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Learning Objectives 

¡  Describe what is allergic rhinitis? 
¡  Review the Epidemiology of AR 
¡  Review the Pathophysiology of AR 
¡  Diagnosis and differential diagnosis AR 
¡  Assessment  and classification of AR 
¡  Health effects of Allergic Rhinitis 
¡  Management of Allergic Rhinitis 



Learning Objectives 

¡  Review Approach and Treatment of 
Asthma   

¡  Review Asthma Facts and Statistics 
¡  Review Advances in Asthma 

Pathophysiology  
¡  Use of Biomarkers to Monitor Therapy  
¡  Describe the role of spirometry in the 

diagnosis and management of Asthma 
and EIB  

 



Learning Objectives 
¡  Dicuss Physician Concerns when choosing 

ICS therapy. 
¡  Review ICS to OCS conversions as a tool 

towards showing low systemic biovailability 
and lower chance of systemic side effects 

¡  A paradigm shift: anti-cholinergic therapy 
in asthma 

¡  Treatment of severe asthma: 
l  Omalizumab  (Xolair) 
l  Anti-IL-13 Therapy (Lebrikizumab) 
l  Anti-IL-5 Therapy (Mepolizumab)  
l  Bronchial Thermoplasty 



Abbreviations used in this 
presentation  

¡  SABA - short acting beta agonist 
¡  LABA - long acting beta agonist 
¡  NO – nitric oxide 
¡  IL-5 -  Interleukin-5 
¡  IL-13 – Interleukin-13 
¡  Th – T-helper cell 



¡  Allergic Rhinitis 



Atopic Dermatitis 

Food Allergy 

Allergic Rhinitis 

Allergic Childhood Asthma 

Adult Asthma 

Atopic or Allergy March  
 
Natural sequence of allergic clinical conditions 
appearing during a certain age period and 
persisting over a number of years from childhood 
to adulthood 

Atopy is the inherited tendency to develop 
harmful immune responses to harmless 
substances 

 Allergy can affect different 
children in different ways 



 Allergic Rhinitis 

Ø  Allergic rhinitis is clinically defined as a symptomatic disorder of the 
nose induced by an IgE-mediated inflammation after allergen 
exposure of the membranes lining the nose 

Ø  Most prevalent in Pediatric & Adolescent population 

Ø  Traditionally, classified into Seasonal allergic rhinitis (SAR) and 
Perennial allergic rhinitis (PAR) 
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Estimated Prevalence of 
Allergic Rhinitis 

Prevalence  Data Collection 

9%  US nationwide survey1  

14%  US national survey2  

28%  US Third National Health and Nutrition Examination 
Survey (NHANES III)3  

24%  Community based (London, United Kingdom)4 

1.   Adams PF, et al.  Vital Health Stat 10. 1999; 200: 
1–212. 

2.   Nathan RA, et al.  JACI 1997; 99(6 pt 2): S808–
S814. 

3.   Ma X, et al. AJRCCM 2000; 161(3): A325. 
4.   Sibbald B, et al. Thorax 1991 ;46 ;895–901.  
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Allergic Patients Generally Have : 

n  Early onset of symptoms (70% <  age 20) 
n  Family history of allergy 
n  Seasonal symptoms 
n  Symptoms with animal exposure 
n  Symptoms worse outdoors 
n  Symptoms worse near fresh-cut grass 
n  Symptoms better in air conditioning 
n  Tobacco and chemicals are not primary excitants 
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Bimodal Occurrence of Allergic Rhinitis 

n  First appears in elementary school ages 

n  Gets better during middle and high 
school ages 

n  Re-appears in 20’s and 30’s 



Allergic Rhinitis in children 

¡ Pediatric rhinitis: 
Range of symptoms 

l  Cough 
l  Sneezing 
l  Nasal pruritus 
l  Nasal congestion 
l  Sore throats – 

recurrent infections 
l  Halitosis 
l  Respiratory distress – 

infant 
l  Hypernasality 
l  Behavioral problems 

¡ Pediatric AR and its 
comorbid disorders 

l  Conjunctivitis 
l  Pharyngitis 
l  Sinusitis 
l  Asthma 
l  Eczema 
l  Otitis media 
l  Lymphoid 

hypertrophy/
obstructive sleep 
apnea 

l  Speech impairment 
l  Failure to thrive 
l  Reduced quality of life 

Lack G. J Allergy Clin Immunol 2001;108:S9-15 
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Risk Factors for Rhinitis 

n  Asthma, atopic dermatitis, allergy 

n  Family history of allergy 

n  Daycare centers 

n  Viral infections 

n  Occupational exposures  

n  Hobbies, weekend activities 

n  Flying 
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Physical Exam Findings of Allergic Rhinitis 

n  Pale blue, edematous nasal turbinates 

n  Clear, watery nasal discharge 

n  Crease from nasal salute 

n  Lymphoid hyperplasia which gives palatal 
cobblestoning 

n  Watery, itchy eyes 



17 

 Nasal Salute 
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Allergic Shiners 
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Dennie Morgan Lines 
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Cobblestoning Palate 
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Evaluation of Rhinitis 
n  History and physical 

n  Direct visualization with nasal specula 

n  Rhinoscopy 

n  Allergy screening tests (skin test or RAST) 

n  Imaging for persistent disease 
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Rhinoscopy 

n  Nasal polyps 

n  Septal deviation 

n  Concha bullosa 

n  Eustachian tube dysfunction 

n  Causes of  hoarseness 

n  Adenoid tissue 

n  Tumors 
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Allergic Rhinitis and Concomitant Disease 

n  Management of allergic rhinitis decreases 
exacerbations of sinusitis, asthma and otitis media. 

n  Early immunotherapy for allergic rhinitis has been 
shown to decrease the development of asthma. 





Treating Allergic Rhinitis in Patients 
with Comorbid Asthma 

¡  Untreated 9.6%, intermittent use 6%, 
regular treatment 3.3% 

l  Ronberg E, et al. JACI. 1998;101:S236:A980. 
¡  Patients treated for AR had only 53% as many ED 

visits/hospitalizations as those not treated for AR  
l  Crystal-Peters, et al. JACI. 2002;109(1):57–62. 

