 1976 Swine Flu H1 %

Outbreak, Ft.
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Iaarmnan H3N2
~ 1968 flsenzy ving
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Virology Journal 2009, 6:137
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Swine-origin HIN1 influenza

= Unsampled pig herd theory

reassortment
PLoS Currents Inf
2010)
= Laboratory error theory 3
=« PB2, PB1, PA, HA, NP, NS 1999 2000
HIN2
= NA 1991 1993 HIN1
= M 1999 2000 H3N2

10
(Virol J 2009-6-20-7)

HA: E190D, G225D
PB2: G590S, Q591R
M2: G14E, L55F
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Q PB2

PA RNA (o RNA polymerase a

PB1 RNA B1 RNA polymerase 31

PB2 RNA B2 RNA polymerase [32
PB2 E627K
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= PB2 aa 627 (E627) (K627)
(E627K)
(41
. PA PB2 PB1
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E627K

i PNAS December 8, 2009

= PB2
590
S ©) (s)
8/ ©)
4 PB2 R)
( : -PB2-SR

E14-F55 combination in M2 protein; a putative molecular determinant

responsible for swine-origin influenza A virus transmission in humans
PL0S Curr Influenza. 2009 September 29

= The double mutation may contribute to the
increased human transmissibility of S-OIVs.
= M2 14aa. G14E: glycine (G) - glutamic acid (E)
= M2 55aa. L55F: leucine (L) - phenylalanine (F)

591



‘ HA-D225G (receptor binding domain)

D225G

D225G H275Y
Commentary November 27, 2009

D225G
D225G

SAx2,3Gal Il

Recombinomics

PL0oS ONE 2010; 5: e9068
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= D225E

iozzscs
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iHA

= H1 HA 4 Sa, Sb, Ca, Ch
1918




HA 3
2

Sa ( ).Sb( ).Ca( )Cb( )
SC1918 HA

1818 H1M1
IHC1H1E)

Ly i

I
Q PL0S ONE: 2010: 5: 8553

SC1918, BR2007, and CA2009 HA

Ca Cal Ca2 2 Trp, Leu, Val, lle, Met, Phe, and Ala ( ); Lys and Arg ( ); Thr, Ser, Asn,

i and GIn ( ); Cys ( ); Asp and Glu ( ); Gly ( ); His and Tyr ( ); Pro ( ).

'I"IE HiN1 Saaasnal HINT HiNt
[l URFLT) I I

| -

= BR2007 HA SC1918
CA2009

PLoS ONE: 2010; 5:e8553




HIN1 (SC1918) HA

‘ Recent seasonal HIN1 (BR2007), 2009 H1N1 (CA2009), 1918

Antigenic MNo. amino acids

sites invelved No. of amino acids identical to SC1918
BR2007 CA2009

Sa 13 ] 12

Sh 12 4 10

Ca 19 13 13

Ch & 2 5

doi: 10,1371 fjournal pone D00B553 8001

PLoS ONE: 2010; 5:e8553

1918H1IN1

HA



Cross-reactive neutralization antibody response

to novel influenza A (H1N1) virus
* MMWR May 22, 2009 / 58(19);521-524

Cross-reactive neutralization antibody

Before vaccination

children 0%
adults aged 18-64 years 6-9%
adults aged >60 years 33%

After vaccination

children no seroconversions
adults aged 18-64 years a 2-fold increase
adults aged >60 years no increase
. 1956
1956
53
u -

N Engl J Med 2009; 10: 1056
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Distribution of epitopes among the influenza proteins
PNAS 2009; 106: 20365-20370

B-cell T-cell, CD@* T-cell, CD4+ Creerall
Protein Taotal Cons, Total Cons. Tatal Cons, Total Cons. Cons. (3%}
HA 1 1 4 1 24 3 43 g 12
M 1 o F 1 3 L1} [ 1 LK)
LA 4 1 17 13 2B 14 49 28 57
M2 4 1 1 ] 3 1] 8 1 13
N5l 1 1] 2 1 F] 1 5 2 AD
N52 o o 1 1 1 L1} 2 1 50
NP 9 4 19 1% 43 21 i 40 S
PA i} 0 7 4 1 1 8 g E3
PE1 2 1 23 17 21 16 45 EL] T4
PE1-F2 o o o o o L1} o Ma M,
PE2 4] 4] F 1 3 1 5 F) 40

The total number of epttopses In the HINT seasonal flu strains from 1988-2008 (Total) & well & the number of epitopes conserved
In swine-origin HIMY influenza vins (S-00) (Cons.) ane listed.

