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Abstract
Objective—Although most cases of swine-origin influenza A (H1N1) virus (S-OIV) have been
self-limited, fatal cases raise questions about virulence and radiology's role in early detection. We
describe the radiographic and CT findings in a fatal S-OIV infection.

Conclusion—Radiography showed peripheral lung opacities. CT revealed peripheral ground-glass
opacities suggesting peribronchial injury. These imaging findings raised suspicion of S-OIV despite
negative H1N1 influenza rapid antigen test results from two nasopharyngeal swabs; subsequently,
those results were proven to be false-negatives by reverse transcriptase polymerase chain reaction.
This case suggests a role for CT in the early recognition of severe S-OIV.

Keywords
chest CT; emergency medicine; H1N1; infectious diseases; multifocal ground-glass opacities; swine-
origin influenza A

The appearance in March 2009 of a novel swine-origin influenza A (H1N1) virus (S-OIV) as
a cause of human disease in Mexico and its rapid spread throughout the world marked the
beginning of the first influenza pandemic in more than 40 years [1,2]. Concern for the
potentially devastating impact of a novel influenza virus, to which the entire global population
lacks immunity, has been heightened by awareness of the high case fatality rate seen in the
1918 influenza pandemic and in recent cases of highly pathogenic H5N1 avian influenza [3,
4]. Epidemiologic data to date suggest that the newly emerged H1N1 virus, although
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transmissible from person to person, is of relatively low virulence [5]. However, as in the case
of seasonal influenza, even an agent with low pathogenicity for healthy children and adults can
still cause lethal disease in young infants, pregnant women, elderly individuals, and persons
with immune deficiency or other chronic medical conditions. It is therefore essential that
clinicians be able to recognize possible cases of pandemic H1N1 influenza in high-risk groups
so that they order the appropriate diagnostic tests, begin specific antiviral therapy, and prepare
to provide intensive supportive measures as needed. The role of radiologic imaging in epidemic
detection and response is evolving, with imaging being used as a tool for identifying severe
cases [6,7]. In this article, we describe the radiologic appearance of a fatal case of novel swine-
origin influenza A (H1N1) virus (S-OIV).

Case History and Radiology Findings
A middle-aged man with no history of chronic pulmonary disease presented to the emergency
department with a 5-day history of fever, fatigue, nausea, and diarrhea. He complained of an
intermittent cough for approximately 3 days and confusion the night before presenting to the
hospital. He denied smoking and recreational drug use. Admission vital signs included a fever
of 103.3°F, blood pressure of 92/53 mm Hg (systolic/diastolic), pulse of 84 beats per minute,
respiration of 22 breaths per minute, and oxygen saturation of 95% on bilevel positive airway
pressure (BiPAP) ventilatory support. Physical examination was notable for a confused mental
status, bibasilar pulmonary crackles on auscultation, and obesity. WBC count was 10,600 cells/
mm3. Serum chemistry results were notable for an elevated creatinine level of 3.2 mg/dL. Head
CT depicted normal findings. Because of the patient's confusion and lethargy, lumbar puncture
was performed and showed unremarkable serologies. The initial nasopharyngeal swab for
H1N1 influenza rapid antigen test was performed twice, yielding negative results.

A portable bedside chest radiograph obtained at the initial evaluation (Fig. 1A) showed
peripheral patchy opacities. Hilar fullness, possibly accentuated by hypoinflation of the lungs,
was noted. The patient continued to have severe hypoxia despite BiPAP ventilation and was
intubated later that day. The patient was started empirically on IV antibiotics, oseltamivir, and
corticosteroids.

Chest CT (Figs. 1B–1E) was performed on day 1 of admission and showed a peripheral
distribution of patchy ground-glass opacities. Many of the opacities showed air bronchograms
with normal-sized bronchial airways leading into each rounded ground-glass focus, and most
large airways showed no significant wall thickening or plugging (Fig. 1F). The ground-glass
opacities were located throughout the upper and lower regions of all lobes in a
peribronchovascular distribution. CT showed no evidence of a mosaic perfusion pattern,
suggesting no localized air trapping or regional changes in blood flow. There was an absence
of centrolobular nodularity or tree-in-bud opacities, suggesting the absence of small-airway
inflammation in the secondary lobules. IV contrast material could not be administered to the
patient because of progressing renal failure.

