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Abstract: This study examines the relation between ambient air pollution and emergency depart-
ment (ED) visits due to certain infectious diseases in Toronto, Canada. The National Ambulatory
Care Reporting System database was used to draw the corresponding health cases. Daily data on
ED visits, ambient air pollution concentration levels, and weather conditions during the period from
April 2004 to December 2015 (4,292 days in total) were linked together and used in statistical models.
Six air pollutants (fine particulate matter PM25, CO, NOz, SOz, ozone Os as a daily average, and
ozone Os3-8 hour ozone, as a maximum eight hour average) were investigated. In addition, the Air
Quality Health Index (combining NO:, O3, and PM25) was also considered. The time-stratified case-
crossover technique was applied in the study design. Conditional Poisson models were created us-
ing the daily counts of ED visit data. The considered factors, air pollutants and weather, were lagged
by the same number of days, from 0 to 14. In the period of the study 339,644 ED visits were identi-
fied; 177,619 for females and 162,025 for males. For each air pollutant 270 models were realized (15
lags x 18 strata). Ambient air pollution concentrations lagged by 2, 3, and 5 days have the highest
impact on ED visits, with 34, 32, and 35 positive associations, respectively. For all patients and an
increase in a one interquartile range (IQR=1.2 ppb) of sulphur dioxide, the following values of the
relative risks (RR) were estimated: RR=1.005 (95% confidence interval: 0.998, 1.013), 1.008 (1.001,
1.016), 1.009 (1.001, 1.016), 1.011 (1.004, 1.019), 1.007 (0.987, 1.028), and 1.009 (1.002, 1.016) for lags
from 0 to 5, respectively. The results suggest that exposures for certain air pollutants (mainly CO,
O3, and SO») in urban environment affect the number of ED visits related to infectious diseases.
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1. Introduction

Numerous epidemiologic studies have shown a positive association between ele-
vated concentrations of ambient air pollution and increased risk of health conditions re-
sulting in emergency department (ED) visits, hospital admissions, morbidity, and mortal-
ity [1-3]. The majority of these environmental epidemiology studies were focused on pul-
monary and cardiac health conditions, and only in recent years, a wider range of diseases
have been considered and associated with ambient air pollution exposures [4-6]. Exam-
ples include epidemiologic studies supported by the achievements in toxicology, which
explain biological plausibility when considering other health conditions, such as meta-
bolic disorders, impaired cognition, dementia, depression, suicide, and many others [3,7].
Some correlations between air pollution and health conditions are often unpredictable
and unexpected. In practice, after carefully toxicological investigations, the associations
are justified [7]. These types of studies are usually conducted as short-term or long-term
(cohort studies) exposures to air pollution — the type of study depends on the health con-
ditions and associations being tested. Here, a short-term study is performed with one day
as the time unit.
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In this presentation, emergency department (ED) visits for the diseases grouped un-
der a single Chapter (“Certain infectious and parasitic diseases”) of the International Clas-
sification of Diseases, Tenth Revision (ICD-10) are considered (ICD-10 codes: A00-B99).
Specific health problems from this group are not investigated individually but rather all
diseases identified within this ICD-10 code group are considered as one and the same
health problem [8,9]. The main focus of this study is the number of daily ED visits and
their correlations with ambient air pollution concentration levels using a large urban ag-
glomeration in Canada - the city of Toronto - as the location of the study.

The tested hypothesis is that the number of ED visits for some infectious diseases is
associated with ambient air pollution concentration levels. There are two main arguments
which support these associations which gave rise to this hypothesis.

The first argument is that ambient air pollutants may increase the occurrence of bac-
teria, viruses, or other pathogens in ambient air pollution [10]. This may be due to the
presence of specific components in urban particulate matters, chemical reactions and
properties (such as pH values and the presence of active metals) of the air pollutants, air
temperature and humidity or other characteristics [11-14].

Secondly, ambient air pollution may act as an immunosuppressive factor that can
undermine the normal human body defenses [6,15,16].

