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Abstract
Background: Measles elimination status was achieved in Canada in 1998. The Public Health Agency of Canada
compiles evidence for the Pan American Health Organization to confirm that criteria for the verification of measles
elimination continue to be met.
Objective: To describe measles activity in Canada for 2014 in order to support Canada’s ongoing measles
elimination status.
Methods: Using data captured by the Canadian Measles and Rubella Surveillance System and the Measles and
Rubella Surveillance pilot project during 2014, the distribution of measles cases by demographics, immunization
status and hospitalization were assessed, outbreak characteristics were summarized and genotypic and
phylogenetic analyses were conducted and described.
Results: During 2014, 418 measles cases were reported by five provinces and territories for an overall incidence
rate of 11.8 cases per 1,000,000 population. Case counts and incidence rates were highest among those five to
14 years of age and the majority of cases were not immunized. Overall, five percent of cases were hospitalized,
most frequently the youngest and oldest age groups. Eighteen outbreaks were reported, the largest of which
occurred in a non-immunizing religious community in British Columbia. Genotype information was available for
98% of measles events (18/18 outbreaks and 31/32 sporadic cases). Canada continued to meet or partially meet
all four of PAHO’s criteria for verification of measles elimination.
Conclusion: Despite significant measles activity in 2014, Canada continues to provide strong evidence that
measles elimination status is being maintained.

Introduction
Measles elimination status was achieved in Canada in 1998, one year after the last endemic case was reported in
1997 (1). Since that time, the Public Health Agency of Canada (the Agency) has documented evidence to support
the continued verification of measles elimination status in Canada (1, 2, 3). Measles elimination is defined as the
absence of endemic measles transmission in a defined geographic area (e.g., region) for ≥12 months in the
presence of a well-performing surveillance system (4). This evidence is based on surveillance data collected
through enhanced surveillance systems and is supported by molecular methodology. Genotyping contributes to
both public health follow-up and ongoing elimination efforts by providing information on links between cases,
identifying possible sources of importation and demonstrating that no single genotype is continuously circulating
(i.e., absence of endemic transmission) (5).
Although the interruption of endemic measles virus transmission was achieved in the Region of the Americas in
2002 (6), endemic transmission persists across the five other World Health Organization (WHO) regions (African,
Eastern Mediterranean, European, South East Asian and Western Pacific). As such, Canada is at risk of
importation of the measles virus. Further, despite high immunization coverage estimates for Canada (7),
outbreaks of measles continue to occur (8) as immunization coverage is heterogeneous. In order to support the
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documentation and verification of measles elimination status, the Pan American Health Organization (PAHO) has
identified four essential criteria. (See text box.)

Four essential criteria for verification of measles elimination (9)
1. Verify the interruption of endemic measles cases for a period of at least 3 years from the last known
endemic case, in the presence of high-quality surveillance.
2. Maintain a high-quality surveillance system sensitive enough to detect imported and import-related cases.
3. Verify the absence of endemic measles virus strains through viral surveillance.
4. Verify adequate immunization in the population.

Methods
Surveillance dataset
The Canadian Measles and Rubella Surveillance System (CMRSS) is an active, enhanced surveillance system in
all Canadian provinces and territories. On a weekly basis, provinces and territories were asked by the Agency to
submit a report on the number confirmed measles cases for that reporting week, or to submit a zero report. Three
jurisdictions (British Columbia, Alberta and Newfoundland and Labrador) were also participating in the Measles
and Rubella Surveillance (MARS) pilot project; a web-based near-real-time platform for reporting of suspect
measles case investigations. All cases were assessed against the national case definition (10).
This report describes enhanced case data for confirmed measles cases with rash onset during the 2014
epidemiologic year (weeks 01 to 53, from December 29, 2013 to January 3, 2015), as reported by the provinces
and territories.

Case report form
Data in CMRSS were collected using the national case report form for measles. The case report form collected
information required to support the national objectives for measles surveillance in the following categories: case
identifiers; background, exposure and clinical information; and laboratory information. The national case report
form is available online (11).