¡  Less ED visits for both those using INS and those 
using antihistamines; RR for asthma-related ED visits: 
INS user 0.7, antihistamine user not significant  
l  Adams RJ, et al. JACI. 2002;109(4):636-42. 
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Ø  Adolescent subjects 
with AR: 3-fold greater 
risk of developing de 
novo asthma as 
compared with 
subjects without AR 

Ø  Exposure to allergens 
and sensitization are 
important risk factors 
for childhood asthma 

Ø  AR and Asthma 
frequently co-exist 
and are considered as 
twin expressions of 
the same disease 

Ø  Possible relations exist 
between AR and 
asthma: 

 
¡  AR may confound 

the diagnosis of 
asthma 

¡  AR may be 
statistical 
associated with 
asthma 

¡  AR may exacerbate 
coexisting asthma 

¡  AR may have a 
causal role in the 
pathogenesis of 
asthma 

AR and Asthma in children 

Lack G. J Allergy Clin Immunol 2001;108:S9-15 



ARIA Diagnosis Criteria 

Intermittent  
Symptoms 

•  <4 days/week 

•  or <4 weeks/year 

Persistent 
Symptoms 

•  >4 days/week 

•  and >4 weeks/year 

Mild 

• Normal sleep 

• Normal daily activities, 
sport, leisure 

• Normal work/school 

• No troublesome symptoms 

Moderate/Severe 
one or more items 

•  Abnormal sleep 

•  Impairment of daily activities,      
sport, leisure 

•  Problems caused at work/school 

•  Troublesome symptoms 

Bousquet J,  et al.  ARIA Workshop Group; World Health Organization, Allergic Rhinitis and its impact on asthma. 
JACI. 2001; 108(5 suppl):S147-334. 



Rhinitis Treatment Guidelines 
(ARIA) 

Immunotherapy 

Mild 
Intermittent 

Mild 
Persistent 

Moderate 
Severe 

Intermittent 

Moderate 
Severe 

Persistent 

Allergen and/or irritant avoidance 
Intranasal decongestant (<3–10 days) or oral decongestant 

Oral nonsedating or intranasal H1 blocker 
Intranasal steroid 

Adapted from ARIA Guideline Article. J Allergy Clin Immunol. 2001;108:S147-334. 
Bousquet J,  et al.  ARIA Workshop Group; World Health Organization, Allergic Rhinitis and its impact on asthma. 
JACI. 2001; 108(5 suppl):S147–334. 
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Four General Principles of Allergy 
Management : 
1. Education and monitoring 

2. Avoidance of  trigger 
factors 

3. Pharmacotherapy 

4. Immunotherapy 

Managing Patients with Allergic Rhinitis and 
Asthma 
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Treatment of Allergic Rhinitis 

n  Avoidance of identified allergens 
n  Nasal steroids 
n  Antihistamine nasal spray 
n  Antihistamines (sedating and nonsedating) 
n  Decongestants 

n  Nasal sprays (limited 2-3 days) 
n  Oral preferred (limited by side effects) 

n  Nasal irrigation  
n  Leukotrienes  
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Indications for Allergy Testing 

n  Identification of allergens 

n  Chronic or recurrent symptoms 

n  Symptoms not controlled by avoidance and 
medication 

n  Medication not tolerated 

n  Decrease cost of medication 
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Indications for In-Vitro Testing  

n  Dermatographism 

n  Eczema 

n  Very young skin 

n  Atrophic skin 

n  Long-acting antihistamines 

n  Beta blockers, ACE inhibitors, MAOs 

n  Patients with poorly controlled asthma (70%) 

n  History of anaphylaxis 
 

 
 



Allergy Immunotherapy 

n  The repetitive administration of specific 
allergen(s) to patients with defined IgE-mediated 
conditions for the purpose of developing immune 
tolerance to the potential inflammatory effect 
upon re-exposure to those allergen(s) 

 



Immunotherapy Indications 
n  Indicated for management of IgE mediated 

disorders: 
n  Allergic rhinoconjunctivitis 
n  Allergen-induced asthma 
n  Hymenoptera hypersensitivity    

  
n  Not indicated for: 

n  Food allergies 
n  Urticaria / angioedema 
n  Disorders that are not IgE mediated 
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Indications for Immunotherapy 

n  Inadequate control with avoidance and 
pharmacotherapy 

n  Pharmacotherapy for more than 3-4 months per 
year 

n  Intolerable side effects of medication 

n  Progressive severity of disease 

n  Desire for long-lasting control without Rx 



Dust Mite Immunotherapy Trials for Asthma 

n  Significant decrease in asthma symptoms 
n  Decrease in asthma medications 
n  Decrease in mite-specific immediate and late phase 

reactions        
      Aas K. Acta Paediatr 

Scand 1971; 60: 264-268    Bousquet J, Calvayrac 
P, Guerin B, et al.     J Allergy Clin 

 Immunol  1985; 76: 734-744    Bousquet J, Hejjaoui 
A, Clauzel AM, et al. J Allergy Clin   Immunol 1988; 82: 
971-977    
  Pichler CE, Marquardsen A, Sparholt S, et al. Allergy  

  1997; 52: 274-283     



Prevention of Asthma by Immunotherapy 
5-Year Follow-Up 

16

30

22

9

0 10 20 30 40

Number of Patients

Do not develop Asthma Develop Asthma

Jacobsen L Ann Allergy Asthma Immunol 2001; 87: 43-46 

Immunotherapy 

Control 



     Preventative Therapy in Children 
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Cat Immunotherapy Trial 
n  Double-blind, placebo controlled 
n  Decrease in specific and non-specific bronchial 

sensitivity 
n  Decrease prick skin test reaction 
n  Decrease eye, nasal and asthma symptoms with cat 

challenge/exposure 
n  Improved asthma control    Ohman JL, 

Findlay SR, Leitermann KM J Allergy Clin   Immunol 
1984; 74: 230-239     Haugaard L, Dahl R 
Allergy 1992; 47: 249-254   Varney VA, Edwards J, 
Tabbah K, et al. Clin Exp Allergy   1997; 27: 860-867 



    Immunotherapy for Pollens 

n  Indicated for management of 
pollen allergies 

n Decreases in co-seasonal rise in 
IgE specific for pollen(s) with 
long-term immunotherapy 

 Jacobsen L, Nuchel Petersen B, Wihl JA, et al Allergy 1997; 52: 
914-920                
Bousquet J, Becker WM, Hejjaoui A, et al J Allergy Clin Immunol 
DG, Proud D, et al J Allergy Clin Immunol 1989; 84: 197-205 
Durham SR, Walker SM, Varga EM, et al N Engl J Med  

