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Abstract

Background: Measles has been eliminated in Canada since 1998. Every year, the Public Health
Agency of Canada presents epidemiologic evidence to the Pan American Health Organization
(PAHO) to verify that measles continues to be eliminated in Canada. The objectives of this
article are to: provide an epidemiologic summary of measles activity reported in 2018 in
Canada, and provide documented evidence to support the continued verification of measles
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elimination status in Canada.

Methods: Measles surveillance data were captured by the Canadian Measles and Rubella
Surveillance System (CMRSS) and descriptive analyses of demographics and risk factors were
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performed. Outbreak characteristics were summarized and genotypic analyses conducted.
Surveillance data for 2018 were evaluated against PAHO's essential criteria for measles

elimination status.
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Results: In 2018, 29 measles cases were reported across five provinces in Canada, an incidence
rate of 0.8 cases per 1,000,000 population. Of these 29 cases, 16 were imported and five
resulted in further transmission within Canada. The age-specific incidence rate was highest
among those aged younger than one year (10.2 cases per 1,000,000 population, n=4). Only
nine cases were considered up-to-date for measles vaccination, and 11 cases were hospitalized.

Genotype information was available for most of the measles cases (n=27); they were all found
to be genotypes that circulated globally in 2018. Canada met or partially met three out of four

of PAHO's criteria for verification of measles elimination.

Conclusion: Although importations and areas of low vaccination coverage continue to

challenge Canada’s elimination status, there is no evidence that endemic transmission of the

measles virus has been re-established. Canada maintains its measles elimination status.
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Introduction

Measles, one of the most contagious human infectious diseases,
was responsible for an estimated 2.6 million deaths per year
before the introduction of the measles vaccine in 1963 (1).
Measles has been eliminated in Canada since 1998 (2). The
World Health Organization (WHO) defines elimination as the
absence of endemic measles transmission for at least 12 months
in a defined geographic area with a well-performing surveillance
system, which includes genotyping of the virus identified in
confirmed cases of measles (3).

Nevertheless, measles continues to be an important public health
issue globally. In 2018, there were about 9.8 million measles
cases and over 140,000 measles-related deaths worldwide (4).

This represents an increase in the global number of measles
cases of over 40% and an increase in the global number of
measles-related deaths of almost 30% compared to 2017 (5).
Most measles-related deaths occurred in children under five
years of age (1).

As measles continues to circulate internationally, the risk of
importing measles into Canada persists. The estimated first dose
measles-containing vaccine coverage rate is 90% among two
year olds, which is below the minimum 95% vaccination coverage
for all population cohorts needed to prevent sustained measles
transmission (2,6). Timely and enhanced national surveillance

of measles is necessary in order to rapidly detect cases and
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outbreaks and put into effect public health action that stops
further transmission. Enhanced surveillance 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 and the National Microbiology Laboratory (NML). This
surveillance involves weekly collection of data on confirmed
measles cases (7) from all 13 provinces and territories (8).

Canada continues to be committed to measles elimination and
has set vaccination coverage goals and vaccine-preventable
disease reduction targets based on international standards and
best practices as part of the National Immunization Strategy
objectives for 2016-2021 (9). These national goals and targets
are consistent with commitment to WHO disease elimination
targets and the Global Vaccine Action Plan, within the Canadian
context. Under the Strategy, Canada targets 95% coverage

(and hence measles elimination) with one dose of the
measles—mumps-rubella (MMR) vaccine by two years of age and
95% coverage with two doses of MMR by seven years of age.
All the provinces and territories recommend the first dose of
measles-containing vaccine at 12 months of age and the second
dose between 18 months and six years of age (10). All provinces
and territories, which are responsible for delivering health
services including vaccination programs, have endorsed the
national goals and targets.

The objectives of this surveillance report are to provide an
epidemiologic summary of measles activity reported in Canada
for 2018; and provide documented evidence to support the
continued verification of measles elimination status in Canada.

Methods

Surveillance data

Confirmed cases of measles meeting the national case
definition (7) were reported weekly to PHAC by provinces and
territories through CMRSS. All confirmed cases of measles with
rash onset between January 1, 2018, and December 31, 2018,
were included in this report. Epidemiologic weeks of rash onset
are assigned by the Centre for Immunization and Respiratory
Infectious Diseases with week one ending on the first Saturday
of the year. A data validation process was conducted with all
provinces and territories, which included querying for missing
data, identifying incorrect entries and confirming values with
reporting jurisdictions. Cases with missing data were included
in the analysis as appropriate. Visitors to Canada who were
diagnosed with measles during their stay were included in this
analysis.

