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Background Although influenza virus usually involves the upper
respiratory tract, pneumonia was seen more frequently with the
2009 pandemic influenza A/HIN1 than with seasonal influenza.

Methods From September 1, 2009, to January 31, 2010, a
specialized clinic for patients (aged =15 years) with ILI was
operated in Korea University Guro Hospital. RT-PCR assay was
performed to diagnose 2009 pandemic influenza A/HINI. A
retrospective case—case—control study was performed to determine
the predictive factors for influenza pneumonia and to discriminate
concomitant/secondary bacterial pneumonia from primary
influenza pneumonia during the 2009-2010 pandemic.

Results During the study period, the proportions of fatal cases
and pneumonia development were 0-12% and 1:59%,
respectively. Patients with pneumonic influenza were less likely
to have nasal symptoms and extra-pulmonary symptoms
(myalgia, headache, and diarrhea) compared to patients with
non-pneumonic influenza. Crackle was audible in just about half
of the patients with pneumonic influenza (38-:5% of patients
with primary influenza pneumonia and 53:3% of patients with

concomitant/secondary bacterial pneumonia). Procalcitonin,
C-reactive protein (CRP), and lactate dehydrogenase were
markedly increased in patients with influenza pneumonia.
Furthermore, procalcitonin (cutoff value 0-35 ng/ml, sensitivity
81-8%, and specificity 66:7%) and CRP (cutoff value

865 mg/IU, sensitivity 81-8%, and specificity 59-3%) were
discriminative between patients with concomitant/secondary
bacterial pneumonia and patients with primary influenza
pneumonia.

Conclusions Considering the subtle manifestations of 2009
pandemic influenza A/HINI1 pneumonia in the early stage, high
clinical suspicion is required to detect this condition. Both
procalcitonin and CRP would be helpful to differentiate primary
influenza pneumonia from concomitant/secondary bacterial
pneumonia.

Keywords 2009 HINI, C-reactive protein, influenza, pneumonia,
procalcitonin.
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Introduction

Since early April 2009, the 2009 pandemic A/HINI virus
has spread and persisted noticeably over the seasonal base-
line. According to the Korean Influenza Sentinel Surveil-
lance (KISS) report in 2009, weekly influenza-like illness
(ILI) rates had already exceeded the seasonal outbreak
criteria (2:6 per 1000 cases) in week 34 and were about 10-
fold higher than the recent seasonal average between Octo-
ber and December of 2008."'

Of the large number of patients with influenza infection,
many required hospitalization and some of these patients
presented with pneumonia. The clinical features and signif-
icance of influenza pneumonia need to be further eluci-
dated before the predicted second influenza outbreak in the
upcoming 2010-2011 influenza season. In this study, we
described the clinical, laboratory and radiologic characteris-
tics of 2009 pandemic influenza A/HINI1 pneumonia and
compared these between concomitant/secondary bacterial
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pneumonia and primary influenza pneumonia during the
2009-2010 pandemic.

Materials and methods

Study design

Korea University Guro Hospital (KUGH) is a 1000-bed ter-
tiary acute care hospital in southwestern Seoul, Korea.
From September 1, 2009, to January 31, 2010, a specialized
clinic for patients with ILI was operated in KUGH; patients
aged 215 years were cared for at the Department of Inter-
nal Medicine. To confirm 2009 pandemic influenza
A/HINI, we performed real-time, reverse transcriptase-
polymerase chain reaction (RT-PCR) assays using respira-
tory specimens in accordance with the published guidelines
of the US Centers for Disease Control and Prevention
(CDCQ). In addition to the RT-PCR assay, serum hemagglu-
tinin inhibition (HI) assays were performed to diagnose
influenza pneumonia in cases of suspicious influenza pneu-
monia with negative RT-PCR results.

