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SI A. Details of the mathematical models
A1 The multi-zone model
The multi-zone model [1–3] was applied to calculate aerosol concentration distributions in Ward 8A. As suggested by Chen et al. [3], the ward was divided into six zones, with every cubicle set as an individual zone and the long corridor divided into two zones (Figure A). The volumes, mechanical ventilation rates and heat gains for the six zones are summarized in Table A.
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Figure A. The division of Ward 8A into six zones for multi-zone modelling. The long corridor was divided into two zones.
The multi-zone model was based on three macroscopic conservation equations: airflow balance, energy balance and aerosol mass balance [1, 3]. Regardless of wind effect, the airflow patterns in the ward were influenced by mechanical ventilation and thermal buoyancy. The index patient was assumed to be a steady source. The aerosols were modelled as passive tracers that did not affect the flow [4]. 
[bookmark: _GoBack]
Figure B shows the procedures in the multi-zone model program. First, the initial temperatures in each zone were set and the model MIX2 (Multi-zone Infiltration and eXfiltration) [1] was used to solve nonlinear equations based on the airflow balance and acquire the airflow rates. According to the calculated airflow rates, new temperatures were then obtained by solving the energy equations and compared with the old temperatures. If the temperatures had not reached convergence, the initial temperature was updated and the iterations continued; if the temperatures converged to a set of constants, the airflow pattern was calculated by MIX2. Finally, the aerosol concentrations were calculated based on the aerosol balance.
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Figure B. The major procedures of the multi-zone model.
A2 The long-range airborne route exposure model
[bookmark: OLE_LINK38]Following Gao [5], the exposure dose for the susceptible individuals in Zone j during the exposure time of T due to the airborne route in the respiratory tract was denoted as and was estimated as
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where  is the droplet’s initial diameter,  is the final diameter after complete evaporation, and  is the largest final diameter for airborne droplets;  is the number concentration of all the airborne droplets in the air of Zone j at time point t;  is the pulmonary ventilation rate;  is the deposition rate of droplets of diameter  in the respiratory tract from the deposition model of ICRP [6];  is the concentration of viable viruses (TCID50/ml or genome copies/ml) with the final diameter of  in inhaled droplets of the susceptible individuals in Zone j; and  is the probability distribution function of the final droplet size in the inhaled air of the susceptible individuals in Zone j.
According to Xie et al. [7] and Liu et al. [8], the evaporation time for airborne droplets is less than 0.1 second and their size decreases by one third on evaporation. Therefore, we assumed that in all zones, the inhaled airborne droplets have evaporated, and the diameters would be one third of their initial diameter, namely . After evaporation, virus viability in the droplets falls sharply to one quarter of its initial value and then declines slowly [9], so we assumed that the final concentration of viable viruses in airborne droplets was one quarter the initial concentration, namely , where  is the initial concentration of viable viruses (TCID50/ml or genome copies/ml) and is assumed to be irrelevant to the initial diameter of  in expired droplets.
The index patient was assumed to cough with a frequency () of 12 times an hour [10], and generate  (= 2000) droplets with each cough [11], so the droplet generation rate was . According to the probability distribution function of the initial expired droplets  given by Atkinson and Wein [12], a droplet generation rate for diameters between  and  can be expressed as . Using the deposition loss rate coefficients from Thatcher et al. [13], the compositions of inhaled airborne droplets can be acquired by the multi-zone methods, so  in Equation S1 could be calculated. Therefore, Equation S1 could be simplified as
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A3 The surface contamination model
The fomite transmission of disease is thought to be induced by touching contaminated surfaces, including the hands of the index patient [14]. In this study, surface contamination was initialised by the deposition of expired droplets from the index patient. In this study, surfaces around the index patient were assumed to be steady virus sources. The behaviour frequencies and surface touching sequences listed in Tables G and H were assumed or estimated from life experience and observation studies.
Regardless of virus concentration diversity, we assumed that the virus concentration would stay uniform on the same surface. According to Plipat et al. [15], virus quantities on the hand  and the environmental surface  after a touching action can be calculated as
	  = 
	(S3)
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where  and  are respectively the transfer rates from the environmental surface to the hand, and from the hand to the environmental surface;  and  are respectively the virus quantities on the environmental surface and the hand before touching;  and  are respectively the area of the environmental surface and the hand; and  is the contact area. 
Equation S3 and S4 can be written in matrix form as
	
