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Abstract

Recent years have seen an increase in the number of new vaccines available on the Canadian market, and increasing divergence in provincial
and territorial immunization programs as jurisdictions must choose among available health interventions with limited funding. We present an
a framework
i ategy, cost-
e ratio
d to examine
t uses such as
e
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nalytical framework, which we have developed to assist in the analysis and comparison of potential immunization programs. The
ncludes 58 criteria classified into 13 categories, including the burden of disease, vaccine characteristics and immunization str
ffectiveness, acceptability, feasibility, and evaluability of program, research questions, equity, ethical, legal and political considens. To
ate this framework has been utilized in a variety of different contexts, such as to structure expert presentations and reports and

he degree of consensus and divergence among experts, and to establish priorities. It can be transformed for a variety of other
ducating health professionals and the general public about immunization.
2004 Elsevier Ltd. All rights reserved.
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. Introduction

At an ever-increasing pace, new vaccines are being devel-
ped, licensed, and commercialized in Canada due to initia-

ives of pharmaceutical companies. New products are evalu-
ted by the National Advisory Committee on Immunization,
hich determines the optimal conditions of use of the vaccine

n the epidemiological context of Canada[1]. Other expert
ommittees such as the Canadian Task Force on the Periodic
ealth Examination[2] or the Committee to Advise on Trop-

cal Medicine and Travel[3] may also produce recommen-
ations or guidelines for health professionals. Integration of
new vaccine into a publicly-funded immunization program

s the responsibility of provinces and territories, and each ju-
isdiction decides which products will be purchased and of-
ered free of charge to certain target groups. Decision-making

∗ Corresponding author. Tel.: +1 514 864 3683; fax: +1 514 873 1369.
E-mail address:lonny.erickson@aetmis.gouv.qc.ca (L.J. Erickson).

structures and processes for immunization vary greatl
tween Canadian provinces and territories, and it has
observed that decision-making criteria may vary betw
different vaccines in the same jurisdiction[4]. This lack of
standardization and reproducibility in the vaccine evalua
process has negative consequences on the homogene
equity of immunization programs across Canada[5]. To help
improve this situation, in the context of the developmen
a National Immunization Strategy[6,7], an analytical frame
work has been developed to allow comprehensive and
tematic evaluation of all factors which should be consid
before making decisions regarding the pertinence of new
munization programs.

2. Development of the framework

The first step in the framework development was to
tact key scientific and public health experts involved in
planning of immunization programs across Canada. A
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ries of names were provided by the Chief Medical Officers
of Health or their equivalents in all Canadian provinces and
territories. A questionnaire was sent to these persons asking
what factors were important in recent decisions regarding
publicly-funded immunization programs in their jurisdiction.
They were also invited to provide information regarding the
structures and processes for program planning.

A total of 23 questionnaires were received. This in-
cludes group responses for New Brunswick, Ontario, Alberta,
British Columbia, and Nova Scotia. All provinces and territo-
ries except for Nunavut and the Yukon were represented. Re-
sponses representing potential decision-making criteria were
entered into an Excel database and factors identified in three
publications were also added[8–10], to reach a total of 194
items. Multiple mentions of the same criteria were eliminated
as were different wordings representing the same concept
(i.e. vaccine price and vaccine cost). The list was returned
to participants for validation and tested in expert commit-
tee meetings. This produced a total of 58 different criteria,
which were grouped into 13 categories, inspired by the work
by White and Mathias[10]. The final version of the frame-
work is presented in the Appendix.

3. Content of the framework
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3.3. Immunization strategy

Sometimes, public health objectives can be attained via
different immunization strategies, and the control of influenza
is a good illustration. A universal vaccination program was
implemented in Ontario, in 2000, while a “high-risk” ap-
proach is still used in the other provinces[21]. Unfortunately,
the relative cost-effectiveness of the two strategies has not yet
been evaluated.

