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BACKGROUND

Novel influenza A (HIN1) is a new influenza virus of swine origin that first caused
illness in Mexico and the United States in March and April, 2009. The novel influenza A (HINT1)
virus spreads in the same way as regular seasonal influenza viruses do, mainly through the
coughs and sneezes of people who are sick with the virus, but it may also be spread by touching
infected objects and subsequently touching one’s nose or mouth. Novel HIN1 infection has been
reported to cause a wide range of flu-like symptoms, including fever, cough, sore throat, body
aches, headache, chills and fatigue. In addition, many people also have reported nausea, vomiting
and/or diarrhea. The first novel HINT1 patient in the United States was confirmed by laboratory
testing at CDC on April 15, 2009. The second patient was confirmed on April 17, 2009. It was
quickly determined that the virus was spreading from person-to-person. On April 22, CDC
activated its Emergency Operations Center to better coordinate the public health response. On
April 26, 2009, the United States Government declared a public health emergency and has been
actively implementing the nation’s pandemic response plan.

On June 11, 2009, the World Health Organization (WHO) indicated that a global
pandemic of novel influenza A (HIN1) was underway by raising the worldwide pandemic alert
level to Phase 6. This action was a reflection of the magnitude of spread of the new HINT1 virus,
and not the severity of illness caused by the virus. At that time, more than 70 countries had
reported cases of novel influenza A (HIN1) infection. By June 19, 2009, all 50 states in the
United States, the District of Columbia, Puerto Rico, and the U.S. Virgin Islands had reported
novel HINT infection.

Since the WHO declaration of a pandemic, the new HINT1 virus has continued to spread,
with the number of countries reporting cases of novel HIN1 nearly doubling. In the Southern
Hemisphere’s, regular influenza season started concurrently with the new HIN1 influenza in

June. In the United States, significant novel HIN1 illness has continued to occur in the summer,



with localized and in some cases intense outbreaks. The United States continues to report the
largest number of novel HIN1 cases of any country worldwide, however, most people who
contracted novel HIN1 have recovered completed without requiring medical treatment.

Given ongoing novel HINTI activity to date, the CDC anticipates that there will be more
cases, more hospitalizations and more deaths associated with this pandemic in the United States
over the winter and early spring. The novel HINI virus, in conjunction with regular seasonal
influenza viruses, poses a potential threat to the general public due to the significant illness it
may cause, especially with associated hospitalizations and deaths during the influenza season.
The mortality rate of novel HIN1 is estimate to be around 0.01%. This presentation describes the
clinicopathologic, epidemiological, and pathogenetic studies of autopsy tissue specimens

obtained from U.S. fatal cases with 2009 pandemic influenza A (H1NT1) virus infection.

PATIENT CHARACTERISTICS AND LABORATORY TESTS

One hundred confirmed case-patients with fatal 2009 HINI1 virus infection were
evaluated at Infectious Disease Pathology Branch, CDC from May 12 to October 1, 2009. Fifty-
three (53%) of these case-patients were confirmed to have 2009 HIN1 by testing postmortem
specimens. These 53 cases had no antemortem diagnosis and the confirmatory diagnosis was
only obtained from testing postmortem samples. This finding underscores the important role of
medical examiners, coroners, and pathologists in infectious disease surveillance by performing
postmortem examination and testing autopsy samples.

The median age of fatal case-patients was 36 years, range 2 months to 84 years, 80%
were aged 20 - 60 years, and 51 (51%) were male. The majority (85%) of case-patients with
known previous medical history had at least one underlying comorbidity. Obesity (46%),
cardiovascular disease (25%) and asthma (22%) were the three most frequent conditions
reported. Fever (82%), cough (67%) and shortness of breath (58%) were the most common signs
and symptoms reported, with a median duration from illness onset to death of 8 days, range 1 to
44 days. Fifty-eight (67%) of 87 case-patients with available clinical history were hospitalized
prior to death. Forty-two (74%) of 57 case-patients with available hospital records required
mechanical ventilation. Radiographic diagnosis of pneumonia was documented in 59% (38/64)

of case-patients.



