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Asthma is a multifactorial chronic disease affecting a significant proportion of people in the United States and worldwide. Numerous laboratory and
epidemiological studies have attempted to understand the etiology and underlying mechanisms of asthma and to identify effective therapies. How-
ever, the impact of asthma on the risk for other diseases has drawn little attention. This paper discusses the potential effects of asthma as a risk fac-
tor for other diseases, explores the potential mechanisms, and reviews the implications of the findings to clinical practice, public health, and research.
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INTRODUCTION

Asthma is a reversible and variable airflow obstruction caused
by chronic airway inflammation. Numerous laboratory and ep-
idemiological studies have focused on the etiology and mecha-
nistic pathways of asthma, in order to improve diagnosis, thera-
py, and prognosis. Although these efforts have significantly ad-
vanced asthma care, particularly therapy, more work is needed
to accomplish these goals. In addition, despite the significant
proportion of people worldwide who are affected by asthma or
other atopic conditions, little effort has been made in assessing
and addressing the impact of asthma on the epidemiology of
other diseases. Research by our group and others has suggest-
ed a potential impact of asthma on susceptibility to other dis-
eases. We postulate that the immunogenetic underpinning of
atopic diseases is related to mechanisms underlying an in-
creased risk for other diseases in those with asthma and other
atopic diseases.

In this paper, the author makes a case that clinically defined
asthma or immunogenetic predisposition to asthma may influ-
ence susceptibility to other diseases and suggests that research
efforts to identify the etiology of asthma must be juxtaposed to
those examining the effects of asthma on various health out-
comes. This approach will not only improve asthma care but
also enhance efforts to identify the etiology and mechanistic
pathways of asthma, because both the etiology and effects of
asthma are likely to share the same immunological underpin-
nings.

The present paper focuses on a primary discussion on the im-
pact of asthma on the risk for microbial infections, using exam-
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ples of emerging and re-emerging microbial infections, and
briefly touches upon the contribution of other atopic conditions
to the risk for microbial infections. Subsequently, this discus-
sion is expanded to the risk for chronic pro-inflammatory con-
ditions. Then, the potential mechanisms underlying the associ-
ation between asthma and other diseases are briefly explored.
The final section presents the implications of the scope of this
paper related to patient care, research, and public health.

ASTHMA EPIDEMIOLOGY AND THE BURDEN OF THE
DISEASE

Asthma is the most common chronic childhood illness and a
major cause of morbidity in adults, afflicting 9.6%-13% of chil-
dren"? and 7.7%-10.1% of adults in the U.S.** Nearly 30 million
Americans and 300 million people worldwide are affected by
asthma.” A similar asthma incidence has been observed in Ol-
msted County, Minnesota.>® Based on medical record reviews
for 3,059 children, Yawn et al.® reported that the prevalence of
ever-diagnosed asthma among children in grades K-12 in Roch-
ester (MN, USA) was 17.9% in 1999. There is a debate regarding
whether increased asthma prevalence truly exists or is the re-
sult of enhanced recognition or changes in diagnostic codes.
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However, given the improved asthma treatment and access to
general medical care, the significant increase of asthma mortal-
ity over the past three decades in the U.S. suggests a true increase
of asthma prevalence.” At present, there are no overall signs of
a declining trend in asthma prevalence; rather, asthma contin-
ues to increase in many parts of the world." In addition, other
atopic conditions, which share many of the same underlying
mechanisms, have prevalence trends similar to that of asthma.
For example, studies have reported a significant increase in the
prevalence of atopic dermatitis throughout the world.""" In the
U.S,, the prevalence of atopic dermatitis is 10%-19%,"*" affect-
ing 17.8-31.6 million people depending on the criteria for ecze-
ma." Allergic rhinitis is also seen in a significant proportion of
people in the U.S. (26%-33%; approximately 60 million peo-
ple).**® Considering the significant proportion of the popula-
tion affected by asthma and other atopic conditions, determin-
ing the impact of asthma on the risk for other diseases at a pop-
ulation level is advisable.

IMPACT OF ASTHMA ON THE RISK FOR RE-EMERGING
MICROBIAL INFECTIONS

This section discusses the impact of asthma on the risk for in-
fections caused by Streptococcus pneumonia and Bordetella
pertussis (B. pertussis), and for mumps, as examples of re-emerg-
ing microbial infections.

Asthma and the risk for serious pneumococcal infection
Despite the trend toward reduced risk for invasive pneumo-
coccal diseases (IPD) caused by the heptavalent pneumococcal
conjugate vaccine serotypes in the U.S.,'™"* Streptococcus pneu-
moniae (S. pneumoniae) continues to present a global threat of
significant morbidity and mortality among both children and
adults. For example, because of emerging serotype replace-
ment,* the Advisory Committee on Immunization Practices
(ACIP) of the U.S. Centers for Disease Control and Prevention
(CDC) now recommends the 13-valent pneumococcal conju-
gate vaccine for all children. Given the increasing number of
pneumococci serotypes, it is difficult to predict whether vac-
cine manufacturers will continue to keep up with serotype re-
placement in the future. Neither natural disease nor vaccina-
tion provides complete or life-long immunity against reinfec-
tion or new disease. Globally, one million children younger than
5 years of age die from pneumonia and IPD each year.”' In the
U.S., the annual number of fatal pneumococcal infections is
40,000.* S. pneumoniae is responsible for six million cases of
otitis media, 100,000 cases of pneumonia, 60,000 cases of sep-
sis, and 3,300 cases of meningitis per year in the U.S., and naso-
pharyngeal colonization, a prelude to IPD, occurs in 20%-50%
of the population. IPD has a 10% fatality rate for all reported cas-
es (1,556 deaths/15,544 cases). Previous studies have reported
that only 50.6% of individuals who developed IPD had at least
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one known indication for either the pneumococcal polysaccha-
ride or conjugate vaccine.” This indicates that nearly half of IPD
cases do not display identifiable risk factors for IPD, suggesting
the existence of unidentified risk factors for IPD.

Two recent studies have addressed this question. In 2005, Tal-
bot et al.** conducted a case-control study to assess the relation-
ship between asthma and IPD among Medicaid enrollees (chil-
dren and adults) of the State of Tennessee, using the Active Bac-
terial Surveillance Program database (1995-2002) of the CDC
and the State’s administrative Medicaid database. They report-
ed that asthma was significantly associated with the risk for IPD
(Odd Ratio [OR], 2.4; 95% Confidence Interval [CI], 1.9-3.2) af-
ter adjusting for pertinent covariates and confounders such as
high-risk conditions for IPD.* The population attributable risk
percentage (PAR%) in adults was estimated to be 11%. In an in-
dependent population-based case-control study conducted in
2008, our research group found that adults with asthma were at
significantly increased risk for serious pneumococcal diseases
(SPDs) (IPD and/or pneumococcal pneumonia) compared
with adults without asthma (OR, 6.7; 95% CI, 1.6-27.3; P=0.01),
after controlling for high-risk conditions for IPD and smoking
exposure.” The PAR% was 17% in the adult population, where-
as the PAR% for all combined ACIP vaccine-eligible conditions
in adults was 24%. These data suggest that asthma status alone
disproportionately increases the burden of SPD at the popula-
tion level. As a result of these two studies, the ACIP now recom-
mends a 23-valent pneumococcal polysaccharide vaccine for
adults aged 19-64 years who have asthma.