The schema or path that is followed to justify this study is therefore as follows: am-
bient air pollution concentration levels <implies> an increase in pathogen concentration
in the ambient air and/or decreases immune defenses <implies> infectious diseases <im-
plies> symptoms and signs of a health condition <implies> an increase of ED visits. In this
paper we assumed a hypothesis that air quality is related to the occurrence of infectious
disease. We considered whole Chapter of the disease classification which covers ED visits
for infectious diseases. The authors believe this work is innovative in the approach to
study such health outcomes, use one statistical method (quasi-Poisson regression on the
hierarchical clusters), use relatively short lag, 0 — 14 days.

2. Materials and Methods

Health outcomes considered were the diagnosed emergency department (ED) visits
in Toronto, Canada in the period from the 1st of April, 2004 to the 31st of December, 2015
(covering 4,292 days). The health data were drawn from the National Ambulatory Care
Reporting System database [17]. The database was queried by using ICD-10 codes A00-
B99 to identify the health cases for this study. Only primary causes of the ED visits were
considered and used to retrieve the related health cases. The cases were summarized and
the realized statistical analysis was applied using their daily counts.

The population studied constituted of males and females of all ages visiting EDs in
Toronto, in the province of Ontario, Canada. The advantage of considering all age groups
while maintaining the capacity to separate the cases by age is that elderly populations
tend to have a weaker immune system, while younger individuals have been shown to be
susceptible to infections in the respiratory tract when exposed to elevated pollution levels.
The NACRS database is a reporting health system which provides diagnosed ED visits.
The system covers more than 97% of the ED visits in the province. The data from the
NACRS database were drawn using SAS Guide 7.1 software (SAS Institute, Cary, NC,
USA). The retrieved records contain basic patient information and among them are sex,
age, date of ED visit, cause of visits, and postal code.

The region of the study is well defined by the Census Division (CD) of Toronto. The
considered land area is 630.2 square kilometers. The population density of this area is
4334.4 people per square kilometer. The enumerated population of the CD of Toronto in
the year 2016 was 2,731,571 people. ED visits by location within the city of Toronto were
classified using the alphanumeric characters. These six characters of available postal codes
for each patient’s home address were applied to include the patients.

The air pollution data were obtained from the National Air Pollution Surveillance
(NAPS), maintained by Environment and Climate Change Canada (NAPS, [18]). Hourly
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data from nine air pollution monitor stations were averaged to estimate the air pollution
concentration level for the whole city. Daily values of air pollutants and weather factors
were organized as a dataset. This dataset has already been used in other studies related to
ambient air pollution concentration levels, temperature, and relative humidity to assess
short term mortality risks and excess mortality in 406 locations in 20 countries, including
Canada and Toronto [19].

Six urban ambient air pollutants were considered: carbon monoxide (CO), nitrogen
dioxide (NO2), ground-level ozone (Os - as a daily average, Os-8 hour ozone (OsH8)- as a
maximum eight hour average), fine particulate matter (PMzs), and sulphur dioxide (50).

In addition to these six air pollutants, the Air Quality Health Index (AQHI), based on
three individual ambient air pollutants considered together, Os, NOz, and PM2s was also
investigated. The index values incorporate air pollutant concentration levels and the
health risk estimations determined by mortality rates in large Canadian cities [20]. The
AQHI values are calculated according to the following formula.

LOH] = 1000
QHI = 10.4

In this analysis continuous values obtained by this formula were used. For the Cana-
dian public, these values are rounded and shown as integer numbers on a scale (1-10, 10+)
to represent the risk related to ambient air quality. In addition, another value of the index,
here called the AQHIX, was estimated using Os- 8 hour ozone concentration levels and
the above formula. This index has stronger representation of ozone (it is an 8-hour maxi-
mum rather than a daily average) among its three air pollutant components than in the
AQHI calculations. The constructed indexes were applied to realize multipollutant expo-
sures. These are air quality health indexes which in their construction contain three ambi-
ent air pollutant concentrations.

