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Personal Background

 Imperial (CXWMS) trained

e SpRID & GIM

* Dangerous & emerging pathogens; zoonoses

* Pandemic influenza secondment — HPA Porton Down 2009

* National critical care guidelines for pandemic HIN1

 PhD: Mechanisms of Severe Acute Influenza Consortium, Oct 2009 -

* International Severe Acute Infectious Consortium (ISARIC)
* International Forum for Acute Care Trialists (InFACT)

e Health Connections International — TB & HIV care in Central Asia

* No financial conflicts of interest!



Interesting UK work: an imported Lassa fever case

Visiting clinics on Likomo, Lake Malawi
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Today’s Talk

e Historical aspects of influenza pandemics

* Time course of the 2009-10 influenza pandemic
* Public health implications and management

* Clinical features of pH1N1/09

* Pathogenesis

* Treatment
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Happy Birthday to you, Happy Birthday to (Pandemic) Flu...

SR ﬂ:ﬁ?ﬁiﬁ%ﬁﬁ%& =

e July 1510 -“Gasping Oppression” around the world

* Infectious theory 1546

* Microbes recognised 1676 (1876 human disease)
* Haemophilus influenzae 1892

Influenza virus discovered 1930s
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500 Years of Flu Pandemics
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The “Great” Flu Pandemics

31 last 400 years
- 1918 HI1IN1 Avian
. 1957 H2N2 Mixed

- 1968 H3N2 Mixed



1918 Spanish Flu: HIN1

1918-1919

- Europe, Asia, North America
- More deaths than WW1 itself
50 million + deaths

. 3 distinct waves

- 1st: Contagious, generally not deadly (Spring)
(September)

- 3rd: Less contagious?, generally not deadly




1918 Spanish Flu: HIN1

99% deaths <65 years
Many doubted it was flu
Death in <72 hours

Or typical flu

2% mortality in West
90% mortality Aborigines




1918: The W Curve
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FIGURE 1. Pneumonia and influenza mortality by age in certain epidemic years. (From Dauer and Serfling (17).)

Dauer CC, Serfling RE. Mortality from influenza, 1957-1958
and 1959-1960. Am Rev Respir Dis 1961;83(2 Suppl): 15-26.
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1918: Post Mortem / Clinical Data

 Primary viral pneumonia

« All eight viral segments sequenced
— Unfixed frozen lung
— Fixed lung from PM’s
— r1918 highly pathogenic in animals/cells - cytokines

 Not areassortant virus — avian adapted

« 1918 vs. avian viruses: 10 amino acid changes
In viral polymerase



Seasonal Influenza A & B

- Different circulating strains
- Hemispheres (N v. S)

- Year

- Epidemics (drift)

- 3-5 million cases severe illness per year
-+ 300-500,000 deaths per year

- Mainly >65 years, <2 years and/or
comorbidities
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H5N1 Highly Pathogenic Avian Influenza (Bird Flu)

.
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HPAI H5N1: Key facts

e 1918 Pandemic: likely adapted avian HIN1 virus
e Emergence of HPAI H5N1 in 2003
e >568 cases (ongoing e.g. Indonensia); 334 deaths
e Striking characteristics
1. Young adults and children (previously well)
2. High Mortality — 60%
» True case fatality rate? Denominator?
» 1% seropositive in Cambodian village™
e Endemic in birds in Asia: direct exposure
e Poor human-human transmission
e a-2,3 sialic acid galactose; other receptors?’
e LPAI H5N1 + Seasonal H3N2 PB2 polymerase — HP++ Al

*Vong S et al. J Infect Dis. 2009 Jun 15;199(12):1744-52. * Nicholls ] M et al. Nat Med. 2007 Feb;13(2):147-9.  Chengjun L et al. PNAS 2010 107 (10) 4687-4692
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H5N1 Radiology — Hien TT, NEJM 2004, 350:1179-1188

Figure 3. Chest Radiographs.
Radiographs from Patient 5 (Panel A), Patient 7 (Panel B), and Patient 9 (Panel C) show widespread consolidation,
collapse, and interstitial shadowing. In Panels D, E, and F, three chest radiographs show the progression in Patient 8

on days 5, 7, and 10 of illness, respectively.
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H5N1 — Clinical: Summary of published series

e |ILI, rapidly progressive dyspnoea

e Viral pneumonitis +/- ALl +/- MODS

e Bacterial infections RARE

e Extra-pulmonary & atypical presentations
e DAD + variable organisation

e Haemophagcytosis described

e Viraemia recognised

WHO. NEJM 2008; Yu Lancet 2008, Apisarnthanarak EID 2004, de Jong NEJM 2005
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H5N1 — Dysregulated Immune Mediators

o Effect of Infection
e Local acute lung injury

e Apoptosis of alveolar epithelial cells: induces pro-inflammatory
cytokines

e Host inflammatory response

e High levels of H5N1 associated with high levels of

proinflammatory cytokines, chemokines, in turn associated with
fatal outcomes

e Evidence of cytokine dysregulation
e Increased plasma IL-10, IL-6, IFN-y

» Early antiviral treatment needed to suppress viral replication,

prevent cytokine dysregulation: “Get in there early (and hope the
virus remains sensitive)!”

