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Purpose: Pneumonia was an important cause of death in 2009 H1N1 influenza 
pandemic (pH1N1). Clinical characteristics of pH1N1 have been described well, 
but discriminative characteristics suggesting pH1N1 infection in pneumonia pa-
tients are not evident today. We evaluated differences between clinical and radiolog-
ic characteristics for those associated and not associated with pH1N1 influenza dur-
ing the pandemic period. Materials and Methods: We reviewed all patients with 
pneumonia who visited the Armed Forces Capital Hospital between July 2009 and 
February 2010. During this period, all pneumonia patients were tested for pH1N1 
by reverse transcription-polymerase chain reaction (RT-PCR) using nasopharyngeal 
specimens. Results: In total, 98 patients with pneumonia were enrolled. Their me-
dian age was 20 years and all patients were males. Forty-nine (50%) of patients had 
pH1N1 infection and the others (50%) had negative results in pH1N1 RT-PCR. Pa-
tients with pH1N1 infection complained of dyspnea more commonly (83.3% vs. 
29.0%; p<0.001), had higher Acute Physiology and Chronic Health Evaluation 
(APACHE) II scores [5 (range, 0-12) vs. 3 (range, 0-11); p<0.01], fewer days of 
prehospital illness [2 (range, 0-10) vs. 4 (range, 0-14); p=0.001], and a higher 
chance of bilateral infiltrates on chest X-ray (CXR) (67.3% vs. 14.3%; p<0.001) 
and ground-glass opacity (GGO) lesions on computed tomography (CT; 48.9% vs. 
22.0%; p<0.001) than patients without pH1N1 infection. Conclusion: Dyspnea, bi-
lateral infiltrates on CXR, and GGO on CT were dominant features in pH1N1-asso-
ciated pneumonia. Understanding these characteristics can help selection of patients 
who require prompt antiviral therapy.
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INTRODUCTION

In May 2009, an outbreak of respiratory disease was reported in Mexico, the United 
States, Canada, and elsewhere. A novel swine-origin influenza A virus (2009 pan-
demic H1N1 influenza, pH1N1), which contained genes from human, swine, and 
avian influenza A viruses, was found in the affected patients.1-3 In South Korea, at 
least 750000 patients were confirmed to have pH1N1 infection between April 2009 
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phils). Clinical data on age, gender, body mass index (BMI), 
and comorbidities, and medical records on symptoms, vital 
signs, and laboratory results were reviewed. The Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
score was calculated to assess the severity of the illness, if 
data were available. Simple chest radiograph and chest com-
puted tomography (CT) findings were also reviewed by ex-
perienced and board-certified radiologists. We also reviewed 
patients with community-acquired pneumonia who were ad-
mitted between July 2008 and February 2009 to exclude the 
effects of false negative results of pH1N1 RT-PCR, and to 
confirm that the characteristics of pH1N1 pneumonia were 
still consistent for this comparison. This study was reviewed 
and approved by the Institutional Review Board of the 
Armed Forces Medical Command (AFMC-09-IRB-0014).

Diagnostic testing
Nasopharyngeal specimens were collected from all patients 
using flock swabs (Flexible Minitip 503CS01 Flock Swabs; 
Diagnostic Hybrids, Athens, OH, USA). Samples were 
placed in 3-mL universal transport medium (Diagnostic 
Hybrids) and stored at 4°C. The specimens were vortexed 
and nucleic acids were automatically extracted with a Nu-
cliSENS easy-MAG instrument (bioMerieux, Einhoven, 
the Netherlands). Real-time RT-PCR was performed within 
12 h of sampling without freezing using RealTime Ready 
Inf A/H1N1 detection kits (Roche Diagnostics, Basel, Swit-
zerland) and a multiwell plate-based system as described 
previously. A/H1N1 detection kits contain highly specific 
primers and probes for detecting influenza A matrix protein 
2 and Mexico variant-specific hemagglutinin HA1.

Statistical methods
All statistical analyses were performed using SPSS software 
(ver. 18.0 for Windows; SPSS Inc., Chicago, IL, USA). Cat-
egorical variables were compared using Pearson’s chi-
square test or Fisher’s exact test, as appropriate, and contin-
uous variables were compared using Student’s t-test or the 
Mann-Whitney U test. A p value of <0.05 was considered 
statistically significant.

