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PrevnarTM: A Pneumococcal Conjugate
Vaccine for Infants and Young Children

Introduction
l

Streptococcus pneumoniae infections in infants
and young children most commonly result in
otitis media, sinusitis, pneumonia, bacteremia,
and meningitis.

l

Prevnar TM vaccine is an effective, but expensive,
preventative measure against several forms of
pneumococcal infection for infants less than two
years of age.

l

The projected cost effectiveness of a PrevnarTM
vaccination program for healthy infants and
small children is dependent upon:
manufacturer's sales price; prevalence and
trends of S. pneumoniae and its antibiotic
resistant strains in Canadian infants and young
children; vaccine efficacy; and the target
populations selected for a pneumococcal
conjugate vaccine program.

The Technology
Pneumococcal 7-valent Conjugate Vaccine
(Diphtheria CRM197 Protein) is the generic name
for PrevnarTM (Wyeth Lederle, Philadelphia,
Pennsylvania). It is the first conjugate vaccine for the
Streptococcus pneumoniae bacteria (also known as
pneumococcus) which causes a number of infections
including otitis media, sinusitis, pneumococcal
pneumonia, meningitis and bacteremia.1
The polysaccharide capsule that surrounds S.
pneumoniae protects the bacteria from destruction by
white blood cells and therefore is important in its
ability to produce disease.2 There are about 90
serotypes of S. pneumoniae, classified on the basis of
their antigenic differences in the capsular
polysaccharide. 3

The currently licensed polysaccharide vaccine
contains 23 serotypes, but children under two years
of age do not mount an effective immune response to
it.3 Prevnar TM enhances the immune response of the
standard vaccine using conjugation technology.
To make a conjugate vaccine, individual capsular
saccharides are conjugated to a carrier protein.
In the case of PrevnarTM the carrier protein is
CRM197, a nontoxic mutant of diphtheria toxin.
The saccharide conjugates are then combined to
create the final preparation. The PrevnarTM
formulation includes saccharides of seven common
pneumococcal serotypes: 4, 6B, 9V, 14, 18C, 19F,
and 23F. 4 Approximately 80% of invasive
pneumococcal disease in infants is attributable to
these strains.5 The vaccine contains only seven
serotypes because each must be individually
conjugated to the carrier protein, which is an
expensive and time-consuming process.

Regulatory Status
Health Canada has fast-tracked the review of
PrevnarTM with high priority status, however,
as of February 20, 2001 PrevnarTM had not been
approved in Canada.6 In February 2000 the US
Food and Drug Administration approved
PrevnarTM for the prevention of invasive
pneumococcal diseases in infants aged less than
two years.1,5 In October 2000 the Advisory
Committee on Immunization Practices (ACIP)
of the US Centers for Disease Control and
Prevention added the vaccine to the Childhood
Immunization Schedule. 7,8 In November 2000 the
Committee for Proprietary Medicinal Products
(CPMP), a European advisory panel,
recommended the use of PrevenarTM (European
brand name) in infants and children up to two
years old.9
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Patient Group
The advantage of PrevenarTM over existing
pneumococcal polysaccharide vaccines is primarily
the enhancement of the immune response to the
polysaccharide shell in children less than 24
months old. This is the age of highest susceptibility
to encapsulated bacteria such as S. pneumoniae.4
The increased prevalence of bacterial strains
resistant to antibiotics for children under two years
is another factor that has stimulated the
development of pneumococcal conjugate vaccines.10
The human nasopharynx is the primary reservoir
for S. pneumoniae and the main source of personto-person transmission. Pneumococcal infections
are preceded by bacterial colonization of the
nasopharyngeal mucosa, where the bacteria can
persist without causing disease. Nasopharyngeal
carriage is more common in young children than
adults.3 Carriage tends to persist for weeks to
months, but usually antibodies to the colonizing
strain are developed and symptoms do not develop.
The most common bacterial cause of otitis media in
children under six is S. pneumoniae.11 Otitis media
(OM) is a disease in which fluid is present in the
middle ear, and is one of the most frequently
diagnosed diseases in children, with most children
experiencing at least one episode. Also, S.
pneumoniae is the leading cause of invasive
bacterial infections in children under two years of
age in Canada.10,12 The primary goal of the vaccine
is to decrease invasive disease in children under
two, with a secondary goal to decrease carriage.
Decreasing carriage could decrease the spread of
pneumococcus to other children and adults. 13
Canadian epidemiologic data are limited, as S.
pneumoniae infection is not a reportable disease in
Canada.14 In Vancouver over the period 1994-1998
the average annual incidence rate of invasive
pneumococcal infection was 112.2 per 100,000
among children 0 to 23 months old. The 6 to 17
month age group accounted for most of the cases in
the first two years (161.2 per 100,000). For the 2 to 5
year age group the average annual incidence rate was
36.1 per 100,000 and for 6 to 12 years it was 3.0 per
100,000. 12 A recent population-based survey of
Vancouver, Halifax, and Quebec City indicates a
cumulative risk to age five years for invasive
pneumococcal infection of 1 in 300 children.15 The
IMPACT group (Canadian Paediatric Society and
Laboratory Centre for Disease Control Immunization

