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VACCINE ACCORDING TO AGE AT
ADMINISTRATION

A Case-Control Study in Estrie, Quebec

Jean Drapeau, Philippe De Wals, Département des Sciences de la santé communautaire, Université
de Sherbrooke, Sherbrooke, Quebec

Introduction

In 1989, a measles epidemic occurred in Quebec, spreading in Montreal and throughout
1e province®. In the region of Estrie (Eastern Townships), the immunization rate in the
population at risk was high and the majority of cases were school-age children known to
have received an attenuated live-virus vaccine during infancy. A case-control study, using
those cases reported to the Community Health Department (CHD), was conducted to assess
the relative vaccine efficacy according to age at administration.
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The analysis was restricted to measles cases occurring in persons living in Estrie in - E

1989. The population denominators used were those from the 1991 census. NOV ¥ 1994 .
A total of 480 cases notified to the CHD were reviewed. At the beginning of the Qontra da lutte epntre |

epidemic in March 1989, active surveillance had been established in the schools to achieve
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status were obtained through telephone interviews of parents and physicians as soon as

possible after notification. Cases were classified as "clinical" or "confirmed", according to .

the criteria published by the Advisory Committee on Epidemiology®®. In order to evaluate Child Health 2000

the effect of age at vaccination, the analysis was restricted to cases in persons aged 5 to 19 2nd World Congress &

years attending a public primary or secondary school and having received a single dose of Exposition

live-virus vaccine before the age of 25 months (n = 285).

In spring 1992, six controls, matched to each case for age ( 6 months), sex, school and Vancouver, Canada

grade during 1988 to 1989, were randomly selected from registry lists provided by the
School Boards. Cases in schools unable to provide such lists were excluded (n =47). The May 30 — June 3, 1995
vaccination status of controls was obtained in the registry of the CHD. For 20 cases the
vaccination cards for the controls were not available because an immunization program
was underway at the school at the time of data collection. Most of the controls had a record
f vaccination against measles and it was not possible to contact the parents for assessing

the immunization status of children for whom the information was missing. Because the
goal of the study was to investigate a potential cause of vaccine failure and not to prove the
efficacy of the vaccine, controls were matched for immunization status. Among the six
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controls available, three were selected according to the following
criteria: evidence of a single dose of vaccine given before the age
of 25 months, no report of measles, and the best match for age.
The final analysis was done using 218 cases and 654 controls.

The odds of cases having been vaccinated at different ages
relative to the odds in controls [the odds ratio (OR)] is a good
estimate of the relative risk of disease and thus of the protection
afforded by the vaccine®. Data were analyzed with the SAS
statistical software. Initially, the age of vaccination was
considered as a dichotomous variable: before 15 months and 15
months or more. OR and their confidence limits (CLs) were
computed for matched and unmatched data stratified by age at
exposure to infection (5 to 9, 10 to 14, and 15 to 19 years)®.
Because the results of matched and unmatched analyses were
similar, only the results of the unmatched analysis are presented.
The homogeneity of the OR across age categories was tested
according to Breslow and Day®, The attributable risk was
computed from the OR®. Next, the age at vaccination was
classified into one-month intervals, for a total of eight
sub-categories. Unconditional, multiple, logistic regression was
used for computing OR and approximate CL. The existence of
a linear trend in the OR according to the age at vaccine
administration was tested by the chi-square method®.

Results

In 1989, 480 cases of measles were notified in Estrie and 71
(14.8%) of these were confirmed by serology. The first case
occurred on February 28 and the last one on August 17. The case
distribution by age and vaccination status is indicated in Table 1.
The largest proportion of cases (41%) occurred in 12 to
14-year-old children attending secondary school and almost all
of these had been vaccinated. Twenty-nine cases (45.3%) were
unvaccinated children < 5 years: 9 were < 1 year; 6, between 12
to 14 months; and 14, > 14 months.

Among the 218 cases evaluated for risk factors, 11% had been
vaccinated before 12 months of age, 71% between 12 and 14
months, and 18% after 14 months. In the control group, the
proportions were 7%, 62% and 31%, respectively. The risk of
contracting the disease if vaccinated at 215 months of age,
relative to the risk if vaccinated before that age, was 0.50 (95%
CL: 0.71 - 0.33). There was no indication that the OR varied
according to the age of the child at the time of exposure to
infection. The OR in children born from 1980 to 1984 (0.47) was
similar to that for those born from 1975 to 1979 (0.45). In the
school-age population, 42% of the total cases could be attributed
to vaccination before 15 months.

