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The serotype-specific prevalence of pneumococci in hospitalized pneumonia
patients with COPD: A prospective, multi-center, cohort study

Prospective, multi-center, cohort study from seven University-affiliated hospitals

Aim Method Result

Positive rate for S. pneumoniae 9.2%

Common serotype 22F, 6A, and 6B

P. aeruginosa (5.0%)

- S DT T O and H. influenzae (4.0%)
Influenza (78.8%)
Pathogenic distribution Serotype-specific urine antigen Vaccination rate PPV 23 (53.0%)
of community-acquired pneumonia e e Ry A g PCV 13 (25.8%)
(CAP) in 349 COPD patients ’ .
Mortality rate 3.7%

Serotypes 22F, 6A, and 6B, which are covered either by PPV 23 or by PCV 13, are still common

Conclusion pneumococcal serotypes in COPD pneumonia in the post-vaccination era in Korea.

Background/Aims: The overall incidence of pneumococcal pneumonia is declining. However, the change in the pathogenic
distribution of community-acquired pneumonia (CAP) in chronic obstructive pulmonary disease (COPD) patients and the sero-
type specificity of Streptococcus pneumoniae have not been evaluated in the post-era of pneumococcal vaccination in Korea.
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Methods: We conducted a prospective, multi-center, cohort study from seven University-affiliated hospitals. The primary
objective was the identification of serotype-specific prevalence of pneumococcal pneumonia in COPD patients hospitalized
for CAP. For the purpose, we conducted serotype-specific urine antigen detection (SS-UAD) assays for S. pneumoniae. The
secondary objectives were other clinical characteristics of pneumonia including vaccination status.

Results: The total number of participants was 349. Most of them were male (95.1%) with old ages (75.55 + 8.59 y). The
positive rate for S. pneumoniae was 9.2% with SS-UAD assay and the common serotypes were 22F, 6A, and 6B. In the spu-
tum, Pseudomonas aeruginosa (5.0%) and Haemophilus influenzae (4.0%) were common pathogens. The vaccination rate
was 78.8%, 53.0%, and 25.8% for influenza, pneumococcal polysaccharide vaccine 23 (PPV 23), and pneumococcal pro-
tein-conjugated vaccine 13 (PCV 13), respectively. Thirteen patients died during hospitalization (mortality rate; 3.7%). There
was no difference in the respective rate of influenza vaccination (79.2% vs. 69.2%, p = 0.288) and PCV 13 vaccination (25.6%
vs. 30.8%, p = 0.443) between survivors and the deceased.

Conclusions: Serotypes 22F, 6A, and 6B, which are covered either by PPV 23 or by PCV 13, are still common pneumococcal

serotypes in COPD pneumonia in the post-vaccination era in Korea.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is one of the
leading causes of morbidity and mortality worldwide. By
2030, COPD is expected to be the third main cause of death
[1]. Community-acquired pneumonia (CAP) represents not
only a frequent complication but also a deadly cause in
patients with COPD [2,3]. In a recent article, authors an-
alyzed the Korean National Health and Nutrition Examina-
tion Survey (KNHANES) data from 2007 to 2015. Patients
with COPD had a higher admission rate than those without
COPD and the hospitalization rate due to respiratory illness-
es intensified as the grade of COPD advanced from Global
Initiative for Chronic Obstructive Lung Disease (GOLD) 1 to
GOLD 4 [4].

