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Abstract 

Objective: This paper motivates and justifies the use of antigen tests for epidemic control as distinct from a diagnostic test. 
Study Design and Setting: We discuss the relative advantages of antigen and PCR tests, summarizing evidence from both the 

literature as well as Austrian schools, which conducted frequent, mass rapid antigen testing during the spring of 2021. While our report 
on testing predates Delta, we have updated the review with recent data on viral loads in breakthrough infections and more information 
about testing efficacy, especially in children. 

Results: Rapid antigen tests detect proteins at the surface of virus particles, identifying the disease during its infectious phase. In 
contrast, PCR tests detect viral genomes: they can thus diagnose COVID-19 before the infectious phase but also react to remnants of 
the virus genome, even weeks after live virus ceases to be detectable in the respiratory tract. Furthermore, the logistics for administering 
the tests are different. Large-scale rapid antigen testing in Austrian schools showed low false-positive rates along with an approximately 
10% lower effective reproduction number in the tested cohort. 

Conclusion: Using antigen tests at least 2-3 times per week could become a powerful tool to suppress the COVID-19 pandemic. 
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license ( http://creativecommons.org/ 
licenses/ by/ 4.0/ ) 
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What is new? 

• PCR and antigen tests serve distinct purposes in 

context of the COVID-19 pandemic. 
• While PCR tests are the reference standard for 

COVID-19 diagnosis, rapid antigen tests are best 
suited to controlling the spread of COVID-19 due 
to their ease of use and timely results. 
• Austria led the way in reopening primary and sec- 

ondary schools while testing students 2-3 times per 
week using rapid antigen tests. 
Abbreviations: LFT, Lateral flow test. 
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• Repeat testing is essential to maintain a safe en- 
vironment for students by rapidly identifying cases 
and preventing outbreaks. 
• We expect that testing will stay exceptionally useful 

for many months to come: to increase safety in 

schools and at public events, as well as to help to 

suppress local outbreaks. 
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Rapid SARS-CoV-2 antigen tests are now widely avail-
able and have been provided free of charge for home-
testing in Austria since March 1, 2021. We focus specif-
ically on their comparison to PCR tests, which are the
reference standard for diagnosing COVID-19. Frequent
testing can improve pandemic control by lowering the
transmission rate and the effective reproduction number.
This potential can only be fully realized if these tests are
used correctly and if the public fully understands both
their capabilities and their limitations. A particularly im-
portant factor is that even when used in a supervised
manner, rapid antigen tests are less sensitive than PCR
tests. 

In general, a virus can be detected by looking for its ge-
netic material (DNA or RNA) or by detecting viral antigens
which are present at the surface of the virus. As opposed
to antibody tests, which detect antibodies from previous
infection, antigen tests are used to detect people who are
currently infected – and infectious. A few dozen to a hun-
dred virus particles are sufficient for a rapid antigen test
to detect SARS-CoV-2 [1] . Antigen tests are now readily
available to the public and can provide results within 15
minutes. Therefore, they are a useful tool for rapidly iden-
tifying and isolating positive, infectious cases in order to
reduce further transmissions. In contrast, a PCR test can
detect the virus at even lower concentrations, as the PCR
cycler multiplies fragments of the viral genetic material,
but the execution of a PCR test, from sample collection to
delivery of the results, is time consuming. Epidemic con-
trol relies on testing being done affordably at-scale, so that
a significant proportion of the population can test multiple
times per week. 

In practice, two factors of PCR testing enable further
transmissions: first, there is often a significant lag between
PCR-test and result; second, the test result is used even
later, for example, admission to an event one to two days
after the sample was taken. Therefore, one must consider
test effective sensitivity at the time of use , not merely at
the time of testing [2] . 

