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Abstract

Background: Patients with asthma have an increased risk of Streptococcus pyogenes infection compared with those without asthma. It
is unknown whether this is true for children with other atopic conditions such as atopic dermatitis or allergic rhinitis. 

Aims: To determine the risk of developing S. pyogenes infections of the upper respiratory tract in children and adolescents with atopic
dermatitis and/or allergic rhinitis. 

Methods: We conducted a retrospective cohort study that followed a convenience sample of 340 healthy children. Atopic dermatitis or
eczema and allergic rhinitis or hay fever were determined based on a physician diagnosis documented in medical records. All laboratory
test results of cultures, rapid antigen detection, and polymerase chain reaction tests for S. pyogenes infections during the first 18 years of
life were collected to compare the incidence of S. pyogenes infections between children with and without a physician diagnosis of atopic
conditions. A Poisson regression was fit to determine the association between asthma and S. pyogenes infections, controlling for other
covariates including asthma.    

Results: Of the 340 subjects, 327 were eligible for the study. Of these 327 subjects, 143 (44%) had atopic conditions other than asthma.
The incidence of S. pyogenes infections in children with atopic conditions other than asthma and those without atopic conditions was 0.24
per person-year and 0.18 per person-year, respectively. The adjusted risk ratios for allergic rhinitis and atopic dermatitis were 1.36 (95%
CI 1.07 to 1.66, p=0.011) and 1.30 (95% CI 0.98 to 1.71, p=0.06), respectively, controlling for asthma and other covariates.     

Conclusions: In addition to asthma, allergic rhinitis but not atopic dermatitis is associated with an increased risk of S. pyogenes upper
respiratory tract infections. 
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Introduction
Streptococcus pyogenes infections are a major cause of
morbidity and mortality worldwide with an estimated 500,000
deaths, most of which are attributable to invasive infection,
acute rheumatic fever, and subsequent rheumatic heart disease.1

They cause a spectrum of diseases from sore throat to fatal
necrotising fasciitis. Approximately 7.3 million outpatient
physician visits attributable to sore throat occur each year among
children in the USA, and S. pyogenes is responsible for 15–36%

of cases.2 Data from the 2004 World Health Organization report
show that death from S. pyogenes infection was ranked ninth
among the top 10 causes of death in the world.3 A recent report
suggests that S. pyogenes infection was the third most common
organism causing pulmonary bacterial co-infection in patients
with fatal cases of 2009 novel H1N1 influenza.4 Each year, 600
million new cases of S. pyogenes pharyngitis, 500,000 deaths
worldwide,5 and an estimated 8,950–11,500 cases of invasive S.
pyogenes infections occur in the USA resulting in 1,050–1,850
deaths.6 Much of this burden of S. pyogenes infection is
attributable to symptomatic infection and asymptomatic
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colonisation among children, because children are the major
reservoir of S. pyogenes and are the target population for acute
upper respiratory tract infections and complications with a peak
incidence between 5 and 15 years of age.7

Known risk factors for S. pyogenes upper respiratory tract
infections include exposure to cigarette smoke, low birth weight,
and low socioeconomic status.5,8,9 Recently, we found that
children with asthma have an increased risk of S. pyogenes
infection compared with those without asthma.10 At present it is
unknown whether atopic dermatitis or allergic rhinitis poses an
increased risk of S. pyogenes upper respiratory tract infections.
We hypothesised that children with atopic dermatitis or allergic
rhinitis are more likely to develop S. pyogenes infection in the
upper respiratory tract than those without such conditions due
to the shared underlying immunological mechanisms between
asthma and other atopic conditions. 

To test this hypothesis, we conducted a retrospective cohort
study to compare the incidence of S. pyogenes upper respiratory
tract infections between children with and without atopic
dermatitis or allergic rhinitis during the first 18 years of life. The
results might help us identify the mechanisms by which some
children develop S. pyogenes-induced pharyngitis and others do
not, and to explain why some children become S. pyogenes
carriers and others do not. The study findings might also enable
us to understand whether the epidemiology of atopic diseases
affects the epidemiology of S. pyogenes infection. Addressing
this question is worthwhile, given the significant proportion of
affected children and adults with atopic dermatitis or allergic
rhinitis and the rising prevalence of these conditions (10–19%
prevalence or 31.6 million Americans with atopic dermatitis and
26–33% prevalence or 60 million Americans with allergic
rhinitis).11,12 