The prevalence of pathogens for pneumonia varies de-
pending on geography, comorbidities, vaccination status,
and site of care. Usually, the most commonly identified
pathogens of CAP are Streptococcus pneumoniae and respi-
ratory viruses [5-7]. It is important to identify pathogens for
pneumonia in the general population and in specific, high-
risk groups for decision-making of appropriate antibiotics.
Unfortunately, in more than half of cases, pathogens are not
detected despite extensive microbiologic testing [8,9]. In ad-
dition, the distribution of pathogens for CAP changes over
time. Especially, the overall incidence of pneumonia due to
S. pneumoniae is declining, in part due to widespread use
of pneumococcal vaccination [6]. Furthermore, serotypes of
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pneumococcus that cause pneumonia change depending
on the coverage of the specific serotypes in pneumococcal
vaccine [10]. In Korea, the cost for pneumococcal polysac-
charide vaccine 23 (PPV 23) is covered by the National Im-
munization Program (NIP) since May 2013, which resulted
in high vaccination rate among adults. However, pneumo-
coccal protein-conjugated vaccine 13 (PCV 13) is approved
but not supported by the NIP, which explains the low rate
of PCV13 vaccination among elderly people [11]. Elderly
patients with COPD are one of the most high-risk popula-
tions for pneumococcal pneumonia. Introduction of PPV 23
or PCV 13, has delivered a profound impact on causative
pathogens for pneumonia in that population. However, to
our knowledge, the change in the pathogenic distribution
of CAP in patients with COPD, not to mention of serotype
specificity of S. pneumoniae have not been evaluated in the
post-era of vaccinations in Korea.

We conducted a prospective, multi-center, cohort study
with the collaboration of Korean pulmonologists in seven
university-affiliated hospitals. We evaluated the pathogen
distribution, influenza and pneumococcal vaccination sta-
tus, and other clinical characteristics of hospitalized pneu-
monia patients with COPD. Moreover, we conducted se-
rotype-specific urine antigen detection (SS-UAD) assay for
S. pneumoniae.
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METHODS

Objectives of the study

The primary objective was the identification of serotype-spe-
cific prevalence of pneumococcal pneumonia in hospital-
ized pneumonia patients with COPD. Methods of pathogen
identification were sputum Gram stain/culture and two sets
of blood cultures if possible. The SS-UAD assay for pneumo-
coccus was performed at the Pfizer Central Lab in the US in
accordance with the standardized protocol [12]. The sec-
ondary objectives were to detect any differences between
influenza/pneumococcal vaccine recipients and non-recipi-
ents with respect to outcomes such as mortality and inten-
sive care unit (ICU) admission rate, and clinical characteristics
of COPD patients hospitalized due to CAP including demo-
graphic data, comorbidities, vaccination status (for PCV 13,
PPV 23, and influenza), and severity scores of pneumonias
(pneumonia severity index [PSI] and CURB-65).

Subjects and inclusion criteria for COPD and
CAP

This study was a prospective, multi-center, cohort study and
seven university-affiliated medical institutes participated in
the study from May 2, 2017 to Feb 3, 2020. Subjects of the
study were patients with COPD who were hospitalized due
to CAP. The inclusion criteria for COPD were (1) male or
female over 40 years; (2) current or ex-smokers with smok-
ing history > 10 pack-years; (3) post bronchodilator FEV1/
FVC ratio < 0.7; (4) no other chest radiologic abnormalities
explaining the obstructive pattern in spirometry; and (5) no
current diagnosis of bronchial asthma. The most recent data
of pulmonary function tests were used for evaluation, which
were measured before the development of pneumonia. The
classification of COPD group was determined by the 2016
guideline of Global Initiative for chronic obstructive lung dis-
ease (GOLD) [13]. The inclusion criteria for CAP were new-
ly developed pneumonic infiltrates on chest radiography
with at least one of following three criteria: (1) body tem-
perature (< 36°C or > 38.0°C); (2) white blood cell count
(< 5,000/mm3 or > 10,000/mm?3); or (3) cough and/or spu-
tum [5]. This study was approved by the Institutional Review
Board (IRB) of each participating institution. The IRB number
of the representing institution, Chung-Ang University Hos-
pital, was CAUH 1601-001-254. Informed consent was ob-
tained from all participants. Data collection from seven par-
ticipating institutions was performed by using a web-based
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registration program (http:/project.swu.ac.kr/copdcap).

