Technical Appendix (Online supplementary material)

The basic differential equations adapted for this model are given in formulae 1 to 5. 

dS/dt=-β(S/N)(I+A)






(1)

dE/dt=β(S/N)(I+A)-Eσ





(2)

dA/dt=Eσ-Aδ







(3)
dI/dt=Aδ-Iγ







(4)
dR/dt=Iγ







(5)
R0=βd








(6)
The stated variables in the basic SEIR model are defined as follows: Susceptible (S): individuals prone to infection; Exposed (E): infected persons without symptoms and without being infectious; Asymptomatic (A): infectious persons without showing symptoms so far; Infected (I): symptomatic, infectious cases; and Removed (R): recovered, un-infectious and immune individuals.

The model starts with one infected case in a totally susceptible population. This infectious case transmits the infection to susceptibles with rate β, where β is a product of the rate of individual contacts (κ) and the likelihood that a contact with an infectious case results in an infection (q). For the sake of simplicity, the model assumes that all contacts in the model have the same chance of getting infected and that all individuals meet with equal probability (homogeneous mixing pattern). 

An individual who becomes infected leaves the susceptible group and enters the exposed group. The number of newly exposed individuals is given by β times the current number of infectious cases (A+I) multiplied by fraction of individuals currently susceptible (β(S/N)(A+I)). In order to calculate S, the newly exposed individuals are subtracted from S (formula 1) and are added to the group of E. To then respectively calculate the number of individuals changing between the groups of E, A and I, the rate by which individuals leave one and enter another group has to be specified. Exposed individuals move sequentially through to the asymptomatic group, the infected group and finally to the removed group at rates σ, δ and γ, respectively (formulae 2 to 5). 

To take variations in disease severity into account, the infected cases have been classified into three main severity levels which are: asymptomatic cases which are infectious without showing significant symptoms, mild cases which would seek medical care but can be treated at home and critical cases that need hospitalisation. These case groups differ from each other in their duration of infectiousness. The rate of flow by which cases move from the compartment of asymptomatic, mild, and critical cases into the corresponding next compartments is denoted by τ. For cases seeking medical treatment it is considered as the rate of detection, and the successive compartments describe the usage of health service resources. For asymptomatic and untreated mild cases τ just denotes the rate of flow into the next compartments where no health service resources are required. Theta (τ) already counts as infectious period. For the hospital group, a separate hospital specific contact rate is applied to calculate the infections generated via contacts within the hospital setting. The mild and critical compartment is further subdivided in an extra group receiving AV treatment, which reduces the time being infectious. In order to link the model with available resources, the critically ill group is further divided into a group of hospitalised cases (critical cases will be hospitalised as long as hospital beds are sufficient, otherwise they would become critical outpatients), ventilation (critical cases needing ventilation will get ventilation as long as the ventilators are free; cases needing ventilation yet not receiving it will die), critical cases treated at home with AVs, and critical cases treated at home without AVs. For these groups different death rates and different infectious periods apply according to their level of disease severity and the quality of treatment they receive. 

Non-pharmaceutical and pharmaceutical intervention measures are considered in the model and are implemented as follows: 

(i) Hospital interventions (case isolation and infection control): The proportion of newly generated infections prevented due to infection control measures within the hospital setting is calculated in the model. 

(ii) Contact reduction: Contact reduction applies to all contacts except hospital contacts. The proportion of contacts which can be reduced through social distancing and the period during which contact reduction is initiated can be specified. 

(iii) AV treatment: AV treatment reduces the time period for which cases are infectious. The proportion of cases receiving AV treatment can be specified for mild and critical outpatients. It is assumed that all hospitalised cases would receive AV treatment. The amount of AV doses available has to be specified. Once the stockpile is exhausted, AV treatment is no longer applied. 

(iv) Vaccination: For vaccination, assumptions about the available number of vaccines, the efficacy of the vaccine, the number of individuals which can be vaccinated per day and the time point at which vaccination starts have to be defined. From the time point the vaccine is available, susceptible individuals will flow to the recovered group at a rate determined by these assumptions. 

To calculate the basic reproduction number (R0) β is multiplied by the duration of the infectious period (d), which for the baseline model is 1 over σ and δ, for A and I, respectively (formula 6). To calculate the model’s R0 the different infectious periods were weighted according to the case proportions within the infectious compartments (formula 7).

