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• What is evidence of vaccine efficacy for 

pneumonia and AECOPD?

• pneumococcal vaccine coverage and 

awareness are low and need to be improved. 

• Respiratory physicians need to communicate 

the benefits of vaccination more effectively to 

their patients with chronic respiratory diseases.

Study Goals: 
Guideline, Evidence, Programs



SECTION I.

진료지침



Case study

• 58 y/o, male

• 55 pack-years

• Dyspnea on Exertion: Borg 5

• CAT 14, m-MRC 3

• FEV1/FVC 65%, FEV1 35%

• No history of previous pneumococcal vaccination

• No exacerbation within previous one year

• No comorbid diseases
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Non-Pharmacologic Treatment

© 2017 Global Initiative for Chronic Obstructive Lung Disease

►Education and self-management

►Physical activity

►Pulmonary rehabilitation programs

►Exercise training

►Self-management education

►End of life and palliative care

►Nutritional support

►Vaccination

►Oxygen therapy



Non-Pharmacologic Treatment - Summary
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Management of Exacerbations
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Better to prevent than to fight pneumococcal 
disease with antibiotics



학회, 지침서 만성호흡기질환자 대상 방법

2018 COPD 진료지침 65세이상의 COPD 모두. 폐렴구균백신

2017 금연진료지침 장기간의 흡연력 폐렴구균백신

2017 성인지역사회획득폐렴
항생제사용지침

고령, 위험인자 PCV, PPSV 병용

2014 천식진료지침 근거 부족

2015한국천식진료지침 소아, 노인, 중증천식.
고려(근거수준D/
권고수준: 높음)

2014감염학회
성인예방접종.
성인 지역사회획득 폐렴 항생
제사용지침.
2018년.

만성호흡기질환 폐렴사슬알균백신.
PCV, PPSV병용.
구체적 방법.

PCV13  PPSV23

국내 학회 진료지침서 내 폐렴구균접종 권장



Clin Microbiol Rev. 1998;11(4):645-57.J Bacteriol. 1975;122:1339-50.

https://www.ncbi.nlm.nih.gov/pubmed/9767061


PCV13PPSV23

6A

1, 3, 4, 5, 
6B, 7F, 9V, 
13, 18C, 
19A, 19F, 
23F

2, 8, 9N, 
10A, 11A, 
12F, 15B, 
17F, 20, 
22F, 33F

CRM197

Polysaccharide vaccines

3  4  6  12 

PPV14(1977), PPSV23(1988)

Conjugate Vaccines

7  9  11  13

PCV7(2000), PCV13(2010)



CRM197
Cross Reacting Material

• Diphtheria toxoid: 
Detoxified; ▲G52E: ADP Ribosyltransferase

• Mucosal immunogenecity
• Haptens

• Interference effect
Influenza vaccine: no
Zoster vaccine: mild in elderly

• Complex with HB-EGF
anti-cancer(prostate, ovary, etc.)

PNAS. 2012;109:5229-34



PPSV

PCV
B Cell

T Cell
CRM197 specific

Polysaccharide-specific
Memory B Cell

Plasma Cell

IgG2
IgM

IgG1
IgG3

Polysaccharide-specific
Plasma Cell

Mucosal immunogenecity



	Pneumococcal	Disease	and	Emerging	Infections	Program

in other countries (22,23). A subsequent analysis, which 

incorporated the effect on pneumonia from non-EIP data 

sources, found PCV7 to be cost-saving (i.e., improved 

health outcomes at lower costs) (20).

During subsequent years, as shortages resolved, vac-

cine coverage increased and disease caused by PCV7 se-

rotypes decreased, and EIPs detected an increase in rates 

of IPD caused by serotypes not included in PCV7. Even 

larger increases were described by other investigators in 

Alaska (24). A leading hypothesis was that these increas-

es might represent serotype replacement, the process by 

which reductions in vaccine types open an ecologic niche 

for increases in nonvaccine serotypes in the nasopharynx, 

which ultimately lead to an increase in disease caused by 

nonvaccine serotypes. This phenomenon had been de-

scribed in multiple randomized controlled trials of the 

effects of pneumococcal conjugate vaccines on nasopha-

ryngeal colonization (16) but had never been described in 

the setting of invasive disease. Periodic increases and de-

creases in the incidence of invasive disease caused by cer-

tain serotypes, so-called secular trends, had been described 

for decades and this was the main hypothesis competing 

against serotype replacement in the early years after intro-

duction of PCV7 (25).