 

RESULTS
 

Baseline characteristics of the study populations
In total, 98 patients with community-acquired pneumonia 
were recruited (Fig. 1, Table 1). Their median age was 20 

and April 2010, with 252 patients dying of the disease.4

The use of antiviral therapy is beneficial in hospitalized 
patients with pH1N1, especially when initiated at an early 
stage.5,6 Thus, early diagnosis and treatment is important. 
The rapid influenza diagnostic test is simple and takes only a 
few minutes, but the false-negative rate can reach 30-50%.7,8 
Reverse transcription-polymerase chain reaction (RT-PCR) 
remains the definite test for pH1N1, but extensive use is 
limited due to resources and cost, especially in a pandemic.

Because of such limitations in diagnostic methods, treat-
ment by clinical diagnosis before definitive laboratory re-
sults is inevitable in a pandemic. Antiviral drug can be also 
insufficient. Thus, we should define the clinical characteris-
tics of pH1N1 well for appropriate antiviral therapy and pre-
vention of antiviral agents overuse. To differentiate pH1N1 
infection clinically, some nonspecific laboratory abnormali-
ties, such as relative lymphopenia,9 elevated serum trans-
aminases, and an elevated creatinine phosphokinase have 
been suggested.10 Many studies have been published on the 
clinical manifestations of pH1N1 pneumonia.5,11-14 Howev-
er, few information has been reported on direct comparison 
of clinical and radiological characteristics between pneu-
monia with and without pH1N1 infection, although pneu-
monia is the most important complication and cause of 
death in pH1N1 influenza.15

We evaluated differences between clinical and radiologic 
characteristics for those associated and not associated with 
pH1N1 influenza during the pandemic period.

MATERIALS AND METHODS
　　　

Study populations
We reviewed all patients who visited the Armed Forces 
Capital Hospital retrospectively-a central military referral 
hospital in South Korea-and who were diagnosed with 
pneumonia between July 2009 and February 2010. In the 
period of the pH1N1 pandemic, all patients with pneumonia 
were tested for pH1N1 by RT-PCR using nasopharyngeal 
specimens, according to the guideline of the Armed Forces 
Medical Command of Korea. Thus, pH1N1 RT-PCR test re-
sults were available for all pneumonia patients at the initial 
visit. Pneumonia was diagnosed if a new pulmonary infil-
trate was associated with at least two of the following fac-
tors: a new or increased cough, abnormal temperature 
(<35.8°C or >37.8°C), or an abnormal leukocyte count (leu-
kocytosis, leukopenia, or the presence of immature neutro-
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(97.8±21.8 vs. 88.7±12.1; p=0.01). White blood cell and 
platelet count, C-reactive protein, alanine aminotransferase, 
creatine kinase, and lactate dehydrogenase levels were sim-
ilar between the two groups. Alanine aminotransferase lev-
els were slightly lower in group A than group B [19 (range, 
10-340) vs. 24 (range, 10-109); p=0.03] (Table 2). 

Radiographic findings
Subjects in group A had more frequent bilateral infiltrates 
on chest X-ray (CXR) than those in group B (67.3% vs. 
14.3%; p<0.001). Similarly, more lobes were involved in 
the subjects of group A than group B [4 lobes (range, 1-5) 
vs. 1 lobe (range, 1-5); p<0.001]. Pulmonary infiltrate pat-
terns were significantly different between the groups; 
ground-glass opacity (GGO) lesions were dominant in 
group A (22/45, 48.9%) and consolidation was dominant in 
group B (24/41, 58.5%). Ten (20.4%) patients with pH1N1 
influenza had pleural effusions, but this was not significant-
ly different from those without pH1N1 influenza (6/49, 
14.6%) (Fig. 2, Table 3). 

