
17. Green RH, Brightling CE, McKenna S, Hargadon B, Parker D, Bradding
P, et al. Asthma exacerbations and sputum eosinophil counts: a
randomised controlled trial. Lancet 2002;360:1715–1721.

18. Horn BR, Robin ED, Theodore J, Van Kessel A. Total eosinophil counts
in the management of bronchial asthma. N Engl J Med 1975;292:
1152–1155.

19. Bafadhel M, McKenna S, Terry S, Mistry V, Reid C, Haldar P, et al.
Acute exacerbations of chronic obstructive pulmonary disease:
identification of biologic clusters and their biomarkers. Am J Respir
Crit Care Med 2011;184:662–671.

20. Bafadhel M, McKenna S, Terry S, Mistry V, Pancholi M, Venge P,
et al. Blood eosinophils to direct corticosteroid treatment of
exacerbations of chronic obstructive pulmonary disease: a
randomized placebo-controlled trial. Am J Respir Crit Care Med
2012;186:48–55.

21. Felarca AB, Lowell FC. The total eosinophil count in a nonatopic
population. J Allergy 1967;40:16–20.

22. Ortega HG, Yancey SW, Mayer B, Gunsoy NB, Keene ON, Bleecker
ER, et al. Severe eosinophilic asthma treated with mepolizumab
stratified by baseline eosinophil thresholds: a secondary analysis of
the DREAM and MENSA studies. Lancet Respir Med 2016;4:
549–556.

23. Singh D, Bafadhel M, Brightling CE, Sciurba FC, Curtis JL, Martinez FJ,
et al.; COPD Foundation Eosinophil Working Group. Blood
eosinophil counts in clinical trials for chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2020;202:660–671.

24. Singh D, Agusti A, Anzueto A, Barnes PJ, Bourbeau J, Celli BR, et al.
Global strategy for the diagnosis, management, and prevention of

chronic obstructive lung disease: the GOLD science committee
report 2019. Eur Respir J 2019;53:1900164.

25. Sivapalan P, Lapperre TS, Janner J, Laub RR, Moberg M, Bech CS,
et al. Eosinophil-guided corticosteroid therapy in patients admitted
to hospital with COPD exacerbation (CORTICO-COP): a multicentre,
randomised, controlled, open-label, non-inferiority trial. Lancet
Respir Med 2019;7:699–709.

26. Heaney LG, Djukanovic R, Woodcock A, Walker S, Matthews JG,
Pavord ID, et al. Research in progress: Medical Research Council
United Kingdom Refractory Asthma Stratification Programme
(RASP-UK). Thorax 2016;71:187–189.

27. Global Initiative for Asthma. GINA 2019 main report [accessed 2020
Jan 5]. Available from: https://ginasthma.org/gina-reports/.

28. BTS/SIGN British guideline on the management of asthma [accessed
2020 Jan 5]. Available from: https://www.brit-thoracic.org.uk/quality-
improvement/guidelines/asthma.

29. Beasley R, Holliday M, Reddel HK, Braithwaite I, Ebmeier S, Hancox RJ,
et al.; Novel START Study Team. Controlled trial of budesonide-formoterol
as needed for mild asthma. N Engl J Med 2019;380:2020–2030.

30. Hancox RJ, Pavord ID, Sears MR. Associations between blood
eosinophils and decline in lung function among adults with and
without asthma. Eur Respir J 2018;51:1702536.

31. Barnes NC, Sharma R, Lettis S, Calverley PM. Blood eosinophils as a
marker of response to inhaled corticosteroids in COPD. Eur Respir J
2016;47:1374–1382.

Copyright © 2020 by the American Thoracic Society

Do Plasticizers within the Indoor Environment Increase Airway
Allergen Responsiveness?

There is an increasing appreciation that a wholistic consideration
of the impact of air pollutants on health requires us to understand
the continuum of exposures an individual may experience across
the indoor and outdoor environment. This extends beyond the
infiltration of ambient pollution into the home, school, or workplace
to a consideration of exposures to the complex and highly
heterogeneous chemical cocktail within indoor air. Although the
literature on the adverse health impacts of ambient air pollution
is extensive and mature, as highlighted by a joint European
Respiratory Society/American Thoracic Society policy statement
(1), work on indoor sources is less evolved (2). Although the
population spends most of its time within the indoor environment,
traveling from home to work and back again, a fraction that has
increased as modern lifestyles have become more sedentary, the
study of indoor air pollution has remained largely focused on a few
common indoor pollutants: common allergens such as house dust
mites and mold, carbon monoxide, second-hand tobacco smoke,
radon, asbestos, and nitrogen dioxide. But the indoor environment
is also a source of volatile and nonvolatile chemical species derived
from modern synthetic building materials, furnishings, and

household chemical products. The importance of these indoor
sources has increased as our homes have become more airtight and
energy efficient, such that now the indoor concentrations of volatile
organic compounds are often significantly elevated compared with
outdoor air (3). In addition, indoor air is also enriched with
respirable microplastic fibers and particles that have the potential
to deliver chemical additives to the lung (4).

