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Background: Influenza A (H1N1) virus often compromises the respiratory tract, leading to pneumonia, which is the
principal cause of death in these patients. The purpose of this study was to review the acute and late phase pulmonary
findings in influenza A(H1N1) associated pneumonia using high resolution computed tomography (HRCT), and to
determine the importance of performing end expiration series.
Methods: Between July and August 2009, 140 patients presented with influenza A (H1N1) confirmed by real-time-
polymerase chain reaction. Out of these, 27 patients underwent HRCT in the acute and late phases of pneumonia,
allowing for a comparative study. Late phase exams were performed due to clinical worsening and up to 120 days later
in patients with persistent complaints of dyspnea. 
Results: Ground glass opacities, consolidations, and the combination of both were associated with the acute phase,
whereas persistence or worsening of the lesions, lesion improvement, and air trapping in the end expiration series (as
seen using HRCT, n=6) were observed in the late phase.
Conclusions: In the HRCT end expiration series, air trapping was found in the late phase of H1N1 associated pneu-
monia. Generally, these exams are not evaluated in research articles, and air trapping has not previously been studied
using the end expiration series. Our study brings more scientific knowledge about aspects of pulmonary involvement
by influenza A (H1N1), through evaluation with end expiration series, which makes the CT exam dynamic, translating
the respiratory movement, and showing bronchial alteration.
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Introduction
The influenza A (H1N1) virus is a recombination of influenza

A genetic material from human, swine, and avian species and often
causes involvement of the pulmonary parenchyma. Recently, high
resolution computed tomography (HRCT) along with other advan-
cements have led to the development of volumetric exams, aiding
in the diagnosis and characterization of pulmonary disease. This
study aimed to review the acute and late phase pulmonary findings
in H1N1 using HRCT, and to determine the importance of perfor-
ming end expiration series to complement the analysis of pulmo-
nary parenchyma, because it is associated with the dynamics of
breathing [1]. 

Methods
In this retrospective, descriptive, observational study, 140

patients were confirmed to have Influenza A (H1N1) viral infec-
tion by nasal swab and real time polymerase chain reaction (RT-
PCR). Out of these patients, 44 were admitted to our hospital, and
ultimately, a total of 27 patients were included in the present study,
who were persistent with pulmonary complaints of dyspnea and
underwent HRCT during their stay in the hospital and follow up
occurred for the duration of dyspnea, for a total of 64 exams. The
study was approved by the Institutional Ethics Research
Committee of our institution and as retrospective observational
study without patient informed consent. Patients underwent chest
CT exams in a multidetector scanner with 64 channels, with high
resolution and end expiration series. All exams were evaluated by
two radiologists with experience in thoracic radiology, and the
tomographic findings were described according to the chest radiol-
ogy consensus, making use of the terms for description used for
chest CT [2]. In this study, the findings were divided according to
the acute and late (10 days to 4 months after first onset of respira-
tory symptoms) phases of the disease, in patients with persistent
pulmonary complaints. In the acute phase, the period between the
onset of respiratory symptoms and the first HRCT ranged from one
to nine days. In the late phase 37 exams were performed. To better
evaluate the pulmonary findings in HRCT, we divided the lungs
according to the coronal and axial planes. In the coronal plane we
divided each lung into thirds, evaluating each third separately,
according to previous studies [3]. The upper third was above the

carina, the middle third was between the carina and the inferior
pulmonary vein, and the lower third was distal to the inferior pul-
monary vein. In the axial plane we evaluated the topography of the
central and peripheral lesions [2]. We performed descriptive analy-
sis of the findings and the results were expressed as counts and per-
centages, given the case series, complex statistical methods were
not used.

