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Abstract: Pulmonary emphysema is an important radiological finding in chronic obstructive 

pulmonary disease patients, but bacteriological differences in pneumonia patients according to 

the severity of emphysematous changes have not been reported. Therefore, we evaluated the 

bacteriological incidence in the bronchoalveolar lavage fluid (BALF) of pneumonia patients using 

cultivation and a culture-independent molecular method. Japanese patients with community-

acquired pneumonia (83) and healthcare-associated pneumonia (94) between April 2010 and 

February 2014 were evaluated. The BALF obtained from pneumonia lesions was evaluated by 

both cultivation and a molecular method. In the molecular method, ~600 base pairs of bacterial 

16S ribosomal RNA genes in the BALF were amplified by polymerase chain reaction, and clone 

libraries were constructed. The nucleotide sequences of 96 randomly selected colonies were 

determined, and a homology search was performed to identify the bacterial species. A qualitative 

radiological evaluation of pulmonary emphysema based on chest computed tomography (CT) 

images was performed using the Goddard classification. The severity of pulmonary emphysema 

based on the Goddard classification was none in 47.4% (84/177), mild in 36.2% (64/177), 

moderate in 10.2% (18/177), and severe in 6.2% (11/177). Using the culture-independent 

molecular method, Moraxella catarrhalis was significantly more frequently detected in mod-

erate or severe emphysema patients than in patients with no or mild emphysematous changes. 

The detection rates of Haemophilus influenzae and Pseudomonas aeruginosa were unrelated 

to the severity of pulmonary emphysematous changes, and Streptococcus species – except for 

the S. anginosus group and S. pneumoniae – were detected more frequently using the molecular 

method we used for the BALF of patients with pneumonia than using culture methods. Our 

findings suggest that M. catarrhalis is more frequently detected in pneumonia patients with mod-

erate or severe emphysema than in those with no or mild emphysematous changes on chest CT. 

M. catarrhalis may play a major role in patients with pneumonia complicating severe pulmonary 

emphysema.

Keywords: clone library method, chronic obstructive pulmonary disease, Goddard classifica-

tion, molecular method, microflora, phylotype, Moraxella catarrhalis

Plain language summary
Pneumonia can be fatal in patients with pulmonary emphysema, especially in those with severe 

emphysematous changes, therefore accurate understanding of causative pathogens is important, 

but culture-based and sputum-based bacteriological information is sometimes inaccurate and 

inefficient. Using bronchoalveolar lavage fluid directly obtained from pneumonia lesions, 

bacterial phylotypes were evaluated using culture-independent method in addition to culture 
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methods, and the relationship between bacterial phylotypes and the 

severity of emphysematous changes according to the Goddard clas-

sification were analyzed. Moraxella catarrhalis was significantly 

detected in the lower respiratory tract in patients with moderate 

and severe pulmonary emphysema compared with no and mild 

emphysematous changes. Detection rates of Haemophilus influ-

enzae and Pseudomonas aeruginosa were similar according to the 

severity of pulmonary emphysema. In addition, oral streptococci 

were predominantly detected in all severities of emphysematous 

changes. The results of this study suggest that oral streptococci 

should be considered as causative pathogens in pneumonia patients 

with pulmonary emphysema, and M. catarrhalis should be taken 

into consideration especially in patients with severe emphysema-

tous changes.

Introduction
Chronic obstructive pulmonary disease (COPD) is mainly 

caused by cigarette smoke in industrialized countries, and 

the number of patients with COPD has been increasing in 

Japan,1 Europe,2 and the United States.3 Rapid aging of the 

population has also been observed in industrialized countries 

and has been associated with an increase in the number of 

COPD patients.1 In addition, an increase in the mortality rate 

in patients with bacterial pneumonia has also been observed 

in these countries.4

Pulmonary emphysema is an important radiological 

finding in COPD patients, and lower respiratory tract 

infection is a major issue in patients with COPD because it is 

closely related to the exacerbation of COPD and mortality.5 

Application of appropriate antibiotics in these patients is 

important for their survival, and precise bacteriological 

information is necessary for the proper use of antimicrobi-

als in patients with COPD. Regarding the causative bacte-

rial pathogens in patients with COPD exacerbation, Sethi 

and Murphy reported that Haemophilus influenzae is the 

most frequent (13%–53%), followed by Streptococcus 

pneumoniae (4%–33%), Moraxella catarrhalis (7%–20%), 

and Pseudomonas aeruginosa (1%–20%) using sputum 

samples.6 However, in some cases, it is difficult to deter-

mine the causative pathogens of COPD exacerbation by 

using sputum culture alone, and the causative pathogen is 

unknown in about half of patients with lower respiratory 

tract infection.7 It is also difficult to determine whether or 

not a sputum culture directly indicates a lower respiratory 

tract infection.8 In addition, whether or not culture methods 

can accurately determine the bacterial diversity in the lower 

respiratory tract is another problem hampering a precise 

understanding of the causative bacteria in patients with 

COPD exacerbation.9–11

Molecular methods using 16S ribosomal RNA (rRNA) 

