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ABSTRACT

Background and objective: The ‘attack rate’ of
asthma following viral lower respiratory tract infec-
tions (LRTI) is about 3–4 fold higher than that of the
general population; however, the majority of children
who develop viral LRTI during infancy do not develop
asthma, and asthma incidence has been observed to
continuously decrease with age. Thus, we do not under-
stand how viral LRTI either predispose or serve as a
marker of children to develop asthma. The Tennessee
Children’s Respiratory Initiative has been established
as a longitudinal prospective investigation of infants
and their biological mothers. The primary goals are to
investigate both the acute and the long-term health
consequences of varying severity and aetiology of clini-
cally significant viral respiratory tract infections on
early childhood outcomes.
Methods: Over four respiratory viral seasons, 2004–
2008, term, non-low birth weight previously healthy
infants and their biological mothers were enrolled
during an infant’s acute viral respiratory illness. Lon-
gitudinal follow up to age 6 years is ongoing.
Results: This report describes the study objectives,
design and recruitment results of the over 650 families
enrolled in this longitudinal investigation. The Tennes-
see Children’s Respiratory Initiative is additionally
unique because it is designed in parallel with a large
retrospective birth cohort of over 95 000 mother–
infant dyads with similar objectives to investigate the
role of respiratory viral infection severity and aetiology
in the development of asthma.

Conclusions: Future reports from this cohort will
help to clarify the complex relationship between infant
respiratory viral infection severity, aetiology, atopic
predisposition and the subsequent development of
early childhood asthma and atopic diseases.

Key words: allergic rhinitis, asthma, bronchiolitis,
Immunoglobulin E, respiratory virus.

INTRODUCTION

The Tennessee Children’s Respiratory Initiative
(TCRI) has been established as a longitudinal pro-
spective investigation of term, non-low birth weight
otherwise healthy infants and their biological
mothers. The primary goals of the study are: (i) to
investigate both the acute and the long-term health
consequences of varying severity and aetiology of
clinically significant viral respiratory tract infections
on the outcomes of allergic rhinitis (AR) and early
childhood asthma; and (ii) to identify the potentially
modifiable factors that define children who are at
greatest risk of developing asthma following infant
respiratory viral infection. This study is unique, in that
it was designed in parallel with our Tennessee Asthma
Bronchiolitis Study (TABS), which is a retrospective
birth cohort study of over 95 000 infants and their
biological mothers similarly designed to elucidate the
factors predisposing to childhood asthma and allergic

Correspondence: Tina V. Hartert, Vanderbilt University School
of Medicine, 6107 Medical Center East, Nashville, TN 37232-8300,
USA. Email: tina.hartert@vanderbilt.edu

*The collaborators of this study are listed in the acknowledg-
ments section.

Received 24 September 2009; invited to revise 10 November
2009; revised 11 December 2009; accepted 7 January 2010 (Asso-
ciate Editor: Peter Black).

SUMMARY AT A GLANCE

This report describes the study objectives, design
and recruitment results of the Tennessee Chil-
dren’s Respiratory Initiative, designed to investi-
gate the role of respiratory viral infection severity
and etiology in asthma development. Future
reports will address the complex relationship
between infant respiratory viral infection and
asthma and atopic diseases.
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diseases, but lacking biospecimens. Thus, we
designed the prospective TCRI to establish a base for
the evaluation of both the risks and benefits of docu-
mented significant infant viral respiratory infection of
varying severity and aetiology and other environmen-
tal exposures on childhood atopy outcomes and to
establish a biospecimen repository for analyses
including biomarker testing and genotyping. The pro-
spective cohort has the longitudinal design properties
that may overcome potential limitations intrinsic to
retrospective studies, such as our TABS cohort.1–5 It is
our eventual goal that the findings from these inves-
tigations, in conjunction with other investigations
that have helped to elucidate genetic and environ-
mental factors associated with asthma development,
will help in the identification of primary and second-
ary prevention strategies for asthma. This report
describes the study objectives, design and recruit-
ment results of this study cohort.

