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Chest Radiographic Findings of Novel Swine-Origin
Influenza A (H1N1) Virus Infection in Children'

So Young Bae, M.D., Hyun Sook Hong, M.D., Yun-Woo Chang, M.D.?, Sang Hyun Paik, M.D.,
Seong-Jin Park, M.D., Jang-Gyu Cha, M.D., Hae Kyung Lee, M.D.

Purpose: To analyze chest radiographic findings in children infected with laboratory-
confirmed novel swine-origin influenza A (H1N1) virus.

Materials and Methods: Three hundred seventy-two out of 2,014 children with labora-
tory confirmed H1IN1 infection and who also underwent a chest radiograph from
September to November 2009 were enrolled in this study. Patients were divided into
in-patients, out-patients, and patients with co-infections and further subdivided into
with underlying disease and without underlying disease as well as age (<2 years old,
2-5years, 5-10 years, 10-18 years old). The initial radiographs were evaluated for radi-
ographic findings and the anatomic distribution of abnormalities.

Results: The initial radiographs were abnormal in 154 (41.39%) patients. The predom-
inant radiographic findings were peribronchial wall opacity found in 85 (22.84%) pa-
tients and hyperinflation observed in 69 (18.54%) patients. Further, 75 (71.42%) pa-
tients exhibited central predominance and the right lower lung zone was also com-
monly involved. There were statistically significant differences in the radiological find-
ings between in-patient and out-patient groups. However, there were no significant dif-
ferences in the radiographic findings between in-patients and the co-infection group
with respect the presence of underlying disease and age.

Conclusion: Initial radiographs of children with laboratory confirmed HIN1 virus
were abnormal in 41.39% of cases. The common radiographic findings included peri-
bronchial opacities, hyperinflation, lower lung zonal distribution, and central predomi-

nance.
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The first isolation of the swine influenza virus from a
human occurred in 1974 (1), confirming the speculation
that swine-origin influenza viruses could infect humans.
Since 1975, sporadic human infections with swine virus-
es and a small outbreak have been documented (2-9).
The swine flu outbreak that occurred in Mexico in April
2009 (10) rapidly spread to many countries around the
world. In June 2009, the World Health Organization
(WHO) declared the emergence of a global pandemic,
raising the alert level to phase 6 (pandemic phase), on
the basis of documented human-to-human spread of in-
fection in at least three countries from two WHO re-
gions. In Korea, there have been 252 deaths through
April, 2010 and among them, 54% of the patients have
been younger than 19 years of age (www.cdc.go.kr).

Normal or prominent peribronchial opacities with hy-
perinflation have been reported as common findings in
children, whereas air space consolidation has been the
most common finding in adults (11-13). To date, the de-
scription of the radiologic manifestations of S-OIV has
been limited in children. Therefore, the aim of this
study was to analyze chest radiographic findings in chil-
dren infected with laboratory-confirmed novel swine-
origin influenza A (H1N1) virus (S-OIV).

Materials and Methods

This study was approved by the institutional review
board with a waiver of informed consent. The study
population included all patients less than 18 years of age
with laboratory confirmed HIN1 from September 2009
to November 2009. Respiratory specimens were ana-
lyzed by real-time reverse transcription polymerase
chain reaction (RT-PCR) (Artus Infl./H1LC/RG RT-PCR
kit, Qiagen, Hilden, Germany). A total of 2014 patients
were identified, among whom, 375 underwent chest ra-
diographs. The indications for chest radiographs were
respiratory symptoms with high fever (>38°C), abnor-
mal breathing sound on auscultation, or those requested
by parents. Other than those with urinary tract infection
(n = 2) and poor image quality (n = 1), a total of 372 pa-
tients were enrolled in the study.

The common presenting symptoms of total laboratory
confirmed H1N1 patients (n=2014) were fever (95.48%),
cough (65.30%), and sore throat (20.41%). Further,
2.18% of patients had abdominal pain, 1.69% vomiting,
and 0.55% had diarrhea.