Figure 1
Relative odds of contracting measles according
to age at vaccination in Estrie, 1989
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Table 1
Reported incidence of measles in Estrie, 1989
Population
Age group (1991 Number of Rate per
(in years) census) cases 100,000 % vaccinated
0-4 17,630 64 363 55
5-9 18,490 68 368 93
10-14 20,410 259 1,269 g5
15-19 18,455 70 379 79
20+ 193,415 19 10 21
All ages 268,400 480 179 84

The relative risk of disease according to one-month intervals
of age at vaccination is shown in Figure 1. The trend is highly
significant (p < 0.001). The shape of the curve suggests that the
efficacy of the vaccine increases rapidly up to 14 months of age
and stabilizes at 16 months,

Discussion

The results confirm the important effect of age at
administration of the measles vaccine®. During this epidemic,
children who had been vaccinated after the age of 15 months
were two to three times less likely to get the disease than those
vaccinated at 12 months. A ratio of the same magnitude was
observed in Quebec City“?. The persistence of maternal
antibodies to measles virus is a probable mechanism for primary
vaccine failures12,

These observations have two public health implications. First,
for the cohort of children born between 1972 and 1983, it appears
that the one-dose policy to give the vaccine at 15 months of age
was more effective than the recommendation to target the first
birthday'*'%. This would have prevented 42% of cases in school
children at no financial cost and for a low additional risk of




disease among those aged between 12 and 15 months. More
studies are needed to support the hypothesis that the benefit of
delaying vaccine administration could be lost with the increasing
proportion of births to women who have acquired immunity
following vaccination instead of the disease!'®. With a two-dose
program, age at administration is less important but the high cost
of such a policy must be recognized®.

Second, if selective revaccination is to be implemented in the
event of an institutional outbreak, the most effective measure
should be to offer the vaccine to all those who received a single
dose before 15 months of age, instead of targetting those
vaccinated before 12 months!'9. This has the potential to prevent
nine times more secondary cases but it also requires the
revaccination of 10 times more children.
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EPIDEMIOLOGIC INVESTIGATION OF A MEASLES

OUTBREAK IN QUEBEC

L Alain, Field Epidemiology Division, Bureau of Communicable Disease
Epidemiology, LCDC, and Public Health Protection Branch, Quebec
Ministry of Health and Social Services; S Bernier, Hotel-Dieu de Lévis
and formerly with Public Health Department, Chaudiére-Appalaches,
Quebec

The last major measles outbreak in Quebec was in 1989, with
10,184 cases reported (152.2 per 100,000). In the three
subsequent years, the incidence reached the lowest levels ever,
with rates of 1.4, 4.1 and 0.6 per 100,000, respectively. During
the first half of 1993, 50 cases were reported, for an annualized
rate of 1.4 per 100,000; 22 of these were concentrated in the
Chaudiére-Appalaches region. This report summarizes findings

of the epidemiologic investigation of the outbreak that occurred
in this region.

During the first week of March 1993, a 17-year-old male
student who attended village B secondary school was diagnosed
with measles. Following the review of the immunization records,
measles vaccine was offered to unimmunized students, siblings
and other contacts. A total of 48 students were vaccinated on
March 12. Two additional cases from a primary school were
notified the weeks ending March 20 and 27, respectively.
Immunization status of primary school and pre-school children
was reviewed. One of three unimmunized primary students was
vaccinated on April 22; one could not be vaccinated due to illness
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and the other could not be reached.
An information program targeted
the schools, local physicians and
pharmacists. Despite these actions,

Figure 1

Reported measles cases in one of the CLSCs in the Chaudigre-Appalaches Region
of the Province of Quebec (n = 14) — February 28 to June 5, 1993

new cases appeared. Figure 1 shows g Toomorchn

the distribution of cases by date of
onset. By June 4, 1993, a total of 14
cases had been notified in the area r
served by one Centre local de santé L
communautaire (CLSC) (population
26,663). An investigation of the

outbreak was initiated and control 1
measures were reviewed to select
the most appropriate intervention to
limit the outbreak.
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By June 4, 8 of the 14 cases were

laboratory confirmed; others were
epidemiologically linked. Thirteen

of the 14 attended school or

pre-school: 11 at the primary level and two at the secondary
level. All but the index case, who came from village B, lived in
village A. Age of cases ranged from 3 to 17 years (average: 8
years; median: 7). None of the cases suffered from severe
complications and none required hospitalization.