METHODS

Study objectives and design

The TCRI is a prospective cohort of mother–infant
dyads enrolled in a longitudinal investigation of the

relationship of infant viral respiratory infection sever-
ity and aetiology and the interaction of other risk
factors on the development of childhood asthma and
allergic diseases. The study was approved by the
Vanderbilt Institutional Review Board, and parents
provided written informed consent for both their and
their child’s study participation.

Subject recruitment and study population

Term, non-low birth weight, otherwise healthy infants
were enrolled along with their biological mothers, at a
single academic institution, Vanderbilt Children’s
Hospital, at the time of an acute visit (hospitalization,
emergency department or unscheduled outpatient
visit) for presumed viral bronchiolitis or upper respi-
ratory tract infection (URI) during respiratory viral
seasons September through May 2004–2008. Inclusion
and exclusion criteria are outlined in Table 1. Because
of the grant funding start date, the first study season
did not begin until November 2004. Recruitment was
solely hospital- and clinic-based, and was performed
7 days/week during the first 2 years of cohort accrual,
and 5 days per week for the two subsequent years.
Screening and recruitment were done by experienced

Table 1 Tennessee Children’s Respiratory Initiative enrolment inclusion and exclusion criteria

Enrolment inclusion criteria Operational definition

Gestational age �37 weeks
Birth weight �2275 grams
Previously healthy infant See exclusions
Birth—12 months of age Birth through 12 months of age during the acute respiratory illness enrolment

visit
Biological mother available Biological mother available to complete skin testing and questionnaire
Presumed viral bronchiolitis,

LRTI, or URI
Based on both admitting physician diagnosis AND documentation of

symptoms with duration <11 days (including any two of the following:
cough, nasal congestion, rhinorrhea, wheezing, dyspnea, fever) and
requirement for either hospitalization, including 23-h stay, ED visit or acute
care clinic visit

Enrolment exclusion criteria

Adopted or foster child
Unable to determine maternal history
Significant comorbidities or

cardiopulmonary disease
Congenital or acquired chronic heart or lung disease, prior requirement for

mechanical ventilation for cardiac or pulmonary disease, immunodeficiency,
neurologic disease with possible aspiration, significant gastroesophageal
reflux disease felt to contribute to pulmonary disease, tracheomalacia

Ever received one or more doses of
RSV-IVIG or palivizumab

Prior study inclusion
Fever and neutropenia
Children whose parents or guardians

were not able to understand the consent
process, or a language barrier†

† Spanish speaking families were enrolled during the first 2 years of the study, and not thereafter because of lack of
trained bilingual research personnel.

LRTI, lower respiratory tract infections; URI, upper respiratory tract infection.
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research nurses using computerized medical charts to
screen infants with presumed respiratory viral illness.

Examination components of the

enrolment visit

The components and time line of the subject visits are
outlined in Table 2. The trained research nurses
administered a structured questionnaire during an
in-person interview. The questionnaire was used to
obtain information on demographics, acute medical
symptoms, previous medical history, infant feeding
method, development, comorbid conditions, detailed
family history of asthma and atopic diseases using a
family tree form routinely used in genetic epidemiol-
ogy studies, responses to the International Study of
Asthma and Allergies in Children (ISAAC) question-
naire, home exposures including pets and detailed
smoking exposure, ill contacts, number of siblings and
day-care attendance.6–8 A pilot sample of mothers of
hospitalized infants also completed the Block 2000-
Brief food frequency questionnaire, Nutritionquest,
Berkeley, CA.9–11 Infant biospecimen collection
included nasal and throat swabs for viral detection,
and bag urine samples for biomarker determination.
Mothers underwent prick skin testing to eight
common aeroallergens and a blood specimen was
obtained by venepuncture for serum immunoglobulin
E (IgE) and DNA. A structured abstraction form was
used to obtain information from the medical record
regarding the index enrolment visit: current infant
weight, confirmation of birth weight, room air pulse
oximetry, requirement for supplemental oxygen,
medication administration, prior wheezing episodes
and detailed information on the current illness and
hospital course. Following discharge from the hospital
or outpatient setting, the final discharge diagnosis and
results of culture data were obtained through chart
review.