e Other factors

e Viremia, viral dissemination, haemophagocytosis
* Prolonged viral shedding (up to 16 days)

Acknowledgement: Tim Uyeki (CDC): Clinical Aspects of Pandemic HIN1 and Human Infection with Highly Pathogenic H5N1, XII
International Symposium on Respiratory Viral Infections, Taipei, 11-14t March 2010

de Jong M D et al., Nature Medicine 2006; Uiprasertkul M et al. EID 2007, WHO NEJM 2008
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H5N1 Antiviral Treatment

e Effectiveness of Oseltamivir treatment of severely ill
hospitalized patients with lower respiratory tract
disease (retrospective, uncontrolled):

e Treatment associated with survival (Vietham; WHO)

e Earlier treatment associated with survival (Indonesia)

* No controlled data available (similar to pH1N1)

» WHO: consider higher dosing, longer duration of treatment for severely
ill HSN1 patients (cf. pH1N1 critically ill advice)

> Oseltamivir resistance documented with treatment

» Can evolve rapidly
» H5NL1 virus strains have different antiviral susceptibilities (regional?)
> Role for combination antiviral treatment (e.g. amantadine if sensitive)

Acknowledgement: Tim Uyeki, Influenza Division, CDC Atlanta WHO NEJM 2008; Kandun Lancet 2008; Liem CID 200; de Jong NEJM 2005
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Oseltamivir-resistant H5N1

£ Patient 1, died
Oseltamivir-
resistant

o Patient 2, died

74 < Patient 3, died
Oseltamivir- _ _
resistant O Patient 4, died
Oseltamivir- J | Patient 5, survived
6 resistant

# Patient 6, survived
A Patient 7, survived
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Figure 3. Influenza A (H5N1) Viral RNA Load in Throat Swabs from Eight Patients.

Blue lines represent patients who survived influenza A (H5N1) virus infection, and red lines represent patients who
died. The dashed horizontal line denotes the limit of detection of the RT-PCR assay. The arrows indicate the speci-
mens from which oseltamivir-resistant influenza A (H5N1) variants were isolated. No virus was isolated from any

other specimen besides samples obtained at admission. de Jong MD et al., NEJM 2005;353:2667-72




H5N1 Control
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Clade 2.3.2.1

Bird Flu rears its head again

Food and Agriculture
Organization of the
United Nations

Increased preparedness and surveillance urged against variant strain

Major resurgence HSN1 possible

29 August 2011, Rome - FAD today urged heightened

" readiness and surveillance against a possible major resurgence

of the H5M1 Highly Pathogenic Avian Influenza amid signs that
a mutant '-tr;ain nfthp |:IPa|:II‘ / EIird Flu ".-iFIJI' 15 ='F'rPE|dir1|:| in Asia

The H5M1 virus has infected 565 people since it first appeared
in 2003, killing 331 of them, according to WHO figures. The
latest death occurred earlier this month in Cambodia, which
has registered eight cases of human infection this year — all of
them fatal.

World Health

Evolution of HS5N1 avian influenza virus does not % Organlzatlon
increase risk to public health

hwrw thw circulate rm:|||l=|rl in pmltr'



Defining a Pandemic

World Health Organization (18 May 2009) US Centers for Disease Control ang

Requirements for an Jiduenza
Pandem?

* A new influenza A ~otype cmerges that can
infoct humans

AY D

* Causer _enous iline
® Causes serlous Miness; high RSO s
morbidity/mortality AND

Spreads easily from human-to-human

1o Quenza Pandemice Viruses

A new Infhac ea A subtype can infect humans
AND

Causes serous 1liness
AND

Wt  Speeads casdy from human-to Juman

The first two pecroguisies

LUSI R


http://www.who.int/bulletin/volumes/89/7/11-086173/en/index.html
http://www.who.int/bulletin/volumes/89/7/11-086173/en/index.html
http://www.who.int/bulletin/volumes/89/7/11-086173/en/index.html

WHOQO Pandemic Phases

 Phase 5 is characterized by human-to-human spread of
the virus into at least two countries in one WHO region

 Phase 6, the pandemic phase, is characterized by
community level outbreaks in at least one other country
In a different WHO region in addition to the criteria
defined in Phase 5. Designation of this phase will
Indicate that a global pandemic is under way.



National Risk Register of Civil Emergencies

Non-Pandemic
Human Disease

Relative Impact

Attacks on
Infrastructure

Relative Likelihood



The Flu Virus
(HaemagglutinQr |

< Neuraminidase e

-_f.,""

matrix protein M1



Spontaneous point mutation

\ 4
HA/NA conformational change

DRIFT

@ 't the HA gene changes, so can the
antigen that it encodes, causing

/f‘ it to change shape.

