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Abstract 
Objective: The purpose of this report is to provide a summary of the pertussis activity in Canada. 

Methods: A descriptive analysis of pertussis incidence by year, age group, gender and province/territory was 

conducted using national surveillance data, clinical administrative data and vital statistics data. 

Results: Pertussis is an endemic cyclical disease in Canada with peaks in activity occurring every 2 to 5 years. 

Canada has experienced a decline in pertussis activity following the introduction of routine pertussis immunization 

programs. The incidence of pertussis is highest in infants and children. Hospitalization and mortality are more 

common among infants, particularly those less than three months of age. Trends in pertussis vary by province 

and territory. Canada experienced a notable increase in incidence in 2012. Reasons for this increase are 

unknown. 

Conclusion: Our understanding of the epidemiology of pertussis in Canada could be enhanced by improved 

approaches for monitoring the disease. Although the peak in activity observed in 2012 could be an isolated event, 

further work to support outbreak response in provinces and territories, including rapid research tools and 

resources, should be considered. 

Introduction 
In Canada, pertussis has been under national surveillance since 1924 and a target of childhood immunization 

programs since 1943. Infant, child, adolescent, and adult routine immunization programs exist across Canada, 

with notable differences in the vaccine product used and schedule of immunization, depending on the 

province/territory
1
. The introduction of childhood immunization programs contributed to a significant reduction in

disease; however, pertussis remains one of the most commonly reported vaccine preventable diseases in 

Canada. In early 2012, the Public Health Agency of Canada (the Agency) received reports of increased pertussis 

activity in multiple jurisdictions which prompted a review of Canadian pertussis data. The purpose of this report is 

to provide a summary of pertussis activity in Canada since it became notifiable with an emphasis on more recent 

activity. 
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Methods 

DATA SOURCES 

National Case Reports 
Nationally reported confirmed cases of pertussis from 1924 to 2011 were extracted from the Canadian Notifiable 

Diseases Surveillance System (CNDSS) database in March 2013
2
. National pertussis case definitions were 

published in 1991
3
, 2000

4 
and 2009

5
. Prior to 2000, a confirmed case of pertussis required isolation of Bordetella 

pertussis and presence of clinically compatible symptoms. Between 2000 and 2008 the case definition required 

laboratory confirmation (via culture from an appropriate clinical specimen or detection of DNA) or an 

epidemiological link to a laboratory confirmed cases and one of a list of clinical symptoms. In 2009, the case 

definition was further refined to require those cases in which B. pertussis DNA was detected to also have clinically 

compatible symptoms. Confirmed pertussis cases for 2012 were obtained directly from the provinces and 

territories in March 2013 by the Agency’s Centre for Immunization and Respiratory Infectious Diseases, and are 

preliminary. 

Hospitalizations  
Pertussis cases reported through the Canadian Immunization Monitoring Program Active (IMPACT) from 1991 to 

2012 were extracted from the IMPACT database in April 2013
6
. Data for 2012 are preliminary. IMPACT has 

provided enhanced data on pediatric pertussis cases treated at tertiary care centres in Canada to the Agency 

since 1991, initially from 5 centers and then expanded to 10 centers in 1993, 11 centers in 1995 and 12 centers in 

1999.  

Data on pertussis-related acute care hospitalizations from 1995 to 2010 were extracted from the Canadian 

Institute for Health Information’s (CIHI) Hospital Morbidity Database (HMD) in June 2013.These dates were 

selected as the data sets were complete for each year. Pertussis hospitalizations were defined as those with the 

International Classification of Diseases (ICD) version 9 or 10 discharge diagnoses (all diagnosis levels) 

corresponding to pertussis (0330, 0339, 4843, A370 or A379). Exclusion criteria included hospital transfers and 

readmissions, with readmissions defined as hospitalizations which occurred <1 year apart. 

Vital Statistics 
Mortality data were obtained from the Death Database, a national mortality database which includes demographic 

and medical (underlying cause of death) information collected annually from all provincial and territorial vital 

statistics registries on all deaths in Canada
7
. Deaths with an underlying cause of pertussis were identified using 

the same ICD codes listed above. 

Analysis 
A descriptive analysis of pertussis incidence by year, age group, gender and province/territory was conducted. 

Population data for the calculation of rates was obtained from Statistics Canada
8
. Data sent to CNDSS are 

aggregated by age group, therefore the calculation of age-specific rates were limited to the following age groups 

in years <1, 1-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-39, 40-59, and 60 and over. Confirmed case rates are given 

per 100,000 population. Provinces/territories that were not able to report case counts were removed from the 

denominator for the corresponding year. Annual percent change was used to describe changes in reporting rates 

over time. Incidence rate ratios were calculated to examine gender differences. 