The case-crossover technique used in this study controls for all measured and un-
measured time-invariant confounders by design, such as socioeconomic position, smok-
ing or comorbidity [21]. In the fitted models, temperature and relative humidity were in-
corporated in the form of natural splines. The time-stratified approach was used to group
the data by the same day of week in one month [22]. The coefficients (slope, Beta) related
to air pollutants and their standard errors were determined. Using these values, relative
risks could be easily estimated. The statistical calculations were realized as conditional
quasi-Poisson regression models [23,24] The calculations were performed in R statistical
software using the procedure gnm (generalized non-linear models) with the “quasipois-
son” option [25]. The statistical models were constructed using hierarchical clusters of the
following form based on the calendar structure: (year:month:day of week). This is done to
control time and time related changes in the analyzed time-series data (daily counts of ED
visits, concentration of air pollutants, weather factors). In total, 2,160 statistical models {15
(lags) x 18 (strata) x 8 (air pollutants)} were constructed. The analyses were done realizing
the statistical models of the following forms

ModelINF = gnm(EDInf~APollutant + ns(RelativeHumidity,3) + ns(Temperature,3)).

The options data=EDVisitsInf, family=quasipoisson, eliminate=factor(Cluster) were
specified. EDInf represent daily counts for the considering strata. The quasi-Poisson is
applied to model an overdispersed count variable.

The strata were separated by sex, age group (under 11, between 11 and 60, over 60
years), and season (warm: April-September, cold: October-March). The results from all
models are listed in Supplementary Materials. A p-value < 0.05 was considered statisti-
cally significant. These model results were also compared with results using a p-value <
0.001.

As the results are generated in a 3 D space (x-y-z) determined by air pollutants, their
lags, and strata, we constructed a series of maps of the associations. The maps represent a
summary of all positive associations for the specified axis. For example, on the plane <air
pollution — lags> are shown values for all 18 strata combined.

X (60.000537*03 + 60.000871*N02 + e0.000487*PM2.5 _ 3)
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In addition to verify the associations the considered health group (Chapter I: “Certain
infectious and parasitic diseases” —A(00-B99) was split into two collections of health con-
ditions identified by the ICD-10 codes A00-A99 and B00-B99. The analysis was done sep-
arately for each subgroup using the same approach as for whole chapter.

3. Results

The results are based on ED visits identified using ICD-10 codes A00-B99 (“Certain
infectious and parasitic diseases”). In the period of the study, 339,644 such ED visits were
identified, and among them 177,619 were for females and 162,025 for males. Table 1 sum-
marizes the statistics on the daily counts of ED visits for infectious diseases by the 18 strata
constructed.

Table 1. Descriptive statistics on daily emergency department (ED) visits for infectious diseases
(ICD-10: A00-B99). Toronto, Canada, April 2004 — December 2015.

Strata ED visits Min Q1 Median Mean Q3 Max
All 339,644 19 45 79 79.1 105 264
Female 177,619 4 22 41 41.4 56 139
Male 162,025 5 22 37 37.8 50 125
Warm All 161,578 20 43 77 73.6 98 177
Warm Female 84,446 6 22 40 38.5 52 96
Warm Male 77,132 5 21 35 35.1 46 87
Cold All 178,066 19 47 83 85.0 116 264
Cold Female 93,173 4 24 43 44.5 62 139
Cold Male 84,893 6 24 39 40.5 55 125
Age 0-10 All 95,377 1 13 20 22.2 29 111
Age 0-10 Female 42,933 0 6 9 10.0 13 53
Age 0-10 Male 52,444 0 7 11 12.2 16 58
Age 11-60 All 185,907 7 24 43 43.3 58 130
Age 11-60 Female 100,324 2 13 23 23.4 32 77
Age 11-60 Male 85,583 1 12 19 19.9 27 66
Age 60+All 58,360 0 7 13 13.6 19 45
Age 60+ Female 34,362 0 4 7 8.0 12 32
Age 60+ Male 23,998 0 3 5 5.6 8 20

Notes. Column labelled as “ED visits” shows the number of ED visits, Warm: April — Sep-
tember, Cold: October — March, Min — minimum, Max —-maximum, Q1-25th percentile, Q3-
75th percentile.

