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Defining quality metrics and improving safety and outcome in allergy care
Stella Lee, MD1, Robert J. Stachler, MD2 and Berrylin J. Ferguson, MD1

Background: The delivery of allergy immunotherapy in
the otolaryngology office is variable and lacks standard-
ization. Quality metrics encompasses the measurement of
factors associated with good patient-centered care. These
factors have yet to be defined in the delivery of allergy im-
munotherapy. We developed and applied quality metrics to
6 allergy practices affiliated with an academic otolaryngic
allergy center.

Methods: This work was conducted at a tertiary academic
center providing care to over 1500 patients. We evaluated
methods and variability between 6 sites. Tracking of errors
and anaphylaxis was initiated across all sites. A nationwide
survey of academic and private allergists was used to col-
lect data on current practice and use of quality metrics.

Results: The most common types of errors recorded were
patient identification errors (n = 4), followed by vial mix-
ing errors (n = 3), and dosing errors (n = 2). There were 7
episodes of anaphylaxis of which 2 were secondary to dos-
ing errors for a rate of 0.01% or 1 in every 10,000 injec-
tion visits/year. Site visits showed that 86% of key safety

measures were followed. Analysis of nationwide survey re-
sponses revealed that quality metrics are still not well de-
fined by either medical or otolaryngic allergy practices.
Academic practices were statistically more likely to use
quality metrics (p = 0.021) and perform systems reviews
and audits in comparison to private practices (p = 0.005).

Conclusion: Quality metrics in allergy delivery can help im-
prove safety and quality care. These metrics need to be fur-
ther defined by otolaryngic allergists in the changing health
care environment. C© 2014 ARS-AAOA, LLC.
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A llergic rhinitis (AR), a risk factor for asthma, is one
of the most common chronic conditions in the United

States and continues to be a prevalent health problem. Al-
lergen immunotherapy (AIT) is the only potential cure for
AR and preventative intervention for asthma.1,2 Treatment
is provided largely through subcutaneous immunother-
apy (SCIT) in the United States, although sublingual im-
munotherapy (SLIT) is an emerging therapeutic option.3

Approximately 10 million patients are treated annually
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with SCIT,4 provided in the offices of both otolaryngol-
ogists and medical allergists. The impetus for this study
originated from the need to standardize allergy delivery
in the University of Pittsburgh Medical Center network
of otolaryngic allergy clinics, the examination of current
guidelines in allergy practice, and the realization that qual-
ity metrics yet need to be defined in the current era of health
care reform.

The Affordable Care Act (ACA) signed in 2010 has put
into place far-reaching health care reforms that will con-
tinue to implement significant changes over the next several
years. A prevalent theme is to improve quality while lower-
ing costs. Several programs have been signed into law that
call for quality care and encourage outcomes research. A
few examples include the development of Accountable Care
Organizations that provide incentives to better coordinate
care, improve quality, and reduce cost. The ACA has also
developed the Patient-Centered Outcomes Research Insti-
tute, which is expected to receive an estimated $3.5 billion
through 2019 to encourage research priorities that will
focus on patient decision making and comparative effec-
tiveness. Finally, the ACA will also modify reimbursement
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algorithms by linking payment to quality outcomes and by
the year 2015 a new provision will tie physician payments
to the quality of care provided.

Currently health care providers are required to report on
areas such as patient satisfaction, surgical process of care,
30-day mortality, and appropriate use of medical imag-
ing. The Agency for Healthcare Research and Quality, 1
of 12 agencies within the U.S. Department of Health and
Human Services (USDHHS), delineates quality metrics in
clinical performance as the degree to which a provider can
competently and safely delivery the appropriate clinical ser-
vice to the patient within an optimal time period. Quality
measures can be defined by process, access, and outcome
measures. Other characteristics include structure, efficiency
measures, and patient experience metrics such as perfor-
mance on Press-Ganey surveys.

Currently quality measures do not exist for the treatment
of allergy patients and there is a need to develop appro-
priate metrics that assess and correlate with outcomes. The
goal of this study was to conduct a systemwide evaluation
of current practice, determine areas for improvement, and
develop quality metrics in allergy delivery.