Genotyping

Virus genotyping is routinely performed at NML for all confirmed
cases in Canada for which viral specimens are available.
Genotyping is conducted by sequencing of specific measles
genome targets in accordance with WHO guidelines (11,12).
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Measles viral sequences are deposited in the WHO Measles
Nucleotide Surveillance (MeaNS) database and compared to
designated named strains and to sequences deposited by other
members of the global measles laboratory network (12,13).

Analysis

Descriptive epidemiologic analyses were performed based on
available fields in the CMRSS database (7). Subgroup analysis
was precluded by the small number of measles cases reported in
2018.

Cases aged 1-6 years with at least one documented dose of
measles-containing vaccine were classified as up-to-date in terms
of measles vaccination. Those aged seven years or over and born
after 1970 were classified as up-to-date for measles vaccination if
they had two documented doses of measles-containing vaccine
and were classified as under-vaccinated if they had only one
documented dose. An adult born before 1970 was presumed to
have acquired natural immunity and was considered up-to-date
in terms of measles vaccination (9,14). A child under one year of
age was classified as up-to-date for measles vaccination status
regardless of vaccination status unless the child travels outside of
North America, in which case the vaccine can be given after six
months of age (15).

A case was considered to be hospitalized only if admitted to
hospital due to measles or due to disease complications; if only
seen in the emergency department, the case was not considered
hospitalized.

The source of exposure was identified by the reporting province
or territory in the course of the public health investigation.

The sources of exposure were classified as outside Canada
(imported); within Canada and linked to an imported case
(import-related); within Canada and linked to a case of unknown
origin; or unknown source/sporadic.

Measles outbreaks, defined as two or more confirmed cases
linked either epidemiologically, virologically or both, were
described based on available information (14). Incidence rates
were calculated using Statistics Canada population estimates for
July 1, 2018.

Results

A total of 29 confirmed measles cases (incidence rate

of 0.8 cases per 1,000,000 population) in five provinces

were reported in Canada in 2018. Of these 29 confirmed

cases, 27 were genotyped. The genotypes detected were

B3 (n=7) and D8 (n=20), both of which circulated globally in
2018 (4). Figure 1 shows the distribution of measles cases by
epidemiologic week of rash onset, outbreak number, genotype
and reporting province or territory. Altogether, 28 cases were
laboratory-confirmed and one case was epidemiologically linked
to a laboratory-confirmed case.



Figure 1: Number of reported measles cases (N=29), by
epidemiologic week of rash onset, outbreak number,
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Information on age, sex and province or territory of residence
was available for all measles cases reported in 2018. The cases
ranged from younger than one to 53 years old, with a median
age of 21 years. The most frequently reported age group was
25-44 years (n=11), with the next most frequently reported aged
15-24 years (n=8). The highest incidence rate was reported

in infants younger than one year of age, at 10.2 cases per
1,000,000 population (Figure 2). Three-quarters of cases (n=22)
were female.

Five Canadian provinces reported measles cases in 2018:

Ontario (n=9, which included one visitor to Ontario); British
Columbia (n=8); Alberta (n=6); Quebec (n=4); and Manitoba
(n=2). Incidence rates ranged from 0.5 to 1.6 cases per 1,000,000
population in the provinces that reported measles cases.

Vaccination

Of the 29 measles cases reported in 2018, two-thirds (n=20)
were considered not up-to-date for measles vaccination for age.
Of these 20 cases, 12 were documented as being not up-to-date
for vaccination for age. Eight cases had unknown or missing
vaccination history, but were born after 1970 and were therefore
presumed not to have acquired natural immunity (15,16). Of the
12 cases documented as being not up-to-date for vaccination for
age, three cases were between six months and one year of age
and had travelled outside of North America without receiving the
first dose of measles-containing vaccine as indicated in current
vaccine recommendations (15).
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Figure 2: Confirmed measles cases (N=29) and incidence
rates (per 1,000,000 population) by age group, Canada,
2018
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Of the 29 measles cases reported in 2018, nine were
considered up-to-date for measles vaccination for age, with
eight documented as having received appropriate measles
vaccination for age (including one infant younger than one year
of age who was unvaccinated and had not travelled outside of
North America) (Figure 3). One case with unknown vaccination
history had been born before 1970 (and was therefore
considered up-to-date for measles immunization) and had not
travelled outside of North America (15).