The required number of COPD patients
hospitalized for CAP

Because the primary objective was a descriptive parame-
ter, we used CURB-65 for the calculation of sample size.
The sample size calculations were based on detection of a
one-point difference in CURB-65 score between PCV 13 re-
cipients and non-recipients (expected mean CURB-65 score
of three points for PCV 13 recipients and four points for
non-recipients). Common standard deviation was assumed
to be one point in each group with a two-tailed test at 5%
type | error, and a desired power of 80% [14]. The estimat-
ed sample size for an independent t-test was 90 when we
expected that 10% of them were PCV 13 recipients and the
other 90% were non-recipients (at the time of study launch,
10% of Korean adults were estimated to be vaccinated with
PCV13 [11]). Because the CURB-65 scores may not be sym-
metrically distributed, 15% of patient numbers were added
for a non-parametric test. The desired number of patients
with pneumococcal pneumonia was 104 for the analysis.
A minimal required number was 346 assuming 30% prev-
alence of pneumococcal pneumonia among CAP (the prev-
alence of pneumococcal pneumonia was 25-45% in Korea
[15]). The total required number of CAP patients was 384
with allowance of 10% possible data loss.

Statistical analysis

Continuous variables were evaluated with analysis for
non-normal distribution. Continuous variables were pre-
sented as median [interquartile range] and categorical data
as frequencies and percentiles. Intergroup comparisons of
continuous variables and categorical data between survivors
and deceased patients were performed with Mann-Whitney
tests, chi-square tests and Fisher's exact test, respectively. Be-
cause the number of the deceased was limited, the evalua-
tion of risk factors for mortality and ICU admission were per-
formed with univariate logistic regression analysis. The results
were analyzed using SPSS version 16.0 (SPSS Inc., Chicago,
IL, USA). p values < 0.05 were considered significant.

RESULTS

Final recruitment numbers
Originally, we intended to recruit 384 patients with COPD
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who were hospitalized due to CAP. However, the develop-
ment of the SARS-CoV2 pandemic made the recruitment
of pneumonia patients very difficult at participating insti-
tutions. After reaching 92.9% of the target number (357
patients), enrollment was closed because the minimum re-
quired number of 346 subjects for analysis was met. Eight
patients were additionally excluded in the final analysis;
seven subjects had FEV1/FVC > 0.7 and one subject was
diagnosed with pulmonary tuberculosis. A final total of 349
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subjects were enrolled for the analysis.

Demographics and clinical characteristics of
patients

From the total of 349 subjects, most were male (95.1%)
with old ages (77.0 years of age [71.0-81.0 y]). The life-long
amount of smoking was over fifty pack-year and many of
them were ex-smokers (79.4%). The patients had a variety
of comorbidities and hypertension was the most common

Table 1. Demographics and clinical characteristics of patients with COPD

Characteristic Value (n = 349)
Male 332(95.1)
Age (yr) 77.0 [71.0-81.0]
Body mass index (kg/m?) 22.1[19.6-24.9]
Smoking status (Current:Ex) 72 (20.6):277 (79.4)
Smoking amount, life-long (pack-year) 35.0 [20.0-50.0]
Comorbidities
Hypertension 163 (46.7)
Diabetes 77 (22.1)
Ischemic heart diseases 52 (14.9)
Cerebrovascular diseases 19 (5.4)
Chronic liver diseases 15(4.3)
Chronic kidney diseases 21 (6.0)
Osteoporosis 1(0.3)
Malignancies 69 (19.8)

Pulmonary function test
Percent-predicted post FEV1 (%)
Percent-predicted post FVC (%)
Post FEV1/FVC (%)
Dyspnea index
mMRC
COPD assessment test
Acute exacerbation within one year (No:One:Two or more)
COPD group (A:B:C:D)
Home oxygen therapy
Inhaler therapy
Long-acting beta 2 agonist
Long-acting muscarinic receptor antagonist
ICS
No:LAMA:ICS:LABA+LAMA:ICS+LABA:LABA+LAMA+ICS

55.5 [39.0-70.0]
73.0[61.5-85.0]
52.2 [38.3-62.4]

3.0[2.0-3.0]
25.0[17.0-30.0]
206 (59.0):88 (25.2):55 (15.8)
20 (5.7):188 (53.9):9 (2.6):132 (37.8)
28 (8.0)

256 (73.4)
225 (64.5)
165 (47.3)
71(20.3):15 (4.3):7 (2.0):98 (28.1):46 (13.2):112 (32.1)

Values are presented as number (%) or median [interquartile range].

