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Abstract

Background: Pertussis, also known as whooping cough, is an endemic vaccine-preventable 
disease that affects the respiratory tract and is caused by the bacterium Bordetella pertussis. 
Between 1999 and 2004, the adolescent booster dose of pertussis was introduced across 
Canada. This report describes the epidemiology of pertussis in Canada from 2005 to 2019, the 
period after adolescent acellular vaccination was recommended.

Methods: We analyzed pertussis incidence by year, age groups, sex and geographic region 
using national surveillance data from the Canadian Notifiable Disease Surveillance System. 
Hospitalization data from the Discharge Abstract Database was used to investigate pertussis 
hospitalizations by sex and age. Deaths from pertussis were explored using Statistics Canada’s 
vital statistics data. Vaccination coverage data was gathered from the 2019 Childhood National 
Immunization Coverage Survey and 2018–2019 Seasonal Influenza Vaccination Coverage 
Survey.

Results: Between 2005 and 2019, there were a total of 33,481 pertussis cases with the average 
annual incidence rate of 6.4 cases per 100,000 population. The highest average age-specific 
incidence rate was among infants under one year of age (n=68.7 cases per 100,000 population). 
There were a total of 1,593 pertussis hospitalizations; nearly 80% of these hospitalizations 
were infants under one year of age. Hospitalization rates were 8.2 times higher in infants three 
months or younger compared to infants four to 11 months of age. There were 17 deaths; all 
among infants under one year of age.

Conclusion: The highest morbidity and fatality of pertussis were among infants under one year 
of age. It is important to take measures to reduce transmission to infants who are too young to 
be vaccinated. Increasing vaccine coverage in children and pregnant women are important to 
reduce the burden of disease.
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Introduction

Pertussis, also known as whooping cough, is an infectious 
disease affecting the respiratory tract and is caused by the 
bacterium Bordetella pertussis (1). Although pertussis is a 
vaccine-preventable disease, it is endemic worldwide, including 
in Canada. Pertussis has been under national surveillance in 
Canada since 1924. Since 1943, national childhood vaccination 
programs have been available and have contributed to a 
significant reduction in the incidence of pertussis (1). Currently, 
there are publicly funded routine vaccination programs for 
infants, adolescents, pregnant women and adults across Canada; 

however, there are differences in vaccine products administered 
and the recommended vaccination schedules between some 
provinces and territories (2,3). Between 1999 and 2004, the 
adolescent booster dose of pertussis, at 14 to 16 years of 
age, was introduced across Canada (4). In 2018, the National 
Advisory Committee for Immunization recommended a dose 
of the tetanus, diphtheria and pertussis (Tdap) vaccination be 
offered with every pregnancy, as immunization during pregnancy 
is a method to provide passive protection through antibody 
transfer to the infant (5). The purpose of this report is to provide 
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a summary of the epidemiology of pertussis in Canada between 
2005 and 2019; the period following the implementation of the 
adolescent acellular pertussis vaccination programs.

Methods

National case reports
Nationally reported confirmed cases of pertussis from 2005 to 
2019 were extracted from the Canadian Notifiable Diseases 
Surveillance System (CNDSS) database in June 2021 (6). National 
pertussis case definitions were updated in 2009 (7). Between 
2000 and 2008, a confirmed pertussis case was defined as 
laboratory confirmation of infection or an epidemiological link 
to a laboratory-confirmed cases and the presentation of at least 
one of a list of clinical symptoms (8). In 2009, the case definition 
was further refined to require those cases in which B. pertussis 
deoxyribonucleic acid was detected to also have clinically 
compatible symptoms (7).

Hospitalizations
Hospitalization data from 2005 to 2019 were obtained from the 
Canadian Institute for Health Information’s Discharge Abstract 
Database (DAD) and were extracted in November 2021 (9). 
The International Classification of Diseases, Tenth Modification 
(ICD-10) was used for coding diagnoses. Records in DAD with 
the most responsible diagnosis code of either A37.0 (Whooping 
cough due to Bordetella pertussis) or A37.9 (Whooping cough, 
unspecified) were included. Hospital transfers and readmissions 
that occurred within six weeks of admission were excluded. The 
DAD includes pertussis hospitalizations of all acute hospital 
discharges in Canada, with the exception of Québec (9).

