S1. Appendix. The ODD Protocol
1. Purpose and Patterns
The purpose of the model is to investigate the impacts of staff working across different care homes as well as interventions to mitigate these impacts. The examined interventions include reducing or halting the use of bank/agency staff, weekly PCR testing of bank/agency staff, and creating bubbles of care homes. Care home bubbles restrict bank/agency staff to work only within a specific group of care homes that are designated as one bubble. We build confidence in our model by its ability to reproduce the following patterns observed in care homes in the UK:
· Pattern i: The higher risk of infection for residents and staff in care homes using bank/agency staff frequently compared with those care homes not using bank/agency staff [1]  
· Pattern ii: The higher risk of infection for bank/agency staff compared with permanent staff in care homes using bank/agency staff frequently [1,2]
· Pattern iii: The risk of outbreaks in care homes using bank/agency staff frequently compared with those care homes not using bank/agency staff [3]
· Pattern iv: The risk of outbreak occurrence in care homes specified by their resident population size and staff-to-resident ratio [4,5]
Pattern i, ii, and iii which reflect the impact of agency/bank staff use upon the spread of COVID-19 across care homes within a network, are important to clarify that our model is useful for its purposes. Pattern i, ii, and iii help validate the behaviours of the overall system. Pattern iv addresses the validity of the sub-systems’ behaviour (care homes) when accounting for their interactions via bank/agency staff.
2. [bookmark: _Toc45824465]Entities, State Variables, and Scales
The following entities are included in the model: two types of agents, namely care homes and bank/agency staff agents, respectively representing the care homes and temporary bank/agency staff who work in more than one care home within the network. Each agent entity is characterized by a unique set of state variables which are described in greater detail in Table A. A system dynamic (SD) module embedded in each care home agent represents the intra-facility transmission dynamics of COVID-19.
The model runs at a daily time step as epidemiological data are collected on a daily basis and the unit of time commonly used to describe clinical characteristics of COVID-19 in the literature is a day. The modules exchange information daily to capture transmission dynamics across care homes. As bank/agency staff are rostered daily, it is important to update their infection state and the state of SD modules in affected care homes on this time scale. Simulations are 90-day time steps long as this covers the period for planning response strategies to contain the spread of COVID-19. 
Table A. The state variables of care homes agents and bank/agency staff agents
	Variable name
	Variable type, units and range
	Meaning and rationale 

	Care home agent specific state variables

	ID
	Integer, static; no unit; > 0
	The identity of the care home

	GroupID
	Integer, static; no unit; > 0
	The identity of the care home sub-group to which a care home belongs

	NR
	Integer, static; residents; > 0
	The capacity of the care home 

	NS
	Integer, static; staff members; > 0
	The number of permanent staff members of the care home

	NW
	Integer, static; staff members; > 0
	The desired number of staff members on duty per day when the home operates at full capacity

	NU
	Integer, dynamic; staff members; ≥ 0
	The daily number of unfilled staff positions

	NB
	Integer, dynamic; staff members; ≥ 0
	The daily number of bank/agency staff members working in the care home

	IB
	Integer, dynamic; staff member; ≥ 0
	The daily number of bank/agency staff member that are infectious working in the care home

	SB
	Integer, dynamic; staff member; ≥ 0
	The daily number of bank/agency staff member that are susceptible working in the care home

	Intra-Facility Module 
	System dynamic module including the following stocks: 
SR, ER, IR, QR, RR: susceptible, exposed, infectious, isolated, recovered residents
SS, ES, IS, QS, RS: susceptible, exposed, infectious, isolated, recovered permanent staff
ESD, ISD: exposed and infectious permanent staff who have been tested and will be detected by PCR testing. They will self-isolate when testing results return. 
	The transmission dynamics within the care home. The levels of stocks in the SD module are the number of residents and permanent staff in different states of health and disease.