Several antimicrobial drug–resistant strains were sero-

types ultimately included in PCV7. Therefore, reductions 

in antimicrobial drug–resistant IPD were much anticipated 

and ultimately realized early on (17) and after several years 

of use of PCV7 (26). However, an observation compound-

ing fears regarding serotype replacement was that serotype 

19A was the non-PCV7 serotype with the greatest increase 

in incidence and that it was also associated with multidrug 

resistance (27). These find i ngs  suggested that inappropriate 

antimicrobial drug use was playing a role in the observed 

increases in non-PCV7 serotypes. Another hypothesis to 

explain the increase in serotype 19A after introduction of 

PCV7 was that genetic recombination events, whereby a 

PCV7 serotype could incorporate the genetic sequences of 

a non-PCV7 serotype, were occurring. So-called capsular 

switching might have contributed to increasing non-PCV7 

serotype disease (28).

Ultimately, each of these mechanisms was shown to 

play a role. A systematic review of surveillance data from 

around the world, with EIP data being the primary contrib-

utor from North America, showed that increases in non-

PCV7 serotypes were quite common in many settings and 

with many schedules of PCV7. However, in none of those 

settings did the increases in non-PCV7 IPD overshadow 

the reductions in PCV7-type IPD in children <5 years of 

age (29). Secular trends appeared to be a minor contribu-

tor in the United States, where epidemic serotypes 1 and 

5 are relatively uncommon. Antimicrobial drug use prob-

ably influe nced selection of antimicrobial drug–resistant 

strains among those serotypes (e.g., 19A) destined to cause 

replacement disease (30,31). Finally, capsular switching 

clearly occurred but played a minor role in the increases in 

non-PCV7 serotypes (28). In some settings, improvements 

in surveillance methods at or after the time of PCV7 intro-

duction might have falsely enhanced the increase in IPD 

caused by nonvaccine serotypes (32).

Worries concerning serotype replacement were tem-

pered to an extent by the anticipated licensure of PCV13 

in 2010. PCV13 included the same serotypes as PCV7 plus 

6 additional types: 1, 3, 5, 6A, 7F, and, most important, 

19A, the dominant replacement serotype worldwide. The 

US Food and Drug Administration licensed PCV13, and 

ACIP voted to recommend its use for children in February 

2010 (33). PCV13 had large and immediate effects, in part 
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Figure 1.	Incidence	of	invasive	

pneumococcal	disease	among	

children	<5	years	of	age,	

caused	by	Streptococcus 

pneumoniae	serotypes	included	

in	the	13-valent	pneumococcal	

conjugate	vaccine	(PCV13)	

and	by	non-PCV13	serotype,	

Centers	for	Disease	Control	and	

Prevention	Emerging	Infections	

Program/Active	Bacterial	Core	

surveillance,	1998–2013.

Incidence of Invasive Pneumococcal Disease 
with  PCV with PCV(USA)

AGE < 5 YR

AGE> 65 YR 

EMERGING INFECT DIS. 2015;21(9):1551-6.



Incidence of invasive pneumococcal disease

The American Journal of Medicine (2018) 131, 100.e1–100.e7



Replacement Disease

Serotype Replacement

PCV

Vaccine Type

Non-Vaccine Type

Infant Schedule Adults

Herd immunity

PCV PPSV

PCV

PCV

PCV
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AGE(YR) <3YR 3-5YR >5YR

<55 93 (82;97) 89 (74;96) 85 (62;94)

55-64 88 (70;95) 82 (57;93) 75 (38;90)

65-74 80 (51;92) 71 (30;88) 58 (-2;83)

75-84 67 (20;87) 53 (-15;81) 32 (-67;72)

>85 46 (-31;78) 22 (-90;68) -13 (-174;54)

DURABILITY OF PPSV VACCINE EFFECTIVENESS
%(95% CI)

NEJM. 1991;325:1453-60.