Monitoring Program, Active) conducted a study of 11
pediatric centers in Canada. It found the case fatality
rate for invasive pneumococcal disease for children
less than two years of age was 2%.15
In the US, the ACIP recommends all infants under
the age of two be vaccinated with Prevnar TM. The
ACIP also recommends that all children 24 to 59
months of age be considered for vaccination. Priority
is given to children at moderate risk of invasive
pneumococcal disease such as children aged 24 to 35
months, children of certain minority groups, and
children who attend out-of-home group childcare.8
The risk of invasive S. pneumoniae infection is
greatly increased in children attending childcare
centers.16 A point prevalence survey of 1322
children from 59 childcare centers in Toronto was
carried out (1995-96).16 On the day of the study,
44.3% of the children had nasopharyngeal carriage
of S. pneumoniae. This is much higher than the
carriage rate in children cared for at home and
increases their risk of developing invasive disease.
In the carriers, 17.0% of the pneumococcal isolates
they were carrying were penicillin resistant, and
13.7% were resistant to multiple antibiotics.16
Disease caused by these resistant isolates may not
respond to commonly used antibiotics.
Although PrevnarTM offers protection against only
seven serotypes of pneumococcus, this includes the
majority of the antibiotic resistant serotypes collected
from 1995 to 1998 in a large US study. 17 Therefore, it
is possible that Prevnar TM will decrease the proportion
of pneumococcal disease which is caused by
antibiotic resistant pneumococci.
PrevnarTM is not indicated for use in adults and does
not provide a substitute for other pneumococcal
polysaccharide vaccines that are approved for adults
and for children aged over two years who are at high
risk of infection.5 It is not yet clear if Prevnar TM has
any advantages over the polysaccharide vaccine in
anyone over two years of age.

Current Treatments
Current preventive measures for pneumococcal
infections in Canada include understanding
individual and familial risk factors, avoidance of
environmental risk factors, the polysaccharide
vaccine against 23 common S. pneumoniae
serotypes, and antibiotic prophylaxis. As well,
specifically for otitis media, there is myringotomy
with tympanostomy tubes, and adenoidectomy.
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Tympanostomy tubes are beneficial in chronic otitis
media with effusion, but of less value in recurrent
acute otitis media.12,18,19 The polysaccharide vaccine
against 23 common S. pneumoniae serotypes does
not induce an effective immune response in
children less than 2 years old, an age group with a
high burden of disease. Since it has no effect on
pneumococcal carriage, the polysaccharide vaccine
has little potential to control the spread of resistant
pneumococci.3,12 Antibiotic prophylaxis is
challenged by increased prevalence of antibiotic
resistant strains of S. pneumoniae. 12 A US study of
the epidemiologic features of invasive pneumococcal infections found that over the period 1995 to
1998 the proportion of isolates that were resistant
to penicillin went from 25% to 29%, and the
proportion resistant to three or more classes of
drugs increased from 9% to 14%. It concluded that
because a limited number of serotypes account for
most infections with drug resistant strains,
PrevnarTM offers protection against most drug
resistant strains of S. pneumoniae. 17