Based on the date of onset, there has been three generations of
measles infections since the index case, from late February to
June 5, 1993 (Figure 1). Case distribution within these three
periods reflects the incubation period, but no precise explanation
can be given for the time lapse between generations two and
three. It is most likely that some cases that occurred during this
period were either not identified or not diagnosed, or both.

Immunization Status of the Cases

Twelve (86%) of the 14 cases had a history of measles
vaccination. The 13th case received a dose of measles-mumps-
rubella vaccine (MMR) on April 22 during the outbreak; the
vaccination history could not be obtained for the 14th case. The
average age for immunization of the 12 cases was 15.8 months.
However, only one of four cases in the first grade had been
immunized at the recommended age (12 months). The remaining
three cases were vaccinated at 7 months, 5 years and 7 years of
age, respectively (the latter two during the outbreak).

The average immunization coverage at the beginning of the
school year for the two schools combined was 95.6% (97.8% for
the primary/pre-school level and 95.3% for the secondary level).

Spread of the Disease

It was not possible to trace the source of infection for the
index case. Available information indicates that the brother of the
index case (aged 13 years) and the mother had attended a hockey
tournament from February 5 to 7, 1993 at Nashwa (a small city
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near Boston, Mass., USA). According to the mother, none of the
players on her son’s team, or on the opposing teams was sick at
that time, nor was any other person travelling with them. The
index case appears to have been in contact with his cousins in
village A where the outbreak occurred, before he was
symptomatic. Household contact was traced in four cases.

Intervention Strategies

Further action plans and intervention strategies were discussed
with provincial and federal experts on June 8, after a meeting
with the staff from the CLSC. It was decided not to proceed with
a second dose of measles vaccine. It seems that the necessity for
the second dose was not made sufficiently clear and, because the
school year was coming to an end, it was automatically
anticipated that the outbreak would end.

It seems, upon examination of the 1993 data that the
Chaudiere- Appalaches Public Health Department experienced a
particularly marked increase in measles activity compared to the
previous 2 years and eight compared to the rest of the province.
In addition to the 14 cases, eight other cases had occurred in
other CLSCs of this Public Health Department, for a total of 22
cases in 1993 and an incidence rate of 6.5 per 100,000
population, compared to 0.5 in 1992, zero in 1991, and 7.4 during
the epidemic period in 1990. A total of 59 cases were notified in
1993 in the province of Quebec (0.8 per 100,000).

Intervention

The interventions used in this outbreak followed the
recommendations for control of measles epidemics made at the
Consensus Conference on Measles in May, 1993‘). The
immunization campaign strategy was well organized, considering
it was getting near the end of the school year.




Conclusions

This investigation revealed that there was increased measles
activity in a specific area of the Chaudiére-Appalaches region,
despite a high level of vaccine coverage. It also pointed out the
importance of prompt and concerted action in the field, and the
significance of an effective epidemiologic surveillance system.

Recommendations

®m Assess immunization status of newly admitted students
periodically throughout the school year.

® Ensure that the monitoring system will detect all measles
cases.

m Maintain epidemiologic follow-up of cases after diagnosis and
after public health intervention.

MEASLES IN CANADA, 1994
(as of September 14)

Paul Varughese, Childhood Immunization Division, Bureau of
Communicable Disease Epidemiology, LCDC, Ottawa

From January 1 to September 14, 1994, a provisional total of
358 measles cases have been reported in Canada. This is 108%
higher than the 172 cases reported for the same period in 1993.
Over 65% (258 cases) of these cases were reported from Ontario,
followed by Quebec with 25% (98 cases). No cases have been
reported from Prince Edward Island, New Brunswick, the Yukon,
and the Northwest Territories.

The province of Quebec recently reported two outbreaks, one
of which involved a group of people who oppose immunization
for religious reasons (a full report will appear in the next issue).
Although several Ontario health regions have reported sporadic
cases, only two have reported outbreaks, both in May:
Middlesex-London with 43 cases (peaking in the 2nd week of
May) and Haliburton, Kawartha, Pine Ridge District with 147
cases (peaking in the last week of May). A brief report follows
in this issue on the latter outbreak.

