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Samenvatting / Summary

Problem: Early diagnosis of respiratory viral infection is relevant to contain an outbreak. It is estimated that SARS-CoV-2
infectiousness peaks at 0—2 days before symptom onset and about half of secondary infections occur during the
pre-symptomatic stage. Detecting asymptomatic infection would be an effective intervention to contain a future outbreak if
COVID-19 re-enters. In addition, in a future viral cutbreak caused by an unknown or mutated virus, before pathogen specific
PCR tests are developed, a readily available test that is able to detect any pre-symptomatic virus may make the difference
between the ability to contain the virus or not before it spreads globally. We will develop a commercially available diagnostic to
identify pre-symptomatic virally infected individuals, including health care workers in order to limit in-hospital transmission.

Design: We will prospectively follow 666 healthcare workers without symptoms of infection, who have a high risk of infection for
2 weeks. A respiratory swab and blood sample will be taken three times per week. In blood biomarkers (TRAIL and IP-10) will
be determined. Respiratory samples will be collected for PCR analysis to detect viral pathogens, including COVID-19. At study
start and 3-4 weeks after the last biomarker sample, an additional serology sample will be taken to detect any asymptomatic
infection.

Primay outcome: sensitivity of TRAIL and/or IP-10 measured in pre-symptomatic subjects (Index test) for PCR confirmed viral
infections including COVID-19.

Analysis: As the most promising application of the test will be early identification of subjects who are infected, sensitivity -
meaning the percentage of positive test results in the presence of the target disorder — should be sufficiently high. Cut-off points
will be selected that approximate 50, 70 and 90% sensitivity. Specificity will also be calculated, and for both 95% confidence
intervals will be constructed.
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1. PROBLEEMSTELLING EN DOELSTELLING(EN):

Need for early and rapid detection of viral infection at the point of care

We will develop a commercially available diagnostic to identify pre-symptomatic virally infected
individuals, including health care workers in order to limit in-hospital transmission. Controlling a respiratory
viral outbreak like the current one requires early detection of infection. Early diagnosis of respiratory viral
infection is relevant to contain an outbreak, especially if an infected person is contagious before onset of
symptoms. It is estimated that SARS-CoV-2 infectiousness peaks at 0—2 days before symptom onset and
about half of secondary infections occur during the pre-symptomatic stage.1 Detecting asymptomatic
infection would be an effective intervention to contain a future outbreak if COVID-19 re-enters The
Netherlands. In addition, in a future viral outbreak caused by an unknown or mutated virus, before
pathogen specific PCR tests are developed, a readily available test that is able to detect any pre-
symptomatic virus may make the difference between the ability to contain the virus or not before it spreads
globally. Individuals unaware of their own (pre-symptomatic) infection can inadvertently put others at risk of
infection, especially if the virus is contagious at a pre- or early symptomatic stage. |dentifying an infected
pre-symptomatic individual as early as possible, isolating them and providing them with treatment if
applicable, may be able to help to combat the outbreak. This may be especially useful if it is difficult to
longer-term isolate persons at (low) risk of infection, for example in elderly homes, persons who have
difficulty understanding the situation and/or applying the distance rules (persons with dementia or mental or
physical handicaps), persons in crucial jobs including healthcare workings. Such a test may also be used
before entering necessary long-distance flights. The gold standard for detection of COVID-19 is PCR, which
has acceptable sensitivity between 1-5 days after start of symptoms, although the accuracy of the test
before onset of symptoms has not been described yet. Even if the test would be able to identify viral
infection before start of symptoms, the current shortage of PCR testing material and facilities, as well as the
impossibility to use this test at the point of care make a time-consuming PCR test impractical. Currently,
molecular diagnostics require several days. There is an urgent need for a scalable, point of care test that
detects pre-symptomatic viral infection at acceptable cost.