Within the first two to three days after infection with
SARS-CoV-2, neither PCR nor rapid antigen tests can de-
tect the virus ( Fig. 1 ), as its concentration is too low [5] .
During the subsequent steep rise in virus concentration, a
PCR test detects infection a little earlier than a rapid anti-
gen test [6] . This period, however, is short, lasting around
a day or even less [ 2 , 7 ]. It is primarily within this 24-hour
period that PCR tests provide additional benefit compared
to antigen tests for the purpose of reducing further trans-
missions. While detecting infections early is key, the ben-
efit of a PCR test to detect cases at a lower viral load (ear-
lier in the infection) is often negated by the significantly
longer turnaround time of the PCR-test result. While it is
possible for an express PCR test to be returned in a few
hours (such as at hospitals or airports), in general practice,
the lag between test and result tends to be about a day or
even longer. 
As viral load and infectiousness increase, the ability
of the antigen test to detect the virus also increases. The
proliferation phase (day 0 to 7), where the viral load in-
creases, does not seem to substantially differ neither be-
tween asymptomatic and symptomatic individuals nor be-
tween vaccinated and unvaccinated individuals. The peak
viral concentration is reached in about seven days after the
infection [ 2 , 8–10 ]. The viral load declines slower, on av-
erage, in symptomatic individuals [2] , with more severe
infections taking significantly longer to clear [8] . Con-
versely, in vaccinated individuals, the clearance is faster
than in unvaccinated individuals, regardless of the presence
of symptoms. The faster clearance time of asymptomatic
or vaccinated individuals [ 2 , 9 , 11 ] may explain the reported
lower peak C t values in studies with less dense sampling
of the asymptomatic individuals [ 12 , 13 ]. 

The “infectious period” is shown in orange in Fig. 1 and
usually lasts five to eight days [8–10] . The majority of
new infections occur before or soon after the peak viral
load is reached [ 14 , 15 ]. We refer to a person as “infec-
tious” when a virus sampled from the respiratory tract can
be propagated in a cell culture. Recent data indicate that
in vaccinated individuals, the presence of viable virus de-
clines even faster (for the same viral load approximated by
C t value) [16] , and the infectious period is thus likely to
be shorter. Infectiousness and viral load, while correlated,
are not synonymous. The short period of high infectivity
explains why frequent testing is essential for suppressing
the spread of COVID-19: testing less frequently than once
per week has little effect on new infections as most cases
will be detected too late. 

In the last phase of disease progression (shown in pur-
ple), virus can no longer be propagated [ 8 , 17 ]. Without
any live virus, a person is no longer infectious and the
antigen test will likely be negative [17] . In contrast, PCR
tests may still produce positive results in this case, because
viral RNA remains in the respiratory tract at detectable
levels. 

The diagnostic sensitivity of a test is defined as its abil-
ity to detect infection by a virus. A PCR test remains the
reference standard for diagnosing a COVID-19 infection.
Its use as the “gold” reference standard is neither the re-
sult of nor implies that it has a 0% false negative rate [5] .
It relies on the viral RNA (with the PCR targets) being
present in the tissue from which it was sampled, the qual-
ity of the sampling process, and no major error in further
processing [18–20] . Secondly, C t values used as a cut-off
to declare an active infection (such as C t < 30) lead to
a different probability of an active infection in the pro-
liferation vs. clearance phase [2] , and are not in general
equivalent between labs. 

Importantly, the infectious phase (orange in Fig. 1 ) is
considerably shorter than the overall time during which
a PCR test can detect viral RNA in an infected person.
To suppress an epidemic, the ability to detect and isolate
an infectious person before they infect others is decisive:
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Fig. 1. Despite having lower diagnostic sensitivity, rapid antigen tests identify the vast majority of infectious cases. Frequent testing is essential to 
identify these cases early and to efficiently limit the spread of the virus in the population. Figure, first published in [3] , is modified from [4] with 
permissions; viral load is shown on a logarithmic scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

