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Radiological and Clinical Characteristics
of a Military Outbreak of Pandemic
H1N1 2009 Influenza Virus Infection

Objective: To describe detailed clinical and radiological features of the pan-
demic H1N1 2009 influenza viral infection among healthy young males in a semi-
closed institutionalized setting.

Materials and Methods: A total of 18 patients confirmed with the pandemic
H1N1 2009 influenza virus infection from July 18 to July 30, 2009 were enrolled in
this study. Each patient underwent an evaluation to determine detailed clinical
and radiological features.

Results: All patients presented with high fever (> 38.0�C), with accompanying
symptoms of cough, rhinorrhea, sore throat, myalgia and diarrhea, and increased
C-reactive protein (CRP) values with no leukocytosis nor elevated erythrocyte
sedimentation rate (ESR). All patients, including one patient who progressed into
acute respiratory distress syndrome, were treated with oseltamivir phosphate and
quickly recovered from their symptoms. Chest radiographs showed abnormalities
of small nodules and lobar consolidation in only two out of 18 patients. However,
six of 12 patients who underwent thin-section CT examinations showed abnormal
findings for small ground-glass opacities (GGOs) in addition to poorly-defined
nodules with upper lobe predominance.

Conclusion: In a population of healthy young adults, elevated CRP with nor-
mal ESR and white blood cell levels combined with GGOs and nodules on thin-
section CT scans may indicate early signs of infection by the pandemic H1N1
2009 influenza virus. 

n March and early April 2009, there was an outbreak of influenza in
Mexico, which was confirmed to be caused by the pandemic H1N1 2009
influenza virus. Soon thereafter, cases began to be reported in other

countries in North America, Europe, South-East Asia, and Australia. As of August 6,
2009, over 170 countries and territories have reported cases, with a total of 343,298
confirmed cases and 4,108 deaths worldwide (1). On June 11, 2009, the World Health
Organization (WHO) raised the level of pandemic alert from phase 5 to 6, which is
defined as a new virus causing sustained community level outbreaks in more than one
WHO region (2). 

In late July of 2009, there was an outbreak of the pandemic H1N1 2009 influenza
virus infection in a South Korean military barrack. All patients were previously
healthy young soldiers. Although several papers (3-13) have been published about the
clinical features of the pandemic H1N1 2009 influenza virus infection among an
unspecified population, there have been no reports regarding this infection among a
specific subset of either an institutionalized or semi-closed population setting, such as
in military barracks composed of healthy young adults, where a large number of
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individuals live in close contact and have higher reported
rates of viral infections (14). Furthermore, there have been
a few reports providing detailed descriptions of the
radiologic features of the pandemic H1N1 2009 influenza
virus infection such as in thin-section CT (11-13). 

In this article, we aim to describe detailed clinical charac-
teristics and radiologic features of chest radiographs and
thin-section CT findings of patients confirmed with the
pandemic H1N1 2009 influenza virus infection occurring
in a semi-closed setting. 

MATERIALS AND METHODS

This study was approved by the ethics committee of the
Armed Forces Medical Command, which waived the
requirement of  informed patients consent for this
retrospective study.  

Patients 
From July 18 to July 30, 2009, 18 out of 57 patients who

presented with acute febrile respiratory illness (fever of
38�C or higher, and/or a cough or shortness of breath) (8),
were confirmed with the pandemic H1N1 2009 influenza
virus infection in a tertiary military hospital in South
Korea. We retrospectively reviewed the medical charts, as
well as the laboratory and radiologic findings of these
patients. 

All patients were young male soldiers with a mean age of
20 years (age range: 19 to 22 years). Fifteen of the 18
patients confirmed with the pandemic H1N1 2009
influenza virus infection were from the same barrack, and
they visited the emergency department due to acute febrile
respiratory illness from July 18 to July 20, 2009. The other
three patients were from different barracks and were
admitted with suspected cases of rhabdomyolysis after a
long distance march (n = 1), acute gastroenterocolitis (n =
1), and acute febrile respiratory illness with leukocytopenia
and thrombocytopenia (n = 1). All three patients came into
contact with one or more of the previously-mentioned
patients lying in nearby beds in our hospital.