HA gene

HA antigen

Antibodies




Vieal entry
mtermediate host cell

intermediate
host coll

Genetic mixing

Hybrid virus with HA/NA of strains that combined



1918 “Spanish influenza” wessp- 1957 “Asian influenza” sy 1968 “Hong Kong influenza” s Next pandemic influenza

H1N1 influenza virus H2N2 influenza virus H3N2 influenza virus

HZIN2 HIN1 HZN2
avian virus human virus H3 avian virus human virus Avian virus
s
j q 2 H3N2
Bird-to-human i human virus
transmission of HIN1 virus \ _ 0 < 8 o ASLP

Y

Reassortment

Hemagglutinin & Neuraminidase
|

All 8 genetic segments 3 new genetic segments from 2 new genetic segments from All 8 genes new or further
thought to have originated avian influenza virus introduced | avian influenza virus introduced derivative of 1918 virus
from avian influenza virus (HA, NA, PB1), (HA, PBI);

contained 5 RNA segments contained 5 RNA segments
from 1918 from 1918

Belshe (2005) NEJM 353:2209-2211
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Scan the horizon, no need to panic, make plans...

Seagull Looking East, Big Sur, CA, USA 2010 @ ) Dunning
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We were too busy looking East!
i —

Seagull ‘s Mistake, Big Sur, CA, USA 2010 © JDunning
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The First Influenza Pandemic This Century

2 EXPRESS Saunders used to "{._“ \' '
"'ZOp hate each other

2 cases conhrmed [
and 23 mvesthated
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April 2009: Southern California

e Mild influenza-like-illness in 2 children
 Non subtypable Flu-A (San Diego; Brawley)
e Wednesday April 15th —> CDC

e RT-PCR suggests swine-origin triple
reassortant influenza A

e Cases unrelated; no contact with pigs
e April 23"9: Mexican cases confirmed
e April 25t": Canadian case confirmed



Imperial College

Pandemic (H1N1) 2009 Influenza A “Swine Flu”: Origins

glassicc?lfswine Xorth_ Human Eurasian avian-like
erived from merican i
1918 HIN1 Avian H3N2 >Wine

PB2 -North American avian
PB1 - Human H3N2

PA - North American avian
H1 - Classical swine

« Inherent adamantane [M] resistance
(rare, sensitive mutant now reported)
 Inherent oseltamivir sensitivity

NP - Classical swine
N1 - Eurasian avian-like swine
M - Eurasian avian-like swine
NS - Classical swine

Pandemic (H1N1)
2009 Influenza A

Dawood et al., NEJM, 2009; Garten et al., Science, 2009; Smith et al., Nature, 2009



HI1IN1: Distribution

New Influenza A (H1N1)

: Status as of 4 May 2009
Number of laboratory confirmed cases and deaths 06:30 GMT

Netherlands
1 case

Germany
/ B ) 8 cases
Ireland L Sl 1

1 case A

T ltaly
1 case

T

France

85 cases 2 cases

- Spain : 53 % 5, y i ’
us : 4 40 cases it ] = ) . ?igil;hc of Korea
226 cases = A T/ S o £~ 2 ¥ sy A

1 death e * AN, Switzertand | _ = | Y

Israel |\ L § China, Hong Kong SAR
’ g ; 3cases | VT (. A8 | 1 case

Mexico J L TN Austria > -

590 cases ) -~ 1 case

25 deaths

El Salvador
2 cases

Costa Rica
1 case

Colombia
1 case

Total:

985 cases ' ¢ | Asreported by national health authorities | |}z
26 deaths

1,600 3,200 6,400 N\ﬁmeters

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which

N

Data Source: World Health Organization ‘\f@?’y World ,Hea_lth

Map Production: Public Health Information NS Orgamzatlon
and Geographic Information Systems (GIS)

there may not yet be full agreement.

World Health Organization © WHO 2009. Al rights reserved
@eef 4 May 2009 12:26 GM




HI1IN1: Distribution

New Influenza A (H1N1),
Number of laboratory confirmed cases as reported to WHO

Status as of 01 June 2009
06:00 GMT

Cumulative cases
e 1-10
@® 1-50

Q-

‘ ¥ Total:
‘ 501 - 10000 { 17 410 cases

115 deaths Chinese Taipei has reported 12 confirmed cases of influenza A (H1N1)
with O deaths. These cases have been included in the cumulative total.

N
The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data Source: World Health Organization \‘f@?‘é World _Hea_lth
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, Map Production: Public Health Information \‘i;\,;‘,\‘t! Organlzatlon
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which and Geographic Information Systems (GIS)
there may not yet be full agreement.

