
— Part 3 —
Active Immunizing Agents

BCG Vaccine
Mortality and morbidity from tuberculosis (TB) have declined significantly in Canada
since the Second World War (see Figure). There was a 35% decrease in the number of
reported cases of TB from 1980 (2,762 cases) to 1998 (1,798 cases). Between 1994 and
1998 an average of 1,929 cases were reported annually. Among children < 5 years
the reported incidence of cases was 4.2 per 100,000 in 1998.

Of the infectious diseases, TB is a leading cause of morbidity and mortality worldwide.
There is growing global concern about the emergence of drug-resistant strains, which
are threatening to make TB incurable again; moreover, the resurgence of the disease
is being accelerated by the spread of HIV. In 1993, the WHO declared tuberculosis to
be a “global emergency”.

In Canada, the incidence of TB varies from one geographic region to another. Rates
increase with age among both sexes, particularly males. Groups at highest risk
include Aboriginal populations and immigrants from areas with a high prevalence
of the disease. Other people at high risk include those infected with both HIV and
tubercle bacilli, close contacts of people with untreated TB, the elderly and the
homeless.
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TB control measures include (1) early identification of people with active (infectious)
disease and treatment of each case until cured; (2) appropriate chemotherapy for those
infected with Mycobacterium tuberculosis but without active disease; (3) measures
in health care facilities and other institutions to prevent nosocomial/institutional
spread; and (4) BCG immunization of selected population groups.

Preparations Licensed for Immunization

Bacille Calmette-Guérin (BCG) vaccine contains live, attenuated bacteria of a strain of
M. bovis. It is available as a lyophilized preparation for intradermal/intracutaneous
use. Instructions in the manufacturer’s product leaflet for suspending and adminis-
tering vaccine should always be followed, especially when BCG vaccine is used in
children < 2 years old, since the dose is reduced.

Efficacy and Immunogenicity

There are many BCG vaccines available in the world today. All are derived from the
original strain, but they vary in immunogenicity, efficacy and reactogenicity. In par-
ticular, the field efficacy of BCG immunization has varied in several studies. A recent
meta-analysis of 13 prospective studies showed an overall protective effect of 51%
(95% confidence interval [CI] 30%-66%) in preventing TB and a 71% (95% CI
47%-84%) protective effect against death due to tuberculosis. An analysis of 10
case-control studies showed similar results, with a protective effect of 50% (95% CI
36%-61%) against TB. The protective effect was greater in infants and children than
adults in the meta-analyses. An enhanced protective effect was also noted in studies in
which BCG was given to newborns or infants. These studies are consistent with two
case-control studies involving Canadian Aboriginal populations. Five studies reporting
on tuberculous meningitis showed a protective effect of 64% (95% CI 30%-82%).

The protective effect of immunization increases with increased distance from the
equator. The significance of this finding is unclear at present. Many factors have been
considered to explain variations among studies, including BCG strain, infection with
non-tuberculous mycobacteria, climate, storage of vaccine, vitamin D and sunlight,
and population genetics. BCG strain differences were not an independent risk factor
in the meta-analysis. At the present time there is no clear explanation for the varia-
tion among studies or in the duration of immunity when efficacy has been shown.

The BCG vaccines available in Canada are licensed for their ability to produce a posi-
tive tuberculin reaction. In individuals receiving BCG immunization to prevent TB, a
positive tuberculin skin test usually results. However, there is no clear relation between
the development of cutaneous, delayed-type hypersensitivity and protection from
tuberculous disease.

BCG vaccine does not provide permanent or absolute protection against TB. This
disease should be considered as a possible diagnosis in any vaccinee who presents
with a suggestive history, or signs or symptoms of TB.
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Preparations Used for Immunotherapy

Lyophilized preparations of BCG for intravesical use in the treatment of primary and
relapsed carcinoma in situ of the urinary bladder are formulated at a much higher
strength and must not be used for TB immunization purposes.

Recommended Usage

Because BCG immunization usually results in a positive tuberculin skin test, the
benefits gained by immunization must be carefully weighed against the potential
loss of the tuberculin test as a primary tool to identify infection with M. tuberculosis.
In Canada, TB rates are relatively low, and the tuberculin test has become increas-
ingly useful as an epidemiologic, case finding and diagnostic tool. In the United
States, the increase in rates of multidrug-resistant TB has led to a re-evaluation of
the use of BCG in selected settings as a primary intervention, but no broadening of
criteria for more widespread use has been suggested.

BCG should be given only to people with a negative tuberculin skin test (Mantoux 5 TU
PPD-S). Infants < 6 weeks of age do not need to be tuberculin tested before receiving
BCG vaccine since reactivity does not develop before this age.

BCG immunization will not prevent the development of active TB in individuals
who are already infected with M. tuberculosis.

BCG vaccine is recommended for the following people:

� Infants and children belonging to groups with high rates of new infections, i.e., in
excess of 1% per year, when other control measures have proved ineffective.

� Infants and children with negative tuberculin skin tests who are at high risk of
intimate and prolonged exposure to persistently untreated or ineffectively treated
patients (e.g., because of multidrug resistance) with infectious pulmonary TB,
unless they can be removed from the source of exposure or given long-term pre-
ventive therapy.

� Individuals repeatedly exposed to people with untreated or inadequately treated
active TB in conditions under which normal preventive measures are not possible
or have been unsuccessful, e.g., when multidrug-resistant TB is involved.

� BCG immunization may be considered for health care workers (including medical
laboratory workers) at considerable risk of exposure to tubercle bacilli, especially
drug-resistant bacilli, when protective measures against infection are known to
be ineffective or not feasible. Consultation with a regional TB and/or infectious
disease expert is recommended before BCG vaccine is administered.

� BCG immunization may be considered for travellers planning extended stays in
areas of high tuberculosis prevalence, particularly where a program of serial skin
testing and appropriate chemotherapy may not be feasible or where primary
isoniazid resistance of M. tuberculosis is high. Travellers are advised to consult a
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specialist in travel medicine or infectious disease when considering a decision for
or against BCG immunization.

Usual Response to Immunization

The development of erythema, papule formation or superficial ulceration 3 to 6 weeks
after intradermal BCG injection usually indicates successful immunization. Some
enlargement of the regional lymph nodes usually accompanies the lesions at the
immunization site. Most authorities believe that development of a typical pustule
and scar at the site indicates that protection has been conferred.

The relation between development of a positive tuberculin skin test and the protective
efficacy of BCG has not been well studied. However, present methods of immuniza-
tion usually induce positive tuberculin tests for approximately 5 years in the majority
of vaccinees. The size of response to a tuberculin skin test decreases with time.
Tuberculin reactivity may be diminished or transiently abolished during the course
of certain viral infections, particularly measles.

Booster Doses and Re-immunization

Re-immunization with BCG is not recommended and should be addressed in consul-
tation with regional TB or infectious disease experts. Tuberculin skin testing used as
a basis for decisions on BCG re-immunization should be discontinued.

Storage Requirements

The vaccine should be protected from heat and direct sunlight and stored according
to the manufacturer’s instructions, usually at a temperature � 5o C. Reconstituted
freeze-dried vaccine should be kept refrigerated when not in use and discarded if not
used within 8 hours.

Simultaneous Administration with Other Vaccines

BCG should not be given within 4 weeks after administration of any live vaccine,
since these vaccines are known to suppress the tuberculin reaction.

Adverse Reactions

Adverse reactions are more common in young vaccinees (infants versus older children)
and are frequently related to improper technique in administration (mainly improper
dilution). Most reactions are generally mild and do not require treatment. A change
to the current infant dose of vaccine has decreased the incidence of these reactions
among infants to < 2%.

Reactions may include persistent or spreading skin ulceration at the immunization
site, inflammatory adenitis and keloid formation. Moderately severe and, very
rarely, severe reactions can occur. Rates of such incidents appear to vary with the
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strain of vaccine, dose and method of immunization, and the age of the recipient.
Moderately severe reactions, such as marked lymphadenitis or suppurative adenitis,
occur in 0.2 to 4.0 per 1,000 vaccinees.

Disseminated BCG infection, which may be fatal, occurs very rarely (about 1 in
1 million vaccinees) and is seen almost exclusively in people with impaired immune
responses. Three such cases (two fatal) in severely immunocompromised infants
were reported in Canada between 1993 and 1998; one was associated with HIV infec-
tion. Severe osteitis/osteomyelitis can also occur very rarely.

Contraindications

BCG immunization is contraindicated for people with immune deficiency diseases,
including HIV infection, altered immune status due to malignant disease, and impaired
immune function secondary to treatment with corticosteroids, chemotherapeutic
agents or radiation. Extensive skin disease or burns are also contraindications. BCG
is contraindicated for individuals with a positive tuberculin skin test, although
immunization of tuberculin reactors has frequently occurred without incident.

Immunization of pregnant women should preferably be delayed until after delivery,
although harmful effects on the fetus have not been observed.

The vaccine should not be administered to individuals receiving drugs with anti-
tuberculous activity, since these agents may be active against the vaccine strain.

Other Considerations

It is impossible to differentiate between a positive tuberculin reaction due to BCG
immunization and one that is the result of infection. The following is an extract from
the Canadian Tuberculosis Standards, 5th edition1, which provides assistance in
interpretation:

“BCG vaccination may have been received by several population groups, including
immigrants from many European countries and most developing countries. In Canada,
many Aboriginal Canadians and persons born in Quebec and Newfoundland from
the 1940s until the early 1980s have been vaccinated.

From studies conducted in Canada and in several other countries, if BCG is received in
infancy (the first year of life), it is very unlikely to cause tuberculin reactions of 10 mm
or more after the age of 2 or 3. Therefore, a history of BCG vaccination received in
infancy can be ignored in all population groups when interpreting a tuberculin reac-
tion of 10 mm or greater.

If the BCG vaccination was received between the ages of 2 and 5, persistently positive
tuberculin reactions will be seen in 10% to 15% of subjects even 20 to 25 years later.
Among subjects vaccinated at the age of 6 or older (i.e. during school age years), up

75

1 Reprinted with kind permission from Canadian tuberculosis standards, 5th edition. Ottawa: Canadian Lung
Association, 2000.
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to 25% will have persistent positive reactions. BCG-related reactions may be as large
as 25 mm or even greater. Therefore if BCG vaccination was received after the first
year of life, it can be an important cause of false-positive tuberculin reactions, particu-
larly in populations in which the expected prevalence of TB infection (i.e. true-positive
reactions) is less than 10%. This means that in the general population of non-
Aboriginal Canadians or immigrants from industrialized countries who received
BCG vaccinations after the age of 2, this would be the more likely cause of a positive
test than true infection.

On the other hand, in populations with a high prevalence of TB infection, such as
immigrants from TB-endemic countries, Aboriginal Canadians, or close contacts of
an active case, the likelihood of true infection would be greater than the likelihood
of a false-positive reaction, and BCG vaccination should be ignored. An additional
group in whom the history of BCG vaccination should be ignored are those with
high risk of development of active disease if infected, such as immunocompromised
individuals, those with renal failure, diabetes, or HIV, or patients with abnormal
chest radiograph consistent with inactive TB.”
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Cholera Vaccine
Cholera is an acute bacterial infection that presents as profuse, watery diarrhea. It is
associated with rapid dehydration and occasionally hypovolemic shock, which may
be life threatening. The disease is caused by an enterotoxin produced by Vibrio
cholerae. Two serogroups, 01 and 0139 (Bengal), have been implicated in human
epidemics. Within the serogroup 01 are the classical and El Tor biotypes.

Mortality ranges from 50% or more without treatment to < 1% among adequately
treated patients. Treatment consists mainly of oral or parenteral rehydration. Cholera
infection is associated with poor sanitation and is generally acquired from contami-
nated water or food, particularly undercooked or raw shellfish and fish.

The spectrum of disease is wide, with mild and asymptomatic cases occurring more
frequently than severe ones. The ratio of symptomatic to asymptomatic cases varies
from strain to strain. In El Tor infections, this ratio (1:50) is much lower than in
cholera infection due to the classical biotype (1:5). Humans are the only known
natural host.

Cholera is a quarantinable disease subject to international health regulations. It
must be reported to the World Health Organization (WHO) within 24 hours through
Health Canada’s Division of Quarantine, Travel and Migration Health. The Division
must be contacted immediately in the event of a suspected case, at 613-957-3236
(after hours, telephone the medical officer on call at 613-545-7661).

Epidemiology

The seventh cholera pandemic began in 1961, when V. cholerae of the El Tor biotype
spread through southern Asia, the Middle East, Eastern Europe and, in 1970, Africa.
In 1991, the El Tor biotype caused an outbreak in Peru, which led to an extensive
epidemic in other Amazonian and Central American countries.

During the 1990s, a new strain of cholera, serogroup 0139 (Bengal), caused an epi-
demic that began in India and Bangladesh, around the Bay of Bengal. This epidemic
spread to other countries in Asia, but not outside the region.

In Canada, three cholera cases were reported in 1998; preliminary surveillance data
indicate that there were none in 1999 and five (unconfirmed) in 2000. Between 1993
and 1997 there were 23 reported cases of the biotype El Tor or Ogawa. Although travel
history was not given for all cases, the reported destinations included El Salvador,
Mexico, the Dominican Republic, India and Pakistan. Many of these people had trav-
elled to private homes. No secondary transmission was noted, which is as expected
in countries such as Canada that have modern sanitation, good hygiene and clean
water supplies, and a low risk of transmission.

For travellers, prevention relies primarily on care in the choice of food and water
supply and in the use of good hygienic measures rather than on immunization.
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Preparations Licensed for Immunization

Oral, live attenuated cholera vaccine, CVD 103-HgR (Mutacol®), is licensed in Canada
for use in adults and children > 2 years. Cloned strains of V. cholerae are used in its
preparation. The vaccine also contains aspartame (a phenylalanine derivative), which
is added as a sweetener. The buffer solution contains sodium bicarbonate, ascorbic
acid and lactose, which serve to neutralize gastric acid.

There is no cholera vaccine currently available that has been shown to protect
against the 0139 Bengal strain in South Asia.

CVD 103-HgR has not been shown to offer protection against enterotoxigenic
Escherichia coli (ETEC)-associated diarrhea, which is a common cause of diarrhea
in travellers. An experimental oral vaccine containing cholera toxin B-subunit and
whole inactivated cholera bacteria (BS-WC), which is not currently licensed in Canada,
may offer some protection against ETEC-associated diarrhea as well as against
cholera.

A combined, live attenuated oral cholera/typhoid vaccine (Colertif Berna®) is licensed
but not currently distributed in Canada.

Parenteral, inactivated cholera vaccine offers short, limited effectiveness and is not
recommended for Canadians travelling to endemic areas.

Note: This chapter will deal only with the oral cholera CVD 103-HgR vaccine.

Efficacy and Immunogenicity

Seroconversion rates over 90% have been reported after a single, oral dose of the
vaccine, occurring as early as 8 days after administration and lasting for 6 months.
Efficacy studies have been carried out in volunteers challenged with pathogenic
V. cholerae of both biotypes and serotypes. Protection against the classic biotype
was demonstrated among 82% to 100% of subjects, and protection against the
El Tor biotype among 62% to 67% of subjects exposed. However, even when the vac-
cine did not provide complete protection, no volunteer lost > 1 litre of diarrheal
fluid in 24 hours.

Of note is the observation that there is no efficacy against the 0139 Bengal strain.

Recommended Usage

Travellers should take all the necessary precautions to avoid contact with or inges-
tion of potentially contaminated food or water since not all recipients of the vaccine
will be fully protected against cholera. This is particularly true for travellers to areas
where 0139, for which there is no vaccine, is endemic.

The WHO indicates that since 1992 no country or territory has required a certificate
of immunization against cholera. Cholera immunization is no longer required or
recommended for the vast majority of Canadian travellers. People following the
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usual tourist itineraries in countries affected by cholera are at virtually no risk of
acquiring infection.

Travellers who may be at increased risk (e.g., health professionals working in
endemic areas or workers in refugee camps) may benefit from immunization. A
detailed, individual risk assessment should be made in order to determine likely
candidates.

Route of Administration

The oral cholera vaccine is administered as a single dose with the provided buffer
solution, mixed as a drink in cold or lukewarm water. It should be taken 1 hour
before food or drink.

Booster Doses and Re-Immunization

An optimal booster dose or interval has not yet been established. The manufacturer
recommends a repeat dose every 6 months, if indicated.

Serologic Testing

There is no indication for pre- or post-immunization serologic testing.

Storage Requirements

CVD 103-HgR should be stored at a temperature between 2o and 8o C in a dry place and
be protected from light; it should not be frozen. The reconstituted vaccine should be
ingested as soon after mixing as possible.

Simultaneous Administration with Other Vaccines

The administration of oral typhoid vaccine (Ty21a) capsules and oral cholera vaccine
should be separated by at least 8 hours. The newer form of the same oral typhoid vac-
cine available in a sachet form does not need to be separated from the oral cholera
vaccine, and the two can be given together, mixed with a single sachet of buffer.

There is no problem anticipated with the concomitant administration of oral cholera
vaccine with killed vaccines. The concomitant administration of oral polio vaccine
(no longer used in Canada) or yellow fever vaccine does not interfere with the immune
response to oral cholera vaccine.

Adverse Reactions

Randomized controlled trials involving several thousand subjects have been carried out
in a number of cholera-endemic and non-endemic areas, and have demonstrated
good safety of the CVD 103-HgR (Mutachol®) vaccine. The side effect profile was
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similar in the placebo and vaccine groups and included nausea, abdominal cramps
and diarrhea, all of which were mild in nature and of short duration.

Contraindications and Precautions

Hypersensitivity to the vaccine or the buffer components is a contraindication to
further doses. Patients with phenylketonuria must be aware that the vaccine contains
aspartame (a phenylalanine derivative), at 17 mg of phenylalanine per double-chamber
sachet. The vaccine should not be given during an acute febrile illness or to any per-
son with acute gastrointestinal disease.

Excretion of vaccine organisms is minimal, and spread to contacts of vaccinees is
unlikely.

Pediatric use: Because the safety of the oral cholera vaccine has not been established
in children < 2 years of age, the product is not recommended for this age group.

Use in pregnant women and nursing mothers: There are no data on the safety of the
vaccine in pregnancy. Since it is a live vaccine, it should be used with caution in
pregnant and nursing women. A risk/ benefit analysis should be carried out to deter-
mine whether an individual in these groups should be immunized. It is not known if
the vaccine is excreted in human milk.

Use in immunocompromised hosts: There are no data on the safety of the vaccine in
such groups, and the vaccine should be used with caution in the immunocompromised
or immunosuppressed. An individual risk assessment should be carried out to deter-
mine the indications for immunization.

Other Considerations

Simultaneous administration with antibiotics or antimalarials: Antibiotics may
interfere with the effectiveness of the vaccine. People receiving therapy with antibi-
otics should wait 7 days after the completion of therapy before taking the oral cholera
vaccine.

Antimalarial prophylaxis, specifically chloroquine and doxycycline, may interfere
with the effectiveness of the vaccine, and therefore antimalarial prophylaxis with
these medications should start no sooner than 7 days after administration of the oral
cholera vaccine.

Antimalarial prophylaxis with mefloquine or proguanil does not interfere with the
effectiveness of the oral cholera vaccine and therefore can be administered
simultaneously.

Summary of Recommendations

1. Oral cholera vaccine (CVD 103 HgR) offers protection against serogroup 01. It does
not protect against serogroup 0139 (Bengal strain).
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2. The use of CVD 103 HgR is not routinely recommended for the prevention of
cholera in the majority of travellers to endemic areas, and a detailed, individual
risk assessment should be used to detect a traveller at increased risk of acquiring
cholera (e.g., aid workers or health care professionals working in endemic areas).

3. CVD 103 HgR has not been shown to offer protection against ETEC-associated
travellers’ diarrhea.

4. Travellers are advised to follow the CATMAT recommendations for the prevention
and treatment of travellers’ diarrhea.
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Diphtheria Toxoid
Diphtheria is a serious communicable disease caused by toxigenic strains of
Corynebacterium diphtheriae. The case-fatality rate remains at 5% to 10%, the
highest death rates occurring in the very young and the elderly. The organism may be
harboured in the nasopharynx, skin and other sites of asymptomatic carriers, making
eradication of the disease difficult.

Epidemiology

Routine immunization against diphtheria in infancy and childhood has been widely
practised in Canada since 1930. In 1924, there were 9,000 cases reported, the highest
annual number ever recorded in Canada (see Figure). At the same time, diphtheria
was one of the most common causes of death in children from 1 to 5 years of age. By
the mid-1950s, routine immunization had resulted in a remarkable decline in the
morbidity and mortality of the disease. Only one or two cases have been reported
annually in recent years, and classic diphtheria is a rarity.

Toxigenic strains of diphtheria bacilli are still detected each year in carriers (in the
pharynx, skin and ear), sometimes associated with mild clinical symptoms. Asymp-
tomatic carriage of C. diphtheriae is far more common than clinical diphtheria. The
disease occurs most frequently in unimmunized or partially immunized individuals.
Although occasional cases of mild clinical diphtheria do occur in apparently fully
immunized people, antitoxin stimulated by immunization is believed to persist at
protective levels for 10 years or more. Recent serosurveys of healthy adult populations
in Canada indicate that approximately 20% of those surveyed (higher in some age
groups) do not have protective levels of antibody to diphtheria. The actual levels of
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serosusceptibility in the general adult population may be even higher. The potential
for disease re-emergence if immunization levels are allowed to fall has been demon-
strated most recently in the Commonwealth of Independent States (former Soviet
Union), where tens of thousands of cases and substantial mortality have been
reported.

Preparations Licensed for Immunization

Diphtheria toxoid is a cell-free preparation of diphtheria toxin detoxified with form-
aldehyde. It is highly immunogenic, but two to three primary doses are necessary to
ensure reliable seroconversion and sufficiently high concentrations of protective anti-
body. Titres decline slowly with time but can be boosted by additional doses. In terms
of protection against diphtheria, the significance of loss of antitoxin in adequately
immunized people is not clear. The immunity conferred is antitoxic, not antibacte-
rial, and thus protects against the potentially lethal systemic effects of diphtheria
toxin but not directly against local infection. However, carriage of C. diphtheriae
has been observed to be lower in immunized populations.

Diphtheria toxoid is available as a preparation adsorbed with aluminum phosphate
and combined with other toxoids or vaccines (e.g., tetanus, poliomyelitis or pertussis,
see Appendix III). The amount of toxoid present is measured in flocculating units
(Lf). It should be noted that the amount of diphtheria toxoid in combined prepara-
tions of diphtheria and tetanus toxoids varies widely with the specific product and
manufacturer. Preparations containing only 2 Lf of diphtheria toxoid (commonly
designated Td) are intended for use in people � 7 years of age.

Recommended Usage

Routine immunization against diphtheria is recommended for everyone, regardless
of age at which immunization is begun. Adsorbed vaccines must be injected
intramuscularly.

Primary immunization of children < 7 years of age

It is preferable to use products in which diphtheria toxoid is combined with acellular
pertussis vaccine and tetanus toxoid (DTaP), with or without inactivated poliomyelitis
vaccine (DTaP-IPV) and Haemophilus influenzae type b (Hib) conjugate vaccine.
The primary immunizing course of diphtheria toxoid alone or in combination con-
sists of four doses and should ideally begin at 2 months of age. Diphtheria toxoid is
most conveniently given as part of the recommended routine immunization schedule
(see Part 2: Recommended Immunization Schedules). If the routine schedule is not
adhered to, the following guidelines should be observed.

The recommended time interval between the initial three doses is normally 8 weeks.
Longer intervals do not compromise the final level of antibody achieved, but the
interval between doses should not be < 4 weeks. The fourth dose should be given 6 to
12 months after the third. A further booster dose is recommended 30 to 54 months
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after the fourth dose, most commonly at 4 to 6 years (school entry). This booster
dose is not necessary if the fourth dose in the primary series was given on or after the
fourth birthday. Although diphtheria toxoid is not essential for the fifth dose, a fifth
dose of pertussis vaccine is strongly recommended and is most easily given com-
bined with diphtheria and tetanus toxoids. An additional booster dose of adult-type
preparation (Td) should be given at 14-16 years of age (school leaving booster) and
at least once again during adult life (see below).

Primary immunization of persons � 7 years of age

The recommended agent is a combined adsorbed tetanus and diphtheria preparation
(Td, adult-type) containing less diphtheria toxoid than preparations given to younger
children. This reduced amount is less likely to cause reactions in older people. Two
doses are given 4 to 8 weeks apart, with a further dose 6 to 12 months later to com-
plete the course.

Booster Doses

The need for regular boosters during adult life has never been established. In Canada
and the U.S., diphtheria rarely develops in adults who have completed a primary
series of immunizations, despite a general failure to observe the recommendation
for 10-year boosters. At the same time, the relation between limited compliance
with this recommendation and the current favourable disease control status is
unknown. Consequently, there are few firm data on which to base a recommenda-
tion for less frequent boosters; moreover, antitoxin levels are known to decline with
time.

Ensuring that children receive the recommended series of doses, including the
school leaving dose at 14 to 16 years of age, and that adults have completed primary
immunization should be the first priority.

The acceptable options for adult booster doses are

� to continue to offer boosters of Td at 10-year intervals, or

� as a minimum, to review immunization status at least once during adult life, e.g., at
50 years of age, and offer a single dose of Td to everyone who has not received one
within the previous 10 years.

In addition,

� People who are travelling to areas where they are likely to be exposed to diphtheria
may be offered a booster dose of Td if > 10 years have elapsed since their most
recent booster.

� If a case of diphtheria occurs, close contacts (household, classroom or similar)
should be given a dose of a toxoid preparation appropriate for their age unless
they are known to have been fully immunized and the last dose was given in the
previous 10 years. The remaining doses required to provide full immunization
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should be given to any contacts who were previously unimmunized or incom-
pletely immunized. Patients convalescent from diphtheria should be given a
complete primary course of toxoid, unless serologic testing indicates protective
levels of antitoxin, since diphtheria infection does not always confer immunity.

People requiring a booster dose of tetanus toxoid for wound management should
receive Td as a convenient means of reinforcing their diphtheria protection.

Adverse Reactions

Diphtheria toxoid may cause severe but transient local and febrile reactions in children
and adults, the frequency increasing with age, the dose of toxoid and the number of
doses given. A large proportion of children receiving a booster dose of DTaP vaccine
at 4 to 6 years of age experience local redness and/or swelling of � 5 cm or more in
diameter. When a booster dose of Td is given at 14 to 16 years of age, only 10% expe-
rience marked local reactions.

Contraindications and Precautions

Individuals � 7 years of age should be given only those preparations formulated for
older children and adults (Td or dTap). Before a combined vaccine is given, it is very
important to ensure that there are no contraindications to the administration of any
of the other components.

When a combined diphtheria-tetanus preparation is being considered, care should be
taken to avoid administration of tetanus toxoid more frequently than is recommended
(see section on Tetanus Toxoid), or adverse reactions may result.

It is important to ensure that adsorbed products are given intramuscularly, since
subcutaneous injection of adsorbed products produces a much higher rate of local
reactions.

Combined Vaccines Against Diphtheria, Pertussis,
Tetanus and Poliomyelitis

It is recommended that diphtheria and tetanus toxoids, and acellular pertussis and
poliomyelitis vaccines always be administered in a combined formulation appropriate
for age.

Local and systemic reactions associated in the past with the primary series of DPT or
DPT-Polio containing whole cell pertussis vaccine appear to have been due primarily
to the pertussis component. Reaction rates of the combined vaccines were similar to
those of pertussis vaccine alone. Vaccines containing acellular pertussis vaccine
have much lower rates of adverse reaction, but local reactions have been observed
with the fourth and fifth doses of vaccine.
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Combined adsorbed preparations of diphtheria and tetanus toxoid formulated for
adults (Td or dTap) are the preferred immunizing agents for people � 7 years of age.
They are recommended as follows:

1. primary immunization of older children and adults against diphtheria and
tetanus;

2. regular booster doses for children at 14 to 16 years of age, and for adults; and

3. management of wounds when tetanus toxoid is indicated.

A combined adsorbed preparation containing diphtheria and tetanus toxoids, and
inactivated poliomyelitis vaccine (Td-Polio) is available for immunization of older
children � 7 years and selected adults. For details of usage and precautions to be
taken, see relevant sections of the Guide.

Discussion of control of cases and outbreaks in the community is beyond the scope
of this Guide.
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Haemophilus Vaccine
Haemophilus influenzae type b (Hib) was the most common cause of bacterial menin-
gitis and a leading cause of other serious invasive infections in young children
before the introduction of Hib vaccines. About 55% to 65% of affected children had
meningitis, the remainder suffering from epiglottitis, bacteremia, cellulitis, pneu-
monia or septic arthritis. The case-fatality rate of meningitis is about 5%. Severe
neurologic sequelae occur in 10% to 15% of survivors and deafness in 15% to 20%
(severe in 3% to 7%).

H. influenzae is also commonly associated with otitis media, sinusitis, bronchitis
and other respiratory tract disorders. However, since type b organisms seldom cause
these disorders, Hib vaccines have not affected their incidence.

Epidemiology

Before the introduction of Hib conjugate vaccines in Canada in 1988, there were an
estimated 2,000 cases of Hib disease annually. Since then the overall incidence has
fallen by more than 99%. The majority of cases occur now in children too old to have
received primary immunization. In 1998, 15 cases were reported in children < 5 years
of age. The incidence was 2 cases/100,000 children < 1 year of age and 0.5 cases/
100,000 children between the ages of 1 and 5 years. In 2000, only four cases
were detected by the 12 centres involved in the IMPACT (Immunization Monitoring
Program, Active) enhanced surveillance program across the country. Two of these
cases occurred in infants < 8 months of age who had not yet received the three-dose
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primary immunization series, and two cases were considered vaccine failures. Over
the few years preceding 2000 there had been several cases in unvaccinated children,
which were considered to have been preventable.

The risk of Hib meningitis is at least twice as high for children attending full-time
day care as for children cared for at home. The risk is also greater among children
with splenic dysfunction (e.g., sickle cell disease, asplenia) or antibody deficiency,
and among Inuit children.

Preparations Licensed for Immunization

All Canadian provinces and territories include Hib conjugate vaccine in their immu-
nization program for children. Hib conjugate vaccines are the second generation of
vaccines against Hib disease, having replaced an earlier polysaccharide product.
Polysaccharide-protein conjugate antigens have the advantage of producing greater
immune response in infants and young children than purified polysaccharide vaccine.
The latter stimulates only B-cells, whereas the former activates macrophages, T-helper
cells and B-cells, resulting in greatly enhanced antibody responses and establish-
ment of immunologic memory.

As of 1997, there are three Hib conjugate vaccines licensed for use in Canada in
infants � 2 months of age: HbOC (HibTITERTM), PRP-OMP (PedvaxHIBTM) and PRP-T
(Act-HIBTM). A fourth Hib conjugate vaccine, PRP-D (ProHIBITTM), is licensed for use
only in children � 18 months of age. PRP-D is currently not recommended in Canada
because it induces antibody responses that are suboptimal compared with other Hib
conjugate vaccines.

The Hib conjugate vaccines differ in a number of ways, including the protein carrier,
polysaccharide size and types of diluent and preservative. As of 1997, all Canadian
provinces and territories use the PRP-T vaccine because it is the only Hib conjugate
vaccine currently licensed for use that is combined with acellular pertussis vaccine
and diphtheria and tetanus toxoids, with or without inactivated polio vaccine.

The protein carriers in Hib conjugate vaccines should not be considered as immu-
nizing agents against diphtheria, tetanus or meningococcal disease.

Efficacy and Immunogenicity

HbOC, PRP-OMP and PRP-T stimulate good antibody responses after primary immu-
nization in infants starting at 2 to 3 months of age and prime them for an excellent
booster response at 15 to 18 months. The booster response can be elicited by any of
the conjugate Hib vaccines.

Across Canada, the H. influenzae conjugate vaccine is now given in combination with
diphtheria, tetanus, pertussis and polio as PentacelTM. Several studies have demon-
strated reduced antibody response to the Hib component when it is given as a combi-
nation vaccine, although the Hib responses are not reduced with PentacelTM. As well,
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since the switch to PentacelTM there has only been one breakthrough case of invasive
Hib disease in Canada after completion of the primary immunization series.

When given as a single dose to previously unimmunized children � 15 months of age,
HbOC, PRP-OMP and PRP-T stimulate excellent antibody responses (> 1 µg/mL) in
80% to 100% of children. The duration of immunity following completion of
age-appropriate immunization is unknown and warrants ongoing study. Current
data suggest that protection will be long lasting.

Capsular polysaccharide antigen can be detected in the urine of vaccinees for up to
2 weeks after immunization with conjugate vaccine. This phenomenon could be
confused with antigenuria associated with invasive Hib infection.

Hib conjugate vaccine failure, defined as onset of confirmed invasive Hib infection
more than 28 days after completion of the primary immunization series, can occur
but is rare with the products in current use.

Recommended Usage

Routine immunization with Hib conjugate vaccine is recommended for all infants
beginning at 2 months of age. It is preferable, when possible, to use the same product
for all doses in the primary series. However, available data suggest that a primary
immunization series consisting of three doses of different Hib conjugate vaccine
product results in adequate antibody responses. When use of a different product is
unavoidable, for instance, when a child moves from a jurisdiction using a different
Hib vaccine, the specific vaccine given for each of the primary series injections
should be carefully documented.

Children in whom invasive Hib disease develops before 24 months of age should still
receive vaccine as recommended, since natural disease may not induce protection.

Infections due to encapsulated bacteria, including H. influenzae, occur more com-
monly in those with primary and secondary disorders of the humoral immune system,
including disorders of antibody production or function, lymphoreticular or hemato-
poietic malignancies, antibody dyscrasias, protein wasting syndromes, anatomic or
functional asplenia, bone marrow transplantation and HIV infection. For previously
unimmunized adults and children > 5 years who have these underlying conditions,
the efficacy of Hib immunization is unknown. Despite limited efficacy data, Hib vac-
cine is commonly given to those with anatomic or functional asplenia and may be
considered in other immunocompromised people at increased risk of invasive Hib
infection. Consultation with an infectious disease expert may be helpful in these
cases.

Schedule and Dosage

The recommended schedule for PRP-T vaccine is shown in the Table along with the
schedules for other licensed products. The dose of each Hib conjugate vaccine is
0.5 mL. Infants and children starting a primary series of Hib vaccine after 2 months
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of age should be immunized as soon as possible according to the schedules shown in
the Table.

Previously unimmunized children 15 to 59 months of age should be given a single
dose of PRP-T, HbOC or PRP-OMP.

Preparation and Route of Administration

Hib conjugate vaccines that are supplied as a lyophilized powder should be reconsti-
tuted only with products supplied by the same manufacturer, as recommended in
product monographs. Conjugate vaccines should be administered intramuscularly.

Rifampin or other appropriate chemoprophylaxis is not required for household
contacts of index cases of invasive Hib infection when the contacts are completely
immunized against Hib. Complete immunization is defined as receipt of the pri-
mary Hib vaccination series and booster dose as presented in the Table. When con-
tacts < 48 months of age are not completely immunized, consultation with the local
public health unit is advised.

90

Vaccine
Age at 1st dose

(months) Primary series
Age at booster
dose* (months)

PRP-T†

(Aventis Pasteur)
2-6

7-11

12-14

15-59

3 doses, 2 months apart

2 doses, 2 months apart

1 dose

1 dose

15-18

15-18

15-18

HbOC‡

(Wyeth Ayerst)
2-6

7-11

12-14

15-59

3 doses, 2 months apart

2 doses, 2 months apart

1 dose

1 dose

15-18

15-18

15-18

PRP OMP**
(Merck-Frosst)

2-6

7-11

12-14

15-59

2 doses, 2 months apart

2 doses, 2 months apart

1 dose

1 dose

12

15-18

15-18

* The booster dose should be given at least 2 months after the previous dose.

† Supplied as lyophilized powder that can be reconstituted with any of the following Aventis Pasteur
products: the supplied diluent, DPT adsorbed, DPT polio adsorbed or QuadracelTM

‡ Supplied as a solution (HibTITERTM) for injection in a seperate limb from other vaccines or as a pre-
mixed  liquid formulation in combination with Wyeth Ayerst DPT adsorbed (TETRAMUNETM)

** Supplied as lyophilized powder that must be reconstituted only with the supplied Merck Frosst
diluent

Detailed Vaccination Schedule for Haemophilus b Conjugate Vaccines
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Booster Doses and Re-immunization

Protective serum antibody (anti-PRP) concentrations are achieved in 99% of chil-
dren after completion of the primary PRP-T immunization series of three doses.
Antibody levels subsequently decline, and at present a booster dose is given at 15 to
18 months of age with any of the Hib conjugate vaccines approved for use in infants.
Recent data from the United Kingdom, however, reveal that vaccine efficacy remains
high without the booster dose, despite declining antibody titres. This has led to the
conclusion that the 15-18 month booster dose may not be necessary if there is con-
tinued high uptake of primary immunization.

For children who have conditions that predispose them to infection with encapsu-
lated bacteria and who have already received the primary Hib immunization series
plus booster, it is not known whether additional doses of Hib vaccine are beneficial.

Storage Requirements

Hib conjugate vaccines should be stored at a temperature between 2o and 8o C and
should not be frozen. Vaccines that require reconstitution should be used immedi-
ately thereafter.

Simultaneous Administration with Other Vaccines

PRP-T and HbOC may be combined with vaccines produced by other manufacturers.
Combined vaccine products allow the administration of multiple antigens with the
use of a single needle and have safety profiles similar to those of separately adminis-
tered vaccines.

Any of the four Hib conjugate vaccines may be given simultaneously with polio,
measles, mumps, rubella, hepatitis B, pneumococcal and meningococcal vaccines,
but at a different site. There are no data on administration of Hib conjugate vaccines
at the same time as influenza vaccine.