In the warm period (April-September), there were 161,5786 visits and in the cold pe-
riod (October-March) there were 178,066 ED visits. There were 95,377 visits among young
persons (under 11 years), 185,907 among persons between 11 and 60 years of age, and
58,360 visits among older individuals. Table 2 summarizes and presents the statistics on
ambient air pollutants, temperature, and relative humidity for the considered period of
the study.
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Table 2. Statistics on environmental factors (4,292 days) considered in this study. Toronto, Can-
ada, April 2004 — December 2015.

Factors Units Q1 Median Mean Q3
PM2s pg/m3 4.7 7.1 8.9 11.2
NO:2 ppb 11.1 15.0 16.1 19.9
Os ppb 16.8 23.0 23.5 29.6
OsH8 ppb 33.0 41.0 43.7 52.0
502 ppb 0.5 1.0 14 1.7
CcO ppm 0.2 0.2 0.3 0.3
AQHI number 2.4 2.9 3.0 3.4
AQHIX number 3.6 4.2 44 5.1
Temperature °C 1.7 10.0 9.5 18.4
Relative Humidity % 63.9 70.9 70.7 78.2

Notes. Q1-25th percentile, Q3-75th percentile.

Figure 1, 2, and 3 show the numbers of positive statistically significant associations
(the coefficient Beta is positive) obtained for the specifications (stratum, air pollutant, lag)
given in the corresponding row and column. The cells show the total number of such as-
sociations. For example, on Figure 1, for a row identified as “All” and a column identified
as “lag 5”, the value provided in the cell with such coordinates gives the number of the
positive associations for all pollutants combined. In this case there are 4 positive associa-
tions. The colors in Figure 1-3 are applied highlight the patterns of the associations. When
applying a more stringent p-value criterion (< 0.001) we observed 27 positive and statisti-
cally significant associations. Thus only 10% of the positive statistically significant associ-
ations persisted.

Figure 1 is constructed with the 18 strata in rows and 15 lags (0-14) in columns. Figure
1 illustrates the counts of positive statistically significant associations for the strata and
lags. The concentrations lagged by 1, 3, and 5 days have the largest impact; 34, 32, and 35,
respectively, of the positive associations among all 279 identified.

lag 0 1 2 3 4 5 6 7 8 9101112 13 14 Total

All 18383 2 2 1 111 2 3 24
Female 1 1 2 1@8 SEs 1 2 20
Male 1 3 1 1 (| 2 18
Warm All 1 4 4 4 3 1 1 1 1 28
Warm Female 102283 2 1 1 1 1 1 21
Warm Male B2 33 3 1 1 22
Cold All (LR it T

Cold Female 1. 1. 2. I 4

Cold Male 2 1 1 1

Age 0-10 All 1 1@ 2 2 1

Age 0-10 Female 1 172 2 2

Age 0-10 Male 1 1

Age 11-60 All 2 1821 1 1

Age 11-60 Female [ 1 1 1 4

Age 11-60 Male 1 1 2

Age 60+All 3 1

Age 60+ Female 3

Age 60+ Male 1 1

2
Total 20[34 27 32 19

Figure 1. The results for all pollutants combined. Total counts of positive associations: strata
(rows), lags (columns). Toronto, Canada. 2004-2015.

Figure 2 is build with 8 air pollutants (rows) and 15 lags (columns). Figure 2 indicates
that sulphur dioxide (50O:2) has the highest number of positive statistically significant as-
sociations. In total there are 72 positive associations for SOx.
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lag 0 1 2 3 4
AQH 3 2| 2 24
AQHIX 2 208 2 2 29
co 2 3 sl 7 i 37
NO 2 24 3 335
03 7/
O3H8 3 5
PV 5 [0 4 3
SO, 2 4 610

Total 20-27

Figure 2. The results for all strata combined. Total counts of positive associations: air pollutants
(rows), lags (columns). Toronto, Canada. 2004-2015.

Figure 3 shows the results for 18 strata and the 8 air pollutants. The highest value
was obtained for the “Age 0-10 All’, with a value of 35.
x

Air Pollution: o

All

Female

Male

Warm All
Warm Female

Warm Male
Cold All

Cold Female

Cold Male

Age 0-10 All

Age 0-10 Female

Age 0-10 Male

Age 11-60 All

Age 11-60 Female

Age 11-60 Male

Age 60+All

Age 60+ Female

Age 60+ Male
Total

N W Rk NP P oD WD

Figure 3. The results for all lags combined. Total counts of positive associations: strata (rows), air
pollutants (columns). Toronto, Canada. 2004-2015.

