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OBJECTIVE: The objective of this study was to describe chest computed tomography findings in confirmed
cases of infection by the novel influenza A (H1N1) virus. MATERIALS AND METHODS: Computed tomography
studies of nine patients with laboratory-confirmed infection by the novel influenza A (H1N1) virus were
consensually evaluated by three observers. The sample of the present study included five male and four
female patients with ages ranging from 14 to 64 years (mean, 40 years). Four of the patients were previously
healthy, four were kidney transplant recipients and one was pregnant at the time of diagnosis. Presence,
extent and distribution of the following findings were evaluated: a) ground-glass opacities; b) centrilobular
nodules; c) consolidation; d) interlobular septa thickening; e) pleural effusion; f) lymphadenopathy. RESULTS:
The most frequent findings were ground-glass opacities, centrilobular nodules and consolidations, present in
nine (100%), five (55%) and four (44%) of cases, respectively. Pleural effusions and lymphadenopathy were
less common findings, occurring in only two (22%) of the cases. CONCLUSION: Ground-glass opacities,
centrilobular nodules and consolidation were the most frequent findings in cases of infection by the novel
influenza A (H1N1) virus. These changes are not typical or unique to this agent and may also occur in other
viral or bacterial infections.
Keywords: Influenza A virus; Influenza A (H1N1) virus subtype; Viral pneumonia; X-ray computed tomography.

OBJETIVO: Descrever as alterações na tomografia computadorizada de tórax de casos comprovados de in-
fecção pelo novo vírus influenza A (H1N1). MATERIAIS E MÉTODOS: Três observadores avaliaram, em con-
senso, nove tomografias computadorizadas de pacientes com infecção pelo vírus influenza A (H1N1) com-
provada laboratorialmente. A idade dos pacientes variou de 14 a 64 anos (média de 40 anos), sendo cinco
do sexo masculino e quatro do sexo feminino. Quatro pacientes eram previamente hígidos, quatro eram trans-
plantados renais e uma era gestante à época do diagnóstico. Foram avaliadas a presença, a extensão e a
distribuição de: a) opacidades em vidro fosco; b) nódulos centrolobulares; c) consolidações; d) espessamento
de septos interlobulares; e) derrame pleural; f) linfonodomegalias. RESULTADOS: As alterações mais fre-
quentemente encontradas foram opacidades em vidro fosco, nódulos centrolobulares e consolidações, pre-
sentes em nove (100%), cinco (55%) e quatro (44%) dos casos, respectivamente. Derrames pleurais e lin-
fonodomegalias foram menos comuns, ocorrendo em apenas dois (22%) dos casos estudados. CONCLU-
SÃO: Os achados mais comuns nos casos de infecção pelo novo vírus influenza A (H1N1) foram opacidades
em vidro fosco, nódulos centrolobulares e consolidações. Estas alterações não são típicas ou únicas a este
agente, podendo ocorrer também em outras infecções virais ou bacterianas.
Unitermos: Vírus influenza A; Vírus influenza A subtipo H1N1; Pneumonia viral; Tomografia computadorizada
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respiratory disease caused by one of the
categories of influenza virus, with the first
cases reported in the USA and Mexico(1–4),
rapidly spreading throughout other coun-
tries with inter-human dissemination,
achieving pandemic levels(5). In Brazil, the
first cases were confirmed in May this year.

The influenza virus is classified into A,
B and C types and also subdivided accord-
ing to their HA (hemagglutinin) 1, 2 and 3 and
NA (neuraminidase) 1 and 2 constituents.
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INTRODUCTION

Early in 2009, the world saw the out-
break of a novel epidemic of acute febrile
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The agent responsible for the current epi-
demic has been classified as A (H1N1)(6–8).

The clinical manifestations of infection
by the influenza A (H1N1) virus are simi-
lar to the ones of the common flu such as
fever, cough, myalgia, fatigue, headache,
rhinorrhea, emesis and diarrhea(9). In most
of cases, the condition is self-limited, re-
quiring only clinical support measures and
general care(10). However, there are some
clinical features, groups and risk factors
where the infection by influenza virus may
be highly severe, progressing with exuber-
ant respiratory symptoms, probably requir-
ing specific viral therapy on an inpatient
basis, with mechanical ventilation, and
even so with possibility of progressing to
respiratory failure and death(11). The risk
groups include children under two years
and elderly above 60 years of age, pregnant
women, immunosuppressed individuals
(transplant, cancer, AIDS patients, or im-
munosuppressing drugs users) and indi-
viduals with chronic comorbidities (hemo-
globinopathies, cardiopathies, pneumo-
pathies, chronic renal diseases, metabolic
diseases and morbid obesity)(12).

The laboratory diagnosis can be con-
firmed by means of viral culture or real time
polymerase chain reaction (RT-PCR) of
material obtained through nasopharyngeal
and oropharyngeal aspirate or swab(6,13,14).