Materials and methods
This work was conducted at the University of Pittsburgh
Medical Center (UPMC). The UPMC allergy delivery sys-
tem was comprised of a network of 6 outpatient clin-
ics individually providing testing, vial formulation, and
immunotherapy to approximately 1500 patients. Existing
problems included variability in training of staff, resulting
in inconsistencies and variability in delivery of allergy care.
There was a need for comprehensive didactic and prac-
tical training as well as routine assessment. In addition,
errors were reported but not consistently tracked or ana-
lyzed. Incidence of anaphylaxis was not known and patient
outcome was not assessed consistently. As a result a sys-
temwide approach to improving safety and quality in the
allergy delivery system was conducted and on a departmen-
tal level, quality metrics were developed for reporting on
a quarterly basis. Quality metrics for allergy delivery were
conceptualized based on process and outcome measures.

Process measures: increasing safety in allergy
delivery

An initial Allergy Quality Initiative Round Table was
convened with all staff stakeholders including physicians,
technicians, nurses, and managers. From the initial meet-
ing, deficiencies and 5 core areas of improvement were
identified:

1. Need for routine and ongoing systems review with eval-
uation of current practice and adherence to existing
practice parameters;

2. Standardization of training and assessment;
3. Reduction of errors in mixing, allergy administration,

and documentation;

4. Improved communication with data entry, access, and
relevance of the electronic medical record;

5. Reporting and review of errors/anaphylaxis.

Outcome measures: effect on patient care
A quality improvement project focusing on efficacy of al-
lergy treatment on patient outcome was also initiated. A
need to routinely and rigorously assess patients on im-
munotherapy was apparent. A questionnaire was devel-
oped for patients undergoing immunotherapy including
perceived benefit of immunotherapy, experience with lo-
cal reactions, medication scores, validated symptom scores
(Rhinosinusitis Quality of Life Questionnaire), and effect
on asthma control (Asthma Control Questionnaire). This
information is currently collected at the initiation of allergy
immunotherapy and on a monthly basis.

Nationwide practices: Where do we stand?
In order to assess whether quality measures were being
used among allergy practices in the United States, an on-
line survey was developed to collect data from academic
and private allergists from both medical and otolaryngic al-
lergy training backgrounds. A total of 130 physicians were
invited to participate in the survey (Table 1). SPSS statisti-
cal software was utilized for analysis (IBM, Armonk, NY).
A chi-square test of goodness-of-fit was performed to de-
termine if there was a statistically significant difference in
practices comparing medical vs. otolaryngic allergists and
academic vs private practices.

Results
Development of quality measures

In order to conduct a systems review, routine audits and
site visits were performed. Assessment was conducted
via a checklist including maintenance of allergy sup-
plies/equipment, use of appropriate documentation, and
anaphylaxis preparedness (Table 2). Training was stan-
dardized with the development of modules for compound-
ing personnel. An online competency training module was
created as well as a curriculum for biweekly allergy telecon-
ference across allergy satellites for continued education.

Reduction of human error in compounding and provid-
ing allergy immunotherapy was evaluated and the deci-
sion was made to implement a centralized mixing program.
Two-person vial verification was instituted in which 2 tech-
nicians confirmed accuracy of each vial. Protected mixing
time was reinforced and supported by administration. In
addition, physician oversight was facilitated by modifica-
tion of the electronic medical record interface to allow for
improved access to allergy patient information. The Epic
interface was customized to display results of testing, mix-
ing, and allergy administration on a “Synopsis” screen. Vial
testing was implemented for any patient starting injections
from a new vial.
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TABLE 1. Survey questions of medical and otolaryngic allergists

Question Response choices

Do you provide allergy shots or skin testing as part of your practice? Yes, No; If No, your survey is complete

Do you make your own allergy vials for SCIT? Yes, No

Do you make your own allergy vials for SLIT? Yes, No

If you practice allergy in more than one location, are allergy vials made
at multiple locations or centralized?

Centralized, Multiple locations, Not applicable I only practice in one location

Which of the following allergy tests do you perform, mark all applicable: In vitro (blood test), Skin prick test, Intradermal dilutional testing, Nasal
provocation, Patch skin testing for contact allergy, Don’t do allergy testing

Do you perform anaphylaxis mock drills? Yes, No

If yes, how often do you perform mock drills? One time in 2 or 3 years, Yearly, Every 3 months, Monthly

Do you have an emergency anaphylaxis box or cart? Yes, No, Don’t know

Do you know where your emergency kit is? Yes, No, No, but the nurse knows

How do you verify patient and vial are correct, check all applicable: One person verification, Two person verification, Three person verification,
Bar code

Does the patient have to verify their vial? Yes, No

Do you verify the formulation of each vial with the allergy technician or
nurse before/after it is mixed?