gene have been used for bacteriological identification in many 

types of respiratory infection, such as bacterial pleurisy,12 

community-acquired pneumonia (CAP)8 and healthcare-

associated pneumonia (HCAP).13 In addition to accurately 

detecting the bacterial 16S rRNA gene, the bacterial floral 

analysis, we use can also estimate the bacterial diversity in 

each clinical sample using the 16S rRNA gene.14–17 Next-

generation sequencing (NGS) methods are modalities that 

identify a huge amount of sequence data in a short period of 

time,18 whereas the Sanger sequencing method has a higher 

accuracy than NGS,19 and it also estimates the bacterial spe-

cies since this method consists of a longer sequence analysis. 

Therefore, we used the Sanger method to estimate each 

bacterial species and to evaluate the causative organisms in 

patients with pneumonia.

No study has yet been reported on the bacteriological 

differences in the lower respiratory tract in pneumonia 

patients with different severities of emphysematous changes. 

Therefore, we evaluated the bacteriological incidence in 

pneumonia patients according to the Goddard classification20 

using cultivation and a culture-independent bacterial floral 

analysis of 16S rRNA gene sequencing in bronchoalveolar 

lavage fluid (BALF).

Materials and methods
study population
All 707 consecutive patients with CAP or HCAP at the 

University of Occupational and Environmental Health 

Japan and referring hospitals between April 2010 and 

February 2014 were enrolled in this study. Of these, 517 

patients in whom bronchoscopic examinations were not 

performed, 7 with insufficient clinical data, and 6 with 

negative results of polymerase chain reaction (PCR) ampli-

fication for the 16S rRNA gene were excluded, leaving 177 

patients with CAP (n=83) and HCAP (n=94) eventually 

eligible for this study (Figure 1). Among these patients, 

83 CAP and 94 HCAP patients had been included in a 

previous study.21

The present study was approved by the Ethics Committee 

of Medical Research, University of Occupational and Envi-

ronmental Health, Japan (No 26-230), with the approval 

of each participating institution. Written informed consent 

was obtained from each patient before enrolling in the 

study. The clinical data concerning the participants, such 

as their age, sex, clinical manifestations, laboratory and 

radiological findings, and comorbid diseases, were also 

collected.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2017:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2113

Pathogens in pneumonia patients with emphysema

Definitions
CAP and HCAP were defined according to the guidelines of 

the Infectious Diseases Society of America (IDSA)/American 

Thoracic Society (ATS).22,23 Briefly, inpatients with new 

pulmonary infiltration with at least two of the following 

criteria were enrolled: fever $38°C, sputum production, 

cough, and peripheral white blood cell count .10,000/µL. 

The risk factors for aspiration as defined by the criteria estab-

lished by Marik were used, as previously described.24

sample collection
Bronchofiberscopy was performed as previously described.8 

Briefly, BALF specimens were obtained from the lesions of 

pneumonia patients using 40 mL of sterile saline, avoiding oral 

bacterial contamination during insertion of the bronchoscope.

Microbiological evaluation using 
conventional cultivation methods
BALF specimens were cultured under aerobic and anaerobic 

conditions, as previously described.8 Microbial identification 

was defined based on the results of positive bacterial cultures 

of the samples obtained from the lower respiratory tract.

Total bacterial cell count and a cell lysis 
efficiency analysis, DNA extraction, 
PCr, clone library construction, 
determination of nucleotide sequences 
and homology search
Epifluorescent microscopy was used to determine the total 

bacterial cell count and cell lysis efficiency for a precise 

evaluation of the microbiota in each sample, as previously 

described.8,25 DNA was extracted from each specimen by vig-

orous shaking with sodium dodecyl sulfate and glass beads, 

and the 16S rRNA gene sequences were amplified using a 

PCR thermocycler (GeneAmp PCR system 9700; Thermo 

Fisher Scientific, Waltham, MA, USA). The cloning of the 

PCR products was performed using a TOPO TA cloning kit 

(Thermo Fisher Scientific), and the nucleotide sequences of 96 

randomly chosen colonies from each clone library were then 

determined using a 3130xl Genetic Analyzer (Thermo Fisher 

Scientific). The Phred quality values were used to select highly 

accurate sequences, and the sequences of the 16S rRNA 

gene of the type strains using the basic local alignment 

search tool (BLAST) algorithm were compared to 

estimate the bacterial phylotype, as described previously.8,25

Figure 1 A flowchart of the exclusion and inclusion of patients and the severity of emphysema.
Abbreviations: CAP, community-acquired pneumonia; HCAP, healthcare-associated pneumonia; rRNA, ribosomal RNA; BALF, bronchoalveolar lavage fluid.
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Definition of mono- or mixed-bacteria 
groups using the molecular method
We defined the “mono-bacteria” group as patients in whom 

