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Recut tissue specimens obtained during autopsy from 58 influenza victims in 1918-1919
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Bacterial culture results in autopsy series involving 96 postmortem 
cultures of lung tissue from victims of the 1918 –1919 influenza pandemic

In the 68
higher-quality autopsy series, in which the possibility of 
unreported negative cultures could be excluded, 92.7% of 
autopsy lung cultures were positive for 1 bacterium

Streptococcus 
pneumoniae
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Relationship between pneumococcal colonization and onset of acute coryza
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Synergistic mortality in mice

Influenza  pneumococcus

PBS 

Influenza + pneumococcus

PBS  Influenza

PBS  pneumococcus

Pneumococcus 

Influenza

Second challenge

Mount Sinai strain of mouse-adapted

influenza virus A/Puerto Rico/8/34(H1N1)
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Synergistic mortality in mice
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Synergistic mortality in mice



Evidence for an interaction between various viral respiratory
infections and the pneumococcus during seasonal pneumonia

Case-control study, an outbreak of severe pneumococcal pneumonia 
among children in Iowa from 1995 to 1996

Children with evidence of influenza-like illness 

in the preceding 7–28 days 

 12.4-fold greater risk of developing serious IPD 

compared with children without influenza-like illness.
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Timeline post-infection of influenza deaths—1918 epidemic

Macmillan Publishers Ltd., copyright 2004
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Blood cultures of living influenza pneumonia patients in the 1918 camp pandemic

81% of bacteremia

11% of cases of influenza pneumonia
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Camp Jackson, South Carolina

312 post-mortem lung cultures (percutaneous needle aspiration)

No. (%)

S. aureus 153 (49)

S. pneumoniae 139 (45)

*Mixed cultures 27%

… suggesting the possibility of some skin contamination

during autopsy or needle aspiration
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Novel influenza A (H1N1)

• CDC , postmortem lung specimens 

from patients with fatal cases of 2009 pandemic influenza A (H1N1)

• May 1–August 20, 2009

• 77 U.S. patients with fatal cases

• Immunohistochemical assays/PCR (16S ribosomal DNA)

• Evidence of concurrent bacterial infection

22 /77(28.6%) 

including 10 (13.0%) caused by S. pneumoniae

7 (9.1%) S. aureus

6 (7.8%) S. pyogenes

2 (2.6%) S. mitis

1 (1.3%) H. influenzae
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Immunohistochemical staining 

of multiple S. pneumoniae



Pathophysiological interactions between influenza 
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