Yes, No

How long do you recommend patients wait after a shot? No wait unless they have risk factors such as asthma, 20 minutes, 30
minutes, Longer than 30 minutes

If patients don’t wait what do you do? They sign out against medical advice, Prescription and instructions on how
to use epi-pen, Refuse to give shot or continue immunotherapy, Nothing,
it’s a free country

Do you differentiate between vials which are advancing and those at
maintenance and if so how?

Yes, No; by: Color caps are different for vial type, Numbers are different,
Other

Do you record near misses and adverse events? Yes (please describe), No, Sometimes

Do you perform a systems review/chart audits/site visits to assess
reasons for errors or adverse reactions

Yes (please describe), No, Usually, Hardly ever

Do you have quality metrics for your allergy practice? Yes (please specify), No, Don’t know

How many anaphylaxis episodes have you had in the last year from skin
testing?

How do you keep track of anaphylaxis episodes? Electronic Database, Paper records, Don’t record, Other (please describe)

How many anaphylaxis episodes have you had in the last year from SCIT?

Do you allow home immunotherapy in certain situations? Yes, No

If patients are doing home immunotherapy, do you prescribe and instruct
on use of the epi-pen?

Yes, No

If you allow home immunotherapy have you had any patient report a
serious adverse reaction?

Yes, No, Not applicable

About how many patients do you treat a year with SCIT?

About how many patients do you treat a year with SLIT?

SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy.

An anaphylaxis database was developed for analysis,
surveillance, and prevention. Quality metrics included the
incidence of anaphylaxis per site, errors, as well as per-
formance on checklists for both chart audit and site visits.

For fiscal year 2013 (July 1, 2012 to June 30, 2013) ap-
proximately 30,000 vials were mixed and 10,000 allergy
injections administered per year. Allergy injections admin-
istered at outside offices, facilities, and at home were not
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TABLE 2. Example of checklist for allergy site visit

Equipment/protocols Pass Fail Recommendations Technician/manager initials

Epi-pen adult

Epi-pen child

Emergency drug box/crash cart

Oxygen tank/mask/prongs

Injectable steroids

Skin prick screen trays

Intradermal dilutional testing trays

Patient vial expiration

Patient vial management

Antigen log book

Antigen expiration

Antigen management

Emergency plan for testing

Emergency plan for injections

Emergency plan for vagal reactions

MSDS logbook

Allergy delivery protocol

Bloodborne pathogens protocol

Needle stick protocol/kit

MSDS = material safety data sheet.

included in this analysis. The most common types of errors
over the past 5 years included patient identification errors
(n = 4), vial mixing errors (n = 3), and dosing errors (n =
2). There were 7 episodes of anaphylaxis of which 2 were
secondary to dosing errors yielding a rate of approximately
0.01% or 1 in every 10,000 injection visits/year. Site visits
showed that 86% of key safety measures were followed.
Remediation was performed for deficiencies and chart au-
dits and site visits were scheduled on a quarterly basis.

Differences between practice setting, and medical
and otolaryngic allergists

Of the 130 medical and otolaryngic allergists invited to par-
ticipate in the survey, 33 complete responses were obtained
yielding a 25% response rate. The responders were com-
prised of 19 medical allergists and 14 otolaryngic allergists.
There were 25 academic practices and 8 private practices,
the majority of which treat from 30 to 400 patients (Fig. 1).

Most practices use in vitro testing (91%) and skin prick
testing (94%) and only about half employ intradermal di-
lutional testing (51%) or patch testing (55%). The majority
of practices provide SCIT and do not provide SLIT (57%)
(Figs. 2 and 3). Eighty-four percent (84%) of responders
indicated that their office mixes their own vials, usually

in 1 location (90%). Most practices differentiate between
vials at maintenance or advancing (91%) using a color-
coding system (76%) or numerical system (13%). Seventy-
three percent (73%) of those surveyed indicated that pa-
tients were asked to verify their vials prior to injection, but
27% do not. Over 97% responders recommend patients to
wait 20 to 30 minutes after injection with 54% of respon-
ders recommending the full 30 minutes. If patients refuse
to wait the majority of practices require that the patient
sign out against medical advice (42%) or do not give the

FIGURE 1. Number of patients treated with immunotherapy.
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FIGURE 2. Number of patients treated with SCIT. SCIT = subcutaneous
immunotherapy.