COPD, chronic obstructive pulmonary disease; LAMA, long-acting muscarinic receptor antagonist; ICS, inhaled corticosteroid;

LABA, long acting beta 2 agonist.
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Table 2. Clinical characteristics of community-acquired pneumonia

The Korean Journal of Internal Medicine Vol. 38, No. 5, September 2023

Characteristic

Value (n = 349)

Route of admission (Outpatient department:ER)
Past medical history
Recent hospitalization within three months
Residents of nursing homes
Long-term users of systemic steroids
Long-term users of immunosuppressants
Radiological findings of pneumonia
Unilateral:Bilateral pneumonia
Accompanying pleural effusion
Laboratory findings
Acute phase reactants
Total white cell counts (/uL)
Percentile of neutrophils
Absolute neutrophil count (/uL)
C-reactive protein (mg/L)
Severity of pneumonia
Pneumonia severity index score
Pneumonia severity index classes (l:I1:I11:1V:V)
CURB-65
gSOFA
Treatment
Antibiotics
Monotherapy
Combination therapy
Duration of antibiotics treatment (d)
Administration of systemic corticosteroids
Duration of systemic corticosteroid (d)
Hospital course
Duration of hospitalization (d)
Admission to ICU
Duration of ICU admission (d)
Special care in the ICU (HF oxygen:NIPPV:MV:CRRT:ECMO)
Medical costs for hospitalization
Total cost (US$)
Cost for medication (US$)
Cost for examination (US$)
Cost for others (US$)
Cost per day of hospitalization (US$)
Outcome (Improved:Died:Others)

137 (39.3):212 (60.9)

209 (60.8):135 (39.2)
58 (16.6)

10,420.0 [8,010.0-13,540.0]
79.2[72.8-85.5]
7,948.0 [5,694.0-11,061.0]
70.5[23.4-156.5]

89.0[77.0-106.5]
3(0.9):42 (12.0):136 (39.0):137 (39.8):29 (8.3)
1.0 [1.0-2.0]
0.0[0.0-1.0]

88(25.2)
261 (74.8)
10.0 [7.0-14.0]
178 (51.0)

.0[0.0-7.0]

0[6.0-14.0]
@.3)
4.0[3.0-15.0]
16 (4.6):3 (0.9):6 (1.7):1 (0.3):0 (0.0)

2,520.9 [1,427.7-4,067.9]
331.5[210.8-663.8]
880.4 [556.6-1,574.6]
1,123.3[646.7-2,035.2]
285.6 [210.3-368.4]
319 (91.4):13 (3.7):17 (4.8)

Values are presented as number (%) or median [interquartile range].

ICU, intensive care unit.
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condition. As was expected, all patients had post-broncho-
dilator FEV1/FVC less than 0.7 and percent-predicted FEV1
was 55.5% [39.0-70.0%]. The most common group of
COPD severity was group B (53.9%) which was followed
by group D (37.8%), group A (5.7%), and group C (2.6%).
Most patients used inhaler therapy containing either
long-acting beta 2 agonists (73.4%) or long-acting musca-
rinic antagonists (64.5%). Inhaled corticosteroids (ICSs), in
combination with other long-acting bronchodilators, were
utilized in 47.3% of patients (Table 1).