A blood test that may be able to fill this gap involves measurement of host-proteins, integrated into an
immune-signature. Such a test was developed by MeMed diagnostics to distinguish between bacterial and
viral infections. The test is based on measurement of biomarkers TRAIL, IP-10 and CRP, immune-proteins
that are upregulated in response to different viral infections including coronavirus OC43 and COVID-19.
The test is CE marked. We recently showed that the test has a sensitivity and specificity over 90%, with a
negative predictive value >98% across multiple pathogens and irrespective of time of symptom onset.>*
The increase in IP10 and TRAIL concentrations may not be virus-specific. However, low-circulation of other
viruses in the summer results in an increased likelihood that a pre-symptomatic identified viral infection is a
COVID-19. We are currently performing a pilot study, which shows study feasibility. Results are not known
yet.

Need for early treatment
Markers used in this test may be indicative of the severity of disease, becoming very important once

effective antivirals are identified, eventually combined with other biomarkers.” There is evidence that
Remdesivir improves outcome of COVID patients, which is why EMA has currently approved expanded
compassionate use. Antivirals are most effective when applied at an early stage in the disease, when
the viral load is still low and the immune cascade is not yet fully unleashed. For example oseltamivir is no
longer effective in reducing influenza symptoms applied 48 hours after onset of symptoms.5 In addition,
most antivirals have potentially severe side-effects, including cardiac side-effects, and may need to be
administered intravenously. If it would be possible to assess how likely a person is to exhibit severe
infection symptoms at this stage, it will allow for an informed decision on the expected risks and benefits of
treatment in this individual. The blood test developed by Memed may also predict course of disease. This
additional characteristic will allow further tailoring antiviral treatment to patients with the highest need.

Obijectives

In this study we aim to evaluate whether the levels of TRAIL and/or IP-10, alone or in combination, are a
sign of viral infection at a stage before symptoms arise. We will assess the diagnostic value of these two
hiomarkers separately, or in combination.
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2. PLAN VAN AANPAK:

Design: We will prospectively follow healthcare workers without symptoms of infection, who have a high risk
of infection. Subjects will be followed for two weeks during the pandemic. Severity of disease will be
determined in case of respiratory findings.

Diagnostic test: In all participating health workers a respiratory swab and blood sample will be taken three
times per week, followed by an observational period of 48-72 hours to observe the development of
respiratory symptoms. If respiratory symptoms occur, we will measure symptoms, blood biomarkers (TRAIL
and IP-10) and viral load daily for four consecutive days. Blood will be used to measure biomarkers and for
RNA analysis. Respiratory samples will be collected in symptomatic participants and during the sixth study
visit for PCR analysis to detect viral pathogens, including COVID-19. At study start and 3-4 weeks after the
last biomarker sample, an additional serology sample will be taken to detect any asymptomatic infection.

Symptoms of infection:
* Masal sample End study
= Physical inati participation

W

Mon Toe Wed Thu Fi Sat Sm | Mon Tee Wed Thm Fi Sal  Sm

Question naire

Study Population: Adult healthcare workers who have a high risk of exposure to respiratory viral infection
(defined as bedside care for patients), will be eligible for inclusion. General practitioners may also be
included. Inclusion criteria are no symptoms of acute infection at time of enrollment or in the previous two
weeks.

Sample size. 666 subjects will be followed for 2-3 weeks. For the intended use to contain a future outbreak
at an early stage, we aim to be able to estimate the sensitivity with sufficient precision. At cut-points of 50-
70-90% sensitivity, the confidence interval around the estimated sensitivity as well as specificity will be
calculated. With a conservative estimated 4% of respiratory episode in 2-3 weeks in this group, this will lead
to N=20 subjects with a respiratory viral infection. We anticipate n=4 who will not have a blood sample
drawn 48 hours before onset of symptoms. If the observed sensitivity will be as high as 90% the confidence
interval will be 65% to 99%. If the sensitivity is 70% in the sample, inclusion of 16 virally infected subjects,
produce a two-sided 95% confidence interval from 43% to 90%. If the outbreak wanes to an estimated <1%
infections in the study population, the study will be halted and restarted when the infection rates rise to an
estimated 3% or at the start of winter season.

