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Influenza virulence

 Target cells

 Apoptosis induction

 Induction of pro-inflammatory 
cytokines

 Evasion of innate interferon response

 Dissemination

Human influenza strains bind preferentially to α-(2, 6)-linked sialic acid, 

whereas  avian strains prefer α-(2, 3)- linked sialic acid

Flint et al, 2004
Shinya, 2006
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Pathogenesis of H5N1 in humans

 Infection and apoptosis of 

pneumocytes

 Escape from anti-viral cytokines

 Hyperinduction of pro-inflammatory 

cytokines

 Dissemination to extra-pulmonary 

organs
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Expression profile (animal data)

 Delayed and persistent expression of 
cytokines, chemokines and IFN-
activated genes in monkeys infected 
with 1918 H1N1 pandemic virus 
(Kobasa, 2007).

 Increased IFN response genes and 
CXCL10 in ferrets infected with  
H5N1 HPAI (Cameron, 2008).

Materials

 Patient A was a 48-year-old man 
who had a progressive viral 
pneumonia and died on day 6 of 
illness.

 Patient B was a 6-year-old boy who 
had a progressive viral pneumonia 
that led to acute respiratory distress 
syndrome and death 17 days after 
onset of illness. 

Results
 Both H5N1 infected lungs showed 

quite similar expression profiles,

 1019 genes and 2416 genes were 
commonly up-regulated and down-
regulated, respectively.

 GO analyses showed several 
significantly enriched GO term, most 
of which are related to cellular 
metabolism and regulation of cellular 
process including apoptosis and 
chemotaxis. 
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Down-regulated genes

Chemotaxis

 Up-regulated:

• CCL1, CCL7, CCR2, CXCR1, XCR1, IL-21R, 

IL-18 

 Down-regulated

• CCL2, CCR1, CXCR4, CKLF, CKLF2, 5, 6,  IL-

8, CYR61, FPR1, SFTPD 
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Roles of SP-D in respiratory 
infections.

- Interacting directly with pathogens

- Limiting the severity of inflammatory 

responses 

- Maintenance of surfactant homeostasis in 

the lung 

- Clearance of apoptotic cells

Gardai et al.
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Inflammatory responses

H1N1 2009

Data on severity of H1N1 2009 in various countries

H1N1 2009 fatal cases in Thailand

 Age: median 34, range 7-57

 Respiratory failure

 ¼ have no co-morbidity
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Munster, 2009 Itoh, 2009

Maines 2009
CDC, MMWR 2009
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SNA staining for a2,6-linked sialic acid in lungs

a H1N1 2009 case H5N1 cases
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Conclusions

 H1N1 2009 may be more pneumo-

tropic than seasonal flu, and hence 

more virulent.

 The mechanism underlying this tropism 

may involve receptor specificity and 

requires further studies.

 Host responses may play a role in the 

pathogenesis.


