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The indoor environment contains potentially numerous exposures to conditions that are suspected to influence the development, prevalence, and incidence of asthma. Exposures include biologics (allergens, bacteria, or fungi), pollutant gases, and particulate matter from indoor (e.g., gas stoves and cigarette smoke) and outdoor sources.  Known indoor allergens and irritants include the house dust mite, domestic pets, mold, cockroach, mouse, environmental tobacco smoke, endotoxin, and air pollution.
Minimizing exposure to allergens and remediating the environment play a critical role in the treatment of asthma and allergies. The most effective environmental control measures are tailored multifaceted interventions which include education, thorough cleaning, using high-efficiency particulate air (HEPA) filters, integrated pest management, and maintenance of these practices.
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Response to allergens – the asthma response

Allergy is classically manifested by an IgE antibody response to something that is normally considered harmless, typically a protein. When an allergen or microbial particle (e.g., found in house dust) is inhaled there are a variety of adverse and protective airway responses.  What determines the response is affected by the type of allergen, the length of time of exposure and an individual susceptibility to have an airway response to the allergen molecules or particles. 
When both are present, they may interact resulting in more severe responses.  This may be particularly true in the presence of pollutants such as tobacco smoke.
Possible Asthma Triggers

Dust Mites

Dust mites are arachnids that infest bedding, carpet, upholstered furniture, and fabric. Their main food source is human skin scales, and they grow best in warm, humid environments. The most common species of the house dust mite (HDM) are Dermatophagoides pteronyssinus and D. farinae. Dust mite allergens are the only class of inhalant allergens for which the National Academy of Sciences for which a causal association between exposure and the development of asthma has been established. Exposure to dust mite allergen is also associated with asthma exacerbations. Dust mite exposure has been associated with dust mite sensitization. 

Research suggests the most effective long-term strategy for HDM control is a comprehensive plan which includes cleaning regularly, washing and drying bedding weekly in high heat, using impermeable HDM covers (i.e., mattress covers), maintaining humidity indoors below 50%, and avoiding the use of carpet, upholstered furniture, and stuffed animals.
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Cockroaches

The most common species of cockroach that cause sensitization are Blattella germanica (German cockroach) and Periplaneta americana (American cockroach). The major allergens are Bla g 1, Bla g 2, and Per a 1, which are found in saliva, secretions, debris, and fecal material.
Insect pests and pest allergens are difficult to eliminate. The goal is to reduce pest allergen by reducing the population of pests. Integrated Pest Management (IPM) which comprises an array of techniques  including education, removing food sources, cleaning surfaces, using traps, and applying insecticides, repair structural defects including plugging holes, caulking, metal mesh, or expandable spray foams and gels and require long-term care to prevent re-infestation that focus on non-synthetic chemicals is the best approach.  

Comparative studies of (IPM) and conventional chemical-based control methods have shown that IPM is the more effective approach to cockroach abatement. However, it can be costly and difficult to implement. 
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Mice & Rats 
The major mouse allergens include Mus m 1 and Mus m 2, which are found in mouse urine, dander, and hair follicles. Exposure to mouse allergen is associated with a high rate of allergen sensitization. High levels of mouse allergen have been associated with increased asthma morbidity.  Rat allergens are found less frequently in about a third in dust samples in inner city homes.  Their role in affecting asthma is less reported.  Their allergenic risk may be less because they tend to dwell outdoors. 

An IPM approach - The IPM intervention entailed vacuuming, using low toxicity pesticides, traps, and sealing holes can be effective. concluded the most effective strategies for abatement of rodents include preventing ingress, reducing clutter, and eliminating sources of food and shelter.
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Environmental Tobacco Smoke

Environmental tobacco smoke (ETS) is known to increase the prevalence of both upper and lower respiratory tract illnesses. Tobacco smoke exposure, even passive exposure leads to increased asthma symptoms and decreased response to inhaled corticosteroids. A systematic review and meta-analysis showed that exposure to passive smoking, especially pre- or postnatal maternal smoking, increases the risk of wheeze and the incidence of asthma at age 5 to 18 years.  Although it is clearly evident that ETS is a major risk factor for asthma, studies have shown that it is difficult to effectively reduce ETS.

The efficacy in reducing indoor pollutants is dependent on room dimensions and building structure and conditions. Although air cleaners have been used as effective adjunct interventions in multipronged environmental intervention in reducing asthma symptoms, their independent contributions to health are uncertain, and the physical settings in which they might reduce exposure sufficiently to contribute to asthma control are not well defined.

One randomized control trial looked at use of air cleaners and a health coach to reduce particulate matter (from second-hand smoke) and found that air cleaners in homes of children with asthma lead to a significant reduction in indoor fine particulate matter (PM 2.5) concentrations and increased symptom free days; however, there was not a decrease in air nicotine or urinary cotinine. Another study showed that HEPA air cleaners led to significant reductions in unscheduled asthma visits and levels of fine airborne pollutants, but did not decrease asthma symptoms, cotinine levels, or exhaled nitric-oxide levels.
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Combustion by-products from Fossil Fuel