Incidence

Incidence of IPD in Scotland by age group 2002-2006
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Mean incidence 13.4 per 100,000

Highest in < 1year (52.6) 1 year (48.1) and >65s (34.8)



International Journal of COPD 2017:12:3458-



OR(95% CI)

18-59 yrs 60-79 yrs ≥ 80 yrs All

COPD 10.3 (5.8-18.0) 6.3(5.1-7.8) 4.0(3.0-4.8) 4.7(4.0-5.6)

Asthma 4.9(3.0-7.8) 1.9(1.3-2.9) 1.5(0.9-2.7) 2.0(1.5-2.6)

Sarcoidosis 1.0(0.8-20.6) 2.5(0.7-8.8) - 2.0(0.7-6.2)

Pneumoconiosis - 2.0(0.2-17.1) - 1.9(0.2-16.1)

Fibrosis 6.5(1.1 -39.1) 11.6(3.9-34.4) 4.4(1.5-12.6) 5.1(2.5-10.4)

Bronchiectasis 9.9(3.4-28.3) 2.5(0.5-11.8) - 1.9(0.7-5.2)

Hypersensitivity
pneumonitis

9.5(0.6-151.8) - - 0.9(0.2-16.5)

• IPD in COPD: n = 248(25, 147, 76 in each age group)
• IPD in asthma: n= 71 (26, 31, 14 in each age group)

Relative Risk of Invasive Pneumococcal Diseases(IPD) 
in Chronic Respiratory Diseases

Clin Microbiol Infect 2013;19:1148-54



Community-acquired pneumonia (CAP) and 
occurrence of subsequent AE-COPD (USA, 2010)

*P < 0.001 International Journal of COPD 2017:12:3458-



SECTION II.

접종 스케쥴



19세, 기저질환+
(대한 감염학회, 미국예방접종자문위원회)

immunity PCV13 PPV23(1st) PPV23(2nd)

competent Chronic lung 
diseases

+ +

smoking +/- +

compromised steroid ++ ++ +

• PCV13 First, only one.

PCV augments PSV, but PSV inhibits PCV.

• Interval 

PCV13  PPV23: ≥ 8 weeks

PPV23  PCV13: ≥ 1 year (6 mos.)

PPV23  PPV23: ≥ 5year



≥ 65 세 < 64 세

건강인 고위험 고위험

면역저하 만성질환 면역저하 만성질환

예산지원 PPV23 PPV23 PPV23 - -

질병관리
본부

PPV23 PCV13 
PPV23

PPV23 PCV13 
PPV23

PPV23

대한감염
학회

PCV13
or 
PPV23

PCV13 
PPV23

PCV13 
PPV23

PCV13 
PPV23

PCV13 
PPV23

국내 권장 (2018)



18~64세(만성호흡기질환)*

PCV13 우선접종

→ PCV13을접종할수없다면PPV23 접종

65세이상만성호흡기질환자*

•과거에PCV13 접종을받은경우

6-12개월 간격 (최소 8 주간격)

PCV13 접종 PPV23 접종

• 65세이전에PPV23 접종을받은경우

65세이전PPV23 접종 PPV23 접종

• 65세이후에PPV23 접종을받은경우

1년 이상 간격

65세이후PPV23 접종 PCV13 접종

PCV13 접종

•과거에폐렴사슬알균백신접종을받지않은경우

6-12개월 간격 (최소 8 주간격)

PCV13 접종 PPV23 접종

1년 이상 간격

5년 이상 간격

6-12개월 간격 (최소 8 주간격)

65세이상의건강한고령자

PCV13 또는PPV23 접종

과거접종력

접종권고

연령별 폐렴구균백신 접종 가이드(18세 이
상) 

대한감염학회



age

COPD

Asthma

bronchiectasis

DILDs

steroids

Lung cancers

PSV23

PCV13

carrier

dose

Schedule

serotypes

resistance

Nasal carriage

AOM

Pneumonia

bacteremia

meningitis

Vaccination in Precision Medicine Era

DNA vaccine

Protein vaccine

Whole cell vaccine

New carrier





SECTION III.

