
Networks of Necessity: Preventing COVID-19 Among Disabled People and

Their Caregivers

Michael R. Lindstrom *�, Mason A. Porter �, Hannah Shoenhard �,
Sarah Trick §, Thomas Valles �, Joseph M. Zinski �

August 25, 2020

Approximately 7.3% of Canadians [20] and 6% of Americans [3] are disabled and require assistance from caregivers
with activities of daily living (such as bathing and toileting). Consequently, despite contact-limiting (also called “social
distancing” and “physical distancing”) measures that are designed to reduce the spread of COVID-19, contacts between
disabled people and their caregivers cannot be reduced. We are a team of disabled people and scientists who sought
to determine how best to protect the disabled population and their caregivers using two preventative measures that
are known to mitigate COVID-19 spread: limiting contacts and wearing masks. We conducted hundreds of computer
simulations of the spread of COVID-19 in a city of approximately one million people using case data from Ottawa,
Canada. Our simulations implemented a well-validated epidemiological model on a network of contacts in which in-
dividuals can progress through various disease stages: susceptible, asymptomatic, ill, hospitalized, and recovered or
deceased. We estimate the percent reduction in cases from mitigation strategies as compared to a baseline in which no
one limits contacts or wears masks. The numbers that we report reflect the time from the first case in the city until
businesses reopen and contact-limiting begins to relax. We find strong evidence that: (1) Contact-limiting in the
general population can significantly reduce cases in the caregiver and disabled populations. Strict limiting
of contacts by the general population— analogous to a lockdown — decreases the number of cases of COVID-19 among
caregivers and disabled people by about 50%. By contrast, when only disabled people limit their contacts, about 10%
of cases among caregivers and about 15% of cases among disabled people are prevented. (2) Mask-wearing by the
disabled and caregiver populations significantly reduces cases in both groups. Without limiting contacts,
mask-wearing by caregivers and disabled people prevents over 60% of cases in both groups, with an additional boost
if essential workplaces also wear masks. When the whole population limits contacts and both disabled people and
their caregivers wear masks, cases among disabled people and caregivers decrease by over 90%. Our work illustrates
that to protect the disabled population, mask-wearing and contact-limiting must be implemented not only by the disabled
population, but by the general population as well.

Limiting Contacts

Although contact-limiting measures have prevented millions of cases of COVID-19 [9], they have also severely affected
the economy. As a result, some have called for an end to contact-limiting for the general population, with only vulnerable
groups, such as disabled people, continuing to limit contacts. We tested the efficacy of this strategy using our model. We
find that when disabled people try to limit contacts to household members and caregivers, but the general population
does not limit contacts, there is only a minor decrease in the number of cases in the disabled and caregiver populations
(see Fig. 1). Therefore, a strategy in which only disabled people limit contacts is likely to be ineffective.
By contrast, when the entire population except for essential workers (those whose occupation prevents contact-limiting)
limits contacts, about 50% of cases among caregivers and disabled people are avoided. Contact-limiting in the
general population protects disabled people and caregivers. We also find that there is a small benefit to
disabled people of reducing the number of caregivers that they contact (data not shown). However, it is often impossible

*corresponding author: mikel@math.ucla.edu
�Department of Mathematics, University of California, Los Angeles
�Department of Cell and Developmental Biology, University of Pennsylvania
§Assistant Editor at tvo.org (TVOntario)

1



Fig 1. Note on range of outcomes: Our simulations tend to produce consistent results, which produce small error bars that
indicate high certainty. However, many of our simulation’s inputs may fall within a range of values, including efficacy of masks
and the relative risks of different types of personal contact. The exact effects of the interventions that we describe in this white
paper may vary depending on the true values of these inputs. Therefore, we have chosen to omit error bars from our graphs, as
we feel that the high consistency in our simulations would produce a misleading impression of high confidence in the exact
numbers. This issue notwithstanding, we are confident in our assessment of the relative effectiveness of the interventions that we
have studied.

Fig 2. See the caption of Fig. 1.

for a disabled person to decrease the number of their caregivers without sacrificing the quality of their care, subjecting
them to additional health risks.