	Bank/agency staff agent specific state variables

	ID 
	Integer, static; no unit; > 0
	The identity of a staff member in the bank/agency staff pool among care homes 

	GroupID
	Integer, static; no unit; > 0
	The identity of the care home bubble to which a bank/agency staff member belongs. The staff member can only work at the care homes with the same GroupID.

	WorkID
	Integer, dynamic; no unit;   0
0 = Not at work yet
	The identity of the care home where a bank/agency staff member works

	WorkRecord
	Array [i]: integers, dynamic; no unit; 
i  [1, 2, …]
	The work record of a bank/agency staff member across care homes
i = care homes’ ID
WorkRecord [i] = the number of times that the staff member works in care home i

	InfectionState
	Integer; dynamic; no unit; 
0 = susceptible
1 = exposed
Infectious (
2 = asymptomatic
3 = pre-symptomatic
4 = symptomatic)
5 = recovered
	The state of infection of a member of bank/agency staff

	Tested
	Boolean, dynamic; no unit; true/false
	Indicates whether a bank/agency staff member has a RT-PCR test in the last 7 days

	Isolation
	Boolean, dynamic; no unit; true/false
	Indicates whether a bank/agency staff member is self-isolating because of having COVID-19





3. Process Overview and Scheduling
In the warm-up period of 90 days (time step 1 to 90) without infections, the model only executes the process Temporary_Staff_Schedule, excluding the sub-model Staff_Resident_Contact_Rate, to establish the frequency distribution for bank/agency staff’s work history (i.e.WorkRecord). From day 91, the model executes six actions in the following order at each time step (Fig A). Fig A. The process overview and scheduling of the model at each time step
(White box: sub-model; sky-blue box: starting at time step 1; green box: starting at time step 91)
Note: FoI – Force of infection


Temporary_Staff_Schedule
This process is executed for every care home agent in random order. Care home i seeks to recruit NB,i bank/agency staff each day calculated as in the sub-model Temporary_Staff_Requirement. 
The daily required bank/agency staff members are chosen based on one of the patterns described in the sub-model Scheduling_Pattern. Their WorkID changes to the ID of the care home. Among these daily bank/agency staff members, the number of susceptible and infectious ones are respectively used to update the state variables SB and IB of the care home agent. 
The number of unfilled staff positions determines the state variable NU of the care home. The daily number of contacts with residents per on-duty staff member (cSR) are recalculated as described in the sub-model Staff-Resident_Contact_Rate due to changes in the daily staff-per-resident ratio. 
Intra-facility_Transmission
The transmission of COVID-19 occurring within each care home is described in the sub-model Intra-facility.
Temporary_Staff_Infected
The daily rate at which susceptible bank/agency staff agents at work (WorkID  0) acquire the infection is calculated as described in the sub-model FoI_Temporary_Staff. The bank/agency staff members who are infected have their state variable InfectionState changed from ‘susceptible’ to ‘exposed’. 
Temporary_Staff_Disease_Progression
Exposed  Infectious (Pre/Asymptomatic): Exposed staff agents transit to either the pre-symptomatic state at the probability S or the asymptomatic state at the end of the exposure period e.
Within Infectious (Presymptomatic  Symptomatic): Pre-symptomatic staff agents transit to the symptomatic state when they develop symptoms at the end of their pre-symptomatic period p. Symptomatic staff have to self-isolate at home (Isolation = ‘true’) in the next time step until they recover.