Genotyping
All measles virus genotyping was performed at the Agency’s National Microbiology Laboratory (NML). Appropriate
clinical specimens (respiratory and/or urine specimens) collected from suspect or confirmed measles cases were
submitted to the NML by provincial laboratories. The WHO standardized genotyping region of the 450 nucleotides
encoding the carboxyl-terminus of the measles nucleoprotein, the N-450 (12) was amplified and sequenced from
extracted nucleic acid. The sequences were aligned with WHO genotype reference sequences (13) and maximum
parsimony phylogenetic trees were generated using MEGA6 software (14).

Data management and statistical analysis
CMRSS data were managed using Microsoft Access 2010. Blank fields were coded as missing values and fields
for which a value was sought but was not available from the data source were coded as unknown. A data
validation process was conducted with provinces and territories in March 2015 for all measles cases reported
nationally in 2014.
The distribution of measles cases by demographics, immunization status and hospitalization were assessed.
Genotypic and phylogenetic analyses were also described. Counts and proportions were determined for
categorical variables, whereas means, medians or ranges were determined for continuous variables. Incidence
rates were calculated using Statistics Canada July 1 population estimates for 2014 in units consistent with
recommended PAHO indicators (cases per 1,000,000 population) (9). Elimination status was assessed against
criteria established by PAHO (9).
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An outbreak was defined as two or more confirmed cases linked, either epidemiologically or virologically or both
(11). The current publicly-funded immunization schedule in the reporting province or territory was used to define
whether a case was up to date for age with measles-containing vaccine (MCV) (15) at the time of rash onset.
Cases aged less than one year and those born before 1970 were age-ineligible for vaccine and were classified as
up to date for age regardless of reported immunization status. Those aged seven years or more and born after
1970 were defined as up to date with two doses. Finally, for those aged one to six years, either one or two doses
were considered up to date according to the current schedule in the reporting jurisdiction. Descriptive
epidemiological analyses were conducted with SAS Enterprise Guide 5.1 (16). As this report utilizes public health
surveillance data, it was exempt from research ethics board approval.

Results
Overview
In 2014, a total of 418 cases of measles were reported, of which 29.2% (n=122) were laboratory-confirmed and
70.8% (n=296) were epidemiologically linked to a laboratory-confirmed case. The overall incidence for this time
period was 11.8 cases of measles per 1,000,000 population.
Cases were confined in time to a 36-week period starting in reporting week 01 (ending January 4, 2014) and
continuing to week 36 (ending September 6, 2014). There was a continuous period of 17 weeks from week 37
(ending September 13, 2014) to week 53 (ending January 3, 2015) where no measles cases were reported. A
maximum of 138 (33.0%) cases reported for a single epidemiologic week occurred in week 12 (ending March 22,
2014) during an outbreak in British Columbia (Figure 1).

Figure 1: Number of reported measles cases, by epidemiologic week of rash onset and reporting
province or territory, Canada, 2014
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Age, gender and geographic distribution
Cases of measles were most commonly reported among those aged five to nine years (29.9%) followed by those
aged 10 to 14 years (25.4%) and 15 to 19 years (17.2%) (Table 1).

Table 1: Confirmed measles cases and incidence rates (per 1,000,000 population) by age group,
gender and reporting province or territory*, Canada, 2014
AB

SK

MB

ON

CA

†

4

3

0

3

14

Overall
incidence rate
36.4

12

17

3

2

1

2

25

16.2

64

61

118

3

3

0

1

125

65.2

10 to 14 years

56

50

100

3

2

0

1

106

56.8

15 to 19 years

31

41

62

5

0

2

3

72

33.7

20 to 24 years

15

12

23

2

0

1

1

27

10.9

25 to 29 years

8

3

8

1

0

1

1

11

4.5

30 to 39 years

13

11

7

4

5

1

7

24

5.0

40 to 59 years

6

8

3

4

1

3

3

14

1.4

60 years or more

0

0

0

Age group

M

F

BC

<1 year

10

4

4

1 to 4 years

13

5 to 9 years

0

0

0

0

0

-

†

29

16

9

22

418

11.8

7.0

14.2

7.0

1.6

11.8

Total

216

202

342

Incidence rate:

12.3

11.3

73.8

*Provinces and territories that did not report any measles cases during 2014 were omitted from the table. These were: Quebec, New Brunswick, Nova Scotia,
Prince Edward Island, Newfoundland and Labrador, Yukon, Northwest Territories and Nunavut.
† Excluded from this count is one case of measles in a Canadian traveller who was exposed, infected and experienced the entire course of disease outside of
Canada. This case is reflected in British Columbia’s provincial case count.

Incidence rates were highest for those aged five to nine years, 10 to 14 years and less than one year (65.2, 56.8
and 36.4 cases per 1,000,000 population, respectively).
Notably, 3.3% (n=14) of cases were reported among infants too young to have received the first dose of MCV
(aged less than one year) and 1.7% (n=7) of cases were presumed to have natural immunity against measles
through prior infection (born before 1970). Approximately half (51.7%) of measles cases reported in 2014 were
male.
Cases of measles were reported by five Canadian jurisdictions: British Columbia (n=342), Alberta (n=29), Ontario
(n=22), Saskatchewan (n=16) and Manitoba (n=9). Incidence was highest in British Columbia, followed by
Saskatchewan and Alberta (73.8, 14.2 and 7.0 cases per 1,000,000 population, respectively).

Immunization
Of the 418 cases of measles reported during 2014, 8.1% (n=34) were considered up to date for age with MCV at
the time of rash onset (Table 2). However, 61.8% (n=21) of these cases were age-ineligible for immunization
(infants aged less than one year [n=14] and adults born before 1970 [n=7]) according to the current National
Advisory Committee on Immunization (NACI) recommendations (17). These were classified as up to date for age
regardless of reported immunization history. Thus, overall only 3.1% (n=13) of cases were eligible to receive MCV
and were considered to be up to date for age at the time of infection.
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Table 2: Immunization status of confirmed measles cases, by age group and number of doses
received, Canada, 2014
0 Doses

1 Dose

≥2 Doses

Age group

(Up to date
with 0 doses)

(Up to date
with 1 dose)

(Up to date
with ≥2 doses)

<1 year
1 to 4 years
5 to 9 years
10 to 14 years
15 to 19 years
20 to 24 years
25 to 29 years
30 to 39 years
40 to 59 years
60 years or more
TOTAL

12 (12)
23 (0)
105 (0)
90 (0)
61 (0)
22 (0)
9 (0)
5 (0)
3 (2)
0 (-)
330 (14)

1 (1)
1 (1)
0 (-)
0 (-)
2 (0)
0 (-)
0 (-)
6 (0)
0 (-)
0 (-)
10 (2)

0 (-)
0 (-)
0 (-)
2 (2)
4 (4)
1 (1)
1 (1)
3 (3)
1 (1)
0 (-)
12 (12)

Unknown
(Up to date
with unknown
doses)
1 (1)
1 (0)
20 (0)
14 (0)
5 (0)
4 (0)
1 (0)
10 (0)
10 (5)
0 (-)
66 (6)

Total
(Up to date)
14 (14)
25 (1)
125 (0)
106 (2)
72 (4)
27 (1)
11 (1)
24 (3)
14 (8)
0 (-)
418 (34)

Based on immunization history, 91.9% (n=384) of cases were not considered to be up to date for age, including
14.4% (n=60) with an unknown immunization history that could not be assessed. Cases not considered up to date
for age with MCV were most often reported as being aged five to nine years (32.6%), followed by 10 to 14 years
(27.1%) and 15 to 19 years (17.7%).
One case of measles was reported in a child aged less than one year who had previously received one dose of
MCV. However, vaccine was given shortly before rash onset and the case was considered to be unimmunized at
the time of exposure.
Notably, three cases were reported among individuals who had received three doses of MCV. All three cases
were imported from the Philippines and had received their first dose of MCV outside of Canada prior to twelve
months of age.

