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Objectives: The purpose of our study was to review the changes in the serial high-
resolution CT (HRCT) findings from patients with novel swine-origin influenza A (H1N1)
virus (S-OIV) infection.
Methods: HRCT findings of 70 patients with presumed or laboratory-confirmed novel
S-OIV infection were reviewed. The pattern (consolidation, ground glass, fibrosis and
air trapping), distribution and extent of abnormality of the lesions on the HRCT were
evaluated at different time points. To assess changes that occurred over time, the CT
scans in 56 patients were examined in sequence.
Results: The most common CT findings in patients with S-OIV infection are ground-
glass opacities with or without consolidation at the first week. The abnormalities
peaked at the second week and resolved after that time, which resulted in substantial
reduced residual disease at 4 weeks or later. The development of fibrosis was noted in
the first week and peaked at the third week of illness (34.7%), then decreased slowly
after that time. The mean time of air trapping being noted after the onset of symptoms
was 55.5¡20.6 days. Comparing the findings of initial CT, most results (96.4%) of
follow-up chest CT findings showed improvement (p,0.01).
Conclusion: The abnormalities of ground-glass opacities and/or consolidation on
initial CT scans tended to resolve to fibrosis, which then resolved completely or
displayed substantially reduced residual disease. HRCT may show more changes in
disease progression and play an important role in the evaluation of severe S-OIV.
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A novel swine-origin influenza A (H1N1) virus (S-OIV)
was first reported in Mexico and became rampant globally
later on in spring 2009 [1]. The World Health Organization
declared the first Phase 6 global influenza pandemic of
the century on 11 June 2009 [2]. During peak periods of
influenza in autumn to winter of that year, a proportion
of patients developed severe acute respiratory distress
syndrome (ARDS), and some died of the disease. Serial
chest radiography has been the main technique in the
initial investigation of patients with suspected H1N1.
However, multislice CT (MSCT) scanning is more sen-
sitive than chest radiography, providing more detailed
radiological features. Previous studies have reported that
the predominant CT findings of disease were unilateral
or bilateral multifocal peribronchovascular and/or sub-
pleural ground-glass opacities (GGOs) with or without
consolidation [1, 3]. Little is known, however, about
sequential MSCT findings during the subsequent course
of pneumonia with H1N1. The purpose of this study was
to evaluate the radiological changes on serial thin-section

chest CT scans in patients with H1N1 during the acute
and convalescent periods of the illness.

Methods and materials

Subjects

We retrospectively reviewed 70 patients hospitalised
with presumed or laboratory-confirmed novel S-OIV
(H1N1) infection who underwent initial thin-section CT
scans of the thorax from October 2009 to January 2010 (36
males and 34 females; 3–71 years of age, 33.8¡15.1 years
on average). 64 of the 70 patients had no significant
medical history, including 8 patients who were pregnant.
38 of these patients were confirmed to have S-OIV
(H1N1) by testing respiratory specimens with real-time
reverse transcription polymerase chain reaction (RT-
PCR) at Centers for Disease Control and Prevention
(CDC) in China [4]. The 70 patients were divided into
two groups. Group 1 consisted of 29 critically ill patients.
Critically ill patients were defined as (1) those admitted
to an intensive care unit (ICU) or those requiring
mechanical ventilation (invasive or non-invasive) and
(2) those with a fraction of inspired oxygen (FIO2)
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concentration greater than or equal to 60%. Group 2
consisted of 41 patients who required brief hospitalisa-
tion without advanced mechanical ventilation but were
administered drugs.

CT techniques

Thin-section MSCT was performed for all 70 patients on
a 10-slice scanner (Sensation 10; Siemens Healthcare,
Munich, Germany) or 16-slice multidetector CT (MDCT)
scanner (Lightspeed 16; GE Healthcare, Little Chalfont,
UK). The protocol used was as follows: end-inspiratory
acquisition, 120 kV, 150,200 mAs, and 2 mm reformation.
The images were viewed on both lung (window width,
1400 HU; level, –700 HU) and mediastinal (window
width, 350 HU; level, 40 HU) settings. The reconstructions
were made at 2 mm slice thickness on lung settings. All
examinations were performed with the patients in the
supine position holding their breath during inspiration
without iv contrast administration. All 29 patients in the
ICU had serial bedside anteroposterior-projection follow-
up radiographs.