Among the 15 patients who presented to the emergency
department with acute febrile respiratory illness, two
patients had returned from a brief visit to their hometowns
one week prior to the outbreak of acute febrile respiratory
illness and were suspected as the source of the illness. 

Laboratory Confirmation
Specimens from a nasopharyngeal swab (n = 17), and

tracheal aspirate (n = 1) were collected at the emergency
department or wards when the 15 patients of the same
barrack visited the emergency department, or when

symptoms developed in the remaining three patients who
came into contact with them. Reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) tests and additional
viral cultures were performed in accordance with
published guidelines from the WHO in all patients (8).

A malaria smear and triple antibody tests of Hantann,
leptospirosis, and Tsutsugamushi virus were also
performed to rule out other potential causes of fever, and
revealed no remarkable abnormalities.

Review of Clinical and Laboratory Characteristics
Two authors retrospectively reviewed the clinical and

laboratory findings. For the review of the clinical features,
initial symptoms such as fever, cough, sputum, rhinorrhea,
sore throat, myalgia, headache, dizziness, vomiting, and
diarrhea were recorded. In turn, patient symptom progres-
sion while under treatment was also reviewed. For review
of the laboratory data, the hematological analysis of the
white blood cell (WBC) count, red blood cell (RBC) count,
hemoglobin level, hematocrit level, platelet count,
neutrophil count and the biochemical analysis of alkaline
phosphatase (ALP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), creatine kinase (CK),
erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP) were recorded.  

Radiologic Examinations 
Chest radiographs and thin-section CT examinations

were obtained from 18 and 12 patients, respectively, prior
to the administration of antiviral agents. Two out of the 12
patients undergoing thin-section CTs received follow-up
thin-section CT examinations a week after starting antivi-
ral therapy. 

All radiographic examinations were performed using
digital radiographic equipment (TDR4600-F80; Gold
Mountain Medical System, Seoul, Korea) and a standard-
ized technique (110 kV, 2 mAs, and a 180-cm film-focus
distance for the posteroanterior views). Thin-section CTs
of the thorax were performed using a 16 channel CT
scanner (BrightSpeed; GE Medical Systems, WI), with the
following parameters: 1.25 mm slice thickness with a 2.5
mm gap, supine position, scanning during inspiration, 6
seconds scan time, 120kV, auto mA. 

Review of Chest Radiographs and Thin-Section CT
Images

All chest radiographs and thin-section CT images were
reviewed by three experienced chest radiologists (8, 10,
and 16 years of experience in chest radiology, respec-
tively) using a picture archiving and communication
systems (PACS) viewer. Decisions were reached by
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consensus. 
To review chest radiographs, the presence of nodular

opacity, consolidation (focal, multifocal, or bilateral) or
interstitial patterns, distribution of findings including
central (inner two-thirds of lung) or peripheral (outer one-
third of lung) and upper, middle or lower lung zones,
atelectasis, mediastinal abnormalities, and the presence or
absence of a pleural effusion were analyzed (15). 

Thin-section CT findings were interpreted using the
descriptors proposed by the Fleischer Society
Nomenclature Committee (16). Ground-glass opacity
(GGO) was defined as an increase in the lung parenchymal
attenuation that did not obscure the underlying vascular
architecture. A nodule was defined as round opacity, at
least moderately well-defined, and no more than 3 cm in

diameter. Consolidation was defined as increased lung
attenuation that obscured the underlying vasculature (16).
The lesion size was described as small (diameter, less than
1 cm), medium (diameter, 1 to 3 cm), large (diameter, 3 cm
to 50% of the segment), or segmental (50% to 100% of
the segment). The sites were described by the name and
number of involved segments of the lung. Location of the
lesion was defined as peripheral if it was in the outer one-
third of the lung; otherwise, it was defined as central (17).
Attention was also paid to the presence of other abnormal-
ities such as pleural effusion, lymphadenopathy, cavitation,
calcification, or septal thickening. 