Infectious  Recovered: Infectious staff agents (InfectionState = 2,3, or 4) recover at the probability (1 – dS) at the end of their infectiousness period (i). Their infection state changes to ‘recovered’ and the variable Isolation is set to ‘false’. Staff that do not recover are deceased, and they are replaced by new susceptible bank/agency staff agents. 
PCR_Testing
Bank/agency staff have RT-PCR testing at the interval pcr, starting from the time step 95. Those staff members who are tested at the probability determined by their adherence to testing B,pcr have their state variable Tested set to ‘true’. After the time delay from testing to test result determined by the parameter trt, the infected staff members whose Tested is ‘true’ are detected at the probability pcr and have to self-isolate. Their state variable Tested is reset to ‘false’.
Community_Infection_Acquisition
[bookmark: _Toc45824467]Bank/agency staff members can also acquire COVID-19 from interactions with other infectious people in the community at the probability C. 
Reset	
The variable WorkID of all bank/agency staff agents is reset to zero, indicating that they leave the workplace at the end of the day. Staff agents who leave the workforce at the turnover rate µS will have all of their state variables except ID reset as in Initialization. 
4. Design Concepts
Basic principles:
The model simulates the spread of COVID-19 within a network of care homes via staff who work at multiple facilities. Staff members who work across several care homes (bank/agency staff) can acquire COVID-19 via contacts with other individuals, including residents and staff in one care home and spread the virus to other care homes. They can also contract the infection from the community and spread it to the care homes where they work.
The risk at which susceptible bank/agency staff contract COVID-19 in a care home depends on the transmission dynamics within that facility which is modelled using SD. In the SD module, residents and permanent staff who only work in that care home are grouped into stocks based on their state of infection (susceptible, exposed, infectious, and recovered). Individuals (either residents or staff members) within a stock are assumed to be homogenous. Infections can be imported into the care home by asymptomatic staff acquiring the infection somewhere else. The guidance on controlling COVID-19 in care homes in the UK requires new residents to have two negative tests prior to admission to a care home and compulsory isolation of 14 days upon admission [6,7]. We, therefore, assume that all newly admitted residents are susceptible for simplification.
Fig B describes the progression of COVID-19 infection after transmission occurs based on the current understanding and evidence of clinical characteristics of COVID-19 [8-10]. It is assumed that pre-/asymptomatic individuals are just as likely to transmit infection as symptomatic individuals and recovered people are immune to re-infection in the short term [11]. Fig B. The progression of COVID-19 infections 
Susceptible people may acquire the infection when exposed to infectious sources. They are infected but not yet infectious (exposed state). Once exposed people become infectious, they can either remain asymptomatic for the entire infectious period or develop symptoms after a pre-symptomatic period. Symptoms could be mild or severe and require hospitalizations. Infectious people will eventually recover or die.

