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□ ORIGINAL ARTICLE □

Clinical and Radiographic Comparison of Influenza
Virus-associated Pneumonia among Three Viral Subtypes

Takashi Ishiguro 1, Noboru Takayanagi 1, Tetsu Kanauchi 2, Ryuji Uozumi 3, Eriko Kawate 1,

Yotaro Takaku 1, Naho Kagiyama 1, Yoshihiko Shimizu 4, Toshiko Hoshi 2,

Satoshi Morita 3 and Yutaka Sugita 1

Abstract

Objective Presently, the predominant subtypes of influenza viruses in the world, except for those in local

epidemics, include influenza pandemic H1N1 2009 (pH1N1), H3N2, and B viruses. There are few reports on

the differences in the clinical features, radiographic findings, treatment, and outcomes of influenza virus-

associated pneumonia among these three viral subtypes. The purpose of this study was to investigate whether

the clinical features, radiographic findings, treatment, and outcomes differ among the viral subtypes.

Methods We retrospectively analyzed 96 patients with influenza virus-associated pneumonia whose viral

subtypes were clarified.

Results Patients with pH1N1 virus-associated pneumonia tended to be young. The frequency of primary vi-

ral pneumonia differed among the virus-associated pneumonia subtypes (pH1N1, 80%; H3N2, 26.5%; and B,

31%). Patients with pH1N1 virus-associated pneumonia more frequently showed bilateral ground-glass opaci-

ties (GGOs), which affected more lobes than in patients with H3N2 and B virus-associated pneumonia. How-

ever, patients with H3N2 virus-associated pneumonia showed a higher frequency of consolidation and diffuse

bronchial wall thickening than did the patients with pH1N1 virus-associated pneumonia. The severity and

mortality did not differ among the three pneumonia subtypes.

Conclusion In the patients who developed influenza virus-associated pneumonia, those with pH1N1 virus-

associated pneumonia frequently developed primary viral pneumonia resulting in bilateral and broad areas of

GGOs on imaging, whereas patients with H3N2 virus-associated pneumonia frequently showed consolidation

and diffuse bronchial wall thickening on pulmonary imaging.

Key words: influenza, pneumonia, subtypes, computed tomography

(Intern Med 55: 731-737, 2016)
(DOI: 10.2169/internalmedicine.55.5227)

Introduction

Influenza viruses cause significant morbidity and mortal-

ity globally that result in severe illness in 3-5 million people

and death in up to 500,000 individuals during epidemic

years (1). The pandemic influenza in 2009 strongly affected

clinical practice. Pneumonia is the leading complication of

influenza virus infection, and many cases of pandemic influ-

enza H1N1 2009 (pH1N1) virus-associated pneumonia

(VAP) have been reported.

Presently, the predominant subtypes in the world, except

for those in local epidemics, include influenza pH1N1,

H3N2, and B viruses. There are few reports on the differ-

ences in the clinical features, radiographic findings, treat-

ment, and outcomes of influenza VAP among the pH1N1,

H3N2, and B viral subtypes (2). Therefore, the purpose of

this study was to investigate whether the clinical features,
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radiographic findings, treatment, and outcomes differ among

these three viral subtypes.

Materials and Methods

We conducted a retrospective study of all patients hospi-

talized with pneumonia over a 12-year period from January

2002 through March 2014 at our institution in Saitama, Ja-

pan. Excluded patients comprised those showing immuno-

suppression (AIDS or receiving chemotherapy), nursing

home residents, and those with tuberculosis, non-resected

lung cancer, or a confirmed alternative diagnosis lasting un-

til the end of the follow-up. The diagnosis of causative mi-

croorganisms was made according to the results of a

semiquantitative culture of respiratory samples or blood,

paired sera, and urinary antigen tests for Streptococcus
pneumoniae and Legionella pneumophila, as reported previ-

ously (3).

The types of influenza-associated pneumonia were judged

by physicians based on a previous report (4). Severe

community-acquired pneumonia was defined when at least

one major criterion or three minor criteria of the IDSA/ATS

guidelines (5) were present. Computed tomography (CT)

scans were independently interpreted by two radiologists,

and any disagreement was discussed and resolved by con-

sensus. Diffuse bronchial wall thickening was defined when

thickened bronchial walls were present in at least 4 lobes.