Deaths
Mortality data were obtained from Statistics Canada’s Death 
Database; a national mortality database collected annually (10). 
Deaths with an underlying cause of pertussis were identified 
using the same ICD-10 codes listed above.

Vaccinations
The 2019 Childhood National Immunization Coverage Survey 
was used to obtain national childhood vaccination coverage 
data. This survey is conducted on a biennial basis by Statistics 
Canada on behalf of the Public Health Agency of Canada to 
estimate national uptake for all publicly funded routine childhood 
vaccinations, including tetanus, diphtheria and acellular 
pertussis vaccines (11). The 2019 survey included the Survey on 
Vaccination during Pregnancy, in which the biological mothers of 
children born from September 1, 2018, to March 1, 2019, were 
surveyed regarding pertussis vaccination during their pregnancy 
(12). National adult vaccination coverage estimates were from 
the 2018–2019 Seasonal Influenza Vaccination Coverage Survey, 
which includes adult vaccination coverage for the TdaP vaccine 
booster (13).

Analysis
Incidence rates and hospitalization rates of pertussis were 
calculated per 100,000 population using Statistics Canada 
population data (14). To explore geographic distributions, 
Canada was divided into four main regions—Northern, 
Atlantic, Western and Central. The Northern region included 
Yukon, Northwest Territories and Nunavut. The Atlantic region 
included New Brunswick, Nova Scotia, Prince Edward Island 
and Newfoundland and Labrador. The Western region included 
British Columbia, Alberta, Saskatchewan and Manitoba. 
Lastly, the Central region included Ontario and Québec. Age-
standardized incidence rates were used to compare geographic 
regions. These rates were calculated using the direct method 
with the 2011 Canadian population as the standard. Cases with 
missing age were excluded from the age standardization. Fewer 
than 2% of cases had missing ages.

As hospitalization numbers did not include the province of 
Québec, the proportion of cases hospitalized and hospitalization 
rates were calculated excluding the cases and population 
of Québec, respectively. For hospitalization rates of infants 
under one year of age, age groups were created in accordance 
with National Advisory Committee for Immunization’s 
recommendations to administer a pertussis vaccine at two, four, 
six and 12–23 months (15). Thus, the age groupings for infants 
under one year were as follows: under two months, two to three 
months, four to five months and six to 11 months. Population 
estimates for one-month interval ages for infants under one 
year of age were not available to calculate hospitalization rates; 
therefore, the denominator for each one-month age interval was 
estimated by dividing the population under one year of age by 
12, resulting in each infant contributing one month to the rate.

Negative binomial regression was used to estimate the 
association between rates, sex, age groups, and time periods. 
Statistical significance was considered at a confidence level of 
95%. All statistical analyses were conducted using SAS 9.4.

Results

Cases and incidence
From 2005 to 2019, a total of 33,481 cases of pertussis 
were reported, with an average annual incidence rate per 
100,000 population of 6.4 (range: 2.0 in 2011 to 13.4 in 2012) 
(Figure 1). Pertussis incidence peaked in the years 2012 and 
2015 to 2017. During this 15-year period, females accounted for 
an average of 54.2% of cases while males accounted for 45.7% 
of cases. The difference in incidence rates between sex was not 
statistically significant (p-value=0.40).
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Infants under one year of age had the highest average incidence 
rate per 100,000 population by age group (n=68.7) and 
accounted for 13.1% of cases. Following the under one year 
age group, the highest average annual incidence rates were 
among the one to four years of age (n=27.2), 10 to 14 years of 
age (n=24.0), and five to nine years of age (n=20.1). The average 
incidence rate was lower in the 15 to 19-year age group (n=6.3) 
and the lowest average rate was among adults over 20 years 
of age (n=2.1). The trends in pertussis incidence were similar in 
age groups covering children under 15 years of age, with peaks 
in 2012 and 2015–2017 (Figure 2). There were also peaks in 
incidence that were specific to age groups such as a peak in the 
years 2005 to 2009 for the under one-year age group and a peak 
in 2006 for the one to four-year age group.

