
S4 Appendix: Cost-effectiveness Analysis

DALYs Disability-Adjusted Life Years (DALYs) are a summary measure of the public
health burden associated with premature mortality and morbidity due to having a
specific disease or health condition. Notably, DALYs are not a direct metric of public
health, but rather of the public health burden: a decrease in DALYs results in an
increase in overall public health. To calculate DALYs, we individually compute the
years of life lost due to premature mortality (YLLs) [1] for agents that died during the
simulation (i.e. early death), as well as the years of life lost due to disability (YLDs) [2]
for agents that were infected and symptomatic. Disability weights (DW) are retrieved
from the 2017 Global Burden of Disease Study [3] and represent health preferences such
that: DW of 0 is perfect health, and DW of 1 is equivalent to death. DALYs were
calculated without discounting or age-weighting, following the methodology set out by
the WHO [4]. Life expectancies are retrieved from Statistics Canada [5].

Symptomatic
agent status

Disability
weight

Equivalent to

Not hospitalized 0.051 Moderate lower respiratory infection
Hospitalized 0.133 Severe lower respiratory infection
Critical care 0.408 Severe COPD without heart failure

Table 1. Disability weights were drawn from the 2017 Global Burden of Disease
Study [3]. Since there are no published weights for COVID-19, weights for similar
health conditions are selected. As can be seen, higher weights are associated with worse
health states. Covid-19 is a novel disease, and there are no published disability weights
for different levels of severity of the disease. Therefore, we use similar conditions as
proxies for different health states of the agents. Agent hospitalization status is used as a
proxy for actual health status, and can be divided into three categories: agents that are
symptomatic and not hospitalized, agents that are hospitalized but not in critical care,
and agents that are in critical care.

Thus, defining Li as life expectancy for an agent i,

Y LLi = 1i died × Li

Y LDi =

S∑
s

DWs × li,s

DALYi = Y LLi + Y LDi

where:

Li := Life expectancy of agent i

DWs := Disability weight of state s

li,s := duration of state s for agent i

1i died :=

{
1 if agent i died during the simulation

0 otherwise

TPL Temporary Productivity Loss (TPL) is the loss in productivity due to
absenteeism from work. To calculate TPL, we extract from the simulator the number of
work hours that agents aged 25 to 65 years had to forego due to: (1) quarantine; (2)
taking care of a dependent family member (supervision) or; (3) illness that prohibits
someone from working. We then multiply this quantity of foregone work hours by the
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2019 average hourly wage in Montréal [6] to obtain the total TPL. In computing TPL,
we assume that total foregone work hours due to quarantine are scaled by a factor of
0.49 [7] to account for the proportion of agents able to work from home. We follow the
methodology for calculating TPL presented in [8].

Aggregated across all agents,

n25:65 = nquarantine
25:65 + nsupervision

25:65 + nillness
25:65

TPL = n25:65 × waverage,

where na
25:65 is the number of hours foregone due to a, and waverage is the average

hourly wage for the Montreal workforce.
This approach to evaluating the cost of a healthcare intervention is referred to as the

Human Capital Approach (HCA) [8]. The HCA can be used to evaluate the TPL, as
well as another form of productivity loss known as the permanent productivity loss due
to premature death (PPL) [8]. Given the limited number of agents in our simulator, we
avoid calculating the PPL due to the high uncertainty surrounding deaths from
COVID19 within the age range of the workforce (25 to 65). Calculating only the TPL
instead of both the TPL and the PPL is a more conservative approach: it likely
underestimates the impact of our intervention.

ICER
Consider a counterfactual simulation with no pandemic: no DALYs are incurred due

to COVID19 and there is no associated TPL. We evaluate different scenarios (HQ, BCT,
PCT) by calculating the differences in DALYs and TPL compared to this
counterfactual. We then calculate the ICER between each set of two scenarios according
to the following formula:

ICER =
C1 − C0

E1 − E0

where Ci and Ei respectively represent the economic cost (TPL) and health
outcomes (avoided DALYs) of intervention i (HQ, BCT or PCT). C1 and E1 represent
the outcomes of a new intervention that is being considered for adoption, whereas C0

and E0 are associated to a reference intervention, which is typically a baseline
intervention or standard of care [9].

Let us consider how to calculate E1 − E0: given that we evaluate incurred DALYs
compared to a no-pandemic counterfactual with no DALYs lost due to COVID19, the
improvement in health outcomes of adopting a new intervention instead of the reference
intervention is the reduction in DALYs of the new intervention over the reference
intervention:

E1 − E0 = −(DALYs1 −DALYs0) = DALYs0 −DALYs1

Hence, the ICER can be calculated with the following formula:

ICER =
TPL1 − TPL0

DALY s0 −DALY s1
for a reference intervention indexed by 0 and an alternative intervention indexed by

1.
To calculate the impact of both DCT methods (BCT, PCT) over HQ, we calculate

the ICER of each method at various adoption rates with respect to HQ:

TPLBCT − TPLHQ

DALY sHQ −DALY sBCT

TPLPCT − TPLHQ

DALY sHQ −DALY sPCT

To further compare between BCT and PCT, we calculate the ICER of PCT with
BCT as a reference intervention:
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TPLPCT − TPLBCT

DALY sBCT −DALY sPCT

If the ICER of the new intervention is negative with respect to the reference
intervention, then the new intervention is described as “cost-saving” under the
assumption that the new intervention results in better health outcomes than the
reference intervention (E1 > E0).
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