Lymphadenopathy was defined as a short axis of hilar or

mediastinal lymph nodes of �10 mm. Approval for this

study was obtained from the institutional clinical research

ethics board (no. 2014006).

Statistical analysis

The data are presented using descriptive statistics for con-

tinuous variables and frequencies for categorical variables.

Differences between groups were analyzed with an analysis

of variance (ANOVA) for continuous variables and chi-

square tests for categorical variables. In all tests, p values of

<0.05 were considered to be statistically significant. For CT

data, kappa coefficients were calculated to assess the agree-

ment between the two radiologists. All statistical analyses

were performed using the SAS version 9.3 (SAS Institute,

Cary, USA) software program.

Results

Patients

From January 2002 to August 2014, 1,810 patients with

pneumonia were admitted to our institution, of whom 194

were diagnosed as having influenza-associated pneumonia

based on positive rapid antigen tests, increased antibody ti-

ters of paired sera, or positive results of reverse transcription

polymerase chain reaction (RT-PCR) analyses. Of these 194

patients, 98 were excluded because we could not differenti-

ate the virus subtype in these patients. These included 9 pa-

tients (6 before 2009 and 3 after 2009) with a positive rapid

antigen test for A viruses in whom serum samples were not

obtained in the recovery phase because of their early dete-

rioration to death.

Viral subtypes

The diagnosis of the viral subtypes was based on the fol-

lowing methods: pH1N1 virus, positive RT-PCR results in

11 (55.0%) and increased antibody titers in 10 (50.0%) of

20 patients; H3N2 virus, positive RT-PCR results in 1

(2.9%) and increased antibody titers in 33 (97.1%) of 34 pa-

tients; and B virus, positive rapid antigen test in 34 (80.9%)

and increased antibody titers in 12 (28.6%) of 42 patients.

Patient characteristics

Patients with pH1N1 VAP tended to be younger than

those with influenza VAP of the other two viral subtypes

(p=0.066) (Table 1). The frequency of vaccination history

differed among patients with each viral subtype infection.

Patients with pH1N1 VAP showed higher rates of primary

viral pneumonia than those with H3N2 or B VAP (Table 1).

Underlying respiratory diseases were present in only 25% of

patients with pH1N1 VAP, and the frequency of underlying

respiratory diseases differed among the three VAP groups.

C-reactive protein values were significantly lower in the pa-

tients with pH1N1 VAP (Table 2). Due to the incomplete

workup of the patients’ mixed infections, the specific pneu-

monia type could not be differentiated in 10 (10.4%) pa-

tients. Severe cases of pneumonia were present in 25 (26%)

of the 97 patients.

Etiology of mixed infection

The methods used to identify the etiology of pneumonia

are shown in Table 3. The most common microorganism in

the mixed infection was S. pneumoniae. Other microorgan-

isms included Pseudomonas aeruginosa, Staphylococcus
aureus, and Mycoplasma pneumoniae (Table 4).

CT findings

The kappa values between the two radiologists evaluating

the CT images are shown in Table 5. All findings except

those for hilar lymphadenopathy showed moderate or good

to fair agreement. Patients with pH1N1 VAP showed more

frequent bilateral GGOs that affected more lobes than did

patients with H3N2 and B VAP (Table 6). However, the fre-

quency of unilateral ground-glass opacities (GGOs) and con-

solidation were lower in patients with pH1N1 VAP than in

patients with H3N2 and B VAP. Diffuse bronchial wall

thickening was found more frequently in patients with

H3N2 VAP. A tree-in-bud appearance was found in 10 pa-

tients (10.4%), and the frequency of this finding did not dif-

fer among the viral subtypes.

Histology

Specimens were obtained by TBLB from pulmonary le-

sions corresponding to the GGOs or areas of consolidation
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Table　1.　Patient Characteristics.

