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Streptococcus pneumoniae is the leading bacterial pathogen of infectious diseases in
children and adolescents. The 23-valent pneumococcal polysaccharide vaccine could pre-
vent invasive pneumococcal infection with broader serotype coverage but still has some lim-
itations. On the other hand, 7-valent pneumococcal conjugate vaccine has been shown to
decrease cases of nasopharyngeal acquired S. pneumoniae vaccine serotypes and proved
herd immunity. The safety and efficacy against vaccine serotype pneumococcal diseases
have been documented. However, the potential risk of increasing non-vaccine serotype
pneumococcal diseases should be considered. This article reviews the current status of pneu-
mococcal disease and pneumococcal vaccines. We also review the current situation of pneu-
mococcal infections and vaccines in Taiwan. Surveillance of disease burden and clinical iso-
lates should be continued. (Chang Gung Med J 2005;28:765-72)
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Streptococcus pneumoniae is a Gram-positive, fac-
ultative bacterium, which is commonly encapsu-

lated. The capsule is a major virulence factor. By
1940, 80 serotypes, defined by different capsular
polysaccharides, had been described, and the number
has now risen to over 90.

S. pneumoniae is the leading bacterial pathogen
of non-invasive and invasive diseases in children and
adolescents, including acute otitis media (AOM),
sinusitis, pneumonia, occult bacteremia, sepsis,
meningitis and, sometimes, rapid fatal diseases.
Pneumococcal vaccines may potentially prevent
these diseases and deaths.

The tetravalent vaccine derived from a capsular
polysaccharide was first used in 1945 but not widely
so because of the advent of penicillin. Unfortunately,
many patients died or suffered from severe sequelae
despite antibiotic treatment, and multidrug-resistant
pneumococcal strains were also emerging.(1) Vaccine
development was rejuvenated in the late 1960s. By

1977, a 14-valent-polysaccharide pneumococcal vac-
cine was licensed in the United States, supplanted in
1983 by the current 23-valent formulations. This
vaccine provides wide serotype coverage at low cost
but is not efficacious in young children. More recent-
ly, pneumococcal conjugate vaccines have been
developed. In 2000, the pneumococcal conjugate
vaccine was licensed in the United States.(2) This arti-
cle reviews the current status of pneumococcal dis-
ease and pneumococcal vaccines. We also review the
current situation of pneumococcal infections and
vaccines in Taiwan. 

23-valent pneumococcal polysaccharide vac-
cines (PPV23) 

The currently used PPV23 contain 23 capsular
polysaccharide antigen serotypes (1, 2, 3, 4, 5, 6B,
7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C,
19A, 19F, 20, 22F, 23F and 33F) that are responsible
for about 90% of invasive pneumococcal infec-
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tions.(3,4,5) A study based upon the Center for Disease
Control’s (CDS’s) pneumococcal surveillance system
showed that the overall efficacy of preventing inva-
sive infection caused by serotypes included in the
vaccine was 57% in adults. Efficacy did not decline
with increasing interval after vaccination: five to
eight years after vaccination it was 71%, and nine
years or more after vaccination it was 80%.(6)

Another retrospective study in the elderly ( 65
years old) revealed significantly reduced risk of
pneumococcal bacteremia but no benefit for pneu-
monia.(7) PPVs could also reduce mortality due to
severe acute lower respiratory tract infections(8,9) and
showed 62% protective effectiveness against inva-
sive vaccine serotype diseases in children.(10)

Unfortunately, the vaccine is not effective in
children younger than two years of age. In infants
and young children, the responses of all 23 serotypes
may not be consistent(11,12,13) and the antibody titer
decreases rapidly within a few months.(14)

Revaccination does not engender an anamnestic
response.(11) Older children and young adults may
have a better response to primary vaccination and
revaccination.(15)

PPVs did not reduce the overall nasopharyngeal
carriage of S. pneumoniae among children due to
replacement of non-vaccine serotypes carriage.(16,17)

However, it does decrease the incidence of AOM in
children(18) but the efficacy persists for only six
months and revaccination gives no further benefit.(19)

