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INTRODUCTION

Measles is a highly contagious infectious disease caused by the measles virus and was
responsible for an estimated 2.6 million deaths annually before the introduction of the measles
vaccine in 1963 (1). Symptoms of measles include: fever; cough; runny nose; inflamed eyes;
fatigue; small, white spots in the mouth and throat; and a blotchy (maculopapular) rash that
develops on the face and body (2). Measles can be especially dangerous for infants and
those with weakened immune systems. Complications of measles can include ear infections,
pneumonia, and encephalitis (2). Measles continues to be an important public health issue
globally. In 2017, a total of 895 cases of measles were reported to the World Health
Organization (WHO) in the Region of the Americas and 149,357 cases of measles were
reported to the WHO worldwide (3). Approximately 110,000 people died from measles
worldwide in 2017, with most of them being children under 5 years of age (1).

Although Canada’s measles elimination status was achieved in 1998 (4, 5), Canada’s estimated
first dose measles-containing vaccine coverage rate among two year olds is 90% (6). This is
below the minimum 95% vaccination coverage for all population cohorts needed to maintain
measles elimination (5). Therefore, measles remains a disease of concern in Canada due to
the risk of importation from other countries, where the disease is still endemic. In order to
provide evidence for measles elimination, timely and enhanced national surveillance of
measles in Canada is conducted through the Canadian Measles and Rubella Surveillance
System (CMRSS), which is coordinated by the Public Health Agency of Canada'’s (PHAC)
Centre for Immunization and Respiratory Infectious Diseases (CIRID) and the National
Microbiology Laboratory (NML). This involves weekly collection of data on confirmed
measles cases in Canada from all 13 provinces and territories.

The objective of this report is to provide an epidemiologic summary of measles activity
reported in Canada for 2017.
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METHODS

Surveillance data: Confirmed cases of measles meeting the national case definition (7) were
reported weekly to PHAC by provinces and territories through CMRSS. Cases with rash onset
between January 1, 2017 and December 31, 2017 were included in this report. Epidemiological
weeks of rash onset are assigned by CIRID with week 1 beginning on the first Sunday of the
year. A data validation process was conducted, with all provinces and territories, that included
querying for blank fields, identifying illogical field entries and confirming values with

reporting jurisdictions.

Genotyping: Measles virus genotyping was performed at the NML by sequencing of specific
measles genome targets in accordance with WHO guidelines (8, 9). Measles viral sequences
were deposited in the WHO measles nucleotide surveillance database (MeaNS) and compared
to so called “named strains” as well as sequences deposited by other members of the global
measles laboratory network (9, 10).

Analysis: Descriptive epidemiologic analyses were performed for age, gender, location,
vaccination status, hospitalization, exposure setting and genotype. Cases that were age-
ineligible for routine vaccination (i.e., aged less than 1 year or born before 1970) were
classified as up-to-date, regardless of reported status (11). Those aged 7 years or more
and born after 1970 were classified as up-to-date with two doses. Those aged 1 to 6 years
were classified as up-to-date with at least one dose. Measles outbreaks are defined as two
or more confirmed cases linked, either epidemiologically, virologically, or both (12).

RESULTS

In 2017, the incidence of measles in Canada was 1.2 cases per 1,000,000 population, with

a total of 45 reported cases. The distribution of measles cases by week of rash onset and
reporting province or territory are presented in Figure 1. All cases were laboratory-confirmed
and 37 (82%) were genotyped. The genotypes detected were B3 (n=8 cases) and D8 (n=29
cases). Three outbreaks accounted for the majority of cases (84%, 38/45), while the remaining
seven cases were sporadic without further spread.