the predominant phylotype comprised .80% of the detected 

bacterial phylotypes using the clone library method; the 

remaining patients were categorized as the “mixed-bacteria” 

group.8,13,26 In the mixed-bacteria group, bacterial phylotypes 

that occupied .5% of the sample and the three most frequent 

bacterial phylotypes in each sample were evaluated.

radiological evaluation of chest high-
resolution computed tomography (hrCT): 
a visual evaluation of pulmonary emphysema
Chest HRCT was performed just before the bronchoscopic 

examination. The findings of chest HRCT images were 

scored using the Goddard classification,20 which is a visual 

scale in which the areas of vascular disruption and low attenu-

ation are scored for each lung field. Scoring was performed 

by two expert respirologists (KY and TK) who had been 

blinded to any clinical information. The definitions of the 

score were as follows: no abnormality, 0; ,25%, 1; ,50%, 

2; ,75%, 3; 100% or almost total absence of normal lung 

tissue, 4. With 6 CT slices per patient, the maximum possible 

score was 24. The averages of the total points measured by 

the two expert respirologists were used for the classification 

of the severity of emphysema; 0 points was “none,” 1–7 

points was “mild,” 8–15 points was “moderate,” and $16 

points was “severe.”

statistical analyses
The baseline characteristics were summarized using descrip-

tive statistics. Continuous variables were compared using 

the Mann–Whitney U test and Student’s t-tests, whereas 

categorical variables were compared using Fisher’s exact test 

or the chi-squared test, as appropriate. The SPSS software 

package (version 19; IBM Corporation, Armonk, NY, USA) 

Table 1 Clinical features of patients

Variables No  
emphysema (n=84)

Mild  
emphysema (n=64)

Moderate  
emphysema (n=18)

Severe  
emphysema (n=11)

age, years, mean (sD) 65.7 (18.5) 73.0 (15.7) 77.2 (6.8) 77.4 (7.5)
gender

Male, n (%) 41 (48.8) 39 (60.9) 17 (94.4) 9 (81.8)
PsI score, n (%)

I–III 58 (69.0) 48 (75.0) 18 (100) 10 (90.9)
IV 22 (26.2) 14 (21.9) 0 (0) 0 (0)
V 4 (4.8) 2 (3.1) 0 (0) 1 (9.1)

BMI, kg/m2, mean (sD)a 20.8 (4.7) 20.5 (4.8) 18.2 (3.2) 17.2 (3.4)
risk of the aspiration, n (%) 38 (45.2) 31 (48.4) 11 (61.1) 3 (27.3)
eCOg Ps, median (IQr)

0–1; n (%) 56 (66.7) 34 (53.1) 5 (27.8) 6 (54.5)
2; n (%) 10 (11.9) 17 (26.6) 5 (27.8) 2 (18.2)
3–4; n (%) 18 (21.4) 13 (20.3) 8 (44.4) 3 (27.3)

smoking, n (%)b

smoker 5 (6.0) 6 (9.4) 4 (22.2) 0 (0)
ex-smoker 24 (28.5) 19 (29.7) 8 (44.4) 9 (81.8)
non-smoker 45 (53.5) 31 (48.4) 2 (11.1) 1 (9.1)

BI (sD)c 300.7 (528.8) 392.8 (498.3) 966.8 (615.1) 1,447 (747.7)
Comorbidity; n (%)

Bronchiectasis 7 (8.3) 10 (15.6) 0 (0) 1 (9.1)
lung cancer 5 (6.0) 3 (4.7) 1 (5.6) 1 (9.1)
Interstitial pneumonia 2 (2.4) 9 (14.1) 2 (11.1) 2 (18.2)
Cerebrovascular disease 13 (15.5) 13 (20.3) 2 (11.1) 2 (18.2)
neuromuscular diseases 12 (14.3) 6 (9.4) 1 (5.6) 0 (0)
Dementia 12 (14.3) 8 (12.5) 5 (27.8) 1 (9.1)
Diabetes mellitus 18 (21.4) 13 (20.3) 1 (5.6) 2 (18.2)
Malignancy excluding lung cancer 17 (20.2) 22 (34.4) 2 (11.1) 3 (27.3)
Congestive heart failure 9 (10.7) 4 (6.3) 0 (0) 3 (27.3)
Chronic kidney disease 8 (9.5) 8 (12.5) 1 (5.6) 1 (9.1)
Chronic liver disease 3 (3.6) 4 (6.3) 0 (0) 1 (9.1)

respiratory failure; n (%) 26 (31.0) 26 (40.6) 5 (27.8) 4 (36.4)
In-hospital mortality 3 (3.6) 4 (6.3) 3 (16.7) 2 (18.2)

