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Abstract: In North America, children currently receive 5 doses of a
combined diphtheria-tetanus-acellular pertussis vaccine between the
ages of 2 months and 6 years. Although this schedule has reduced the
incidence of childhood pertussis, it has not led to the development of
herd immunity in the total population, largely because pertussis immu-
nity wanes with time. The time course over which immunity wanes is
uncertain; however, high pertussis antibody titers in adolescents and
adults indicate unrecognized infection in these groups. There is evi-
dence that this group serves as a source of infection for young infants
who are not fully immunized. Therefore, of the potential strategies
reviewed by the North American Global Pertussis Initiative group,
universal adolescent immunization would in theory reduce the risk of
pertussis in this age group and may reduce transmission to young
infants. However, because immunity probably wanes at the same rate in
adolescents and children, the burden of disease will likely shift to older
age groups, including young adults (parents of vulnerable infants).
Therefore the ideal would be immunization of adolescents and adults,
particularly those who are in contact with young infants. Adolescent

immunization is already recommended in Austria, France, Germany
and Canada, and participants in the Global Pertussis Initiative recom-
mend that this strategy be implemented across North America with a
view to eventually extending immunization to ínclude adults. The final
decision to implement such a strategy will depend on pertussis surveil-
lance studies and analysis of the effectiveness and tolerability of
adolescent and adult pertussis immunization as well as program con-
siderations related to feasiblity and economics.
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In many countries, despite highly effective childhood immuni-
zation programs, infection with Bordetella pertussis continues

to pose a public health threat. In the United States, 2.7 cases/
100,000 population were recorded in 2000, which is almost 3
times the target set by the World Health Organization of less
than 1 case/100,000 population.1 Data from 2002 in the United
States report an even higher incidence (3.4 cases/100,000 pop-
ulation).2 Furthermore these figures are an underestimate given
that cases of pertussis in adolescents and adults often go undiag-
nosed. North American studies suggest that 20–25% of cases of
persistent cough are the result of infection with B. pertussis.3–5

Mass immunization programs that use the widely avail-
able whole cell pertussis and acellular pertussis (aP) vaccines
have significantly reduced the incidence of pertussis among
children and associated childhood mortality.1 However, if child-
hood immunization programs had led to the development of
complete herd immunity, they would also protect infants under
the age of immunization (2–3 months)6; but this is not the case,
and waning immunity has reduced the overall effectiveness of
these programs. The duration of protection postvaccination is
5–10 years,7–9 and the waning of immunity leaves adolescents
and adults vulnerable to infection with B. pertussis, making
them a source of infection for young infants, other adolescents
and adults.
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In 2001, the Global Pertussis Initiative (GPI) was estab-
lished as an expert scientific forum to analyze the status of
pertussis disease globally and to evaluate immunization strate-
gies to improve disease control. These goals were identified with
the final objective of protecting infants who are not yet fully
immunized.10 GPI participants from the United States and Can-
ada concluded that universal adolescent immunization was the
most appropriate first step, with a view toward eventually im-
munizing adults, focusing initially on, but not limited to: new
parents; close contacts of newborns; health care workers; and
child care workers.

The selected strategies are discussed in detail here, as are
the possible obstacles to implementation of the strategies. Other
strategies evaluated by the GPI participants and those recom-
mended by the European and international regions are described
elsewhere in this supplement.11–13

The strategy of universal adolescent immunization aims to
reduce morbidity caused by pertussis disease in adolescents,
contribute to herd immunity, and reduce transmission of B.
pertussis to unimmunized or incompletely immunized infants.
The GPI participants do not aim to implement changes to
countries’ immunization strategies. Rather the group aims to
raise awareness of pertussis through its recommendations and
seek consideration by the appropriate authorities as policy and
immunization recommendations are evaluated.