Clinical characteristics of CAP

More than half of the subjects were hospitalized via emer-
gency department (60.9%). Over one-tenth of them had
recent hospitalization history within three months of the
study. Radiologic examinations indicated unilateral infiltra-
tion in 60.8% and 16.6% of them had accompanying pleu-
ral effusion. Acute phase reactants, such as total white cell
counts, percentile of neutrophil, absolute neutrophil count,
and C-reactive protein were all elevated. The PSI score was
89.0 [77.0-106.5]. and many of them (87.1%) were class
Il or more in PSI classification. The CURB-65 score was 1.0
[1.0-2.0] for the whole population. The CURB-65 score dis-

KJIM™

played same value of 1.0 [1.0-2.0] for PCV 13 recipients
and non-recipients with no statistical significance. Over two-
thirds of them (74.8%) were prescribed with a combination
of antibiotics. The median duration of hospitalization was
8.0 days [6.0-14.0 d]. The ICU admission rate was 4.3%
and the median duration of ICU stays was 4.0 days [3.0-
15.0 d]. The median cost of care for hospitalization was US$
2,520.9 [US$ 1,427.7-4,067.9]. Most of them (91.4%) re-
covered from pneumonia and discharged, whereas 3.7%
died (Table 2).

Microbiologic data for causative organisms of
CAP

Sputum Gram stain and/or culture was performed for the
identification of pathogens of pneumonia for 96.6% of cas-
es. The most frequently isolated pathogen from the sputum
was Pseudomonas aeruginosa (5.0%), followed by Hae-
mophilus influenzae (4.0%), Klebsiella pneumoniae (2.3%),
S. pneumoniae (1.7%), and Staphylococcus aureus (1.7 %).
The positive rate of the SS-UAD urine pneumococcal anti-
gen test was 9.2%. Common serotypes were 22F, 6A, and
6B. Blood cultures were positive in 4.7% of samples and
S. pneumoniae was positive in a single case (0.7%) (Table 3).

Table 3. Results of microbiologic examinations for causative organisms of pneumonia

Characteristic

Value (n = 349)

Sputum examination
Gram staining
Adequate Gram staining
G+ cocci:G- diplococci:G- rod:G+ rod: others
Culture
Streptococcus pneumoniae
Staphylococcus aureus
Haemophilus influenzae
Moraxella catarrhalis
Pseudomonas aeruginosa
Klebsiella pneumoniae
Others
Positive for serotype-specific urine antigen detection

Serologic subtypes (22F:6A:6B:10A:11A:3:19A:7F:4:8:17F:18C:23F:33F)

Blood culture
Positive for blood culture
Positive culture for S. pneumoniae

337 (96.6)
335 (96.0)
107 (30.7)
248 (71.1):779 (22.6):84 (24.1):156 (44.7):22 (6.3)
)

14
32/348 (9.2)
5:4:4:3:3:3:3:2:1:1:1:1:1:1
296 (84.8)
14 (4.7)
1(0.7)

Values are presented as number (%).
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Figure 1. Percentage of administration of seasonal influenza
vaccine, pneumococcal polysaccharide vaccine 23 (PPV 23), and
pneumococcal protein-conjugated vaccine 13 (PCV 13) prior to
hospitalization due to community-acquired pneumonia in pa-
tients with chronic obstructive pulmonary disease.
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In the sputum, S. pneumoniae was isolated in 5 out of 298
cases and 32 cases were positive in the SS-UAD test per-
formed in 348 patients. Because four cases were positive
in both tests, 33 out of 348 patients were considered to be
pneumococcal pneumonia with the prevalence of 9.48%.

Vaccination status for influenza, PPV 23, and
PCV 13

Vaccinations for seasonal influenza, PPV 23, and PCV 13
were performed in 78.8%, 53.0%, and 25.8% of subjects,
respectively (Fig. 1). Dual vaccination of PPV and PCV was
achievedin 10.3% of patients. The median time interval from

Table 4. Differences in clinical characteristics between survivors and deceased patients

Characteristic Survivors Deceased p value
Number 336 (96.3) 13(3.7)