http://www.who-measles.org
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FIGURE 1: Number of reported measles cases (N=45), by end date of epidemiologic week
of rash onset and reporting province or territory, Canada, 2017
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Information on age, gender and reporting province or territory were available for all cases
reported in 2017. Cases were aged from 2 to 52 years, with a median age of 28 years. The
most frequently reported age group was 25 to 44 years (58%, n=26), followed by those aged
15 to 24 years (16%, n= 7). The highest incidence rate was reported in those aged 25 to 44
years at 2.6 cases per 1,000,000 population (Figure 2). Approximately half of the reported
cases (53%, n=24) were male. Seven Canadian provinces reported measles cases in 2017:
British Columbia, Alberta, Ontario, Quebec, New Brunswick, Nova Scotia, and Newfoundland
and Labrador. Incidence rates ranged from 0.2 cases to 31.3 cases per 1,000,000 population,
compared to the national incidence rate of 1.2 cases per 1,000,000 population.
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FIGURE 2: Confirmed measles cases (N=45) and incidence rates (per 1,000,000 population)
by age group, Canada, 2017

30 — — 3.0
B cCases
@ Incidence
25 — — 2.5 —
5
Q.
a
o
a
20 — — 2.0 ]
(7] =
o) o
@ o
ht 7
® 15— [ o — 15 @
£ a
8 o
[0) (0]
m =
10 — o — 10 3
S
o
o
]
1 I I I
.1l . 0
0-4 5-14 15-24 25-44 45-64

Age group (years)

HOSPITALIZATION

Of the 45 cases reported in 2017, 41 cases (91%) had hospitalization information. Of those

41 cases, six cases (15%) were hospitalized at a rate of 0.16 per 1,000,000 population. The age
distribution of cases hospitalized was 3 to 43 years. Of the six cases that were hospitalized,
one case (17%) had up-to-date vaccination. Four hospitalized cases were travel-related and
were hospitalized shortly after returning to Canada.
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VACCINATION

Of the 45 cases in 2017, documented vaccination information was available for 32 cases (71%)
and was unknown or missing for 13 cases (29%). Of those 32 cases, 17 (53%) cases were fully
immunized, nine (28%) cases were under-immunized, and six (19%) cases were unimmunized
(Figure 3). Three of the cases with unknown or missing vaccination information were adults
born before 1970 (aged 49 or older) and do not require MMR vaccination, as they can be
presumed to have acquired natural immunity to measles (13). The other ten cases with
unknown or missing vaccination information were born in or after 1970 and presumed to

be susceptible to measles. Overall, 44% (20/45) of cases had up-to-date vaccination status;
this includes the 17 cases that reported having received at least two documented doses

and the three cases that are presumed to have acquired natural immunity to measles.

FIGURE 3: Vaccination status of confirmed measles cases (n=45) reported in Canada in 2017
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IMPORTATIONS

Nine cases (20%) were imported into Canada in 2017, having been exposed to measles during
travel to the following countries or regions: India (n=3), Indonesia (n=2), Pakistan (n=1), United
States (n=1) and Europe (n=1). One case reported travel to both Mexico and France. Of the
nine imported cases, three of these resulted in three separate outbreaks and an additional

35 cases. Six of the nine imported cases were sporadic cases without further spread. In total,
imported and import-related cases accounted for 98% (n=44) of cases in 2017. The remaining
case had no recent history of travel or contact, so the source of exposure was unknown. This
case was also sporadic with no further spread. The median age of the seven sporadic cases
was 20 years. All seven cases were genotyped: six cases were D8 and one case was genotype
B3. Six of the seven cases reported travel history while the final case did not travel (genotype
D8). Four cases were imported from the South East Asia region, and were all genotype D8,
which is endemic in the region (10). All four had distinct viral sequences that did not match
any WHO named strains. One case was imported from Pakistan, and the locally endemic
genotype, B3, was identified. The last case, genotype D8, traveled to both France and
Mexico. None of the cases had a documented dose of measles-containing vaccine prior

to exposure.

OUTBREAKS

Three measles outbreaks were identified in 2017, spanning epidemiological weeks 4 to
36 (January 22" to September 9) (Figure 1) and they ranged in size from two to 29 cases.
Of the 45 cases reported in 2017, 38 (84%) were outbreak related. The outbreaks are
described in more detail below.