RESULTS

Clinical and Laboratory Characteristics of Patients
The clinical course and outcome of all patients are

summarized in Figure 1. In the analysis of 15 patients who
visited the emergency department, the mean interval
between symptom onset and emergency room visit was 1.7
days ± 1.5 days (range, 0 to 5 days). In the analysis of all
18 patients, the mean interval between symptom onset and
the start of oseltamivir phosphate (Tamiflu�, Roche, Basel,
Switzerland) administration was 3.9 ± 1.6 days (range, 1
to 7 days). In addition, the mean interval between
symptom onset and symptom improvement was 4.7 ± 1.7
days (range, 2 to 8 days). 

The clinical characteristics of the 18 patients in our study
are summarized in Tables 1 and 2. All patients presented
with high fever (> 38.0�C, median value and range; 38.5�C
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Table 1. Symptoms of Patients

Symptoms Number of Abnormal Patient(s)�

Fever 018 / 18 (100%)
Cough 14 / 18 (78%)
Sputum 11 / 18 (61%)
Rhinorrhea 16 / 18 (89%)
Sore throat 14 / 18 (78%)
Myalgia 14 / 18 (78%)
Headache 08 / 18 (44%)
Dizziness 04 / 18 (22%)
Vomiting 09 / 18 (50%)
Diarrhea 10 / 18 (56%)

Note.─ �Data are number of abnormal patients/number of total patients.

Fig. 1. Clinical course and outcome of all 18 patients.
Figure shows brief clinical course and outcome in 18 patients. One patient (case No. 12) progressed into acute respiratory distress
syndrome and was placed on mechanical ventilation. Eventually, patient was taken off mechanical ventilation five days after administra-
tion of antiviral agent therapy (oseltamivir phosphate, Tamiflu�). In two patients (case No. 6 and 7), symptoms started to improve before
administration of antiviral agent therapy for treatment of pandemic H1N1 2009 influenza virus. RT-PCR = reverse-transcriptase-
polymerase-chain-reaction



and 38.2-39.5�C), with common accompanying symptoms
including coughing (78%), rhinorrhea (89%), sore throat
(78%), myalgia (78%), vomiting (50%) or diarrhea (56%).
A laboratory analysis revealed that none of the patients
had leukocytosis. Seventeen out of the 18 patients showed
WBC counts within normal limits, whereas one patient
showed leukocytopenia. In addition, thrombocytopenia
and lymphocytopenia were present in three of 18 (17%)
and 12 of 18 patients (67%), respectively. No abnormality
was noted for the RBC count, hemoglobin level,
hematocrit level, platelet count, and neutrophil count. The
AST or ALT was abnormal in three and one patient(s),
respectively. ALP was within normal range for all patients.
CK was elevated in seven of 18 patients (39%). ESR was
within the normal range in all patients. However, all
patients showed elevated CRP values.

After the diagnosis of the pandemic H1N1 2009
influenza virus infection through RT-PCR tests and
additional viral cultures, all patients were treated with
oseltamivir phosphate. Of the 18 patients, 16 rapidly
recovered after the administration of the antiviral agent. In
the two remaining patients, the symptoms started to
improve prior to oseltamivir phosphate treatment.  

Among our study population, one patient presented with
high fever, severe nocturnal cough, and blood tinged
sputum, and the respiratory symptoms eventually
progressed into acute respiratory distress syndrome
(ARDS), which further led him to receive mechanical
ventilation (case No. 12). A retrospective medical chart
review revealed that this patient was a solider serving in a
different unit from the majority of the other patients and
had been in contact with a patient with pandemic H1N1
2009 influenza virus infection lying in a nearby bed in our
hospital prior to symptom aggravation. The laboratory
data of this patient showed leukocytopenia, thrombocy-
topenia, and an increased CK level. Other laboratory tests
were within normal limits. He was initially treated with
antibiotics such as macrolide and a 3rd generation
cephalosporin under suspicion of bacterial pneumonia,
which was never confirmed. However, his symptoms did
not improve. Five days after contact with a patient with
pandemic H1N1 2009 influenza viral infection, severe
respiratory distress presented and a laboratory analysis
from the tracheal aspirate performed during endotracheal
intubation confirmed the pandemic H1N1 2009 influenza
virus infection. Following the administration of oseltamivir
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Fig. 2. Small nodules in 20-year-old man with pandemic H1N1
2009 influenza virus infection.
A. Plain chest radiograph shows small nodular opacity in right
upper lung (arrow). 
B. Thin-section chest CT shows 10 mm nodule (arrow) in right
upper lobe of lung. Several tiny nodules are also shown around
nodule. 
C. Follow-up thin-section CT obtained one week later indicated
that this small nodule decreased in size and opacity (arrow).
Several tiny nodules that were present in (B) disappeared. 

