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Outline	  

SESSION	  1:	  Impact	  of	  Influenza	  
•  Influenza	  
• Understanding	  the	  disease	  
• Measuring	  the	  impact	  

•  Global	  surveillance	  
•  Regional	  surveillance	  
•  HospitalisaQon	  
•  Mortality	  

•  Importance	  of	  understanding	  burden	  for	  policy	  development	  



Influenza	  Types  


Proposed	  



Animal-‐human	  interface	  of	  influenza	  A	  virus	  	  
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11	  NA	  

Circulation of seasonal 
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Circulation of animal 
influenza viruses within 
& among animal species 



http://www.cdc.gov/h1n1flu/images.htm 
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Release of new  
virions 

 

Basis of nomenclature: 
H1N1, H5N1, H3N8 etc 

Influenza	  A	  viruses 




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

Haemagglutinin (HA) 

Neuraminidase (NA) 

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

Major targets of antibodies 
that protect against infection 

10-4 mutation rate due to lack of proof-
reading mechanism for ssRNA 

genome 

8-piece segmented genome allows 
reassortment during co-infection 

(antigenic shift) 

Influenza	  A	  viruses 




Influenza:	  pathology	  of	  infecBon	  

Occasionally 
further spread           
heart & brain 

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

Local inflammatory reaction cytokine 
release (IL-1, IL-8, TNFα, IFN α) 

Systemic symptoms 
fever, myalgia, etc 



Transmission	  

• Aerosols	  and	  droplets,	  Direct	  contact,	  fomites	  
•  ?	  RelaQve	  importance	  

•  Through	  the	  air	  
•  Large	  droplets	  >5mm	  travel	  short	  distances	  	  
•  Small	  droplets	  <5mm	  and	  aerosols	  1mm	  travel	  more	  than	  2	  metres	  	  
	  	  	  (ImplicaQons	  for	  guidelines	  on	  bed	  spacing	  in	  wards)	  	  

Household	  surfaces	  
Greatorex	  et	  al.	  PLoSOne2011	  	  



Receptor	  binding	  specificity	  and	  the	  balance	  
between	  pathogenicity	  and	  transmission	  



GeneBc	  determinants	  of	  influenza	  suscepBbility:	  
Mice	  &	  people	  lacking	  IFITM3	  prone	  to	  severe	  

influenza	  

Everi]	  etal.	  Nature	  2011;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Dong	  etal.	  Nature	  Med	  2013;	  

Interferon-‐induced	  
transmembrane	  proteins	  
inhibit	  infecQon	  



Why	  is	  influenza	  important?	  

•  Influenza	  viruses	  cause	  infecQons	  and	  diseases	  in	  all	  age	  groups	  
during	  epidemics.	  

•  Severe	  disease	  parQcularly	  in	  the	  extremes	  of	  age.	  
•  Influenza	  virus	  infecQons	  have	  a	  high	  incidence:	  varies	  as	  high	  as	  
20-‐30%	  in	  children	  and	  10-‐20%	  in	  adults	  in	  epidemics.	  	  

• Most	  infecQons	  associated	  with	  mild	  disease,	  some	  fracQon	  of	  
infecQons	  are	  asymptomaQc.	  



Pandemic	  influenza	  
•  Influenza	  A	  virus	  that	  is	  novel	  in	  humans	  
•  Majority	  of	  global	  populaQon	  suscepQble	  (no	  pre-‐exisQng	  anQbodies)	  
•  Able	  to	  spread	  easily	  from	  human-‐to-‐human	  
•  Causes	  clinical	  illness	  (symptomaQc	  infecQon)	  
•  Not	  necessarily	  more	  severe	  than	  seasonal	  influenza,	  but	  potenQal	  to	  be	  so	  not	  excluded.	  

H1N1pdm09	  
Pandemic	  

	  Pandemic	  	  	  	  Est	  No.	  Deaths	  
1918	  	  H1N1	  	  	  	  	  	  20-‐40x106	  
1957	  	  H2N2	  	  	  	  	  	  1	  x	  106	  
1968	  	  H3N2	  	  	  	  	  	  7	  x	  105	  
2009 	  	  H1N1p09	  	  	  2	  x	  104	  	  -‐	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  3	  x105	  	  
	  



Understanding	  the	  impact	  of	  seasonal	  
influenza	  



141 WHO National Influenza Centres in 111 countries (>92% population) 
5 WHO Collaborating Centres for Influenza (human), one for animal 
13 H5 Reference Laboratories 
4 Essential Regulatory Laboratories (FDA, TGA, NIBSC, NIID) 

Coordinated by WHO  
Global Influenza Program  
in Geneva 

Atlanta 
London 

Tokyo 
Beijing 

Melbourne 

Memphis 

(GISRS)	  



Global	  picture	  to	  September	  2016	  

Viruses	  (September)	  
73	  countries	  
Total	  44,178/2763	  
pos	  
Influenza	  A:	  81.8%	  	  
Influenza	  B:	  18.2%	  	  
A(H1N1)pdm09:	  12%	  	  
A(H3N2):	  88%	  
B-‐Yam:	  24.6%	  	  
B-‐Vic:	  75.4%	  	  
	  
	  