	(S5)


As shown in Equations S3 and S4, virus quantities on surfaces after one touching action only depend on the state before the action rather than the sequence of states that preceded it, which conforms to the definition of the Markov chain [16]. Therefore, every behaviour consisting of a series of touching actions can be regarded as a discrete-time Markov chain, and surfaces (including environmental surfaces and hands) can be regarded as different states in the Markov chain. The square matrix in Equation S5 can be regarded as a simple transition matrix for the Markov chain. 
On the outbreak floor, we assumed there are l representative surfaces (including environmental surfaces and hands). For one type of behaviour including n touching actions, taking the virus inactivation on surfaces into consideration, we could obtain the final conditions:
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	       with , k=0, ..., n,
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where  indicates a row vector of  elements, representing the virus quantities on surfaces after the kth contact; refers to virus quantities on the xth surface after the kth contact;  is the transition matrix with a dimension of  in the kth contact, when the pth surface contacts the qth surface;  is the transfer efficiency from the xth surface to the yth surface;  is the area of the xth environmental surface, and  is the contact area when the xth surface contacts with the yth surface;  is a diagonal matrix with the dimension of  to indicate the effect of virus inactivation on surfaces;  is the virus inactivation rate on the xth surface; and is the time duration between the prior behaviour and the present one. 
The surfaces of the index patient and mucous membranes are special surfaces so there were some special treatments for them. As virus concentrations on surfaces of the index patient were assumed to be steady, if in the kth touching action, the pth surface pertained to the index patient, then the value of  in  was 0, and the value of   and  in the pth column of transition matrix  was 0. On the other hand, in this study, it was assumed that no virus would transfer from mucous membranes to hands and viruses on mucous membranes would not naturally die, so if the qth surface is a mucous membrane, the values of  in  would be 0, and the values of   in the qth row of the transition matrix  would be 0.
The exposure dose for Individual i during exposure time T due to the fomite route was denoted as and could be estimated as 
	 
	(S7)


where  indicates the virus quantities on the mucous membranes of Individual i after exposure time T.
A4 The dose–response relationship model
According to Gao [5], the infection risk of an individual in the ith hypothesis  (i = 1, 2 and 3) can be calculated as 
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where  and  are dose–response parameters in the respiratory tract and on mucous membranes, respectively.
SI B. Parameter selection
Table A. Parameters for the multi-zone model.
	Parameter
	Zone 1
	Zone 2
	Zone 3
	Zone 4
	Zone 5
	Zone 6
	Data source

	Volume (m3)
	121.5
	97.2
	121.5
	121.5
	97.2
	121.5
	Estimated [4]

	Supply airflow rate (m3/s)
	0.336
	0.049
	0.290
	0.305
	0
	0.310
	[4]

	Exhaust airflow rate (m3/s)
	0
	0.714
	0
	0
	0.576
	0
	[4]

	Heat gain (kW)
	2.310
	1.239
	2.310
	2.234
	1.239
	2.478
	Estimated [3]



Table B. The material types and areas of surfaces.
	Surface
	Material type
	Areaa (cm2)
	Data source

	Clothes
	Porous surfaces
	10,000
	Estimated [17]

	Bed surface
	
	18,000
	Assumed

	Curtains 
	
	1,000
	Assumed

	Over-bed table
	Non-porous surfaces
	4,800
	Assumed

	Bedside table
	
	8,400
	Assumed

	Cup
	
	250
	Assumed

	Bed rail
	
	2,355
	Assumed

	Water heater button
	
	3
	Assumed

	Toilet door handle (outer)
	Toilet surfaces
	47
	Assumed

	Toilet door handle (inner)
	
