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Background: The recent pertussis outbreak in California
highlights the effect of pertussis on public health. In 2004, a
pertussis outbreak occurred in Olmsted County, Minnesota,
despite a high vaccine uptake. This outbreak provided a natural
experiment to assess the relationship between asthma and
pertussis.
Objective: We sought to determine whether asthmatic subjects
have a higher risk of pertussis than nonasthmatic subjects.
Methods: We conducted a population-based case-control study.
There were 223 pertussis cases identified by means of PCR in
2004 and 2005. We identified age- and sex-matched control
subjects from 5537 patients with negative test results for
pertussis. We conducted a comprehensive medical record review
and applied predetermined criteria to ascertain asthma status.
Conditional logistic regression was fit to assess the effect of
asthma status on the risk of pertussis.
Results: Of the 223 subjects, 164 were eligible for the study, and
328 matched control subjects (1:2 matching) were enrolled. Of
these 164 subjects, 50% were male, and 82% were white. The
median age at the index date of pertussis was 14 years. Sixty-two
(38%) of the 164 cases had asthma before the index date of
pertussis compared with 85 (26%) of the 328 control subjects
(odds ratio, 1.73; 95% CI, 1.12-2.67; P 5 .013). The population
attributable risk percentage of asthma for risk of pertussis
was 17%.
Conclusions: Given the high prevalence of asthma and the
ongoing risk of pertussis throughout the United States,
consideration of defining asthmatic subjects as a target group
for pertussis vaccination (eg, replacing decennial tetanus-
diphtheria booster with tetanus, diphtheria, and acellular
pertussis vaccine for adolescents and adults) should be given.
(J Allergy Clin Immunol 2012;129:957-63.)
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Bordetella pertussis is a gram-negative bacterium that causes
whooping cough, a serious respiratory tract infection affecting
800,000 to 3.3 million persons in the United States; it affects 50
million persons worldwide, causing 300,000 deaths annually.1-3

During the recent outbreak of pertussis in California in 2010,
9,143 pertussis cases were reported to the California Department
of Public Health. Among these cases, 9 nonimmunized infants
died, most likely because of transmission from older children
and adults in their families.4 This recent outbreak emphasizes
that pertussis remains a major threat to public health in the United
States. The number of reported pertussis cases in the United States
increased from 1,010 cases in 1976 to 11,647 in 2003, 18,957 in
2004, and 27,550 in 2010.5-9 During the 1980s and 1990s, the pro-
portionate increase was largest among infants,10 whereas during
the 2000s, adolescents and adults were disproportionately af-
fected. Among children 10 to 19 years old, the incidence in-
creased from 5.5 per 100,000 in 2001 to 10.9 per 100,000 in
2003. These data suggest an increase in pertussis incidence, pri-
marily because of the waning of humoral immunity over time.
Asthma is the most common chronic illness in childhood and

is a major cause of morbidity in adults, affecting 4% to 17% of
children and 7.3% to 10.1% of adults in the United States.11,12 At
present, there are no signs of a decreasing trend in asthma prev-
alence; rather, the number of patients affected by asthma con-
tinues to increase in many parts of the world, affecting nearly
30 million Americans and 300 million persons globally.13,14 De-
spite this large proportion of populations affected by asthma, lit-
tle is known regarding the risk of pertussis among subjects with
asthma. Recently, we and other investigators reported increased
risks of invasive or serious pneumococcal diseases among sub-
jects with asthma.15,16 Subsequently updated recommendations
by the Advisory Committee on Immunization Practices indicate
that adults with asthma should receive a single dose of 23-valent
pneumococcal polysaccharide vaccine to prevent serious pneu-
mococcal infections. Although this association can be only pos-
tulated in the context of the risk of other bacterial infections, such
as pertussis, it is not currently known whether asthmatic subjects
have an increased risk of pertussis compared with those without
asthma. This question has important implications regarding the
overall burden of pertussis on our health care system and
community.
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TABLE I. Definition of asthma

Patients were considered to have definite asthma if a physician had made a diagnosis of asthma, if each of the following 3 conditions were present, or both, and

they were considered to have probable asthma if only the first 2 conditions were present:

1. history of cough, dyspnea, and/or wheezing OR history of cough and/or dyspnea plus wheezing on examination;

2. substantial variability in symptoms from time to time or periods of weeks or more when symptoms were absent; and

3. two or more of the following:

d sleep disturbance caused by nocturnal cough and wheeze;

d nonsmoking status (>_14 y old);

d nasal polyps;

d blood eosinophilia >300/mL;

d positive wheal-and-flare skin test results OR increased serum IgE levels;

d history of hay fever or infantile eczema OR cough, dyspnea, and wheezing regularly on exposure to an antigen;

d pulmonary function tests showing one FEV1 or forced vital capacity measurement of greater than 70% of predicted value and another with at least 20%

improvement to an FEV1 of greater than 70% of predicted value OR a methacholine challenge test showing a 20% or greater decrease in FEV1; or

d a favorable clinical response to a bronchodilator.
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We conducted a population-based case-control study using a
cohort of patients who resided inOlmsted County,Minnesota, and
who had pertussis between January 1, 2004, and December 31,
2005, to determine the association between asthma and the risk of
pertussis. The pertussis outbreak among this population provides
an excellent opportunity for a natural experiment to examine the
relationship between asthma and pertussis.
METHODS
The study was approved by the Institutional Review Boards at both Mayo

Clinic and Olmsted County Medical Center. This is a retrospective,

population-based case-control study of 164 eligible children and adults who

had pertussis and 328 age- and sex-matched control subjects during the

outbreak of B pertussis infection in Olmsted County, Minnesota, between Jan-

uary 1, 2004, and December 31, 2005. The study compared a history of asthma

between pertussis cases and matched control subjects.

Study setting and population
According to the 2000 Census, the population of Olmsted County,

Minnesota, was 124,277 (90.3% white compared with 89.4% white in

Minnesota and 75.1% white in the United States). With the exception of a

higher proportion of the working population employed in the health care

industry, characteristics of Olmsted County populations were similar to those

of the US white population. Medical care in Olmsted County is virtually self-

contained within the community with a unified dossier-type medical record

system for research among 2 medical centers containing all inpatient and

outpatient data that have been indexed in an automated form since 1935 under

the Rochester Epidemiology Project.17,18 This allows us to readily identify

cases or events of interest and a community sample of study subjects repre-

senting the population of Olmsted County, Minnesota.

Study design
The study was designed as a population-based case-control study with an

incidence-density case-control approach, permitting control subjects to

become cases during the study period.19 We identified 1:2 age- and sex-

matched control subjects who had a negative PCR test day closest to the index

date of the corresponding pertussis cases.

Study subjects: Case ascertainment
A case was defined as isolation of B pertussis by means of PCR from the

upper respiratory tract among Olmsted County residents between January 1,

2004, and December 31, 2005. The sensitivity, specificity, positive predictive

value, and negative predictive value of PCR to detect B pertussis have been

reported to be 93.5%, 97.1%, 84.3%, and 99%, respectively.20,21We identified
all reported cases through microbiology laboratory records fromMayo Clinic,

the only laboratory in Olmsted County performing pertussis PCR tests. The

exclusion criteria included (1) subjects who did not grant authorization for us-

ing medical records for research and (2) non–Olmsted County, Minnesota,

residents.

Selection of control subjects
An age (birthday)– and sex-matched control group was randomly selected

from a list of Olmsted County residents who had negative PCR results during

the study period. Two control subjects were matched for each case with regard

to sex, birthday (within 6months for patients <18 years of age andwithin 1 year

for patients >_18 years of age), and registration yearwithin a range of 1 year. The

exclusion criteria for control subjects were the same as those for cases.
Exposure ascertainment (asthma status)
Asthma status of all cases and control subjects was determined according to

the specific predetermined criteria for asthma shown in Table I. These criteria

have been extensively used in research for asthma epidemiology and were

found to have high reliability.22-33 We included both definite and probable

asthma according to the criteria because most probable asthmatic subjects be-

come definite asthmatic subjects over time.25,33 The incidence dates for all

asthmatic subjects were determined; thus wewere able to discern the temporal

relationship between asthma status (exposure) and pertussis (outcome).
Other variables
Information on the following was also abstracted from the medical records:

sociodemographic variables (age, sex, ethnicity, and educational status),

asthma medications pertinent to the risk of pertussis at the time of the index

date (inhaled and systemic corticosteroids), asthma severity at the index date

based on medication use, history of other atopic conditions (allergic rhinitis,

eczema, and hay fever), family history of atopic conditions, birth weight,

gestational age, smoking status at the time of the index date (either active or

passive exposure to tobacco smoke), pertussis vaccination status based on

medical records during the study period (tetanus, diphtheria, and acellular

pertussis vaccine for adolescents and adults [Tdap] did not significantly affect

pertussis vaccination status of our study subjects because a booster dose of

Tdap was not recommended by the Advisory Committee in Immunization

Practices until June 2005 for adolescents and October 2005 for adults), and

antibiotic use within 1 week before the index date of pertussis.
Data analysis
Data were summarized with descriptive statistics, including counts and

percentages for categorical variables or medians and interquartile ranges

(IQRs) for continuous variables. Conditional logistic regression modeling

with pertussis case status as the target of prediction was used to formally
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compare rates of risk factors between matched cases and control subjects and

estimate the magnitude of individual associations by using odds ratios (ORs)

and corresponding 95% CIs. Given the study design (incidence-density case-

control study), an OR approximates the rate ratio. In particular, we were

interested in testing whether asthmatic subjects were at increased risk of

pertussis infection. Multivariable modeling was also used to further evaluate

the effect of asthma on the likelihood of being a pertussis case; controlling for

any potential confounding effects from that demonstrated a significant or

marginal association in the univariate modeling. Nominal factors withmissing

data were each categorized to include a category for unknown values, as well

as observed levels, to include all subjects in the regression. ORs, 95%CIs, and

P values were reported from all univariate and multivariable models. Also, we

estimated the population attributable risk percentage of asthma for pertussis

infections. By using the formula established by Miettinen,34,35 the population

attributable risk percentage was calculated as follows:

PðFjDÞ3 ðOR21Þ=OR;

where P(FjD) is the prevalence of asthma among the pertussis cases of a pop-

ulation and OR is the OR estimated from the conditional logistic regression

model. By using similar methods, age-stratified analyses were performed to

test for these associations within children and within adults. Certain asthma-

related variables were assessed for an association with risk of pertussis among

asthmatic subjects only. However, because the matching between pertussis

cases and control subjects in this subset could not be retained, regular (un-

matched) logistic regression was used. Statistical significance was tested at

a 2-sided a error of .05. All analyses were carried out with the SAS statistical

software package (Version 9.2; SAS Institute, Inc, Cary, NC).
RESULTS

Study subjects
The characteristics of the subjects are summarized in

Table II.32 Of the 223 reported pertussis cases, 164 were eligible,
and 59 were excluded (47 were due to non–Olmsted County res-
idency, and 12 were due to no research authorization). From the
pool of eligible control subjects, 328 were matched (2:1) to cases
within a median of 34 days from the index date of pertussis (ie,
PCR test date for cases). Of the 164 cases, 50.0% were male,
and 82%werewhite. Themedian age at the index date of pertussis
was 13.9 years (IQR, 11.7-16.8 years), including 130 (79.3%)
cases younger than 18 years of age.
Asthma and pertussis
The summarized results for the association between asthma

and pertussis are found in Tables III and IV. Sixty-two (37.8%) of
the 164 cases had asthma before the index date of pertussis com-
pared with 85 (26%) of the 328 control subjects (OR, 1.83; 95%
CI, 1.20-2.80; P 5 .005). On the basis of this adjusted OR, the
population attributable risk percentage of asthma for the risk of
pertussis was 17% for all subjects. Of the 147 subjects who had
asthma before the index date of pertussis, there were only 6 cases
and 1 control subject who met the criteria for asthma within 90
days before the index date of pertussis. The association between
asthma and risk of pertussis remained significant when excluding
these subjects (OR, 1.78; 95% CI, 1.16-2.73; P 5 .008).
Because antibiotic use and a family history of asthma both

