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Summary
Covid-19 hot spots and cold spots on maps of the City of Toronto and Census
Metropolitan Area vary by 5 factors:
•
•
•
•
•

Testing and vaccination rates
Household size
Overcrowding
Capacity to self-isolate within a mutually dependent household
Capacity to avoid congregate settings

In this paper, we conduct a thought experiment to reveal the presence of the
factors. We use an infographic to illustrate household and work arrangements
that are “more” or “less safe” that result in cold and hot spot communities. We
then show why maps of working poverty do not mirror Covid-19 heat maps using
the hypothesis that the presence of community housing for the poor muddies the
map comparisons as community housing does not exhibit the 5 factors.
We explore the variable of overcrowding as a key factor in Covid -19 infection and
transmission. We speculate that blanket stay at home orders may both accelerate
Covid-19 transmission based on household and work differences. We then
speculate that our findings could lead to more accurate priorities for testing and
vaccination.
We conclude that although poverty and inequality strongly correlate to hot spots,
large overcrowded homes with people living in mutual dependence while
members often work in congregate settings is an important factor in creating hot
spots. We recommend a series of actions for government in regard to testing and
vaccination as well as future architecture and household design to promote
pandemic safety.

Part 1: A thought experiment
Consider the following thought experiment with two households in the Toronto
region:
•

Larger household “A” is comprised of six adults living at home together, four
staying at home and two working. Of the two who work, one works in a
grocery store and the other in a meat packing plant.

•

Smaller household “B” is made up of two adults living at home with their two
children. Both adults are professionals working from home on Zoom and
other platforms. The two children attend school online.

Explaining Covid-19 Hot Spots

Page 3

Think about the following seven questions and answers assisted by our research
and that of others.
Question
1. Where is the home with the six adults most
likely to be located?
2. Where is the second home most likely to be
located?
3. Which household is likely to have lower income
adults?
4. Which household is more likely to be Caucasian
and which one racialized?
5. Which household is more likely to have
members infected with Covid19?
6. Which household is more likely to have had
members vaccinated?
7. When largely Caucasian lawmakers (living in
nuclear family households) think about a
blanket 'stay at home' order, 1) what imagery is
in their minds relating to what households look
like and 2) have they all taken training in
unconscious bias?

Evidence-based answer
Brampton and Scarborough.
The Bridle Path.
Larger household “A”.
Smaller household “B” is more
likely Caucasian and larger
household “A” is more likely to
be racialized.
Larger household “A”.
Smaller household “B”.
1) Likely smaller household
“B”.
2) Likely no

Larger household “A” is an example of a household where mutually dependent
adults (MDA)1 live. Our recent study found a strong correlation2 between the rate
of mutually dependent adults, larger household size and the spread of Covid-19 in
Toronto Region neighbourhoods. We also concluded that poverty and Covid-19
infection rates are closely but indirectly connected, while the mutually dependent
base rate combined with larger household size and overcrowding is a more
significant indicator of Covid-19 hot spots.

Mutually Dependent Adults (MDA): adults who presumably cannot live independently for
financial and/or other reasons (e.g., a cultural choice). They live as a member of a multiple family
household; a multiple adult non-couple, non-parent household; or a one-family household with
additional adult(s). In a one-family household, only the additional working-age adult(s) live as
dependents, the one-family couple/parent lives independently.
2 R2=0.41
1
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Figure 1. Household arrangements, safety levels, and vaccine priorities: hot spots and cold spots – the safety level of
household arrangements in the Covid-19 pandemic

Part 2: Findings
1. Five reasons for hot and cold spots in the Toronto CMA
Since the beginning of this pandemic, media and academia have deeply examined
the relationship between the uneven spread of Covid-19 incidents and poverty.
Data gathered by the City of Toronto suggests that low-income populations and
new immigrants are at a higher risk of being infected.
While affirming the fact that poor housing and low income are significantly
related to the study of Covid-19 hot spots, we believe – based on the best
available relevant evidence – which the real reasons for cold and hot spots are:
•
•
•
•
•

Testing and vaccination rates: both are higher for people living in
richer households
Household size: poorer households tend to have more people:
Overcrowding: lower income households tend to be more overcrowded
than richer ones;
Capacity to self-isolate within a mutually dependent household:
richer families can do this easier than poor ones; and
Capacity to avoid congregate settings: poorer people have less
capacity to avoid congregate work or other congregate settings.