On the initial chest radiographic images, lung
parenchyma was classified as normal or abnormal. The

initial radiographs were evaluated for parenchymal le-
sions (peribronchial wall opacity, hyperinflation, air
space consolidation, atelectasis, or pneumomedi-
astinum), anatomic distribution, (unilateral/bilateral,
central/peripheral, diffuse, or upper/middle/lower lung
zone), pleural effusion, and lymphadenopathy.

Radiologic findings were classified as peribronchial
wall opacities with increased peribronchial cuffing with/
without some nodularity. Hyperinflation was evident
on the chest radiographs in children with hyperlucency,
depression and/or flattening of the diaphragms to more
than 10 posterior ribs, increased anterior to posterior
chest diameter, and an increased retrosternal space. Air
space consolidation referred to a density conforming to
the lobar or segmental boundaries with evidence of vol-
ume expansion or minimal volume loss of the involved
lobe and fluffy or homogeneously increased opacities
with air- bronchograms. Atelectasis referred to densities
conforming to lobar or segmental boundaries having ev-
idence of volume loss. Pneumomediastinum was de-
fined as the presence of one or more gas shadows within
the mediastinum that did not correspond in position and
contour with gas in the esophagus or tracheobronchial
position. Pleural effusion was present under conditions
of costophrenic angle blunting or fluid shifting on the
decubitus view. Lymphadenopathy referred to lumpy
round increased opacities at the outer edge of the hilum.
In cases with peribronchial opacities, a quantitative esti-
mate was recorded as absent, mild, moderate, or severe,
and it was regarded as a positive finding when occurring
at a moderate degree. The anatomic distribution was
characterized as unilateral or bilateral, with each lung
divided into upper, middle, and lower lung zones. The
pattern was classified as predominantly central, periph-
eral, or diffuse. Further, the number of days of hospital-
ization was assessed in patients with extensive disease
involving three lung zones.

The 372 H1Nl-infected patients were divided into
three categories: in-patients (n=73), out-patients
(n=286) who had H1N1 infection only and those pa-
tients with co-infections (n=13); and further subdivided
into with or without underlying disease and according
to age (< 2 years old, 2 - 5 years, 5 - 10 years, and 10 -
18 years). We then evaluated the differences in radiolog-
ic findings for each of the groups. Also we evaluated dif-
ferences with respect to hospitalization in the in-patient
and co-infection groups. The in-patient group included
patients who were initially admitted to the emergency
room or visited the out-patient clinic and were later ad-
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mitted. Patients with co-infection included 11 with
Mycoplasma pneumoniae, 1 with rhinovirus and aden-
ovirus, and 1 with Epstein-Barr virus.

Eighty-six patients (25.09%) had chronic medical con-
ditions including: asthma (n = 73), preterm delivery
with low birth weight (n =12), a medicated seizure dis-
order (n = 2), Wilson's disease receiving penicilamine
treatment (n =

syndrome (n =

1), tuberculosis (n = 1), and nephrotic
1). Eighty-four of the 86 patients with
chronic medical conditions were obtained with chest ra-
diographs (16 in-patients, 65 out-patients, and 3 co-in-
fected patients).

The posteroanterior/ anteroposterior (PA/AP) and lat-
eral projection radiographs were performed with digital
radiography equipment (Gold mountain medical,
TDR4600-F80, Seoul, Korea). The images were re-
viewed on a PACS viewer with a 2,560 x 2,048 pixel
monitor (INFINITT, STAR PACS, v. 5081, Seoul,
Korea). The chest radiographs were independently ana-
lyzed by two pediatric radiologists (HS Hong, YW
Chang) at different times, and the differences were then
evaluated by consensus. The K-value was used for the
inter-observer agreement rate. As such, K-values < 0 in-
dicated that inter-observer agreement was less than the
agreement by chance alone. K-values between 0.01-
0.20 indicated that, inter-observer agreement was slight:
0.21-0.40 indicated fair agreement, 0.41-0.60 indicated
moderate agreement, 0.61-0.80 indicated good agree-

B
Fig. 1. A 10-year-old boy with laboratory confirmed S-OIV (H1N1) who presented with coughing.