Asthma and the risk for Bordetella pertussis

B. pertussis causes whooping cough, a serious respiratory in-
fection affecting 800,000 to 3.3 million people in the U.S. and 50
million worldwide, and causing 300,000 deaths annually.*** B.
pertussis continues to be a major public health concern, despite
the availability of a pertussis vaccine and efforts to improve vac-
cine uptake. A recent outbreak of nearly 10,000 pertussis cases,
as reported to the California Department of Public Health in
2010,* highlights the persistence of pertussis as a major threat
to public health. During the 1980s and 1990s, pertussis affected
primarily infants.*” During the 2000s, adolescents and adults
were disproportionately affected. Among children 10-19 years
old, the incidence increased from 5.5 per 100,000 in 2001 to 10.9
per 100,000 in 2003. These data suggest an increase in pertussis
incidence due primarily to the waning of humoral immunity
over time.

Recently, we reported preliminary results showing an increased
risk for pertussis among people with asthma, based on a per-
tussis outbreak in Olmsted County, Minnesota.” The OR for the
association between asthma and the risk for pertussis was 1.70
(95% CI, 1.03-2.79; P=0.036); the PAR% of asthma was 15.6%.
No population-based study exists for comparison with our pre-
liminary results, but descriptive studies have suggested a po-
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tential association between asthma and pertussis.**** The im-
pact of asthma on pertussis epidemiology at the population lev-
el is yet to be determined, and it is important to continue to
monitor this association.

Asthma and the risk for mumps virus infection

Despite a high vaccine uptake with two doses of mumps vac-
cine, a large mumps outbreak occurred in the U.S. in 2006.*** A
total of 6,584 mumps cases were reported in 2006, but there were
no deaths related to the outbreak.*® This mumps outbreak rais-
es a significant public health concern, as it occurred despite
high MMR vaccine coverage. In 2006, the national two-dose
coverage among adolescents, who are the highest risk group
during a mumps outbreak, was 87%, the highest in U.S. histo-
ry.” Failure of the two-dose vaccine calls for the development
of a more effective vaccine or a change in vaccine policy. Nev-
ertheless, neither the public health agencies nor the research
community have paid attention to why immunity against the
mumps virus diminishes more rapidly than other immunities,
and little effort has been made to identify the selective groups
at risk for rapid loss of immunity. Previous studies have report-
ed that a significant proportion of asthmatics aged 1.6-17 years
who had received two doses of MMR became seronegative for
measles (40%-43%) and mumps (25%-39%) immunity.* In ad-
dition, we recently showed that asthmatic children and adoles-
cents with a family history of asthma had poorer lymphoprolif-
erative responses (a measure of cell-mediated immunity) to
mumps and rubella vaccine viruses compared with those with-
out asthma.”” Previous studies have suggested a temporal wan-
ing of anti-rubella antibodies (2.4% decrease per year); thus,
without a booster vaccination, individuals may eventually be-
come susceptible to rubella or other viral infections.*® Our re-
search group recently demonstrated a more rapid decrease of
measles virus-specific IgG levels over time in asthmatics com-
pared with non-asthmatics.*

Taken together, these studies suggest that asthmatics may lose
immunity against mumps or other viruses more rapidly than
non-asthmatics and may become a population susceptible to
outbreaks of serious infectious diseases. Therefore, a potential
epidemiological relationship may exist between asthma preva-
lence and the 2006 outbreak of mumps in the U.S. This is a re-
search area that deserves further investigation in order to assess
whether asthma or other atopic conditions represent an unrec-
ognized selective risk group who require individualized immu-
nization schedules or should be targeted before and during an
outbreak, e.g., by sero-surveillance during routine asthma care.

IMPACT OF ASTHMA ON THE RISK FOR EMERGING
MICROBIAL INFECTIONS

Asthma may play a role in the risk for new emerging microbial
infections such as the 2009 pandemic of novel HIN1 influenza
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virus infection. This section illustrates the impact of asthma sta-
tus on the risk for and severity of novel HIN1 influenza infec-
tion by discussing the literature.

On June 11, 2009, the World Health Organization (WHO) de-
clared the first influenza pandemic in 41 years. The WHO re-
ported that as of July 25, 2010, more than 214 countries had been
affected by HIN1 influenza, resulting in at least 18,398 deaths
worldwide.” As of October 2009 (the end of the 2008-2009 in-
fluenza season), the CDC reported 50,768 cases of HIN1 influ-
enza in the U.S. Seventy-six (51.7%) deaths were attributed to
HI1NT1 influenza infection.”

Although HINI influenza infection might not have appeared
to be clinically severe, the epidemiological severity of HIN1 in-
fluenza was greater than that of seasonal influenza. For exam-
ple, using “years of life lost” to compare epidemiologic, the
2009 H1N1 pandemic ranks between the 1968 and 1957 sea-
sonal influenza pandemics, and its social impact in terms of
missed work days and school days may exceed the social im-
pact of these earlier pandemics.*

Our research group carefully examined the studies published
during and after the HIN1 influenza pandemic to help assess
whether asthmatics displayed an increased risk for and severity
of HIN1 influenza infection. During the HIN1 influenza pan-
demic, two independent studies conducted in the U.S. and
Australia-New Zealand showed that the majority of individuals
(73%) who developed severe HIN1 influenza (i.e., were admit-
ted to the inpatient floor or intensive care unit) had underlying
chronic conditions, with asthma being the most common co-
morbid condition (28% and 32.7% in the U.S. and Australia-New
Zealand studies, respectively).*** In addition, Kloepfer et al.”
recently reported that compared with non-asthmatics, asth-
matics displayed an increased risk for HIN1 influenza infection.
Therefore, asthma might have played an important role in the
epidemiology of the HIN1 influenza infection.

ATOPIC CONDITIONS OTHER THAN ASTHMA AND THE
RISK FOR MICROBIAL INFECTIONS

Atopic conditions other than asthma, including atopic der-
matitis and allergic rhinitis, may also affect the risk for microbi-
al infections, as these conditions and asthma share the same
underlying immunological mechanisms (i.e., T helper 2 cell-
predominant immune profiles).

Atopic dermatitis/allergic rhinitis and the risk for serious
pneumococcal disease

After observing the association between asthma and the risk
for SPD, we extended our study to assess the role of atopic con-
ditions other than asthma in increasing the risk for SPD.* The
adjusted odds ratio for the association between atopic condi-
tions other than asthma and SPD was 2.13 (95% CI, 1.04-4.35;
P=0.04) after taking into account smoking status, high-risk
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conditions for IPD, education status, ethnicity, and asthma sta-
tus. Thus, like patients with asthma, individuals with other atop-
ic conditions may have increased risk for SPD, independent of
asthma status. These results also suggest that the increased risk
for SPD in patients with asthma may not be entirely attributable
to altered airway architecture; the potentially altered immune
functions shared by patients with asthma and those with other
atopic conditions may contribute to the increased risk.