Specimens were collected either by a nasopharyn-
geal/throat swab or by nasopharyngeal aspiration. The
proportion of pneumonia and fatal cases among patients
(aged 215 years) with laboratory-confirmed 2009 pan-
demic influenza A/HINI1 was calculated. We also col-
lected retrospective data regarding patient demographics,
co-morbidities, clinical manifestations, laboratory and
radiologic findings, duration of hospital stay, duration of
intensive care unit (ICU) stay, duration of mechanical
ventilation, treatment modalities, and clinical outcomes.
The severity of illness was also assessed at presentation
using a scoring system: the CURB-65 scoring system was
used for all patients with pneumonia and the Acute Phys-
iology and Chronic Health Evaluation II (APACHE II)
scoring system was used for patients admitted to the ICU.
Using clinical data obtained from electronic medical
records, we performed a case—case—control study to deter-
mine the predictive factors for 2009 pandemic influenza
A/HINI pneumonia and to discriminate concomitant/sec-
ondary bacterial pneumonia from primary influenza pneu-
monia. Two kinds of influenza pneumonia groups were
defined as cases: patients with primary influenza pneumo-
nia (case 1 group) and patients with concomitant/second-
ary bacterial pneumonia (case 2 group). The controls
were selected from hospitalized patients with non-pneu-
monic laboratory-confirmed influenza during the same
calendar month that influenza pneumonia occurred (fre-
quency-matched controls). Chest X-ray was taken in all
study subjects, and chest computed tomography (CT) was
taken in all subjects with unremarkable chest X-ray find-
ing to exclude pneumonia development. Patients with
extra-pulmonary bacterial infections were excluded. This
study was approved by the ethics committee of KUGH

and was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice.

Case definition

ILI was defined as sudden onset fever (=38°C) with respira-
tory symptoms (cough, sore throat, or nasal stuffiness).
The following criteria were used to diagnose pneumonia: a
chest radiograph revealing a new infiltrate consistent with
pneumonia and at least one of the following: fever, chills,
hypothermia, cough, or abnormal white blood cell count
(>11 x 10%/1, or <3 x 10°/1) with or without abnormal dif-
ferential. In addition to the RT-PCR assay, a serum HI
assay was performed to detect 2009 pandemic influenza
A/HINI. Patients were regarded as positive for 2009 pan-
demic influenza A/HIN1 when the RT-PCR was positive
or the HI titers for the 2009 A/HINI met the following
criteria: either convalescent (3 weeks later from ILI onset)
titers >1:160 or seroconversion (a more than fourfold
increase at the convalescent stage compared with the acute
stage).>” Concomitant/secondary bacterial pneumonia was
defined according to current guidelines, and following lab-
oratory tests were taken for all study subjects with pneu-
monia on admission; a sputum gram stain and culture,
blood cultures, urinary antigen tests for Legionella pneumo-
phila and Streptococcus pneumoniae, and paired (acute con-
valescent)  serologic  tests for atypical pathogens
(Chlamydophila pneumoniae, Mycoplasma pneumoniae, and
Legionella species).* Sputum specimens were regarded opti-
mal if gram stain showed <10 squamous epithelial cells/low
power field (10 times normal). Bronchiolitis was diagnosed
clinically in the presence of respiratory symptoms com-
bined with wheezing on physical examination after exclud-
ing asthma, chronic obstructive lung diseases, and
pneumonia.

HI assays

The influenza virus used for the HI assay was A/Califo-
nia/7/2009 NYMC X-179A, which is distributed by the
National Institute for Biological Standards and Control in
the United Kingdom. Sera were treated with receptor-
destroying enzyme and absorbed with erythrocytes to
remove non-specific hemagglutination. Our HI assay was
performed according to established procedures using turkey
erythrocytes.”®

Statistical methods

Data were analyzed using spss version 10.0 (SPSS Inc., Chi-
cago, IL, USA). As for the categorical data, univariate anal-
ysis was carried out using the chi-square test or Fisher’s
exact test. Mann—Whitney U-test was used to compare
continuous variables between two groups. To compare
continuous variables among three groups, one-way anlysis
of variance (anova) test was performed and multiple
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comparison test was based on Tukey’s method. To deter-
mine discriminative markers between concomitant/second-
ary bacterial pneumonia and primary influenza pneumonia,
receiver-operator characteristic (ROC) curve analysis was
performed. A P-value of <0.05 was considered to be statis-
tically significant. Using a logistic regression model, multi-
variate analysis was carried out to compare concomitant/
secondary bacterial pneumonia with primary influenza
pneumonia.