A

B
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phosphate and antibiotics, the patient’s symptoms
improved and was taken off mechanical ventilation five
days after antiviral agent administration.

Chest Radiograph and Thin-Section CT Findings 
Sixteen out of 18 patients in our study population

showed no abnormalities on chest radiographs. Moreover,
only two patients in our study showed abnormal findings
of a small central nodular opacity in the right upper lung
zone in one (Fig. 2A), and consolidations in the left middle
lung and both lower lungs in the other (Fig. 3A) on chest
radiographs.

On thin-section CT images, six of 12 patients (50%)
showed abnormal findings. Of these six patients, five
(83%) had small GGOs; four patients had them in the

upper lobe of the lung and one had a small GGO discov-
ered in the lower lobe of the lung. Also, in four out of the
five patients with small GGOs (80%), the lesions were
localized in the periphery of the lung, and two of the five
patients also showed bilateral involvement. For segmental
involvement in terms of lesion size, three patients showed
one segment, one patient showed two segments, one
patient showed three segments, and one patient showed
eight segments. Nodules were observed in all patients
(100%), which were small in size with showing poorly
defined margins (Fig. 2B). In five patients (83%), the
nodules were combined with GGOs in the same area. In
addition, the nodule was a solitary finding in one patient
(17%), which was located in the peripheral area of the
right upper lobe. The patient who progressed into ARDS
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Fig. 3. Consolidations in 22-year-old man with pandemic H1N1 2009 influenza virus infection.
A. Plain chest radiograph shows consolidations in left middle and lower lung. Consolidations are also suspected in right lower lung. 
B. Thin-section chest CT image at level of left atrial appendage shows consolidation in left lower lobe (arrow) accompanied by ground-
glass opacities in left upper lobe and both lower lobes of lung.

A B

Table 2. Laboratory Findings of Patients

Values� (median, range) Number of  Abnormal Patient(s) �

White blood cell (k/μL) 6 ± 1.5 (6.0, 2.4-8.5) 01 / 18 (6%)0
Red blood cell (m/μL) 5 ± 0.4 (5.0, 4.4-5.7) 00 / 18 (0%)0
Hemoglobin (g/dL) 0015 ± 1.2 (14.7, 13.0-17.3) 00 / 18 (0%)0
Hematocrit (%) 0045 ± 3.2 (44.8, 39.2-51.1) 00 / 18 (0%)0
Platelet (k/μL) 0000169 ± 38.0 (170.0, 78.0-241.0) 03 / 18 (17%)
Neutrophil (/μL) 0000000004,521 ± 1370.4 (4,362.8, 1,989.2-6,567.0) 00 / 18 (0%)0
Lymphocyte (/μL) 0000000954 ± 379.1 (871.5, 350.9-1,801.8) 12 / 18 (67%)
Alkaline phosphatase (IU/L) 00000248 ± 38.6 (260.5, 167.0-302.0) 00 / 18 (0%)0
Aspartate aminotransferase (IU/L) 00028 ± 21.4 (20.0, 14.0-87.0) 03 / 18 (17%)
Alanine aminotransferase (IU/L) 014 ± 8.3 (11.0, 8.0-43.0) 1 / 18 (6%)
Creatine kinase (IU/L) 000000003,386 ± 11239.0 (136.5, 83.0-47,944.0) 08 / 18 (44%)
Erythrocyte sedimentation rate (mm/hr) 05 ± 2.6 (4.0, 1.0-11.0) 0 / 18 (0%)
C-reactive protein (mg/dl) 03 ± 2.9 (1.9, 0.7-10.4) 018 / 18 (100%)

Note.─ �Data are mean ± standard deviation.
�Data are number of abnormal patients/number of total patients.



had bilateral lobar consolidations combined with GGOs,
nodules, and bilateral pleural effusion (Fig. 3B). One other
patient showed right paratracheal lymphadenopathy. In
our study, there was no evidence of calcification, mass,
cavitation, or septal thickenings in any of the patients. The
thin-section CT findings of the 12 patients are summarized
in Table 3.

