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Re: An ecological analysis of long-term exposure to PM2.5 and incidence of COVID-19 in Canadian 
health regions 

Dear Editor, 

We read with interest this paper on air pollution in Canada (Stieb 
et al., 2020) and its possible contribution to an increased incidence of 
COVID-19. In this ecological study, the authors used as the unit of 
observation very broad geographical regions defined administratively 
(referred to as “health regions”), which vary dramatically in size and 
constitution within and between Canadian provinces. They then made 
use of data on incident cases of COVID-19 in these 111 regions (73,390 
cases until the end of May 2020). To these grouped counts, they juxta-
posed, in a negative binomial statistical model, past satellite observa-
tions of fine particulate matter (PM2.5) over a 17-year period 
(2000–2016) that had a spatial resolution of 1 × 1 km. These were then 
averaged to produce a summary exposure measure for each region. A 
number of ecological covariates were included in the model. They found 
that a 1 μg/m3 increase in PM2.5 increased the incidence of COVID-19 by 
7% that they indicated “was several fold larger per unit PM2.5 than 
hazard ratios typically observed in cohort studies of mortality”. 

The authors indicated that due to the study design “the findings 
should be interpreted with caution”, and they also discussed some lim-
itations due to the “coarseness” of these regions as well as cross-level 
bias (“ecological fallacy”). Nevertheless, it is our view that the limita-
tions of their data are so severe that they do not advance public health as 
their risk estimates are neither credible nor interpretable. The basis for 
this conclusion is our recent detailed methodological review of mortality 
studies of both SARS and COVID-19 that we published in October 2020 
in Environmental Health Perspectives, where we concluded that all 
studies of associations between these infectious diseases and environ-
mental factors are seriously biased (Villeneuve and Goldberg, 2020). 

Our concerns expressed in our review paper (Villeneuve and Gold-
berg, 2020) about the validity of the risk estimates apply to this study as 
well. To briefly summarize some of our arguments, studies that make use 
of the ecological design suffer from cross-level bias that arise by using 
groups rather than individuals as the unit of analysis. Heterogeneity of 
populations within these large areas is a key issue. Differences between 
and within jurisdictions as to the timing on the pandemic curve, 
behaviour of populations, the measures taken to reduce infections, and 
the R0 value will affect incidence rates. Although the authors attempted 
to account for some of these essential components of the pandemic, by 
including a term for days since peak daily incidence of new cases, deaths 
at the health region level, and date of declaration of emergency, these 
factors cannot possibly account for infection dynamics within and be-
tween these vast regions and through time. Not being able to account for 

clustering of disease, spatiotemporal variations in the strains of 
COVID-19 that may affect sequelae differently, and, of course, hetero-
geneity in spatial-temporal assignment of air pollution within regions, 
that correlates with socio-economic status, leads to bias. 

Use of very large areas in a grouped analysis is a major cause of 
concern. Because cases were aggregated and assigned to each region, it 
does not matter where the person lived in the region, where they may 
have travelled, where they may have worked, what social activities they 
engaged in, and what levels of air pollution they may have been exposed 
to. This means that any differences within the region are ignored by 
design. 

To be concrete, consider a specific example of population dynamics 
from Montreal, in which there are a number of “hot spots” that have 
varied since the beginning of the pandemic. In the spring of 2020, a 
religious group living in an affluent area of the city, with low levels of air 
pollution, had the highest counts in the city because many members 
were in the United States where they became infected. The virus 
rampaged through the community until it was controlled. Summer 
came, cases went down, restrictions were reduced, and the members 
started congregating again. Now in October incidence rates are sky-
rocketing again. All in a low air pollution part of the city. A study based 
on individuals would not ignore these or other types of circumstances, 
but an ecological design where grouped data across these large regions is 
contrasted is subject to serious error given the vast differences in case 
identification, screening and implementation of public health practices 
its correlation with air pollution, and other factors. 