Age (yr) 77.0[71.0-81.5] 77.0[72.0-80.0] 0.963
Comorbidities-hypertension 153 (45.5) 10 (76.9) 0.052
Modified medical research council (nMRC) 26+ 1.1 3.2+09 0.055
COPD assessment test (CAT) 25.0[17.0-29.0] 25.0[23.0-34.0] 0.223
Route of admission (ER) 200 (59.5) 12 (92.3) 0.037*
Heart rate (/min) 93.0 [80.5-106.0] 108.0[98.0-119.0] 0.007*
Respiratory rate(/min) 20.0 [20.0-24.0] 24.0 [20.0-28.0] 0.021*
Percentile of neutrophils (%) 79.0 [72.8-85.4] 89.1[81.1-90.5] 0.003*
Absolute neutrophil count (/uL) 7,807.5 [5,659.0-10,969.0] 10,769.0 [9,227.0-12,927.0] 0.009*
HCO3 (mmol/L) 24.6 [22.2-27.1] 21.6 [18.0-22.6] 0.014*
Albumin (g/dL) 7[3.4-4.0] 3.4[3.0-3.6] 0.009*
Glucose (mg/dL) 127.0 [110.0-162.0] 196.0 [120.0-258.0] 0.022*
Pneumonia severity index score 88.0 [77.0-105.0] 107.0 [92.0-147.0] 0.005*
CURB-65 0[1.0-2.0] 1.0[1.0-2.0] 0.231
Quick sepsis related organ failure assessment 0[0.0-1.0] 1.0[0.0-1.0] 0.035*
Days, hospitalization 0[6.0-13.0] 27.0[11.0-43.0] 0.001*
Days, antibiotics 10.0[ 7.0-14.0] 21.0[9.5-30.0] 0.004*
Days, systemic corticosteroids 1.0[0.0-7.0] 1.0[0.0-25.0] 0.239
Admission to ICU 10 (3.0) 5(38.5) <0.001*
Days in ICU 0.0[0.0-0.0] 0.0[0.0-2.0] <0.001*
High flow oxygen 12 (3.7) 4(30.8) 0.002*
Non-invasive positive pressure ventilation 2(0.6) 1(8.3) 0.105
Cost per day of hospitalization (US$) 279.3[208.8-359.9] 477.1 [386.7-689.4] 0.001*
Polysaccharide pneumococcal vaccine 174 (51.8) 11 (84.6) 0.018*
Protein-conjugated pneumococcal vaccine 86 (25.6) 4(30.8) 0.443
Influenza vaccine 266 (79.2) 9 (69.2) 0.288

Values are presented as number (%), median [interquartile range], or mean = standard deviation.

*Statistically significant.
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vaccination to hospitalization was 166 days [70.5-273.8
d] for influenza vaccine, 1,981 days [1,518.3-2,405.8 d]
for PPV 23, and 1,237 days [530.8-1,625.5 d] for PCV 13.

Differences in clinical characteristics between
survivors and deceased patients

Patients with COPD who died during hospitalization due to
pneumonia displayed higher values than survivors in comor-
bidities, vital signs, many laboratory findings including acute
phase reactants, disease severity scores, duration of antibi-
otics treatment, duration of hospitalization, and PPV 23 vac-
cination. In addition, those patients who survived showed
higher values in albumin and bicarbonate than deceased
subjects (Table 4).

The risk of mortality and ICU admission

In univariate analysis, the risk of mortality increased in those
who had hypertension, malignancy, and those who were
administered the PPV 23 vaccination. The number of pa-
tients who received PPV23 within 3 years of hospitalization
was 17 (12.1%), and 123 (87.9%) patients received PPV23
earlier than 3 years. There was no difference in ICU admis-
sion or mortality rate between the two groups. In addition,
the interval from the PSV 23 vaccination to the hospital-
ization was longer for the deceased (n = 8, 21,850 d) than

KJIM™

for survivors (n = 132, 1,790 d), although the difference
was not statistically significant due to the small number of
deaths. The risk for ICU admission increased in patients with
previous pneumonia history (Table 5).