Results
Out of 27 patients in the present study, 12 required ventilatory assi-

stance in the intensive care unit, ten required an oxygen mask, and two
required mechanical ventilation. The period of hospitalization in
patients without comorbidities ranged from one to 15 days, and in those
with comorbidities from two days to four months. All patients remai-
ned with respiratory restriction in the acute phase. Further, all patients
were medicated with antiplatelet and antiviral drugs, in addition to
other symptomatic medications, according to the clinical follow up by
intensivist physicians. In our study, 11 patients had comorbidities; four
had one comorbidity, and seven had more than one comorbidity. Two
patients had human immunodeficiency virus/acquired immunodefi-
ciency syndrome (HIV/AIDS), two had systemic lupus erythematosus,
and one had polymyositis; all patients were being treated appropriately
for the comorbidities. The one patient with lupus erythematosus was
morbidly obese and had secondary antiphospholipid antibody syndro-
me. Both lupus patients used corticosteroids and hydroxychloroquine,
and the patient with polymyositis used corticosteroids. Patients with
HIV/AIDS were taking regular antiretroviral therapy medication and
had mild lung changes, as shown by HRCT. Specifically, these patients
had only parenchymal bands in the lower third of the lungs and unila-
teral ground glass opacity. Out of these 11 patients, six were men and
five were women, and all presented with fever, cough, and myalgia,
four presented with dyspnea, one with respiratory discomfort, three
with complaints of arthralgia, and one with coryza and headache. The
other comorbidities presented were systemic arterial hypertension,
chronic obstructive pulmonary disease, diabetes mellitus, cancer, and
one patient was a smoker. In the patients with HIV/AIDS, we observed
reduction of the lesions in the late phase in both patients, and one
patient had air trapping. The most common findings observed with
HRCT in the acute phase of the disease were consolidations predomi-
nantly in the lower and peripheral thirds of the lungs (12 patients,
32.4%), ground glass opacities (5 patients, 13.5%), and both consolida-
tions and ground glass opacities (10 patients, 27%) (Table 1). At the

Table 1. Findings regarding variables and frequency in different aspects related to interval between beginning of the symptoms and
achievement of HRCT, hospitalization, mechanical ventilation, comorbidities, HRCT aspects on the acute and late phase, of the 27
patients.

                                                         Variable                                                                                              Frequency

                  Interval between beginning of the symptoms and achievement of HRCT                                                        1 to 4 days - 15 cases
                                                                                                                                                                                                              5 to 9 days - 12 cases
                                                                      Hospitalization                                                                                                           1 to 10 days - 17 cases
                                                                                                                                                                                                             11 to 20 days - 6 cases
                                                                                                                                                                                                            above 21 days - 4 cases
                                                               Mechanical ventilation                                                                                                                  2 cases
                                                                       Comorbidities                                                                                                                        11 cases
                                                                                                                                                                                                       (one comorbidity - 4 cases)
                                                                                                                                                                                                         (more than one - 7 cases)
                                         HRCT findings on the acute phase (1st exam)                                                                           Consolidations - 12 cases
                                                                                                                                                                                                   Ground glass opacities - 5 cases
                                                                                                                                                                                                           Both findings - 10 cases
                                          HRCT findings on the late phase (2nd exam)                                                                         Lesions reduction - 24 cases
                                                                                                                                                                                                              Persistence - 1 case
                                                                                                                                                                                                                   Worse - 1 case
                                                                                                                                                                                                               Resolution - 1 case
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start of pandemic, the Emergency team routinely requested chest and
sinus X-rays to assess the flu status in acute phase, but not all patients
underwent chest X-rays because in the course of the pandemic, the
Emergency team already had started with requests from chest CT
exam. The findings of the CT exam already helped in the diagnosis,
ruling out or corroborating clinical suspicion, and also in the need for
isolation of the patient.

At the second exam (conducted in the late phase) 24 patients
had reductions in lesion size, one had persistence, one had worse-

ning, and one had resolution. In this phase, four patients who pre-
sented with consolidations at the initial exam showed ground glass
opacity. Two cases (7.4%) showed a worsening in pulmonary
involvement with HRCT, and presented with ground glass opaci-
ties, more extensive consolidations, and one patient had pleural
effusion. Thirteen cases (48.1%) presented with improvement of
the pulmonary lesions in the late phase during the second exam,
specifically, the lesions showed less extension of the parenchymal
involvement and had a lower density. We observed the presence of

Figure 1. A) HRCT with areas of ground glass opacities in the superior third of left lung on 25 July 2009, in a patient who evolved with
complaints of mild dyspnea. B) Follow up exam on 29 September 2009, with improvement of these findings, but with the appearing
of areas of air trapping, better evidenced in end expiration HRCT (case 11).