Total pH1N1 A/H3N2 B
(n = 96) (n = 20) (n = 34) (n = 42)

Age, mean (SD) 66.5 (15.7) 59.9 (16.4) 70.1 (14.5) 66.9 (15.6) 0.066
Sex, male 74 (77.1) 16 (80.0%) 28 (82.4%) 30 (71.4%) 0.499
BMI, n 62 16 23 23 0.497

mean (SD) 22.4 (4.90) 23.46 (4.80) 22.50 (5.05) 21.56 (4.88)
Pneumonia type

Primary viral 38 (39.6%) 16 (80.0%) 9 (26.5%) 13 (31.0%) 0.002
Mixed viral and bacterial 32 (33.3%) 2 (10.0%) 13 (38.2%) 17 (40.5%)
Secondary bacterial 16 (16.7%) 2 (10.0%) 9 (26.5%) 5 (11.9%)
Undifferentiated 10 (10.4%) 0 (0%) 3 (8.8%) 7 (16.7%)

Vaccination, yes, seasonal 12 (12.5%) 2 (10.0%) 6 (17.6%) 4 (9.5%) 0.528
Vaccination, yes, pH1N1 6 (6.3%) 1 (5.0%) 5 (14.7%) 0.030
Underlying pulmonary diseases, yes 47 (49.0%) 5 (25.0%) 21 (61.8%) 21 (50.0%) 0.033

COPD 17 (17.7%) 1 (5.0%) 10 (29.4%) 6 (14.3%) -
Old TB 6 (6.3%) 4 (11.8%) 2 (4.8%) -
BA 14 (14.6%) 3 (15.0%) 6 (17.6%) 5 (11.9%) -
Bronchiectasis 5 (5.2%) 1 (5.0%) 1 (2.9%) 3 (7.1%) -
NTM 4 (4.2%) 1 (2.9%) 3 (7.1%) -
IP 7 (7.3%) 2 (5.9%) 5 (11.9%) -
Others 3 (3.1%) 1 (5.0%) 2 (4.8%) -

Underlying systemic diseases, yes 40 (41.7%) 8 (40.0%) 15 (44.1%) 17 (40.5%) 0.936
DM 18 (18.8%) 4 (20.0%) 7 (20.6%) 7 (16.7%) 0.898
Post upper digestive system surgery 8 (8.3%) 1 (2.4%) -
Ischemic heart disease 8 (8.3%) 1 (5.0%) 4 (11.8%) 3 (7.1%) -
CHF 4 (4.2%) 3 (8.8%) 1 (2.4%) -
Cerebrovascular disease 5 (5.2%) 1 (2.9%) 4 (9.5%) -
Valvular heart disease 3 (3.1%) 3 (8.8%) -
Arrhythmia 2 (2.1%) 1 (5.0%) 1 (2.9%) -
Malignancy 1 (1.0%) 1 (5.0%) -
Psychological disease, dementia 4 (4.2%) 1 (5.0%) 1 (2.9%) 2 (4.8%) -
Chronic liver disease 5 (5.2%) 2 (10.0%) 2 (5.9%) 1 (2.4%) -
Neuromuscular disease 2 (2.1%) 2 (4.8%) -
Connective tissue disease 2 (2.1%) 2 (4.8%) -
Steroid or immunosuppressant 2 (2.1%) 2 (4.8%) 0.269

Smoking history, yes 58 (60.4%) 14 (70.0%) 24 (70.6%) 20 (47.6%) 0.075
Severity, severe 25 (26.0%) 3 (15.0%) 12 (35.3%) 10 (23.8%) 0.236
Respiratory failure 49 (51.0%) 9 (45.0%) 20 (58.8%) 20 (47.6%) 0.523
Treatment

Preceding antibiotics 30 (31.3%) 6 (30.0%) 8 (23.5%) 16 (38.1%) 0.350
Guideline adherence, discordant 26 (27.1%) 2 (10.0%) 10 (29.4%) 14 (33.3%) 0.144
Antivirals, yes 67 (69.8%) 14 (70.0%) 19 (55.9%) 34 (81.0%) 0.061
<48 h 20 (20.8%) 1 (5.0%) 6 (17.6%) 13 (31.0%) 0.099

48 h 47 (49.0%) 13 (65.0%) 13 (38.2%) 21 (50.0%)
Corticosteroids 21 (21.9%) 9 (45.0%) 6 (17.6%) 6 (14.3%) 0.018
Mechanical Ventilation 7 (7.3%) 2 (10.0%) 3 (8.8%) 2 (4.8%) 0.711

Non-survivors 4 (4.2%) 1 (2.9%) 3 (7.1%) 0.381

p value

SD: standard deviation, BMI: body mass index, COPD: chronic obstructive pulmonary disease, TB: tuberculosis, BA:
bronchial asthma, NTM: non-tuberculous mycobacteria, IP: interstitial pneumonia, DM: diabetes mellitus, CHF: congestive
heart failure

on CT in 8 patients (5 with pH1N1 and 3 with H3N2 VAP;

