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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to evaluate the diagnostic performance of Simtomax® CoronaCheck, a serology rapid
SARS-CoV-2 diagnostic test (RDT) for the detection of IgG and IgM against SARS-CoV-2. 48 plasma samples positive for SARS-
COVID-19 CoV-2 based on RT-PCR and 98 negative control samples were studied. Diagnostic performance of the IgG/IgM
li:;l;ist RDT was assessed against RT-PCR and the electro-chemiluminescence immunoassay (ECLIA) Elecsys® Anti-

SARS-CoV-2 total Ig. Overall, the RDT sensitivity was 92 % (95 % confidence interval [95 %CI]: 79—-97),
specificity 97 % (95 % CI: 91—99 %), PPV 94 % (95 % CI: 81—-98) and the NPV 96 % (95 % CI: 89—99). When
considering only samples collected > 15 days post-symptoms (DPS), the sensitivity increased to 98 % (95 %CI:
86-100) and the specificity was 97 % (95 % CI: 91—99 %). Two samples with 180 DPS were still positive for IgG.
Globally, this IgG/IgM RDT displayed a high diagnostic accuracy for SARS-CoV-2 IgG/IgM detection in plasma
samples in high COVID-19 prevalence settings. It could be effectively used, in absence of facilities for routine

Lateral flow immunoassay

diagnostic serology, for samples with a DPS between 15 and 180 days.

1. Introduction

SARS-CoV-2 is the etiological agent of a severe pneumonia first re-
ported in Wuhan (Hubei, China), called 2019 Coronavirus Disease
(COVID-19). Protein sequence analysis of seven proteins showed that
the virus is related to the Severe Acute Respiratory Syndrome Corona-
virus (SARS-CoV) and the Middle East Respiratory Syndrome Corona-
virus (MERS-CoV) with similar epidemiology (Kannan et al., 2020; Zhou
et al., 2020). Currently, the detection method for SARS-CoV-2 is based
on viral RNA detection using Reverse-Transcription PCR (RT-PCR) but
other tests such as chest computed tomography (CT) imaging or anti-
gen/antibody testing can also be used (Li et al., 2020a,b). Serological
analysis may be applied to detect past exposure to the virus and possibly
if a patient has developed immunity against the virus. It is widely
accepted that IgM provides the first line of defense during acute viral
infections, prior to the generation of adaptive, high affinity IgG re-
sponses that are important for long term immunity and immunological
memory (Li et al., 2020b). Several authors analyzed the antibody ki-
netics in COVID-19 patients. Zhao et al. (2020) showed that among 173
patients, the seroconversion sequentially appeared for total antibody,

IgM and then IgG, with a median time of 11, 12 and 14 days after
symptom onset. The majority of antibodies are produced against the
most abundant protein of the virus, which is the nucleocapsid protein
(NP). Therefore, serological tests that detect antibodies to NP should be
the most sensitive. In addition, because the receptor-binding domain of
the Spike protein (RBD-S) is the host attachment protein, antibodies
against RBD-S should be very specific. Therefore, according to some
authors, using one or both antigens should result in high sensitivity and
specificity (Sethuraman et al., 2020). The rapid diagnostic test (RDT)
Simtomax® CoronaCheck developed by Augurix SA (Switzerland) uses
both antigens as described in To et al. (2020). The gold nanoparticles
used for detection are conjugated with SARS-CoV-2 Receptor Binding
Domain and Nucleocapsid protein with the aim to specifically bind IgM
and/or IgG in COVID-19 positive samples. A recent clinical evaluation of
Augurix RDT at the University Hospitals of Geneva and Lausanne
(Switzerland) demonstrated high diagnostic accuracy for IgG in
whole-blood, plasma and sera samples (Andrey et al., 2020; Coste et al.,
2021).

The aim of this study was to evaluate the performance of this RDT
with plasma samples in a high COVID-19 prevalence setting using as

* Corresponding author at: Institute of Life Technologies - School of Engineering, HES-SO // University of Applied Sciences Western Switzerland, 1950 Sion,

Switzerland.
** Corresponding author.

E-mail addresses: percevent.ducrest@gadia.net (P.J. Ducrest), jmanuel.segura@hevs.ch (J.-M. Segura).

https://doi.org/10.1016/j.jviromet.2021.114178

Received 27 October 2020; Received in revised form 19 April 2021; Accepted 30 April 2021

Available online 4 May 2021
0166-0934/© 2021 The Author(s).