In August 2009, Brazil already figured
as one of the countries with highest abso-
lute number of deaths(15), and governmen-
tal and institutional protocols were created
to meet the high demand generated by sus-
picious cases and guiding the medical con-
duct(12).

Despite the presence of a frustrating and
self-limitating clinical situation, some pa-
tients progress with severe infection and
pulmonary failure, requiring diagnostic
studies such as computed tomography (CT)
to establish the pulmonary involvement
extent.

The present study was aimed at describ-
ing main tomographic findings observed in
confirmed cases of infection by the influ-
enza A (H1N1) virus.

MATERIALS AND METHODS

The authors developed a retrospective,
observational, cross-sectional study to

evaluate chest CT findings in patients with
proved infection by the influenza A (H1N1)
virus. The sample of the present study in-
cluded patients assisted in four different
hospitals in the period from July to August
2009. The following inclusion criteria were
adopted: a) laboratory evidence of infec-
tion by the novel influenza A (H1N1) vi-
rus either by means of viral culture or RT-
PCR; b) complete chest CT studies per-
formed as part of the diagnostic investiga-
tion during the acute phase of the disease.
Nine patients in total have met the inclu-
sion criteria.

The age range of the patients included
in the present study ranged from 14 to 64
years (mean, 40 years), and five were men
and four women. Four of these patients
were previously healthy, four were kidney
transplant recipients and one was pregnant
at approximately the 33th gestational week
at the time of the diagnosis. Besides the
initial CT study, the pregnant patient was
also submitted to follow-up CT because of
the deterioration of her clinical status seven
days after the first CT study. Previously to
the acute respiratory symptoms onset, the
kidney transplant recipients presented
stable clinical status.

The CT scans were performed in
multidetector Toshiba Aquilion 16 (To-
shiba; Tokyo, Japan), GE LightSpeed VCT
32 (General Electric Medical Systems;
Milwaukee, USA), and Philips Brilliance
16 (Philips Medical Systems; Cleveland,
USA) equipments with 1.0 mm-thick sec-
tions at 1.0 mm intervals, without contrast-
enhancement. The images were consensu-
ally interpreted by three radiologists, one
of them with < two-year experience and
two with > five-year experience in chest
radiology, who assessed the presence, fre-
quency, extent and distribution of the fol-
lowing findings: a) ground-glass opacity;
b) consolidation; c) nodules; d) interlobu-

lar septa thickening; e) lymph node en-
largement; f) pleural effusion.

RESULTS

Among the findings approached,
ground-glass opacity was the most fre-
quently found (Table 1), present in all of the
cases evaluated. In two patients, sole,
subtle and limited ground-glass opacity
was observed. In the other seven patients,
multiple, bilateral extensive areas of
ground-glass opacity were observed, with
no predilection for upper, middle or lower
pulmonary zones, or clear central or periph-
eral predominance. The authors observed
a lobular pattern of ground-glass opacity in
four of the nine cases evaluated (Figure 1).

Centrilobular nodules measuring be-
tween 0.3 and 0.8 mm represented the sec-
ond most frequent finding, present in five
patients. In one of such cases, the centri-
lobular nodules presented a coalescent ap-
pearance and tree-in-bud pattern (Figure 2).
In the other four patients, predominance of
ill-defined ground-glass centrilobular nod-
ules was observed (Figure 3).

Consolidation was found in four cases,
three of them with extensive areas of lobar
consolidation and with air bronchograms
(Figure 4). Areas of consolidation predomi-
nated in the middle/lower pulmonary
zones, involving the lower lobes in all of
the cases and the middle lobe in one pa-
tient. The pregnant patient was among
these cases, presenting worsening in con-
solidations at the follow-up CT, with bilat-
eral involvement and predominance in the
gravity-dependent portions of the lungs
(Figure 5).

Interlobular septal thickening was
present in two cases. In these two patients,
the septal thickening was smooth, with no
architectural distortion and preferential
distribution. In one of the cases, the septal

Table 1 Frequency of findings in the nine cases studied.

Finding

Ground-glass opacity

Centrilobular nodules

Consolidations

Interlobular septal thickening

Lymph node enlargement

Pleural effusion

Number of patients

9

5

4

2

2

2

Percentage

100%

55%

44%

22%

22%

22%
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Figure 1. Ground-glass opacity. A: CT, axial plane, lung window, showing focal area of ground-glass opacity in the left lung base (arrow). B: Coronal reformat-

ting, lung window, bilateral, multiple areas of ground-glass opacity, showing most extensive in the upper pulmonary zones (arrows). C: Sagittal reformatting

demonstrating lobular pattern of ground-glass opacity (arrows).

Figure 2. CT, lung window, axial plane

(A) and coronal reformatting (B)

showing profusion of centrilobular

nodules with confluence in some ar-

eas (arrow in A) and tree-in-bud pat-

tern (arrows in B).

Figure 3. CT, lung window, axial sec-

tions. A: At the level of the carina,

demonstrating small centrilobular

nodules with ground-glass opacity,

most clearly seen in the upper seg-

ment of the left lower lobe (arrows).