Results

During the study period, a total of 3400 patients aged
=15 years were laboratory confirmed to have 2009 A/HINI
influenza infection. Among them, 150 patients (4-4%) were
hospitalized and four of them died (proportion of fatal
cases, 0-12%) because of pneumonia (two patients), myo-
carditis (one patient), or encephalopathy (one patient). The
proportion of pneumonia among laboratory-confirmed
2009 pandemic influenza A/HINI1 was 1:59% (54 among
3400 patients). Among the 54 patients with pneumonia, 39
patients (72-2%) were primary influenza pneumonia with
no evidence of concomitant bacterial pneumonia at
presentation. Among 39 patients with primary influenza
pneumonia, influenza was confirmed by RT-PCR with
nasopharynx/throat specimens in 37 patients and by
RT-PCR with bronchoalveolar lavage (BAL) fluid after a
second negative RT-PCR with nasopharyngeal specimens in
two patients. BAL was performed in 16 patients with pneu-
monia after patients’ consent, and five (31:3%) of them
had concomitant/secondary bacterial pneumonia based on
standard criteria (quantitative culture). Thirteen patients
were compatible with concomitant bacterial pneumonia
based on both positive RT-PCR results and bacterial isola-
tion from respiratory specimens. We experienced two cases
of post-influenza secondary bacterial pneumonia. One
patient initially presented with typical influenza symptoms
without pneumonia, with the influenza infection confirmed
by RT-PCR. Treatment of this patient with an antiviral
agent resulted in symptomatic improvement after several
days, but he revisited our hospital with secondary bacterial
pneumonia. The second patient presented with bacterial
pneumonia but had negative RT-PCR results for the influ-
enza virus. This patient had a history of ILI in the previous
2 weeks, and a recent 2009 A/HIN1 influenza infection
was diagnosed by the HI test with a titer of 1:2560 at the
convalescent stage (3 weeks later from ILI onset).

In 15 patients with concomitant/secondary bacterial
pneumonia, the causative pathogens were as follows: methi-
cillin-sensitive Staphylococcus aureus (n = 3, from sputum
culture), methicillin-resistant S. aureus (n =2, from spu-
tum culture), Streptococcus pneumoniae (n = 6, from spu-
tum culture), Klebsiella pneumoniae (n = 1, from sputum

Influenza pneumonia

culture), Streptococcus oralis (n =1, from blood culture),
Hemophilus influenza (n = 1, from sputum culture), Mor-
axella catarrhalis (n = 1, from sputum culture), and sero-
group-5  Legionella  pneumophila  (n =1, serological
diagnosis). S. pneumoniae and H. influenza were isolated
concurrently in one patient.

Although laboratory-confirmed influenza was found pre-
dominantly among young adults aged 15-39 years, 2009
pandemic influenza A/HIN1 pneumonia and hospitaliza-
tion occurred in patients in all age groups (Figure 1). All
four fatalities involved patients aged >50 years.

Clinical characteristics of influenza pneumonia

The demographic and clinical characteristics of patients
with 2009 pandemic influenza A/HIN1 pneumonia are
presented in Table 1. The majority of influenza patients
without pneumonia was female (77-8%) compared with
those with pneumonic influenza (P = 0.05).

Symptomatic duration before the hospital visit and hos-
pital stay was longer in patients with concomitant/second-
ary bacterial pneumonia than those with non-pneumonic
influenza and primary influenza pneumonia (P < 0.01).
Fever (237-8°C) was noted in 92:6% of patients with
non-pneumonic influenza, 89-7% of patients with primary
influenza pneumonia, and 80-0% of patients with concomi-
tant/secondary bacterial pneumonia. Patients with pneu-
monic influenza were less likely to have myalgia, headache,
and nasal symptoms on presentation than patients with
non-pneumonic influenza. Diarrhea was noted in <10% of
patients with pneumonic influenza. Productive cough was
more common in patients with concomitant/secondary
bacterial pneumonia (73-:3%) than patients with non-pneu-
monic influenza (22-2%) or primary influenza pneumonia

1200 4 r 50
B Hospitalized cases

L 45

Il Primary influenza pneumonia
1000 o . . .
== Concomitant/secondary bacterial pneumonia F 40

Death
800 1

—— Confirmed cases

.
N~
W
Cases

600 1

Cases

400 1

15-19  20-29 30-39 4049 50-59 60-69 70-79 80-89
Age

Figure 1. Age-related differences in the number of laboratory-
confirmed 2009 pandemic influenza A/H1N1 cases, hospitalization,
pneumonia, and death; the broken line graph follows the left-sided
gradation, while bar graphs are drawn following the right-sided
gradation.