Adverse Reactions

A temperature of > 38.3o C has been reported in a minority of infants given Hib con-
jugate vaccine either alone or in combination with other vaccines. A local reaction at
the site of injection, including pain, redness and swelling, occurs in 25% of immu-
nized children. These symptoms are mild and usually resolve within 24 hours. No
severe adverse reactions have been noted in clinical trials, although a few temporally
associated allergic reactions have been reported in older children receiving the vac-
cine as part of their routine immunization program.

Contraindications

Immunization is contraindicated for people who are allergic to any component of the
vaccine.
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Hepatitis A Vaccine
Hepatitis A virus (HAV) is an RNA virus of a single serotype. Infection usually causes
clinical hepatitis in adults and school-aged children but is often asymptomatic in
younger children. Typical symptoms of illness include anorexia, nausea, fatigue,
fever and jaundice. The severity of the illness increases with age. Recovery often
takes 4 to 6 weeks but may take months. Recurrent hepatitis for up to a year occurs
in about 15% of cases, but longer chronic infection is not known to occur. About 25%
of reported adult cases require hospitalization. Fulminant disease with liver necrosis
is rare but can be fatal. Individuals with pre-existing chronic liver disease are at
increased risk of serious complications from HAV infection. The overall estimated
mortality rate associated with hepatitis A is 0.1% to 0.3%, but this rises to 1.8% over
the age of 50.

Epidemiology

HAV is transmitted by the fecal-oral route, through direct contact with infected people
or indirectly through ingestion of contaminated water or foods, especially uncooked
shellfish. The virus may persist for days or weeks in the environment. Shedding of
the virus in feces and thus maximum infectiousness occurs during the latter part of
the incubation period with peak levels in the 2 weeks before clinical illness. Infec-
tiousness diminishes rapidly thereafter and ends shortly after the onset of jaundice.
Although humans are the principal reservoir for HAV, persistent infection does not
occur. The incubation period ranges from 15 to 50 days with an average of 20 to 30
days. Lifelong immunity usually follows infection.

In Canada, between 1990 and 1999, the annual number of cases of HAV infection
reported to the National Notifiable Disease Registry varied from 890 to 3,020, with
corresponding rates from 3.0 to 10.8 per 100,000 population. Given under- report-
ing and asymptomatic infection, however, the actual number of cases is consider-
ably higher. In 1999, the reported rate was 1.6 times higher among males than
females. Age-specific incidence rates were highest among those 25 to 59 years of age
and lowest among those < 5 years or > 59 years; 18% of all cases were < 15 years old,
an age group in which the disease is often asymptomatic. Although representative
data are not available for the general Canadian population, a study in a cohort of
women of child-bearing age by the British Columbia Centre for Disease Control
shows that age-specific prevalence rates of anti-HAV, indicating past infection,
increased consistently from age 15 and 16 (13.5%) to age 40 to 44 (40.6%).

Immunity to HAV infection increases with age. About 3% of children < 13 years old
are immune to HAV, as compared with more than 60% of adults > 60. The difference
in levels of immunity reflects progressive accumulation of immunity over time and
the greater likelihood of exposure in the past, when the infection was more
common.
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Risk factors for HAV infection in Canada include the following:

� residence in certain communities in rural or remote areas lacking adequate sani-
tation or a secure supply of potable water;

� residence in certain institutions, such as correctional facilities and those for
developmentally challenged individuals;

� oral or intravenous illicit drug use;

� sexual behaviours involving anal contact, particularly between men;

� travel to or residence in countries with inadequate sanitation.

Overall, the most commonly identified risk factor for HAV infection is household or
sexual exposure to a recent case. Twenty-five percent of cases have no identifiable
risk factor. In Canada, unlike in the U.S., outbreaks of HAV have not occurred in
children or staff of child day care facilities in the absence of community outbreaks.

Cases in returned travellers and contacts of travellers, including children, account
for a large proportion of reported cases; some cases have occurred in people who
spent < 2 weeks in an endemic area. The risk for susceptible travellers to developing
countries has been estimated at 3 to 5 cases per 1,000 travellers per month, increas-
ing in people who eat or drink under poor hygienic conditions. Risk also increases in
proportion to the relative incidence of HAV in different countries, related possibly to
the likelihood of consuming food prepared by an infectious person.

Preparations Licensed for Immunization

Four inactivated monovalent hepatitis A vaccines are licensed in Canada. There is
some evidence that these four vaccines may be used interchangeably, despite differ-
ent schedules and systems of measuring antigen content. Two combined hepatitis A
and hepatitis B vaccines, one for adults and one for children, are also licensed in
Canada (see the Table and the chapter Hepatitis Vaccines Combined).

In three of the HAV vaccines (Havrix™, Vaqta® and Avaxim®) various strains of cell
culture adapted virus are propagated in human fibroblasts, purified from cell
lysates, inactivated with formalin and adsorbed to an aluminum hydroxide adjuvant.
In the fourth (Epaxal Berna®), immunopotentiating reconstituted influenza virosomes
are used as an adjuvant. Complete and detailed descriptions of these vaccines have
been published previously in the Canada Communicable Disease Report.

Immune globulin (IG) may be used for short-term protection against HAV in infants
and in people who are immunocompromised (who may not respond fully to HAV
vaccine), and in people for whom HAV vaccine is contraindicated (see Passive
Immunizing Agents).
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Efficacy and Immunogenicity

All the HAV vaccines have shown high levels of immunogenicity and at least 85% to
90% efficacy in preventing clinical illness. Epidemiologic studies of hepatitis A out-
breaks have shown repeatedly that the use of vaccine in the susceptible population
interrupts the outbreak, suggesting that receipt of vaccine before exposure is almost
invariably protective. This conclusion is also supported by an Italian study, in which
the use of vaccine in household contacts prevented secondary cases effectively.
Protection appears to occur rapidly within 3 weeks after immunization.

In serologic studies of all HAV vaccines, 95% to 100% of individuals consistently
developed protective levels of serum antibody against HAV 4 weeks after a single
dose of any inactivated hepatitis A vaccine.

95

Vaccine Antigen* Volume Schedule (Booster) Age**

Avaxim® 160 antigen units HAV 0.5 mL 0, (6-12) months 12 years
and older

AvaximTM

Pediatric
80 antigen units HAV 0.5 mL 0, (6-12) months 1 to 15

years

Expaxal Berna® Minimum 500 radio-
immunoassay units
HAV

0.5 mL 0, (12) months 1 year
and older

HavrixTM 1440 1440 ELISA units HAV 1.0 mL 0, (6-12) months 19 years
and older

HavrixTM 720
Junior

720 ELISA units HAV 0.5 mL 0, (6-12) months 1 to 18
years

TwinrixTM 720 ELISA units HAV
20 �g HBsAg

1.0 mL 0, 1, 6 months 19 years
and older

TwinrixTM Junior 360 ELISA units HAV
10 �g HBsAg

0.5 mL 0, 1, 6 months 1 to 18
years

Vaqta® 50 units HAV 1.0 mL 0, (6-18) months 18 years
and older

Vaqta® Pediatric/
Adolescent

25 units HAV 0.5 mL 0, (6-18) months 2 to 17
years

* There is no international standard for HAV antigen measurement.  Each manufacturer uses its own
units of measurement.

** Ages for which the vaccine is licensed.

Recommended Doses of Currently Licensed Hepatitis A Vaccine

H
ep

at
it

is
A

V
ac

ci
n

e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:06:20 AM
Plate: 37 of 184

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



Recommended Usage

Pre-exposure prophylaxis

Hepatitis A vaccine is recommended for pre-exposure prophylaxis of individuals at
increased risk of infection. Candidates for the vaccine are

� travellers to countries where hepatitis A is endemic, especially when there is travel
to rural locations or places with inadequate sanitary facilities; the risk of acquiring
HAV increases with the duration and frequency of travel, but most travel-related
cases have occurred in people who spent � 2 weeks in an endemic area;

� residents of communities that have high endemic rates of HAV or are at risk of
HAV outbreaks;

� members of the armed forces, emergency relief workers and others likely to be
posted abroad at short notice to areas with high rates of HAV infection;

� residents and staff of institutions for the developmentally challenged in which
there is evidence of sustained HAV transmission;

� inmates of correctional facilities in which there is evidence of sustained HAV
transmission;

� people with life-style risks of infection, including people engaging in oral or
intravenous illicit drug use in unsanitary conditions, and males having sexual
contact with other males, particularly when there is a likelihood of oral-anal con-
tact;

� people with chronic liver disease who may not be at increased risk of infection
but are at increased risk of fulminant hepatitis A, should infection occur;

� people with hemophilia A or B receiving plasma-derived replacement clotting
factors; the solvent-detergent method used to prepare all the present plasma-
derived factor VIII and some factor IX concentrates does not reliably inactivate
HAV, since the virus does not have an envelope;

� zoo-keepers, veterinarians and researchers who handle non-human primates;

� workers involved in research on hepatitis A virus or production of hepatitis A vaccine
who may be exposed to HAV;

� any person who wishes to decrease his or her risk of acquiring HAV.

Outside the aforementioned risk groups, the probability of becoming infected in
Canada is low.

Post-exposure prophylaxis

HAV vaccine has been shown in one study to be at least as effective as IG for the pre-
vention of HAV. Although more studies of its use in post-exposure prophylaxis are
needed to document its effect fully, HAV vaccine used in the first week after
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exposure appears to be highly effective as a post-exposure measure to prevent infec-
tion in identified contacts. It is recommended for this use in preference to IG. There-
fore, one dose of HAV vaccine should be given to contacts of HAV within 1 week of
exposure. It should also be considered if > 1 week has elapsed since exposure, since
there are no data on the outer limit of efficacy.

Post-exposure immunoprophylaxis should be undertaken for household and other
intimate contacts of proved or suspected cases of HAV. It should be considered when
hepatitis A occurs in day care centres, and especially in those that have diapered
children. Post-exposure prophylaxis is not necessary for other contacts, such as
school, workplace or health care workers caring for HAV cases unless an outbreak is
suspected (see Outbreak Control, next section).

If HAV vaccine is unavailable or unaffordable for post-exposure prophylaxis, IG may
be used as a substitute. IG is still the recommended immunoprophylactic agent for
infants < 1 year of age, immunocompromised people, who may not respond fully to
the vaccine, and those for whom vaccine is contraindicated (see Passive Immunizing
Agents for dosages).

Outbreak control

There have been several outbreaks in which HAV vaccine has been used to arrest the
transmission of the virus in communities. This observation supports its use in out-
break control. The outbreaks in which the vaccine has been used successfully for this
purpose include three Canadian outbreaks — in Kitchener-Waterloo in 1997, in
Montreal in 1997-98 and on Vancouver Island in 1995-96 — and a U.S. outbreak in
Alaska. In accordance with the data and experience documented in these reports, HAV
vaccine should be considered as an important control measure in a coordinated public
health response to hepatitis A outbreaks in the community and in institutions.

Universal immunization

Universal immunization programs against HAV are possible because of the availability
of safe and effective vaccines. In the United States, programs exist in states in which
the incidence of HAV exceeds the national average. The WHO, however, recommends
targeted programs for countries with low endemicity, such as Canada. There are
several pros and cons of universal hepatitis programs in Canada:

Pros

� the vaccine is highly effective;

� the illness may be moderately severe, and deaths occur; greater numbers of older
adults are now susceptible because they are less likely than previous generations
to have been exposed as children, and if they do become infected they are more
likely than younger people to have severe disease;

� the illness has social and economic costs to those affected;
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� more travellers would be immunized before travel to endemic areas, thereby pre-
venting illness after their return and the potential for secondary cases in Canada;

� there would be fewer outbreaks and consequently lower costs for control and
intervention;

� targeted programs have not been evaluated and may not be cost-effective, and
some of those at risk may be missed in targeted programs.

Cons

� the vaccine is expensive, although competitive pricing may reduce costs;

� the illness has low prevalence in the general population;

� there are significant costs to deliver the vaccine to recipients;

� there are other vaccines competing for public funding;

� public acceptance of a vaccine program for an infection with low incidence may
itself be low.

A universal immunization program against HAV should be considered in Canada,
but the decision to implement such programs will depend on circumstances in each
jurisdiction. Further discussion is needed nationally, possibly through a consensus
conference, and cost-benefit analysis should be undertaken before implementation.
The establishment of programs would benefit people who may be at risk but who do
not seek pre-exposure immunization, such as unimmunized travellers to endemic
areas and their close contacts. Although the lifetime risk of HAV changes with time
and population cohort and is therefore difficult to quantify, over half of those now
> 60 have had this disease. The current lifetime risk is likely to be lower, but may
still be significant with increased travel.

People who do not need routine HAV immunization

� Children and staff of child-care facilities. Outbreaks in this type of setting have not
been frequently reported in Canada. In addition, serologic testing has not indi-
cated an increased risk of infection for workers or children.

� Health care workers are not considered to be at increased risk if standard infection
control techniques can be exercised. Data from serosurveys of health care workers
have not shown a greater prevalence of HAV infection in that segment of the
population.

� Sewage workers may be at increased risk of infection during community out-
breaks, but the data are insufficient to make a recommendation for routine
immunization.

� Food handlers may be a source of food-borne outbreaks of hepatitis A but are not
themselves at increased risk of infection occupationally. It has not been deter-
mined to what extent immunization of such workers would be practical or effec-
tive in reducing food-borne outbreaks.
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Schedule and Dosage

The dosage schedules for adults and children of the four HAV vaccines are listed in
the Table, along with antigen content and volumes of doses.

If the second dose in the hepatitis A vaccine series is missed, it can be given at a later
time without the need to repeat the first dose.

Because each of the HAV vaccines licensed in Canada has similar HAV antigen and
because each vaccine alone has been shown to induce high levels of protective anti-
body, it is likely that any HAV vaccine will provide an effective second dose after a
different HAV vaccine. Lack of availability of the identical product, therefore, should
not be considered an impediment to administering the second dose of HAV vaccine,
nor is there a need to repeat the primary dose of vaccine in these circumstances. The
timing of the dose in this situation should be based on the vaccine used for that dose.

Route of Administration

Hepatitis A vaccines should be administered intramuscularly.

Booster Doses and Re-immunization

Although the duration of protection and thus the need for additional booster doses
after two doses of HAV vaccine is unknown, kinetic models of antibody decline suggest
that protective levels of antibody will likely persist for at least 20 years. Should
future study indicate the need for booster doses, recommendations will be made at
that time.

Serologic Testing

Pre-immunization

Some studies have indicated that pre-immunization serologic testing is only cost-
effective in populations that have a significant level of immunity. Variations in the cost
of testing and vaccine will affect these analyses and the specific level of population
immunity at which testing will become cost-effective. Nevertheless, pre-immunization
testing for immunity against HAV should be considered in populations with the
potential for higher levels of pre-existing immunity. Older Canadians and people
from HAV endemic areas of the world are examples of these populations. In addition,
people with a history of hepatitis or jaundice that may have been caused by HAV should
be considered for assessment of immunity before immunization is undertaken.

Post-immunization

The high response rate to immunization makes routine serologic testing afterwards
unnecessary. Moreover, commercial assay kits are not universally reliable for detect-
ing vaccine-induced antibody.
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Storage Requirements

Hepatitis A vaccine should be stored at a temperature between 2o C and 8o C and
should not be frozen. Opened vials of Vaqta® should be used promptly since they
contain no preservative.

Simultaneous Administration with other Vaccines

Concomitant administration of other vaccines at other injection sites is unlikely to
interfere with the immune response to HAV vaccine. There have been studies on
concomitant administration of some of the HAV vaccines with various other vac-
cines, such as yellow fever, typhoid and cholera, which demonstrated no immune
interference; however, complete data on all HAV vaccines are not available.

Combined vaccines against hepatitis A and B are licensed in Canada for adults and
children (see the Table). Clinical trials have not demonstrated any increase in side
effects or clinically significant reduction in protection against either infection —
rather, there is possibly increased efficacy — when the combined vaccine is used.

Adverse Reactions

Side effects reported in vaccine recipients are generally mild and transient, and limited
to soreness and redness at the injection site. Other less frequent side effects include
headache, malaise, fever, fatigue, and gastrointestinal symptoms. Local side effects
in children appear to be less frequent than in adults. No significant difference in
reactions is evident between initial and subsequent doses or in the presence of
pre-existing immunity. Rare cases of anaphylaxis have been reported.

Contraindications

HAV vaccine should not be given to any person who has had an anaphylactic reaction
to any component of the vaccine preparation. Since each HAV vaccine has different
components, it is important to ascertain the specific cause of previous anaphylaxis,
if possible, and refer to the manufacturer’s description of the vaccine.

Precautions

The safety of HAV vaccine given during pregnancy has not been studied in clinical
trials. Since the vaccine is prepared from inactivated virus, however, the risk to the
developing fetus is likely to be negligible. Therefore, HAV vaccine may be given to
pregnant women when indicated. HAV vaccine can be used safely in breast-feeding
women.

HAV vaccine can also be used safely in those with chronic illnesses or immunosup-
pression. Although the efficacy of HAV vaccine may be reduced in those who are
immunosuppressed, the vaccine still provides some protection against HAV in these
populations and should be considered for pre-exposure use when there is an
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indication for the vaccine. IG is still recommended for the immunosuppressed for
post- exposure immunoprophylaxis.
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Hepatitis B Vaccine
Hepatitis B virus (HBV) is one of several viruses that cause hepatitis. HBV is a double
stranded DNA virus with three major antigens, known as hepatitis B surface antigen
(HBsAg), hepatitis B e antigen (HBeAg), and hepatitis B core antigen (HBcAg).
HBsAg can be detected in serum 30 to 60 days after exposure and persists until the
infection resolves. Any person positive for HBsAg is considered infectious. In most
cases, anti-HBs appears after the infection has resolved and confers long-term immu-
nity, although in a proportion, which varies inversely with age, infection persists
and this protective antibody is not produced.

HBcAg never appears in serum. Anti-HBc develops in all HBV infections, is not pro-
tective and persists indefinitely as a marker of infection. Anti-HBc IgM is a marker of
recent HBV infection. HBeAg is associated with viral replication and high infectious-
ness. Anti-HBe indicates loss of replicating virus and lower infectiousness. Recently,
methods of quantification of HBV DNA in serum have become available to assist in
determining both infectiousness and prognosis.

Initial infection with HBV may be asymptomatic in up to 50% of adults and 90% of
children. When symptoms occur, they include an insidious onset of anorexia, vague
abdominal pain, nausea, vomiting and jaundice. Acute illness may last up to 3 months
and has a case fatality rate of 1% to 2%, which increases with age. Fulminant hepatitis
and death may also occur in pregnant women and in infants born to infected mothers.

An individual with either acute symptomatic or asymptomatic HBV infection may
become a chronic carrier. A chronic carrier is an individual from whom serum samples
taken 6 months apart are HBsAg positive or a single serum sample is HBsAg positive
and anti-HBc IgM negative. The risk of becoming a chronic carrier varies inversely
with the age at which infection occurs (infants: 90% to 95%; children < 5 years: 25%
to 50%; adults: 6% to 10%). The risk of becoming a chronic carrier is also greater in
immunocompromised patients. Chronic carriers often do not have overt disease but
over time are at increased risk of developing hepatic cirrhosis and hepatocellular
carcinoma. Chronic carriers are likely the major source of infection, and all carriers
should be considered infectious.

Epidemiology

HBV infection is usually associated with exposure to infected blood or other bodily
fluids. Common means of transmission include sexual contact, injection drug use and
perinatal transmission. The risk of transfusion-related hepatitis B is extremely low
because of routine HBsAg screening of donated blood and rejection of donors at risk of
infection. Infections also occur in settings of close personal contact through unrec-
ognized contact with infectious bodily fluids. The incubation period for hepatitis B
is 45 to 160 days, with an average of 120 days.

Although there are no national data on the prevalence of chronic HBV infection for
the whole Canadian population, Canada is considered an area of low endemicity. It is
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estimated that < 5% of residents have markers of past infection and < 1% are HBsAg
carriers. There are, however, specific segments of the population that are at increased
risk of HBV infection and consequently have a higher prevalence of infection. These
segments include populations with

� life-style risk factors, such as sexual contact between males, and injection drug use;

� geographic risk factors, including infection acquired in certain parts of the world
where the prevalence of HBV is higher than in Canada, and in some native popu-
lations;

� occupational risk factors, such as health care workers’ frequent exposure to blood.

In some of these populations, such as health care workers, the risk of infection has
been reduced with the use of HBV vaccine.

The interpretation of HBV incidence rates in Canada has been confounded by incon-
sistencies in reporting acute versus chronic infections. According to data from the
National Enhanced Sentinel Surveillance in 1998-1999, the overall incidence rate of
clinically recognized acute hepatitis B has been estimated to be 2.3 per 100,000. The
rate is higher among males (3.0 per 100,000) than females (1.5 per 100,000). The
age-specific rates are low for people < 15 years of age, rising rapidly to a peak for
those 30 to 39 years (6.1 per 100,000) followed by those aged 15-29 (2.7 per 100,000)
and 40-59 (1.8 per 100,000), and then declining to low rates for people > 59 years of
age. Injection drug use accounts for 34% of acute HBV cases, multiple sexual partners
for 24% and sex with HBV-infected individuals for 12%. In Canada, as in other coun-
tries, almost a third of infections have no identified risk factors.

Preparations Licensed for Immunization

Two monovalent recombinant DNA hepatitis B vaccines are licensed in Canada:
Recombivax HB™ and Engerix-B™. Both vaccines contain purified HBsAg pro-
duced from a genetically engineered yeast strain. Recombivax HB™ vaccine contains
10 µg/mL and Engerix B™ vaccine 20 µg/mL of purified HBsAg. A preparation of
Recombivax HB™ containing 40 µg/mL is available for use in hemodialysis patients
and others in whom hyporesponsiveness is likely. Trace amounts of yeast antigens are
present in the vaccines, but no increase in yeast antibody titres has been observed
following administration of either vaccine.

For hepatitis B vaccine, the required dose in micrograms should be established and
that dose administered using any appropriate formulation (see the Table and the
section Schedule and Dosage).

In most preparations, the antigen is adsorbed onto aluminum hydroxide with
thimerosal as preservative. A preparation of Recombivax HB™ is available without
thimerosal and contains 5 µg of HBsAg in 0.5 mL. It is recommended for the immu-
nization of infants. If thimerosal-free vaccine is not available, post-exposure
immunoprophylaxis for infants born to infected mothers should still be undertaken
without delay, because of the high risk of long-term complications if infection
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occurs. With regard to other indications for immunization in infants, immuniza-
tion should be deferred until 2 months of age unless a thimerosal-free vaccine is
used. As this vaccine becomes more available and sufficient supplies for neonates
are assured, it should become the vaccine preparation of choice against hepatitis B.

Hepatitis B vaccines induce anti-HBs production, which confers immunity to hepa-
titis B. A protective level of anti-HBs is 10 international units per litre. Antigenic
subtypes of HBV exist, but immunization confers immunity to all subtypes because
of the presence of a common antigen. Hepatitis B vaccines are licensed in Canada for
pre-exposure and post-exposure prophylaxis.

Plasma-derived hepatitis B vaccine has not been available in Canada since the early
1990s.

Hepatitis B immune globulin (HBIG) is prepared from pooled human plasma from
selected donors who have a high level of anti-HBs and are seronegative for bloodborne
infections. It provides immediate short-term passive immunity. HBIG administered
concurrently with vaccine, but at a different site, does not interfere with the anti-
body response of the vaccine.

104

Recipients

Recombivax HbTM Engerix-BTM

�g mL
Schedule
(months) �g mL

Schedule
(months)

Infants of HBV-negative
mothers or children
< 11*

2.5 0.25 0, 1, > 2 10 0.5 0, 1, 6 or
0, 1, 2, 12

Children 11 to 15 10 1.0 0, 4-6 N/A N/A N/A

Children 11 to 19 5 0.5 0, 1, > 2 10† 0.5 0, 1, 6 or
0, 1, 2, 12

Adults 10 1.0 0, 1, > 2 20 1.0 0, 1, 6 or
0, 1, 2, 12 or
7, 14, 21 and

365 days

Adults who may be
hyporesponsive

40 1.0‡ or
2.0‡

0, 1, 6 40 2.0 0, 1, 2, 6

Children who may be hyporesponsive: double the �g dose for the age and use the three
or four dose schedule only.

* The thimerosal free preparation is recommended. For the post-exposure schedule for children of
HBV infected mothers, please refer to the Figure and the text section on post-exposure prophylaxis.

† The manufacturer recommends the standard adult dosage (20 �g, 1.0 mL) if it is unlikely that there
will be compliance with this schedule.

‡ 1.0 mL of the dialysis formulation, 2.0 mL of the standard formulation.

Doses and Schedules for Hepatitis B Vaccines Pre-exposure Usage
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Formulations combining antigen against both HAV and HBV are also licensed in
Canada for adults and children (see Hepatitis Vaccines Combined).

Efficacy and Immunogenicity

Use of the recommended schedule and routes of immunization results in serocon-
version rates of 90% to 99% in immunocompetent individuals, depending on age.
The antibody response is lower in patients with diabetes mellitus (70% to 80%),
renal failure (60% to 70%) and chronic liver disease (60% to 70%) as well as in
immunocompromised patients, such as those infected with HIV (50% to 70%).
Immunization of obese people, smokers and those with alcoholism also produces
lower antibody titres.

Antibody response in general decreases with age. Children between age 2 and 19 years
have the highest response rate (99%), and children < 2 have a 95% response rate.
The response rate for older individuals is as follows: 20 to 29: 95%; 30 to 39: 90%; 40 to
49: 86%; 50 to 59: 71%; and > 60: 50% to 70%. The immune mechanisms for
suboptimal response to hepatitis B vaccine are not well understood.

Studies in areas of the world where HBV is endemic have consistently shown
decreases in HBV incidence when hepatitis B vaccine is used in infant immunization
programs. These studies also show persistence of protection until at least age 5, the
highest risk period of transmission from infected mother to child. As well, hepatitis
B vaccine reduces the incidence of hepatocellular carcinoma and liver cirrhosis by
preventing chronic HBV carriage.

Recommended Usage

Hepatitis B prevention should include programs for universal immunization of chil-
dren, universal screening of all pregnant women for HBsAg, pre-exposure immuniza-
tion of high-risk groups, and post-exposure intervention for those exposed to disease,
particularly infants born to HBV infected mothers.

Universal immunization

Universal immunization against HBV is now part of the publicly funded vaccine pro-
grams offered in all provinces and territories. The age at which children and adoles-
cents are offered hepatitis B vaccine varies from jurisdiction to jurisdiction. Should
effective combination vaccines, including hepatitis B and other childhood vaccines,
become available in Canada for infants, NACI would support their use.

If childhood immunization against HBV is given in infancy, the level and duration of
protection may be better if the last dose is given after the first birthday. Because of the
possibility of persistence of maternal antibody, an unimmunized child who is positive
for either anti-HBs or anti-HBc should still receive hepatitis B vaccine.
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Pre-exposure prophylaxis

Health care and emergency service workers and
other occupational exposure

Immunization with hepatitis B vaccine is recommended for those people who are at
increased risk of occupational infection, namely, those exposed frequently to blood,
blood products and bodily fluids that may contain the virus. This group includes all
health care workers and others who will be or may be exposed to blood or are at risk of
injury by instruments contaminated by blood. For these workers, a series of hepatitis B
immunizations should be initiated at the first opportunity. Students in these occu-
pations should complete their vaccine series before possible occupational exposure to
blood or sharps injuries. Emergency service workers, such as police and firefighters,
may also be at higher risk of exposure, although there are currently no data to quan-
tify their risk. Workers who have no contact with blood or blood products are at no
greater risk than the general population.

Others at increased risk

� residents and staff of institutions for the developmentally challenged;

� males having sexual contact with other males;

� others with multiple sexual partners or with a recent history of a sexually trans-
mitted disease;

� injection drug users;

� hemophiliacs and others receiving repeated infusions of blood or blood products;

� hemodialysis patients (40 µg of vaccine antigen per dose should be used);

� staff and inmates of long-term correctional facilities;

� household and sexual contacts of acute HBV cases and HBV carriers;

� populations or communities in which HBV is highly endemic;

� children < 7 years of age whose families have immigrated to Canada from areas
where there is a high prevalence of hepatitis B and who may be exposed to HBV
carriers through their extended families;

� travellers to hepatitis B endemic areas;

� children in child care settings in which there is an HBV infected child;

� any person who wishes to decrease his or her risk of acquiring HBV.

Post-exposure prophylaxis

Infants

Because of the importance of preventing hepatitis B infection in infants, all pregnant
women should be routinely tested for HBsAg. All infants born to infected mothers
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should be given the initial dose of HBV vaccine within 12 hours of birth. The second
and third dose of the vaccine series should be given 1 and 6 months after the first. An
intramuscular dose of 0.5 mL HBIG should also be given immediately after birth,
since its efficacy decreases sharply after 48 hours. Vaccine and HBIG may be given at
the same time but at different sites. If exceptional circumstances prevent immediate
administration of vaccine and HBIG, they should be given at the first possible oppor-
tunity. Their administration, however, should never be delayed unnecessarily.

Neonates weighing less than 2000 g born to infected mothers should have an individ-
ualized schedule that includes at least four doses of vaccine, HBIG and assessment of
antibody response after the series has been completed.

If maternal testing has not been done during pregnancy, it should be done on an
urgent basis at the time of delivery. If maternal HBV status is not available within
12 hours of delivery, serious consideration should be given to administering vaccine
and HBIG while the results are pending, taking into account the mother’s risk factors
and erring on the side of providing vaccine and HBIG if there is any suspicion that
the mother could be infected. If the mother is ultimately shown to have HBV infec-
tion, a series of vaccine should also be given to the infant, as described earlier.
Should the mother’s infection be recognized during lactation, the infant’s HBV status
should be assessed urgently and the infant started immediately on full immuno-
prophylaxis, which should be completed if the infant is found not to be already
infected or immune.

When a mother is infected with HBV, testing of the infant for HBsAg and anti-HBs is
recommended 1 month after completion of the vaccine series to monitor the success
of immunoprophylaxis. If HBsAg is found, the child is likely to become a chronic car-
rier. If the infant is negative for both HBsAg and anti-HBs (i.e., a non-responder),
additional doses up to a second full course of vaccine should be given, with repeated
serologic testing for antibody response.

Accountability mechanisms should be in place to ensure that every infant born to
an infected mother receives a full course of vaccine and HBIG expeditiously as well
as testing for serologic response to the vaccine (see Serologic Testing).

Percutaneous (needlestick) or mucosal exposure

Figures 1 and 2 outline the management of vaccinated or unvaccinated individuals
after potential exposure to hepatitis B, including injury by needles found on the
street. The management of potential percutaneous or mucosal exposure to HBV
should be based on the immunization and antibody status of the injured person and
the infectious status, if known, of the source. It is critically important to ascertain
whether the exposed individual has received a full and properly administered course
of hepatitis B vaccine and to assess the post-vaccination anti-HBs antibody level.
Therefore, all health care workers and health care students should have their anti-
body status assessed and documented after immunization.
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Testing of the source should be conducted according to Health Canada guidelines
(CCDR 1997;23S2) with informed consent and respect for confidentiality. If the
assessment results of the injured person and the source are not available within
48 hours, management of the injured person should assume possible exposure.

Sexual and household contacts of hepatitis B

All sexual and household contacts of acute cases and chronic carriers should be immu-
nized with hepatitis B vaccine. If prophylaxis can be started within 14 days of the last
sexual contact with the HBV infected person, a single dose of HBIG (0.06 mL/kg)
should also be given. Unimmunized sexual assault victims should be managed in the
same manner if the assailant is infected with HBV or cannot be assessed.

All sexual partners of people with HBV infection should be counselled that protection
from infection cannot be ensured until the course of vaccine has been completed
and protective levels of anti-HBS demonstrated. Counselling on the use of condoms
and their ability to reduce but not eliminate the risk of transmission should be
completed.

HBIG is not indicated for household contacts of an acute HBV case; exceptions are
infants < 12 months of age when the mother or primary care giver is acutely or
chronically infected, sexual contacts as described above, and people with identifiable
exposure to the infected person’s blood, as occasioned by shared toothbrushes or
razors.

People who do not routinely require hepatitis B vaccine

� Social contacts of HBV cases and carriers who do not live in the same household
and are not sexual contacts

� Workers whose jobs do not normally involve exposure to infectious blood, bodily
fluids or items potentially contaminated with HBV

Schedule and Dosage

A variety of schedules that provide long-term protection and are used in Canada and
throughout the world are valid for any potential vaccine recipient. The standard recom-
mended schedule for hepatitis B vaccine is three doses given at 0, 1 and > 2 months.
If the vaccine is given in a more condensed schedule, earlier protection will be pro-
vided. Engerix-B™ may be used in a rapid schedule at 7, 14, 21 and 365 days.

The last dose should be given as closely as possible to 12 months after the first, since
there is evidence that the antibody response will be greater and more durable. There is
no benefit in giving the last dose later than 12 months after the first, with the possible
exception of infants. If Engerix-B™ is used at 0, 1 and 2 months, the manufacturer
recommends a fourth dose at 12 months.

Recombivax HB™ has been licensed for a two-dose schedule in 11 to 15 year olds,
using the adult formulation of 10 µg at 0 and 4-6 months.
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For infants born to HBsAg infected mothers, for those who may have a diminished
response to the vaccine and for the two-dose adolescent schedule, the timing of doses
should be carefully respected.

Vaccines produced by different manufacturers can be used interchangeably when three
or more doses are given, despite different levels of antigen. The dosage used should be
that recommended by the manufacturer. The exception to interchangeability is the
two-dose adolescent schedule.

Interruption of the immunization schedule does not require that any dose be
repeated if the minimum intervals between doses are respected. If any dose has not
been given according to an approved schedule, it should be given at the first oppor-
tunity. If years have elapsed between the first and second dose, it may be prudent to
assess antibody response when the series is complete, especially if the patient is at
significant risk of infection.

The dose of vaccine administered varies with age, the product used and with some medi-
cal conditions. In general, higher doses of antigen, more frequent doses and a greater
number of total doses may assist in improving the antibody response in people likely
to respond poorly. Doses of 40 µg are recommended for adult hemodialysis patients
and others listed in Recommended Usage in whom response may be less than opti-
mal. A specific formulation for dialysis patients and others is available (Recombivax
HB™), which contains 40 µg per mL, to be given at 0, 1 and 6 months. When the
required dose is achieved using two adult vials of Engerix B™ (20 µg per mL each), the
manufacturer recommends a series of four immunizations at 0, 1, 2 and 6 months. If
patients will be at continued risk of exposure to HBV, post-immunization testing
should be carried out to assess antibody levels and additional doses of vaccine given
to those not adequately protected.

For children undergoing hemodialysis, the common practice is to double the dose
for the child’s age and assess the antibody response when the series is complete.

Route of Vaccine Administration

All hepatitis B vaccine should be injected into the deltoid muscle of children and
adults, and into the anterolateral thigh muscle of infants. Gluteal administration
should not be used because of poor immune response, possibly the result of inadvertent
deposition into fatty tissue. Vaccine administered that has been frozen or inade-
quately mixed has also led to poor antibody responses and should not be used.

Immune responses following intradermal injection have been variable, and this route
of vaccine administration is not recommended.

Booster Doses and Re-immunization

Routine boosters in immunocompetent people are not needed since protection has
been shown to last for at least 15 years. In addition, people who have had protective
antibody level previously demonstrated will not develop markers of infection when
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exposed to HBV, whether or not antibody has waned. This observation is likely due
to an anamnestic response to HBV challenge. Thus, absence of detectable anti-HBs
in a person who has been previously demonstrated to have anti-HBs does not mean
lack of protection, because immune memory persists. Booster doses in this situation
are not indicated. Studies of long-term protective efficacy, however, will determine
whether booster doses of vaccine are ever needed.

Additional doses of vaccine up to three doses will produce a protective antibody
response in 50% to 70% of otherwise healthy people who fail to mount a response
after the first series of vaccines. Administration of additional doses with testing for
response after each dose should be undertaken when the response to vaccine needs to
be ensured. Individuals who fail to respond to three additional doses of vaccine are
unlikely to benefit from further immunization.

Immunocompromised people often respond suboptimally to the vaccine and may
need additional antigen to mount a response. Should protection be achieved and then
wane, however, subsequent HBV exposure in these individuals can result in acute
disease or the carrier state. Therefore, in this population boosters may be necessary for
those who have mounted an initial response. The optimal timing of booster doses for
immunocompromised individuals who are at continued risk of HBV exposure and
have mounted an initial response is not known. Periodic monitoring for the presence
of anti-HBs should be considered, taking into account the severity of the compro-
mised state and whether the risk for HBV is still present. Should antibody testing
show subsequent suboptimal protection, a booster dose and re-testing should be
undertaken as necessary.

Serologic Testing for Hepatitis B Antigen and Antibody

Pre-immunization

Pregnancy

All pregnant women should be routinely tested for HBsAg at the first prenatal visit. If
testing has not been done during pregnancy, it should be done at the time of delivery.
A pregnant woman who has no markers of acute or chronic HBV infection but who
is at high risk of acquiring HBV should be offered the vaccine at the first opportunity
and tested for antibody response. Repeat testing before delivery may be considered
in uninfected and unimmunized women with continuing high-risk behaviour.
Infants born to HBsAg positive mothers should receive post-exposure prophylaxis.

Adopted children at high risk

Children adopted from countries, geographic regions or family situations in which
there is a high prevalence of HBV infection should be screened for HBsAg, and if they
are positive the household contacts should be immunized before adoption.
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Others at high risk for HBV infection

Routine pre-immunization serologic testing for hepatitis B, including HBsAg,
anti-HBs or anti-HBc, is recommended for people at high risk of having been
infected. This testing will identify those already infected or immune, for whom vaccine
will confer no benefit. Testing will also assist in the medical management and con-
tact follow-up of those individuals found to be already infected, and will prevent the
mistaken belief that they pose no risk to others. The cost of such testing may or may
not be less than the cost of immunization, depending on the HBV prevalence in the
high-risk population. Routine pre-immunization serologic screening, however, is
not practical for universal immunization programs.