(http://creativecommons.org/licenses/by-ne-nd/4.0/).

Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license


mailto:percevent.ducrest@gadia.net
mailto:jmanuel.segura@hevs.ch
www.sciencedirect.com/science/journal/01660934
https://www.elsevier.com/locate/jviromet
https://doi.org/10.1016/j.jviromet.2021.114178
https://doi.org/10.1016/j.jviromet.2021.114178
https://doi.org/10.1016/j.jviromet.2021.114178
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jviromet.2021.114178&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

P.J. Ducrest et al.

reference methods RT-PCR and an Electro-chemiluminescence immu-
noassay (ECLIA) Elecsys® Anti-SARS-CoV-2 total Ig (Roche,
Switzerland).

2. Materials & methods
2.1. Study population and blood sample collection

Forty-eight anonymized remaining patients’ plasma-EDTA speci-
mens, supplied by INO Specimens BioBank, ISB (Clermont-Ferrand,
France), were used for this method evaluation (Fig. 1). Only laboratory-
based information was used in this study. All 48 samples were from
patients positive for SARS-CoV-2 based on RT-PCR measurements on
nasopharyngeal swab samples using the BD SARS-CoV-2 reagent kit for
the BD Max system (Becton Dickinson and Co, US). The RT-PCR analysis
were performed by INO Specimens. The median CT value was 25.6 (IQR
20.05-29.15). The plasma-EDTA specimens (n = 48) were all collected
at days post symptom (DPS) of at least 10 days. A proportion of 48 %
(23/48) of the plasma-EDTA specimens were additionally tested for total
immunoglobulin against COVID-19 with an electro-chemiluminescence
immunoassay (ECLIA) at INO Specimens BioBank (Fig. 1). As negative
controls, anonymized unmatched control plasma samples (n = 98),
supplied by AbBaltis (Kent, UK) with a collection date before 2018, were
used (Fig. 1).

2.2. Augurix IgM/IgG immunochromatographic rapid test

Commercial CE-labeled SARS-CoV-2 IgM/IgG RDT were from
Augurix (Switzerland). This test detects IgG and IgM against NP and
RBD-S antigens and can be used either with capillary blood, whole
blood, plasma or serum. One IgM/IgG rapid test per sample was used.
Following manufacturers’ instructions, 10 pL of plasma were applied for
each sample. IgG and IgM responses were read after 15 min following
manufacturer’s instructions, blinded to the reference method results.
The tests were considered COVID-19 positive if either the IgM line or the
IgG line or both lines were positive.

2.3. Electro-chemiluminescence immunoassay Elecsys® Anti-SARS-CoV-
2 total Ig

ECLIA experiments were performed at INO Specimens Biobank.
Elecsys® Anti-SARS-CoV-2 total Ig (Roche, Switzerland) makes use of
the nucleocapsid protein of SARS-CoV-2 as antigen. This test detects the
total Ig against NP antigen. Total Ig was analyzed according to manu-
facturer’s instructions. The assays were run on a Cobas e 601 (Roche,
Switzerland) according to manufacturer’s protocol. Positivity was

Total specimens evaluated

146 plasma-EDTA samples

/\

Negative control Group COVID-19 positive Group

98 plasma-EDTA samples
collected before 2018

48 plasma-EDTA samples
RT-PCR positive

* 7withDPS <15
e 41 withDPS>15

23 samples out of 48 RT-PCR
positive were additionaly
analyzed with ECLIA

* 4 withDPS<15
. 19 with DPS > 15

Fig. 1. Description of the plasma samples used in this study.
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defined by the manufacturer as a cut-off index (COI) > 1.0.
2.4. Study end points

The primary end point was to assess the accuracy of IgG/IgM
detection in plasma using Augurix IgM/IgG RDT against the RT-PCR
reference method, within a cohort of 48 RT-PCR confirmed COVID-19,
with day post-symptoms (DPS) of > 10 days, and 98 control plasma
samples. The secondary end point was to assess Augurix IgG/IgM RDT
performance against Electro-chemiluminescence immunoassay (ECLIA),
Elecsys® Anti-SARS-CoV-2 total Ig (Roche, Switzerland).