Methods 
Study design and setting     
We conducted a retrospective cohort study of children aged
5–13 years residing in Olmsted County, Minnesota where
medical care is virtually self-contained within two medical
centres. They are joined by the database of the Rochester
Epidemiology Project for research. A recent study on the
prevalence of asthma among children and adolescents in
kindergarten to 12th grades in Olmsted County, Minnesota
showed that 18% of children and adolescents in this age group
had asthma based on predetermined criteria upon medical
record review.13

Study subjects 
The study protocol was approved by the institutional review
boards at both Mayo Clinic and Olmsted Medical Center. We
have previously reported the details of the study subjects.14

Briefly, they were a random sample of the original study cohort
of children who participated in the Rochester Family Measles
Project. The original study cohort was a convenience sample of
876 children aged 5–13 years who were recruited from the

Rochester School District in Rochester, Minnesota in 1993.10 Of
the original study cohort, a stratified random sample of 340
children had undergone human leucocyte antigen typing.15

These 340 children were enrolled in our current study between
2002 and 2006 when they were aged >14 years. Subjects who
did not grant research authorisation for medical record review
and those who were not Olmsted County residents for at least 1
year before study enrolment were excluded. Overall, our study
subjects were similar to the original study cohort and children in
Olmsted County, Minnesota with regard to sociodemographic
characteristics.  
Identification of S.pyogenes
Details of the method for identifying S. pyogenes have been
described previously.10 Although we did not include clinical
symptoms or signs for upper respiratory tract infections as the
definition of S. pyogenes infection, according to our medical
record review almost all subjects had clinical symptoms for upper
respiratory tract infections. Infection with S. pyogenes was
ascertained by laboratory testing of a patient’s throat swab. Each
subject’s medical records from birth to their 18th birthday were
reviewed. All incidents of S. pyogenes culture, rapid antigen
detection test, or polymerase chain reaction (PCR) test for a
throat swab were recorded by date together with the result
(positive or negative). We made no distinction between positive
test results obtained from a throat culture, rapid antigen
detection test, or PCR in data analysis. All negative results were
based on either bacterial culture or PCR detection test for S.
pyogenes.
Atopic disease status 
Comprehensive medical record reviews were conducted for the
study subjects to determine atopic conditions, which included
atopic dermatitis or eczema and allergic rhinitis or hay fever.
Ascertainment of these atopic conditions was based on the
physician diagnosis of ‘atopic dermatitis or eczema’ and ‘allergic
rhinitis or hay fever’ after conducting the comprehensive medical
record review. We have previously used this ascertainment
method for atopic conditions.16

Statistical analysis 
To address the study aim, we calculated the incidence density
rates by dividing the number of S. pyogenes upper respiratory
tract infections by the total person-years based on the follow-up
duration from the first registration date to the last follow-up date
or 18th birthday, whichever came first. All positive test results for
S. pyogenes were considered incidents of S. pyogenes infections.
The denominator (total person-years) of the incidence density
rate offsets the different number of S. pyogenes infections,
which is a function of the duration of follow-up. The incidence
density rates follow the Poisson distribution since the responses
were counted, so we fitted data to a Poisson regression model to
calculate risk ratios and their corresponding 95% confidence
intervals, adjusting for pertinent covariates and confounders.
Univariate Poisson regression was used to identify variables
associated with an increased risk of S. pyogenes infections. Data
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were fitted to a multivariate Poisson regression model to
determine the independent impact of atopic conditions on the
risk of S. pyogenes infections, controlling for pertinent
covariates and confounders (asthma status, birth weight, and
ethnicity) associated with the risk of S. pyogenes infections. The
choice of variables to be entered into a multivariate model was
based on the univariate Poisson regression models and the
Greenland’s entering criteria for a multivariate model.17 In
addition, to assess potential detection bias (i.e. atopic patients
might be more likely to seek medical evaluations and tests for S.
pyogenes infections than non-atopic patients), we compared
the incidence of S. pyogenes infections before and after the
physician diagnosis of atopic conditions. We also compared the
incidence of tests for S. pyogenes infections, including both
positive and negative test results, before and after a physician
diagnosis of atopic conditions. All statistical significance was
tested at a two-sided alpha error of 0.05. 