timing is paramount. Identifying a case in the postinfec-
tious phase is important for diagnosis but not from a public
health perspective, that is, for preventing secondary infec-
tions. Thus, the higher diagnostic sensitivity of PCR tests
does not directly translate to improved pandemic control:
[ 7 , 17 ] demonstrate that the frequency of testing is more
important than the modality of testing. For epidemic con-
trol, we are interested in an effective sensitivity [2] from
the time point the test was taken, to some time point in
the future when the result is delivered and used. Smith
et al. [17] indicate that antigen tests and PCR tests have
similar power to identify “individuals before or during the
period when infectious virus was detectable in nasal sam-
ples” when the interval between tests is one day shorter
for antigen tests than for PCR tests (Fig. 3B). In addition,
they showed that when testing at least every three days,
both PCR tests (nasal and saliva) and rapid antigen tests
(Quidel SARS Sofia FIA) find over 98% of infected cases
during the course of the infection. While antigen tests are
effective in detecting an active infection, nasal PCR tests
perform significantly better in the pre-infectious phase: the
PCR test has a reported sensitivity of 70%, compared to
40% for an antigen test, to detect an infection within two
days before virus could be cultivated from a nasal swab
[17] . 

It is therefore important to prioritize systems which al-
low for more frequent testing or testing immediately be-
fore an event with high transmission risk. Larremore et al.
[7] indicate that if half of the population would self-test ev-
ery three days with a rapid antigen test and (immediately)
isolate in the case of a positive result, we could achieve
approximately a 40% reduction of the effective reproduc-
tion number R. For example, an R of 1.3 could be reduced
to 0.8, and the epidemic would dissipate. Furthermore, it
has been reported that over 80% of new infections are
caused by fewer than 20% of cases [21–23] . Such so-called
“superspreading” is caused by “superspreaders” who have
both a large number of contacts and often a higher viral
load (at the time of superspreading). These cases are more
easily identified using rapid antigen tests as they would
typically have a substantial viral load – and identifying
them early would yield a large reduction in further trans-
missions. As such, there is an additional benefit in testing
people with many contacts even more frequently. 

With proper instruction, the effect of sampling (na-
sopharyngeal vs. nasal/throat swabs) on the detection of
infectious individuals can be minimized. A German study
found that out of 30 individuals with high viral loads (more
than 10 million of viral RNA per swab; C t < 25) all were
correctly identified through rapid antigen tests with profes-
sionally administered nasopharyngeal swab, and 29 were
identified through rapid antigen tests with self-performed
anterior nasal swab [24] . The authors also concluded that
“supervised self-sampling from the anterior nose is a re-
liable alternative to professional nasopharyngeal sampling
using a WHO-listed SARS-CoV-2 [rapid antigen test].”

In order to interpret the outcome of wide scale anti-
gen testing, it is helpful to have a rough estimate for how
many positive cases one expects to find. We consider test-
ing a randomly selected person from the general population
whose infection status is unknown but who is currently not
in quarantine, that is, a person who does not suspect to be
infected at the time of testing. Bearing in mind that we
only aim to understand the order of magnitude of antigen-
detectable cases, multiple lines of reasoning suggest that it
is very low. First, a detailed epidemiological model fitted to
Austrian data on February 15, 2021 estimates that 0.09% of
the population is infected but not in quarantine [25] . Sec-
ond, a back-of-the-envelope calculation arrives at a similar
conclusion. Assume that there are around 1,500 new cases
reported per day (as observed for much of February in
Austria, which was before the arrival of the Delta vari-
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ant) and that there is a case detection rate of 50% [26] .
In this scenario, 1,500 people become infectious every day
and do not quarantine. Assuming that they are infectious
for a week (in line with Fig. 1 ), this results in around
10,000 undetected infectious individuals in Austria – that
is, cases which can be detected via an antigen test. Since
the population of Austria is 8.9 million, the probability
that a person in Austria tests positive via an antigen test
is therefore approximately 0.1% under the given scenario.
(Note that this calculation has been simplified by ignoring
errors that are hard to quantify and have countervailing
effects.) 