Chest PA (A), right lateral view (B) on hospital admission showed peribronchial opacities in the RLL and RML. The distribution
showed a central predominance as well as a presence in the lower and middle lung zone.

ment, and 0.81-0.99 indicated excellent agreement. The
differences in chest radiographic abnormalities and
anatomic distribution with respect to underlying dis-

Table 1. Chest Radiographic Findings, Pattern, and Anatomical
Distribution of Enrolled Patients

Chest Radiographic Findings n=372 K-value
Peribronchial opacity 85 (22.84%) 0.73
Hyperinflation 69 (18.54%) 0.74
Consolidation 30 (8.06%) 0.92
Pleural effusion 11 (2.95%) 0.94
Atelectasis 8 (2.15%) 0.72
Pneumomediastinum, 1 (0.27%) 1.00
Subcutaneous emphysema
Lymphadenopathy 0 (0.00%) NA
Normal 218 (58.60%) 0.75
Pattern n=105* K-value
Central 75 (71.42%) 0.73
Diffuse 30 (28.57%) 0.75
Peripheral 0 (0.00%) NA
Anatomical distribution n=105* K-value
RLL 71 (67.62%) 0.68
RUL 50 (47.61%) 0.72
RML 47 (44.76%) 0.76
LLL 44 (41.90%) 0.70
LUL 25 (23.80%) 0.61
LML 19 (18.09%) 0.57

Note.— NA: not applicable

*: Focal lung abnormality: From chest radiographic findings, with
the exception of normal and hyperinflation (n=95; in-patient: 47,
out-patient: 48)

Numbers in parentheses are percentages
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eases were analyzed using the Fisher's exact test for cat-
egorical data and the Mann-Whitney test for continuous
data. Statistical analyses were performed with the STA-
TA computer software (Stata, College station, TX.,
USA). A p-value < 0.05 was the threshold for statistical
significance.

Results

Initial radiographs were abnormal in 154 of 372
(41.39%) patients. The anatomical distribution was char-
acterized as being unilateral (71/105, 67.62%), or with
bilateral involvement (34/105, 32.38%). The predomi-
nant radiographic findings were peribronchial wall
opacity (85/372; 22.84%) (Fig. 1), and hyperinflation
(69/372; 18.54%). Moreover, the most common pattern
was central (75/105; 71.42%), which also affected the
right lower lung zone (71/105; 67.62%). Air space con-
solidation was observed in 30 patients (30/372; 8.06%)
(Fig. 2), while pleural effusion was observed in 11 pa-
tients (11/372; 2.95%). None of the patients showed
lymph node enlargement. Extensive disease involving
three lung zones was observed in 44/372 (11.83%) pa-
tients, resulting in a longer hospitalization time (mean:
5.54 days). However, the difference was not statistically
significant (p > 0.05, Mann-Whitney test). The imaging
findings have been summarized in Table 1. Inter- ob-

B
Fig. 2. A 7-year-old boy who presented with dyspnea and had a history of allergic rhinitis.
Chest PA (A), right lateral (B) and right decubitus view (C) on hospital admission showed consolidation with air-bronchogram in
the BLL, RUL and increased peribronchial opacities in the right perihilar region, pneumomediastinum, subcutaneous emphysema,
as well as fluid shifting in the dependent portion. The distribution of the lesion showed central predominance as well as diffuse in-
volvement of the right lung.

server agreement with regard to the radiologic findings
was good to excellent.