Endpoints:
Primary: sensitivity of TRAIL and/or IP-10 measured in pre-symptomatic subjects (Index test) for PCR
confirmed viral infections including COVID-19.
Secondary:
= sensitivity and specificity of TRAIL and/or IP-10 in early symptomatic healthcare workers.
= sensitivity and specificity of TRAIL and/or IP-10 in all healthcare workers measured maximum 48
hours before symptom onset.
= sensitivity and specificity of TRAIL and/or IP-10 in all healthcare workers measured every 24 hours
= sensitivity and specificity of TRIAL and/or IP-10 in symptomatic healthcare workers related to
disease severity
Explorative: levels of TRAIL and/or IP-10 in severely ill patients.

Analysis: As the most promising application of the test will be early identification of subjects who are
infected, sensitivity - meaning the percentage of positive test results in the presence of the target disorder —
should be sufficiently high. Cut-off points will be selected that approximate 50, 70 and 90% sensitivity.
Specificity will also be calculated, and for both 95% confidence intervals will be constructed. The results of
the pilot study and this study will be pooled, for an overall estimate of accuracy over both studies.
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3. HAALBAARHEID VAN HET PROJECT:

TIME SCHEDULE

Start month July end month November 2020

Week 1 : Study preparations. Rapid start as IRB permission is available.

Week 2-6  : Recruitment. Based on the Heracles pilot study, we expect full recruitment within one month.
Week 6-11 : Follow-up, the study ends with COVID serology for the last participant.

Week 12-14 : Lab analysis of blood biomarkers, nasal swabs, serology.

Week 15-16 : Statistical analysis

MOTIVATIE HAALBAARHEID

To capture a sufficient number of blood samples at a pre-symptomatic stage is a challenge, as sample
sizes will be determined by the number of viral infected persons. If the epidemic wanes, more persons need
to be sampled to capture the same number of virally infected persons. Therefore, for efficiency it is
extremely important to capture samples during the epidemic. In our feasibility study in April 2020, we have
shown this is possible, with an over 50% positive response rate resulting in a recruitment of 75 health
workers per week for 6 blood draws per person within 14 days, streamlined collaboration between the
clinical and the lab teams and institutional review board approval within one week. If the outbreak wanes to
an estimated <1% infections in the study population, the study will be halted and restarted when the
infection rates rise to an estimated 3% or at the start of winter season.

Qur group combines expertise from all required fields in already existing collaborations, making it possible
to quickly start-up a good quality study.

= Immunology and infectious disease studies: Louis Bont

= Epidemiology and statistics of infectious diseases: Katrien Oude Rengerink

= Diagnostic test studies and prediction: Hans Reitsma, Ewoud Schuit

= Public health: if the proposal will be successful input will be provided by and attuned with the RIVM,

in collaboration with

= Test development and test expertise: MeMed diagnostics

Our group has experience with use and validation of the test, published in Lancet infectious disease.

4. RELEVANTIE VOOR DE PRAKTIJK:

The test could be relevant in practice:

1. Directly after proven usefulness: SARS-CoV-2 infectiousness peaks at 0-2 days before symptom onset
and about half of secondary infections occur during the pre-symptomatic stage.” Detecting
asymptomatic infection would be an effective intervention to contain a future outbreak if COVID-19 re-
enters The Netherlands. Identifying an infected pre-symptomatic individual as early as possible,
isolating them and providing them with treatment if applicable, may be able to help to combat the
outbreak. This may be especially useful if it is difficult to longer-term isolate persons at risk of infection,
for example in elderly homes, persons who have difficulty understanding the situation and/or applying
the distance rules (persons with dementia or mental or physical handicaps), persons with essential
professions including healthcare workings.

2. In the future: viral outbreak caused by an unknown or mutated virus, before pathogen specific PCR
tests are developed, a readily available test that is able to detect any pre-symptomatic virus may make
the difference between the ability to contain the virus or not before it spreads globally.

5. DEELNAME VAN DE STAKEHOLDER(S) (e.g. patiénten, zorgprofessionals, etc.):

Physicians and nurses will be asked to participate in this study. They are members of the project group. In
addition, input has been asked from physicians and nurses outside the study group to tailor the study
design and provide insight into perceived relevance and feasibility (perceived relevance of research
question, number of blood draws, frequency of blood draws, barriers and motivators for participation.

Prof Louis Bont, project member, is member of the COVID crisis team of the University Medical Center
Utrecht and chairs the IRB..
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