Upon reopening schools in February 2021 after a pro-
longed lockdown, Austria started mass rapid antigen test-
ing of all school children twice a week. As symptomatic
students could not attend, all students are assumed to have
been asymptomatic. Tests were conducted every Monday
and Wednesday using the Lepu Medical antigen test, which
uses an anterior nasal swab. The first week of school
antigen testing resulted in 198 positives among 470,000
tests conducted in Vienna and Lower Austria (in the week
February 8 to 12, 2021), yielding a positivity rate of 0.04%
[27] . Among these, more than 75% were subsequently
confirmed positive using a PCR-test (suggesting a rather
high specificity of 99.99%). In weeks two through six,
the tests were conducted in all provinces, yielding weekly,
Austria-wide positivity rates of 0.04%, 0.065%, 0.09%,
0.08%, 0.08%, and 0.08% [ 28–32 ]. Across all provinces,
the largest increase in positive tests between rounds – on
average more than two-fold – occurred between the first
and second round of testing (see Supplementary Table 1).
This may be due to increased quality of swab taking. In
addition, it is possible that COVID-19 incidence is lower
in pupils than in the general population, especially right
after a lockdown [33,34] . Furthermore, while viral load
appears similar between asymptomatic children and adults
[35] , it is conceivable that school children stay infectious
– and antigen-test positive – for a shorter period of time
than adults. 

The average constant trend among pupils during this
period contrasts with the general population, where the ef-
fective reproduction number R (based on PCR-incidence)
was approximately 1.1 [36] . Therefore, the tested cohort
maintained a roughly 10% lower R (note that at the time,
testing in the general population was more limited). Rapid
antigen tests serve both to detect infectious cases among
teachers and pupils, and to identify nascent clusters: in
case of a suspected outbreak, a whole class is PCR-tested.
While self-administered antigen tests enable the preven-
tion of the majority of future infections [14] , there is a
small fraction of infectious adults which are not detected
using self-administered tests [ 1 , 24 , 37 ], and this may occur
more often for children. A local “Gurgelstudie” [gargling
trial] in March 2021 indicated that the proportion of po-
tentially infectious samples missed by antigen tests may be
somewhat higher in children than in adults, although the
small sample, coupled with ’relatively high’ [sic] C t s does
not allow for a robust conclusion (5 out of 14 children
with at least one PCR C t < 30 were also detected by the
antigen test) [38] . A detailed study of children and adults
seeking testing showed that while antigen-test (BinaxNOW,
Abbott) sensitivity was indeed lower for children than for
adults (73% vs. 81%), antigen results were positive for
all PCR-positive samples from children where viable virus
could be isolated [35] . In a school-setting, a large trial in
the UK found that bi-weekly antigen testing, followed by
daily antigen testing of contacts of identified COVID-19
positive pupils, appears to be similarly effective as iso-
lating all contacts for 10 days, which was the standard
policy in the UK at the time [39] . This strongly suggests
that properly supervised antigen testing is sensitive enough
that a daily test-to-stay policy is a good way to minimize
the spread of COVID-19 in schools, while limiting isola-
tion of contacts (same household excluded). Note that in
the absence of efficient testing, school closures have been
ranked as a very effective measure in reducing spread of
COVID-19 [40,41] . 

While rapid antigen tests were initially recommended
mainly to control local outbreaks and to quickly diag-
nose symptomatic patients [42] , use of rapid antigen tests
as a general public-health tool has been gaining momen-
tum since the summer of 2020 [ 3 , 7 , 43 , 44 ]. The immedi-
ate availability and convenience of the rapid antigen tests
means that one learns about an active infection promptly,
which effectively limits further spread. 

Although a recent antigen test (self-administered or
not), is a good indicator of infectiousness [ 24 , 37 , 45 ], it is
inevitable that some people will swab incorrectly, leading
to false negative results, or fail to quarantine after a pos-
itive test, leading to further transmissions. As such, rapid
antigen tests must not encourage reckless behavior, but
rather enable people to lower their risk of infecting oth-
ers by testing at least twice per week. Having longer gaps
between tests decreases the potential benefit for reducing
transmissions [7] . 

Although vaccination programs are progressing well,
vaccine uptake varies greatly across socio-economic groups
and is lower in the younger population [46–49] . Vaccina-
tion against COVID-19 has only recently been approved
and recommended for children; in the fall, schools re-
opened with pupils largely unvaccinated. Even with a suc-
cessful vaccination program, vaccine waning presents ad-
ditional difficulties for achieving full immunity via vacci-
nation [50,51] . We expect that frequent testing will stay
exceptionally useful for many months to come: to increase
safety in schools and at public events, as well as to help
to suppress local outbreaks. 
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