[image: ]The resident population size, staffing level and operational and managerial features of care homes in the network and how staff are shared among these homes can affect the inter-facility spread of the virus. Such information is obtained through discussions and interviews with stakeholders including Health and Social Care, Council, Public Health and care homes in Lanarkshire, and Scottish Government Data Analysis and Research Group. Infection control measures that target healthcare staff who work at multiple care homes are implemented to contain the inter-facility transmission. Fig S1-3: The progression of COVID-19 infections 
Susceptible people may acquire the infection when exposed to infectious sources. They are infected but not yet infectious (exposed state). Once exposed people become infectious, they can either remain asymptomatic for the entire infectious period or develop symptoms after a pre-symptomatic period. Symptoms could be mild or severe and require hospitalizations. Infectious people will eventually recover or die.

Emergence:
The key outcomes of the model are patterns for the occurrence of outbreaks and the scope of affected care homes. These outcomes emerge from the use of bank/agency staff in care homes, infection control interventions targeting this group of staff, infection control measures implemented in care homes, and their resident and staffing characteristics.
Adaptation:
Staff that exhibit symptoms or test positive for COVID-19 are required to self-isolate at home. Care homes also isolate their residents who exhibit symptoms. When social distancing is implemented, care homes adapt to the situation by decreasing rates of staff-staff and resident-resident contacts. In intervention scenarios, care homes that experience an outbreak can either increase the use of bank/agency staff to cover the permanent staff members absent due to COVID-19-related reasons. When the intervention of creating bubbles of care homes within which bank/agency staff are restricted to work is implemented in the network, care homes are adaptive to the new situation by using only eligible bank/agency staff members. 
Objectives: 
Objectives are not implemented. 
Learning: 
Learning is not implemented.
Prediction:
The staff’s adaptive behaviour is based on implicit predictions that leaving when exhibiting symptoms will disrupt transmission chains in the care home and across care homes. Care homes that continue to operate as normal during an outbreak need to increase their use of bank/agency staff as they expect a shortage of permanent staff absent due to having to self-isolate.
Sensing: 
Bank/agency staff agents who develop symptoms can sense their own state of health and do not go to work the next day. In intervention scenarios, staff agents can sense which care home(s) they are allowed to work for and, in reverse, care home agents can sense whom they can schedule. 
Interaction: 
Residents can interact with other residents and staff. Staff can interact with other staff members in a care home. The rates of interactions between residents and staff are defined based on the management policy of a care home agent and the implemented infection control interventions such as social distancing. Bank/agency staff agents do not interact with each other outside care homes. Regarding interactions between bank/agency staff and care home agents, bank/agency staff agents are allowed to work in all care homes in the base case and are restricted to work in a bubble of care homes in intervention scenarios.       
Stochasticity:
Stochasticity is used to describe variability in the parameters that determine the transitions of individuals between different states of infection, including the incubation time and the transmission probability. This represents variations in the risk of acquiring the infection and the progression and outcome of the infection among people, influenced by factors such as their health status, underlying conditions, and immune system. Another stochastic element is contact rates between individuals in a care home that affects the spread of the infection. The movement of bank/agency staff between care homes in the network is also a stochastic process as randomness exists in which care home they come to work on a particular day. This also leads to the stochasticity in the time at which bank/agency staff become infected and introduce the infection into a care home.
Collectives:
In intervention scenarios, the model has collectives of care homes and bank/agency staff agents. The collective to which agents belong affects which care homes bank/agency staff can work for – “bubbles”.
Observation:
The primary outputs of interest can be observed via plots of the cumulative number of care homes experiencing an outbreak and the cumulative number of infected residents in the entire network over time.
5. Initialization
The model is initialized with a network of 12 care homes which consist of a total of 780 residents and 960 permanent staff members (network A). Sizes and staff-to-resident ratios of constituent care homes were initiated once based on the empirical distributions of 84 care homes in Lanarkshire and used for all simulations (Table B). Data in Lanarkshire also reflected the proportions of care homes by size ranges in the UK [1,12]. Network B, C, and D comprise the same number of residents and staff members but have different compositions. Network B consists of homogeneous care homes in terms of size and staff-to-resident ratio. Care homes in network C are homogeneous in size and heterogeneous in staff-to-resident ratio and those in network D have heterogeneous in size and homogeneous in staff-to-resident ratio. Staff under other contract types (bank, agency, temporary, casual, and non-guaranteed hours contracts) constitutes 5 – 20% of total care home staff across various areas in the UK [13-15]. The model is initialized with 107 bank/agency staff agents in base-case simulations (10% of total staff). 
Table B. Resident population size and staffing level in care homes within a network
	Network
	Care Home ID
	Resident Population Size (NR)
	Total Permanent Staff (NS)

	Network A
	1
	10
	22

	
	2
	24
	31

	
	3
	32
	47

	
	4
	40
	49

	
	5
	46
	73

	
	6
	50
	63

	
	7
	65
	80

	
	8
	73
	90

	
	9
	80
	90

	
	10
	90
	103

	
	11
	110
	110

	
	12
	160
	202

	Network B
	1 – 12
	65
	80

	Network C
	1
	65
	50

	
	2
	65
	55

	
	3
	65
	60

	
	4
	65
	65

	
	5
	65
	70

	
	6
	65
	75

	
	7
	65
	80

	
	8
	65
	90

	
	9
	65
	95

	
	10
	65
	100

	
	11
	65
	105

	
	12
	65
	115

	Network D
	1
	10
	12

	
	2
	21
	30

	
	3
	30
	39

	
	4
	40
	49

	
	5
	46
	57

	
	6
	50
	63

	
	7
	65
	80

	
	8
	75
	90

	
	9
	82
	98

	
	10
	92
	110

	
	11
	109
	135

	
	12
	160
	197



Table C. Initial values of entities' state variables and parameters
	Variable/ Parameter
	Initial value
	Source