The differential equations were solved using the Euler method. The data points of the scenario chart are calculated iteratively using discrete constant time-steps of 2.4 hours. The underlying equations are given in formulae 8 to 25, which are: Susceptible (S) (8), Exposed (E) (9), Pre-symptomatic cases (A) (10), Asymptomatic infection (Ia) (11), Asymptomatic infection (second group) (Ia2) (12), Mild infection (Im) (13), Mild infection with AV treatment (Ima) (14), Mild infection without AV treatment (Im2) (15), Critically ill (Ic) (16), Critically ill hospitalised (infectious) (Ih) (17), Critically ill hospitalised (non-infectious) (Ih2) (18), Critically ill with AV treatment (home) (Ica) (19), Critically ill without AV treatment (home) (Ic2) (20), Critically ill with ventilation (V) (21), Ventilation, non-infectious (V2) (22), Death (D) (23) and Recovered (R) (24). In the model the removed individuals comprise of death (D) and recovered (R). The parameter definitions along with the model parameters used are given in the appendix table. 
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Appendix table: Parameter denotation, description and numeric values of the modelling parameters used (based on the H1N1 pandemic influenza), and justifications for using them

	Parameter
	Description
	Value
	Justification

	к
	Rate of daily contacts possibly resulting in transmission
	7/1
	Assumption for the model, based on R0 (к=R0γ/q)

	q
	Proportion of contacts resulting in transmission
	0.09
	Assumption based on [1]

	σ
	Rate by which individuals leave exposed group
	1/1
	1-2 days [1], 2.62 days [2], and 1-5 days [3] between infection and symptom onset 

	δ
	Rate by which individuals leave asymptomatic group
	1/0.4
	1 day [2, 3], and 0-2 days [3] infectious before symptom onset

	τ
	Rate cases get detected (cases already infectious, infectious periods are reduced accordingly; for computation reasons τ is also applied to the asymptomatic group) 
	1/0.5
	Assumptions for the model

	pκ
	Proportion of contacts reduced
	0.1
	Assumption for the model

	pqh
	Proportion of hospital transmissions which are reduced (e.g. due to isolation)
	0.7
	Assumption for the model

	pa
	Proportion of cases that are asymptomatic
	0.3
	values range from 30 to 50% [1, 4-6]

	pm
	Proportion of cases that are mild 
	0.698
	pm=1-pa-pc

	pc
	proportion of cases that are critical (require hospitalisation)
	0.002
	0.16% [7] and 0.45% [8] of symptomatic cases hospitalised

	pv
	Proportion of hospitalised cases needing ventilation
	0.2
	21% of hospitalised cases needing IC treatment [9], 18% of hospitalised cases needing ventilation [10, 11], 0.002 to 0.035% of symptomatic cases need ICU treatment

	γa
	Rate by which asymptomatic cases leave infectious group
	1/0.5
	1.9 days [12], 3.38 days [2], 4-10 days [3] mean duration of infectivity

	γm
	Rate by which mild cases leave infectious group
	1/1.5
	Assumption based on [2, 3, 12] 

	γc
	Rate by which severe cases leave infected group
	1/3.5
	Assumption based on [2, 3, 12]

	γma
γca
	Rate by which mild and critical cases under AV treatment leave infectious groups
	1/0.5

1/2.5
	Infectious period under AV treatment reduced by 1 day [4] 

	γh
	Rate by which cases leave hospital group
	1/12
	Length of ICU stay 13.5 days [13]

	γv
	Rate by which cases leave ventilated group
	1/13
	12 days [14], 15 days [13]

	dc
	Proportion of critical outpatients that die
	0.25
	Proportions of deaths are extrapolated from the following assumptions: 40% of ICU cases died [13], 14.3% of ICU cases died [14], 11% of hospitalised cases died [11], 7 % of hospitalised cases died [15], 0.007% of symptomatic cases died [7]

	dca
	Proportion of critical outpatients that die under AV treatment 
	0.15
	Assumption based on [7, 13, 14], Odds Ratio for reduction in influenza mortality in hospitalised cases: 0.21 (95% confidence interval 0.06-0.80) [16], patients who died were less likely to have received AV therapy within 48 hours after symptom onset [15]

	dh
	Proportion of hospitalised cases that die
	0.10
	Assumption based on [7, 13, 14]

	dha
	Proportion of hospitalised cases that die under AV treatment
	0.05
	Assumption based on [7, 13-16]

	dv
	Proportion of ventilated cases that die
	0.25
	Assumption based on [7, 13, 14], 45% of ventilated cases died [15]

	N
	Number of individuals in the model 
	
	N=S+E+A+Ia+Im+Ic+Ia2+Ima+Im2+Ica+Ic2+Ih+Ih2+ V+V2+D+R

	Modelling parameter describing provincial situation (justification given in the article)

	pca
	Proportion of critical cases treated with AVs
	1

	pma
	Proportion of mild cases treated with AVs
	0

	ε
	Available number of AV drugs (NAV(t)): 
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	φ
	Available number of hospital beds (Nbed(t)):
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	ω
	Available number of medical ventilators (NVent(t)):
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	ρ
	Rate individuals get vaccinated
	Vaccination not applied in the model

	v
	Proportion of vaccinated individuals immune to infection
	Vaccination not applied in the model
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