Post-immunization

The seroconversion rate in healthy people is usually 90% or more, and in children 98%
or more. Thus, post-immunization testing for universal programs is not necessary.

Post-immunization testing is recommended, however, if it is important to ensure
protection against a continual known or repeated potential exposure to hepatitis B.
People included in these circumstances are infants born to infected mothers, sexual
partners and household contacts of chronic carriers, and those who have been immu-
nized because of occupational exposure. If anti-HBs is shown not to be protective,
re-immunization should be conducted as described above (see Boosters and
Re-immunization).

In particular, post-immunization testing for anti-HBs should be conducted on all
health care workers and students in health care disciplines to establish antibody
response and the need for re-immunization should the first course of vaccine fail to
provide protection. Ideally, testing should be undertaken at least 1 month but no
later than 6 months after the last dose of vaccine. If a health care worker has com-
pleted immunization against HBV more than 6 months previously, testing for
anti-HBs should still be done as part of the routine occupational health assessment
or when a potential exposure occurs (see Figure 1). This type of routine assessment
will be even more important as new professionals, immunized as adolescents, begin
their training.

The results of post-immunization testing should be recorded in the individual’s
medical file and provided to the tested person. If protective antibody is documented,
testing need not be repeated nor should further immunization be undertaken, even
when a definite exposure occurs. If a health care worker never before tested is found not
to have protective antibody, re-immunization with a second course of vaccine is
indicated. If testing is done beyond the recommended 6-month window, a negative
test may indicate primary vaccine failure or waning antibody but with an anamnestic
response to challenge with virus or vaccine. In either case, re-immunization is indi-
cated, as it is impossible to differentiate between these two possibilities.

Testing for protective levels of anti-HBs after each dose of a second series may elimi-
nate the need for further doses, once a protective level has been achieved.
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Determination of antibody response after re-immunization is complete will identify
those who do not respond to two courses of vaccine and who will need passive immu-
nization after potential exposure to hepatitis B.

In addition, those who are immunocompromised should also be tested after the vac-
cine course is complete. If protective antibody is not present, the vaccine course should
be repeated, and if protective antibody is still not present, the individual should
receive counselling on alternative risk reduction measures. If an antibody response
ultimately occurs in an immunocompromised person, periodic reassessment of
antibody and booster doses may be indicated, as noted above.

Storage Requirements

Hepatitis B vaccine should be stored at a temperature between 2o C and 8o C and
should not be frozen.

Simultaneous Administration with Other Vaccines

Hepatitis B vaccine may be administered simultaneously with other vaccines at differ-
ent sites. A separate needle and syringe should be used for each vaccine.

Adverse Reactions

Hepatitis B vaccines are well tolerated and safe to administer to adults and children.
Reported side effects are usually mild, transient and generally limited to soreness at
the injection site and temperature no greater than 37.7o C. Pain occurs no more fre-
quently, however, than with placebo.

As with all vaccines, anaphylaxis is very rare but can occur. Cases of rheumatoid
arthritis and demyelinating diseases of the central nervous system have been
reported rarely, but a causative link to hepatitis B vaccine has not been identified
despite exhaustive and ongoing research. It is likely that any temporal association is
coincidental.

Adverse reactions have not been observed when hepatitis B vaccines have been given
to people who are immune to hepatitis B or who are hepatitis B carriers.

Contraindications

The only contraindication to hepatitis B vaccine is a previous anaphlyactic reaction
to any component of the vaccine.

Precautions

Hepatitis B vaccine can be used safely in pregnancy and during breast-feeding for
women in whom immunization is recommended. Since acute hepatitis B in a preg-
nant woman may result in severe disease for the mother and chronic infection of the
infant, it should not be withheld when indicated. Although data are not available on
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the safety of these vaccines for the fetus, the risk is expected to be negligible since
the vaccines consist of noninfectious subunits.

Selected References
Ascherio A, Zhang SM, Hernan MA et al. Hepatitis B vaccination and the risk of multiple scle-

rosis. N Engl J Med 2001;344:327-32.

Banatvala J, VanDamme P, Oehen S et al. Lifelong protection against hepatitis B: the role of
vaccine immunogenicity in immune memory. Vaccine 2001;19:877-85.

Belloni C, Pistorio A, Tinelli C et al. Early immunisation with hepatitis B vaccine: a five-year
study. Vaccine 2000;18:1307-11.

Confavreau C, Suissa S, Saddier P et al. Vaccinations and the risk of relapse of multiple scle-
rosis. N Engl J Med 2001;344:319-26.

Duval B, Boulianne G, De Serres G. Should children with isolated anti-HBs or anti-HBc be
immunized against hepatitis B virus? JAMA 1997;287:1064.

Health Canada. An integrated protocol to manage health care workers exposed to bloodborne
pathogens. CCDR 1997;23S2.

Health Canada. Proceedings of the Consensus Conference on Infected Health Care Workers:
Risk for Transmission of Bloodborne Pathogens. CCDR 1998;24S4.

Monteyne P, Andre F. Is there a causal link between hepatitis B vaccine and multiple sclerosis?
Vaccine 2000;18:1994-2001.

Salisbury D, Begg, N. Immunisation against infectious disease. HMSO 1996.

Watson B, West DJ, Chilkatowsky A et al. Persistence of immunologic memory for 13 years in
recipients of a recombinant hepatitis B vaccine. Vaccine. 2001;19:3164-68.

Zhang J, Zou S, Giulivi A. Hepatitis B in Canada. CCDR 2001;27S3:10-12.

Zou S, Zhang J, Tepper M et al. Enhanced surveillance of acute hepatitis B and acute hepatitis C
in four health regions in Canada 1998-1999. Can J Infect Dis 2001;12(6):357-63.

116

H
ep

atitis
B

V
accin

e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:06:31 AM
Plate: 79 of 184

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



Hepatitis Vaccines Combined
There are now vaccine formulations for adults and children that protect against
both hepatitis A and hepatitis B.

Preparations Licensed for Immunization

Bivalent vaccine for adults (Twinrix™) and a reduced dose format for children aged
1 to 18 (Twinrix Junior™) are licensed for protection against both hepatitis A and
hepatitis B. Each Twinrix™ dose contains 20 µg of purified hepatitis B surface anti-
gen (HbsAg) protein and 720 ELISA units of inactivated hepatitis A viral antigen
(HM 175 strain) in 1 mL. Twinrix Junior™ contains 10 µg of purified HBsAg and 360
ELISA units of inactivated hepatitis A antigen in 0.5 mL. These vaccines are made
from the same bulk vaccines as are used in the monovalent formulations.

Efficacy and Immunogenicity

All recipients show protective antibody against hepatitis A and close to 100% against
hepatitis B 1 month after the third dose. If both vaccines are required, there is no
reduction and possibly even an increase in protective antibody when the combined
vaccine is used. Refer to the hepatitis chapters for additional information on the effi-
cacy of the two monovalent vaccines.

Recommended Usage

Bivalent hepatitis vaccine is the preferred vaccine for people with indications for
immunization against both hepatitis A and hepatitis B. People who should be con-
sidered for bivalent hepatitis vaccine are as follows:

� travellers to certain areas of Africa, Asia and the Americas where both hepatitis A
and hepatitis B are endemic;

� users of illicit drugs, taken both orally and by injection;

� males who have sexual contact with other males;

� hemophiliacs receiving plasma-derived replacement clotting factors;

� populations and communities in which both hepatitis A and hepatitis B are endemic;

� people who have previously received hepatitis A vaccine and hepatitis B vaccine,
and who require additional doses of both;

� people with clinically significant chronic liver disease, including chronic hepatitis
due to hepatitis C virus.
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There are also situations in which different indications may apply for the two vac-
cine components. Under these circumstances, bivalent vaccine is an efficient way to
protect against both diseases. Examples include

� children who are scheduled to receive hepatitis B vaccine routinely in a universal
program and who also have an indication for hepatitis A vaccine;

� inmates who have not already received hepatitis B vaccine and who are in a
prison in which there is uncontrolled transmission of hepatitis A.

Monovalent vaccine should be used when protection against only one of these dis-
eases is required.

Schedule and Dosage

The recommended schedule for Twinrix™ formulations is 0, 1, and 6 months. The
dose for Twinrix™ is 1.0 mL and for Twinrix Junior™ 0.5 mL.

Route of Administration

Combined hepatitis vaccines should be given intramuscularly.

Booster Doses

Booster doses are not needed for individuals who have completed a course of
Twinrix™ or its equivalent in the form of monovalent hepatitis vaccine.

Storage Requirements

Twinrix™ should be stored at a temperature between 2º C and 8º C and should not
be frozen.

Simultaneous Administration with Other Vaccines

Either monovalent vaccine may be given at the same time as other vaccines but at
different sites using separate needles and syringes. It may be assumed that the same
is true when the bivalent vaccines are used.

Adverse Reactions

There is no increase in adverse events when combined vaccine is compared with
monovalent vaccine. For further information, please refer to the hepatitis chapters.

Contraindications

The only contraindication to bivalent hepatitis vaccines is previous anaphylaxis
demonstrated to any component of the bivalent vaccine.
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Please refer to the other hepatitis vaccine chapters in this guide for a complete dis-
cussion of the epidemiology of hepatitis A and B, indications for and uses of hepatitis
vaccines, recommendations for pre-immunization screening and post-immunization
serologic testing, and information on adverse events for hepatitis vaccines. Further
details on bivalent hepatitis vaccines are also contained in the product monographs.

Selected References
National Advisory Committee on Immunization. Canadian immunization guide, 5th edition.

Ottawa: Canadian Medical Association, 1998.

National Advisory Committee on Immunization. Supplementary statement on hepatitis pre-
vention. CCDR 1997;23:ACS-4.
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Influenza Vaccine
NACI produces a Statement on Influenza Vaccination each year that contains specific
information and recommendations regarding the vaccine to be used in the forth-
coming season. It is published in the Canada Communicable Disease Report (CCDR),
and it can also be accessed through the Health Canada Website (http://www.hc-sc.gc.ca).
The reader is referred to the latest annual CCDR statement for a more in-depth dis-
cussion of selected topics and for recommendations that have been updated after
publication of this book.

Influenza is caused by influenza A and B viruses and occurs in Canada every year,
generally during late fall and the winter months. Influenza A viruses, which periodi-
cally undergo antigenic changes, are the most common cause of epidemic influenza.
Outbreaks of influenza B are generally more localized and in any one year may be
restricted to one region of the country. An association between influenza outbreaks,
especially those caused by type B virus, and cases of the rare, but serious, Reye syn-
drome has been noted.

The annual incidence of influenza varies widely, and it is difficult to predict the
impact of a particular virus strain on disease during an inter-pandemic period. People
at greatest risk of serious disease and death are those with chronic medical condi-
tions (especially cardiopulmonary diseases) and the elderly. Although many other
respiratory viruses can cause influenza-like illness during the year, influenza virus
is usually the predominant cause of serious respiratory disease in a community.

Influenza A viruses are classified into subtypes based on their hemagglutinin (H) and
neuraminidase (N) antigens. Recently circulating strains have possessed one of three
H and one of two N antigens, and the subtypes are designated accordingly (e.g., H3N2,
H1N1). Antibodies to these antigens, particularly to H antigen, can protect an indi-
vidual against a virus carrying the same antigen. During inter-pandemic periods,
minor H antigen changes (“drift”) are common, and the greater the change the less
will be the cross-immunity to the new strain conferred by the previously circulating
virus. It is this antigenic variation from one influenza virus subtype to another that
is responsible for continued outbreaks of influenza and that necessitates annual
reformulation and administration of the influenza vaccine. The antigens of influ-
enza B viruses are much more stable than those of influenza A viruses and, although
antigenic variation does occur, it is less frequent.

Pandemic influenza is usually associated with a major antigenic change or “shift” and
the rapid global spread of influenza A virus with a different H and often a different N
antigen from strains circulating previously. Canada, like other countries, has been
affected by major influenza pandemics, e.g., in 1889-90, 1918-19, 1957-58 and
1968-69.
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Preparations Licensed for Immunization

Three influenza vaccines are licensed for use in Canada, two produced by Aventis
Pasteur (Fluzone® and Vaxigrip®) and one by Shire Biologics (Fluviral S/F®). All
three are sterile suspensions prepared from influenza viruses propagated in chicken
embryos. The virus is inactivated, purified and treated with an organic solvent to
remove surface glycoproteins, producing a “split-virus” preparation that is intended to
reduce vaccine reactogenicity. One dose (0.5 mL) of vaccine contains 15 µg of
hemagglutinin of each of three antigens. The antigens are selected from two strains
of influenza A and one strain of influenza B. The virus strains chosen for inclusion in
influenza vaccine are reviewed annually to ensure that they include antigens that
are expected to provide the best protection during the following winter.

All three licensed vaccines use thimerosal (0.01%) as a preservative. Gelatin (0.05%)
is used as a stabilizer in Fluzone®. Vaxigrip® may contain undetectable traces of
neomycin, used during production.

Influenza vaccines derived from tissue culture and live attenuated vaccines are in
development, but at the time of printing of this book they are not licensed in
Canada.

Efficacy and Immunogenicity

Intramuscular administration of inactivated influenza vaccine results in the pro-
duction of circulating IgG antibody to the viral hemagglutinin as well as a cytotoxic
T lymphocyte response. Both humoral and cell-mediated responses are thought to
play a role in immunity to influenza. Anti-hemagglutinin serum antibody is a pre-
dictor of total protection (acquisition of infection) and partial protection (disease after
infection). The production and persistence of antibody after vaccination depends on
several factors, including the age of the recipient, prior and subsequent exposure to
antigens, and the presence of immunodeficiency states. Humoral antibody levels,
which correlate with vaccine protection, are generally achieved 2 weeks after immu-
nization, and immunity usually lasts less than 1 year. However, antibody levels in
the elderly may fall below protective levels in 4 months or less. Data are not available
at this time to support the administration of a second dose of influenza vaccine in
elderly individuals in order to boost immunity.

Repeated annual administration of influenza vaccine has not been demonstrated to
impair the immune responsiveness of the recipient.

The effectiveness of influenza vaccine varies, depending upon the age and immuno-
competence of the vaccine recipient, the endpoint studied, the incidence of infection,
and the degree of similarity (“match”) between the vaccine viral strain and the circu-
lating viral strain during influenza season. With a good match, influenza vaccination
has been shown to prevent influenza illness in approximately 70% to 90% of healthy
children and adults, whereas a vaccine efficacy of 30% to 60% has been demon-
strated when there are significant antigenic differences between circulating and
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vaccine viral strains. During 8 of the past 10 years, there has been a good to excellent
match between the predominant seasonal viral strain and the chosen vaccine strain.

A double-blind placebo controlled trial involving people > 60 years of age demonstrated
vaccine efficacy of 58% in the prevention of laboratory-proven influenza illness.
Pooled estimates from a meta-analysis of 20 cohort studies of influenza vaccine
among the elderly demonstrated 56% effectiveness in preventing respiratory illness,
50% in preventing hospitalization for pneumonia and 68% in preventing death.
Among residents of long-term care facilities, effectiveness in preventing influenza
illness may be relatively low (30% to 40%), but vaccination may be 50% to 60%
effective in preventing hospitalization and pneumonia, and up to 85% to 95% in
preventing death.

Recommended Usage

As is the case with other vaccines, recommendations for usage may change over
time, as new research becomes available. Recommended recipients for the influenza
vaccine at the time of this publication are outlined below, but the reader is referred
to the annual CCDR influenza statement for up-to-date information.

Recommended recipients

Influenza vaccine may be administered to any healthy child, adolescent or adult for
whom contraindications are not present. To reduce the morbidity and mortality
associated with influenza and the impact of illness in our communities, immuniza-
tion programs should focus on those at high risk of influenza-related complications,
those capable of transmitting influenza to individuals at high risk of complications,
and those who provide essential community services. However, significant morbidity
and societal costs are also associated with seasonal interpandemic influenza illness
and its complications occurring in healthy children and adults. For this reason,
healthy adults and their children who wish to protect themselves from influenza
should be encouraged to receive the vaccine.

People at high risk for influenza-related complications

� Adults and children with chronic cardiac or pulmonary disorders (including bron-
chopulmonary dysplasia, cystic fibrosis and asthma) severe enough to require
regular medical follow-up or hospital care.

� People of any age who are residents of nursing homes and other chronic care
facilities.

� People � 65 years of age.

� Adults and children with chronic conditions, such as diabetes mellitus and other
metabolic diseases, cancer, immunodeficiency, immunosuppression (due to under-
lying disease and/or therapy), renal disease, anemia and hemoglobinopathy.
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� Children and adolescents (age 6 months to 18 years) with conditions treated for
long periods with acetylsalicylic acid. This therapy might increase the risk of Reye
syndrome after influenza.

� People at high risk of influenza complications embarking on travel to destina-
tions where the virus is likely to be circulating.

People capable of transmitting influenza to those at high risk of
influenza-related complications

People who are potentially capable of transmitting influenza to those at high risk should
receive annual immunization, regardless of whether the high-risk person(s) has
been immunized.

� Health care workers (HCWs) and other personnel who have significant contact
with people in the high-risk groups previously described. The following groups
should be immunized: HCWs in long-term care facilities, hospitals, and outpa-
tient settings; employees of long-term care facilities who have patient contact; and
those who provide services within relatively closed settings to people at high risk
(e.g., providers of home care services, crews on ships that cater to those at high
risk).

� Household contacts (including children) of people at high risk who either cannot
be immunized or may respond inadequately to immunization.

People who provide essential community services

Immunization may be considered for these individuals in order to minimize the dis-
ruption of routine activities in epidemics. Employers and their employees should
consider yearly influenza immunization for healthy working adults, as this has been
shown to decrease work absenteeism due to respiratory and other illnesses.

Other potential recipients

Immunization of healthy people

Anyone who wishes to protect him/herself from influenza should be encouraged to
receive the vaccine, even if that individual is not in one of the aforementioned prior-
ity groups. Several studies have suggested that influenza immunization of healthy
adults and children may be cost-effective under selected circumstances. Assessment
of the potential benefits of influenza immunization in healthy adults and children
depends on numerous factors, including seasonal viral virulence and attack rates,
the match between vaccine and circulating viral strains, protective immunity in
previously infected individuals, vaccine side effects, and the costs of immunization
and of influenza-associated morbidity. Among children, the effects of co-circulating
viruses such as respiratory syncytial virus must be separated from those of influ-
enza. Policy decisions regarding public funding of influenza vaccine for healthy
adults and children depends on modelling of these factors within populations, as

123

In
fl

u
en

za
V

ac
ci

n
e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:06:33 AM
Plate: 93 of 184

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



well as assessment of health priorities, resources and pragmatic programmatic
issues.

Immunization of pregnant women

Influenza vaccine is considered safe for pregnant women at all stages of pregnancy
and for breast-feeding mothers. Immunization is recommended for pregnant and
breastfeeding women who are characterized by any of the conditions listed under
“Recommended Recipients”. Any pregnant woman who wishes to decrease her risk
of developing influenza may be safely immunized. However, NACI concludes that
there is insufficient evidence at this time to recommend a public health program to
routinely immunize healthy Canadian women who are pregnant during influenza
season.

Schedule and Dosage

The recommended dosage schedule and type of influenza vaccine are presented in
the Table. Split-virus vaccines are available in Canada. Previously unvaccinated
children < 9 years require two doses of the split-virus influenza vaccine, with an
interval of 4 weeks. The second dose is not needed if the child has received one or
more doses of vaccine during a previous influenza season.

In infants < 6 months of age, influenza vaccine is less immunogenic than in infants
and children aged 6 to 18 months. Therefore, immunization with currently available
influenza vaccines is not recommended for infants < 6 months of age.

Route of Administration

The vaccine should be administered intramuscularly. The deltoid muscle is the rec-
ommended site in adults and older children, and the anterolateral thigh in infants
and young children.
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Age Vaccine Type Dose (mL) No. of Doses

6-35 months split-virus 0.25 1 or 2*

3-8 years split-virus 0.5 1 or 2*

� 9 years split-virus 0.5 1

* See text for criteria

Recommended Influenza Vaccine Dosage,
by Age, for the 2001-2002 Season
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Storage Requirements

The vaccine should be refrigerated at a temperature between 2o C and 8o C. The vac-
cine should not be frozen.

Simultaneous Administration of Other Vaccines

Influenza vaccine may be given at the same time as other vaccines, provided different
sites and administration sets (needle and syringe) are used.

The target groups for influenza and pneumococcal immunization overlap consider-
ably. Health care providers should take the opportunity to immunize eligible people
against pneumococcal disease when influenza vaccine is given. Pneumococcal vaccine,
however, is usually given only once, whereas influenza vaccine is given annually.

Adverse Reactions

Influenza immunization cannot cause influenza because the vaccine does not contain
live virus. Soreness at the injection site lasting up to 2 days is common but rarely
interferes with normal activities. Fever, malaise and myalgia may occur within 6 to
12 hours after vaccination and last 1 to 2 days, especially in young adults who have
received the whole-virus vaccine and those receiving vaccine for the first time. Pro-
phylactic acetaminophen may decrease the frequency of some side effects in adults.
Healthy adults receiving the split-virus vaccine have shown no increase in the fre-
quency of fever or other systemic symptoms compared with those receiving placebo.
In children aged 2 to 12 years, fever and local reactions are no more frequent after
administration of split-virus vaccine than after placebo injections. In those < 24 months
of age, fever occurs more often but is seldom severe.

Allergic responses are rare and are probably a consequence of hypersensitivity to
some vaccine component, most likely residual egg protein, which is present in minute
quantities.

Rare cases of systemic vasculitis have been reported to occur in individuals within
2 weeks of influenza immunization. Influenza antigens have not been identified in
circulating immune complexes or in vessel walls, and a causal relationship has not
been proven.

Guillain-Barré syndrome (GBS) associated with influenza immunization has been
observed in a minority of influenza seasons over the last two decades. Apart from the
1976-1977 swine flu season, the risk of GBS associated with influenza immunization
is small. In a retrospective study of the 1992-93 and 1993-94 seasons in four U.S.
states, the relative risk of GBS occurring within 6 weeks after influenza immunization,
adjusted for age and sex, was 1.7 (95% confidence interval 1.0-2.8, p = 0.04), sug-
gesting slightly more than one additional case of GBS per million people vaccinated
against influenza. In comparison, the morbidity and mortality associated with influ-
enza are much greater.
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In Canada, a study carried out in Ontario and Quebec estimated the background
incidence of GBS to be just over 20 cases per million population. A variety of infec-
tious agents, such as Campylobacter jejuni, have been associated with GBS. It is not
known whether influenza virus infection itself is associated with GBS, or whether
influenza immunization is causally associated with increased risk of recurrent GBS
in people with a previous history of this syndrome. Avoiding subsequent influenza
immunization of people known to have developed GBS within 6 to 8 weeks of a pre-
vious influenza vaccination appears prudent at this time.

Influenza vaccine is not known to predispose to Reye syndrome.

An increased number of influenza vaccine-associated adverse events, primarily
characterized by oculorespiratory symptoms, were reported in Canada during the
2000-2001 influenza season. Although the number of these reported adverse events
was higher than in the past, conjunctivitis and/or respiratory symptoms following
influenza immunization have been reported previously in Canada, the United States
and Europe. A case definition for what was called “oculorespiratory syndrome (ORS)”
was devised, and enhanced surveillance was initiated. The majority of reported cases
of ORS were associated with Fluviral S/F®, one of the three influenza vaccines
licensed for use in Canada. The syndrome was noted to be mild and self-resolving
within several days.

Electron microscopic studies revealed a higher proportion of unsplit (whole) virus
as well as aggregated virus particles in Fluviral S/F® than in other influenza vac-
cines used in Canada during the 2000-2001 season. The reader is referred to the July
2001 CCDR Annual Statement on Influenza Vaccination for the 2001-2002 Season
for more in-depth information and a discussion of potential pathophysiologic mech-
anisms underlying this syndrome. Subsequent CCDR reports will provide further
updates and recommendations, and should be consulted by health care providers. At
the time of writing (May 2001), manufacturers are investigating improved methods
of virus splitting in the preparation of influenza vaccines. Evidence of a satisfactory
safety profile will be required before vaccine licensure. The benefits of influenza
immunization in recommended recipients continue to greatly outweigh the risks
associated with the vaccine.

Contraindications and Precautions

Influenza vaccine should not be given to people who had an anaphylactic reaction to
a previous dose, or those with known anaphylactic hypersensitivity to eggs manifested
as hives, swelling of the mouth and throat, difficulty in breathing, hypotension and
shock. (See Part 1 – General Considerations: Anaphylactic Hypersensitivity to Egg
and Egg-related Antigens).

Individuals with acute febrile illness should not usually be immunized until their
symptoms have abated.
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Although influenza immunization can inhibit the clearance of warfarin and
theophylline, clinical studies have not shown any adverse effects attributable to
these drugs in people receiving influenza vaccine.

Strategies for Reducing the Impact of Influenza

Immunization is recognized as the single most effective way of preventing or attenuat-
ing influenza for those at high risk of serious illness or death. Influenza vaccine pro-
grams should aim to vaccinate at least 90% of eligible recipients. Nevertheless, only
70% to 91% of residents of long-term care facilities and 20% to 40% of adults and
children with medical conditions listed previously receive vaccine annually. Studies
of HCWs in hospitals and long-term care facilities have shown immunization rates
of 26% to 61%.

This low rate of utilization is due both to failure of the health care system to offer the
vaccine and to immunization refusal by people who fear adverse reactions or mistak-
enly believe that the vaccine is either ineffective or unnecessary. The reader is referred
to the current annual CCDR Statement on Influenza Vaccination for a discussion of
strategies to increase vaccination coverage of target groups, as well as guidelines
regarding the prophylactic use of licensed antiviral medication in outbreak settings.
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Japanese Encephalitis Vaccine
Japanese encephalitis (JE) virus is the leading cause of viral encephalitis in Asia,
where more than 50,000 cases occur each year. Clinically apparent infection with JE
virus is seen only rarely in travellers. Countries where the disease occurs are listed
in the Table. Although the incidence of JE varies widely from year to year and between
regions within countries, it has been decreasing in China, Korea and Japan but hold-
ing steady or even increasing in areas of South and Southeast Asia.

JE virus is an arthropod-borne flavivirus, a group that also includes yellow fever
virus and St. Louis encephalitis virus. Although subtle serologic differences between
isolates obtained in different geographic regions have been described, recent geno-
typing suggests that JE virus is essentially monotypic. The principal vectors are
Culex mosquitoes, which breed mainly in rice fields. Swine and certain species of
wild birds are intermediate hosts in the transmission cycle. Conditions that support
transmission of JE virus are primarily rural agricultural ones, but occasionally cases
are reported from urban areas. Culex mosquitoes tend to bite in the evening and
night, but day-biting species predominate in some regions.

The disease occurs in epidemic form in temperate and northern tropical regions and
is endemic in southern tropical regions of Asia. Cases occur chiefly during the sum-
mer and autumn in temperate zones and during the rainy season in tropical zones.
In areas where irrigation is the main factor affecting the abundance of vector mos-
quitoes, transmission may occur year round. For this reason, the periods of greatest
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Zone Country

Temperate regions
(Risk greatest July to October)

Bangladesh
China
Northern India
Japan
Kampuchea
Korea
Laos
Myanmar
Nepal
Far Eastern Russia
Northern Thailand
Northern Vietnam

Tropical regions
(Risk greatest during the rainy season.
Note that the rainy season varies some-
what from region to region but is typically
May to November)

Southern India
Pakistan
Indonesia
Malaysia
Philippines
Sri Lanka
Taiwan
Southern Thailand
Southern Vietnam

Countries Where Japanese Encephalitis Has Been
Recognized and Season of Epidemic Risk
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risk for JE virus transmission to travellers are highly variable and depend on such fac-
tors as season, location, duration of stay and the type of activities undertaken. Crude
estimates for North Americans travelling to Asia place the overall risk of JE illness at
less than 1 per million. However, for travellers to rural areas during the transmis-
sion season, the risk per month of exposure can be as high as 1 per 5,000. Rare case
reports suggest that even short-term, resort-based travellers can occasionally con-
tract JE.

Most JE infections do not result in obvious illness. Between 50 and 300 infections
occur for each clinical case identified. However, when encephalitis does occur, it is
usually severe, with 10% to 25% mortality rates and residual neuropsychiatric prob-
lems in 50% of survivors.

The disease usually affects children, but in countries where it has been recently
introduced all age groups may be affected. In addition to children < 10 years of age,
the elderly are a group in which increased incidence has been observed in the devel-
oped countries of Asia.

Limited data indicate that JE acquired during the first or second trimester of pregnancy
causes intrauterine infection and miscarriage. Infections that occur during the third
trimester of pregnancy have not been associated with adverse outcomes in newborns.

Since JE begins with an infected mosquito bite and only a small proportion (< 3%)
of mosquitoes carry the virus, even in areas of intense transmission, the risk to trav-
ellers can be significantly reduced by the appropriate use of bed-nets, repellants and
protective clothing.

Preparation Licensed for Immunization

A highly purified, formalin-inactivated vaccine derived from mouse brain has been
licensed in Canada. The vaccine is based upon the Beijing-1 strain; it is produced by
the Research Institute of Osaka University (Biken) and distributed by Aventis Pasteur
(Canada). The vaccine contains thimerosal as a preservative and other minor
components.

A live-attenuated JE vaccine developed in China (SA14-14-2) appears to be both safe
and efficacious. This vaccine is currently available only in China but may soon
become more widely available in Southeast Asia. Of particular interest is its capacity
to elicit good serologic responses with fewer doses. A number of tissue cul-
ture-based vaccines (e.g., Vero cell) and recombinant or subunit vaccines for JE are
also under development.

Efficacy and Immunogenicity

The vaccine has been widely used in Asia. In Japan, where JE vaccine has been licensed
since 1954, countrywide immunization for children was introduced between 1965
and 1968. In a study of children in Northern Thailand, JE vaccine was demonstrated
to have an efficacy of 91% (95% confidence interval 70%-97%). In this trial,
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immunization consisted of two subcutaneous 1.0 mL doses of vaccine, except in
children < 3 years of age who received two 0.5 mL doses. A single dose of a similar
vaccine did not generate significant antibody titres.

Immunogenicity studies in the United States and Britain indicate that three doses
are needed to provide protective levels of antibody in a suitable proportion of
vaccinees. Less than 80% of vaccinees developed neutralizing antibody after two
doses of vaccine, as compared with 99% after three doses. After two doses of vaccine,
antibody levels declined substantially in most vaccinees within 6 to 12 months (pro-
tective titres in < 29%). The response in Asian subjects after only two doses may
reflect prior exposure to JE or other flaviviruses circulating in Asia. Although
seroconversion rates (i.e., � four-fold increases in antibody titres) are similar in
Asian and non-Asian subjects who receive a primary series of immunizations over
2 weeks (day 0, 7, 14) or 3 weeks (day 0, 7, 30), the geometric mean titres are uni-
formly higher in the Asians. The duration of protection after a complete primary
series is unknown, but titres > 1:10 persist in 94% of healthy young adults for at
least 3 years. Although neutralizing antibody titres after immunization are highest
against homologous strains, sufficient cross-reactivity exists to provide adequate
protection against a range of heterologous strains.

Recommended Usage

Immunization is indicated for active immunization against JE for people �1 year
of age who will spend 1 month or more in endemic or epidemic areas during the
transmission season, especially if travel will include rural areas. However, there have
been several reports of JE in short-term travellers to endemic regions. Immunization
should therefore be considered for some people spending < 30 days in endemic
areas, e.g., travellers to areas where there is an epidemic, travellers making repeated
short trips, or those with extensive outdoor rural exposure. All travellers should be
advised to take personal precautions against mosquito bites.

Immunization is recommended for all laboratory personnel working with JE virus.

Schedule and Dosage

A series of three 1.0 mL doses is given subcutaneously on days 0, 7 and 30. When time
does not permit, they may be administered 5 to 7 days apart, but the antibody
response to this accelerated schedule is lower and may not be as durable. Two doses
of vaccine 7 to 14 days apart can provide reasonable protection (80% efficacy) for
short periods of time (< 1 year).

Booster Doses

No definitive recommendation can be made regarding the timing of booster doses in
travellers. In a study of a small number of adults, protective titres of neutralizing
antibodies persisted for 3 years after primary immunization. No pediatric data are
currently available. Booster doses of 1.0 mL (0.5 mL for children < 3 years) may be
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considered at intervals of 2 to 3 years. There are no data on use of the vaccine in
infants < 1 year of age. Wherever possible, immunization of infants should be
deferred until they are 1 year of age.

Storage Requirements

The lyophilized preparation should be stored at the temperature recommended by
the manufacturer (2° C to 8° C) until it is reconstituted with diluent. After reconsti-
tution, the vaccine should be stored at a temperature between 2° C and 8° C and
used within 8 hours.

Simultaneous Administration of Other Vaccines

There are only limited data on the effect of concurrent administration of other vaccines,
drugs (e.g., chloroquine, mefloquine) or biologics on the safety and immuno-
genicity of JE vaccine. As a general rule, JE vaccine can be given simultaneously with
any other vaccine. However, if live virus vaccines need to be administered (e.g., MMR)
and time permits, it would be ideal to administer at least two doses of JE vaccine
before administration of the live viral agents. Theoretically, serologic responses may
be diminished if JE vaccine is administered while chloroquine is being taken for pro-
phylaxis against malaria.

Adverse Reactions

JE vaccine has been associated with injection site tenderness, redness and swelling.
Other local effects have been reported in an average of 20% of vaccinees (range < 1%
to 31%). Systemic side effects, principally fever, headache, malaise, rash and other
reactions such as chills, dizziness, myalgia, nausea, vomiting and abdominal pain,
are reported in 5% to 10% of vaccinees.

In an immunization program for U.S. military personnel in Okinawa, an overall
reaction rate of 62.4 per 10,000 vaccinees occurred, including reports of urticaria,
angioedema, generalized itching and wheezing. These reactions were generally mild
to moderate in severity. Nine out of 35,253 people who had been immunized were
hospitalized, primarily to allow administration of intravenous steroids for refractory
urticaria. None of these reactions was considered life threatening. A more recent
study of 14,249 U.S. military personnel (36,850 doses of vaccine) demonstrated
overall reaction rates of 16/10,000 for the first two doses and only 2/10,000 for the
third dose. A Danish case control study in travellers suggests an overall risk of about
1/10,000 doses for allergic-type responses.

Since 1989, an apparent increase in the incidence of late systemic hypersensitivity
reactions has been reported in several developed countries. The reactions are char-
acterized by urticaria, often in a generalized distribution, and/or angioedema of the
extremities, face and oropharynx, especially of the lips. Distress or collapse due to
hypotension or other causes has led to hospitalization in several cases. Most of the
reactions reported have been treated successfully with antihistamines and steroids
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given either orally or parenterally. Some individuals have complained of generalized
itching without evidence of a rash. An important feature of these reactions is the
interval between immunization and onset of symptoms. Reactions after a first dose of
vaccine occur a median of 12 hours after immunization; 88% of reactions occurred
within 3 days. The interval between a second dose and onset of symptoms is gener-
ally longer (median 3 days) and as long as 2 weeks. Reactions can occur after a sec-
ond or third dose when preceding doses were received uneventfully.

Data on U.S. military personnel and Danish travellers suggest that the risk of devel-
oping a systemic allergic reaction is greater in younger subjects, women and those
with a history of allergy (e.g., urticaria, allergic rhinitis, asthma), particularly to other
immunizing agents. Recent post-marketing surveillance suggests that such late
reactions continue to occur at a rate of approximately 6.3/100,000 doses in the
United States. The vaccine constituents responsible for the late hypersensitivity syn-
drome have not been identified, although reactions to gelatin have been implicated
in some cases.

Severe neurologic adverse effects such as encephalitis or encephalopathy have been
reported after JE immunization but are rare (approximately 0.2/100,000 doses in
Japanese vaccine recipients and possibly fewer in North American vaccinees).

Contraindications and Precautions

Allergic reactions (generalized urticaria or angioedema) to a previous dose of vaccine
are contraindications to further doses. JE vaccine should not be given to people with
known hypersensitivity to proteins of rodent or neural origin or JE vaccine excipients
(e.g., gelatin, thimerosal).

Epinephrine (1:1000) must be immediately available should an acute anaphylactic
reaction occur to any component of the vaccine.

Possible allergic reactions exhibited as generalized urticaria and angioedema may
occur from minutes to as long as 9 days after immunization. Vaccinees should be
observed for 30 minutes after immunization and warned against the possibility of
delayed urticaria and angioedema of the head and airway.

Vaccinees should not embark on international travel within 10 days of immuniza-
tion because of the possibility of delayed allergic reactions; they should be advised to
remain in an area with ready access to medical care for 10 days after immunization.

A history of urticaria or angioedema after other immunizing agents, hymenoptera
venom, drugs, or physical or other provocations, or a history of idiopathic hypersen-
sitivity responses should be considered when weighing the risks and benefits of the
vaccine for an individual patient. There are no data supporting the use of prophylactic
antihistamines or steroids in preventing JE vaccine-related allergic reactions.
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Use in pregnancy and breast-feeding

The vaccine has not been assessed in pregnancy or in breast-feeding women. It is not
known whether JE vaccine can cause fetal harm when administered to a pregnant
woman. Pregnant women who must travel to areas where the risk of JE infection is high
should be immunized when the theoretic risks of immunization are outweighed by
the risk of infection to the mother and developing fetus. There are no contraindica-
tions to the use of JE vaccine in breast-feeding women.