CURRENT IMMUNIZATION SCHEDULES
Current immunization programs in the United States and

Canada comprise a primary course of the combined diphtheria-
tetanus-acellular pertussis (DTaP) vaccine. In the United States,
the initial course consists of 3 immunizations with DTaP vaccine
at 2, 4 and 6 months of age followed by boosters at 15–18
months and at 4–6 years. In Canada, the DTaP vaccine is
administered as a pentavalent combination as DTaP-inactivated
poliovirus (IPV)-Haemophilus influenzae type b vaccine at 2, 4,
6 and 18 months with a quadrivalent booster of DTaP-IPV at
4–6 years of age. An adolescent/adult formulation of dTaP was
licensed in Canada in 1999 with a view to extending the duration
of protection. By the spring of 2002, Newfoundland and Nu-
navut alone had implemented an adolescent booster program;
but by the fall of 2004, all provinces and territories of Canada
had followed suit. In general, adolescent booster in Canada has
replaced the preexisting Td schedule, the timing of which has
historically varied across provinces. Currently TdaP is adminis-
tered in Canada between grade 8 (13–14 years of age) and grade
10 (15–16 years of age) with most provinces offering the
vaccine in grade 9 (14–15 years of age).

RECOMMENDED STRATEGIES TO OVERCOME
PERTUSSIS DISEASE

United States. After lengthy discussion and final voting, the
North American participants recommended that an aP vaccine
be incorporated into the current U.S. immunization schedule for
diphtheria-tetanus vaccine (dT) that is provided to adolescents
11 years of age or older. The vaccine could be administered

either as dTaP or as an additional stand alone aP booster for
adolescents up to date with their dT immunization. Thus all 11-
to 18-year-olds would be immunized against diphtheria, tetanus
and pertussis.
Canada. A shift in the age distribution of pertussis toward
preteens and teens has been observed in several provinces of
Canada. This has been attributed in part to waning immunity
and/or a moving cohort effect among children who received a
whole cell pertussis vaccine for childhood doses. The contribu-
tion of changes in diagnostic approaches has also been acknowl-
edged.14,15 The shift in age distribution has led to the replace-
ment of whole cell combination vaccines by acellular pertussis
formulations for childhood doses (2, 4, 6, 18 months and 4–6
years of age) across Canada in 1997–1998 and subsequently to
the introduction of an adolescent acellular pertussis booster dose,
implemented by all provinces and territories across Canada by
the fall of 2004. The impact of these immunization changes on
the burden of disease and the age distribution of pertussis in
Canada is currently being monitored through surveillance activ-
ities. Recommendation for routine adult pertussis immunization
is pending the results of ongoing surveillance and further infor-
mation on the anticipated impact and safety of repeat doses, their
optimal targeting and spacing across the lifespan.

Although pertussis is a problem in adults in North Amer-
ica, some of the GPI participants thought that there are insuffi-
cient data to support current immunization of all adults. There-
fore an adult strategy may focus on specific adult subgroups
such as young adults and new parents, close contacts of new-
borns, health care workers and child care workers. An immuni-
zation program in targeted adult subgroups is unlikely to have an
effect on the epidemiology of pertussis and thus is less of a
public health intervention than a personal protection strategy.
There are no data to support the immunization of parents and
other close contacts of newborns, but this is a logical strategy
and there is no risk associated with the intervention.

The North American Global Pertussis Initiative partici-
pants suggested that adolescent immunization is simply the first
step toward achieving universal adolescent and adult immuniza-
tion. Groups of adults who could be targeted initially could in-
clude new parents, people in close contact with young infants, such
as other family members, and health care and child care workers.

RESEARCH NEEDED TO SUPPORT
RECOMMENDED STRATEGIES

Pertussis is still widely perceived to be an infant disease.
Practitioners do not generally consider pertussis when diagnos-
ing adolescent or adults, leading to significant underreporting of
the disease, particularly in adults and adolescents.16,17 Accurate
information on the true incidence of the disease is required for
physicians, health authorities, health insurers and the general
public to understand the need for universal adolescent immuni-
zation (or immunization of adults). To obtain this information,
standardized laboratory techniques must be made widely avail-
able, and surveillance techniques must be improved. Of partic-
ular use would be the establishment of linked disease-vaccine
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registries to monitor the incidence of pertussis among immu-
nized and nonimmunized populations.