FIGURE 3. Number of patients treated with SLIT. SLIT = sublingual im-
munotherapy.

injection (35%). The majority of responders indicated that
they screen for asthma prior to giving injections (87%) and
the majority of responders perform anaphylaxis mock drills
(60%) at least on a yearly basis (75%).

Medical allergists were more likely to verify vial formu-
lation with staff than otolaryngic allergists (χ2 = 4.765,
df = 1, p = 0.029) and academic practices were more
likely to verify vial formulation in comparison to private
practitioners (χ2 = 3.857, df = 1, p = 0.050) (Fig. 4).
Approximately 60% of practitioners did not know how to
define a quality metric for allergy and there was no statisti-
cally significant difference between medical and otolaryngic
allergists. There was a significant difference, however, be-
tween academic and private practitioners with academic
practices more likely to know how to define a quality met-
ric for their practice (χ2 = 5.333, df = 1, p = 0.021)
(Fig. 5). Half of responders perform systems reviews/audits
to assess for errors and adverse reactions and in this group
both medical and otolaryngic allergists were equally likely
to perform systems reviews/audits but academic practices
were statistically more likely to perform this type of review
in comparison to private practices (χ2 = 8.000, df = 1,
p = 0.005) (Fig. 6).

FIGURE 4. Verification of formulation of vials. (A) Medical allergists are
more likely to perform verification. (B) Academic practitioners are more
likely to perform verification.

Home immunotherapy
Approximately 40% of responders indicated that they pro-
vide home immunotherapy and of these 75% indicated that
they have not had any patient report a serious adverse reac-
tion. In the practitioners who allow home immunotherapy,
83% indicated no reports of adverse reactions in the past 5
years. All practitioners who provide home immunotherapy
counsel patients on the use of injectable epinephrine. Of the
adverse reactions seen, there was 1 response indicating an
emergency room visit for possible anaphylaxis. No deaths
were reported. Academic practitioners were more likely to
not provide home immunotherapy in comparison to private
practitioners (p = 0.008) and there was a trend for medi-
cal allergists to not provide this as an option compared to
otolaryngic allergists (p = 0.074) (Fig. 7) although this was
not statistically significant.

Discussion
The goal of this study was to implement a systemwide qual-
ity program to improve the safety, efficacy, and patient ex-
perience of allergy care in a tertiary academic center com-
posed of a network of 6 allergy clinics. Five core areas of
improvement mainly tied to processes including the need
for standardized practice, training, improved interface with
the electronic medical record, error reporting, and review
were identified. The current practice of immunotherapy
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FIGURE 5. Knowledge of quality metrics. (A) There was no difference
between medical and otolaryngic allergists. (B) Academic practitioners
are more likely to know how to define a quality metric than private
practitioners.

delivery involves a complex series of events that must take
place accurately from initial testing, to compounding of al-
lergen extracts into patient vials, and the administration of
injections. Errors can occur at any of these junctures and
standardized practice, meticulous attention to detail, and
continuous review of the process is necessary to ensure safe
delivery of care. The development of reportable measures
is also important for ongoing evaluation and improvement.
Safety measures including incidence of anaphylaxis and per-
formance on a standardized checklist were initiated.

Although SCIT has shown to be a safe and effective treat-
ment for allergic rhinitis and asthma, the risk of severe sys-
temic reactions and mortality due to anaphylaxis still exist.
Fatal reactions are estimated to occur in every 2.5 million
injections (3.4 deaths/year) and near-fatal reactions in ev-
ery 1 million injections (4.7 episodes/year).5,6 Factors that
have been shown to contribute to fatalities include errors in
dosing and administration of injections, delay or failure to
administer epinephrine, inadequate post-injection waiting
period, presence of asthma, and administration of injections
in suboptimal settings.7 Fatal reactions, however, appear to
be declining, with a recent survey of American Academy of
Allergy, Asthma and Immunology and American College of
Allergy, Asthma and Immunology members showing no fa-
talities from 2008 to 2011 for SCIT-related reactions. This
decline was attributed to increased screening for asthma