(range, 18-54) years and all patients were males. Forty-nine 
(50%) patients had laboratory-confirmed pH1N1 infection 
(group A). The other patients were negative for pH1N1 RT-
PCR (group B). No significant differences in BMI or smok-
ing history existed between two groups. No significant dif-
ference was seen in the symptoms of cough, sputum, fever, 
or diarrhea between the two groups, but more patients in 
group A felt dyspnea than in group B (83.3% vs. 29.0%; 
p<0.001). Patients in group A had higher APACHE II 
scores upon presentation than those in group B [5 (range, 
0-12) vs. 3 (range, 0-11); p<0.01] and fewer days of prehos-
pital illness [2 (range, 0-10) vs. 4 (range, 0-14); p=0.001]. 
Among patients with group B, two patients were identified 
as pneumococcal pneumonia, and three patients were iden-
tified as mycoplasma pneumonia. 

Presenting signs and laboratory findings
No significant difference in peak body temperature or sys-
tolic and diastolic blood pressure was observed between the 
groups. Pulse rates were higher in group A than in group B 

Table 1. Baseline Characteristics of the Study Population

Characteristics Group A: pneumonia with 
pH1N1 infection (n=49)

Group B: pneumonia without 
pH1N1 infection (n=49) p value

Age, yrs         20 (19-24)        21 (18-54) 0.05
Male gender      49 (100)     49 (100)
BMI, kg/m2   22.8±3.6 22.4±2.9 0.51
Current smoker 13/34 (38.2)   7/33 (21.2) 0.13
Comorbidity
    BA         8 (16.3)        2 (0.04) 0.05
Symptom
    Cough 48/49 (97.9) 44/48 (91.7) 0.20
    Sputum 41/43 (95.3) 39/44 (88.6) 0.43
    Fever 47/49 (95.9) 39/48 (81.3) 0.03
    Dyspnea 25/30 (83.3)   9/31 (29.0) <0.001
    Diarrhea   6/11 (54.5)   8/23 (34.8) 0.27
Peak BT (ºC)   38.6±1.1 38.4±1.1 0.22
Pulse (rates/min)     97.8±21.8   88.7±12.1 0.01
Systolic BP (mm Hg) 126.4±6.3 122.7±25.6 0.40
Diastolic BP (mm Hg)     68.6±11.9   70.6±10.5 0.38
APACHE II score         5 (0-12)         3 (0-11) <0.01
Pre-hospital illness, days         2 (0-10)         4 (0-14)   0.001
Antiviral therapy administered      49 (100)      36 (73.5) <0.001
Days from symptom onset to antiviral therapy       2 (0-5)         4 (0-14)   0.001
Days to afebrile         2 (0-16)    1.5 (0-7) 0.41
Days of hospitalization       10 (4-42)           9 (2-137) 0.13
Need for mechanical ventilation         1 (0.02)   0 (0)
Need for vasopressor         1 (0.02)        2 (0.04)

BMI, body mass index; BA, bronchial asthma; BT, body temperature; BP, blood pressure.
Data are presented as number (%) of patients, unless otherwise indicated. 
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idation was dominant in group C (32/54, 60.4%) (Table 4). 

Hospital course
Antiviral therapy (oseltamivir) was administered to all pa-
tients in group A, and 36 of 49 (73.5%) patients in group B 
also took antiviral therapy. Days from symptom onset to os-
eltamivir administration was significantly shorter in group A 
than in group B [2 (range, 0-5) vs. 4 (range, 0-14); p=0.001]. 
No significant difference between days to afebrile and days 
of hospitalization was observed between the groups. One 
patient in group A needed both mechanical ventilation and 
a vasopressor during hospitalization. This patient showed 

Comparison with pneumonia during the same season of 
the previous year 
Fifty-seven patients with community-acquired pneumonia 
were admitted between July 2008 and February 2009 (group 
C). More patients in group A felt dyspnea than in group C 
(83.3% vs. 14.0%; p<0.001). Patients in group A had fewer 
days of pre-hospital illness [2 (range, 0-10) vs. 6 (range, 
1-60); p<0.001] and more frequent bilateral infiltrates on 
CXR (67.3% vs. 26.3%; p<0.001). More lobes were in-
volved in the subjects of group A than in group C [4 lobes 
(range, 1-5) vs. 2 lobes (range, 1-5); p<0.001]. GGO le-
sions were dominant in group A (22/45, 48.9%) and consol-

Table 2. Comparison of Laboratory Findings between Two Groups

Observations Group A: pneumonia with 
pH1N1 infection (n=49)