In the paper by Maestre-Batlle and colleagues (pp. 672–680)
in this issue of the Journal (5), the authors drill down onto the
potential acute impacts of one common indoor air pollutant,
dibutyl phthalate (DBP), on allergic airway responses. Phthalates
(classified as plasticizers) are typically solvents found in plastic-
based products that have aroused concern historically as
endocrine-disrupting chemicals, but there is observational data also
linking indoor concentrations, often in household dust, with
increased risk of asthma, allergy, and wheeze (6).

The interaction between air pollutants and allergy has been
shown by many studies (7, 8), with causative links proposed by
epigenetic and other mechanisms (9), although these assertions
have been questioned (10). Controlled human-exposure studies
have also shown the potential of diesel exhaust and nitrogen
dioxide to potentiate airway responses to allergen challenge
(11–14). The findings have indicated that pollutants may affect the
magnitude of the allergic response but also the threshold of allergen
challenge demanded to induce a bronchoconstrictive response.
In this issue, a team from the University of British Columbia,
Vancouver, extend this consideration to DBP, investigating
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whether short-term exposures enhanced the bronchoconstrictive
response, airway hyperresponsiveness (AHR), and the immune
response to allergens in a placebo-controlled exposure study. This is
the first human study to examine these responses under rigorous
experimental conditions with the aim of providing causal support for
the epidemiological observations linking phthalate exposure to
adverse allergic responses. To achieve this objective, subjects with
mild asthma and healthy volunteers, half with baseline airway
hypersensitivity, and known to be sensitized to allergen (grass, birch,
or house dust mites), were exposed to DBP for 3 hours, followed by
an immediate inhalation challenge with the appropriate allergen.
Lung function responses were assessed before, during, and up to 20
hours after exposure, with fractional exhaled nitric oxide assessed
before and 3 and 20 hours after exposure and airway hyperreactivity
assessed by methacholine challenge at 20 hours after challenge.
Airway inflammation, including immune cell phenotypes, was
assessed by BAL.

Although some of the responses observed were subtle, the
authors found preliminary evidence that DBP exposure not only
significantly enhanced the early allergic response, as compared with
placebo exposure, but also increased AHR in subjects without
preexisting hyperresponsiveness. One interpretation of this finding
is that acute DBP exposure may move an individual with allergic
sensitization and no AHR toward an endotype with hyperreactive
airways when exposed to allergen. The selection of allergic-
sensitized subjects both with and without AHR allowed the
investigators to study the effects over a span in AHR, from normal to
hyperresponsive, which is a strength, although this also had an
impact on the power of the study. The authors also found an
increase in M2 macrophages in BAL, whereas M1 were not affected,
in line with the soluble mediator response including MIP-1a. The
diverging responses in fractalkine and stem cell factor may have
influenced leukocyte traffic, with the role of the mast cell in this
scenario still elusive.

To conclude, the present study elegantly bridges indications
from population-based studies, with placebo-controlled human
exposures in allergen-sensitized individuals, to demonstrate
evidence of enhanced allergic responses after inhalation of
phthalate fumes. Interestingly, only allergic subjects with normal
methacholine responsiveness at baseline experienced an increased
hyperresponsiveness after BDP exposure. In the case of repeated
exposures, this could potentially lead to worsening of allergic
responses and manifest airway hyperresponsiveness, something that
future studies should address. Overall, this study adds considerably
to the field, highlighting the need for robust clinical experimental
studies into the impact of indoor air pollutants on health. Human
chamber studies, it should be acknowledged, are complex and
difficult to conduct. They, for purely ethical and cost considerations,
cannot cover numerous time points or every relevant clinical
subtype or endpoint, so they should be viewed within the overall
evidential context of population-level observations and in vitro and
in vivo studies where there is greater experimental flexibility. They
are, however, our clearest window into the acute causal pathways
leading to adverse clinical endpoints. n
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