Figure 4 is a sort of a map to the table with numerical estimations (slope and its stand-
ard error). For each air pollutant Figure 4 shows the associations with the following val-
ues: 0 (none), statistically significant; -1 (negative), and 1 (positive). Colours are used to
distinguish the relations (white, green, and red, respectively). The columns represent lags
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In this work the values of relative risks are not reported explicitly as so many models
were tested. The numerical results for all models are provided in Supplementary Materi-
als (file INFECTIONToronto.csv). Using this information, values given for air pollutants
in Table 2, coefficients (BETA) and their standard errors (SEBeta) from the file INFEC-
TIONToronto.csv, it is easy to calculate the relative risk (RR). For example, for All patients,
for the same day exposure to ozone (lag 0), an increase in a one interquartile range
(IQR=12.8 ppb, see Table 2), gives RR=1.028 with 95% confidence interval (95%CI: 1.014,
1.042), where the estimated parameters are BETA=0.002146 and SEBeta = 0.000537. In the
file InfectionRRisk TORONTO.csv all values of RR and theirs 95% confidence intervals are
presented (Supplementary Materials).

As sulphur dioxide shows the highest number of positive associations among the
considered air pollutants the relative risks for its concentration increase are reported here.
The following values were estimated for All: RR=1.005 (95% CI: 0.998, 1.013), 1.008 (1.001,
1.016), 1.009 (1.001, 1.016), 1.011 (1.004, 1.019), 1.007 (0.987, 1.028), and 1.009 (1.002, 1.016)
for lags from 0 to 5, respectively.

As we observed many positive statically significant associations between the number
of ED visits and carbon monoxide, we created Figure 5. The latter is a forest plot and
represents the estimated RR and their 95%ClIs as bars and shows their numerical values.
The results are reported for an increase of 1.2 ppm in CO concentration level.

Strata RR (95%Cl) RR (95%Cl)
All: LAG e 1.004 (0.910, 1.108) i 1.061 (0.962, 1.171)
Female Lag (0] ommle— 1.031(0.918, 1.158) Lag 1 —_— 1.047 (0.933, 1.176)
Male —_—— 0.975 (0.864, 1.102) —_ 1.077 (0.954, 1.215)
Warm All [ 1.167 (1.008, 1.352) —— 1.219(1.053,1.412)
Warm Female ——————— 1.242(1.035,1.492) e s 1.207 (1.006, 1.450)
Warm Male e e, 1.091 (0.897, 1.327) — e 1.232(1.014,1.497)
Cold All e — 0.933 (0.814, 1.070) —— 0.982(0.857, 1.125)
Cold Female fm—— — 0.946 (0.809, 1.107) —_—— 0.973 (0.833,1.137)
Cold Male —_— 0.920 (0.782, 1.081) —— 0.992 (0.845, 1.164)
Age 0-10 All —_— 0.947 (0.808, 1.109) e 1.068 (0.913, 1.248)
Age 0-10Female ~—+—7— 0.870(0.704, 1.074) —_— 1.048 (0.851, 1.290)
Age 0-10 Male e EE—— 1.014(0.837, 1.229) I S EEE— 1.085 (0.896, 1.312)
Age 11-60 All —_—— 1.026 (0.914, 1.152) e, 1.078 (0.961, 1.210)
Age 11-60 Female —_ 1.091(0.946, 1.259) —_— 1.082 (0.938, 1.247)
Age 11-60 Male T 0.956 (0.822,1.112) e 1.075 (0.924, 1.249)
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Figure 5. A forest plot of RR and their 95%ClIs for carbon monoxide for lag 0, 1, 2, and 3 days. To-
ronto, Canada. 2004-2015.