Variations in pertussis age-standardized incidence among the 
four geographic regions of Canada were observed (Figure 3). 
The average annual age-standardized incidence of each region 
is not statistically different from the other regions nor from the 
national incidence. The age-standardized incidence rate per 
100,000 population of pertussis fluctuated less in the Central 
region, where the average was 5.4 (95% CI: 3.9–7.0) and the 
Western region, where the average was 7.8 (95% CI: 5.1–10.5). 
The greatest fluctuations in pertussis incidence and the highest 
peaks occurred in the Northern region, where the average was 
20.1 (95% CI: 2.7–37.5). The Atlantic region observed fairly 
steady incidence rates with an average incidence rate of 7.9 
(95% CI: -1.0–16.9), with the exception of 2012. In 2012, the 
Atlantic region observed a 55-fold increase in the incidence rate 
compared to the previous year when the region accounted for 
31% of the nation’s cases.

Hospitalizations
From 2005 to 2019, there were a total of 1,593 acute care 
pertussis hospitalizations, averaging 106.2 hospitalizations each 
year (range: 66 in 2019 to 173 in 2012) (Figure 4). The average 
hospitalization rate per 100,000 population was 0.4 per year 
(range: 0.2 in 2019 to 0.6 in 2012). Although case data from 
CNDSS and hospitalization data from DAD cannot be linked, 
the proportion of pertussis cases that were hospitalized was 
estimated as less than 10% for this 15-year period. The trends 
in hospitalizations followed the trends in pertussis cases as the 
peaks in hospitalization counts occurring in 2012 and 2015 to 
2017 coincided with the peaks in cases. During this period, 
females accounted for an average 57.7% of hospitalizations while 
males accounted for 48.5%; a difference that was not statistically 
significant (p-value=0.96).
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Figure 1: Reported cases and incidence rate, per 
100,000 population, of pertussis in Canada by year, 
2005–2019

Figure 2: Incidence rate, per 100,000 population, of 
pertussis reports in Canada by age groupa by year, 
2005–2019

a Age group in years

Figure 3: Trends in annual age-standardized incidence 
rate of pertussis, per 100,000 population, by 
geographic region and nationwide, 2005–2019
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Infants under one year of age accounted for over 80% of all 
hospitalizations and had an average hospitalization rate per 
100,000 population of 29.9 (range: 17.3 in 2019 to 48.6 in 2012). 
Focusing specifically on the under one year of age population, 
the hospitalization rate was 8.2 times higher (95% CI: 6.4–10.4; 
p-value <0.01) in infants under four months of age compared 
to infants four to 11 months of age over the 15-year period 
(Figure 5).

In 2019, following the 2018 recommendation for pertussis 
vaccination during pregnancy, there was a decline in 
hospitalization rates among younger infants, compared to the 
period of 2005 to 2018; the years before the recommendation. 
There was a two-fold decline in the hospitalization rate in 2019 
compared to the mean hospitalization rate in the period of 
2005 to 2018 among infants under two months of age (95% CI: 
1.1–3.4; p-value=0.02) and among infants between two and 
three months of age (95% CI: 1.3–4.0; p-value=0.01). In contrast, 

the decline was not significant among infants between four and 
five months of age (p-value=0.51) and six to 11 months of age 
(p-value=0.24).

Deaths
From 2005 to 2019, Statistics Canada reported 17 deaths with 
pertussis listed as the leading cause of death, with zero to three 
deaths reported each year. All 17 deaths were infants under one 
year of age. Nine deaths occurred in females (52.9%) and eight 
deaths in males (47.1%); a difference that was not significant 
(p-value=0.81).

Vaccination
The 2019 Canadian Childhood National Immunization Coverage 
Survey estimated the vaccine coverage rate for at least 
four doses of the tetanus, diphtheria, and pertussis vaccine 
administered by two years of age was 78%, for at least five doses 
by seven years was 78%, and for one booster dose by 17 years 
was 95% (11). This survey also revealed that, of the mothers who 
knew whether or not they had been vaccinated against pertussis 
during their pregnancy, 44% had been vaccinated (12). The 
coverage among adults was lower, with only 33% of adults over 
18 years of age having received a pertussis booster in adulthood, 
as estimated by the 2018–2019 Seasonal Influenza Vaccination 
Coverage Survey (13).

Discussion

Since the introduction of the pertussis vaccine and routine 
pertussis vaccination programs in Canada in 1943, the national 
incidence rate of pertussis decreased overall (16). Our study 
shows that since 2004, when the vaccination recommendation 
of at least one adult dose was introduced, there was not a 
steady increase or decrease in the pertussis incidence, but 
rather fluctuations with peaks on a national and regional level. 
Importantly, the greatest burden of pertussis was observed 
among the under one year of age population, which consistently 
had the highest annual incidence rate, accounting for nearly 80% 
of hospitalizations, and all 17 pertussis-related deaths during this 
15-year period. In contrast, adults over 20 years of age had the 
lowest annual incidence rate each year.