B: Detail of the left lung base with

multiple centrilobular micronodules

(arrows), besides bronchial dilatation

and thickening of their walls (arrow-

heads).
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thickening overlapped areas of ground-
glass opacity, corresponding to the crazy
paving appearance (Figure 6). Free pleural
effusions with small and mild volumes
were observed in two cases (Figure 7), and
mediastinal lymph node enlargement in
other two cases, with up to 1.5 cm in diam-
eter in their short axis (Figure 8).

DISCUSSION

A high number of different viral agents
may cause respiratory tract infections. In-
fluenza virus, Hantavirus, Epstein-Barr
virus, adenovirus in immunocompetent
patients, and herpes simplex virus, vari-
cella-zoster virus, cytomegalovirus, aden-
ovirus, respiratory syncytial virus and

Figure 4. Axial CT section, lung window at the level of the lower pulmonary veins, showing extensive

consolidation with intermingled air bronchograms in the basal segments of the right lower lobe and middle

lobe. At left, other, smaller areas of consolidation are observed.

Figure 5. Female, 39-year-old patient. Initial CT (A) and follow-up CT (B) within seven days demonstrating progression of ground-glass opacity (arrowheads)

and areas of consolidation, with predominance in the gravity-dependent portions of both lungs (arrows).

Figure 6. Interlobular septal thickening. A: Axial CT, detail of the middle lobe demonstrating smooth interlobular septal thickening (arrowheads). B: Axial CT

image at the level of the lung base demonstrating crazy paving pattern (arrows).
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parainfluenza virus in immunocompro-
mised hosts (16,17).

Viral infections may present as tracheo-
bronchitis, bronchiolitis or pneumonia,
whose radiological manifestations include:
bronchiectasis, hyperinsuflation and air
trapping, small ill-defined nodules,
ground-glass opacities and areas of con-
solidation(16).

Usually, infection by the influenza vi-
rus involves the trachea and main bronchi,
although some patients may develop severe
pneumonias. In such cases, it is frequent to
find bilateral, focal or diffuse areas of
ground-glass opacity associated with con-
solidation that may rapidly become
confluent, as well as centrilobular nod-
ules(16,18–21). Although rare, other findings
such as interlobular septal thickening, pleu-
ral effusion, mediastinal lymph nodes en-
largement, pneumatocele and fibrosis have
already been described(18,19).

In the present study, the authors evalu-
ated chest CT findings in nine patients with
proven infection by the influenza A (H1N1)
virus in a pandemic moment. Despite the
high number of confirmed cases world-
wide, most of the patients present subtle
symptoms and the investigation by means
of imaging methods is restricted to radio-
graphic studies. Additionally, the infec-
tious-contagious nature of the approached
disease tends to restrict the mobilization of
these patients because of the respiratory
isolation, even in the most severe cases(6).
For these reasons, few cases have been
available for study, hindering the drawing

of conclusions on typical patterns of tomo-
graphic findings in infections by the influ-
enza A (H1N1) virus. However, even with
the limitations of the present study, the
authors could observe a tendency for pre-
sentation of findings similar to the ones of
the other viral pneumonias, particularly the
other types of influenza such as the A
(H5N1) subtype responsible for the avian
flu. In such cases, the findings most fre-
quently described were ground-glass opac-
ity, centrilobular nodules and consolida-
tion(16,18–20). Pleural effusion and mediasti-
nal lymph nodes enlargement are rarely
seen(18,20,22), these findings being similar to
the ones observed in the present study.

Among the nine patients included in the
present study, five presented characteristics
that included them in the risk group for
developing severe disease (one pregnant
woman and four recipients of kidney trans-
plant), and these cases were precisely the
ones with the most extensive tomographic
findings. Among the recipients of kidney
transplant, the authors observed one case
where the predominant finding was
centrilobular nodules with tree-in-bud pat-
tern (Figure 2), a finding already previously
described in cases of influenza pneumonias
in immunocompromised patients(19). Also
in the group of recipients of kidney trans-
plant, the authors observed patients who
progressed with pleural effusion and me-
diastinal lymph node enlargement, findings
that are less frequent in viral infections in
immunocompetent hosts. This is one of the
first studies approaching tomographic find-

ings in patients with infection by influenza
A (H1N1) virus.

CONCLUSION

Ground-glass opacity, centrilobular
nodules and consolidation were the most
common findings at chest CT of patients
with infection by the novel influenza A
(H1N1) virus. Such patterns are not typi-
cal of this specific etiological agent, and
also may be found in other viral and bac-
terial pneumonias. In immunocompro-
mised patients, the spectrum of findings is
even wider, presenting centrilobular nod-
ules with tree-in-bud pattern, besides pleu-
ral effusion and mediastinal lymph nodes
enlargement. Despite their nonspecificity,
it is important that the radiologist recog-
nizes the main tomographic findings in
patients infected by the influenza A (H1N1)
virus, contributing in the follow-up of the
disease progression.
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