Use in immunocompromised hosts

People undergoing immunosuppressive therapy are likely to have a poor immune
response to vaccines in general and killed vaccines in particular. JE immunization
should be deferred, if possible, while patients are receiving such therapy. If travel
must be undertaken, such patients may be immunized as already outlined, with the
understanding that the antibody response may be suboptimal. A recent study of Thai
children with HIV infection suggests that in up to 50% routine immunization can
be expected to be ineffective.
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Lyme Disease Vaccine
Lyme disease is a tick-borne zoonosis caused by the spirochete Borrelia burgdorferi.
The consequences of infection with B. burgdorferi are highly variable, ranging from
asymptomatic infection to death. The most common manifestations include the
development of a characteristic, slowly expanding rash called erythema migrans, as
well as nonspecific symptoms such as fever, malaise, fatigue, headache, myalgia and
arthralgia. The presence of erythema migrans in an individual with exposure to appro-
priate tick vectors has an excellent predictive value for Lyme disease. If the infection
is not recognized and treated, a number of those infected with B. burgdorferi go on
to develop musculoskeletal, cardiac or central nervous system complications that
can be debilitating and, in rare circumstances, fatal.

Epidemiology

In North America, Lyme disease is mostly localized to the northeastern, mid-Atlantic,
upper north-central and northwestern regions of the U.S. In the U.S., roughly
12,500 cases are reported to the Centers for Disease Control and Prevention annu-
ally. Lyme disease is rare in Canada, an average of 24 cases being reported annually
between 1993 and 1999. During this period, 60% were epidemiologically linked to
exposure in endemic areas of the U.S., although cases in British Columbia appear to
have acquired the disease locally.

Ticks competent to transmit B. burgdorferi can be found in the southern regions of
Canada, and surveillance activities in Ontario and Quebec have demonstrated that
a small proportion (< 10%) of these ticks are infected. The large majority of such
isolations are believed to represent adventitious introductions (i.e., nymphal forms
dropped by migratory birds) rather than indigenous replicating populations of
infected ticks.

At the current time, vector ticks are known to be established in only two localized
regions of southern Canada: 1) Ixodes pacificus is present in regions of the Fraser
delta, the Gulf Islands and Vancouver Island, and 2) reproducing populations of
I. scapularis are established in some areas along the northern shore of Lake Erie and
eastern shore of Lake Ontario. In some of these areas, up to 20% of the nymphal
forms (the form most likely to transmit Lyme disease) and 50% of adult ticks may be
infected. However, even in high transmission regions of the U.S., such as New York
and Connecticut (annual incidence rates of 25 to 55 per 100,000 in 1998), Lyme
disease remains very focal in nature, and the risk of infection varies greatly from
county to county and even within individual counties. There are no such regions of
high transmission in Canada. For example, the incidence rates of Lyme disease in
Ontario (including cases acquired outside of the province) and in the region that
includes the northern shore of Lake Erie were approximately 0.2 per 100,000 in
1999.

In the U.S., most B. burgdorferi infections result from peri-residential exposure to ticks
in endemic areas. Thus, individuals who live or work in residential areas surrounded
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by woods or overgrown brush infested with vector ticks are at risk of acquiring Lyme
disease. In addition, people who participate in recreational activities such as hiking,
camping, fishing and hunting in tick habitat or engage in outdoor occupations,
such as landscaping, brush clearing, forestry, and wildlife and parks management in
endemic areas are at risk of acquiring Lyme disease.

Personal Protection

The first line of defence against Lyme disease and other tick-borne illnesses includes
the avoidance of tick-infested habitats, use of personal protective measures such as
repellents and protective clothing, and checking for and removing attached ticks.
The daily inspection for attached ticks is particularly important. Animal studies sug-
gest that transmission of B. burgdorferi from infected ticks usually requires at least
24 hours and often as long as 48 hours. These data have recently been corroborated by
documentation that the state of nymphal tick engorgement (a surrogate for length
of attachment) is a significant factor in the risk of transmission. As a result, daily
inspection and prompt removal of ticks can prevent transmission.

Ticks can be deterred to some extent by insect repellents containing n,n-diethyl-
m-toluamide (DEET). Permethrin (a synthetic pyrethroid) kills ticks on contact and
is available as a spray in animal care stores for application on clothing and cloth only
(e.g., tent screens).

Preparations Licensed for Immunization

Two Lyme disease vaccines have been developed using recombinant B. burgdorferi
lipidated outer surface protein A (rOspA) as immunogen (LYMErix™, GlaxoSmith-
Kline; ImuLyme®, Aventis Pasteur). Only LYMErix™ has been licensed for use in
Canada. Each dose of this vaccine contains 30 µg of recombinant OspA produced in
Escherichia coli adsorbed onto aluminum hydroxide adjuvant (0.5 mg). Each dose of
the vaccine preparation also contains 10 mmol of phosphate buffered saline and
2.5 mg of 2-phenoxyethanol as a bacteriostatic agent.

The protection afforded by LYMErix™ is dependent on the development of a humoral
immune response to rOspA. Antibodies are ingested by the tick from the immunized
host during feeding and are active against the Borrelia spirochetes in the gut of the
tick. Expression of OspA is rapidly downregulated by the spirochete in response to
the blood meal. As a result, the protection conferred by the vaccine depends entirely
upon the delivery of high titres of preformed antibodies to the gut of the tick during
feeding. Antigenic differences in OspA occur between and within B. burgdorferi
genospecies (e.g., B. burgdorferi sensu stricto, B. afzelii, B. garinii) in both North
America and Europe. Although a wide range of mutations, frameshifts and recombi-
nation events in OspA have been documented, the greatest diversity occurs in Euro-
pean strains; North American isolates are more homogeneous. As a result, the
currently available vaccines may not provide protection against European strains
(or equal protection against all North American strains).
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Efficacy and Immunogenicity

The licensure of LYMErix™ was based primarily on data from a large, randomized
controlled trial (RCT) of 10,936 subjects aged 15 to 70 years. Efficacy in preventing
“definite” Lyme disease (e.g., either erythema migrans or objective neurologic, muscu-
loskeletal or cardiovascular manifestations of Lyme disease, plus laboratory confirma-
tion of infection by cultural isolation, PCR positivity, or Western blot seroconversion)
was 49% (95% confidence interval [CI] 15%-69%) after two doses and 76% (95% CI
58%-86%) after three doses. Efficacy in protecting against asymptomatic infection
(no recognized symptoms, but with Western blot IgG seroconversion) was 83%
(95% CI 32%-97%) in year 1 and 100% (95% CI 26%-100%) in year 2. Comparable
efficacy data have been generated in a second large RCT using a very similar, recom-
binant OspA vaccine. Although the immune correlates of protection against Lyme
disease are not yet fully understood, 400 ELISA units (EIU) are believed to represent
a minimum protective titre. Titres in the 700-1400 EIU range are believed to confer
protection with a sensitivity of 70%-95%.

Recommended Usage

Lyme disease vaccine does not protect all recipients against infection with
B. burgdorferi, has unknown efficacy for exposures to B. burgdorferi outside of North
America and offers no protection against other tick-borne diseases (e.g., babesiosis,
ehrlichioses, rickettsioses). The vaccine should be considered an adjunct or supple-
ment to personal protective measures against ticks, and early diagnosis and treat-
ment of suspected tick-borne infections. Decisions regarding the use of vaccine
should be based on individual assessment of the risk of exposure to infected ticks,
and on careful consideration of the relative risks and benefits of immunization com-
pared with other protective measures, including early diagnosis and treatment of
Lyme disease.

Risk assessment in the U.S. is determined on a county-by-county basis. Risk classifica-
tion (high, moderate, low, minimal/no) is based upon detailed epidemiologic infor-
mation, including the presence of the tick vectors (I. scapularis, I. pacificus), the
predicted prevalence of infection in these ticks AND the incidence of clinically rec-
ognizable disease. Although vector-competent tick populations are established in
many regions of southern Canada and adult tick infection rates of up to 10% have
been documented, no residential areas in Canada would be classified as “high” or
even “moderate” risk.

People at high risk

People at high risk of B. burgdorferi infection are those who reside in or visit areas of
high or moderate risk AND engage in activities (e.g., recreational, property mainte-
nance, occupational, leisure) that result in frequent or prolonged exposure to tick-
infested habitat. Lyme disease vaccine should only be considered for people >15 years
of age since the product is not currently licensed for younger children.
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People at moderate risk

People at moderate risk of B. burgdorferi infection are those who reside in or visit areas
of high or moderate risk AND are exposed to tick infested habitat, but whose expo-
sure is neither frequent nor prolonged. For those at moderate risk of B. burgdorferi
infection, Lyme disease vaccine may be considered, but the benefit of immunization
beyond that provided by basic personal protection and early diagnosis and treatment
of infection is uncertain.

People at low or no risk

People at low or no risk of B. burgdorferi infection are those who reside in areas of
low or no risk as well as those who reside in or visit areas of high or moderate risk
BUT have minimal or no exposure to Lyme disease vector ticks (I. scapularis or
I. pacificus). Lyme disease vaccine is not recommended for those who are at low or
no risk of B. burgdorferi infection. The vast majority of Canadians are considered to
be at low or no risk of acquiring Lyme disease.

Schedule and Dosage

Currently, the standard schedule comprises a single 30 µg/0.5 mL dose given intramus-
cularly at 0, 1 and 12 months. Administration should be timed to provide maximum
protection in advance of the peak tick transmission season (spring and early summer)
in 2 successive years. Several studies have recently demonstrated that accelerated
schedules (either 0, 1 and 6 months or 0, 1 and 2 months) can also result in antibody
titres believed to be protective. Antibody titres fall steadily after immunization, and
vaccine failures have occurred in subjects as titres fall. The vaccine is limited for use
in people � 15 years of age.

Laboratory Diagnosis of Lyme Disease

Clinicians and laboratory directors should be alert to the fact that vaccine-induced
antibodies routinely cause false positive EIA results for Lyme disease. Immunization
can also alter the appearance of some commercial immunoblots leading to uncertain-
ties in diagnosis. Other immunoblotting protocols are less subject to misinterpretation
and can be used to distinguish between the immune response to immunization and
the response to natural infection.

Booster Doses

As already explained, the protection afforded by immunization is entirely dependent
upon the presence of preformed antibodies at the time of the infected bite. Under
conditions of “natural” exposure to B. burgdorferi, there is no opportunity for a pro-
tective anamnestic response. A substudy included in the large clinical trial outlined
earlier examined the development and durability of OspA antibodies at months 2,
12, 13 and 20. At month 2, 1 month after the second injection, the geometric mean
antibody titre (GMT) was 1227 EIU/mL. Ten months later, the GMT had declined to
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116 EIU/mL. At month 13, 1 month after the third injection, a marked booster
response resulted in a GMT of 6006 EIU/mL. At month 20, the mean response had
fallen to 1991 EIU/mL. Although insufficient data are available to make firm
long-term predictions, booster doses once every 2 years after a primary series would
be likely to maintain protective levels of circulating antibody.

Simultaneous Administration With Other Vaccines

The safety and efficacy of the simultaneous administration of rOspA vaccine with
other vaccines has not been established. If LYMErix™ must be given concurrently
with other vaccines, each vaccine should be administered in a separate syringe at a
separate injection site.

Adverse Reactions

Several large placebo-controlled studies involving more than 20,000 study subjects
have been performed with rOspA vaccines in recent years to assess both safety and
efficacy. Soreness at the injection site is the most frequently reported adverse event
(about 24% of vaccine recipients versus 7%-8% of placebo recipients). Redness and
swelling at the injection site were reported by less than 2% of both groups but were
more frequent among vaccine recipients than among those who received placebo.
Myalgia, influenza-like illness, fever and chills were significantly more common
among vaccine than placebo recipients, but none of these effects was reported by
more than 3% of subjects. Reports of arthritis were not significantly different between
vaccine and placebo recipients, but vaccine recipients tended to report more tran-
sient arthralgia and myalgia following each dose of vaccine.

To date, there has been no excess of vaccine-attributable serious adverse events or
hypersensitivity responses. In one study, subjects with a self-reported history of
prior Lyme disease had a higher rate of musculoskeletal complaints within 30 days
of receiving the vaccine than vaccinees without a previous history of Lyme disease.
This difference in the rate of musculoskeletal complaints disappeared at 30 days
after administration. Although a number of theoretical concerns have been raised
about OspA epitopes, cross-reacting T cells and autoimmune disorders, there is no
evidence to date that the incidence of neurologic or rheumatologic disorders is
increased after Lyme disease immunization.

Precautions

Vaccine use in pregnancy or nursing mothers

There is no evidence that pregnancy increases either the risk of Lyme disease or its
severity. Acute Lyme disease in pregnancy responds well to antibiotic therapy, and
adverse fetal outcomes have not been reported in pregnant women receiving stan-
dard courses of treatment. Since the safety of rOspA vaccines administered during
pregnancy has not been established, immunization of women who are known to be
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pregnant is not recommended. There is every reason to believe that rOspA vaccines
can be given safely to breast-feeding women if immunization is indicated.

People with immunodeficiency

People with immunodeficiency were excluded from the large Phase III trials, and
there are no safety or efficacy data on the use of Lyme disease vaccine in this group.
However, since it is a recombinant vaccine, there is every reason to believe that
immunocompromised individuals at significant risk for Lyme disease can be immu-
nized without undue risk.

People with previous history of Lyme disease

People with a history of treated erythema migrans may become re-infected and are
appropriate candidates for immunization if they remain at risk of infection. These
subjects may have a higher incidence of musculoskeletal complaints in the first
month after immunization than those without such a history. However, their risk of
late musculoskeletal and other adverse events from the vaccine does not appear to be
elevated. People with a history of Lyme arthritis generally have high antibody titres
directed against a range of B. burgdorferi antigens and do not appear to be susceptible
to re-infection.

People with rheumatologic or neurologic conditions

Individuals with serious medical conditions, including chronic rheumatologic and
neurologic diseases, have been excluded from all trials to date. As a result, no data are
available to determine the safety and efficacy of rOspA vaccine in these people, and
the risks and benefits of immunization need to be evaluated on a case-by-case basis.

Children and adolescents

At the current time, immunization against B. burgdorferi is not recommended for
children < 15 years of age. However, a recently completed randomized, placebo
controlled trial in 4,090 children 4-18 years of age demonstrates that rOspA vac-
cines are both safe and immunogenic in healthy children and adolescents. Indeed,
these study subjects attain much higher anti-OspA antibodies than adult vaccinees
(mean titre 27,485 EIU versus 8216 EIU in adults during the first month after a
series of three doses). Side effects in this population are similar to those in adults.
Even younger children (2-5 years of age) also respond well to rOspA-containing
vaccines, but insufficient data are currently available to establish safety or efficacy in
this age range.

Other Considerations

Although Lyme disease can be prevented in many instances with the use of prophy-
lactic antibiotics, the routine administration of such prophylaxis is not currently
recommended. Most tick bites in North America are not attributable to species that
transmit Lyme disease. Furthermore, in all but hyperendemic areas (there are very
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few such areas in Canada) the large majority of deer ticks are NOT infected with
B. burgdorferi. The risk of infection after a documented deer tick bite is quite low
(1.5% to 3.0%), even in areas with intense transmission. Most individuals infected
with B. burgdorferi in North America (65%-80%) develop erythema migrans, which
is readily recognized and treated. The risk of developing late sequelae from Lyme
disease without erythema migrans following a recognized bite is thought to be very
low. In extremely anxious individuals, paired early and late (e.g., 4-6 weeks) sera can
be used to confirm the absence of seroconversion.
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Measles Vaccine
Measles (rubeola) is the most contagious vaccine-preventable infection of humans.
There has been a marked reduction in incidence in countries where vaccine has
been widely used, but measles remains a serious and common disease in many parts
of the world. Complications such as otitis media and bronchopneumonia occur in
about 10% of reported cases, even more commonly in those who are poorly nour-
ished and chronically ill, and in infants < 1 year of age. Measles encephalitis occurs in
approximately 1 of every 1,000 reported cases and may result in permanent brain
damage. In countries like Canada, death is estimated to occur once in 3,000 cases.
Furthermore, prior measles infection is associated with subacute sclerosing
panencephalitis (SSPE), a rare but fatal disease.

Epidemiology

Before the introduction of the vaccine, measles occurred in cycles with an increas-
ing incidence every 2 to 3 years. At that time, an estimated 300,000 to 400,000 cases
occurred annually. Since the introduction of vaccine, the incidence has declined
markedly in Canada (see Figure). Between 1989 and 1995, in spite of the very high
vaccine coverage, there were many large outbreaks involving mainly children who
had received one dose of measles vaccine. It was estimated that 10% to 15% of
immunized children remained unprotected after a single dose given at 12 months of
age, a proportion large enough to allow circulation of the virus. These vaccine fail-
ures were mainly caused by the interference of persisting maternal antibody. To
eliminate measles, it was thus necessary to change to a two-dose schedule to further
decrease the proportion of susceptible children.
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In 1996 and 1997, every province and territory added a second dose to its routine
schedule, and most conducted catch-up programs in school-aged children in order to
protect those left susceptible after their first dose. These interventions achieved vaccine
coverage for the second dose in excess of 85%, reducing the proportion of vulnera-
ble children to a negligible level that will not sustain transmission of the virus.

Because an effective vaccine is available and there is no non-human reservoir or
source of infection, measles elimination within a population should be possible.
During the XXIV Pan American Sanitary Conference in September 1994, represen-
tatives from Canada and other nations resolved to eliminate measles by the year 2000.
In Canada, sustained transmission has been eliminated by our current schedule and
high vaccine coverage. However, as expected, some clusters due to imported cases
continue to occur. Secondary spread from these imported cases is self-limited and
involves the few Canadians who are still vulnerable. In 23 incidents resulting from
importation between 1998 and 2000, only six led to secondary transmission, with up
to 200 cases reported in 1 year.

Most other countries in North, Central and South America have also succeeded in
eliminating sustained transmission, but the situation in other continents is evolv-
ing at a slower pace.

The great challenge for future years will be to continue achieving vaccine coverage
rates of 95% or more as measles becomes increasingly unfamiliar to Canadian par-
ents. Immunization against measles will continue to be necessary in Canada until
global elimination of the disease has been achieved.

Preparations Licensed for Immunization

Live measles virus vaccines are prepared from Edmonston B “further attenuated”
strains (e.g., Moraten, Edmonston-Zagreb, Schwarz, Connaught strains). They are
available alone, in combination with live rubella vaccine (MR) or with mumps and
rubella vaccines (MMR). Measles vaccines are generally prepared in chick fibroblast
cell cultures, except for MoRu-Viraten Berna®, which is grown in human fibroblasts.
All preparations may contain traces of antibiotics (e.g., neomycin) and stabilizer
such as gelatin. Consult the product monograph for details.

Efficacy

The efficacy of the measles vaccine increases with age at immunization. The main
mechanism explaining poor efficacy in children immunized at an early age is the
interference by maternal antibody. These antibodies are transferred from the mother
to the fetus in utero, and their levels slowly decrease after birth. Most infants have
lost their maternal antibody by 12 months of age, but studies have shown that
immunization at 15 months of age gives higher protection. Maternal antibodies are
not the unique factor in vaccine failure, as the protection appears to reach a plateau
after 15 months of age. The efficacy of a single dose given at 12 or 15 months is esti-
mated to be 85% to 95%. With a second dose, almost 100% of children are protected.
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Recommended Usage

Infants and children

For routine immunization, two doses of measles vaccine should be given. Infants
should receive a first dose combined with mumps and rubella vaccines (MMR)
shortly after their first birthday; the second dose should be given at least 4 weeks
after the first and before school entry. It is convenient to link this dose with other
routinely scheduled immunizations. Options include giving it with the next sched-
uled immunization at 18 months of age, with school entry immunization at 4 to
6 years, or at any intervening age that is practicable (such as entry to day care). For
routine second doses, MMR vaccine is preferred because a proportion of children
will also benefit from enhanced protection against rubella and mumps.

Two doses of vaccine given 4 weeks apart are recommended for children who

� are out of step with the routine schedule;

� are without an immunization record;

� are without reliable records of measles immunization (e.g., immigrants);

� were given live measles vaccine and immune globulin (IG) simultaneously or live
measles vaccine within 5 months of receiving IG;

� received an inadequate vaccine dosage.

Vaccine may be recommended for children < 12 months of age if they are at high
risk of exposure to measles or are travelling abroad to an area where measles is com-
mon; measles vaccine alone or as MMR may be given as early as 6 months of age.
Under these circumstances, or if vaccine was inappropriately given before the
child’s first birthday, such children should receive two additional doses of MMR
after the first birthday.

Post-exposure use: Susceptible individuals > 12 months of age who are exposed to
measles may be protected from disease if measles vaccine is given within 72 hours
after exposure. There are no known adverse effects of vaccine given to people incubat-
ing measles. IG given within 6 days after exposure can modify or prevent disease and
may be used for this purpose in infants < 12 months of age, people for whom vaccine
is contraindicated, or those for whom more than 72 hours but less than 1 week have
elapsed since exposure (for IG dose see page 33). Unless it is contraindicated, indi-
viduals who receive IG should receive measles vaccine later, at the intervals speci-
fied in Table 7 on page 34.

Adults

Routine immunization is recommended for adults born after 1970 without a history
of disease. In the 1998 edition of the Canadian Immunization Guide, this cut-off
was changed from 1957 to 1970 because the epidemiology of measles in Canada
since 1989 has demonstrated that cases are very rare in adults born before that year.
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This observation is explained by the relatively free circulation of measles virus in
Canada up until the early 1970s, which allowed most people born before then to
acquire measles. Although the vaccine was licensed for use in both Canada and the
U.S. in 1963, it was used on a large scale in Canada only in the early 1970s, as com-
pared with the mid 1960s in the U.S. Furthermore, in 1976, age at immunization
was raised to 15 months in the U.S. while it remained at 12 months in Canada. The
greater proportion of primary vaccine failures associated with a younger age at
immunization permitted the large outbreaks of measles observed until the recent
introduction of the two-dose schedule.

A small proportion of adults born since 1970 are still vulnerable, and this proportion
is greater among younger adults. Epidemiologic data show that settings with large
concentrations of young adults, such as colleges and universities, permit transmis-
sion of measles. Thus, vaccine should be administered to adults born since 1970 who
attend such institutions or who are expected to be at higher risk of measles exposure
than the general population, for example, during travel or outbreaks. Although two
doses of vaccine or documented proof of disease are generally needed as evidence of
complete protection, the administration of a single dose of vaccine to adults without
such proof appears satisfactory. In fact, most adults without proof of immunity are
already immune, and a single dose of vaccine will raise that proportion close to
100%. The benefit of a second dose 1 month later is limited, because the main cause
of vaccine failure (anti-measles maternal antibody) is not a problem in adults.

One additional dose of vaccine should be offered only to adults born since 1970 who
are at the greatest risk of exposure and who have not already received two doses or
had natural measles infection. These people include

� travellers to a measles endemic area

� health care workers

� students at post-secondary institutions

� military recruits

� adults who are aware that they were never immunized.

Dosage

The dose of measles vaccine, either alone or in combination with rubella and
mumps vaccine (MMR), is 0.5 mL. For unidose vials, the whole content of the vial
should be injected after reconstitution (0.5-0.7 mL).

Route of Administration

The vaccine should be administered subcutaneously.
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Storage Requirements

Measles-containing vaccine should be stored in the refrigerator at a temperature of
2o C to 8o C. Once reconstituted, the vaccine should be administered promptly.

Simultaneous Administration with Other Vaccines

Measles-containing vaccine can be given concurrently with other childhood vaccines
such as combined diphtheria, pertussis, tetanus, polio or Haemophilus influenzae
type b vaccines. Separate injections are required at different anatomic sites. When
administered with other live vaccines, like varicella vaccine, measles-containing
vaccine should be given at the same time or separated by a minimum 4-week
interval.

Adverse Reactions

Measles vaccine produces a mild, non-transmissible and usually subclinical infection.
Fever, with or without rash, may be seen in about 5% to 10% of individuals 7 to 10 days
after administration. Fever may occasionally trigger a seizure in susceptible children,
such as those who have previously had convulsions or whose siblings or parents
have a history of convulsions. However, the risk is low, and the benefit of immuniz-
ing children greatly outweighs any potential risk associated with febrile seizures.
Transient thrombocytopenia occurs, rarely, during the month after immunization.
Adverse reactions are less frequent after the second dose of vaccine and tend to
occur only in those not protected by the first dose.

Encephalitis has been reported in association with administration of live attenuated
measles vaccine at a frequency of approximately 1 per million doses distributed in
North America, which is so rare that it is uncertain whether vaccine is the cause.
Nevertheless, the reported incidence is much lower than that observed with the nat-
ural disease (approximately 1 per 1,000 cases).

There has been a dramatic decline in the incidence of SSPE since the introduction of
widespread measles immunization. To date, no cases from whom measles virus was
isolated had a vaccine strain.

If MMR is used, reactions to the mumps and rubella components may be encountered
(see pages 167 and 203). Despite reports of an association between MMR vaccine and
autism or inflammatory bowel disease, rigorous studies have confirmed the lack of
causality (see General Cautions and Contraindications, page 7). Therefore, separate
administration of the different components of MMR is strongly discouraged, as it
will give no health benefit, will increase the proportion of children who fail to
receive all three antigens and/or delay achieving complete protection against all
three diseases, and will cause unnecessary pain and distress to children.
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Contraindications

Measles vaccine (or MMR) is contraindicated in individuals with a previous anaphylactic
reaction to a measles-containing vaccine. If there is a compelling reason to re-
immunize such individuals, MMR skin testing and graded challenge in an appropri-
ately equipped facility can be considered. However, the possibility of a hypersensitivity
reaction to the MMR skin test or during the graded challenge must be considered.

Administration of measles vaccine or MMR should be deferred if there is any severe
acute illness. However, immunization should not be delayed because of minor acute
illness, with or without fever.

Although there is no known risk from measles vaccine administered during preg-
nancy, it should not be given to pregnant women.

Since measles vaccine may contain trace amounts of neomycin, people who have
experienced anaphylactic reactions to topically or systemically administered neomycin
should not receive measles vaccine. Measles vaccine may also contain gelatin as a
stabilizer, and so those who have had severe allergic reactions to gelatin or gelatin-
containing products should be immunized with great caution.

Measles vaccine is contraindicated in most people whose immune system is impaired
as a result of disease or therapy (for HIV, see the section below and Vaccination in
Immunocompromised Hosts, on page 20).

Precautions

Tuberculosis may be exacerbated by natural measles infection, but there is no evi-
dence that measles vaccine has such an effect. Measles immunization can suppress a
positive tuberculin skin test for several weeks. If skin testing for tuberculosis is
required, it should be done on the same day as immunization or delayed for 6 or
more weeks.

MMR is indicated for most infants infected with HIV whose immune function at 12
to 15 months of age is compatible with safe MMR immunization (1994 Pediatric HIV
Classification categories E, N1, A1). Consultation with an expert is required in the
case of HIV-infected children to determine the presence or absence of significant
immunodeficiency in individual cases. Measles re-vaccination may still be appropriate
for HIV-infected people with moderate immunodeficiency if there is a high risk of
measles in the local community or travel to an area where measles is endemic. Consul-
tation with local public health authorities will help determine the local level of
measles activity and risk to travellers abroad.

Because the response to prior immunization may be impaired, HIV-infected children
should receive IG after recognized exposures to measles. When other susceptible
people with immune deficiencies are exposed to measles, passive immunization
with IG should be given as soon as possible (see page 33). It is desirable to immunize
close contacts of immunocompromised individuals in order to minimize the latter’s
risk of exposure to measles.
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Clinical studies have demonstrated that egg allergy should no longer be considered
a contraindication to immunization with MMR. In people who have a history of
anaphylactic hypersensitivity to hens’ eggs (urticaria, swelling of the mouth and
throat, difficulty in breathing or hypotension), measles vaccine can be administered
in the routine manner without prior skin testing. However, this should take place
where adequate facilities are available to manage anaphylaxis. Those at risk should
be observed for 30 minutes after immunization for any sign of allergic reaction. No
special precautions are necessary for children with minor egg hypersensitivity who
are able to ingest small quantities of egg uneventfully or who are given measles-
rubella vaccine free of avian protein. No special measures are necessary for children
who have never been fed eggs before MMR immunization. Prior egg ingestion should
not be a prerequisite for MMR immunization (see Anaphylaxis section, page 14).

For travellers, care must be taken in the timing of immunization when IG is also
required (see Table 7, page 34).

Outbreak Control

A full discussion of measles outbreak control is beyond the scope of this chapter.
Readers are referred to the statement on outbreak control issued by the Advisory
Committee on Epidemiology.

With the current two-dose schedule for measles vaccine, large outbreaks of measles
are not expected to recur. However, because many countries have lower immunization
coverage, measles will continue to be imported into Canada. Imported cases will
result in limited transmission of measles, usually among unvaccinated children and
young adults who have not received two doses of vaccine.

Control interventions in schools or other facilities had little impact when Canada was
using a single-dose program. With the two-dose strategy and high vaccine coverage,
the benefits of control interventions are likely to be negligible except in settings
where vaccine coverage is known to be low. Thus, before any intervention is started,
suspected measles cases should be promptly confirmed by culture or serology. If
cases are confirmed, contacts should be informed that measles is circulating and
advised to update their immunization status if necessary. For practical purposes, all
students attending the same school or facility should be considered contacts.
Immunization within 72 hours of exposure will usually prevent measles and is not
known to produce adverse effects. Should an individual already be immune or
infected by measles virus, there is no increased risk of adverse reactions from immu-
nization with live measles vaccine or with MMR.
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Meningococcal Vaccine
In light of the recent licensure of meningococcal C conjugate vaccines, this chapter
has been completely revised.

Epidemiology

Invasive meningoccocal disease (IMD) is endemic in Canada, and periods of
increased activity occur roughly every 10 to 15 years but with no consistent pattern.
The last major epidemic of serogroup A meningococcal disease occurred in 1940-43,
when the peak incidence was close to 13 per 100,000 population per year. Since
then, outbreaks have been uncommon and localized, and the overall incidence of
disease has remained at or below 2 per 100,000 per year (range 0.5 to 2.1). The incidence
of IMD has varied considerably with different serogroups, age groups, geographic
locations and time.

Serogroups A and C Neisseria meningitidis were the groups most frequently identi-
fied from 1971 to 1974. From 1975 to 1989, serogroup B predominated, the majority
being serotype 2b, 4 and 15 and the most common subtype P1.2. In 1986, a new
clone of serogroup C, serotype 2a, characterized as electrophoretic type 15 (ET-15),
was identified in Canada for the first time. Since then serogroups B and C have been
responsible for most of the cases of endemic disease in Canada. However, serogroup
C isolates have almost exclusively been responsible for clusters or outbreaks in
schools and communities.

Overall, the incidence has been highest among children < 1 year of age and has
declined with age, except for a smaller peak in the 15 to 19 year age group. Age-
specific incidence rates (per 100,000 population per year) during the period 1985
to 2000 were 14.8 among infants < 1 year old, 4.2 among children 1 to 4 years,
2.3 among those 15 to 19 years and 0.5 among adults � 20 years. Children < 1 year of
age accounted for 18% of cases (mean of 50 cases per year), those 1 to 4 accounted
for 21% (mean of 58 cases per year), those 5 to 9 accounted for 7% (mean of 20 cases
per year) and adolescents 15 to 19 years of age accounted for 14% (mean of 41 cases
per year). One-third of cases occurred in people � 20 years. The overall case fatality
rate (CFR) varied from 9% in 1985 to 12% in 1993 with the emergence of the more
virulent ET-15.

Serogroup C

The emergence of the ET-15 clone was initially associated with an increase in local-
ized outbreaks and in the proportion of endemic disease caused by serogroup C. The
features of serogroup C disease for the period 1985 to 2000 have included the occur-
rence of clusters in schools, a high incidence among adolescents and young adults
(median age 15 years), a higher proportion of cases presenting as septicemia (88%
vs 79%), and a high CFR as compared with group B disease (14% vs 6%). A retro-
spective study in Quebec of cases presenting during 1990 to1994 showed that 15%
of survivors of serogroup C disease had sequelae (skin scars 12%, amputations 5%,
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hearing loss 2%, renal problems 1% and other sequelae 4%), and the 20-59 year age
group suffered the most in terms of illness and death.

From January 2000 to June 2001, there has been a resurgence of group C disease
with localized clusters or outbreaks, mainly affecting adolescents and young adults,
in five provinces (Alberta, British Columbia, Manitoba, Quebec and Ontario).

Immunization campaigns, generally targeting high school-aged children and extend-
ing to a varying degree to include younger children and young adults, have been
launched in different provinces.

Other serogroups

There has been less fluctuation in the incidence of serogroup B than of serogroup C
disease over time. Children < 5 years account for the majority of serogroup B cases
(average 54%, range 47%-60%) and the highest incidence (median age, 2 years).

An increasing trend in serogroup Y disease has been observed in the United States
during the past decade, although no such trends have been observed in Canada over
this time. In this country, from 1993 to 2000, serogroup Y represented approximately
1% to 15% of isolates characterized, and serogroup-specific incidence remained rel-
atively stable at 0.05 to 0.1 per 100,000 population per year (mean 24 confirmed
cases per year, range 16 to 47). Of note, however, is a recent increase in the incidence
of serogroup Y disease in Ontario, accounting for 30% of laboratory confirmations
(10 of 33 isolations) from this province during the first 4 months of 2001. Serogroup
Y disease has tended to affect older adults (median age 25 years 1985-2000) and is
associated with a CFR between that of serogroup C and serogroup B cases. The CFR
for serogroup Y invasive disease was 10% over the period 1985-2000.

Both serogroup A and W135 IMD are reported uncommonly in Canada. Since the
epidemics of the early 1940s the incidence of serogroup A disease has declined dra-
matically. From 1985 to 2000, a total of 101 cases with invasive serogroup W135 dis-
ease were reported (range 1-12 cases per year), with an average incidence of 0.02 per
100,000 population per year (1999 and 2000 data preliminary). The median ages of
serogroup A and W135 cases were 18 years and 19 years respectively.

Preparations Licensed for Immunization

Two different types of meningococcal vaccine are available: purified capsular
polysaccharide vaccines (Men-Ps) and protein-polysaccharide conjugate vaccines
(Men-conjugate). Products licensed in Canada include bivalent MenAC-Ps vaccines
containing capsular polysaccharides from serogroups A and C; a quadrivalent
MenACYW-Ps vaccine containing capsular polysaccharide from serogroups A, C, Y
and W135 meningococci; and two newly licensed monovalent MenC-conjugate vac-
cines: Menjugate™, Chiron Corp., in which O-acetylated C-polysaccharide is conju-
gated to the protein CRM197 (Cross Reacting Material 197), and NeisVac-C™,
Baxter/North American Vaccine, which contains de-O-acetylated C-polysaccharide
conjugated to tetanus toxoids. One other MenC-conjugate vaccine not yet licensed in
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Canada is Meningitec™, Wyeth-Lederle, which contains O-acetylated C-polysaccharide
conjugated to the protein CRM197. No vaccine is available against serogroup B
meningococci.

Efficacy and Immunogenicity

Purified polysaccharide vaccines

MenAC-polysaccharide vaccines and MenACYW-polysaccharide vaccines have been
widely used to control outbreaks and epidemics of serogroup A and C meningococcal
disease. MenAC-Ps vaccine efficacy at 2 months after immunization in U.S. military
recruits was found to be 87% to 88% and at 12 months after immunization in Italian
military recruits was 91%. One year after mass immunization of children aged 2 to
19 years in Spain, efficacy was 94% against serogroup C invasive disease, and in a
U.S. case control study in children and adults aged 2 to 29 efficacy was 85%.

Lower efficacy has generally been observed in young children. After 17 months’
follow-up in Brazil there was no significant efficacy against IMD in children aged
6 to 36 months, but in a subgroup aged 24 to 36 months efficacy was 67%. MenC-Ps
vaccine was found to be non-protective in children < 2 years of age in another study
and only 52% effective in 2 to 3 year olds after 17 months of follow-up in yet another
one. In Quebec, where 1.7 million doses of polysaccharide vaccine were given dur-
ing an outbreak in the early 1990s, efficacy was estimated at 79% among children
and young adults after 5 years. After 8 years’ follow-up in Quebec, protection from
serogroup C meningococcal disease was observed in the first 2 years after vaccine
administration (vaccine efficacy 65%; 95% confidence interval [CI] 20%-84%) but
not in the next 3 years (vaccine efficacy 0%; 95% CI -5% to 65%). Vaccine efficacy
was strongly related to age at immunization: 83% (95% CI 39%-96%) for ages 15 to
20 years, 75% (95% CI -17% to 93%) for ages 10 to 14 years, and 41% (95% CI
-106% to 79%) for ages 2 to 9 years. There was no evidence of protection in children
< 2 years; all eight cases of meningococcal disease in this age group occurred in
vaccinees.

These data demonstrate lack of efficacy in those < 2 years, poor efficacy in 2-3 year
olds and short duration of efficacy of the serogroup C component of MenAC-Ps and
MenACYW-Ps vaccines, particularly in children < 10 years of age.

During a serogroup A epidemic in Africa, the efficacy of polysaccharide vaccines
against serogroup A was estimated as 87%. Although protection against serogroup A
conferred by MenAC-Ps or MenACYW-Ps vaccine may persist in school-aged chil-
dren and adults for at least 3 years, the efficacy of the group A vaccine in children
aged < 5 years may decrease markedly within this period. In one study, efficacy
declined from > 90% to < 10% by 3 years after immunization among children who
were aged < 4 years when immunized. Efficacy was 67% at 1 year after immuniza-
tion among children who were � 4 years.
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Vaccines containing serogroups Y and W135 polysaccharides are safe and
immunogenic in adults and in children aged > 2 years, but clinical protection has
not been studied after immunization with polysaccharides of these serogroups.