   1996; 334: 501-506 



Immunotherapy Prevents the Development 
of New Allergen Sensitizations 

A. Des Roches et al. JACI 
1998;99:450-453 

Group 
No. of 

Patients None Cat Dog Alternaria Grass 

New Allergen Sensitization 

22 

22 

10 

0 

Immunotherapy 

Control group 
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4 

8 

2 

6 

1 

6 



Outcome 
measure  
 

Dust mite   (Odds 
Ratio) 

Other allergens 
(pollen, 
mold,dander) 
(Odds Ratio) 

Symptom 
Improvement 

2.7 (1.7 – 4.4) 4.8 (2.3-10.1) 

Reduction in 
medication 

4.2 (2.2-7.9) ND 

Decreased 
bronchial 
hyperresponsive
ness 

13.7 (3.8-50) 5.5 (2.8-10.7) 

Improvement in Medication Requirements and 
Symptom Scores After Immunotherapy 

Abramson MJ, Puy RM, Weiner JM Am J Respir Crit 
Care Med 1995; 151: 969-974 



Immunotherapy: Treatment Schedules 

n  Involves administration of increasing quantities of 
allergen vaccine subcutaneously 

u  1. Conventional / routine (once-twice/week) 
u  2. Daily 
u  3. Cluster (two or more injections per visit) 
u  4. Rush / modified rush / Ultra-rush 

Build-up phase 

Types of schedules 



New Directions in Allergen Immunotherapy 

n  Oral, intranasal immunotherapy   
n  T-cell reactive peptides     
n  Plasmid or naked DNA vaccines 
n  Oligonucleotides with tolerizing motifs 
n  Humanized monoclonal anti-IgE antibody 
n  Cytokine or cytokine receptor modulation 
n  Preformed antigen-antibody complexes 
n  More standardized allergenic vaccines 



DBPC Seasonal Studies Documenting 
Improvement with Sublingual 
Immunotherapy 

n  Andre C, et al.  Int Arch Allergy Immunol 2003; 131: 111-118.  
n  Improvement in symptom scores with sublingual tablets 

n  Clavel R, et al. Allergy 1998; 53: 493-498.  
n  Decreased asthma attacks and area under curve for medications with 

grass 
n  Drachenberg KJ, et al. Allergologie 2001; 24: 525-534.  

n  Improved combination and symptom scores and titrated 
percutaneous test with birch and/or rye grass 

n  Gozalo F, et al.  Allergol et Immunopathol 1997; 25: 219-227. 
n  Improvement in conjunctival sensitivity to Lolium perenne 



Sublingual Immunotherapy 

n  Prospective, open label study in childhood asthma showed 
significant improvement in asthma symptom scores 
n   Dosages of dust mite of 1.12 mcg group 1 and 0.56 mcg 

group 2 antigens per week 
n  10 year study – defined duration 5 years after stopping 

therapy         
DiRienzo V, Marcucci F, Puccinelli P, et al. Clin Exp 

Allergy 2003; 33: 206-210       
 



How	  SLIT	  studies	  differ	  from	  allergy	  and	  asthma	  
medica:on	  studies?	  

¡ Not	  dealing	  with	  just	  popula:on	  varia:on	  but	  
allergen	  exposure	  varia:on	  
l  Pa:ents	  aren’t	  symptoma:c	  prior	  to	  treatment	  
l  Pollen	  levels	  vary	  and	  may	  not	  see	  as	  much	  varia:on	  in	  
symptoms	  between	  groups	  

¡ Total	  composite	  scores-‐symptom	  improvement	  
and	  medica:on	  decrease	  
– Symptom	  scores-‐nose	  and	  eye	  
– Medica:on	  scores-‐no	  standardized	  way	  to	  evaluate	  



Sublingual Immunotherapy 
Techniques 

¡ Sublingual-‐swallow	  	  
¡ Allergen	  Immunotherapy	  Tablet	  

l Orosoluble	  tablet	  	  
¡ Northern	  grasses	  
¡ Ragweed	  



 
Primary Outcome 

 
Results 

No. of RCTs,  
No. of Patients 

(n) 

Strength 
of  

Evidence 
Improves asthma 
symptom score   

SCIT may improve 
asthma symptoms 
more effectively than 
SLIT 

4 RCTs, 
n = 171 Low 

Improves rhinitis/ 
rhinoconjunctivitis 
symptoms 

SCIT is superior to SLIT 
for improving allergic 
nasal and/or eye 
symptoms 

6 RCTs, 
n = 412 Moderate 

Decreases use of 
asthma plus 
rhinoconjunctivitis 
medications 

There are no consistent 
differences between 
SCIT and SLIT 

5 RCTs, 
n = 219 Low 

Improves asthma plus 
rhinitis/
rhinoconjunctivitis 
symptom and 
medication score 

SCIT is favored in 1 of 
2 studies 2 RCTs, 

n = 65 Low 

Subcutaneous Versus Sublingual Immunotherapy: 
All Outcomes 

RCT = randomized controlled trial; SCIT = subcutaneous immunotherapy; SLIT = sublingual 
immunotherapy 

Lin SY, Erekosima N, Suarez-Cuervo C, et al. AHRQ Comparative Effectiveness Review No. 111. Available 
at http://www.effectivehealthcare.ahrq.gov/allergy-asthma-immunotherapy.cfm. 
 



¾ Additional studies are needed on:  
¾  The efficacy and safety of multiple-allergen subcutaneous (SCIT) 

and sublingual (SLIT) immunotherapy 
¾  The effectiveness of single-allergen versus multiple-allergen 

SCIT and SLIT for desensitization  
¾  The efficacy and safety of SCIT and SLIT in specific 

subpopulations (pregnant women, monosensitized vs. 
polysensitized patients, patients with severe asthma, and urban 
vs. rural patients)  

¾  Whether or not SCIT and SLIT can prevent or modify the atopic 
march in pediatric patients at high risk for allergic rhinitis and 
asthma, as well as the optimal age to initiate therapy  

¾  Determining the target maintenance dose, dosing strategies, and 
the necessary durations of treatment for SCIT and SLIT  

¾  Direct comparisons of SCIT to SLIT in pediatric and adult 
patients  

¾  Optimizing allergen standardization for subcutaneous and 
sublingual regimens 

Gaps in Knowledge  

Lin SY, Erekosima N, Suarez-Cuervo C, et al. AHRQ Comparative Effectiveness Review No. 111. 
Available at http://www.effectivehealthcare.ahrq.gov/allergy-asthma-immunotherapy.cfm. 
 