Figure 3: Vaccination status of confirmed measles cases
(N=29), Canada, 2018
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Hospitalization

Of the 29 cases reported in 2018, 24 had hospitalization
information. In total, 11 cases were hospitalized, a
measles-specific hospitalization rate of 0.3 per 1,000,000
population. The median age of hospitalized cases was 15 years
(range: 4-51 years). Of the 11 hospitalized cases, eight had
vaccination information available. Of these eight cases, six had
no documented doses of measles-containing vaccine but two
were considered fully vaccinated.
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Sources of exposure

Of the 29 confirmed cases of measles in 2018, 16 were imported
into Canada after exposure to measles during travel to the
following countries or regions: India (n=7); Ukraine (n=4); Brazil
(n=1); the Philippines (n=1); Romania (n=1); Southeast Asia

(not including India, n=1); and Uganda (n=1). Fourteen of the
imported cases were genotyped, and the genotypes were
consistent with those known to be endemic in the source country
or reported to the WHO MeaNS database as detected in the
source country (13).

Of the 16 imported cases, five transmitted the disease within
Canada, resulting in a further seven import-related cases. In total,
imported and import-related cases accounted for three-quarters
(n=23) of cases in 2018. Of the cases that were neither imported
nor import-related (n=6), four had no recent history of travel or
known links to other confirmed measles cases, one was exposed
in Canada to a case of unknown origin and one cannot be
assigned as imported or non-imported because the exposure

period occurred both in another country with known measles
activity and within Canada. All six of these remaining cases were
genotyped and the genotypes were D8 (n=5) and B3 (n=1), both
of which were circulating globally.

Outbreaks

Six measles outbreaks were identified in Canada in 2018 (details
are provided in Table 1). All outbreaks were small (2-4 cases per
outbreak) and transmission was limited to household contacts
or other close contacts of the index case. No outbreak went
beyond the second generation. For all outbreaks combined, the
median time interval between the rash onsets of the index case
and the secondary cases was 13 days, with a range of 9 to 27
days. Only one case had an incubation period that was outside
the expected range of 7 to 21 days; this case had received
immune globulin shortly after exposure, which may have delayed
but not prevented disease onset. Of the 29 cases reported in
2018, 14 were outbreak-related.

Table 1: Summary of measles outbreaks in Canada (N=6), by earliest date of rash onset, 2018

End date of
Outbreak | Province/ | Number evsleiingflrggl:c Genotype Descriotion
number territory | of cases . (Strain)? P
onset of index
case
B3 (MVs/ The index case reported travel to Romania during the exposure period.
1 Quebec 4 April 15 Dublin. Three secondary cases among family contacts of the index case were
IRL/8.16/) subsequently reported. All of the cases were unvaccinated.
The index case reported travel to India during the exposure
period. One secondary case, a close contact of the index case, was
2 Alberta 2 May 13 D8 subsequently reported. The vaccination history of the index case was
unknown. The secondary case was unvaccinated.
The index case reported travel to Ukraine during the exposure
. D? (Mvs/ period. One secondary case, a close contact of the index case, was
3 Ontario 2 June 3 Gir Somnath. subsequently reported. The vaccination history of the index case was
IND/42.16/) unknown. The secondary case was unvaccinated.
The index case did not report travel outside of Canada during the
9
exposure period, but was potentially exposed to an international
. D8 (MVs/
4 British ) 2 August 26 Osaka. mea_sles case at a Canadian port. One secondary case, a contact of
Columbia JPN/29.15/) the index case, was subsequently reported. Both cases were fully
' vaccinated.
D8 (MVs/ The index case reported travel to Southeast Asia during the exposure
5 Manitoba 2 September 9 Samut Sakhon period. One secondary case, a close contact of the index case,
P THAl/J49 16) " | was subsequently reported. The index case was unvaccinated. The
) secondary case was fully vaccinated.
The index case reported travel to the Philippines. One secondary
6 British 2 November 4 B3 case, a contact of the index case, was subsequently reported. The
Columbia vaccination history of the index case was unknown. The secondary case
was fully vaccinated.

2 World Health Organization (WHO)-named strain, in brackets, if applicable. WHO-named strains represent a system to reflect currently circulating epidemiologically significant lineages of measles
viruses within the existing genotype classification system. This enables tracking of global transmission pathways (12). The strains are defined within the Measles Nucleotide Surveillance (MeaNS)
database and represent a lineage, a precisely defined virus strain, that has been frequently detected within a two-year period in multiple countries. GenBank accession numbers for the named strains

are KY013331, KY120864, LC072667 and MK079566
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Discussion

Epidemiology of measles in Canada, 2018

In 2018, 29 confirmed cases of measles were reported in Canada.