7 with primary viral pneumonia, and 1 with mixed viral and

bacterial pneumonia). The cases of three patients were previ-

ously reported elsewhere (6-8). The histological findings of

survivors with either pH1N1 or H3N2 VAP were as follows:

in two patients with primary viral pneumonia and mixed vi-

ral and bacterial pneumonia, alveoli were not obtained and

erosive bronchitis was found. Erosive bronchitis was found

in 2 other patients with primary viral pneumonia. In 6 pa-

tients whose alveoli could be evaluated, edematous intrasep-

tal thickening, swollen type II cell metaplasia (alveolitis),

and intraluminal/airspace organization were found. Fibrin

exudation was notable in 3 patients. In one patient with pri-

mary pH1N1 viral pneumonia, a diffuse alveolar damage

pattern with hyaline membranes and bronchiolitis were also

found. In another patient with primary pH1N1 viral pneu-

monia, hemosiderin-laden macrophages were also detected.

Treatment and outcomes

Overall, 67 (69.8%) patients received antiviral therapy, of

whom 6 (6.3%) required mechanical ventilation and 4

(4.2%) died. The frequency of antibiotic treatment discor-

dant with the established guidelines (5) and antiviral use did

not differ among the three VAP groups. Patients with

pH1N1 VAP received corticosteroid therapy more frequently

than those with H3N2 and B virus infection (Table 1). There

were no deaths in patients with pH1N1 VAP, and the mor-

tality rate did not differ among the three VAP groups.

Discussion

In the present study, we focused on influenza VAP that
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Table　2.　Laboratory Values.

pH1N1 H3N2 B
(n = 20) (n = 34) (n = 42)

WBC n 20 34 42 0.075
(/mm3) 8,930.0 (5,193.9) 10,076.5 (4,230.7) 12,423.8 (7,572.9)

Lymphocytes n 20 34 41 0.328
(%) 14.31 (12.62) 10.53 (6.55) 13.15 (10.35)

Lymphocytes n 20 34 41 0.189
(/mm3) 970.0 (865.2) 920.0 (581.2) 1,173.7 (510.7)

Hemoglobin n 20 34 39 0.425
(g/dL) 13.04 (2.49) 12.67 (1.69) 12.37 (1.63)

Platelets n 20 34 42 0.145
(/mm3) 22.65 (10.73) 19.65 (9.41) 23.88 (8.53)

CRP n 20 34 42 0.027
(mg/dL) 8.66 (7.21) 14.62 (10.66) 15.72 (9.87)

CPK n 20 30 38 0.388
(IU/L) 191.3 (161.2) 636.0 (1,613.9) 317.8 (1,140.0)

LDH n 20 34 42 0.165
(IU/L) 377.9 (219.8) 304.8 (113.3) 277.2 (229.1)

Cr n 20 34 42 0.041
(mg/dL) 0.79 (0.22) 1.04 (0.54) 0.82 (0.36)

PaCO2 n 20 28 38 0.136
(Torr) 33.7 (3.56) 41.23 (18.95) 38.58 (9.77)

p value

WBC: white blood cells, CRP: C-reactive protein, CPK: creatine phosphokinase, IU:
international unit, LDH: lactate dehydrogenase, Cr: creatinine, PaCO2: partial pressure of
arterial carbon dioxide. Values are numbers and means (SD).

Table　3.　Diagnostic Methods and Results.

Total pH1N1 A/H3N2 B
(n = 20) (n = 34) (n = 42)

Sputum n 76 (79.2%) 14 (70.0%) 30 (88.2%) 32 (76.2%)
Positive 14 (18.4%) 0 (0%) 9 (30.0%) 5 (15.6%)

Blood culture n 51 (3.1%) 11 (55.0%) 20 (58.8%) 20 (47.6%)
Positive 1 (2.0%) 0 (0%) 0 (0%) 1 (5.0%)

BALF culture n 10 (10.4%) 7 (35.0%) 2 (5.9%) 1 (2.4%)
Positive 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Transbronchial aspirate n 7 (7.3%) 2 (10.0%) 4 (11.8%) 1 (2.4%)
Positive 3 (42.9%) 1 (50.0%) 2 (50.0%) 0 (0%)

