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What is the most important risk factor of 
pneumococcal diseases ?

A Elderly
B Asplenia
C Immunosuppressive therapy
D HIV infection
E Smoker



The Overlap Between Pneumococcal Pneumonia 
and Invasive Pneumococcal Disease

Fedson DS. Drugs Aging 1999 
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Active Surveillance of Manifestations of IPD by Age, Metropolitan NSW, 1997-2001

IPD by age is a “U-shaped curve,” with more bacteremia in the young and more 
pneumonia in the elderly



Evers SM; Eur J Clin Microbiol Infect Dis (2007) 26:531–540





Risk Factors for IPD

Age1 Underlying Medical Conditions2,3
Demographic 

Features3,4

• Children ≤2 years 
of age 

• Adults ≥65 years 
of age 

• Congenital or acquired 
immunodeficiency

• Sickle cell disease, asplenia, HIV
• Pulmonary disease
• Chronic heart disease
• Chronic renal insufficiency, 
nephrotic syndrome

• Diabetes
• Cerebrospinal fistula
• Existing or cochlear implants

• Day care attendance
• Ethnicity

1. CDC. Morb Mortal Wkly Rep. 1997;46(RR-8):1-24.   
2. Pickering LK. Red Book.  26th ed; 2003.  
3. CDC. Morb Mortal Wkly Rep. 2000;49(RR-9):1-35.  
4. Levine OS, et al. Pediatrics. 1999;103:1-5. 

• Age is the most important risk factor for pneumococcal disease1

*Trademark



Jackson LA: Clin Infect Dis 2008
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Do you recommend 23-valent polysaccharide 
pneumococcal vaccine for your elderly patients 
who had diabetes and chronic renal failure ?

A Yes
B Sometime
C No



23-Valent Polysaccharide Pneumococcal Vaccine (PPV) 
vs. Pneumococcal Conjugate vaccine ( 7,10,13-Valent )

Property Polysaccharide     Conjugate

B cell dependent immune response YES YES
T cell dependent immune response NO YES

Immune memory NO YES
Booster effect NO YES
Long term protection NO YES
Reduction of carriage NO YES
Herd immunity NO YES 

Immunogenicity children <2 years     NO YES

Adapted from Adapted from GranoffGranoff DM. Vaccines. 2004DM. Vaccines. 2004



Serotypes included in pneumococcal vaccines.

Vaccine                                         Serotypes

PPV23 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A,
11A, 12F, 14, 15B,17F, 18C, 19A,
19F, 20, 22F, 23F, 33F

PCV7 4, 6B, 9V, 14, 18C, 19F, 23F

PCV9 1, 4, 5, 6B, 9V, 14, 18C, 19F, 23F
PCV11 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F,

23F
PCV13 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,

19A, 19F, 23F



23-valent Polysaccharide Pneumococcal Vaccine

Children & adults

• 0.5 ml intramuscular or subcutaneous

• Revaccination as indicated

• Not recommended for children <2 years of age
• Slide effects & adverse reactions

Mild local reactions (~50%)
Systemic reactions (rare)

* Simultaneous administration of other  vaccines

Pneumococcal Conjugated Vaccine ( 7,10,13-valent )

Pneumococcal Conjugated Vaccine for children 
and adults ?



Review of pneumococcal conjugate vaccine in
adults: implications on clinical development

Betsy Abraham-Van Parijs : Vaccine 2004

Adult : No clear evidence of the superiority of
the conjugate vaccine over the currently
licensed polysaccharide vaccine.



J Infect Dis 2008

Clin Infect Dis 2009



Pneumococcal Vaccine — Direct and Indirect 
(“Herd”) Effects Daniel M. Musher, M.D.N Engl J Med 2006
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Pneumococcal polysaccharide vaccine (PPV23) has 
been recommended for the elderly, since 1989.
PPV23 vaccination rates in the elderly increased by 
25.2% during the baseline period but by <5% during 
the period PCV7 has been available.

Thus, during the period that PCV7 vaccine has been 
used in children, rates of IPD in the elderly have 
declined appreciably more compared
to the immediately prior period when PPV23 was the 
only vaccine available.

