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[bookmark: _Toc43477879]Decision-analytic model: Technical details on the model structure and parameterisation
Our static decision-analytic model was based on the epidemiology of SARS-CoV-2 infection known to date, international recommendations for self-isolation [1-3], and re-testing scenario. The model separated 1,000 key workers based on SARS-CoV-2 infection status and the severity of symptoms. It also accounted for the proportion of key workers who may be self-isolating at home due to symptomatic household members, and we explored up to two tests per worker in sequential re-testing, accounting for true positive and true negative results [1].
A flow diagram of the static decision-analytic model exploring testing in key workers for infection with SARS-CoV-2 to explore the days spent in household isolation and the risk of transmission to others when being sent back to work is shown in Supplementary Figure 1. (Note: In the presented results, workers with COVID-19-like symptoms like a high fever or a new continuous cough were always assumed to self-isolate. Also, key workers without COVID-19-like symptoms like a fever/cough were presented together with those showing no symptoms at all.)
The groups of workers impacted by the explored testing strategies are indicated with S1-S3. All analyses were conducted in R.


1

[image: ]Supplementary Figure 1: Flow diagram of the static decision-analytic model.

The model can be described by the following set of equations:
First, we separated workers by their SARS-CoV-2 infection status (β) and the severity of symptoms (σ). For infected key workers, we considered 18% of SARS-CoV-2 infections to be asymptomatic [4], 47% of cases to involve moderate symptoms of cough/fever [5], and 4.4% of infections to be too severe for isolation at home and to require hospitalisation [6].

	w1
	=
	[bookmark: _Hlk37597698]n ∙ β ∙ σh1
	(1.1)

	w2
	=
	n ∙ β ∙ (1 – (σa + σh1)) ∙ σf
	(1.2)

	w3
	=
	n ∙ β ∙ (1 – (σa + σh1)) ∙ (1 – σf)
	(1.3)

	w4
	=
	n ∙ β ∙ σa
	(1.4)



where:
n: total number of key workers (n = 1,000 here)
β: rate of infection with SARS-CoV-2
σh1: proportion of SARS-CoV-2 infections requiring hospitalisation (i.e., too severe for isolation at home)
σa: proportion of asymptomatic SARS-CoV-2 infections
σf: proportion of cases with COVID-19-like symptoms, including a high fever/cough



Another 10% of workers are assumed to experience COVID-19-like symptoms from other respiratory illnesses [7], and we assumed the same proportion of non-specific, moderate symptoms as with COVID-19 (σf). We assumed 2% of workers with COVID-19-like symptoms from other respiratory illnesses to be hospitalised too as approximated by the influenza-attributable proportion of hospitalisations versus GP consultations across all ages per 100,000 individuals in the UK (34/2156=0.0158) [8]:

	w5
	=
	n ∙ (1 – β) ∙ σs ∙ σh2
	(1.5)

	w6
	=
	n ∙ (1 – β) ∙ σs ∙ (1 – σh2) ∙ σf
	(1.6)

	w7
	=
	n ∙ (1 – β) ∙ σs ∙ (1 – σh2) ∙ (1 – σf) 
	(1.7)

	w8
	=
	n ∙ (1 – β) ∙ (1 – σs)
	(1.8)



where:
σh2: proportion of cases with COVID-19-like symptoms from other respiratory illnesses requiring hospitalisation (i.e., too severe for isolation at home)
σs: proportion of cases with COVID-19-like symptoms from other respiratory illnesses

Second, we accounted for the proportion of key workers who may be in household quarantine due to exposure to symptomatic household contacts (ε). The rates of illness in household members were assumed to be the same as in key workers. We did not include testing household members since only key workers are supposed to be going out to work, and testing household members would increase the number of tests but also release many of them from self-isolation [9]. These considerations could be explored further later; in our analysis they would simply change the magnitude of the impact but are not expected to alter the overall conclusions.