Chest CT in soft-tissue windows (not shown) displayed several notable negatives including
the absence of mediastinal lymphadenopathy as well as the absence of pleural or pericardial
effusions. Echocardiography (not shown) revealed moderate concentric left ventricular
hypertrophy and an ejection fraction of 58% with mild-to-moderate tricuspid regurgitation. A
more sensitive reverse transcriptase polymerase chain reaction (RT-PCR) test of a
nasopharyngeal swab was reported positive on day 2 for H1N1 swine-origin influenza A virus,
thereby reversing the original less sensitive negative rapid influenza test results [8]. Urine was
negative for pneumococcal and Legionella antigens. Cultures of blood, urine, CSF, and sputum
were negative for abnormal flora.
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With institutional review board approval, parenteral ribavirin was initiated 40 hours after
presentation in addition to the oseltamivir that had been started on day 1. Hypoxia, renal failure,
and acidosis continued to progress, and the patient died on the fifth hospital day. Because of
the severity of the patient's illness, repeat CT was not performed and bedside portable
radiography was limited.

A postmortem examination was performed, and gross pathologic examination of the lungs
revealed patchy regions of parenchymal discoloration in all lobes bilaterally, in agreement with
the CT and radiographic evidence of multiple patchy air-space ground-glass opacities. Gross
pathology showed no evidence of pulmonary emboli or infarction. Histologic examination of
the lungs showed areas of intraalveolar hemorrhage with fibrinous material, proteinaceous
fluid, macrophages, and reactive pneumocytes in addition to RT-PCR and
immunohistochemical confirmation of novel H1N1 infection. These pathologic findings are
consistent with a primary influenza viral pneumonitis leading to diffuse alveolar damage and
acute respiratory distress syndrome (ARDS) clinically [9] and correspond to the described
imaging features showing severe injury to peribronchial spaces. Other findings noted at autopsy
were stenoses of the left anterior descending and lateral circumflex coronary arteries, both of
which were approximately 75% occluded, and evidence of an old subendocardial anterior wall
infarct, but no evidence of acute myocardial ischemia or coronary thrombus.

Discussion
CT findings on the day of hospital admission revealed peripheral distribution of segmental and
subsegmental patchy peribronchovascular ground-glass opacities throughout all regions of the
bilateral lungs. Characterization as ground-glass opacities is supported by the observation that
the underlying lung architecture was discernible for most of these foci. Ground-glass opacities
are generally pathologically attributable to the partial displacement of air from partial filling
of air spaces, thickening of interstitial tissues from fluid or cells, partial alveolar collapse, or
increased capillary blood volume [10–12]. The imaging findings in this case, therefore, suggest
a differential diagnosis of atypical infection (including viral infection; Mycoplasma,
Chlamydia, or Legionella infection; and septic emboli), ARDS, cryptogenic organizing
pneumonia (COP), eosinophilic pneumonitis, and hypersensitivity pneumonitis [13,14].

The observed pattern in our patient differs from hydrostatic or cardiogenic pulmonary edema,
which usually shows a perihilar distribution of confluent ground-glass opacity and associated
pleural effusions [13,14]. A striking feature of this case is the predominance of rounded
multifocal ground-glass opacities in peribronchovascular distribution. Figure 1F shows a
magnified view of this finding in which the airway is less radiographically involved and the
ground-glass opacification of the surrounding peribronchial structures is evident. The absence
of a mosaic perfusion pattern weighs against small-airway obstruction with air trapping and
regional blood flow abnormalities, which have otherwise been described in viral pneumonias
[13–16]. The absence of centrolobular and tree-in-bud opacities further decreases the
suggestion of bronchiolitis and small-airway inflammation at the level of the secondary lobule.

The medical literature contains few presentations of radiologic findings in seasonal influenza
probably because of the nonspecificity of and frequently confounding features from coinfection
and multifactorial lung injury, with most cases not being sufficiently severe to warrant imaging.
Historically, seasonal influenza has been associated with heightened mortality due to
superinfection from community-acquired pneumonias in which the radiographic pattern may
be lobar and nonsegmental [16–19] in contrast to the multifocal patchy peripheral distribution
seen here. Additionally, comorbidities have added to this mortality and complicated the
imaging findings [20–22].
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In a recently published series of 18 cases of fatal S-OIV infection in Mexico [2], investigators
reported that patchy bilateral opacities were seen on radiography in all patients and that one
CT image showed ground-glass air-space density. Although that report provided a limited
description of the radiologic features, our findings are consistent with and add detail to the
characterization of lung injury resulting from H1N1. Radiographic abnormalities in some
recent cases of H5N1 avian influenza showed that consolidations were segmental and lobar,
sometimes in a bilateral perihilar distribution or a unilateral segmental pattern in a dependent
distribution with confluent ground-glass attenuation [3]. These reported H5N1 findings are in
strong contrast to the multifocal patches of ground-glass attenuation identified in this patient
with novel H1N1.