Outbreak One

The first outbreak was reported by Nova Scotia and resulted in seven cases (with onset

dates spanning epidemiological weeks 4-8) (Figure 1). The median age was 24 years (range:
21-30 years). All cases were male and no hospitalizations or deaths were reported. The index
case, with disease onset in week 4, reported travel to the United States to a region with no
known measles activity at the time of the exposure. Two secondary cases, with onset dates

in epidemiological week 6, were subsequently reported. These two cases resulted in four
other transmission cases with onset dates in epidemiological weeks 7 and 8. Vaccination
history was available for all cases in this outbreak. Five cases, including the index case, had
two documented doses of measles-containing vaccine prior to exposure. The other two cases
had one documented dose of measles containing vaccine prior to exposure. Five of the
seven outbreak cases were genotyped. All were genotype B3 and had sequences identical
to one another and the WHO named strain MVs/Dublin.IRL/8.16/ (GenBank accession
number KY013331).
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Outbreak Two

The second outbreak was a multi-jurisdictional outbreak, with no deaths reported. Cases were
reported by Nova Scotia, Newfoundland and Labrador, Ontario, New Brunswick, and Alberta.
Outbreak Two resulted in 29 cases, with onset dates spanning epidemiological weeks 11-21
(Figure 4). The median age was 29 years (range: 6-52 years). Fifty-five percent of the cases
were female. Of the 29 cases, the index case and two other cases were hospitalized. The
index case, with disease onset in epidemiological week 11, was reported by Newfoundland
and Labrador. The index case had travelled from India to Nova Scotia via a connecting flight
in Ontario, while infectious. Five secondary cases, with onset dates from epidemiological
weeks 12 to 14, who were exposed to the index case during air travel or in an airport setting
were reported in Ontario, Alberta, Nova Scotia and New Brunswick. These included three
passengers on the same flight as the index case, one flight attendant, and an exposure in

an airport terminal. The index case was hospitalized, in Nova Scotia, and further transmission
took place in a healthcare setting, including 10 healthcare workers (12). Subsequent exposures
in the following weeks were identified. Four cases, with onset dates in epidemiological weeks
15, 18, 20 and 21, were determined as part of the outbreak but the exact setting of exposure
was unknown. Fifteen cases (52%) did not have up-to-date vaccination status prior to exposure,

including the index case. Of the 10 healthcare workers, five (50%) had up-to-date immunization.

Of the other 5 healthcare workers, two were born before 1970. The median age of the 10
healthcare workers was 36 years (range: 26-49). The genotype associated with the outbreak
was D8 (23 cases sequenced), which is endemic in India (10), and the sequence was not
identical to any WHO named strain.

7
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FIGURE 4: Distribution of measles cases (n=29) for Outbreak Two by reporting province,
epidemiological week of rash onset and setting of exposure
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Outbreak Three

Outbreak Three, reported by Ontario, resulted in two cases (with onset dates in epidemiological
weeks 34 and 36) (Figure 1). The median age was 27.5 years and both cases were females.

The index case reported travel to Europe. The country of exposure is unknown due to a lack
of information about the index case’s location during the incubation period. One case was
hospitalized and no deaths were reported. Vaccination history was available for both cases:
neither case had a documented dose of measles-containing vaccine prior to exposure. The
genotype associated with the outbreak was B3, and the sequence was identical to the

WHO named strain MVs/Dublin.IRL/8.16/ (GenBank accession number KYO13331).
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DISCUSSION

There were 45 confirmed cases of measles reported in Canada in 2017, which is the lowest
number of cases and incidence rate after 2016 (n=11; 0.3 cases per 1,000,000 population),
since annual publication of reports began in 2013. The median age (28 years) of cases indicate
that a large portion falls within the cohort that received one dose of measles-containing
vaccine, prior to the introduction of the second dose in routine immunization schedules in
19961997 (14). Over twenty percent of all cases were among healthcare workers, of which
half of these cases had up-to-date vaccination status. The age range of these healthcare worker
cases fall in the cohort that received one dose of measles-containing vaccine. An overwhelming
majority of Canadian cases were genotype D8 and all but one of these cases were imported
or import-related cases from the South East Asia region, where this genotype is endemic.
Only one case was exposed in Canada to an unknown source. Measles importations are to

be expected due to the high frequency of persons travelling from measles endemic areas

