
Pulmonary Pathologic Findings of Fatal 2009 Pandemic
Influenza A/H1N1 Viral Infections

James R. Gill, MD; Zong-Mei Sheng, MD, PhD; Susan F. Ely, MD, MPHTM; Donald G. Guinee Jr, MD; Mary B. Beasley, MD; James
Suh, MD; Charuhas Deshpande, MD; Daniel J. Mollura, MD; David M. Morens, MD; Mike Bray, MD; William D. Travis, MD;

Jeffery K. Taubenberger, MD, PhD

N Context.—In March 2009, a novel swine-origin influenza
A/H1N1 virus was identified. After global spread, the
World Health Organization in June declared the first
influenza pandemic in 41 years.

Objective.—To describe the clinicopathologic charac-
teristics of 34 people who died following confirmed A/
H1N1 infection with emphasis on the pulmonary pathol-
ogy findings.

Design.—We reviewed medical records, autopsy re-
ports, microbiologic studies, and microscopic slides of 34
people who died between May 15 and July 9, 2009, and
were investigated either by the New York City Office of
Chief Medical Examiner (32 deaths) or through the
consultation service of a coauthor (2 deaths).

Results.—Most of the 34 decedents (62%) were
between 25 and 49 years old (median, 41.5 years).
Tracheitis, bronchiolitis, and diffuse alveolar damage
were noted in most cases. Influenza viral antigen was

observed most commonly in the epithelium of the
tracheobronchial tree but also in alveolar epithelial cells
and macrophages. Most cases were reverse transcrip-
tion–polymerase chain reaction positive for influenza.
Histologic and microbiologic autopsy evidence of bac-
terial pneumonia was detected in 55% of cases.
Underlying medical conditions including cardiorespira-
tory diseases and immunosuppression were present in
91% of cases. Obesity (body mass index, .30) was noted
in 72% of adult and adolescent cases.

Conclusions.—The pulmonary pathologic findings in
fatal disease caused by the novel pandemic influenza virus
are similar to findings identified in past pandemics.
Superimposed bacterial infections of the respiratory tract
were common. Preexisting obesity, cardiorespiratory
diseases, and other comorbidities also were prominent
findings among the decedents.

(Arch Pathol Lab Med. 2010;134:E1–E9)

Influenza A viruses are important causes of respiratory
disease in pandemic form and in annual seasonal

influenza. At least 36 000 people die annually of influenza
complications in the United States.1 Pandemic influenza
emerges sporadically and may differ dramatically in
impact.2,3 The 1918 pandemic killed approximately
675 000 people in the United States and at least 40 million
people worldwide.4,5 Pandemics in 1957 and 1968 were
significantly less severe.2

In March 2009, a novel influenza A virus of H1N1
subtype was identified from patients in Mexico and the
United States. The virus was a novel genetic reassortant
derived from 2 preexisting swine influenza virus lineag-
es.6 During the spring, the outbreak spread throughout the
United States and globally. In June, the World Health
Organization declared the first influenza pandemic in 41
years.7 As of November 8, 2009, the World Health
Organization had reported more than 503 536 confirmed
H1N1 infections and at least 6260 deaths, although the
case total is undoubtedly larger8 and is rising as the
pandemic continues to spread globally.

Whereas in seasonal influenza most deaths occur in
persons older than 65 years,9 the 2009 pandemic has
predominantly affected the young, with a median age
between 12 and 22 years.10–12 Most infections have been
self-limited, but deaths have also occurred in a younger
age group than expected for seasonal influenza (median
age, 37 years).13 In a subset of fatal cases for which medical
records were available, 91% had preexisting underlying
medical conditions, notably cardiac and respiratory
diseases, immunosuppression, pregnancy, and obesity,
the latter being an unexpected finding based on evidence
from prior pandemics.13