Note: aBMI, bsmoking, and cBI were evaluated in 142, 154, and 153 patients, respectively.
Abbreviations: sD, standard deviation; IQr, interquartile range; PsI, pneumonia severity index; BMI, body mass index; eCOg Ps, eastern Cooperative Oncology group 
performance status; BI, Brinkman index.
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was used for the statistical analyses, and a P,0.05 was con-

sidered statistically significant.

Results
Patient characteristics
The characteristics of the 177 patients (CAP, 83; HCAP, 

94) are shown in Table 1. The pulmonary emphysema 

severity based on the Goddard classification was none in 

47.4% (84/177), mild in 36.2% (64/177), moderate in 10.2% 

(18/177), and severe in 6.2% (11/177). The average patient 

age was 65.7 (range: 16–94), 73.0 (16–93), 77.2 (67–86), 

and 77.4 (61–87) years for none, mild, moderate, and severe 

emphysema, respectively. The rate of patients who have 

the risk of aspiration was 45.2% (38/84), 48.4% (31/64), 

61.1% (11/18), and 27.3% (3/11) for none, mild, moderate, 

and severe emphysema, respectively. The rate of CAP in 

patients with no or mild emphysema was 85.5% (71/83), 

and the rate in those with moderate or severe emphysema 

was 14.5% (12/83). Similarly, the rate of HCAP in patients 

with no or mild emphysema was 81.9% (77/94), and the rate 

in those with moderate or severe emphysema was 18.1% 

(17/94). The in-hospital mortality tended to be higher in 

patients with more severe emphysema under the Goddard 

classification, and a significantly higher in-hospital mortality 

was observed in patients with moderate or severe emphy-

sema than in those with no emphysema (P=0.032 and 0.041, 

respectively; Table 1). A higher in-hospital mortality was 

observed in patients with moderate or severe emphysema 

(17.2%, 5/29) than in those with no or mild emphysema 

(4.7%, 7/148) (P=0.029).

Counting of the bacterial cells in BalF 
using epifluorescent microscopy
The efficiency of cell lysis was maintained at $90% in all 

the samples. The epifluorescent microscopic analysis showed 

that the number of bacteria in the BALF samples ranged from 

1.2×104 to 3.7×109 cells/mL (median: 2.8×106 cells/mL) in 

all patients. The median bacterial counts in BALF in patients 

with no, mild, moderate, and severe emphysema were 

3.4×106 (range: 1.2×104 to 6.6×108), 2.5×106 (1.2×104 to 

3.7×109), 1.2×106 (2.5×104 to 9.2×107), and 2.4×106 (3.1×104 

to 2.6×107) cells/mL, respectively, and there were no signifi-

cant differences between the severity groups.

a comparison of the predominant 
bacterial isolates using conventional 
cultivation methods and bacterial 
phylotypes determined using the clone 
library method in relation to the severity 
of emphysema
Table 2 shows the results of bacterial culture, and Table 3 

shows the detected bacterial phylotypes using the bacterial 

floral analysis of 16S rRNA gene in BALF. These sequences 

Table 2 Bacteria according to the bacterial floral analysis using the conventional cultivation methods

BALF culture

Total No 
emphysema

Mild 
emphysema

Moderate 
emphysema

Severe 
emphysema

No and mild 
emphysema

Moderate and 
severe emphysema

Important organisms
Streptococcus spp. (except 
S. pneumoniae, S. anginosus group)

8 (4.4) 2 (2.4) 4 (6.7) 2 (8.3) 0 (0.0) 6 (4.2) 2 (5.6)

Haemophilus influenzae 23 (12.8) 11 (13.1) 8 (13.3) 2 (8.3) 2 (16.7) 19 (13.2) 4 (11.1)
Streptococcus pneumoniae 21 (11.7) 13 (15.5) 6 (10.0) 1 (4.2) 1 (8.3) 19 (13.2) 2 (5.6)
Moraxella catarrhalis 7 (3.9) 1 (1.2) 3 (5.0) 1 (4.2) 2 (16.7) 4 (2.8) 3 (8.3)
Pseudomonas aeruginosa 18 (10.0) 5 (6.0) 8 (13.3) 4 (16.7) 1 (8.3) 13 (9.0) 5 (13.9)
Staphylococcus aureus