In two patients, follow-up thin section CT images
acquired one week after the start of antiviral therapy
showed complete resolution or a remarkable decrease in
size and opacity of the previously observed GGOs and
nodules (Fig. 2C).

DISCUSSION

With increasing concern over the spread of the pandemic
H1N1 2009 influenza virus infection worldwide, detailed
knowledge of both its clinical and radiologic features can
assist the clinical practice and decision-making of
physicians facing this emerging pandemic infectious
disease. In addition, preparation for this pandemic
infectious disease among institutionalized populations in
semi-closed settings such as schools, dormitories, military
barracks, or prisons should be made since this infection can
spread very rapidly and may quickly become unmanage-
able without prompt and proper management in the early

stages of disease spread. In this study, we attempt to
describe one incidence of a military outbreak of the
pandemic H1N1 2009 influenza virus with a focus on the
clinical and radiological features of these patients, as well
as the outcome of treatment.  

We found common clinical features for all patients with
the pandemic H1N1 2009 influenza virus infection in the
present study, which included a high fever with accompa-
nying symptoms of cough, rhinorrhea, sore throat,
myalgia, or gastrointestinal symptoms such as vomiting or
diarrhea. These findings are similar to the symptoms of
other influenzas (8) and those found in previous studies
that dealt with unspecified populations (3, 5, 9-13).

Generally, laboratory tests, with the exception of
serology and culture examinations, are not useful for the
specific diagnosis of influenza. Leukocyte counts are
variable according to stage; frequently low during the early
stages of illness, and later become normal or slightly
elevated (15). In the present series, there were no patients
with elevated WBC counts and 67% of patients showed
lymphocytopenia. These findings are consistent with those
found in previous studies that dealt with unspecified
populations (3, 5). One additional diagnostic laboratory
feature we were able to find was an elevated CRP level
while both the ESR and WBC counts remained within a
normal range in all patients in our study with pandemic
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Table 3. Thin-Section CT Features of Patients

Case No.
Lesions Affected Segment(s)

Other Findings
Pattern Size Location Segment No.

01 - - - - - -

02 GGO Small Peripheral RUL posterior, apical 2 -

Nodule Small
03 GGO Small Peripheral LUL posterior 1 Right paratracheal 

Nodule Small lymphadenopathy
04 - - - - - -

05 GGO Small Peripheral LLL posterobasal 1 -

Nodule Small
06 Nodule Small Peripheral RUL posterior 1 -

07 - - - - - -

08 - - - - - -

09 GGO Small Peripheral RLL posterobasal, LUL 3 -

Nodule Small apicoposterior, LLL posterobasal
10 - - - - - -

11 - - - - - -
�12� GGO Segmental Central RUL posterior, RLL posterobasal, 8 Bilateral pleural 

Nodule Small and peripheral LUL apicoposterior, inferior lingular, effusion
Consolidation Lobar LLL superior, mediobasal, 

lateral basal, posterobasal

Note.─ GGO = ground-glass opacity, LLL = left lower lobe, LUL = left upper lobe, No. = number, RLL = right lower lobe, RUL = right upper lobe 
�Patient progressed into acute respiratory distress syndrome



H1N1 2009 influenza virus infection. We believe that
elevated CRP levels, combined with a lack of leukocytosis
or elevated ESR, may be characteristic of patients with the
pandemic H1N1 2009 influenza virus infection, although
these laboratory tests might generally not be able to render
a specific diagnosis of this influenza viral infection (14).
Further detailed comparative studies with a larger number
of patients would be required to fully explore this issue.