The adverse effects from PPV23 include local
effects (erythema, swelling, tenderness at injection
site) in about one third of the vaccine recipients but
they seldom persist for more than 48 hours. Systemic
reactions (fever, myalgia) are rare and revaccination

does not increase side effects.(20)

The main recommendations for use of PPV in
children include those aged 2 years at higher risk
of pneumococcal infection. (Tables 1, 2)

7-valent pneumococcal conjugate vaccine
(PCV7)

PCV7 includes seven purified capsular polysac-
charides of S. pneumoniae (4, 6B, 9V, 14, 18C, 19F,
23F and serologically cross-reactive serotypes) that
are coupled to a carrier protein. Conjugation of a
nonpneumococcal protein to polysaccharides can
elicit T cell-dependent memory response that pro-
motes B-cell proliferation, affinity maturation and
immunological memory in early life,(21,22) although
the number of serotypes is limited.

The seven serotypes were recovered from 22-
84% of recent pediatric isolates.(23,24,25) PCV7 could
potentially prevent 85% of invasive pneumococcal
disease and 65% of AOM in children younger than
six years of age in the United States.(26) The antibody
titers usually rise 5- to 10-fold after a primary immu-
nization series, and decline during subsequent
months.(27) Fortunately, they can rapidly increase
again after a booster dose of either PCV or PPV
early in the second year of life.

Several studies showed that primary immuniza-
tion with PCV following by PCV or PPV boosting
could reduce vaccine-serotype carriage rates by
about 50%.(28,29,30) However, there was no significant
difference in overall carriage rate due to the  com-
pensatory rise in non-vaccine serotypes. The efficacy
of PCV7 against AOM had similar results.(31,32,33)

In contrast, PCVs could reduce clinical and radi-
ological pneumonia in children with or without

Table 1. Children at High Risk of Invasive Pneumococcal Infection*

High risk (invasive pneumococcal disease attack rate 150/100 000 cases per year)
1. Sickle cell disease, congenital or acquired asplenia, or splenic dysfunction
2. Human immunodeficiency virus infection

Presumed high risk (attack rate not calculated)
1. Congenital immune deficiency
2. Chronic cardiac disease 
3. Chronic pulmonary disease (including asthma treated with high-dose oral corticosteroid therapy)
4. Cerebrospinal fluid leaks
5. Chronic renal insufficiency, including nephrotic syndrome
6. Diseases associated with immunosuppressive therapy, radiation therapy and solid organ transplantation
7. Diabetes mellitus

* From Committee on Infectious Diseases, American Academy of Pediatrics, Pediatrics 2000;106:362-6 
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HIV.(34,35) Post-licensure evaluation of the effective-
ness of PCV7 showed invasive pneumococcal dis-
ease was reduced by 58-69%, including 63-78% for
vaccine and 50% for vaccine-related serotypes dis-
eases.(36,37,38) Indirect effects on the reduction of inva-
sive vaccine-related pneumococcal diseases in non-
immunized adults were also proven, especially
among those 20-40 years of age and > = 60 years of
age.(38,39) Furthermore, antibiotic-resistant pneumo-
coccal isolates declined after routine PCV7 immu-
nization.(36,37,39,40) Two factors are thought to be
responsible: PCV7 decreases infection by vaccine

serotypes that are antibiotic-resistant, and the vacci-
nees received less antibiotic treatment which reduced
selective pressure producing resistant strains.

The most common adverse events are local
reactions and fever.(41,42) Serious events such as
seizures, anaphylactic reactions, serum sickness and
thrombocytopenia, are rare.

After licensure, PCV7 was recommended for
routine use in infancy in the US by the Advisory
Committee on Immunization Practices. It recom-
mended that all children aged 23 months should
be vaccinated with PCV7 using the schedule shown
in Table 2. Vaccination is also offered to older chil-
dren with underlying diseases.