¡  Asthma 



¡  Chronic obstructive, inflammatory disorder of the 
medium and small airways that is reversible. 

¡  These airways are hypersensitive to certain “triggers” 
in the environment. 

 
¡  Asthmatics are patients that have intermittent and 

recurrent episodes of... 
l  Wheezing 
l  Shortness of breath  
l  Chest tightness 
l  Cough - night, early morning  

¡  Asthma cannot be cured but its symptoms  
     can be controlled with proper environmental  
     changes and medication. 

What is Asthma ? 



Pathology of Asthma 

Source: “What You and Your Family Can Do About Asthma” by the Global Initiative 
For Asthma Created and funded by NIH/NHLBI, 1995 

Normal  Asthma 

Asthma 
involves 
inflammation of 
the airways 

 



Asthma pathophysiology 
Key components: inflammation, bronchial hyper-
reactivity, airway remodeling 

1970’s                            1980’s                     1990’s                       
present 

Bronchospasm Bronchospasm 
+ Inflammation 

Bronchospasm 
+ Inflammation 
+ Remodeling 

CHEST 2013; 144(3):1026–
1032. 

T cell        Eosinophil 
           Th-2  
IL-5 / IL-13 

Th17 

Dendritic cells 



Asthma Facts and Statistics 



¡  About 17 million Americans have 
asthma 

¡  Most common chronic childhood 
disease, affecting about 5 million 
children (6% of children under 
18) 

¡  14 people die each day from 
asthma 

¡  Nearly 2 million emergency room 
visits each year 

The Facts about Asthma 
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How many people have Asthma ? 
¡  The number of 

Americans diagnosed 
with asthma has risen. 
l  Self-reported prevalence 

increased 75% 

¡  Close to 21 million 
Americans have been 
diagnosed with asthma in 
their lifetime. 

*MMWR December 04, 1998 / 47(47);1022-1025 
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Child and Adult Asthma Prevalence 
United States, 1980-2007 
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Asthma Prevalence by Sex 
United States, 1980-2007 
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Asthma Prevalence by Race/Ethnicity 
United States, 1997-2007 
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Current Asthma Prevalence for Youth  
by Race/Ethnicity, Ages 5-17, 2005-2007 

Centers for Disease Control and Prevention. National Center for Health 
Statistics. Health Data Interactive. www.cdc.gov/nchs/hdi.htm. [July 15, 
2009].  

10.1%  Overall 



     Asthma Disparities Among U.S. Children 

¡  Low-income populations, minorities, and children living in 
inner cities experience more ED visits, hospitalizations, and 
deaths due to asthma than the general population.1 

 

`  The burden of asthma falls disproportionately on non-Hispanic 
black, American Indian/Alaskan Native and some Hispanic 
(i.e., Puerto Rican) populations.2, 3 

1Lieu TA et al. Racial/Ethnic Variation in Asthma Status and 
Management Practices Among Children in Managed Medicaid. 
Pediatrics 2002; 109:857–865. 

2National Center for Health Statistics.  Health data for all ages http://
www.cdc.gov/nchs/health_data_for_all_ages.htm.  

3Asthma and Allergy Foundation of America and National 
Pharmaceutical Council. Ethnic Disparities in the Burden and 
Treatment of Asthma. Reston, 2005.  



Population Disparities in Asthma  

§  Current asthma prevalence is higher among 
§  Children than Adults 
§  Boys than Girls 
§  Women than Men 

§  Asthma morbidity and mortality is higher among 
§  African Americans than Caucassians 

Source:  MMWR 2007;56(No. SS-8):1-54 



Asthma Mortality Rates by Race 
United States: 1979-2005 

0
10
20
30
40
50
60

19
80
19
82
19
84
19
86
19
88
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04 Year

R
at

e 
pe

r 
m

ill
io

n

White 

Black 

Source: Underlying Cause of Death; CDC National Center for Health Statistics 
* Age-adjusted to 2000 U.S. population 

ICD-9 ICD-10 

Other 



Asthma Mortality:  
Female vs. Male 
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The Cost of Asthma ! 

¡  Asthma costs billions 
of dollars each year 
and the cost is rising. 

¡  The estimated annual 
cost of asthma in 2000 
was $14.5 billion. 

   * www.cdc.gov 
 

        1990                2000 

$6.2 billion 

$ 14.5 billion 



The Cost of Asthma ! 

¡   3 million lost 
work days  

¡   10 million lost 
school days each 
year from asthma 



The Cost of Asthma ! 

¡  Deaths from asthma have 
increased more than 50% 
in the past 20 years, and 
have increased more than 
75% in children under 19 

*CDC MMWR  April 24, 1998 / 47(SS-1);1-28 



Diagnosing Asthma: 
Medical History 

¡  Symptoms 
l  Coughing 
l  Wheezing 
l  Shortness of breath 
l  Chest tightness 

¡  Patterns to Symptoms 
¡  Severity 
¡  Family History Asthma 
¡  Family History of Atopy 
¡  Patient History of Atopy 
¡  Pt h/o seasonal allergies 
      (allergic rhinitis) 



Diagnosing Asthma: 
Patient Checklist 

¡  Troublesome cough, particularly at night 
¡  Awakened by coughing  
¡  Coughing or wheezing after physical 

activity 
¡  Breathing problems during particular 

seasons 
¡  Coughing, wheezing, or chest tightness 

after exposure to allergens 
¡  Colds that last more than 10 days 
¡  Relief when medication is used 



Asthma Risk Factors/Triggers In 
Pediatrics 

¡  1) Triggers 
l  Viral Respiratory Infections 
l  Allergy/Atopy 
l  Exercise 
l  Irritants eg.Tobacco Smoke Exposure 
l  Physical Conditions eg. Crying, Laughing 
l  Changes in Climate/Temperature 

¡  2) Risk Factors 
l  Family history of asthma/allergy   
l  Perinatal exposure to tobacco smoke 
l  Low birth weight 
l  Male gender - pre-adolescence 
l  Low-income, urban residents  
l  Obesity 



Asthma Triggers/Risk Factors in Adults 

¡  Triggers 
l  Allergies 
l  Occupational (eg. Bakers, Construction workers)  
l  Inhaled Irritants ( eg. Strong cleaning agents, perfumes) 
l  Medicines (eg. Aspirin) 
l  Exercise 

¡  Risk Factors 
l  Family history of asthma 
l  Patient history of childhood asthma 
l  Patient history of allergic rhinitis 
l  Tobacco smoke exposure 
l  Living in urban areas 



Risk Factors for Increased 
Morbidity/Mortality in Asthma 

¡ Number Emergency Department Visits/
Year 

¡ Number Hospitalizations for Asthma/
year 

¡ Number PICU/MICU admissions 
¡ h/o intubations 



Diagnosing Asthma: 
Spirometry 

Testing of lung 
function is a means of 
diagnosing asthma. 