Dosage and Potential Cost
In the US, under a typical schedule, infants are given
the vaccine at 2, 4, and 6 months of age followed by
a fourth shot at 12 to 15 months of age. The dosing
schedule will vary for those children previously
unvaccinated who are beyond the age of the routine
infant schedule. 20 Unvaccinated infants aged 7 to 11
months are given a total of three doses; unvaccinated
children aged 12 to 23 months are given a total of
two doses; and healthy, unvaccinated children aged
24 months or older receive one dose.8
The manufacturer's list price for PrevnarTM is US$58
(C$88) per dose.10 The normal four-dose schedule
would cost US$232 (C$353) per patient. (Exchange
rate as of Feb. 13, 2001) The injection schedule will
also result in extra nursing costs. It is estimated that
over the next decade over 300,000 babies will be
born each year in Canada,21 implying a potential
annual expenditure of around C$100 million for a
national PrevnarTM vaccination program.

Projected Rate of Diffusion
If the US experience is an indicator, the potential
diffusion of PrevnarTM in Canada could be rapid.
Since its US launch in February 2000, by the third
quarter 2000 the coverage in US managed-care
plans was about 90% in children under 5 years. The

manufacturer expects full penetration of the US
market some time in 2001. 7

Concurrent Developments
In addition to PrevnarTM some other formulations of
pneumococcal conjugate vaccines have recently
been developed and are being tested in clinical
trials. 3 Aventis Pasteur (Lyon France) has produced
an 11-valent pneumococcal vaccine conjugated to
diphtheria and tetanus toxoids (PCV-DT).22 It is a
potential competitor since it covers the same
serotypes as PrevnarTM plus serotypes 1, 3, 5, and
7F. Also, a 9-valent formulation is being developed
by Wyeth Lederle, with serotypes primarily
applicable to the developing world.23 There is
evidence that the proposed 9-valent formulation
would improve coverage minimally over Prevnar TM
in any age group. The 11-valent formulation would
provide a modest increase in coverage of 3.7% in
children aged less than six months and 6 to 16
years.24

Assessing the Evidence
A randomized, double blind clinical trial involving
37,868 children under two years old was carried
out at 23 medical centers within Northern
California Kaiser Permanente (NCKP).25 The
objective was to determine the efficacy, safety and
immunogenicity of PrevnarTM against invasive
disease caused by the seven PrevnarTM vaccine
serotypes and to determine the effectiveness against
clinical episodes of otitis media. Infants in the
treatment group received Prevnar TM and the control
group received the meningococcus type C CRM197
conjugate vaccine. The study reported 39 cases of
invasive pneumococcal disease in the control group
and one case in the treatment group, for an efficacy
of 97.4% (95% C. I. 82.7% to 99.9%). The efficacy
of Prevnar TM with respect to physician visits for
otitis media, episodes of OM, and ventilatory tube
placement was 8.9%, 7.0%, and 20.1%
respectively, (P<0.04). The serotype-specific
effectiveness was 66.7% for spontaneously draining
ears. The study concluded that PrevnarTM appeared
to be highly effective in preventing invasive
pneumococcal disease in young children and has a
significant impact on otitis media.
Normally, studies using primary health outcomes
are preferred for assessments. In the case of
vaccines, however, immunogenicity is often used as
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an intermediate outcome since the sample size
needed for primary outcomes is very large. For
example, a study to determine the safety and
immunogenicity of PrevnarTM was carried out in
four US cities.26 Two hundred and twelve healthy
2-month-old infants were randomized to receive
either four consecutive doses of PrevnarTM or the
control meningococcus type C CRM197 conjugate
vaccine. The study concluded that Prevnar TM
seemed to be acceptably safe and resulted in
significant rises in antibody to all seven serotypes
in the Prevnar vaccine.
A cost effectiveness analysis on PrevnarTM has been
done using the Northern California Kaiser
Permanente randomized trial and published sources
of disease epidemiology. 10 The study considered
routine vaccination with four doses at 2, 4, 6 and 1215 months, and a single dose catch-up vaccination for
children aged 2 to 4.9 years. The authors concluded
that pneumococcal conjugate vaccination of all
healthy US infants has the potential to be cost
effective. They found that the US$58 price per dose
would have to be dropped to US$18 before the
vaccine would result in cost savings to governments,
and to US$46 to result in net savings for society. 10
The reported incremental cost per life-year saved
from a health system perspective of $176,000
exceeds conventionally accepted benchmarks for cost
effectiveness. 27 Other researchers have argued that in
an era of competing health care priorities, promotion
of the use of this expensive vaccine without solid
data on the use of PrevnarTM as a "catch-up" vaccine
for children over two years of age may not be cost
effective. 28 A simulation study on the cost
effectiveness of PrevnarTM in Canada concluded that
at the estimated purchase price the program will
probably not save money for society, but it would
avoid significant morbidity. 29