Image analysis

Two experienced radiologists with thoracic imaging
experience of 12 and 14 years reviewed MDCT scans
independently and reached a decision on the final
interpretations by consensus. Thin-section CT findings
were recorded, including GGO, consolidation, nodular
opacities, reticulation, parenchymal bands, air trapping,
bronchiectasis, irregular linear opacities and interfaces.
The presence of parenchymal bands, irregular linear
opacities, interfaces and traction bronchiectasis was
considered evidence of probable fibrosis. GGOs were
defined as hazy areas of increased opacity or attenuation
without concealing the underlying vessels. Consolidation
was defined as homogeneous opacification of the par-
enchyma with obscuration of the underlying vessels.
Nodular opacities were defined as focal round opacities.
Reticular opacities were defined as linear opacities
forming a mesh-like pattern. Parenchymal bands were
defined as non-tapering linear opacities a few millimetres
thick and several centimetres long. Air trapping was
defined as an area of low attenuation in contrast with the
background attenuation of lung parenchyma on images
obtained during expiration. The presence of mediastinal
lymphadenopathy (defined as a lymph node $1 cm in
short-axis diameter), pneumothorax, pneumomediasti-
num and pleural effusion was also noted.

The date of symptom onset and the date of initial CT
scans of all the patients were recorded. After evaluation,
all scans were categorised according to the time between
these two time points at 1, 2, 3, 4 or longer than 4 weeks
after onset of symptoms. To assess changes that occurred
over time, the CT scans in some patients were examined
in sequence. Patients with initial and follow-up scans
were selected for assessment of changes in lung abnor-
malities. The patterns, extent and distribution of abnor-
mal CT findings were compared with findings in the
same region on previous and subsequent CT scans.

The extent of involvement of each abnormality was
assessed independently for each of three zones: upper
(above the carina), middle (below carina up to the
inferior pulmonary vein) and lower (below the inferior
pulmonary vein). Each lung zone (total of six lung zones)
was assigned a score, modified from the previously
described protocol [5] and based on the following: 0
when no involvement, 1 when ,25% involvement, 2
when 25–50% involvement; 3 when 50–75% involve-
ment and 4 when .75% involvement. Summation of
scores provided overall lung involvement (maximal CT
score524).

Statistical analysis

All data are expressed as mean¡standard deviation
(SD) unless otherwise indicated. For categorical vari-
ables, the percentages of patients in each category were
calculated. A p-value ,0.05 was considered to indicate a
statistically significant difference. Differences in the two
groups were tested by using x2 statistics. Observer
variations were evaluated using the kappa coefficient
for semi-categorical variables. To compare the difference
in time course of CT scores between two groups, profile
analysis was used by means of a repeated-measures
analysis of variance (ANOVA) model. Changes in score
between the first and last thin-section CT examinations
were compared by using a Wilcoxon signed-rank test.
All of the data were analysed with statistical software
(SPSS, version 13.0; SPSS Inc., Chicago, IL).

Results

Serial thin-section CT findings in patients with
H1N1

There was no age difference between the two groups
defined in the materials and methods (p.0.05). The
initial thin-section CT examination was performed at
17.2¡19.7 days (mean¡SD; range 1–32 days) after onset
of H1N1 symptoms in the 70 patients.

The predominant radiographic findings in the 70 pa-
tients at presentation were unilateral or bilateral multifocal
asymmetric GGOs with or without bilateral consolidation
(Figure 1), which were similar to those described in other
reports [6]. GGOs alone or with superimposed consolida-
tion were predominant in the first week and decreased
thereafter (Figure 2; Table 1). At the first week after onset
of symptoms, GGOs were noted in 95% (38/40) of patients
and consolidation was noted in 57.5% (23/40) of patients.
The most common pattern observed in initial CT scans was
GGOs alone in Group 2 patients (51.2%; 21/41) and GGOs
with superimposed consolidation in Group 1 patients
(62.9%; 18/29), but the difference of their patterns was not
significant between the groups (p.0.05). Smooth intralob-
ular lines, reticular opacities, mild traction bronchiectasis,
parenchymal bands, irregular linear opacities and inter-
faces, which suggested fibrosis, were noted in the first
week after onset of symptoms and increased. By the second
week, the greatest number of smooth intralobular lines
and other superimposed reticular opacities were noted
in association with GGOs (Figure 2). Thickening of
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interlobular septa and intralobular lines in both sides
can also be seen at the second week. The mean time of
fibrosis being observed was 22.7¡15.8 days after the
onset of symptoms. The sign of air trapping was only
seen in nine patients who received prolonged ventila-
tion and was not seen in patients who had never
received ventilation or who had received ventilation for
only a short time. Most of the air trapping was located
in the ventral lung, which is normal before mechanical
ventilation, and was observed after 4 weeks (Figure 3).
The mean time of air trapping noted after the onset
of symptoms was 55.5¡20.6 days. However, further
follow-up in these patients is required to determine
whether these changes are reversible.

