
 Unusual ‘W’ shaped mortality curve 
• Three waves of differing mortality 

Twentieth Century Pandemic 1: 1918-19 
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Twentieth Century Pandemic 1: 1918-19 

1957 

1968 

From Luk et al CID (2001):33, 1375 

 Unusual ‘W’ shaped mortality curve 
• Three waves of differing mortality 

• Sparing of older adults – analysis of excess mortality suggests protection 
  by earlier infection (Luk et al 2001) possibly 1830-33 pandemic (Worobey et             

al 2014. 
Excess mortality by age in USA – in 3 pandemics 

1918 



Twentieth Century Pseudo- Pandemic 1947 

 Originally thought to be a pandemic due to: 
 high morbidity worldwide 

   vaccine failures  

 major antigenic differences in the HI test 

Kilbourne 1973 

Kilbourne 1973 



Twentieth Century Pseudo- Pandemic 1947 

  Schild et al 1980  

H1 H3 



Twentieth Century Pseudo- Pandemic 1947 



Twentieth Century Pandemic 2: 1957-58 
‘Asian Flu’ 

 Outbreaks started in Kweichow province (Guizhou), China in February 

 
   Spread globally within ~6 months  
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Twentieth Century Pandemic 2: 1957-58 
‘Asian Flu’ 

 Unrelated to previous strains in HI test 
 Later serological studies and then molecular analyses indicated avian origin of HA,  

NA and PB1 genes reassorted with previous H1N1 virus. 



Twentieth Century Pandemic 2: 1957-58 
‘Asian Flu’ 

 Two waves in many places – late autumn then winter-spring 

 High morbidity, moderate mortality 
 Highest morbidity in children 

 Excess mortality reported in pregnant women 



Twentieth Century Pandemic 3: 1968-69 
‘Hong Kong Flu’ 

 Origin S.E.China? Outbreak in Hong Kong July 1968. 

 Serologically different HA subtype but NA close to H2N2 strains. 

 Spread quickly, two pandemic seasons, differing impact North America vs other  
regions- recently re-analysed by Viboud et al. 

 Possible impact of 1968 H2N2 outbreak in Australia 

From Viboud et al 20 



Twentieth Century Pandemic 3: 1968-69 
‘Hong Kong Flu’ 

 

North America vs other regions- recently re-analysed by 
Viboud et al. 

 Origin S.E.China? Outbreak in Hong Kong July 1968. 

 Serologically different HA subtype but NA close to H2N2  
strains. 

Spread quickly, two pandemic seasons, differing impact 

 

 

 

 

 

 

 

 
From Viboud et al 2005 
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Twentieth Century Pandemic 3: 1968-69 
‘Hong Kong Flu’ 

 Neuraminidase antibody from prior H2N2 infection probably protective. 
 ? Effect on epidemiology eg Australia 

 HA constant over first two seasons. 

 Neuraminidase drifted or second lineage between first and second outbreaks – possible  
effect on pathogenicity or immunity? 

 Subsequent genetic analysis shows 6 gene segments from H2N2 with avian HA and PB1 



Comparison of Mortality in Twentieth Century Pandemics 1-3 

Relative age shift in excess mortality 
Simonsen et al 



Twentieth Century Pandemic 4: 1977-78 
‘USSR Flu’ or the children’s pandemic. 

 First reported in Norther China May-June 1977. 

 
 Spread to far eastern USSR by November 1977 then globally through 1978. 

 
 Infection predominantly in children and young adults <26 years old – attack rates 

  up to 70% reported in students, no excess mortality.  

 
   Serologically both the HA and NA were closely related to earlier H1N1 viruses –  

specifically to a 1950 lineage rather than later strains. (Kendal et al 1978) 

 
 Genetically all genes closely related to the 1950 ‘Scandinavian’ strains. 

(Scholtissek et al 1978). 

 
 Conclusion: not a natural event but one with human intervention. 

 
 Unlike previous recent pandemics the circulating subtype (H3N2) was not 

  replaced.  

 
   Continued circulation as seasonal influenza with sporadic epidemics, antigenic         

drift and increasing impact in older adults until 2009. 



Twenty First Century Pandemic 1: 2009-10 
‘Swine Flu or A(H1N1)pdm09’ 

 First cases of swine-like H1N1 diagnosed 15 April in USA 

 Mexican origin quickly recognised, eventual indications near Mexico City Jan-Feb  
2009. 

 Early indications of severe disease in Mexico. 

 Rapid increase in reports to WHO from late April through early May 
 Interactive maps at http://www.who.int/csr/disease/swineflu/interactive_map/en/ 

http://www.who.int/csr/disease/swineflu/interactive_map/en/


Twenty First Century Pandemic 1: 2009-10 
‘Swine Flu or A(H1N1)pdm09’ 

 Non-seasonal in some regions 
 eg North America. 



Twenty First Century Pandemic 1: 2009-10 

 

‘Swine Flu or A(H1N1)pdm09’ 

Non-seasonal in some countries. 

Pandemic H1N1 cases Australia 2009 
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Pandemic H1N1 in Victoria 2009 
Influenza A/H1  
Influenza A/H3 
Pandemic Influenza A(H1N1) 

Influenza A (un typed) 



Lemaitre & Carrat 

2010 

Twenty First Century Pandemic 1: 2009-10 
‘Swine Flu or A(H1N1)pdm09’ 

 Morbidity pattern differs slightly from seasonal flu. 



Twenty First Century Pandemic 1: 2009-10 
‘Swine Flu or A(H1N1)pdm09’ 

 Mortality pattern significantly different and reminiscent of 1918 
pandemic 

From Luk et al CID (2001):33, 1375 

Excess mortality by age in USA –  
1918 



Twenty First Century Pandemic 1: 2009-10 
‘Swine Flu or A(H1N1)pdm09’ 

 The virus was a reassortant containing gene segments from a variety of 
  sources.  



Twenty First Century Pandemic 1: 2009-10 
‘Swine Flu or A(H1N1)pdm09’ 

 While there appeared to be immunity in older adults: 
 The HA was quite distantly related to early H1N1 of the 1930s-1957 era. 

 Serological studies showed only a little pre-existing antibody in older adults 

Van Kerkhove et al 2013 



What Can be Learned? 

 Nothing particularly novel from pandemics predating 20th century – but  
does reinforce observations from the more recent pandemics. 

 Often 2-3 waves with higher mortality in second wave 

   Shift to younger age mortality  

 Severity in pregnant women 

 Can have high morbidity with low mortality 

 Can deviate from usual seasonality 

 Spread at the speed of human travel 

   Most common apparent source China  

 A number of potential sources 

• Reassortment of current human virus with avian/animal virus 

• Emergence from animal/avian host 

• Intentional or unintentional release of virus from laboratory 

 

   Can be a ‘novel’ virus within a circulating sub-type  

   With current vaccines there is virtually no chance of a matched  
vaccine ahead of the first wave. 



  ‘the student of influenza is constantly looking back over   

his shoulder and asking "what happened"? in the hope 
that understanding of past events will alert him to the  
catastrophes of the future’ 