© 2011 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 5, e535-e543

e537 |



| Song et al.

Table 1. Demographic and clinical characteristics of patients with influenza pneumonia compared to patients with influenza but without
pneumonia

Concomitant/

Influenza Primary secondary
without influenza bacterial
pneumonia pneumonia pneumonia
(n =27) (n =39) (n = 15) P-value
Age, mean + SD 366 + 163 431 + 196 51-1 + 238 0.08
Sex (male), no. (%) 6 (22-2) 16 (41-0) 9 (64-3) 0.05
Influenza vaccination during 7 (259) 4 (10-3) 2 (13-3) 0.22
2008-2009 season, no. (%)
Body mass index, mean + SD 232+ 32 238 + 31 226 + 37 0.48
CURB-65 score >2, no. (%) - 7 (17-9) 8 (53:3) 0.02
APACHE Il score, mean + SD - 127 + 37 12:4 + 39 0.82
Hypoxia (PO, < 60 mmHg at room air) - 7 (179) 5(33-3) 0.28
Comorbidities, no. (%) 7 (259) 11 (282) 8 (53-3) 0.15
Asthma 2 (7-4) 4(10-3) 3 (20:0) 0.45
Chronic obstructive pulmonary diseases 0 (0) 0 (0) 2 (13-3) 0.01
Interstitial lung diseases 0(0) 0(0) 1(6-7) 0.11
Cardiovascular diseases 1(37) 3(77) 1(6:7) 0.8
Diabetes 2 (7-4) 5(12-8) 3 (20-0) 0.49
Chronic renal failure 0 (0) 2 (5:1) 1(6:7) 0.44
Liver cirrhosis 0 (0) 1(2:6) 0 (0) 0.58
Malignancy 0 (0) 2 (5:1) 2 (13-3) 0.44
Transplantation 1(37) 0(0) 0 (0) 0.36
Neurologic diseases 1(37) 0 (0) 1(6-7) 0.32
Immunosuppressant use 2 (7-4) 1(2:6) 0 (0) 0.42
Duration of symptoms before hospital visit, mean + SD 2:5 % 1-2° 36 + 2:2° 50 + 3-5° <0.01
Initial symptoms and signs, no. (%)
Fever 25 (92+6) 35 (89-7) 12 (80-0) 0.45
Myalgia 20 (74-1) 20 (51-3) 4 (267) 0.01
Headache 14 (51-9) 12 (30:8) 1(6-7) 0.01
Sore throat 19 (70-4) 20 (51-3) 6 (40-0) 0.13
Cough 26 (96-3) 39 (100) 15 (100) 0.36
Sputum 6 (22-2) 19 (48:7) 11 (73:3) 0.01
Hemoptysis 0 (0) 1(2:6) 1(6-7) 0.41
Dyspnea 10 (37-:0) 21 (53-8) 10 (66-7) 0.16
Chest pain 1(37) 8 (20-5) 3 (20:0) 0.14
Nasal symptoms 17 (63-0) 17 (43-6) 3 (20-0) 0.03
Nausea/vomiting 7 (25:9) 6 (15-4) 1(6-7) 0.26
Diarrhea 5(18-:5) 2 (51) 1(6:7) 0.18
Gross hematuria 1(37) 1(2:6) 0 (0) 0.76
Crackle 0 (0) 15 (38-5) 8 (53:3) <0.01
Wheezing 9 (33-3) 8 (20-5) 7 (46:7) 0.15
Death in hospital, no. (%) 0 (0) 0 (0) 2 (13-3) 0.01
Treatment defervescence interval (days), mean + SD 11+ 04 16+ 10 17 +£12 0.07
Duration of hospitalization, mean + SD 4.1 + 1-32 84 + 67° 145 + 1420 <0.01
ICU admission, no. (%) - 10 (25:6) 7 (46:7) 0.19
Duration of ICU admission, mean + SD - 2:0 + 40 43 + 59 0.12
Mechanical ventilation, no. (%) - 3 (7-7) 4 (26-7) 0.09
Shock requiring vasopressors or inotropes, no. (%) - 0(0) 3 (20-0) 0.02
The same superscript letters indicate a non-significant difference between groups based on Tukey’s multiple comparison test.
APACHE Il, Acute Physiology and Chronic Health Evaluation II; ICU, intensive care unit.
(48:7%) (P = 0.01). Clinically, bronchiolitis was accompa- in age, previous influenza vaccinations, or body mass index
nied in 259% (seven among 27) of patients with non- (BMI) among the three groups. Underlying co-morbidities
pneumonic influenza. There were no significant differences appeared to be more common in patients with concom-
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itant/secondary bacterial pneumonia (53-3%), although this
difference was not statistically significant.

