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Impact of vaccination on selected diseases in Canada

Stanley E. Acres, MD, DPH
Paul V. Varughese, DVM, MSc

Vaccination has dramatically re-
duced the morbidity and mortality
rates of a number of diseases. The
crucial element of vaccination pro-
grams is commitment to widespread
coverage and to containment of out-
breaks. Vaccines have led to virtual
elimination of poliomyelitis and
promise to eliminate measles. The
incidence of congenital rubella syn-
drome will probably only be dimin-
ished if vaccination is extended to all
1-year-olds and susceptible prepub-
ertal girls. The employment of diph-
theria toxoid is one of the great
success stories in public health. The
incidence of pertussis has declined
because of the diphtheria-pertussis-
tetanus (DPT) vaccine given to in-
fants, although elimination of the
disease will probably have to await
development of a more potent pertus-
sis antigen. A remarkable reduction
in the incidence of tetanus and tuber-
culosis has also been achieved.

Les vaccins ont abaisse de faqon
dramatique la morbidite et la morta-
lite de plusieurs maladies. Les princi-
paux elements d'un programme de
vaccination sont l'application au plus
grand nombre de sujets possible et la
limitation des epidemies. Grace aux
vaccins, on a assiste a la disparition
quasi-complete de la poliomyelite, et
on peut s'attendre a la meme chose
pour la rougeole. Quant a la rubeole
congenitale, sa frequence ne s'abais-
sera que si on vaccine tous les en-
fants a l'age de 1 an et toutes les
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filles d'age prepubertaire depourvues
d'immunite rubeoleuse. L'anatoxine
diphterique est l'un des triomphes de
la medecine preventive. Si la vaccina-
tion des nourrissons par le DCT
(diphterie-coqueluche-tetanos) a
abaisse la frequence de la coquelu-
che, cette maladie ne sera probable-
ment eliminee que lorsque nous dis-
poserons d'un antigene coquelucheux
plus efficace. On a assiste egalement
a une baisse remarquable de la
frequence de la tuberculose et du
tetanos.

Immunization programs in Canada
fall within the jurisdiction of the 10
provincial departments of health, al-
though the Department of National
Health and Welfare assumes re-
sponsibility for the two territories.
The lack of a single authority has
sometimes led to confusion among
both the public and the health pro-
fessions about preferred vaccine,
number of doses required to ensure
immunity, and age for administra-
tion. In three provinces (Alberta,
Saskatchewan and Prince Edward
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Island) virtually all childhood vacci-
nation is carried out by public
health departments, while in the
other provinces private practitioners
perform half or more of all immuni-
zation procedures. In spite of this
mixed delivery system, Canada has
achieved a remarkably good record
in controlling the vaccine-preventa-
ble diseases.
The following review is based on

notifiable disease statistics from
Statistics Canada and from within
the Bureau of Epidemiology.

Poliomyelitis

Poliomyelitis has been a notifiable
disease in Canada since 1924. Fig. 1
shows the annual incidence rates of
paralytic polio since 1949; the last
major epidemic occurred in 1959,
when 1887 cases were reported. Fol-
lowing the introduction of inactivat-
ed polio vaccine (IPV) in 1955 and
oral polio vaccine (OPV) in 1962,
the annual number of reported cases
dropped dramatically. Indigenous
polio appears to have been eliminat-

1949 1954 1959 1964 1969 1974 1979 1984
Fig. I-Paralytic poliomyelitis: incidence rates and numbers of reported cases, 1949
to 1982.
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ed, with no cases reported in Cana-
da from 1980 through 1984.
From 1955 to 1957, more than 6

million doses of IPV were adminis-
tered. Following licensure of OPV in
1962, all provinces except Ontario
and Nova-Scotia switched to its use.
Most provincial epidemiologists at
that time were convinced that OPV
was superior because it stimulated
within the intestinal tract the pro-
duction of secretory antibody similar
to that induced by natural infection.
An added benefit of OPV was con-
sidered to be the fecal excretion of
vaccine strains, leading to indirect
immunization of close contacts.

However, virologic evidence from
the National Capital Region of Ot-
tawa-Hull indicates that the num-
bers of individuals indirectly immu-
nized are not as great as one might
expect. In Hull OPV is used, while
in Ottawa IPV is used. Several thou-
sand Quebec children are treated
annually along with their Ontario
counterparts at the Children's Hos-
pital of Eastern Ontario in Ottawa,
but studies of stools from inpatients
at this hospital showed the presence
of OPV strains only in the Quebec
children.' 2 Either the live attenuated
strains in OPV do not spread in the
environment of a children's hospital
or the high rate of previous vaccina-
tion with IPV limits their dissemina-
tion.