근거 자료



Carrier
Protein

Polysaccharide 
content

Vaccine
Efficacy

Duration of 
antibody

KFDA

PPV23 none All Serotypes: 
25 mcg

IPD: 50-
80%(healthy), 
none in ≥75 yr, 
chronic dis

5 yrs;
Shorter in 
chronic dis.

Adults≥ 
50Yrs, 
children (≥2 
yr) with high 
risk

PCV13 CRM197:
32mcg

ST 6B:
4.4 mcg

Others: 
2.2 mcg

Mucosal
immunity;
Nasal carriage

4yrs.
(at least)

Infants,
Children and 
adults (≥6
wk)

50-64 y/o
(004 trial)

≥70y/o, ≥ 5yr PPV23
(3005 trial)

superior similar superior similar

PCV13 > 
PPSV23

1,4,6B,7F, 9V, 
18C, 19A, 
23F

3,5,14, 19F 1,4,5, 6B, 7F, 
9V, 18C, 19F, 
19A, 23F

3, 14



Vaccine effectiveness 
(Meta-analysis)

• Randomized clinical trials; 

Extremely difficult - Large sample size, Herd 
immunity by pediatric immunization

• PCV: 

65% (65 – 74 yrs)  40% (≥70 yrs)

• PPV: ≥60 yrs (Any serotypes)

48-64% against CAP 

45-73% against IPD 

Clin Infect Dis 2015;61:1835-8

Vaccine. 2016;34:1540-50
PLoS One. 2017;12:e0169368



PPSV23 for 
preventing pneumonia in COPD

• Cochrane Reviews: total of 12 RCTs involving 2171 
participants with COPD

• Major COPD guidelines (COPDX 2016; ERS 2014; GOLD 
2016; NICE 2010)

Odds Ratio 95% CI P value

Community Acquired Pneumonia(≥1) 0.61 0.42 , 0.89 0.01

Exacerbation of COPD(≥1) 0.60 0.39 , 0.93 0.02

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD001390.pub4/full#CD001390-bbs2-0121
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD001390.pub4/full#CD001390-bbs2-0124
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD001390.pub4/full#CD001390-bbs2-0127
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD001390.pub4/full#CD001390-bbs2-0141


Cumulative Proportion of Patients with Severe COPD 
Without Pneumonia Over the Follow-up Period

Alfageme, et al. Thorax. 61(3):189-95, 2006



Efficacy of PCV13 in older adults
(CAPiTA)

abacteremic (AB)
noninvasive (NI) 

Vaccine efficacy:
45.6% (95.2% CI: 21.8%–62.5%) 
P<0.001

Vaccine efficacy:
45% (95.2% CI: 14.2%–65.3%)
P=0.007

Bonten et al. N Engl J Med. 372:1114–25. 



First episodes of vaccine-type IPD 
from vaccination to 5-year follow-up

Vaccine efficacy:
75% (95% CI: 41.4%–90.8%)
P<0.001 Bonten et al. N Engl J Med. 372:1114–25. 



At risk 
(n = 41,385) 

Without known risk 
(n = 42,679) All 

(N = 84,064) PCV13 
(n = 20,680) 

Placebo 
(n = 20,705) 

PCV13 
(n = 21,339) 

Placebo 
(n = 21,340) 

Sex, n (%) 

Female 8313 (40.2) 8095 (39.1) 10,400 (48.7) 10,292 (48.2) 37,100 (44.1) 

Male 12,367 (59.8) 12,610 (60.9) 10,939 (51.3) 11,048 (51.8) 46,964 (55.9) 

Age at enrolment, y

Median 72.0 72.0 71.2 71.1 71.6 

<75, n (%) 13,678 (66.1) 13,654 (65.9) 15,202 (71.2) 15,277 (71.6) 57,811 (68.8) 