We investigated 34 deaths with confirmed novel A/
H1N1 respiratory infection, reviewing available clinical,
radiologic, pathologic, and microbiologic data.
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Figure 1. Representative histopathologic changes associated with fatal pandemic influenza A/H1N1 infection. Photomicrographs of hematoxylin-
eosin–stained tissue sections and immunohistochemically stained sections to detect influenza viral antigen are shown. A, Acute necrotizing
tracheitis and inflammation of the submucosal tracheal mucus glands (case 2) (hematoxylin-eosin, original magnification 3400). B and C,
Immunohistochemical stain for influenza in a section of trachea. Viral antigen is stained red-brown on a hematoxylin-stained background. Arrow
shows influenza antigen–positive cells in the submucosal gland. Arrowhead shows influenza antigen–positive cells in the tracheal epithelium.
Section stained with anti-influenza primary antibody in B and without the primary antibody in C demonstrating specific staining (case 15) (original
magnifications 3100 [B and C]). D and E, Immunohistochemical staining for influenza in a section of trachea. Viral antigen is stained red-brown on
a hematoxylin-stained background. Arrows show influenza antigen-positive cells in acinar cells of a submucosal gland (D) and in ductal mucus cells,
including basal cells (E) (case 17) (original magnifications 31000 [D and E]). F, Section of lung showing a massive infiltration of neutrophils in the
airspaces of alveoli associated with bacterial bronchopneumonia (case 19) (hematoxylin-eosin, original magnification 3100). G, Brown and Hopps
modified tissue Gram stain showing chains of bacteria (arrow) morphologically compatible with streptococci (case 19) (original magnification
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MATERIALS AND METHODS

Patients

In May 2009, the New York City Office of Chief Medical
Examiner began investigating all suspected influenza deaths,
including all unexplained deaths involving febrile respiratory
illnesses and all sudden pediatric deaths with or without a
history of febrile illness. Of the 42 confirmed New York City A/
H1N1 deaths investigated by the New York City Office of Chief
Medical Examiner between May 15, 2009, and July 9, 2009, 32
underwent autopsy examination that included gross, microscop-
ic, microbiologic, and toxicologic study. At family request, 10
additional cases were externally examined with nasopharyngeal
swabs obtained for viral testing. In addition, 2 deaths from other
jurisdictions (Washington State and Long Island, New York)
were seen in consultation by one of us (W.D.T.).

Pathologic and Microbiologic Studies

Histologic examination included routine hematoxylin-eosin
staining on formalin-fixed, paraffin-embedded (FFPE) respirato-
ry tract sections. Sections from 33 of 34 fatal cases were examined
for fungi using Gomori methenamine silver stain and for bacteria
using Brown and Hopps tissue Gram stain.

Further microbiologic investigation included swabs of the
nasopharynx and trachea in all autopsied cases with suspected or
known A/H1N1 infection. Viral studies were performed by the
Centers for Disease Control and Prevention and the New York
City Public Health Laboratory. Novel A/H1N1 viral RNA was
detected by real-time reverse transcription–polymerase chain
reaction.14 Real-time reverse transcription–polymerase chain
reaction was also performed on FFPE autopsy tissue sections15

for the influenza A virus matrix gene16,17 and novel A/H1N1
hemagglutinin gene.18 Immunohistochemical studies for influen-
za A viral antigen were performed following antigen retrieval.19

RESULTS

Study Patients

Age and gender data (Tables 1 and 2) indicate that 62%
of patients were 25 to 49 years old; fatal cases included 2
previously healthy infants (ages 2 and 4 months) and 1
person older than 60 years.

Pulmonary Pathologic Findings

A spectrum of histopathologic changes was observed in
both the upper and lower respiratory tissues (Figure 1;
Tables 2 and 3). Tracheitis and bronchitis of focal or
extensive nature were observed in all cases (Figure 1, A
through E and H), typically consisting of denuded or
ulcerated epithelial layers, focal squamous metaplasia, and
submucosal inflammatory infiltrates. Moderate to marked
inflammation of the submucosal glands and ducts with focal
epithelial cytonecrosis was typical (Figure 1, A). Focal mild
to moderate bronchiolitis (Figure 1, J) was observed in 18 of
34 cases, sometimes associated with squamous metaplasia.

Influenza viral pneumonia with focal to extensive diffuse
alveolar damage (DAD) was seen in 25 of 34 cases (Figure 1,
I), often associated with marked hyaline membrane forma-
tion, pulmonary edema, and, in 8 of 34 cases, acute
pulmonary hemorrhage. Sixteen of these 25 DAD cases
showed only acute DAD (average time in hospital, 3.4 days).
Seven of 25 cases showed acute and organizing DAD
(average time in hospital, 11.7 days). Two of 25 cases had
fibrosing and organizing DAD (average time in hospital,
31.5 days). Thrombotic changes similar to changes observed
in 191820 were seen in 9 of 34 cases. Autopsy evidence of
acute pneumonias, ranging from focal to extensive in
distribution, were observed in 19 of 34 cases (Figure 1, F),
usually in association with bacteria (Figure 1, G; see
Autopsy evidence of acute bacterial pneumonia and
detection of bacteria).