3.4. Cost-effectiveness

With the increasing cost of vaccine products, cost-
effectiveness analyses are needed to justify new programs,
especially because long-term, recurrent expenditures are in-
volved. In Canada, the first economic analysis was performed
for the influenza vaccination of health care workers in
1991 [22]. Presently, this type of information is sys-
tematically requested and cost-effectiveness analyses have
been produced for the two-dose measles program[23], the
adult pneumococcal program[24], the varicella program
[25,26], the infant pneumococcal[27–29] and serogroup C
meningococcal programs[16]. Although not always cost-
saving, immunization programs generally compare well
with other health interventions[30,31]. It seems, how-
e ived
t ost-
e ome
d
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.1. Burden of disease

In a public health perspective, the burden of disease
mportant factor to set priorities. Vaccines were first de
ped to prevent frequent and deadly diseases such as
ox, diphtheria, tetanus, infant pertussis, poliomyelitis
easles, and the relevance of the programs implemente

ng the 20th century cannot be questioned. However,
accines developed during the last ten years are targ
ess frequent or less severe conditions, and investmen
heir prevention have to be weighted against other comp
ealth priorities. The need to justify new programs led to
emiological studies aiming to assess precisely the healt
conomic impact of vaccine preventable diseases in Ca

ncluding varicella[11–13], pneumococcal infections in ch
ren[14,15], serogroup C meningococcal disease[16], and
dolescent pertussis[17–19].

.2. Vaccine characteristics

Efficacy and safety are the main criteria in the initial e
ation of a new product. When the decision was mad
uebec to use the new serogroup C conjugate mening
al vaccine instead of the polysaccharide vaccine to co
n outbreak in 2001, the high effectiveness in young
ren of the former and its capacity to induce long-term m
ry were critical arguments[4]. When acellular pertuss
accines were introduced in Canada, safety above all
onsiderations was decisive for their immediate adop
20].
-

,

ver, that the absolute cost of a program is perce
o be more important than the predicted marginal c
ffectiveness ratios in the short-term perspective of s
ecision-makers.

.5. Acceptability

The demand for a new program is a very powerful
ument for decision-makers at the political level. Cons

or example the case of serogroup C meningococcal
ase, which generates a lot of anxiety in the pop

ion and attracts enormous media attention, due to
npredictable, rapid onset of this disease and its se
onsequences. A survey in Quebec in 2002 found
6% of respondents felt that the conjugate vaccine sh
e included in the routine childhood immunization
ies [32]. Support for a vaccine against (pneumococ
neumonia was 60%, and only 41% for a vaccine ag
hickenpox. Despite the fact that the varicella progra
he most favourable program from an economic poin
iew [25,26], and also that the greatest disease redu
an be achieved from a program using the seven-v
neumococcal conjugate vaccine[28], a routine one-dos
eningococcal program was introduced in Quebec in 2
o decision has been made yet for the other two
ines.

.6. Feasibility

The best immunization strategies have no value if
re impossible to carry out in practice. Past experience
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shown that it is always easier to implement a new vaccine
if it is combined with an existing vaccine or if it may be
administered in the same visit as another vaccine. This was
indeed the case for the replacement of the live oral polio
vaccine by the inactivated combined injectable polio vac-
cine [1]. In certain cases, practical aspects require vaccine
doses to be given which are not strictly necessary. An ex-
ample is the second dose of the mumps vaccine at the same
time as the indispensable second dose of measles vaccine
and the less indispensable second dose of rubella vaccine
[1].

3.7. Ability to evaluate

All immunization programs must be evaluated in terms of
their safety and population effectiveness. In addition, public
health authorities must be accountable to taxpayers. In Que-
bec, there is a well-established tradition of including an evalu-
ative component in all new immunization programs. The use-
fulness of this type of investment was demonstrated after the
mass serogroup C meningococcal immunization campaign
in Quebec (using the polysaccharide vaccine) in 1992–1993,
in which post-implantation studies alerted of the poor perfor-
mance of this vaccine in young children and the short duration
of protection[4].
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volved rapidly met this challenge and refrigerator-stable vari-
cella vaccines were quickly developed and commercialized
[1].

3.10. Ethical considerations

In Canada, there are no mandatory immunizations, and
regulations regarding immunization in schools or workplaces
allow exemptions in certain cases, or are challenged if no ex-
emptions are allowed[36]. Important measures have been
taken by public health authorities to supply the best possi-
ble information on vaccine products and to ensure informed
choices by the populations, via publications, Internet sites, or
information sheets given during visits for vaccinations[1].

3.11. Legal considerations

In the practice of curative medicine, certain medications
are often used in a manner different than that originally rec-
ommended by the manufacturer and defined in the original
licensure of the product. The principle of freedom of prac-
tice in treatment is harder to apply in the areas of prevention
and publicly-funded immunization programs. For example,
mounting evidence indicates that a single dose of the hepati-
tis A vaccine gives good long-term protection and that the
m
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.8. Research questions

New immunization programs are often implemented
ore important scientific questions can be resolved. A
ent example is the fact that the duration of protection g
y the type C meningococcal conjugate vaccine give
2 months of age is not yet known[33], while this pro-
ram aims to prevent invasive meningococcal infections
dulthood. In contrast, uncertainty about scientific ques
ay block adoption of a program. For example, uncerta
bout the impact of a varicella immunization on the in
ence of shingles in the adult population[34] is a factor
hich has delayed implementation of this program in sev
rovinces.