In the cases with known medical history, obesity (BMI > 30) is the most significant
associated factor and almost 19% of these patients were extremely obese (BMI > 40). There is a
clear association between obesity and metabolic disorders; however, very little is known about
the effect of obesity on immune function, especially during an infection. It was reported that
diet-induced obese mice are more susceptible to morbidity and mortality during influenza
infection than lean mice. Obesity may interfere with cellular responses during influenza
infection, leading to selective impairment in dendritic cell function and alterations in the T-cell
population that may be detrimental to the host. Whether similar altered immune responses also
occurred in humans with influenza virus infection are unknown. Nevertheless, obesity is the
most common precipitating factor for obstructive sleep apnea as well as a risk factor for the
development of asthma. A number of studies also indicate its association with a higher risk of
developing deep vein thrombi, pulmonary emboli, pulmonary hypertension, and pneumonia.
Further studies are needed to elucidate the pathophysiologic affect of obesity and other medical
conditions on patients with 2009 pandemic influenza A (H1NT1) virus infections.

The autopsy samples were evaluated with histopathologic examination,
immunohistochemical assays (IHC), PCR assays, viral culture, and electron microscopic
examination. Of the 100 case-patients with confirmed 2009 HINI, testing of respiratory tissue
by rRT-PCR assays at CDC were positive for influenza A virus in 90, including 87 for HIN1 and
3 non-subtypeable virus. Based on available records for 80 case-patients with known duration of
illness, rRT-PCR results were positive for 2009 HINTI in respiratory tissue specimens of 42
(53%) case-patients with illness duration <10 days and in 28 case-patients (35%) with illness
>10 days when death occurred. Negative rRT-PCR results for 2009 HIN1 were not observed in
any case-patients with known illness duration <10 days, but results were negative in 7 case-
patients (9%) with duration >10 days. In these same 80 case-patients with known duration of
illness, positive IHC results for influenza A viral antigen were observed in respiratory tissues of
31 case-patients (39%) with illness duration <10 days and in 5 case-patients (6%) with illness
>10 days. In contrast, negative IHC results for influenza A were observed in respiratory tissues
of 14 case-patients (18%) with time from onset to death <10 days and in 31 case-patients (39%)
who died after an illness >10 days. 2009 HINI1 virus was isolated from fresh lung tissue

specimens in five of 30 case-patients tested.



HISTOPATHOLOGIC FINDINGS

The major histopathologic features were observed in airways and lungs. Eighty-five case-
patients had airway tissues available for evaluation. The most frequent histopathologic findings
in airways were inflammation and edema (66%). The inflammation was usually mild and
consisted predominantly of mononuclear cells. Necrosis of epithelium (26%) and hemorrhage
(18%) were less frequently observed. Lung tissues in all case-patients showed a spectrum of
histopathologic changes of diffuse alveolar damage (DAD). The nature and extent of DAD
generally corresponded to the duration of clinical illness of the patients. Forty-one case-patients
had paratracheal or hilar lymph nodes available for evaluation and hemophagocytosis was noted
in 25 (61%) of these case-patients. Pulmonary thromboemboli were noted in gross autopsy
findings or microscopically in 17 case-patients. No histopathologic evidence of myocarditis or
encephalitis was observed in any of the case-patients with heart (n=30) or CNS samples (n=19)
available for evaluation. Histopathologic findings in other organs were nonspecific and most
likely associated with the patients’ underlying medical conditions. These findings included
prominent eosinophils in patients with history of asthma; enlarged nuclei of cardiac myocytes in
patients with history of hypertension; and fatty metamorphosis in the liver in obese patients.

Histopathologic evaluations accentuated DAD as the most significant and consistent
finding. This lung involvement is more similar to the histopathologic features in fatal avian
influenza (H5N1) and is seen less frequently in fatal seasonal influenza cases. However, a
proportion of pandemic influenza A (HINT) cases in this report also showed inflammation or
other histopathologic changes in trachea, bronchi, or bronchioles, a pattern more commonly
observed in severe or fatal cases of seasonal influenza.