Table 3 presents the most frequent ED visits identified by three characters of the ICD-
10 codes. The ED visits diagnosed with ICD-10 code A09 (“Other gastroenteritis and colitis
of infectious and unspecified origin”) have the highest count with 106,784 cases, which is
31.4% of all the considered ED visits. The second position belongs to the ED visits de-
scribed as “Viral infection of unspecified site” with the code B34. There are 97,740 such
visits, or 28.8% of all visits.
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Table 3. The most frequent ED visits diagnosed with the ICD-10 codes in the range A00-B99. To-
ronto, Canada, 2004 - 2015.

Description ICD10 Counts %
Other gastroenteritis and colitis of infectious and uns. origin A09 106,784 31.4
Viral infection of unspecified site B34 97,740 28.8
Viral and other specified intestinal infections A08 29,726 8.8
Other sepsis A4l 17,292 51
Zoster [herpes zoster] B02 16,029 4.7
Candidiasis B37 6,908 2.0
Herpesviral [herpes simplex] infections BOO 6,366 1.9
Uns. viral infection characterized by skin and muc. m. lesions  B09 4,899 1.4
Varicella [chickenpox] BO1 4,282 1.3
Other bacterial intestinal infections A04 4,208 1.2
Other predominantly sexually transmitted diseases, nec A63 4,205 1.2
Other viral inf. characterized by skin and muc. m. lesions, nec BO08 4,096 1.2
Dermatophytosis B35 3,674 1.1
Viral conjunctivitis B30 3,551 1.1

The map of the city of Toronto with population density and the location of monitor
stations is given in Supplementary Materials. Also the figures with the frequencies of air
pollutants and weather factors are presented.

In the additional analysis there were 176,108 ED visits identified by the codes A00-
A99 and 163,536 ED visits identified by the codes B0O0-B99 for all patients. The following
relative risks and 95%Cls were estimated for sulphur dioxide (IQR=1.2 ppb) 1.004 (0.986,
1.023), 1.008 (0.990, 1.026), 1.009 (0.990, 1.028), 1.004 (0.985, 1.023), 1.014 (0.995, 1.032), 1.004
(0.986, 1.023), and 0.999 (0.980, 1.018), for lags 0-6. The analogous results for the group
B00-B99 were 0.990 (0.975, 1.005), 1.006 (0.990, 1.021), 1.013 (0.998, 1.029), 1.017 (1.001,
1.032), 1.023 (1.008, 1.038), 1.018 (1.003, 1.034), and 1.018 (1.002, 1.034). The results for all
2,160 models are given in Supplementary Materials. Also the corresponding figures to
Figs. 1-3 are included.

4. Discussion

The objective of the presented paper was to verify the associations between the num-
ber of ED visits for infectious disease and urban ambient air pollution. Among the 2,160
constructed models, 279 of them show positive statistically significant associations. It is
almost 13% of the all tested correlations. In such a large number of tests, the main idea is
to identify a pattern among the relations. It is expected, if the associations do really exist,
to see some confirmations for the used strata, lags or air pollutants. Here, air pollution
concentrations lagged by 1, 3, and 5 days have the highest number of significant associa-
tions. When sorting by air pollutants, sulphur dioxide is identified as the air pollutant
with the highest number of positive, statistically significant associations. We acknowledge
that causality can not be proven in such a study as it is only a statistical assessment. To
the best of the author’s knowledge the relationship between infectious disease risk outside
of the respiratory system associated with exposure to ambient air pollution has not been
thoroughly explored. It should be noted that these infectious diseases were not classified
in the “Diseases of the respiratory system” Chapter. There are many papers published on
air pollution causing inflammation and oxidative stress in experimental and epidemio-
logical panel studies [26,27]. Their findings support the hypothesis considered in this
study. There are many related publications on respiratory infections [28,29], however this
study does not reaffirm what Horne and Croft et al. have established in studies related to
respiratory issues, as we look at only the diseases classified by ICD-10 codes A00-B99.
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Not all ED visits for infectious diseases are associated with ambient air pollution con-
centration levels. A large portion of them could have no relations to air quality and not be
triggered by concentration levels. In such situations statistical models should estimate the
coefficients (slope, Beta) as zero, i.e. neutral associations. In general, let A be a set of dis-
eases related to air pollution, B as unrelated diseases, and C as negatively related (protec-
tive). Such scenarios are common. It is expected that groups A, A+B will give positive
associations, whereas A+C will result in neutral outcomes, and C, B+C will result in neg-
ative associations. In the obtained results nitrogen dioxide (mainly for lag 0) shows nega-
tive statistically significant associations. In the considered health outcomes, as it is a large
spectrum of diseases (“Certain infectious and parasitic diseases”), the majority of them
most likely belong to group B —no associations with urban air pollution. In this work 2,160
models were fitted. A large number of models increases the risk of false positive associa-
tions. With a P-value <0.05, 279 associations were classified as statistically significant and
27 with P-value <0.001. Using a similar approach to classify negative associations; there
were 31 and 7, respectively.