Implementation Issues
The first use of conjugate vaccine technology was the
Hib vaccine. Its introduction in the early 1990s
virtually eliminated Haemophilus influenza type b
infections among immunized populations of
children.26 However, because there are about 90
serotypes of S. pneumoniae, development of the
pneumococcal conjugate vaccines is considerably
more difficult and expensive than the conjugate Hib
vaccines, making its implementation a more
complicated policy issue. 26 Also, there are several
potential benefits to PrevnarTM that analysts will have
trouble valuing until there have been some years of
experience with the vaccine. 31 These include: reduced
spread of resistant organisms, reduced transmission
of pneumococci to unvaccinated persons, and
simplified management of febrile infants. 24,31
An observational study conducted by the Canadian
Paediatric Society and the Laboratory Centre for
Disease Control Immunization Monitoring Program,
Active (IMPACT) stated that PrevnarTM has
considerable potential to reduce invasive pneumococcal infections in children, but important
information gaps remain.24 For example, it is unknown
whether widespread use of the vaccine would result in
increasing the prevalence of carriage of the invasive
serotypes that are not contained in the vaccine.
Knowledge of the epidemiology of pneumococcal
disease will aid in planning the use of
pneumococcal vaccines. Evidence indicates that
invasive pneumococcal disease varies by serotype,
age, and country, emphasizing that its epidemiology
is heterogeneous and requires continued
surveillance.32 Since pneumococcal infection is
not a reportable condition in Canada, 14 Canadian
epidemiologic data in this area is limited.

Adverse Effects
Evidence suggests adverse effects from PrevnarTM
are minor and should not affect diffusion. The most
frequently reported adverse effects include injection
site reactions, fever, irritability, drowsiness, restless
sleep, and decreased appetite. Prevnar TM appears to
be well tolerated with a safety profile similar to the
routine pediatric vaccines.1,4,25,26,30

The Canadian Coordinating Office for Health Technology Assessment is a non-profit organization funded by the
federal, provincial and territorial governments.