Atopic dermatitis/allergic rhinitis and the risk for
Streptococcus pyogenes infection

We further extended our work to assess the potential associa-
tion between atopic conditions and other streptococcal infec-
tions such as Streptococcus pyogenes (S. pyogenes)."”*® Patients
with asthma showed a higher incidence of S. pyogenes infection
or colonization (0.25 per person-year; RR, 1.38; 95% CI, 1.12-1.7;
P=0.003) compared with non-asthmatic patients (0.18 per per-
son-year). Similarly, patients with other atopic conditions (atop-
ic dermatitis and/or allergic rhinitis) displayed a higher inci-
dence of S. pyogenes infection (0.24 per person-year; RR, 1.36;
95% CI, 1.12-1.67; P=0.004) compared with non-atopic patients
(0.17 per person-year) after adjusting for asthma status. These
results suggest that patients with either asthma or another atop-
ic condition have increased susceptibility to S. pyogenes infec-
tions.

Lessons learned from the data

This paper presents several noteworthy findings. First, the in-
creased risk for microbial infections among individuals with
atopic conditions other than asthma suggests that the impair-
ment of certain immune functions in asthmatics may play a
role in increasing the risk for microbial infection. Recently, our
research group showed suboptimal anti-pneumococcal anti-
body titers in asthmatics compared with non-asthmatics.” The
literature also shows impaired innate and adaptive immune
functions in asthmatics and other atopics (i.e., impaired in-
nate® and adaptive immunity’**"). Second, the data regard-
ing the association between asthma and the risk for microbial
infections suggest that an immunogenetic predisposition to
asthma poses an increased risk for microbial infections even
prior to the development of clinically defined asthma.””* Thus,
previous findings on the association between increased bacte-
rial colonization of the airways in infants and subsequent de-
velopment of asthma at the age of 5 years could be interpreted
with reverse causality.” In this respect, the relationship between
the genetic risk for atopy and a defect in immune cell develop-
ment leading to immune incompetence may warrant further
investigation.” Third, the potentially altered immune function
in asthmatics and atopics suggests that immune dysregulation
may change the risk for non-infectious chronic diseases such as
inflammatory bowel syndrome, rheumatoid arthritis, diabetes,
and coronary heart disease.
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POTENTIAL BIASES AND CONFOUNDERS FOR THE
ASSOCIATION

When assessing the association between asthma and the risk
for other diseases, systematic biases must be investigated, in-
cluding detection bias stemming from a situation where the ex-
posure status influences the detection of outcomes and the po-
tential influence of systemic or inhaled corticosteroids on the
susceptibility to microbial infection.

Detection bias

The detection of SPD is unlikely to be susceptible to bias, giv-
en the serious nature of the disease. However, for other micro-
bial infections, patients with asthma may be more likely to seek
medical evaluation for upper respiratory symptoms, and clini-
cians may be more likely to seek tests or other evaluations in
patients with asthma compared with non-asthmatic patients;
our research group extensively addressed this concern in previ-
ous work.”*** In a prospective cohort study following 115 chil-
dren (<4 years of age) for approximately 6 months, we found
that the asthma status of the children was not associated with
the likelihood of seeking medical evaluation for acute respira-
tory or gastrointestinal illnesses; the correlation between the
frequency of illness and the frequency of seeking care was al-
most identical between children with and without asthma (p:
0.62, P<0.001 vs. p: 0.64, P<0.001, respectively).”® We recently
updated these data by further following the original study co-
hort, and the proportion of medical evaluations per acute ill-
ness among asthmatic and non-asthmatic subjects were 0.41
and 0.39, respectively (P=0.75).” These results indicate that the
parents of asthmatic children are similar to those of non-asth-
matic children with regard to the likelihood of seeking medical
evaluation for their acutely ill children. We also compared the
incidence of S. pyogenes infection and the incidence of testing
for S. pyogenes before and after physician diagnosis of asthma.
The incidence of S. pyogenes infection did not differ between
before and after the diagnosis of asthma (0.28 vs. 0.24 per year,
respectively; P=0.37), nor did the incidence of testing for S. pyo-
genes infection (0.92 vs. 0.89 per year, respectively; P=0.74).
Thus, a detection bias is unlikely to entirely explain the relation-
ship between asthma and microbial infections.

Influence of corticosteroid treatment on the risk for microbial
infection in asthmatics

Although the literature suggests a potential impact of inhaled
corticosteroids on the risk for infection in patients with COPD,
this observation has not been well established in patients with
asthma.®"® In the study results described above, few asthmatic
subjects were receiving systemic or inhaled corticosteroids; thus,
exposure to corticosteroids is unlikely to account for the find-
ings. In the literature, corticosteroid therapy has not been con-
sistently and significantly shown to be associated with poorer
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humoral or cell-mediated responses to vaccines.** Amid the
concern regarding the potential impact of inhaled corticoste-
roid therapy on the risk for infection, noteworthy findings have
been reported. Doull et al.”” showed no significant benefits
from inhaled corticosteroid therapy for viral infection-induced
wheezing. In their study, they assessed the percentage of days
of upper and lower respiratory tract infection between an in-
haled corticosteroid treatment group and placebo group before
and after therapy. Although no significant differences between
the groups was observed for the frequency of viral infections,
post-therapy outcome measures showed a significant reduc-
tion in the percentage of days of upper respiratory tract infec-
tion (21 to 10 vs. 19 to 16, respectively) and of lower respiratory
tract infection (30 to 15 vs. 27 to 21) after inhaled corticosteroid
therapy compared with the placebo group. The findings of a
potential benefit of inhaled corticosteroids in reducing upper
or lower respiratory tract infections did not draw full attention,
as the study addressed only the study aims by accepting the null
hypothesis (no significant difference) and did not examine ei-
ther side of the hypothesis testing. Thus, the only conclusions
drawn were of no overall increases of infection among subjects
treated with inhaled corticosteroids, reassuring patients and
clinicians of the safety of inhaled corticosteroids.

Similarly, Martin et al.®® examined the association between
asthma and chronic infections with mycoplasma and Chlamyd-
ia. Although a strong association between asthma and infec-
tions with mycoplasma and Chlamydia existed, patients on ste-
roid therapy at the time of study enrollment showed a lower fre-
quency of mycoplasma and Chlamydia infections compared to
those without steroid therapy. Based on the provided informa-
tion, an odds ratio for the association between steroid therapy
and the risk for mycoplasma or Chlamydia infection was esti-
mated to be 0.34 (P=0.068), suggesting a potential protective
effect on the risk for such infections.

While corticosteroid therapies, particularly a burst course of
systemic steroid therapy and inhaled corticosteroid treatment,
do not appear to increase the risk for microbial infections, the
literature may not fully address this issue, as the concerns or
aims of previous studies have tended to focus on rejecting an
alternative hypothesis (accepting the null hypothesis, support-
ing no difference in the risk for infection between comparison
groups). In summary, the association of asthma and other atop-
ic conditions with the risk for microbial infections is unlikely to
be fully accounted for by corticosteroid therapies.