1988-2008



Number of influenza A H1N1 epitopes in the Immune
Epitope Database

PNAS 2009; 106: 20365-20370

Recent seasonal Conserved Conserved
Epitope category H1N1 epitopes in 5-0OIV (%)
B-cell 26 8 31
T-cell, CD4+ 139 57 141
T-cell, CD8+ 78 54 &9
5-0ON, swine-origin H1N1 influenza virus.
. 1988-
2008 31
HA NA 17
. 69
CA2009
— classical swine HLN1
SC1918 /
\ 1918 1956 l
——  —— BR2007
HA
HA 1990

HA
CTL
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= SARS 2-5
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« 1.21-1.35 Theoretical Biology and Medical Modelling 2010 7:1
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Secondary attack rates

Eurosurveillance | 7.6% 16.7% 2.5%
September 2009
N Engl J Med 216 216 600 18 19 50
2009; 361: 2619 600 78 13 2 4
60 10 35 50
216 26
27
PLos Current 24% ( 37% 2,05
2009/11/20 25 16
2010 8.2 a7
46 4
3
= 5 15%
iasymptomatlc Infection
n ' 37%; 33%
July 29, 2009)
44 449 36
36.7 18 18
n 5
PLoS Current
2009)
n 15 32 20 24 20
10 Lancet, 21

January 2010




* Seasonal influenza compared to Pandemic

Seasonal Influenza Pandemic Influenza



symptomatic case-fatality ratio
/

mortality

NEJM 2009; 361: 2591-2594
. 0.023%
= 5 0.068%
0.054%
(2008 5 0.051%
(NEJM December 23, 2009

. 251 10
20.9 2008 10.3 2
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. MMWR Jan 22, 2010 / 59(02);38-43
236 <2 years: 18.2%; aged 2--4 years: 11.0%; aged
5 11: 36.9%; aged 5--11 years: 36.9%; aged 12--17 years: 33.9%)
2005--06, 2006--07, 2007- 08 influenza seasons 74
. (NEJM December 23, 2009
10
. Eurosurveillance, Volume 15, 04 February 2010
5 14 28%

i 22 2 9 192
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iSymptomatic case-fatality ratio (sCFR)

(%)
1918 A/HIN1 4000 >2.5
1957 A/H2N2 200 0.5
1968 A/H3N2 100 0.5
A/HIN1, A/H3N2, B 0.04-0.05
2009 Swine Flu A/HIN1 0.4 (0.3-1.8)

iSymptomatic case-fatality ratio (sCFR)

2009-8-27 0.005%

PLos Currents 2009-9-26 0.045%

WHO 0.018%

2009-12-3

CcDC 0.021% (children: 0.007%, adults: 0.028%,
2009-12-10 the elderly: 0.032%)

PLoS Med December 2009
A Bayesian Analysis

0.048%:

0.007%

BMJ 10 December 2009

0.026%

:0.1%
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= 2009 28 2010 4
10 1
10
2009 7 28 2010 1 12

& 2009 8

= CDC

= WHO

= Nature 2010; 463: 135-136

0.00092%(

0.01 0.05%)



. 21 7
. 21 9 1

. 21 9 15

. 21 10 26

‘ ” ” 'false pandemic'

. : Faked Pandemics - a threat for health 2009-
12)

WHO Pndemic



1

n 40 69
= 2009 5 154 T7%
= 2009 12 91%

= Clinical Infectious Diseases 2009: 48:1003—-32
70-90% 40-60%



Flu A+B
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n 1%

30-50%
WHO 2009-9-11)
.2
8

(Journal of Public
Health Management and Practice 2010 Jan).
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Emerg Infect Dis 2010 | PCR 44% (3 19% 6
Feb
Journal of Medical PCR 8
Virology 2010; 82:1-7 5
Chest 2010 Jan PCR 6
26 | PCR 6 1 13
De Serres 19% (8
Tan Tock Seng Hospital | PCR 80 5 0 7 10 10




Pathological Changes Associated with the 2009 HIN1 Virus
NEJM 2009; 361: 2001-2003

= Panel A shows hyaline
membranes.