Sporadic peaks in pertussis incidence were observed in each 
geographic region. Although data available on pertussis cases 
does not include outbreak information, peaks in incidence in a 
geographic region can be connected to outbreaks occurring at 
a regional level. For example, in 2012, a 55-fold increase in the 
incidence rate in the Atlantic region was associated with a large 
outbreak declared in New Brunswick, involving 1,421 confirmed 
cases, in which 2% of the cases were hospitalized. Over half 
of the cases were among school-aged children, with the 10 to 
14-year-old age group followed by the five to nine-year-old age 
group having the highest age-specific incidence rates. Province-
wide school-based immunization campaigns were implemented 
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in spring and fall of 2012 to battle this large outbreak (17). From 
2005 to 2019, the highest regional peaks in incidence occurred in 
the Northern region, which can be attributed to large outbreaks 
that were further accentuated by the smaller population in the 
territories compared with the other geographic regions. The 
spike in incidence, in the Northern region in 2016 and 2017, 
was connected to a large outbreak in Nunavut occurring in 
May 2016 to April 2017, which spread to 11 communities with 
163 confirmed cases and a second smaller outbreak occurring 
in September to November of 2017 (6,18). Sporadic peak 
years in pertussis activity have been reported in other countries 
including the United States, Greece, Finland and Singapore, 
to name a few, in the past several decades (19,20). Studies 
have hypothesized that the cyclic nature of this disease could 
be attributable to low vaccination numbers, waning vaccine 
immunity and changes in Bordetella pertussis (21–23).

Hospitalization data obtained from DAD does not include 
the province of Québec. According to the Maintenance et 
exploitation des données pour l’étude de la clientèle hospitalière 
(Med-Echo), a clinical administrative Québec database, a total 
of 710 pertussis hospitalizations were recorded in Québec 
between April 1, 2006, and March 31, 2020 (24). During the 
same period, 1,448 hospitalizations were recorded in DAD. While 
the population of Québec accounts for about 23% of Canada’s 
population, approximately 33% of pertussis hospitalizations in 
Canada occurred in Québec during this study period and were 
not captured in this study.

The greatest burden of disease was among infants under one 
year of age. Hospitalization rates were over eight times higher in 
infants under four months of age than infants between four and 
11 months, which coincides with the first dose of the pertussis 
vaccine administered at two months of age. Three different 
studies, including a Canada-wide study by Desai et al. (25), a 
study covering British Columbia and Québec by Skowronski 
et al. (26) and a study in the United States by Masseria et al. (27), 
all reported similar findings showing pertussis hospitalizations 
were highest in infants under three months of age. The lower 
hospitalization rates among infants between four and 11 months 
of age, compared to infants under four months of age, can 
be attributed to less severe disease in older infants and to 
vaccinations. This highlights the importance of timely childhood 
immunization.

The 2019 national vaccination coverage estimates show that 
childhood vaccine uptake could be improved, as both childhood 
vaccine coverage goals of 95% coverage of four or more doses 
by two years of age and 95% coverage of five or more doses 
by seven years of age have not been reached (28). In contrast, 
the national coverage goal of 90% coverage for the adolescent 
booster by 17 years of age was met (11,28).

Adult vaccine coverage for pertussis in 2019 was also low, 
with only 33% of all adults having received a pertussis booster, 

which was the lowest among all vaccines covered by publicly 
funded programs, despite national recommendations to receive 
a booster dose of a pertussis-containing vaccine (13). Findings 
from a 2015 study surveying over 1,000 healthcare providers 
across Canada indicated low levels of knowledge among 
healthcare providers about Tdap recommendations in adults, 
resulting in a low likelihood of providing Tdap recommendations 
to patients in accordance with national recommendations (29). 
Although the incidence rate per 100,000 of pertussis among 
adults was low at 2.1, pertussis is a highly communicable disease 
resulting in a significant risk of transmission from infected adults 
to infants under one year of age who are at highest risk of 
pertussis-related complications, hospitalizations and death (1). 
This indicates a need to improve awareness of adult vaccinations 
among healthcare providers and the public to improve adult 
vaccination uptake. It is anticipated that higher vaccine coverage 
among children and adults could decrease pertussis activity 
within the vaccinated population and also decrease transmission 
of infection to young infants who are unimmunized and have the 
greatest morbidity and mortality from the disease (30).