IMPACT OF ASTHMA ON THE RISK FOR NON-
INFECTIOUS PRO-INFLAMMATORY CHRONIC DISEASES

As discussed above, it is not known whether potential altera-
tions in immune function (i.e., immune dysregulation) in asth-
matics and other atopics can result in a predisposition to non-
infectious chronic diseases. Sporadic investigations have been
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conducted using different study designs, various definitions of
asthma and other atopic conditions, and different study sub-
jects and settings. To address this question, our research group
recently conducted a population-based matched cohort study
to assess whether asthma is associated with the risk for devel-
oping inflammatory bowel disease, rheumatoid arthritis, dia-
betes, and coronary heart disease.”® Asthma was associated
with an increased risk for developing diabetes (HR, 2.11; 95%
CI, 1.43-3.13; P<0.001) and coronary heart disease (HR, 1.47;
95% CI, 1.05-2.06; P=0.024), but not with an increased risk for
inflammatory bowel disease (HR, 1.31; P=0.56) or rheumatoid
arthritis (HR, 1.30; P=0.31). Previous studies have demonstrat-
ed an association between asthma and both coronary heart
disease™ and diabetes.”"™ The lack of an association between
asthma and inflammatory bowel disease and rheumatoid ar-
thritis may be related to systemic corticosteroid therapies in
asthmatics. The study was conducted between 1964 and 1983,
when systemic steroids were often used for the treatment of
asthma, and steroid treatments might have alleviated the prog-
ress of inflammatory bowel disease or rheumatoid arthritis.
Nevertheless, the data clearly suggest that despite the recipro-
cal inhibitory relationship between Th1 and Th2 cells at the im-
munological level, asthma as a Th2-predominant condition
does not confer a protective effect on Th1-predominant pro-in-
flammatory conditions, but may increase the risk for other con-
ditions.

POTENTIAL MECHANISMS UNDERLYING THE
ASSOCIATION BETWEEN ASTHMA AND OTHER DISEASES

Conceptualizing the mechanisms underlying the association
of asthma with microbial infections and non-infectious pro-in-
flammatory chronic conditions is not a simple task, given the
multiple requirements accounting for the association. If asth-
ma were to causally affect the risk for other diseases, it appears
clear that alterations in airway architecture and the previously
reported impairments of innate immunity in asthmatics would
unlikely be sufficient to account for the associations, given that
adaptive immune functions are probably involved with the pro-
cesses discussed above (e.g., the waning of immunity, subopti-
mal cell-mediated immunity, and involvement with other in-
flammatory diseases). Indeed, the literature provides some spo-
radic support for altered or impaired adaptive immune func-
tions in asthmatics and other atopics.>**® The mechanisms un-
derlying the association between asthma and other diseases
are likely to be related to the immunogenetic underpinnings of
atopy. A Th2-predominant immune environment has been
shown to be associated with susceptibility to and severity of a
broad range of microbial infections, including Gram-negative
bacteria,”" virus,”*™ protozoa,** mycoplasma,® and candidi-
asis,* in animal models. However, the ways in which the Th2-
predominant immune milieu or cytokines affect the risk for mi-
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crobial infection, as well as for other inflammatory conditions,
has not yet been determined. Many active research studies are
investigating the mechanisms of the increased risk for infection
in asthmatics and other atopics.

Our research group has assessed the potential role of human
leukocyte antigen (HLA)-DR polymorphisms in the associa-
tions described above. We previously reported an association
between the HLA-DR3 gene and childhood asthma,® and dem-
onstrated that this association was independent of linkage dis-
equilibrium with the ancestral haplotype 8.1.* Importantly, us-
ing a humanized transgenic mouse model with no mouse MHC
genes and carrying the HLA-DR3 or HLA-DR2 gene, we showed
significant Th-2 predominant airway inflammation and immune
responses after sensitization and challenge with house dust
mite (a significant increase of eosinophils and IL-4 in BAL) in
DR3-carrying mice compared with DR2-carrying mice (the DR2
gene was not associated with asthma, according to our epide-
miologic study).”” These data suggest a potential HLA-DR re-
striction for recognizing house dust mite. In support of this
finding, the HLA-DR3 gene has been reported to be associated
with atopic asthma or allergic sensitization, including to house
dust mite.** Other studies have suggested a HLA-D gene re-
striction for recognizing house dust mite.” Furthermore, a re-
cent genome-wide association study has identified the HLA-
DR gene as a susceptibility gene for asthma.”

According to the literature, the HLA-DR3 gene is associated
with suboptimal immune responses. Previous studies have re-
ported that HLA-DRB1*03 is associated with poor immune re-
sponses to various vaccines (measles,” hepatitis B, and teta-
nus toxoid”) and a nasopharyngeal carrier status of Staphylo-
coccus aureus.” In addition, the HLA-DR3 gene has been shown
to be associated with a risk for autoimmune disease.”*® Although
these authors did not suggest a mechanism for the association
between asthma and the risk for other diseases, a biologically
plausible mechanism may be explored. Different approaches
may be used for identifying the mechanism of asthma etiology
versus determining the effects of asthma, but the results of the
two lines of study are likely to advance both goals. Thus, re-
search toward both goals should be performed in parallel.

THE IMPLICATIONS

Patient care

At present, current asthma care focuses on the control of asth-
ma primarily through pharmacological therapies, environmen-
tal control, and patient education. However, new approaches
for patient care can be considered. First, the early identification
and appropriate treatment of microbial infections or other
chronic diseases associated with asthma may be worthwhile.
For example, the ACIP recommendation that asthmatics aged
19-64 years old should receive 23-valent pneumococcal poly-
saccharide vaccinations could be implemented. In addition,

Allergy Asthma Immunol Res. 2012 May;4(3):122-131. http://dx.doi.org/10.4168/aair.2012.4.3.122

Influence of Asthma Epidemiology

other possible causes for conditions associated with asthma
should be evaluated. A lingering coughing episode may not be
the result of uncontrolled asthma, but rather the result of per-
tussis, given the increased risk for pertussis in asthmatics. A
chest pain may not be due to asthma, but may be an early man-
ifestation of coronary heart disease, given the potential associa-
tion between asthma and coronary heart disease, although the
counteracting treatment approaches for asthma and coronary
heart disease may be challenging. In this respect, specific rec-
ommendations for how to assess and address the conditions
associated with asthma could be included in asthma guide-
lines. Second, along these lines, asthmatics may require indi-
vidualized immunization schedules and a specific monitoring
plan. In the U.S., decennial Td (tetanus and diphtheria) vaccines
after Tdap at ages 11-12 years may need to be replaced with
Tdap for asthmatics, given the significant increase of pertussis
among asthmatics and the major cyclic pertussis outbreaks. As-
sessment of vaccine durability (e.g., pertussis immunity or MMR
immunity) during a routine follow-up visit for asthma care could
be considered, and asthmatics exhibiting decreased immunity
could receive a booster dose of vaccine. However, careful cost-
benefit and patient safety analyses must be performed before
implementation of this approach. Finally, when new approach-
es are phased into patient care, their effectiveness needs to be
studied through integration of both research and clinical prac-
tice.

Public health

First, when an outbreak of emerging or re-emerging infectious
disease occurs, epidemiological investigations by public health
agencies must assess the role of asthma or other atopic condi-
tions in the risk for or severity of infection. It would also be im-
portant to monitor the impact of asthma epidemiology on the
epidemiology of emerging and re-emerging infectious diseases
and of other chronic diseases. To date, little effort has been made
to address the question of why some people acquire an infec-
tion and others do not. The role of asthma in the 2009 HIN1 in-
fluenza outbreak may represent a prime example, as discussed
above. Second, the increased risk for microbial infections in
asthmatics could be a biodefense or bioterrorism issue, as asth-
matics in the general population and in the military may be dis-
proportionately affected by exposure to a biological assault. Fi-
nally, it would be worthwhile for public health agencies to per-
form a well-designed surveillance for the influence of asthma
on the epidemiology of other chronic diseases, including in-
flammatory diseases and malignancy as described above.