.9. Equity

Applying principles of equity applied to immunizati
n Canada should mean that vaccines are freely acc
le to populations, which can benefit from them. The
osedly universal nature of Canadian health care is
ited as an example to follow for other countries. P
ems of access to vaccines occurred with the first
ella vaccine in Canada, which had to be stored fro
his caused several problems for the distribution
ork, particularly in outlying regions. During the Can
ian Varicella Consensus Conference in 1999, avail

ty of a refrigerator-stable vaccine was considered
ine qua non criterion for adoption of a universal p
ram [35]. Fortunately, the pharmaceutical companies
arginal effectiveness of the second dose is quite low[37].
herefore, implementation of a one-dose hepatitis A vac

ion program could be considered as a cost-effective op
ith resources saved by this program, it would theoretic

e possible to invest in other programs to maximize he
enefits for the population. However, this type of appro
as the potential problem of legal action in the case of vac

ailures.

.12. Conformity of programs

In Canada, there is much variation in publicly-fund
accination programs between jurisdictions which are
ustified by epidemiological factors[6]. The lack of stan
ardization of programs could have negative conseque

or example when a vaccination strategy increases the
f infection (and therefore the severity of disease) for
on-vaccinated population. This is the case for varic

38].

.13. Political considerations

Also, it is important to consider political aspects of
unization programs, which can involve political benefit

isks. Mass meningococcal immunization programs had
itical benefit in Quebec as they responded to demands
he public and also attenuated much negative media c
ge of disease outbreaks[4]. Political risks and problems a
resent in the case of pre-exposure smallpox vaccinati

he United States for certain workers, which has caused
isagreement and debate[39], while in Canada discussio
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Table 1
Desirability of immunization programs against serogroup C meningococcal disease, varicella and pneumococcal disease according to different criteria (per-
centage of maximal score), as assessed by the Population Health Immunization Subcommittee (PHIS) and by theComité sur l’Immunisation du Qu´ebec
(CIQ)

Criteria Serogroup C meningococcal
disease (%)

Varicella (%) Pneumococcal
disease (%)

Disease characteristics and burden 73 87 93
64 59 91

Vaccine characteristics 78 70 82
82 69 78

Immunization strategies 84 76 66
79 72 88

Social and economic costs and benefits 61 74 74
54 56 34

Feasibility and acceptability 90 51 82
86 64 72

Ability to evaluate 79 71 69
93 88 86

Research questions 64 62 65
68 56 75

Other considerations including equity, politics and legal issues 68 61 71
77 65 72

Overall, this program should be publicly-funded 72 85 84
79 78 94

Conversion method: percentage of maximal score = [(0× response very low desirability + 1× response low desirability + 2× response intermediate desirabil-
ity + 3× response high desirability + 4× response very high desirability)/4× number of responders]× 100%. Number of participants = 21 for PHSC, and 8 for
CIQ. CIQ responses include aggregated percentages for categories 5–6, and 9–13 of the framework.

in this area are quite laborious, especially given our political
structure.

4. Use of the framework

In Quebec, the framework has been used to structure the re-
ports on the pertinence of control programs against varicella
[40], pneumococcal[41], and serogroup C meningococcal
disease[42]. The framework was also used in consensus-
building and prioritization conferences that were carried
out with the Health Canada Population Health Immuniza-
tion Subcommittee, on February 25, 2002, in Toronto, and
with the “Comit́e sur l’Immunisation du Qúebec” on March
14, 2003, in Longueuil (Quebec). First, the relative merits
of the three programs were presented to participants, using
each of the criteria included in the framework. Participants
were then asked to mark the desirability of each program
using a five-item Likert scale, ranging from very high to
very low desirability. Results are presented inTable 1, and
expressed as a percentage of the maximal score. Congru-
ence in the opinion of the two groups is striking, although
there are a few exceptions (i.e. burden of varicella, and cost-
effectiveness of the three programs). This observation sug-
gests that the use of the framework increases the reliability
i ught
t work
b ofes-
s ro-
g

