
• Identify and quantify the roles of different subpopulations and related infection transmission 
pathways (within and between subpopulation groups, between superspreaders and regular 
individuals, and with the environment) on the establishment, maintenance, and control of 
COVID-19 in these facilities. 
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Covid-19 Transmission on long-term care facilities: 
Optimizing control strategies 

OBJECTIVES

• Close contact facilities are modeled to evaluate the impact of different transmission 
pathways of the COVID-19 outbreaks in the presence of various types of interventions. 

• We study the tradeoff between disease burden and prevention cost using cost-effectiveness 
analysis.

Residents
Health Care 

Staff
Visitors

• To implement effective intervention policies, it is necessary to identify the time, duration, 
and choice of interventions (mask use and cleaning surfaces) to mitigate the impact of 
transmission of infections in several scenarios. 

Optimal Control

MODEL

OPTIMIZATION

The controlling effort u1(t) 
alter the fraction of infected 
cases IH and IR as it 
measures the intervention 
effort of wearing masks by 
infected health care staff 
and residents. The control 
u2(t) alters the fraction of 
infectious individuals by 
measuring the level of 
cleaning of surfaces to 
prevent transmission through 
surface contact.

RESULTS

Reproductive Number (Case 1)

Numerical Results

We have shown how super spreaders considered in HC staff (case 3) can increase the peak of 
the infected population more than if it is considered just in the resident population.
We have shown the analysis of subpopulations behavior is important and differs respect with 
to the behavior of the total population.
Our model shows how the incorporation of non-pharmaceutical strategies decreases the peak of 
the infected population. Also, more effort should be given to cleaning surfaces strategies at the 
beginning, then the effort should be related to mask-wearing strategy.

CLOSE CONTACT FACILITIES
• Multiple close-contact places such as old age homes, long-term care facilities and even 

long distance vacation cruises; pose a high risk for severe ultra-contagious event.

Long-term care facilities are a vulnerable population

Timeline showing long term care Facilities 
in King County with one or more confirmed 
cases of Covid-19.

{3}Temet et al., New England Journal of 
Medicine,2020

Environmental Transmission
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Exposed and infected populations 
simulations with and without control (a) 
Eru and Iru denotes the exposed and 
infected resident populations when 
controls are included. (b) Ehu and Ihu, 
exposed and infected HC staff populations 
when controls are included. (c) Exposed 
+ infected population of residents and HC 
staff together.
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• Means finding "best available" values of some objective function given a defined 
domain

• There are several methods for optimization. One way is to apply optimal control 
theory to create an objective function.

• Consists of finding a piecewise continuous control u(t) and the associated 
state variable to maximize the given objective functional.

(d) Best Optimal Control. Shows the 
optimize strategy over time.

CONCLUSION
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3 Different Cases for HC staff CASE 1: No super spreading 

CASE 2: Pathogen load in 1 proportion of θ
symptomatically infected residents is high, that is, 
1  IR individuals are super-spreaders.θ ∗

CASE 3: 2 proportion of infected HC staff have θ
high contacts, then 2 IH+ 2 EH individuals are θ ∗ θ ∗
super-spreaders.

Optimization (Case 1)
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(e) Control u2 (cleaning surfaces) over 
time for different values of environmental 
transmission rate.

(d) (e) 

:

Where Ba is the cost of 
wearing mask per person 
and Bb is the cost of 
using cleaning product 
per person.

Parameters
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