Research

Systematic research to clarify the association of asthma, as
well as atopic conditions other than asthma, with microbial in-
fections, particularly vaccine-preventable infections, and chron-
ic diseases should be undertaken. Research should also address
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the question as to why some asthmatics have increased risk for
infection and disease, while other asthmatics do not. Asthmat-
ics with increased susceptibility to microbial infections and
other diseases may represent a different asthma phenotype,
perhaps with different etiologic processes. This is largely over-
looked in the current literature and warrants further study. Air-
way colonization by bacteria or other organisms may provide
an important surrogate marker for identifying asthmatics with
a susceptibility phenotype. Our research group and others are
actively pursuing research in this area. Finally, the identifica-
tion of a mechanism that accounts for the etiology and effects
of asthma under a “unified theory” presents a formidable task.
Collaborative research efforts coordinated among multidisci-
plinary research groups can increase the opportunities for per-
tinent discoveries leading to such a theory.

ACKNOWLEDGMENTS

I thank Elizabeth Krusemark for administrative assistance and
Dr. Robert G. Voigt for reviewing this manuscript. I gratefully
acknowledge all supporting staff from the Pediatric Asthma Ep-
idemiology Research Unit who made comments and sugges-
tions. The work was supported by Agency for Healthcare Re-
search and Quality of the United States (R01, HS 018431-01A1),
T. Denny Sanford Collaborative Research Fund, and Scholarly
Opportunity Award from the Center for Translational Science
Activities, and Scholarly Clinician Award from Mayo Founda-
tion.

REFERENCES

1. Valet RS, Gebretsadik T, Carroll KN, Wu P, Dupont WD, Mitchel EE
Hartert TV. High asthma prevalence and increased morbidity
among rural children in a Medicaid cohort. Ann Allergy Asthma
Immunol 2011;106:467-73.

2. Centers for Disease Control and Prevention (CDC). Vital signs:
asthma prevalence, disease characteristics, and self-management
education: United States, 2001--2009. MMWR Morb Mortal Wkly
Rep 2011;60:547-52.

3. Lethbridge-Cejku M, Vickerie J. Summary of health statistics for U.S.
adults: National Health Interview Survey, 2003. National Center for
Health Statistics. Vital Health Stat 10. 2005.

4. World Health Organization (WHO). Asthma. Fact Sheet N°307. Ge-
neva, Switzerland: WHO; 2006 [Accessed Oct 26]. Available from:
http://www.who.int/mediacentre/factsheets/fs307/en/index.html.

5. Yunginger JW, Reed CE, O’Connell E], Melton L] 3rd, O’Fallon WM,
Silverstein MD. A community-based study of the epidemiology of
asthma. Incidence rates, 1964-1983. Am Rev Respir Dis 1992;146:
888-94.

6. Yawn BP, Wollan P, Kurland M, Scanlon P. A longitudinal study of
the prevalence of asthma in a community population of school-
age children. J Pediatr 2002;140:576-81.

7. Akinbami L. Asthma Prevalence, Health Care Use and Mortality:
United States, 2003-05. Hyattsville, MD: National Center for Health
Statistics; 2006 [Accessed Oct 18 2008]. Available from: http://www.

128  http://e-aair.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Volume 4, Number 3, May 2012

cdc.gov/nchs/data/hestat/asthma03-05/asthma03-05.htm.

. Weiss KB, Gergen PJ, Wagener DK. Breathing better or wheezing

worse? The changing epidemiology of asthma morbidity and mor-
tality. Annu Rev Public Health 1993;14:491-513.

. Arrighi HM. US asthma mortality: 1941 to 1989. Ann Allergy Asth-

ma Immunol 1995;74:321-6.

Anandan C, Nurmatov U, van Schayck OC, Sheikh A. Is the preva-
lence of asthma declining? Systematic review of epidemiological
studies. Allergy 2010;65:152-67.

Schultz Larsen E Diepgen T, Svensson A. The occurrence of atopic
dermatitis in North Europe: an international questionnaire study. J
Am Acad Dermatol 1996;34:760-4.

Williams HC. Is the prevalence of atopic dermatitis increasing? Clin
Exp Dermatol 1992;17:385-91.

Hanifin JM, Reed ML; Eczema Prevalence and Impact Working
Goup. A population-based survey of eczema prevalence in the
United States. Dermatitis 2007;18:82-91.

Nathan RA, Meltzer EO, Derebery J, Campbell UB, Stang PE, Corrao
MA, Allen G, Stanford R. The prevalence of nasal symptoms attrib-
uted to allergies in the United States: findings from the burden of
rhinitis in an America survey. Allergy Asthma Proc 2008;29:600-8.
Gordon B, Blaiss M, Meltzer E, Mahr T, Boyle J. Prevalence of sea-
sonal and perennial allergic rhinitis in children and adults. J Aller-
gy Clin Immunol 2008;121:5209.

Meltzer EO, Blaiss MS, Derebery MJ, Mahr TA, Gordon BR, Sheth
KK, Simmons AL, Wingertzahn MA, Boyle JM. Burden of allergic
rhinitis: results from the Pediatric Allergies in America survey. J Al-
lergy Clin Immunol 2009;124:543-70.

Whitney CG, Farley MM, Hadler ], Harrison LH, Bennett NM, Lyn-
field R, Reingold A, Cieslak PR, Pilishvili T, Jackson D, Facklam RR,
Jorgensen JH, Schuchat A; Active Bacterial Core Surveillance of the
Emerging Infections Program Network. Decline in invasive pneu-
mococcal disease after the introduction of protein-polysaccharide
conjugate vaccine. N Engl ] Med 2003;348:1737-46.

Huang SS, Platt R, Rifas-Shiman SL, Pelton SI, Goldmann D, Fin-
kelstein JA. Post-PCV7 changes in colonizing pneumococcal sero-
types in 16 Massachusetts communities, 2001 and 2004. Pediatrics
2005;116:e408-13.

Kaplan SL, Mason EO Jr, Wald ER, Schutze GE, Bradley JS, Tan TQ,
Hoffman JA, Givner LB, Yogev R, Barson WJ. Decrease of invasive
pneumococcal infections in children among 8 children’s hospitals
in the United States after the introduction of the 7-valent pneumo-
coccal conjugate vaccine. Pediatrics 2004;113:443-9.

Weinberger DM, Malley R, Lipsitch M. Serotype replacement in
disease after pneumococcal vaccination. Lancet 2011;378:1962-73.
Prevention of pneumococcal disease: recommendations of the Ad-
visory Committee on Immunization Practices (ACIP). MMWR Re-
comm Rep 1997;46:1-24.

Obaro S, Adegbola R. The pneumococcus: carriage, disease and
conjugate vaccines. ] Med Microbiol 2002;51:98-104.