approached statistical significance, we tested the association
between asthma status and the risk of pertussis, adjusting for
those 2 factors. A history of asthma before the index date was
significantly associated with the risk of pertussis independent of
antibiotic use and having a family history of asthma (OR, 1.73;
95% CI, 1.12-2.67; P 5 .013). Use of neither systemic
corticosteroids (OR, 0.80; 95% CI, 0.29-2.20; P 5 .665) nor in-
haled corticosteroids (OR, 0.79; 95% CI, 0.37-1.69; P 5 .537)
at the time of the index date was associated with an increased
risk of pertussis (Table III). On the basis of the age-stratified anal-
yses, the association between asthma and an increased risk of per-
tussis was only found in children and adolescents. Of the 174
subjects with asthma at any time, 147 (84.5%) met the criteria
for asthma before their index date of pertussis. A physician’s di-
agnosis of asthma was not associated with an increased risk of
pertussis (OR, 0.87; 95% CI, 0.46-1.65; P5 .67), and only about
one third of subjects (37% [64/174]) who met the criteria for
asthma were given a diagnosis of asthma.
Although not statistically significant, a family history of

asthma was associated with an increased risk of pertussis (OR,
1.46; 95% CI, 0.94-2.25; P 5 .088). A family history of other
atopic conditions was not associated with risk of pertussis (OR,
1.09; 95% CI, 0.70-1.68; P5 .710). Asthma severity at the index
date based on medication use was not associated with the risk of
pertussis.
Other variables and pertussis
With regard to pertussis vaccination status, 107 (65.2%) cases

were known to be fully immunized before the pertussis index date
compared with 226 (68.9%) control subjects (P 5 .172). Of the
402 subjects who were immunized with pertussis vaccines at
the time of the index date, 116 (89.2%) of 130 asthmatic subjects
were fully immunized with pertussis vaccines, whereas 217
(79.8%) of 272 nonasthmatic subjects were fully immunized
with pertussis vaccines (P 5 .019, x2 test).

The risk of pertussis was not significantly associated with the
presence of any high-risk comorbid conditions or household
smoking exposure status at the index date. Also, the risk of
pertussis was not associated with ethnicity. Educational level was
not significantly associated with the risk of pertussis based on
available data. Therefore these factors were not included in the
models for adjustment of the main results.
DISCUSSION
Our study results show that asthma is associated with an

increased risk of pertussis. The results were still significant after
adjusting for the potential covariates and confounders. Our study
findings are unlikely to be due to detection bias, which occurs
when exposure (asthma status) affects detection of outcome
(pertussis). For example, if detection bias significantly affects our
study, we might expect to observe a stronger association between
a physician’s diagnosis of asthma and the risk of pertussis because
of a higher likelihood of seekingmedical evaluation by patients or
caregivers or pertussis tests by clinicians among subjects with a
physician’s diagnosis of asthma compared with those without a
physician’s diagnosis of asthma. However, a physician’s diagno-
sis of asthma was not associated with the risk of pertussis in our
study (OR, 0.87; 95% CI, 0.46-1.65; P 5 .67) because only one
third of subjects whomet the criteria for asthma (37%)were given
a diagnosis of asthma. In addition, control subjects were identified
from a cohort of Olmsted County residents who had been tested
for pertussis and had negative results within a short period
(1 month) of the index date of the corresponding cases. Thus de-
tection bias because of differential outcome determination by ex-
posure status (asthma) wasminimized. Also, because of a concern



TABLE II. Sociodemographic and clinical characteristics of patients with pertussis and their matched control subjects

Control subjects (n 5 328) Cases (n 5 164) OR (95% CI), P value

Age at case’s index date (y)

Median (IQR) 13.9 (11.7-16.9) 13.9 (11.6-16.6) —

Age group, no. (%)

<18 y 261 (79.6) 130 (79.3) —
>_18 y 67 (20.4) 34 (20.7) —

Sex, no. (%)

Male 164 (50) 82 (50) —

Female 164 (50) 82 (50) —

Ethnicity, no. (%) See results below

Hispanic/Latino 4 (1.2) 1 (0.6)