Cohort follow up

There are three phases of cohort follow up. First,
mothers and children undergo an in-person well-
child follow-up visit during the child’s second year of
life conducted in the Vanderbilt Clinical Research
Center, or during a home visit. Second, families are
re-contacted every 12–18 months by phone and/or
mailings for purposes of cohort retention, and to
provide reminders about the remaining study compo-
nents. Third, mothers, or the current guardians,
undergo a phone interview during the fourth and
sixth years of life to identify children with asthma,
transient wheezing, AR and eczema.

Examination components of the second year

well-child follow-up visit

The 2-year in-person well-child visit is conducted in
the Vanderbilt Clinical Research Center, or during a

home visit offered to those unable to return to the
study institution. During the visit, the ISAAC ques-
tionnaire is administered, blood samples are obtained
from children and mothers (if not previously col-
lected) and a buccal swab is collected for DNA if blood
cannot be obtained.

Examination components of the fourth and

sixth year of life questionnaire

A structured telephone questionnaire is administered
to the mother/parent when their child is 4 and again
at 6 years. Trained interviewers employed in the
Vanderbilt Survey Research Shared Resource use a
web-based computer system to conduct structured
telephone interviews, which capture detailed infor-
mation on asthma and atopy diagnoses and symp-
toms, extensive environmental exposure history,
physical activity, and comorbidities. Asthma, AR and
atopic dermatitis outcomes are determined using the
ISAAC questionnaire. For children with report of
asthma and/or asthma symptoms in the previous
12 months, the Asthma Therapy Assessment Ques-
tionnaire is administered, and information on asthma
medications, and asthma-related health-care visits
are sought.12,13

Biospecimen collection and

laboratory analyses

Table 3 outlines the details of cohort biospecimen
collection, repository and testing, which includes
infant nasopharyngeal, urine, blood and nasal epithe-
lial cell sample collection, and maternal prick skin
testing and blood samples.

Ascertainment of acute respiratory illness,

childhood asthma and allergic diseases

Acute respiratory illness type and severity

The discharge diagnosis and supporting clinical
parameters of the infant acute respiratory illness visit
were reviewed to confirm whether each child had
lower respiratory tract infections (LRTI) or URI
(n = 628) or another diagnosis (n = 46). LRTI and URI
were defined using both the physician discharge diag-
nosis, as well as post-discharge chart review, and
those cases that were not clearly identified as either
LRTI or URI were reviewed by a panel of paediatri-
cians who determined whether the illness repre-
sented an LRTI, URI, croup or other, which included
those that could not be categorized with the available
clinical information.

Acute respiratory illness severity was determined
using the ordinal bronchiolitis score that incorporates
admission information on respiratory rate, flaring or
retractions, room air oxygen saturation and wheezing,
into a score ranging from 0 to 12 (12 being most
severe).27,28
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Familial, maternal and child atopic status

The family history of atopy was obtained using a
family tree. Maternal atopy will be categorized as evi-
dence of atopy by skin testing or specific IgE, and/or
clinical symptoms of an atopic disease as assessed by
the ISAAC questionnaire. Atopic status of the child
will be determined by laboratory evidence of specific
IgE during the second year of life, and by clinical evi-
dence based on the above definitions.

Childhood asthma

The diagnosis of asthma will be determined at
age 6 years based on responses to the ISAAC
questionnaire.6–8 The following criteria will define
asthma during the sixth year of life: (i) 12-month
prevalence of symptoms of asthma (current wheeze)
or the presence of exercise-induced wheeze or dry
cough at night not due to a cold or chest infection;
and (ii) physician diagnosis as determined by the
ISAAC questionnaire using either parental reported
physician diagnosis of asthma or chronic use/
prescription of asthma-specific medications. Prob-
able asthma will be defined as physician diagnosis
only and analysed separately.