Robinson KA, Baughman W, Rothrock G, Barrett NL, Pass M, Lex-
au C, Damaske B, Stefonek K, Barnes B, Patterson J, Zell ER,
Schuchat A, Whitney CG; Active Bacterial Core Surveillance (ABCs)/
Emerging Infections Program Network. Epidemiology of invasive
Streptococcus pneumoniae infections in the United States, 1995-
1998: Opportunities for prevention in the conjugate vaccine era.
JAMA 2001;285:1729-35.

Talbot TR, Hartert TV, Mitchel E, Halasa NB, Arbogast PG, Poehling
KA, Schaffner W, Craig AS, Griffin MR. Asthma as a risk factor for

Allergy Asthma Immunol Res. 2012 May;4(3):122-131. http://dx.doi.org/10.4168/aair.2012.4.3.122



AAIR

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Allergy Asthma Immunol Res. 2012 May;4(3):122-131. http://dx.doi.org/10.4168/aair.2012.4.3.122

invasive pneumococcal disease. N Engl ] Med 2005;352:2082-90.
Juhn Y], Kita H, Yawn BP, Boyce TG, Yoo KH, McGree ME, Weaver
AL, Wollan P, Jacobson RM. Increased risk of serious pneumococ-
cal disease in patients with asthma. J Allergy Clin Immunol 2008;
122:719-23.

Black S. Epidemiology of pertussis. Pediatr Infect Dis ] 1997;16:585-
9.

Giiris D, Strebel PM, Bardenheier B, Brennan M, Tachdjian R, Finch
E, Wharton M, Livengood JR. Changing epidemiology of pertussis
in the United States: increasing reported incidence among adoles-
cents and adults, 1990-1996. Clin Infect Dis 1999;28:1230-7.
Tanaka M, Vitek CR, Pascual FB, Bisgard KM, Tate JE, Murphy TV.
Trends in pertussis among infants in the United States, 1980-1999.
JAMA 2003;290:2968-75.

Pertussis report. Sacramento, CA: California Department of Public
Health; 2010.

Bisgard KM, Pascual FB, Ehresmann KR, Miller CA, Cianfrini C,
Jennings CE, Rebmann CA, Gabel J, Schauer SL, Lett SM. Infant
pertussis: who was the source? Pediatr Infect Dis J 2004;23:985-9.
Capili CR, Hettinger AS, Ringelman-Hedberg NE, Fink LR, Boyce T,
Lahr B, Juhn YJ. Increased risk of pertussis in patients with asthma.
J Allergy Clin Immunol. Forthcoming 2011.

De Serres G, Shadmani R, Duval B, Boulianne N, Déry P, Douville
Fradet M, Rochette L, Halperin SA. Morbidity of pertussis in ado-
lescents and adults. ] Infect Dis 2000;182:174-9.

Kendirli SG, Yilmaz M, Bayram I, Altintas DU, Inal A, Karakoc G.
Potential association between allergic diseases and pertussis infec-
tion in schoolchildren: results of two cross-sectional studies seven
years apart. Allergol Immunopathol (Madr) 2009;37:21-5.

Centers for Disease Control and Prevention (CDC). Update: mumps
outbreak - New York and New Jersey, June 2009-January 2010.
MMWR Morb Mortal Wkly Rep 2010;59:125-9.

Dayan GH, Quinlisk MP, Parker AA, Barskey AE, Harris ML,
Schwartz JM, Hunt K, Finley CG, Leschinsky DP, O’Keefe AL, Clay-
ton J, Kightlinger LK, Dietle EG, Berg J, Kenyon CL, Goldstein ST,
Stokley SK, Redd SB, Rota PA, Rota J, Bi D, Roush SW, Bridges CB,
Santibanez TA, Parashar U, Bellini W], Seward JE Recent resurgence
of mumps in the United States. N Engl ] Med 2008;358:1580-9.
Noseworthy ME, Henderson AM, Kanzira P, Ratnam S, Hamed AA.
Measles, mumps and mycoplasma antibody profile in children with
asthma. Proceedings of American Thoracic Society Annual Meet-
ing; San Diego, CA. 2005.

Yoo KH, Agarwal K, Butterfield M, Jacobson RM, Poland GA, Juhn
Y]. Assessment of humoral and cell-mediated immune response to
measles-mumps-rubella vaccine viruses among patients with
asthma. Allergy Asthma Proc 2010;31:499-506.

Kremer JR, Schneider E Muller CP. Waning antibodies in measles
and rubella vaccinees--a longitudinal study. Vaccine 2006;24:2594-
601.

Yoo KH, Jacobson R, Poland G, Juhn YJ. The impact of asthma sta-
tus on durability of measles vaccine response in children. Proceed-
ings of 2011 Annual European Allergy, Asthma and Clinical Immu-
nology; Istanbul, Turkey. 2011.

World Health Organization (WHO). Pandemic (H1N1) 2009 - up-
date 111. Disease Outbreak News. Geneva, Switzerland: WHO;
2010 [Accessed 2010 Sep 22]. Available from: http://www.who.int/
csr/don/2010_07_30/en/index.html.

Centers for Disease Control and Prevention (CDC). 2008-2009 In-
fluenza Season Week 39 ending October 3, 2009. Fluview 2009.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Influence of Asthma Epidemiology

2010 [Accessed 2010 Sep 22]. Available from: http://www.cdc.gov/
flu/weekly/weeklyarchives2008-2009/weekly39.htm.

Eickhoff TC. 2009 pandemic HINI influenza: A retrospective.
Commentary. 2010 [Accessed 2010 Oct 5]. Available from: http://
www.infectiousdiseasenews.com/article.aspx?id=67575.

Jain S, Kamimoto L, Bramley AM, Schmitz AM, Benoit SR, Louie ],
Sugerman DE, Druckenmiller JK, Ritger KA, Chugh R, Jasuja S,
Deutscher M, Chen S, Walker JD, Duchin JS, Lett S, Soliva S, Wells
EV, Swerdlow D, Uyeki TM, Fiore AE, Olsen SJ, Fry AM, Bridges CB,
Finelli L; 2009 Pandemic Influenza A (H1N1) Virus Hospitalizations
Investigation Team. Hospitalized patients with 2009 HIN1 influen-
za in the United States, April-June 2009. N Engl ] Med 2009;361:
1935-44.

ANZIC Influenza Investigators, Webb SA, Pettild V, Seppelt I, Bello-
mo R, Bailey M, Cooper DJ, Cretikos M, Davies AR, Finfer S, Harrig-
an PW, Hart GK, Howe B, Iredell JR, McArthur C, Mitchell I, Morri-
son S, Nichol AD, Paterson DL, Peake S, Richards B, Stephens D,
Turner A, Yung M. Critical care services and 2009 HIN1 influenza
in Australia and New Zealand. N Engl ] Med 2009;361:1925-34.
Kloepfer KM, Olenec JP, Lee W, Pappas TE, Liu G, Vrtis RE Evans
MD, Gangnon RE, Gern JE. Increased HIN1 infection rate in asth-
matic children. J Allergy Clin Immunol 2011;127:AB147.

Jung JA, Kita H, Yawn BP, Boyce TG, Yoo KH, McGree ME, Weaver
AL, Wollan P, Jacobson RM, Juhn Y]J. Increased risk of serious pneu-
mococcal disease in patients with atopic conditions other than
asthma. J Allergy Clin Immunol 2010;125:217-21.