Table 1. Characteristics of the 34 Study Decedents
Who Had Confirmed Infection With Novel Influenza A/

H1N1 Virus and Underwent Autopsy

Characteristic Value

Female sex, No./Total No. (%) 17/34 (50)
Age, median (range), y 41.5 (0.16–72)
Age, y, No./Total No. (%)

#5 y 2/34 (6)
.5 to #10 y 0/34 (0)
.10 to #15 y 1/34 (3)
.15 to #50 y 21/34 (62)
.50 to #60 y 9/34 (26)
.60 y 1/34 (3)

Symptom, No./Total No. (%)

Fever (temperature .38uC) 30/32 (94)
Cough 31/34 (91)
Dyspnea or respiratory distress 24/33 (73)
Mechanical ventilation on admission 12/21 (57)
Rhinorrhea 15/26 (58)
Myalgia/arthralgia 12/24 (50)
Clinical evidence of sepsis 8/17 (47)
Gastrointestinal symptoms 11/28 (39)
Hypotension that did not resolve after

fluid administration 6/18 (33)
Wheezing 3/21 (14)
Hemoptysis 2/28 (7)
Body mass index, mean, median (range) 39.9, 37.5 (21–70)

Known in 27 deaths: time from onset of
symptoms to death, median (range), d 7 (2–44)

Known in 16 deaths: time from onset of
symptoms to emergency room, median
(range),a d 6 (1–7)

Known in 22 deaths: time from admission
to death, median (range),a d 7 (0.4–40)

a Thirteen of 34 decedents were pronounced dead on arrival at the
hospital or scene of death.

r

31000). H, Immunohistochemical staining for influenza in a section of bronchus. Viral antigen is stained red-brown on a hematoxylin-stained
background. Arrow shows influenza antigen–positive cells in the bronchial epithelium. Section shows an acute necrotizing bronchitis with
transmural infiltration of inflammatory cells (case 25) (original magnification 3100). I, Section of lung showing diffuse alveolar damage with hyaline
membranes lining an alveolar duct and adjacent alveoli (arrow). The alveolar air spaces contain edema fluid, strands of fibrin, desquamated
epithelial cells, and inflammatory cells (case 10) (hematoxylin-eosin, original magnification 3100). J, Immunohistochemical staining for influenza in
a bronchiole. Viral antigen is stained red-brown on a hematoxylin-stained background. Influenza antigen–positive cells are seen in the bronchiolar
epithelium, including ciliated cells (arrowhead), and in the nuclei of some basilar cells (arrow) (case 25) (original magnification 3400). K through M,
Immunohistochemical staining for influenza in alveolar cells. Viral antigen is stained red-brown on a hematoxylin-stained background. Influenza
antigen–positive cells (arrows) include alveolar macrophages (K; case 1) and alveolar epithelial cells, both type I (L; case 15) and type II (M; case 24).
The cytoplasm of the alveolar macrophages shown in K also contains bacteria morphologically compatible with Streptococcus pneumoniae
(arrowhead) (original magnifications 31000 [K, L, and M]).
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Table 2. Pulmonary Pathology Microscopic and Microbiologic Findings of the 34 Study Decedents Who Had Confirmed
Infection With Novel Influenza A/H1N1 Virus and Underwent Autopsy

Case
No. Age/Sex

Underlying
Medical

Conditions
Length of

Hospitalization
Major Histopathologic

Findings
Bacteriologic

Resultsa

Gram
Stainb

Influenza
IHCc

Influenza
PCRd

1 55 y/F Down syndrome,
cirrhosis

36 h Acute bacterial pneumonia,
focal acute DAD,
tracheitis, bronchitis

Streptococcus
pneumoniae

+++ + +

2 41 y/F Asthma, HTN,
DM, obesity

DOA Asthmatic bronchitis 2 2 + (trachea) + (trachea)

3 2 mo/M None DOA Cellular interstitial
pneumonia, focal acute
bacterial pneumonia,
focal acute bronchiolitis

S pneumoniae + + +

4 43 y/F Asthma, COPD,
IVDA

16 h Extensive necrotizing
bacterial pneumonia,
focal acute DAD

MRSA +++ + +

5 72 y/F AIDS (most
recent CD4,
290/mm3),
HTN, CAD,
substance
abuse, home
oxygen
therapy

24 h Acute and chronic
bronchiolitis

2 2 + +

6 53 y/M CHF with AICD,
HTN, DM

17 h Tracheitis and asthmatic
bronchitis, changes
consistent with CHF

2 2 + +

7 30 y/M HTN, obesity,
DM

40 d Focal acute bacterial
pneumonia, pulmonary
edema

S pneumoniae + 2 2

8 34 y/M Asthma, obesity DOA Focal acute and organizing
bacterial pneumonia,
focal DAD, asthmatic
bronchitis

