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Methods

Results

Summary

Pertussis declined sharply with the
advent of whole cell vaccines and had
fallen to very low levels by the 1970s.
In the 1990s, safety concerns
prompted a switch from whole cell to
acellular pertussis vaccines. Roughly
coincident with this shift in vaccine
type, pertussis incidence has been
gradually increasing, and in 2010,
California experienced its largest
outbreak in over 50 years. We
identified factors related to vaccination
that contributed to the California
pertussis outbreak.

Study Population

1. DTaP (5th dose) waning (Presented elsewhere1)

1. Increasing rates in 5-10 year old children

Kaiser Permanente Northern California
(KPNC)
3.3 million members
Integrated health care system
Electronic medical record
Central laboratory

Table: Probability of a positive PCR pertussis test, based on each year
after the vaccine
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 The graph shows how, for a vaccine with initial effectiveness
of 80 or 90%, the effect will wane over 5 years.
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Study Design
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Using a case control design, we examined
the relationship of vaccinations with the
likelihood of a positive pertussis test. We
looked at waning (time since last vaccine),
effectiveness of Tdap, and the effect of
delayed or missed vaccines.
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Table: Probability of a positive pertussis PCR test, based on
vaccination with Tdap or not. (Effectiveness = (1 - Odds Ratio)

preventing infections. However, the effect
does not appear as important as the use of
whole cell vaccines. In the graph below,
acellular and whole cell vaccines total 100%,
so mirror each other.
PCR-confirmed pertussis rates, Tdap vaccination
percent, and acellular vaccination history
By age in years in 2010

Interpretation: Tdap is 55% effective at preventing PCRconfirmed pertussis
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3. DTaP delayed or missed vaccines
Definition of up-to-date immunization
• 12-23 month of age: > 3 doses of DTaP between 1 and 11 mos.
• 24-71 months: Prior criterion and > 1 dose of DTaP between
12 and 24 months of age
• > 72 months of age: Prior criteria and > 1 dose of DTaP
between 48 and 72 months of age
Table: Probability of a positive pertussis PCR test, based on
vaccination on time or not

Pertussis (rate per 100,000)

Pertussis rate per (100,000 person-years)

PCR-confirmed pertussis rates
By age in years, 2010
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2. Use of Tdap has a moderate effect in

% vaccinated with acellular
vaccines as infants. For example,
100% of 7 year-olds, and 0% of 18
year-olds, received acellular
vaccines as infants.
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Cases: Members with a PCR test positive for
Bordetella pertussis
Controls: We used 2 different control
groups.
Control group 1: Pertussis test negative
members
Matched on calendar time
Controlled for age, sex, race/ethnicity
and geographic location
Control group 2: Entire KPNC population
Closely matched on age, sex,
race/ethnicity and geographic location
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2. Tdap effectiveness (Presented elsewhere2)
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Waning DTaP resulted
in increased rates of
pertussis from ages 5
to 10

300

Pertussis (rate per 100,000)

DTaP: Acellular pertussis vaccines used in
children
Tdap: Acellular pertussis vaccines used in
adolescents and adults
PCR: Real-time polymerase chain reaction
testing for Bordetella pertussis and
parapertussis.
Positive results for B. parapertussis
were considered to be negative.

correspond to waning of effect after the
dose of DTaP.
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Effectiveness

PCR-confirmed pertussis 2006 to 2011
rates per 100,000 members per month

Vaccines and Tests

Conclusions

PCR-confirmed pertussis rates
By age in years, 2010

 Interpretation: DTaP wanes by 42% per year, each
year after administration.
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Given the safety concerns regarding whole
cell pertussis vaccines, it is unlikely that the
parents or medical providers in the US would
return to using them. These results point to the
need for new and improved pertussis vaccines.
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3. Acellular vaccines appear to provide less
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100%

In 2010 California experienced the highest rate
of pertussis in over 50 years. This increase
comes after decades of gradually increasing
rates. Our results suggest that the change from
whole cell to acellular vaccines contributed to
the increase.
DTaP vaccine wanes substantially after
administration of the 5th dose. If the vaccine is
90% effective immediately, after 5 years it is less
than 50% effective.
Tdap was about 55% effective. We did not
see evidence of waning (data not shown) but
most of the people in our analysis had received
the vaccine within 3 years.
The vast majority of our children were
vaccinated on time, but children who delayed or
missed doses experienced higher rates of
pertussis.
It appears that DTaP does not offer as much
protection as the whole cell vaccines it replaced.
Further studies are under way.
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Interpretation: Missed DTaP doses are associated
with a 2.2 fold increase in the risk of pertussis
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protection than the whole cell vaccines they
replaced.
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