When we compared clinical scores between patients with
primary influenza pneumonia and concomitant/secondary
bacterial pneumonia, we found that patients with concomi-
tant/secondary bacterial pneumonia were more likely to
have a CURB-65 score =2 (53-3% versus 17-:9%, P = 0.02),
and present with shock requiring vasopressor/inotropes
(20:0% versus 0%, P =0.02). On physical examination,
crackle was audible in just about half of the patients with
pneumonic influenza (38:5% of patients with primary
influenza pneumonia and 53-3% of patients with concomi-
tant/secondary bacterial pneumonia). There were no differ-
ences in APACHE II score, ICU admission, hypoxia
(PO, < 60 mmHg at room air), or mechanical ventilation
between the two pneumonia patient groups.

Laboratory results of influenza pneumonia

In terms of laboratory results, leukocyte count, blood urea
nitrogen, erythrocyte sedimentation rate (ESR), and lactate
dehydrogenase (LDH) were elevated in 2009 pandemic
influenza A/HI1NT1-infected patients with pneumonia com-
pared with those without pneumonia, but these parameters
could not reliably discriminate between primary influenza
pneumonia and concomitant/secondary bacterial pneumo-
nia (Table 2). Lymphopenia (<1000 lymphocytes per cubic
millimeter) was found in more than half of the patients

Influenza pneumonia

irrespective of pneumonia development: 51-9% of patients
with non-pneumonic influenza, 64:1% of patients with pri-
mary influenza pneumonia, and 53-:3% of patients with
concomitant/secondary bacterial pneumonia (P = 0.48).
Initial procalcitonin and C-reactive protein (CRP) values
were significantly different among the three groups and
could discriminate between primary influenza pneumonia
and  concomitant/secondary  bacterial = pneumonia
(P < 0.01). A procalcitonin cutoff of >0-35 ng/ml differen-
tiated best between concomitant/secondary bacterial pneu-
monia and primary influenza pneumonia (sensitivity 81-8%
and specificity 66:7%). With respect to CRP values, a cutoff
of 86-5 mg/TU best differentiated concomitant/secondary
bacterial pneumonia from primary influenza pneumonia
(sensitivity 81-8% and specificity 59-3%). The ROC curves
for procalcitonin and CRP values are shown in Figure 2;
the area under the ROC curve was 0-78 for procalcitonin
and 0-75 for CRP. On multivariate analysis, none was inde-
pendently predictive of concomitant/secondary bacterial
pneumonia; in addition to procalcitonin/CRP, age, comor-
bidity, symptomatic duration, mechanical ventilation, and
CURB-65 score were included in the analysis.

Radiologic findings of influenza pneumonia

Initial chest X-ray images were available for all 54 patients
with 2009 pandemic influenza A/HIN1 pneumonia.
Among them, three patients (56%) had normal chest

Table 2. Characteristic laboratory findings of patients with influenza pneumonia compared with those with influenza without pneumonia

Concomitant/

Influenza Primary secondary

without influenza bacterial

pneumonia pneumonia pneumonia

(n =27) (n =39) (n = 15) P-value
WBC (count/ul) 5-892 + 2-176° 7056 + 3-586%° 9750 + 5-442° 0.01
Lymphopenia (<1000 cells/ul), no (%) 14 (51-9) 25 (64-1) 8 (53:3) 0.48
Hemoglobin (g/dl) 132 £ 1-1 127 £ 19 125+ 19 0.53
Platelet count, 103 cells/ul 179 = 36 206 = 111 205 + 61 0.27
AST (IU/1) 29 + 21 51 + 47 44 + 32 0.14
ALT (IU/1) 36 +43 44 + 44 35 + 325 0.63
Bilirubin, total (mg/dl) 053 + 035 0-54 + 027 0-60 + 0-42 0.79
INR 1-10 = 0-09 111+ 012 113+ 013 0.79
BUN (mg/dl) 107 + 3-3° 14:2 + 10-12P 191 = 13:9° 0.04
Creatinine (mg/dl) 0:69 + 0-15 091 + 1-05 0-99 + 0-48 0.55
LDH (u/1) 365 + 86° 567 + 181° 502 + 166° <0.01
CPK (IU/1) 102 + 124 247 + 348 159 + 133 0.13
ESR (mm/hour) 251 + 1347 52'5 + 29-5° 699 + 28:2° <0.01
CRP (mg/1) 265 + 29:0° 82:4 + 65:6° 1835 + 134-4° <0.01
Procalitonin (IU/1) 0-07 + 0-052 075 + 1-66° 532 + 9:23¢ <0.01