Figure 2. A) HRCT shows areas of consolidation and ground glass opacities in the lower third of both lungs, predominating in the
periphery, in a patient who evolved with complaints of dyspnea (7 August 2009). B) Follow up exam (13 August 2009) discriminating
the improvement of pulmonary findings, translated to smaller dimensions and density of the lesions, and in (C) (21 September 2009)
with improvement of these findings, but with the appearing of areas of air trapping, better evidenced in end expiration HRTC in (D)
(5 October 2009) (case 4).
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parenchymal bands in one patient in the acute phase, and in four
patients in the late phase in the second and third exams.

Patients who presented with ground glass opacities, with or
without consolidation, showed greater involvement of the lungs in
the late phase in two cases, persistence of the lesions in 12 cases,
and resolution of the lesions in 13 cases. Among those who presen-
ted complete resolution of pulmonary parenchymal lesions, 6 cases
(22%) showed areas with air trapping, which was more evident at
end expiration (Figures 1 and 2).

These six patients had persistent complaints of mild dyspnea,
and four began corticosteroid therapy. One patient had air trapping
in the late phase at the second exam, four patients had air trapping
at the third exam (range: 47 to 61 days, mean of 52.2 days), and
one patient had air trapping at the fourth and fifth exams, with 76
and 96 days, respectively. In all patients, air trapping was observed
in previously affected areas. Other findings, such as mosaic paving
patterns, septal thickening, thickening of bronchial walls, perilobu-
lar interstitial thickening, and bilateral pleural effusion were seen
less frequently.

Discussion
Tomographic findings were similar to those of seasonal

influenza, other viral pneumonias associated with adenovirus, res-
piratory syncytial virus and parainfluenza, and severe acute respi-
ratory syndrome (SARS) caused by coronavirus (SARS-Cov-1)
infection in the year 2003 [4-10].

The histopathological lesions of this infection are similar to
pneumonia caused by other influenza viruses [10,11], with diffuse
pulmonary lesions affecting the epithelium and, in the most severe
cases, resulting in bronchitis and/or bronchiolitis with necrosis and
diffuse alveolar damage (DAD) [4,6,12]. In the late phase of the
disease, the organization DAD, fibrosis, type II pneumocyte hyper-
plasia, epithelial regeneration, and squamous metaplasia are simi-
lar to the fibroproliferative phase of severe acute respiratory syn-
drome [6,13,14], and findings on HRCT exams will depend on the
pathological process that affects the lung.

Hyperinflation is common in viral pneumonias due to associ-
ated bronchiolitis, but in cases of influenza A (H1N1) infection,
aerial entrapment appears to be a late consequence of DAD [10].
In one of the first published articles on the H1N1 pandemic, Perez-
Padilla et al. [11] reported that lung damage was likely due to the
effect of the viral infection rather than a bacterial co-infection.

Regarding the topography of the lesions, in our study, HRCT
showed bilateral involvement in 89% of patients. In the coronal
plane, 15 patients had lesions that predominated in the lower thirds
(40%), and nine (24%) had lesions that were diffuse. In the axial
plane, nine patients (24%) had lesions that were predominantly in
the peripheral regions of the lungs. In the literature, lesions are typ-
ically reported to be bilateral, multifocal, and predominantly
involve the lower lobes [6,10,15-17]. The data regarding parenchy-
mal involvement vary in relation to the axial distribution, with
reports of similar central or peripheral predominance [16,17].
Other less common findings in the present study include the mosa-
ic paving pattern (1 patient), septal thickening not associated with
ground glass opacities (four patients), and small bilateral volume
pleural effusion (one patient), which has been described by other
authors [6,16,18]. Six patients had bronchial wall thickening,
which has also been described in some studies [7,16,19].

In one of the first article on this pandemic pneumonia, Lee et
al. [20] described two patients: one with ill-defined ground glass
opacity nodules and path areas of ground glass attenuation, thought
to be typical pattern of viral pneumonia, and another one with sec-
ondary pneumococcal pneumonia which showed bilateral areas of

lobar consolidation and ground glass opacities. These findings
were somewhat different from typical pattern of viral pneumonia
and were thought to have combined component of bacterial lobar
pneumonia, demonstrating that HRCT can play an important role
in the detection and characterization of this pneumonia.

