Comment on the proposed Covid-status Certification

Statement by Professor Jon Deeks PhD CStat

Professor of Biostatistics and Head of the Test Evaluation Research Group at the University of
Birmingham; NIHR Senior Investigator Emeritus; Chief Statistical Adviser to the BMJ; Co-chair of the
Royal Statistical Society Working Group on Diagnostic Tests; Member of the Royal Statistical Society
Covid-19 Taskforce Steering Group.

27" April 2021
Weriting as an academic.

Concerns about the evidence base for the use of lateral flow tests as a test to enable as part of the
Covid status certification

This statement relates to the proposed use of lateral flow tests to identify individuals who are not
infectious and therefore deemed safe to be able to mix with others without social distancing, as is
proposed in the use of test results as Covid passports. The evidence on the accuracy of lateral flow
tests suggests that this is not a safe way to use these tests.

There are four components to the issue: 1) evidence of the sensitivity of lateral flow test in
asymptomatic populations, particularly the tests proposed for use in the UK; 2) evidence of the
relationship between viral load and infectiousness; 3) the negative likelihood ratio for lateral tests
which indicates their poor diagnostic value in ruling out disease; 4) recommendations from leading
organisations.

1) In using a test to rule out disease it is important that the proportion of infected people given
false negative test results is low. This property is summarised by the sensitivity of the test.
Whilst multiple studies have estimated the sensitivity of the Innova test and other lateral flow
tests in people with symptoms, fewer studies have looked at their sensitivity in asymptomatic
cases. It is well established that the performance of most diagnostic tests varies between their
different intended uses. A use case describes the application of a test in a particular patient
group to diagnose a stated condition, namely: the who, where, when, what, how and why a test
is applied. In Covid testing, it is key to differentiate testing of symptomatic from apparently
healthy people.

The initial Innova test evaluations reported by the University of Oxford and Public Health
England were undertaken in regional test-and-trace centres where recruited participants were
expected to be symptomatic, with a sensitivity between 58% when tests were run by test-and-
trace centre staff and 78% when test were run by laboratory scientists [1]. From these data it
was decided to pilot the use the test for mass screening of asymptomatic people. The sensitivity
of other lateral flow test for SARS-CoV-2 in asymptomatic people, as in mass testing, has been
noted to have on average a sensitivity between 15% and 20% lower than in symptomatics, thus
it should not have been expected that the same performance would be repeated [2]. For
example, testing in Wisconsin University Campus, the Sofia antigen test had a sensitivity of 80%
when used in symptomatic people, and only 40% when used in asymptomatic people [3]. In the
UK the mass testing evaluation in Liverpool showed the same pattern, also reporting 40%
sensitivity [4]. Of concern, the test also missed one-third of the cases with higher viral loads
which the previous evaluations had indicated it should detect.



2)

Subsequent policy making appears to have been ignoring these findings, and the importance of
evaluating the tests for different use cases. For example, implementation in schools has been
undertaken without any evaluation of its performance in children.

The higher accuracy in symptomatics likely relates to viral load levels being highest soon after
the onset of symptoms, and the PCR test detecting infection at the lower viral levels (and thus
missed by lateral flow tests) both before and after they peak in asymptomatics. No completed
field studies have been reported for other tests (SureScreen, Orient Gene) which have been
mentioned for use in the UK, so we are totally uncertain concerning their performance for this
purpose.

The best evidence on the sensitivity for Innova for testing of asymptomatics suggests 40% are
detected - thus 60% of infected people are missed.

Much discussions has focused on lateral flow tests detecting the most infectious cases, as it will
pick up those who have higher viral loads who have been shown to be the most likely to have
viable virus and transmit it to others. However, when using a test to say who is not infectious,
the same data needs to be considered to look at infectiousness rates in those who are missed by
the lateral flow tests. It is not possible to say whether an individual is or is not infectious, so this
cannot be done directly. Rather, “proxy” measures of infectiousness have been considered —
namely the ability to culture virus (a test of viability) and secondary attack rates (a measure of
transmission). Both measures are likely to underestimate infectiousness due to the poor
sensitivity of viral culture and the likelihood that those known to be infected are isolating to
prevent onward transmission. As no substantial study has directly linked culture and secondary
attack rates to results of lateral flow tests, relationships with PCR Ct values are used, considering
the lower level of detection of lateral flow tests expressed in Ct values. For the Innova test the
University of Oxford/PHE studies have suggested a lower level of detection of Ct=25 [1]. The lack
of standardisation of Ct values across different machines, laboratories and times introduces
some uncertainty into these comparisons. This further emphasises the lack of clear data upon
which conclusions about the ability to correlate lateral flow tests and infectiousness.