Declining invasive pneumococcal disease in the 
U.S. elderly. A. Marshall McBean: Vaccine 2005



Rates of PCV7-type Invasive Pneumococcal 
Disease among Adults, U.S., 1998/99-2006
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CDC, unpublished data 2008
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Decline in pneumonia 
admissions after 
routine childhood
immunisation with 
pneumococcal 
conjugate vaccine in 
the USA: a time-series 
analysis
Carlos G Grijalva,Lancet 
2007

All-cause 
Pneumonia ;
USA



Pneumococcal
Pneumonia:
USA

Decline in pneumonia 
admissions after 
routine childhood
immunisation with 
pneumococcal 
conjugate vaccine in 
the USA: a time-series 
analysis
Carlos G Grijalva,Lancet 
2007



Kyaw MH , 
N Engl J Med 2006



Effectiveness of the 23-valent 
polysaccharide pneumococcal vaccine

• 58 – 81% effective for bacteremic pneumococcal diseases
• 50 –70% effective for invasive pneumococcal infection     

in elderly immunocompetent people
• Younger people with chronic medical illness

Effective - confirmed in asplenia, COPD , CHF , 
coronary vascular diseases, DM
Effective - not confirmed in malignancy ,CRF, 
alcoholism, cirrhosis, HIV infection

Elderly with chronic lung disease
27% reduction of hospitalization
37% reduction in the risk of death



The effectiveness of pneumococcal
polysaccharide vaccines in adults:
a systematic review of observational studies and
comparison with results from randomised
controlled trials.

Stephen Conaty; Vaccine 2004

13 observational studies the estimate of vaccine efficacy
against invasive pneumococcal disease was 53% (46-59%)
compared with 38% (-4 - 63%) from 9 RCTs.

Estimates of protection against all-cause pneumonia were
based on fewer, heterogeneous studies that were not
consistent with the findings from RCTs for this outcome.







Protective Effects of the 23-Valent Pneumococcal
Polysaccharide Vaccine in the Elderly Population:
The EVAN-65 Study
Angel Vila-Co´ rcole, Clin Infect Dis 2006

Results. Pneumococcal vaccination was associated with significant 
reductions in the risk of hospitalization for pneumonia (hazard ratio 0.74)
and in the overall pneumonia rate(HR, 0.79).

The incidence of invasive pneumococcal disease was low (64 cases per 
100,000 person-years), and a considerable protective effect against 
invasive pneumococcal disease did not attain statistical significance .

However, the vaccine showed a significant effectiveness 
of 45% to prevent pneumococcal pneumonia (HR, 0.55).

Finally, vaccination was associated with a significant 59% reduction in 
the risk of death due to pneumonia among vaccinated subjects (HR, 0.41)



Jackson LA: Clin Infect Dis 2008
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In your opinion, what is the most appropriate indication
of pneumococcal vaccination for population in developing 
countries ? 

A Healthy elderly person
B Elderly person with co-morbidity ( DM,CHF…)
C Immunosuppressive person (HIV-infected 

person…..)
D Person with asplenia
E Children < 2 years ( with PCV )



Guideline of Polysaccharide Pneumococcal Vaccination

Vaccination Revaccination  (c)

I.) Immunocompetent persons (>2 years)

- Age > 65 years (A) Once after 5 years (if first vaccination
was given before age 65 year)

- Age 2 - < 65 years
- Asplenia (77%)(A) Consider revaccination after 5 years
- Medical illness:                                    Not recommended

diabetic mellitus(84%), 
chronic cardiovascular eg.
congestive heart failure (69%),
coronary vascular dis (73%),
cardiomyopathies or pulmonary
diseases eg COPD (65%)( (A)

- Chronic liver disease or Not recommended
alcoholism, CSF leakage (B)

-Age 19-64 years   - Smoker
- Asthma



Guideline of Pneumococcal Vaccination

Vaccination Revaccination  (c)

II.)  Immunocompromised persons (>2 years)
- HIV infection or congenital Once after 5 years

immunodeficiency (C)
- Malignancy; multiple myeloma, Once after 5 years

chronic lymphocytic leukemia,
lymphoma, leukemia, 
generalized maligancy (C)

- Immunosuppressive therapy Once after 5 years
or corticosteroid therapy (C)