2. Poverty alone does not explain Covid-19 hot and cold spots.
There are two types of hot spots: poor and non-poor
It is important to note that we identify two types of family situations that result in
hot spots. The first is the ‘familiar’ hotspot reported in the media that is
characterized by poverty, racialization and overcrowding. The second is larger
households with adults who work in congregate settings but who are not
necessarily poor, racialized or overcrowded.
Covid-19 concentrations correlate better to how people live (see figure 1 above).
But maps of working poor3 households living in mutual dependence do not match
Covid-19 maps even though mutual dependence and household size maps closely
correspond to Covid-19 maps.
Here are three maps. Map 3 that shows working poor households living in mutual
dependence do not correspond to Map 1 of Covid-19 case rates while Map 2 that
presents mutual dependence closely corresponds to the Covid-19 maps.

Working Poor Population: working status refers to persons having job earnings no less than
$3,000. Poor status refers to individuals with census family income below the Low-Income
Measure (50% of adjusted after-tax median income of all Canadians).
3

Map 1

Map 2

Explaining Covid-19 Hot Spots

Page 7

Map 3

3. Community Housing can reduce infection and transmission
among the poor
One possible explanation why working poor maps do not mirror Covid-19 heat
maps in the City of Toronto is the relative presence and absence and the location
of community housing.
The working poor are often eligible for community housing. And community
housing in Toronto is often located in richer neighbourhoods because it was
mostly built more than 40 years ago when the City was smaller and less expensive.
In Toronto, many working poor people live in the City’s core as well as in the
inner and outer suburbs. Among those who reside in the City’s centre, many live
in community housing units built in more prosperous neighbourhoods (see Map
4 below).
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Map 4

People in community housing do have the smallest household size so has a lower
risk of Covid-19 transmission. We have custom housing data that allows us to
compare subsidized tenants with non-subsidized tenants with homeowners:
Average Household Size, City of Toronto, 2016
•
•
•

Subsidized Tenants: 2.0 persons per household (PPH);
Non-Subsidized Tenants: 2.2 PPH;
Homeowners: 2.7 PPH.

When adults decide to live together in private rental homes, the monetary
contribution to the household from a new additional person is privately
negotiated. More adult renters in one household often result in a lower individual
share of the total rent for each person. These arrangements can encourage larger
aggregations of adults in the same dwellings.
In contrast, community housing tenants do not need to bring in additional
occupants to make their rent affordable. It remains at 30 per cent of household
income no matter how many people live in the unit. Community housing can be
seen as responsible for smaller households and a lower chance of Covid-19
transmission.
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4. Overcrowded conditions contribute to hot spots
Households that show the least Covid-19 infection:
•
•
•

Have fewer adults;
Have family members who are more able to self-isolate; and
Work in jobs that don't require them to leave their home.

The correlation between overcrowded mutual dependence and Covid-19 is higher
than the rate between mutual dependence and Covid-19. This is an expected
result given that multiple studies have proven the relation between respiratory
diseases and overcrowded housing conditions (Gray et al, 2020).
The following table presents statistical evidence showing how much each
household indicator contributes to the variation in Covid-19 infection rates up to
April 13, 2021.
Table 1
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From the perspective of household type, the top three most significant
regressions are:
1) The rate of working age-adults living in overcrowded mutual
dependence (65.1%);
2) The rate of overcrowding household (58.2%); and
3) The rate of working-age adults living in mutual dependence (46%)4
In addition, overcrowding is less prevalent in community housing compared to
private market housing for both renters and owners.
Table 2
Average Household Size, Overcrowding
City of Toronto, 2016
Type of living arrangement
Share of overcrowded households
Subsidized Tenants

18%

Non-Subsidized

24%

Homeowners

7%

Our maps also demonstrate the close connection between the percentage of
overcrowded mutual dependence and Covid-19 infection rates. They also imply
that richer areas tend to have smaller households.