World Health Organization © WHO 2009. All rights reserved
Wap produced: 01 June 2009 06:46 GM




HI1IN1: Distribution

New Influenza A (H1N1),

Status as of 12 June 2009
Number of laboratory confirmed cases as reported to WHO 06:00 GMT

Cumulative cases
e 1-10
® 11-50

@ ;o

;gtgé:g Chinese Taipei has reported 36 confirmed cases
501 and more cases of influenza A (H1N1) with 0 deaths. Cases from
145 deaths | chinese Taipei are included in the cumulative totals.

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data Source: World Health Organization
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,

N
g@% World Health
Map Production: Public Health Information !l;_fpt_.v Orgaﬂlzatlon
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which and Geographic Information Systems (GIS)
there may not yet be full agreement.

World Health Organization ©WHO 2009. All rights reserved
Map produced. 12 June 2009 07.00
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Definition met?

PANDEMIC INFLUENZA

1. Widespread, sustained human-human
transmission in multiple geographic
regions across the globe v/

2. A novel influenza strain demonstrating
antigenic shift v’

Tendency to cause severe disease?

e Not a prerequisite

e Demonstrate characteristic “pandemic
strain” illness



: © AFP/Getty Images
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The Mexican Wave

e April 24th 2009

e Cases of unusually
severe respiratory
iliness, including
healthcare workers

e Retrospective case &
sample analysis:

> February 24th

Edgar Hernandez, the Mexican boy who was widely regarded as the first person in
the world diagnosed with swine flu. A year later, epidemioclogists say the human
form of the virus is unlikely to have originated in his village. Photoaraph; Pablo
Spencer/AFP/Getty Images guatdlan.cn.uk

How did this early data influence the global response?
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Timeline of Reagents and Vaccines

-y

4 )
May 3

First Diagnostic

Late February April 23 ]
—Early March 1stEull April 26
First 1st Egg isolate
. enome
cases in 8 eted A/California/07/2009
Mexico complete
\_ /

April 15 April 29

First case First Diagnostic

Identified Kits Shipped to

A/California/4/2009

State Labs

CDC shares with WHO:

Diagnostic Assay ; full
genome sequencing
strategy and primers

Kits Shipped to

WHO Network

- J

(
May 23

Shipped to

\_

Vaccine Strain

Manufacturers

~

J

L f"

Acknowledgment: Alexander Klimov, CDC
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Pandemic Experience in the UK

250 1 Number of hospitalisations \ - 180
ﬁealth.

=== RCGP ILI consultation rate R’gei'é“"" - 160
. : g 200 7 | - 140 S
* First UK case: 27 April 2009 5 ) 120 8
. 3150 - 11 H >
* Pandemicdeclared: 11 June09 | & 100 8
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@ ] - 60 =
. -] —_
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UK Pandemic Response

JULY 2009 - TREATMENT
PHASE BEGINS &
NPFS LAUNCHED

OCT 2009 - VACCINATION
BEGINS

STIMATED GLIMGAL

/

/

\
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SN~——

/

N\

JUME 2009

JULY 2008

AUGLUST 2008

SEPTEMBER 2009

OCTOBER 2009

HOVEMEBER 2004

Graph based on HPA data and published in the 2009 Influenza Pandemic report

DECEMEBER 2008
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Specific Measures Taken During the Pandemic

Pandemic Preparedness
» Vaccine and antiviral stockpiles/advance purchase agreements
» Prepare for worst-case scenarios

Containment Phase

« Swabbing, presumptive treatment, case investigation,
prophylaxis of contacts, self-isolation, school closures, selective
port screening

« Slow initial spread and learn more about the virus

Treatment Phase
* NIs: Ability for 80% coverage based on 50% CAR
« Clinical, not lab-based diagnosis

« ‘Treat all’ policy in England; at-risk groups and clinical discretion
elsewhere
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Specific Measures Taken During the Pandemic

National Pandemic Flu Service (NPFS)

« England only

« Telephone and internet-based
triage/presumptive diagnosis

« Special measure — not individualised
care

* “Voucher” access to antivirals; 25%
needed to see GP

o 2.7 million consultations; 1.1 million
courses of antivirals

« ~1:10 NPFS patients thought to have
had influenza

03-May 14-Jun 26-Jul 06-Sep 18-Oct 29-Nov 10-Jan
Week-ending date (Sunday)

| Home Accosatiny
NATIONAL
PANDEMIC FLU
SERVICE
ONLINE FLU ASSESSMENT
Thank you.
‘Wae will now check if the patient is suffering from flu.
Does the patiert have a high temperature and ot least two of he
foliowing symptoms?
o Widespread muscls and jount aches
. A
.
. Vo
W ®a
. ving {only chldren)
ONo
OYes
l ‘ e
250 1 Number of hospitalisations r 180
=== RCGP ILI consultation rate - 160 °
)
o
£ 200 140 S
e M o
_ . 120 §
‘e 150 - M M o
2 - 100 §
-f - 80 E
© 100 - e
2 - 60 S
o
5 50 - f.\u--l" - 40 8
-2 %
U Tt rrrnrl rrrrrrrrr rrrrrrert 0
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Specific Pandemic Response Measures
Vaccination

