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ARTICLE INFO ABSTRACT

Keywords: A novel host-protein score (called MMBV) helps to distinguish bacterial from viral infection by combining the
TRAIL blood concentrations of three biomarkers: tumour necrosis factor related apoptosis inducing ligand (TRAIL),
1P-10 interferon gamma induced protein 10 (IP-10), and C-reactive protein (CRP). These host biomarkers are differ-
C,RP entially expressed in response to bacterial versus viral acute infection. We conducted a prospective study, with a
Biomarkers . . . . . . . S

Respiratory viruses time series design, in healthy adult volunteers in the Netherlands. The aim was to determine the variability of
COVID-19 TRAIL, IP-10, and CRP and the MMBYV score in healthy adults across time. Up to six blood samples were taken

from each healthy volunteer over a period of up to four weeks. In 77 healthy participants without recent or
current symptoms, MMBYV scores (maximal) were bacterial in 1.3 % and viral (or other non-infectious etiology) in
93.5 % of participants. There was little variation in the mean concentrations of TRAIL (74.5 pg/ml), IP-10 (113.6
pg/ml), and CRP (1.90 mg/L) as well as the MMBV score. The variability of biomarker measurement was
comparable to the precision of the measurement platform for TRAIL, IP-10, and CRP. Our findings establish the
mean values of these biomarkers and MMBV in healthy individuals and indicate little variability between and
within individuals over time, supporting the potential utility of this novel diagnostic to detect infection-induced
changes.

1. Introduction

A novel host-response based score was previously shown to differ-
entiate between bacterial and viral infections in children with respira-
tory tract infections (RTI) and fever without source [1,2] and in adults
with lower respiratory tract infections [3]. This blood-based score
(MeMed BV®, MMBYV) integrates concentrations of three host bio-
markers: tumour necrosis factor related apoptosis inducing ligand
(TRAIL), interferon gamma induced protein 10 (IP-10), and c-reactive
protein (CRP). While CRP has been extensively studied as a biomarker
that is induced in bacterial infections in febrile patients, the evidence
relating to TRAIL expression and infection is relatively new [4]. Its
concentration increases in viral infection and decreases in bacterial
infection [2]. New host-proteins that are up-regulated in viral infections
may be an innovative complement to bacterially induced proteins in
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current clinical use [1]. The expression dynamics of individual bio-
markers in healthy subjects have not been reported. In the present study,
we examined the natural variability of TRAIL, IP-10, and CRP expressed
in the healthy individual across time.

The Hospital Employees Response Ante COVID-19 Listed Early
Symptoms (HERACLES) study aimed at detecting viral infections
including COVID-19 during the pre-symptomatic phase. However, none
of the study participants were detectably infected with any respiratory
viruses during the study period. The lack of infections enabled the
present study, where we post-hoc decided to use the data to determine
the natural variability of TRAIL, IP-10, and CRP in healthy adults across
time.
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2. Methods
2.1. Study design and participants

All adult hospital staff employed at the Wilhelmina Children’s Hos-
pital with high exposure to COVID-19 were invited to participate in the
HERACLES study. Employees who considered themselves to have any
contact with patients in relation to their work were defined as having
high exposure. Invitations for participation in the study were posted in
newsletters and sent out individually to all employees.

Participants were excluded in case of a previous episode of acute RTI
in the past two weeks or at time of enrolment. Other exclusion criteria
were: previously proven COVID-19 infection, a proven or suspected HIV,
HBV, or HCV infection, active malignancy, current treatment with
immune-suppressive or immune-modulation therapies, and severe ill-
nesses that affect life expectancy and quality of life (other than sus-
pected COVID-19 infection).

2.2. Sample collection

Multiple blood samples were collected prospectively from subjects
over a period of up to four weeks during the first COVID-19 wave
(Fig. S1). Blood was collected by trained study personal up to six times
within the study period and/or when respiratory symptoms occurred
(Fig. S2). When respiratory symptoms were reported by the participant
to the study team, additional blood samples and respiratory samples
were collected on three subsequent days after onset of symptoms. During
every blood draw, a serum sample and an RNA sample were collected
which were stored at —80C and —20C, respectively. Respiratory samples
(nasopharyngeal and oropharyngeal) were collected and placed in
Universal Transport Medium (UTM) when participants showed symp-
toms. Respiratory samples were taken using flocked swabs by qualified
staff members and were stored at —80C until analysis. PCR analysis for
18 respiratory viruses (adenovirus, bocavirus, coronavirus (229E,
HKU1, NL63, 0OC43 and SARS-CoV2), human metapneumovirus
(hMPV), influenza virus type A, influenza virus A(HIN1)pdm09, influ-
enza virus type B (influenza virus), parainfluenza virus types 1 through 4
(PIV1-4), RSV types A and B (RSV), rhinovirus and enterovirus) was
performed for all symptomatic participants [5].

2.3. Study procedure

Study visits took place six times for a period up to four weeks with a
minimum of 48 hours and a maximum of 7 days between blood draws
(Fig. S3). At 21 days after the sixth sample, a seventh sample was taken
for serologic assessment. Nasal congestion, defined as the blockage of
nasal passages, was examined by asking the participants to close one
nostril and breath through the other, and vice versa.

At enrolment, data on demographics, medical history, medication,
and possible COVID-19 exposure were collected through a question-
naire. When symptoms were notified during one of the visits, physical
examination took place including measuring temperature, heart rate,
respiratory rate, and saturation. In addition, a respiratory sample was
collected. Symptomatic subjects were followed for three subsequent
days taking blood samples and respiratory samples. After the third visit,
participants were excluded from further participation. Symptomatic
participants could be sampled at home according to the hospital policy
at that moment.

