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COVID-19 and Retirement Homes

https://www.aic.sg/care-services/nursing-home

• The Residents are older adults with highly risk of infections and 

mortality. They are in contact with each other, staff, visitors and doctors.

• Controlling the spreading of the pandemic by isolating the residents is a 

challenge. Once the infection arrives at the facility, it spread so fast [1].

• According to the European Centre for Disease Prevention (ECDC), by May 

2020, 37-66% of all COVID-19 related deaths in several EU countries 

were found in such homes [2].  In the US, over 30% of COVID-19 deaths 

were associated with nursing homes institutions [3].

https://account.bradenton.com/paywall/subscriberonly?resume=242117241&intcid=ab_archive



Testing Process in Retirement Homes

Suppose an RH with 𝑚 residents and 𝑛 staff.

The residents are tested regularly by staff, who cleans and prepares the testing 

workspace for each group (or batch) of resident. Let 𝑃𝑡𝑖𝑚𝑒 denote such  

preparation cost (time), and 𝑘 be the number of groups.

Each resident has his/her testing cost, 𝑇𝑡𝑖𝑚𝑒. So,

𝑇𝑒𝑠𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 = 𝑘 × 𝑃𝑡𝑖𝑚𝑒 +𝑚 × 𝑇𝑡𝑖𝑚𝑒
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𝑝: Maximum portion (percent) of staff's time which can be allocated to the testing process



Testing Strategy

A testing Strategy is 𝑘, 𝜏, 𝐺, 𝐷 where

𝑘: Number of groups

𝜏: The test interval

𝐺 = 𝑔1, 𝑔2, … , 𝑔𝑘 a partitioning of the people

D = 𝑑1, 𝑑2, … , 𝑑𝑘 testing day for each group

𝑘 = 2, 𝜏 = 5, 𝐺 = 2,4 , 𝐷 = {3,5}



Two models for RH testing strategy (Model 1)



If we can test a set of 6 people under one of the following testing strategies

• Two groups, every 4 days

• Three groups, every 5 days

The First Question



The First Question

If we can test a set of 6 people under one of the following testing strategies

• Two groups, every 4 days

• Three groups, every 5 days

4 days

5 days



The First Question

If we can test a set of 6 people under one of the following testing strategies

• Two groups, every 4 days

• Three groups, every 5 days

4 days 4 days 4 days

5 days5 days5 days



The First Question
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Objective: Minimizing Detection Time

Expected
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The Second Question

How do partition the people, and on which days do the tests?

• Two groups, every 𝟒 days

• Three groups, every 5 days

Which testing strategy results in

Minimum Expected Detection Time ?

𝛽: The probability of the virus transmits from one
infected individual to a susceptible individual per one
contact

𝑐: The average number of contacts per individual 



Computing the expected detection time

For a given testing strategy 𝑘, 𝜏, 𝐺, 𝐷 , the expected detection time can

be computed using a series of calculations and probabilistic analysis.

𝜏

𝑔1 𝑔2 𝑔3

𝑑1 𝑑2 𝑑30 𝑡

𝜏

𝑔1 𝑔2 𝑔3
𝑑1 + 𝜏 𝑑2+𝜏 𝑑3+𝜏

Expected Detection Time=
1

𝜏
σ𝑡=1
𝜏 𝔼 𝑘, 𝜏, 𝐺, 𝐷, 𝛽, 𝑐, 𝑡
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Symmetry Property

No Symmetry Solution in Discrete Space
𝑑1 =

5

3
=1.66

𝑑2 = 3.33
𝑑2 = 5



Symmetry Property

Theorem. For a given, k as the number of groups and 𝜏 as the interval test, 

the optimal testing strategy of the (continuous) search space always is a 

symmetry strategy for the following cases

• 𝛽 → 0

• 𝑐 → 0

• 𝛽 → 1

• 𝑐 → +∞
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Theorem. For a given, k as the number of groups and 𝜏 as the interval test, 

the optimal testing strategy of the (continuous) search space always is a 

symmetry strategy for the following cases

• 𝛽 → 0

• 𝑐 → 0

• 𝛽 → 1

• 𝑐 → +∞

For 0 < 𝛽 < 1 and 𝑐 > 0, we ran a brute-force algorithm 

which tries so many setting of the parameters.

As the result, again the symmetry property holds.

So, providing a theorem for that, is an open problem.



Model : Some results

𝑚 𝑛 𝑝 (%) 𝑀𝑎𝑥𝜏 𝑀𝑎𝑥𝒈 𝑐 𝑘 𝜏 𝐺 𝐷
Exp.
Detect 
Time

50 10 5 4 22 17

50 10 5 7 30 9 2 5 {28,22} {2,5} 1.73

90 15 5 7 30 15 4 6 {25,20,25,20} {1,3,4,6} 1.43

90 15 10 7 30 15 3 3 {30,30,30} {1,2,3} 0.90



Two models for RH testing strategy

𝐸𝑥𝑝. 𝑑𝑒𝑡𝑒𝑐𝑡 𝑡𝑖𝑚𝑒

𝑝



Trade-off solutions

c

c
c

c

c
c
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