	hi1
	=
	[bookmark: _Hlk37608674]wi ∙ ε ∙ (β ∙ (1 – σa) + σs)
	(2.1)

	hi0
	=
	wi ∙ (1 – ε ∙ (β ∙ (1 – σa) + σs))
	(2.2)



where:
wi: non-hospitalised key workers in groups w2 to w4 and w6 to w8
ε: proportion of key workers in non-single households (without household exposure)

Third, we allowed for up to two tests per worker (τ1 and τ2), where those with underlying SARS-CoV-2 infection may be tested true positive (τsens) or false negative (1 – τsens), while those without underlying SARS-CoV-2 infection may be tested true negative (τspec) or false positive (1 – τspec) [1]. Re-testing is assumed to occur sequentially, with an assumed sensitivity for the second test in infected individuals equal to the sensitivity of the first test (and the sensitivity of the re-testing algorithm is thus τ1sens * τ2sens). For the second test in uninfected individuals we assumed a specificity equal to the sensitivity of the first test (and an increased specificity of the algorithm for the second test of τ1spec + (1 – τ1spec) * τ2spec). Note that these parameters were only used in the three re-testing scenarios A-C, and dependent on repeating (A) all initial tests, (B) initially-positive tests [10], or (C) initially-negative tests.
Equations for SARS-CoV-2 infected key workers: 
	t1
	=
	hij ∙ τ1 ∙ τ1sens ∙ τ2 ∙ τ2sens
	(3.1)

	t2
	=
	hij ∙ τ1 ∙ τ1sens ∙ τ2 ∙ (1 – τ2sens)
	(3.2)

	t3
	=
	hij ∙ τ1 ∙ τ1sens ∙ (1 – τ2)
	(3.3)

	t4
	=
	hij ∙ τ1 ∙ (1 – τ1sens) ∙ τ2 ∙ τ2sens
	(3.4)

	t5
	=
	hij ∙ τ1 ∙ (1 – τ1sens) ∙ τ2 ∙ (1 – τ2sens)
	(3.5)

	t6
	=
	hij ∙ τ1 ∙ (1 – τ1sens) ∙ (1 – τ2)
	(3.6)

	t7
	=
	hij ∙ (1 – τ1)
	(3.7)


where:
hij: non-hospitalised key workers with underlying SARS-CoV-2 infection in group i (i.e., groups w2 to w4), and with household-quarantine status j.

Equations for SARS-CoV-2 uninfected key workers: 
	t8
	=
	hij ∙ τ1 ∙ τ1spec ∙ τ2 ∙ (τ1spec + (1 – τ1spec) ∙ τ2spec)
	(3.8)

	t9
	=
	hij ∙ τ1 ∙ τ1spec ∙ τ2 ∙ (1 – (τ1spec + (1 – τ1spec) ∙ τ2spec))
	(3.9)

	t10
	=
	hij ∙ τ1 ∙ τ1spec ∙ (1 – τ2)
	(3.10)

	t11
	=
	hij ∙ τ1 ∙ (1 – τ1spec) ∙ τ2 ∙ (τ1spec + (1 – τ1spec) ∙ τ2spec)
	(3.11)

	t12
	=
	hij ∙ τ1 ∙ (1 – τ1spec) ∙ τ2 ∙ (1 – (τ1spec + (1 – τ1spec) ∙ τ2spec))
	(3.12)

	t13
	=
	hij ∙ τ1 ∙ (1 – τ1spec) ∙ (1 – τ2)
	(3.13)

	t14
	=
	hij ∙ (1 – τ1)
	(3.14)



where:
hij: non-hospitalised key workers without SARS-CoV-2 infection in group i (i.e., groups w6 to w8), and with household-quarantine status j = (0, 1).