= Panel B shows a thickened
alveolar septum associated
with predominant edema.

= Panel C shows hyperplasia of
type Il pneumocytes.

= Panel D shows an inflamed,
necrotized bronchiole wall with
partial loss of the coating
epithelium.

= Panel E shows inflammatory
infiltrate in the intima of the
wall of a medium-caliber blood
vessel, below and between the
endothelial cells (endotheliitis).

Lung Pathology in Fatal Novel Human Influenza A (H1N1)
Infection Am J Respir Crit Care Med 2010; 181: 72-79

. 1 68 21
= 20 6

. TLR-3
IFN-y/ CD8+ T
B



Acute Respiratory Distress Syndrome ARDS

Clin Infect Dis 2010;50: in press)

6
HiIN1
Canwest News Service November 19, 2009
pulmonary artery
embolism AJR 2009; 193:1488-1493

2 I
H5N1
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= Pathogenesis and Transmission of Swine-Origin
2009 A(HIN1) Influenza Virus in Ferrets. Science
2009; 325: 481-483

= Viral RNA polymerase complex promotes optimal
growth of 1918 virus in the lower respiratory tract
of ferrets. PNAS 2009; 106: 587-59

= Receptor-binding specificity of pandemic influenza
A (HIN1) 2009 virus determined by carbohydrate
microarray. Nature biotechnology 2009; 27: 797
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Pathogenesis and Transmission of Swine-Origin 2009 A(H1N1) Influenza

Virus in Ferrets

Science 2009; 325: 481-483
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Receptor-binding specificity of pandemic influenza A

(HIN1) 2009 virus determined by carbohydrate
microarray Nature Biotechnology 2009-27-797
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+

= Thl and Th17 hypercytokinemia as early host response signature in
severe pandemic influenza. Critical Care 2009, 13: R201

= Species and age related differences in the type and distribution of
influenza virus receptors in different tissues of chickens, ducks and
turkeys. Virology J 2010; 7: 5

= Influenza H5N1 and H1N1 virus replication and innate immune
responses in bronchial epithelial cells are influenced by the state of
differentiation. PLoS ONE 2010; 5: e8713

= Association between severe pandemic 2009 influenza A (H1N1) virus
infection and immunoglobulin G2 subclass deficiency. Clin Infect Dis.
2010; DOI: 10.1086/650462

Thl and Th1l7 hypercytokinemia as early host response
signature in severe pandemic influenza
Critical Care 2009, 13: R201
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Am J Respir Crit Care Med 2010; 181: 72-79

‘ Lung Pathology in Fatal Novel Human Influenza A (H1N1) Infection

. 1 68 21
s 20 6
5
. TLR-3
IFN-y CD8+ T
B

= 77 22 (29%) 22 2 56
31 1 1 MMWR. 2009;58:1071-1074
n 110
n 6
n T
n 12
u 1
. 53 17 (32%) NEJM November 25th, 2009
. 1088 46  (4%) JAMA 2009; 302:
1896-1902)
. PLoS ONE
2009 Dec 31; 4: €8540
= MRSA Panton-Valentine Leukocidin (PVL) community

aquired-MRSA (CMRSA) PLoS ONE 2009 Jan 14



(CDC: 2009.11.26)

s 7

(WHO)

Infectious Diseases 2010, 10: 14

= 13,142

5823
3

44.3%

BMC

2008 12

2009

When to Consider the Use of Antibiotics in the Treatment of 2009 HIN1

Influenza-Associated Pneumonia

NEJM November 25th, 2009

Tract Disease.*

Table 1. Indications of the Etiology or Etiologies of Pneumonia in Patients with Infly