The first available chest radiographs were abnormal in
54/73 (73.97%) patients that had been admitted to hospi-
tal, 90/286 (31.47%) patients from the out-patient group,
and 10/13 (76.92%) of the patients with co-infection
(Table 2). Among the in-patients with abnormal radi-
ographs, the predominant radiographic findings were
peribronchial opacity (35/73, 47.94%), hyperinflation
(21/73, 28.77%), and consolidation (19/73, 26.03%) in
the in-patient group, while the common findings in the
out-patient group were normal (196/286, 68.53%), with
peribronchial wall opacities (45/286, 15.73%) and hyper-
inflation (46/286, 16.08%) (Table 2). Each of the differ-
ences in the imaging findings were statistically signifi-
cant (p < 0.05), except for lymphadenopathy (Table 2).
For patients with co-infection, the predominant chest ra-
diographic finding was air space consolidation (6/13,
46.15%). Further, the percent of cases with pleural effu-
sion (3/13, 23.08%) was higher than in the in-patient
group (8/73, 10.96%); however, there were no statistical-
ly significant differences in the radiographic findings be-
tween the in-patient group and the patient with co-infec-
tions (p > 0.05) (Table 2). The median hospitalization
duration for the in-patient group was 5.19 days (range
3~ 10 day), with a 6.00-day median (range 4 ~9 day) for
patients with co-infections; this difference was not sta-
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Table 2. Differences in the Chest Radiographic Findings among in-patients, Out-patients, and Patients with Co-infection and the
Duration of Hospital Stay between in-patients and Patients with Coinfections

Chest Radiographic Findings (n=2372) In-patient (1=73) Out-patient (n=286) Co-infected Patient (1=13) p-value* p-value’
Peribronchial opacity 35 (47.94%) 45 (15.73%) 5 (38.46%) 0.00 0.56
Hyperinflation 21 (28.77%) 46 (16.08%) 2 (15.38%) 0.01 0.50
Consolidation 19 (26.03%) 7 (2.45%) 6 (46.15%) 0.00 0.19
Pleural effusion 8(10.96%) 1 (0.35%) 3(23.08%) 0.00 0.36
Atelectasis 4 (5.48%) 1 (0.35%) 3 (23.08%) 0.00 0.07
Pneumomediastinum,

Subcutaneous emphysema 1 (1.37%) 0 (0.00%) 0 (0.00%) 0.04 1.00
Lymphadenopathy 0 (0.00%) 0 (0.00%) 0 (0.00%) NA NA
Normal 19 (26.02%) 196 (68.53%) 3(23.08%) 0.00 1.00
Duration of hospital stay (day) In-patients Co-infected patients p-value
Median 5.19 6.00 0.556
Range 3~ 10 4~9

Note.— NA: not applicable

Fisher's exact test for categorical data, p < 0.05: indicates statistical significance

*: p-value between in-patients and out-patients
T p-value between in-patients and co-infected patients

tistically significant. There were no differences in the ra-
diographic findings between the groups with or without
underlying disease (p > 0.05). In addition, there were no
statistically significant differences in the radiographic
findings according to age. The most common radi-
ographic finding, with the exception of a normal result,
was peribronchial opacities in the under 2 years of age
group (2.69%); peribronchial opacity and hyperinflation
were common in the 2-18 years group. There were no
parenchymal or pleural complications. All patients im-
proved with regard to clinical symptoms and chest radi-
ographic findings. The number of days to an improved
chest radiograph was a median of 5.43 days (range, 2-17
days).

Discussion

Influenza A viruses are ubiquitous in nature. Pigs
have been known to be infected with both avian and hu-
man influenza viruses, enabling these viruses to interact
and generate new forms (14). A new strain of triple-reas-
sortant influenza A (H1N1) virus containing genes from
swine, avian and human influenza viruses was identi-
fied in Mexico in April 2009, and rapidly spread world-
wide (10). Avian-like swine influenza A (H1N1) viruses
can infect humans directly, without the need for a reas-
sortment event; resulting in a serious disease threat.
Some of the characteristics of HIN1 viruses differ from
the seasonal influenza virus, such as their affects on
younger patients. The clinical outcomes of this pathogen
have been reported as ranging from self-limited illness