More information on the duration of immunity provided
by both childhood and adolescent aP vaccines will enable
boosters to be timed for optimal effect. Because individuals
would likely be required to have several aP immunizations in a
lifetime, an accurate tolerability profile of the sixth and subse-
quent boosters is necessary.

In addition, studies of the feasibility of eliminating the
pertussis booster dose at 2 years of age must be performed. Also
to be considered is the elimination of the 6-month injection,
rather than the booster (similar to the Swedish schedule of a
2-dose primary immunization and a booster in the second year of
life). Ongoing correlates of immunity studies and extensive
household contact studies with available data on cell-mediated
immunity and antibody titers before exposure are also needed.

Research into the impact of adolescent and adult immu-
nization on transmission to infants is needed to support the
ongoing implementation of these strategies. Data are addition-
ally required to demonstrate the population effectiveness of
strategies targeted at specific subgroups. In addition, immuniza-
tion as a condition of employment (eg, health care and child care
workers) cannot be supported in the absence of appropriate
vaccine efficacy and epidemiologic data.

POTENTIAL OBSTACLES TO IMPLEMENTING
RECOMMENDED IMMUNIZATION STRATEGIES
Availability of Appropriate Vaccines. No dTaP vaccine is
currently licensed for use in adolescents in the United States,
but one is available in Canada; no stand alone aP vaccine is
available in either country. Until a dTaP vaccine is available
in the United States, neither universal adolescent nor adult
immunization can be implemented. Research, development
and clinical testing of a stand alone vaccine are ongoing.
Access to Target Populations. One strategy to ensure that
adolescents are immunized against pertussis is to immunize
them when they receive a dT booster. Compliance is en-
hanced by requiring immunization for school entry. In Can-
ada, school-based immunization programs are widely ac-
cepted; but in the United States, immunizations are more
often administered by physicians at routine clinic visits. Thus
education of physicians and parents will be of particular
importance to the success of the strategy in the United States.
Experience from influenza immunization shows that compli-
ance with these types of programs is low; in the absence of
robust data on the benefits of immunization, this is unlikely to
be any greater for pertussis programs. Given that adult per-
tussis vaccination, if routinely recommended, will likely be
administered as dTaP replacement of currently recommended
adult Td boosters, efforts to understand the determinants and
deterrants of current uptake in adults in anticipation of rec-
ommended pertussis programs are under way.18

If immunization is to be extended beyond adolescents,
access to the target population will be more difficult. Possible

mechanisms by which adults could be targeted include occupa-
tional health programs and hospital-based epidemiology pro-
grams. Experience from influenza immunization shows that
compliance with these types of programs is low; in the absence
of robust data on the benefits of immunization, this is unlikely to
be any greater for pertussis programs.

Large scale public health education programs would be
needed to convince other groups of adults of the benefits of
pertussis immunization, such as those in close contact with
young infants (eg, parents and relatives). Gaining access to this
group would also be difficult, although parents would be rela-
tively easy to contact. Obstetricians and nurse midwives would
be ideally placed to promote the importance of immunization to
these close contacts of newborns. Moreover, a strategy of im-
munization of women in late pregnancy to give newborns
protection through transplacental antibodies is worthy of explor-
ation, as the safety and efficacy of influenza and other vaccina-
tions in this group is already well documented.19

Availability of Appropriate Delivery Infrastructures. The de-
livery of vaccine is not a major barrier to the implementation of
adolescent pertussis immunization since a delivery infrastructure
is already in place for dT vaccines, via either schools or routine
visits to pediatricians. However, it could be improved in regions
that do not require immunization before high school entry.

Vaccine delivery to subgroups of adults, such as health
care and child care workers, may be feasible on entry into
training or employment. However, given the age that this might
occur, this should be coordinated with adolescent booster im-
munization. Household and family contacts with young infants
may be a harder population to target, as this approach does not
complement any other schedule that is currently in use.