We observed perilobular interstitial thickening in two patients
in the late phase, as described by other authors [1], which has also
been reported in organizing pneumonia [21,22]. Six patients
(22.2%) showed air trapping upon end expiration in the late phase,
suggesting that the occurrence of air retention was due to distal air-
way obstruction. These findings were observed mainly in areas
where there was major pulmonary involvement. Air trapping has
been poorly reported in relation to H1N1 infection [4,6,23], as
most studies have not examined end expiration serie, hindering the
study of respiratory dynamics. Acquiring the end expiration serie
increases the exam time and requires patient collaboration, which
is likely the reason why this sequence was not performed in most
of the literature and does not appear in these retrospective studies.
Despite the potential difficulties, this sequence must always be
performed, as air trapping is an important aspect in patients with
dyspnea complaints.

Li et al. [3] found that 13% of patients had a mosaic attenua-
tion pattern and air trapping with a ventral distribution in the lungs,
which was related to the use of mechanical ventilation. In our
study, areas with air trapping were observed in regions previously
affected by ground glass consolidations and opacities and were not
related to the type of ventilatory therapy used. Out of six patients
with air trapping who were followed up with in this study, all
patients presented with dyspnea complaints, and four of them
underwent corticotherapy with a good clinical response. Among
the differential diagnoses suggested by the imaging findings, we
observed similarities with the pulmonary manifestations of SARS-
Cov-1 in 2003, described by Hui et al. [13] and Li et al. [3]. In hos-
pitalized patients, abnormalities tend to progress to lesions with
ground glass opacities and more extensive bilateral consolidations.
These findings are similar to those observed in influenza A
(H1N1), but without the predominance of the lungs’ periphery.
Regarding Sars-CoV-1, the impairment is more severe, and the
appearance of the images may change daily [15].

In relation to recent publications on HRCT aspects of novel
coronavirus SARS-Cov-2 (COVID-19) associated pneumonia the
findings of ground glass opacities and consolidations predominat-
ing in the periphery have been described [24-26]. Pan et al. report-
ed different aspects in sixty-three confirmed patients, such ground
glass nodules, patchy/punctate ground glass opacities, patchy con-
solidation, fibrous stripes and irregular solid nodules [25]. The
imaging aspects change rapidly in this novel viral pneumonia, and
fifty-four patients in this serie progressed, including single ground
glass opacities increased enlarged, and consolidated, fibrous stripe
enlarged, while solid nodules increased and enlarged. In other
study with 21 confirmed patients with COVID-19 Chung et al.
found bilateral pulmonary parenchymal ground glass and consol-
idative pulmonary opacities, sometimes with a rounded morpholo-
gy and a peripheral lung distribution [26]. Follow up exams were
performed on eight patients and often demonstrated mild or mod-
erate progression of disease, as manifested by increasing extent
and density of lung opacities [26]. Therefore, there are also non-
specific findings for pulmonary involvement of this viral disease,
although they have some similar findings of those seen in influen-
za A (H1N1) pneumonia, especially in the acute phase, but with
notably peripheral injuries. Yu et al. compared findings in patients
with mild and severe disease and they concluded that the most
common findings were ground glass opacities with or without con-
solidation in a peripheral and basilar predominant distribution, and
patients with severe form of the disease had more extensive opaci-
fication of the lung parenchyma than did patients with mild dis-
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ease, and noted that interlobular septal thickening, air bron-
chograms, and pleural effusions were also more prevalent in severe
COVID-19 [27]. Comparing the most common findings in the
acute phase of CT in H1N1-associated pneumonia, which are
ground-glass opacities, consolidations and the combination of the
two aspects, and in COVID-19  in which bilateral lesions predom-
inate, with ground glass opacities, sometimes with rounded mor-
phology, consolidations, reticular pattern, crazy paving and halo
signs, we believe that the most important aspects in differentiating
these diseases in the acute phase would be mainly the bilateral
peripheral distribution and the rounded aspect of the lesions in
COVID-19. 