	Care-home-agent-specific state variables

	ID
	1, 2, …, 12
	

	GroupID
	0
	

	NR
	See Table S1-2
	Provided by Health and Social Care Partnership Lanarkshire

	NS
	See Table S1-2
	Provided by Health and Social Care Partnership Lanarkshire

	NW
	0.4* NS
	Assumption based on discussions with care homes in Lanarkshire

	NU
	0
	

	NB
	0
	

	IB	
	0
	

	SB
	0
	

	Intra-facility
	SR(0) = NR; ER(0) = IR(0) = RR(0) = QR(0) = 0
Ss = NS; ES(0) = IS(0) = RS(0) = QS(0) = ESD(0) = ISD(0) = 0 
	See the sub-model Intra-facility for more details

	Shared-staff-agent-specific state variables

	ID 
	1, 2, 3, …
	

	GroupID
	0
	

	WorkID
	0
	

	WorkRecord
	[0, 0, …, 0]
	

	InfectionState
	0 (susceptible)
	

	Tested
	False
	

	Isolation
	False 
	



5.1. Creating Bubbles of Care homes
In the scenarios of creating bubbles of care homes, care homes are grouped into m bubbles with similar sizes. Care homes can be allocated into bubbles randomly or based on their size or staff-to-resident ratio. The number of bank/agency staff members of bubble i () calculated as 
: Total number of permanent staff in bubble i 
bank/agency staff agents with GroupID = 0 are randomly assigned to group i (their GroupID change to i). 
5.2. Different Levels of Bank/Agency Staff Use
When the usage level of bank/agency staff are different from the base-case value (107 bank/agency staff agents – 10% of total staff), the level of permanent staff in each care home and bank/agency staff shared among care homes are adjusted accordingly in the Initialization so that the total staff in a network remains constant (). 
The number of permanent staff members in care home i: 
The number of bank/agency staff agents in a network initialized: 
5.3. [bookmark: _Toc45824469]Different Levels of Staff Shortage 
The number of permanent staff members in care home i are adjusted in the Initialization as   (s : the level of staff shortage - % of total staff).
6. Input Data
The daily incidence of COVID-19 in the community in the UK during the second wave is used to determine the time series input of the parameter C [16]. The model assumes that the undetected cases represent 50% of the total cases in the community [6]. The adjusted incidence is, therefore, calculated by doubling the reported incidence. 
7. Sub-models
Parameters used in the model are described in Table D. 
Table D. Parameters used in the model
	[bookmark: _Hlk48468702][bookmark: _Hlk48471021]Parameter name
	Meaning and rationale 
	Default Value
	Sensitivity Analysis
	Source

	C
	Incidence rate in the community
	Daily incidence in the UK
	Triangular distribution (min = 5x10-5, max = 0.002, mode = 0.0005)
	[16]

	dR

	Infection fatality rate among residents

	35.9%

	Triangular distribution (min = 29.1%, max = 43.4%, mode = 35.9%)
	[8,17]

	dS

	Infection fatality rate among staff
	0.07%
	Triangular distribution (min = 0.003%, max = 0.315%, mode = 0.070%)
	[8,17]

	cRR
	The number of contacts that a resident has with other residents per day
	4.1 contacts per resident per day
	Triangular distribution (min = 1, max = 5, mode = 4.1)
	[18-20]

	cSS
	The number of contacts that a staff has with other staff per day
	9.6 contacts per staff member per day
	Triangular distribution (min = 5, max = 15, mode = 9.6)
	[18-20]

	cRS
	The daily number of contacts that a resident has with staff per day
	7.9 contacts per resident per day
	Triangular distribution (min = 5, max =15, mode = 7.9)
	[18-20]

	cSR
	The daily number of contacts that a staff has with residents per day
	A function of the daily staff-per-resident ratio
	N/A
	