Methicillin-susceptible S. aureus 7 (3.9) 4 (4.8) 3 (5.0) 0 (0.0) 0 (0.0) 7 (4.9) 0 (0.0)
Methicillin-resistant S. aureus 14 (7.8) 5 (6.0) 7 (11.7) 1 (4.2) 1 (8.3) 12 (8.3) 2 (5.6)

gram-positive organisms 5 (2.8) 2 (2.4) 3 (5.0) 0 (0.0) 0 (0.0) 5 (3.5) 0 (0.0)
gram-negative organisms

Klebsiella spp. 12 (6.7) 2 (2.4) 5 (8.3) 5 (20.8) 0 (0.0) 7 (4.9) 5 (13.9)
Escherichia coli 5 (2.8) 4 (4.7) 1 (1.7) 0 (0.0) 0 (0.0) 5 (3.5) 0 (0.0)
Other gram-negative organisms 12 (6.7) 4 (4.8) 0 (0.0) 3 (12.5) 5 (41.7) 4 (2.8) 8 (22.2)

anaerobic organisms 8 (4.4) 8 (9.5) 0 (0.0) 0 (0.0) 0 (0.0) 8 (5.6) 0 (0.0)
Other organisms 3 (1.7) 1 (1.2) 1 (1.7) 1 (4.2) 0 (0.0) 2 (1.4) 1 (2.8)
Oral bacteria 37 (20.6) 22 (26.2) 11 (18.3) 4 (16.7) 0 (0.0) 33 (23.0) 4 (11.1)
no growth 32 16 10 3 3 26 6
Total isolates 180 84 60 24 12 144 36

Notes: Data are presented as n (%). Percentages refer to the total number of isolates except “no growth.”
Abbreviation: BALF, bronchoalveolar lavage fluid.
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Table 3 Bacteria according to the bacterial floral analysis using the 16S ribosomal RNA gene

Clone library method

Total No  
emphysema

Mild  
emphysema

Moderate  
emphysema

Severe  
emphysema

No and mild  
emphysema

Moderate and 
severe emphysema

Important organisms
Streptococcus spp. (except 
S. pneumoniae, S. anginosus group)

68 (18.8) 27 (15.9) 27 (20.8) 8 (21.6) 6 (24.0) 54 (18.0) 14 (22.6)

Haemophilus influenzae 33 (9.1) 16 (9.4) 12 (9.2) 3 (8.1) 2 (8.0) 28 (9.3) 5 (8.1)
Streptococcus pneumoniae 30 (8.3) 17 (10.0) 10 (7.7) 1 (2.7) 2 (8.0) 27 (9.0) 3 (4.8)
Moraxella catarrhalis 10 (2.8) 2 (1.2) 3 (2.3) 2 (5.4) 3 (12.0) 5 (1.7) 5 (8.1)
Pseudomonas aeruginosa 14 (3.9) 5 (2.9) 7 (5.4) 0 (0.0) 2 (8.0) 12 (4.0) 2 (3.2)
Staphylococcus aureus (16S) 13 (3.6) 6 (3.5) 6 (4.6) 0 (0.0) 1 (4.0) 12 (4.0) 1 (1.6)

gram-positive organisms
Streptococcus anginosus group 12 (3.3) 5 (2.9) 4 (3.1) 3 (8.1) 0 (0.0) 9 (3.0) 3 (4.8)
Corynebacterium spp. 12 (3.3) 6 (3.5) 4 (3.1) 2 (5.4) 0 (0.0) 10 (3.3) 2 (3.2)
Gemella spp. 11 (3.0) 4 (2.4) 5 (3.8) 2 (5.4) 0 (0.0) 9 (3.0) 2 (3.2)
Other gram-positive organisms 23 (6.4) 9 (5.3) 8 (6.2) 4 (10.8) 2 (8.0) 17 (5.7) 6 (9.7)

gram-negative organisms
Neisseria spp. 10 (2.8) 4 (2.4) 4 (3.1) 1 (2.7) 1 (4.0) 8 (2.7) 2 (3.2)
Other gram-negative organisms 25 (6.9) 14 (8.2) 3 (2.3) 6 (16.2) 2 (8.0) 17 (5.7) 8 (14.5)

Mycoplasma pneumoniae 15 (4.1) 11 (6.5) 4 (3.1) 0 (0.0) 0 (0.0) 15 (5.0) 0 (0.0)
anaerobic organisms

Prevotella spp. 33 (9.1) 19 (11.2) 12 (9.2) 2 (5.4) 0 (0.0) 31 (10.3) 2 (3.2)
Fusobacterium spp. 15 (4.1) 8 (4.7) 6 (4.6) 1 (2.7) 0 (0.0) 14 (4.7) 1 (1.6)
Veillonella spp. 16 (4.4) 8 (4.7) 6 (4.6) 0 (0.0) 2 (8.0) 14 (4.7) 2 (3.2)
Other anaerobic organisms 20 (5.5) 8 (4.7) 9 (6.9) 1 (2.7) 2 (8.0) 17 (5.7) 3 (4.8)

Other organisms 2 (0.6) 1 (0.6) 0 (0.0) 1 (2.7) 0 (0.0) 1 (0.3) 1 (1.6)
Total identified phylotypes 362a 170 130 37 25 300 62

Notes: Data are presented as n (%). aIn the mixed-bacteria group, bacterial phylotypes that occupied .5% of the sample and the most three frequent bacterial phylotypes 
in each sample were evaluated.