Effect of Masks

We also used our model to determine what happens when masks are worn in two settings: (1) at essential workplaces and
(2) during interactions between caregivers and disabled people. Wearing masks only in essential workplaces modestly
decreases the number of cases in the caregiver and disabled populations (see Fig. 2). By contrast, when caregiver and
disabled populations both wear masks, there is a drastic decrease in cases in both the caregiver and disabled populations
(see Fig. 2). We observe similar trends whether or not the general population limited their contacts. When combined
with the whole population reducing contacts, caregivers and disabled people wearing masks reduce cases in these groups
by over 90%. In a city of one million, this means that approximately 23,000 disabled people and 10,500 caregivers could
be spared from COVID-19 by population-wide mask-wearing. Therefore, for the protection of both groups, it is critical
that caregivers and disabled people both wear masks when they interact.
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Our Recommendations

Managing COVID-19 care for a person with a pre-existing disability is likely to be medically challenging. Therefore, in
the resource-strained environment of a pandemic, preventing infection among disabled people should be a top priority.
Naively, one might expect that disabled people can substantially reduce their risk by strictly limiting their contacts.
However, our model indicates that contact-limiting by the disabled population alone is only marginally
effective if the general population does not also limit their contacts. Even less effective is limiting the number
of caregivers for a disabled person. We believe that preserving consistent caregiver services for disabled
people throughout the pandemic is a top priority to avoid putting disabled people at higher risk of other
health complications.

Masks are essential for caregivers to safely provide care for disabled people. Mask-wearing among disabled people
and caregivers could prevent thousands of cases among these groups in every city. Some states have already provided
masks to disabled residents. For example, New Jersey’s Personal Preference Program (a part of their Department of
Human Services) has mailed boxes of surgical masks to their clients. We recommend that any organization that
provides services to disabled people or employs caregivers should provide free masks and mandate their
use.
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Parameters and Data

Our simulations require estimates for proportions of different groups in a population, transition rates between different
disease states, the efficacy of masks, and so on. In this supplement, we concisely summarize the data that we used to
obtain these values.

Population Parameters

The city of Ottawa has a population of approximately 994837 [18]. In 2015, about 2.6 million Canadians required
assistance with daily activities [20]. Based on the Canadian population at the time [16], this amounts to about 7.3% of
the population. In the United States, the corresponding figure was estimated to be 6% [3]. Based on US Labor Statistics,
about 2% of the population are employed as caregivers [7]. From California data, about 12.5% of the population are
essential workers (such as grocery clerks) [11].

We used Ottawa census data [17] to estimate the distribution of the number of people who live in a household. To
model weak social contacts, we use the estimates that the mean value of daily contacts for people is 16.52 without
contact-limiting [6] and that non-essential workers have a mean of 4 contacts/day after contact-limiting [15]. We also
use an estimate that essential workers see a mean of 22 contacts/day after contact-limiting [15] and assume that they
see the same number before contact-limiting is in place. We generate empirical distributions, based on a power law,
for the numbers of weak social contacts that people have. We also assume that on each day, a disabled individual who
requires care sees 2 professional caregivers, who we select uniformly at random from a pool of available caregivers. We
consider pool sizes of both 10 and 4.

Disease Parameters

Based on a physical-distancing survey [1], we estimate that people who exhibit symptoms of COVID-19 isolate themselves
with a probability of 0.92, and we use data [19] on spreading in various contexts to estimate the levels of risk for various
types of interactions. When both parties wear masks, transmission probabilities drop substantially [5], and we use a
conservative estimate for the relative risk probability of 0.34. To obtain approximate values for other parameters in our
model, we employ the following estimates: 19% of cases require hospitalization [4]; a median duration in a hospital of 13
days [10]; a median recovery time of 14 days for individuals who are symptomatic but not critically ill [8]; a delay with
a median of 5.1 days to become symptomatic after onset of infection [2]; approximately 22% of cases may be entirely
asymptomatic [2]; mask-wearing and contact-limiting began in Ottawa on 24 March 2000 [12]; Ottawa began to reopen
on 6 July 2020 [13]; and data on the cumulative number of COVID-19 cases in Ottawa [14]. These parameters include
the infectiousness of COVID-19 and the rates that patients move between different stages of the disease.
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