Protein-polysaccharide conjugate vaccines

A high level of protection produced by immunization with MenC conjugate vaccine has
been predicted from immunogenicity data, even in infants as young as 2 months.
There are limited efficacy data available for MenC-conjugate vaccines. Preliminary
data from U.K. surveillance after introduction of the MenC-conjugate vaccine
throughout childhood have indicated an estimated short-term (follow-up was
approximately 9 months) efficacy of 97% in adolescents and 92% in toddlers.

Recommended Usage

The MenC-conjugate vaccine has been licensed for use in infants, children and
adults, and NACI recommends that it be used as follows.

Infants

MenC-conjugate vaccine is recommended for routine immunization of infants at
ages 2, 4 and 6 months (normally, at least 4 weeks apart) at the same visit as primary
immunization with DTaP, IPV and Hib, to prevent serogroup C meningococcal dis-
ease. Infants aged 4-12 months who have not previously received the vaccine should
be immunized with two doses given at least 1 month apart.

Infants born prematurely should receive the vaccine at the same chronological age
as term infants.

Purified polysaccharide vaccine (MenACYW-Ps or MenAC-Ps) is not recommended
for routine infant immunization.

Individuals over 1 year of age

A single dose of MenC-conjugate vaccine is recommended for immunization of chil-
dren aged 1-4 years and for adolescents and young adults to prevent the increased
risk of serogroup C meningococcal disease in these age groups. For children � 5 years
of age who have not reached adolescence, immunization with a single dose of
MenC-conjugate vaccine may also be considered.

Purified polysaccharide vaccine (MenACYW-Ps or MenAC-Ps vaccines) is not recom-
mended for routine childhood immunization.

Contacts of cases

Household and intimate social contacts (kissing, sharing a toothbrush etc.) of spo-
radic cases of meningococcal disease have a considerably elevated risk of infection,
and chemoprophylaxis should therefore be administered to them: rifampin 600 mg
every 12 hours for 2 days for adults (10 mg/kg in children > 1 year of age, 5 mg/kg
< 1 year); or ciprofloxacin as a single 500 mg oral dose for adults or ceftriaxone
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250 mg intramuscularly for adults (50 mg/kg in children). Ceftriaxone is recommended
in pregnancy and when compliance with oral antibiotics is unlikely. If antibiotics
such as penicillin, which do not reliably eliminate nasopharyngeal carriage, have
been used for treatment in hospital, before discharge the index case should also
receive antibiotics that clear nasal carriage.

In certain countries where chemoprophylaxis of contacts is routinely administered
for sporadic cases, as it is in Canada, 0.3% to 3% of cases of meningococcal disease
occur in contacts of the index case. In one study, the median interval between occur-
rence of the index and secondary case was 7 weeks. Some of these secondary cases
can be attributed to failure of chemoprophylaxis (e.g., through failure of administra-
tion, poor compliance or the presence of antibiotic resistance). The situation in
Canada is unknown.

Vaccination of unimmunized household and intimate social contacts may further
reduce the risk of secondary cases beyond the benefit of chemoprophylaxis and is
recommended. MenACYW-Ps or MenAC-Ps vaccine should be used for contacts of
cases with disease known to be caused by serogroup A meningococci; MenACYW-Ps
vaccine should be used for contacts of cases of serogroup Y or W135 disease. For
contacts of known serogroup C disease, MenC-conjugate vaccine is preferred, when
available, because of the longer duration of protection and induction of immunologic
memory. However, MenACYW-Ps or MenAC-Ps will also provide useful protection in
older children and adults for the 1-year period of increased risk that may follow an
epidemic. These polysaccharide vaccines are ineffective against serogroup C disease
for children < 2 years of age, and MenC-conjugate should be used in this situation
where possible. No vaccine is currently recommended for contacts of individuals
with serogroup B disease or contacts of cases of disease in which the serogroup has
not been determined.

High-risk groups

Routine immunization with quadrivalent MenACYW-Ps is recommended for certain
groups at increased risk of meningococcal disease. Such individuals include those
with functional or anatomic asplenia (vaccines should be given at least 10-14 days
before splenectomy) and people with complement, properdin or factor D deficiency.
More durable protection against serogroup C meningococcal disease may be
achieved by giving MenC-conjugate vaccine to these individuals in addition to
MenACYW-Ps vaccine. If the MenC-conjugate vaccine is given first, a period of at
least 2 weeks before immunization with MenACYW-Ps vaccine is recommended to
allow time for generation of an antibody response. It is possible that a shorter interval
may interfere with this response. If the MenACYW-Ps vaccine is given first, an adequate
response to MenC-conjugate vaccine has been observed after a delay of 6 months in
adults, and this remains the recommended interval until further data are available.
Children < 2 years with any of these immunodeficiencies should be immunized with
MenC-conjugate vaccine as described in the routine infant schedule above, and
should then receive quadrivalent MenACYW-Ps at 2 years of age.
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Institutions

Routine immunization with the quadrivalent polysaccharide vaccine, MenACYW-Ps,
is recommended for military recruits and may be considered for other groups or
institutions where there is an increased risk of disease. New guidance on manage-
ment of outbreaks in institutions is in preparation.

Although there are no data to suggest an increased risk of meningococcal disease
among students in Canada living in residential accommodation, an elevation in risk
has been observed in the U.S. among freshmen living in dormitory accommodation
and in the U.K. among university students in catered hall accommodation. Clusters
of cases of meningococcal disease in students have been reported in a number of
countries, and carriage rates increase rapidly among freshmen during the first week
of term in the U.K. In this age group in Canada, as in other countries, there is an
increase in the rate of meningococcal disease. Immunization against serogroup C
meningoccocal infection should be considered for students living in residential or
dormitory accommodation. For these students the risk is mainly from serogroup C
meningococcal disease, and immunization with a single dose of MenACYW-Ps,
MenAC-Ps or MenC-conjugate vaccine is appropriate. MenC-conjugate vaccine may
be preferred because of the induction of immunologic memory and the enhanced
immunogenicity.

Laboratory and health care workers

Clinical health care workers are only at higher risk of meningococcal disease if they
are exposed to respiratory secretions from individuals suffering from meningococcal
infection around the time of admission. Significant exposure has been defined as
intensive, unprotected contact (mask not worn) with infected patients (e.g., through
intubation, resuscitation, or close examination of the oropharynx of patients). By
24 hours after antibiotics have been initiated, meningococci are undetectable in the
respiratory secretions of patients, and therefore health care workers are at negligi-
ble risk.

For the occasional health care staff who have direct exposure to respiratory secre-
tions the relative risk of meningococcal disease is estimated to be 25 times higher
than in the general population. It is recommended that health care workers use bar-
rier precautions to avoid direct contact with respiratory secretions of patients with
meningococcal disease during the first 24 hours after commencement of antibiotic
therapy, and that those with significant exposure receive antibiotic chemopro-
phylaxis. Routine immunization of health care workers is not currently recom-
mended, as the risk period for acquisition ends when contact with an untreated
patient terminates, and antibiotic chemoprophylaxis should be sufficient in the
high-risk situation described.

Laboratory-acquired meningococcal infection is believed to be rare. However, the
rate of disease in a recent U.S. survey conducted by the Centers for Disease Control
and Prevention (CDC), Atlanta, was higher than expected among microbiology labo-
ratory workers dealing with N. meningitidis cultures in the absence of any breaches
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in laboratory safety practices. In light of this, CDC is currently re-evaluating its recom-
mendations for laboratory workers. Research, industrial and clinical laboratory person-
nel who are routinely exposed to N. meningitidis should be offered immunization
with quadrivalent MenACYW-Ps and may be additionally offered MenC-conjugate
vaccine to provide enhanced protection against serogroup C meningococcal infec-
tion (see Booster Doses and Re-immunization).

Outbreaks of meningococcal disease

Consultation with public health officials and experts in communicable disease is
important in the assessment and control of meningococcal disease outbreaks in var-
ious settings, and reference to published guidelines (currently being revised) should
be made. Most recent outbreaks of meningococcal disease in Canada have involved
teenagers and young adults suffering from serogroup C meningococcal disease.
Such outbreaks may be controlled by the use of MenACYW-Ps, MenAC-Ps vaccine or
MenC-conjugate vaccine. The use of MenC-conjugate vaccine may be preferable
because of induction of immunologic memory and prolonged duration of protection.
In those previously immunized with a polysaccharide vaccine for whom re-vaccination
is considered, MenC-conjugate vaccine is preferred (see Booster Doses and Re-
immunization), as further plain polysaccharide immunization may induce immu-
nologic hyporesponsiveness, although the clinical significance of this phenomenon is
unknown. In younger children (< 10 years) MenC-conjugate vaccine is recommended
for control of outbreaks in view of its superior immunogenicity and efficacy in this
age group.

For the control of outbreaks of serogroup A meningococcal disease, MenACYW-Ps
or MenAC-Ps vaccine is recommended as a single dose for children > 18 months of
age and adults. Children aged 3 to 17 months should receive two doses of vaccine
given 3 months apart. For the control of outbreaks associated with serogroup Y or W135
meningococci, one dose of MenACYW-Ps is recommended for people � 2 years.

International travel

Current Canadian guidelines (from the Committee to Advise on Tropical Medicine
and Travel) for the prevention of meningococcal disease in travellers should be
consulted. In deciding on the need for immunization, there should be particular
consideration of the destination to be visited, the nature and duration of exposure,
and the age and health of the traveller. Epidemic alerts are published regularly on
the following websites:

Travel Medicine Program, Centre for Emergency Preparedness and Response
Health Canada http://www.TravelHealth.gc.ca

U.S. Centers for Disease Control and Prevention (CDC)
http://www.cdc.gov/travel/diseases/menin.htm

World Health Organization (WHO)
http://www.who.int/disease-outbreak-news/disease_indices/men_index.html
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Immunization of travellers to areas known to have epidemic meningococcal disease
generally aims to prevent serogroup A infection. Epidemics of serogroup A
meningococcal disease have been documented every 5 to 10 years in the meningitis
belt of sub-Saharan Africa for much of the past century. A similar epidemic pattern
has also been described in Asia. Despite the frequency of travel to regions where
meningococcal epidemics occur, disease in travellers appears to be very unusual.
When vaccine is indicated, a single dose of MenACYW-Ps or MenAC-Ps vaccine
should be given to infants � 3 months, children, adolescents and adults to prevent
serogroup A meningococcal infection.

Large outbreaks of meningococcal disease have affected pilgrims travelling to, and
returning from, Mecca, Saudi Arabia, involving serogroup A in 1987, and both
serogroup A and W135 in 2000 and 2001. Pilgrims making the annual Hajj pilgrim-
age to Mecca should receive a single dose of MenACYW-Ps vaccine at least 2 weeks
before departure. MenC-conjugate vaccine alone is not appropriate as it does not
protect against outbreaks of serogroup W135 or epidemics of serogroup A disease.

Route of Administration and Dosage

MenAC-Ps and MenACYW-Ps vaccines are given as a single 0.5 mL subcutaneous
injection to children > 2 years and adults at a separate anatomic site from other co-
administered vaccines. For specific protection against serogroup A meningococcal
disease this vaccine may be given from 3 months of age.

MenC-conjugate vaccine is given as a single 0.5 mL dose to people > 1 year of age by
intramuscular injection. For infants, three doses are given at 2, 4 and 6 months at
the same time as the routine primary series, administered at a separate site with a
different syringe. Two doses are offered to infants from 4 to 12 months of age who
missed the first dose. The minimum interval between doses is normally 4 weeks. The
vaccine should preferably be administered in the anterolateral thigh in infants and
in the deltoid region in older children and adults.

Booster Doses and Re-immunization

The need for, or effectiveness of, re-immunization with meningococcal polysaccharide
vaccine has not been fully established. Repeated immunization may induce immuno-
logic hyporesponsiveness to polysaccharide vaccines, although the clinical signifi-
cance of this phenomenon is unknown. Re-immunization should be considered,
according to the Table, for those continuously or repeatedly exposed to serogroup A
disease who have been previously immunized with MenACYW-Ps or MenAC-Ps, par-
ticularly for children initially immunized at < 5 years of age. Children or adults with
immunodeficiencies resulting in increased risk of meningococcal disease caused by
serogroup A, C, Y or W135 meningococci may be re-immunized with MenACYW-Ps
according to the Table.
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The new MenC-conjugate vaccine is believed to induce immunologic memory that can
be demonstrated for at least 5 years after primary immunization. Re-immunization
with MenC-conjugate vaccine is not thought to be necessary at present, although
there are insufficient data to predict persistence of immunologic memory (and
presumed protection) beyond 5 years. Individuals who have previously received
MenACYW-Ps or MenAC-Ps may receive MenC-conjugate vaccine for continued pro-
tection against serogroup C meningococcal disease after primary immunization.
Since an adequate response to MenC-conjugate vaccine has been observed with a
delay of 6 months after immunization with purified polysaccharide vaccine in adults,
this remains the recommended interval until further data are available. In other cir-
cumstances, when MenC conjugate vaccine has already been administered and pro-
tection against serogroup A, Y or W135 meningococci is required, a period of 2 weeks
should elapse before immunization with MenACYW-Ps to allow time for generation
of an antibody response and avoid possible interference with this response by the
polysaccharide vaccine.

Storage and Handling Requirements

All of the available products should be stored at a temperature between 2° C and 8° C
and must not be frozen. The vaccines should be reconstituted immediately before
use according to the manufacturer’s instructions.

Simultaneous Administration with Other Vaccines

Administration of MenC-conjugate vaccine at the same time as, but at a separate
injection site from, IPV, DTP, Hib, DTaP, DT, Td and MMR vaccines or OPV does not
reduce the immunologic response to any of these other antigens. In a study in Canada,
there was no interference noted with PentacelTM antigens.

There is no information on co-administration of MenC-conjugate vaccine with hepa-
titis B vaccines.
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Age when first immunized No. of primary doses
Interval since last dose as
indication for repeat dose

3-12 months 2 doses:
2-3 months apart

6-12 months

13-23 months 2 doses:
2-3 months apart

1-2 years

2-5 years 1 2-3 years

� 6 years 1 � 5 years

Recommended Interval Between Repeat Doses of
Meningococcal Polysaccharide Vaccines in Individuals Repeatedly

or Continuously Exposed to Serogroup A Disease

M
en

in
go

co
cc

al
V

ac
ci

n
e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:06:47 AM
Plate: 165 of 184

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



Adverse Reactions

Purified polysaccharide vaccines

Both MenACYW-Ps and MenAC-Ps vaccines have been used extensively in many
countries for mass immunization programs and to immunize military recruits, people
who are immunocompromised and travellers. Mild reactions to the vaccines include
pain and redness at the injection site in up to 50% and transient fever in 5%, partic-
ularly infants. Severe reactions to these vaccines are very unusual but include systemic
allergic reactions (urticaria, wheezing, and rash) in � 0.1/100,000 doses, anaphylaxis
in < 1 per million doses and occasional neurologic reactions. These vaccines have an
established safety record.

No adverse events have been documented during pregnancy or in newborn infants
of immunized mothers.

Protein-polysaccharide conjugate vaccines

Safety and adverse event data are available from a number of clinical trials of
MenC-conjugate vaccine and MenAC-conjugate vaccine in addition to accumulated
data from spontaneous reporting on 12 million doses distributed in the United
Kingdom in 1999-2000. Mild reactions were reported as follows: local reactions
(redness, tenderness, and swelling at the injection site) in up to 50% of vaccinees,
irritability in up to 80% of infants and fever > 38o C in up to 9% when other vaccines
were administered. These mild reactions occurred at a lower rate than that pro-
duced by other childhood immunizations or other purified polysaccharide vaccines.
Headaches and malaise occured in up to 10% of older children and adults. There
may be some variation among the three MenC conjugate vaccines in terms of
adverse reactions, although one U.K. study found no significant differences in a
comparison of the three MenC-conjugate vaccine products in toddlers.

In one Canadian study, MenC-conjugate vaccine (Menjugate™) was administered
with Pentacel™ (DTaP/Hib/IPV) in a multi-centre, randomized controlled clinical
study involving three centres that compared MenC conjugate vaccine with hepatitis B
vaccine (HBV). The frequency of local adverse reactions (tenderness, erythema and
induration) among those receiving MenC conjugate vaccine was lower than among
those receiving routine infant immunization with Pentacel™, but higher than
among those receiving HBV, a vaccine used in a number of provinces for infant
immunization. Systemic reactions were experienced at the same rate in those
receiving HBV as those receiving MenC-conjugate vaccine.

The frequencies of rare adverse events are based on spontaneous reporting rates
from the United Kingdom and have been calculated using the number of reports
received as the numerator and the total number of doses distributed as the denomi-
nator. Severe reactions were very uncommon and included systemic allergic reactions
(lymphadenopathy, anaphylaxis and hypersensitivity reactions, including broncho-
spasm, facial edema and angioedema) in < 0.01%; neurologic responses (dizziness
and convulsions, including febrile convulsions, faints, hypesthesia, paresthesia and
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hypotonia) in < 0.01%; nausea or vomiting in < 0.01%; rash, urticaria or pruritis in
0.01%; and arthralgia in < 0.01%. No deaths in the United Kingdom have been
attributed to this vaccine.

There are no specific studies in humans of MenC-conjugate vaccine during preg-
nancy or lactation.

Contraindications

Both purified polysaccharide vaccines and the new protein-polysaccharide conju-
gate vaccine are contraindicated in people with a known hypersensitivity to any
component of the vaccine and in those who have shown signs of hypersensitivity
after previous administration of the vaccine (see Anaphylaxis section, part I).

Precautions

The new MenC-conjugate vaccine will not protect against meningococcal diseases
caused by any of the other types of meningococcal bacteria (A, B, 29e, H, I, K, L,
W135, X, Y, or Z, including non-typed). Complete protection against meningococcal
serogroup C infection cannot be guaranteed. Conjugate vaccines containing CRM197

or tetanus toxoid should not be considered as immunizing agents against diphtheria
or tetanus. No changes in the schedule for administering vaccines containing diph-
theria or tetanus toxoids are recommended.

MenACYW-Ps and MenAC-Ps vaccines do not provide any cross-protection to
meningococci not contained in these vaccines and do not provide complete protec-
tion against the vaccine serogroups.

MenC-conjugate has not been studied in pregnancy, and the vaccine should not be
used unless there are specific circumstances in which the benefits outweigh the
risks.

Other Considerations

The studies described here have clearly demonstrated that MenC-conjugate vaccine
can induce immunologic memory for at least 5 years after primary immunization.
However, protection is important beyond early childhood even more so than is the
case with Hib vaccine. It is currently unknown whether there is a need for a booster
dose at some point after infancy to provide protection through adolescence and
early adulthood, and this requires close monitoring and further investigation. The
ability of MenC-conjugate vaccine to induce herd immunity is unknown.

Based on bactericidal antibody levels at 1 month after immunization it is possible
that two doses of MenC-conjugate vaccine in the first 6 months of life may be suffi-
cient. Further data are required on the duration of protective levels of bactericidal anti-
body following different immunization regimes before this can be recommended.

Although use of MenC-conjugate vaccine probably provides superior protection
against serogroup C meningococcal disease than MenC-polysaccharide vaccines,
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there are no data available on its use in immunodeficient subjects. There are no
safety or immunogenicity data available regarding the use of MenC-conjugate vac-
cine in adults aged > 65 years; no data on the use of the vaccine in outbreak control;
and no formal studies of its use in pregnancy or lactation.

The effect of MenC-conjugate vaccine on meningococcal population biology is
unknown. It has been suggested that use of a monovalent meningococcal vaccine might
induce capsule switching through immunologic pressure, such that hypervirulent
serogroup C clones adopt a B, Y or W135 capsule. It may also be the case that use of a
monovalent vaccine will have little overall effect on meningococcal disease burden
if other meningococci simply replace the niche left by serogroup C meningococci
(strain replacement). After the introduction of widespread meningococcal immuni-
zation, close epidemiologic and laboratory-based surveillance must be undertaken
to monitor changes in meningococcal population biology.

Cost-effectiveness data and information on parental attitudes to immunization are
not currently available but would help guide use of meningococcal vaccines in rou-
tine immunization in Canada. The merits of MenC-conjugate vaccine relative to other
vaccines (e.g., pneumococcal protein polysaccharide conjugate vaccines, adult per-
tussis vaccine and varicella vaccine) have not been fully studied yet.

New quadrivalent protein-polysaccharide conjugate vaccines (MenACYW-Con) are
in development and might provide broad protection against the vaccine serogroups
after introduction of an infant immunization program; they could presumably
replace monovalent MenC-conjugate vaccines. None of these vaccines offers protec-
tion against serogroup B meningococci, a feature that limits the impact that any
meningococcal vaccine can have on the disease burden, especially in children.
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Mumps Vaccine
Mumps is an acute infectious disease caused by mumps virus. Subclinical infection
is common. Although complications are relatively frequent, permanent sequelae
are rare. Before the widespread use of mumps vaccine, mumps was a major cause of
viral meningitis. Transient but occasionally permanent deafness may occur, at an
estimated rate of 0.5 to 5.0 per 100,000 reported mumps cases. Orchitis occurs in 20%
to 30% of post-pubertal male cases and oophoritis in 5% of post-pubertal female
cases. Involvement of the reproductive organs is commonly unilateral; therefore,
sterility as a result of mumps is rare. Mumps infection during the first trimester of
pregnancy may increase the rate of spontaneous abortion.

Since the licensure of vaccine in 1969, the number of reported mumps cases has
decreased by > 99%. The number in the past 5 years ranged from 90 (1999) to 402
cases (1995), with an average of 237 per year. Children < 5 years accounted for 17%
of cases, and those aged 5 to 14 years accounted for 44%. Outbreaks are rare, but two
localized outbreaks have been reported recently. One involved university students
in British Columbia in 1997, and the other occurred in Quebec in 1998 among
school children from families who had recently emigrated from countries where
mumps vaccine was not included in the routine childhood immunization program.
Mumps surveillance continues to be necessary to assess the effectiveness of immuni-
zation in children as well as adults. With the use of MMR for measles immunization
under the currently recommended two-dose schedule, many children now receive
two doses of mumps vaccine.

Preparations Licensed for Immunization

Mumps virus vaccine is a live, attenuated virus vaccine and is available in combination
with measles and rubella vaccines and in monovalent form. It is prepared from the
Jeryl Lynn attenuated virus strain and is grown in chick embryo cell culture.

Efficacy and Immunogenicity

A single dose of the vaccine produces an antibody response in over 95% of susceptible
individuals. Antibody levels, though lower than those that follow natural disease,
persist for at least 20 years and provide continuing protection. In a Canadian study,
however, a significant proportion of the vaccinees were negative for mumps anti-
bodies 5 to 6 years after immunization. There are no data currently available corre-
lating specific antibody titres with susceptibility to mumps, but outbreaks have been
reported in highly vaccinated populations. A two-dose measles-mumps-rubella
immunization schedule used in Finland resulted in higher mumps-specific anti-
body levels, higher seropositivity rate and slower decay of antibody levels.
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Recommended Usage

Administration of live attenuated mumps vaccine in combination with measles and
rubella vaccines (MMR) is recommended for all children � 12 months of age. The
combined vaccine should be used even in individuals who may have prior immunity
to components of the vaccine, and it can be used to immunize susceptible adults
against mumps.

Although mumps immunization after exposure may not prevent the disease, it is not
harmful. Should the exposure not result in an infection, the vaccine should confer
protection against future exposures.

Adverse Reactions

The most frequent reaction (approximately 5% of immunized children) is malaise
and fever with or without rash lasting up to 3 days and occurring 7 to 12 days after
MMR immunization. One in 3,000 children with fever may have associated febrile
convulsions. Parotitis and mild skin rashes may occasionally occur after immuniza-
tion. Very rarely, viral meningitis without sequelae has been reported.

Precautions and Contraindications

In common with other live vaccines, mumps vaccine should not be given to pregnant
women or individuals whose immune mechanism is impaired as a result of disease,
injury or treatment. An exception to this, however, is the recommendation that
mumps vaccine, in the form of MMR, be given to HIV-infected children who do not
have severe immunosuppression.

Mumps vaccine should not be administered less than 2 weeks before an immune
globulin injection, or within 3 months after such an injection.

Convincing evidence supports the safety of routine administration of MMR vaccines
to all children who have allergy to eggs. Fewer than 2 per 1,000 vaccinated egg-
allergic children have been found to be at risk for anaphylactic reaction to MMR
(refer to the chapter on Measles Vaccine for further details).

Since mumps vaccine contains trace amounts of neomycin and gelatin, people who
have experienced anaphylactic reactions to previously administered neomycin or to
a previous dose of mumps-containing vaccine, or who have a documented gelatin
allergy should not receive mumps vaccine.

Selected References
Boulianne N, De Serres G, Ratnam S et al. Measles, mumps and rubella antibodies in

children 5-6 years after immunization: effect of vaccine type and age at vaccination.
Vaccine 1995; 13:1611-16.

Buxton J, Craig C, Daly P et al. An outbreak of mumps among young adults in Vancouver,
British Columbia, associated with “rave parties”. Can J Public Health 1999;90:160-63.

167

M
u

m
p

s
V

ac
ci

n
e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:06:50 AM
Plate: 181 of 184

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



Caplan CE. Mumps in the era of vaccines. Can Med Assoc J 1999;160:865-66.

Cheek JE, Baron R. Atlas H et al. Mumps outbreak in a highly vaccinated school population.
Arch Pediatr Adolesc Med 1995;149:774-78.

Davidkin I, Valle M, Julkunen I. Persistence of anti-mumps virus antibodies after a two-dose
MMR vaccination at nine-year follow-up. Vaccine 1995;13:1617-22.

Duclos P, Ward BJ. Measles vaccines: a review of adverse events. Drug Safety 1998;19:435-54.

Griffin MR, Ray WA, Mortimer EA et al. Risk of seizures after measles-mumps-rubella immu-
nization. Pediatrics 1991;88:881-85.

James JM, Burks AW, Roberson PK et al. Safe administration of the measles vaccine to children
allergic to eggs. N Engl J Med 1995;332:1262-66.

Miller E, Goldacre M, Pugh S et al. Risk of aseptic meningitis after measles, mumps and rubella
vaccine in U.K. children. Lancet 1993;341:979-82.

Peltola H, Heinonen OP, Valle M et al. The elimination of indigenous measles, mumps and
rubella from Finland by a 12 year two-dose vaccination program. N Engl J Med
1994;331:1397-1402.

West R, Roberts PM. Measles, mumps and rubella vaccine current safety issues. BioDrugs
1999;12(6):423-29.

168

M
u

m
p

s
V

accin
e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:06:51 AM
Plate: 183 of 184

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



Pertussis Vaccine
Pertussis (whooping cough) is a highly communicable infection of the respiratory
tract caused by Bordetella pertussis. The disease can affect individuals of any age;
however, severity is greatest among young infants. The goal of pertussis control is
to reduce the incidence and severe morbidity of pertussis among young children.
Pertussis has been controlled in Canada through immunization, and during the last
50 years its incidence has decreased by > 90% (see Figure), although outbreaks con-
tinue to occur.

During the 1980s, pertussis incidence was low but has increased since 1990 in spite
of high vaccine coverage. Over the past 10 years, the annual number of reported cases
has ranged from 2,400 to 10,000, although these figures likely under-represent the
true incidence because of incomplete reporting. The resurgence of pertussis has
been partly attributable to the low vaccine efficacy of the previously used whole-cell
vaccine, which has been estimated to be in the range of 50% to 60% in children.
Hospitalization for pertussis still occurs, with a few deaths (0-4) in some years, usu-
ally among unimmunized and under-immunized infants.

Epidemiology

It has long been recognized that protection provided by the whole-cell pertussis
vaccine wanes with time. Nevertheless, the use of this vaccine was restricted to children
< 7 years of age because the severity of local reactions increased with age. Because of
waning immunity, many immunized children became susceptible to pertussis in
adolescence or adulthood. Pertussis is a frequent cause of cough illness in adolescents
and adults, who constitute a major reservoir of the disease and are an important
source of transmission to infants.
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Children < 10 are the most frequently reported cases, but both the number and pro-
portion of older cases have increased, a trend that parallels the increase observed in
children. The increase in older groups may be attributable to better recognition, diag-
nosis and reporting of pertussis in adolescents and adults. Active surveillance for
pertussis has found that 1% to 25% of patients with prolonged cough had Bordetella
pertussis infection. Using a combination of laboratory methods, the Sentinel Health
Unit Surveillance System has documented pertussis infection in 9% to 20% of non-
improving cough illness of 7 days or more in adolescents and adults.

There has been no large-scale assessment of the proportion of susceptible adoles-
cents and adults, although three Canadian studies have estimated the secondary
attack rate (SAR) in household contacts of pertussis cases. A re-analysis of these data
only from households where the reported case was also the first case shows that the
SAR ranged between 12% and 14% in contacts aged 12 to 17 years, 11% and 18% in
adults aged 18 to 29 years and 8% and 33% in those �30 years. It can be concluded
that between 10% and 25% of adolescents and adults in Canada are susceptible to
pertussis and that these individuals play a role in its transmission.

Preparations Licensed for Immunization

Only acellular vaccines made from purified antigens of B. pertussis are now avail-
able in Canada, and whole-cell preparations are no longer in use. Acellular vaccines
have been developed to reduce the frequency and severity of both local and systemic
adverse reactions associated with whole-cell pertussis vaccines. All the currently
available acellular vaccines contain pertussis toxoid, filamentous hemagglutinin and
pertactin. Although recently introduced into North America, acellular pertussis vac-
cines have been widely used in Japan for over 15 years.

Acellular pertussis vaccines are usually given combined with other agents, includ-
ing diphtheria and tetanus toxoids (DTaP) with or without inactivated polio vaccine
(DTaP-polio) and/or Hib conjugate vaccine (DTaP-Hib, DTaP-polio-Hib). Although
not licensed in Canada at this time, combinations with hepatitis B vaccine are in use
in other countries.

The dTap adolescent/adult formulation of acellular pertussis vaccine is combined
with tetanus and diphtheria toxoids adsorbed on aluminum phosphate. The antigen
content of this vaccine (including the pertussis content) is lower than the one found
in the vaccines used in preschool children.

Efficacy and Immunogenicity

In 1995-1996, the results of seven studies of the efficacy of eight DTaP vaccines were
reported. The studies were not designed to compare the efficacy of the various
acellular pertussis vaccines and involved different study designs; therefore, few con-
clusions can be drawn about the relative merits of the various products. All the
acellular vaccines were efficacious, and most were as effective or more effective than
the whole-cell DPT vaccines included as controls. All acellular pertussis vaccines
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licensed in Canada have an estimated efficacy of approximately 85%; a detailed sum-
mary of the products and the results of the studies can be found in the 1997 NACI
statement on acellular pertussis vaccines.

The duration of protection afforded by acellular pertussis vaccines is not known, but
the data seem to indicate that protection does not decline during the first 4 years of
follow-up. Long-term follow-up will continue for several of the cohorts that partici-
pated in the efficacy studies.

As discussed in the NACI statement in 2000, there are limited data about the efficacy
of a single dose of adolescent/adult pertussis vaccine given to previously immunized
adolescents or adults in the prevention of pertussis infection, disease and transmis-
sion. However, it has been shown that a single dose of this vaccine increased their
pertussis antibody levels far in excess of those observed in infants in Sweden who
received three doses of acellular pertussis vaccine. As the efficacy demonstrated in
the Swedish trial was 85%, it is reasonable to expect that the protection against
severe disease in adolescents and adults would be of the same order.

The only study conducted to directly assess vaccine efficacy, by Ward et al., found
that a single dose of a tri-component acellular pertussis vaccine gave significant
protection. The point estimate of vaccine efficacy for the primary case definition was
78%; however, there were so few cases meeting this case definition that the confi-
dence interval was very wide. De Serres et al. have provided another, indirect, piece
of evidence supporting the protective efficacy of a single dose of dTap with data
showing the efficacy of a single booster dose of acellular pertussis vaccine in infants
or preschool-aged children.

Recommended Usage

Acellular pertussis vaccine is recommended for all children � 2 months of age for
whom there are no contraindications. Children who have had natural pertussis
should continue to receive pertussis-containing vaccines. Because of concern about
the adverse reactions associated with whole-cell pertussis vaccine, it was previously
recommended that the pertussis component be removed from subsequent immuni-
zations after a finding of positive culture, because of the immunity conferred by
infection. Although further data are needed, the increased safety profile of the
acellular pertussis vaccine makes elimination of the pertussis component no longer
necessary and thereby simplifies immunization programs. As well, continuation of
immunization with acellular pertussis vaccine may confer additional benefit to
infants < 6 months of age, who often have a suboptimal antibody response to natural
pertussis infection.

In children � 7 years of age who have not had a primary pertussis immunization or for
whom the immunization status is unknown (e.g., immigrant children), adolescent/
adult dTap should be considered.
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Interchangeability

The efficacy of most of the acellular pertussis vaccines has been demonstrated after
three doses of the same vaccine; no data are available regarding the interchangeability
of acellular pertussis vaccines. Therefore, whenever possible, efforts should be made
to complete the first three doses with the same acellular vaccine. Although data are
similarly lacking, the acellular vaccines can be considered interchangeable for the
fourth and fifth doses, since it may be difficult to ensure supply of the same vaccine
during the entire 4-6 year immunization period.

Outbreak control

Acellular pertussis vaccine has been used safely for the control of pertussis outbreaks
in defined populations, such as in schools or hospitals, although data supporting its
effectiveness are lacking. Ensuring the complete immunization of all children
remains the most important preventive measure in maximizing control of pertussis.
Updating the immunization of daycare, school and community contacts should be
undertaken by public health authorities.

Contacts

Children exposed to a case should have their immunization status reviewed. If
immunization is incomplete and in the absence of contraindications, any necessary
doses should be given as follows:

� Children who have received fewer than three doses should receive their additional
dose(s) as soon as possible, with an interval of 4 weeks between doses.

� Children who have had three doses may receive their fourth dose as early as
6 months after the third dose.

� A booster dose of vaccine, usually as DTaP, should be given to any child � 6 years
of age who has had four doses of vaccine, unless the most recent dose was given
within the previous 3 years.

If dTap is considered for people � 7 years to achieve outbreak control, this should be
undertaken with evaluation of its effectiveness.

The role of chemoprophylaxis in the management of contacts is not discussed here.

Schedule and Dosage

Immunization against pertussis routinely consists of three doses given at 2, 4 and
6 months of age, a fourth dose at 18 months of age and a fifth dose at 4 to 6 years
of age. When more rapid protection is preferred, the first three doses may be admin-
istered at intervals of 4 weeks and the fourth dose given as soon as 6 months after
the third dose. It is important that immunization against pertussis begin and be
completed on time to ensure the greatest possible protection to the young infant, in
whom the disease can be very serious. The dose to be administered is that recom-
mended by the manufacturer.
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For children � 7 years who have not been immunized or immigrants with unknown
status, two doses of adolescent/adult dTap with a 4 week interval should be adminis-
tered and a third dose given at 12 months. Monovalent acellular pertussis vaccine
should be administered to children who have been immunized against diphtheria
and tetanus but not against pertussis.

Route of Administration

All combined acellular pertussis vaccines are adsorbed vaccines and must be given
intramuscularly.

Booster Doses and Re-immunization

Because adverse reactions are more common and the disease is typically less severe in
older children, adolescents and adults, immunization with the whole-cell pertussis
vaccine is not recommended for people � 7 years of age. However, pertussis in this
group is an important source of infection for young infants. For this reason, studies
are under way to assess the role of pertussis in adolescents and adults with cough ill-
ness, and the safety, immunogenicity and efficacy of acellular pertussis vaccine in
these age groups. A single dose of pertussis vaccine in adolescence or adulthood will
provide individual protection, but the duration of its effect and whether it prevents
transmission to infants is not known. The combined adolescent/adult formulation
of dTap should be used to replace the adolescent booster of Td. Until data about the
safety of repeated doses are available, only one dose is currently recommended.

Storage Requirements

Pertussis-containing vaccines should be stored at a temperature between 2o and 8o C
and should not be frozen. As with all adsorbed vaccines, pertussis-containing vaccines
that have been frozen should not be used.

Simultaneous Administration with Other Vaccines

Vaccines that combine antigens against multiple diseases enhance immunization
compliance by decreasing the necessary number of injections and visits, and there-
fore should be encouraged. Acellular pertussis vaccines are available as a pertussis-
only vaccine and in combination with diphtheria and tetanus toxoids as well as with
inactivated polio vaccine and Hib conjugate vaccine. In general, adverse reactions
associated with the combination vaccines are no more frequent than those associ-
ated with single constituent vaccines. Antibody responses to combination antigens
are complex: the immunogenicity of combination vaccines may be greater, less or the
same as that of the individual vaccines, and the effects may differ among products
from different manufacturers. As a rule, despite some “immune interference”
between antigens, all licensed combination vaccines have demonstrated adequate
immunogenicity with each constituent. For this reason, when combination vaccines
are available, their use should be encouraged to facilitate compliance. Conversely,
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however, the need for multiple injections should not delay administration of vac-
cines that provide advantages of safety, immunogenicity, efficacy or cost.

Vaccines containing acellular pertussis may be administered simultaneously with
other inactivated and live vaccines at different sites. Not to do so is a missed oppor-
tunity and is likely to result in under-immunization. None of the products should be
mixed in the same syringe with any other vaccines unless specifically approved and
described in the product monograph.