S pneumoniae + + +

9 47 y/F Obesity DOA Marked acute DAD with
marked hyaline
membranes, focal acute
pneumonia

2 +++ + +

10 38 y/F Obesity with
sleep apnea

2 d Acute DAD, acute
necrotizing bacterial
pneumonia

2 + + +

11 11 y/F Obesity DOA Acute DAD with marked
hyaline membranes,
acute bacterial
pneumonia, acute and
chronic bronchiolitis

S pneumoniae
and
Streptococcus
pyogenes
(GAS)

++ 2 2

12 46 y/M Obesity, HTN DOA Acute DAD with focal
hyaline membranes,
extensive pulmonary
edema, acute pneumonia,
focal mild chronic
bronchiolitis

2 2 + +

13 31 y/M Obesity 7 d Acute DAD, acute
necrotizing pneumonia

2 2 + 2

14 47 y/F HTN, CAD,
IVDA

9 h Acute DAD with focal
hyaline membranes,
extensive pulmonary
edema, focal acute
bacterial pneumonia

S pyogenes
(GAS)

+++ + 2

15 54 y/F Multiple
myeloma,
status post
stem cell
transplant,
obesity, HTN

16 d Acute DAD with marked
hyaline membranes,
acute infarct and
thromboemboli

2 2 + +

16 58 y/F HTN,
emphysema,
psoriasis on
infliximab
(Remicade)

DOA Acute DAD with marked
hyaline membranes,
ulcerative laryngitis

NT ++ + +

17 32 y/M ESRD, DM,
HTN, CAD

DOA Mild bronchitis and
bronchiolitis

2 NT + (trachea) 2
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Case
No. Age/Sex

Underlying
Medical

Conditions
Length of

Hospitalization
Major Histopathologic

Findings
Bacteriologic

Resultsa

Gram
Stainb

Influenza
IHCc

Influenza
PCRd

18 49 y/F HTN, HIV,
asthma,
COPD, DM

6 d Acute DAD with marked
hyaline membranes, focal
acute bacterial
pneumonia

2 + + +

19 56 y/F HTN, obesity DOA Acute necrotizing bacterial
pneumonia, pulmonary
edema, bronchitis and
bronchiolitis

S pyogenes
(GAS)

++ + +

20 25 y/F 39 weeks
pregnancy,
HTN,
preeclampsia

18 d Acute and organizing DAD,
acute necrotizing
bacterial pneumonia

2 + + 2

21 31 y/M Slightly obese
(autopsy BMI,
35)

9 d Acute and organizing DAD,
acute infarct and
thromboemboli, focal
acute pneumonia

2 2 + +

22 51 y/F AIDS, IVDA,
MDS

30 d Acute and organizing DAD
with marked hyaline
membranes, acute infarct
and thromboemboli, focal
acute pneumonia

2 2 2 2

23 55 y/F Asthma, IVDA 13 d Acute and organizing DAD
with marked hyaline
membranes, asthmatic
tracheitis and bronchitis

2 + + 2

24 55 y/M HTN, CAD,
obesity

4 d Focal acute DAD 2 2 + 2

25 4 mo/M None DOA Chronic bronchitis and
bronchiolitis

2 2 + +

26 59 y/F HTN, CAD 10 d Acute and organizing DAD 2 2 + +
27 28 y/M Obesity, asthma DOA Acute bacterial pneumonia S pneumoniae +++ + +
28 44 y/F HTN DOA Acute and organizing DAD S pneumoniae ++ + 2
29 35 y/F Obesity 4 d Acute DAD with marked

hyaline membranes
2 + + +

30 35 y/F Obesity, sleep
apnea, asthma,
HTN

2 d Acute and organizing DAD
with marked hyaline
membranes

2 2 + +

31 27 y/M No known risk
factors

25 d Fibrosing and organizing
DAD, focal acute
bacterial pneumonia

2 ++ + 2

32 37 y/M AML 14 d Acute DAD with marked
hyaline membranes, AML

NT 2 + +

33 39 y/M Obesity,
hypertrophic
cardio-
myopathy

DOA Acute DAD, changes
consistent with CHF

NT 2 + +

34 42 y/F Overweight 38 d Fibrosing and organizing
DAD, focal acute and
chronic pneumonia