The same superscript letters indicate a non-significant difference between groups based on Tukey’s multiple comparison test.
WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio; BUN, blood urea
nitrogen; LDH, lactate dehydrogenase; CPK, creatine phosphokinase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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Figure 2. Receiver-operator characteristic curves of procalcitonin and
CRP showing that these can discriminate concomitant/secondary
bacterial pneumonia from primary influenza pneumonia.

X-rays, but these patients had abnormal chests (compatible
with pneumonia) on CT. On chest X-rays, the lung abnor-
malities were bilateral in 69-4% (25 of 36) of primary influ-
enza pneumonia and 80% (12 of 15) of
concomitant/secondary pneumonia  cases
(P =0.49).

Chest CT images were taken in 43 patients: 30 patients
with primary influenza pneumonia and 13 patients with

cases
bacterial

concomitant/secondary bacterial pneumonia (Table 3). The
predominant chest CT finding was a mixture of consolida-
tion and ground-glass opacity detected in 50% of primary
influenza pneumonia cases and 76:9% of concomitant/sec-
ondary bacterial pneumonia cases. Ground-glass opacity
alone was more common in primary influenza pneumonia
cases than concomitant/secondary bacterial pneumonia
cases (50% versus 15-4%). Nodular lesions were more com-
mon in concomitant/secondary bacterial pneumonia cases
than primary influenza pneumonia cases (46:2% versus
20%). Multifocal/diffuse lung involvement was common,
predominantly in the peripheral zone (lower lobe). Pleural
effusion was only found in patients with concomitant/sec-
ondary bacterial pneumonia (four of 13, 30-8%), whereas
pneumomediastinum showed the opposite trend (three of
30, 10%); after conservative management, the pneumomed-
iastinum resolved in all three cases. Pulmonary embolism
was not found in this study.

Treatment and clinical outcome
Fifty-two of 54 patients with 2009 pandemic influenza
A/HINI pneumonia were hospitalized, and antiviral agents

Table 3. Comparison of CT findings between primary influenza
pneumonia cases and concomitant/secondary bacterial pneumonia
cases

Concomitant/

Primary secondary
influenza bacterial
pneumonia pneumonia
(n = 30) (n =13) P-value
Patterns of radiographic abnormality
Consolidation 0 (0) 1(7-7) 0.08
GGO 15 (50-0) 2 (15:4)
Consolidation + GGO 15 (50-0) 10 (76-9)
Nodular lesion 6 (20-0) 6 (46-2) 0.08
Extent of lung involvement
Unifocal (1-2 lesions) 8 (267) 2 (154) 0.61
Multifocal (3-5 lesions) 16 (53-3) 9 (69:2)
Diffuse (=6 lesions) 6 (20:0) 2 (15-4)
Predominance
Central zone (upper 6 (20-0) 1(7-7) 0.6
and middle lobe)
Peripheral zone 12 (40-0) 6 (462)
(lower lobe)
Both 12 (40-0) 6 (46-2)
Pleural effusion 0 (0) 4 (30-8) 0.01
Lymph node enlargement 3 (10:0) 4 (30-8) 0.09
Pneumomediastinum 3 (10-0) 0 (0) 0.24

GGO, ground-glass opacity.