References
1. American Home Products receives FDA
approval of Prevnar™ - the first vaccine for
the prevention of invasive pneumococcal
disease in infants and toddlers [press
release]. St. Davids (PA): Wyeth-Ayerst
Laboratories; 2000. Available:
http://www.prevnar.com/pr3.htm
(accessed 2000 Oct 18).
2. Lindberg AA. Polyosides (encapsulated
bacteria). C R Acad Sci 1999;322(11):
925-32.
3. Schrag SJ, Beall B, Dowell SF. Limiting the
spread of resistant pneumococci: biological
and epidemiologic evidence for the
effectiveness of alternative interventions.
Clin Microbiol Rev 2000;13(4):588-601.
4. Watson W. Pneumococcal conjugate
vaccines. Pediatr Infect Dis J
2000;19(4):331-2.
5. Innes C. Reviews: headline news of 2000.
Inpharma 2001;1269:3-10.
6. Therapeutic Products Programme, Health
Canada. Notices of Compliance (NOC):
Drugs [database online]. Available:
http://www.hc-sc.gc.ca/hpbdgps/therapeut/htmleng/noc_drugs.html
(accessed 2001 Feb 20).
7. US 'prevnar' sales tipped to hit $US450m by
year-end. PharmacoEconomics Outcomes
News Wkly 2000;(288):12.
8. Varnell MA. CDC recommends all infants
receive pneumococcal vaccine. Reuters
Health [serial online] 2000 Jul 4. Available:
http://id.medscape.com/reuters/prof/2000/07
/07.04/20000704pub1002.html (accessed
2000 Nov 27).
9. Euro panel supports Prevenar vs
pneumococcal disease in children. Reuters
[serial online] 2000 Nov 6. Available:
http://biz.yahoo.com/rf/001106/n06442404.h
tml (accessed 2000 Nov 27).

10. Lieu TA, Ray GT, Black SB, Butler JC,
Klein JO, Breiman RF, et al. Projected costeffectiveness of pneumococcal conjugate
vaccination of healthy infants and young
children. JAMA 2000;283(11):1460-8.
Abstract available http://jama.amaassn.org/issues/v283n11/abs/jsc90347.html.
11. Shapiro AM, Bluestone CD. Otitis media
reassessed: up-to-date answers to some
basic questions. Postgrad Med
1995;97(5):73-6, 79-82.
12. Bjornson G, Scheifele D, Binder F, Talling
D. Population-based incidence rate of
invasive pneumococcal infection in
children: Vancouver, 1994-1998. Can
Commun Dis Rep 2000;26(18):149-51.
Available: http://www.hcsc.gc.ca/hpb/lcdc/publicat/ccdr/00vol26/dr26
18ea.html.
13. Epidemiology of pneumococcal
disease/rationale for and efficacy of PnC7.
Am J Managed Care 1999;5(Suppl
16):S970-S975.
14. McGeer A, Green K, Landry L, Talbot J,
Goldenberg E, The Toronto Invasive
Bacterial Diseases Network. Assessing the
potential impact of vaccination programs on
invasive pneumococcal disease: data from
population-based surveillance. Can J Infect
Dis 1999;10(Suppl A):24A-6A.
15. Scheifele DW. Invasive pneumococcal
infections in Canadian children [abstract].
In: Satellite symposium: meeting the
challenge of pediatric pneumococcal disease
prevention; 2000 Dec 5; Halifax. North
York (ON): Wyeth-Ayerst Canada; 2000.
p.5.
16. Kellner JD, Ford-Jones EL. Streptococcus
pneumoniae carriage in children attending
59 Canadian child care centers. Toronto
Child Care Centre Study Group. Arch
Pediatr Adolesc Med 1999;153(5):495-502.
17. Whitney CG, Farley MM, Hadler J, Harrison
LH, Lexau C, Reingold A, et al. Increasing
prevalence of multidrug-resistant
Streptococcus pneumoniae in the United
States. N Engl J Med 2000;343(26):1917-24.

The Canadian Coordinating Office for Health Technology Assessment is a non-profit organization funded by the
federal, provincial and territorial governments.

18. Shann F. Pneumococcal vaccine: time
for another controlled trial. Lancet
1998;351(9116):1600-1. Available:
http://www.thelancet.com/journal/vol351/iss
9116/full/llan.351.9116.editorial_and_revie
w.6876.1.

26. Rennels MB, Edwards KM, Keyserling HL,
Reisinger KS, Hogerman DA, Madore DV,
et al. Safety and immunogenicity of
heptavalent pneumococcal vaccine
conjugated to CRM197 in United States
infants. Pediatrics 1998;101(4 Pt 1):604-11.