Overcrowded mutual dependence (OMD) is an even better explanation of Covid-19
concentrations than mutual dependence itself. The fact that OMD shows exponential relationship
to Covid-19 grants it stronger correlation than a power or linear relationship.
4

Household size is somewhat important but household overcrowding is much more important with
a higher R-square.
Working poor does not have much to do with Covid. Mutual dependence has more to do with
Covid than working poverty.
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Map 5

Map 6
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In absolute numbers, adults living in overcrowded mutual dependence increased
by 11,530 between 2006 and 2016. However, both working-age population and
adults living in mutual dependence grew much faster over the last decade,
resulting in a percentage decreases in adults living in overcrowded mutual
dependence (see Appendix 1 and 2).
5. Blanket ‘Stay-At-Home’ orders intensify both cold and hot
spots
Ontario imposed a new blanket ‘stay-at-home’ lockdown order effective April 17,
2021. It was lifted on June 2, 2021.
Stay-at-Home orders require everyone to remain at home except for specified
purposes such as “work that cannot be done remotely”.
This blanket policy disproportionally exposes those living in mutual dependence
in larger households – many of whom are racialized people who work in ‘essential
services.’ They are also less well-to-do and tend to be paid lower wages.
Daily trips to work and large household size (e.g., Household “A”) imply that
these workers have a greater chance of being exposed to the virus along with a
higher transmission rate (see also Figure 1). Although nuclear families that live
independently can benefit from the self-isolation achieved through a Stay-atHome order without disrupting their lives or exposing themselves to Covid-19,
mutually dependent adults – especially those in larger households are put at high
risk.

Part 3: Implication for Covid-19 studies
Our findings corroborate those of the Wellesley Institute report: “Has the advice
to increase vaccination in hot spots improved equity in Ontario?”
Based on what we know, vaccine implementation should focus on areas where
mutually dependent adults especially those living in large size household – with
more people – in addition to racialized and poor communities.
Policymakers appear to have discovered this solution but in a more oblique way
than noted here. In a word, our observations are more accurate and precise as
they are anchored in the evidence shown by household size, living in close
quarters and overcrowding.
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Part 4: Conclusion
Mutual dependence (living together) and larger household sizes are more likely to
appear in racialized groups and immigrants with lower income levels, particularly
in population groups of South Asian, Filipino and Black, all of whom have high
concentrations of essential workers such as Personal Support Workers (PSWs)
that are also ‘higher-risk’. Larger household “A” in our thought experiment is a
typical case where mutual dependence, racialized groupings, and lower income
people are intertwined.
It is easy to jump to the conclusion that inequalities in race and income correlate
better with Covid-19 infection rates than mutual dependence, higher household
size and overcrowding.
But the prominent factors such as poverty and race that are widely reported in
mainstream and social media camouflage the fact that people living together in
mutually dependent larger households may hold an equally or even more
important key to Covid-19 transmission.
But regardless of the importance of mutual dependence, poor housing and low
income are highly relevant to the study of Covid-19 hot spots. Overcrowding,
essential work, the capacity to self-isolate within the same household, poverty,
race, ethnicity and immigration levels reveal the human face of the Covid-19
tragedy. We offer our findings as important underpinnings of hot spots and the
pandemic.
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Part 5: Recommendations – Stay at Home orders
1. In future waves or pandemics that feature asymptomatic spread and aerosol
transmission, government policy on stay-at-home orders should differentiate
between:
o Mutual dependence among adults within a household (MDA);
o Overcrowding;
o Household size;
o Capacity to self-isolate within a household; and
o Congregate work places versus work places that allow self-isolation.
2. As blanket stay-at-home policies do not differentiate between households that
exhibit different living arrangements, governments should not issue blanket
stay-at-home orders.
3. Stay-at-home orders are recommended for the following situations:
o Single persons who are able to self-isolate;
o Families whose members are able to live in separate quarters;
o Families whose members do not have to attend congregate work
outside the home.
4. Stay-at-home orders are not recommended for the following situations:
o Families with more than one family member who are not able to
confine themselves at home;
o Families with more than one family member who do attend congregate
work spaces outside the home but cannot self-isolate at the home;
5. In situations noted in recommendation #4, governments should work with
employers to provide safe accommodation for employees outside their homes
during the period of the stay-at-home order, for example:
o Hotel rooms or dormitory accommodation;
o Student residences.