Frey D, Jacobson R, Poland G, Li X, Juhn Y. Assessment of the asso-
ciation between pediatric asthma and Streptococcus pyogenes up-
per respiratory infection. Allergy Asthma Proc 2009;30:540-5.

Juhn Y], Frey D, Jacobson RM, Li X, Poland G. S. pyogenes upper
respiratory infection and atopic conditions other than asthma. Prim
Care Respir J. Forthcoming 2011.

Jung JA, Kita H, Dhillon R, Jacobson RM, Nahm MH, Park M, Tsig-
relis C, Juhn YJ. Influence of asthma status on serotype-specific
pneumococcal antibody levels. Postgrad Med 2010;122:116-24.
Marenholz I, Kerscher T, Bauerfeind A, Esparza-Gordillo ], Nickel R,
Keil T, Lau S, Rohde K, Wahn U, Lee YA. An interaction between fil-
aggrin mutations and early food sensitization improves the predic-
tion of childhood asthma. J Allergy Clin Immunol 2009;123:911-6.
Weidinger S, O'Sullivan M, Illig T, Baurecht H, Depner M, Rodriguez
E, Ruether A, Klopp N, Vogelberg C, Weiland SK, McLean WH, von
Mutius E, Irvine AD, Kabesch M. Filaggrin mutations, atopic ecze-
ma, hay fever, and asthma in children. J Allergy Clin Immunol 2008;
121:1203-9.el.

Contoli M, Message SD, Laza-Stanca V, Edwards MR, Wark PA,
Bartlett NW, Kebadze T, Mallia P, Stanciu LA, Parker HL, Slater L,
Lewis-Antes A, Kon OM, Holgate ST, Davies DE, Kotenko SV, Papi
A, Johnston SL. Role of deficient type III interferon-lambda pro-
duction in asthma exacerbations. Nat Med 2006;12:1023-6.

Wark PA, Johnston SL, Bucchieri E Powell R, Puddicombe S, Laza-
Stanca V, Holgate ST, Davies DE. Asthmatic bronchial epithelial
cells have a deficient innate immune response to infection with
rhinovirus. ] Exp Med 2005;201:937-47.

Grove DI, Burston TO, Wellby ML, Ford RM, Forbes IJ. Humoral
and cellular immunity in asthma. J Allergy Clin Immunol 1975;55:
152-63.

Grove DI, Reid JG, Forbes IJ. Humoral and cellular immunity in
atopic eczema. Br ] Dermatol 1975;92:611-8.

Schneider LC, Weinberg A, Boguniewicz M, Zaccaro D, Taylor P,

http://e-aairorg 129



Juhn

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

130

Coughlin-Borras I, Heughan L, Samuels R, Leung D. Abnormal im-
mune response to varicella vaccine in subjects with atopic derma-
titis compared to non-atopic controls. ] Allergy Clin Immunol 2008;
121:5272-3.

Bisgaard H, Hermansen MN, Buchvald E Loland L, Halkjaer LB,
Bonnelykke K, Brasholt M, Heltberg A, Vissing NH, Thorsen SV,
Stage M, Pipper CB. Childhood asthma after bacterial colonization
of the airway in neonates. N Engl ] Med 2007;357:1487-95.

Holt PG, Clough JB, Holt BJ, Baron-Hay MJ, Rose AH, Robinson
BW, Thomas WR. Genetic ‘risk’ for atopy is associated with delayed
postnatal maturation of T-cell competence. Clin Exp Allergy 1992;
22:1093-9.

Juhn Y], Johnson SK, Hashikawa AH, Voigt RG, Campeau L], Yawn
BP, Williams AR. The potential biases in studying the relationship
between asthma and microbial infection. J Asthma 2007;44:827-32.
Scott K, Johnson SK, Hashikawa AH, Voigt RG, Juhn, YJ. The inci-
dence of medical evaluations for acute illnesses in asthmatic and
non-asthmatic children. Proceedings of Annual European Acade-
my of Allergy and Clinical Immunology; Barcelona, Spain. 2008.
Welch MJ. Inhaled steroids and severe viral infections. ] Asthma
1994;31:43-50.

Patel H, Macarthur C, Johnson D. Recent corticosteroid use and
the risk of complicated varicella in otherwise immunocompetent
children. Arch Pediatr Adolesc Med 1996;150:409-14.

Lahood N, Emerson SS, Kumar P, Sorensen RU. Antibody levels and
response to pneumococcal vaccine in steroid-dependent asthma.
Ann Allergy 1993;70:289-94.

Lee HJ, Kang JH, Henrichsen J, Konradsen HB, Jang SH, Shin HY,
Ahn HS, Choi Y, Hessel L, Nam SW. Immunogenicity and safety of
a 23-valent pneumococcal polysaccharide vaccine in healthy chil-
dren and in children at increased risk of pneumococcal infection.
Vaccine 1995;13:1533-8.

Spika JS, Halsey NA, Fish AJ, Lum GM, Lauer BA, Schiffman G,
Giebink GS. Serum antibody response to pneumococcal vaccine in
children with nephrotic syndrome. Pediatrics 1982;69:219-23.
Hanania NA, Sockrider M, Castro M, Holbrook JT, Tonascia J, Wise
R, Atmar RL; American Lung Association Asthma Clinical Re-
search Centers. Immune response to influenza vaccination in chil-
dren and adults with asthma: effect of corticosteroid therapy. J Al-
lergy Clin Immunol 2004;113:717-24.

Doull IJ, Lampe FC, Smith S, Schreiber ], Freezer NJ, Holgate ST. Ef-
fect of inhaled corticosteroids on episodes of wheezing associated
with viral infection in school age children: randomised double
blind placebo controlled trial. BMJ 1997;315:858-62.

Martin RJ, Kraft M, Chu HW, Berns EA, Cassell GH. A link between
chronic asthma and chronic infection. J Allergy Clin Immunol 2001;
107:595-601.

Yun H, Knoebel E, Fenta Y, Gabriel SE, Leibson C, Loftus EV Jr,
Roger V, Yawn B, Li B, Juhn Y. Asthma and proinflammatory condi-
tions: a population-based retrospective matched cohort study. J
Allergy Clin Immunol 2011;127:AB79.

Prosser R, Carleton B, Smith A. The comorbidity burden of the
treated asthma patient population in British Columbia. Chronic
Dis Can 2010;30:46-55.

Kero J, Gissler M, Hemminki E, Isolauri E. Could TH1 and TH2 dis-
eases coexist? Evaluation of asthma incidence in children with co-
eliac disease, type 1 diabetes, or rheumatoid arthritis: a register
study. J Allergy Clin Immunol 2001;108:781-3.

Adams RJ, Wilson DH, Taylor AW, Daly A, Tursan d’Espaignet E,

http://e-aair.org

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Volume 4, Number 3, May 2012

Dal Grande E, Ruffin RE. Coexistent chronic conditions and asth-
ma quality of life: a population-based study. Chest 2006;129:285-91.
Zhang T, Carleton BC, Prosser RJ, Smith AM. The added burden of
comorbidity in patients with asthma. J Asthma 2009;46:1021-6.
Kincy-Cain T, Bost KL. Increased susceptibility of mice to Salmo-
nella infection following in vivo treatment with the substance P an-
tagonist, spantide II. ] Immunol 1996;157:255-64.