« Co-ordinated procurement and centralised distribution
 Widespread awareness campaigns

« Majority given by general practice surgeries — 6 Euro
remuneration per dose

« Vaccination of healthy children under 5 years — Dec 2009
March 2010 — Pandemrix single dose uptake data, England

« Clinical risk groups, all ages: 37.1% (30.5-42.6)
« Healthy children under 5 years: 20.4% (13.4-27.5)
* Frontline healthcare workers: 39.9% (35.5-43.9)

http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_114203
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Pandemic Management in the UK

The 2009
Influenza
Pandemic

An independent review of
the UK response to the
2009 influenza pandemic

Dame Deirdre Hine, DBE FFPH FRCP

Juty 210

* Independent review of
pandemic response

* Provide feed-back to the UK
Government/Stakeholders

http://www.cabinetoffice.gov.uk/sites/default/files/resources/the2009influenzapandemic-review.pdf
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Summary of UK Pandemic Experience

« Mild illness in most of those infected with pH1N1

» Significant illness in an important minority
« Pneumonitis, respiratorty failure, ARDS
 Younger adults and children

* 50% hospitalisations and in-hospital deaths lacked significant
risk factors?

« Significant demands on healthcare services
» Risk-averse approach in the UK

 Difficulties in assessing and communicating risks
« “The boy who cried wolf”

« “Damned if you do, damned if you don’t”
1, Nguyen-Van-Tam JS et al. Thorax. 2010 Jul;65(7):645-51.
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QH Department
of Health

pH1N1 - UK Hospitalisations and Deaths

Deaths
Age
(years)
94% 65+
5% 45-64
<1% 15-44
<1% 0-14
Seasonal flu
Journal of Infection 2007; 54:530-
538 (2009)

Five most common comeorbidities

A :=thma B Heart discase
I Diabstes s coPp
PN sickle cell disease

Swine ‘flu

19%
21%
39%
21%

CMQO’s enquiry First 129 deaths

No. of individuals

200 300 400
1 1 1

100
1

0
!

19/115

Comorbidities by age-group

UK
151338 Hospitalisations

62132 77/125

<5 5-15 16-44 45-64 >=65
‘_ with comorbidity [l without comorbidity

B Healthy
1 Mild

O Moderate
M Severe
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It’s Not Just About Deaths...

/ UK Hospital Bed Days due to Influenza \

2008: 4,163

2009: 33,376

17-39 years old, October - December 2009
» 169 — 6,253 hospital bed days

o /

Hospital Episode Statistics , The NHS Information Centre for Health & Social care. Provisional monthly HES topic of interest:
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International Clinical Findings

Mild-moderate disease in approx. 98-99% infected

Clinical diagnosis difficult (fever + two or more of...
* Variable, non-specific ILI symptoms
« Dyspnoea is not a feature of uncomplicated influenza

« Extra-pulmonary features, detectable virus (stool/urine) & non-
respiratory presentations in small number

 Lymphopaenia common; modest T CRP in many; T CK in some

Primary viral pneumonitis
* 18% of hospital admissions; Mortality 6-29%

Low rates bacterial infection?
* Living: ~ 2-20% bacterial infection
* PM: 30%-50% (S. pneumo > S. aureus)

International Critical Care Series
« ~ 25% hospitalised require rapid (<24h) ICU admission
* 50-80% ALIl/pneumonitis; Type | respiratory failure

N’
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Symptoms in 268 Hospitalised Adults

Symptom Number (%)

Cough 223 (83%)

Fatigue / Weakness 108 (40%)
Myalgia 96 (36%)
Sore Throat 84 (31%)

Vomiting 78 (29%)

WHO/PAHO Consultation on the Clinical Aspects of pandemic (H1N1) 2009 Influenza 14-16 October 2009,

\AlachinAatar ne 1LIoA
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PHIN1 Radiology

Airspace consolidation and ground-glass opacity

At presentation, 1, 2 and 3-4 zones were involved in 47%, 37% and 17% of
cases respectively

Lower zones were more frequently involved than the upper zones
(63-70% vs 20-23% of cases)
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Extra-Corporeal Membrane Oxygenation (ECMO)

o “
PR —

2 "' B
=i SN

Image Acknowledgement: Dr Mark Griffiths, Royal Brompton AICU
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New York PM series (n=34, all confirmed)

62% were 25-49 years
Tracheitis, bronchiolitis, DAD
DAD - lymphocytes ++
H1N1 antigen present

¢ Mainly tracheobronchial tree

¢ Also alveolar epithelial cells and
alveolar macrophages

Bacterial pneumonia 55%
e Many cases DOA
e Pneumococcus still most common

PE in 9 patients

fibrosis in a proportion; not
related to mech. ventilation

Wie ¥ ™
Gill et al (Taubenberger), Arch Path & Lab Med, 134(2) Feb 2010
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pH1N1 - Hypercytokinaemia in severe disease
TH1 + TH17 mediators — humans
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Diagnosis