The hypotheses of this paper are supported for some combinations of air pollutants
and lags. It is interesting that sulphur dioxide shows the most frequent associations. It
could be a risk factor by itself or a marker of the presence of other urban ambient air com-
ponents. A similar analysis was done in Edmonton, Canada for the period April 1991 to
March 2002 (3,652 days) using ICD-9 codes (00-139, Chapter: “Infectious and Parasitic Dis-
eases”) [30]. In the mentioned paper, positive statistically significant associations for 18
ICD-9 Chapters are presented, for six air pollutants lagged from 0 to 7 days. The results
are only shown for All ED visits in the considered Chapter (see Figure 2 in the related
publication) [30]. The results in Edmonton also indicate that there is an association of ED
visits for infectious disease with ambient air pollution concentration levels, mainly for lags
3,4, and 5.

The highest count of sub-chapter ED visit causes was related to infectious colitis, gas-
troenteritis and enteritis (sub-chapter A09). There have been many studies showing the
impact of air pollution on gastrointestinal health, showing that gut flora, increased intes-
tinal permeability and injury to the intestinal lining can predispose the intestine to infec-
tion by external pathogens. Air pollutants, particularly PMzs, contribute to the alteration
of normal gut function by the aforementioned pathways [31,32] and can cause increased
infection risk [33]. This was not reflected in the results of our study, as PM2s had one of
the lower association counts at 17 in contrast to the highest amount of associations with
SOz at 72. To the author’s knowledge, there are limited studies examining the impact of
SOz on gut infections and infectious colitis or gastroenteritis, and SOz has even been shown
to reduce the risk of ulcerative colitis [34]. However, there are studies showing a positive
association between enteritis and elevated sulfur dioxide concentrations. Xu et al. [35]
showed that SO2 and NO: concentrations have a statistically significant (p<0.05) associa-
tion with elevated ED visits for enteritis at short lags in Xi’an, China, which is reflected in
the results obtained here. A study performed in Edmonton on the frequency of the ED
visits due to colitis among young patients (age < 15 years, N = 11,110) indicated the posi-
tive statistically significant associations with particulate matter, carbon monoxide, nitro-
gen dioxide, and sulphur dioxide. Their findings indicate that odds ratios were elevated
for lags 3 and 4 [36]. The biological link between SOz and gastrointestinal disease has been
explored by Z. Meng in multiple studies [37, 38, 39]. SOz was shown to have a detrimental
effect on multiple organ systems. SO2oxidation can produce oxygen-centered free radicals
such as SOz, SO«, and SOs-all of which can interact with DNA, proteins and lipids. These
free radicals have been shown to cause chromosomal aberrations, sister chromatid ex-
changes and micronuclei, through reaction with molecular oxygen forming a highly reac-
tive oxygen species: a peroxyl radical, which can damage nucleotides. These sulfide radi-
cals can also cause lipid peroxidation, known to have a detrimental effect on the structure
and function of cell membranes. Given that the findings in these studies were apparent
throughout the body, it is possible that the deleterious effect of SO2 exposure may have
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an impact on infections outside the respiratory system. In another work, ambient air pol-
lution was identified as a factor contributing to intestinal disease [40].