NT 2 + +

Abbreviations: 2, negative; AICD, automatic implantable cardioverter defibrillator; AML, acute myelogenous leukemia; BMI, body mass index;
CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DAD, diffuse alveolar damage; DM,
diabetes mellitus; DOA, dead on arrival; ESRD, end-stage renal disease; GAS, Group A streptococci; HIV, human immunodeficiency virus; HTN,
hypertension; IHC, immunohistochemistry; IVDA, intravenous drug abuse; MDS, myelodysplastic syndrome; MRSA, methicillin-resistant
Staphylococcus aureus; NT, not tested; PCR, polymerase chain reaction.
a Postmortem bacteriologic results listed include culture, immunohistochemistry, and/or PCR. Lung tissue from 30 of 34 fatal cases was examined by

immunohistochemistry for specific bacterial antigens (Streptococcus pneumoniae, Streptococcus pyogenes, Staphylococcus aureus, and
Haemophilus influenzae)21,22 at the Centers for Disease Control and Prevention’s Infectious Diseases Pathology Branch.

b Tissue Gram stain results listed as +++, numerous Gram-positive bacteria present; ++, Gram-positive bacteria present; +, rare Gram-positive bacteria
present; NT, not tested.

c Influenza immunohistochemistry was performed using a polyclonal anti-nucleoprotein antibody as previously described19 and was scored as either
positive (+) or negative (2); (trachea), positive only in trachea not in lung sections.

d Reverse transcriptase–polymerase chain reaction for influenza viral RNA was performed from RNA extracted from the formalin-fixed paraffin-
embedded autopsy tissue blocks using primer sets for the influenza A virus matrix gene and specific primer sets for the pandemic H1N1
virus, scored as positive (+) or negative (2); (trachea), positive only in trachea not in lung sections.

Continued
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Influenza Viral Detection

Novel A/H1N1 virus was detected antemortem or at
autopsy in all 34 decedents, including by real-time reverse
transcription–polymerase chain reaction on postmortem
nasopharyngeal and/or tracheal swab samples in 28 (82%)
and by real-time reverse-transcription polymerase chain
reaction on FFPE lung and/or tracheal tissues in 23 of 34
cases (68%; Table 2). The longest interval in which viral
RNA was detected after the onset of respiratory symp-
toms was 12 days for postmortem nasopharyngeal
samples and 38 days for FFPE material. The 6 decedents
in which viral RNA was not detected in nasopharyngeal
samples had intervals between 17 and 44 days; all had
received oseltamivir phosphate (Tamiflu) while hospital-
ized, and 5 of the 6 had antemortem detection of H1N1
viral RNA. H1N1 RNA was subsequently detected by
real-time reverse transcription-polymerase chain reaction
from FFPE lung in the sixth decedent. Twelve of 18
inpatients were treated with oseltamivir phosphate and 4
other outpatients received prescriptions. Two outpatient
prescriptions were not filled.

Immunohistochemistry for influenza viral antigen
revealed prominent staining in the pseudostratified
columnar epithelium of the tracheobronchial tree (Fig-
ure 1, B and H) and its associated submucosal glands
(Figure 1, D and E). Focal viral antigen positivity in
bronchiolar epithelium was seen (Figure 1, J). Viral
antigen was seen commonly in alveolar macrophages
but was seen less frequently in alveolar type I and type II
cells (Figure 1, K through M). Viral antigen was often
detected both in the cytoplasm and in the nuclei of
alveolar macrophages, suggesting viral replication in
macrophages. Antigen-positive alveolar macrophages
containing visible cytoplasmic bacteria were also ob-
served (Figure 1, K).

Autopsy Evidence of Acute Bacterial Pneumonia and
Detection of Bacteria

Autopsy evidence of acute pneumonia was seen in 19 of
34 cases (56%) and was necrotizing/extensive in 5 cases
(15%). Thirty-three of 34 cases were examined for
evidence of pulmonary bacterial infection by tissue Gram
stain. Of these, 18 (55%) showed bacterial pneumonia, 16
being morphologically compatible with streptococci and 2
with staphylococci. Of the 30 cases evaluated by postmor-
tem bacteriologic culture and immunohistochemistry, 10
(4 of whom had been hospitalized before death) had
evidence of bacterial infection: 6 with Streptococcus
pneumoniae, 2 with Streptococcus pyogenes, 1 with S
pneumoniae and S pyogenes, and 1 with methicillin-resistant
Staphylococcus aureus (Tables 2 and 3).21,22 Most of these
bacterial-positive cases (15 of 18; 83%) also had histologic
evidence of acute pneumonia, consistent with the high
percentage of secondary bacterial pneumonia described in
fatal cases from earlier pandemics.23–25 The remaining 3
had acute and organizing DAD with chronic inflammato-
ry cells and bronchiolitis.