Pleural effusion n 5 (5.2%) 0 (0%) 3 (8.8%) 2 (4.8%)
Positive 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Rapid influenza diagnostic test n 80 (83.3%) 17 (85.0%) 23 (67.6%) 40 (95.2%)
Positive 59 (73.8%) 12 (70.6%) 14 (60.9%) 33 (82.5%)

PCR n 12 (12.5%) 11 (55.0%) 1 (2.9%) 0 (0%)
Positive 12 (100%) 11 (100.0%) 1 (100.0%) 0 (0%)

Paired sera n 87 (90.6%) 20 (100.0%) 33 (97.1%) 34 (81.0%)
Positive 51 (58.6%) 10 (50.0%) 33 (100.0%) 8 (23.5%)

BALF: bronchoalveolar lavage fluid, PCR: polymerase chain reaction

Table　4.　Pathogens of Mixed Infection.

Total (%)
pH1N1
(n = 20)

H3N2
(n = 34)

B
(n = 42)

Number of mixed infections 43 - 4 21 18
Streptococcus pneumoniae 30 (69.8) 3 13 14
Mycoplasma pneumoniae 2 (4.7) 0 0 2
Haemophilus influenzae 2 (4.7) 0 1 1
Staphylococcus aureus 4 (9.3) 0 3 1
Legionella  sp. 1 (2.3) 0 1 0
Chlamydia pneumoniae 2 (4.7) 0 1 1
GNEB 3 (7.0) 1 1 1
Pseudomonas aeruginosa 6 (14.0) 0 4 2
Others 2 (4.7) 0 1 1
GNEB: gram-negative enteric bacilli

Table　5.　Concordance Rate between Radiologists.

GGOs 0.556 (0.311, 0.800)
Crazy-paving pattern 0.461 (0.154, 0.769)
Consolidation 0.495 (0.322, 0.668)
Nodules 0.548 (0.394, 0.702)
Diffuse bronchial wall thickening 0.527 (0.358, 0.696)
Pleural effusion 0.753 (0.610, 0.897)

Unilateral 0.457 (0.186, 0.728)
Bilateral 0.687 (0.498, 0.876)

Mediastinal lymph node swelling 0.514 (0.329, 0.698)
Hilar lymph node swelling -0.068 (-0.110, -0.027)
Cardiac enlargement 0.714 (0.529, 0.900)
Pneumothorax 0.662 (0.042, 1.000)

CT findings kappa values (95% CI)

CT: computed tomography, CI: confidence interval, GGOs: ground-
glass opacities. Kappa values: 0-0.4, poor; 0.41-0.60, moderate;
0.61-0.80, good to fair; 0.81-, excellent.

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp



Intern Med 55: 731-737, 2016 DOI: 10.2169/internalmedicine.55.5227

735

Table　6.　Characteristics of Computed Tomography Findings.

Total pH1N1 H3N2 B
(n = 96) (n = 20) (n = 34) (n = 42)

GGOs Yes 85 (88.5%) 19 (95.0%) 30 (88.2%) 36 (85.7%) 0.561
Unilateral Yes 32 (33.3%) 1 (5.0%) 11 (32.4%) 20 (47.6%) 0.004
Bilateral Yes 53 (55.2%) 18 (90.0%) 19 (55.9%) 16 (38.1%) 0.001
Affected lobes Mean (SD) 2.75 (2.07) 4.25 (2.02) 2.79 (1.90) 2.00 (1.85) <.001

Crazy-paving pattern Yes 12 (12.5%) 5 (25.0%) 3 (8.8%) 4 (9.5%) 0.164
Unilateral Yes 10 (10.4%) 3 (15.0%) 3 (8.8%) 4 (9.5%) 0.749
Bilateral Yes 2 (2.1%) 2 (10.0%) 0.021
Affected lobes Mean (SD) 0.21 (0.78) 0.65 (1.57) 0.09 (0.29) 0.10 (0.30) 0.016

Consolidation Yes 76 (79.2%) 12 (60.0%) 31 (91.2%) 33 (78.6%) 0.024
Unilateral Yes 34 (35.4%) 1 (5.0%) 14 (41.2%) 19 (45.2%) 0.006
Bilateral Yes 42 (43.8%) 11 (55.0%) 17 (50.0%) 14 (33.3%) 0.181
Affected lobes Mean (SD) 2.09 (1.80) 2.15 (2.23) 2.29 (1.59) 1.90 (1.76) 0.641