Table 4 Fourteen patients that Pseudomonas aeruginosa was detected using the 16s ribosomal rna gene

Case no Age/sex Risk factor of Pseudomonas aeruginosa Severity of  
emphysemaBronchiectasis Frequent exposure  

to antibiotics
Corticosteroid use Old 

tuberculosis

1 70/F + + - - no
2 64/F + + - - Mild
3 80/F + + - - Mild
4 70/F + - + - Mild
5 66/F + - - - no
6 73/F + - - - Mild
7 72/F + - - - Mild
8 65/F - + - - no
9 83/M - + - - Mild
10 56/M - - + - no
11 76/M - - + - Mild
12 69/M - - + - severe
13 64/M - - - - no
14 71/M - - - - severe

Note: Only case 13 and 14 patients had no risk factor of Pseudomonas aeruginosa.
Abbreviations: M, male; F, female.

have been registered with DNA Data Bank of Japan 

(accession numbers AB787661-AB792640, LC260709-

LC268828). According to the bacterial floral analysis using 

the 16S rRNA gene in BALF, M. catarrhalis was frequently 

detected in patients with more severe emphysema and sig-

nificantly more frequently detected in patients with moderate 

and severe emphysema than in those with no or mild emphy-

sema (P=0.016). In contrast, the ratios of H. influenzae and 

P. aeruginosa in BALF were not related to the severity of 

pulmonary emphysema in patients with pneumonia.

Table 4 shows the risk factors for the detection of 

P. aeruginosa. Similar to the findings of a previous report,27 
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bronchiectasis, corticosteroid use, frequent exposure to antibi-

otics, and a history of tuberculosis were found to be risk fac-

tors for detecting P. aeruginosa. Most of the patients in whom 

P. aeruginosa was detected had at least one risk factor for 

P. aeruginosa (12/14), and one of the remaining two patients 

with no risk factors had no emphysematous changes.

Discussion
No data have yet been provided to support any relationship 

between the causative pathogens of pneumonia using BALF 

samples and the severity of pulmonary emphysema. The pres-

ent study using a bacterial floral analysis with the 16S rRNA 

gene in addition to culture methods in BALF in CAP and 

HCAP patients revealed for the first time that Streptococcus 

spp. were most frequently primarily detected in patients with 

moderate to severe pulmonary emphysema using the Goddard 

classification, in addition to well-known pathogens, such as 

H. influenzae, S. pneumoniae, and M. catarrhalis. In addition, 

M. catarrhalis was more frequently detected in patients with 

moderate and severe emphysema than in those with no or 

mild emphysema (P=0.016; Table 3).

Previous studies in COPD patients with pulmonary 

emphysematous changes reported an increased exacerbation 

frequency in patients with increased severity of emphysema 

in addition to a high GOLD staging.28 The causative bacterial 

pathogens for an exacerbation of COPD have been reported 

to be H. influenzae, S. pneumoniae, M. catarrhalis, and 

P. aeruginosa using sputum samples.6 However, there have 

been no reports evaluating the causative pathogens using 

BALF samples directly obtained from pneumonia lesions, 

and no studies have investigated the relationship between the 

bacterial flora in the lung (as evaluated by both bacterial cul-

ture and a molecular method) and the severity of pulmonary 

emphysema in patients with pneumonia. To our knowledge, 

this study is the first to compare the results of culture and a 

molecular method in BALF samples obtained from patients 

with different severities of pulmonary emphysema.