- Chronic renal failure (C) Once after 5 years
- Organ or hematopoietic cell Once after 5 years

transplantation (C)

*If previous vaccination status is unknown, vaccine should be given; (    ) reflects the 
strength of evidence supporting the recommendations for vaccination (A = strong
evidence support, B = moderate evidence support, C = effectiveness of vaccination is
not proven but benefit and safety of the vaccine justify vaccination)



Condition Countries 
recommending

≥ 65 years (or 60 yrs) 17

Splenic dysfunction all 19

Cardiovascular / pulmonary 17 / 18

Diabetes mellitus 13

Alcoholism / liver disease 9 / 15

Immunocompromise / HIV 17 / 16

Nursing home residents 8

Revaccination in 3-6 years 4

Pebody RG et al. Eurosurveillance 2005; 10: 174-8.

National Recommendations for Pneumococcal 
Vaccination in 19 European Countries, 2003



Polysaccharide Pneumococcal Vaccine Effectiveness
Against IPD in Adults: 
By Age and Time Since Vaccination

Age                            Time Since Vaccination
(Years)            < 3 Yrs          3 – 5 Yrs            > 5 Yrs

Vaccine Effective,% (95%CI) 

< 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 (-174-56) 

Plotkin S ; Vaccines ;5th edition



Guideline of Polysaccharide Pneumococcal Vaccination

Vaccination Revaccination  (c)

I.) Immunocompetent persons (>2 years)

- Age > 65 years (A) Once after 5 years (if first vaccination
was given before age 65 year)

- Age 2- < 65 years
- Asplenia (77%)(A) Consider revaccination after 5 years
- Medical illness:                                    Not recommended

diabetic mellitus(84%), 
chronic cardiovascular eg.
congestive heart failure (69%),
coronary vascular dis (73%),
cardiomyopathies or pulmonary
diseases eg COPD (65%)( (A)

- Chronic liver disease or Not recommended
alcoholism, CSF leakage (B)

-Age 19-64 years   - Smoker
- Asthma



Guideline of Pneumococcal Vaccination

Vaccination Revaccination  (c)

II.)  Immunocompromised persons (>2 years)
- HIV infection or congenital Once after 5 years

immunodeficiency (C)
- Malignancy; multiple myeloma, Once after 5 years

chronic lymphocytic leukemia,
lymphoma, leukemia, 
generalized maligancy (C)

- Immunosuppressive therapy Once after 5 years
or corticosteroid therapy (C)

- Chronic renal failure (C) Once after 5 years
- Organ or hematopoietic cell Once after 5 years

transplantation (C)

*If previous vaccination status is unknown, vaccine should be given; (    ) reflects the 
strength of evidence supporting the recommendations for vaccination (A = strong
evidence support, B = moderate evidence support, C = effectiveness of vaccination is
not proven but benefit and safety of the vaccine justify vaccination)



Vaccine 2009

In general, all 11 studies found that vaccination with 
PPV-23 is a cost-effective, and in some cases a cost-
saving strategy for the prevention of invasive 
pneumococcal disease (IPD).

The systematic assessment indicated that the
results of the cost-effectiveness studies of PPV-23 are 
influenced by the values applied to vaccine efficacy,
IPD incidence and case-fatality.



K.J. Smith et al. / Vaccine 27 (2009) 3159–3164



Schaffner W; J Fam Med 2008



Reasons for the Low Usage 
of Pneumococcal Vaccination in USA

• Lack of understanding of importance of        
pneumococcal diseases

• Inconclusive results from clinical trials :    
prevention of pneumococcal pneumonia

• Uncertainly about benefits of vaccination
• Lack of reimbursement for the cost of vaccine
• Problems of adult vaccination
• Evaluation of response of vaccine ?
• Problem of revaccination



• The incidence of invasive pneumococcal disease in elderly adults
is at least 50 cases / 100,000

• Prospective vaccine trials in older adults have been inconclusive, 
but retrospective studies show vaccination reduces invasive 
pneumococcal disease by 50-70%

• Vaccination of older adults is very cost-effective in 11 developed
countries

• Pneumococcal vaccine is recommended for elderly persons and 
those with cardiovascular and pulmonary diseases, diabetes
mellitus, renal disease, cancer and other immunosuppresssive
diseases, including splenctomy. Recently, asthma and smoking 
were added.

