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Abstract
The objective was to review the evidence of effectiveness of the polyvalent polysaccharide pneu-
mococcal vaccine from prospective properly randomised controlled trials comparing pneumococ-
cal vaccines with placebo in subjects who are immunocompetent and those likely to have an
impaired immune system.

Databases searched included the Cochrane Library, (issue 2, 2000), MEDLINE (1966-August 2000),
PubMed (to August 2000) and EMBASE ( to August 2000). Reference lists of reports and reviews
were also searched. To be included in the analysis, a study had to have been a prospective ran-
domised comparison of a polysaccharide pneumococcal vaccine (any valency) and to have a placebo
or no treatment comparison group. Papers had to report important clinical outcomes, such as rates
of pneumonia, pneumococcal pneumonia, lower respiratory tract infections, pneumonia deaths or
bacteraemia. Serological outcomes were not sought. 

Thirteen randomised comparisons with over 45,000 subjects were identified in an extensive liter-
ature review. Eight studies had a quality score of 3 or more on a scale of 1 to 5. In three compar-
isons with 21,152 immunocompetent subjects (South African gold miners, New Guinea
highlanders) pneumococcal vaccination was effective in reducing the incidence of all-cause pneu-
monia (relative risk 0.56, 95% confidence interval 0.47 to 0.66), pneumococcal pneumonia (0.16;
0.11 to 0.23), pneumonia deaths (0.70; 0.50 to 0.96) and bacteraemia (0.18; 0.09 to 0.34). In ten
comparisons in over 24,000 people who were elderly or likely to have impaired immune systems,
pneumococcal vaccination was without effect for any outcome.

Present guidelines recommend pneumococcal vaccination for "high-risk" groups. There is no evi-
dence from randomised trials that this is of any benefit.
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Figure 1
Effect of pneumoccocal vaccination on all cause pneumonia in 
people who were immunocompetent (filled circles) and 
immunocompromised or elderly (open circles). Size of sym-
bol is proportional to number of people in the trial.

All pneumonias
,�����������$��$�������!�������������D�E8/����'��=
��������� ���$��$� @����.��DA2� ,��� ����� �!� ���'�����
�����'��?�����������$�82EG����6'����H�,�9	����H����?�=
�����������	��������	���?����$%��!����'��������$��2E8
�:EG�4� �2D/� ��� �288�2� ,��� �'�9��=������=��=������ ��
���$����'	��������$��:���D����.8�2�,��$�����$�������:��!=
�������?��� 6�	�����%��$�������'��&���3'�������6�=
	�����$���'	����?�����������?��9����?�������������://�
���������������?���������'�������!����'������������
�!�����2�4��!�?��������$��$������$��6�/�;./��	���	
���
��6�=��$%��������$�@�E��8���������.A�����������!����'��=
���������'��?�����������$�82;GH����'����	�?��=
���������������!!�������������	���?����$%��!��2�;���2:����
�2�/�2

Figure 2
Effect of pneumoccocal vaccination on pneumoccocal pneu-
monia in people who were immunocompetent (filled circles) 
and immunocompromised or elderly (open circles). Size of 
symbol is proportional to number of people in the trial.

Pneumococcal pneumonia
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Lower respiratory tract infection
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Figure 3
Effect of pneumoccocal vaccination on lower respiratory tract 
infection in people who were immunocompetent (filled cir-
cles) and immunocompromised or elderly (open circles). Size 
of symbol is proportional to number of people in the trial.

Figure 4
Effect of pneumoccocal vaccination on pneumonia deaths in 
people who were immunocompetent (filled circles) and im-
munocompromised or elderly (open circles). Size of symbol is 
proportional to number of people in the trial.

Pneumonia death
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Bacteraemia
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Figure 5
Effect of pneumoccocal vaccination on bacteraemia in people 
who were immunocompetent (filled circles) and immunocom-
promised or elderly (open circles). Size of symbol is propor-
tional to number of people in the trial.
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Randomised studies of pneumococcal vaccination

Number affected/total

Reference Patient population Number 
of patients

Vaccine type/Fol-
low up

Diagnostic 
endpoints

Diagnostic 
criteria

All 
cause 
pneu-
monia

Pneu-
mocccal 
pneu-
monia

Pneumo-
coccal 

bacterae-
mia

LRTI Pneu-
monia 
death

Adverse 
effects

Comments Quality

Austrian, 
1976

South African nov-
ice gold mine 

workers

4500 15 valent/placebo 
2 years

1:Putative 
pneumococ-
cal pneumo-
nia and/or 
bacteraemia 
2:Radiologi-
cal pneumo-
nia

1:Not given 
2:X-ray

84/
1493 
358/
3007

17/1493 
160/
3007

10/1493 
113/3007

Meningococ-
cal vaccine 
and placebo 
combined. 
Methods not 
presented.