Related Lower Respi ¥

Indication

Identification of influenza
Fever

Diagnostic specimen from lower
respiratory tract (sputum speci-
men, tracheal aspirate, specimen
obtained on bronchoscopy or
intubation)

X-ray

White-cell count

Onset of respiratory compromise
1l contacts in family

Underlying risk factors (particularly
neuromuscular, immunologic)

Primary Influenzal
Lower Respiratory Disease

Normal flora

Diffuse process

Normal to low

1-2 days after initial symptoms
o

++

Secondary Bacterial Pneumonia
Following Influenza

++; lower rate of recovery because later
inillness

+++; secondary fever after a period of
defervescence

Gram's stain or culture shows pre-
dominant organism (Streptococcus
pneumoniae, Staphylococcus aureus,
Streptococcus pyogenes, Hemophilus
influenzae, Moraxella catarrhalis )

Lobar consolidation

Increased

4-7 days after initial symptoms
Ht

++

* ++ denotes often found, and +++ usually found.




- Spo2 CRP IgE-RAST
7ylm 1-2 76 6.41
6y2m 1-1 91 313
14y10m 1-1 89 333 +
8y2m 0-1 94 447
11ylm 1-5 9% 10,09 +2
3ylim 0-0 101
7y10m 1-4 03
2y6m 1-1 5.38
5m 0-1 16 32W 16009
:0.45% ( 0.084% 2010 1
u
u
u

CRP
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C 2003
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15

(BMJ 2009;339:b3172)

1 The
Cochrane Library 2009, Issue 2

Lancet Infect Dis 2009-9-537
1

BMJ
2009;339:b5106

(The Cochrane
Library 2009, Issue 2)



BMJ 2009;339:b5213
75
39

N Engl J Med 2009;361: 1
PLoS One 2009;4(6):e6051

January 21, 2010)

(CMAJ

48



pandemic (H1N1) 2009 in Japan PL0S Currents 2009-Dec

‘ Epidemiological characteristics and low case fatality rate of

= 2009 12 17 85

. 5-9 10-14

. 5-14

. aggressive early treatment
. study aggressive early treatment
. study

A(HIND)

i 21 11 16

= 50 . 5.6
3.7
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= 2009-9-8
= 2009-10-13

= 2

= 65

. 2
= 2009-11-7

48 1
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= 2009-11-21
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Clinical management of human infection with pandemic

(HIN1) 2009: revised guidance
i Study Highlights WHO November 2009

= 7

n 72

. 150mg 2 / 10
. SpO, 90% ( 92% 95%
= High-dose

. (IDSC)
. 2009-8-28
2 10
. (2009 9 13 23 )
1 5

24



(2009 9 15 )

2010 1 25




1

. 7
1 (N Engl J Med October 8, 2009)

= ICU 9 (N Engl J Med October 8,
2009)

. 10% 2
3 2 N Engl J Med
December 23, 2009

n 2010 1 5
55 0

+

CDC



(2009-10-18

)



‘ High Risk

2009-5-3

= CDC 2009-9-8:

2009-10-1:

2009-12-25:

High Risk

2004-7-16

65

2009-12-18
1 13

13

13

2009-9-28)



(NA-H275Y) 05

H1N1
2009-10-7,
2009-9-25, WHO
ProMed mail 2009-10-3
46 (2009 2 4 )
2009-11-20
2009-11-20
9 2010-2-3
142 : 40% 38%
11% 11% (WHO Weekly Epidemiological Report

2010; 6: 37-48)



Clinical Infectious Diseases 2009;49:1828-1835
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H1N1
iZOOQHlNl 2009-9-23, WHO

m— an A/California/7/2009 (H1N1)-like virus;
=— an A/Perth/16/2009 (H3N2)-like virus;
=— a B/Brisbane/60/2008-like virus.

= — an A/Brisbane/59/2007 (H1N1)-like virus;
= — an A/Brisbane/10/2007 (H3N2)-like virus;
= — a B/Brisbane/60/2008-like virus.



= H5N1
A

= A

= A

A A

HA (D225G), NS (F92E F92D , PB1(N66S)

NS PDZ ligand PB1-F2

PLoS Currents: Influenza. 2009 Aug 25
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