4 (5.5%) of the 70 patients developed pneumomedias-
tinum that was only evident on high-resolution CT. 15
(21%) of the 70 patients had small bilateral or unilateral
pleural effusions. Pleural effusions decreased gradually
on follow-up CT. None had evidence of hilar or media-
stinal lymph node enlargement on CT performed at
admission or later.

Changes of serial thin-section CT features

Serial thin-section CT scans obtained between the time
of initial and final scans were obtained in 56 patients.
Compared with the initial CT, the final CT findings
showed most of these patients (54 of 56 patients, 96.4%)
had improved (p,0.001; Figure 4). 2 of 56 patients died
of ARDS. The disease extent was greater in group 1
patients requiring advanced mechanical ventilation at
the time of the initial CT scan, and scores were higher for
Group 1 than for Group 2 patients in each week after
symptom onset (p,0.001 for all; Table 2). Interobserver
agreement for scoring CT abnormality for all scans was
0.879. Two-way repeated-measures ANOVA revealed
significant between-subject effects for the two groups
(p,0.001), and for the interaction between scores and
groups (p,0.001). There was a marked increase in disease
extent during the second week of illness and the estimated
marginal mean CT score peaked in week 2 of illness in
both groups, with a slow decrease thereafter (Figure 5).
The curves are approximately parallel for the two groups,

(a) (b)

Figure 1. Transverse thin-section CT scans in 27-year-old male with presumed H1N1. (a) Scan obtained on day 7 of illness shows
diffuse peripheral distribution of ground-glass opacities (GGOs). (b) Scan obtained on day 14 of illness shows irregular linear
opacities that developed in the areas of GGOs.

(a) (b) (c)

Figure 2. Transverse thin-section CT scans in 34-year-old pregnant female with laboratory-confirmed swine-origin influenza A
(H1N1) virus. (a) Scan obtained on the day of the onset of fever shows ground-glass opacities (GGOs) peribronchovascular and
subpleural predominance. (b) Scan obtained on day 5 of illness shows that the opacities became larger and thicker on the same
level as (a). (c) Scan obtained on day 9 of illness shows irregular linear opacities that developed in the areas of GGOs and mild
traction bronchiectasis (arrow).

Serial evaluation of CT findings in patients with pneumonia in H1N1
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although the scores are higher for Group 1 than for Group
2 in each week (p,0.001).

Discussion

Swine influenza is a highly contagious acute respira-
tory disease of pigs caused by a subtype of influenza A
virus. The most common clinical symptoms at presenta-
tion are fever, cough, dyspnoea and respiratory distress
[7]. Although most cases of H1N1 virus (S-OIV) have
been self-limiting, fatal cases raise questions about viru-
lence and radiology’s role in detection. Pneumonia is one
of the most common complications of H1N1 influenza
and results in the majority of fatal outcomes in the world
[8, 9].

H1N1 influenza is still a novel disease, with poorly
understood pathology and pathogenesis. The histologi-
cal changes of pneumonia in H1N1 are characteristic of
influenza, though not pathognomonic. Autopsies have
shown that the main pathological changes associated
with S-OIV infection are localised to the lungs [10]. The
lungs typically show focal to extensive diffuse alveolar
damage (DAD) [11, 12]. In the early exudative inflam-
matory phase of the disease (,10–12 days), DAD is
predominant. The early or exudative stage is charac-
terised by pulmonary oedema with hyaline membranes,
alveolar septal oedema, fibrin thrombus in the vascular
lumen and acute pulmonary haemorrhage, which con-
tribute to some typical radiological manifestations such
as GGOs and consolidations [12]. Initial CT scans in this
study showed bilateral multifocal asymmetric GGOs and
consolidation distributed predominantly in subpleural
and peribronchovascular areas, corroborating previous

preliminary reports [13, 14]. Characterisation of GGOs
and consolidations are generally pathologically attribu-
table 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 [15, 16]. The following additional histo-
pathological features have also been reported: pneumo-
nia foci with intra-alveolar exudates without evidence
of bacterial colonies [11]; moderate to marked inflam-
mation of the submucosal glands and ducts with focal
epithelial cytonecrosis; tracheitis and bronchitis, focal
squamous metaplasia, and submucosal inflammatory in-
filtrates [12]; pleuritis; interstitial pneumonitis; cytopathic
effect in the bronchial and alveolar epithelial cells; and
epithelial hyperplasia and squamous metaplasia of the
large airways [12].