were given to all with the exception of one serologically
diagnosed patient with secondary bacterial pneumonia. For
the patients with non-pneumonic influenza, 25 were treated
with oseltamivir (75 mg bid, 5 days), while two patients
received zanamivir. For the patients with 2009 pandemic
influenza A/HIN1 pneumonia, antiviral agents were given
to 53 patients for 7-10 days based on clinician’s preference:
high-dose oseltamivir (150 mg bid, n = 37), high-dose osel-
tamivir plus amantadine 100 mg bid (n = 15), or high-dose
oseltamivir plus amantadine plus ribavirin 500 mg bid
(n = 1). Fever usually disappeared within 2 days after an-
tiviral treatment irrespective of combined pneumonia
(P = 0.07). Antibacterial agents were administered to all
the patients with 2009 pandemic influenza A/HIN1 pneu-
monia: ceftriaxone (n = 28), levofloxacin (n = 25), vanco-
mycin (n=1), teicoplanin (n=1), or azithromycin
(n=2). Two fatal cases with 2009 pandemic influenza
A/HIN1 pneumonia were observed (3:7%, two of 54
cases).

Discussion

The clinical presentation of influenza ranges from a self-

limiting upper respiratory tract infection to severe
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pneumonia. The incidence of influenza pneumonia has
been reported to range from 0:1% to >10% depending on
levels of antigenic variation.” In this study, the proportion
of pneumonia development among patients with 2009 pan-
demic influenza A/HIN1 was 1:59%, which is higher than
the reports of the inter-pandemic seasonal influenza.”
Although the 2009 pandemic A/HIN1 virus was initially
reported to have a 2-6 sialic acid (Sia) receptor binding
preference similar to human seasonal influenza viruses,
recent glycan array data indicate that the virus can bind to
both Sia 22-6 and Sia «2-3 and can thereby readily infect
the alveolar epithelium.>™'® Using a ferret influenza model,
van den Brand et al'' showed that the 2009 pandemic
A/HINTI virus replicated well throughout the lower respira-
tory tract and to a greater extent than the seasonal HIN1
virus, especially at the level of the bronchiole, which may
explain why pneumonia and bronchiolitis were more com-
mon in patients infected with the 2009 pandemic A/HINI1
virus. Given the more extensive viral replication in the
columnar epithelial cells of the lower respiratory tract,
some reports recommend BAL in cases of rapidly progres-
sive, highly suspicious lower respiratory tract infections
because of 2009 pandemic A/HINI virus if the RT-PCR
result is negative with nasopharyngeal specimens.'>"?
Despite the relatively frequent development of pneumo-
nia in the 2009 A/HIN1 pandemic, the overall proportion
of fatal cases was not high (0:12%). Considering that the
mild 2009 pandemic influenza A/HINT1 cases were not lab-
oratory confirmed, the real proportion of fatal cases might
be lower than that of this study. Although Mexico and Bra-
zil reported a high case fatality rate (0-4-112%) in the
early pandemic,'*'” many western countries, including the
United States, reported a fatality rate of <0-1%.'"'® Several
possible reasons for this low fatality rate have been pro-
posed. First, according to several recent reports, the 2009
pandemic A/HIN1 virus does not appear to induce pro-
inflammatory cytokine dysregulation unlike the highly
pathogenic H5NI1 or 1918 HINI viruses.'”* Seasonal
influenza viruses are known to cause tissue damage mainly
through virus-induced cell death, whereas H5N1 infection
in humans is associated with a massive cytokine storm,
resulting in a high number of deaths.*""** Second, the 2009
pandemic A/HINI1 virus is known to express a truncated
PBI-F2 protein. The PBI1-F2 protein has been implicated as
a virulence factor that specifically targets and destroys alve-
olar macrophages, thereby increasing the likelihood of sec-
ondary bacterial infections.”>** In addition, there are
several possible additional reasons for the low case fatality
observed in our study. First, obesity is considered to be
another risk factor for poor prognosis; according to reports
from western countries, about 90% of mechanically venti-
lated patients had a BMI 230, and pulmonary embolism
was also present in 36% of patients.”” However, in our
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study, the mean BMI was 20-25 and pulmonary embolism
was not found. Second, early aggressive antiviral treatment
is a policy of the national health department of Korea; an-
tiviral agents were supplied free of charge.