Hospitalization
During 2014, hospitalization was indicated for 5.0% (n=21) of reported measles cases (Table 3).

Table 3: Hospitalization status of confirmed measles cases by age group, Canada, 2014
Not hospitalized

Hospitalized

Unknown

no. (%)

no. (%)

no. (%)

14

7 (50.0)

5 (35.7)

2 (14.3)

1 to 4 years

25

22 (88.0)

3 (12.0)

0 (-)

5 to 9 years

125

124 (99.2)

1 (0.8)

0 (-)

10 to 14 years

106

106 (100.0)

0 (-)

0 (-)

15 to 19 years

72

72 (100.0)

0 (-)

0 (-)

20 to 24 years

27

26 (96.3)

1 (3.7)

0 (-)

25 to 29 years

11

10 (90.9)

1 (9.1)

0 (-)

30 to 39 years

24

16 (66.7)

5 (20.8)

3 (12.5)

40 to 59 years

14

8 (57.1)

5 (35.7)

1 (7.1)

60 years or more

0

0 (-)

0 (-)

0 (-)

Total

418

391 (93.5)

21 (5.0)

6 (1.4)

Age group

Total

<1 year
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The youngest and oldest age groups experienced the most significant burden, with hospitalization reported for
35.7% (n=5) of cases aged less than one year, 35.7% (n=5) of cases aged 40 to 59 years and 20.8% (n=5) of
cases aged 30 to 39 years. Hospitalization was infrequently reported among cases aged one to 29 years.
Note that hospitalization status was unknown for 1.4% (n=6) of cases.

Molecular epidemiology
During 2014, specimens were available to determine the genotype for 26.6% (n=111) of reported cases of
measles. Cases with epidemiological links to a genotyped case are expected to have the same genotype, and so
for surveillance purposes it is not necessary to genotype all cases from an outbreak. Thus in 2014, the genotype
was determined for 98% of unique measles events where each outbreak or sporadic case is counted as a single
event (18/18 outbreaks and 31/32 sporadic cases) far exceeding PAHO’s indicator (Table 4). Measles genotypes
were B3 (n=65), D8 (n=36), D9 (n=5), H1 (n=3) and D4 (n=2) (Figure 2).

Figure 2: Distribution of measles genotypes detected in 2014 (n=111) by week of rash onset (if
available, n=94) or specimen collection (n=17)
16
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Number of Sequences

14

B3 - Harare*

12

D4

10

D8

8

D8 - Taunton†

6

D9

4

H1

2
0
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Epidemiological Week of Rash Onset / Specimen Collection, 2014

Epidemiological weeks are assigned in accordance with WHO guidelines (WHO.WER.2012;9(87):73) with week one beginning on the first Monday of the
year.
*Genotype B3 sequences identical to sequence variant MVi/Harare.ZWE/38.09 (GenBank accession number JF973033).
†Genotype D8 sequences identical to sequence variant MVs/Taunton.GBR/27.12 (GenBank accession number JX984461).

Measles genotype B3 was circulating globally and was reported in over 40 countries in 2014 (18). In Canada, it
was detected in 65 cases; 58.5% (n=38) of which were associated with 12 outbreaks (Appendix). It was most
frequently imported from the Philippines (n=16) but was also identified in cases with travel history to USA (n=1),
Europe (n=1), Pakistan (n=1) and Thailand (n=1). Fifty-five of the 65 genotype B3 N-450 sequences were
identical to MVi/Harare.ZWE/38.09 (GenBank accession number JF973033), also known as the B3-Harare
sequence variant (Figure 3). This sequence variant was reported globally and frequently linked with the
Philippines, where there was a large outbreak in 2014 (GenBank accession number KJ634500). All Canadian
cases with travel history to the Philippines had N-450 sequences identical to the B3-Harare sequence variant
(n=13) or differed only by one nucleotide (99.8% identical, n=3). B3 sequence variants imported from places other
than the Philippines differed from the B3-Harare sequence variant by one (99.8% identical, imported from USA,
n=1), two (99.6% identical, imported from Thailand, n=1) or three nucleotides (99.3% identical, imported from
Pakistan, n=1), providing laboratory confirmation that they were indeed unrelated measles events, imported from
multiple sources.
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Figure 3: Phylogenetic tree of measles N-450 sequences detected in Canada in 2014 (n=111)

