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Rationale: The 2009 H1N1 flu appeared to cause more severe cold
symptoms during the 2009–2010 flu season.
Objectives:We evaluatedH1N1 infections during peak viral season in
children with and without asthma to determine whether the H1N1
infectivity rate and illness severity were greater in subjects with
asthma.
Methods: One hundred and eighty children, 4–12 years of age, pro-
vided eight consecutiveweekly nasalmucus samples fromSeptember
5 through October 24, 2009, and scored cold and asthma symptoms
daily. Viral diagnostics were performed for all nasal samples.
Measurements and Main Results: One hundred and sixty-one children
(95 with asthma, 66 without asthma) completed at least 6 of the 8
nasal samples. The incidence of H1N1 infection was significantly
higher in children with asthma (41%) than in children without
asthma (24%; odds ratio, 4; 95% confidence interval, 1.8–9; P ,

0.001),but ratesofhumanrhinovirus infection(90%each)andother
viral infections (47 vs. 41%) were similar. In children with asthma,
therewas a nonsignificant trend for increased loss of asthma control
during H1N1 infections compared with human rhinovirus infections
(38vs.21%;oddsratio,2.6;95%confidence interval,0.9–7.2;P¼0.07).
Conclusions:Duringpeak2009H1N1fluseason,childrenwithasthma
were infected almost twice as oftenwithH1N1 comparedwith other
respiratory viruses. H1N1 infection also caused increased severity of
cold symptoms compared with other viral infections. Given the in-
creased susceptibility of children with asthma to infection, these
findings reinforce the need for yearly influenza vaccination to pre-
vent infection, and raise new questions about the mechanism for
enhanced susceptibility to influenza infection in asthma.
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2009 H1N1 Flu was first reported in the United States in the
spring of 2009, and eventually affected 61 million people (1),
one-third of them children. Morbidity was high, with 87,000
children requiring hospitalization. The most common comorbid-
ity for patients hospitalized as a result of H1N1 infection was
asthma (2), and the percentage of children with asthma hospi-
talized because of the 2009 H1N1 virus was two- to fivefold
higher than previous reports of hospitalization due to seasonal

influenza (3, 4). Despite the observation that subjects with asthma
suffer H1N1 illness with increased severity, it remains unclear at
what rate they are infected and whether their symptom severity is
greater than those of their nonasthmatic counterparts. Previous
studies of H1N1 infectivity reflect symptomatic infections with
limited reporting of mild or asymptomatic infection (5–7).

A study by our group demonstrated that 90% of children with
asthma are infected with human rhinoviruses (HRVs) during the
month of September, and that the severity of clinical illness
varies from no symptoms to severe wheezing illnesses (8). This
study provided the foundation on which we designed a larger
cohort to prospectively examine the relationship between illness
symptoms and viral infectivity. Coincidentally, the H1N1 pan-
demic occurred during our study, peaking during the week of
October 24–31 (9), and so an extension was designed to capture
further data on H1N1 infection and illness in the fall of 2009.
We hypothesized that children with asthma were infected with
H1N1 influenza at the same rate as children without asthma but
experienced more severe symptoms when infected. To test this
hypothesis, we prospectively obtained weekly specimens of na-
sal secretions from children with and without asthma during the
fall of 2009 to determine whether asthma was associated with
more frequent or severe H1N1 infections, and to compare the
spectrum caused by H1N1 with that of other respiratory viruses.

METHODS

Study Subjects and Design

Children included in this analysis were enrolled in a larger study
to determine asthma-specific rates of HRV infections and illness
(“RhinoGen”). Of the 193 children participating in RhinoGen in
September 2009, 180 children (age, 4–12 yr) agreed to extend par-
ticipation during the H1N1 pandemic through the end of October
2009. Because admission to RhinoGen was on a rolling basis be-
tween 2007 and 2010, we aimed to enroll all subjects participating
in the Fall 2009 arm of RhinoGen; thus a sample size was not cal-
culated. From September 5 to October 24, 2009, nasal samples were
collected weekly for a total of 8 weeks, concluding on H1N1 vaccine
release in Wisconsin, to avoid confounding with immunological effects
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Previous studies show that subjects with asthma have severe
symptoms with H1N1 illness, with asthma being the highest
comorbidity for hospitalization.