Results
Study subjects 
Of the 340 children who met the eligibility criteria, only 327
were included due to lack of research authorisation for 13
children. The overall incidence of S. pyogenes upper
respiratory tract infections in our study subjects was 0.21 per
person-year. The subjects included 168 (51.4%) males and
306 (93.6%) Caucasians, which is similar to the overall
demographics of Olmsted County in 1990. Of the 327
subjects, 143 (44%) had atopic dermatitis or allergic rhinitis.
Of these 143 subjects, 63 had atopic dermatitis (presence of
asthma 28; absence of asthma 35), 110 subjects had allergic
rhinitis (presence of asthma 60; absence of asthma 50), and
30 subjects had both conditions (presence of asthma 20;
absence of asthma 10). In addition, of these 327 subjects, 114
met the criteria for asthma. The characteristics of the study
subjects are summarised in Table 1.

Characteristics No. (%) S. pyogenes incidence rate Unadjusted risk ratios
(per person-year) (95% CI) (95%CI)

Asthma status*
No 213 (65%) 0.18 (0.17 to 0.20) Reference group
Yes 114 (35%) 0.25 (0.23 to 0.28) 1.38 (1.12 to 1.70)

Atopic conditions other than asthma
No 184 (56%) 0.18 (0.17 to 0.20) Reference group
Yes 143 (44%) 0.24 (0.23 to 0.26) 1.36 (1.10 to 1.67)

Sex
Female 159 (49%) 0.21 (0.19 to 0.22) Reference group
Male 168 (51%) 0.21 (0.20 to 0.23) 0.97 (0.78 to 1.19)

Race
Non-Caucasian 21 (6%) 0.08 (0.05 to 0.11) Reference group
Caucasian 306 (94%) 0.22 (0.20 to 0.23) 2.89 (1.41 to 5.95)

Maternal education
Unknown 110 (34%) 0.17 (0.14 to 0.21) Reference group
High school or less 23 (7%) 0.21 (0.19 to 0.23) 1.22 (0.83 to 1.79)
Some college 108 (33%) 0.21 (0.18 to 0.25) 1.23 (0.78 to 1.94)
College degree 49 (15%) 0.25 (0.21 to 0.29) 1.43 (0.90 to 2.27)
Graduate degree 37 (11%)

Family history of asthma
No 129 (39%) 0.20 (0.18 to 0.22) Reference group
Yes 198 (61%) 0.22 (0.20 to 0.23) 1.10 (0.88 to 1.36)

Family history of atopy
No 106 (32%) 0.20 (0.18 to 0.22) Reference group
Yes 221 (68%) 0.21 (0.20 to 0.23) 1.06 (0.85 to 1.33)

Birth weight
Unknown 2 (1%) 0.22 (0.21 to 0.24) Reference group
>2500g 255 (78%) 0.15 (0.13 to 0.17) 0.66 (0.49 to 1.89)
<2500g 70 (21%)

Severity of asthma
Unknown 10 (8.8%)
Mild to moderate 94 (82.5%) 0.25 (0.23 to 0.28) Reference group
Severe 10 (8.8%) 0.28 (0.21 to 0.36) 1.12 (0.63 to 1.97)

CI=confidence interval.
*Asthma status includes both probable and definite asthma.

Table 1. Characteristics of study subjects and factors associated with Streptococcus pyogenes infections based on a
univariate Poisson regression model 
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Atopic dermatitis/allergic rhinitis and S. pyogenes upper
respiratory tract infection 
The incidence rates of S. pyogenes infection for children with and
without atopic dermatitis or allergic rhinitis were 0.24 per person-
year and 0.18 per person-year, respectively. A multivariate Poisson
regression model showed the adjusted risk ratio of patients with
atopic dermatitis/allergic rhinitis developing S. pyogenes infection
was 1.30 (95% CI 1.05 to 1.62, p=0.018) compared with those
without such conditions, controlling for asthma status, birth
weight, and ethnicity (Table 2). We performed separate analyses
for individual atopic conditions such as atopic dermatitis and
allergic rhinitis. Allergic rhinitis and atopic dermatitis were found
to be individually associated with increased risks of S. pyogenes
infections adjusting for the same variables, but atopic dermatitis
did not reach statistical significance (Table 2). The univariate
analysis results for other factors associated with S. pyogenes
infections are summarised in Table 1. To ensure that this
association was not due to detection bias – that is, a differential
detection of outcomes (S. pyogenes infections) between
comparison groups (atopic condition status) by subjects or
examiners – we compared the incidences of both positive S.
pyogenes infections and tests for S. pyogenes infections regardless
of the test results for subjects with atopic conditions before and
after the physician diagnosis of atopic conditions. We did not find
significant differences in the incidence of positive S. pyogenes
infections (0.28 vs. 0.22 per person-year, respectively, p=0.81) and
tests for S. pyogenes infections (0.87 vs. 0.83 per person-year,
respectively, p=0.61) before and after the date of physician
diagnosis of atopic conditions. 