Adverse Reactions

The rate of reactions to acellular pertussis vaccines is less than that reported with the
whole-cell preparations. In clinical trials, the incidence rates of local adverse reactions,
including tenderness, erythema, swelling and general reactions of fever, irritability
and drowsiness, were significantly lower after immunization with acellular than
with whole-cell pertussis vaccines. Less common adverse reactions such as persis-
tent crying and hypotonic-hyporesponsive episodes were also less frequent after
administration of acellular pertussis vaccines, and were reported with a frequency
similar to that among recipients of vaccines not containing pertussis. Convulsions
are unusual and were reported less often after immunization with acellular pertussis
vaccines in some of the efficacy studies but not in others. Because of the lower inci-
dence of fever associated with these vaccines, there may be less justification for rou-
tine use of prophylactic acetaminophen, as had been recommended with whole-cell
pertussis vaccines. Acetaminophen may be considered in children with a high risk of
febrile seizures or low pain tolerance.

The size and frequency of local reactions increase with the number of doses admin-
istered. These local reactions produce large swelling, but pain is generally limited.
The presence of a large, local reaction to a previous dose should not be considered a
contraindication to continue the recommended schedule.

Contraindications and Precautions

Pertussis vaccine should not be given to individuals who have had an anaphylactic
reaction to a previous dose or to any constituent of the vaccine (see product mono-
graphs). Because these events are so rare, it is not known which component of the
combined DTP or DTaP (or additional antigens in the combination vaccines) is
responsible for allergic reactions. Therefore, no further doses of any of the vaccine
components should be given unless an assessment can determine the responsible
antigen or other vaccine component. In order to maximize the child’s benefit, an
assesment should be done rapidly.

Conditions Not Considered Contraindications
to Pertussis Vaccine

Certain other events temporally associated with whole-cell pertussis immunization
were at one time considered contraindications or precautions to further pertussis
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immunization. With the use of acellular pertussis vaccine, they are no longer con-
sidered contraindications.

� High fever within 48 hours of vaccination, attributed to immunization and not to
intercurrent illness, indicates the likelihood of recurrence of fever with subse-
quent doses. Febrile convulsions may be more likely in a susceptible child who
develops high fever. However, there are no long-term sequelae from these con-
vulsions, and pertussis immunization can continue. Acetaminophen prophylaxis
reduces the incidence of fever and may reduce febrile convulsions temporally
related to pertussis immunization.

� Afebrile convulsions have not been shown to be caused by pertussis vaccine and
are not a contraindication to immunization.

� Persistent, inconsolable crying and an unusual high-pitched cry after pertussis
vaccination are not associated with any sequelae and are likely to be pain
responses at the site of injection in young infants. These reactions do not pre-
clude further pertussis immunization. Acetaminophen prophylaxis may reduce
discomfort with subsequent doses.

� Hypotonic-hyporesponsive episodes are not a contraindication to the use of
acellular pertussis vaccine. Because these episodes occur after both DTaP and DT,
it is difficult to attribute causation to the pertussis components of DTaP; contin-
ued immunization with all antigens is recommended.

� Onset of encephalopathy temporally related to pertussis immunization does not
indicate that the vaccine was the cause. Encephalopathy itself, from whatever
cause, is not a contraindication to pertussis immunization.

� Deferral of pertussis immunization for children with evolving neurologic condi-
tions is no longer necessary because of the availability of acellular pertussis vac-
cines. Specific data on the use of these vaccines in individuals with neurologic
diseases are not available and must await post-marketing surveillance. However,
because the incidence of adverse events, including fever and seizures, is no differ-
ent in recipients of DTaP and DT, it is unnecessary to defer the pertussis compo-
nent of the vaccine. Moreover, recent advances in the diagnosis and management
of neurologic conditions leave little room for natural disease progressions to be
misinterpreted as immunization-related events.

Other Considerations

NACI may change its recommendations on the current schedule, so that the five doses
are administered before school entry, and on immunization of adolescents/adults.
These changes will be based on evidence about the duration of the protection
induced by acellular pertussis vaccine.
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Pneumococcal Vaccine
Since the publication of the previous edition of the Canadian Immunization Guide,
the first pneumococcal conjugate vaccine for children < 9 years of age has been
licensed in Canada. Information concerning this vaccine and the indications for its
use are included here. Additional information can be obtained from the statement
by the National Advisory Committee on Immunization (NACI) referenced at the end
of the chapter.

Epidemiology

Streptococcus pneumoniae (pneumococcus) is the leading cause of invasive bacterial
infections, meningitis, bacterial pneumonia and acute otitis media (AOM) in chil-
dren. Invasive disease is most common in the very young, the elderly and certain
specific groups at high risk, such as individuals with functional or anatomic
asplenia and congenital or acquired immune deficiency, including those with AIDS.

In Canada, there are an estimated 65 cases of meningitis, 700 cases of bacteremia,
2,200 cases of pneumonia requiring hospitalization, 9,000 cases of pneumonia not
requiring hospitalization, and an average of 15 deaths per year due to S. pneumoniae
infection in children < 5 years of age.

Preparations Licensed for Immunization

Polysaccharide vaccine

The current polysaccharide pneumococcal vaccine, available since December 1983,
contains 25 µg of capsular polysaccharide from each of 23 types of pneumococci: 1,
2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and
33F (Danish nomenclature). Approximately 90% of cases of pneumococcal bacteremia
and meningitis are caused by these 23 types. The six serotypes that most often cause
drug-resistant invasive pneumococcal infection are included in this vaccine. An ear-
lier vaccine, which contained 50 µg of each of 14 types, was available between 1978
and 1983. Available vaccines include Pneumovax 23® (Merck Frosst Canada & Co.),
Pneumo 23® (Aventis Pasteur) and Pnu-Immune® (Wyeth Ayerst Canada Inc.). They
all contain the same serotype polysaccharides.

Conjugate vaccine

The first pneumococcal conjugate vaccine to be licensed in Canada for children
< 9 years of age, Prevnar® (Wyeth Ayerst Canada Inc.), is composed of the purified
polysaccharides of the capsular antigens of seven S. pneumoniae serotypes, individ-
ually conjugated to CRM197, a non-toxic mutant of diphtheria toxin. The vaccine is
manufactured as a liquid suspension. Each 0.5 mL dose of vaccine is formulated to
contain 2 µg of each polysaccharide for serotypes 4, 9V, 14, 18C, 19F and 23F, and 4 µg
of serotype 6B per dose (16 µg total polysaccharide); approximately 20 µg of CRM197
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carrier protein; and 0.125 mg of aluminum as aluminum phosphate adjuvant. The
vaccine contains no thimerosal or other preservatives.

Efficacy and Immunogenicity
Polysaccharide vaccine

In healthy young adults, a single dose of polysaccharide vaccine stimulates an anti-
body response to each of the component capsular polysaccharides. The immunity
conferred is type specific. Efficacy, as measured by serotype-specific protection
against invasive bacteremic pneumococcal disease, can surpass 80% among healthy
young adults (evidence from randomized controlled trials). It is in the range of 50%
to 80% among the elderly and specific patient groups, such as those with diabetes
mellitus, anatomic or physiologic asplenia, congestive heart failure or chronic pulmo-
nary disease (evidence from case-control and retrospective cohort studies). Antibody
response and clinical protection are decreased in certain groups at particularly high
risk of pneumococcal infection. These include patients with renal failure, sickle-cell
anemia or impaired immune responsiveness, including HIV infection. The response
of children < 2 years of age to polysaccharide vaccine is irregular and unsatisfactory.
Following polysaccharide pneumococcal immunization, serotype-specific antibody
levels decline after 5 to 10 years and decrease more rapidly in some groups than
others. The duration of immunity is not precisely known.

The results of economic analyses indicate that polysaccharide pneumococcal vaccine
is cost-effective in the prevention of mortality and morbidity associated with inva-
sive infections among people > 2 years of age at high risk and compares favourably
with other standard preventive practices.

Conjugate vaccine

Infants immunized with a three-dose primary series beginning at 2 months of age,
with doses separated by 4 to 8 weeks, develop a 3.4 to 20 fold increase in serum anti-
bodies for the vaccine serotypes. Functional antibodies are induced in infants (as
measured by opsonophagocytic assay and antibody avidity), together with strong and
rapid anamnestic responses upon boosting with either conjugate or polysaccharide
vaccines in the 6 to 12 months after the primary series. Serum antibody responses to
some conjugate vaccine serotypes are substantial after one to two doses, whereas
responses to others require completion of three doses. Approximately 97% of infants
achieved protective antibody titres for all serotypes after the primary series (2, 4,
6 months). This correlates with an observed protective efficacy against invasive dis-
ease of 89% to 97%.

Satisfactory safety and immunogenicity of conjugate pneumococcal vaccines have
been demonstrated in children with sickle cell disease and HIV infection. Protection
against development of AOM ranges from 6% against an episode from any cause to a
25% reduction in pneumococcal-associated AOM and a 56% reduction in AOM due
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to the serotypes included in the vaccine. A 20% reduction in tympanostomy tube
placement has also been observed with use of the vaccine.

The long-term efficacy of the conjugate pneumococcal vaccines is not known, but
immunologic memory has been demonstrated 18 months after two to three doses in
infancy and up to 20 months after one dose in children 2 to 3 years of age. In Canada,
80% of the most common serotypes isolated from the blood or cerebrospinal fluid
(CSF) of children, 95% of serotypes isolated with high level penicillin resistance,
and 73% of those with intermediate level resistance are included in Prevnar®. There
may be populations or communities, such as Aboriginal children in northern com-
munities, with different distributions of serotypes.

Recommended Usage

Conjugate pneumococcal vaccine is recommended for routine administration to all
children � 23 months of age. Conjugate pneumococcal vaccine is also recommended
for children 24 to 59 months of age who are at higher risk for invasive pneumococcal
infections. These include children with sickle cell disease and other sickle cell
hemoglobinopathies, other types of functional or anatomic asplenia, HIV infection,
immunocompromising conditions (e.g., primary immunodeficiencies, malignancies,
immunosuppressive therapy, solid organ transplant, long-term systemic cortico-
steroids, nephrotic syndrome) and chronic medical conditions (e.g., chronic cardiac
and pulmonary disease such as bronchopulmonary dysplasia, diabetes mellitus or
CSF leak). The conjugate vaccine should be considered for all other children in this
age group, especially those who attend child care or Aboriginal children living in
isolated communities.

Polysaccharide pneumococcal vaccine is not recommended for children < 2 years of
age as it is relatively ineffective and the conjugate vaccine is superior. Children from
2 to 5 years of age may receive polysaccharide vaccine, but the conjugate vaccine is
generally preferred because of the age-dependent response. Polysaccharide vaccine
may be used both as a booster dose in this age group and to increase the serotype
coverage.

Polysaccharide pneumococcal vaccine is recommended for all individuals � 65 years
of age. Pneumococcal polysaccharide vaccine may be administered simultaneously
with influenza vaccine, at a separate anatomic site. Individuals with unknown
immunization histories should receive the vaccine.

Polysaccharide vaccine should be given to all individuals > 5 years of age with
asplenia, splenic dysfunction or sickle cell disease if not previously immunized. In
addition, those > 5 years of age with the following conditions should receive the
polysaccharide vaccine: chronic cardiorespiratory disease (except asthma), cirrhosis,
alcoholism, chronic renal disease, nephrotic syndrome, diabetes mellitus, chronic
CSF leak, HIV infection and other conditions associated with immunosuppression
(Hodgkin’s disease, lymphoma, multiple myeloma, induced immunosuppression
for organ transplantation). When circumstances permit, the conjugate vaccine may
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be given as the initial dose followed by the polysaccharide vaccine to provide addi-
tional serotype coverage and as a booster. Polysaccharide vaccine should be given to
smokers, since they are at increased risk.

Immunologic abnormalities may decrease both the antibody response to and pro-
tection by either type of vaccine. When possible, vaccine should be given at least 10
to 14 days before splenectomy or initiation of immunosuppression therapy and early
in the course of HIV infection. Because of variable vaccine efficacy in certain groups,
those at highest risk (and their families) should be counselled regarding the risk of
fulminant pneumococcal sepsis, which may occur despite immunization. In these
highest risk patients, some authorities recommend continuous antimicrobial
prophylaxis.

Schedule and Dosage

The dose of both the polysaccharide and the conjugate vaccine for all age groups is
0.5 mL.

The recommended schedule for infants is four doses of the conjugate vaccine
administered at 2, 4, 6 and 12 to 15 months of age. Children � 6 months should
receive the first three doses at intervals of approximately 2 months (6 to 8 weeks)
apart followed by one dose at 12 to 15 months of age. The first dose should be given
no earlier than 6 weeks of age. Infants of very low birth weight (< 1500 grams)
should be given their first dose at a chronological age of 6 to 8 weeks, regardless of
their calculated gestational age. Children 7 to 11 months old who have not previ-
ously been immunized against pneumococcus should receive two doses at least 6 to
8 weeks apart followed by the third dose at 12 to 15 months of age or at least 6 to
8 weeks after the second dose. Children aged 12 to 23 months who were not previously
immunized should receive two doses at least 6 to 8 weeks apart. After 24 months of
age one dose is sufficient.
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Age at first dose Primary series Booster*

2-6 months 3 doses, 6-8 weeks apart 1 dose at 12-15 months

7-11 months 2 doses, 6-8 weeks apart 1 dose at 12-15 months

12-23 months 2 doses, 6-8 weeks apart

24-59 months
Healthy children
Children with sickle cell
disease, asplenia, HIV,
chronic illness or immuno-
compromising condition

1 dose
2 doses 8 weeks apart

* Booster given at least 6-8 weeks after final dose of primary series

Summary Schedule for Pneumococcal Conjugate Vaccine
in Previously Unvaccinated Children
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When used after administration of the conjugate vaccine, the polysaccharide vaccine
should ideally be given no earlier than 8 weeks after the conjugate vaccine. The
minimal acceptable time interval is 4 weeks.

Route of Administration

The polysaccharide vaccine may be given by either intramuscular or subcutaneous
injection. The conjugate vaccine is given only as an intramuscular injection.

Booster Doses and Re-immunization

Results from serologic and case studies indicate that polysaccharide vaccine-induced
immunity decreases over time. Data are not yet available concerning a decline in
immunity following the use of conjugate pneumococcal vaccine in infancy. At pres-
ent, routine re-immunization is not recommended but should be considered for those
of any age at highest risk of invasive infection, as detailed below. Experience with
re-immunization is still limited, and there are no data on the relative effectiveness
of a second dose.

People for whom re-immunization should be considered include those with functional
or anatomic asplenia or sickle cell disease; hepatic cirrhosis; chronic renal failure or
nephrotic syndrome; HIV infection; and immunosuppression related to disease or
therapy. A single re-immunization is recommended after 5 years in those aged
> 10 years and after 3 years in those aged � 10 years. Either conjugate vaccine or
polysaccharide vaccine may be used for re-immunization. Any need for further sub-
sequent re-immunization remains to be determined.

Serologic Testing

Serologic testing, either pre- or post-immunization, is not recommended.

Storage Requirements

Both the polysaccharide vaccines and the conjugate vaccine should be stored refriger-
ated at a temperature of 2o C to 8o C (36o F to 46o F) as per the manufacturer’s package
insert. Freezing must be avoided.

Simultaneous Administration with Other Vaccines

On the basis of expert opinion, it is recommended that, if necessary or convenient,
Prevnar® may be safely given with PentacelTM or QuadracelTM, or hepatitis B, measles,
mumps and rubella vaccines, at separate sites and with separate syringes at a single
visit. The polysaccharide vaccines may be given simultaneously with influenza, Hib
conjugate and/or meningococcal vaccines, at a separate location and using a sepa-
rate syringe.
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Adverse Reactions
Polysaccharide vaccine

Reactions to the polysaccharide vaccine are usually mild. Local soreness and ery-
thema are quite common. Occasionally, slight fever may occur. Studies involving
immunocompetent individuals have shown that re-immunization less than 2 years
after the initial dose of polysaccharide vaccine increased local and systemic reactions.
Local reactions of the Arthus type have been rarely observed but may be severe.
When re-immunization is carried out after an interval of 3 years or greater, the rate
of adverse reactions is similar to that after a first dose.

Conjugate vaccine

The conjugated pneumococcal vaccines are generally well tolerated when adminis-
tered at the same time as other childhood vaccines. Fever has been reported more
frequently among children receiving their primary immunization series when con-
jugate pneumococcal vaccine was included. Few serious side effects have been
reported. Children are subjected to an additional injection, and redness, swelling and
tenderness at the injection site may occur. The severity or frequency of these reac-
tions has not been found to increase with subsequent doses in the primary series or
with booster doses.

Contraindications and Precautions

Anaphylactic reaction to polysaccharide pneumococcal vaccine or to conjugate
pneumococcal vaccine is a contraindication to re-immunization with that product.

Neither pregnancy nor breast-feeding is a contraindication to either the polysaccharide
or the conjugate pneumococcal vaccine.

Other Considerations: Strategies to Improve Vaccine
Utilization

Immunization is a safe and effective means of preventing invasive pneumococcal
infection among individuals in groups at increased risk of serious illness or death. It
offers a partial solution to the emerging problem of disease caused by strains with
antibiotic resistance. However, recent surveys show that less than 5% of the popula-
tion (> 2 years of age) at increased risk have received this vaccine. Several provinces
have initiated programs to make the polysaccharide pneumococcal vaccine more
readily available to target populations.

Recommended strategies for delivering pneumococcal vaccine to individuals at
higher risk of invasive disease include the following:

� Ensuring that all recipients of influenza vaccine are also immunized with
pneumococcal vaccine, if appropriate. Providers should have both vaccines avail-
able to facilitate their concurrent administration.
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� Implementing standing orders for pneumococcal immunization of residents for
whom there are indications for use of these vaccines on admission to long-term
care facilities.

� Implementing standing orders in hospitals for pneumococcal immunization of
patients in high-risk groups to be immunized on discharge or during ambulatory
visits.

� Delivering pneumococcal vaccine in adult day care and community centres to
people at risk.

� Promoting pneumococcal and influenza immunization programs concurrently
to both consumers and providers.
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Poliomyelitis Vaccine
Poliomyelitis is a disease that may cause irreversible paralysis in a certain proportion
of infected individuals. It is a highly infectious disease caused by three types of the
enterovirus poliovirus. It is extremely stable and can remain viable in the environ-
ment for long periods of time. The last major epidemic in Canada occurred in 1959,
when there were 1,887 paralytic cases. Following the introduction of inactivated
poliovirus vaccines (IPV) in Canada in 1955 and of trivalent oral poliovirus vaccine
(OPV) in 1962, indigenously acquired disease has been eliminated (see Figure).

In 1994, the Pan American Health Organization certified that Canada was polio free.
As one of the conditions of certification, Canada established a surveillance system
for acute flaccid paralysis (AFP). The IMPACT (Impact Monitoring Program ACTive)
system and Canadian Paediatric Surveillance Program, operated by the Canadian
Paediatric Society, maintain active surveillance of cases of AFP. The Working Group
on Polio Elimination in Canada reviews these and other data collected by Health
Canada to ensure that Canada remains polio free.

In 1985, the Pan-American Health Organization adopted a goal of elimination of
poliomyelitis from the hemisphere, and this goal was achieved by September 1995.
WHO adopted a similar goal of global elimination by the year 2000, subsequently
amended to 2005.
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Epidemiology

The last significant outbreak in Canada was in 1978-79, when 11 cases of paralytic
disease occurred in unimmunized contacts of imported cases in religious groups in
Ontario, Alberta and British Columbia. In 1993, 22 asymptomatic cases of imported
wild polio infection were documented in the same religious group in Alberta, and in
1996 a similar case occurred in an asymptomatic child in Ontario. In none of these
instances was spread of the virus seen outside the unimmunized groups, presum-
ably because of high levels of immunization in the rest of the population.

Since 1980, 12 paralytic cases have been reported in Canada, 11 of which were deter-
mined to be vaccine-associated paralytic poliomyelitis (VAPP). Since 1987, all sus-
pected cases of paralytic poliomyelitis have been reviewed by a subcommittee of NACI
or, since 1994, the National Working Group on Polio Eradication. The last reported
case caused by a wild poliovirus occurred in 1988 and was found to be due to an
imported strain from the Indian subcontinent. Of the other 11 cases, three have been
classified as “confirmed” vaccine-associated contact cases, five as “possible” vaccine-
associated contact cases, and one as a “confirmed” vaccine- associated recipient case;
the two other cases were not reviewed but occurred in known contacts of OPV-
vaccinated children. The last reported case of VAPP occurred in 1995.

Preparations Used for Immunization

Both inactivated (IPV) and live oral (OPV) poliovirus vaccines are licensed for use in
Canada. However, because in the past decade all cases of polio or suspected polio
have been associated with OPV and because importations of wild poliovirus have not
led to transmission to anyone in Canada outside of groups that refuse immunization,
only IPV is recommended for routine use in Canada. For this reason, OPV is not
discussed in detail in this chapter.

Two IPV preparations are licensed, one produced on Vero cells and the other on
human diploid (MRC-5) cells. Both are formalin-inactivated products with enhanced
potency and are significantly more immunogenic than the original IPV. They each
contain the three types of wild poliovirus. Streptomycin, polymyxin B and neomycin
may be present as preservatives. Polio vaccine is available as a single agent or in
combination with diphtheria and tetanus toxoids and/or acellular pertussis vaccine
(DTaP-IPV, Td-IPV).

Efficacy and Immunogenicity

IPV produces immunity to all three types of poliovirus in over 90% of people follow-
ing two doses of vaccine given at least 6 weeks apart, and in close to 100% following
a booster given 6 to 12 months later. The immune response induced in IPV
vaccinees reduces the degree and duration of pharyngeal and fecal excretion of
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poliovirus after OPV challenge, as compared with unvaccinated children. However,
IPV produces less mucosal immunity than OPV.

Recommended Usage

Infants and children

To avoid the risk of VAPP, exclusive use of IPV is recommended in Canada. Use of OPV
alone or sequential use of IPV followed by OPV provides acceptable levels of protec-
tion, but both schedules carry the risk of VAPP in recipients or their contacts and
neither offers any protective advantage to the recipient.

Adults

Routine immunization against poliomyelitis for adults living in Canada is not con-
sidered necessary. Most adults are already immune and have a negligible risk of
exposure to wild polioviruses in the Americas.

Primary immunization with poliomyelitis vaccine is recommended only in those who
are unimmunized and are at increased risk of exposure to poliovirus. Such people
include the following:

� travellers to areas of countries where poliomyelitis is epidemic or endemic;

� laboratory workers handling specimens that may contain polioviruses;

� health care workers in close contact with individuals who may be excreting wild
or vaccine strains of polioviruses;

� unimmunized parents or child care workers who will be caring for children in
countries where OPV is used.

Schedule and Dosage

Children

Two doses of IPV are recommended 4 to 8 weeks apart, followed by a booster dose 6
to 12 months later. When given combined with DPT (or DTaP), it is acceptable to
give additional doses of IPV 4 to 8 weeks after the second dose and 4 to 6 years after
the third dose for convenience of administration. However, two doses of IPV plus a
booster dose are considered a complete primary series.

For children who began their polio immunization series in a country where OPV is
used, immunization may be completed using IPV; there is no need to re-start the
series. Conversely, children who have been started on an immunization series with
IPV and who move to an area where OPV is used may receive the necessary doses of
OPV to complete their series.
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Adults

For unimmunized adults at increased risk, primary immunization with IPV is recom-
mended as two doses given at an interval of 4 to 8 weeks with a further dose
6 months to 1 year later. Additional considerations are as follows:

� travellers: travellers who will be departing in < 4 weeks should receive a single
dose of IPV and the remaining doses later, at the recommended intervals;

� unimmunized parents/child care workers: in those rare instances in which infants
receive OPV, there is a very small risk of OPV-associated paralysis to unimmunized
parents or other household contacts. It will generally not be practical for such
people to be fully protected with IPV before the infant is immunized; their risk
may be reduced if they are given one dose of IPV at the same time as the first dose
is given to the infant. Arrangements should be made for the adults to complete
their basic course of immunization.

Incompletely immunized adults at increased risk who have previously received less
than a full primary course of IPV or OPV should receive the remaining dose(s) of
poliovirus vaccine as IPV, regardless of the interval since the last dose.

Route of Administration

IPV is injected subcutaneously according to the dose specified in the manufacturer’s
package insert. Combination vaccines must be administered intramuscularly
because of the presence of adsorbed tetanus and diphtheria toxoids.

Booster Doses and Re-immunization

A need for booster doses of poliovirus vaccine in fully immunized adults has not
been demonstrated. For those believed to be at particularly high risk of exposure to
polio (e.g., military personnel, workers in refugee camps in endemic areas, travel-
lers to areas where there are epidemics) a single booster dose of IPV (or OPV) might
be considered. However, booster doses of vaccine are not usually necessary and are
not routinely recommended for travellers.

Outbreak Control

If transmission of paralytic poliomyelitis caused by wild virus occurs in a commu-
nity, OPV should be administered to all individuals (including infants) who have not
been completely immunized or whose immunization status is uncertain. OPV is
recommended because it blocks transmission by competing with wild virus in the
bowel. As well, the local (gut) immunity produced by OPV is greater than that
induced by IPV and is more likely to block asymptomatic infection and transmis-
sion. Thus, IPV should not be used for control of outbreaks of poliomyelitis if OPV is
available.
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Adverse Reactions

The side effects of currently available IPV are normally limited to minor local reac-
tions. As with all vaccines, anaphylaxis has been reported rarely.

OPV may cause paralytic disease in recipients and incompletely immunized contacts
at a rate of approximately 1 per 1 million doses distributed. Individuals travelling or
living abroad whose children may be exposed to OPV should be made aware of this
risk.

Contraindications and Precautions

IPV should not be administered to people who have experienced an anaphylactic
reaction to a previous dose of IPV, streptomycin, polymyxin B or neomycin.

IPV can be given without risk to those who are immunodeficient or immunosuppressed
or to people who will have household or similarly close contact with such people. Less
than optimal protection may be induced in those who are immunocompromised.

IPV is not contraindicated in pregnancy, but its administration should be delayed
until after the first trimester, if possible, to minimize any theoretical risk. If risk of
exposure is imminent, IPV should be given and is always the vaccine of choice except
for outbreak control.
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Rabies Vaccine
In September 2000, a young boy died of rabies in Quebec. This was the first case of
human rabies in Canada since 1985. The most likely source of the rabies infection in
this boy was an unrecognized bat exposure several weeks before the onset of symp-
toms. Over the past few years the incidence of bat strain rabies across the country
has increased, and of the last five human rabies cases in Canada, four followed exposure
to bats.

Rabies is a neurotropic viral disease that has two clinical presentations and is almost
invariably fatal. After infection, the usual incubation period is 20 to 60 days, although
it may vary from several days to years. The more common, agitated (furious) form
presents with the classical symptoms of hydrophobia or aerophobia with a rapidly
progressing encephalitis and death. The paralytic form of the disease is manifest in
progressive flaccid paralysis and has a more protracted course.

Epidemiology

The rabies virus can infect any mammal. In North America, it occurs mainly in certain
wild terrestrial carnivore species and is spread by them to domestic livestock and
pets. Over the past few years the number of animal rabies cases in Canada has been
steadily increasing. There remain regional differences in the prevalence of animal
rabies across the country, and the specific species infected in each region vary over
time.

Most of the animal rabies reported in Canada is found in Ontario and Manitoba, and
the most commonly infected animals across the country are bats, skunks and foxes.
Bat rabies is found in all regions except Newfoundland and Labrador, Nunavut and

191

N
u

m
b

er
 o

f d
ea

th
s

6

5

4

3

2

1

0
1924 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Rabies – Number of Deaths, Canada, 1924-2000

R
ab

ie
s

V
ac

ci
n

e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:13:35 AM
Plate: 45 of 164

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



the Northwest Territories and has been the only strain identified in British Columbia,
Alberta and Nova Scotia over the past few years. In Saskatchewan, Manitoba and
Ontario rabid skunks are the most prevalent, although Ontario has seen increases of
rabies in foxes and raccoons since 1999. In Quebec, also, rabies has increased in the fox
population. The Northwest Territories and Nunavut report rabies primarily in foxes
and dogs. Rabies has been reported sporadically from New Brunswick and Nova Scotia,
and recently outbreaks in foxes have been reported in Newfoundland and Labrador.
Spread can occur into domestic species of animals, such as horses and cows.

Bat rabies has accounted for 58% of the human rabies cases in the United States
since 1980 and appears to be increasing in frequency. The increased incidence is
due, in part, to the failure to recognize the small wound inflicted by a biting bat and
thus omission of post-exposure prophylaxis. In several cases it is thought that trans-
mission was caused by aerosolized virus across mucous membranes.

Although infections in domestic dogs and cats make up less than 10% of reported
animal rabies in Canada, the bites of these species account for the vast majority of
suspected rabies exposures in humans and the majority of courses of post-exposure
rabies prophylaxis.

Since reporting began in 1925, 22 people have died of rabies in Canada; after 1985
there were no reported cases of human rabies until September 2000. Worldwide,
there are estimated to be 30,000 to 50,000 deaths annually. Even though disease
may not develop in everyone bitten by a rabid animal, a decision on the management
of someone who may have been exposed to rabies virus must be made rapidly and
judiciously, since delays in starting post-exposure prophylaxis reduce its effective-
ness. Because it is not possible to determine which exposed individuals will develop
rabies if untreated and because the infection is almost always fatal, it is essential that
everyone exposed to animals with proven or suspected rabies be given post-exposure
prophylaxis. Between 1,000 and 1,500 people in Canada receive post-exposure treat-
ment each year.

Preparations Licensed for Immunization

Two rabies vaccines are licensed for active immunization of humans in Canada:
Imovax® rabies and Rabies Vaccine Inactivated (Diploid Cell Origin)-Dried. Only
Imovax® is currently available (Aventis Pasteur), and this may be used for pre-exposure
and post-exposure prophylaxis. Both vaccines are prepared from rabies virus grown
in human diploid cell culture, concentrated by ultrafiltration and then inactivated
with beta-propiolactone.

Two human rabies immune globulin (RIG) products are licensed in Canada for pas-
sive immunization (see page 246). RIG is concentrated by cold ethanol fractionation
from the plasma of hyperimmunized donors and undergoes multiple viral clearance
procedures during preparation. It is supplied at a standardized concentration of
150 IU per mL.
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Pre-exposure Management

Pre-exposure rabies immunization is an elective procedure and should be offered to
people at potentially high risk of contact with rabid animals, e.g., certain laboratory
workers, veterinarians, animal control and wildlife workers, spelunkers, and hunters
and trappers in high-risk areas such as the far north. Travellers to endemic areas where
there is not likely to be access to adequate and safe post-exposure measures should
consider pre-travel immunization. As well, children who are too young to understand
either the need to avoid animals or to report a traumatic contact are considered at
greater risk of rabid animal exposure and should be offered pre-exposure immuniza-
tion when travelling to endemic areas (see page 260).

Post-Exposure Management

Human diploid cell vaccine (HDCV) together with RIG and local treatment are
highly effective in preventing rabies in exposed individuals. No post-exposure HDCV
failures have occurred in Canada or the United States. The few reported failures else-
where have been attributed to delay in treatment, lack of appropriate cleansing of
wounds, suboptimal methods of immunization or omission of passive immuniza-
tion. Responses to vaccines received in other countries may be less predictable.

Rabies prophylaxis must be considered in every incident in which potential exposure
to rabies virus has occurred, unless rabies is known to be absent from the animal
population. In evaluating each case, local public health officials should be consulted.
If there has been no exposure, as described below, post-exposure treatment is not
indicated.

1. Species of animal

The animals in Canada most often proven rabid are wild terrestrial carnivores (rac-
coons, foxes and skunks), cattle, bats, and wild dogs and cats. The distribution of
animal rabies and the species involved vary considerably across Canada by region
and over time, so in cases of possible exposure it is important to consult the local
medical officer of health or government veterinarian. Human exposures to livestock
are usually confined to salivary contamination with the exception of horses and
swine, from which bites have been reported. The risk of infection after exposure to
rabid cattle is low. Squirrels, hamsters, guinea-pigs, gerbils, chipmunks, rats, mice
or other rodents, rabbits and hares are only rarely found to be infected with rabies
and are not known to have caused human rabies in North America; post-exposure
prophylaxis should be considered only if the animal’s behaviour was highly unusual.

The manifestations of rabies and the incubation periods vary in different species.
The length of time virus may be excreted in saliva before the development of symp-
toms has not been determined for the purpose of defining rabies exposure except in
domestic dogs, cats and ferrets. In these animals, rabies virus excretion does not
generally precede symptom development beyond 10 days. It remains unclear as to
whether asymptomatic carriage of rabies virus in animals in the wild is possible.
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2. Type of exposure

Rabies is transmitted when the virus is inoculated into tissues. This occurs most
commonly through bites, although when cuts or wounds are contaminated by rabies
virus from saliva or infected tissue, transmission is possible. Rarely, transmission
has been recorded when virus was inhaled, or infected corneal grafts were trans-
planted into patients. Thus, two broad categories of exposure are recognized as war-
ranting post-exposure prophylaxis:

Bite: This is defined as any penetration of the skin by teeth. Bites inflicted by most
animals are readily apparent. However, bites inflicted by bats to a sleeping person
may not be felt, and may leave no visible bite marks. Hence, when people are sleeping
unattended in a room where a bat is found or when the possibility of a bite cannot be
reasonably excluded — e.g., if a bat is discovered in proximity to an individual who is
cognitively impaired — post-exposure prophylaxis should be initiated.

Non-bite: This category includes contamination of scratches, abrasions or cuts of
the skin or mucous membranes by saliva or other potentially infectious material,
such as the brain tissue of a rabid animal. Petting a rabid animal or handling its
blood, urine or feces is not considered to be an exposure nor is being sprayed by a
skunk. These incidents do not warrant post-exposure prophylaxis. Post-exposure
prophylaxis is warranted and recommended in rare instances of non-bite exposure,
such as inhalation of aerosolized virus by spelunkers exploring caves inhabited by
infected bats or by laboratory technicians homogenizing tissues infected with rabies
virus; however, the efficacy of prophylaxis after such exposures is unknown. Strin-
gent guidelines concerning the suitability of tissue donors have eliminated the
probability that rabies virus will be transmitted iatrogenically.

Exposures incurred in the course of caring for humans with rabies could theoretically
transmit the infection. No case of rabies acquired in this way has been documented,
but post-exposure prophylaxis should be considered for exposed individuals.

3. Investigation of the incident

Each incident of possible exposure requires a full investigation. This should include
an assessment of the risk of rabies in the animal species involved and, in a low preva-
lence area such as Canada, the behaviour of the particular domestic animal
involved. An unprovoked attack is more likely to indicate that the animal is rabid.
Nevertheless, rabid cats and dogs may become uncharacteristically quiet. Bites
inflicted on a person attempting to feed or handle an apparently healthy animal
should generally be regarded as provoked.

Domestic pets with up-to-date rabies vaccination are unlikely to become infected
with rabies. If vaccinated animals exhibit signs suggestive of rabies they must be
carefully evaluated by a veterinarian.
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Management of Animals Involved in Biting Incidents

Any animal that has bitten a human or is suspected of being rabid should be
reported to the local medical officer of health and to the nearest Canadian Food
Inspection Agency veterinarian.1 These veterinarians are familiar with the regulations
concerning rabies and, if necessary, will collect and ship appropriate specimens to a
federal laboratory for diagnosis.

Signs of rabies cannot be reliably interpreted in wild animals. These animals, as well
as stray or unwanted dogs or cats and other biting animals, should immediately be
humanely killed in a way that does as little damage as possible to the head, which
should be submitted for laboratory examination. A domestic dog, cat or ferret that is
evaluated by a veterinarian and determined to be normal should be kept under
secure observation for 10 days even if it has a history of vaccination. If the animal is
still clinically well after that time, it can be concluded that it was not shedding rabies
virus at the time of the exposure and was therefore non-infectious. If illness sugges-
tive of rabies develops during the holding period, the animal should be killed and the
head submitted for examination. Rabies virus is only readily demonstrable in brains
of animals that have neurologic symptoms.

If the animal escapes during the 10-day observation period, the need for post-expo-
sure prophylaxis should be carefully re-assessed. Exotic pets (other than ferrets)
should be treated as wild animals because the incubation period and period of rabies
virus shedding in these animals are unknown. Recent information regarding the
pathogenesis of rabies in domestic ferrets has prompted them to be considered in
the same category as domestic dogs and cats rather than wild carnivores.

Management of People After Possible Exposure to Rabies

The Table outlines the recommendations for the management of people after possible
exposure to rabies. These recommendations are intended as a guide and may need to
be modified in accordance with the specific circumstances of the exposure.

Immediate washing and flushing with soap and water and a virucidal agent is imper-
ative and is probably the most effective procedure in the prevention of rabies.
Suturing the wound should be avoided if possible. Tetanus prophylaxis and antibac-
terial drugs should be given as required.

195

1 Further information and advice is obtainable from the regional offices of the Canadian Food Inspection
Agency in Moncton, N.B. (506) 851-7651; Montreal, Que. (514) 283-8888; Guelph, Ont. (519) 837-9400,
1-800-442-2342 (www.mnr.gov.on.ca/MNR/rabies/cfia.html); Winnipeg, Man. (204) 983-7443; Calgary, Alta.
(403) 292-5828; and New Westminister, B.C. (604) 666-8900.
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Schedule and Dosage
Pre-exposure immunization

Three doses of HDCV are required and should be given on days 0, 7 and 21. The vac-
cine is given as a 1.0 mL dose intramuscularly into the deltoid muscle or the thigh in
infants. Although intradermal vaccine has been shown to produce adequate titres,
there is no preparation licensed for intradermal use in Canada.

Post-exposure prophylaxis of previously unimmunized individuals

Five doses of 1 mL of HDCV should be given, the first dose (on day 0) as soon as pos-
sible after exposure, and additional doses on each of days 3, 7, 14 and 28 after the
first dose. Vaccine should be administered intramuscularly into the deltoid muscle
(never in the gluteal region) or the anterolateral upper thigh in infants. An appropriate
dose of RIG, as described below, should also be given on day 0. Other immunization
schedules have also been validated by the WHO.