What This Study Adds to the Field

This prospective study shows that children with asthma have
increased susceptibility for H1N1 infection. Understanding
the mechanism for this enhanced susceptibility could lead to
new approaches for the prevention and treatment of in-
fluenza in children with asthma.
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of the virus and false positive test results from the live virus vaccine.
Children, with the help of their parents, were instructed to record
upper respiratory infection and asthma symptoms, morning peak expi-
ratory flow, and albuterol use on daily diary cards between August 29,
2009 and October 31, 2009. See the online supplement for additional
details about recruitment and inclusion criteria. This study was ap-
proved by the University of Wisconsin Human Subjects Committee,
and written informed consent was obtained from the parents.

Procedures and Definitions

At the first study visit, subjects were taught to collect samples of their
own nasal mucus, using a nose-blowing technique as previously de-
scribed (10, 11). These samples were analyzed for common respiratory
viruses by multiplex polymerase chain reaction (respiratory MultiCode
assay; EraGen Biosciences, Madison, WI) (12) and by seminested poly-
merase chain reaction specific for the hemagglutinin gene of the 2009
H1N1 influenza virus (see the online supplement for details). Partial
genetic sequencing was used to identify HRV types (13).

Children scored cold and asthma symptom severity based on a four-
point scoring system (see Table E1 in the online supplement) (8).
Asthma control was defined according to National Heart, Lung, and
Blood Institute (Bethesda, MD) guidelines (14), with criteria for loss of
asthma control consisting of at least moderate asthma symptoms and
either a decrease in peak expiratory flow of at least 20% or use of
albuterol for at least 2 days/week. Current asthma was diagnosed at
study completion on the basis of previously reported criteria (15).

Total and allergen-specific IgE levels in plasma (15) were deter-
mined on enrollment by skin prick testing and fluoroenzyme immuno-
assays (UniCAP 100; Phadia, Uppsala, Sweden). Peripheral blood
mononuclear cell cytokine responses (IFN-a, IFN-g, tumor necrosis
factor-a, and IL-10) to respiratory syncytial virus (RSV) and HRV
were measured as previously described, using blood collected at study
enrollment (16).

Children who collected six of eight weekly nasal specimens and were
missing less than 20% of diary card data were included in the analysis.
Each week was designated as virus positive or negative on the basis of
viral detection. If two or more consecutive days of cold or asthma symp-
toms occurred within 3 days of a positive viral sample, the infection was
designated an illness (8). If the same virus was detected in multiple
weeks, it was considered a single infection.

Statistical Analysis

Age, race, sex, and sensitizationwere compared by asthma status, using the
two-sample t test and chi-square test for association. Viral infection rates
were compared by asthma status, using logistic regression models, both
univariate and adjusting for sex, race, and sensitization. Total symptom
burden for each illness was calculated as the area under the curve for
symptom scores recorded in daily diaries. Generalized linear mixed-effect
models with a random effect for subject were used to compare symptom
burdens and occurrences of loss of asthma control among viral illnesses,
and to assess whether infection with a given virus increased or decreased
susceptibility to another virus 1 week later. The Wilcoxon rank-sum test
was used to detect differences in cytokine response profiles. A two-sided
P value less than 0.05 was regarded as statistically significant.

RESULTS

Subject Characteristics

Of the 180 children enrolled, 16 subjects failed to complete at least
51 days (80%) of symptom diaries and 3 subjects did not submit at

least six (75%) of the eight scheduled nasal samples; thus 161
(89.4%) were included in the final analysis (see Figure E1).

Of the 161 subjects enrolled, 95 (59%) had current asthma. In
comparing the groups, there were no significant differences in
age or sex, but the asthma group had a higher rate of allergic
sensitization and contained fewer white individuals (Table 1).