Since 1964, wild poliovirus types
2 and 3 have not been detected in
human fecal samples or sewage, but
type 1 appears to be endemic.3 Of 41
cases of paralytic poliomyelitis 16
were classified as OPV-associated; 7
of the patients had received the
vaccine, and 9 were contacts of
vaccine recipients. The 16 cases
were most often associated with the
type 3 strain of virus. The estimated
number of doses of polio vaccine
distributed in the 20 years from
1962 to 1981 was 32 million. Conse-
quently, vaccine-associated paralysis
in recipients occurred at the rate of
one case per 4.6 million doses and in
their contacts at a rate of one case
per 3.5 million doses.

In summary, both IPV and OPV
have controlled poliomyelitis in Can-
ada. When children move to a juris-
diction where the polio vaccine used
differs from the one they were previ-
ously given, they may continue their
immunization schedule with the

other vaccine rather than restart the
series, according to the National
Advisory Committee on Immuniza-
tion.4

Measles

Measles has exhibited epidemic
peaks in Canada every 2 to 3 years.
The highest annual number of cases
reported was 83 000, in 1935 (Fig.
2). The average annual incidence
rate during the 10 years from 1949
through 1958 was 358 cases per
100 000 population, whereas that
for 1974 through 1983 was only 38
- a reduction of 89%. In 1983,
infants had the highest incidence
rate; preschoolers were next.

Measles vaccine has been in use in
Canada since the mid-1960s. Sever-
al types have been used, including
inactivated vaccine, but all provinces
now routinely use an attenuated vac-
cine with strains of measles, mumps
and rubella viruses (MMR) for chil-
dren between 12 and 15 months old.

Ontario and New Brunswick, rep-
resenting 39% of Canada's popula-
tion, introduced legislation in 1981
and 1982 respectively making mea-
sles vaccination compulsory for
school attendance. Students who do
not show proof of vaccination
against measles and who have not
been granted exemption on religious,
medical or philosophic grounds can
be barred from school. Most provin-
cial epidemiologists believe that
such legislation is unnecessary for
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high levels of coverage. Some prov-
inces report that up to 98% of
children are vaccinated by the time
they reach school age. At school
enrolment pupils in the other prov-
inces are usually requested to show
proof of vaccination, even though
this is not required by law. The
merit of compulsory, compared with
voluntary, immunization programs
is difficult to evaluate at present:
while legislation undoubtedly en-
sures continued high levels of cover-
age, voluntary programs in prov-
inces that have a commitment to
screen and vaccinate susceptible
children have also proved successful.

Rubella

In the prevaccine era the rubella
incidence rate in Canada peaked
irregularly every 3 to 10 years, with
the highest rate recorded in 1936,
when nearly 70 000 cases were re-
ported.

Following inception of vaccination
programs in the early 1970s the
annual numbers of cases of rubella
showed a marked decline. Health
authorities in seven provinces chose
mass vaccination of all 1-year-olds,
whereas those in Alberta, Saskatch-
ewan and Manitoba instituted vacci-
nation of prepubertal girls.

Although these policies were
maintained for almost a decade,
there was no evidence that one ap-
proach was superior to the other in
terms of reduced numbers of cases

1 I I I ..I
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Fig. 2-Measles: incidence rates, 1924 to 1958 and 1968 to 1982. During the
intervening years measles cases did not have to be reported to national authorities; in
1963 live vaccine was licensed, and a year later an inactivated vaccine became
available.
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of congenital rubella syndrome
(CRS). A total of 67 CRS cases
were reported from 1979 to 1983,
and over half of these cases occurred
in 1979. Only 3 to 15 cases have
been reported annually since 1980.
The National Advisory Commit-

tee on Immunization expressed no
preference in the 1970s for one
policy or the other, endorsing both.5
In 1982 it revised its recommenda-
tions and advocated routine vaccina-
tion of all infants at 12 months; all
prepubertal girls who lack documen-
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tary evidence of vaccination, and all
susceptible adolescent and adult
women of child-bearing age.6 This
comprehensive policy, if implement-
ed throughout Canada, should
markedly reduce the incidence of
CRS in the shortest possible time.
In 1983 all provinces adopted the
policy of routine MMR vaccination
of infants at 12 to 15 months of age.
Six provinces also routinely adminis-
ter rubella vaccine to prepubertal
girls regardless of past immuniza-
tion history.

1924 1934 1944 1954 1964
Fig. 3-Diphtheria: incidence and mortality rates, 1924 to 1982.
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1924 1934 1944 1954 1964 1974 1984
Fig. 4-Tetanus: incidence and mortality rates, 1924 to 1982.

Diphtheria

National notification of diphther-
ia began in 1924, and the greatest
annual number of cases (9000) was

recorded that year. The morbidity
and mortality rates dramatically de-
clined following commencement of
toxoid administration, in about 1930
(Fig. 3). In 1983 only 11 cases were

reported, and there have been no

deaths reported since 1981.
Still, toxigenic strains of diphther-

ia bacilli are detected in .the phar-
ynx, skin and ears of considerable
numbers of diphtheria carriers in
northern and western Canada. Clas-
sic diphtheria is now seen only as a

disease of the unimmunized or par-

tially immunized.