American Indian/Alaska Native 1 (0.3) 0

Asian 4 (1.2) 0

Native Hawaiian/other Pacific Islander 0 2 (1.2)

Black/African American 4 (1.2) 0

White 255 (77.7) 134 (81.7)

Unknown 60 (18.3) 27 (16.5)

Ethnicity, no. (%)

Nonwhites 13 (3.9) 3 (1.8) Referent

Whites 255 (78) 134 (82) 2.36 (0.65-6.57), .193

Unknown 60 (18.3) 27 (16.5) 1.98 (0.52-7.60), .321

Educational status,* no. (%)

High school or less 20 (6.1) 13 (7.9) Referent

Some college 33 (10.1) 20 (12.2) 0.89 (0.35-2.29), .812

College graduate 23 (7.0) 13 (7.9) 0.87 (0.31-2.47), .790

Graduate degree or greater 20 (6.1) 5 (3.0) 0.39 (0.11-1.36), .139

Unknown 232 (70.7) 113 (68.9) 0.62 (0.23-1.63), .331

Family history of asthma, no. (%)

No 197 (60.1) 87 (53.0) Referent

Yes 94 (28.7) 60 (36.6) 1.47 (0.96-2.25), .074

Unknown 37 (11.3) 17 (10.4) 1.05 (0.51-2.17), .904

Up-to-date status on pertussis vaccination, no. (%)

Not up to date 42 (12.8) 27 (16.5) Referent

Up to date 226 (68.9) 107 (65.2) 0.63 (0.32-1.22), .172

Unknown 60 (18.3) 30 (18.3) 0.81 (0.33-2.02), .656

Antibiotic use before index date, no. (%)

No 318 (97.0) 153 (93.3) Referent

Yes 10 (3.0) 11 (6.7) 2.20 (0.93-5.18), .071

Household smoking exposure at index date, no. (%)

No 81 (24.7) 42 (25.6) Referent

Yes 53 (16.2) 29 (17.7) 1.26 (0.58-2.71), .56

Unknown 194 (59.1) 93 (56.7) —

Comorbid conditions,� no. (%) See results below

Sickle cell disease 1 (0.3) 0

Primary immune deficiency 0 2 (1.2)

Cardiac disease 7 (2.1) 3 (1.8)

Chronic pulmonary disease 1 (0.3) 1 (0.6)

Neurosurgical trauma/procedure 4 (1.2) 0

Chronic renal insufficiency 0 2 (1.2)

Immunosuppressive therapy� 1 (0.3) 0

Diabetes mellitus, type I 2 (0.6) 2 (1.2)

Diabetes mellitus, type II 3 (0.9) 0

Alcohol abuse 2 (0.6) 0

COPD in absence of asthma 2 (0.6) 0

(Continued)
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TABLE II. (Continued)

Control subjects (n 5 328) Cases (n 5 164) OR (95% CI), P value

Rheumatoid arthritis 3 (0.9) 0

Inflammatory bowel disease 2 (0.6) 3 (1.8)

Hepatic disease 1 (0.3) 0

Long-term corticosteroid use/high-dose steroid use at index date§ 2 (0.6) 1 (0.6)

Comorbidities before index date, no. (%)

None 318 (97.0) 156 (95.1) Referent

Any 9 (2.7) 8 (4.9) 2.44 (0.70-8.57), .163

COPD, Chronic obstructive lung disease.

*For children, parents’ educational status was used.

�Comorbid conditions were not mutually exclusive because subjects could have more than 1 condition.

�Defined as immunosuppressive drug intake for malignant neoplasms, leukemias, lymphomas, Hodgkin disease, and solid organ transplantation before the index date.