Identification of Respiratory Viruses

Overall, 346 infections were detected in the 161 subjects who
completed the study. Of these infections, the majority were
HRV infections (62%). The remaining viruses detected con-
sisted of enterovirus (12%), H1N1 (10%), adenovirus (2%),
and multiple virus infection (13%). Other viruses (influenza
B, bocavirus, and parainfluenza type 1) were detected at a fre-
quency of less than 1%. When multiple viruses were detected
in a single sample, HRV (80%) and H1N1 (51%) were most
common. The prevalence of H1N1 infections was low at the be-
ginning of the monitoring period, and was highest in mid- to late
October (Figure 1). In contrast, HRV infections were most
prevalent in early to mid-September, and were less frequent
in October. It has been suggested that HRV infections may
reduce the likelihood of H1N1 infection (17, 18). In our study,
HRV infection did not reduce the risk of H1N1 infection the
following week (odds ratio [OR], 0.68; 95% confidence interval
[CI], 0.37–1.2; P ¼ 0.21). In contrast, H1N1 infection reduced

TABLE 1. STUDY SUBJECTS

Asthma (n ¼ 95) No Asthma (n ¼ 66) P Value

Age, yr 8.9 6 2.5 9.4 6 2.1 0.14

Sex 63% male 55% male 0.27

Race 68% white 92% white ,0.001

Allergen-specific IgE 73% 48% ,0.001

Figure 1. Human rhinovirus (HRV) and 2009 H1N1 influenza (H1N1)

weekly infection rate (Fall 2009). WI ¼ Wisconsin.

Figure 2. Infection rates according to asthma status. The infection rates
for specific respiratory viruses during the 8-week monitoring period

were compared for children with versus without asthma. AdV ¼ adeno-

viruses; EV ¼ enteroviruses; H1N1 ¼ 2009 H1N1 influenza; HRV ¼
human rhinoviruses. *P , 0.001 versus subjects without asthma when
adjusted for race, sex, and allergic sensitization.
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the risk of HRV infection the following week (OR, 0.19; 95%
CI, 0.07–0.54; P ¼ 0.02).

Increased H1N1 Infection Rate in Children with Asthma

Overall, 34% of children were infected with H1N1 during the
8-week study. Infection rates were significantly higher in children
with asthma (Figure 2); 41% of children with asthma were
infected with H1N1 whereas only 24% of children without asthma
were infected (OR, 2.2; 95% CI, 1.1–4.4; P ¼ 0.03). This analysis
was also performed on the basis of asthma diagnosis at study
entry, with similar results (OR, 2.4; 95% CI, 1.1–4.9; P ¼ 0.02).
Multivariate analysis adjusting for sex, race, and allergic sensiti-
zation demonstrated an increased risk for infection in children
with asthma (OR, 4.0; 95% CI, 1.8–9.0; P , 0.001), and in white
children (OR, 2.8; 95% CI, 1.1–7.1; P ¼ 0.03) (Table 2). Use of
inhaled corticosteroid medications and body mass index were
similar in those infected with H1N1 and those not infected (data
not shown). Asthma did not affect rates of infection with HRV
(90% each group), enterovirus (30 vs. 24%), adenovirus (11 vs.
12%), or other viruses (6 vs. 5%) (Figure 2).

Viral Effects on Illness Severity

The effects of viral etiology on cold symptoms for all subjects were
compared, assessing areas under the curve for symptom scores for
each illness. Cold symptoms were significantly worse (P , 0.005)
with H1N1 infection (mean, 14.7; 95% CI, 11.3–18.1) or mixed
viruses (mean, 14.4; 95% CI, 11.3–17.5) compared with illnesses
caused by HRV (mean, 6.0; 95% CI, 4.4–7.6), other viruses
(mean, 7.8; 95% CI, 4.9–10.7; P , 0.005), or no virus (mean,
7.1; 95% CI, 4.7–9.5) (Figure 3A). When a subject was infected

with more than one virus during one illness, the cold symptom
severity was similar to that caused by H1N1 alone (mean, 14.69;
95% CI, 11.31–18.07; vs. mean, 14.38; 95% CI, 11.3–17.46; P ¼
0.89). Interestingly, asthma was not associated with increased
cold symptom severity for any category of viral infection.