Radiographic Findings

Chest radiographs demonstrated features ranging from
patchy opacities to areas of confluent density (not shown),
corresponding with radiologic pulmonary features char-
acterized in greater detail on computed tomography (CT)
(Figure 2, A through D). On CT, the lungs of all 4 patients

displayed patchy ground-glass opacities, in which under-
lying parenchymal architecture remained visible with
discernible bronchovascular margins in a predominantly
peripheral and peribronchial distribution, consistent with
DAD. One case (Figure 2, D) also showed areas of denser
consolidation obscuring underlying parenchymal archi-
tecture and bronchovascular margins, consistent with a
secondary bacterial pneumonia identified at autopsy.

Risk Factors and Comorbidities

Of the 20 New York City deaths following hospital
admission, 6 occurred in municipal hospitals and 14 in
private hospitals. Twelve of these 20 patients presented in
advanced respiratory distress requiring mechanical ven-
tilation on admission. Ten (29%) had outpatient visits
prior to death or subsequent hospitalization. Gastrointes-
tinal symptoms, including nausea, vomiting, diarrhea,
and/or abdominal pain, were described in the medical
records of 11 of 28 decedents.

Causes of death, risk factors for death, and comorbid-
ities are summarized in Table 4. Obesity, heart disease,
and underlying pulmonary disease were most common.
One A/H1N1-positive patient’s death (case 6) was
certified as a complication of hypertensive and athero-
sclerotic cardiovascular disease and of diabetes mellitus.
Despite histologic evidence of tracheitis and bronchiolitis,
A/H1N1 infection was not included as a cause of death in
this patient. The 1 patient in the series older than 60 years
(case 5) also had AIDS.

Seventy-two percent of the adult and adolescent
decedents were obese (body mass index [BMI] $30)26

(Table 4). The single adolescent death in the series had a
BMI of 34. Among the 11 adults who were dead on arrival
(and therefore received no fluid resuscitation), the median
BMI was 47 (range, 25–62). A pregnant woman, who
presented at 39 weeks’ gestation with fever, cough,
obesity, and preeclampsia, died of A/H1N1 respiratory
complications following an emergent Cesarean section.

Two adult decedents without significant underlying
illnesses were slightly obese. One (case 21) had a BMI of 35
following 9 days of hospitalization with significant fluid
overload at autopsy. The second (case 34) had a BMI of 38
at autopsy but had been admitted to hospital 38 days
earlier with a BMI of 27 and subsequently developed
marked anasarca. One decedent (case 31) had no known
comorbidities. Overall, 29 of 32 adult decedents (91%) had
underlying risk factors (Tables 2 and 4).

COMMENT

The decision by the New York City Office of Chief
Medical Examiner to investigate deaths associated with
infection by the 2009 pandemic influenza virus provides
an opportunity to examine the pathogenesis of fatal
pandemic influenza. Major findings include (1) tracheitis
and/or bronchitis in all cases, with DAD-associated viral
pneumonia as the primary pathology; (2) distribution of
influenza viral antigen predominantly in the tracheobron-
chial epithelium and submucosal glands, and to a lesser
extent in bronchiolar epithelium and alveolar epithelial
cells and macrophages; (3) bacterial pneumonia in 55%;
and (4) comorbidities in 91% of adult and adolescent
decedents (with obesity in 72%). These pathologic
findings are strikingly similar to those of published
autopsy studies from the 1918 and 1957 pandemics and
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to a more limited extent from publications investigating
seasonal influenza.23,25,27,28

Although pandemic and seasonal influenza generally
cause self-limited illnesses, a small percentage of cases are
fatal.25 In typical uncomplicated infections, viral replica-
tion apparently remains limited to the mucosal lining of
the pharynx and upper tracheobronchial tree. Determi-
nants of progression of a predominantly upper respiratory
tract infection to fatal pulmonary disease are poorly
understood but likely include a number of different
factors such as age, immune and underlying health status,
preexisting immunity to viral antigens (principally hem-
agglutinin),29 and pharyngeal bacterial flora. The findings
in this and other studies24 suggest that severe disease is
associated with the development of influenza viral
pneumonia,23,25,30 with or without secondary bacterial
pneumonia.24,31,32

The pulmonary pathologic abnormalities observed in
the 2009 fatalities reported here do not differ significantly
from those reported by pathologists who performed
meticulous autopsies during the 1918 and 1957 pandemics
(reviewed in references 23 and 25). For example, influenza
viral antigen in the tracheobronchial epithelium, alveolar
lining cells, and alveolar macrophages, as shown here by
immunohistochemistry (Figure 1), was first demonstrated
by immunofluorescence in 1957 pandemic autopsy cases.23

Our observation that viral antigen in alveolar cells often
did not colocalize with foci of DAD and alveolar hyaline
membrane formation likely reflects the rapid asynchro-
nous kinetics of influenza viral replication and clearance.25

It could also be consistent with recent speculation that at
least some of the pulmonary abnormalities of fatal
influenza viral pneumonia might be induced by the
release of host inflammatory mediators, rather than by a
direct viral cytopathic effect.33,34 Whether such pulmonary
pathologic changes might also occur in patients with self-
limited influenza infection is not known.