DISCUSSION

CAP is a frequent complication in COPD and once devel-
oped, it can be fatal. Pneumonia has been the third major
cause of mortality for more than ten years in Korea [16].
Comorbidities such as diabetes, chronic heart diseases, cig-
arette smoking, chronic hepatic diseases, bronchial asthma,
and COPD increase the risk for the development of pneu-
monia [5]. In fact, when old age (> 65 y) is combined with
COPD, the risk for pneumococcal pneumonia increases
nearly 8-fold [7]. Additionally, ICSs, which were used by
nearly half of participants in the present study, escalcted
the risk for pneumonia [13]. However, the burden of pneu-
mococcal pneumonia and the serotype-specific prevalence
of S. pneumoniae in patient population with COPD in the
post-vaccination era have not been specifically evaluated in
Korea. Therefore, we conducted a prospective, multi-center
study with the collaboration of Korean pulmonologists at
seven University-affiliated hospitals to evaluate pathogen

Table 5. The univariate analysis for risk factors for mortality and ICU admission

o Mortality |CU admission
Characteristic p value p value
OR 95% Cl OR 95% Cl
Age 0.988 0.909-1.074 0.777 0.936 0.869-1.009 0.085
Body mass index 1.001 0.986-1.015 0.920 0.920 0.803-1.053 0.227
Alcohol 0.862 0.208-3.565 0.837 2.150 0.572-7.950 0.251
Smoking amount (PY) 0.966 0.930-1.004 0.076 0.968 0.929-1.008 0.113
Hypertension 6.684 1.440-31.021 0.015* 2.973 0.810-10.906 0.100
Diabetes 1.319 0.311-5.587 0.707 1.181 0.234-5.976 0.840
Ischemic heart diseases 0.838 0.139-5.064 0.847 0.997
Chronic kidney diseases 1.100 0.148-8.156 0.926 1.866 0.145-23.933 0.632
Malignancies 4.571 1.142-18.298 0.032* 1.803 0.402-8.083 0.441
Pneumonia history 1.499 0.247-9.085 0.660 6.897 1.245-38.212 0.027*
Post-bronchodilater FEV1% 0.979 0.944-1.015 0.252 0.997 0.965-1.030 0.858
PPV 10.838 1.788-65.708 0.010* 0.472 0.118-1.891 0.289
PCV 1.289 0.334-4.967 0.713 1.419 0.400-5.030 0.588
Influenza vaccination 0.277 0.067-1.148 0.077 2.635 0.500-13.882 0.253

ICU, intensive care unit; PPV, pneumococcal polysaccharide vaccine; PCV, pneumococcal protein-conjugated vaccine.

*Statistically significant.
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distribution, and other clinical characteristics of COPD pa-
tients admitted for CAP.

The patients with COPD hospitalized for CAP were pre-
dominantly male (95.1%) with old ages (75.55 + 8.59 y),
which was expected because the smoking rate of adult
Korean men, although showing a declining trend in re-
cent decade has been high for a long period of time [17].
Participants had multiple comorbidities, with hypertension
and diabetes as the most common conditions, which is
consistent with other clinical studies of patients with COPD
in Korea [18]. Most of patients with COPD (89.4%) were
classified to either group B or group D and the percent-pre-
dicted post-bronchodilator was 55.43 + 19.71%. In large
clinical trials for COPD, patients constituting group B and
group D in combination usually occupied the majority of pa-
tients [19]. In accordance with the GOLD guideline, many of
participants were using inhaler therapies containing either
long-acting beta 2 agonists (73.4%) or long-acting musca-
rinic antagonists (64.5%) with or without ICSs (Table 1). The
above findings imply that the clinical profile of subjects en-
rolled in the present study generally represent a real world,
standard feature of patients with COPD.