LEGEND:
Relevant WHO reference sequences (13) are shown in bold, italic font. Sequence variants, assigned in the WHO measles sequence database (MeaNS) (20),
are shown in italics. Canadian sequences are shown in regular font and are identified by their WHO name which indicates province and week of rash onset or
specimen collection. Cases with travel history are identified with “ex:<3 letter country code>.” Outbreaks are represented by a single sequence and are
tagged with their outbreak number (Appendix). The number of identical sequences identified in the outbreak is provided in brackets. The remaining
sequences (without an outbreak number listed) are from sporadic cases (n=31).

Measles genotype D8 was detected in 36 cases; 88.9% (n=32) of which were associated with four outbreaks
including the large outbreak in BC (Appendix). Nearly all of the N-450 sequences (n=35) (many of which were
associated with three outbreaks) were identical to the MVs/Taunton.GBR/27.12 sequence variant (GenBank
accession number JX984461) (Figure 3). Globally, this genotype D8 sequence variant had been associated with
a large, long-lasting outbreak in the Netherlands that began in 2013 (19). A second strain of genotype D8 was
identified in 2014, associated with a small outbreak originating from India, where genotype D8 is endemic (20)
(Figure 3, Appendix).
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Outbreaks that were reported ranged in size from two to 325 cases (median: three cases). The majority (72.2%)
of outbreaks were two generations or less and the median duration was 15 days (two generations). Reported
outbreaks were determined to be genotypes B3 (n=12), D8 (n=4), D4 (n=1) and D9 (n=1).
The vast majority (84.4%, n=325) of outbreak-related cases occurred during a large outbreak of measles in British
Columbia. This outbreak occurred in a non-immunizing religious community, where it is suspected that the source
of the virus was an undocumented importation from the Netherlands, the location of a concurrent outbreak (19) in
a religious community with historic precedent for importation of vaccine preventable diseases into Canada
(1,21,22). This outbreak occurred predominantly among those aged five to 14 years. Further analysis of this
outbreak is described elsewhere (8).

Canadian measles in the global context
Among the 418 measles cases reported in 2014, 6.0% (n=25) were imported. The majority of importations
acquired disease in the Western Pacific region (the Philippines [n=18], China [n=1]), followed by the South East
Asian region (India [n=2], Thailand [n=1]), the Eastern Mediterranean region (Pakistan [n=1]), the European
region (Italy/ Netherlands [n=1]) and the Region of the Americas (United States [n=1]). The Philippines
experienced a significant outbreak of measles in 2014, presumably a driver of the volume of importations that
Canada experienced in that year.
Of the 25 reported importations, only nine (originating from the Philippines [n= 6], India [n=2] and Thailand [n=1]),
are known to have resulted in secondary spread. All of the reported importations were individuals whose country
of usual residence was Canada, who acquired measles during travel and were infectious following their return to
Canada. Further, importations were distributed across almost every age group, but were most commonly reported
among those aged less than one year or 15 to 19 years (16%, n=4 each).

Maintenance of measles elimination
PAHO has established four essential criteria for the ongoing verification of measles elimination (9). Canada met or
partially met all of these criteria in 2014 (Table 4).

Table 4: 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 3 years from
the last known endemic case in
the presence of high-quality
surveillance

Maintain high-quality
surveillance sensitive enough to
detect imported and importrelated cases

Verify the absence of endemic
measles virus strains through
viral surveillance

Indicator
Zero cases of
endemic transmission

Description
Criterion met
Canada achieved measles elimination status in 1998. Since
then, molecular and epidemiological surveillance continues to
demonstrate that no viral strain has circulated for a period of
one year or more in Canada.