• Vaccine use has increased in some countries (and in a few 
rapidly developing countries), but many countries are still
reluctant to use the vaccine and coverage needs to improve in all

Pneumococcal Polysaccharide 
Vaccination
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Novel Influenza A (H1N1)



U.S. Department of Health and Human Services. Use of pneumococcal vaccines for influenza pandemic preparedness. 
http://www.pandemicflu.gov/vaccine/pneumococcal.html. Accessed June 5, 2008.

Immunization and Influenza
Is There a Role for Bacterial Vaccination?

• Secondary bacterial infection is an important cause of 
morbidity and death in influenza epidemics

• S. pneumoniae causes a substantial portion of 
influenza-associated pneumonia during these 
epidemics

• Should pneumococcal vaccine be part of an influenza 
pandemic or interpandemic planning strategy?



Evidence that Bacterial Pneumonia Caused Most of the 
Deaths in the 1918-1919 Pandemic

• Pathological  
- autopsies showed common URTI organisms
- pathologic findings and case fatality rates typical of pneumonia in 

non-pandemic periods
- mixed infections more fatal
- lung tissue showed repair of ‘viral’ pneumonia underway 

• Epidemiological 
- most cases were mild, uncomplicated, with full recovery
- mortality at all ages associated with bacterial pneumonia  rates, 

not influenza attack rates or pneumonia case-fatality rates,
- children 5-15 years had the highests attack rates but lowest 

mortality rates (inconsistent with viral influenza alone)
- average time from onset to death (~10 days) more consistent with 

bacterial pneumonia 
Morens DM et al. J Infect Dis 2008 



Brundage JF; Lancet Infect Dis 2006



Bacterial Pneumonia as the Primary Cause of Death in 
the 1918-1919 Pandemic

Specimen
No. of 

reports
No. of 

specimens S. pneumo
Other 

bacteria
No 

Growth

Lung 
tissue

96 5266 23.5 72.3 4.2

Pleural 
fluid

35 1245 21.1 59.3 19.6

Blood 42 1867 27.0 43.3 29.7

Morens DM et al. J Infect Dis 2008 



Morens DM;J Infect Dis 2008 



Influenza and S. pneumoniae
Synergistic Effect on Mortality (Animal Data)
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Survival of Mice Infected With Pneumococcus or Influenza Virus 
Alone, Simultaneously, or 1 Week Apart

PBS=phosphate buffered saline

Mortality was 100% in mice challenged with S. pneumoniae after influenza
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Emerg Infect Dis 2008

Bacterial pneumonia and Pandemic Flu
Bacterial pneumonia and Seasonal Flu
Pathogens : Strep. pneumoniae, MSSA,CA-MRSA

H. influenza, Strep gr A,
Other pathogens, Mixed infection

•Stockpiling and Strategic Use of Antibiotics
•Real-Time Surveillance for Antibiotic Resistance
•Treatment and Prophylaxis Strategies
•Pneumococcal Vaccination



Recommendation for use of PPSV23 during 
influenza A(H1N1) outbreak (US-CDC;June 2009)

All people who have existing indications for 23-PPV 
should continue to be vaccinated according to current 
ACIP recommendations during the outbreak of novel 
influenza A(H1N1).

PCV7 is recommended for all children aged less than 5 
years; national coverage among 19-35 month olds with 3 
or more PCV7 doses is currently > 90% (National 
Immunization Survey, July 2007-June 2008). 



Summary Thoughts

National recommendations for PPV in most developed countries 
include all elderly people and those with at-risk conditions

Safety and immunogenicity of PPV well-established, but antibody 
levels decline within a few years

Disappointing prospective trials of vaccine efficacy, but general 
acceptance of retrospective studies of vaccination effectiveness

Pneumococcal pneumonia vs invasive pneumococcal
disease; preventing IPD is enough

Failure to vaccinate is largely due to the failure of physicians and 
nurses to offer the vaccine

Pneumococcal vaccination with PPV and PCV can be considered as 
part of pandemic preparedness, but supplies of both vaccines 
will be very limited and pneumococcal infections will probably 
account for only a minority of bacterial complications



Thank you


