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Outline

SESSION 1: Impact of Influenza
* Influenza
* Understanding the disease

* Measuring the impact
* Global surveillance
* Regional surveillance
* Hospitalisation
* Mortality

* Importance of understanding burden for policy development



Influenza Types




Animal-human interface of influenza A virus

Circulation of animal
influenza viruses within
& among animal species

Circulation of seasonal
& pandemic influenza in
humans
A/H3N2;H1N1pdm09; (B)



Influenza A viruses

Virus attachment
& entry

Haemagglutinin (HA)

Basis of nomenclature:
H1N1, H5N1, H3N8 etc

Release of new

Neuraminidase (NA) GRS

http://www.cdc.gov/h1n1flu/images.htm



Influenza A viruses

Haemagglutinin (HA)

Major targets of antibodies
that protect against infection

Major sites of variation due to
immune pressure
(antigenic drift)

Neuraminidase (NA)

10 mutation rate due to lack of proof-
reading mechanism for ssRNA
genome

8-piece segmented genome allows
reassortment during co-infection
(antigenic shift)

http.//www.cdc.gov/h1n1flu/images.htm



Influenza: pathology of infection

Infection of upper respiratory tract (possibly eyes)
Sometimes direct infection of/or spread to lung

Occasionally
> further spread
— heart & brain
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Systemic symptoms
fever, myalgia, etc




Transmission

* Aerosols and droplets, Direct contact, fomites
» ? Relative importance

A Genome survival B

Viable virus

B Fsceorlil Household surfaces
- rne Greatorex et al. PLoSOne2011
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transmission
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* Through the air
e Large droplets >5mm travel short distances
* Small droplets <5mm and aerosols 1Imm travel more than 2 metres

(Implications for guidelines on bed spacing in wards)




Receptor binding specificity and the balance
between pathogenicity and transmission

Easily spread Spreads slowly
Rarely fatal Often fatal




Genetic determinants of influenza susceptibility:
Mice & people lacking IFITM3 prone to severe
influenza

d €
European 1000 Genomes Hospitalised patients

TCcC cc. Interferon-induced
< transmembrane proteins
inhibit infection

Alkele T = 0.066 Allela T = 0.906
Frequency C - 0034 Frequency C =0.004

a British

- 1
Day post-infection ‘ ‘ J

Everitt etal. Nature 2011; Dong etal. Nature Med 2013;
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Why is influenza important?

* Influenza viruses cause infections and diseases in all age groups
during epidemics.

* Severe disease particularly in the extremes of age.

* Influenza virus infections have a high incidence: varies as high as
20-30% in children and 10-20% in adults in epidemics.

 Most infections associated with mild disease, some fraction of
infections are asymptomatic.



Deathsl\

Requiring
hospitalisation

Clinical

Pandemic influenza

M . . h t | t
* Influenza A virus that is novel in humans ospitalisation
* Majority of global population susceptible (no pre-existing antibodies)

* Able to spread easily from human-to-human Seasonalv Pandemic

* Causes clinical illness (symptomatic infection)
* Not necessarily more severe than seasonal influenza, but potential to be so not excluded.

! Pandemic Est No. Deaths
1918 HIN1  20-40x10°

A 1957 H2N2  1x 106

—» May 200 1968 H3N2 7 x10°
HIN1pdmOQ09 A START e o0 2009 H1N1p09 2 x 10* -
Pandemic aweh 20 200 3 x10°

Cumulative cases
« 110
* 11-50
@ 51-500

@ 500500

. >5000




Understanding the impact of seasonal

SEVERITY

CLINICAL

+ Mortality statistics

« Critical care use
+ Hospital admissions/discharges

+ Spotter practice
(cases per 100,000)