This is below the median number of cases reported since the
beginning of enhanced surveillance in 1998 (median of 35 cases
per year). This decrease in the number of cases was in contrast
to a trend of increasing rates of measles globally. In the United
States, the number of measles cases and outbreaks in 2018
increased compared to 2017 (5,17). Of the 16 measles cases
imported into Canada in 2018, only five resulted in secondary
transmission, demonstrating that sustained transmission was not
observed.

Imported and import-related cases accounted for the large
majority of measles cases in 2018, underscoring the ongoing
risk that international travel places on the spread of measles

in Canada. This was reflected by the genotype data of the
cases that identified the two main genotypes, B3 and D8, both
of which were circulating globally in 2018. These genotypes
were also circulating globally in 2017 and were detected in
Canada (18). However, the genotypes capture genetically
related sequences, and multiple strains are contained within
the genotypes. For measles molecular epidemiology, strains are
informative. The strains detected in 2017, with the exception of
the genotype B3 named strain MVs/Dublin.IRL/8.16/, were not
detected in 2018.

Over two-thirds of the measles cases reported in 2018 were not
up-to-date for measles vaccination for age. This highlights the
importance of adhering to vaccine recommendations. The seven
cases of breakthrough disease that developed measles despite
being fully vaccinated may have failed to develop an appropriate
immune response. Alternatively, vaccine-induced immunity may
have waned to non-protective levels or the vaccine was stored,
handled or administered improperly (19,20). Two of these seven
cases had documented doses of measles vaccination outside of
Canada, where vaccine storage and administration guidelines
may be different.

Over one-third (11/29) of the cases required hospitalization,
supporting previously published evidence that measles infection
can lead to serious illness (1).

Verification of measles elimination through
national and international goals and targets

The Pan American Health Organization (PAHO) set out four
criteria for the ongoing verification of measles elimination (21).
Canada met or partially met three of the four criteria in 2018
(Table 2). Since the criteria are based on investigation of
measles-like illnesses (i.e. suspected cases), whereas only
confirmed cases are nationally notifiable in Canada, the data
presented in this article can only indirectly address the PAHO
criteria. Canada’s national surveillance system for measles

SURVEILLANCE I%

performs well, being able to detect imported and import-related
cases, as well as cases with unknown sources of exposure.

By ensuring measles elimination according to internationally
accepted criteria, Canada also meets its established national

goals and targets.

Table 2: 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.

Indicator

Zero cases
of endemic
transmission.

Description

Criterion met.

Canada achieved measles
elimination status in 1998.
Since then, molecular and
epidemiologic data continue
to demonstrate that no

viral strain has circulated

for a period of >1 year
(3,18,21,22).

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

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

Criterion partially met.

CMRSS allows the
identification of imported
and import-related cases
that are confirmed to meet
the case definition, but not
suspected cases.

Verify the absence of | Measles Criterion met.
etnd.emicc;]meashles. V||rus genoty%e Genotype information
s raln;ll rough vira .assseos;e P was available for 6/6 of
survertiance. in tb ° cl)< outbreaks reported in 2018.
outbreaks. Genotype information was
also available for 100% of
sporadic (non-outbreak
related) measles cases.
Verify adequate 95% of Criterion not met.
immunization in the population Canada currently measures
population. cohorts aged (biennially) measles
;_40 years d vaccination coverage rates at
ave relcelve two and seven years of age,
a mtea‘s es- and therefore is unable to
containing assess measles vaccination
vaccine.

coverage for all ages 1-40
years. The 2017 childhood
National Immunization
Coverage Survey estimated
first dose measles-containing
vaccine coverage in two year
olds to be 90% (6).

Abbreviation: CMRSS, Canadian Measles and Rubella Surveillance System

Canada falls short on 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 between 1 and 40 years, as set out in the PAHO
elimination framework. The 2017 estimate for two year olds
receiving measles-containing vaccine is 90%, below the PAHO
indicator of 95% (6). This estimate is derived from a survey that
collected data from parent-held vaccination records, in which
some information may be incomplete, erroneous or missing
altogether. As vaccine doses with missing or invalid date are not
counted in the calculation of coverage, the survey most likely
underestimates coverage.
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Limitations

Only measles cases that interact with the Canadian health system

are captured in enhanced measles surveillance, and therefore
visitors to Canada who do not seek healthcare may not be

detected. However, most chains of transmission did result from

known imported cases in 2018.

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.

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 importation of measles and areas of low vaccination
coverage continue to challenge Canada’s elimination status,

there is no evidence that endemic transmission of the measles
virus has been re-established. This is supported by high overall
vaccination coverage rates, the small number of secondary cases
that resulted from imported cases and the available laboratory

information that indicates that cases resulted from measles
strains circulating internationally in 2018.
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