Other respiratory viral infections can also cause DAD, especially at the end stage of
critical illness. Some of these viruses may show distinct cytopathic effects or inclusions in the
lung that can be differentiated from influenza virus infection. Examples of these include
adenovirus, human herpesviruses, measles virus, respiratory syncytial virus, Nipah virus, and
parainfluenza virus. Since these distinct cytopathic effects are not seen in influenza virus
infection, a combination of clinical judgment, epidemiological surveillance data, and various

laboratory tests are necessary for a reliable diagnosis of influenza.

VIRAL LOCALIZATION AND CELLULAR TARGETS



By using IHC assay with anti-influenza A NP antibody, the viral antigens were observed
in respiratory tissues from 44 case-patients (44%); the amount of influenza virus antigen varied,
with abundant immunostaining in 9 and rare in 24 case-patients. Viral nucleoprotein antigens
were localized in the nuclei and cytoplasm of infected cells, including epithelial cells in airways,
submucosal glands, and pneumocytes, either detached or lining alveoli. Antigens were also seen
in association with hyaline membranes and in endothelial cells in rare cases. Double staining
revealed that the major cellular targets of viral infection were pneumocytes, predominantly type
II, and occasionally macrophages. No immunostaining of influenza A viral antigen was detected
in any of the non-respiratory tissue samples available. Influenza rRT-PCR testing on a limited
number of these non-respiratory samples was also negative. Electron microscopic examination of
lung tissue identified rare infected cells with extracellular virus particles in the alveolar space.
Virions were round to oblong-shaped and averaged 88 nm in diameter; some particles were
surrounded by spikes approximately 12 nm in length.

Immunolocalization showed viral antigens were predominantly in the lung parenchyma.
The damage to the lung is associated with localization of viral antigens. The amount of viral
antigens varied from case to case, and appeared to be more abundant in cases with shorter
duration of illness. This temporal correlation probably denotes the clearance of viral antigens by
host immune responses at later stage of illness. IHC with double immunostaining for influenza
virus and cell markers, such as surfactant, cytokeratin, and CD68, demonstrated the localization
of pandemic influenza A (HIN1) virus antigens is mainly in pneumocytes, especially type IL
The involvement of pneumocytes is similar to avian influenza (H5N1) virus infections and other
viral infections like SARS, representing the hallmark of severe damage of the alveolar
architecture. Type II pneumocytes are known to secrete pulmonary surfactant, which reduces
surface tension and preserves the integrity of the alveolar space. These cells also play an
important role in tissue restitution after lung damage. Type II pneumocytes can be directly
infected by bacteria or viruses and modulate the corresponding pathogenesis of these organisms.
Comparing to avian influenza (H5N1) virus infection, the involvement of pneumocytes with
pandemic influenza A (HINT1) virus was much more extensive. This observation correlates with
the studies of receptor tropism among different influenza A viruses and probably represents more
accessible receptors in human lung for pandemic influenza A (HIN1) virus. Viral antigens can

also be seen in tracheo-bronchiolar epithelial cells, glandular epithelial cells, and occasional



macrophages. The viral immunolocalizations in airway and lung parenchyma are in agreement
with studies of receptor binding demonstrating the ability for 2009 HIN1 virus to target both
upper and lower respiratory tract tissue. In cases of seasonal influenza, viral antigens are
predominantly present in airway epithelial cells and rarely involve alveolar pneumocytes or
macrophages. The differential presence of receptors may account for the dissimilarity of
histopathologic changes and viral antigen distribution among seasonal influenza A viruses, avian

influenza A (H5N1) virus, and 2009 pandemic influenza A (H1N1) infections.

