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[bookmark: _Toc69197815][bookmark: _Toc69197887][bookmark: _Toc69198092][bookmark: _GoBack]Incubation Time
The incubation time is defined as time from infection to symptom onset. A meta-analysis across 11 studies [1] found a mean incubation time of 5.4 days with many studies being generally consistent with this value. An estimation of incubation time from case report data including time of exposure and manifestation of symptoms reported a lognormal distribution of incubation periods with a mean of 5.5 days with a 95%-IQR of [2.2,11.5] days, corresponding to a standard deviation of 2.4 days, although case data may underrepresent mild cases [2]. 
The incubation time is modelled as a log-normally distributed random variable with the assumption about the distribution adopted from [2]. This distribution is determined by its mean and its standard deviation which are extracted from the reported literature. Mean incubation time analysed in the model are reasonably certain and lie in the range  and standard deviation lies in the range of  based on the 95% IQR reported in [2].
[bookmark: _Toc69197816][bookmark: _Toc69197888][bookmark: _Toc69198093]Symptomatic Time
The symptomatic time as defined for this study is the time from symptom onset to the end of infectiousness. Information about this period can be obtained by various methodically different means. By monitoring the transmission history of index cases to their contacts, attack rates can be stratified by time after infection, providing insight into the time-dependent infectiousness. A study of this type concerned with infections after symptom onset in Taiwan found 12 transmission pairs with 11 infections occurring in the 1-3 day span after symptom onset and just 1 the 4-5 days span [3]. Early on in the pandemic, a study of 77 non-severe transmission pairs of Guangzhou hospital admissions modelled the infectivity profile explicitly and found that the infectiousness becomes vanishingly low 8 days after symptom onset [4]. Virological studies complement the body of evidence found by such contact studies by biological examination of patient samples. Viral RNA in these samples can be detected explicitly and investigated for their ability to reproduce, in which case the virus is likely still infectious. Detectable levels of viral RNA were reported to persist for 2 weeks and longer [5] and a scoping review reported that the time from symptom onset to two negative PCR-tests had a mean of 14 days across studies [6]. However, efforts to cultivate virus from patient samples failed for all tested samples after day 8 of symptom onset, [5, 7] suggesting that the highly sensitive detection of viral RNA is not a reliable proxy of patient infectiousness which is in accordance with reports of the scoping review [6]. Due to the technical difficulties of asserting active infectiousness, the overall evidence on the symptomatic time is scarce but suggests high infectivity around symptom onset and negligible levels of infectiousness for most individuals around day 8 after symptom onset. 
The symptomatic time is modelled as a log-normally distributed random variable. Although information about the distribution could not be extracted from literature, the log-normal assumption is adopted as for the incubation time with parameters fitting the general descriptions in this paragraph.  The mean symptomatic times are not entirely certain which is reflected in the large range of analysed parameters  and the standard deviation is chosen to lie in the range of  to fit the available evidence.
[bookmark: _Toc69197817][bookmark: _Toc69197889][bookmark: _Toc69198094]Presymptomatic Transmission
A characteristic feature of SARS-CoV-2 is a period of infectious viral shedding before symptoms manifest which is denoted as the presymptomatic time. The existence of presymptomatic transmission is reflected in a serial interval which is of a similar magnitude as the incubation time, implying that there must be significant presymptomatic transmission potential [8]. 2-point testing in a skilled nursing facility revealed that of 27 patients who were asymptomatic but SARS-CoV-2 positive at first test, 24 patients turned symptomatic with a median time of test to symptom onset time of 4 days, suggesting existence of viral RNA a couple days before symptoms appear [9]. In a study of transmission pairs, infectiousness was found to start from >2 days before symptom onset and relevant levels of infectiousness start 5 days before the onset of symptom. [4] A descriptive study of transmission clusters in Singapore found 10 presymptomatic transmissions which occurred 1-3 days before symptom onset [10]. A scoping review on infectious times found that most studies consistently report mean presymptomatic periods of 1-4 days [6]. 
The available evidence suggests that presymptomatic transmission is relevant and infectiousness can with some certainty be modelled to start in the range of 1-4 days before symptom onset. The presymptomatic time is modelled as a random variable which, due to lack of more specific information, is assumed to be uniformly distributed on the specified range of 1-4 days before symptom onset.
[bookmark: _Toc69197818][bookmark: _Toc69197890][bookmark: _Toc69198095]Asymptomatic Transmission
Apart from the temporal properties of the natural history of disease, characteristics pertaining to asymptomatic individuals need to be included. The asymptomatic fraction, i.e. the fraction of infected cases who do not develop noticeable symptoms at any stage of the disease is of major importance when trying to predict how well different outbreak suppression strategies perform. With increasing numbers of scientific investigations in this regard, the existence of a large reservoir of completely asymptomatic individuals can be excluded. In an extensive meta-analysis, an asymptomatic fraction of 20% was reported across studies [11]. Specific studies with large numbers of participants which reported an asymptomatic fraction are the study on the Diamond Princess cruise ship [12] which reported 113 (18%) asymptomatic patients and a retrospective cohort study in Korea reporting 89 (29%) asymptomatic individuals [13]. In a screening study of healthcare workers in the UK [14], 6 completely asymptomatic individuals (11%) were identified, while this number climbed to 18 individuals (32%) if mild symptoms are counted as asymptomatic, providing a span of how symptom definition may affect the asymptomatic fraction. Although the definition of an asymptomatic case varies across studies, a general range of possible values can be specified.