Regarding H. influenzae being the most frequently 

detected bacteria in sputum samples in patients with COPD 

exacerbation, the ratios of H. influenzae in BALF were similar 

in all groups of pulmonary emphysema severity (8%–14%) 

in both culture and in the bacterial floral analysis of 16S 

rRNA gene. In addition, the detection rate of H. influenzae 

was lower in this study than in a previous report.6

Of note, in the present study, not only the ratio of 

H. influenzae but also the ratio of each detected bacterial 

species was lower than that in a previous report.6 Previous 

results have described the ratio of detected bacterial species 

only in patients in whom the causative bacteria was known; 

however, the causative bacteria is unknown in about half 

of patients.6 Furthermore, some bacteria were detected at 

a higher rate in the BALF (96.7%, 177/183) in patients in 

the present study than in previous studies. The molecular 

method we used detected anaerobes, such as Prevotella 

spp. and Fusobacterium spp., Mycoplasma pneumoniae and 

Streptococcus spp., at a higher rate than culture; as such, the 

detection rates of common bacteria such as H. influenzae, 

S. pneumoniae, M. catarrhalis, and P. aeruginosa might be 

lower than in previous studies.

The detection rates of Streptococcus spp. differed 

between culture and the molecular method using the 16S 

rRNA gene. Table 3 shows that the most frequently detected 

bacterial phylotype was Streptococcus spp. aside from the 

S. anginosus group (22.6%, 14/42 bacterial phylotypes) in 

patients with moderate or severe emphysematous changes. 

In a review of 14 studies evaluating the causative pathogens 

of COPD exacerbation,6 none found Streptococcus spp. to be 

frequent causative bacteria, and this bacterial group had not 

been considered a causative pathogen of COPD exacerba-

tion. In addition, Streptococcus spp. were detected in 5 of 

26 bacterial phylotypes among 12 fatal patients of a total of 

177 patients in the present study. These results suggest that 

Streptococcus spp. tend to be underestimated when culture 

methods are applied, and they might be the causative patho-

gens for severe pneumonia as well as mild pneumonia.

In contrast, culture was able to identify Streptococcus spp. 

in BALF in only 5.6% (2/36 bacterial phylotypes) of patients, 

a detection rate about one-quarter of that of the molecular 

method, and there were many cases in which the causative 

pathogens were undetectable, detecting only oral bacteria 

or “no growth” using culture methods of BALF. Similar 

phenomena may be seen in real-world clinical settings, and 

Streptococcus spp. other than S. anginosus group may be 

underestimated and underdiagnosed as causative pathogens 

of pneumonia. Therefore, similar to S. anginosus group 

physicians should consider Streptococcus spp. other than 

S. anginosus group as potential causative pathogens of 

pneumonia with emphysematous changes.

M. catarrhalis is a major bacterial pathogen in patients with 

COPD exacerbation. Our results showed that M. catarrhalis 

in BALF was detected at a higher rate in patients with 

moderate to severe emphysematous changes (8.1%, 5/62 

bacterial phylotypes) than in those with no or mild emphy-

sematous changes (1.7%, 5/300 bacterial phylotypes) 

(P=0.016). In addition, the ratio of M. catarrhalis was the 

same as that of H. influenzae, a well-known pathogen, in 
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patients with moderate or severe emphysematous changes. 

Given our results, M. catarrhalis should be considered as 

a potential causative pathogen in pneumonia patients with 

emphysematous changes.

H. influenzae was the second most frequently detected 

bacterial phylotype following Streptococcus spp. in our 

study. H. influenzae is a well-known bacterial pathogen 

associated with COPD exacerbation, but the detection rate 

of H. influenzae was not related to the severity of pulmonary 

emphysema in this study, being observed at a rate of 9.3% 

(28/300) in patients with no or mild emphysematous changes 

and at 8.1% (5/62 bacterial phylotypes) in those with mod-

erate or severe emphysematous changes. A previous study 

reported that H. influenzae was associated with a low 

frequency of COPD exacerbation.29 The results concerning 

H. influenzae and the progression of pulmonary emphy-

sema in animal models of COPD have been controversial. 

Moghaddam et al reported that chronic exposure to lysates of 

non-typeable H. influenzae induced airway inflammation but 

not emphysema or airway remodeling in mice,30 and others 

suggested that H. influenzae may contribute to the develop-

ment of COPD.31 Wang et al reported that the persistent 

infection or colonization of H. influenzae in the lower respi-

ratory tract in emphysematous hamsters lasted significantly 

longer than in normal hamsters after acute infection with 

H. influenzae.32 These results suggest that the pathogenic 

potential of H. influenzae may not be closely related to the 

severity of COPD, at least in relation to emphysematous 

changes, in patients with COPD exacerbation. Further inves-

tigations are necessary to elucidate the role of H. influenzae 

in the pathogenesis and exacerbation of COPD.