In February 2018, Tdap vaccination was recommended in every 
pregnancy and by November 2019, all provinces and territories 
except for Ontario and British Columbia implemented publicly 
funded pertussis vaccination with each pregnancy (5,31). Within 
a year following this recommendation, vaccine coverage among 
pregnant women was low at 44%, but coverage rates are 
expected to increase with time as more provinces and territories 
fund maternal vaccination and the recommendation becomes 
more well known (12,31). As of April 2022, all provinces and 
territories have publicly funded Tdap vaccination during each 
pregnancy (2,32). Although more time is needed to evaluate 
the potential benefits of maternal pertussis vaccination during 
pregnancy in Canada, our analysis shows early signs of a 
significant decrease in pertussis hospitalization rates among 
infants under four months of age in 2019 compared to the 
mean hospitalization rates in 2005 to 2018. In addition, in 2019, 
there was a decrease in pertussis hospitalization rates among 
infants under four months of age, despite a national increase 
in hospitalization rates for all ages, compared to the previous 
year. Further insight can be gained from other countries with 
maternal vaccination. A 2020 study in Brazil by Friedrich et al. 
found a 47.7% decrease in the mean annual incidence of 
pertussis in children under one month of age in the period after 
maternal pertussis vaccination was implemented compared to 
the period before maternal vaccination (33). As the greatest 
burden of pertussis is among young infants who are too young 
to be vaccinated, it is important to couple vaccination coverage 
numbers with strong surveillance data to assess the impact of 
recommendations for immunization during pregnancy.

Limitations
There are several limitations to these findings as data collected 
from these surveillance systems have constraints. Due to the 
passive nature of CNDSS, there is a likelihood of underreporting 
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of cases (6). A diagnosis of pertussis requires a high level of 
clinical suspicion, resulting in many cases in both children and 
adults being undiagnosed. It is likely that the incidence of 
pertussis is higher among adults than reported, as symptoms 
are generally milder, and testing for B. pertussis among adults 
is infrequent. Furthermore, trends of incidence rates must be 
interpreted with caution because of changes in case definition, 
provincial and territorial reporting and laboratory technologies.

In addition, the pertussis-related hospitalizations are coded 
based on the physician’s diagnosis and do not necessarily match 
the national case definition. As a result, the number of pertussis-
related hospitalizations from DAD featured in this report may 
be an underestimate of the actual burden. Furthermore, DAD 
does not include the province of Québec, which accounts for 
an estimated one third of pertussis hospitalizations in Canada. 
However, we speculate that the pertussis hospitalizations in 
Québec would not change the overall interpretations.

The 2016 to 2019 data on deaths obtained from Statistics 
Canada’s Death Database were considered preliminary because 
there were improvements in methodology and timeliness 
resulting in a shortened data collection period compared with 
previous years. Thus, there may be fewer deaths captured. In 
addition, death data for Yukon from 2017 to 2019 were not 
available (10).

Vaccination coverage surveys undergo methodology changes, 
so coverage estimates cannot be compared between iterations. 
Furthermore, Childhood National Immunization Coverage Survey 
data are collected from parent-held vaccination records in which 
some information may be incomplete, erroneous or missing, 
leading to an underestimate of vaccination coverage (34). 
Neither the CNDSS nor DAD data includes vaccination history of 
cases or patients, so analysis of vaccine efficacy was limited.

Conclusion
Following the period after the implementation of an adolescent 
pertussis booster, pertussis remained an endemic disease in 
Canada that affected individuals of all ages. However, the 
greatest burden continued to be among infants under one year 
of age, especially infants three months and younger who are 
too young to be vaccinated or have only received one dose 
of the vaccine. Thus, it is important to prevent transmission of 
infection by increasing vaccine coverage to protect those at 
highest risk of severe outcomes. It will be important to monitor 
the effect of the maternal pertussis vaccination recommendation 
on epidemiology of infants under four months of age. Enhanced 
surveillance systems that capture vaccine history, pertussis strains 
and outbreak information would provide a more comprehensive 
understanding of pertussis epidemiology that can be used to 
assess vaccine recommendation changes and to inform further 
public health action.
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