Group B: pneumonia without 
pH1N1 infection (n=49) p value

WBC count (/mm3)   7843±4131   7348±4164 0.56
Platelet count (×103/mm3) 183±59 207±86 0.11
CRP (mg/dL)  7.0 (0.2-39.2)  6.1 (0.6-23.0) 0.52
Aspartate aminotransferease (IU/liter) 24 (15-155) 32 (14-179) 0.03
Alanine aminotransferease (IU/liter) 19 (10-340) 24 (10-109) 0.06
Creatine kinase (U/liter)   441.5±540.8   585.6±692.3 0.33
Lactate dehydrogenase (U/liter)   445.8±201.9   449.8±178.9   0.929

WBC, white blood cell; CRP, C-reactive protein.

Table 3. Comparison of Radiographic Findings between the Groups 

Radiographic findings Group A: pneumonia with 
pH1N1 infection (n=49)

Group B: pneumonia without 
pH1N1 infection (n=49) p value

Bilateral infiltrate on CXR, n (%) 33/49 (67.3) 7/49 (20.0) <0.001
Number of involved lobes on CT, median (range)       4 (1-5)    1 (1-5) <0.001
Pattern of pulmonary infiltrates on CT, n (%) <0.001
    GGO only     22/4 (48.9)*   9/41 (22.0)*
    GGO+consolidation   15/45 (33.3)*   8/41 (19.5)*
    Consolidation     8/45 (17.8)* 24/41 (58.5)*
Pleural effusion, n (%)      10 (20.4)      6 (14.6)  0.51

CXR, chest X-ray; CT, computed tomography; GGO, grand-ground opacity.
*Number of patients in whom CT was taken.

Table 4. Comparison with Pneumonia during the Same Season of the Previous Year 

Clinical and radiographic findings Group A: pneumonia with 
pH1N1 infection (n=49)

Group C: pneumonia of the 
previous yr (n=57) p value

Dyspnea, n (%) 25/30 (83.3)   8/57 (14.0) <0.001
Pre-hospital illness, days         2 (0-10)         6 (1-60) <0.001
Bilateral infiltrate on CXR, n (%) 33/49 (67.3) 15/57 (26.3) <0.001
Number of involved lobes on CT, median (range)       4 (1-5)       2 (1-5) <0.001
Pattern of pulmonary infiltrates on CT, n (%) <0.001
    GGO only   22/45 (48.9)*   2/53 (3.8)*
    GGO+consolidation   15/45 (33.3)*   19/53 (35.8)*
    Consolidation     8/45 (17.8)*   32/53 (60.4)*
Pleural effusion, n (%)      10 (20.4)      14 (24.6) 0.63

CXR, chest X-ray; CT, computed tomography; GGO, grand-ground opacity.
*Number of patients in whom CT was taken.
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infiltration on CXR, we could say they had pH1N1 infec-
tion with a PPV of 0.88 (95% CI 0.70-0.96), although the 
negative predictive value (NPV) fell to 0.77 (95% CI 0.59-
0.88). After adding GGO on CT to dyspnea and bilateral in-
filtration on CXR, the PPV and specificity were almost the 
same, despite decreased NPV and sensitivity (Table 5).

DISCUSSION

We directly compared the clinical and radiographic charac-
teristics of pneumonia with and without pH1N1 influenza 
because all patients with pneumonia had RT-PCR results 
for pH1N1 in the pandemic period. This patient cohort 
showed that patients with pH1N1 influenza had a higher 

bilateral pneumonic consolidations and pleural effusions on 
chest radiograph and CT and impaired left ventricular func-
tion on echocardiography. After 9 days of antiviral and anti-
biotics therapy, this patient was weaned from mechanical 
ventilation. No patient required mechanical ventilation in 
group B, but two patients needed vasopressors.

Diagnostic yield according to clinical characteristics
We analyzed how accurately clinical and radiographic pa-
rameters could differentiate pneumonia with pH1N1 influ-
enza from those without pH1N1. If patients with pneumonia 
had dyspnea, they had a pH1N1 infection with a positive 
predictive value (PPV) of 0.82 [95% confidence interval 
(CI) 0.63-0.92] and the positive likelihood ratio (LR+) was 
2.87 (95% CI 1.62-5.09). If these patients also had bilateral 

Fig. 1. Number of total and pH1N1-associated pneumonia cases between July 2009 and February 2010.