5. Conclusion

Starting from published material and the experience of
Canadian scientists and public health professionals, a series
of essential questions has been developed and the elements
which should be analyzed in the planning of publicly-funded
immunization programs are presented. The proposed ana-
lytical framework may be utilized to structure a report or a
presentation on the pertinence of a new program, or can struc-
ture discussions and consensus-building activities in expert
committees. It can also serve as a tool for teaching and public
education. The framework has proven to be a useful tool to
build awareness and encourage more thorough and system-
atic evaluation of potential immunization programs. How-
ever, to have a more significant impact on decision-making
in Canada, this tool must be integrated into a larger process
of organizational change which integrates aspects of this tool
into appropriate structures and processes which will meet the
needs of decision-makers in their various contexts in a timely
manner. This requires sustained, multiple and ongoing in-
teractions among those involved in immunization program
planning in Canada, combined with the will and resources
for improving this process in the coming years.

A

om
t sup-
p the
n decision-making. Feedback from participants also bro
he suggestion that the general categories of the frame
e adapted into educational tools for teaching health pr
ionals and informing the public about immunization p
rams.
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Appendix A. List of criteria included in the analytical
framework for evaluating immunization programs

1 Burden of disease
Question 1: Does the burden of disease justify a control
program?
1.1 Nature and characteristics of the infective agent,

including reservoirs, mode of transmission, and
pathogenic mechanisms.

1.2 Clinical manifestations and complications of infec-
tion.

1.3 Epidemiology of the disease, including incidence,
time trends, seasonal and geographic variations, clus-
tering of cases.

1.4 Specific populations affected and risk factors.
1.5 Current disease treatment and preventability by mea-

sures other than immunization.
1.6 Health impact of the disease in the population, in-

cluding frequency of cases, of deaths, loss of life
years.

1.7 Social impact of the disease, including intensity of
re-
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2.9 Short and long-term population effectiveness (i.e.
impact on reduction of burden of disease, including
herd immunity).

2.10 Safety: rates and severity adverse events, con-
traindications, precautions.

2.11 Potential interaction with other vaccines.
2.12 Potential impact of immunization program on re-

sistance to antibiotics and antivirals.
3 Immunization strategy and program
Question 3: Is there an immunization strategy which al-
lows goals of the control program as well as sanitary and
operational objectives to be attained?
3.1 Existing recommendations/guidelines for use of the

vaccine (i.e. NACI, consensus conferences, ACIP,
AAP, product monograph).

3.2 Goal of prevention: disease control, elimination, or
eradication.

3.3 Alternative immunization strategies and programs
for meeting goal (i.e. selective versus universal im-
munization programs, catch-up programs).

3.4 Program delivery strategy/system: nurses versus
physicians, private versus public, different locations
(i.e. schools, private clinics, public health clinics).

3.5 Specific program objectives in terms of reduction of
incidence, complications, sequelae and mortality.
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suffering, frequency of survivors with sequelae,
duction of quality of life of affected individuals, an
loss of quality-adjusted life years, long-term disa
ity, impact on families/caregivers, fear of disea
stress on communities.

1.8 Economic impact of the disease, including direct
indirect costs to patients and families, producti
losses, health service utilization and costs to he
system.

2 Vaccine characteristics
Question 2: Do the characteristics of the vaccine p
mit implementation of an effective and safe immuniza
program?
2.1 Nature and characteristics of immunizing agent

live, attenuated, killed, absorbed/non-absorbed
ral or bacterial product).

2.2 Characteristics of the commercial products
preparation, stabilizing agents and preservat
dosage, combination, storage, handling, conse
tion, product format).

2.3 Vaccine manufactures, production capacity,
supply to Canada.

2.4 Administration schedule, number of doses, as
ation with other vaccines.

2.5 Nature and characteristics of immune respons
2.6 Immunogenicity in different population groups.
2.7 Short and long-term vaccine efficacy including

duction of disease and death risks.
2.8 Effect of the vaccine on the transmission of the

cific and related organisms (i.e. reduction in c
riage rate, replacement).
3.6 Specific operational objectives in terms of vacc
tion coverage for different target groups, and vac
wastage.

4 Cost-effectiveness of program
Question 4: Is it possible to obtain funding for the p
gram and are cost-effectiveness indicies comparab
those of other health care interventions?
4.1 Vaccine cost which is determined, among other

tors, by the number of companies distributing
vaccine in Canada and their marketing strategy.

4.2 Total and opportunity costs of program in a soc
perspective, including direct and indirect costs
families and the health system, costs for implem
ing and running the program.