The Role of Spirometry in Diagnosis and 
Treatment of Asthma 

¡  Diagnosis: 
l  Pre/Post bronchodilator for diagnosis 
l  Requires an increase 12% or more in FEV1 s/p 

bronchodilator 
¡  Treatment: 

l  Asthma Guidelines requiring documentation of 
lung preservation with once yearly spirometry for 
all patients with an asthma diagnosis. 



Role of Spirometry in Diagnosis of 
Asthma 



FeNO- Exhaled Nitric Oxide 
Exhaled nitric oxide is a biological marker that 
correlates with eosinophilic inflammation in 
asthma.  
 
Exhaled NO measurement can provide 
diagnostic and predictive value for a 
corticosteroid response. 
 
More longitudinal studies are required to clarify 
the clinical significance of exhaled NO in 
asthma. 



Clinical Approach from Pediatrician-
Prevention and Treatment 

Prevention 
 Starting controller medication to minimize recurrence wheezing 
episodes. 
 Educating parents on the difference between controller and 
rescue inhalers. 
 Teaching parents what to do at the onset of cold symptoms since 
70% cases in pediatrics are viral-triggered. 
 Asthma action plan.  
 Yearly Flu Shot 

Treatment 
 Medications- Controller and Emergency Inhalers 
 Education on environmental control of aeroallergens 

    Reviewing Inhaler Technique. 
 



Clinical Approach from Specialist-
Diagnosis, Treatment, Prevention and 

Identification of Triggers 
¡  Diagnosis 

l  Spirometry pre/post bronchodilator for diagnosis Asthma. 
¡  Identification of Triggers 

l  Skin testing to assess allergic triggers 
l  Viral Triggers 
l  Exercise 

¡  Prevention 
l  Inhaler Technique  
l  Asthma Action Plan 
l  Yearly Flu Shot 
Treatment 

 Medications- Controller and Emergency Inhalers 
 Spirometry on a yearly basis to assess lung preservation 
 Education on environmental control of aeroallergens 

 



Allergic Triggers in Asthma 



Allergic Triggers in Asthma 

¡  Pet Dander 
l  Cat, Dog, Hamster, Birds 

¡  Dust Mites 
¡  Cockroach 
¡  Mold (Indoor/Outdoor) 
¡  Pollen 

l  Trees (Spring), Grass (Summer), Ragweed/
Weeds(fall) 





¡  Found in most homes 
¡  Live in soft bedding 
¡  Feed on skin flakes 
¡  Mites and mite 

droppings can be 
asthma triggers 

¡  Most common asthma 
trigger in adults and 
kids 

Dust Mites 



¡  Wash sheets and blankets once a week in hot 
water 

¡  Choose washable stuffed toys-- keep stuffed toys 
off beds 

¡  Cover mattresses and pillows 
 
¡  Vacuum often (when asthmatic is not present) 
 
¡  Maintain low indoor humidity, ideally between 

30-50%  

Avoiding Dust Mites 



¡  Skin flakes, urine and saliva of warm blooded 
animals can be asthma triggers. 

¡  Triggers can remain in the home for several 
months after a pet is removed, even with 
cleaning. 

Pets 



¡  Consider keeping pets outdoors or even 
finding a new home for your pets, if 
necessary. 

¡  Keep pets out of the bedroom at all times. 
¡  Keep pets away from fabric-covered 

furniture, carpets, and stuffed toys. 

Avoiding Pet Triggers 



¡  Can be found almost 
anywhere. 

¡  Key to mold control is 
moisture control. 

¡  Clean up the mold and get 
rid of excess water or 
moisture, this also helps 
reduce other triggers, such 
as dust mites and 
cockroaches. 

Molds 



¡  Wash mold off hard surfaces and dry completely, absorbent 
materials (ceiling tiles and carpet) may need to be replaced. 

¡  Use exhaust fans or open windows in kitchens and bathrooms 
when showering, cooking, or using the dishwasher. 

¡  Maintain low indoor humidity (between 30-50% relative 
humidity). 

¡  Fix leaky plumbing or other sources of water. 
¡  Keep drip pans in your air conditioner, refrigerator, and 

dehumidifier clean and dry 
¡  Clean bathrooms frequently. 

Avoiding Mold Triggers 



¡  Droppings or body parts can be 
asthma triggers. 

¡  Cockroaches likely contribute 
significantly to asthma 
problems in inner city area. 

¡  Asthmatic children allergic to 
cockroaches are three times 
more likely to be hospitalized 
if exposed in the home. 

Cockroaches and other Pests 



Pest Avoidance 

§  Free your home of places for pests to 
hide and sources of food and water  

§  Regular, careful cleaning - kitchen 
§  Daily trash removal 
§  Store food in airtight containers 
§  Extermination - baits, gels (not sprays) 



The Role of Immunotherapy in 
Asthma 

¡  Allergen Immunotherapy in the Pediatric 
Population has been proven in Clinical 
Studies to reduce the risk of asthma 
development and reduce asthma severity 

¡  Immunotherapy also proven to decrease the 
rates of sinus infections, otitis media  and 
bronchitis. 
l  Immunotherapy shifts immune system from Th2 

phenotype to Th1 Phenotype 



 
Exercise - Induced 

Bronchospasm 



Exercise-Induced Bronchospasm as an 
Asthma Trigger 

¡   Definition 
l  Reactive Airway Response after strenuous 

exercise with mild to moderate bronchospasm 
l  Aiway reduction typically occurs 5-15 mins post-

exercise 



EIB- Pathophysiology 

Nasal Airway effectively helps 
condition inhaled air with alveolar 
air moist, body temperature 
 
Mouth Breathing: Airway heat and 
water loss 
 
Cold hyperosmolar air results in 
bronchial mast cell release of 
chemical mediators ( histamine, 
leukotrienes and prostaglandins.) 
 