§Defined by the definition of the Red Book.32

TABLE III. Association between asthma and its related factors

and risk of pertussis

Control

subjects

(n 5 328)

Cases

(n 5 164)

OR (95% CI),

P value

History of asthma before

index date,* no. (%)

No 243 (74.1) 102 (62.2) Referent

Yes 85 (25) 62 (37.8) 1.83 (1.20-2.80), .005

Subgroup analyses of

asthmatic subjects�
n 5 85 n 5 62 Unmatched analyses

Asthma severity at index

date,� no. (%)

Inactive asthma or

remission�
28 (32.9) 26 (41.9) Referent

Mild intermittent

asthma

30 (35.3) 21 (33.9) 0.75 (0.35-1.63), .473

Persistent asthma 27 (31.8) 15 (24.2) 0.60 (0.26-1.37), .223

Inhaled corticosteroid

treatment at index

date,� no. (%)

No 62 (72.9) 48 (77.4) Referent

Yes 23 (27.1) 14 (22.6) 0.79 (0.37-1.69), .537

Burst course of systemic

steroid in 90 days

before index date�
No 76 (89.4) 54 (87.1) Referent

Yes 9 (10.6) 8 (12.9) 1.25 (0.45-3.45), .665

*The results were based on matched analyses.

�The results were analyzed by using a subgroup of asthmatic subjects (n 5 147) only

based on unmatched analyses.

�Inactive asthma or remission of asthma was defined by no symptoms of asthma, no

use of asthma medications, no clinic visits, and no emergency department visits or

hospitalizations for 3 years.
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about a potential misclassification of thosewith pertussis-induced
respiratory symptoms as asthmatic subjects, we assessed the asso-
ciation between asthma and the risk of pertussis after excluding
subjects who had asthma within 90 days before the index date,
and the results remained significant. To our knowledge, there
are no other population-based case-control studies that assessed
the association between asthma and risk of pertussis to compare
with our study. Previous descriptive studies have reported an
association between asthma and pertussis.36,37 Our study findings
are consistent with the recent reports on the association between
asthma and other bacterial infections, such as invasive or serious
pneumococcal diseases.15,16,38-41 Therefore our study results sug-
gest a potential epidemiologic association between asthma and
the risk of pertussis. However, the association between asthma
and pertussis was only observed in the pediatric population in
our study. Pertussis is generally considered a disease of early
childhood, and previously vaccinated adults often present with
mild and atypical symptoms, probably because of partial immu-
nity. Thus pertussis is frequently unrecognized in adults,42 and
adults without a diagnosis are often a significant source of infec-
tion for young children.4 Thus misclassification between cases
and control subjects in adults is likely to be much higher than
that in children.We postulate that this misclassification attenuates
the association between pertussis and asthma in adults.
Plausible mechanisms for the increased risk of pertussis among

asthmatic subjects include the potential adverse effects of inhaled
or systemic corticosteroid therapies for asthma. Previous studies
have demonstrated an increased risk of pneumonia and other
morbidities in patients with chronic obstructive pulmonary dis-
ease treated with inhaled corticosteroids.43,44 However, our study
revealed no significant associations between corticosteroid treat-
ment (inhaled or systemic) and an increased risk of pertussis. This
lack of the association between corticosteroids and infections in
asthmatic subjects has been supported by the literature.45-47

Thus asthma medications are unlikely to account for the associa-
tion between asthma and the risk of pertussis. Alternatively, asth-
matic subjects have altered airway architecture (ie, early airway
remodeling, increased mucous production, and impaired epithe-
lial barrier function)48,49 and impairment of innate and acquired
immunity.46,50-57 These impairments could permit microbial or-
ganisms to penetrate the structurally compromised barrier of
the respiratory tract and reduce the host’s ability to clear patho-
logic organisms from airways. Alternatively, unvaccinated sub-
jects are susceptible to pertussis, as previously reported.58 The
proportion of subjects fully vaccinated among the pertussis cases
in our study (69%) appears to bewithin the range of what has been
reported depending on age groups of subjects (50% to 80%).2 Pre-
vious studies suggest that waning of humoral immunity over time
might be an important factor in the cyclic pertussis outbreaks.59-61

For example, a previous study showed rapid waning of
anti-pertussis toxin antibody levels after administering Tdap to
subjects aged 11 to 65 years.61 In our study, compared with non-
asthmatic subjects (80%), a higher proportion of asthmatic



TABLE IV. Association between risk of pertussis and a history of asthma based on matched analysis adjusting for covariates