	47
	Assumed

	Toilet lid
	
	500
	Assumed

	Toilet flush buttons
	
	3
	Assumed

	Toilet taps
	
	3
	Assumed

	Toilet sanitizer button
	
	3
	Assumed

	Hand contact area
	Skin
	40
	Estimated [18, 19]

	Finger contact area
	
	2
	Estimated [20]

	Non-mucosal regions of head and neck
	
	1,300
	Estimated [17]

	Mucous membranes
	Mucous membranes
	10
	Assumed [5]


a Surface areas are effect areas that are commonly touched rather than the actual areas.

Table C. Transfer rates between surfaces of different materials.
	Donor surface
	Acceptor surface
	Transfer rate
	Data sourcea

	Hand
	Porous surface
	17%
	Staphy. saprophyticus, from hand to fabric [21, 22]

	Hand
	Skin
	17%
	Rhinovirus, from finger to finger [22]

	Hand
	Non-porous surface
	14%
	Rhinovirus, from hand to brass door knob [22]

	Hand
	Toilet surface
	36%
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Rhinovirus, from hand to faucet handle [22]

	Hand
	Mucous membranes
	34%
	PRD-1, from hand to mouth [23] 
PRD-1 (6), from hand to lips/skin [22]

	Porous surface
	Hand
	0.3%
	MS-2, from cotton to hand [24]

	Skin
	Hand
	17%
	[bookmark: OLE_LINK10]Rhinovirus, from finger to finger [22]

	Non-porous surface
	Hand
	37%
	MS-2, from stainless steel to hand [24]

	Toilet surface
	Hand
	16%
	Rhinovirus, from faucet handle to hand [22]

	Mucous membranes
	Hand
	0%
	Assumed


a The transfer rates of SARS-CoV between hands and surfaces were not available in the literature, so the data for other viruses and bacteria were used as surrogates. Data from the same researcher [22, 24] were selected to maintain consistency.

[bookmark: OLE_LINK13]Table D. First-order inactivation rates at different sites.
	Site
	Value
	Data source

	In air
	0.03/hr
	[bookmark: OLE_LINK125]Estimated, 229E coronavirusa, in aerosols, 20°C, 30% RH [25]

	On porous surface
	0.04/hr
	Assumedb

	On skin
	0.80/hr
	Estimated, 229E coronavirusa, on hands [26]

	On non-porous surface
	0.04/hr
	Estimated, SARS-CoV, on plastic surfaces, dried [27]

	On toilet surface
	0.46/hr
	Estimated, SARS-CoV, on plastic surfaces, 80–85% RH [28]


a The first-order inactivation rate of SARS-CoV on skin was not available in the literature; 229E coronavirus was used as a surrogate.
[bookmark: OLE_LINK19][bookmark: OLE_LINK24][bookmark: OLE_LINK23][bookmark: OLE_LINK16]b The first-order inactivation rate of SARS-CoV on porous surfaces was not available in the literature and was assumed to be equal to that on non-porous surfaces following Duan et al. [29].

Table E. Virus sources at different sites
	Parameter
	Sites a
	Value
	Data source

	
	In initially expired droplets
	103–109 mRNA copies/mlb
	Viral loads in nasopharyngeal aspirates [30]

	
	On skin
	2.6×10-8 mRNA copies/cm2
	Estimatedc

	
	On porous surfaces
	3.7×10-7 mRNA copies/cm2
	Estimatedc

	
	On non-porous surfaces
	3.7×10-7 mRNA copies/cm2
	Estimatedc


[bookmark: OLE_LINK128][bookmark: OLE_LINK127]a These sites all refer to those associated with the index patient.
b The index patient developed a fever on February 24, 2003 [31], so the computational period (March 4–12, 2003) comprised days 9–17 after onset of symptoms. According to Peiris et al. [30], the viral loads ranged from 103 to 109 mRNA copies/ml.
c It is assumed that when the index patient coughed, airborne droplets suspended in the air and other droplets were uniformly deposited on a small area around him. The virus concentrations on different surfaces vary with the first-order inactivation rates of the surface materials and the largest diameter for virus-containing droplets . In Table S5,  is set to be the baseline value, 100 m.

