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Main text
From 8 March 2021, students in English secondary schools began routine asymptomatic testing for
SARS-CoV-2 infection using rapid lateral flow tests (LFTs). Students were tested at school three times
during the first two weeks after their return and subsequently given two tests per week to use at home
[1]. The strategy aims to identify and prompt the isolation of infected students, keeping SARS-CoV-2
transmission within schools minimal.
Two primary concerns have been raised over the use of LFTs in this context. First, the observed test
positivity rate within schools is lower than SARS-CoV-2 prevalence estimates from cross-sectional
surveys such as those run by the Office for National Statistics (ONS) or REACT [2–4]. This raises the
question of whether many infections within schools are being missed due to poor LFT sensitivity.
Second, as the prevalence of SARS-CoV-2 in school aged children continues to decline, the rate of false
positive results could lead to considerable unnecessary isolation for students and their close contacts.
Here, we provide a more nuanced view of test positivity rates and isolation using a simple model of
repeated LFT testing that accounts for 1) declining SARS-CoV-2 prevalence and incidence, 2) isolation
of detected true positives from the tested population, and 3) test sensitivity as it varies over the course
of infection. The model is available to test under alternative assumptions and parameters in the
accompanying online tool.
Systematically testing all individuals in a population with any test, including qPCR, underestimates true
prevalence without adjustment for imperfect sensitivity (Figure 1A). Furthermore, test positivity
observed under a regular testing program will necessarily be lower than the prevalence observed in
random cross-sectional LFT/qPCR surveys. Initially, routine LFT screening is expected to return the
same percentage positive as in a random cross-sectional LFT survey, but then drops systematically
lower in the following weeks. This arises because the number of true positives left to be detected may
be continually depleted through isolation of existing infections, counteracting the replenishment of true
positives via incident infections; increased test frequency can lead to depletion of infections faster than
they can be replenished. As a result, the percentage of positive tests under a regular screening strategy
gives a metric that sits somewhere between incidence and prevalence (the black dots sit between the
grey bars and red line in Figure 1A) —
 a low observed test positivity compared to cross-sectional
surveillance is therefore expected under regular screening, and should not be used to evaluate the
success of the strategy.

Understanding how true positives are detected and isolated also requires a detailed view of test
sensitivity. LFT sensitivity has been reported at 50.1% in the context of school testing, reflecting the
overall positive percentage agreement (PPA) with qPCR for infected individuals tested at an unknown
day post infection [5]. However, test sensitivity is not a single static value, but depends on the quantity
of viral material within the host which increases and then decreases over the course of an infection
(Supplementary Materials Figure S1). When individuals are tested prospectively, infections that are
missed due to low viral loads on the first test day are likely to have higher viral loads and corresponding
increased sensitivity at the next test. Thus, very few infections escape detection when individuals are
routinely tested every three days, compounded by the fact that at least one test day will likely coincide
with the period of high viral load (Supplementary Materials Figure S2) [6].
The removal of true infections from the tested population also has implications for the proportion, but
not absolute number, of false positive test results. The probability of a positive LFT result being a true
positive is given by the positive predictive value (PPV), which depends on the specificity of LFTs and
the prevalence of SARS-CoV-2 in the population. Both LFTs and qPCR are highly specific: LFT
specificity has been cited at 99.6%, but given the continued decline in percentage of tests returning
positive, specificity may be even higher [7,8]. One study estimated LFT specificity to be 99.97% after
accounting for imperfect qPCR sensitivity [5]. However, because the pool of true positives declines
faster than population prevalence through the isolation of detected infections, the positive predictive
value of the regular screening strategy decreases faster than in a random surveillance strategy, though
the negative predictive value is systematically higher than under random surveillance (Figure 1B;
Supplementary Material Figure S3). This low PPV must be weighed against the absolute number of
false positive LFTs, which is constant and low depending on the test specificity, leading to a relatively
small number of individuals incorrectly isolating at a given time (Figure 1C&D). However, we note
that the number isolating is considerably higher when a large number of contacts are also isolated
following detection of a single positive.
Taken together, these factors demonstrate the challenges of naively interpreting true and false positivity
rates when repeatedly testing and isolating individuals in light of declining SARS-CoV-2 prevalence
and infection-time-varying test sensitivity. Although the overall ability of sustained mass screening
strategies, as carried out in English schools, to detect and isolate infected individuals is very high, the
costs, benefits and risk of false negatives arising from confirmatory and test-to-release antigen or
molecular testing will require ongoing evaluation.