+ Schools absence

« Sickness absence

* Telephone advice

* Pharmacy sales

+ Community studies
(ad hoc)

influenza

§ VIROLOGICAL

AN
' HOSPITALISED _
' CASES
O
COMMUNITY CASES SEEN BY _
MEDICAL SERVICES

COMMUNITY CASES NOT SEEN BY
MEDICAL SERVICES

SURVEILLANCE

+ Virus recovery
from fatal cases

+ Antiviral susceptibility

+ Virus sampling
serious iliness

+ Diagnosis of illness

+ Spotter practice

(weekly samples % positiv
+ Diagnosis of illness
+ Antiviral susceptibility

+ Qutbreak investigation

+ Seroepidemiology

« Sampling from
telephone calls



WHO Global Influenza Surveillance and Response System (GISRS)

25 September 2012
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A National Influenza Centre
® wHO Collaborating Centre for Reference and Research on Influenza
® wHO Collaborating Centre for the Surveillance, Epidemiology and Control of Influenza
WHO Collaborating Centre for Studies on the Ecology of Influenza in Animals
¥ WHO Essential Regulatory Laboratory |:| Data not available
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141 WHO National Influenza Centres in 111 countries (>92% population) .
5 WHO Collaborating Centres for Influenza (human), Coordinated by WHO
. Global Influenza Program
13 H5 Reference Laboratories in Geneva
4 Essential Regulatory Laboratories (FDA, TGA, NIBSC, NIID)




Global picture to September 2016

Percentage of respiratory specimens that tested positive for influenza
By influenza transmission zone Status as of 30 September 2016

— \liruses (September)
73 countries

.. Total 44,178/2763

pOS

Influenza A: 81.8%

Influenza B: 18.2%
A(HIN1)pdm09: 12%
A(H3N2): 88%

% B-Yam: 24.6%

N~ B-Vic: 75.4%
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Number of specimens

Global, Northern & Southern Hemisphere activity

Global 2015-2016

Number of specimens positive for influenza by subtype
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South East Asian & Western Pacific WHO Regions

Number of specimens positive for influenza by subtype
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Rate per 100 000 practice population
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onsultation rates 1992-2016
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200

moderate seasonal level
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average seasonal rate

2016 rate

0
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Week 2016
Below seasonal lewel Seasonal level (per 100,000) Abowe seasonal
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<35.1 35.1-82.5 82.5-168.9 168.9-231.8 >231.8
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Influenza surveillance

ILI and influenza incidence

200

140

Incidence per 100 000 residents

o8 888

https://surv.esr.cri.nz/PDF_surveillance/Virology/FluWeekRpt/2016/
FluWeekRpt201639.pdf
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SARI case demographics

SARI & influenza cases among all hospital SARI & influenza cases among ADHB & CMDHB
patients residents

Characteristics Admissions Assessed
SARICases Casesper1000 Influenza SARiinddence|influenza [iiERZA

SARI ide
(%) hospitalisations positive’ (%) 85 (per100000) | Cases oot

(per 100 000)
Overall | 60546 3586[1439(d0.1) 238  7(157) 108 1163

13(5.6) 270
1-4 4140 247 59.7 24(14.9) 209

5-19 6349 7 11 7(13.0) 64 332 5
20-34 12049 67 56 16(25.0) 63 302 13
35-49 8353 8 95 17(25.8) 83 435 17
50-64 10218 139 136 26(215) 127 84.4 23
65-79 9638 163 169 23(16.8) 151 206.6 23
20(253) 19

0

Mori 230 24(14.4)

Pacific peoples 12814 as7 87 52(14.6) a8 3102 50 36.2)
Asian 10002 109 109 13(14.6) 99 47.1 1 5.2
European and Other 375 57(18.4) 329 819 54 13.4]

Unknown

178
209 72(153)

Proportion of cases tested which were positive for influenza viruses




Understanding the impact of seasonal
influenza

CLINICAL §

SEVERITY

+ Mortality statistics

« Critical care use
+ Hospital admissions/discharges

+ Spotter practice
(cases per 100,000)