Variables

All subjects (n 5 492), OR

(95% CI), P value

Children (n 5 391), OR

(95% CI), P value

Adults (n 5 101), OR

(95% CI), P value

Asthma before index date

Unadjusted 1.83 (1.20-2.80), .005 2.01 (1.26-3.20), .003 1.10 (0.38-3.22), .855

Adjusted* 1.73 (1.12-2.67), .013 1.92 (1.20-3.09), .007 1.14 (0.37-3.55), .820

*ORs were calculated after adjusting for a family history of asthma and antibiotic use within 1 week before the index date of pertussis; both unadjusted and adjusted results have

controlled for age and sex in the matched design.
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subjects (90%) were immunized with pertussis vaccine, and these
results might suggest that asthma status could influence the dura-
bility of humoral immunity against pertussis. This interpretation
is further supported by the fact that cases were predominantly ad-
olescents who were fully immunized with pertussis vaccine
(85%). Indeed, according to our unpublished data, anti-pertussis
toxin IgG levels appeared to be lower in children and adults
with asthma (median, 2.5 enzyme-linked immunoassay units
[ELU]/mL; IQR, 2.5-10 ELU/mL; n 5 16) compared with those
seen in nonasthmatic subjects (median, 8 ELU/mL; IQR, 2.5-25
ELU/mL; n5 14), adjusting for the duration between the last per-
tussis vaccination and measurement of antibody levels, although
the results did not reach statistical significance (P5 .063). In sup-
port of this finding, Prescott et al62 reported inverse correlations
between IgE levels and diphtheria and tetanus-specific IgG titers
in young children; moreover, failure to develop lymphoprolifera-
tive responses to tetanus toxoid was associated with higher serum
IgE concentrations than seen in those with normal responses. Fu-
ture studies concerning the mechanisms underlying the associa-
tion between asthma and the risk of pertussis are needed.
Specifically, the role of the reported impaired innate53,63-65 and
adaptive immunity50,66-68 among atopic subjects in accounting
for our study findings needs to be elucidated.
As implications of our study findings, according to the current

vaccine policy, decennial tetanus-diphtheria (Td) booster is
recommended after preadolescent pertussis vaccinations at 11
to 12 years of age. Given the major outbreak of pertussis, the
significant risk of pertussis among asthmatic subjects, and a
significant number of Americans affected by asthma and the
efficacy of the current acellular pertussis vaccine, consideration
of replacing decennial Td booster with Tdap, which includes
acellular pertussis vaccine, should be given in asthmatic subjects.
Although the underlying mechanisms need to be elucidated,
immune surveillance for B pertussis in asthmatic subjects can be
considered. Also, it might be an important public health and re-
search issue to assess the effect of asthma on the risk of pertussis
at a population level and monitor the trends over time.
The strengths of our study include epidemiologic advantages of

a self-contained health care environment with a unified medical
record system for research, which allows us to carry out a
population-based case-control study. Also, ascertainment of
asthma status was based on specific predetermined criteria, which
have been extensively used in previous studies and with high
reliability.
However, our study has inherent limitations as a retrospective

study. Also, the residents of Olmsted County, Minnesota, were
predominantly white; this might limit the external validity of
our findings. However, at the cost of generalizability, this
ethnically homogeneous population might minimize a confound-
ing effect of ethnicity and socioeconomic status (and its related
risk factors).
Our data abstractors were not blinded, which might introduce
performance bias (observational bias). Although this is possible,
ascertainment of asthma was based on specific predetermined
criteria for asthma, which should minimize bias.
In conclusion, given the major outbreak of pertussis in the

United States, the significant risk of pertussis among asthmatic
subjects, and a significant number of Americans affected by
asthma, consideration of replacing decennial Td booster with
Tdap, which includes acellular pertussis vaccine, should be given
in subjects with asthma. Immune surveillance for B pertussis in
asthmatic subjects as a selective risk group should be considered
as well.

We thank the staff of the Pediatric Asthma Epidemiology Research Unit

who made this study possible. We also thank Elizabeth Krusemark for

administrative assistance.

Clinical implications: Asthmatic subjects are at increased risk
for pertussis infection. Targeting asthmatic subjects for pertus-
sis vaccination as a selective high-risk group might be
appropriate.
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