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Routine asymptomatic testing strategies for COVID-19 have been proposed to prevent outbreaks in high-risk healthcare environ-
ments. We used simulation modeling to evaluate the optimal frequency of viral testing. We found that routine testing substantially
reduces risk of outbreaks, but may need to be as frequent as twice weekly.
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Outbreaks of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the causative virus of coronavirus disease 2019
(COVID-19), have been commonly documented in high-risk
healthcare environments including skilled nursing facilities,
hospitals, and homeless shelters [1, 2]. Routine viral testing strat-
egies with polymerase chain reaction (PCR) of asymptomatic
persons have been proposed to detect and prevent outbreaks
in high-risk healthcare environments, by testing residents and
workers at routine intervals in absence of documented cases.
Yet it remains unclear how often routine asymptomatic testing
would need to be performed, and how effective such a strategy
would be to prevent outbreaks of COVID-19. The United States
Centers for Disease Control and Prevention has recently issued
partial guidance for viral testing during an outbreak, although
no preventive testing guidelines exist [3, 4]. In this study, we
aimed to estimate the effectiveness of routine testing with PCR
to reduce transmission of COVID-19.

METHODS

Overview

We developed a simulation model of SARS-CoV-2 transmission
to evaluate the effectiveness of various frequencies of routine
PCR testing of all persons in a high-risk healthcare environ-
ment (ie, long-term residents or patients admitted to hospitals,
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daily healthcare workers) to reduce cases of COVID-19. Some
examples of representative healthcare environments include
nursing facilities, hospitals, clinics, dialysis centers, and sub-
stance use treatment centers. The primary study outcome for
each strategy was the simulated reduction in the mean effec-
tive control reproduction number (Re) in the healthcare envi-
ronment, corresponding to the average number of secondary
infections caused by an infected person averaged over the sim-
ulation period, starting with a fully susceptible population, and
accounting for the impact of interventions. For interpretation,
a mean effective reproduction number below one would ensure
decline in the number of cases when averaged over time.

Model Structure

The SARS-CoV-2 transmission model was a stochastic
microsimulation, where individuals were simulated and as-
signed a health state that included being susceptible to infection
(nonimmune), early infectious, late infectious, or recovered and
immune (Supplementary Figure 1). We simulated transmission
in a population of 100 people within a healthcare environment
interacting with a community with daily incidence of 0.5%,
over 10 months, where people in the healthcare environment
were constantly interacting with new community members.
We chose a high daily incidence to ensure a sufficient number
of new infections for the simulation; this choice should not af-
fect the study results, and was also tested in sensitivity analysis.
We used published data on the natural history of SARS-CoV-2,
including an estimated 5-day incubation period and a time-
varying infectiousness profile. We inferred the probability of
infection per day of work based on the estimated infectiousness
profile of SARS-CoV-2 (including infectiousness beginning
on average 4 days prior to onset of symptoms) (Supplementary
Figure 2) [5]. We assumed a 40% subclinical proportion, with
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50% relative infectiousness of subclinical infections to clinically
apparent cases [1, 6, 7]. More details on the model structure and
parameters are available in the Supplementary Material.

Simulation

We modeled transmission occurring within a high-risk health-
care environment that was fully susceptible through introduc-
tion from the community. We assumed a basic reproduction
number (R ) within the healthcare environment, corresponding
to the number of secondary infections caused by an infected
person in an entirely susceptible population in absence of in-
tervention [5, 8]. We tested a base case R of 2.5 based on pub-
lished literature, but also varied R to test lower values that may
represent complementary interventions (eg, universal masking,
social distancing).

We evaluated routine asymptomatic PCR testing of various
frequencies, from daily to once monthly testing. We modeled
the sensitivity of PCR testing as a function of day of infection
based on data of time-varying sensitivity of this test modality
(50%-80% during first 2 weeks; Supplementary Figure 3) [9],
and PCR specificity as 98%-100%. We estimated the effect of
testing on R , with a goal of achieving a R_below one. We as-
sumed that persons self-isolated upon symptom onset, and
persons with PCR-confirmed infection self-isolated 1 day after
being tested, while those who were not detected remained in
the environment and potentially infected others. We per-
formed Monte Carlo sampling across the uncertainty ranges
of each parameter to estimate the range of possible outcomes.
We performed sensitivity analysis by varying test result delays
and test performance. Additional details are available in the
Supplementary Material and data and code are available online
(https://github.com/etchin/covid-testing).