Table F. Dose–response parameters at different exposure sites
	Parameter
	Exposure site
	Value
	Data source

	
	Mucous membranes
	3.2×10-3/PFUa
	Estimated [32]

	
	Respiratory tract
	3.2/PFU 
	Assumedb


a The unit of dose–response parameters of SARS-CoV is not consistent with that of source strength due to a lack of related data. A PFU/RNA ratio cannot be determined because the ratio would vary with virus species and environmental condition in the experiments. 
b The dose–response parameter of SARS-CoV on the respiratory tract was not available in the literature, and was assumed to be 103 times higher than that on the mucous membranes, similar to the A2 influenza virus [12]. 

Table G. Behaviour frequencies
	Behaviour
	Executors
	Frequency 
	Data source

	Touching one’s own clothes
	All agents
	3/hr 
	Assumed

	Touching one’s own non-mucosal regions of head and neck
	All agents
	13/hr
	Estimated [33]

	Touching one’s own mucous membranes
	Nurses and the health assistant
	9/hr
	Estimated [34]

	
	Doctors and medical students
	5/hr
	Estimated [34]

	
	Patients, visitors and cleaning staff
	16/hr
	Estimated [34]

	Touching one’s own bed rails
	Patients
	10/day
	Assumed

	Touching one’s own over-bed tables
	Patients
	3/day
	Assumed

	Touching one’s own bed surfaces
	Patients
	3/hr
	Assumed

	Touching one’s own bedside table
	Patients
	3/day
	Assumed

	Helping the index patient fetch water
	The health assistant
	2.5/day
	[35]

	Helping the index patient with urination
	The health assistant
	4–7/day
	[36]

	Helping the index patient with defecation
	The health assistant
	1/3–3/day
	[37]

	Fetching water
	Normal patients
	2.5/day
	[35]

	Urination
	Normal patients
	4–7/day
	[36]

	Defecation
	Normal patients
	1/3–3/day
	[37]

	Visiting patients
	Visitors
	1/day
	Assumed

	Medical examinations
	Doctors
	Beginning at 08:00
	Assumed

	Clinical assessment
	Medical students
	March 6, 2003 and March 7, 2003
	[38]

	Routine rounds
	Nurses
	Beginning at 03:00, 07:00, 11:00, 15:00, 19:00 and 23:00 a
	Assumed

	Cleaning cubicles
	Cleaners
	Beginning at 08:00 and 18:00
	Assumed

	Cleaning toilets
	Cleaners
	Beginning at 08:00 and 18:00
	Assumed


a Healthcare workers would generally take observation for every patient (such as pulse, temperature and blood pressure) every 4 hours, namely 6 times per day.

Table H. Assumed sequences of touching surfaces in behaviours
	Behaviour
	Executors
	Assumed sequence of touching surfacesa

	Touching one’s own clothes
	All agents
	Clothes

	Touching one’s own non-mucosal regions of head and neck
	All agents
	Non-mucosal regions of head and neck

	Touching one’s own mucous membranes
	All agents 
	Mucous membranes

	Touching one’s own bed rails
	Patients
	Bed rails

	Touching one’s own over-bed tables
	Patients
	Over-bed tables

	Touching one’s own bed surfaces
	Patients
	Bed surfaces

	Touching one’s own bedside table
	Patients
	Bedside tables

	Helping the index patient fetch water
	The health assistant
	Cup → water heater button → water heater button → cup

	Helping the index patient with urination/defecation
	The health assistant
	Toilet door handle (outer) → toilet door handle (inner) → toilet lid → toilet lid → toilet flush button → toilet tap → toilet sanitizer button → toilet door handle (inner) → toilet door handle (outer)

	Fetching water
	Normal patients
	Bed surface → bed rails → cup → water heater button → water heater button → cup → bed rails → bed surface