As a pathogen of COPD exacerbation, P. aeruginosa 

has been reported to be the second most common bacte-

rial species following H. influenzae, S. pneumoniae, and 

M. catarrhalis.6,33 Similar to H. influenzae, the detection rate 

of P. aeruginosa was relatively low and was not related to 

the severity of emphysematous changes in our study, with 

detection rates of 4.0% (12/300 bacterial phylotypes) in 

patients with no or mild emphysematous changes and 3.2% 

(2/62 bacterial species) in patients with moderate or severe 

emphysematous changes. In addition, a higher detection rate 

of P. aeruginosa in BALF was observed for culture compared 

with the molecular method in this study (Table 2): 9.0% 

versus 4.0% in patients with no or mild emphysematous 

changes and 13.2% versus 3.2% in patients with moderate 

or severe emphysematous changes, respectively. These dif-

ferences in the detection rate of P. aeruginosa may be due 

to differences in the detection threshold between the culture 

method and the molecular method we used. Previous results 

from our institute have shown that the clone library method 

detected phylotypes of P. aeruginosa at rates less than half 

of those obtained using cultivation methods in patients 

with HCAP.13

Our results suggest that emphysematous changes might 

not be related to the detection of P. aeruginosa, although 

P. aeruginosa is commonly detected in patients with risk 

factors such as bronchiectasis, immunosuppressants, recent 

antibiotic use, and a history of tuberculosis. While the colo-

nization of P. aeruginosa may be more frequently observed 

in patients with pulmonary emphysema than in those without 

emphysema,34 this pathogen might not be a very common 

cause of pneumonia patients with emphysematous changes. 

The excessive use of broad-spectrum antimicrobials may 

lead to an increase in antibiotic-resistant pathogens,27 and 

our results may facilitate more appropriate use of antibiot-

ics in relation to covering P. aeruginosa, especially in mild 

pneumonia cases or in patients without risk factors for 

P. aeruginosa.

The bacterial floral analysis with the 16S rRNA gene 

using BALF used in the present study generally detects a 

wider range of bacterial phylotypes in a given sample than 

culture methods.8,12,13 Indeed, the bacterial floral analysis 

was able to detect presumptive causative pathogenic bacte-

rial phylotypes even in BALF samples for which the culture 

method could not detect any bacteria in this study. However, 

thanks to recent advances in molecular methods, such as the 

development of next-generation sequencers, microbiota, 

and their roles in the lower respiratory tract of patients with 

COPD have been evaluated;35 this increased detection rate 

may increase the risk of false-positive results. Given this 

concern, we evaluated the lung microbiota of the BALF 

in 30 patients with interstitial pneumonia as representa-

tive of noninfectious causes of pneumonia using this same 

molecular method in our previous report;8 all of the BALF 

specimens showed negative PCR results. The PCR results 

for the 16S rRNA gene were negative when the total bacte-

rial cell counts were ,104/mL in the BALF, so the cutoff 

value for “infectious” versus “non-infectious” was estimated 

at ~104 bacterial cells/mL in the BALF sample. Given these 

results, we believe that the risk of false-positive results was 

relatively low in our method.

Previous retrospective studies have shown a higher mor-

tality rate in CAP patients with COPD than in those without 

COPD.36,37 However, others have reported similar mortalities 

in patients with and without COPD.38 Concerning the severity 

of pulmonary emphysematous changes and in-hospital 
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mortality, the mortality of patients with moderate or severe 

emphysematous changes (17.2%, 5/29) was significantly 

higher than in those with no or mild changes (4.7%, 7/148) 

(P=0.029). Our results suggest that the grading of pulmonary 

emphysematous changes may be helpful for predicting the 

mortality risk in pneumonia patients.

study limitations
Several limitations associated with the present study warrant 

mention. First, the universal primers we used for the molecular 

method in this study were unable to amplify all of the bacterial 

16S rRNA genes. Approximately 92% of the species that had 

been registered in the Ribosomal Database Project II database 

were detectable using the universal primers we used. How-

ever, none of the phylotypes undetectable with these primers 

(~8%) have been reported as causative pathogens in humans. 

Second, the number of clones analyzed using the molecular 

method we used in this study was ~100 per clone library. The 

method using bacterial 16S rRNA gene sequences that we 

used in this study may not be able to detect bacterial phylo-

types that present with ,1% of the bacteria in each sample. 

Third, phagocytosis of each bacteria by leukocytes in each 

sample and quantitative culture was not performed.

Conclusion
We conducted a bacterial floral analysis in BALF using 

the 16S rRNA gene in CAP and HCAP patients with dif-

ferent degrees of pulmonary emphysema, and the most 

frequently detected bacterial phylotype was Streptococcus 

spp. aside from S. anginosus group. M. catarrhalis was more 

frequently detected in patients with moderate and severe 

emphysema than in those with no or mild emphysema, 

but the detection rates of H. influenzae and P. aeruginosa 

were unrelated to the severity of emphysematous changes. 

These results from our 16S rRNA gene analysis of BALF 

in pneumonia patients may improve our understanding of 

bacterial pathogens in pneumonia patients with emphyse-

matous changes.
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