Results 
Annual Incidence 
In the five years prior to vaccine introduction, the average incidence of pertussis was 156 cases per 100,000 

population. After vaccine introduction, the incidence decreased to a mean annual low of 7 cases per 100,000 

population from 1984 to 1988 (Figure 1). A resurgence of pertussis was observed beginning in 1989/90 which 

peaked at 34.9 cases per 100,000 in 1994. After 1998, incidence declined to the lowest incidence recorded in 

Canada at 2 cases per 100 000 in 2011. A seven-fold increase in national incidence to 13.9 per 100,000 was 
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observed in 2012. Observing trends over time, peaks in activity occurred every 2 to 5 years. These peaks have 

become less obvious as incidence of disease has decreased. 

Figure 1. Reported cases and incidence rate (per 100,000 population) of Pertussis in Canada by year, 1924 to 
2012* 

 

 

*Case data from 1924 to 2011 were obtained from the Canadian Notifiable Diseases Surveillance System. Case data for 
2012 were obtained directly from provinces and territories by CIRID and are preliminary. PEI did not report 1924-1928; 
Newfoundland did not report until 1949; Yukon did not report 1924-1955; Northwest Territories did not report 1924-1958; 
Nunavut data for 1999 are only partial, for 2007 & 2009 are missing, and for 2008, 2010-2011 are preliminary. Population 
data (July 1st annual estimates) were obtained from Statistics Canada. 

In general, trends in pertussis hospitalization data were similar to those observed in notifiable disease reports 

(Figure 2). National case reports and acute care hospitalizations decreased by 92% from 1995 to 2010; case 

reports from 9308 (31.8 per 100,000) in 1995 to 748 (2.2 per 100,000) in 2010, and HMD hospitalizations from 

2,016 (6.8 per 100,000) in 1995 to 168 (0.5 per 100,000) in 2010. In this same time frame, IMPACT 

hospitalizations decreased by 82% from 264 in 1995 to 48 in 2010. Peaks in activity in 1998 and minor increases 

in 2002 and 2008 were observed across all data sources. However, minor increases in hospital admissions were 

also observed in 2004 (HMD: 16%; IMPACT: 65%) and 2009 (HMD: 20%; IMPACT: 26%) while case reports 

declined in these years from the preceding year by 4% and 18% respectively. As with national case reports, 

cases reported through IMPACT hospitals increased in 2012, but not as dramatically as the national incidence 

rate of disease (2-fold increase). 
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Figure 2. Number of reported cases and hospitalizations for pertussis in Canada by year, 1995 to 2012* 

 

*Case data from 1995 to 2011 were obtained from the Canadian Notifiable Diseases Surveillance System. Case data for 
2012 were obtained directly from provinces and territories by CIRID and are preliminary. Nunavut data for 1999 are only 
partial, for 2007 & 2009 are missing, and for 2008, 2010-2011 are preliminary; IMPACT data for 2012 are preliminary. 

Age Distribution 
The incidence of pertussis is highest in infants and children, and decreases sharply in those older than 14 years 

(Figure 3). The highest mean incidence rates from 2005 to 2011 were 72.2 cases per 100,000 population among 

infants less than 1 year of age (mean: 261 cases per year), 25.6 cases per 100,000 population among 1 to 4 year 

olds (mean: 362 cases per year), and 16.0 cases per 100,000 population among 10 to 14 year olds (mean: 328 

cases per year). Comparatively, the mean incidence of pertussis among all individuals 15 years and greater from 

2005 to 2011 was 1.6 cases per 100,000 population (mean: 428 cases per year).  

Between 2005 and 2011, the incidence of pertussis decreased in all age groups, most notably among those aged 

10 to14 years (84% decrease) and those aged 15 to 19 years of age (81% decrease). In 2012, increases in 

incidence were observed across all age groups nationally with the highest incidence rates in those less than one 

year (120.8 per 100,000; n=460) and those 10-14 years of age (64.1 per 100,000; n=1203). The highest incidence 

rates in the majority of provinces/territories were within age groups below 15 years of age. 
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Figure 3. Incidence rate (per 100,000 population) of pertussis reports in Canada by age group (in years) and 
year, 1980 to 2012* 

 

*Case data from 1980 to 2011 were obtained from the Canadian Notifiable Diseases Surveillance System. Case data for 

2012 were obtained directly from provinces and territories by CIRID and are preliminary. Nunavut data for 1999 are only 
partial, for 2007 & 2009 are missing, and for 2008, 2010-2011 are preliminary. Population data (July 1st annual estimates) 
was obtained from Statistics Canada and uses. 