FIGURE 6. Performance of systems review/audits. (A) There was no differ-
ence between medical and otolaryngic allergists. (B) Academic practition-
ers are more likely to perform systems review/audits compared to private
practitioners.

and dose adjustment during the pollen season.8 The ana-
phylaxis rate in our study of approximately 0.01% or 1
in every 10,000 injection visits/year is in line with this re-
cently published survey, which reported approximately 0.4
to 2.6 moderate to severe systemic reactions per 10,000 in-
jection visits. Tracking and analysis of systemic reactions is
important but the standardization of training and delivery
of allergy immunotherapy have been the most helpful in
improving safety and quality.

The Joint Task Force on Practice Parameters has pub-
lished clinical practice guidelines in the third update of
the practice parameters on allergen immunotherapy.9 The
practice parameters provide summary statements for aller-
gen extract handling and administration based on available
evidence but do not provide recommendations on quality
metrics. The third update includes discussion on the use
of the U.S. Pharmacopeia 797 allergen extract preparation
guidelines as well as the guidelines developed by the Joint
Task Force. Guidelines vary, however, and depend on prac-
tice setting. Currently there are no guidelines available from
the American Academy of Otolaryngic Allergy.

The results from this study indicate that the majority of
both medical and otolaryngic allergists do not yet know
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FIGURE 7. Home immunotherapy. (A) There was no difference between
medical and otolaryngic allergists in provision of home immunotherapy. (B)
Academic practitioners are more likely to not provide home immunotherapy
in comparison to private practitioners.

how to define or use quality measures or perform systems
reviews. If in existence, these initiatives appear to be more
prevalent in the academic than the private practice setting.
Although the majority of practitioners screen for asthma,
perform vial verification, and ensure anaphylaxis prepared-
ness, it appears that there are differences between medical
and otolaryngic allergists as well as between academic and
private practice settings. A limitation of our study, how-
ever, is the small population surveyed and the potential for
variance in the responses.

Other quality metrics in development include rate of
appropriate ordering of allergy testing by supervising physi-
cians, rate of physician follow-up while on immunother-
apy, and evaluation of patient outcome including medica-
tion usage, symptom, and asthma control. Although AIT
is currently the only disease-modifying treatment avail-
able for allergic rhinitis, this treatment is still vastly un-
derutilized with only 2% to 6% of potentially appropri-
ate patients treated.10 With the increasing utilization of
SLIT in the United States, more patients may be able to
benefit from immunotherapy as a therapeutic option and
measurement of quality will become even more relevant.
Home immunotherapy was provided by approximately

40% of our responders and there was no statistical sig-
nificance between medical and otolaryngic allergists al-
though the data suggest that academicians and medical al-
lergists are less likely to provide home immunotherapy as an
option.

Quality measures of patient outcome and patient satisfac-
tion are important in determining comparative effectiveness
between treatment options. Studies examining quality out-
comes between AIT and pharmacotherapy are needed but
only possible with initiatives in place to develop and utilize
these metrics rigorously. Interestingly, although measure-
ments of processes and of patient outcomes are important,
patient subjective experience with care is often found to be
distinct and do not even correlate with outcome.11 There-
fore evaluation of not only processes and outcomes of care,
but assessing patient experience is important in measuring
quality.12

The USDHHS has developed a National Quality Metrics
Clearinghouse with measures currently being used by agen-
cies for reporting purposes.13 An example is the appropri-
ate treatment for children with pharyngitis tracked via the
Centers for Medicare and Medicaid Services. The numer-
ator is the number of patients dispensed an antibiotic and
who received a strep test for the episode. The denominator
is all patients aged 2 to 18 with a diagnosis of pharyngi-
tis. The development of quality metrics, however, is still in
its infancy and quality metrics do not yet exist for allergy
delivery.

Finally, efficiency measures have also recently attracted
more attention as increasing cost of care and limited re-
sources has burgeoned in the past decade. Reporting of
quality measures will become increasingly important and
tied to reimbursement as the transition occurs from a fee-
for-service payment model to new systems tied to quality
care. These measures can also direct consumer decisions
and in the future, maintenance of certification of providers.
Efforts are currently in place to use the electronic medi-
cal record for reporting of quality measures to payors and
regulatory agencies. At the present time “meaningful use”
measures can be used for incentive payments but by 2015,
providers that do not participate in this effort will see re-
duction in reimbursement.