4.3 Evidence regarding the short and long-term prog
effectiveness, including reduction in disease i
dence, complications, sequelae and mortality.

4.4 Evidence regarding social and economic benefi
cluding reduction in health care costs, improvem
in life expectancy, in quality of life for individual
families, caregivers and communities, producti
gains.

4.5 Other indirect benefits (i.e. reduced microbial re
tance, reduced emergency room overcrowding)

4.6 Economic evaluation: Net present costs and
benefit ratios (from health care and societal
spectives) of alternative strategies (per life sa
case prevented, life year gained, quality-adjusted
year gained), discussion of underlying assumpti
evaluation of robustness of economic model u
sensitivity analyses, comparison with other stud
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pertinence for local settings, and comparison to other
vaccines and other health care interventions.

5 Acceptability of vaccine program
Question 5: Does a high level of demand or acceptability
exist for the immunization program?
5.1 Public perception of disease risk, severity, fear, de-

mand for disease control.
5.2 Demand for/acceptability of immunization program

to target groups, population at large, health profes-
sionals (nurses, MDs, public health personnel) and
political authorities.

5.3 Priority for new program with respect to other po-
tential/approved programs.

6 Feasibility of program
Question 6: Is program implementation feasible given
existing resources?
6.1 Availability of vaccine and long-term supply.
6.2 Availability of funding for vaccine purchase.
6.3 Opportunity for implementing new program (i.e.

other immunization program targeting same group).
6.4 Existence of operational planning and implementa-

tion committee.
6.5 Integration of new program with existing immu-

nization programs and schedules.
6.6 Impacts of program (including catch-up) on exist-
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7.5 Availability of systems for linking health outcomes
databases, immunization registries and population
registries.

8 Research questions
Question 8: Have important research questions affect-
ing implementation of the program been adequately ad-
dressed?
8.1 Main uncertainties concerning effects of vaccine and

impacts of program.
8.2 Ongoing and planned research projects in the fields

of vaccine development, immunogenicity, efficacy
and safety.

8.3 Need for research to assist evaluation, planning and
decision-making regarding this particular program
and proposals to meet these needs in a timely manner.

8.4 Need for a pilot immunization program.
9 Equity of the program
Question 9: Is the program equitable in terms of acces-
sibility of the vaccine for all target groups?
9.1 Equity of new program including universality, acces-

sibility and gratuity of services for the most vulner-
able population groups.

10 Ethical considerations
Question 10:Haveethical concerns regarding implemen-
tation of the immunization program been adequately ad-

ent,
r-

1
en-
ad-

(i.e.
ns).

1
ose
oun-

ist-
s.

1
tro-
fits?
with

R

fec-

ana-
r of
ing immunization services and other health c
sectors (physicians, long-term care facilities, h
pitals, occupational settings,. . .).

6.7 Accessibility of target population, and expected
els of uptake/coverage for target groups.

6.8 Availability of human, technical and financial
sources for distribution, conservation (cold ch
stability), and administration of vaccines, includ
implementation of the new program and catch-

6.9 Availability of appropriate documentation/cons
forms for the population and health care provid

6.10 Availability of system for recording/registeri
vaccine administration.

6.11 Availability of resources for marketing and co
munication to the public, information and traini
of health professionals.

7 Ability to evaluate programs
Question 7: Can the various aspects of the program
evaluated?
7.1 Desirability of evaluation to families, profession

(nurses, MDs, public health personnel) and polit
authorities.

7.2 Availability of information systems to measure c
erage (including immunization registries) and v
cine utilization, quality of vaccination services.

7.3 Availability of information systems for monitorin
reduction of disease incidence, complications,
quelae, and mortality.

7.4 Availability of information systems for monitorin
adverse events associated with vaccine admin
tion.
dressed?
10.1 Ethical considerations, including informed cons

and protection of confidentiality of medical info
mation.

1 Legal considerations
Question 11: Have legal concerns regarding implem
tation of the immunization program been adequately
dressed?
11.1 Legal considerations concerning use of vaccine

departure from manufacturers’ recommendatio
2 Conformity of program
Question 12: Does the planned programconform to th
planned or implemented elsewhere (other regions, c
tries)?
12.1 Conformity of new program with planned or ex

ing programs in other jurisdictions and countrie
3 Political considerations
Question 13:Will the proposedprogrambe free of con
versy and/or produce some immediate political bene
13.1 Possible political benefits and risks associated

implementation of new program.
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