R2 
DB0 
W0

Smit et al, 
1977

South African nov-
ice gold mine 

workers

4694 6 or 12 valent/pla-
cebo about 2 years

1:Pneumo-
nia    2:Bron-
chitis     
3:Pneumo-
coccal pneu-
monia

1:3 or more 
symptoms ¹ 
X-ray confir-
mation for 
pneumonia    
2:Bronchitis 
not specifical-
ly defined ¹ 
X-ray    
3:Culture

55/
1523    
169/
3171

10/1523          
103/
3171

97/1523    
238/3171

No clini-
cally im-
portant 
reactions

Pneumonia 
occurring 
more than 14 
days after 
vaccination.

R1 
DB0 
W0

Riley et al, 
1977

Papua New Guin-
ea highlanders

11958 14 valent/placebo 
16 months

1:Pneumo-
nia    2:LRTI    
3:Respirato-
ry death

   1:Clinical ¹ 
X-ray    
2:Sick, cough, 
pulmonaryin-
volvement    
3:Question-
ing of rela-
tives for 
symptoms of 
pneumonia

36/
2713 
48/

2660

2/2713       
14/2660

78/2713        
90/2660

68/
5946       
94/

6012

3% with 
swollen 
arm    
24% sore 
arm    7% 
fever in 
131 pa-
tients

LRTI do not 
include pneu-

monia

R1 
DB2 
W0

Austrian, 
1980 [1]

Institutionalised 
mentally ill pa-

tients

1300 12 valent/placebo 
3 years

1:Respirato-
ry illness    
2:Clinical 
pneumonia    
3:Radiologi-
cal pneumo-
nia    
4:Pneumo-
coccal pneu-
monia

1:Clinically 
diagnosed    
2:Clinically 
diagnosed    
3:X-ray posi-
tive    4:X-ray 
positive sero-
positive 
pneumonia

94/607 
99/693

75/607 
80/693

28/
607 
38/
693

Ery-
thema 
213/607 
12/693 
Indura-
tion 79/
607 4/
693

LRTI do not 
include pneu-
monia

R1 
DB2 
W0

Austrian, 
1980 [2]

Ambulatory popu-
lation > 45 years 
in a health plan

13600 12 valent/placebo 
30 months

1:Respirato-
ry illness    
2:Clinical 
pneumonia    
3:Radiologi-
cal pneumo-
nia    
4:Pneumo-
coccal pneu-
monia

1:Clinically 
diagnosed    
2:Clinically 
diagnosed    
3:X-ray posi-
tive    4:X-ray 
positive sero-
positive 
pneumonia

99/6782 
123/
6818

749/6782 
723/6818

44/
6782 
46/

6818

Pneumococ-
cal pneumo-
nia here is 
more proper-
ly pneumo-
coccal illness. 
LRTI in-
cludes pneu-
monia. 
Patients tak-
en rather 
than number 
of ilnesses.

R2 
DB0 
W0

Gaillat et 
al, 1985

Persons >55 years 
living in residential 
homes and hospi-

tals

1686 14 valent/untreat-
ed control 2 years

1:Pneumo-
nia    2:Pneu-
mococcal 
pneumonia    
3:Mortality

1:Definitions 
of pneumonia 
varied

7/937 
27/749

3/937 9/
749

1/937 
6/749

Study under-
taken in 50  
hospitals and 
homes in one 
district

R1 
DB0 
W1
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Klaster-
sky et al, 

1986

Patients with 
bronchogenic car-

cinoma

50 17 valent/placebo 
Up to one year

1:Pneumo-
coccal infec-
tion    
2:Pneumo-
coccal 
bacteraemia    
3:Pneumo-
coccal death

1:Febrile epi-
sodes with 
pneumococ-
ci + X-ray    
2:as 1 plus 
blood culture

2/26 4/
21

1/26 1/21 1/26 
1/21

No ad-
verse re-
actions 
noticed

Most pa-
tients receiv-
ing therapy 
likely to im-
pair immuno-
logical 
responses.