Beisswenger C, Kandler K, Hess C, Garn H, Felgentreft K, Wegmann
M, Renz H, Vogelmeier C, Bals R. Allergic airway inflammation in-
hibits pulmonary antibacterial host defense. ] Immunol 2006;177:
1833-7.

van Den Broek M, Bachmann ME Kohler G, Barner M, Escher R,
Zinkernagel R, Kopf M. IL-4 and IL-10 antagonize IL-12-mediated
protection against acute vaccinia virus infection with a limited role
of IFN-gamma and nitric oxide synthetase 2. ] Immunol 2000;164:
371-8.

Fischer JE, Johnson JE, Kuli-Zade RK, Johnson TR, Aung S, Parker
RA, Graham BS. Overexpression of interleukin-4 delays virus clear-
ance in mice infected with respiratory syncytial virus. J Virol 1997;
71:8672-7.

Graham MB, Braciale VL, Braciale TJ. Influenza virus-specific
CD4+ T helper type 2 T lymphocytes do not promote recovery
from experimental virus infection. ] Exp Med 1994;180:1273-82.
Moran TM, Isobe H, Fernandez-Sesma A, Schulman JL. Interleu-
kin-4 causes delayed virus clearance in influenza virus-infected
mice. J Virol 1996;70:5230-5.

Locksley RM, Heinzel FP, Sadick MD, Holaday BJ, Gardner KD Jr.
Murine cutaneous leishmaniasis: susceptibility correlates with dif-
ferential expansion of helper T-cell subsets. Ann Inst Pasteur Im-
munol 1987;138:744-9.

Sjolander A, Baldwin TM, Curtis J]M, Handman E. Induction of a
Th1 immune response and simultaneous lack of activation of a Th2
response are required for generation of immunity to leishmaniasis.
J Immunol 1998;160:3949-57.

Lohoff M, Gessner A, Bogdan C, Réllinghoff M. The Th1/Th2 para-
digm and experimental murine leishmaniasis. Int Arch Allergy Im-
munol 1998;115:191-202.

Chaplin DD, Zindl CL, Duffy LB, Atkinson TP, Lai J. Clearance of
Mycoplasma pneumoniae is impaired in mice with established al-
lergic airway inflammation. J Allergy Clin Immunol 2007;119:S132.
Romani L, Mocci S, Bietta C, Lanfaloni L, Puccetti P, Bistoni E Th1
and Th2 cytokine secretion patterns in murine candidiasis: associ-
ation of Th1 responses with acquired resistance. Infect Immun
1991;59:4647-54.

Juhn Y], Kita H, Lee LA, Smith RW, Bagniewski SM, Weaver AL,
Pankratz VS, Jacobson RM, Poland GA. Childhood asthma and hu-
man leukocyte antigen type. Tissue Antigens 2007;69:38-46.
Hanchard NA, Jacobson RM, Poland GA, Juhn Y]. Refining the role
of the HLA DRB1*03 asthma susceptibility locus through linkage
disequilibrium and haplotype analysis. Proceedings of 2009 Pedi-
atric Academic Societies’ Annual Meeting; 2009 May 2-5; Baltimore,
MD. 2009.

Rajagopalan G, Tilahun AY, lijima K, David CS, Kita H, Juhn Y]J.
HLA-DR polymorphism modulates response to house dust mites
in a transgenic mouse model of airway inflammation. Tissue Anti-
gens 2011;77:589-92.

Lara-Marquez ML, Yunis J], Layrisse Z, Ortega F, Carvallo-Gil E,
Montagnani S, Makhatadze NJ, Pocino M, Granja C, Yunis E. Im-
munogenetics of atopic asthma: association of DRB1*1101

Allergy Asthma Immunol Res. 2012 May;4(3):122-131. http://dx.doi.org/10.4168/aair.2012.4.3.122



AAIR

89.

90.

91.

92.

Allergy Asthma Immunol Res. 2012 May;4(3):122-131. http://dx.doi.org/10.4168/aair.2012.4.3.122

DQA1*0501 DQB1*0301 haplotype with Dermatophagoides spp.-
sensitive asthma in a sample of the Venezuelan population. Clin
Exp Allergy 1999;29:60-71.

Torio A, Sdnchez-Guerrero I, Muro M, Herrero N, Pagan ], Min-
guela A, Marin L, Moya-Quiles MR, Sanchis MJ, Alvarez-Lépez
MR. Analysis of the phenotypic distribution of HLA class I and
class II in atopic and non-atopic asthma patients. Eur ] Immuno-
genet 2000;27:81-5.

Young RP, Dekker JW, Wordsworth BP, Schou C, Pile KD, Matthie-
sen E Rosenberg WM, Bell JI, Hopkin JM, Cookson WO. HLA-DR
and HLA-DP genotypes and immunoglobulin E responses to com-
mon major allergens. Clin Exp Allergy 1994;24:431-9.

Yssel H, Johnson KE, Schneider PV, Wideman J, Terr A, Kastelein R,
De Vries JE. T cell activation-inducing epitopes of the house dust
mite allergen Der p 1. Proliferation and lymphokine production
patterns by Der p I-specific CD4+ T cell clones. ] Immunol 1992;
148:738-45.

Li X, Howard TD, Zheng SL, Haselkorn T, Peters SP, Meyers DA,
Bleecker ER. Genome-wide association study of asthma identifies
RAD50-IL13 and HLA-DR/DQ regions. J Allergy Clin Immunol
2010;125:328-35.e11.

93.

94.

95.

96.

97.

98.

Influence of Asthma Epidemiology

Poland GA, Ovsyannikova IG, Jacobson RM, Vierkant RA, Jacobsen
SJ, Pankratz VS, Schaid DJ. Identification of an association between
HLA class II alleles and low antibody levels after measles immuni-
zation. Vaccine 2001;20:430-8.

Alper CA, Kruskall MS, Marcus-Bagley D, Craven DE, Katz AJ, Brink
SJ, Dienstag JL, Awdeh Z, Yunis EJ. Genetic prediction of nonre-
sponse to hepatitis B vaccine. N Engl ] Med 1989;321:708-12.
Feehally J, Brenchley PE, Coupes BM, Mallick NP, Morris DM, Short
CD. Impaired IgG response to tetanus toxoid in human membra-
nous nephropathy: association with HLA-DR3. Clin Exp Immunol
1986;63:376-84.

Kinsman OS, McKenna R, Noble WC. Association between histo-
compatability antigens (HLA) and nasal carriage of Staphylococ-
cus aureus. ] Med Microbiol 1983;16:215-20.

Mangalam AK, Rajagopalan G, Taneja V, David CS. HLA class II
transgenic mice mimic human inflammatory diseases. Adv Immu-
nol 2008;97:65-147.

Deshmukh US, Sim DL, Dai C, Kannapell CJ], Gaskin E Rajagopal-
an G, David CS, Fu SM. HLA-DR3 restricted T cell epitope mimicry
in induction of autoimmune response to lupus-associated antigen
SmD. J Autoimmun 2011;37:254-62.

http://e-aairorg 131