Bacterial pneumonia was observed in 55% of the
fatalities described here. In comparison, postmortem
cultures for bacteria were positive in more than 90% of
1918 pandemic autopsies and about 75% of 1957 autop-
sies.23,25 Of the 13 decedents who died without having
been hospitalized, 8 (62%) had evidence of bacterial
pneumonia (Table 2), suggesting that community ac-
quired bacterial pneumonia may play a significant role
in the current pandemic. In addition, 8 of these 13
decedents also had DAD, confirming that these changes
are not just secondary to prolonged mechanical respirator
support but a component of the viral disease process as
described in the 1918 and 1957 pandemics. Nine decedents
had pulmonary thrombi including 5 with focal infarcts.
Thrombi are common with DAD and have been described
with influenza infection since 1918.20,35 One of the 2 infant

Table 3. Major Pulmonary Autopsy Diagnoses of the
34 Study Decedents Who Had Confirmed Infection With
Novel Influenza A/H1N1 Virus and Underwent Autopsy

Characteristic No./Total No. (%)

Lung Weightsa

Right, mean (range), g 1100 (500–1690)
Left, mean (range), g 910 (250–1510)

Tracheitis 17/17 (100)
Bronchitis 20/20 (100)
Bronchiolitis 18/23 (78)
Diffuse alveolar damage 25/34 (74)
Autopsy evidence of acute pneumonia 19/34 (56)
Pulmonary thrombosis 9/34 (27)
Alveolar hemorrhage 8/34 (24)
Chronic interstitial inflammation 4/34 (12)
Other underlying pathology

Histologic evidence of asthma 3/34 (9)
Histologic evidence of heart failure 2/34 (6)
Leukemic infiltrates 1/34 (3)

Evidence of bacterial coinfection by tissue
Gram stain 18/33 (55)

Bacterial coinfection among decedents with
acute pneumonia tested for bacteria by
culture, immunohistochemistry, and/or
PCR 10/30 (33)

Abbreviation: PCR, polymerase chain reaction.
a Infant lung weights excluded (51 g, 43 g and 76 g, 55 g).

Table 4. Cause of Death and Contributing Conditions
of the 34 Study Decedents Who Had Confirmed

Infection With Novel Influenza A/H1N1 Virus and
Underwent Autopsy

Characteristic No./Total No. (%)

Proximate cause of death

Novel influenza A (H1N1) viral respiratory
infection 24/34 (70)

Novel influenza A (H1N1) viral respiratory
with immunocompromised state (ie,
acute myelocytic leukemia, AIDS,
myeloma with therapy, immunotherapy
for psoriasis) 5/34 (15)

Novel influenza A (H1N1) viral respiratory
infection complicating bronchial asthma 2/34 (6)

Diabetes mellitus with end-stage renal
disease with novel influenza A (H1N1)

1/34 (3)
viral respiratory infection as a
contributing condition

Hypertensive cardiovascular disease with
novel influenza A (H1N1)

1/34 (3)
Viral respiratory infection as a

contributing condition
Hypertensive and atherosclerotic

cardiovascular disease 1/34 (3)

Comorbidities/contributing conditions/risk factors

Body mass index, mean, median (range)a 39.9, 37.5 (21–70)
Obesitya 23/32 (72)

Body mass index #30 9/32 (28)
Body mass index .30 to #39 (obesity) 8/32 (25)
Body mass index .39 (extreme obesity) 15/32 (47)
Obesity as sole risk factora 5/32 (16)

Heart disease (atherosclerotic,
hypertensive, cardiomyopathy) 17/34 (50)

Chronic obstructive pulmonary disease/
asthma 8/34 (24)

Diabetes mellitus 3/34 (9)
Infants 2/34 (6)
Pregnancy 1/16 (6)
End-stage kidney disease (diabetes mellitus) 1/34 (3)
Chronic substance abuse 1/34 (3)
Cirrhosis (chronic hepatitis B) 1/34 (3)
Immunocompromise