Tetanus

Likewise, tetanus has shown a

remarkable decline in both morbidi-
ty and mortality rates (Fig. 4). Cur-
rently about 20 persons are hospital-
ized annually in Canada for treat-
ment of tetanus. Over the past 5
years, of the seven deaths recorded,
five were of persons over 60 years of
age.
The rate of decline in the tetanus

mortality rate prior to the 1960s was
greatest in two periods. The first
was 1941 to 1945, when a 53%
overall reduction occurred compared
with the preceding 5-year period.
This was probably related to the
extensive use of tetanus toxoid in the
Canadian Armed Forces beginning
in 1939. Among Forces personnel
during the Second World War, only
three people were reported to have
contracted tetanus, and one was
known to be inadequately immu-
nized.7
The second substantial decline in

the mortality rate (59%), between
1956 and 1960, may be attributed
partly to the use since 1948 of the
combined diphtheria-pertussis-tet-
anus (DPT) vaccine for preschool-
ers. Tetanus can be prevented only
by individual immunization since
"herd immunity" plays no part in
control. Continuing vaccination of
the total population is necessary.

Pertussis

Pertussis has also been a notifia-
ble disease in Canada since 1924. It
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has exhibited epidemic peaks in cy-
cles of 3 to 5 years (Fig. 5). The
incidence rates were remarkably
high in the 1930s and early 1940s,
then declined coincident with the
introduction of combined diph-
theria-pertussis (DP) vaccine in
1943. Published reports on field tri-
als in Quebec8 and Alberta9 in 1943
through 1945 showed that the per-
tussis vaccine effectively reduced
morbidity and mortality rates, with
unvaccinated children exhibiting in-
fection 28 to 30 times as often as
vaccinated children. Most of the
provinces subsequently adopted a
DP immunization program, al-
though the level of coverage on a
historical basis is not known. In the
1980s the incidence rates of pertus-
sis have been about one third of
those observed in the 1960s.

Infants have suffered the highest
attack rates in both epidemic and
nonepidemic years. Since 1967, chil-
dren 1 to 4 years old have ranked
second, followed by the 5- to
9-year-olds. Infants have also had
the highest hospitalization rates and
the longest hospital stays. Between
one and four children die from per-
tussis complications in Canada every
year - most in the first year of life.

Although a remarkable reduction
in incidence has been achieved, well
over 2000 cases of pertussis are still
reported annually in Canada. Bacte-
riologic confirmation is. not obtained
in a large proportion of cases, some
of which are probably caused by
Bordetella parapertussis, adenovi-
rus, echovirus, coxsackievirus, respir-
atory syncytial virus, Chlamydia
and Haemophilus influenzae. The
elimination of pertussis will proba-
bly have to await development of a
more potent vaccine antigen.

Tuberculosis

Morbidity and mortality rates for
tuberculosis have declined greatly in
Canada in the last few decades (Fig.
6). The incidence of tuberculosis
varies from one geographic region to
another and is highest in native
(Indian, Inuit and Metis) popula-
tions, in men over 40 and in immi-
grant groups from countries with a
high incidence of the disease.
More than 2000 new cases are

still diagnosed annually. Persons
born outside Canada account for

more than one third, and of this
group 40% have arrived in Canada
within the past 5 years. About 60%
have emigrated from Asia and 30%
from Europe.
The National Advisory Commit-

tee on Immunization now recom-
mends bacille Calmette-Guerin
(BCG) vaccine only for the follow-
ing selected persons and groups:'`

* Individuals who are repeatedly
exposed to untreated or inadequate-
ly treated active tuberculosis.

* Communities or groups of per-
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sons with a high rate of infection,
including Indian, Metis and Inuit
children, in which other control
measures have proven ineffective.

* Health workers at a considera-
ble risk of exposure to unrecognized
infectious pulmonary tuberculosis or
who handle tubercle bacilli or poten-
tially infectious specimens in a labor-
atory.

* Newborn infants whose moth-
ers have infectious tuberculosis at
the time of delivery, although isonia-
zid (INH) prophylaxis is preferred

1924 1934 1944 1954 1964 1974 1984
Fig. 5-Pertussis: incidence rates, 1924 to 1982.
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Fig. 6-Tuberculosis: incidence and mortality rates, 1924 to 1982.
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to avoid the necessary separation of
mother and infant when BCG is
used. However, BCG is recommend-
ed if the infecting strain is INH--
resistant or if compliance with a
program of INH prophylaxis cannot
be assured. BCG may also be con-
sidered for the infant after INH
prophylaxis is completed, provided
chest radiographs are normal and
the result of a tuberculin test is
negative.
With the declining incidence of

tuberculosis in Canada, the elderly
and immigrant groups have become
the major foci of disease transmis-
sion; however, control of the disease
in these groups is sometimes compli-
cated by difficulty in diagnosis and
poor patient compliance with thera-
peutic regimens. Also, physicians
rarely suspect tuberculosis when
making a differential diagnosis, so
continuing surveillance is needed.
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