Post-exposure prophylaxis should be started as soon as possible after exposure and
should be offered to exposed individuals regardless of the elapsed interval. If the

196

Animal species
Condition of animal
at time of exposure

Management of
exposed person

Dog or cat Healthy and available for
10 days’ observation

1. Local treatment of wound

2. At first sign of rabies in
animal, give RIG (local
and intramuscular) and
start HDCV

Rabid or suspected to be
rabid*

Unknown or escaped

1. Local treatment of wound

2. RIG (local and intramus-
cular) and HDCV

Skunk, bat, fox, coyote, rac-
coon and other carnivores.

Includes bat found in room
when a person was sleep-
ing unattended.

Regard as rabid* unless
geographic area is known
to be rabies free

1. Local treatment of wound

2. RIG (local and intramus-
cular) and HDCV

Livestock, rodents or
lagomorphs (hares and
rabbits)

Consider individually. Consult appropriate public health and
Food Inspection Agency officials. Bites of squirrels, chip-
munks, rats, mice, hamsters, gerbils, other rodents, rabbits
and hares may warrant post-exposure rabies prophylaxis if
the behaviour of the biting animal was highly unusual.

RIG = ( human) rabies immune globulin, HDCV = human diploid cell vaccine

* If possible, the animal should be humanely killed and the brain tested for rabies as soon as possi-
ble; holding for observation is not recommended. Discontinue vaccine if fluorescent antibody test
of animal brain is negative.

Post-exposure Prophylaxis for People
Not Previously Immunized Against Rabies
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suspect animal is domestic and is available for quarantine, then immunization may
be withheld pending the animal’s status after the 10-day observation period. How-
ever, if the bite wound is to the head and neck region, prophylaxis should begin
immediately and not be delayed until after the 10-day period. When notification of an
exposure is delayed, prophylaxis may be started as late as 6 or more months after
exposure.

The course of vaccine may be discontinued after consultation with pubic health/
infectious disease experts if the direct fluorescent antibody test of the brain of an
animal killed at the time of attack proves to be negative. However, if suspicion of
rabies in the animal remains high even in the presence of a negative test, the immu-
nization series should be continued.

The recommended dose of human RIG is 20 IU/kg body weight. This formula is
applicable to all age groups, including children. If anatomically feasible, the full
dose of RIG should be thoroughly infiltrated into the wound and surrounding area.
Any remaining volume should be injected intramuscularly at a site distant from vaccine
administration. When more than one wound exists, each should be locally infil-
trated with a portion of the RIG. The RIG may be diluted for such purposes. Because
of interference with active antibody production, the recommended dose should not
be exceeded. Since vaccine-induced antibodies begin to appear within 1 week, there
is no value in administering RIG more than 8 days after initiating an approved vac-
cine course.

Vaccine and immune globulin should be used concurrently for optimum post-exposure
prophylaxis against rabies, except in certain previously immunized people, as indi-
cated below. Under no circumstances should vaccine be administered in the same
syringe or at the same site as RIG.

Post-exposure prophylaxis of previously immunized individuals

Post-exposure prophylaxis for people who have previously received rabies vaccine
differs according to which preparation of vaccine was received.

A. Two doses of HDCV, one injected immediately and the other 3 days later, without
RIG, are recommended for exposed individuals with the following rabies immu-
nization history:

(i) Completion of an approved course of pre- or post-exposure prophylaxis with
HDCV;

(ii) Completion of immunization with other types of rabies vaccine or with
HDCV according to unapproved schedules so long as neutralizing rabies anti-
body has been demonstrated in serum.

B. A complete course of HDCV plus RIG is recommended for those who may have
received rabies vaccines but do not fulfil the criteria listed in A. A serum sample
may be collected before vaccine is given, and if antibody is demonstrated the
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course may be discontinued, provided at least two doses of HDCV have been
administered.

Serologic Testing and Booster Doses

Healthy people immunized with an appropriate regimen will develop rabies anti-
bodies, and therefore routine post-immunization antibody determinations are not
recommended. Neutralizing antibodies develop 7 days after immunization and persist
for at least 2 years. The Canadian national rabies reference laboratory is the Ontario
Provincial Public Health Laboratory, which considers an acceptable antibody
response to be a titre of � 0.5 IU/mL by the rapid fluorescent-focus inhibition test.
Post-immunization antibody titre determination may be advisable for those antici-
pating frequent exposure or whose immune response may be reduced by illness,
medication or advanced age. People with continuing high risk of exposure, such as
certain veterinarians, should have their serum tested for rabies antibodies every
2 years; others working with live rabies virus in laboratories or vaccine-production
facilities who are at risk of inapparent exposure should be tested every 6 months.
Those with inadequate titres should be given a booster dose of HDCV. People previ-
ously immunized with other vaccines should be given sufficient doses of HDCV to
produce an adequate antibody response.

Delayed systemic allergic reactions (see Adverse Reactions) appear to be less common
after booster doses of the vaccine purified by zonal centrifugation (Rabies Vaccine
Inactivated [Diploid Cell Origin]-Dried). This vaccine is therefore recommended for
people requiring ongoing protection against rabies.

Although protective antibodies are present immediately after passive vaccination
with RIG, they have a half-life of 21 days.

Adverse Reactions

HDCV: Local reactions such as pain, erythema, swelling and itching at the injection
site may occur in 30% to 74% of recipients; mild systemic reactions such as headache,
nausea, abdominal pain, muscle aches and dizziness may occur in about 5% to 40%.
Systemic allergic reactions characterized by generalized urticaria and accompanied
in some cases by arthralgia, angioedema, fever, nausea and vomiting have been
reported. These reactions are uncommon in people receiving primary immunization
but have occurred in up to 7% of those receiving a booster dose, with onset after 2 to
21 days. Such reactions have been shown to follow the development of IgE antibodies
to beta propiolactone-altered human serum albumin in the vaccine. Vaccines puri-
fied by zonal centrifugation appear less likely to be associated with such reactions.
Immediate anaphylactic reactions have occurred in 1 in 10,000 people given HDCV.
Neurologic complications are rare, but three cases of neurologic illness resembling
Guillain-Barré syndrome, which resolved without sequelae within 12 weeks, were
reported in the early 1980s.

RIG: Local pain and low-grade fever may follow administration of RIG.
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Contraindications

There are no definite contraindications to the use of rabies vaccine after significant
exposure to a proven rabid animal.

A history of any previous hypersensitivity reaction to HDCV should be elicited.
Hypersensitive individuals should be immunized only under strict medical supervi-
sion. Serious allergic or neuroparalytic reactions occurring during the administra-
tion of rabies vaccine pose a serious dilemma. The risk of rabies developing must be
carefully considered before a decision is made to discontinue immunization. The
use of corticosteroids as a possible treatment may inhibit the immune response. The
patient’s blood should be tested for rabies antibodies and expert opinion should be
sought in the management of these individuals.

Corticosteroids and immunosuppressive agents may interfere with the development
of active immunity. Therefore, people receiving such therapy should have a rabies
antibody determination upon completion of a post-exposure course of rabies vaccine
to ensure that an adequate response has developed.

Pregnancy is not a contraindication to post-exposure prophylaxis, but it would be
prudent to delay pre-exposure immunization of pregnant women unless there is a
substantial risk of exposure.

Selected References
CDC. Human rabies prevention — United States, 1999: recommendations of the Advisory
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Rubella Vaccine
Rubella is a viral disease that results in a transient exanthematous rash, post-auricular
or suboccipital lymphadenopathy, arthralgia and low-grade fever. As symptoms are
non-specific, it may be mistaken for infection due to parvovirus, adenoviruses or
enteroviruses. Adult infection is frequently accompanied by transient polyarthralgia
or polyarthritis. Serious complications are rare, and up to 50% of infections are
subclinical.

The main goal of immunization is the prevention of rubella infection in pregnancy,
which may give rise to congenital rubella syndrome (CRS). This syndrome can result
in miscarriage, stillbirth and fetal malformations, including congenital heart dis-
ease, cataracts, deafness and mental retardation. The risk of fetal damage following
maternal infection is particularly high in the earliest months after conception (85% in
the first trimester) with progressive diminution of risk thereafter, and is very uncom-
mon after the 20th week of pregnancy. Infected infants who appear normal at birth
may later show eye, ear or brain damage. Congenital infection may become chronic
and give rise to such problems as diabetes mellitus and panencephalitis later in life.
As well, a small number of congenitally infected infants may shed the virus in the
urine and nasopharyngeal secretions for 1 year or more.

Epidemiology

An MMR immunization program for all infants was introduced in Canada in April
1983. Previously, selective immunization of pre-pubertal girls had been practised in
some jurisdictions, resulting in susceptible cohorts of males. Large outbreaks,
mainly among males, have been reported as a result of selective immunization policies,
most recently (1996-97) in Manitoba. In the past decade, several large outbreaks
have occurred in North America in clustered, unimmunized populations, including
those who refuse immunization for religious reasons.

Fewer than 100 cases of rubella have been reported in each of the past 3 years, and
only 1 to 2 cases of CRS. Increasingly, mothers of CRS infants are foreign born and
less likely to have been immunized against rubella before immigration to Canada.
Studies indicate that immigrant women from countries where rubella vaccine is not
routinely used (e.g., the majority of Asian, African and many Caribbean and South
and Central American countries as well as Mexico) are particularly susceptible to
rubella. Outbreaks in immigrant communities have been documented.

Preparations Licensed for Immunization

The rubella virus vaccine currently licensed in Canada incorporates live attenuated
virus strain RA 27/3, prepared in human diploid cell culture. It is available as a
monovalent vaccine or in combination with mumps and measles vaccines (MMR) or
measles vaccine (MR). The vaccine is lyophilized and should be reconstituted just
before administration with the diluent provided.
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Efficacy and Immunogenicity

Rubella vaccine stimulates the formation of antibody to rubella virus in over 97% of
susceptible individuals. Titres are generally lower than those observed in response
to natural rubella infection.

Asymptomatic re-infection, manifest by a rise in antibody, has been observed in
vaccinees and may account for the continued endemicity of rubella. Asymptomatic
re-infection has also been observed in women with naturally acquired immunity
and very low antibody titres. Rarely, transient viremia can occur in people immune
by either natural disease or prior immunization, but transmission to the fetus in
this circumstance is believed to be rare.

Schedule and Dosage

Immunization schedules and requirements for MMR vaccine vary by province/territory
and can be obtained from the local public health department.

The dose of rubella vaccine, given either alone or combined with measles vaccine or
measles and mumps vaccines, is 0.5 mL given as subcutaneous injection.

Infants and children

One dose of live rubella vaccine is recommended routinely for all children on or as
soon as practical after their first birthday in combination with measles and mumps
vaccines. Rubella vaccine should not be administered prior to 12 months of age.

In all provinces and territories, a second dose of rubella vaccine is given at the time
of the second dose of measles vaccine, administered at 18 months of age or at school
entry and at least 1 month after the first dose. Although a second dose of rubella vac-
cine is not believed to be necessary for achieving elimination of CRS, it is not harm-
ful and may benefit those who do not respond to primary immunization (1% to 3%
of people).

Adolescents and adults

Rubella vaccine should be given to all female adolescents and women of childbearing
age unless they have proof of immunity, which is either a record of prior immunization
or laboratory evidence of detectable antibody. At the first visit, rubella immuniza-
tion status should be assessed. If there is no documentation of prior immunization,
one dose of rubella vaccine should be given, preferably as MMR vaccine, since a high
proportion of women susceptible to rubella are likely also susceptible to measles.

A clinical history of rubella without laboratory confirmation is not a reliable indicator
of immunity.

Every effort should be made to immunize foreign-born adolescents and women
from countries where rubella vaccine is in limited use (see Epidemiology section) as
soon as possible after entry to Canada or, for women who are pregnant upon presen-
tation, immediately post-partum.
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Since up to one-third of cases of CRS occur in second and subsequent pregnancies,
it is essential that all women found to be susceptible during pregnancy receive
rubella vaccine (preferably given as MR or MMR vaccine) in the immediate post-
partum period and as soon as practical after delivery. Every effort should be made to
immunize before hospital discharge. Canadian, U.S. and U.K. studies show that a
large proportion of rubella-susceptible women are not immunized post-partum.
Hospital standing order policies have been shown to be effective in increasing
post-partum immunization rates.

In educational institutions, such as schools, colleges and universities, particular
emphasis should be placed on immunization of susceptible female staff and female
students of childbearing age because of their relatively high risk of exposure.

In health care settings, the rubella immune status of female employees of childbearing
age should be carefully reviewed, and those without documented immunity should
be immunized. In addition, vaccine should be given to susceptible people of either
sex who may expose pregnant women to rubella.

Booster Doses and Re-immunization

Antibody levels developed in response to earlier rubella vaccines decline over time,
but this decline may not have great significance since any detectable antibody gen-
erally protects against viremic infection. The duration of protection is not yet
known, but studies indicate that the duration of both cellular and humoral immunity
exceeds 20 years. Booster doses are not considered necessary but are not harmful
and may provide a marginal protective benefit in the population.

Serologic Testing

Pre-immunization: A documented history of immunization is presumptive evidence
of immunity. Serologic screening in a person without documented immunization is
neither necessary nor recommended, and may result in a missed opportunity to
immunize.

Post-immunization: Serologic testing after immunization is unnecessary. Women of
childbearing age without a prior record of immunization who are tested and found to
be non-immune serologically should be offered one dose of rubella-containing vac-
cine. Those with a prior record of immunization who are serologically non-immune
may be offered immunization, but such tests are likely to be falsely negative. It is not
necessary to repeat immunization even if subsequent serologic tests are also nega-
tive, because such individuals usually have other evidence of rubella immunity.

Prenatally: Serologic testing for rubella antibody should be a routine procedure
during prenatal care for those without written serologic evidence of immunity or
prior immunization. Prenatal testing in Ontario and Quebec indicates rates of
serosusceptibility of about 7% and 7% to 11% respectively.
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Storage Requirements

Rubella-containing vaccines should be stored in the refrigerator at a temperature of
2o C to 8o C. Once reconstituted, the vaccine should be administered promptly.

Simultaneous Administration with Other Vaccines

Rubella-containing vaccines may be administered at the same time but at a separate
injection site as DPT-containing vaccines routinely given at 18 months and school
entry, as well as adult tetanus-diphtheria vaccine. When administered at the same
time as live virus vaccines other than measles and mumps, rubella-containing vac-
cine(s) should be given at a separate injection site or, if possible, separated by a
4-week interval.

Adverse Reactions

Rash and lymphadenopathy occur occasionally. Acute transient arthritis or arthralgia
may occur 1 to 3 weeks after immunization, usually persists for 1 to 3 weeks, and
rarely recurs. These reactions are uncommon in children, but the frequency and
severity increase with age, and they are more common in post-pubertal females,
among whom arthralgia develops in 25% and arthritis-like signs and symptoms in
10% after immunization with RA 27/3. Recently published studies indicate no evi-
dence of increased risk of new onset chronic arthropathies or neurologic conditions
in women receiving RA 27/3 rubella vaccine. Paresthesia or pain in the extremities
lasting 1 week to 3 months has been reported rarely. However, both the frequency
and severity of adverse reactions are less than those associated with natural disease.
Serious adverse reactions are rare. There is a growing body of literature to suggest a
genetic predisposition to joint manifestations following rubella immunization.
However, these manifestations are more serious after natural infection, and immu-
nization against rubella among such people is indicated.

Contraindications

Administration of live rubella vaccine during pregnancy should be avoided because
of the theoretical risk of CRS in the fetus.

Rubella vaccine should not be administered to people known to be hypersensitive to
the vaccine components, such as antibiotics, used in its preparation; such reactions
include anaphylactic hypersensitivity to neomycin. Convincing evidence supports
the safety of routine administration of MMR vaccines to all children who have
allergy to eggs. Fewer than 2 per 1,000 immunized egg-allergic children have been
found to be at risk of anaphylactic reaction to MMR vaccine (see the chapter on Mea-
sles Vaccine for further details).
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Precautions

Women of childbearing age should be advised to avoid pregnancy for 1 month after
immunization. This recommendation is based on the duration of viremia after natu-
ral infection and evidence of vaccine safety.

Rubella vaccine is occasionally administered to women who were unknowingly
pregnant at the time or who became pregnant shortly after immunization. Reassur-
ance can be given that no fetal damage has been observed in the babies of over 700
susceptible women who received vaccine during their pregnancy and carried to
term. The theoretical risk of teratogenicity, if any, is very small. Therefore, receipt of
rubella vaccine in pregnancy, or conception within 1 month after receipt, should
not be a reason to consider termination of pregnancy.

Breast-feeding is not a contraindication to rubella immunization. Although vaccine
virus has been detected in breast milk and transmission can occur, no illness has
been reported in the infants.

As with other live vaccines, rubella vaccine should not be administered to people
whose immune mechanism is impaired as a result of disease or therapy, except
under special circumstances (see section on Immunization in Immunocompromised
Hosts). These vaccines would generally be administered to provide protection
against measles. The immune response in such individuals may be impaired.
Rubella-containing vaccines may be administered to HIV-infected people who are
not severely immunosuppressed and among whom use of the vaccine has not been
associated with serious adverse reactions.

Other Considerations

Small quantities of vaccine strain virus may be detected in the nasopharynx of some
vaccinees 7 to 28 days after immunization, but the risk of transmission to contacts
seems to be very low. After many years of vaccine use, only a few cases of possible
transmission have been documented; in only one instance was the contact known to
be previously immune by serologic testing. Therefore, it is safe to administer vac-
cine to those who are in contact with susceptible, pregnant women and with
immunocompromised people.

Anti-Rho(D) immune globulin may interfere with response to rubella vaccine.
Rubella-susceptible women who receive anti-Rho(D) immune globulin post-partum
should either be given rubella vaccine at the same time and tested 3 months later for
rubella immunity, or should be immunized with rubella vaccine 3 months post-
partum, with follow-up ensured.

Vaccine must not be administered less than 2 weeks before an immune globulin
injection. When immune globulin has been administered, rubella immunization
should be delayed for 3 months; it should be delayed for 5 months if given as MMR
vaccine (see Chapter on Passive Immunizing Agents). It has been shown that previous
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or simultaneous blood transfusion does not generally interfere with the antibody
response to rubella immunization. In such cases, however, it is recommended that a
serologic test be done 6 to 8 weeks after immunization to test the individual’s
immune status. If the individual is seronegative, a second dose of vaccine should be
administered.

Passive immunization

The effectiveness of immune globulin for post-exposure prophylaxis of rubella is
unknown and as such is not recommended.

Management of outbreaks

During outbreaks, people at risk who have not been immunized or do not have sero-
logic proof of immunity should be given vaccine promptly without prior serologic
testing. A history of rubella illness is not a reliable indicator of immunity.

Even though rubella immunization has not been shown to be protective when given
after exposure, it is not harmful. It will protect the individual in future if the current
exposure does not result in infection.

Surveillance

All suspected and confirmed cases of rubella and CRS must be reported to the appro-
priate local or provincial/territorial public health authority. In addition to this passive
surveillance, CRS is monitored through the Canadian Paediatric Surveillance
Program.

Laboratory confirmation is carried out by serodiagnostic laboratory methods or cul-
ture. The specific diagnosis is particularly important in suspect cases who are con-
tacts of pregnant women and in suspect cases of CRS, as well as during outbreaks. A
significant, rising antibody titre from acute and convalescent serum samples is con-
firmatory, the first sample being taken within the first 7 days after illness and the
second 10 days after the first. Rapid confirmation may be obtained by testing for
rubella-specific IgM antibody in a serum sample taken between 3 days and 1 month
after rash onset. There may be false-negative results if the serum sample is taken too
early or too late after the clinical illness, and false positives occur frequently, since
the test has low positive predictive value outside the outbreak setting.

Congenital infection may be confirmed by isolation of the virus in neonatal urine or
nasopharyngeal secretions, detection of IgM antibody to rubella virus in blood, or
the persistence of antibody to rubella virus beyond the age of 3 months. Consulta-
tion with the regional public health laboratory will indicate the availability and
applicability of various diagnostic methods for rubella.
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Smallpox Vaccine
The last known case of naturally occurring smallpox occurred in Somalia in 1977,
and 3 years later the World Heath Organization published the Declaration of the
Global Eradication of Smallpox. Immunization programs were terminated shortly
afterwards. Eradication of this dreaded disease was one of the most significant
advances in public health in the 20th century.

For research purposes, remaining virus stocks are kept in two WHO reference labo-
ratories in the United States and Russia. There are concerns that other countries may
have access to the virus, particularly in the light of recent terrorist events. Health
Canada requested NACI to make recommendations regarding immunization, and a
detailed statement was subsequently published in Canada Communicable Disease
Report (15 January, 2002, volume 28, ACS-1).

There is currently no evidence to support routine smallpox immunization of the
general Canadian population. The threat of dissemination of smallpox virus as a bio-
logical weapon is unknown, but is believed to be very small. Groups at greatest
potential risk include laboratory workers who may handle the virus and first
responders to a suspected case or outbreak, such as ambulance attendants, hospital
emergency room staff and other health care workers.

WHO considers the occurrence of a single case of smallpox anywhere in the world as
a global emergency. WHO’s Executive Board has recently endorsed a commitment
by all countries to provide mutual assistance in the event of a case.

The Canadian Smallpox Contingency Plan is currently being updated by the Centre
for Emergency Preparedness and Response, Health Canada, in consultation with the
provinces and territories. The plan will include recommendations for action to be
taken if a case of smallpox occurs in Canada or elsewhere.
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Tetanus Toxoid
Tetanus is an acute and often fatal disease caused by an extremely potent neurotoxin
produced by Clostridium tetani. The organism is ubiquitous in soil, but has also
been detected in the intestines of animals and humans. Wounds that are contami-
nated with dirt, feces or saliva and that are associated with tissue injury and necrosis
are most frequently associated with tetanus. Cases associated with injection drug use,
animal bites and lacerations have been reported as well as rare cases occurring after
bowel surgery. In North America, approximately 23% of cases occur in people who
do not report any antecedent injury.

Tetanus is rare in Canada. In the 1990s, the number of cases reported annually ranged
from 1 to 7, with an average of 5 (see Figure). The last death was recorded in 1995.
The immunization status of most of the cases was not known. People > 50 years of
age accounted for about half, and most were males. Birth in a foreign country was
indicated for 11%.

Tetanus immunization programs are highly effective, provide long-lasting protec-
tion and are recommended for the whole population. However, serosurveys suggest
that a substantial proportion of Canadians have nonprotective tetanus antitoxin lev-
els. Factors associated with lack of immunity to tetanus include increasing age (par-
ticularly among women, few of whom received immunization as part of military
service), birth outside Canada and absence of immunization records. Continued
attention should be given to improving tetanus immunization in these groups.
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Preparations Licensed for Immunization

Tetanus toxoid is prepared by detoxification of tetanus toxin with formalin. The toxoid
is combined with aluminum salts, generally aluminum phosphate, in an adsorbed
form. Tetanus toxoid is available alone or in various combinations with diphtheria
toxoid, pertussis, inactivated poliomyelitis and Haemophilus influenzae vaccines.
All preparations contain comparable amounts of tetanus toxoid. The preparations
contain either thimerosal or 2-phenoxyethanol with or without formaldehyde, as
preservatives. Preparations that also contain inactivated polio vaccine may contain
trace amounts of polymyxin B and neomycin from the cell growth medium.

Efficacy and Immunogenicity

Tests for measuring the immune response to tetanus toxoid include the serum toxin
neutralization bioassay performed in mice and serologic tests, which include
enzyme immunoassays (EIA). Because the bioassay is expensive and time-consuming,
the EIA is more widely used. Protective EIA antibody levels have been variously
defined as greater than 0.10-0.15 IU/mL in serosurveys; controversy exists regarding
the accepted cut-off level. Correlation of serologic test results with the toxin
bioassay is useful, as the latter assesses actual neutralization in vivo.

Protective antitoxin levels occur in virtually all healthy infants and children who
receive primary immunization. The immune response in premature infants is com-
parable to that of term infants of the same chronologic age. A double-blind, random-
ized controlled trial in rural South America demonstrated that two or three doses of
tetanus toxoid administered to previously unvaccinated women of childbearing age
protected their infants. Efficacy in standard pre-exposure and post-wound booster
immunization regimens among adults has not been assessed in randomized trials,
but was demonstrated by observational studies during World War II.

Most children who are perinatally infected with HIV develop adequate antitoxin
antibody responses following immunization with vaccines containing tetanus
toxoid. The antibody response to boosters given to adults with HIV or other humoral
immune deficiencies is suboptimal. Tetanus immunity is lost in approximately half
of patients undergoing chemotherapy for lymphoma or leukemia. Patients under-
going bone marrow or stem cell transplantation should be re-immunized with two
doses, 12 and 24 months after the procedure.

Very rare cases of tetanus have been reported despite full immunization and the
presence of toxin-neutralizing antibody. These cases may present with a clinical
spectrum ranging from mild or localized to severe disease. Explanatory theories
include the “overwhelming” of host defences by large quantities of toxin, selective
suppression of the immune response or antigenic differences between toxin and
toxoid.
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Recommended Usage

It is recommended that all Canadians receive a primary immunizing course of tetanus
toxoid in childhood, followed by routine booster doses every 10 years. Adults who
have not previously received a primary tetanus toxoid series require three doses as
part of an adult primary immunization regimen (see Schedule and Dosage).

Active immunization against tetanus should be undertaken for patients who have
recovered from this disease, because infection does not confer protective immunity.

Schedule and Dosage

The dose of the various forms of tetanus toxoid licensed in Canada is 0.5 mL. For
children < 7 years of age, tetanus toxoid is most commonly used in combination
with diphtheria toxoid, acellular pertussis, inactivated polio and H. influenzae type b
antigens. For individuals � 7 years of age, use of an adult-type preparation is recom-
mended e.g. Td, Td-Polio or dTap.

For children < 7 years of age, the primary immunizing series of adsorbed tetanus
toxoid in Canada consists of a dose at 2, 4 and 6 months of age, plus a fourth dose at
18 months. If the fourth primary dose was given before the fourth birthday, a
booster dose is also given at 4 to 6 years of age (school entry). Immunization sched-
ules for children not vaccinated in early infancy are shown in Tables 2 and 3 in Part 2:
A. Recommended Immunization Schedules for Infants and Children. In adults
requiring a primary immunization series, the first two doses of toxoid (preferably
given as Td) should be given 4 to 8 weeks apart and the third 6 to 12 months later.

Route of Administration

Tetanus toxoid is administered intramuscularly.

Booster Doses and Re-immunization

To maintain immunity to tetanus after completion of primary immunization, booster
doses administered as Td are recommended at 10-year intervals. More frequent
boosters may lead to severe local and systemic reactions. Some experts have sug-
gested that booster doses may be given less frequently, because tetanus cases are
uncommon in people who received a primary immunization series but have not
received subsequent boosters every 10 years. On the basis of this observation, it has
been suggested that immunization status should be reviewed at least once during
adult life, e.g., at 50 years of age, and a dose of Td given to everyone who has not had
one within the previous 10 years. However NACI’s continued recommendation for
tetanus boosters every 10 years is based on concern regarding the decline of anti-
body levels with age and potential failure of single booster doses to produce protec-
tive levels in older individuals.
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For individuals planning to travel to developing countries where safe tetanus toxoid
administration may not be available if required, it may be prudent to offer an early
tetanus booster prior to travel if more than 5 years have elapsed since the last dose.

Storage Requirements

Toxoid preparations should be stored in the refrigerator, at a temperature between
2o C and 8o C. They should not be frozen, and any that have been frozen should not be
used.

Post-exposure Prevention of Tetanus in the Context of
Wound Management

The Table below summarizes the recommended use of immunizing agents in
wound management. It is important to ascertain the number of doses of toxoid pre-
viously given and the interval since the last dose. When a tetanus booster dose is
required, the combined preparation of tetanus and diphtheria toxoid formulated for
adults (Td) is preferred. Appropriate cleansing and debridement of wounds is imper-
ative, and use of antibiotics may be considered.

Some individuals with humoral immune deficiency, including those with HIV infec-
tion, may not respond adequately to tetanus toxoid. Therefore, tetanus immune
globulin (TIG) should be used in addition to tetanus toxoid if a wound occurs that is
not clean, regardless of the time elapsed since the last booster.
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History of
tetanus immunization

Clean, minor wounds All other wounds

Td* TIG† Td TIG

Uncertain or < 3 doses of
an immunization series**

Yes No Yes Yes

� 3 doses received in an
immunization series**

No‡ No No§ No¶

Note: Table format changed from previous edition, but recommendations remain unchanged.

* Adult-type tetanus and diphtheria toxoids. If the patient is < 7 years old, a tetanus toxoid-contain-
ing vaccine is given as part of the routine childhood immunization.

† Tetanus immune globulin, given at a separate site from Td

** The immunization series for tetanus is described in the text (Schedule and Dosage)

‡ Yes, if > 10 years since last booster.

§ Yes, if > 5 years since last booster. More frequent boosters not required and can be associated
with increased adverse events. The bivalent toxoid, Td, is not considered to be significantly more
reactogenic than T alone and is recommended for use in this circumstance. The patient should be
informed that Td has been given.

¶ Yes, if individuals are known to have a significant humoral immune deficiency state (e.g., HIV,
agammaglobulinemia), since immune response to tetanus toxoid may be suboptimal.

Guide to Tetanus Prophylaxis in Wound Management
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Simultaneous Administration with Other Vaccines

Tetanus toxoid preparations may be given concurrently with other vaccines in cir-
cumstances in which this would be advantageous.

Adverse Reactions

Adverse reactions to primary immunization with tetanus toxoid are rare, especially
in children. Their incidence in adults increases with age. Following booster doses,
local erythema and swelling are not uncommon. Severe local reactions occur rarely
and may be associated with high levels of circulating antitoxin resulting from
over-immunization. Lymphadenopathy may occasionally occur. Fever has been
infrequently reported and usually occurs in cases showing a marked local reaction.
Systemic reactions, such as generalized urticaria, anaphylaxis, serum sickness and
brachial plexus neuropathy, have rarely been reported. Attribution of adverse reac-
tions to tetanus toxoid may be confounded if other antigens are present in the
preparation.

Trismus associated with tetanus toxoid immunization has rarely been reported.
Outcomes have been favourable. The pathogenesis is unexplained.

Contraindications and Precautions

It is recommended that tetanus toxoid not be given routinely to a patient who has
received a booster dose in the preceding 5 years.

Tetanus toxoid should not be given if a severe systemic reaction, including severe
hypersensitivity or a neurologic event, followed a previous dose.

People who experience a major local reaction or high fever following a dose of teta-
nus toxoid should not be given another dose for at least 10 years. In those who have
experienced severe local reactions or fever after tetanus toxoid, plain toxoid may be
considered for subsequent booster doses, since it is reported to cause fewer reac-
tions than adsorbed toxoid. When a contraindication to tetanus toxoid exists and a
patient sustains a major or unclean wound, tetanus immune globulin should be
given.

Before a combined vaccine is given, it is most important to ensure that there are no
contraindications to the administration of any of the components.

There is no evidence that tetanus toxoid is teratogenic, but it is prudent to wait until
the second trimester of pregnancy to administer a routinely required dose, to mini-
mize concern about the theoretic possibility of a relation with any observed birth
defect. In the event of a tetanus-prone wound during pregnancy the recommenda-
tions in the table should be followed. Neonatal tetanus may occur in infants born to
unimmunized mothers under unhygienic conditions.
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Typhoid Vaccine
Typhoid fever is caused by Salmonella typhi, which differs from most other Salmonella
species in that it infects only humans and frequently causes severe systemic illness.
The organism is generally transmitted via food contaminated with the feces or urine
of people with the disease or those who are S. typhi carriers. The fatality rate is
approximately 16% for untreated cases and 1% for those given appropriate antibi-
otic therapy. Between 2% and 5% of typhoid cases become chronic carriers, some-
times shedding bacteria in stool for years. The risk of severe illness is increased in
people with depressed immunity (e.g., due to HIV) or decreased gastric acid levels.

Epidemiology

In endemic areas (such as Africa, Asia, Central and South America), typhoid fever
has long been considered a disease with the greatest impact in individuals 5 to 19 years
of age. Age-specific incidence rates vary from one country to another, however, and
significant illness and deaths have been reported in children < 5 in some settings.
Reports of typhoid fever in children < 2 years of age are quite unusual. Several fac-
tors may contribute to this apparently lower risk in very young children, including
age-specific changes in the immune response, atypical or milder disease in this pop-
ulation and under-reporting. Whatever the cause(s), the observation is important in
light of our incomplete knowledge of vaccine immunogenicity and efficacy in this
age group.

The incidence of typhoid fever is very low in the industrialized world. An average of
70 cases have been reported annually in Canada over the past 5 years. The low inci-
dence rates in industrialized countries is attributable to overall good living conditions,
in particular the high quality of drinking water and the treatment of sewage. The
rates were achieved without vaccines, and vaccination has no ongoing role in their
maintenance.

The greatest risk of typhoid infection for Canadians occurs while they are travelling
in countries or regions of countries where sanitation is likely to be poor. However, not
all travellers in these countries or regions are at markedly increased risk. Indeed,
the risk of suffering from typhoid fever in many settings in developing countries is
minimal (e.g., business-class hotels, conference centres and resort hotels). The great-
est risk appears to be associated with exposures to food and water in uncontrolled
settings (e.g., market stalls, street vendors, home restaurants and family settings).
Even relatively short visits with friends and family can put Canadian travellers (the
so-called VFR or “visiting friends and relatives” group) at substantial risk of typhoid
in some areas.

Regardless of the setting, typhoid immunization is not a substitute for careful selec-
tion and handling of food and water. The available vaccines provide only 50% to 60%
protection and do not prevent disease in those who ingest a large number of organisms.
However, immunization may reasonably be expected to reduce the risk of typhoid
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fever among otherwise healthy travellers in areas where this disease is either
endemic or epidemic.

Preparations Licensed for Immunization

Two typhoid vaccines are currently available for protection against typhoid fever.

Parenteral, capsular polysaccharide vaccine

This vaccine is an injectable solution of Vi (virulence) antigen prepared from the
capsular polysaccharide (ViCPS) of S. typhi strain TY2. The vaccine is produced by
Aventis Pasteur and distributed in Canada under the name of Typhim ViTM. Each
0.5 mL dose of vaccine contains 25 �g of purified polysaccharide.

Oral, live attenuated vaccine

Ty21a is an attenuated strain of S. typhi that was produced by chemical mutagene-
sis. This bacterium has lost some virulence factors and replicates for only a limited
period of time in human hosts. The vaccine is produced by Swiss Serum and Vaccine
Institute and is supplied either as enteric-coated capsules (four doses containing
lyophilized bacteria) or as foil sachets (three doses of lyophilized bacteria). Although
both formulations are available at this time, it is likely that the capsular form will be
eclipsed by the simpler, sachet form in the coming years. Both formulations contain
buffer to enhance passage of the attenuated bacteria through the gastric acid bar-
rier. The components included in these vaccines are listed in the Table.
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Formulation Capsule Sachet (reconstituted)

Viable S. typhi Ty21a 2-10 x 109 cfu* 2-10 x 109 cfu*

Non-viable S. typhi Ty21a 5-60 x 109 cfu* 5-60 x 109 cfu*

Amino acid mixture 0.8-2.1 g 0.8-15 mg

Ascorbic acid 0.6-1.6 mg 0.6-10 mg

Aspartame † 20-30 mg

Lactose 135.8-166.6 mg 1.68-2.31 g

Magnesium stearate 3.4-4.2 mg †

Sodium bicarbonate † 2.4-2.9 gm

Sucrose 16.7 – 41.7 mg 15-250 mg

* Colony-forming units

† Not present in this formulation

Components of the Oral, Live Attenuated Vaccine against Typhoid Fever
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Efficacy and Immunogenicity

Parenteral, capsular polysaccharide vaccine

The parenteral vaccine stimulates a specific antibody response (i.e., � fourfold rise
in antibody titre) in about 93% of healthy adults. Controlled trials have demonstrated
that the serologic response to vaccine is correlated with protective efficacy. Two
randomized, double-blind, controlled field trials of ViCPS in disease-endemic areas
have demonstrated protective efficacy rates of 55% (95% confidence interval [CI]
30%-71%). The efficacy of immunization with ViCPS has not been systematically
studied in people from industrialized countries who travel to disease-endemic
regions or in children < 5 years of age. ViCPS has not been tested among children
< 1 year of age. Its protective efficacy in people previously immunized with earlier
parenteral formulations or the oral vaccine is unknown. Although antibody titres
fall with time after vaccination, immunity following Typhim ViTM is thought to last
for 2 to 3 years.

In some regions of the world, virulent but Vi-negative strains of S. typhi have been
reported. Typhim ViTM would not be expected to protect against these rare isolates.
Novel conjugated Vi vaccines that have enhanced efficacy in adults and children may
soon be available.

Oral, live attenuated vaccine

The Ty21a vaccines stimulate a cell-mediated immune response as well as inducing
both secretory and humoral antibody. Healthy subjects do not shed vaccine-strain
organisms in their stool. As a result, secondary transmission to contacts does not
occur. Despite the limited capacity of the vaccine-strain organism to replicate, indi-
viduals who are significantly immunocompromised should not receive oral vaccine.

In studies delivering at least three doses of the capsular form of the vaccine in typhoid
endemic regions, a protective efficacy of 51% (95% CI 35%-63%) can be expected.
Although less information is available about the liquid formulation in field trials,
the available data suggest that this vaccine is at least as effective as the capsular
form. The oral vaccines appear to be less effective for disease prevention in children
5 to 9 years of age (17%-19%) than older children (54%-72% among 10 to 19 year
olds). Protective antibodies after the administration of three doses of vaccine are
detectable for 3 to 4 years and may persist for longer periods in some individuals.