Nitrogen dioxide (NO2) and other volatile gases are known respiratory irritants. The levels of exposure indoors to these gases are of concern because children spend considerable amount of their time indoors at home. Nitrogen dioxide (NO2) is a pollutant gas by-product of combustion from indoor sources such as gas stoves, heaters, and poorly ventilated furnaces and fireplaces. It has been shown to affect both allergic and non-allergic children with asthma. To the extent that gas appliances may confer a risk of respiratory symptoms, the exposure may be more complex than simply NO2. For example, gas stoves may also increase other indoor air pollutants, such as nitrous acid, hat may also adversely affect respiratory health
Increased ventilation with more open windows led to lower in-home particulate-matter concentration. Intervention studies have shown that high-efficiency particulate arrestor (HEPA) air filters are effective in lowering indoor particulate matter.
Other major gaseous pollutants include ozone and sulfur dioxide. Sulfur dioxide (SO2) is emitted from burning of sulfur-containing fossil fuels. Exposure to SO2 has been shown to cause bronchoconstriction and associated with increases in respiratory morbidity. Ozone is a potent oxidizing agent that is formed by a photochemical reaction between sunlight and pollutant precursors, particularly in warmer temperatures. Ozone exposure has long been shown to result in airway inflammation and hyper-responsiveness.

Instructing families to operate vents when using gas appliances as part of asthma education programs would be a simple and immediate intervention. Long-term efforts should be aimed at advocating for installing vents with gas appliances and the manufacture of pilotless stoves, which are associated with lower NO2 levels.
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Mold

Mold and moisture have been associated with poor health outcomes, such as upper respiratory tract symptoms, cough, wheeze, and other asthma symptoms.  Mold is associated with exacerbation of allergic rhinitis and allergic asthma in people who are sensitized to mold.  Some components of mold also may elicit inflammation via non-allergic mechanisms.

There are many species of mold, but common molds include Alternaria, Cladosporium, Aspergillus, and Penicillium. Of all the molds, the most thoroughly investigated is Alternaria. In inner-city children with asthma, Alternaria sensitization has been associated with an increased risk of asthma-related hospitalization.

Indoor fungi originate through penetration from both outdoor and indoor sources, especially in damp and water-damaged buildings. Fungi and their irritant or toxicant components can have adverse airway irritant and allergenic properties, and asthma symptoms can occur in both subjects who are not sensitized and those who are sensitized to fungi. Mechanisms for the effects of individual fungal components and interactive effects with other indoor exposures on airway and immune responses are not well understood.

Indoor environmental factors that influence the presence of dampness and the concentration of molds within homes include modifiable risk factors such as residential characteristics, the built environment, and behavior, which, when altered, can in turn lower allergy burden.
One study examined mold remediation in the homes of 62 inner-city asthmatics randomly assigned to intervention and control and found that an intervention which included repair of leaks, removal of water-damaged materials, ventilation alteration, and decreasing the humidity in damp basements resulted in children having fewer emergency rooms and hospitalizations and reduction in asthma symptom days after mold remediation compared to children in the control group.
 
Another study showed that a comprehensive program including community health care worker in home education in combination with weatherization (defined as home air tightness measurements, combustion safety testing, heating system assessment, and assessment of moisture related problems) and healthy home interventions to reduce asthma triggers lead to a statistically significant reduction in visible mold and improved asthma control and caregiver quality of life.
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Pets

Allergic sensitization to furred pet allergens is quite common, and in some populations more than 60% of children with asthma are sensitized to cat or dog allergens.  The primary cat allergen is Fel d 1, which is found in saliva, skin, and hair follicles. Cat allergen is carried on small particles, ranging from 2 to 10 microns, which allows it to remain airborne and become adherent to surfaces and clothing. The major dog allergen is Can f 1, which is also found in saliva, skin, and hair follicles.

One investigation found that after cat removal, it takes 20–24 weeks to reduce cat allergen levels in the indoor environment. After aggressive cleaning of the upholstered furniture, cat allergen decreases more rapidly. Another potential collection place of pet allergen is the mattress; thus, encasings are recommended as part of a comprehensive approach to reduce allergen levels. Regular washing of pets reduces allergen levels; however, the effects are not sustained. Washing cats demonstrated no benefit or transient benefit (not sustained beyond 1 week). Similarly, that dog washing has been found to reduce dog allergen levels the results are temporary unless a dog is washed twice a week.

The American Academy of Allergy and Immunology (AAAAI) practice recommendation is for furry animals that hypoallergenic cats and dogs should not be recommended for sensitized  individuals. In part this recommendation is made based on the debate that there are “hypoallergenic” pets.  One study while higher Can f1 levels were found in hair and coat samples of hypoallergenic dog breeds compared to non-hypoallergenic dog breeds there was no difference in dog allergen levels in settled dust and airborne samples between the two breeds however, there was no difference in dog allergen levels in settled dust and airborne samples between the two breeds.

HEPA filters may help in reducing cat allergen levels and may increase some allergic reaction responsivity.  But HEPA filter use is unlikely to improve symptoms and medication use for a sustained period of time.
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Sampling of Other Work

Intervention/Remediation Programs
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Housing Code Violations
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Social Determinants of Health
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Why Interventions May Not (Appear) to Work

1.	The volume or intensity of the intervention may fail to sufficiently reduce an exposure. 
2.	If the individual is not sensitized or exposed to the targeted allergen of the intervention, there will not be a significant improvement.
3.	Reducing exposure in one location, but not all, will likely be ineffective
4.	The intervention may be inadequate to reduce the level of allergen or airway irritant
5.	All sources of irritants may not be addressed with one intervention approach
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