Global,	  Northern	  &	  Southern	  Hemisphere	  acBvity	  	  

h]p://www.who.int/influenza/gisrs_laboratory/flunet/charts/en/	  

Southern	  Hemisphere	  

Northern	  Hemisphere	  

Global	  2015-‐2016	  

H3	  H1	  



South	  East	  Asian	  &	  Western	  Pacific	  WHO	  Regions	  
SEAR	  

WPR	  

h]p://www.who.int/influenza/gisrs_laboratory/flunet/charts/en/	  

H3	  

Reichelderfer	  PS	  et	  al	  Influenza	  
surveillance	  in	  the	  Pacific	  basin	  in:	  
Current	  topics	  in	  medical	  virology	  
1998;41:2-‐38	  



Weekly	  ILI	  consultaBon	  rates	  1992-‐2016	  



Influenza	  surveillance	  
SARI	  

SARI	  case	  demographics	  

ILI	  and	  influenza	  incidence	  

h]ps://surv.esr.cri.nz/PDF_surveillance/Virology/FluWeekRpt/2016/
FluWeekRpt201639.pdf	  



Understanding	  the	  impact	  of	  seasonal	  
influenza	  

Deaths	  are	  the	  Qp	  of	  
the	  Iceberg	  



Seasonal	  influenza	  mortality	  

•  In	  temperate	  parts	  of	  the	  world	  influenza	  is	  a	  seasonal	  disease	  peaking	  in	  the	  winter	  months	  
•  In	  tropical	  and	  subtropical	  areas	  it	  has	  more	  variable	  pa]ern	  	  
•  Each	  year	  seasonal	  influenza	  kills	  a	  large	  number	  of	  people	  
•  Bad	  seasonal	  influenza	  can	  have	  as	  great	  an	  impact	  as	  a	  mild	  pandemic	  

5-‐9%	  



US	  influenza	  hospitalisaBons	  

h]p://gis.cdc.gov/GRASP/Fluview/FluHospRates.html	   h]p://gis.cdc.gov/grasp/fluview/FluHospChars.html	  

2015-‐2016	   2014-‐15	  



Paediatric	  influenza-‐associated	  deaths	  

h]p://gis.cdc.gov/GRASP/Fluview/FluHospRates.html	  

2004-‐2011	  

Ambrose	  CS,	  Levin	  MJ.	  Human	  Vaccines	  &	  
ImmunotherapeuQcs.	  2012;8:	  1-‐8;	  www.cdc.gov/flu/weekly/
pastreports.htm	  

Number	  of	  deaths	  –	  Ave	  34%	  

Influenza	  hospitalisaQon	  
and	  mortality	  	  	  

A/H3N2	  >	  B	  >	  A/H1N1	  	  
(McCullers	  et	  al.	  2012	  JID)	  

2012-‐13	  to	  present	  



Asia-‐Pacific	  excess	  mortality	  

Chow	  A	  et	  al.	  EID	  2006;12	  No1.	  

Influenza	  causes	  mortality	  in	  the	  tropics!	  



Excess	  mortality	  parallels	  influenza	  peaks	  



Influenza	  associated	  excess	  mortality	  in	  Hong	  
Kong,	  Singapore	  and	  US	  
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Wong	  et	  al.	  2004;	  HK	  data:	  1996-‐1999	  ;	  Chow	  et	  al.	  2006:	  SG	  data:1996-‐2003;	  	  	  
Thompson	  et	  al,	  2003:	  US	  data:	  1976-‐1999	  	  

Thailand


Kills	  elderly	  in	  
tropical	  Singapore	  
&	  HK	  >	  USA	  



China:	  Influenza	  associated	  excess	  mortality	  

•  Excess mortality for respiratory & circulatory diseases: 
•  Northern	  temperate	  ciQes:	  12.4	  (7.4-‐22.2)	  deaths/100,000	  

•  Southern	  subtropical	  ciQes:	  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	  H1N1	  predominated 

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



Annual	  excess	  influenza-‐associated	  
mortality	  rates	  in	  Hong	  Kong	  

Wu	  etal.	  JID	  2012;206:1862-‐71	  	  

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



Excess  mortality  by  cause  in  Hong  Kong

The	  number	  in	  each	  box	  represents	  the	  
excess	  mortality	  (rate/100,000	  pop/year)	  
from	  that	  cause	  associated	  with	  influenza	  A	  
and	  B	  Wu	  et	  al.	  JID	  2012;206:1862-‐71	  



Influenza	  acBvity	  in	  S-‐	  &	  SE-‐Asia	  countries,	  2006-‐2013	  

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

Reichelderfer	  PS	  et	  al	  Influenza	  surveillance	  in	  the	  
Pacific	  basin	  in:	  Current	  topics	  in	  medical	  virology	  
1998;41:2-‐38	  

Seasonality	  of	  influenza	  



Influenza	  must	  be	  a	  public	  health	  priority	  

• WHO	  Global	  iniQaQves	  on	  influenza:	  GISRS;	  GAP;	  PIP	  
•  The	  burden	  of	  influenza	  is	  also	  substanQal	  globally	  

•  including	  Asia-‐Pacific	  countries/tropical	  &	  sub-‐tropical	  regions	  	  
•  Influenza	  is	  an	  important	  leading	  cause	  of	  hospitalizaQon	  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	  locaQons	  in	  the	  
region.	  	  

•  Influenza	  is	  preventable	  by	  vaccinaQon.	  
Thank 
you 