+ Schools absence

« Sickness absence

* Telephone advice

* Pharmacy sales

+ Community studies
(ad hoc)
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SURVEILLANCE
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Deaths are the tip of
the Iceberg

+ Virus recovery
from fatal cases

+ Antiviral susceptibility

+ Virus sampling
serious iliness

+ Diagnosis of illness

+ Spotter practice

(weekly samples % positiv
+ Diagnosis of illness
+ Antiviral susceptibility

+ Qutbreak investigation

+ Seroepidemiology

« Sampling from
telephone calls



Seasonal influenza mortality

Pneumonia and Influenza Mortality

12 for 122 U.S. Cities
3 Week Ending October 1, 2016

10 -

Epidemic Threshold

5-9%

% of All Deaths Due to P&

3 Seasonal Baseline
1 2012 2013 2014 2015 2016

30 <0 SO 10 20 30 40 SO 10 20 30 <0 SO 10 20 30 <0 SO 10 20 30

MMWR Week

* Intemperate parts of the world influenza is a seasonal disease peaking in the winter months
* In tropical and subtropical areas it has more variable pattern

e Each year seasonal influenza kills a large number of people

* Bad seasonal influenza can have as great an impact as a mild pandemic



US mﬂuenza hospitalisations

HRSE VSI%W : Laboratory-Confirmed Influenza Hospitalizations
7 & . , Preliminary cumulative rates as of Sep 24, 2016
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http://gis.cdc. gov/GRASP/FIuwew/FIuHospRates html http://gis.cdc.gov/grasp/fluview/FluHospChars.html



Paediatric influenza-associated deaths

""" LT - 2004-2011

o 2012-13 to present “"HEEER B 7vpe unknown
- B andA

25 1
A (subtype unknown)

2012-2013 2013-2014 2014-2015 2015-2016
Number of Deaths Number of Deaths Number of Deaths Number of Deathse ... . - 40 A/H1N1
20 Reported = 171 Reported = 111 Reported = 148 Reported = 85 '

- P
B -

Number of deaths

2004-2005
2005-2006

Number of deaths — Ave 34%

2006-2007
2007-2008 Influenza hospitalisation
: 2008-2009 and mortality
2009-2010
Week of Death 2010-2011 A/H3N2 >B> A/H1N1
B Deaths Reported Previous Week B Deaths Reported Current Week el 2@

Ambrose CS, Levin MJ. Human Vaccines &
Immunotherapeutics. 2012;8: 1-8; www.cdc.gov/flu/

http://gis.cdc.gov/GRASP/Fluview/FluHospRates.html
pastreports.htm



Asia-Pacific excess mortality

A All Cause Death

1,500 = Pkeat — Ry i Table 5. Eslimaled influenza-associaled excess deaths in Singapore, 1996-2003
: * Dealhs (%) associaled with  No. excess deaths per year  Excess mortally rate/100,000
$1: ;° Mortality outcome/age group (y) nfluenza (35% CI)* (9% Cl) person-years (95% CI)
- . he N AT e SR Allcause dealhs
B MO Ml MO Wnd MU0 seB MW 00 JA00 A0t MO Me(2 MOZ b)WY Dk Al ages 38 (25-50) 568 (396-782) 148 (98-198)
65 42(27-56) 1 (213-571) 1678 (107.0-229.5)
B Underlying Pneumonia and Influenza 20-64 23(0.9-37) 114(42-186) 42(1.6-6.8)
- ~ R Tu— % Underlying pneumonia and influenza
it — Fuhwe% === RSVwe% deaths
; - ' i . Allages 6.5(22-105) 116(40-196) 29(10-50)
150 # 5 T7(35-117) 118 (30-169) 46.9(203-746)
o A _ W AN Yy ‘e ;° 20-64 9.6 (3.0-15.7) B(7-%) 08(02-14)
PO/ PR PR TG PR PN R/ RS I TR P SR P PR Underlying circuletory and resgiratory
; deaths
¢ Underlying Circulatory and Respiratory Deaths Al ages 58 (4.0-75) 475 (324-629) 11.9(8.3-15.7)
- ” 65 62 (44-8.1) 300(270-512) 155.4(108.8-203.0)
— Ry =R 264 4625467) BB (47-13) 321748)
g %0 ‘ : ) *Cl, confidence intarval.
o 103‘E
600 0

Influenza causes mortality in the tropics!