Transient early wheezing will be defined as wheez-
ing episodes present in the first 4 years of life, but not
meeting the definition for childhood asthma at age 4
and 6 years.29

Allergic rhinitis will be determined through the
ISAAC core questions on AR.7,8 Children will be con-
sidered to have definite AR if each of three conditions
is present between age 5 and 6 years: (i) a history of
nasal congestion, runny nose, itchy watery eyes, sinus
pain or pressure or headaches, sneezing, blocked
nose, loss of sense of smell; (ii) substantial variability
in symptoms over time or seasonality; and (iii) diag-
nosed as having allergic rhinitis by a physician or on
medications for AR. Probable allergic rhinitis will be
defined as meeting two of the three criteria, or only
criteria 3.

Atopic dermatitis will be determined through the
ISAAC core questions on atopic dermatitis, which are
based on a list of major and minor criteria widely
applied in clinical studies.8,30,31 As eczema is probably
more readily confirmed by objective tests than either
asthma or rhinitis, patients will be considered to have
definite atopic dermatitis if between age 5 and 6 years
they report ever having an itchy rash that comes and
goes for at least 6 months, and being diagnosed with
eczema by a physician.30,31 Probable atopic dermatitis
will be defined as one of the two above criteria.

Quality-control procedures

In order to standardize and monitor the quality of
data collection and processing, all study personnel
received training and were certified for all the study
procedures. Information is recorded on paper case
report forms, data are entered and then checked by a

second reviewer. Logical data checks are pro-
grammed and additionally performed by our
systems analyst, investigators and again by our bio-
statisticians. For laboratory analyses, blind quality-
control samples are included in each biospecimen
run. Telephone interviewers complete classroom
training, orientation to the study population, com-
puter modules, role play interviewing and training
on study-specific protocols, and are formally evalu-
ated at the end of training. A verbatim-recording of
the interviewer and participant responses, and 10%
participant re-contact allows quality-control staff to
verify responses.

Statistical analyses

The outcome variables of interest are the incidence
of asthma and allergic rhinitis. The primary exposure
variables of interest are the severity and aetiology of
the infant viral illness and maternal and familial
atopic status and other environmental exposures.
Cumulative asthma incidence over time, taking into
account loss to follow up, will be used for illustrating
incidence data. Incidence of asthma and allergic dis-
eases among the enrolled infant population with
viral respiratory illness will be calculated by dividing
the number of incident asthma cases by the person
time of follow up. A Kaplan–Meier plot of cumulative
incidence over time, taking into account loss to
follow up, will be used for illustrating incidence data.
Incidence rates will be calculated by dividing the
patient population into quartiles/quintiles of bron-
chiolitis severity scores. The adjusted risk of asthma
and allergic rhinitis with bronchiolitis severity will
be evaluated using the Cox proportional hazard
regression model.

To assess the relationship between biomarker con-
centrations and increased risk of infant bronchiolitis,
and early childhood asthma outcomes, we will
conduct a nested case–control study. Geometric
means of urinary biomarker concentrations for those
who develop and do not develop asthma will be cal-
culated separately and compared using the paired
t-test. The association between these biomarkers and
the risk of asthma and allergic rhinitis will be assessed
using odds ratios and their corresponding 95% confi-
dence intervals from adjusted logistic regression
models. The potential confounders that will be con-
sidered in multivariable analyses will include demo-
graphic and exposure characteristics.

RESULTS

Subject recruitment for the TCRI Study occurred over
4 years, and was completed in May 2008. Overall, 9329
visits were screened, representing 7632 unique
infants, and 2986 of these infants met study eligibility
requirements. From the 2986 eligible infants, 674
infants and their biological mothers were enrolled
(Fig. 1). Among the 2312 subjects who were available
during the recruitment periods, the major reasons for
non-response were refusal (22%), insufficient time/
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unwilling to stay for the visit (outpatients) (39%), con-
flict with or already enrolled in another study (20%),
and other (18%) (includes language barrier, mother/
guardian not present, previously enrolled and other
miscellaneous). In 99.9% of the cohort, the nasal/
throat swab was obtained, and in 79% of the hospital-
ized infants one spot urine sample was obtained at
hospital admission. Weekly enrolment into the cohort
is depicted in Figure 2.