Although the model structure allows different proportions of key workers to be tested, we have assumed τ1 and τ2 to be binary (0, 1) to explore the 5 testing scenarios (of re-swabbing all initial tests, initially positive tests [10], initially negative tests, no re-testing [10-12], and no re-testing but additional isolation for two weeks of mild laboratory-confirmed cases) in n = 1,000 key workers.
The main text presents results that have grouped key workers without COVID-19-like symptoms such as a cough/fever together with those showing no symptoms at all. Key workers with COVID-19-like symptoms should not be working for infection prevention and control reasons of non-coronavirus pathogens, too, and rather be self-isolating at home, while workers with severe symptoms are assumed to be hospitalized; both of these do not impact the modelled results in terms of days at home or undetected spread. Also, we acknowledge that some of the severe cases of infected key workers unfortunately result in loss of life at the front line of the outbreak response [13, 14]; these symptomatic cases may be tested but were not included further in our analysis given its focus on testing strategies aiming to reduce work absence durations and the numbers at work who may spread SARS-CoV-2.
The three testing strategies for SARS-CoV-2 in key workers then target the following branches:  
	S1
	=
	w2h0/1 w6h0/1 
	(5.1)

	S2
	=
	w3h1 w4h1 w7h1 w8h1
	(5.2)

	S3
	=
	w2h0/1 w3h0/1 w4h0/1 w6h0/1 w7h0/1 w8h0/1
	(5.3)




[bookmark: _Hlk39071157]For strategy S2, we also explored testing the symptomatic household contact of the key worker (as the index case that required the household to quarantine). With an assumed duration of infectivity of 7 days [6], and a household secondary attack rate of 30% (as informed by the rate for spouses of index cases [15]), the daily risk that the key workers have been infected on day d equals 1-(1-x)d = 0.3 for d = 1,…,7, with x = 0.05. Given an equal chance of being tested on any of the seven days, the additional amount of testing is upscaled by 1/mean(daily risk of being infected). Testing the index case increases the number of tests (Supplementary Figure 2), but it may also increase the number of infections detected because key workers would not be tested before they are infected.
For the absence duration, we followed current guidance supplemented with the following assumptions for all testing scenarios (based on symptoms status, testing, and household exposure; see Supplementary Table 1 and Figure 1 in the main text): 
Key workers with COVID-19-like symptoms: Those who were not tested, or tested positive, are expected to self-isolate for 7 days [3], while those who tested negative are assumed to self-isolate for 3 days on account of their presumed non-COVID-19 acute respiratory illness (approximated by the duration of infectiousness of influenza [16]). Workers in symptomatic households stay an additional 2 days at home (i.e., the serial intervals of COVID-19 and influenza of ~4 days [17, 18] divided in half for an equal chance that either the household or key worker became symptomatic first).
[bookmark: _Hlk38403569]Key workers without (COVID-19-like) symptoms but in household-quarantine: Those who tested positive are expected to self-isolate for the recommended 14 days [3], while those who were not tested stay at home for 14 days, and those who tested negative are assumed to self-isolate for 7 days until the infectivity of the case at home is assumed to have ended [6]. 
Key workers without (COVID-19-like) symptoms, not in household-quarantine: Those who tested positive are expected to self-isolate for the recommended 14 days [3], while those who were not tested or tested negative would not stay at home [1].


	Supplementary Table 1: Absence durations (in days) used in the model based on symptoms status, testing, and household exposure

	Symptom status
	Test result
	household exposure
	Rationale

	
	
	no 
	yes
	

	fever/cough
	tested positive
	7
	7+2
	infectivity of key worker with COVID-19 + 2 days at home from serial interval of COVID-19, with equal chance of household or worker having become infected first

	
	not tested
	7
	7+2
	infectivity of key worker with COVID-19 + 2 days at home from serial interval of COVID-19, with equal chance of household or worker having become infected first

	
	tested negative
	3
	3+2
	infectivity of key worker without COVID-19 + 2 days at home from serial interval of influenza, with equal chance of household or worker having become infected first

	
	re-tested positive
	7
	7+2
	infectivity of key worker with COVID-19 + 2 days at home from serial interval of COVID-19, with equal chance of household or worker having become infected first