This fatal case of pandemic S-OIV showed radiologic features suggestive of noncardiogenic
lung injury, or ARDS. In ARDS, respiratory epithelial injury with abnormally increased
permeability of the capillary endothelium initially produces patchy consolidations on CT and
radiography, with evolution to confluent bilateral air-space opacity. The injury to the lung
parenchyma may be caused by infection, toxic inhalation, trauma, or emboli and may be caused
indirectly by extrapulmonary disease, such as septic shock, pancreatitis, or other metabolic
derangement. In our patient, ARDS was associated with a pattern of severe lung injury
involving peribronchial inflammation. This patient's CT pattern, however, is also somewhat
different from findings generally associated with ARDS. The typical ARDS opacities are
predominantly posterior and basal in contrast to the peripheral rounded foci seen in this case,
which are also commonly identified in organizing pneumonia–type reactions. In COP,
eosinophilic pneumonitis, or hypersensitivity pneumonitis, these ground-glass opacities would
be expected to show elements of cellular infiltration, which raises the question on imaging of
whether these rounded foci were mainly edema, cellular, or exudative in composition. The
autopsy reported evidence of alveolar injury in which the patches of ground-glass opacity
paralleled the localized fibrinous and proteinaceous exudates with hemorrhage, macrophages,
and reactive pneumocytes. Some notable imaging negatives in this case include the absence
of effusions, lymphadenopathy, and lobar consolidations, which are more commonly
associated with bacterial, mycobacterial, and fungal pneumonias. Serologic tests did not
suggest bacterial coinfection.

Several limitations in this case analysis warrant mention. First, a single case presentation cannot
suggest a generalized pattern that can be proven to represent the pathologic mechanism. More
cases will certainly need to be analyzed and compared, and we hope to study additional cases
in the future. Given the recent emergence of the pandemic virus, it is expedient to present the
initial radiographic and CT findings to assist the clinical health care response in the short term,
but this research requires further investigation of other radiologic examinations in documented
cases. Second, the 5-day time gap between CT and the autopsy limits the accuracy of directly
correlating pathologic and radiologic findings. Furthermore, we cannot confirm whether the
histologic sections match the anatomic locations of the radiologic pulmonary features on CT,
although the multifocality of disease on pathology and radiology suggests that this is not likely
a significant factor. Third, the case data presented here encountered some technical imaging
limitations, given the severity of the patient's illness, in which CT was performed without IV
contrast material (due to progressing acute renal failure) and the radiographs were limited by
portable bedside technique in which segments of the chest were not included in some views.
Finally, the outcome of this case raises the question of whether it was the inherent virulence
of the pathogen, the underlying host vulnerability or host response, or both that contributed to
the lethality of this infection, particularly because pathology and radiology both suggest severe
alveolar injury. CT and radiography, however, contributed to the early recognition of a
noncardiogenic cause with severe progressive disease suggesting air-space infection and
inflammation.
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In conclusion, this article describes a fatal case of swine-origin influenza A (H1N1) virus (S-
OIV) in which CT displayed a pattern of rounded peripheral ground-glass opacities that can
be seen with severe peribronchial air-space disease, but were distinguished radiographically
from cardiogenic edema. The findings were also suggestive of less airway inflammation than
in other reported viral pneumonias. Early CT may help clinicians recognize incipient cases of
severe influenza and improve our understanding of the pathogenesis of the disease. Further
collection of radiographic data and pathologic–radiologic correlation are warranted.
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Fig. 1.
Middle-aged man with no history of chronic pulmonary disease presented to emergency
department with 5-day history of fever, fatigue, nausea, and diarrhea. He complained of
intermittent cough for approximately 3 days and confusion the night before presenting to the
hospital. Radiography and CT were performed. Unenhanced chest CT lung window images
showed multifocal peripheral ground-glass opacities involving all lobes. Patient died on fifth
hospital day.
A, Chest radiograph obtained at clinical presentation shows peripheral opacities.
B, Unenhanced chest CT lung window image shows apical patchy peripheral ground-glass
opacities.
C, Unenhanced chest CT lung window image reveals that upper lobe and superior segments
of both lower lobes show peripheral peribronchial ground-glass opacities.
D, Unenhanced chest CT lung window image reveals that lingula, right middle lobe, and both
lower lobes show patchy, peripheral, rounded, peribronchial ground-glass opacities with air
bronchograms.
E, Unenhanced chest CT lung window image shows bilateral lung bases with ground-glass
opacities still predominantly patchy at periphery, but more confluent ground-glass attenuation.
F, Magnified view of anterior segment of right upper lobe shows ground-glass opacity
peripherally and air bronchograms (arrows).
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