Compared to the patients with 2009 pandemic influenza
A/HINI pneumonia, those without pneumonia were youn-
ger and more likely to complain of constitutional symp-
toms (fever, myalgia, and headache). Such differences
might be related to the reason of admission; 20 among 27
patients without pneumonia (74:1%) were hospitalized just
because of severe subjective symptoms. In terms of clinical
manifestations, patients with 2009 pandemic influenza
A/HINI pneumonia were less likely to have extra-pulmo-
nary symptoms such as myalgia, headache, and diarrhea. In
the early 2009 pandemic in Mexico, Perez-Padilla et al.*®
reported that 22% of influenza patients with pneumonia
complained of diarrhea, but <10% of patients with 2009
pandemic influenza A/HIN1 pneumonia presented with
diarrhea in the present study. Considering that crackle was
audible in only about 50% of patients with 2009 pandemic
influenza A/HIN1 pneumonia, high clinical vigilance is
required to identify pneumonia; some patients showed
rapid progression with dyspnea, tachypnea, and cyanosis
over a period of 2-3 days. In terms of laboratory results, a
high LDH level and lymphopenia are considered character-
istic findings of 2009 pandemic influenza A/HINI pneu-
monia, but we found that lymphopenia was common in
patients with influenza at early stages, irrespective of pneu-
monia development.”® In addition to high LDH levels, pro-
calcitonin, CRP, and ESR were markedly increased in
patients with 2009 pandemic influenza A/HIN1 pneumo-
nia.

Early detection of concomitant bacterial infection can
reduce the need of unnecessary antibiotic therapy, but
microbiological isolation usually requires 3-5 days. Procalc-
itonin, CRP, ESR, and leukocyte count have been widely
used to distinguish severe bacterial infections from viral
infections.?””?® Of note, procalcitonin and CRP could dis-
criminate between concomitant/secondary bacterial pneu-
monia and primary influenza pneumonia in this study.
Recently, Ingram et al.* reported that 2009 HI1NI-infected
patients with high procalcitonin levels had a poor progno-
sis. Radiologically, consolidation with pleural effusion was
also a discriminative finding suggesting concomitant/sec-
ondary bacterial pneumonia. Pneumomediastinum was
found only in patients with primary influenza pneumonia
and may be related to accompanying bronchiolitis.”® Cur-
rently, it is recommended that suspected influenza patients
with lung infiltrates on chest X-ray receive both antibiotics
and antiviral agents; in this study, all patients with 2009
pandemic influenza A/HIN1 pneumonia were treated with
antibiotics.”" Allowing for the current tendency to prescribe
antibiotics to all patients with 2009 pandemic influenza
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A/HINI pneumonia, the above-mentioned clinical, labora-
tory, and radiographic findings may be very useful in real
clinical settings. In accordance with previous reports,
S. aureus and S. pneumoniae were the most common con-
comitant/secondary bacterial pathogens,” but atypical
pathogens including Legionella spp. and Mycoplasma pneu-
moniae should also be considered.

Antiviral agents were usually given for 5 days, but for
the patients with 2009 pandemic influenza A/HIN1 pneu-
monia, the antiviral agents were administered for 7-10 days
according to the CDC recommendations.’” In some cases,
amantadine was co-administered because of its possible
synergistic effect and its effect on dilatation of the distal
bronchioles.”>**

This study has several limitations. First, this study was
performed with retrospective design and small sample size.
Because we confined this study to microbiologically con-
firmed pneumonia, there was a chance that mild, silent
cases were not included; the traditional definition of ILI is
poorly sensitive to detect influenza among hospitaized
adults, and nasopharyngeal swab is known to miss about
20% of influenza pneumonia.'>*> Moreover, some poten-
tial confounders, such as age and comorbidities, might
affect on the differences between primary influenza pneu-
monia and concomitant/secondary bacterial pneumonia.
Although statistically insignificant, patients with concomi-
tant/secondary bacterial pneumonia were rather older and
more likely to have comorbidities compared with those
with primary influenza pneumonia. Second, the results
might be rather variable according to the medical setting;
some patients would eventually develop bacterial pneumo-
nia without adequate antiviral/antibacterial treatment.

In conclusion, considering that 2009 pandemic influenza
A/HINI1 pneumonia manifests subtly in the early stage,
high clinical suspicion is required to detect this type of
pneumonia. Both procalcitonin and CRP would be helpful
to differentiate primary influenza pneumonia from con-
comitant/secondary bacterial pneumonia. To better clarify
the clinical usefullness of procalcitonin/CRP in the treat-
ment of influenza pneumonia, well-designed prospective
randomized studies are required.
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