The addition calculations for two groups A00-A99 and B00-B99 show the positive
statistically significant associations with sulfur dioxide. It is interesting that the similar
calculations for ED visits classified under ICD-10 codes J09 —J12 (influenza and viral pneu-
monia) result with the following values 1.037 (1.002, 1.074), 1.035 (1.000, 1.072), 1.053
(1.017, 1.091), 1.023 (0.988, 1.060 for all, lags 0-3 days, respectively. The associations are
also positive statistically significant for lags from 6 to 12. It implies that SOz has correla-
tions with viral infections.

A very similar approach to study short-term air health effects was used by the au-
thors in China [41]. In a similar way, they also analyzed the health conditions grouped
under the chapters of ICD-10 classification. For all infectious diseases (A00-B99) they ob-
tained positive associations for fine particulate matter and ambient ozone [41].

There are some limitations in this study, most quite typical in environmental epide-
miology. Two kinds of data were used; health data — here ED visits, and environmental
data - air pollutant concentrations and weather factor measurements. The origin of the
collected health data may present another risk associated with results inaccuracy. As
emergency department data were not collected by the researchers but sourced through
the NARCS, the results described here are relying on the quality and accuracy of admin-
istratively ascertained data. A result of ED visits falsely attributed to infectious causes
contributes to a decrease in the sensitivity of this study. To mitigate these risks, the CIHI
(managing body of the NARCS) attempts to ensure that any information it provides goes
through the process of capture to dissemination by way of a high-level data management
process (General Statistical Business Process Model). Ultimately, the institute can only as-
sure proper data processing, not accurate data collection, building of the health database,
data preparation or similar actions related to data processing by hospital staff or other
health care practitioners.

This study assumes that all members of the target population have the same level of
exposure. Daily air pollution concentration levels were estimated using the fixed monitors
in Toronto. Such measurements do not fully represent changes in air pollution concentra-
tion exposure among persons living in a large city like Toronto. In this work 2,160 models
were fitted, which increases the risk of false positive associations. The adequacy of the
statistical models and impact of measurement errors of environmental factors may also
influence the results. Numerous hypotheses were tested, but groupings of significant as-
sociations for some exposures (strata and lags) and health outcomes were observed. Fur-
ther studies should focus on identifying subgroups within the ICD-10: B00-B99 (or ICD-9:
00-139) classifications and verify their relation to urban ambient air pollution concentra-
tion levels. The results suggest that ambient air pollution may be related to the number of
COVID-19 cases [42].

5. Conclusions

The exposure from previous days, mainly 5 days before ED visits, has the largest
frequency of the statistically positive associations. The presence of sulphur dioxide in the
ambient air shows the largest number of the positive associations, and ground level ozone
shows the second largest number of such associations. While the AQHI is a standard air
quality indicator used in Canada and its definition may not be modified, results obtained
in this and other similar studies considering the impact of SO2 suggest that it may be ad-
visable to report ambient SOz levels as a supplementary air quality measure when ad-
dressing the public. In conclusion, based on the results seen in this study, urban ambient
air pollution may be related to an increased number of ED visits for certain infectious
diseases, however it is important to acknowledge that the associations do not determine
causality.
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Supplementary Materials: The numerical estimations are available online at GitHub - szyszkowi-
czm/INFECTIOUSToronto in the file INFECTIONToronto.csv. The file contains the coefficients for
air pollutants (Beta) and their standard errors (SEBeta) for all constructed models. It allows to cal-
culate relative risks or perform a meta- analysis. These values are given in the file Infec-
tionRRiskTORONTO.csv. The corresponding histograms: Hist AQHI-AQHIX-CO-NO2.jpg, HistO3-
O3H8-PM25-S02.jpg, HistTempRHum.jpg, and the map of Toronto: TorontoMapStation.jpg. Addi-
tional results were included for two considered subgroups identified by the ICD-10 codes A00-A99
and B00-B99; relative risks and 95% confidence intervals in two files ResA00-A99TorontoRRisk.csv,
ResB00-B99TorontoRRisk.csv. The patterns of the positive significant associations are illustrated on
the figures A00-A99andB00-B99SumBy AirPollutant.jpg, A00-A99andB00-B99SumByLAGS.jpg, and
A00-A99andB00-B99SumBySTRATA jpg.
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