Fig. 2. Typical radiographic findings of pneumonia with and without pH1N1 influenza infection. (A) CXR (a) and CT (b) findings of 21-year-old (A-1) and 
23-year-old man (A-2) with pH1N1 influenza infection. CXR and CT showed bilateral infiltrates and GGO-dominant infiltrations in multiple lobes. (B) CXR (a) 
and CT (b) findings of the 21-year-old (B-1) and 20-years-old man (B-2) without pH1N1 influenza infection. CXR and CT showed unilateral consolidation and 
unilobar consolidation. CXR, chest X-ray; CT, computed tomography; GGO, ground-glass opacity.

A-1a A-1b A-2a A-2b

B-1a B-1b B-2a B-2b

0

5

10

15

20

25

30

Jul 09 Aug 09 Sep 09 Oct 09 Nov 09 Dec 09 Jan 10 Feb 10

N
um

be
r o

f p
at

ie
nt

s w
ith

 p
ne

um
on

ia
 (n

)

1 (100%)

5 (42%)
7 (39%)

16 (67%)
14 (48%)

3 (33%) 2 (67%)
01

12

18

24

29

9

3
1

 Influenza (+) pneumonia  
 All pneumonia



Ji Eun Lee, et al.

Yonsei Med J   http://www.eymj.org   Volume 54   Number 4   July 2013932

tration on CXR, and GGO on CT as predictive markers for 
pH1N1, which were more prevalent among pH1N1-associ-
ated pneumonia. In this study population, we could say that 
patients with dyspnea had the possibility of pH1N1 infec-
tion, with a PPV of 0.74. The PPV increased to 0.88 if bilat-
eral infiltration was also noted on CXR. These data warrant 
prompt antiviral therapy for patients who have pneumonia 
with dyspnea and bilateral infiltration on CXR in a pan-
demic, especially when a confirmative diagnostic test is not 
immediately available. GGO on CT did not further increase 
diagnostic yield. This may be explained by some patients 
having atypical pneumonia, but not pH1N1, and having 
characteristics similar to those of pH1N1 pneumonia.

In this cohort, no patient died. In fact, no mortality was 
reported for pH1N1 influenza in the Korean military during 
the 2009 pandemic. This may be a peculiar finding, consid-
ering the mortality of pH1N1-associated pneumonia was 
7.1% (19/269) during the same period in Korea29 and pneu-
monia has been an important contributor to pH1N1 mortal-
ity.15 Several factors may explain this. First, our cohort con-
sisted of young adults. Previous reports in Korea showed 
that the fatal cases were typically older than the survivors 
and most of the deceased were over 50 years old.29 Second, 
soldiers were vaccinated 2 months earlier than the general 
population, according to the vaccination priority policy in 
Korea. Third, prophylactic and therapeutic oseltamivir could 
be supplied earlier than to the general population during the 
pandemic. Considering the communal setting of military 
life, military doctors tried to find patients by active surveil-
lance and tried to prescribe medication as early as possible 
to prevent outbreaks. Several observational studies have 
shown that early treatment with oseltamivir may reduce the 
risk of progression to severe disease, requiring intensive 
care unit admission or resulting in death.5,30,31 

This study has several limitations. First, this was a single-
center study and generalizing the results may not be possi-

probability of dyspnea, and they visited the hospital earlier 
than patients without pH1N1 influenza. More than two-
thirds of them showed bilateral infiltration and GGO on 
chest radiographs, which were different from those patients 
without pH1N1 influenza, whose dominant radiographic 
findings were mono-lobar involvement and consolidation.