BACTERIAL AND VIRAL COINFECTIONS

Overall, 26% of case-patients had confirmatory test results of bacterial coinfection.
Twenty-nine case-patients showed histopathologic evidence of bronchopneumonia with
prominent alveolar polymorphonuclear cells, indicating a possibility of bacterial coinfection. Of
these, 22 (76%) case-patients had a specific bacterial pathogen identified. Bacterial agents were
identified in an additional 4 case-patients that did not show histopathologic evidence of
bronchopneumonia in the tissue sections examined. Gram-positive cocci were the most frequent
bacteria identified by using special stains. IHC and PCR assays were positive as follows: 9 case-
patients positive for S. pneumoniae, 3 case-patients for S. pyogenes, 1 case-patient for both S.
pyogenes and S. pneumoniae, 1 case-patient for both S. pyogenes and S. mitis, 1 case-patient for
S. mitis, 1 case-patient for S. agalactiae, 4 case-patients for MRSA, 1 case-patient for both
MRSA and S. pyogenes, 1 case-patient for both MRSA and H. influenzae, and 4 case-patients
for MSSA. None of the case-patients were found to have evidence of a coinfection with RSV,
parainfluenza viruses 1-3, or adenovirus.

Bacterial co-infections in severe cases of influenza have been well documented in
previous influenza pandemics and in studies of seasonal influenza. For instance, during the 1957-
1958 H2N2 pandemic, secondary bacterial pneumonia was considered the most frequent
complication of influenza with an occurrence in <75% of fatal cases. Interactions among
influenza virus and co-infecting bacterial pathogens often affect the nature and severity of
clinical manifestations and disease outcome. As previously reported, it is often difficult to
correlate culture results with clinicopathologic features of pneumonia due to multiple
confounding situations, such as inconsistence of obtaining samples for culture, contamination of

postmortem samples with growth of mixed bacteria, and inherent problems of culture techniques.



IHC assays performed using formalin-fixed, paraffin-embedded tissues offered the advantage of
identifying specific respiratory bacteria pathogens in areas with histopathologic evidence of
bacterial pneumonia. The IHC positive cases can be furthered confirmed by paneubacterial 16s
PCR assay and agent-specific PCR assay. In this series, bacterial pneumonia was present in 29%
of cases, with S. pneumoniae, S. aureus, and S. pyogenes as the most frequent agents identified,
alone or combined with other organisms. The incidence of S. aureus, either MRSA or MSSA,

has become alarmingly high, especially among younger patients.

PATHOGENESIS

The consistent presence of DAD in all of the fatal pandemic HIN1 Influenza cases
indicates a primary cytopathic effect caused by viral infection. Although immunolocalization
does not indicate active viral replication, the finding of viral antigen within pneumocytes and in
association with hyaline membranes suggests a direct viral cytopathic effect as a major
pathogenic mechanism in this disease. In addition to the primary viral pneumonia, other factors,
such as underlying medical conditions and bacteria co-infections as discussed previously may
also contribute to the morbidity and mortality of this novel virus infection. Various degrees of
hemophagocytosis is present in 15 (65%) of 23 cases with lymph nodes available for
examination. Hemophagocytosis is a nonspecific histopathologic finding that can be seen in
many infectious diseases. However, it may play a role in pathogenesis of influenza virus
infection because of its possible correlation with cytokine-mediated process. Several studies of
naturally acquired or experimentally infected influenza demonstrated that respiratory and
constitutional symptoms correlate with the presence of multiple cytokines, including IL-4, 1L-6
and TNF-q, in plasma or nasopharyngeal fluid, but viremia has not been detected through the
disease process. The potential role of these cytokines in the pathogenesis of developing severe or

fatal outcome of influenza virus infection needs further investigation.

In summary, the most significant histopathologic feature in fatal cases of 2009 pandemic
influenza A (HIN1) is various degrees of diffuse alveolar damage. PCR and IHC assays are
instrumental in establishing diagnosis and studying pathogenesis of this emerging viral infection.
The immunolocalization of pandemic influenza A/HIN1 viral antigens shows pneumocytes and

alveolar ling cells are the most prominent targets involved in the infection. Although there are



limitations for detecting bacteria in postmortem lung samples, a combination of histopathologic
evaluation, special stains, IHC assays, and PCR assays provides valuable diagnostic information
to identify etiologic bacterial organisms as the source of co-infection. In addition to bacterial co-
infection, the severe or fatal outcome of many patients with pandemic influenza A (HINT) virus
infection may be attributed to other underlying medical conditions, such as obesity and asthma.
More studies, including experimental animal studies, are needed to further our understanding in

the pathogenesis of this emerging influenza virus.
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