Nodules Yes 56 (58.3%) 12 (60.0%) 22 (64.7%) 22 (52.4%) 0.548
Centrilobular nodules Yes 54 (56.3%) 11 (55.0%) 22 (64.7%) 21 (50.0%) 0.493
Tree-in-bud appearance Yes 10 (10.4%) 2 (10.0%) 3 (8.8%) 5 (11.9%) 0.907

Diffuse bronchial wall thickening Yes 37 (38.5%) 2 (10.0%) 22 (64.7%) 13 (31.0%) <.001
Pleural effusion Yes 31 (32.3%) 7 (35.0%) 11 (32.4%) 13 (31.0%) 0.95

Unilateral Yes 11 (11.5%) 3 (15.0%) 2 (5.9%) 6 (14.3%) 0.445
Bilateral Yes 20 (20.8%) 4 (20.0%) 9 (26.5%) 7 (16.7%) 0.575

Mediastinal lymph node swelling Yes 31 (32.3%) 6 (30.0%) 10 (29.4%) 15 (35.7%) 0.818
Hilar lymph node swelling Yes 13 (13.5%) 2 (10.0%) 6 (17.6%) 5 (11.9%) 0.67
Cardiac enlargement Yes 16 (16.7%) 5 (25.0%) 7 (20.6%) 4 (9.5%) 0.232
Pneumothorax Yes 2 (2.1%) 1 (5.0%) 1 (2.4%) 0.455

p value

GGOs: ground-glass opacities

requires hospitalization. In Europe, it was reported that

younger age, fewer comorbidities, more extensive radio-

graphic extension and more severe respiratory compromise,

and ICU admissions are key features of the clinical presen-

tation of patients with pH1N1 VAP (2). Our study showed

similar results, but did not show a significant difference in

the severity and rate of respiratory failure from pneumonia

among patients with pH1N1, H3N2, and B VAP.

Presently, primary viral pneumonia in seasonal influenza

is considered to be rare (9), although several groups have re-

ported high rates of primary viral pneumonia in pH1N1

VAP. For instance, Perez-Padilla et al. (10) reported primary

viral pneumonia in all 18 of their cases (100%), Champunot

et al. (11) in 92%, and Cui et al. (12) in 84%. These differ-

ences may be explained by a difference in the affinity of the

virus subtypes for the lung and airways. In experimental

animal models, pH1N1 virus shows strong replication in the

lower airways to alveoli compared with conventional

H3N2 (13). No previous studies have compared pH1N1

VAP with H3N2 and B VAP; however, our study showed a

higher rate of primary viral pneumonia in patients with

pH1N1 VAP than in those with H3N2 or B VAP.

Oliveira et al. (14) investigated the CT findings of sea-

sonal (H3N2, conventional H1N1, and B) influenza VAP

and reported that bilateral diffuse interstitial/alveolar infil-

trates were the most commonly observed radiographic ab-

normality (9 patients, 52%), followed by right lower lobe

consolidation in 6 (35%) patients. Chest radiographic find-

ings of pH1N1 VAP show that infiltrates are more extensive

and frequently interstitial than those of H3N2 VAP (2). It is

thus assumed that the CT findings of pH1N1 VAP also dif-

fer from those of H3N2 VAP. In previous reports, the com-

mon CT findings of pH1N1 VAP include bilateral GGOs

and airspace consolidations or combination thereof (15-20).

Some authors found no axial or craniocaudal predominance

in the distribution in most cases (13), and others found a

predominant peribronchovascular and subpleural distribution,

resembling organizing pneumonia (OP), particularly in the

lower lobes (18, 19), or random distribution (20). However,

these reports highlighted pH1N1 VAP only and did not com-

pare the CT findings with those of seasonal VAP. Thus,

whether these results showed characteristics of pH1N1 VAP

has not been elucidated. In the present study, we showed

differences in the CT findings among pH1N1, H3N2, and B

VAP. The differences included more frequent bilateral GGOs

affecting more lobes in patients with pH1N1 VAP versus

unilateral GGOs and more frequent consolidation and dif-

fuse bronchial wall thickening in patients with H3N2 and B

VAP. These differences appear to reflect the difference in

the frequency of mixed bacterial and secondary bacterial

pneumonia and in the affinity of the viral subtypes for the

airways and lungs.

