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Introduction 

In addition to social distancing measures, suppression of SARS-CoV-2 depends on surveillance 
testing and quarantine of infected individuals to break chains of transmission within a 
population. By identifying and isolating  symptomatic, presymptomatic, and asymptomatic 
spreaders, it is possible to repeatedly push the reproduction number (R0) in an environment to a 
level that significantly lessens the spread, despite potential reintroduction into a population from 
community transmission. In addition, repeat testing of a population is robust to potential false 
negatives (due to analytical limitations) as well as population non-compliance.1 

Surveillance testing 

Suppression of viral spread requires reducing R0 below 1. If R0 is below 1, then viral spread 
collapses.2 50 – 90% of the spread of SARS-CoV-2 is currently estimated to originate from 
asymptomatic and presymptomatic infected individuals.3,4,5,6 For presymptomatic individuals, the 
infection period prior to symptoms is estimated to be up to 5 days.7,8 Left undetected, a typical 
asymptomatic individual may remain infectious for 14 days.3 Due to these unique 
characteristics, SARS-CoV-2 spreads rapidly in uncontrolled environments. To prevent rapid 
spread, surveillance testing at regular time intervals, with self-quarantine of infectious 
individuals, can lower the R0 to below 1.1, 9, 10  

Modeling approach 

We use an SIR (Susceptible, Infected, and Removed) model to estimate the fold change in 
infections (It) over both a variety of R0 values and different surveillance intervals (i.e., daily, 
weekly, bi-weekly, monthly). While surveillance testing can identify symptomatic, 
presymptomatic, and asymptomatic infections, it is possible testing will not identify all positive 
cases due to analytical test performance (sensitivity) or biology. In addition, not all individuals 
will test each cycle, or self-quarantine appropriately. Perfect detection and full compliance, 
however, are not necessary to keep R0 below 1 for many infection spread scenarios. The 
minimal total compliance is the total compliance fraction (c) that keeps the increase in infections 
over an interval of time t (It/I0) from the non-compliers (i.e., 1- c) to less than one.1,  

 

We model the relationship between total compliance (c) and fold change in infections (It/I0)  to 
determine the ideal testing frequency to keep an infection rate of 0.1% (I0 = 1 in 1000) from 
growing substantially for each time period between testing intervals (Figure 1), for different rates 
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of community transmission with reasonable compliance (c = 0.80). We model an optimistic 
scenario where social distancing is implemented and R0 is 1.5, where we find that monthly 
testing is sufficient to suppress outbreaks (Figure 1, blue). To provide a worse case estimate, 
we model an uncontrolled scenario where R0 is 4.5. This is close to the upper-bounded CDC 
estimate where R0 is 4.7 when few social distancing measures are implemented.11 In our model, 
implementation of repeat weekly testing (Figure 1, green), rapidly suppresses outbreaks.  

Figure 1: Cumulative infection rate by testing frequency and R0 at 90 days post-initial 
infection in a population 
 

 

Limitations 

Our models are limited to closed populations; however, in reality, we may expect all groups to 
interact, in some form, with the broader community. These interactions may lead to the 
continuous reintroduction of SARS-CoV-2 into your population. Surveillance testing can 
nevertheless be used to control these exposures; if reintroduction rates are expected to be high, 
outbreaks can be suppressed by testing at a higher frequency than that required in the absence 
of reintroductions. Otherwise, if the rate of transmission from the broader community is expected 
to be low, the model described above offers a reasonable prediction of infection dynamics.  

The model also assumes all positive cases are detected and isolated via surveillance screening. 
However, it is likely that in the period between surveillance screenings, diagnostic testing would 
be provided for symptomatic individuals to diagnose and quarantine infections as they arise. 
These actions will lower the level of community infection predicted by the 
surveillance-testing-only scenario and, in effect, allow for longer time intervals between 
surveillance tests. 

It is likely that different subsets of your community have different levels of risk of infection. For 
example, some parts of your population may be involved in congregate settings where social 
distancing is not possible. Stratifying testing frequency based on risk may lead to better, 
targeted, testing; however the trade-off is a more complex surveillance testing schedule.  
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R0 is a difficult value to estimate. Further, R0 is a ratio not a rate and cannot be used to directly 
estimate change in infections over time.12 In an SIR model, R0 is calculated using the selected 
contact rate (beta) and infectious period (gamma) of the infection, both of which are difficult 
values to accurately determine. To account for this uncertainty, we have modelled several 
infection scenarios and used the variability from these solutions to contextualize our 
recommendations. The true R0 for SARS-CoV-2 in each community will differ and may be 
difficult to estimate before testing data has been collected over a reasonable time period.  

Conclusions 

Weekly testing enables rapid suppression of outbreaks even with widespread community 
transmission. Control of outbreaks through social distancing and surveillance testing lead to 
further reductions in testing frequency. By choosing a threshold for percent of positive cases, it 
is possible to evaluate week-to-week infection rate and reduce testing frequency as community 
transmission risk reduces. In populations with regular community reintroduction and minimal 
social distancing, weekly testing will likely be required. If social distancing measures are 
adopted, and community transmission drops, then surveillance testing can be reduced to 
biweekly or monthly. In all scenarios, if positive tests exceed the target threshold for positive 
cases during a given window, surveillance testing should return to a weekly testing cadence to 
reestablish control until the percentage of infected individuals in the population stabilizes.  
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