The Role of Spirometry in Evaluation of 
EIB 

¡  Diagnosis of EIB by Spirometry: 
l  12 % reduction in FEV1 
                      or 
l  20 % reduction in FEF 25-75  
 
          Status post exercise 



 
Viral Triggers 



             Viral Triggers  



Respiratory Viruses In Pediatrics-  
the #1 Trigger for Asthma  

¡  1) Natural Course Viral- Induced Reactive Airway 
 Disease 

a)  Improves with Age: 
1)  Lung Development finishes at age 9-11. 
2)  Puberty- Testosterone  protective for asthma.  
                      Estrogen worsens Asthma. 

b)  If a child < 5 yo has had 2 or more episodes of wheezing 
in lifetime secondary to viral trigger, then patient treated 
as asthmatic with ICS through fall and winter for 
prevention of further wheezing episodes. 

c)  Child > 5 yo can do spirometry for full evaluation of 
asthma with pre/post bronchodilator.  



 
Other Asthma Triggers 



¡  All of the common asthma triggers are found 
indoors 

¡  Americans spend about 90% time indoors 
¡  Reducing exposure to indoor allergens and 

irritants can reduce asthma symptoms 
¡  Prevention is an important asthma management 

tool 

Why Indoor Air is Important 



¡  Contains more than 4,000 substances 
(over 40 are carcinogenic) 

¡  Is particularly harmful to young 
children 

¡  Can trigger asthma attacks and cause 
young children to develop asthma 

Secondhand Smoke 



Choose not to smoke in your 
home or car and do not 

allow others to do so either. 

Avoiding Secondhand Smoke 



Outdoor Air Triggers 

¡  Ozone  

¡  Particulate matter  

¡  Sulfur dioxide 

¡  Nitrogen dioxide - vehicle exhaust 

¡  Outdoor pollens and mold 



Prevent Outdoor Triggers 

¡  Ozone - advisories, stay indoors 
¡  Pollens and Molds (if allergic) 

l  Close windows, doors 
l  Use air conditioners, clean filters regularly 
l  Dry clothes indoors 
l  Avoid raking leaves, gardening 
l  Outside - less breezy, after gentle rain 

 



Additional Asthma Triggers 
¡  Viral upper respiratory 

infections 
¡  Exercise 
¡  Aggravating 

conditions - gastric 
reflux, sinusitis, 
rhinitis 

¡  Diet, medication 
¡  Cold air 
¡  Changes in weather 
¡  Menstrual cycle, 

pregnancy 



What Happens in an Asthma Attack ? 

 
 Airways swell and fill 
with mucus and secretions 

¡  The muscles around the 
airways contract and 
spasm  

¡  Airways can collapse, 
causing classic symptoms, 
even death 



Indications of a Severe Asthma 
Attack 

¡  Breathless at rest 
¡  Hunched forward 
¡  Talking in words rather 

than sentences 
¡  Agitated 
¡  Peak flow rate is less 

than 50% of normal 



Goals of Asthma Management 
¡ Control chronic asthma symptoms and asthma 

attacks during the day and night 
l  no sleep disruption due to asthma 
l  no missed school or work because of asthma 
l  no or minimal need for emergency care or 

hospitalizations 
¡  Avoid attacks or exacerbations 
¡ Maintaining normal activity levels, including 

exercise and other daily activities 
¡ Having normal or near-normal lung function 
¡ Avoid side-effects of medications 
¡  Prevent asthma mortality 



Classification of Asthma 
¡  Intermittent - 

l  Asthmatics who have symptoms that occur 
with a cold from time to time.  

l  They often grow out of the disease. 

¡  Persistent - 
l  Asthmatics having symptoms at least twice a 

week during the day and twice a month during 
the night 

l  These asthmatics are further classified as mild, 
moderate, or severe. 



 
¡  Medications 
¡  Inhaler Technique Education 

¡  Education: identification of asthma 
triggers & ways to reduce/avoid 
exposure to your asthma triggers 

¡  Peak flow monitoring 

¡  Emergency plan 

Managing Asthma 



Management of Asthma 

§  Quick-relief medications used to treat 
asthma attacks and acute symptoms 

          “Relievers” 
§  Long-term control medications reduce 

the airway inflammation that causes 
these symptoms 

          “Controllers”  



Asthma Management  
1) Identify triggers 
 
 
2) Control inflammation 
 
 
3) Provide bronchodilator  
for relief 
 
4) Assess response 
 
5) Modify (escalate/ de-escalate as 
appropriate) and educate. Assess for risk 
factors associated with higher mortality. 

Corticosteroid therapy 
Leukotriene inhibitors 
Anti-IgE therapy 
Thermoplasty 

Short acting beta-agonists 
Long acting beta-agonists 
Long acting anti-muscarinic  

Symptom diary, pulmonary 
function testing, exhaled NO 



   Medications to Treat Asthma: 
   Long-Term Control 

¡  Taken daily, over a long period of time 
¡  Used to reduce inflammation, relax airway 

muscles, and improve symptoms and pulmonary 
function 
l  Inhaled corticosteroids 
l  Long-acting beta2-agonists 
l  Leukotriene modifiers 



Asthma Medications 
¡  Quick-relief medications 

l  Short-acting bronchodilators  
¡ Relax smooth muscle around the airways 

¡   Long-term Medications 
l  Steroids 

¡  Inhaled, tablets 
¡ Anti-inflammatory 

l  Long acting bronchodilators 
¡ Relax smooth muscle 

l  Leukotriene inhibitors 
¡ Anti-inflammatory 



Medications to Treat Asthma: 
Quick-Relief 

¡  Used in acute 
asthma episodes 

¡  Generally they are 
short-acting beta2-
agonists 



Medications to Treat Asthma: 
Nebulizers 

¡  Uses compressed air 
machine to deliver 
medicine as a mist 

¡  Good for small 
children or for 
severe asthma 
episodes 



Risk Factors Associated with 
Higher Mortality in Acute Asthma 

¡  Previous severe exacerbation (e.g., ICU 
admission). 

¡  Two or more hospitalizations for asthma. 
¡  Three or more ED visits for asthma in the 

past year. 
¡  Using >2 canisters of SABA per month. 
¡  Difficulty perceiving asthma symptoms or 

severity of exacerbations. 
¡  Other risk factors:  

l  sensitivity to Alternaria 
l  low socioeconomic status or inner-city residence 
l  illicit drug use 
l  major psychosocial problems 

l  comorbidities like cardiovascular disease, etc. 