	µS
	Staff turnover rate 
	24% per year
	Triangular distribution (min = 14.0%, max = 37.7%, mode = 24.0%)
	[14,21]

	µR
	The rate at which residents leave the care home because of deaths caused by other reasons, moving to another facility, admitted to hospitals, or returning to their own home (rare) 
	0.004 deaths or discharges per resident per day 
	Triangular distribution (min = 0.001, max = 0.005, mode = 0.004)
	[12,22] 

	R
	The probability that an infected resident will develop symptoms
	0.7
	Triangular distribution (min = 0.5, max = 0.9, mode = 0.7)

	[8,9] (Based on the age distribution of care home population in the UK) 

	S
	The probability that an infected staff member will develop symptoms
	0.6
	Triangular distribution (min=0.4, max=0.8, mode=0.6)
	[8,9] (For a population like the UK or US)

	
	The risk of transmission per susceptible–infectious contact
	0.02
	Triangular distribution (min = 0.001, max = 0.05, mode = 0.02)
	[8,23-28]

	e
	The time elapsed between first exposure and becoming infectious
	4.6 days
	No (This parameter does not significantly affect number of infections as exposed individuals are not infectious. Also, values for this parameter are relatively consistent across studies.) 
	[29-33] (Lognormal (μ = 1.16, σ = 0.85))

	p
	The time elapsed between becoming infectious and onset of symptoms
	2 days
	Uniform (1,3)
	[4,10,34,35]

	i
	The time elapsed between onset of symptoms and recovery (or recovery time for those who remain asymptomatic)
	9.8 days

	Lognormal (mean = 9.769, std = 2.44)

	[36,37] (Lognormal (μ = 2.249, σ = 0.246))

	
	Isolation period of infected residents and staff
	14 days
	N/A
	[7]

	sd
	The reduction of resident-resident and staff-staff interactions (i.e. Compliance rate to social distancing) 
	0.75
	Triangular distribution (min = 0.2, max = 0.9, mode = 0.75)
	Assumed (based on other models’ assumption[8, 38] and discussions with care home staff and managers)

	pcr
	The compliance to routine PCR testing in permanent staff
	0.8
	No (Relative compliance to testing in permanent staff to bank/agency staff is important for the purpose of the model and explored by scenarios)
	Scottish Government Data Analysis and Research Group

	pcr
	The sensitivity of RT-PCR test
	0.9
	Triangular distribution (min = 0.7, max = 0.98, mode = 0.9)
	[39-41]

	B,pcr
	The compliance to routine PCR testing in bank/agency staff
	0.6
	Varied by scenario
	Scottish Government Data Analysis and Research Group

	pcr
	The interval of routine testing of staff 
	7 days
	N/A
	[7,42]

	trt
	The turnaround time of the test
	2 days
	Triangular distribution (min = 1, max =4, mode = 2)
	Social Care Working Group

	
	The proportion of bank/agency staff to total staff (i.e. the level of bank/agency staff use)
	10%
	Varied by scenario
	[13-15]

	
	The probability that a bank/agency staff member is randomly allocated to a care home
	0.5
	Varied by scenario
	Discussion with care home managers and representatives from Public Health Scotland and Health and Social Care Partnership Lanarkshire



7.1. Temporary Staff Requirement
Care home i seeks to recruit bank/agency staff each day:


describes the number of bank/agency staff required in normal circumstances prior to the COVID-19 pandemic due to ongoing staff shortage and absence of staff for reasons such as holidays, unfilled vacancies, and sickness.

The component represents the number of bank/agency staff agents required to cover for permanent staff members self-isolating due to COVID-19 (). 
The parameter  is the average percentage usage level of bank/agency staff in all care homes in the network.