Over a decade ago the Institute of Medicine proposed
a widespread reengineering of the health care system in
their publication “Crossing the Quality Chasm: A New
Health System for the 21st Century.”14 Six aims for im-
provement include safe, effective, patient-centered, timely,
efficient, and equitable care. The charge to provide care
that is tailored to the patient, evidence-based, and provided
quickly without wasted resources is becoming even more
relevant in the current health care climate.

Conclusion
Quality metrics including process, outcome, and pa-
tient satisfaction measures are important for providing
safe and patient-centered care in the delivery of allergy

International Forum of Allergy & Rhinology, Vol. 4, No. 4, April 2014 290



Quality metrics in allergy care

immunotherapy. In the current era of health reform, quality
measures will become increasingly important and required
of providers. Otolaryngic allergists must be versed in the
discussion of quality metrics, cost-effectiveness, and pa-
tient outcome in order to participate in defining the future
of allergy care for our patients.

Acknowledgments
We thank Dr. Andrej Petrov for his feedback
on developing the online survey and John Mc-
Cormick for statistical analysis and technical
assistance.

References
1. Jacobsen L, Niggemann B, Dreborg S, et al. Specific

immunotherapy has long-term preventive effect of sea-
sonal and perennial asthma: 10-year follow-up on the
PAT study. Allergy. 2007;62:943–948.

2. Polosa R, Al-Delaimy WK, Russo C, et al. Greater risk
of incident asthma cases in adults with allergic rhinitis
and effect of allergen immunotherapy: a retrospective
cohort study. Respir Res. 2005;6:153.

3. Lin SY, Erekosima N, Kim JM, et al. Sublingual im-
munotherapy for the treatment of allergic rhinocon-
junctivitis and asthma: a systematic review. JAMA.
2013;309:1278–1288.

4. Lay PC, Bass R, Lin SY. Allergen vial mixing and
immunotherapy: risks of infections and vial contami-
nation. Otolaryngol Head Neck Surg. 2007;137:243–
245.

5. Amin HS, Liss GM, Bernstein DI. Evaluation of near-
fatal reactions to allergen immunotherapy injections.
J Allergy Clin Immunol. 2006;117:169–175.

6. Bernstein DI, Wanner M, Borish L, et al. Twelve-
year survey of fatal reactions to allergen injections
and skin testing: 1990–2001. J Allergy Clin Immunol.
2004;113:1129–1136.

7. Bernstein DI, Epstein T, Murphy-Berendts K,
et al. Surveillance of systemic reactions to sub-
cutaneous immunotherapy injections: year 1 out-
comes of the ACAAI and AAAAI collaborative
study. Ann Allergy Asthma Immunol. 2010;104:530–
535.

8. Epstein TG, Liss GM, Murphy-Berendts K, Bernstein
DI. AAAAI and ACAAI surveillance study of subcuta-
neous immunotherapy, Year 3: what practices modify
the risk of systemic reactions? Ann Allergy Asthma
Immunol. 2013;110:274–278, 278e1.

9. Cox L, Nelson H, Lockey R, et al. Allergen im-
munotherapy: a practice parameter third update.
J Allergy Clin Immunol. 2011;127(1 Suppl):S1-
S55.

10. Cox L, Esch RE, Corbett M, et al. Aller-
gen immunotherapy practice in the United States:
guidelines, measures, and outcomes. Ann Al-
lergy Asthma Immunol. 2011;107:289–299; quiz
300.

11. Sequist TD, Schneider EC, Anastario M, et al. Quality
monitoring of physicians: linking patients’ experiences
of care to clinical quality and outcomes. J Gen Intern
Med. 2008;23:1784–1790.

12. Sequist TD, Von Glahn T, Li A, et al. Measuring
chronic care delivery: patient experiences and clinical
performance. Int J Qual Health Care. 2012;24:206–
213.

13. National Quality Metrics Clearinghouse. http://www
.qualitymeasures.ahrq.gov. Accessed December 28,
2013.

14. Institute of Medicine. Crossing the Quality Chasm: A
New Health System for the 21st Century. Washington,
DC: National Academy Press; 2001.

291 International Forum of Allergy & Rhinology, Vol. 4, No. 4, April 2014