19. Giebink GS. Otitis media prevention: nonvaccine prophylaxis. Vaccine 2000;19:S129S133.

27. Meyerhoff AS, Jacobs RJ. Costeffectiveness of pneumococcal vaccine
[letter]. JAMA 2000;284(4):440. Available:
http://jama.ama-assn.org/issues/v284n4
/ffull/jlt0726-3.html.

20. Frequently asked questions about
pneumococcal disease and Prevnar™.
St. Davids (PA): Wyeth-Ayerst Laboratories;
2000. Available:
http://www.prevnar.com/parent_qa.htm
(accessed 2000 Nov 27).
21. Annual demographic statistics, 2000.
Ottawa: Statistics Canada; 2001.
Cat no 91-213-XPB.
22. Nasopharyngeal carriage of Streptococcus
pneumoniae in toddlers vaccinated during
infancy with an 11 valent pneumococcal
vaccine conjugated to diphtheria and tetanus
toxoids [abstract]. 40th Interscience
Conference on Antimicrobial Agents and
Chemotherapy; 2000 Sep 17-20;Toronto.
23. Obaro SK, Enwere GC, Deloria M, Jaffar S,
Goldblatt D, Brainsby K, et al. Safety and
immunogenicity of a single injection of a
9-valent pneumococcal conjugate vaccine
mixed with DTP-Hib (tetramune®) in
Gambian infants [abstract]. ICAAC
Abstracts 2000;40:G46.
24. Scheifele D, Halperin S, Pelletier L, Talbot
J, and Members of the Canadian Paediatric
Society/Laboratory Centre for Disease
Control Immunization Monitoring Program,
Active (IMPACT). Invasive pneumococcal
infections in canadian children, 1991-1998:
implications for new vaccination strategies.
Clin Infect Dis 2000;31(1):58-64.
25. Black S, Shinefield H, Fireman B, Lewis E,
Ray P, Hansen JR, et al. Efficacy, safety and
immunogenicity of heptavalent
pneumococcal conjugate vaccine in
children. Northern California Kaiser
Permanente Vaccine Study Center Group.
Pediatr Infect Dis J 2000;19(3):187-95.

28. Le C. Cost-effectiveness of pneumococcal
vaccine [letter]. JAMA 2000;284(4):440.
Available: http://jama.ama-assn.org/issues
/v284n4/ffull/jlt0726-3.html.
29. Erickson LJ. Projected effectiveness and
cost of the pneumococcal conjugate vaccine
in Canada [abstract]. In: Satellite
symposium: meeting the challenge of
pediatric pneumococcal disease prevention;
2000 Dec 5; Halifax. North York (ON):
Wyeth-Ayerst Canada; 2000. p.11.
30. Gavin PJ, Yogev R, Tan TQ. What you
should know about the latest pneumococcal
vaccine. J Respir Dis 2000;21(11):699-707.
31. Scheifele DW. New vaccines and the rising
costs of caring [editorial]. Paediatr Child
Health 2000;5(7):371-2. Available:
http://www.pulsus.com/Paeds/05_07/sche_e
d.htm.
32. Sleeman K, Knox K, George R, Miller E,
Waight P, Griffiths D, et al. Invasive
pneumococcal disease in England and
Wales: vaccination implications. J Infect Dis
2001;183(2):239-46.
This brief was prepared by Allan Brown,
CCOHTA and has been peer reviewed.
The contents are current as of February, 2001.
For updates to the regulatory status of this technology,
check the sites in the Links (Regulatory Status) section
of our website www.ccohta.ca.
Obtain further copies from CCOHTA by email;
pubs@ccohta.ca
ISSN 1488-6324
Publications Agreement # 1633228

The Canadian Coordinating Office for Health Technology Assessment is a non-profit organization funded by the
federal, provincial and territorial governments.