The clinical effects of pH1N1 vary from subclinical ill-
ness to severe respiratory failure and death, and resemble 
those observed in patients with seasonal influenza.5,16,17 
However, some clinical characteristics of pH1N1 differ 
from those of seasonal influenza, such as younger age and 
less comorbidity.18 In our study, dyspnea and fever were 
more prevalent in patients with pH1N1 influenza-associat-
ed pneumonia. Current guidelines recommend that dyspnea 
should be considered a warning sign for severer disease.19 

Previous reports demonstrated that multifocal GGO was 
the dominant lesion in pH1N1-associated pneumonia.9,20-22 
Our study showed that these predominant radiographic find-
ings were significantly different from those without pH1N1 
influenza. Multifocal GGOs are attributable to partial filling 
of air spaces, thickening of interstitial tissues, or increased 
capillary blood volume.23,24 Atypical infection, such as Myco-
plasma, Chlamydia, or Legionella infection and eosinophilic 
pneumonia can be suggested in the differential diagnosis for 
this radiographic finding.25,26 In our study, multi-lobar and bi-
lateral involvement was also a characteristic feature of 
pH1N1 pneumonia, which was different from seasonal influ-
enza in a previous study.18 Ten (20.4%) patients with pH1N1 
influenza had pleural effusions, but this was not significantly 
different from those without pH1N1 influenza. No subject 
was diagnosed with a pulmonary embolism, which was re-
ported as a complication of influenza;9,27,28 centrilobular nod-
ules and tree-in-bud opacities were not noted.

We evaluated whether clinical and radiographic parame-
ters could predict pH1N1 association in the usual diagnos-
tic process for pneumonia. We used dyspnea, bilateral infil-

Table 5. Accuracy of H1N1 Influenza Diagnosis by Clinical and Radiographic Characteristics among Patients with Pneumonia
Clinical and radiographic 
  characteristics

Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV 
(95% CI)

NPV 
(95% CI)

LR+ 
(95% CI)

LR- 
(95% CI)

Dyspnea 0.83 
(0.66-0.93)

0.71
 (0.53-0.84)

0.74 
(0.60-0.85)

0.82 
(0.63-0.92)

2.87 
(1.62-5.09)

0.24 
(0.10-0.54)

Dyspnea and bilateral 
  infiltration on CXR 

0.76 
(0.58-0.88)

0.89 
(0.71-0.96)

0.88 
(0.70-0.96)

0.77 
(0.59-0.88)

6.58 
(2.22-19.4)

0.27 
(0.14-0.53)

Dyspnea, bilateral 
  infiltration on CXR and 
  GGO on CT 

0.65 
(0.46-0.81)

0.90 
(0.70-0.97)

0.90 
(0.68-0.97)

0.67 
(0.48-0.81)

6.54 
(1.71-25.1)

0.39 
(0.22-0.67)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio; CXR, 
chest X-ray; CT, computed tomography; GGO, ground-glass opacity.
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management of pandemic (H1N1) 2009 influenza and other influ-

ble. However, this study was performed in a military hospi-
tal in Southern Gyeonggi Province, and soldiers in this area 
were referred to this hospital through the military medical 
system. Thus, the study population represented young adults 
with pneumonia in this area. Second, it was a retrospective 
study, based on a review of medical records. Although all pa-
tients with pneumonia had information about their pH1N1 
influenza status, some descriptions about symptoms were 
missing and we could not compare symptoms for all pa-
tients. Hospital stay was also hard to compare because the 
patients stayed in hospital for relatively long period for iso-
lation from their military units. Third, only a small number 
of patients had the probable pathogen isolated. Although 
previous studies also reported only a small portion of pa-
tients with pneumonia as having the pathogen isolated,32 
the proportion in this study is still lower. In addition, atypi-
cal organisms might have been a pathogen in some pa-
tients. However, some patients should have false negative 
results in RT-PCR of H1N1 influenza, which was examined 
only at their initial visit. The viral load of influenza could 
be lower at the initial visit and we did not repeat RT-PCR 
tests. Previous anti-viral medication could also affect the 
RT-PCR results, although anti-viral therapy such as oselta-
mivir was not widely available in Korea military unit. To 
overcome this limitation, we compared the characteristics 
of patients with pneumonia during the same season of pre-
vious year and it showed consistent results. Although some 
patients with negative RT-PCR of H1N1 were included in 
group A, it did not affect the main results. 

In conclusion, dyspnea, GGO on CT, and multi-lobar in-
volvement were more common in pH1N1 influenza-associ-
ated pneumonia. Our study will help prompt antiviral therapy 
in a more efficient way, if another pandemic is encountered, 
especially when rapid laboratory confirmation is not avail-
able and anti-viral agents are insufficient.
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