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The article by Shieh et al1 on the pathology and patho-
genesis of the 2009 pandemic H1N1 influenza A virus is
a landmark work in the long evolution of our understand-
ing of this ever-threatening public health challenge. Dur-
ing the intervals between the pandemics of 1889, 1918,
1957, 1968, and 2009, most of the public, including phy-
sicians, did not distinguish between colds and the flu.
Influenza A virus is not well controlled in the overall pop-
ulation by antiviral drugs and vaccination, and even dur-
ing these interpandemic periods, the toll from seasonal
influenza in the United States was a remarkable 36,000
deaths annually. Therefore, pathologists have much to
potentially contribute to the better understanding the
pathogenesis of influenza.

This study of 100 fatal cases of 2009 pandemic H1N1
influenza A is a remarkably large sample of cases that were
etiologically well documented and were investigated with
state-of-the-art contemporary methods. Immunohistochem-
ical (IHC) analyses revealed that the distribution of the tar-
get cells of the 2009 cases differed from those of seasonal
influenza and H5N1 avian influenza.2,3 The 2009 H1N1
influenza virus infected not only the tracheobronchial epi-
thelium but also the submucosal glands and alveolar lining
cells, particularly type II pneumocytes, which were distin-
guished from alveolar macrophages and type I pneumo-
cytes by antisurfactant IHC, as sloughed alveolar cells are
not easily identified by morphology alone and could be
mistaken on a purely morphological basis as alveolar mac-
rophages.1 The concordance of influenza viral antigen with
diffuse alveolar damage and infection of type II pneumo-
cytes is critical to understanding the pathogenesis of the
2009 pandemic disease. IHC and polymerase chain reac-
tion were also used to definitively identify the agents of
superinfecting bacterial pneumonia: Streptococcus pneu-
moniae, S. pyogenes, Hemophilus influenzae, Staphylococcus
aureus, and even methicillin-resistant strains.

This series of 100 cases adds significantly to the infor-
mation in two other particularly excellent 2009 H1N1 in-

fluenza autopsy series. A series of 34 cases largely from
the New York City medical examiner’s office provided
correlations with computerized tomographic pulmonary
lesions but in contrast had a higher rate of secondary
bronchopneumonia (55% versus 29%), less infection of
alveolar type I and II pneumocytes, and less apparent
colocalization of diffuse alveolar damage and viral anti-
gen.4 A Brazilian study of 21 pandemic H1N1 influenza
autopsies described the same pathology (DAD, interstitial
pneumonia, airway5 lesions, with extensive hemorrhage
and/or microthrombi in some patients).5 IHC was used in
this study to address aspects of immunity and immuno-
pathogenesis, including identifying many CD8 T cells,
granzyme B expressing cells, and expression of Toll-like
receptor 3 (TLR3) and gamma interferon by macrophages
and alveolar epithelium in these patients. Intriguing data from
experimental mouse infections suggest that TLR3, the
receptor for double-stranded RNA, the genetic material
of influenza A virus not only plays a role in controlling viral
infection but also contributes to pathogenic innate and
adaptive responses that vary with the viral load.6

Although fatal outcomes of influenza A are present as
outliers in pandemics or in seasonal disease, H5N1 avian
influenza cases provide an exception. Indeed, the cur-
rent pandemic has been relatively mild. Thus, it is not
surprising that the autopsy series has contained a high
proportion of patients with comorbid conditions. Mecha-
nisms governing the enhanced disease severity in obesity,
asthma, and pregnancy remain as unanswered ques-
tions that will provide future directions of research. Inter-
estingly, a study of diet-induced obese mice immune to
seasonal H3N2 influenza and challenged with 2009 pan-
demic H1N1 virus revealed more severe illness, higher
mortality and viral titers, and reduced levels in the lung of
gamma interferon, virus-specific CD8 T cells, and mem-
ory CD8 T cell gamma interferon production than non-
obese mice.7 It would be useful to pursue these leads in
studies of humans with influenza.
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Other future avenues of research should pursue unan-
swered questions such as the mechanism of cell death, the
pathogenic role of the immune response, the potential im-
portance and pathogenesis of alveolar capillary thrombi,
the variable occurrence and pathogenesis of myocarditis,
myopathy, and acute encephalopathy, which have appar-
ently not been features of the current pandemic, and the
mechanisms of hematogenous dissemination, which seems
to have been rare in humans during pandemics of the past
century.

An extensive picture of human pathology is critical, but
often animal models are required to provide insights into
human disease. The molecular basis of the attachment of
influenza A virus by its receptor, hemagglutinin, to the sialic
acid–containing host cell receptor is critical to understand-
ing why the anatomical distribution of lesions of an experi-
mental animal and humans do or do not coincide. The
precise determination of the target cells in this study by
Shieh et al provides the reality from which sialy-terminating
oligosaccharide moieties can be investigated8,9 and
whether the predictions of studies in experimental animals
such as ferrets can be relied on.10–12

Our knowledge of influenza in 2010 has left many
stones unturned. The Centers for Disease Control Pathol-
ogy Branch1 has used the material in their hands yet
again to contribute to knowledge of pathogenesis as well
as pathology as they have done many times previously,
such as with hantavirus pulmonary syndrome, the 2001
anthrax attacks, and coronavirus severe acute respira-
tory syndrome. Yet other gaps in knowledge could be
closed if pathologists were organized to do a greater
number of well-organized autopsy studies. Appropriately
collected tissues could address questions ranging from
molecular mechanisms to the pathological basis for ra-
diological images. Even this straightforward anatomical
problem would require harvesting the exact tissues of the
lesions that had been imaged close to the time of death.

What the dead have taught the living about influenza is
clearly told in history. In 1889, Leichtenstern was con-
vinced from clinical and anatomical evidence that a pri-
mary pneumonia was produced by the poison of influ-
enza. As a result of careful bacteriological studies of
autopsies in 1919 in which he isolated Hemophilus influ-
enzae, from 23 of 28 cases, Wolbach was tempted to
believe that the early deaths with abundant hyaline mem-
branes and later bacterial pneumonia “simply represent
different stages of the same process.”13 However, he
considered that failure to reproduce influenza in human
studies involving inoculation with pure cultures of H.
influenzae14 was “strong argument against it being the
cause of influenza.” After the isolation of influenza A virus
from swine by Robert Shope in 1930 and from humans by
Andrewes, Laidlaw, and Smith in 1933,15 Hers and Mulder
were prepared in 1957 to identify by immunofluorescence
staining that tracheobronchial ciliated epithelial cells and
alveolar lining cells are the infected targets.16

Influenza A virus circulates not only by human-to-human
transmission with seasonal oscillation between the Northern
and Southern Hemispheres but also resides in wild aquatic
fowl. There are 16 hemagglutinin and nine neuraminidase
types that may emerge by accidental spillover into swine or

other routes and threaten to establish transmission to and
among humans. The threat will not disappear, and we will
face a more serious pandemic in the future. Thus, it is of
paramount importance to learn as much about the present
pandemic as possible to sufficiently meet the challenge of
these future pandemics.
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