DISCUSSION

The TCRI is a large and comprehensive prospective
epidemiologic study of mothers and their biologic
children enrolled during infancy with a clinically sig-
nificant LRTI or URI who are being followed through
early childhood. This study will provide important
information about the role of infant respiratory
viral infection severity, aetiology, biomarkers and pre-
dictors important in the development of early child-
hood asthma and allergic rhinitis. The TCRI is
additionally unique because it is designed in parallel
with a large retrospective birth cohort of over 95 000
mother–infant dyads with similar objectives to inves-
tigate the role of respiratory viral infection severity
and aetiology in the development of asthma.

As evidence suggests that the development of
asthma may result in part from respiratory viral infec-
tion during infancy, which has a predilection for
infecting, destroying and/or in some way biologically

altering lower airway epithelium, this study will help
to delineate whether the severity of that infection and
other early-life events impact the risk of asthma and
allergic disease development in later childhood.3

Despite a high attack rate of developing asthma fol-
lowing viral bronchiolitis, the majority of children
who have infant bronchiolitis do not develop child-
hood asthma. Thus while viral respiratory infections
may alter lung physiology and target the inflamma-
tory response to the lower airway, this may only occur
during a vulnerable time period during development
of the immune system or lung, or in the presence of
other risk factors. This developmental component
may further reflect important gene–environment
interactions that regulate both short- and long-term
airway physiological alterations that manifest them-
selves clinically as childhood asthma. Efforts to deter-
mine and define the role of these factors, including
disease severity, maternal atopy and other environ-
mental exposures, such as second-hand smoke, to
asthma pathogenesis are the focus and goal of the
TCRI.

Several limitations of this study should be noted.
First, the study sample was not randomly selected
from the general population, but instead was
recruited from a single hospital and clinic-based
setting, the Vanderbilt Children’s Hospital. While
Vanderbilt hospitalizations represent greater than
90% of Davidson County/Nashville infant hospitaliza-
tions, it represents a smaller proportion of emergency
department visits (51%), and likely even fewer

Figure 1 Flow diagram of participants through the screening, enrolment and initial analysis phases of the Tennessee
Children’s Respiratory Initiative. LRTI, lower respiratory tract infections; URI, upper respiratory tract infection.
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paediatric acute care visits.2 The relatively low partici-
pation rate among eligible subjects is multifactorial
and the result of the long-term nature of the study, the
lack of study personnel to enrol all eligible subjects, as
well as lower willingness among outpatients to extend
their visit in order to participate in the study. While
this impacts the demographics and exposures of the
study population, and thus generalizibility of our
study results, it should not impact the findings of the
role of infant viral infection on the outcomes of inter-
est. Next, while airway hyperreactivity is not assessed
in making the diagnosis of childhood asthma, the
identification of incident asthma cases will take into
consideration the positive response to a validated
written questionnaire that has been compared with
bronchial provocation testing.6,8 While such an ascer-
tainment strategy might result in the underdiagnosis
of asthma, it is unlikely to result in false positive diag-
noses during the sixth year of life. Finally, as with
many studies, where all eligible participants were
approached for participation, difficulty was encoun-
tered in follow up of those currently age-eligible for
follow up. Strategies to address this include study per-
sonnel doing a significant number of follow-up visits
at the subject’s home, and shipping follow-up mate-
rials and requests to paediatricians of subjects who
have moved from the region.

Future reports from this cohort will help to clarify
the complex relationship between infant respiratory
viral infection severity, aetiology, atopic predisposi-
tion, and the development of early childhood asthma
and other atopic diseases. Ultimately, this study,
along with the companion TABS cohort, has the
potential to provide new approaches to identify
infants at high risk of developing early childhood
asthma and allergic diseases, as well as provide
important information that may contribute to the
development of prevention strategies.