In relation to a comparative study carried out by Onigbinde et
al. comparing the findings of COVID-19 and H1N1 influenza, the
differences found in ground glass opacities report that in COVID-
19 they are more frequent in the periphery and in random topogra-
phies, and in influenza these lesions were more central [28]. Singh
et al. conducted a prospective study in two patients who persisted
with complaints of dyspnea following H1N1 pneumonia during the
2009 influenza pandemic. The patients were followed up with in
2015 and showed persistence of ground glass opacities and reticu-
lar opacities. The patients were diagnosed with residual pulmonary
fibrosis, but expiration series was not performed [14]. Ishiguro et
al. [19] conducted a study of 96 patients who had pneumonia asso-
ciated with three types of influenza viruses [(A) H1N109pmd,
H3N2, and B], and found that the aspect of primary viral pneumo-
nia differed depending on the viral cause. They found that patients
with influenza A pneumonia (H1N1pmd09) often had ground-glass
opacities, which affected more lobes than patients with influenza A
(H3N2) and pneumonia B. In addition, patients with H3N2 pneu-
monia had more frequently diffuse bronchial wall thickening.
Neither the severity nor the mortality differed between the three
subtypes of viral pneumonia [19].

In our study, two patients died. All other patients were fol-
lowed up with and had a good clinical course. Regarding the
improvement of the pulmonary lesions in the 25 patients that sur-
vived, four patients showed parenchymal bands in the late phase
(two with previous consolidations and two with ground glass opac-
ities). This latter finding has been described previously and should
represent an aspect of organizing pneumonia [16,17], or secondary
to the interstitial fibrosis process [12].

One of the limitations of our study was the comparative eval-
uation of the dates of the exams in the late phase since the exams
were performed based on clinical worsening and at the request of
the ICU medical team. Additionally, after hospital discharge the
patients were followed up with by different pulmonologists. This
study is important because several efforts are still being made to
control the spread of influenza. Since the vaccine for H1N1 is not
available everywhere, patients may experience delays in vaccina-
tion and/or refuse to be vaccinated [21].

In comparison with the acute and late stages of the disease.
HRCT can help to predict the clinical prognosis to rule out other
pulmonary complications or aspects of bacterial infections, aiding
in the determination of the appropriate treatment.  

Conclusions
The images obtained in our study in patients with influenza A

(H1N1) pneumonia included areas of consolidation and/or ground
glass opacities, unilateral or bilateral findings, and predominated at
the periphery of the lungs. HRCT may reveal the involvement of
the pulmonary parenchyma, predominantly in ground glass opaci-
ties. Patients who are cured may have complete resolution of lung
parenchymal lesions or may experience air trapping in areas that

are more evident in the end expiration series of HRCT. This sug-
gests that air trapping can be found in the late phase after influenza
(A) H1N1 infection, demonstrating the involvement of the small
distal airways [22]. The imaging findings in the comparison with
the acute and late phases of the disease may help to predict the cli-
nical prognosis, and aid in the determination of the appropriate
treatment strategy by eliminating other potential causes, such as
pulmonary complications or bacterial infections.

Recent outbreaks of influenza A have been more frequent, and
influenza A(H1N1)pdm09 virus responsible for the 2009 pandemic
continues to be circulating. The increase in cases with lethal suc-
cess shows the importance of early diagnosis and rapid institution
of treatment, and the clinical-epidemiological correlation, labora-
tory and imaging tests are the most important actions in the acute
phase of infection. As observed in the 2009 pandemic and subse-
quent outbreaks, pulmonary findings in X-ray and in CT have a
direct correlation with the severity of the clinical picture, showing
how much worse the pulmonary involvement, the worst is the cli-
nical course, remembering that pneumonia is the leading cause of
death in these patients [13,23]. Although now we have a molecular
test with a viral panel that makes it possible to diagnose the etio-
logy, besides viral or bacterial coinfection, (which was not availa-
ble in 2009), cases with deaths are still frequent [29,30].

We believe that all laboratory and imaging methods should be
used for rapid diagnosis and early institution of antiviral treatment,
providing support in hospital care when necessary, reducing hospi-
talization time and avoiding the use of antibiotics. 
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