Figure 1. Test positivity and positive predictive value decline alongside prevalence, but the
number of false positives and subsequent isolations are stable. Simulation uses a population of 1.5
million individuals to match the number of secondary school pupils tested in their first week of return
to school, with prevalence and test characteristics chosen to broadly reflect the situation in England [9].
True prevalence ranged from 2.29% on the first day of the strategy to 0.153% on the last day. LFT
specificity is set to 99.97% and qPCR specificity to 99.99%. Full simulation assumptions and
parameters are shown in Supplementary Material 1: Methods. The repeated screening strategy is
initiated when true prevalence is at approximately 1.5% (vertical dashed lines). (A) Percentage of tests
returning positive under random cross-sectional testing with LFT or qPCR and no isolation of positives,
or 3-day LFT screening with isolation of positives compared to true prevalence and incidence. Note
that daily incidence ranges from 6.33 to 0.405 infections per 10,000 people (Supplementary Material

Figure S4). Black dots show the observed test positivity from the 3-day LFT screening tests performed
on that day. (B) Positive predictive value (PPV) of random cross-sectional testing with LFT or qPCR,
or 3-day LFT screening with removal of positives. PPV ranged from 95.3% to 36.5% for the 3-day LFT
screening strategy. (C) Number of positives detected on each day of the 3-day LFT screening strategy.
(D) Number of individuals in isolation over time under the 3-day LFT screening strategy, stratified by
whether they were detected as a true or false positive.
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Supplementary Figure 1. Assumed test sensitivity over time post infection. That is, the probability of
returning a positive test result given a sample is taken on a given day after infection. The dashed vertical
line shows day 5.5 post infection as a benchmark for the typical time of symptom onset. Under these
curves, the mean LFT and qPCR sensitivity over the 21 day period are 44% and 63% respectively. The
mean sensitivities over days 2-12 post infection are 71% and 83% for LFT and qPCR respectively.

Supplementary Figure 2. (Top) Individual-level test results under complete surveillance with no
isolation using (A) qPCR, (B) LFT or (C) testing all individuals every three days with an LFT followed
by 10-day isolation of positives. Each row shows one individual, ordered by infection date. Plot is
subsampled to show 10% of the full population. Each row is an individual, coloured to show their
infection status on each day of the simulation. Note that only individuals who are infected within the
focal period are plotted, and all uninfected individuals would be plotted as predominantly grey bars
with infrequent false positives. The vertical red dashed line shows a single observation time for the bar
charts shown in the bottom row. In (C), the horizontal yellow line gives a boundary of old versus new
infections: individuals below this line were infected in the nine days prior to the start of the regular
screening strategy, and thus represent older infections. Most infections who are not detected before they
recover occurred prior to the start of routine screening; there are very few individuals infected after the
start of the screening strategy who escaped detection (see Supplementary Material 1: Methods for
further results).

Supplementary Figure 3. Negative predictive value (NPV) of daily testing of all individuals with
qPCR or LFT versus LFT testing and isolating positive individuals every three days. Dashed vertical
line shows the time when the regular screening strategy is initiated. NPV ranged from 99.1% to 100%
for the 3-day LFT screening strategy.

Supplementary Figure 4. Simulated daily incidence as a percentage of the entire population matching
parameter assumptions in main text Figure 1.