Blood samples of all participants were also tested for SARS-CoV-2
IgG antibodies by the Afinity IgG ELISA. Samples with IgG ratios >1.4
were considered to be positive. Two samples from two individuals after a
proven COVID-19 infection served as controls in the serology analysis.

For this study of biomarker variability in healthy subjects, subjects
were excluded if there was a suspicion of infection, as indicated by one
or more of the following: positive serology results, clinical symptoms, or
a change in MMBYV score across the time course.
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MeMed BV® (MMBV, MeMed, Israel) tests were conducted using
blood samples of healthy participants. The tests were run on MeMed
Key® (MeMed, Israel) a multi-purpose immunoassay analyser for
quantitative diagnostic immunoassays that provides MMBV results in
15 minutes, and is therefore designed for on-site diagnostics.

2.4. Statistical analysis

Two to three MMBV measurements were performed per time point
and the average per time point used for each subject across their time
course. For values below the instrument’s limit of quantitation, LoQ,
(15 pg/ml for TRAIL, 100 pg/ml for IP-10 and 1 mg/L for CRP [6]) the
LoQ was used in all calculations.

2.5. Ethical considerations

This study was approved by the Medical Research Ethics Committee
of the UMC Utrecht (IRB number 20-206/D). Informed consent pro-
cedures followed in compliance with UMC Utrecht guidelines. Virologic
and serologic results were shared with participants after complete
analysis.

3. Results
3.1. Clinical results

Between April 14 and May 22, 2020, 294 healthcare workers (HCWs)
were enrolled in the study of which 291 (99 %) participants provided a
first blood sample (Figs. S2 and S3). A total of 286 (98 %) participants
completed the final study visit. The median age was 44 years (range
18-65) and almost all (92.4 %) participants were female (Table S1). Out
of 286 participants, 9 had possible serology findings and 17 had clinical
symptoms; the remaining 260 were considered as healthy subjects.

3.2. Healthy subjects

Of the 260 healthy subjects, here we present the natural variability of
infection biomarkers in 77 healthy subjects. As most participants were
females, to explore relevant differences between males and females,
samples from every enrolled male (n = 22) and a randomly selected
subset of females (n = 55) were measured across all time points (3-6). In
healthy individuals without current or recent symptoms 93.5 % of
maximal MMBYV results and 98.7 % of mean MMBV results were within
the “viral (or other non-infectious)” range (Fig. 54).

In these 77 healthy participants without any symptoms during
sample collection, mean biomarker concentrations for TRAIL, IP-10, and
CRP were 74.5 pg/ml (standard deviation (SD) 15.6), 113.6 pg/ml (SD
23.6), and 1.90 mg/L (SD 2.1), respectively (Fig. 1). Healthy biomarker
variability across time was comparable to the precision of the mea-
surement platform [6] (Fig. S5.).

3.3. Symptomatic subjects

Of the 286 HCWs who completed the study, 17 (5.9 %) developed
RTI symptoms during the study period. RTI episodes in all participants
were characterised by mild symptoms, including a runny/blocked nose,
minimal coughing, sore throat, headache, muscle pain, or fatigue.
Temperature was marginally increased in two participants (38.0 °C and
38.1 °C). All symptomatic participants were negative for 18 respiratory
viruses tested for by PCR, including SARS-CoV-2. Of 17 symptomatic
participants, 8 had been diagnosed with hay fever or allergies previ-
ously. All seven blood samples from two of the HCWs showed SARS-
CoV-2 antibodies, indicating that they entered the study with
antibodies.
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Fig. 1. Healthy biomarker concentrations in male (n = 22), female (n = 55) and all participants with sequential MMBV measurements (n = 77). Each data point is

the mean of a subject’s time course.
4. Discussion

We conducted a prospective study over a two-month period in HCWs
in a children’s hospital in the Netherlands. With the HERACLES study,
we present a baseline of host biomarker dynamics in 77 healthy adults,
selected from 260 healthy subjects . Our findings provide mean values of
TRAIL, IP-10, and CRP and the MMBYV score in healthy individuals and
indicate little variability between and within individuals over time. This
finding supports the potential utility of this novel diagnostic in detecting
acute infection-induced changes.

To the best of our knowledge, this is the first study examining in-
flammatory host biomarkers in healthy adults. There are some limita-
tions to our study. Although we received ethical approval within a short
time (few days), the study started after the peak of the first COVID-19
wave in the Netherlands (Fig. S2). This could explain why we did not
detect any PCR-confirmed SARS-CoV-2 infection in the HCWs. Although
this clinical study did not achieve its objective of capturing the dynamic
expression of the biomarkers during natural SARS-CoV-2 infection, we
consider the dynamics of the biomarkers in healthy individuals to be a
valuable baseline finding. A strength of the HERACLES study is that 291
HCWs were successfully recruited at a challenging time for global
healthcare. The low SARS-CoV-2 incidence among the HCWs at a pae-
diatric facility could reflect its low incidence among children. Other
studies have reported similar infection rates [7].

In conclusion, the dynamics of novel and traditional host proteins in
a large sample size of healthy subjects contributes to our understanding
of the healthy baseline of these host biomarkers. A translational benefit
of this finding is that these biomarkers may serve to detect early infec-
tion with viruses such as RSV and SARS-CoV-2 [8]. Future challenge
studies are warranted to explore this further.
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