Wt M6 Jn0T AT 0¥ M0 e @ Jn®) 00 Mn0) MOT Jn02 W02 dn03 MO Dk | g2

Chow A et al. EID 2006;12 Nol.



Excess mortality parallels influenza peaks

OPEN @ ACCESS Freely available online < pros one

Influenza Excess Mortality from 1950-2000 in Tropical
Singapore

Vernon J. Lee'%*%* Jonathan Yap', Jimmy B. S. Ong?, Kwai-Peng Chan®, Raymond T. P. Lin®, Siew Pang
Chan’, Kee Tai Goh®, Yee-Sin Leo®, Mark I-Cheng Chen®*?*?
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B 100% - Yaar -
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o = —— Y% positive for influenza 15 = =
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Influenza associated excess mortality in Hong
Kong, Singapore and US

180 +

All causes Pneumonia
% & Influenza
-.% 140 1
S 0 Hong Kong
& 120 ¢ @ Singapore
o Ous : :
g7 Kills elderly in
T 87 tropical Singapore
g
z 7 & HK > USA
g 40 +
(=]
=
20 +
0 ,_l_l_l L L L L L | I s — )
40-64 years 265 years All ages 40-64 years 265 years All ages
Age group
Wong et al. 2004; HK data: 1996-1999 ; Chow et al. 2006: SG data:1996-2003;
Thompson et al, 2003: US data: 1976-1999

OPEN & ACCESS Freely avallable online =" PLOS One

Thailand

Incidence, Seasonality and Mortality Associated with
Influenza Pneumonia in Thailand: 2005-2008

James Mark Simmerman'*, Malinee Chittaganpitch® Jens Levy', Somrak Chantra®, Susan Maloney’,
Timothy Uyeki?, Peera Areerat®, Somsak Thamthitiwat’, Sonja J. Olsen?, Alicia Fry? Kumnuan
Ungchusak®, Henry C. Baggett', Supamit Chunsuttiwat®



China: Influenza associated excess mortality

Study area Model Study period Proportion of influenza Excess deaths (per 100 000 people)
seasonshy:
A(H3N2) B Allages Age = 65 years

P&l R&(C AC P&l R&C AC
Australia' Poisson 1997-2004 NA NA NA NA NA 15.2 80.4 101.2
China (Guangzhou)” Poisson 2004-2006 2/3 3 1.0 99 106 NA 104.1 1113
China (northern cities)t Negative binomial 2003-2008 2.5/6 1/6 0.4 12.4 180 3.1 106.0 150.8
China (northern cities)® Serfling 2003-2008 2.5/6 1/6 04 134 17.0 26 108.1 1313
China (southem citiesf Negative binomial 2003-2008 2.5/6 1/6 0.5 88 113 36 64.3 754
China (Hong Kong SAR)™® Poisson 1996-1999 4/4 0/4 4.1 124 164 393 102.0 136.1
Italy''4 Serfling 1970-2001 21/31 5/31 1.9-2.2 NA 11.6-18.6 12.7-142 NA 71.2-115.7
Mexico' Serfling 2000-2008 6/9 1/9 15 12.7 15.7 10.4 115.6 147 4
Singapore” Negative binomial 1996-2003 8/8 0/8 29 11.9 148 46.9 1554 167.8
United States* Poisson 1990-1999 6/9 2/9 3l 13.8 196 22.1 98.3 VL)
United States’ Poisson 1976-2002 14/27 9/27 NA 9.9 NA NA 724 NA
United States Poisson 1976-2007 17/31 9/31 24 9.0 NA 17.0 66.1 NA
United States™ Serfling 1980-2001 12/21 6/21 29 NA 15.0 220 NA 100.0