PCR

Not rapid antigen tests

Sample quality important

False-negative nasal or
nasopharyngeal swabs

— Lower respiratory
tract sampling If
mechanically
ventilated

Uyeki T, NEJM 2009; Rello Crit Care 2009; Fleury Eurosurveillance 2009; Blyth NEJN
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WHO Treatment Guidelines

Population Pandemic influenza A Influenza viruses known or
(HIN1) 2009 and other suspected to be oseltamivir

.
i1 ] E11L7 [ - = A 1]

Unmmplicated clinical presentatinn

Severe or progressive clinical presentation
Treat with oseltamivir as
All patients (including soon as possible (01) Treat with zanamivir as soon as
children and adolescents) (zanamivir should be used if possible (03)
_— — oseltamivir unavailable) (02)
‘ Patients with sevD Treat with oseltamivir as
immunosuppression soon as possible. Consider Treat with zanamivir as soon as
higher doses and longer possible (03)
duration of treatment (03)

WHO Guidelines for Pharmacological Management of Pandemic Influenza A(H1IN1) 2009 and other Influenza Viruses, Feb 2010

Organization
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Avoid delays in commencing flu antivirals

100

90 Final location of treatment
[] Community

[ Hospital
704 [ ] H ICU

80 1

60

50

% of cases

40 -

30

20 7

10 1

0 1-2 3-5 6-8 9-11 =12
Delay from symptom onset to antiviral treatment, days

Ryan Zarychanski MD, Tammy L. Stuart PhD, Anand Kumar MD, Steve Doucette MSc, X, . e DV
Lawrence Elliott MD MSc, Joel Kettner MD MSc, Frank Plummer MD CMAJ 2010. DOL: 10°1503’“’m"-]‘0'”884
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The Post Pandemic Phase

WHO DG, August 10t 2010

“Pandemics are unpredictable and prone to deliver surprises. No two
pandemics are ever alike. This pandemic has turned out to be much
more fortunate than what we feared a little over a year ago.”

“Based on available evidence and experience from past pandemics, it is
likely that the virus will continue to cause serious disease in
younger age groups, at least in the immediate post-pandemic
period.”

“...a small proportion of people infected during the pandemic, including
young and healthy people, developed a severe form of primary viral
pneumonia that is not typically seen during seasonal epidemics and is
especially difficult and demanding to treat. It is not known whether
this pattern will change during the post-pandemic period, further

emphasizing the need for vigilance.”
http://www.who.int/mediacentre/news/statements/2010/h1nl_vpc 20100810/en/index.html



Imperial College

Winter 2010/11

Britain’'s concise guality newspapengiin

Britain’s new concise quality newspaper

Swine flu, 2010

as outbreak takes hold
ms in intensive care
pandemic worse then last year
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UK Pandemic “Waves”

Influenza virus detections across 'ﬁ..f\
three pandemic waves o

Winter 2010/11

OHINI2008) |}

350 - 2nd Wave

o} BHI2 3 ﬂ

:4 1st Wave
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efefididfdtdddaitniaiaiaiaqagnigny
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West London: Influenza Hospitalisations
Imperial College Healthcare m

NHS Trust

Inpatients with confirmed influenza by week
80+

Winter 2010/11
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404
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Critically Ill Cases — 2"d and 3" Waves

NMumber of patients with suspected or confirmed influenza in critical care beds by week
(England, based on published data from HPA and DH)

850 = Winter 201011
800

Too] | 474 Confirmed flu deaths
650~ during pandemic
6004
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5004
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4004 .
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300- Pandemic 2nd Wave Winter 2010-11
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Bl CC vears and over
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Winter 2010-11
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Lessons from History

Pneumonia & Influenza Mortality, 1950-1972

15 - 1%51 epidemic (A/H1)

— QObserved deaths
1957 pandemic (A/H2) e
o Baseline deaths 1968 pandemic (A/H3)

Death rate / 100,000
(4]
1

1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 1972

40 - 151 epidemic (AH1) @P"“"’"“:@
— Observed deaths v v

30 - 1957 pandemic (VH2) > ~ —— Baseline deaths

20 —

10 -~
0~

Death rate / 100,000

I 1 L ' Ll Ll ] 1 1 ] I L] ] ] L] I L] 1 ] I L I 1

1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 1972

Viboud et al. Emerg Infect Dis 2006;12(4):661-8
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Why Was the UK 3@ Wave Worse?

* Changes in Virus?

» Bacteria?

* Host?

* Behaviour/Management?
* Weather?!
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A Combination of Factors?