S. pneumoniae infection and vaccination in
Taiwan

Asymptomatic nasopharyngeal carriage rates of
pneumococci in Taiwanese children are 19.9-
22.3%(43,44,45) and this can lead to development of dis-
eases or spread of the pathogens. The isolation rate
was higher in children aged between two and five
years, and most common serotypes were 23F, 6B,
19F, 14.(43,44) Pneumococci was also responsible for
21.8% of persistent otitis media with middle ear effu-
sion in Taiwanese children.(46) The overall incidence
of invasive pneumococcal infection in Taiwan is still
unknown. Several studies have reported that the rate
of pneumococcal meningitis in children and adults is
approximately 19%-33%.(47,48,49,50) Mortality from
invasive diseases varied from 4.5% to 42.6%(51,52,

53,54,55,56) and severe sequelae occurred in 24.7% of sur-
viving patients.(52)

Further, a trend of increasing penicillin-nonsus-
ceptible S. pneumoniae (PNSSP) has been noted:
27.35% in 1993, 37.5% in 1994, 55.5% in 1995,
77.5% in 1996, 66% in 1997 and 87.1% in 1998.(57)

The prevalence of PNSSP clinical isolates in 1999-
2002 was 40% to 80%.(58) All PNSSP were resistant
to multiple antibiotics(59,60) and approximately 60%
were also resistant to extended-spectrum
cephalosporins and carbapenems.(59) Spread of the
Taiwan clone (19F) and the Spanish clone (23F)
could be one of the major reasons for the rapid
increase in antimicrobial resistance among S. pneu-
moniae isolates in Asia.(61) However, no significant
difference was found in the mortality rates of
patients with PSSP and patients with PNSSP infec-
tions.(53,62)

Table 2. Recommendations for Pneumococcal Immunization
with PCV7 or 23PS Vaccine for Children at High Risk of
Pneumococcal Disease*

Age Previous Doses Recommendations

Up to 23 mo None PCV per schedule for healthy 
children 

24-59 mo 4 doses of PCV7 1 dose of 23PS vaccine at 
24 mo, at least 6-8 wk after 
last dose of PCV7
1 dose of 23PS vaccine, 3-5 y
after the first dose of 23PS
vaccine

24-59 mo 1-3 doses of PCV7 1 dose of PCV7
1 dose of 23PS vaccine, 
6-8 wk after the last dose of
PCV7
1 dose of 23PS vaccine, 
3-5 y after the first dose of
23PS vaccine

24-59 mo 1 dose of 23PS 2 doses of PCV7, 6-8 wk 
apart, beginning at  least
6-8 wk after last dose of
23PS vaccine
1 dose of 23PS vaccine, 3-5 y 
after the first dose  of 23PS
vaccine

24-59 mo None 2 doses of PCV7 6-8 wk
apart
1 dose of 23PS vaccine, 
6-8 wk after the last dose of 
PCV7
1 dose of 23PS vaccine, 
3-5 y after the first dose of 
23PS vaccine

* From Committee on Infectious Diseases, American Academy
of Pediatrics, Pediatrics 2000;106:362-6; PCV7: 7-valent pneu-
mococcal conjugate vaccine; 23PS: 23-valent pneumococcal
polysaccharide vaccines
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About PPV23

In the 1980s, studies on the types of pneumo-
coccal isolates in Asian populations showed that the
number of types in the 23-valent pneumococcal vac-
cine were fewer in Asia than the number observed in
the U.S.: the proportion of types was 62.9% in
Taiwan and 87.9-92.8% in the U.S.(63) However,
recent studies in Taiwan have shown that 92.5-100%
of the clinical isolates were included in PPV23.(59,64)

(See also work by Huang YC, as yet unpublished.)
The serotypes 23F, 6B, 14, 19F, 3 and 9 accounted
for 77.5-85% of all clinical isolates.(59) (See also work
by Huang YC, as yet unpublished.) Furthermore, the
most prevalent serotypes encountered in invasive
diseases in adults in Taiwan were 3, 14, 23; and 23,
14, 6, 19, 3 in children.(54,56) About 85.7-100% of
them were included in the serotypes represented in
the PPV23.(54,55,56) Most common serotypes resistant to
penicillin (6B, 9V, 14, 19F, 23F) were all covered by
PPV23.(54) A 2-year prospective observational cohort
study among HIV-1-infected patients showed vacci-
nation with PPV23 and receipt of highly active anti-
retroviral therapy (HAART) were associated with
reduced risks of pneumococcal disease.(65)