Discussion
Main findings    
Our study results suggest that children with allergic rhinitis
have an increased risk of S. pyogenes upper respiratory tract
infections compared with those without such conditions

(adjusted RR 1.3, 95% CI 1.05 to 1.62, p=0.018) taking into
account asthma status, ethnicity, and birth weight.
Individually, allergic rhinitis (adjusted RR 1.36, 95% CI 1.07 to
1.66, p=0.011) was associated with an increased risk of S.
pyogenes infections controlling for the same variables, but
atopic dermatitis did not reach statistical significance due to a
small sample size (adjusted RR 1.3, 95% CI 0.98 to 1.71,
p=0.06). Although the effect size is relatively small, we believe
that the effect sizes are still significant considering the
reported effect size of the known risk factor for respiratory
health such as exposure to cigarette smoking
(OR1.24–1.72)18,19 in young children. Our findings could be
due to a detection bias that arises from a differential medical
evaluation or medical care-seeking behaviour between
children with and without atopic conditions. However, neither
the incidence of S. pyogenes infection nor the incidence of
tests for S. pyogenes before and after the physician diagnosis
of atopic conditions is different in our study cohort. In
addition, our recent study results based on a prospective
cohort study showed that parents of children with asthma
were not more likely to seek medical evaluations for mild
acute illnesses in their children than parents of children who
do not have asthma.20 These results are likely to be applicable
to other atopic conditions. Our finding that the risk of S.
pyogenes infection is independent of the timing of the
physician diagnosis of atopic conditions may also suggest that
the immunogenetic predisposition to atopic conditions itself
may place an individual at an increased risk of S. pyogenes
infection before developing full-blown phenotypic (clinical)
characteristics of atopic conditions. Alternatively, our findings
could also be due to the influence of asthma status since
asthma is a common co-morbid condition, given the reported
association between asthma and S. pyogenes infections.
However, we adjusted the association between atopic
dermatitis or allergic rhinitis and S. pyogenes infections for
asthma status. Although we did not collect data on the use of
topical corticosteroid treatment for atopic dermatitis or
corticosteroid spray for allergic rhinitis, we assessed the
influence of an effect of inhaled or short-term systemic
corticosteroids on S. pyogenes infection among children with
asthma. Only 15 (13%) of the children with asthma in our
study ever used inhaled or short-term systemic corticosteroids
and none of them developed S. pyogenes infections in the 30
days following steroid use. A previous study showed that
corticosteroid nasal spray did not increase the risk of bacterial
colonisation or infection.21

Interpretation of findings in relation to previously
published work 
There is no literature with which we can compare our study
results. We did find a single cross-sectional study that
assessed the association between asthma or allergic rhinitis
and S. pyogenes carrier status; this study reported an odds
ratio of 1.36 (95% CI 0.72 to 2.57) for the association.22 This

Incidence of Adjusted risk 
S. pyogenes ratio (95% CI)*
infections per
person-year

All atopic conditions
Yes (n=143) 0.24 (0.23 to 0.26) 1.30 (1.05 to 1.62)
No (n=184) 0.18 (0.17 to 0.20) Referent

Atopic dermatitis or eczema 
Yes (n=93) 0.24 (0.20 to 0.27) 1.30 (0.98 to 1.71)
No (n=234) 0.17 (0.16 to 0.21) Referent

Allergic rhinitis or hay fever 
Yes (n=110) 0.26 (0.24 to 0.28) 1.36 (1.07 to 1.66)
No (n=217) 0.18 (0.17 to 0.20) Referent

CI=confidence interval.
*Adjusted for asthma status, ethnicity, and birth weight.