Other deficiencies in the design, over and above the ecological fallacy, 
include serious misclassification and under-reporting of the incidence of 
COVID-19. In the United States, the CDC and others have recently esti-
mated that deaths in the United States are underestimated by about 20% 
(Rossen et al., 2020; Woolf et al., 2020). There is clear evidence of 
undercounting of cases throughout the world and in Canada, and 
population-based testing and contact tracing is deficient. In a recent paper 
(Russell et al., 2020), about 20% of cases have not been identified in 
Canada. The Institute for Health Metrics and Evaluation modelled the 
under ascertainment of incident COVID-19 cases in Canada and estimated 
that during the first peak (march–June 2020) less than one in 5 cases of 
COVID-19 in the population were identified (Institute for Health Metrics 
and Evaluation, 2020). Similar estimates of under-ascertainment were 
produced by a research group at Imperial College (Imperial College, 
2020). Canadian data suggests that per capita, a greater number of cases 
are being identified in urban areas which have higher concentrations of air 
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pollution (Government of Alberta, 2020; BC Centre for Disease Control, 
2020). The increased numbers of cases in urban areas may be driven by a 
number of factors other than air pollution, including increased person to 
person interaction, greater capacity for screening, higher probabilities, 
and hence greater awareness of being infected, or other potential sources 
of exposure such as travel, or attending large gatherings. 

The pandemic is about between-person spread, which implies clus-
tering in different settings. In Canada, many clusters of COVID-19 have 
been driven by its spread in vulnerable communities, (e.g., long term 
care homes, occupational settings (e.g., meat packing plants), and large 
gatherings (e.g., funerals, sports tournaments, and weddings), and now 
in schools. And the sources of infection have varied across Canada; for 
example, in the Maritime region, virtually all recent cases have been 
attributable to travel. In Quebec in the spring, the beginning of the 
pandemic coincided with the spring break, with families and students 
bringing the virus back from southern climates. In contrast, the vast 
majority of cases in Ontario have been due to spread from close contact 
(Public Health Ontario, 2020). These patterns of COVID-19 incidence 
raise two critical points. First, attempts to characterize associations 
between ambient air pollution and COVID-19 should at a minimum be 
able to account for sources of infection. Second, occurrences of 
COVID-19 are not independent, and they are more likely to cluster in 
areas of high population density, which importantly, tend to be areas 
with higher concentrations of air pollution. Therefore, statistical 
methods need to account for clustering of cases. The data in the study by 
Stieb et al. could not be used to take into account the clustered nature of 
the data, nor did it allow for sources of infection. 

Our critical review focussed on mortality from COVID-19 in which 
there is plausible mechanism by which underlying conditions may affect 
the clinical course after infection. It is clear that air pollution does not 
cause COVID-19 and whether it should be considered as a modifier is 
possible, but these and other data do not shed light on this because of the 
inherent biases. 

In terms of public health, context is essential. Studies of air pollution 
and COVID-19 may detract from the needed implementation of public 
health measures needed to control the spread of COVID-19. Stay in place 
orders, the use of face masks, hand washing, and physical distancing are 
the most important policies in reducing the spread in COVID-19. The 
possible contributions of air pollution on increasing incidence of COVID- 
19, put in this context, is at best a drop in a very large bucket. South 
Korea, with ambient levels of air pollution far greater than in Canada, or 
the United States, has been able to minimize the impact of COVID-19 
relative to other countries. Is the success of mitigating COVID-19 in 
New Zealand due to its lower levels of air pollution? Public health ex-
perts would unanimously say otherwise (Baker et al., 2020). For these 
reasons, and particularly when jurisdictions are lacking the political 
courage or ability to implement these basic measures, it is critically 
important that authors of these types of papers make some effort to put 
their findings into context. 

Other authors have also expressed concern over these studies Hee-
derik et al. (2020). As we stated in our review: “In fact, we feel that the 
public is not served well by these studies, many of which have under-
gone the scrutiny of peer review, especially because the press are on the 
lookout for sensational stories. All observational studies are not created 
equal, and the rush to use a flawed design to investigate the association 
between air pollution and mortality from COVID-19 jeopardizes the 
clear and compelling evidence of chronic exposure to air pollution as a 
threat to human health and deflects from the increased rates of infection 
and health consequences caused by problems of social and income dis-
parities, overcrowding, and other societal issues.” 
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