Vaccination did not increase the risks of all cause
community-acquired pneumonia, HIV progression
and mortality. Another study by Lai JC (unpublished
data) attempted to evaluate the antibody responses to
the seven serotypes (4, 6B, 7F, 9V, 14, 18C, 19F,
23F) of PPV23 in elderly patients with chronic
obstructive pulmonary disease (COPD). More than
80% of the patients had increased IgG titer 6-weeks
after immunization, even patients > 75 years old. The
more the antibody titer increased, the less acute exac-
erbation of COPD occurred. Antibody titers
decreased one year later. No obvious adverse events
occurred among these vaccinees, except for fever
(5.1%) and local heat, erythema or pain (12.1%).

In Taiwan, PPV23 has been available since
April 1999. Experts at a consensus meeting in 2003
and 2004 suggested that the primary targets for
immunization are the elderly ( 65 years of age)
and high-risk patients (those with chronic lung dis-
ease, chronic obstructive pulmonary disease, chronic
cardiovascular disease and diabetes mellitus). They
also suggested immunization with PPV23 and flu
vaccine in the flu season for people over 65 years of
age. Since April 2005, PPV23 vaccinations have
been publicly funded in Taipei city for patient ≥ 65

years of age with serious diseases and those living in
nursing homes.

About PCV7

The most common nasal carriage serotypes of S.
pneumoniae in Asian children were 6 (21.5%), 23
(16.5%) and 19 (15.7%).(43) Furthermore, a study in
northern Taiwan showed the most common carriage
serotypes were 23F (22%), 6B (18.9%), 19F (18.9%)
and 14 (8.4%) that were included in PCV7 and also
composed 70.6% of all penicillin-resistant S. pneu-
moniae isolates.(44) Epidemiology of invasive pneu-
mococcal infection in Taiwan showed that the most
prevalent serotype was 23, followed by 6, 14, 19 and
3.(54) PCV7 would cover 92% of the serotypes among
young children and 70% among older children and
adults. Furthermore, 100% PNSSP isolates in inva-
sive disease were included in PPV23.

The immunogenicity and safety of PCV7 in
Taiwanese infants was assessed.(66) After three doses
of vaccine, the geometric mean concentration of
immunoglobulin G showed a significant rise to all
seven serotypes. More than 95% of infants had anti-
body titer 0.15 µg/mL of all serotypes, and 93%
(23F) to 100% (4 and 19F) of infants achieved an
antibody titer 1 µg/mL. Mild to moderate local
reactions at the injection site were the common side
effect (17% to 30%) after vaccination but did not
correlate to the number of vaccinations. Fever, rest-
lessness, fussiness and loss of appetite were the most
common systemic reactions (22% to 53%). Experts
at consensus meetings in 2004 and 2005 suggested
universal immunization for all children younger than
two years of age, as well as those at high risk from
invasive pneumococcal diseases (asplenia, immun-
odeficiency, cerebrospinal fluid leakage, immuno-
suppressive therapy and certain chronic diseases)
ages 24-59 months. In Taiwan, PCV7 will be avail-
able by the end of 2005.

Conclusion 
To date, the efficacy and safety of PPV23 has

been well documented but the vaccine has some lim-
itations, including insufficient immunogenicity in
children younger than two years of age, rapid decline
of antibody level and no booster response. On the
other hand, PCV7 has been shown effective in pre-
venting nasopharyngeal carriage of vaccine serotype
S. pneumoniae and proved herd immunity. Safety
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and efficacy against serotype invasive pneumococcal
diseases and decreasing resistant strains were also
demonstrated. However, the potential risk of increas-
ing non-vaccine pneumococcal disease serotypes
should be considered. Surveillance of clinical iso-
lates will be continued and vaccines may require
reformulation.

In Taiwan, PPV23 is considered for use in the
elderly and for high-risk patients. Universal PCV7
immunization for all children < 24 months old and
children 24-59 months who are at high risk from
invasive pneumococcal disease, is also suggested.
Post-licensure evaluation of the effectiveness of the
vaccines is important.
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