> 2 suspect cases per
100,000 population
adequately
investigated

Measles genotype
assessed in 80% of
outbreaks

Previously-presented evidence supporting the verification of
interruption of endemic measles in Canada from 1998 to
2013 is available online (1, 2, 3).
Criterion partially met
As only confirmed cases of measles are nationally notifiable
in Canada, this indicator cannot be directly assessed.
However, using data obtained by the Measles and Rubella
Surveillance Pilot Project, the national rate of measles-like
illness investigation rate was estimated to be between 12 per
100,000 population (2006, non-outbreak year) and 19 per
100,000 population (2011, outbreak year).
Criterion met
At least one case was genotyped for 100% of outbreaks in
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2014.
Verify adequate immunization
in the population

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

Criterion partially met
A national immunization registry does not currently exist in
Canada; therefore this criterion cannot be directly assessed.
However, the 2011 Childhood National Immunization
Coverage Survey estimated first dose MCV coverage among
2 year olds to be 95.2% and second dose MCV coverage
among 7 year olds to be 94.9% (7). However, note that these
are average values; coverage is heterogeneous and will be
higher in some areas and lower in others

Discussion
During 2014, there were 418 confirmed cases of measles reported in Canada, the second-highest total since
measles elimination was achieved in 1998. In large part however, these cases were attributable to an outbreak in
a non-immunizing religious community (8). Notably, the majority (72.2%) of outbreaks in 2014 were limited to two
generations or less, with the median duration for an outbreak being 15 days (two generations). This suggests that
these events were well-controlled by a combination of high immunization coverage rates and interventions
implemented by public health.
The burden of measles was highest among those aged five to 14 years in terms of the incidence of disease,
corresponding to the age group distribution of cases reported during an outbreak in British Columbia in a nonimmunizing religious community. However, the burden was also appreciable for those aged less than one year
and 40 to 59 years, with respect to morbidity (i.e., hospitalization). Given the limitations of morbidity data captured
by CMRSS and MARS and the absence of mortality data, this is an incomplete representation of the true burden
of disease caused by measles in Canada.
Five genotypes (B3, D8, D9, H1 and D4) were detected in 2014, imported from every WHO region except the
African region. While Canada achieved measles elimination status in 1998, importations of measles will continue
to occur as the virus circulates widely in other countries. According to the WHO, over 201,000 confirmed cases of
measles were reported worldwide in 2014, primarily in the Western Pacific region (23). The United States also
reported the highest yearly total of measles cases since they achieved elimination in 2000 (24). Global travel
coupled with significant outbreaks in other areas of the world can increase the risk of importation and
subsequently the opportunity for the spread of measles within Canada. Large domestic outbreaks, such as the
one reported by British Columbia, highlight areas for improvement in population-level immunity and the ongoing
importance of maintaining high immunization coverage with MCV.
As in previous years, Canada met or partially met all of the criteria for verification of measles elimination set out
by PAHO. Genotyping was completed for 98% of unique measles events in 2014. Molecular methods continue to
play a key role in supporting epidemiologic surveillance for the criteria Canada met in 2014: verifying 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 and verifying the absence of endemic measles virus strains through viral
surveillance. The criteria Canada partially met (maintaining high-quality surveillance sensitive enough to detect
imported and import-related cases and verifying adequate immunization in the population) present opportunities to
strengthen current activities related to Canada’s ongoing commitment to measles elimination, summarized
elsewhere (25).

Limitations
Measles-related mortalities are not currently captured by CMRSS or MARS. However, it is likely that death
following acute measles infection would be described by alternative sources of information (e.g., Statistics
Canada’s Vital Statistics or the media). While limited morbidity data are available, detailed information such as
duration of hospitalization or the nature and severity of any complication are not currently described by CMRSS or
MARS.
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Immunization status could not be assessed for 14.4% (n=60) of cases. Further, immunization status for cases
aged one to six years was defined using the current provincial or territorial schedule which differs across
jurisdictions. While this respects the health context in which the case occurred, it differentiates between similar
individuals based on a factor that may not contribute to their vulnerability to measles.