The histological findings of autopsy cases from past pan-

demics showed a diffuse alveolar damage (DAD) pattern,

however, the major causes of death included bacterial infec-

tion (21). In fatal cases of pH1N1 VAP, the most consistent

histopathological findings are varying degrees of DAD with

hyaline membranes, septal edema, tracheitis, and necrotizing

bronchiolitis (22). However, autopsy studies are naturally bi-

ased toward the most severe cases. Only one report, by

Yeldandi and Colby (23), has described the pulmonary his-

tological findings of patients surviving primary influenza vi-

ral pneumonia. They reported the histopathological analysis

of 6 sporadic cases of patients with seasonal influenza VAP

who underwent lung biopsies. Five patients recovered (2

were treated with corticosteroids for a prior diagnosis of
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OP), and 1 patient died (23). The biopsies showed DAD

with hyaline membranes in the non-survivors, but also docu-

mented a spectrum of less severe histologic findings with a

mild acute lung injury pattern and OP pattern, in addition to

confirming previously published pathologic descriptions of

influenza pneumonia in non-survivors (21). Our TBLB sam-

ples were all obtained from survivors, and the histological

findings did not always show DAD, suggesting variety in

the severity of histological findings of primary viral pneu-

monia. A previous report noting the radiopathological find-

ings of pH1N1 VAP in autopsy cases showed that in pri-

mary pH1N1 viral pneumonia, the areas of airspace consoli-

dation and GGOs correlated with DAD with hyaline mem-

brane formation associated with various degrees of pulmo-

nary congestion, edema, hemorrhage, inflammatory infiltra-

tion and bronchiolitis, or OP (24). Our study investigated

the histological findings of survivors with both pH1N1 and

H3N2 VAP, and bilateral GGOs and consolidation correlated

with DAD, alveolitis, and OP.

In seasonal influenza VAP, S. pneumoniae (29-48%) and

S. aureus (7-40%) have been the most common bacterial

isolates causing mixed infections (1, 14, 25-28). We investi-

gated the pathogens involved in mixed infection with influ-

enza VAP using cultures, urinary antigen tests, and paired

sera, and S. pneumoniae was found the most frequently, fol-

lowed by P. aeruginosa and S. aureus. Atypical pathogens

were found in 11.6% of cases and should not be ignored. In

patients with mixed infection, shadows of the infection of

each pathogen superimpose and complicate the CT findings.

Careful attention should be paid when physicians or radiolo-

gists interpret the CT findings.

In our study, patients with pH1N1 VAP received corti-

costeroid therapy more frequently than those with H3N2 and

B virus infection. The rate of primary viral pneumonia was

high in patients with pH1N1 VAP, and some patients were

initially diagnosed as having acute interstitial pneumonia or

cryptogenic organizing pneumonia, and they received corti-

costeroid therapy. The diagnosis of these patients was cor-

rected to influenza VAP after confirming positive PCR re-

sults or elevated antibody titers. This is the main reason for

the higher frequency of corticosteroid therapy in patients

with pH1N1 VAP compared to patients with other subtypes.

There are several limitations associated with this study.

The diagnosis of H3N2 influenza VAP was based on paired

sera and patients with an acute clinical course and early

death may have been missed. The viral subtypes were un-

known in 9 patients in whom paired sera could not be ob-

tained due to early deterioration to death and they were thus

excluded from the analysis. However, their data may have

affected our results. Because this is a nonrandomized obser-

vational study, the level of confidence in the results is less-

ened. A complete diagnostic workup to determine the etiol-

ogy was not possible in every patient. Finally, this was a

single-center study, and the results may not be applicable in

other settings.

Conclusion

The frequency and type of pneumonia differed among

three influenza viral subtypes. Of patients with pH1N1 VAP,

80% developed primary viral pneumonia. The CT findings

of pH1N1 VAP differed from those of H3N2 or B VAP.

Compared with patients with H3N2 or B VAP, those with

pH1N1 VAP more frequently showed broad areas of GGOs

and less frequently showed consolidation and diffuse bron-

chial wall thickening. Histologically, the GGOs and consoli-

dation correlated with DAD, acute lung injury, alveolitis,

and OP in the survivors. The disease severity and patient

mortality did not differ among the three viral subtypes.
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