into Canada. Therefore, Canada’s maintenance of measles elimination status will continue

to be challenged. Furthermore, over half of the 2017 cases were not fully immunized against
the measles virus; Canada will remain vulnerable to importations and thus, there is a need to
maintain high vaccination coverage in Canada. This highlights that Canada needs to continue
to promote vaccination for those at risk, including potential travellers. The 17 confirmed cases
of measles that were fully immunized may be the result of vaccine failure, which may include
failure to develop an appropriate immune response, waning of vaccine-induced immunity

to non-protective levels, and improper vaccine storage, handling and administration of the
vaccine (15, 16). A large majority of cases did not require hospitalization, indicating that

most of the cases in 2017 did not result in serious illness.

There are four criteria set out by the Pan American Health Organization (PAHO) for the ongoing
verification of measles elimination (17) (Appendix A). The indicators, established by PAHO, of

a well-performing surveillance system are based on investigation of measles-like illness (i.e.,
suspected cases), whereas only confirmed cases are nationally notifiable in Canada. As such,
these data can only indirectly address the PAHO criteria. In 2017, Canada met or partially met
three of four PAHO essential indicators for maintenance of measles elimination. Canada has a
high performing national surveillance system for measles, which is able to detect imported

and import-related cases, as well as cases with unknown source of exposure.

However, Canada falls short of the criterion regarding measles-containing vaccine coverage.
Canada currently measures (biennially) measles vaccination coverage rates at 2 and 7 years
of age, and therefore is unable to assess measles vaccination coverage for all ages 1 through
40 years as set out in the PAHO elimination framework. The 2017 estimate for 2 year olds
receiving measles-containing vaccine is 90%, below the PAHO indicator of 95%. Despite this,
based on a combination of epidemiologic and laboratory data, there is no evidence that
endemic transmission of the measles virus has been re-established in Canada.
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LIMITATIONS

These data have limitations that merit consideration. Only confirmed cases are nationally
notifiable in Canada; therefore, suspected cases of measles or cases of measles that do

not present to the healthcare system are not captured by CMRSS. Moreover, information

on mortality and detailed information on morbidity (e.g., length of hospitalization, sequelae)
are not currently captured by CMRSS, limiting the ability to completely describe the burden
of illness due to measles in Canada.

CONCLUSION

Both in Canada and abroad, maintaining high vaccination coverage rate with measles-
containing vaccine requires a sustained public health effort, and is an essential component
of a strategy for achieving and maintaining measles elimination. Although importations and
areas of low vaccination coverage continue to challenge Canada’s elimination status,
surveillance data indicates that measles elimination has been maintained.
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TABLE 1: Pan American Health Organization essential criteria for the verification of

measles elimination

CRITERION

Verify the interruption of
endemic measles cases for a
period of at least three years
from the last known endemic
case, in the presence of
high-quality surveillance.

Maintain high-quality
surveillance sensitive enough
to detect imported and
import-related cases.

Verify the absence of endemic
measles virus strains through
viral surveillance.

Verify adequate immunization
in the population.

INDICATOR

Zero cases of endemic
transmission.

> 2 suspect cases per
100,000 population
adequately investigated.

Measles genotype assessed
in 80% of outbreaks.

95% of population cohorts
aged 1 to 40 years have received
a measles-containing vaccine.

DESCRIPTION

Criterion met.

Canada achieved measles elimination
status in 1998. Since then, molecular
and epidemiological data continue to
demonstrate that no viral strain has
circulated for a period of one year or
more in Canada (18, 19, 20, 21, 22).

Criterion partially met.

CMRSS allows the identification of
imported and import-related cases
but not suspected cases.

Criterion met.

Genotype information was available for
100% (3/3) of outbreaks reported in 2017.

Criterion not met.

Canada currently measures (biennially)
measles vaccination coverage rates at

2 and 7 years of age, and therefore is
unable to assess measles vaccination
coverage for all ages 1 through 40 years.

The 2017 childhood National
Immunization Coverage survey estimated
first dose measles-containing vaccine
coverage among 2 year olds to be

90% (6). The coverage rates remained
unchanged since 2013 (23).

11
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