RESULTS

In this microsimulation, with daily testing in high-risk envir-
onments by PCR and an assumed basic reproduction number
R, of 2.5, we estimated an 82.2% (95% CI: 82.0-82.5) reduc-
tion in R, corresponding to R = 0.44. When testing persons
every 3 days, we observed a 61.4% (95% CI: 61.2-61.7) re-
duction, corresponding to R =0.97. When testing weekly,
we observed an 36.9% (95% CI: 36.5-37.2) reduction, corre-
sponding to R = 1.58; and when testing monthly, we observed
2 8.9% (95% CI: 8.7-9.2) reduction, corresponding to R = 2.28
(Supplementary Table 3).

The optimal testing frequency to bring R_below one was
dependent on baseline R (Figure 1). In an environment with
R, =2.5 [5, 8], testing would have to occur almost every other
day to bring R_below one. If R =2 [5, 8], testing would need
to occur at least twice weekly (every 3-4 days), unless other
measures were added to testing and self-isolation. If assuming
R, = 1.5, testing weekly would suffice.
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Figure 1. Projected impact of routine PCR testing frequency on the mean ef-
fective reproduction number under different testing scenarios. We estimated the
effectiveness of increasing frequency of routine PCR testing to reduce the mean
effective reproduction number, R, under different assumptions on the underlying
basic reproduction number, R. The x-axis refers to the frequency of PCR testing
simulated, from daily (testing frequency of 1 day) to once a month (testing frequency
of 30 days). The y-axis represents the mean effective reproduction number (R),
which is the average number of secondary infections caused by an infected person
averaged over the simulation period, starting with a fully susceptible population,
and accounting for the impact of interventions. The goal is to reduce R_to below
one to ensure decline in the number of cases when averaged over time. Bands
represent the interquartile range accounting for parameter and stochastic uncer-
tainty. Abbreviation: PCR, polymerase chain reaction.

In sensitivity analysis, we observed only small changes in
results with variation in test sensitivity, but large changes with
variation in test result delays. With R = 1.5, reducing test sen-
sitivity by 20% reduced the impact of daily testing (in terms of
reduction in R ) from 85.3% (95% CI: 85.1-85.6) to 80.7% (95%
CI: 80.5-81.0). Longer test result delays of 3 and 5 days reduced
daily testing impact from 85.3% reduction in R to 56.5% (95%
CI: 56.2-56.9) and 25.9% (95% CI: 25.4-26.3), respectively. In
an ideal case with zero delay and perfect sensitivity, daily testing
reduced R, by 98.9% (95% CI: 98.6-99.1) (Supplementary
Figure 4). Varying the background incidence had minimal im-
pact on the study results (Supplementary Figure 5).

DISCUSSION

This simulation study finds that in high-risk settings with on-
going community-based transmission, frequent (twice-weekly)
routine asymptomatic viral testing may be required to prevent
outbreaks and reduce case counts of COVID-19. Due to the
imperfect sensitivity of PCR testing and infectiousness early
in the natural history, even with frequent testing, a mean-
ingful proportion of infected persons may be missed. We find
that strategies with less frequent testing—such as once-a-week
testing—may be sufficient in settings with low community inci-
dence, especially when implemented with additional infection
control measures. Furthermore, we find that delays in returning
test results would severely impact the effectiveness of routine
testing strategies.

The study conclusions are most applicable to high-risk
healthcare environments, with long-term residents and daily
workers. These settings include nursing facilities, hospitals,
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prisons, homeless shelters, dialysis centers, and other health-
care and nonhealthcare environments. The assumptions in the
model are most applicable in a setting with ongoing community
transmission of SARS-CoV-2, as evidenced by ongoing new in-
fections. In settings with higher community incidence, testing
multiple times per week would be required to prevent an out-
break and control case counts, and require the addition of other
control strategies (eg, universal masking, social distancing).
Our study conclusions are similar to recently published model-
based analyses on PCR testing strategies [10, 11], which sup-
port the finding that very frequent testing (every 2-3 days) is
required to have a meaningful impact on transmission, despite
modeling different environments.

The study has limitations in the model assumptions and avail-
able data. Transmission of SARS-CoV-2 is documented to have
high degree of heterogeneity across settings, whereas we used
a transmission rate that considered an average among high-
incidence settings such as nursing facilities. Our analysis focused
on outbreaks and transmission in high-risk environments, rather
than the population at large. Furthermore, routine PCR testing
would require substantial resources, logistical support, and high
participation from the population, with consideration of cost-ef-
fectiveness [12]. We assumed that results of testing would be avail-
able after one day, which may only be possible in higher resource
settings, but we also tested the impact of slower turnaround time,
which reduced the overall effectiveness of this strategy.

In conclusion, our findings support that routine testing strat-
egies can provide benefit to reduce transmission in high-risk
environments with frequent testing, but may require comple-
mentary strategies to reliably prevent outbreaks of COVID-19.
Further evidence should be generated on the use of strategies
in combination with testing, including masking, ventilation
changes, disinfection, and physical distancing [8, 13].

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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