Figure 1 shows the distribution of cases by month of onset
for the period January 1 to July 31, 1994. The highest number of
cases (145) was recorded in May, followed by June (89 cases).

Ages of the cases ranged from 5 months to 57 years (median:
13). The highest proportion (38%) of the cases was among those
aged 15 to 19 years with the greatest incidence occurring among
those 16 years of age, followed by those 5 to 9 years old (22%).
Infants < 1 year of age accounted for 14 cases (4%) (Figure 2).
No deaths have been reported.

Immunization Status

Of the 358 cases, 339 were eligible for measles vaccination,
i.e., they were born after 1957 and were older than 12 months of
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age. Two hundred and ninety-two (86%) of this vaccine-eligible
group had a documented history of immunization — a pattern
expected due to the high immunization coverage of a vaccine
with < 100% vaccine efficacy. Immunization history was not
known for 32 of the cases (8.9%).

Comment

In 1994, measles activity in Canada has been characterized by
sporadic cases, clusters of cases, or small outbreaks, often
involving vaccinated individuals, or those not vaccinated for
religious reasons. Despite these outbreaks and the potential for
transmission of the virus, the overall attack in the affected
regions has still been low, suggesting that most individuals are

Figure 1
Reported cases of measles by month,
Canada, January 1 to July 31, 1994*
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immune. Examination of those records available indicated that,
although most children were vaccinated after their first birthday,
a few had received the vaccine before 12 months of age.
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Preliminary Report

MEASLES OUTBREAK —
WARKWORTH, ONTARIO
April - July, 1994

A. Hukowich, Haliburton, Kawartha, Pine Ridge District Health Unit,
Warkworth, Ontario

On April 26, 1994, the Haliburton, Kawartha, Pine Ridge
District Health Unit received notification of four suspect cases of
measles in students at a Warkworth elementary school. The
children had been on a trip to the Skydome in Toronto
approximately 10 days earlier. The Medical Officer of Health and
a Public Health Nurse arranged to visit three of the children at
their homes that afternoon. All were found to be slightly ill with
no fever but each had a generalized, non-pruritic, papular rash.
There was mild hyperemia of the buccal membranes but no
Koplik spots and no significant findings of cough, conjunctivitis,
or photophobia. All of the affected children did have a history of
measles-mumps-rubella (MMR) immunization.

While none of the intial cases fully met the case definition for
measles, consideration was given to the fact that prior
immunization could have resulted in less severe and less typical
symptoms. All children were epidemiologically linked within the
incubation period for measles and that particular area had
escaped a previous measles outbreak that had occurred within
Northumberland County approximately 3 years earlier.
Arrangements were made for serologic testing to confirm a
presumptive diagnosis of measles. A meeting was held that
afternoon with the school principal, and the local hospital in
Campbellford was advised of the possibility of a measles
outbreak. Parents of children at the school who were
unimmunized due to medical or philosophical exemptions were
contacted. They were advised that school exclusion orders would

Figure 2

Reported cases of measles by age group, Canada,
January 1 to July 31, 1994*
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be issued the following day and that they might wish to keep
their children out of school voluntarily pending the formal
serving of such orders. A parent information letter was updated
and provided to the school the following day for distribution.
Similarly, a physician fact sheet was distributed to all local
physicians.

A news release was also prepared for the local media.
Fortunately, by the time of the most intense media interest,
positive IgM antibody titres from initial cases confirmed measles
in two of the initial four suspect cases,

Publicity to parents and physicians stressed the value of
measles immunization in children between 6 months and one
year of age. A health unit-operated clinic was organized
following a request for assistance from local physicians. No
school-based or health unit-based clinics were undertaken for
re-immunization of children already having satisfactory proof of
measles immunization. Some school activities were cancelled
including a planned trip to the province of Quebec and the
participation fo children in some county-wide activities. There
was one case reported the following week and 23 one week later.
The outbreak peaked in its sixth week with 41 cases reported.
The last cases were reported the week of July 2. In total, 147
cases of measles were confirmed. As anticipated, no cases
developed in any adjacent areas of the county that had
experienced the previous measles outbreak.
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