There are no data on the efficacy or duration of protection in travellers from indus-
trialized countries or in children < 5 years of age (capsular formulation) or < 3 years
of age (liquid formulation). Neither are there reports regarding the protective effi-
cacy of the oral formulations in people previously immunized with parenteral vac-
cines. The activity of the Ty21a vaccines against the rare Vi-negative isolates is
unknown.
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Recommended Usage

Routine typhoid immunization is not recommended in Canada. However, selective
immunization should be considered in the following groups:

� Travellers who will have prolonged (> 4 weeks) exposure to potentially contami-
nated food and water, especially those travelling to or working in small cities,
villages or rural areas in countries with a high incidence of disease. Individuals
billeted with or visiting families in such areas may be at particularly high risk.
Immunization is not routinely recommended for business travel or short-term
(< 4 weeks) holidays in resort hotels in such countries.

� Travellers with reduced or absent gastric acid secretion.

� People with ongoing household or intimate exposure to an S. typhi carrier.

� Laboratory workers who frequently handle cultures of S. typhi. Technicians
working in routine microbiology laboratories do not need to receive this vaccine.

Typhoid immunization is not routinely recommended for workers in sewage plants,
for controlling common-source outbreaks, for people attending rural summer or
work camps or for people in nonendemic areas experiencing natural disasters such as
floods. It is not recommended for the control or containment of typhoid outbreaks
in Canada. Typhoid vaccine does not confer complete protection against disease,
and immunity may be overwhelmed by a large inoculum of S. typhi. Therefore, it is
necessary to warn travellers that immunization is only an additional preventive
measure against typhoid fever in high-risk situations and that care in the selection
of food and water remains of primary importance.

Route of Administration and Storage

Parenteral, Vi capsular polysaccharide vaccine

Adults and children > 2 years of age should receive a single dose of 0.5 mL (25 �g)
intramuscularly. The optimum interval for booster doses has not been established,
but the manufacturer recommends booster doses every 3 years if continued or renewed
exposure is expected. There are no data on the use of this vaccine as a booster for
people who have received other vaccines previously. However, a single dose of the
vaccine at the appropriate interval should re-establish protection.

Oral typhoid vaccine (Ty21a) — capsular formulation

For adults and children > 5 years of age, one enteric-coated capsule (Vivotif™,
Berna Vaccine) should be taken on alternate days to a total of four capsules. Each
capsule should be taken on an empty stomach with a liquid no warmer than 37o C.
The capsules should be kept refrigerated (at a temperature of 2o C to 8o C) until used.
Although refrigeration is recommended, this formulation is stable for up to 7 days at
20o C to 25o C. All four capsules must be taken for optimal protection.
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* Such a combined formulation is not now available, and the manufacturer has no plans to make such a product
available.



while one or another of these anti-malarials is being taken, at least 8 hours should
separate the administration of oral vaccine and the antimalarial.

Minor variations in dosing schedule are not expected to affect the efficacy of either of
the oral typhoid formulations. However, if it is deemed necessary to repeat the series
because of long intervals between doses (> 4 days), the administration of an addi-
tional full course of vaccine would not be harmful. Although compliance can be an
issue with these products, since they are self administered, recent evidence suggests
that most travellers take the vaccines competently if properly instructed.

Adverse Reactions

The parenteral ViCPS vaccine is far less reactogenic than the previous parenteral
(whole bacterium) product. A recent meta-analysis suggests that local reactions
(e.g., pain, redness, swelling) can be expected in approximately 4% of vaccinees
(95% CI 1.3%-10%), whereas only about 1% report systemic effects such as fever
(95% CI 0.1%-12.3%). Virtually all of the available data regarding adverse events fol-
lowing immunization with the Vi polysaccharide vaccine have been acquired in
studies of children and young adults (age < 25 years).

The reported adverse events following oral immunization are also relatively rare and
mild. Local reactions, such as vomiting (2.1%: 95% CI 0.6%-7.8%) and diarrhea
(5.1%: 95% CI 1.7%-14.5%), seldom prevent completion of the course of immuniza-
tion. Low grade fever can be expected in approximately 2% of vaccinees (95% CI
0.7%-5.3%). Recent case reports raise the possibility that the Ty21a vaccines may,
very rarely, predispose vaccinees to reactive arthritis.

Contraindications and Precautions

The only contraindication to administration of the parenteral ViCPS vaccine is a his-
tory of a severe local or systemic reaction to a previous dose of this vaccine. Similarly,
the oral live typhoid vaccine is contraindicated in subjects with hypersensitivity to
any component of the vaccine or the enteric-coated capsule. The oral vaccines
should not be given to anyone with an acute gastrointestinal condition or inflamma-
tory bowel disease.

Pediatric use

The ViCPS vaccine can be used in children > 2 years of age. The capsular form of the
oral vaccine can be used in children > 5 years of age (if they can be induced to swallow
the rather large capsules). The liquid formulation of the oral vaccine can be used in
children > 3 years of age. As noted above, there is some controversy regarding the
frequency and severity of typhoid fever in children < 5 years of age.

Immunization in pregnant women and nursing mothers

Although the highly purified ViCPS vaccine would not be expected to have any
adverse effects, its safety in pregnancy has not been directly studied. Therefore, the
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benefits of vaccine must be carefully weighed against any potential adverse effects
before it is given to pregnant women. Oral typhoid vaccines should not be given to
pregnant women. Although there are no data, it is reasonable to assume that either
vaccine could be used safely in nursing mothers.

Immunization in immunocompromised hosts

The oral vaccines should not be given to immunocompromised or immunosuppressed
people, including those with known HIV infection. Safe storage should be empha-
sized in households with small children and immunocompromised individuals.
Note that these concerns for immunocompromised hosts are purely theoretical, and
no case of disseminated infection with the attenuated bacterium has been reported.
The limited capacity of the attenuated strain to replicate in the human host is inde-
pendent of the host’s immune status.

Summary of Recommendations

� Both inactivated and oral typhoid vaccines can provide some degree of protection
against typhoid fever in children and young adults in typhoid endemic regions.

� These vaccines are also likely to be useful in Canadians returning for family visits in
their countries of origin and in Canadian travellers who spend prolonged periods
of time in endemic areas.

� Both inactivated and oral typhoid vaccines are likely to provide at least some degree
of protection against typhoid fever in subjects who travel from non-endemic
regions to endemic regions.

� Individuals with decreased gastric acid barriers (e.g., achlorhydria, medications
that reduce gastric acidity, antacid abuse) who travel to typhoid endemic regions
should be offered either parenteral or oral immunization.

� Immunocompromised subjects and pregnant women for whom typhoid immu-
nization is advisable should receive the parenteral vaccine.

� Typhoid immunization may also reasonably be considered in a control program
to limit a typhoid fever epidemic (e.g., in closed communities, refugee settings).

� Booster doses of a typhoid vaccine for Canadians residing abroad and frequent
travellers should be considered every 2 to 3 years for the parenteral formulation
and every 3 to 4 years for the oral formulations.

� Typhoid vaccines can be considered to be interchangeable for booster doses.

� Typhoid immunization is not recommended for the large majority of business
travellers and short-term holiday travellers.

� Typhoid immunization in non-travelling Canadians is ONLY recommended for
individuals regularly working with this organism in clinical or research laborato-
ries and in family members and close contacts of a chronic carrier of S typhi.
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� Typhoid immunization may also provide some degree of protection in children as
young as 2 (inactivated vaccine) or 3 (liquid formulation oral vaccine) years of
age when these children will be staying with families abroad or will be travelling
for prolonged periods of time in endemic areas.
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Varicella Vaccine
Varicella-zoster virus (VZV) is a DNA virus of the herpesvirus family. As with other
herpesviruses, VZV causes a primary illness (varicella or chickenpox), establishes
latency in the sensory nerve ganglia and may be reactivated later as herpes zoster
(shingles). VZV is spread by direct contact with the virus shed from skin lesions or in
oral secretions as well as by the airborne route. The incubation period is from 10 to
21 days, usually in the range of 14 to 16 days. Infectiousness begins 1 to 2 days before
onset of the rash and lasts until the last lesion has crusted. Attack rates among sus-
ceptible contacts in household settings are high.

Epidemiology

Varicella is largely a disease of childhood, developing in 50% of children by the age of
5 years and 90% by the age of 12 years. The Figure shows the estimated age-related
prevalence of varicella immunity due to natural disease based on Newfoundland
serosurvey data and caregiver surveys in Manitoba and Quebec. The lifetime risk of
developing varicella is 95% and of having at least one reactivation to herpes zoster is
15% to 20%; disseminated zoster occurs in about 2% of cases. Post-herpetic neuralgia
lasting longer than 6 months is more frequent at older ages and occurs in 35% of
those aged � 50 years. People from the tropics are less likely to acquire immunity in
childhood and they have higher rates of susceptibility as adults, especially if they
come from rural areas.
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Varicella is often considered to be a fairly benign disease in otherwise healthy chil-
dren aged up to 12 years. However, not only does this group account for approxi-
mately 90% of all varicella cases, but also for 80% to 85% of varicella-associated
physician visits, 85% to 90% of hospitalizations, nearly 50% of fatal cases and the
majority of annual costs, most of which are related to productivity losses by
caregivers.

Complications include secondary bacterial skin and soft tissue infections, otitis media,
bacteremia, osteomyelitis, septic arthritis, endocarditis, necrotizing fasciitis, toxic
shock-like syndrome, mild hepatitis and thrombocytopenia. Studies in Canada and
the U.S. have estimated that varicella increases the risk of severe infection with inva-
sive group A beta hemolytic streptococcus in previously healthy children by a factor
of 40- to 60-fold. Rare neurologic complications include cerebellar ataxia and
encephalitis. Complications are more likely to occur when chickenpox is acquired in
adolescence or adulthood, or in immunocompromised hosts, with higher rates of
pneumonia, encephalitis and death. Case fatality rates among adults are 10 to
30 times higher than among children. In the U.S., adults account for 5% of cases but
55% of the 100 chickenpox deaths each year. In Canada, 71% of the 59 reported
chickenpox deaths from 1987 to 1997 occurred in those > 15 years of age.

Congenital varicella syndrome following maternal infection during pregnancy is
very rare when infection occurs in the first or second trimester, and exact estimates
of risk are not available. After 20 weeks, the risk is considered exceedingly small and
based on a few case reports. The syndrome may be mild or severe. Manifestations
may include low birth weight, cicatricial skin scarring, ophthalmic abnormalities,
limb hypoplasia and cortical atrophy as well as a variety of other anomalies. Almost
one-third of affected infants die by early in the second year of life. Maternal varicella
occurring in the 5 days before to 2 days after birth is associated with severe neonatal
varicella in 17% to 30% of infants and with high case fatality for the newborn.

The total medical and societal costs of varicella in Canada were estimated from a
multicentre study to be $122.4 million yearly, or $353.00 per individual case.
Eighty-one percent of this amount went towards personal expenses and productivity
costs, 9% towards the cost of ambulatory medical care and 10% towards hospi-
tal-based medical care.

Preparations Licensed for Immunization

Three varicella vaccines are licensed in Canada. These are Varivax®, Varivax II® (Merck
Frosst Canada & Company) and Varilrix® (GlaxoSmithKline). Each is a preparation
of lyophilized, live, attenuated varicella virus designated the Oka strain, which was
developed in Japan in the early 1970s. Only Varivax II® is marketed in Canada at the
time of publication.
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Efficacy and Immunogenicity

Clinical studies of healthy children have shown detectable varicella antibodies in
over 99% from 1 to 4 years after receipt of one dose and in over 96% up to 7 to
10 years after immunization, a level comparable with that of children with a history
of natural infection. Over 97% of healthy adolescents and adults who received two
doses 4 to 8 weeks apart demonstrated detectable antibody up to 3 years later. In
pre-licensure placebo-controlled trials of the vaccine in healthy children aged 1 to
14 years, the observed protective efficacy was 100% in the first year and 96% in the
second year after immunization. No placebo-controlled trials have been done in
adolescents and adults.

In actual use, it is estimated that the vaccine will offer 70% to 90% protection
against varicella of any severity and 95% protection against severe varicella for at
least 7 to 10 years after immunization, the observation period reported to date.
Varicella in vaccine recipients is associated with a significantly reduced number of
lesions (fewer than 50, as compared with several hundred among unvaccinated peo-
ple) and no or little fever. Illness in those who experience vaccine failure does not
appear to increase in severity with time since immunization. People who are
immunocompromised because of disease or treatment may not achieve as high a
level of protection with immunization as healthy people.

Recommended Usage

Varicella vaccine is recommended for people �12 months of age who are susceptible
to varicella infection. Because most adults in Canada have had varicella, they need
not routinely receive this vaccine. Specific groups of adults for whom the vaccine
should be considered are listed below; the listing order is not intended to reflect
priority.

Healthy children, adolescents, and adults

1. Children between 12 and 18 months of age as a part of routine immunization,
preferably at the same time as MMR is given (note: if varicella vaccine is given at
the same visit as MMR, it should be given with a separate needle and syringe at a
separate site; if not given at the same visit, MMR should be given first, and there
should be at least 28 days between the administration of the two vaccines).

2. Susceptible older children and adolescents

3. Susceptible women of childbearing age (note: this vaccine should not be given
during pregnancy; for post-exposure management in pregnancy, see chapter on
Passive Immunizing Agents, Part 4).

4. Susceptible health care workers

5. Susceptible household contacts of immunocompromised people
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6. Susceptible adults who may be exposed occupationally to varicella (e.g., teachers
of young children, day care workers)

7. Other susceptible adults, especially new immigrants from tropical climates who
are more likely to be susceptible

Susceptible people at high risk of severe varicella or its complications
because of underlying disease

1. Children and adolescents given chronic salicylic acid therapy

2. People with cystic fibrosis

3. Immunocompromised individuals – special considerations:

� Varicella vaccine should not be given to people with blood dyscrasia, leukemia
(except acute lymphoblastic leukemia), lymphomas of any type, other malignant
neoplasms affecting the bone marrow or lymphatic system, or people with
other defects in cell-mediated immunity or receiving treatment associated
with T-cell abnormalities (e.g., intensive chemotherapy, high dose steroids,
cyclosporine, azathioprine, methotrexate, tacrolimus).
� An infectious disease expert should be consulted before immunization of people

with congenital transient hypogammaglobulinemia, HIV-infected individuals
with normal immune status, and solid organ transplant recipients (vaccine
should be given a minimum of 4 to 6 weeks before transplantation). Some HIV
infected children should be considered for immunization if they are asymp-
tomatic or mildly symptomatic, in CDC class N1 or A1 with age-specific CD4+
T-lymphocyte percentages of� 25%. Such eligible children should receive two
doses of varicella vaccine with a 3-month interval between doses. They should
be encouraged to return for assessment if they experience a post-vaccination
varicella-like rash.
� There is no additional or undue risk in immunizing the following subjects:
� if they are not taking immunosuppressive medications, patients with

nephrotic syndrome or those undergoing hemodialysis and peritoneal dial-
ysis;
� patients taking low dose steroid therapy, e.g., less than 2 mg prednisone/kg

daily and to a maximum of 20 mg/day for more than 2 weeks;
� patients taking inhaled or topical steroids.

Post-exposure and outbreak use

Varicella vaccine has been shown to be effective in preventing or reducing the sever-
ity of varicella if given to a susceptible individual within 3 days, and possibly up to
5 days, after exposure to varicella. Such use has not been associated with increased
rates of adverse events. Use of varicella vaccine beyond 5 days after exposure has not
been shown to be effective. Post-exposure use should be considered in settings
where it may be desirable to prevent secondary cases or to control an outbreak, such as
hospitals and child care facilities. Post-exposure immunization has particular value
in preventing illness in susceptible individuals who may be at higher risk of

226

V
aricella

V
accin

e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:13:50 AM
Plate: 115 of 164

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



complications (e.g., adults or selected immunocompromised people for whom vac-
cine is recommended). Serologic testing for susceptibility need not be carried out
before immunization in an outbreak situation, unless specific circumstances war-
rant it.

Other considerations

The vaccine is not currently indicated for people with a previous history of varicella to
prevent herpes zoster, although clinical trials are under way to address this indication.

Schedule and Dosage

Children aged 12 months to 12 years: A single dose given after the 1st birthday.

Adolescents aged � 13 years and adults: Two doses given at least 4 weeks (28 days)
apart. There is no need to re-start the schedule if administration of the second dose
has been delayed.

The dose is 0.5 mL, containing at least 1350 plaque-forming units (PFU) of VZV for
Varivax II® and not less than 1995 PFU for Varilrix®.

Route of Administration

The lyophilized varicella vaccine should be reconstituted with the diluent provided
for this purpose immediately before administration and given subcutaneously.

Booster Doses and Re-immunization

The need for booster doses at this time is unknown. Follow-up evaluation of children
immunized during pre-licensure clinical trials in the U.S. reveals protection for at
least 11 years, and studies in Japan indicate protection for at least 20 years. Follow-up
of clinical trial subjects is under way to determine the need for additional doses. It is
unknown whether protection may be less durable when the incidence of natural
varicella declines as a result of vaccine use and allows fewer opportunities for “natural
boosting”. As with measles and rubella vaccines (other live virus vaccines), protection
may persist throughout life in people who have a primary response to immunization.

Serologic Testing

There are several commercially available test methods to confirm immunity to VZV.
The most widely available are enzyme-linked immunoassay (ELISA) and latex
agglutination, using varicella glycoproteins as antigens. As a history of varicella is
highly reliable, serologic testing before immunization is most cost-effective in ado-
lescents and adults without a history of varicella, in whom two doses of the vaccine
would be indicated.
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Before immunization

A reliable history of varicella disease is adequate evidence of immunity, and there is
little value in administering the vaccine to such people. A history of varicella disease
should therefore be obtained before immunization.

For those aged� 13 years with an unknown history of prior varicella infection, serologic
testing before immunization may be helpful in determining the need for immuniza-
tion. In routine adolescent immunization programs, it may be more efficient to
offer vaccine to those without a history of chickenpox than to screen prior to
immunizing.

After immunization

Post-immunization serologic testing for immunity is not recommended because of
the high level of immunity conferred by the vaccine. As well, currently available
commercial laboratory tests are not sufficiently sensitive to detect vaccine-induced
antibodies, unlike the highly sensitive but commercially unavailable gpELISA,
which was used in clinical trials for testing immunogenicity.

Before childbirth

Women of childbearing age should be asked about a prior history of varicella disease.
Those without a history should be offered serologic testing for evidence of immu-
nity, as most will be immune and will have had subclinical varicella. Susceptible
women should be offered the vaccine, in the standard two-dose series. Pregnant
women without a history of varicella disease should be offered prenatal screening
and, if they are susceptible, post-partum immunization. Immunization during
pregnancy is not recommended (see Contraindications).

Storage Requirements

Varivax II® has the same composition as Varivax® (the first licensed varicella vaccine
in Canada) but has a higher initial potency level at the time of lot release. This
higher potency improves the product stability. Recommendations for storage of
both Varivax® and Varivax II® include freezer storage at –15o C, but Varivax II® may
be transferred to and stored in the refrigerator at +2 o to +8 o C for up to 90 continu-
ous days. In contrast, Varivax® may be stored in the refrigerator for only 72 hours.

Immediately after production, Varivax II® has a shelf life of 18 months, and this
expiry date is printed on the package. When transferring it from the freezer to the
refrigerator, the user must calculate the new 90 day shelf life using a “date wheel”
supplied by the manufacturer, and must write the new expiry date on the vial. As an
alternative, NACI recommends that a period of exactly 3 months from the date of
removal from the freezer may be used as the new expiry date. Once the vaccine has
been placed in the refrigerator it should not be returned to the freezer.

Varilrix® may be stored at +2 o C to +8 o C.
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The diluent provided for reconstitution of both products should be stored sepa-
rately, either in the refrigerator or at room temperature, but should not be placed in
the freezer.

After reconstitution Varivax II® must be administered within 30 minutes, and
Varilrix® must be administered within 90 minutes.

Simultaneous Administration with Other Vaccines

Varicella vaccine may be administered at the same time as but at a separate injection
site from MMR vaccines routinely given at 12 months, DPT-containing vaccines
given at 18 months and school entry, or adult tetanus-diphtheria vaccine given in
adolescence and adulthood. When not given at the same time as other live virus vac-
cines, administration of the vaccines should be separated by a 4-week interval.

Varicella vaccine should not be given concurrently with immune globulin (IG),
including varicella zoster immune globulin (VZIG). For administration of varicella
vaccine after IG, blood or plasma transfusions, follow the guidelines for measles-
containing vaccine in the section on Recent Administration of Human Immune
Globulin Products (Part 1).

Adverse Events

Varicella vaccine is very safe. Reactions are generally mild and include injection site
reactions among 20% of recipients. A small number of vaccinees (about 5.5% after
the first injection and 0.9% after the second injection) will develop a non-injection
site rash manifest as a small number of varicella-like papules or vesicles. A low-
grade fever has been documented among 15%. Lesions usually appear within 5 to
26 days after immunization. Most varicelliform rashes that occur within the first
2 weeks after immunization are due to wild-type virus. In the health care setting,
people with a post-vaccine rash at the injection site may continue to work if the rash
is covered. Those with a varicella-like rash not confined to the injection site should
be excluded from work in high-risk patient care areas until lesions are dry and
crusted, unless lesions can be covered. Serious adverse events have occurred rarely
following immunization and, in most cases, data are insufficient to determine a
causal association.

Post-marketing surveillance in the U.S. through the CDC’s Vaccine Adverse Event
Reporting System and through analysis and follow-up of reports received by the
manufacturer has demonstrated vaccine safety after licensure.

Contraindications

People with a prior history of anaphylaxis to the vaccine or a component (including
gelatin or neomycin) of the vaccine should not receive further doses. A history of
contact dermatitis to neomycin is not a contraindication. The vaccine does not contain
egg proteins, thimerosal or aluminum. It is not routinely recommended for people
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who are immunosuppressed because of disease or therapy, with the exceptions out-
lined under Recommended Usage. Pregnant women should not be immunized with
varicella vaccine because the effects on fetal development are unknown. Women
should postpone pregnancy for 1 month after immunization with the two-dose
series. To assist in evaluation of outcomes of immunization during or before pregnancy,
incidents of inadvertent immunization during pregnancy or of pregnancy occurring
within 3 months after immunization should be reported to Merck Frosst Canada
Inc., Medical Services (tel: 1 800 684 6686).

Breast-feeding is not a contraindication to varicella immunization of the mother or
child. Varicella vaccine may be given to people in households with a newborn.

Precautions

Between 1995 and 2000, U.S. data indicate that after 14 million doses of vaccine had
been distributed, only three cases were identified of well-documented, vaccine-
associated virus transmission to recipient contacts; all recipients had experienced a
mild rash with a few lesions.

Other Considerations

Adverse events have not been reported in association with the use of salicylates after
varicella immunization. Because of the association of varicella and Reye syndrome
in children given salicylate therapy, the manufacturer recommends avoidance of
salicylate use for 6 weeks after varicella immunization. Despite this, children with
rheumatoid arthritis or other conditions requiring chronic salicylate therapy are at
higher risk of Reye syndrome following wild varicella and should be considered for
immunization, with close subsequent monitoring. Physicians need to weigh the
theoretical risks associated with varicella vaccine against the known risks of wild
varicella in children taking long-term salicylates.

Passive immunization

For recommendations on the use of VZIG, please refer to the appropriate section in
Specific Immune Globulins (Part 4, Passive Immunizing Agents). For recommenda-
tions on the use of passive immunizing agents before or after varicella immunization,
refer to Recent Administration of Human Immune Globulin Products (Part 1) and
follow the guidelines stated for measles-containing vaccines. There are no data
about the interference by passively acquired antibodies with the immune response
to varicella vaccine. Because it is a live vaccine, the immune response may be
blunted if the vaccine is given after transfusion of blood (except washed red blood
cells) or plasma, or administration of immune globulin or VZIG.

Surveillance

The best Canadian data on varicella incidence and age-specific rates originate from
serosurveys. Varicella is not consistently reportable in all jurisdictions, and case-by-
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case reporting has not been implemented because of continuing high rates of disease.
Surveillance of hospitalized cases is being conducted through the Immunization
Monitoring Program Active (IMPACT) system to provide baseline data prior to wide-
spread introduction of immunization programs.
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Yellow Fever Vaccine
Yellow fever (YF) is a zoonotic hemorrhagic fever caused by an arbovirus spread by
Aedes aegypti mosquitoes. YF evolves though a spectrum of three periods of illness,
from a nonspecific febrile illness with headache, malaise, weakness, nausea and
vomiting, through a brief period of remission, to a hemorrhagic fever with gastroin-
testinal tract bleeding and hematemesis, jaundice, hemorrhage, cardiovascular
instability, albuminuria, oliguria and myocarditis. There is a 50% case fatality rate.

YF is a quarantinable disease subject to international health regulations. It must be
reported to the WHO within 24 hours through Health Canada’s Division of Quarantine,
Travel and Migration Health. The Division must be contacted immediately in the
event of a suspected YF case (telephone 613-954-3236). After hours, contact the medi-
cal officer on call, at 613-545-7661.

Epidemiology

Yellow fever is endemic in the tropical areas of equatorial subSaharan Africa and
tropical South America between latitudes 15 degrees north and 10 degrees south
(see maps 1 and 2). It does not occur in Asia, although the vector Aedes aegypti is
present. Many countries have endemic Aedes mosquitoes but do not have the virus.
They are able, by means of the international health regulations, to request proof of
YF immunization as a requirement of entry.

Worldwide, 90% of YF cases occur in Africa and 10% in the Americas. The disease
manifests itself in two epidemiologic forms, the urban and the sylvatic or jungle,
both forms caused by the same virus. Urban outbreaks occur as a result of transmis-
sion by Aedes aegypti, which is widely distributed throughout the tropics. Urban
disease is a particular problem in Africa and a potential problem in South America.
Jungle YF is a disease of monkeys in the forests of South America and Africa; the
virus that causes it is transmitted by forest Aedes mosquitoes to humans, such as
forestry or oil company employees.

A recent resurgence of YF in certain countries prompted the WHO to include YF
vaccine routinely within the Expanded Program on Immunization.

Disease control includes protection from the day-biting Aedes mosquitoes, elimina-
tion of A. aegypti from urban areas, and immunization of those at risk of exposure.
Unimmunized Canadians can acquire YF when travelling abroad but cannot transmit
the disease on their return to Canada, since the recognized mosquito vectors are not
present in this country.

Since 1996 there have been reports of YF occurring in American and European trav-
ellers visiting YF endemic areas of Africa and South America. Notably, none of these
tourists had received YF vaccine. There have been no cases of YF reported to Health
Canada since surveillance began in 1924.

233

Y
el

lo
w

Fe
ve

r
V

ac
ci

n
e

0

5

25

75

95

100

C:\~Francine\Docket from 90 to 99\Docket 99\English Imm-Guide\Imm-Guide English.vp
Friday, May 03, 2002 10:13:53 AM
Plate: 129 of 164

Color profile: Generic offset separations profile
Black  133 lpi at 45 degrees



234

Yellow fever endemic zone
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Yellow Fever Endemic Zones in Africa

Source: WHO. International travel and health: vaccination requirements and health advice. Geneva:
WHO, 2001.
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Yellow fever endemic zone
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Preparations Licensed For Immunization

A live YF vaccine (YF-VAX®), produced by Aventis Pasteur, is licensed in Canada. It is
prepared in chick embryos from the attenuated 17D strain, is lyophilized and con-
tains sorbitol and gelatin as stabilizers. There is no preservative in the vaccine or the
accompanying diluent.

Efficacy and Immunogenicity

Immunity develops 10 days after primary immunization and persists for more than
10 years.

Recommended Usage

The vaccine is recommended for all travellers � 9 months of age passing through or
living in countries in Africa, Central America and South America where YF infection
is officially reported or YF immunization is required. It is also recommended for
travel outside of urban areas of countries that do not officially report YF but lie in
the YF endemic zones (see Maps 1 and 2). Immunization is also recommended for
laboratory personnel who work with YF virus.

Infants 4 to 9 months of age, pregnant women, immunocompromised people and
those over the age of 65 years should be considered for immunization only if they
are travelling to high-risk areas, travel cannot be postponed and a high level of pre-
vention against mosquito exposure is not feasible. Infants < 4 months of age should
not be given YF vaccine.

Immunization is required by law upon entry to certain countries irrespective of the
traveller’s country of origin, and in other countries when travellers have passed
through endemic areas. In some cases, immunization against YF is recommended,
even though not required by law, e.g., if the disease has been reported in the country
of destination. In some Asian and other tropical countries where YF does not exist
but the transmitting mosquito is present, immunization is required for arrivals
from an endemic country to prevent importation of the disease. Current information
on the countries for which an International Certificate of Vaccination is required can
be obtained from local health departments or from Health Canada’s Travel Medicine
Program through the Internet (http://www.travelhealth.gc.ca).

Only Yellow Fever Vaccination Centre clinics approved by Health Canada carry out
immunization, which is then recorded on an appropriately validated International
Certificate of Vaccination. A list of Centres can be obtained from the Travel Medicine
Program at Health Canada (613-957-8739). The period of validity of the International
Certificate of Vaccination for YF is 10 years, beginning 10 days after primary immu-
nization and immediately after re-immunization.

Travellers requiring the Certificate but in whom the YF vaccine is contraindicated
(see Contraindications and Precautions) should be provided an exemption from a
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designated Yellow Fever Vaccination Centre after completion of an individual risk
assessment.

Health care providers should note that travellers without a valid International
Certificate of Vaccination may be denied entry into a country requiring such docu-
mentation or reasons for exemption. It is also possible that they may be offered
immunization at the point of entry (e.g., airport), where immunization practices fall
below Canadian standards.

Route of Administration

Subcutaneous injection.

Booster Doses

Re-immunization is recommended every 10 years, if required. Re-immunization
boosts antibody titre, although evidence from several studies suggests that immu-
nity persists for at least 30 to 35 years and probably for life.

Serologic Testing

Not required or recommended.

Storage Requirements

The lyophilized preparation should be stored in a freezer at the temperature specified
by the manufacturer until it is reconstituted by the addition of the diluent (sterile,
physiologic saline) supplied. The diluent should not be allowed to freeze. Any
unused reconstituted vaccine must be discarded 1 hour after reconstitution.

Simultaneous Administration with Other Vaccines

Concurrent administration of other live vaccines, including live oral cholera and
live oral typhoid vaccines, does not inhibit the serologic response to YF vaccine. If live
vaccines are not given concurrently, they should be spaced at least 4 weeks apart.
Inactivated vaccines may be given concurrently or at any interval after YF vaccine. An
exception is the inactivated parenteral cholera vaccine (no longer used in Canada),
which should be given separately from YF vaccine by 3 or more weeks to avoid inter-
ference with antibody responses.

The administration of immune globulin and YF vaccine either simultaneously or
within a short span of time does not alter the immunologic response, because immune
globulin is unlikely to contain antibody to YF virus.

Although chloroquine inhibits replication of YF virus in vitro, it does not adversely
affect antibody responses to the vaccine in humans receiving chloroquine for
antimalarial prophylaxis.
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Adverse Reactions

Overall, the vaccine has proved to be very safe and effective. Local reactions have
been reported after administration, and 2% to 5% of vaccinees have mild headache,
myalgia, low-grade fever or other minor symptoms 5 to 10 days after immunization.
Less than 0.2% of vaccinees curtail regular activities. Immediate hypersensitivity
reactions, characterized by rash, urticaria and/or asthma, are uncommon (estimated
incidence of 1/130,000 to 1/250,000) and occur principally in people with a history
of egg or other allergies. Recently, gelatin stabilizers have been implicated as a cause
of allergic reactions in other vaccines.

In the U.S. there have been two cases of encephalitis temporally associated with
immunization (out of 34 million doses distributed). In one of these cases, which was
fatal, the 17D virus was isolated from the brain.

Worldwide from 1996 to 2001, there have been seven cases of sepsis-like syndrome
temporally associated with 17D YF vaccine administration, an adverse event not
previously reported. Of those seven, four were U.S. citizens (aged 63, 67, 76 and
79 years) and one an Australian citizen (aged 53 years), all of whom became ill 3 to
4 days after receiving 17D 204 vaccine. Two Brazilian citizens (aged 5 and 22 years)
became ill 3 to 4 days after receiving 17DD vaccine (note that this is a different vaccine
from the one used in Canada, the U.S. or Australia). All these individuals experi-
enced severe illness requiring intensive medical care; their sepsis-like syndrome
included fever, hypotension, renal failure, elevated hepatocellular enzymes,
hyperbilirubinemia, lymphocytopenia and thrombocytopenia. Six of them (85.7%)
died. An estimate of the reported incidence of sepsis-like syndrome in the U.S. was
2.5/1,000,000 and in Brazil was 1/11,500,000. At the time of these adverse events
there was no formal adverse event reporting system in Brazil. In four of the cases
vaccine strain virus was isolated from tissues other than blood, including cerebro-
spinal fluid, heart, brain, liver, kidney or spleen.

The conclusion reached after expert consultation was that the live attenuated YF
vaccine must be considered as a possible cause of the sepsis-like syndrome in these
cases. Studies are in progress to better define the cause and risk factors for these
rare adverse events temporally associated with two subtypes of the 17D YF vaccine.

In Canada, vaccine-associated adverse events are reported by health care providers
through a passive voluntary system. Health Canada reviewed all adverse events
reported after use of YF vaccine in Canada between 1987 and 2000. There were 159
reports of adverse events, either alone (67 cases) or in combination with other vac-
cines (92 cases). Of these, 61.8% occurred in females, and 65.6% were between the
ages of 20 and 49 years (mean 37.3 years). The most frequent adverse events
reported were local reaction or pain in the arm and shoulder (54.3%), systemic
symptoms such as allergic reaction (32.1%), and fever (27%). In most cases the
adverse events were mild and self-limiting, although 43 (27%) of the patients had
consulted their doctor and 12 (7.6%) were hospitalized.
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Outcome data were unavailable in 51 (32.1%) of these reports. Of those with out-
come data, 102/108 (94.4%) had fully recovered and 6/108 (5.6%) had residual dam-
age at the time of reporting. Most of the cases were healthy, although 26 (16.4%)
noted a history of allergies. A recent review in the U.S. of adverse events passively
reported to the Vaccine Adverse Event Reporting System between 1990 and 1998
suggested that people aged� 65 years may be more at risk of systemic adverse events
after YF immunization than younger people.

Contraindications and Precautions

Allergy to any vaccine component or previous anaphylactic reaction to the YF vaccine
is a contraindication to immunization. Because YF vaccine is prepared from chick
embryos, it should not be given to individuals with known anaphylactic hypersensi-
tivity to hens’ eggs, manifested as urticaria, swelling of the mouth and throat, difficulty
breathing or hypotension. If immunization of an individual with a questionable history
of egg hypersensitivity is considered essential because of a high risk of exposure, an
intradermal test dose (as per the package insert) may be administered under close
medical supervision. As well, a graded challenge can be considered, as outlined on
page 13 of the Guide.

Infants < 4 months of age should not be given YF vaccine because of the risk of
encephalitis.

Pediatric use

Infants < 4 months of age are more susceptible to serious adverse reactions (enceph-
alitis) to YF vaccine than older children. The risk of this complication appears to be
age related. Whenever possible, immunization should be delayed until 9 months of
age. For children 4 to 9 months old, immunization should be avoided unless there is
a significant risk of exposure to an ongoing epidemic of YF.

Use in pregnant women and nursing mothers

Animal reproductive studies have not been conducted with YF vaccine. The use of
the vaccine in pregnant women should be avoided unless clearly indicated by the risk
of acquiring natural infection. Historically, many pregnant women have received YF
vaccine without significant adverse events. One small study demonstrated that the
vaccine virus can infect the developing fetus, but the potential risk of adverse events
associated with congenital infection is unknown. Inadvertent immunization of
women in pregnancy is not an indication for therapeutic abortion.

YF virus is not excreted in breast milk following immunization, and there is no con-
traindication to immunizing breast-feeding mothers with YF vaccine.

Use in immunocompromised hosts

Infection with the vaccine virus poses a theoretical risk to patients with immunosup-
pression due to HIV infection/AIDS, leukemia, lymphoma or generalized malignancy,
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or to those whose immunologic responses are suppressed by corticosteroids,
alkylating drugs, antimetabolites or radiation. Therefore, the vaccine should be
used with caution in immunosuppressed individuals. An individual risk assessment
should be carried out, weighing the true risk of disease and the degree to which the
person is immunocompromised before proceeding with immunization.

When a certificate of YF vaccination is required but this vaccine is contraindicated,
the traveller should be provided an exemption from a designated Yellow Fever
Vaccination Centre. For more information on the use of live virus vaccines in
immunocompromised travellers, please refer to Part 6 of the Guide.

On the basis of the recent reports of adverse events in older travellers, already dis-
cussed, immunization in those over the age of 65 should be carried out only after an
individual risk assessment.

Summary of Recommendations

� YF vaccine is recommended for travellers � 9 months of age passing through or
living in countries in Africa, Central America and South America where the infec-
tion is officially reported or YF immunization is required. It is also recommended
for travel outside of urban areas of countries that do not officially report YF but
lie in the YF endemic zones (see Maps 1 and 2).

� Immunization is also recommended for laboratory personnel who work with YF
virus.

� YF vaccine should not be administered to children < 4 months of age because of
the risk of encephalitis.

� YF vaccine should not routinely be administered to children aged 4 to 9 months, to
travellers > 65 years of age, or to those who are immunocompromised. An indi-
vidual risk assessment is required before the vaccine is given to these individuals.

� Travellers requiring an International Certificate of Vaccination in whom the YF
vaccine is contraindicated should be provided with an exemption from a desig-
nated Yellow Fever Vaccination Centre.
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