Clinical Management of Asthma 

Expert Panel Report 3 
National Asthma Education and Prevention Program 
National Heart, Lung and Blood Institute, 2007 

Source: http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf 



2007 NAEPP EPR-3 
¡  Treatment recommendations based on: 

l  Severity    
l  Control 
l  Responsiveness  
 

¡  Provide patient self-management 
education at multiple points of care 

¡  Reduce exposure to inhaled indoor 
allergens to control asthma-multifaceted 
approach 

Source: http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf 



What is GIP?  
 

 

¡  Guidelines Implementation 
Panel Report  for Expert Panel 
Report 3 
 

¡  Recommendations and strategies 
to implement EPR-3 

 
¡  Six key messages 

Source: http://www.nhlbi.nih.gov/guidelines/asthma/
gip_rpt.pdf 



GIP’s Six Key Messages 

¡  Inhaled 
Corticosteroids 

¡  Asthma Action Plan 

¡  Asthma Severity 

¡  Asthma Control 
 
¡  Follow-up Visits/ 

Step-Down Therapy 

¡  Allergen and Irritant 
Exposure Control 

Source: http://www.nhlbi.nih.gov/guidelines/asthma/
gip_rpt.pdf 





Treatment of severe asthma 
Anti-IgE Therapy 

¡  Biologic antibody therapy (Omalizumab; 
Xolair) binds IgE in the circulation and 
prevents it from activating mast cells and 
basophils. 

¡  In moderate to severe asthma, anti-IgE 
therapy reduced  exacerbation rate and 
reduced steroid dose needed. 

¡  Anti IgE therapy is recommended as an add-
on to optimized standard therapy in 
asthmatics  12 years and older who need 
continuous or frequent treatment with oral 
corticosteroids.  

¡  Elevated serum IgE 
 

1.  Ann Intern Med. 2011 3;154(9):573-82 
2.  Lancet Respir Med. 2013;1(3):189-90.  
3.  Cochrane Database Syst Rev. 2014 13;1 



Tiotropium 
 
¡  Recent double blind trial in asthmatic 

patients  
¡  Addition of tiotropium compared with: 

l  Doubling inhaled steroid 
l  Addition of salmeterol  

¡  Tiotropium increased am peak flows 
more than doubling inhaled steroids and 
equivalent to salmeterol. 

¡  Most secondary outcomes favored 
tiotropium N Eng J Med 2010;363:1715-26 



Bronchial Thermoplasty 

Am J Respir Crit Care Med. 2012 Apr 1;185(7):709-14. 
Am J Respir Crit Care Med. 2010 Jan 15;181(2):116-24.   



Bronchial Thermoplasty – Reduces 
Excess ASM 

Reduce 
Airway 
Smooth 

Muscle (ASM) 

Reduce 
Bronchoconstricti

on 

Reduce 
Asthma 

Exacerbatio
ns 

Improve 
Asthma 

Quality of 
Life 

12
9 

The Alair™ Bronchial Thermoplasty System has been 
approved by the FDA for the treatment of severe persistent 
asthma in patients 18 years and older whose asthma is not 
well controlled with inhaled corticosteroids (ICS) and long-
acting beta-agonists (LABA). 



BT is included in GINA 
¡  BT is now included as an add‐on therapy option 

for Step 5 to help patients who remain 
symptomatic on ICS + LABA 

¡  BT is considered a preferred add-on treatment 
option before maintenance OCS 



Demonstrated Clinical 
Effectiveness and Safety at 5 
Years 

¡  48% Reduction in severe asthma 
exacerbations rates maintained out to 5 years 

¡  88% Reduction in ER visit rates for respiratory 
symptoms maintained out to 5 years 

¡  Long-term safety maintained over 5 years 

1. Castro M, et al, for the AIR2 Trial Study Group. Am J Respir Crit Care Med. 2010;181:116-124. 131 

PPS = Posterior Probability of Superiority 



New and Emerging Therapies Being 
Evaluated for Asthma. 

Wechsler ME. N Engl J Med 2013;368:2511-2513. 





Educational Tools to Manage 
Asthma 



Peak expiratory flow (PEF) Meters 

Allows the patient 
to assess the 
status of his or her 
asthma 



  Peak flow Chart 
People with moderate 
or severe asthma should 
take readings— 
§  Every morning  and 
evening 
§  After an  exacerbation 
§  Before inhaling 
 certain  medications 

Source: “What You and Your Family Can Do About Asthma” by the Global Initiative For Asthma  
Created and funded by NIH/NHLBI 



Inhaler Technique: 
How to Use a Spray Inhaler 

Health-care provider 
should evaluate 
inhaler technique at 
each visit. 

Source: “What You and Your Family Can Do About Asthma” by the Global Initiative For Asthma  
Created and funded by NIH/NHLBI 



 
Inhalers and Spacers 

Inhalers 

Spacers 
Use of trade names does not reflect 
endorsement of these products. 

Spacers can help 
patients who 
have difficulty 
with technique 
and can reduce 
potential side 
effects. 



Asthma Action Plan 

National Heart, Lung, and Blood Institute 



Asthma is Increasing 

Why the increase? 
¡  Increased recognition, diagnosis-shifting 
¡  Environmental allergens - indoor, outdoor 

l  Energy-efficient buildings, carpet 
¡  Exposure to mother’s tobacco smoke 
¡  Psychosocial and socioeconomic factors 

l  More time indoors 
l  Overcrowding 
l  Access to care 



Pediatrician Concerns when Choosing 
ICS treatment 

¡  1) Growth  
¡  2) Hypothalamatic-Pituitary Axis 
¡  3) Compliance 
¡  4) Systemic Biovailability 
¡  5) Need for aerochamber 



Peds Case Study #1 
Josie is a 5 yo little girl coming into the office 
with her third wheezing episode. She has had 
two episodes of wheezing prior to this one. Those  
previous episodes resolved with use of oral steroid 
bursts and albuterol as needed. All episodes have 
been viral-induced. And her Mom is very concerned 
as it seems that everytime that Josie has a cold- it 
just drops to her chest and she ends up wheezing and 
developing a barky cough. She is also concerned 
about her needing oral steroids once again. 
 
There is no family history of atopy nor asthma. 
 
