
All editorial matter in CMAJ represents the opinions of the authors and not necessarily those of the Can adian Medical Association or its subsidiaries.

CMAJ

© 2016 Joule Inc. or its licensors CMAJ, November 1, 2016, 188(16) 1135

Although rare today, a shocking 1374 
deaths due to pertussis occurred in Can-
ada in 1923.1 Vaccination played a piv-

otal role in decreasing cases of pertussis. The 
adverse-event profile of the whole-cell vaccine 
prompted a switch to the acellular vaccine in the 
late 1990s. Although still cyclical, the incidence 
of pertussis in children declined overall within a 
few years.2 In the early 2000s, an increase in 
cases among teenagers prompted the recom-
mendation for a booster dose in adolescents and, 
subsequently, in adults. However, the findings 
of a linked research paper show that there has 
been an increase in both outbreaks and sporadic 
disease, despite good vaccine coverage in Can-
ada and globally.3,4

In their study, Schwartz and colleagues4 
used linked databases from the public health 
laboratory and population-based health admin-
istrative data in Ontario to determine vaccine 
effectiveness over time. The adjusted vaccine 
effectiveness was 80% (95% confidence inter-
val [CI] 71%–86%) at 15–364 days, 84% (95% 
CI 77%–89%) at one to three years, 62% (95% 
CI 42%–75%) at four to seven years and 41% 
(95% CI  0%–66%) at eight or more years since 
last vaccination.4 Their results yielded good 
news (the acellular vaccine works) and bad (the 
effectiveness does not last forever).

The group then exploited the presence of the 
two cohorts (pertussis positive and pertussis neg-
ative) to create a case–control study and com-
pared those who had been “primed” or not with 
whole-cell vaccine. People who received only 
the acellular vaccine had a 2.2 times higher odds 
of pertussis than those primed with three doses 
of whole-cell pertussis vaccine, and a 1.82 times 
higher odds than those who had at least one 
priming dose of a whole-cell vaccine. This sug-
gests that even one prior dose of whole-cell vac-
cine conferred added protection. 

After seeing success in decreasing disease, 
why are we witnessing a resurgence of pertussis 
that has apparently accelerated in a cohort that 
received only the acellular vaccine? This phenom-
enon is not completely understood, but these epi-
demiologic studies are critical in understanding 

the biology of prevention. Other factors, such as 
increased reporting and the discovery of pertactin-
negative pertussis strains (or other genetic vari-
ants), could also be operating, but they appear to 
be of less importance currently.

At the heart of the issue is the current pertussis 
vaccine. Both the acellular and whole-cell 
vaccines in human and animal models induce 
high, protective antibody titers to pertussis toxins 
and therefore confer protection against disease, at 
least in the short term.5 However, the antibody 
decay may be faster with the acellular vaccine 
than was seen with the whole-cell vaccine. Using 
epidemiologic modelling of disease incidence in 
the United States, investigators were able to show 
that even a small decrease in efficacy and duration 
of protection with the acellular vaccine compared 
with the whole-cell vaccine could account for the 
increased incidence of pertussis and the curious 
shifts in high incidence from adolescents to 
preadolescents in the last decade.6 If waning 
immunity is the only issue, why does the current 
study find incremental increases in incidence, 
even after adolescent doses were added? Why 
does having at least one dose of whole-cell 
vaccine add a protective effect to a series of 
acellular vaccine?7

New research into the cellular arm of the 
immune response has provided insights into the 
biology of pertussis that may help to explain 
the findings of Schwartz and colleagues. 
Detailed immunologic studies using an animal 
model have provided contemporary information 
concerning the cellular immune responses to 
vaccines and natural pertussis disease. The data 
from a baboon pertussis model indicate that, 
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• After seeing a decrease in pertussis, we are now witnessing a resurgence 
of the disease despite good vaccine coverage in Canada and globally; this 
may be due to effectiveness of the acellular vaccine waning over time.

• Even a small decrease in efficacy and duration of protection with the 
acellular vaccine compared with the whole-cell vaccine could account for 
the increased incidence of pertussis in particular age groups in the last 
decade.

• The pertussis vaccination schedule needs careful reconsideration given 
emerging evidence.
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although acellular vaccines induce primarily a T 
helper cell (Th) 2 or mixed Th2/Th1 response, 
whole-cell vaccination induced a strong, more 
persistent Th1 response.8 Smits and colleagues9 
showed that a higher proportion of children 
(88%) aged nine to twelve years who had 
received priming with the whole-cell vaccine 
had a broader cytokine and T-cell proliferative 
response than children primed with the acellular 
vaccine, suggesting that the difference in later 
immune response was qualitative rather than 
quantitative. Thus, these and other data support 
the premise that infant priming with whole-cell 
vaccination may produce longer-lasting immu-
nity, and may explain the higher odds of clinical 
pertussis in people who did not receive the 
whole-cell vaccine in this study.

Why is there continued transmission despite 
more booster doses? One of the truisms of 
infectious diseases epidemiology is that, for 
infection to persist in populations, transmission 
to susceptible individuals must occur at suffi-
ciently high numbers. Substantial herd immu-
nity, however, is impossible to achieve if colo-
nization persists despite vaccination. Using this 
premise, the animal model noted that neither 
vaccine completely prevented the Bordetella 
pertussis from colonizing the upper airway 
(though carriage was shorter with whole-cell 
vaccination).8 Despite having antibodies, these 
colonized animals were able to transmit B. per-
tussis and cause disease to naive, susceptible 
animals. Why was this? Studies of the cellular 
immune response showed that natural pertussis 
disease produced a newly described Th17 
response, felt to be critical to the induction of 
mucosal immunity and elimination of bacterial 
colonization. Neither the acellular nor whole-
cell vaccines, however, was able to elicit a Th17 
response.8,10 These early findings may provide 
us with tantalizing information about why cur-
rent vaccines are effective at preventing disease 
in people who are vaccinated but in whom bac-
teria are still allowed to persist and, potentially, 
transmit to others who are susceptible owing to 
age or low antibody levels. Thus, although prior 
focus has been mainly on humoral immune 
responses, characterizing the more complex cel-
lular immune responses to vaccines and natural 
disease may pave the way to the development of 
newer pertussis vaccines.11

What can public health do currently to tame 
the stubborn cough and to protect infants from 
exposure? Given that we know that the current 
vaccine works, the first step assuredly lies in 
timely, complete vaccine coverage in all age 
groups. However, until newer vaccines with a 
longer duration of protection and the ability to 
create mucosal immunity are available, a 
rethinking of the optimal use of the current per-
tussis vaccine is needed. Perhaps a booster at 
ten years of age should be recommended to 
reduce the incidence among preadolescents, or 
perhaps regular boosting throughout life is 
needed. We don’t yet have a clear answer.

The new business plan will require engage-
ment of immunologists and epidemiologists 
with the practical, steady hand of public health 
to succeed. This study is a great start. 
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