For any expanded immunization program, intensive edu-
cation of physicians, nurses, other health care providers, gov-
ernment agencies and insurers will be necessary to ensure
effective delivery, after research to demonstrate the effectiveness
of these education programs.
Diagnosis and Surveillance. Pertussis is unlikely to be accu-
rately diagnosed or reported if neither the general public nor
health care professionals are sufficiently aware of the disease or,
if they are aware of it, they do not have access to reliable
diagnostic methods. Large scale education programs are needed
to raise awareness of pertussis disease and the importance of
immunization among physicians and other health care profes-
sionals. Improvements in laboratory diagnostic methods should
include the availability and easy accessibility of routine poly-
merase chain reaction and/or single specimen antibody tests.
Both polymerase chain reaction and serologic assays, where
routinely applied, have contributed to a fuller understanding of
the epidemiologic profile of pertussis, and, in particular, the
impact of pertussis in older age groups.14 A new rapid, widely
accepted and readily available diagnostic test is needed. Im-
proved surveillance systems will also be needed to monitor the
impact of any adolescent and adult immunization programs.
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Resources, the Health Care Agenda and Policy Makers. It is
acknowledged that there would be a financial consideration if
pertussis immunization strategies were expanded.

Economic modeling to demonstrate the cost effectiveness
of adolescent immunization, combined with epidemiology data
from the areas of Canada where this strategy is already being
implemented, should help to inform pertussis immunization
programs.20 Further cost effectiveness studies must be con-
ducted. Similarly reimbursement and insurance issues must be
addressed as soon as such data become available.
Education and Awareness. Because pertussis is no longer
perceived by the general public and health care professionals to
be a serious disease, education programs aimed at health care
professionals who treat adolescents and adults will play a central
role in the acceptance of new immunization strategies. However,
education programs must be based on reliable data. Of particular
importance are data on the incidence of pertussis in adolescent
and adult populations, and the transmission of disease to unim-
munized or incompletely immunized infants. Data are required,
too, to show the effectiveness of targeted immunization in
comparison with universal immunization. Such data are needed
to convince groups of experts who influence the content and
structure of immunization programs at the level of national
government about the importance of pertussis. Improved diag-
nosis and surveillance will make a major contribution to both
education and awareness.

CONCLUSION
Of the strategies evaluated by GPI participants, universal

adolescent immunization is currently the first step to extend
coverage of current immunization schedules in the United States
and Canada. Indeed adolescents in all provinces and territories
of Canada have benefitted from publicly funded dTaP programs
since the fall of 2004, conveniently implemented as replacement
doses for previous Td boosters. Phase IV, postmarketing eval-
uations of the tolerability and impact of adolescent programs in
Canada will provide important data to inform future global
developments with respect to pertussis immunization. It is there-
fore possible that this strategy may be extended to include
specific target groups within the adult population to extend the
duration of protection, assuming the availability of data to show
the effectiveness of targeted immunization.

The perception of pertussis as a low risk illness is one of
the main obstacles to an extension of North American immuni-
zation programs to adolescents and, eventually, adults. Effective
childhood pertussis immunization programs have reduced the
incidence of serious cases of the disease to sufficiently low
levels that it is no longer perceived to be a significant public
health problem. However, pertussis continues to pose a serious
threat to the lives of young infants who are unimmunized or
incompletely immunized.21

Improved awareness of pertussis as a major public health
problem will encourage adolescents and adults to seek treatment
of persistent cough and will improve diagnostic accuracy. Im-
proved detection should also lead to a more accurate estimate of

the true incidence of the disease. Disease registries would be
particularly useful in this respect. Without such data, it is
difficult to measure the true impact, in particular the cost effec-
tiveness, of any immunization strategy. Moreover such data may
eventually lead to a change in the timing of pertussis boosters to
provide optimal protection. However, the GPI participants feel
that adolescent immunization should be encouraged now on the
basis of existing data to prevent further pertussis-related mor-
bidity in teens themselves and possibly also mortality in the most
vulnerable, infants.
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