Fluctuations in the proportion of pertussis cases by age group have occurred in the last twenty years, particularly 

among children aged 1 to 9 years and adolescents aged 10 to 19 years (Figure 4). During the 1990s, the highest 

proportion of cases occurred in the 1 to 9 year age groups (mean: 62% per year). Between 2000 and 2005, the 

proportion of cases in adolescent age groups (i.e. 10 to 19 years) increased and was on average 42% of cases 

per year, while the proportion of cases among those 1 to 9 decreased to an average of 30% per year. Between 

2006 and 2011, cases 10 to 19 years of age decreased (mean: 23% per year), while the number of cases 1 to 9 

years increased marginally (mean: 38% per year). As these larger shifts occurred, minor increases occurred in 

infants (<1 year) and adults (20 years and older) from respective annual means of 12% and 10% of cases in the 

1990s, to 18% and 21% of cases between 2006 and 2011. In 2012, 10% of cases were less than one, 32% were 

between 1 to 9 years, 31% were between 10 and 19 years and 27% were 20 years or older.  

In contrast, the age distribution of acute care hospitalized cases has not varied considerably over time with the 

proportion of hospitalizations consistently highest among children less than one. Between 1995 and 2010, on 

average each year, a total of 69% of pertussis-related admissions were among those less than 1 (range: 59 to 

78%). Of those less than one, the majority of admissions occurred in young infants with an annual mean of 62% 

cases under the age of 3 months (range: 49 to 71%). 
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Figure 4. Age distribution of pertussis cases in Canada, 1990 to 2012* 

*Case data from 1990 to 2011 were obtained from the Canadian Notifiable Diseases Surveillance System. Case data for 
2012 were obtained directly from provinces and territories by CIRID and are preliminary. Nunavut data for 1999 are only 
partial, for 2007 & 2009 are missing, and for 2008, 2010-2011 are preliminary. 

Gender Distribution 
From 1990 to 2012, the number of nationally reported pertussis cases and incidence rate has been consistently 

higher among females in all age groups. During this time period, the annual median male to female ratio in 

incidence rate was 0.87:1 (range: 0.81:1 to 0.96:1). Females made up on average 54.0% of cases, males 45.8% 

of cases, and 0.2% had an unknown gender each year. Similarly, between 1995 and 2010, the median male to 

female ratio in the incidence rate of hospitalization was 0.89:1 (range: 0.73:1 to 1.05:1) and on average, each 

year, females made up 53.5% of cases. 

Geographic Distribution 
Asynchrony in the timing and geographic focus of 2-5 year cyclical pertussis peaks is expected. Although Canada 

experienced an overall decline in pertussis incidence from the late 1990s to 2011, the timing, magnitude and 

overall trend in decreased activity varied across the provinces and territories (Figure 5). From 1995 to 2011, 

peaks in laboratory-confirmed pertussis notifications were observed, with the highest incidence by province 

across this period variously occurring in 1995 (Manitoba, Ontario, New Brunswick and Nova Scotia), 1996 

(Alberta), 1997 (Prince Edward Island), 1998 (Quebec), 1999 (Saskatchewan, Newfoundland, Northwest 

Territories and Nunavut) or 2000 (British Columbia and Yukon). The absolute difference between the highest and 

lowest incidence rates within a province/territory during this time, ranged from 18 cases per 100,000 to a much 

larger difference of 489 cases per 100,000, with large fluctuations more common in jurisdictions with smaller 

populations. From provincial-/territorial-specific peaks to 2011, each province and territory experienced a decline 

of more than 75% in incidence with the vast majority seeing decreases exceeding 90%.  

National increases in incidence are typically the result of peaks observed in multiple jurisdictions. The national 

increase observed in 1998 was due to increased activity experienced in Manitoba, Ontario, Quebec and New 

Brunswick. This was also the case in 2012, when increases in incidence relative to 2011 were observed in 9 of 

the 13 provinces and territories. At the provincial/territorial level, these increases ranged from a negligible 0.7 

cases per 100,000 to a more substantial 152 cases per 100,000. Within jurisdictions that experienced substantial 

increases, causes varied from province-wide outbreaks, to regional outbreaks, to localized outbreaks. The most 

notable increase in activity was observed in New Brunswick, due to a province-wide outbreak that accounted for 

approximately one-third of the national case count in 2012. 
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Figure 5. Trends in annual incidence of pertussis (per 
100,000 population) by province/territory, 1995 to 2012  

 

Mortality 
From 2000 to 2009, Statistics Canada reported a 

total of six deaths with pertussis listed as the 

underlying cause of death. Between zero and 

two deaths occurred each year and all deaths 

were reported in infants less than one year of age. 

However, this is likely an underestimation of the 

total deaths associated with pertussis in Canada. 