	Urination/defecation
	Normal patients
	Bed surface → bed rails → toilet door handle (outer) → toilet door handle (inner) → toilet lid → toilet lid → toilet flush button → toilet tap → toilet sanitizer button → toilet door handle (inner) → toilet door handle (outer) → bed rails → bed surface

	Visiting patients/medical examinations/clinical assessment routine rounds/
	Visitors/doctors/medical students/
nurses
	Curtains → bed rails → bed surfaces → clothes → patients’ hands → clothes → bed surfaces → bed rails → curtains 

	Cleaning cubicles
	Cleaners
	Curtains → over-bed tableb → bedside tableb → curtains

	Cleaning toilets
	Cleaners
	Toilet outside door handle → toilet inside door handle → toilet lidb → toilet lidb → toilet flush buttonb → toilet inside door handle → toilet outside door handle


a HCWs’ surface touching sequences were assumed based on YouTube videos of student-focused training in healthcare from the Arizona Medical Training Institute (AZMTI) (https://www.youtube.com/user/AZMTI).
b Underlining indicates surfaces that cleaning staff would clean.

Table I. Other parameters
	Parameter
	Description
	Value
	Data source

	
	Computational duration
	9 days, from March 4 to 12, 2003
	Assumed [31]

	
	Largest diameter for airborne droplets
	10 m
	[10, 39]

	
	Largest diameter for inspirable droplets
	100 m
	[10]

	
	Largest diameter for virus-containing droplets
	100 m as the baseline value
50–200 m for sensitivity analyses
	Assumed [5]

	
	Pulmonary ventilation rate
	0.48
	[40]

	
	Frequency of cough
	12/hr
	[10]

	
	Temperature of supply airflow
	14.3°C
	[3]

	
	Number of droplets generated per cough
	2,000
	Estimated [11]

	
	Number of index patients
	1
	[41]

	
	Number of health assistants
	1
	Assumed

	
	Number of normal patients at one time point
	38
	Assumed [4]

	
	Number of visitors
	0–3 for each patient
	Assumed

	
	Number of doctors
	4
	Assumed

	
	Number of medical students
	19
	[38]

	
	Number of nurses
	4
	Assumed [42]

	
	Number of cleaning staff
	1
	Assumed

	
	Surface cleaning efficiency
	80%
	Assumed

	
	The probability of nurses washing hands after contacting a patient
	67.3%
	Estimated [43]

	
	Hand washing efficiency
	0.4
	Estimated [44]



SI C. Supplemental figures
C1 Comparison of aerosol distributions of CFD simulations and multi-zone methods
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Figure C. Comparison of normalized aerosol distributions with CFD simulations [4] and multi-zone methods. 
C2 Spatial characteristics of the predicted infection risk patterns (Patterns 2, 4 and 6)
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(i)                                                                      (ii)
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(iii)                                                                      (iv)
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(v)                                                                      (vi)
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(vii)                                                                      (viii)
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Figure D. (i) Reported attack rates distribution [4]. (ii) Predicted average infection risk distribution (for 1,000 simulations) via the long-range airborne route at 24:00 on March 12, the end of the computational period. (iii) HCWs’ routine round Pattern 2. (iv) Predicted average infection risk distribution via the fomite route (Pattern 2). (v) HCWs’ routine round Pattern 4. (vi) Predicted average infection risk distribution via the fomite route (Pattern 4). (vii) HCWs’ routine round Pattern 6. (viii) Predicted average infection risk distribution via the fomite route (Pattern 6). The largest virus-containing droplet size  = 100 m, dose–response parameters in respiratory tracts  = 3.2/mRNA copy and on mucous membranes  = 3.2 × 10-3/mRNA copy, and the viral load coefficient  = 10. Bed numbers are marked in black in (iii), (v) and (vii). Reported attack rate and predicted average infection risk for every inpatient are marked in blue in (i), (ii), (iv), (vi) and (viii), respectively. As shown in the legend, the intensity of red shading represents levels of attack rate or infection risk. 
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