Explaining Covid-19 Hot Spots

Page 15

Recommendations – Urban planning and architecture 5
We need urban planning and architecture that gets back to ‘public health’ and
steps away from the ‘fight the automobile narrative[i]. We need to focus on clean
indoor air and substantially reduced indoor pathogen counts contributing to the
occupants’ health.
The way buildings are designed, operated and maintained influences Covid-19
and other disease transmission – there are no engineering-based measures to
limit community respiratory infection transmission employed in public buildings
(excluding health care facilities and labs) and none for residential housing
(although there are regulations for radon, benzines and other airborne
gasses). We need to:
1. Add clean indoor air as a building code requirement[ii] specifically focused on
pathogens
a. We have regulations for food safety, sanitation and drinking water for
public health purposes but not air
b. Airborne pathogens and respiratory infections, weather seasonal or
Covid-19 are addressed weakly in terms of regulations, standards and
building design and operation pertaining to the air we breathe
2. Pay attention to impediments
a. Food and water contamination come from a point source and are easily
identifiable. The impact to human health is immediate
b. Public health and environmental health officers are well trained - but
not on airborne pathogen identification
c. Airborne contamination is nebulous, widespread, not owned and
uncontained
d. Buildings and airflows are complicated
3. Manage resistance
a. Except for hospitals and labs, engineers and architects focus on
thermal comfort, odour control, perceived air quality, initial
investment cost, energy use so airborne pathogen infection is neglected.
4. Recognize the need for:
a. Ventilation – there are now ventilation guidelines, standards and
regulations

Observations and recommendations from Dave Hardy RPP, President, Hardy Stevenson and
Associates Limited, Toronto; based on observations in Science (see ii below) used with permission
and thanks.
5
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b. Air filtration – required and occurs somewhat but not at a level that
will reduce pathogen transmission in homes
c. Air disinfection - required to reduce pathogen transmission – doesn’t
occur at all
5. Increase the awareness of the continuous global hazard of airborne
respiratory infection that must be recognized so that the risk can be controlled.
a. Better indoor air quality standards (IAQ)
1. Homes/ places we live need ventilation certificates – similar to food
hygiene certification
2. Need homes and public buildings to have publicly visible air quality
monitors – that will include pathogens
b. Changes to Canada and Ontario Building Code
Chadwick Report ‘Sanitation Report’ 1842 in the UK requiring cities to
organize clean water and sanitation
[ii] “A Paradigm Shift to Combat Indoor Respiratory Infection” Science, 14 May
2021 Volume 372 Issue 6543 p. 689
[i]
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Appendices
Appendix 1: Relative safety of remaining at home
Covid-19: Relative Safety of Remaining at Home
Criteria

Safe Stay-at-Home

Unsafe Stay-at-Home

Overcrowding

No

Yes

Household size

Small

Large

Capacity to self-isolate
within a household

Yes

No

Congregate work places
versus work places that
allow self-isolation

Work from home or in noncongregate work places

Work outside the home and
in congregate work places

Vaccination

Safer when vaccinated

Less safe when
unvaccinated.

Mutual dependence
among adults within a
household (MDA)

Low mutual dependence

High mutual dependence
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Appendix 2: Changes in absolute number in overcrowded mutually
dependent adults, Toronto CMA, 2006 to 2016

Appendix 3: Changes in percentage of working-age population of
overcrowded mutual dependent adults, Toronto CMA, 2006 to 2016

24.6%

Mutually Dependent working-age

27.2%

Overcrowded Mutually Dependent

8.0%
7.3%

16.7%

Non-crowded MD

19.9%

2006
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