HIV positive (with AIDS) 3/34 [2/34] (9)
Multiple myeloma with chemotherapy
and stem cell transplant 1/34 (3)
Immunotherapy for psoriasis 1/34 (3)
Acute myelocytic leukemia 1/34 (3)

Total decedents with one or more
comorbidity or risk factora 29/32 (91)

Abbreviation: HIV, human immunodeficiency virus.
a The two infants were excluded.
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deaths (case 3) also had bacterial pneumonia. A recent
report by the Centers for Disease Control and Prevention
described concurrent bacterial infection in 29% of referral
specimens from influenza A/H1N1 fatalities.21 As this
report notes, inadequate sampling, collection of speci-
mens from unaffected portions of the lung, or prolonged
illness or treatment may limit the detection of bacteria and
explain the variations in percentages of detection.21

Regardless, these findings suggest that, even in an era of
widespread and early antibiotic use, bacterial pneumonia
remains an important factor in severe/fatal influenza. In
coming months it will be important for clinicians to
diagnose and treat bacterial pneumonias occurring in
patients infected with the pandemic influenza virus.
Unfortunately, there is insufficient clinical information
about the natural history of severe influenza disease to
fully inform clinicians about optimal prophylaxis and
treatment approaches.

In addition to demonstrating the characteristics and
constancy of pulmonary abnormalities in fatal pandemic
influenza, this case series emphasizes an association
between underlying illnesses and mortality. Epidemio-
logic studies conducted during the current pandemic13,35

have suggested obesity as an important risk factor for fatal

outcomes. Nearly half of the patients in this case series
had a BMI greater than 40. Enhanced susceptibility to fatal
infection in obese persons might reflect associated
independent risk factors such as compromised ventilatory
function, hypertension, congestive heart failure, or diabe-
tes mellitus.36 The presence of only a single decedent older
than 60 years is also consistent with current reports that
older individuals are less vulnerable to infection with the
2009 A/H1N1 virus than with seasonal influenza viruses,
presumably because of immunologic protection induced
by prior exposure to previously circulating human A/
H1N1 viruses.37 It is not yet clear whether the compara-
tively few fatalities in older persons is due entirely to low
incidence of infection by itself, or whether there may be
lower case fatality as well. The frequent gastrointestinal
symptomatology (39%) in these patients is an area that
needs further study with respect to the underlying
pathology of the gastrointestinal tract.

A potentially important diagnostic modality in the new
influenza pandemic is CT imaging, which provided
detailed information on antemortem pathologic changes
in the lungs of 4 patients in this case series. Our findings
suggest that CT can be a valuable tool in identifying
patients who will require intensive medical support and

Figure 2. Chest computed tomography examinations. The lungs of all 4 patients show rounded patches of ground-glass peribronchial opacity
(yellow arrows) in a peripheral distribution. In A (case 24), the opacities are discrete and multifocal, while in B (case 26) they are confluent in
subpleural areas, and in C (case 21) the entire right lung displays confluent ground-glass attenuation. These changes may correspond to areas of
diffuse alveolar damage seen on histopathologic examination (see text). In addition to patchy ground-glass opacities, D (case 1) shows areas of
denser consolidation in the right upper lobe and the superior segment of the right lower lobe (blue arrows) that are consistent with the bacterial
pneumonia diagnosed in this patient.
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to elucidate the pathogenesis of severe disease. At present
we do not know to what extent the CT abnormalities seen
in these fatal cases also occur in patients with milder
infections, but this question, as well as differentiating viral
from bacterial infections, can be investigated in clinical
trials, in volunteer challenge studies, and with quantita-
tive CT analysis.

Pandemic progression offers an opportunity to study
pandemic influenza viral infection using techniques
not available in past pandemics, including enhanced
surveillance, rapid genetic analyses, improved radio-
graphic imaging techniques, and better tools to
evaluate the immune response and the natural history
of uncomplicated and severe disease. A better under-
standing of secondary bacterial pneumonias will be
crucial for the treatment of severely ill influenza
patients. Our findings suggest that, although the
spectrum of pulmonary pathologic abnormalities has
remained similar from pandemic to pandemic during
the past 120 years,24 the portion of the human
population that is most susceptible to lethal infection
differs with each new viral emergence, confirming the
continuing importance of epidemiologic studies iden-
tifying risk groups and the continuing importance of
careful autopsy pathology studies and the value of
centralized evaluation of deaths by a medical examin-
er’s office.

We thank Charles Hirsch, MD, chief medical examiner of the
City of New York, for helpful discussions and a critical review of
the manuscript.
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