Viral Effects on Loss of Asthma Control

We next tested whether infection with H1N1 was more likely to
cause loss of asthma control compared with HRV infection.
Rates of loss of asthma control per infection were as follows:
H1N1, 38% (9 of 24); HRV, 21% (27 of 127); and the combina-
tion of HRV and H1N1, 44% (4 of 9) (Figure 3B). There was a
nonsignificant trend for increased loss of asthma control with
H1N1 infection compared with HRV infection (OR, 2.6; 95% CI,
0.9–7.2; P ¼ 0.07). Infection with multiple viruses was more likely
to be associated with loss of asthma control compared with in-
fection with HRV alone (OR, 6.7; 95% CI, 2.5–17; P , 0.001).
Infection with a combination of H1N1 plus HRV was associated
with loss of asthma control more often than solitary HRV infec-
tion (OR, 4.6; 95% CI, 1–20.8; P ¼ 0.05).

We next used a generalized linear mixed-effect model to de-
termine howmany episodes of loss of asthma control were attrib-
utable to H1N1, either alone or in combination with another
virus. Overall, H1N1 infection contributed to 23%of all episodes
of loss of asthma control.

Cytokine Responses and H1N1 Infection

We next tested whether individual differences in virus-induced
peripheral bloodmononuclear cell cytokine responseswere related
to H1N1 infection rates. There was no difference in HRV- or

TABLE 2. H1N1 INFECTION RATES

Univariate Multivariate

H1N1 Infection (%) OR 95% CI P Value OR 95% CI P Value

No asthma 24 1.0 — — 1.0 — —

Asthma 41 2.2 1.1, 4.4 0.03 4.0 1.8, 9.0 0.0008

Nonsensitized 33 1.0 — — 1.0 — —

Sensitized 34 1.0 0.52, 2.1 0.90 0.78 0.36, 1.7 0.51

Female 35 1.0 — — 1.0 — —

Male 33 0.91 0.47, 1.8 0.79 1.0 0.51, 2.2 0.90

Nonwhite 23 1.0 — — 1.0 — —

White 37 2.0 0.84, 4.8 0.11 2.8 1.1, 7.1 0.03

Definition of abbreviations: CI ¼ confidence interval; OR ¼ odds ratio.

Figure 3. Effects of viral etiology on (A) cold symptoms and (B) asthma control, based on episodes of infection. AUC ¼ area under the curve; H1N1 ¼
2009 H1N1 influenza; HRV ¼ human rhinoviruses. *P, 0.005 versus HRV, other virus, and nonviral illness; yP, 0.005 versus other virus and P, 0.001
versus HRV and nonviral illness.
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RSV-induced IFN-a, IFN-g, tumor necrosis factor-a, or IL-10
observed between the infected and noninfected children (data
not shown).

DISCUSSION

Individuals with asthma experienced significantmorbidity during
the 2009 H1N1 outbreak (2). Although this has been shown in
multiple retrospective studies, we had the unique opportunity to
prospectively examine infectivity rates in an H1N1-naive pop-
ulation and demonstrated that children with asthma had an
increased susceptibility for H1N1 infection. Although increased
infectivity among children with asthma is an unexpected finding,
it may explain why children with asthma fared worse during
the H1N1 pandemic; not only were they experiencing increased
symptoms (compared with other viral illness) once infected,
they were being infected at a greater rate than their nonasth-
matic counterparts. Given the increased susceptibility to H1N1
infection and greater hospitalization rates for those with asthma,
these findings raise new questions about the mechanism for en-
hanced susceptibility to infection with influenza (and not other
respiratory viruses) in asthma. In addition, we found that H1N1
accounted for 23% of episodes of loss of asthma control during
the peak fall viral season, suggesting that administration of the
H1N1 vaccine may have prevented a significant number of asthma
exacerbations.