SWINE FLU: THE
PERFECT STORM
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No significant changes in pH1N1 HA sequence

Eurosurveillance, Volume 16, Issue 1, 068 January 2011

Rapid communications

VIROLOGICAL AMALY 515 OF FATAL INFLUENZA CASES IN THE UNITED KINGDOM DURING THE
EARLY WAVE OF INFLUENZA IN WINTER 2010/11

J Ellis (jl:nanna.ellis@hpa.urg.uk}1. I Galiamﬂ. R F'ebndyﬂ. A Lackenbﬂ | Thnmpsun1. A Elermingharn1. E r-.-1|:LEE|n1.
H Zhao', S Bolotin®, 0 Dar’, JM Watson®, M Zambon

1. Health Protection Agency, Centre for Infections, London, United Kingdom

« Samples from community, hospitalised & fatal cases
« Antigenically homogeneous

« Similar to A/California/7/2009

« Minor genetic drift

« No unique mutations associated with severe or fatal
cases of pH1IN1

« Further comprehensive analysis required (e.g.
MOSAIC WGYS)
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pH1N1 Antiviral Resistance Remained Low

* Pyrosequencing for H275Y by HPA network,
winter 2010/11 season

* 56/1781 (3%) viruses had H275Y

http://www.hpa.org.uk/web/HPAwebFile/HPAweb C/1296686029116
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Global pH1N1 Oseltamivir Resistance

O Association with treatment

O Associated with post-
exposure prophylaxis

O Severe immunosuppression
6%

O No known association with
treatment or likely person-
to-person transmission

O Preliminary report (full data
not yet available)

World Health
Organization
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Bacterial Co-infection Concerns

B e Do reemm) DH Y Department
of Health
GHIE-WH'y’ Reference Number: 15416
Richmond House
79 Whitehall
Lendon

Dear Colleagues,

Re: Influenza, meningococcal infection and other bacterial co-infection
inciuding pneumococcal and invasive Group A streptococcal Infection (IGAS)

| write to alert you to an increase in a number of significant bacterial infections such

as those caused by Neisseria meningiticis (meningococcal disease) and others that
may occur as co-infections with flu.  Organisms such as Strepfococcus pyogenes

(Group A Streptococcus), Streptococcus pneumoniae, Staphylococcus aureus and
Haemoohilus influenzae, which can cause co-infection with flu, may affect people
who typically are not considered to be at risk of severe illness from flu, such as those
not currently in a risk group for seasonal influenza vaccination. Some of these



Proportion of serum samples with titre >1:32 in the baseline, post 1st wave and post 2nd wave
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Data source: Health Technol Assess. 2010 Dec;14(55):115-92. Assessment of baseline age-specific antibody prevalence and incidence of infection to novel influenza
A/H1N1 2009. Hardelid P, Andrews NJ, Hoschler K, Stanford E, Baguelin M, Waight PA, Zambon M, Miller E. http://www.hta.ac.uk/execsumm/summ1455-03.shtml



http://www.hta.ac.uk/execsumm/summ1455-03.shtml
http://www.hta.ac.uk/execsumm/summ1455-03.shtml
http://www.hta.ac.uk/execsumm/summ1455-03.shtml
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Did Seroprevalence Influence Winter 2010/11
experience?

e “The current low levels of susceptibility to the
H1N1 2009 virus in the population of England
after the second wave, imply that there has been
sufficient infection of susceptibles in the
population such that a third wave of infection in
the 2010-11 influenza season is not to be
expected, although sporadic cases of HIN1 are
likely to continue to occur, some of which may
arise in particular risk groups and be associated
with severe illness.”

Health Technol Assess. 2010 Dec;14(55):115-92. Assessment of baseline age-specific antibody prevalence and incidence of infection to novel influenza A/H1N1 2009.
Hardelid P, Andrews NJ, Hoschler K, Stanford E, Baguelin M, Waight PA, Zambon M, Miller E. http://www.hta.ac.uk/execsumm/summ31455-03.shtml
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Pre-Hospital Measures

C 3rd Wave, 106 Influenza +ve Adults
e 18% influenza-vaccinated
¢ <3% community antivirals

" 22% community antibiotics
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Antiviral Use — Seasonal Influenza Guidelines

NHS

National Institute for
Health and Clinical Excellence

e QOseltamivir or zanamivir should be used only if all of the
following apply:

1. National surveillance schemes indicate that influenza
virus A or B is circulating

2. The patient is in an at-risk group e.g. asthmatic

3. the person presents with an influenza-like illness and can
start treatment within 48 hours of the onset of symptoms
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The Meta Effect...
BMJ helping doctors make better decisions

BM.) 2009;339:65106 doi:10.1136/bmj.b5106 (Published 8 December 2009)
Cite this as: BMJ 2009;339:65106

Research

“...we have to generalise from the trials, and this seems reasonable given
that the pandemic influenza A/H1N1 virus will likely be acted on in the

same biological manner as previously circulating influenza viruses, such as
seasonal A/H1N1.”
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U-turn as flu
toll puts NHS

under strain
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Trivalent Vaccine Uptake

| |1%Nov2010 | 16" Dec2010 | 16 Jan 2011 | 27t Feb

>65 years 48% 67% 72% 73%
<65 years + 26% 42% 48% 50%
risk factor

Frontline ? ? 26% 34%
HCWs

Source: HPA Weekly National Influenza Reports.
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Seasonallnfluenza/
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Winter 2010/11: A Short but Intense Flu Season

l ( ‘ \ ‘i %-&h ‘ Figure 7: DataMart samples positive for influenza, England
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UK Experience - Conclusions