Conclusion
Despite significant measles activity in 2014, Canada continues to provide strong evidence for maintained measles
elimination status.
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Appendix: Summary of measles outbreaks in Canada, ordered by earliest date of rash onset, 2014
#

Prov.

No.
of
cases

Duration (in
days)
(Generations)

Genotype

10

32
(3)

B3 –
Harare*

2

14
(2)

B3 –
Harare*

3

4
(1)

B3 –
Harare*

Description


1

SK




2

3

BC

AB






4

BC

325

107
(9)

D8 Taunton†





5

ON

4

26
(3)

B3 –
Harare*



The index case was an importation from the Philippines
in an unimmunized Canadian traveller.
Subsequent spread was reported among contacts in a
variety of settings.
The index case in this outbreak had an unknown source
of exposure.
The secondary case was epidemiologically linked to the
index case.
The primary case was not identified.
This cluster of three cases were presumed to have
shared a common source of exposure based on their
dates of rash onset.
The primary case was not reported, but was believed to
have been an importation from the Netherlands.
Subsequent spread occurred within a non-immunizing
religious community primarily in a school-based setting.
Very few cases related to this outbreak were reported
outside of the religious community.
The index case in this outbreak was an importation from
the Philippines in an unimmunized child.
The secondary cases were household and school
contacts.

168 | CCDR – July 2, 2015 • Volume 41-7

6

ON



12
(2)

B3

3

19
(2)

B3 –
Harare*

B3 –
Harare*

2




7

ON




8

MB

2

15
(2)

9

MB

2

21
(2)

B3 –
Harare*

2

5
(1)

D8 Taunton†

4

27
(3)

B3

9

53
(5)

B3 –
Harare*

10

AB








11

AB




12

AB



13

ON

5

12
(1)

D9

14

MB

2

13
(2)

D4






15

SK

5

9
(2)

D8 Taunton†




The index case in this outbreak was an importation from
Thailand in an immunized Canadian traveller.
The secondary case was a household contact of the case.
The index case in this outbreak was an importation from
the Philippines, who also travelled to China.
The two secondary cases were exposed to measles in a
health care setting.
The index case in this outbreak had an unknown source
of exposure.
The secondary case was a close household contact of the
index case.
The index case in this outbreak had an unknown source
of exposure.
The secondary case was exposed in a healthcare setting.
The primary case for this outbreak was unknown.
The two reported cases were epidemiologically linked
and were presumed to have a common source of
exposure.
The index case was an importation from the Philippines
in an unimmunized Canadian.
The secondary cases were import-related,
epidemiologically-linked cases in the same health unit.
This event includes two simultaneous importations from
the Philippines (recent immigrants who travelled
together).
The secondary cases were import-related cases.
The index case was a visitor from China epidemiologically
linked to an ongoing outbreak there.
All five cases were epidemiologically linked to this one
visitor.
The index case in this outbreak was imported from India.
The secondary case had a weak epi-link to the index
case.
The primary case for this event was not identified, but is
presumed to be the common source of exposure for the
reported cases.
The reported cases compose two clusters with no travel
or source of exposure identified.
The index case in this outbreak was an importation from
India.
The secondary case was epidemiologically linked to the
index case.

16

AB

2

13
(2)

17

BC

2

18
(2)

B3 –
Harare*




The index case had an unknown source of exposure.
The secondary case was exposed in a health care setting.

18

BC

2

9
(2)

B3 –
Harare*




The index case had an unknown source of exposure.
The secondary case was a household contact.

D8



*Genotype B3 sequences identical to sequence variant MVi/Harare.ZWE/38.09 (GenBank accession number JF973033).
†Genotype D8 sequences identical to sequence variant MVs/Taunton.GBR/27.12 (GenBank accession number JX984461).