« Excess mortality for respiratory & circulatory diseases:

* Northern temperate cities: 12.4 (7.4-22.2) deaths/100,000
* Southern subtropical cities: 8.8 (5.5-13.6) deaths/100,000

* Most (86%) occurred among people aged >= 65 years

* Higher in B-dominant seasons than H3N2 or HIN1 predominated

Feng L, et al. Bulletin WHO. 2012;90(4):279-88B.



Annual excess influenza-associated
mortality rates in Hong Kong

Average type/subtype-specific annual excess all-cause mortality rates by age in Hong Kong 1998-2009

Average excess mortality rate (per 100,000 population per year)

Age  sHINL  (05% Cl)  sH3N2  (05% Cl)  pHiNi  (05% Cly B (05% Cl) Al (95% CIy
0-dy 0.0 {-0.3 2.4) 0.2 (1.7, 2.2) 30 {-76 25  -15 (-40,08)  -07 (-3.7, 2.4)
5-14y 0.1 {-0.2, 0.5) 01 {-0.5 0.4) 07 {-19,07)  -03 (-08,03) -02 (-1.0,05)
1544y 0.8 {04, 1.3) 0.6 (0.0, 14) 0.8 (-256, 1.0) 0.0 (-0.800) 13 (0.3, 2.4)
4564y 0.2 (-15, 1.8) 10 (-0, 3.0) 0.8 {-64, 5.3) 13 (13, 36) 33 {04, 6.1)
> 65y 8.4 (-6.0, 21.7) 58.8 (40.5, 76.0) 234 (-237,757) 203 (04, 415) 807 (618, 113.7)
All 16 (0.3 3.3) 6.0 (4.3, 04) 22 (-48, 88) 25 (-05 53) 111 (7.2 14.6)

Wou etal. JID 2012;206:1862-71



Excess mortality by cause in Hong Kong

Heart diseases
1.68 (0.64,2.62)

Cardiovascular diseases

Cerebrovascular diseases 2,04 (0.63,3.58)
0.21 (-031,0.96)

Pneumonia & influenza
2.99(181.4.16) Respiratory diseases

Chronic lower respiratory diseases 5.83 (4.09,729)
2.62(1.98,3.29)

Malignant neoplasm
0.79 (-0.12.1.68)

Diabetes mellitus
0.36 (0.12,0.60)

7 major causes

9.71(627,12.43)

Renal diseases
0.34 (0.02,0.66)

All causes

N4

Chronic liver diseases

-0.10(-0.28,011) 11.08 (7.18,14.63)

Degenerative diseases of
Nervous system

0.01 (-0.02,005)

P R— The number in each box represents the
M excess mortality (rate/100,000 pop/year)

from that cause associated with influenza A
Wu et al. JID 2012;206:1862-71 and B




Influenza activity in S- & SE-Asia countries, 2006-2013
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Both Influenza A & B have winter peaks (November—-March) Vaccination suggested in October-November i

Influenza A shows monsoon seasonality (June-December) and year-round Vaccination suggested in April-May E

circulation of influenza B with delayed peak '

1

Round the year circulation for both types Based on local epidemiology E

Saha S et al. Bull WHO, 2014; Saha S etal. JIORV 2016;10(6);176-184



Influenza must be a public health priority

* WHO Global initiatives on influenza: GISRS; GAP; PIP

* The burden of influenza is also substantial globally
* including Asia-Pacific countries/tropical & sub-tropical regions

* Influenza is an important leading cause of hospitalization and death in
the extremes of age.

 Measurement of the disease burden is pivotal

* Most data on disease burden come from a small number of locations in the
region. "

* Influenza is preventable by vaccination.

Thank
you