to respiratory failure and death (10, 15). In the current
study, most patients presented with flu- like symptoms
such as fever, cough, sore throat, and sputum produc-
tion. Abdominal symptoms were not common (4%)
compared to other reports (25%) (15). The current study
showed that about 60% of laboratory confirmed patients
had normal radiographs. Among those with radiograph-
ic abnormalities, the most common finding was peri-
bronchial increased opacities, similar to other reports of
HI1N1 in children (13) and other viral pneumonia in chil-
dren (14, 16-20). Parahilar peribronchial infiltrates, hy-
perexpansion, segmental or lobar atelectasis, and hilar
adenopathy have been common radiographic findings
in the viral respiratory tract infections of children. The
results of this study confirmed these findings (13, 16—
21).

Agarwal et al. (11) concluded that the most common
abnormality in HIN1 adults was air-space disease
(50%), with a predilection for lower and central lung
preponderance in hospitalized patients requiring ad-
vanced mechanical ventilation. In this study, anatomic
distribution or central predominance was consistent
with prior reports; however, the frequency of air space
consolidation was lower. Lee et al. (13) concluded that
patients with a mild and self- limited clinical course had
normal radiographs or prominent peribronchial mark-
ings with hyperinflation; a finding which was supported
by this study. However, air space consolidation oc-
curred with a high frequency in their study; with 57%
(12/21) of hospitalized children, and 86% (12/14) of chil-
dren who required intensive care treatment.
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In contrast a report by Lee et al. (13), this study
showed no differences in the radiographic findings be-
tween patients admitted to the hospital and those with
co-infections (Table 2). This discrepancy was likely due
to the different study populations.

Again, in contrast to the report by Lee et al. (13), there
were no differences in the radiographic findings be-
tween a group with underlying disease and without un-
derlying disease. It was presumed that patients with un-
derlying disease would have had a more severe pattern
of disease; however, there was no difference in radi-
ographic findings among the groups. This may be ex-
plained by the fact that the most common underlying
disease was asthma, and that there were few additional
risk factors in this study.

Mycoplasma pneumonia was the most common organ-
ism affecting patients with co-infection, accountings for
up to 30% of cases with pneumonia in school-aged chil-
dren (22). The presence of upper respiratory tract viral
infections is often complicated by more serious bacterial
diseases. The influenza virus alters the host in a way that
predisposes one to adherence, invasion, and induction of
disease by pneumococcus. As such, Group A streptococ-
cus, Staphylococcus aureus, and Streptococcus pneumo-
niae have been found to be common offending organ-
isms (23).

Children under the age of 5 (15) or 2 years of age (17)
have been considered high risk groups. However, in this
study, there were no differences in the duration of chest
radiographic findings or hospital stays according to age.
Agarwal et al. (11) reported that patients with severe dis-
ease were also at risk for developing a pulmonary em-
bolism: a high frequency of obesity was also noted as a
significant patient factor in prior studies. In this study,
there were no patients that required mechanical ventila-
tion, that were obese, or that of a developed a pul-
monary embolism. In this study, there were also no pa-
tients who needed admission to intensive care, or me-
chanical ventilation and there were no deaths. These
findings were probably due to the public and physician
awareness of the HIN1 virus in the community), which
led to prompt diagnosis and treatment. This result re-
flected the lower mortality rate of HIN1 (0.017%) in
(0.1%)
(www.cdc.go.kr) as well as a lower percentage observed
in the USA (0.021%) (www.cdc.gov).

The limitations of this study stemmed from the fact

Korea than seasonal influenza virus

that there were no patients with severe illness who also
needed mechanical ventilation or who had developed

respiratory failure. Likely, this was likely due to early
recognition, diagnosis, and treatment. In fact, only a lim-
ited number of patients had risk factors such as asthma
or, prematurity.

In conclusion, the initial radiographs were abnormal
in 41.39% patients with HIN1 infection. Peribronchial
wall opacities, hyperinflation, lower lung zonal distribu-
tion, and central predominance were the common radi-
ographic findings among children infected with HIN1
virus.
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