ACKNOWLEDGEMENTS

We would like to thank the many families, paediatri-
cians and their office staff, who have participated in
this study, as without them, this work would not have
been possible. The Vanderbilt Center for Asthma and
Environmental Health Research investigators and
collaborators include: Paul Moore, John V. Williams,
Marie Griffin, Kathryn Edwards, William Dupont,
Kathryn Miller, Asad Ali, Toddra Liddell, Rachel
Armstrong-Richardson, Rachel Hayes, Pingsheng Wu,
Robert Valet, Jennifer Ker, Megan Lemke, Sara Van
Driest, Zhouwen Liu, Janice Brooks, Carol Meisch,
James Gern, R. Stokes Peebles, L. Jackson Roberts II,
Wendall Yarbrough, Adriana Bialozosky. This work
was supported by Thrasher Research Fund Clinical
Research Grant (to TVH), NIH mid-career investigator
award K24 AI 077930 (to TVH), UL1 RR024975
(Vanderbilt CTSA), and NIH K01 AI070808 mentored
clinical scientist award (to KNC). TVH is also sup-
ported by NIH U01 HL 072471 (which supports the
Tennessee Asthma Bronchiolitis Study (TABS)
cohort), R01 AI 05884, and NIH K12 ES 015855.

REFERENCES

1 Carroll KN, Gebretsadik T, Griffin MR et al. Increasing burden
and risk factors for bronchiolitis-related medical visits in infants
enrolled in a state health care insurance plan. Pediatrics 2008;
122: 58–64.

2 Poehling KA, Edwards KM, Weinberg GA et al. The underrecog-
nized burden of influenza in young children. N. Engl. J. Med.
2006; 355: 31–40.

3 Wu P, Dupont WD, Griffin MR et al. Evidence of a causal role of
winter virus infection during infancy on early childhood asthma.
Am. J. Respir. Crit. Care Med. 2008; 178: 1123–9.

4 Carroll KN, Wu P, Gebretsadik T et al. The severity-dependent
relationship of infant bronchiolitis on the risk and morbidity of

Figure 2 Weekly enrolment during
the September through May en-
rolment periods of the Tennessee
Children’s Respiratory Initiative,
2004–2008. ( ) all patients.
( ) inpatients. ( )
outpatients.

TV Hartert et al.698

© 2010 The Authors
Journal compilation © 2010 Asian Pacific Society of Respirology

Respirology (2010) 15, 691–699



early childhood asthma. J. Allergy Clin. Immunol. 2009; 123:
1055–61.

5 Carroll KN, Wu P, Gebretsadik T et al. Season of infant bronchi-
olitis and estimates of subsequent risk and burden of early child-
hood asthma. J. Allergy Clin. Immunol. 2009; 123: 964–6.

6 Sole D, Vanna AT, Yamada E et al. International Study of Asthma
and Allergies in Childhood (ISAAC) written questionnaire: vali-
dation of the asthma component among Brazilian children. J.
Investig. Allergol. Clin. Immunol. 1998; 8: 376–82.

7 Braun-Fahrlander C, Wuthrich B, Gassner M et al. Validation of a
rhinitis symptom questionnaire (ISAAC core questions) in a
population of Swiss school children visiting the school health
services. SCARPOL-team. Swiss Study on Childhood Allergy and
Respiratory Symptom with respect to Air Pollution and Climate.
International Study of Asthma and Allergies in Childhood.
Pediatr. Allergy Immunol. 1997; 8: 75–82.

8 Asher MI, Keil U, Anderson HR et al. International Study of
Asthma and Allergies in Childhood (ISAAC): rationale and
methods. Eur. Respir. J. 1995; 8: 483–91.

9 Block G, Sinha R, Gridley G. Collection of dietary-supplement
data and implications for analysis. Am. J. Clin. Nutr. 1994; 59:
232S–9S.

10 Block G, Hartman AM, Dresser CM et al. A data-based approach
to diet questionnaire design and testing. Am. J. Epidemiol. 1986;
124: 453–69.

11 Block G, Block T, Block CH. Nutrition Quest, Assessment Tools
for Health Researchers. 1993. [Accessed 6 June 2009.] Available
from URL: http://www.nutritionquest.com/assessment/.

12 Schatz M, Sorkness CA, Li JT et al. Asthma Control Test: reliability,
validity, and responsiveness in patients not previously followed
by asthma specialists. J. Allergy Clin. Immunol. 2006; 117: 549–56.

13 Nathan RA, Sorkness CA, Kosinski M et al. Development of the
asthma control test: a survey for assessing asthma control. J.
Allergy Clin. Immunol. 2004; 113: 59–65.