In the severity classification of CAP, patients with PSI class
Il or more are usual candidates for hospitalization [20]. This
is consistent with our result that 87.1% subjects were clas-
sified to PSI class Il or more (Table 2). CURB-65 score was
1.0 [1.0-2.0] for the whole population and there was no
difference in CURB-65 score between PCV13 recipients and
non-recipients. As for causative pathogens of pneumonia,
P. aeruginosa and H. influenzae were most frequently isolat-
ed organisms from the sputum culture. When sputum cul-
ture and SS-UAD assay were combined with the consider-
ation of 4 replicated cases, the prevalence of pneumococcal
pneumonia was 9.48%. Pneumococcus usually occupies 20
to 40% of pathogens of CAP [9,11]. The reasons for a lower
rate of isolation of S. pneumoniae in the present study could
be related to prior, frequent antibiotic exposure before be-
ing transferred to University-affiliated hospitals of participat-
ing institutes. In the pre-PCV 13 era, 19A/F, 15A/F, 198, and
23A were frequent serotypes of pneumococcus. Meanwhile
23A, 15A/F, and 3 were the major serotypes in the post-PCV
13 era in Korea [15]. In the present study of more specified
population of COPD, common serotypes were 22F, 6A, and
6B. PPV 23 contains antigens for 22F and 6B and PCV 13
includes antigens for 6A and 6B. The frequent isolation of
three serotypes covered either by PPV 23 or by PCV 13 might
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be explained by the prolonged interval from the time of PPV
23 inoculation to hospitalization (1,982.43 + 795.43 d)
and the low rate of vaccination for PCV 13 (25.8%) (Fig. 1).
The low rate of PCV 13 vaccination is closely related to the
reimbursement policy of Korean government for pneumo-
coccal vaccination. As was noted, the costs for influenza
and PPV 23 in old ages (> 65 y) are fully covered by NIP, but
that of PCV 13 is not reimbursed.

A protective effect for mortality has not been demonstrat-
ed among recipients of influenza, PPV 23, or PCV 13 in the
present study. On the contrary, deceased patients had high-
er rate of PPV vaccination than survivors (84.6 vs. 51.8%).
It is important to note that the duration from PPV 23 vacci-
nation to hospitalization was more than three years in most
recipients (87.9%). The effect of PPV 23 vaccination wanes
two to three years after inoculation, meaning that almost
90% of PPV 23 recipients in the present study would not
have enough IgG titer for pneumococcal infection [21]. In
addition, the interval from the PSV 23 vaccination to the
hospitalization was longer for the deceased (n =8, 21,850 d)
than for survivors (n = 132, 1,790), although the difference
was not statistically significant due to the small number of
deaths. The increased mortality in the PPV 23 vaccination
group might be related to the longer duration since vacci-
nation. Dual vaccination with PPV 23 and PCV 13 did not
differ in mortality and ICU admission rate compared to PPV
23 alone, PCV 13 alone, or non-vaccination.

There are some limitations in the present study. At first,
the sample size was calculated to be 384 in the assump-
tion that there would be a one point difference in CURB-65
score between PCV 13 recipients and non-recipients. After
reaching 92.9% of target number (357 patients), we closed
enrollment because of SARS-CoV2 pandemic. In addition, it
was postulated that 30% of pneumonia would be caused
by pneumococcus. In fact, pneumococcus explained only
9.48% of pneumonia, less than one-third of our assump-
tion. Early closure of enrollment and low rate of pneumo-
coccal pneumonia must have weakened the statistical power
for the evaluation of vaccination effects. In addition, except
for the SS-UAD test which was performed in the central
lab, other radiologic and laboratory evaluation were con-
ducted separately at each participating institution. It might
have resulted in variation in the tests. Still, the present study
provided valuable information regarding serotype-specific
prevalence of pneumococcal pneumonia in COPD patients
hospitalized for CAP in the post-vaccination era in Korea.
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In summary, pneumococcus is an important pathogen
for CAP developed in patients with COPD. Three serotypes,
22F, 6A, and 6B, which are covered either by PPV 23 or
by PCV 13, still were prevalent serotypes of pneumococcus.
The prolonged interval from PPV 23 inoculation and the low
vaccination rate for PCV 13 might be plausible explanations
for the noted serotypes. Further efforts should be devoted
to protecting patients with COPD from preventable pneu-
mococcal infection.

KEY MESSAGE

1. Pneumococcus is the most prevalent pathogen of
hospitalized pneumonia in patients with COPD in
post-vaccination era.

2. Three serotypes, 22F, 6A, and 6B, which are cov-
ered either by PPV 23 or by PCV 13, still were most
prevalent serotypes of pneumococcus.

3. Further efforts, including the strategic augmen-
tation of pneumococcal vaccination, need to be
devoted to the prevention of pneumococcal pneu-
monia in COPD patients.
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