The intermediate stage begins in the second week and is
a transitional period during which oedematous fluid is
reabsorbed and proliferative processes begin. In cases with
longer disease duration, changes consistent with the
fibrous proliferative phase (organising diffuse alveolar
damage) and the final fibrotic stage (interstitial fibrosis)
have been observed. Fibrous processes begin to appear
from the second week and are visible by CT at this
stage of ARDS [17]. These processes are manifested
radiologically by the appearance of architectural distor-
tions (i.e. irregular interfaces and traction bronchiectasis), a
reticular pattern (with septal thickening and parenchymal
bands) and subpleural cysts [18]. In the present study, the
mean time of fibrosis observed was 22.7¡15.8 days
after the onset of symptoms. More signs of probable
fibrosis may become apparent at CT in this study as the
consolidation resolves with time. Fibrosis may appear
earlier with a prompt treatment after onset of symptoms. It

Table 1. The patterns of abnormality of the lesions on the high-resolution CT at the different weeks

Week Ground-glass opacities Consolidation Fibrosis Air trapping

1 (n540) 38 (95%) 23 (57.5%) 5 (12.5%) 0 (0%)
2 (n554) 43 (79.6%) 25 (46.3%) 16 (29.6%) 0 (0%)
3 (n531) 10 (32.3%) 12 (38.7%) 25 (80.6%) 0 (0%)
4 (n515) 6 (40%) 6 (40%) 12 (80%) 0 (0%)
.4 (n518) 8 (44.4%) 4 (22.2%) 14 (77%) 9 (50%)

(a) (b) (c)

Figure 3. Transverse scans in 28-year-old pregnant female with laboratory-confirmed swine-origin influenza A (H1N1). (a)
Transverse CT scan obtained on day 4 of illness shows ground-glass opacities (GGOs) with bilateral areas of consolidation in mid
and lower lung zones. (b) Scan obtained on day 40 of illness shows air trapping developed in the previously normally aerated
regions. (c) Scan obtained on day 58 of illness shows that GGOs were resolved, but air trapping persisted.
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is difficult to know how many of these structural changes
will resolve over time. Further follow-up of these patients
would be helpful to understand the evolving process. It is
believed that pulmonary fibrosis observed at the recovery
phase would, at least in part, account for the respiratory
symptoms [19].

As the underlying histopathological features of H1N1
influenza are not unique, it may be difficult to
distinguish diffuse alveolar damage caused by H1N1
infections from that caused by other micro-organisms,
such as severe acute respiratory syndrome (SARS), cor-
onavirus (SARS-CoV) or avian influenza A (H5N1) [10].
Common features of thin-section CT scan could be found
in patients with H1N1, SARS or organising pneumonia
[20, 21], particularly during the initial phase of the
illness when the GGOs and consolidation are primarily

subpleural. Similarly, the presence of smooth interlobu-
lar septal thickening superimposed on extensive GGOs
can be seen in conditions such as pulmonary alveolar
proteinosis, pulmonary oedema and with other types of
bacterial or viral pneumonia, such as SARS [22, 23].

The CT findings in cases of S-OIV in this study were
found to be similar to those with SARS, as previously
reported [24, 25]. In concurrence, we also observed
similarity in our group of patients. During the initial
phases of both diseases, the viruses cause inflammatory
alveolar and interstitial oedema that result in MDCT
findings dominated by GGOs [25]. Severe cases can
rapidly exhibit radiological and pathological develop-
ment of diffuse alveolar damage and present with hae-
moptysis or even ARDS [26]. In addition, both diseases
showed no centrilobular nodules, tree-in-bud pattern,

Table 2. The difference of scores between the two groups at the different weeks

Group Week 1 Week 2 Week 3 Week 4 Week 5

1 (n525) 14.16¡4.77 17.28¡5.73 13.08¡5.96 10.16¡5.91 6.20¡4.74
2 (n531) 8.77¡4.50 9.97¡5.85 6.45¡4.89 3.90¡4.18 1.19¡1.82
F 18.805 22.028 20.920 21.447 29.321
p-value ,0.001 ,0.001 ,0.001 ,0.001 ,0.001

(a) (b) (c)

(d) (e)

Figure 4. Transverse thin-section CT scans in 34-year-old male with laboratory-confirmed swine-origin influenza A (H1N1). (a)
Scan obtained on day 4 of illness shows a peripheral distribution of patchy ground-glass opacities (GGOs). With progression of
symptoms, he was admitted to the intensive care unit on the sixth day of illness for mechanical ventilation. (b) Scan obtained on
day 10 of illness shows diffuse bilateral GGOs; areas of consolidation predominately in subpleural and dependent lung regions.
(c) Scan obtained on day 31 of illness shows irregular linear opacities that developed in the areas of GGOs. (d) Scan obtained on
day 64 of illness shows that reticulation superimposed on GGOs persisted, although reduced in extent. Mosaic hypoattenuation
(arrows) suggestive of air trapping in the ventral and subpleural lung regions can be seen. (e) Scan obtained on day 195 of illness
shows resolution of fibrosis and air trapping.
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cavity, or mediastinal or hilar lymphadenopathy [27].
However, 18% of the patients showed pleural effusion,
which is different from SARS.