Current Meds: Proair HFA PRN 



Case Study- Identifying Josie’s Triggers 

¡  1) Viral Triggers: 
l  Josie has had two previous episodes of viral-

induced wheezing in her lifetime. 
l  Both episodes required oral steroid bursts and 

albuterol.  
l  Previous episodes were both in winter. 
l  Josie is in school and currently in kindergarten. 

 
 



Case Study- Identifying Josie’s Triggers 
2) Allergic Triggers: 
 
Josie tends to sneeze and develop 
post-nasal drip every spring and 
fall. 
 
Her Mom treats her symptoms 
with benadryl as needed. 
 
Josie also relates very excitedly 
that one month ago they got a little 
dog at home named Friday. Friday 
sleeps in her bed because she is 
little. 



Case Study- Identifying Josie’s Triggers 
3) Exercise 
 
Josie reveals that she plays tball 
every summer. This last summer she 
states that when she would run the 
bases really fast, she sometimes felt 
like there was a cat in her chest. 
 
She states that when she felt that 
way- she would have to slow down 
and sometimes she would be tagged 
out. She hated that. 
 
She also states that she gets a really 
bad cough everytime they have to 
sprint in gym class. 



Josie’s Spirometry 

¡  Josie’s spirometry revealed: 
l  Obstructive Pattern FEV1/FVC ratio = 70% 
l  An increase in FEV1 of 13% s/p bronchodilator 
l  An increase in FEF 25-75 of 22% s/p 

bronchodilator 
l  Results consistent with diagnosis of Asthma.  



How did Josie do ? 

Josie gets started on QVAR 40mcg- 1puff 
inhaled twice a day and albuterol PRN. 
 
Josie has no more wheezing episodes the 
rest of the winter. 
 
Josie gets skin tested and skin test positive 
to trees and ragweed.  Gets started on zyrtec 
through the spring and fall seasons. 
 
Josie’s dog now sleeps outside her bedroom. 
 
Josie also turns out to be quite succesful at 
tball since she is no longer short of breath 
nor developing chest tightness as she runs 
the bases. 
 
Josie gets the game ball !!! 



Josie- how’s QVAR working for you ? 



Case Study #2- Brad 
Brad is a 36 yo asthmatic patient 
coming into the office for his yearly 
asthma checkup.  
 
Brad has been a very well-controlled 
asthmatic patient and has been on 
Advair 250/50- 1 puff inh bid since his 
teens. He can’t remember the last time 
he had to use his albuterol inhaler. 
 
He is very physically active and reports 
that his asthma doesn’t bother him 
through strenuous activity. 
 
Previously his triggers for asthma were 
colds. 
 



Brad’s Case Continued… 
Physical Exam was within normal limits. 
 
Spirometry was also within normal limits. 
 
You see a letter in his chart from his 
insurance company addressed to you and 
asking whether step down therapy had 
been attempted in this patient per FDA 
recommendations and as part of lowering 
the costs of healthcare initiative. 
 
Brad is just here for his yearly refill of 
Advair. 
 
 



Step Down Therapy 
¡  Primary Care Physicians and Specialists are now 

being asked to re-evaluate their asthma 
management of patients on combination therapy 
based on 3 principles: 
l  There are no studies demonstrating a decrease in 

asthma morbidity nor mortality secondary to 
combination therapy. 

l  Less is MORE. Whenever we can get asthma under 
control with the least amount of ICS- this is success! 

l  There is a big push with the Obama Healthcare to 
follow the pharmaco-economic model that yields the 
most control at the lowest cost. Thus ICS therapy in 
Asthma.  



A Public Health Response to Asthma:  
School Intervention Science-Based 
Guidance 
¡  Management and support 

systems 
¡  Health and mental health 

services 
¡  Asthma education for 

students, staff, and parents 
¡  Healthy school environment 
¡  Physical education and 

activity 
¡  School, family, and 

community efforts 
 
 
 
 

Source: www.cdc.gov/HealthyYouth/asthma/strategies 



“Hygiene Hypothesis” 
 Are we too clean ? 

¡  Immune Response   
l  Th1  

¡ Responds to harmless bacteria, dirt, 
animal droppings after birth 

¡ Not activated in sterile birth environment  
¡ Subdues the more hyperactive Th2 

l  Th2 
¡ Not as effective as Th1 
¡ Fight allergens, cause allergies 

T0 

T2 T1 



“Hygiene Hypothesis” 
 Are we too clean ? 

¡  Less allergies and asthma: 
l  1990 East vs. West Germany 
l  Farm vs. city children 
l  Daycare before 6 months of age vs. later  
l  Older siblings vs. none 

¡  Failure to develop balanced immune 
system 
l  Detergents/chlorine, antibiotics, vaccines, 

antibacterial soaps 



Healthy people 2010 
Objectives 

§  Reduce asthma deaths 
§  Reduce hospitalizations for asthma 
§  Reduce hospital ED visits for asthma 
§  Reduce activity limitations - reduce # of school/work days 

missed 
§  Increase proportion who receive formal patient 

education 
§  Increase proportion who receive appropriate asthma 

care 
§  Establish in ≥25 states a surveillance system for tracking 

asthma 

http://www.health.gov/healthypeople 



Conclusions 
¡  Asthma affects 5-10% of the population and the 

prevalence is rising in developed countries. 
¡  Allergies often play a key role in asthma and act as 

triggers for asthma symptoms. 
¡  Asthma can not be cured but can usually be well 

controlled in most people. 
¡  Controlling asthma involves patient education, lung 

function monitoring, avoidance of triggers, and in 
many, medications. 



 Thank You ! 
 

 Please contact me with any questions: 
 

    juanita_mora@rush.edu 
 



Resources 
¡  National Asthma Education and Prevention Program 

l  http://www.nhlbi.nih.gov/about/naepp/  
¡  Asthma and Allergy Foundation of America  

l  http://www.aafa.org 

¡  American Lung Association 
l  http://www.lungusa.org 

¡  American Academy of Allergy, Asthma, and 
Immunology 
l  http://www.aaaai.org 

¡  Allergy and Asthma Network/Mothers of Asthmatics, 
Inc. 
l  http://www.aanma.org 

 
 



Resources 
¡  American College of Allergy, Asthma, and 

Immunology 
l  http://www.acaai.org  

¡  American College of Chest Physicians 
l  http://www.chestnet.org 

¡  American Thoracic Society 
l  http://www.thoracic.org 

¡  The Centers for Disease Control and Prevention 
l  http://www.cdc.gov/asthma 
 