In order to properly plan responses to the ongoing pandemic, the transmission potential of these asymptomatic carriers must be discussed. Cycle threshold (or ) values of a PCR test indicate the viral load available in the sample and they are defined as the number of reproduction cycles necessary to generate a detectable signal.  Comparisons of  values [9, 13] showed no significant difference in asymptomatic and symptomatic carriers. A review concerned with properties of asymptomatic carriers reported conflicting results in the literature concerning the existence of different transmission potential [15]. Another systematic review with a sample size of 5 studies found some evidence for a relative risk of infection smaller than 1 for asymptomatic carriers, but the confidence interval is consistent with 1 as well [11]. Consequently, the possibilities of asymptomatic infectiousness lower or equal to symptomatic infectiousness should both be considered.
Based on the available evidence, the fraction of cases  which display no noticeable symptoms is modelled in the range of . Their infectiousness compared relative to symptomatic cases is denoted by  and takes values in the range of .
[bookmark: _Toc69197819][bookmark: _Toc69197891][bookmark: _Toc69198096]Reproduction Number
The most influential measure to classify the propensity of an infection to spread is the reproduction number  which quantifies the average number of secondary infections emanating from a primary infection in a fully susceptible population. It is not an inherent characteristic of the pathogen but is instead highly contextual. To name a few factors, the behaviour of individuals, the current environment and protective measures like face masks or enhanced personal hygiene all impact the overall transmission rate and thus the reproduction number. To account for the highly contextual application,  was varied across the wide range of  to reflect the existing uncertainty in this parameter in this specific setting.
[bookmark: _Toc69197820][bookmark: _Toc69197892][bookmark: _Toc69198097]Generation Time
[bookmark: _CTVK001b8e2fc9dfe1c444897f0d29cf40bded8]Assessing the effective virus propagation requires not only a reproduction number, but also the length of a typical reproduction cycle. This characteristic is covered by the generation time which is the time of the infection of a primary case to the infection of the secondary case. It is similar but not equivalent to the serial interval, which states the time difference between symptom onset of index and of secondary case. Unlike the generation time, the serial interval can also take negative values due to existence of presymptomatic transmission, but the mean can nevertheless be used as a proxy for the mean generation time. Generation times are a more fundamental measure for epidemiological characterizations, although also more complicated to infer. A study of cluster data in Singapore and in Tianjin found generation times of 5.2 days and 4.0 days respectively along with their respective distributions [16]. Serial interval estimation of publicly available data of 28 transmission pairs yielded a value of 4.7 days for the serial interval [8]. Interestingly, the study of transmission pairs in Guangzhou found that 8% of serial intervals are negative with an overall mean of 5.8 days [4]. Another study of 40 high confidence transmission pairs which directly estimated generation times found a mean generation time of 5.0 days as well as a corresponding distribution of times [17]. 
The generation time has not been used as a model input and can therefore be used to validate the infectivity profile to a limited extent. If infected individuals did not change their behaviour based on their disease state, the distribution of infectivity would be proportional to the distribution of generation times. Infectivity profiles can be randomly generated and thereupon generations times can be sampled to simulate the mean model generation time. This generation time estimate depends on several model parameters, i.e. the incubation time, the symptomatic time and the timing of peak infectiousness. In order to obtain the span of mean generation times which the model can realize, generation times are generated for the best parameter guess and a set of model parameters corresponding to both minimum and maximum mean generation time within the specified parameter uncertainty ranges. The minimal mean generation time realized by the model is 4.9 days, the best guess mean generation time is 6.4 days and the maximal mean generation time is 8.0 days. The stochastic error of these estimates is negligible compared to the rounding error. These generation times are on the large end compared to the generation times reported. But this is reasonably expected: Due to most individuals exhibiting symptoms at some point of their disease, they will tend to truncate the right side of their infectivity profile due to isolation. If this consideration is included in interpreting the simulation results, the generation times produced by the model fit well to the estimates in the literature.
[bookmark: _Toc69197821][bookmark: _Toc69197893][bookmark: _Toc69198098]Peak Infectiousness
The time-dependent infectiousness was described in the main paper as linearly increasing at the start of the presymptomatic phase until a peak value is reached, after which it decreases linearly towards the end of the symptomatic phase. The timing of peak infectiousness has major implications for the spread of infection as it scales the infectivity of presymptomatic individuals: An early peak of infectiousness makes symptom-based isolation strategies less efficient. Peak infectivity is expected to occur around symptom onset, as the generation time is similar to the incubation time, implying common occurrence of presymptomatic transmission. This statement is supported by analysis of viral load dynamics in a scoping review of infectious periods, where viral loads were reported to peak on symptom onset or 2-4 days after [6].
	The timing of peak infectiousness  is a model parameter which fixes the form of the infectivity profile. It is modelled in the range of  interpreted relative to the time of symptom onset. The possibility of infectiousness peaking before the onset of symptoms is therefore included.
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