According to data from IMPACT, from 2000 to 2009, 

11 of the 858 reported pertussis cases identified 

through IMPACT died (1.2%). From 1991 to 2012, 

30 deaths have been reported through IMPACT, 

with the number ranging from zero to four per year 

(Figure 6). The majority of deaths occurred in infants 

less than 2 month of age (78%). All deaths, except 

for one, occurred in infants with no previous 

pertussis immunizations and 78% of deaths were in 

children considered previously healthy. Causes of 

death included respiratory distress/failure, 

pneumonia, hypoxia, pulmonary hypertension, 

pulmonary hemorrhage, fulminant septic shock, 

cardiovascular failure, and acute arrhythmia. 

  

*Case data from 1995 to 2011 were obtained from the 
Canadian Notifiable Diseases Surveillance System. Case 
data for 2012 were obtained directly from provinces and 
territories by CIRID and are preliminary. Nunavut data for 
1999 are only partial, for 2007 & 2009 are missing, and for 
2008, 2010-2011 are preliminary; Population data (July 1st 
annual estimates) were obtained from Statistics Canada. 
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Figure 6. The number of pertussis cases and deaths, IMPACT, 1991 to 2012* 

*Data for 2012 are preliminary. 

Discussion 
Pertussis is an endemic cyclical disease in Canada with peaks in activity occurring every 2 to 5 years. Although 

resurgence was observed in the 1990s, overall, Canada has experienced a decline in pertussis activity following 

the introduction of routine pertussis immunization programs. This was first observed with the introduction of the 

whole cell vaccine in 1943, followed by the introduction of the acellular vaccine in 1997/98 and lastly, between 

2005 and 2011 after the introduction of adolescent immunization programs across the country
9
. As previously 

noted, the resurgence observed in the 1990s was likely due to a combination of factors, including the low efficacy 

of the whole-cell vaccine introduced between 1981 and 1985, as well as increased physician awareness and 

improved diagnostics and reporting of pertussis infection
10

. From a geographic perspective, all provinces and 

territories experienced a decline in the incidence in pertussis in the seven years prior to 2012; however, trends in 

disease were unique to each jurisdiction in terms of timing and magnitude of cyclical peaks.  

The incidence of pertussis is consistently highest among infants, as are hospitalization and death, particularly 

among those 3 months of age or less. This group is of particular interest as they are too young to benefit directly 

from immunizations. Different approaches have been tried which include cocooning and immunization of pregnant 

women to allow for passive immunity to the infant
11,12,13

. Canada’s National Advisory Committee on Immunization 

has recommended immunization in pregnancy if there is a regional outbreak of pertussis
14

. 

The increase in incidence observed in 2012 was due to outbreaks in several jurisdictions across the country. 

Increases in incidence were observed across all age groups nationally with the highest incidence rates in those 

less than one. However, age groups most affected varied by province/territory. As with national case reports, 

cases reported through IMPACT hospitals increased in 2012, but not as dramatically which could suggest that the 

increase in cases was not associated with increasing severity. 

Increases in pertussis activity have also recently occurred in other countries with several reasons for increases 

proposed in the literature, including waning immunity
15

, reduced natural immune boosting
16

, higher rates of 

detection
17

, genetic changes in the bacteria
18

, as well as clustering of unvaccinated individuals
19

. Based on 

nationally available data, it’s difficult to determine the contributing factors for the increases observed in Canada in 

2012. At present, data collected at the national level is minimal, often in an aggregate format that does not include 

the immunization history of cases. The National Microbiology Laboratory does not currently conduct routine 

surveillance of circulating pertussis strains. According to the validated results of the 2009 childhood National 

Immunization Coverage Surveys, immunization coverage is high; 98% for four or more doses in two year olds and 
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89% for five or more doses among seven year olds
20

. However, evaluations of specific immunization programs 

and coverage within populations and sub-populations in Canada have yet to be done in a systematic way. 

Limitations 
Due to the passive nature of CNDSS, reported cases are expected to be underestimates of the true burden of 

disease, particularly among adolescents and adults. It is likely that the incidence of pertussis is actually higher 

among adults than reported, as symptoms are generally milder, and testing for B. pertussis among adults with 

persistent cough is infrequent. In addition, the pertussis-related hospitalizations identified in the HMD are coded 

based on the physician’s diagnosis as it appears in the medical chart and do not necessarily match the national 

case definition (e.g. may not be based on laboratory results). As a result, the number of pertussis-related acute 

care hospitalizations featured in this report could be an overestimate of the actual burden.  

Conclusion 
In conclusion, our understanding of the epidemiology of pertussis in Canada could be enhanced by improved 

approaches for monitoring the disease. National pertussis surveillance that also captures vaccine history, 

microbiological characteristics and indication of outbreaks, may yield answers that can inform public health action. 

Although the peak in activity observed in 2012 could be an isolated event, further work to support outbreak 

response in provinces and territories, including rapid research tools and resources, should be considered. 
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