Supplementary Materials 1: Methods
We used a simple discrete time model to simulate infection and test states in a population over a short
period of exponentially growing or declining infection incidence. The model generates infections,
prevalence, overall LFT and qPCR test positivity, and isolation status of detected individuals under a
strategy of repeated LFT testing. In the main text, model parameters were chosen to reflect
exponentially declining incidence with prevalence and population size set to represent the number of
screened secondary school aged children in England. We describe the three key components of the
model:
1. The incidence and prevalence of infections.
2. Characteristics of test sensitivity and specificity.
3. Testing strategy and subsequent isolation.
Incidence of new infections
We assume that new infections, 𝐼(𝑡), arise each day under an exponential growth curve with a specified
growth rate and cumulative incidence:
𝐼(𝑡) = 𝑁𝜓
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Where 𝑁 is the population size (set to 1.5 million); 𝑡&'( is the duration of the simulation period (set to
97 days, with the first 42 days discarded as burn-in; note that the simulation runs for 55 days but the 3day LFT screening strategy only begins 9 days after burn-in); 𝛽 is the exponential growth rate (set to 0.05); and 𝜓 is the cumulative incidence between 𝑡 = 1 and 𝑡 = 𝑡&'( (set to 0.1). We assume that each
infected individual remains truly positive (i.e., contributes towards true prevalence) for 𝛾 days, set to
21 days in the main text.
Test characteristics
Each infected individual is tested daily with qPCR and LFT to find the number of tests returning positive
under daily, complete cross-sectional surveillance. For infected individuals, each day post infection, the
result of a test is simulated as a Bernoulli trial with probability of returning a true positive equal to
𝑃)*+ (𝑥) or 𝑃,-./ (𝑥), representing the probability of returning a positive LFT or qPCR result
conditional on having been infected 𝑥 days prior. 𝑃)*+ (𝑥) and 𝑃,-./ (𝑥) were defined by scaled gamma
distributions:
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Where 𝑓(𝑥) is the probability density function of the gamma distribution with shape parameter 𝑘 and
scale parameter 𝜃; 𝜆 is an arbitrary scaling parameter that sets the maximum value for 𝑓(𝑥) at the mode;
and 𝑝&'( is the maximum sensitivity. Note that 𝜆 can take values above 1 to generate a plateau of
maximally sensitive test days, truncated by 𝑝&'( .

For uninfected individuals, false positive results are simulated from Bernoulli trials with probability
equal to one minus the specificity, 1 − 𝑠𝑝)*+ or 1 − 𝑠𝑝,-./ . For the main text results, we assumed that
𝑠𝑝)*+ = 99.97% and 𝑠𝑝,-./ = 99.99%.
The gamma distribution was chosen to generate a flexible parametric curve representing how test
sensitivity increases then decreases over the course of an infection [6]. If the LFT is taken around the
time of peak viral load then sensitivity will be high, whereas if the sample is taken three weeks after
infection onset then sensitivity will be far lower [10]. qPCR sensitivity demonstrates the same time
dependence as LFTs but with higher sensitivity early and late in the infection due to its very low
analytical limit of detection. qPCR also returns a positive test result for individuals who are no longer
infectious but may still shed viral RNA for a long time after recovery.
Surveillance strategies
As a benchmark, we simulated test results assuming that all individuals are tested each day of the
simulation with qPCR or LFT, with no isolation of detected positives. We compared this to the results
of testing all individuals with an LFT every 𝜌 days, where 𝜌 = 3 in the main text. In this strategy,
individuals who are detected as positive enter isolation for 10 days following detection, and can not be
tested again. True positives in isolation are categorised as “correctly isolating”, whereas false positives
in isolation are categorised as “incorrectly isolating”. True infections who are not detected at any point
in their infection are categorised as “not detected”.
Undetected infections
Under the simulation, there were a total of 150,000 infections. The vast majority of these occurred in
the discarded burn-in phase of the simulation: 7050 infections arose in the nine days prior to initiation
of routine screening, and 11,200 thereafter. 190 of the infections from the nine days prior to routine
screening and 270 infections thereafter were never detected. However, 250/270 of these latter infections
occurred in the final week of the simulation, and may have been captured if routine screening continued.
Only 20 of the 10600 infections which arose within the screening period and more than one week prior
to the end of the simulation were missed.