Radiological recovery from H1N1 can be complete,
but CT images often show persistent GGO and reticular
opacities, some of which reflect pathological findings
of fibrosis. Long-term follow-up imaging of survivors
shows gradual decrease of GGO and reticulation, with
persistent air trapping in some patients. The latter is
evidence of small airway disease that cannot be detected
on CT scans at the onset of the disease [26]. CT find-
ings manifest as extensive bilateral airspace disease in
patients requiring long-term pressure-control mechan-
ical ventilation [28]. Air trapping observed at thin-section
CT in our patients was similar to those observed in the
late stage of ARDS [29]. Air trapping seen in the present
study was not seen in the early stage of the disease or in
the patients who did not receive mechanical ventilation,
but only in ICU patients with long-term mechanical
ventilation, and most of them were seen in the ventral
lung [30, 31]. When patients with ARDS receive mechan-
ical ventilation with positive pressure, poorly aerated
lobules may be recruited and previously normal aerated
regions may become overinflated [18]. It has always been
assumed that the changes seen in patients receiving
positive pressure ventilation represent a combination of
the effects of the primary disease that causes inflamma-
tory changes in the lung parenchyma in addition to the
damage caused by prolonged positive-pressure ventila-
tion itself [32]. This suggests that air trapping may be a
result of ARDS or a consequence of patients who received
long-term mechanical ventilation rather than the inflam-
matory process. 54 of 56 patients (96.4%) showed impro-
vement in lung fibrotic changes 1 month later. This
suggests that the mechanism of lung injury and lung
fibrotic changes caused by H1N1 might have a different
pathophysiological process compared with other diseases
of the lung. H1N1 patients with lung fibrotic changes

seem to have the ability for self-rehabilitation, which is
similar to SARS cases [33].

This study has several limitations. We evaluated
pneumonia patients with presumed/confirmed S-OIV
who had serial CT scans upon the initial visit to the
hospital as well as after discharge. This group may not
be representative of hospitalised patients who were not
tested. Despite the use of a standardised data-collection
form, not all information was collected for all patients.
Another limitation is the different scanning intervals for
patients owing to the retrospective nature of the study. In
addition, we have no knowledge of the clinical features
that prompted outpatient chest radiographic imaging
or how these patients differed from patients who did
not undergo CT. Future work on correlation between the
findings of HRCT with symptoms and pulmonary func-
tion and on the effect of drug treatment would provide
useful information for a better understanding of the
disease and improvements in patient care.

In conclusion, the most common MDCT findings in
patients with S-OIV infection are unilateral or bilateral GGOs
with or without associated focal or multifocal areas of
consolidation at the first week after the onset of symptoms.
The abnormalities tended to progress to more extensive
GGOs with/without bilateral consolidation, which increased
considerably by the second week and resulted in substan-
tially reduced residual disease at 4 weeks or longer after
disease onset. Air trapping was only observed in ICU
patients who received long-term mechanical ventilation. A
small percentage of patients may develop superimposed
complications such as pneumothorax and pneumomedias-
tinum, or show reticulation and traction bronchiectasis
consistent with fibrosis. Although GGO and interstitial
opacity resolve over time, air trapping persists. HRCT may
show more changes of parenchymal disease compared with
radiographs. Long-term follow-up with thin-section CT and
concomitant functional studies are required to determine the
long-term pulmonary sequelae of S-OIV.

Figure 5. Line graph shows median
thin-section CT scores at various time
points in weeks after onset of symp-
toms. Graph shows median thin-sec-
tion CT scores plotted against mean
time for each week for patients
admitted to the intensive care unit
and those who required brief hospita-
lisation without advanced mechanical
ventilation. The rate of radiographic
progression (slope of each curve) for
the two groups is roughly parallel over
the weeks. There was a marked
increase in extent of disease during
the second week of illness, and the
estimate marginal means of CT score
peaked at week 2 of illness in both
groups, with a slow decline thereafter.
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