R1 
DB0 
W1

Sim-
berkoff et 
al, 1986

Persons >55 years 
and increased risk

2295 14 valent/placebo 
mean 2.9 years

1:Proved or 
probable 
pneumococ-
cal  pneumo-
nia    
2:Proved or 
probable 
pneumococ-
cal bronchi-
tis    
3:Mortality

1:Pneumo-
coccal infec-
tion is clinical 
infection and 
positive cul-
ture    2:Pneu-
mococcal 
pneumonia is 
clinical infec-
tion, X-ray 
and positive 
culture    
3:Bronchitis 
clinical plus 
negative 
chest X-ray 
plus positive 
culture 

19/1145 
15/1150

22/1145 
12/1150

28/
1145 
20/

1150

LRTI is bron-
chitis.

R2 
DB2 
W1

Davis et 
al, 1987

Patients with 
chronic obstruc-
tive pulmonary 

disease

103 14 valent/placebo 
up to 2 years

1:Pneumo-
nia    
2:Deaths 
from pneu-
monia

1:Clinical, X-
ray and posi-
tive culture

2/50 
4/53

R2 
DB1 
W1

Leech et 
al, 1987

Patients with 
chronic obstruc-
tive pulmonary 

disease

189 14 valent plus in-
fluenza vaccine/in-
fluenza vaccine 
plus placebo 2 
years

1:LRTI    
2:Pneumo-
nia    3:Mor-
tality

1:Fever, 
cough, spu-
tum charac-
teristics    
2:LRTI plus 
positive X-
ray

1/92 0/97 Information 
by illness epi-
sodes not by 
patients ex-
periencing ill-
ness.

R1 
DB1 
W1

Koivula et 
al, 1997

People 60 years or 
older

2837 14 valent plus in-
fluenza vaccine/in-
fluenza vaccine 
alone

1:Pneumo-
nia    2:Pneu-
mococcal 
pneumonia    
3:Pneumo-
nia deaths

1:X-ray    
2:Serological 
positive

69/
1364 
64/

1473

26/1364 
33/1473

5/
1364 

6/
1473

R2 
DB0 
W1

Örtqvist 
et al, 1998

Non-immuno-
compromised pa-
tients aged 50 to 

85 years with pre-
vious history of 
community ac-

quired pneumonia

691 23-valent/placebo 
5 years

1:Pneumo-
nia    2:Pneu-
mococcal 
pneumonia    
3:Pneumo-
nia deaths

1:Clinical plus 
X-ray    
2:Pneumonia 
plus culture 
or serology

63/339 
57/352

19/339 
16/352

1/339 5/
352

2/339 
3/352

No seri-
ous ad-
verse 
events

R2 
DB1 
W1

French et 
al, 2000

HIV-1 infected 
Ugandans <55 

years (about 14% 
with previous his-
tory of pneumo-

nia)

1323 23-valent/placebo 
1 year

1:Invasive 
pneumococ-
cal disease    
2:Pneumo-
coccal pneu-
monia    
3:Allpneu-
monia

1:All definite 
and probable 
invasive 
pneumococ-
cal disease 
events

40/667 
21/656

20/667 
14/656

R1 
DB2 
W1

Quality scores are R = randomised, DB = double-blinding, W = Withdrawals (Jadad et al, 1996)

Randomised studies of pneumococcal vaccination
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Main outcomes of randomized trials of pneumococcal vaccines

Outcome Patient group Number 
of trials

Number of 
patients

Percent affected 
without vaccine

Percent affected 
with vaccine

Relative risk (95%CI) Number-needed-to-treat 
(95%CI)

All pneumonias Healthy immuno-
competent

3 14 567 6.5 3.1 0.56 (0.47 to 0.66) 29 (24 to 36)

Elderly or high risk 5 7 837 6.8 7 1.08 (0.92 to 1.27)

Pneumococcal 
pneumonias

Healthy immuno-
competent

3 14 567 3.1 0.5 0.16 (0.11 to 0.23) 38 (33 to 45)

Elderly or high risk 7 22 479 1.9 1.7 0.88 (0.72 to 1.07)

Lower respiratory 
tract infection

Healthy immuno-
competent

2 10 067 5.6 4.1 0.85 (0.71 to 1.02)

Elderly or high risk 3 17 195 9.4 9.9 1.06 (0.97 to 1.16)

Pneumonia-relat-
ed death

Healthy immuno-
competent

1 11 958 1.6 1.1 0.70 (0.50 to 0.96) 213 (114 to 1660)

Elderly or high risk 8 22 559 1.1 1 0.93 (0.72 to 1.20)

Pneumococcal 
bacteraemia

Healthy immuno-
competent

1 5 427 3.8 0.7 0.18 (0.09 to 0.34) 32 (26 to 44)

Elderly or high risk 3 927 1.4 0.8 0.53 (0.14 to 1.94)

Note:  Details of patient groups are given in the text Numbers-needed-to-treat are only given where there is a statistical benefit of treatment over control.
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