75–<85, n (%) 6200 (30.0) 6275 (30.3) 5452 (25.5) 5412 (25.4) 23,339 (27.8) 

≥85, n (%) 802 (3.9) 776 (3.7) 685 (3.2) 651 (3.1) 2914 (3.5) 

Asthma 2008 (9.7) 2094 (10.1) 0 (0) 0 (0) 4102 (4.9) 

Lung disease 4224 (20.4) 4324 (20.9) 0 (0) 0 (0) 8548 (10.2) 

Smoking 5175 (25.0) 5147 (24.9) 0 (0) 0 (0) 10,322(12.3)

Vaccine, 2018;36(11):1477-1483

Post hoc PCV13 VE for VT CAP in at-risk older adults



At risk 
(n = 41,385) 

Without known risk 
(n = 42,679) 

All 
(N = 84,064) 

PCV13 
(n = 20,680) 

Placebo 
(n = 20,705) 

PCV13 
(n = 21,339) 

Placebo 
(n = 21,340) 

PCV13 
(n = 42,019) 

Placebo 
(n = 42,045) 

PY 81,676 81,668 85,408 85,318 167,084 166,985 

Mean follow
-up, y 

3.95 3.94 4.00 4.00 3.98 3.97 

Per protocol analysis 

PCV13 VE * 40.3 [11.4, 60.2] 66.7 [11.8, 89.3] 45.6 [21.9, 62.5]

All episodes 
of VT-CAP 

47 74 6 18 53 92 

PCV13 VE * 36.5 [6.9, 57.1] 66.7 [11.8, 89.3] 42.4 [18.2, 59.9] 

Modified intention-to-treat analysis 

PCV13 VE * 32.5 [3.9, 53.0] 63.7 [14.7, 86.1] 39.1 [15.9, 56.2] 

All episodes 
of VT-CAP ‡ 

60 88 8 23 68 111 

PCV13 VE * 31.8 [4.0, 51.9] 65.3 [19.0, 86.7] 38.8 [16.2, 55.5] 

Post hoc PCV13 VE for VT CAP in at-risk older adults

Vaccine, 2018;36(11):1477-1483

https://www.clinicalkey.com/tblfn5
https://www.clinicalkey.com/tblfn5
https://www.clinicalkey.com/tblfn5
https://www.clinicalkey.com/tblfn7
https://www.clinicalkey.com/tblfn5


Clin Exp Vaccine Res. 2017; 6(1): 38–44. 

Immunogenicity and safety of 
Influenza vaccine + PCV13 / PPSV23 in the elderly

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5292355/


Real-life Vaccine Coverage

Nation Rate Target
Population(age)

Year

UK 70% ≥65 2014 - 2015

Spain 76% ≥60 2010

Ireland 36% ≥65 2013

Norway 15 - 30% ≥65 2014 - 2015

Germany 15% High risk adults 2014

France ~5% ≥65 2010 - 2011

https://www.versorgungsatlas.de/themen/alle-analysen-nach-datum-sortiert/?tab=6&uid=74. 
Accessed October 11, 2017. 
Int J Tuberc Lung Dis. 2015;19(6):735–741.
Vaccine. 2016;34(32):3657–3662. 
http://invs.santepubliquefrance.fr/Publications-et-outils/Rapports-et-syntheses/Maladies-
infectieuses/2011/Enquete-nationale-de-couverture-vaccinale-France-janvier-2011. Accessed 
October 1, 2017. 
Epidemics. 2015;11:24–31. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/448406/hpr2615_
ppv.pdf. Accessed October 1, 2017.



Conclusion

• Guideline for Pneumococcal Vaccination in Chronic Respiratory 
Diseases will be continuously evolving.

• Polysaccharide conjugate vaccine:

Higher immunogenecity and vaccine efficacy for vaccine 
type invasive pneumococcal pneumonia and AECOPD. 

• Polysaccharide vaccine:

Still important in elderly and chronic respiratory diseases.

Serotype replacement disease.

• New vaccines with more serotypes or targeting other bacterial 
antigens will be mandatory.

• Physician’s concerns: most important!