Below are results of four substantial studies [5-8] which indicate that those likely to be missed by
lateral flow tests have lower but still substantial risks of having viable virus (34% in the PHE study
[5], 24% in the Marseille study [6]) and transmitting the virus to others (13% in those missed
compared to 20% in those found in the Catalonia trial [7]; 3.4% compared to 7.4% in the test-
and-trace data [8]). Note that these studies are done in groups that are mainly or entirely
symptomatic, and the proportions missed by the test will be higher in asymptomatics.

Clearly these data do not support a conclusion that those cases infected but missed by lateral
flow tests are all unlikely to be non-infectious.
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3) The ability of positive and negative results to rule in and rule infection is best considered using
likelihood ratios, which can then be applied via Bayes’ theorem to predict infection rates in
those who are test positive and test negative. Bayes’ theorem is based on odds of disease, but
these can be approximated to probabilities where events are rare (such as with Covid infection
rates).

Likelihood ratios are computed from estimates of sensitivity and specificity, and state how many
times higher the odds of disease is in somebody who tests positive compared to somebody who
is untested, and how many times lower the odds of disease is in somebody who tests negative
compared to somebody who is yet to be tested.

The assessment of Innova in asymptomatic testing in Liverpool have estimates of sensitivity of
40% and specificity of 99.9% [4]. Simple computation of the positive likelihood confirms that a
positive test result greatly increases the chances of disease (LR+ = sens/(1-spec) = 0.4/0.001 =
400) such that the odds of disease are increased 400-fold in those positive compared to those
yet to be tested. Recent data suggesting the specificity may be higher increases this value. There
is no doubt that positive results from these tests are strongly linked to Covid infection.

However, a negative result makes little difference to the chances of an individual not having
Covid (LR- = (1-sens)/spec = 0.6/0.999 = 0.6) as it reduces the odds that an individual has Covid
by only 40% (which can be interpreted as the probability being reduced by 40%).

Thus we would predict that of 100 people with Covid-19 infection being tested, only 40 would be
found, the remaining 60 being admitted to the venue. Combining with point 2 — which showed
that those missed by lateral flow tests have roughly half the risk of transmitting the virus
compared to those detected, would suggest that the number of “infectious” people allowed in
the venue would be between 40 and 50%. Thus testing negative on a lateral flow test does not
indicate that the risk of infection and associated risks of transmission have been safely reduced.

In summary, negative tests do not indicate that an individual has substantially lower risk of
having the virus at levels which can infect others.



4) The failure of the Innova test and many other lateral flow tests to accurately identify cases has
led to experts, systematic reviews, regulations and guidelines clearly recommending against
their use in “test-to-enable” scenarios.

Leading medical journals have carried peer reviewed articles comment on this issue, such as the
BMJ [9].

The Cochrane review of rapid tests concluded: “Due to the variable sensitivity of antigen tests,
people who test negative may still be infected. Evidence for testing in asymptomatic cohorts was
limited. Test accuracy studies cannot adequately assess the ability of antigen tests to
differentiate those who are infectious and require isolation from those who pose no risk, as
there is no reference standard for infectiousness”[2].

The MHRA have approved Innova only for use to identify cases, not for use to green light
purposes such as test-to-release and test-to-enable [10].

The WHO do not recommend use of tests in low prevalence situations [11].

The manufacturers of Innova themselves state “Negative results do not rule out SARS-CoV-2
infection and should not be used as the sole basis for treatment or patient management
decisions, including infection control decisions” [12].

In summary — there is evidence that negative results from lateral flow tests, notably the Innova test,
in asymptomatic people will not substantially reduce the risk of infection or infectious Covid in those
who test negative. There is no scientific basis for its use in a test-to-enable purpose such as for
Covid-status certification, and concern that it will facilitate spread of infection.

lllustrative example

If attendees at an event number 5000, with the current prevalence of Covid-19 infection of 0.17%, 9
out of 5000 would be expect to have Covid-19. Assuming 2 out of 3 cases have symptoms, 6
infected participants would be expected not to attend because of symptoms, leaving 3 to be found
by lateral flow testing. Using a test which detects 40% of infections in cases would find on average 1
of the 3. Thus testing would reduce the number with Covid infection from 3 in 5000 to 2 in 5000.

Should those with symptoms try to attend, the test is likely to detect 4 and miss 2 with symptoms
(assuming 60% sensitivity in symptomatic people), so 4 in 5000 would enter the event with Covid

infection.

At the same time, assuming the test has 99.9% specificity, 1 in 1000 would get a false positive result,
so 5 out of 5000 would be expected to be given false positive results.
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