
Hypersensitivity pneumonitis and its
correlation with ambient air
pollution in urban India

To the Editor:

Hypersensitivity pneumonitis (HP) is an immune-mediated lung disease (ILD) caused by sensitisation to
inhaled organic antigens or low molecular weight chemical compounds. Recently, there has been increased
awareness of environmental factors associated with HP [1]. It has been postulated that when genetically
susceptible individuals (“first hit”) are exposed to an inciting antigen (“second hit”) they develop HP [2].
The first hit is essential, as not all who are exposed to an inciting antigen develop disease. The second hit or
the inciting antigen may be bacterial, protozoal, animal or insect protein, or rarely a chemical compound.
Certain viral infections and high pesticide exposures may be risk factors for development of HP, perhaps by
making the lung more susceptible to organic antigen exposure (facilitating a second hit) [3, 4].

The role of ambient air pollution as a promoting factor for the development of HP has not been studied.
Levels of air pollutants have increased in urban areas over the past decade [5]. Particulate matter <2.5 µm
in diameter (PM2.5) can reach the alveoli. Among measures of air pollution, PM2.5 levels have the greatest
health impact; higher PM2.5 levels are associated with early mortality [6]. Recently, the role of particulate
matter <10 µm in diameter (PM10) has been associated with increased rate of decline of lung functions in
patients with idiopathic pulmonary fibrosis (IPF) [7]. However, the role of air pollution in HP has not
been studied.

Recent data from the ILD-India registry showed a high proportion of patients with new-onset ILD in India
were diagnosed with HP [1]. Since the majority of patients in the ILD-India registry were recruited from
urban areas, we hypothesised that air pollution in cities is a contributing factor to development of HP. The
aim of this study was to determine whether there is an association between the proportions of HP cases in
various Indian cities and ambient air pollution levels measured by PM2.5 using prospective data from
patients diagnosed with HP in the ILD-India registry [1].

The ILD-India registry recruited consecutive consenting patients with ILD from 27 centres across 19 cities
in India from March 2012 to June 2015. The study was approved by the institutional review board and
clinical trial registry of India (CTRI/2013/05/003674). Nearly half of 1084 patients with new-onset ILD
living in India had a clinical diagnosis of HP [1]. We analysed data gathered from patients seen at centres
that recruited ⩾10 patients diagnosed with ILD from cities where PM2.5 levels during the period of study
were available (figure 1a and b). Patients residing in urban areas from 19 centres across 11 cities were
included. In the ILD-India registry, 842 (78%) out of 1084 patients diagnosed with ILD were residing in
cities with PM2.5 levels during the study period available for analysis. Among those patients, 386 (45.8%)
out of 842 were diagnosed with HP. The annual mean PM2.5 levels were obtained retrospectively from data
provided by the state pollution control boards to the World Health Organization [8]. PM2.5 levels in various
cities were either measured directly or derived from PM10 levels. Stata 14.0 (StataCorp LP, College Station,
TX, USA) was used for analyses. Spearman’s rank correlation test was used to obtain the coefficient of
correlation. A scatter diagram with the best fitting line for linear regression (figure 1c) was generated and
Lowess smoothing (figure 1d) was created. Multiple logistic regression analysis was performed to determine
the association between the percentage of HP cases and PM2.5 level (continuous variable) after adjusting for
age, sex, exposure to birds, moulds, desert coolers, air conditioners and smoking.
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Spearman’s rank correlation test revealed a strong positive correlation between the percentage of HP cases
in the 11 cities and city PM2.5 levels (r=0.64, p=0.03) (figure 1c and d). Multiple logistic regression
analysis revealed that each 1 µg·m−3 increase in PM2.5 level is associated with a 0.7% increase in the risk of
developing HP rather than any other ILD (adjusted OR 1.007, 95% CI 1.001–1.013; p=0.017). The sample
sizes from patients with IPF and connective tissue-associated ILD from the same cities were too small to
draw meaningful conclusions from similar analyses (data not shown).

Our findings raise the possibility of an association between HP diagnosis and environmental air pollution
levels. It is apparent that air pollution may be a risk factor for patients to manifest HP similar to previous
reports regarding viral infections and pesticide exposure [3, 4]. Our results suggest that, although the
confidence interval is wide, the odds of developing HP were 7% greater for every 10-µg·m−3 increase in
the air pollution (PM2.5 level). This association was adjusted for possible confounders such as birds, air
conditioners, air coolers and moulds. It is apparent, therefore, that the risk of a person to manifest HP due
to exposure to a known HP inducer, such as birds, is higher if the person has the same exposure and lives
in urban areas. We hypothesise that air pollution is a possible contributing factor in the pathogenesis of
HP; a potential mechanism is that fine particulate air pollutants lead to airway inflammation and reduced
mucociliary clearance with resultant retention of the inciting antigen in the alveoli leading to an
immune-mediated response and clinical manifestation of HP. Of note, ambient air pollution levels in India
are significantly higher than those in other countries, including countries where many other ILD registries
have been undertaken [8]. Since air pollution has been associated with worsening lung function status
in patients with IPF [7], and has also been associated with poor outcomes in lung transplant recipients
[9–11], the higher incidence of HP in patients enrolled in ILD-India registry greater than that observed in
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FIGURE 1 a) The 11 cities studied in the immune-mediated lung disease (ILD)-India registry with their percentage of hypersensitivity pneumonitis
(HP) cases and particulate matter <2.5 µm in diameter (PM2.5) levels. b) Map of India showing the locations of the 11 cities. Scatter plots showing
correlation between percent of HP cases in 11 cities and PM2.5 levels in that area with c) best fitting line for linear regression and d) Lowess
smoothing (r=0.64, p=0.03).
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other registries may in part be attributed to differences in ambient air pollution levels. This will require
further study both in India and other countries.

We acknowledge that our study is observational and the results are preliminary. Limitations of our
findings include the following. 1) Our data are only from patients clinically diagnosed with HP residing in
urban areas where PM2.5 levels were available (patients living in rural and remote areas were not
included). 2) Nonuniform health coverage in India led to ILD registry sites being concentrated in urban
cities. Thus, patients from rural areas were underrepresented, likely leading to referral bias. 3) It is
uncertain whether the air monitors used to measure the PM2.5 levels were in close proximity to the
patients’ residences or workplaces. 4) Though multiple logistic regression was used to overcome biases due
to other exposures, in a proportion of cases, the inciting agent is unknown and thus not accountable in
statistical analysis. 5) PM2.5 levels were derived retrospectively from PM10 levels in the majority of cities
from public sources, although derivation of PM2.5 levels from PM10 levels is considered to be fairly
accurate [12].

Acknowledging these limitations, our observation that the proportion of new-onset ILD cases clinically
diagnosed as HP increased with higher levels of air pollution in several Indian cities deserves further
attention. We are hopeful that our results will provoke future studies with longitudinal designs, appropriate
comparison groups and study participants that are selected from the population at risk to determine the
clinical relevance of any potential association between HP and air pollution.
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