	
	re-tested negative
	3
	3+2
	infectivity of key worker without COVID-19 + 2 days at home from serial interval of influenza, with equal chance of household or worker having become infected first

	no fever/cough
	tested positive
	14
	14
	recommended time in household quarantine

	
	not tested
	0
	14
	recommended time in household quarantine

	
	tested negative
	0
	7
	keeping the key worker at home until the infectivity of the case at home is assumed to have ended and then testing the key worker

	
	re-tested positive
	14
	14
	recommended time in household quarantine

	
	re-tested negative
	0
	7
	keeping the key worker at home until the infectivity of the case at home is assumed to have ended and then testing the key worker

	no symptoms
	tested positive
	14
	14
	recommended time in household quarantine

	
	not tested
	0
	14
	recommended time in household quarantine

	
	tested negative
	0
	7
	keeping the key worker at home until the infectivity of the case at home is assumed to have ended and then testing the key worker

	
	re-tested positive
	14
	14
	recommended time in household quarantine

	
	re-tested negative
	0
	7
	keeping the key worker at home until the infectivity of the case at home is assumed to have ended and then testing the key worker





[bookmark: _Toc43477880][bookmark: _Hlk39073104]Additional results: Testing symptomatic index cases in households with key workers in quarantine
[image: ]Supplementary Figure 2: Impact of different proportions of key workers living in non-single households and the secondary attack rate of households when testing symptomatic index cases with key workers in quarantine (S2), shown per strategy (in columns).
[bookmark: _Toc43477881]Additional results: Accuracy of testing strategies
[image: ]Supplementary Figure 3: Accuracy of testing strategies and number of tests performed per strategy (in rows), shown per strategy (in columns) for different proportions of infectivity, specificity, and sensitivity.



[image: ]Supplementary Figure 4: Positive and negative predictive values of testing strategies (in rows), shown per strategy (in columns) for different proportions of infectivity, specificity, and sensitivity.


	Supplementary Table 2: Positive and negative predictive values.

	
	Positive predictive value
	Negative predictive value

	Strategy
	min
	max
	min
	max

	1A
	0.373
	1.000
	0.667
	0.998

	1B
	0.817
	1.000
	0.536
	0.997

	1C
	0.064
	1.000
	0.878
	1.000

	1D
	0.056
	1.000
	0.645
	0.998

	1E
	0.056
	1.000
	0.645
	0.998

	2A
	0.045
	1.000
	0.962
	1.000

	2B
	0.259
	1.000
	0.936
	1.000

	2C
	0.005
	1.000
	0.989
	1.000

	2D
	0.005
	1.000
	0.959
	1.000

	2E
	0.005
	1.000
	0.959
	1.000

	3A
	0.067
	1.000
	0.943
	1.000

	3B
	0.350
	1.000
	0.905
	1.000

	3C
	0.008
	1.000
	0.983
	1.000

	3D
	0.007
	1.000
	0.938
	1.000

	3E
	0.007
	1.000
	0.938
	1.000

	The positive predictive value is largely dependent on prevalence; hence the very low minimum values when exploring a rate of infected of 0.1% only (see Supplementary Figure 3).





[bookmark: _Toc43477882]Additional results: Sensitivity analysis of additional parameter
[image: ]Supplementary Figure 5: Sensitivity analysis for rates of illness parameters, shown per strategy (in columns).


[image: ]Supplementary Figure 6: Sensitivity analysis for duration in isolation parameters (with COVID-19-like symptoms), shown per strategy (in columns).


Supplementary Figure 7: Sensitivity analysis for duration in isolation parameters (without COVID-19-like symptoms; in household-quarantine), shown per strategy (in columns).
[image: ]


[image: ]Supplementary Figure 8: Sensitivity analysis for duration in isolation parameters (without COVID-19-like symptoms; not in household-quarantine), shown per strategy (in columns).
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