Most patients in our study did not show a severe hospital
course, although one patient’s symptoms aggravated into
ARDS and needed mechanical ventilation before labora-
tory tests revealed that he had the pandemic H1N1 2009
influenza virus infection. We considered the possibility that
co-infection of the pandemic H1N1 2009 influenza virus
with other unknown respiratory pathogens under the
leukocytopenia status could have attributed to this
symptom aggravation (9, 10), particularly as he was a
soldier serving in a different unit from the majority of
other patients. In addition, the symptom aggravation had
occurred after he had been in contact with a patient
infected with the pandemic H1N1 2009 influenza virus
and there were no pandemic H1N1 2009 influenza virus
cases in the unit the patient had been enrolled in.
However, since his respiratory symptoms and high fever
did not respond to other previous antibiotic treatment,
there is still the possibility that the disease course in this
case could have been solely due to a severe manifestation
of the pandemic H1N1 2009 influenza virus infection. 

In the present study, chest radiographs were abnormal in
two of 18 patients with H1N1, which was less frequent
than that of a previous report, which showed a 42% rate
of chest radiograph abnormality (12). This suggests that
negative findings on chest radiographs cannot rule out the
possibility of the pandemic H1N1 2009 influenza virus
infection, particularly in its early stage or for an uncompli-
cated influenza infection (14). Thin-section CT examina-
tion results revealed that abnormal findings were found in
six out of 12 patients (50%). The most common CT
abnormalities included small GGOs in five out of six
patients and nodules in all six patients. However, in the
previous studies (12, 13), multifocal consolidations (two of
seven patients and 50%) and GGOs (two of seven patients
and 25%) were the most common CT findings of the
pandemic H1N1 2009 influenza virus infection. The differ-
ences between the present study and previous studies
could be attributed to the fact that radiological examina-
tions in the present study were performed at the initial
presentation, and probably the early stages of the disease;
whereas in previous studies (12, 13), radiological examina-
tions were performed at various times after symptom
onset.

In our study, there was one patient with bilateral lobar
consolidations, which progressed into ARDS. Other
investigators (3) also reported similar radiographic features
in patients who progressed into ARDS. Although extensive
consolidations in the lung might be severe manifestations
of primary viral pneumonia from the pandemic H1N1
2009 influenza virus infection, there still remains the
possibility of combined pneumonia caused by other
pathogens or pulmonary manifestations of ARDS (14). 

The clinical courses and outcomes of patients in our
study with the pandemic H1N1 2009 influenza virus
infection were much better than those of previously
reported cases (3, 4). We attribute this to the patient
population of our study. All of our patients were healthy
young soldiers without any risk factors for complications.
Furthermore, according to military rule, any problems
concerning health must be notified to the medical depart-
ment immediately, and thus, our patients may have been
detected at an earlier stage of the disease course than
would be found for the general population. In comparison
with a previous report (3) that showed a high mortality
rate in patients with the pandemic H1N1 2009 influenza
virus infection, the interval between symptom onset and
the emergency department visit (mean 1.7 days in 15
among 18 patients) and symptom onset and the start of
antiviral agent therapy (mean 3.9 days) were shorter. In
addition, detection and treatment were made more
promptly. Therefore, we conclude that an early diagnosis
and early antiviral management can improve the clinical
course and outcome of the pandemic H1N1 2009 influenza
virus infection. However, to understand the detailed
relationship between symptom onset to admission or
antiviral management and clinical courses or outcomes,
further study, including a comparative analysis with a large
case series, is warranted.  

In our series, most patients (15 out of 18) were from the
same barrack, a semi-closed setting; whereas, the three
remaining patients from different barracks were thought to
be infected from these 15 patients. All patients were
healthy young males without any combined chronic
disease. Clinical and laboratory results from this homoge-
neous study population can be helpful in understanding the
clinical characteristics of the pandemic H1N1 2009
influenza virus infection in semi-closed settings and in
institutionalized populations composed of a young healthy
population, such as in schools, dormitories, prisons, or
military units. Furthermore, this report demonstrated that
a prompt diagnosis and treatment resulted in excellent
outcomes and could provide as an example for the
detection and management strategy for cluster outbreaks
of this virus. However, there may be limitations in
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applying these results to the larger general population. 
In conclusion, in a population of healthy young adults,

elevated CRP with normal ESR and WBC levels combined
with GGOs and nodules on thin-section CT scans may
indicate early signs of infection by the pandemic H1N1
2009 influenza virus.
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