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[bookmark: _y9pgyafezs9s]A. Comparison with previous results

We compared our findings for the probability of detection by PCR as a function of time since infection to two existing1,2 results (Figure S1A). Kucirka et al. fit a polynomial curve to results from 8 studies that estimated PCR sensitivity as a function of time since symptom onset or exposure. Hay & Kennedy-Schaffer fit a model motivated by prior knowledge of viral load dynamics to PCR sensitivity as a function of symptom onset as compiled by Borremans et al.3
Our model, fitted to the SAFER study data, found a much higher probability of detecting infections between 1 and 3 days after infection than the model fitted by Kucirka et. al. The peak probability of detection was also later on during the course of infection for Kucirka et. al, who estimated it to be around 8 days after infection compared to 4 days found by our model and Hay & Kennedy-Schaffer et. al. Our estimated probability of detection was also consistently lower than that found by both other models for 7 days after infection onwards.
We summarised the SAFER study data using the median infection times inferred by our model to provide point estimates of the observed probability of detection for each day since infection (shown in the orange points in Figure S1A). We then re-fit the Kucirka model to its original data set extended to include the HCW data from the SAFER study (Figure S1B). Doing this gave estimates of the probability of detection between 1 and 3 days after infection from the Kucirka model that were very similar to those found by our model. 
However, the Kucirka model still estimates higher probabilities of detection than our model from 7 days after infection onwards. This seems to be a feature of the SAFER study data rather than a poor model fit to the SAFER data (Figure S1A). 
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Figure S1: A) Three PCR detection probability curves as a function of the time since infection along with data used to fit the curve. From L - R: (Green) A curve fit to data from Borremans et al (2020) by Hay & Kennedy-Shaffer et al (2020). (Orange) Our curve fit to data on HCWs, the points show the estimated sensitivity of PCR tests at each time point using the median infection time estimated by our model. (Purple) The curve fit by Kucirka et al (2020) to data combined from 8 studies. B) A copy of our PCR detection probability curve (same as orange curve in A) is shown in orange. The grey curve shows the results of fitting the model developed by Kucirka et al 2020 to their data (purple points in A) combined with our data (orange points in A). The purple curve shows the original Kucirka model fit (same as purple curve in A). In both plots the dashed line at 5 days shows roughly the average incubation period.
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[bookmark: _kkkt1j3ob3fm]B. Sensitivity Analysis

It is possible that the fitting procedure that led to our PCR positivity curve over time was heavily influenced by a single individual, given that our curve was jointly fit to the posterior distributions of all individuals (representing the likely time at which they were exposed to SARS-CoV-2). Therefore, to check the influence of each individual on the resulting curve, we performed a leave-one-out sensitivity analysis, whereby we fit the same curve to the 27 possible sets of 26 individuals if one individual is left out in each fit. 

The medians of the resulting 27 fits and their corresponding 95% credible intervals are plotted in Figure S2, where it is possible to see that each run is largely in agreement with all of the others. In particular, the 95% credible intervals of all curves are in almost exact agreement. The median of one curve is noticeably lower than the others after the 11-12 day mark. However, on inspection of the 95% credible interval for this curve in comparison to the other 26, it is possible to see that this variation is captured within the 95% credible intervals of the other curves. Specifically, we notice that the 95% credible interval of the curve with a lower median is almost identical to the 95% credible intervals of the other 26 curves. 



[image: ]
Figure S2: Multiple PCR positivity curves superimposed on top of each other, each curve shows the fitted PCR positivity curve while leaving out data for a different one of the 27 individuals in the data set each time. There is one curve whereby the median posterior probability is around 5% lower from ~12 days after infection onwards if data for an individual is excluded. This suggests that one individual out of the 27 HCWs continued to test positive for a long time after their inferred infection date, which could possibly bias our PCR positivity upwards slightly towards the tail of the distribution.
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Figure S3: The maximum a posteriori estimate of the PCR positivity curve (dashed black line) along with 150 randomly sampled positivity curves from the posterior distribution. Comparing these trajectories to the posterior median shown in Figure 3B shows how some smoothing occurs in the peak positivity.  
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Figure S4: A copy of Figure 3d except that it shows the probability of detecting an asymptomatic case within 5 days rather than 7.
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Figure S5: A comparison of the median posterior PCR positivity curve for two different incubation period distributions by Lauer et al4 and McAloon et al5. Using a different incubation period does not significantly change the results.
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[bookmark: _8dea1gcrpj5k]C. Routine Asymptomatic Testing Model 
Let [image: ] be the number of discrete days since infection, going up to a maximum of 30 days after infection at which point detection by PCR is very unlikely. For a given value of [image: ] the probability that symptom onset has not occurred by day [image: ] and that a test on this day will detect the as yet undetected infection (denoted [image: ]) can be broken down as follows

[image: ] P(no onset by day [image: ]) * P(tested on day [image: ]) * P(test positive on day [image: ]) * P(test negative in all tests previously).

Taking this piece by piece, the probability that a symptomatic case has not had symptom onset by day [image: ], where [image: ] is the number of days delay between testing and receiving results, is given by [image: ] where [image: ] is the cumulative distribution function of the incubation period distribution estimated by Lauer et al6.

The probability of being tested on day [image: ] is equal to [image: ] where [image: ] is the testing frequency in days.

The probability of testing positive on day [image: ] after infection is given by posterior samples of the positivity curve (Figure S3), denoted [image: ]. 

If you are being tested on day [image: ] and you have been tested before then your previous tests were on [image: ] and [image: ] and so on. Letting [image: ] be the set of previous testing times such that

[image: ].

Then the probability of having not tested positive previously is given by

[image: ] .

The complete probability of detecting a symptomatic case before onset is found by summing over all [image: ]

[image: ].


Let the probability of an asymptomatic infection being detected by a given day, say [image: ], be denoted [image: ]. For an asymptomatic infection [image: ] over  the range of days since infection from 0 to [image: ], since an asymptomatic infection would need to have been tested by this point to receive a result by day[image: ]. This gives the following equation

[image: ].


[bookmark: _pusbqrodhnal]D. Further Methodology
1. Empirical distribution of PCR positivity
The grey interval in Figure 3A is calculated from the posterior samples of the likely infection time for each individual ([image: ]). If we let the [image: ] posterior sample of [image: ] be denoted [image: ], then [image: ], which denotes the time from infection until each test [image: ], performed on individual [image: ], for each sample [image: ] is given by 
[image: ].
Each [image: ] is rounded to the nearest discrete day and for each MCMC iteration, [image: ]¸ we calculate the proportion of tests where [image: ] which were positive for each discrete day [image: ]  since infection, denoted [image: ]. We then calculate the mean and 95% uncertainty intervals of [image: ] for each day [image: ] over all MCMC samples [image: ]. This can be considered a graphical representation of the “data” that the PCR positivity regression is fit to (the precise values rely on the infection time draws at each iteration of the MCMC).

2. Sources of uncertainty

We infer likely infection times using a Bayesian inference framework, where we are able to include sources of uncertainty in a statistically robust manner. Such sources of uncertainty include:

· The censored nature of the interval between the last asymptomatic report and first symptomatic report for all individuals
· The incubation period, which is assumed to be a Gamma distribution parameterised using fitted estimates from Lauer et al. (2020)4
· As the data to which we fit the curve to is sampled from the inferred posterior distributions corresponding to the likely time at which individuals were infected, the 95% credible interval of our PCR positivity curve over time includes the uncertainty within each of the posterior distributions of likely infection time
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