* The UK had its “3™ Wave”
* More severe than the 15t & 2nd waves — why?
 Dominated by pH1N1 (and Influenza B)

* Pandemic strain behaviour persisted in the post-
pandemic period

* Cause of increased severity is unclear and probably
multifactorial

 Pandemic viruses are unpredictable
* UK experience should encourage global vigilance
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The Future?
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KILLER FLU T0

GRIP BRITAIN

New outbreak will
be worst for years
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Europe Doesn’t Follow Australia (Influenza activity)

France

181 United States

Australia

Pneumonia and influenza weekly number of deaths (per 10 million)

04

Jan 1971 Jan 1974 Jan 1977 Jan 1880 Jan 1983 Jan 1986 Jan 1989 Jan 1992 Jan 1885 Jan 1998

C Viboud et al. Emerging Infectious Diseases » www.cdc.gov/eid - Vol. 10, No. 1, January 2004
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Investigational Anti-Influenza Agents

* NA inhibitors (NAls)  Polymerase inhibitors
— Peramivir, zanamivir (V) — Ribavirin (oral, IV, inhaled)
— A-315675 (oral) — Favipiravir/T-705 (oral)
- Long-acting NAls (LANIs) — Viramidine (oral)
— Laninamivir (topical) — siRNA (IV, inhaled)
— ZNV dimers (topical) * NP inhibitors (nucleozin)
« Conjugated sialidase * Interferons
— DAS181 (topical) — IFN inducers
 Protease inhibitors — RIG-I activator (5’PPP-RNA)
. HA inhibitors - Antibodies (anti-HA, NA, M2)
— Cyanovirin-N - Cationic airway lining
— Arbidol (oral) modulators (iCALM)

Slide courtesy of Prof Fred Hayden, Wellcome Trust/University of Virginia



Imperial College

Proposed Immunomodulators

e Multiple suggested interventions e.g.
e Anti-TNF (TH1 hypercytokinaemia; murine receptor knock-out studies)
e CC10 (Clara cell protein)
e Statins, fibrates, glitazones (PPAR)

» Recent epidemiological data /ess supportive of

. . . . . TLR9 TLR TLR
statins protecting against seasonal flu complications* FIE (T e

e Zanamivir + mesalazine + celecoxib

e ACE 2 supplementation

IRAK4; '
e TLR modulators; protective poly-ICLC (phase I)? " Rare @ Bl
* Pooled/convalescent anti-sera l QWRF-3
s NF-xB

v

Cytokine storm
(i.e.IL-6)

Acute lung injury
Figure 2. Schematic diagram of the signaling cascade that leads from
Toll-like receptor 4 (TLR4) through TIR-domain-containing adaptor-
inducing IFN-f (TRIF), tumor necrosis factor-receptor associated factor
(TRAF6), and NF-kappaB to the up-regulation of pro-inflammatory
cytokines and resultant acute lung injury [from figure 2(J) in Ref. (42)].

Fedson D, Influenza and Other Respiratory Viruses, 3, 129-142
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First Improve Our Understanding of Pathogenesis

e An assessment of all the factors that might determine severity in
one intensively studied group of patients

257 hospitalised patients with influenza-like iliness

169 (65%) with PCR-confirmed influenza

45 : . . . 8000
Page Extensive clinical Samples from Respiratory, blood

booklet ) ) : ] _ sample

(Flu-CIN) information multiple timepoints and other samples biobank

Virology and Molecular Mediators and Transcriptomics Host
genomics bacteriology cellular immunology genomics

+ community (mild) controls, matched healthy controls, ILI controls
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Pandemic Influenza - Global Health, Global Research
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Estimating the global impact of pHINT: Dawood FS et al.

OCTOBER 20-23

2 1125. Preliminary Estimates of Global 2009 H1N1 Influenza Mortality

+ Session: Poster Abstract Session: Influenza and H1N1 Diagnosis, Epidemiology, and Viral
Outcome

Saturday, October 22, 2011

6249,000 deaths globally during the 2009-10 pandemic )
~ 60% deaths occurred in Africa and SE Asia

~ 90% deaths occurred in those <65y

~ 10 million years of life lost

J

http://idsa.confex.com/idsa/2011/webprogram/Paper32395.html
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*The members of the Writing Committee
of the World Health Organization (WHO)
Consultation an Clinical Azpects of Pan-
dermic (HIN1) 2009 Influenza, whe are
listed in the Appendix, assurme respon-
sibility for the content of the article.
Address reprint requests to Dr. Frederick
G. Hayden at B.O. Box 800473, University
of Virginia Health Systern, Charlortes.
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