14 Williams JV, Crowe JE, Enriquez R et al. Human metapneumovi-
rus plays an etiologic role in acute asthma hospitalization in
adults. J. Infect. Dis. 2005; 192: 1149–53.

15 Lee WM, Grindle KA, Pappas TE et al. High-throughput, sensi-
tive, and accurate multiplex PCR-microsphere flow cytometry
system for large-scale comprehensive detection of respiratory
viruses. J. Clin. Microbiol. 2007; 45: 2626–34.

16 Williams JV, Tollefson SJ, Heymann PW et al. Human metapneu-
movirus infection in children hospitalized for wheezing. J.
Allergy Clin. Immunol. 2005; 115: 1311–12.

17 Williams JV, Martino R, Rabella N et al. A prospective study com-
paring human metapneumovirus with other respiratory viruses

in adults with hematologic malignancies and respiratory tract
infections. J. Infect. Dis. 2005; 192: 1061–5.

18 Williams JV, Tollefson SJ, Nair S et al. Association of human
metapneumovirus with acute otitis media. Int. J. Pediatr. Otorhi-
nolaryngol. 2006; 70: 1189–93.

19 Williams JV, Wang CK, Yang CF et al. The role of human metap-
neumovirus in upper respiratory tract infections in children: a
20-year experience. J. Infect. Dis. 2006; 193: 387–95.

20 Mehlmann M, Bonner AB, Williams JV et al. Comparison of the
MChip to viral culture, reverse transcription-PCR, and the
QuickVue influenza A+B test for rapid diagnosis of influenza.
J. Clin. Microbiol. 2007; 45: 1234–7.

21 Lee WM, Kiesner C, Pappas T et al. A diverse group of previously
unrecognized human rhinoviruses are common causes of respi-
ratory illnesses in infants. PLoS ONE 2007; 2: e966.

22 Hamilton RG, Franklin AN Jr. In vitro assays for the diagnosis of
IgE-mediated disorders. J. Allergy Clin. Immunol. 2004; 114: 213–
25.

23 Hamilton RG, Adkinson NF Jr. 23. Clinical laboratory assessment
of IgE-dependent hypersensitivity. J. Allergy Clin. Immunol.
2003; 111: S687–S701.

24 Rheinwald and Green. Methods in Molecular Medicine: Human
Cell Culture Protocols, 2nd edn. Humana Press Inc, Totowa, NJ,
1975.

25 Gentile DA, Fireman P, Skoner DP. Elevations of local leukot-
riene C4 levels during viral upper respiratory tract infections.
Ann. Allergy Asthma Immunol. 2003; 91: 270–4.

26 Morrow JD, Zackert WE, Yang JP et al. Quantification of the
major urinary metabolite of 15-F2t-isoprostane (8-iso-
PGF2alpha) by a stable isotope dilution mass spectrometric
assay. Anal. Biochem. 1999; 269: 326–31.

27 Goebel J, Estrada B, Quinonez J et al. Prednisolone plus albuterol
versus albuterol alone in mild to moderate bronchiolitis. Clin.
Pediatr. (Phila) 2000; 39: 213–20.

28 Tal A, Bavilski C, Yohai D et al. Dexamethasone and salbutamol
in the treatment of acute wheezing in infants. Pediatrics 1983; 71:
13–18.

29 Martinez FD, Wright AL, Taussig LM et al. Asthma and wheezing
in the first six years of life. The Group Health Medical Associates.
N. Engl. J. Med. 1995; 332: 133–8.

30 Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis.
Acta Derm. Venereol. 1980; 92: 44–7.

31 Diepgen TL, Fartasch M, Hornstein OP. Evaluation and relevance
of atopic basic and minor features in patients with atopic der-
matitis and in the general population. Acta Derm. Venereol.
Suppl. (Stockh). 1989; 144: 50–4.

Tenn Children’s Respiratory Initiative 699

© 2010 The Authors
Journal compilation © 2010 Asian Pacific Society of Respirology

Respirology (2010) 15, 691–699