Compared with other viruses, H1N1 caused significantlymore
severe illness, and there was also a nonsignificant trend between
H1N1 infection and increased loss of asthma control. Numeri-
cally, most episodes of loss of asthma control were associated
with HRV infection, which was much more common than
H1N1 infection. However, the proportion of infections leading
to loss of asthma control was almost twice as high with H1N1
compared with HRV.

Studies suggest that HRV infection may protect an individual
from H1N1 infectivity (17, 18). Overall, we observed that HRV
infections peaked earlier than H1N1 infections, and HRV infec-
tions were diminishing as H1N1 infections were on the rise.
However, in contrast to these previous studies, the time trend
analysis was not consistent with a protective effect with HRV,
but rather found those who were infected with HRV were just
as likely to become infected with H1N1 the following week.

Only influenza infections were increased in asthma, suggest-
ing that the mechanism may be related to specific infective prop-
erties of the influenza virus or associated receptors on airway
epithelial cells. Previous studies have shown that influenza uses
sialic acid on epithelial cells to cleave hemagglutinin and infect
the cells (19). Perhaps individuals with asthma have increased
protease activation leading to increased susceptibility to infec-
tion. Alternatively, several studies have provided evidence that
asthma is associated with impaired innate antiviral responses
(20, 21). In our study, peripheral blood mononuclear cell innate
responses to HRV or RSV between children with and without
asthma were similar, suggesting that increased H1N1 infectivity
in individuals with asthma is not the result of a defect in innate
immunity. It is possible that bronchial epithelial cells have im-
paired responses to influenza, and additional studies are needed
to test this hypothesis.

This study has a number of unique advantages, and some lim-
itations that should be considered in interpreting these data. The
prospective study design allowed us to monitor children for rates
of both viral infection and associated cold and asthma symptoms,
and a wide range of viruses was tested using sensitive polymerase
chain reaction–based diagnostics during the peak of the H1N1
pandemic in Wisconsin (9). Furthermore, this was a unique op-
portunity to observe how the H1N1 pandemic affected a naive

population of children. In most years, many patients have par-
tial protection from seasonal influenza because of prior vaccines
or infections with related strains. In contrast, children and young
adults were especially susceptible to 2009 H1N1 given their lack of
prior exposure and the unusually early onset of the influenza sea-
son before the H1N1 vaccine was available. In the main RhinoGen
study, we monitored subject asthma symptoms and treatment for
1 year, allowing us to confirm the entry diagnosis of asthma. Al-
though our main analysis was run on asthma diagnosis at study
completion, the analysis of H1N1 infection rates was similar when
using asthma diagnosis at study entry. In fact, only four subjects
had a change in asthma diagnosis; three moved to the asthma
group and one moved to the nonasthmatic group. One limitation
of our study is that children were enrolled after the onset of H1N1
infections in Wisconsin the previous April, although screening in
our community indicated that the number of cases was low until
the fall season (9, 22). Also, we used a simple scoring system to
encourage daily score reporting, and as a result more than 90% of
the children turned in satisfactory symptom diaries. The scoring
system has proven to be informative in previous studies (8, 23), but
has not been validated. Other common cold instruments are avail-
able (e.g., Jackson score, WURSS-21), but none have been for-
mally validated in children.

In summary, our findings indicate that children with asthma
were more likely to contract infections with 2009 H1N1, but not
other respiratory viruses. These findings support recommenda-
tions for influenza vaccination in children with asthma and, in
addition, suggest that additional studies are warranted to identify
mechanisms for this effect. Understanding why children with
asthma are uniquely more susceptible to influenza infection
could lead to new strategies for prevention and treatment.

Author disclosures are available with the text of this article at www.atsjournals.org.
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