Table 2. Risk of Streptococcus pyogenes infections
among children with atopic dermatitis and/or allergic
rhinitis based on a multivariate Poisson regression
model
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odds ratio is similar to ours, but our sample size gives a
narrower confidence interval. Given our study design as a
cohort study, our study results may be more suitable to assess
the association. In support of our study findings, a recent
study showed a significantly increased risk of serious
pneumococcal disease among children and adults with atopic
dermatitis or allergic rhinitis.23 A recent study reported the
prevalence of streptococcal pharyngitis and carriage in
children as 12–37%,24 but the results of this study are difficult
to compare with ours (18–24% per person-year) since we
assessed the incidence of S. pyogenes clinical infection instead
of the prevalence of infection or carriage and we used a
community-based cohort rather than convenience sampling
at clinics. 

The mechanisms underlying the increased risk of S. pyogenes
upper respiratory tract infections in children with allergic rhinitis
are unknown. The primary mechanism might be related to
increased susceptibility to bacterial colonisation and infection in
patients with allergic rhinitis.25 Recent studies suggest that the
filaggrin gene (heritable epithelial barrier) defect is associated
with atopic dermatitis and potentially accounts for diminished
epidermal defence mechanisms against microbial organisms and
allergens.26 The association between filaggrin gene mutation and
the increased risk of allergic rhinitis has been also
demonstrated.27 A potential involvement of filaggrin in atopic
marching (progression of atopic disease from atopic dermatitis to
asthma and/or allergic rhinitis) has been suggested based on the
predictive role of filaggrin gene mutation in the development of
asthma.26 Importantly, Th2 cytokines such as interleukin (IL)-4 and
IL-13 significantly downregulate filaggrin gene expression which
makes the skin more susceptible to infection and allergic
sensitization.28 Alternatively, Th2 cytokine gene polymorphisms
might be associated with humoral immune functions such as
pneumococcal antibody responses.29 Patients with allergic rhinitis
might therefore have suboptimal innate and adapted immunity
and be more susceptible to (impaired clearance of) microbial
infections including S. pyogenes than those without atopic
conditions. 
Implications for future research, policy and practice  
As a potential clinical implication, given the higher risk of S.
pyogenes infection among children with allergic rhinitis, its
potential adverse outcomes, common co-infection with S.
aureus, and their potential roles in exacerbation of atopic
conditions, children with poorly controlled atopic conditions
including asthma may need to be screened for infections or
colonisation with S. pyogenes or Staphylococcus aureus for
proper treatment.30 A long-term study that assesses the
effects of eradication of these bacterial organisms in airways
on the control status of atopic conditions may be worthwhile. 
Strengths and limitations of this study 
The strengths of our study include the self-contained
healthcare environment and unified medical records for
research among healthcare providers in our study setting. Our

study assessed the long-term risk and the incidence of S.
pyogenes infections in children with atopic dermatitis or
allergic rhinitis during their first 18 years of life. Our study has
an inherent limitation as a retrospective observational study,
suggesting an association not a causal relationship. Also, all
pertinent risk factors such as exposure to cigarette smoking in
the household and allergic sensitisation status were not
available. Another limitation of our study is our inability to
differentiate between S. pyogenes carriage and infection.
However, almost all instances of testing for S. pyogenes in our
study subjects were due to clinical symptoms or signs. Thus,
positive S. pyogenes tests reasonably represent clinical
infections. However, we do not know how many patients with
S. pyogenes colonisation developed clinical infections and
whether children with atopic conditions are susceptible to
acquiring new S. pyogenes infection or onset of clinical
infections from colonisation is not known. Our study subjects
represented predominantly a Caucasian population. Although
this should not affect the interpretation of our results, it may
limit generalisability to other study settings. However, the
incidence of S. pyogenes infection in children in our study
(0.21 per person-year) was similar to that reported by others
(0.25 per person-year).9

Conclusions 
In addition to asthma, allergic rhinitis is also associated with
an increased risk of S. pyogenes upper respiratory tract
infections. The risk of S. pyogenes infection is independent of
asthma status and the timing of the physician diagnosis of the
atopic conditions. These results suggest that the
immunogenetic predisposition to atopic conditions may
underlie the increased risk of S. pyogenes infection. Further
studies are needed to elucidate the mechanisms underlying
the increased risk of S. pyogenes upper respiratory tract
infections.   
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