7.2. Scheduling Pattern
Bank/agency staff are chosen from those from those who have not been allocated to any other care home (WorkID = 0), are not self-isolating (Isolation = false), and belong to the same sub-group of the care home (the same GroupID) where they are allocated following two rules one by one until the demand of this care home is fulfilled. 
· Rule 1 with probability : A randomly chosen bank/agency staff agent is allocated. 
· Rule 2 with probability (1 – ): For a care home with the identity number i in the network, the bank/agency staff agent with the largest value of WorkRecord[i] is allocated. 

7.3. Staff Resident Contact Rate
The daily number of contacts with residents per staff member at work: 
7.4. Intra-facility
Fig C describes the structure of the Intra-facility sub-model developed using stochastic SD. This sub-model represents the transmission dynamics within a care home agent. Table C summarizes the equations for stocks of residents and permanent staff in different states of infection and flows between stocks. This module implicitly accounts for the asymptomatic, pre-symptomatic, and symptomatic states via flows ( and  ) to keep the structure of the SD module simple, reduce the number of equations, and keep the equations for the transmission flows simple. Fig C. The structure of Intra-facility module embedded in each care home agent 
This sub-model developed using stochastic system dynamics represents the transmission dynamics of COVID-19 within a care home. Dash red, blue, and green lines represent transmissions caused by infectious permanent staff, residents, and temporary bank/agency staff respectively.

Table E. Summary of equations for stocks and flows in the Intra-facility sub-model
	Stock/ Flow
	Equation 
	Assumption or Comment

	Residents 

	Susceptible residents
	
	

	Exposed residents
	
	

	Infectious residents
	
	

	Recovered residents
	
	

	Isolated residents
	 
	

	Admission of new residents 
	

	All residents admitted to a care home are susceptible as they receive two compulsory tests and are isolated for 14 days upon admission.[6]
Care homes operate at a full capacity.

	Transmission to susceptible residents 
	 
	: heterogeneous parameter noise, representing parameter fluctuations caused by individual variation (unitless)[43]

(t- = 1/27 days)



	Residents become infectious 
	
	


	Isolation of residents when developing symptoms 
	
	We assume perfect effectiveness of resident isolation in the model.

	Recovery of infected residents 
	

	DELAY(input, delayTime, initialValue): discrete or pipeline. Use of this function means that all delays that it creates take exactly the same length of time, which is delayTime. However, until delayTime is reached, the function will return the initialValue.


	Death of residents due to COVID-19 
	

	

	Death/Discharge of residents due to other reasons 
	
	

	Staff

	Susceptible staff
	
	

	Exposed staff
	
	

	Exposed staff who are detected by testing
	
	

	Infectious staff
	
	

	Infectious staff who are detected by testing 
	
	

	Recovered staff
	
	

	Self-Isolating staff
	
	

	Recruitment of new permanent staff to replace staff who have left
	
	Permanent staff who leave a care home are replaced by new recruited permanent staff. 
All new recruited staff are susceptible.

	Transmission to susceptible staff 
	
 
	


	Staff becoming infectious 
	

	

t = 0: {TestOn = 95; 
TestReturn = TestON + trt}
t = TestON:  = pcr* pcr  
t ≠ TestON:  = 0
t = TestReturn: {k = 1;
TestON = TestON + pcr;
TestReturn = TestON + trt}
t ≠ TestReturn: k = 0

	Infected staff detected by testing 
	

	

	Self-isolation of staff when developing symptoms or tested positive
	


	


	Recovery of infected staff
	

	

	Death of staff due to COVID-19
	

	

	Staff turnover
	
	



7.5. FoI Temporary Staff 
Susceptible bank/agency staff can acquire the infection via contacts with infectious residents and staff members at the care homes where they work at the rate calculated as follow:
			 (1)
	(2)
	(3)
In which,
: The daily number of staff members at work (permanent and bank/agency staff)
: The daily number of permanent staff members at work
: The number of infectious staff members at work 
: The number of infectious permanent staff members at work	
Replace (2) & (3) into (1), the rate becomes:
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