2.5. Statistics

Vassarstats online tool (www.vassarstats.net) was used to calculate
sensitivity (SE), specificity (SP), positive and negative predictive values
(PPV, NPV), 95 % confidence intervals, median, Interquartile range
(IQR) and Cohen’s kappa values. Significance (p-values) were calculated
using a Mann-Whitney U test. Statistical significance was defined as p <
0.05.

3. Results
3.1. Baseline characteristics

The demographic characteristics of patients’ samples were as fol-
lows: the 48 COVID-19-positive samples were from patients older (me-
dian = 49 years old, IQR 33-58.75) compared to the healthy patients (n
= 98) (median = 34.5 years old, IQR 18-44.75; p < 0.05). The pro-
portion of females was 56 % (n = 20) and 51 % (n = 50) in the COVID-19
positive and in the healthy control group, respectively.

Among the COVID-19 samples, the median delay between symptom
onset and sampling was 21 days (IQR 16-32 days), but not less than 10
days. The longest DPS (one single sample) was 180 days.

A detailed description of all the available information on the samples
and the results of the various tests is provided in the supplementary
information.

3.2. Specificity of IgG/IgM RDT on the negative control group

The diagnostic specificity of the IgG/IgM RDT was assessed on the
COVID-19 negative control group with a sampling date before 2018 (n =
98). The results are shown in Tables 1 and 2. IgG/IgM RDT results were
negative in 96.9 % (95/98) of the cases (95 %CIL: 91-100 %). Three
discordant results showed a positive IgM line while negative with RT-
PCR (false positives compared to RT-PCR results). The specificity (SP)
of the IgG/IgM RDT was therefore 97 % (95 % CI: 91-99 %).

Table 1
Diagnostic performance of Simtomax CoronaCheck RDT compared to RT-PCR as
reference method for different sample groups.

SE % (95 % SP % (95 % PPV% (95% NPV % (95 %

CD CcD CcD CcD
All samples (n = 146); Prevalence = 48/146 = 33 %
IgG/IgM RDT vs 92 (79-97) 97 (91-99) 94 (81-98) 96 (89—-99)
RT-PCR

Samples with DPS < 15 and negative controls (n = 105); Prevalence = 7/105 =
6.7 %

IgG/IgM RDT vs
RT-PCR

Samples with DPS > 15 DPS and negative controls (n = 139); Prevalence = 41/
139 =29 %

IgG/IgMRDT vs 98
RT-PCR (86—100)

57 (20—-88) 97 (91-99) 57 (20—88) 97 (91-99)

97 (91-99) 93 (80-98) 99 (94-100)

RDT: Simtomax CoronaCheck rapid diagnostic test; SE: sensibility; SP: speci-
ficity; PPV: positive predictive value; NPV: negative predictive value; ECLIA:
Electro-chemiluminescence immunoassay.
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Table 2
Diagnostic performance of Simtomax CoronaCheck RDT compared to ECLIA
total Ig as reference method for different sample groups.

SE % (95 % SP % (95 % PPV % (95% NPV % (95 %
(@] (@] (@)] (@]

All samples (n = 121); Prevalence = 23/121 =19 %

IgG/IgMRDTvs 91 (70-98) 97 (91-99) 88 (67—97)
ECLIA

Samples with DPS < 15 and negative controls (n = 102); Prevalence = 4/102 =
3.9%

IgG/IgM RDT vs
ECLIA

Samples with DPS > 15 DPS and negative controls (n = 117); Prevalence = 19/
117 =16 %

IgG/IgMRDTvs 100
ECLIA (79-100)

98 (92-100)

50 (9-91) 97 (91-99) 40 (7-83) 98 (92—-100)

97 (91-99) 86 (64—96) 100

(95-100)

3.3. Sensitivity of IgG/IgM RDT on RT-PCR confirmed COVID-19
samples

IgG/IgM RDT diagnostic sensitivity was assessed on the 48 samples
positive for COVID-19 based on RT-PCR. The results are shown in
Table 1. Both methods revealed similar results in 91.7 % (44/48) of the
samples (95 %CIL: 79—97 %). Four discordant results showed a negative
result with the IgG/IgM RDT both for IgG and IgM (no line observed)
while being positive with RT-PCR (false negatives compared to RT-PCR).
The resulting sensitivity (SE) of the IgG/IgM RDT was 92 % (44/48) (95
% CI: 79—97), while the positive predictive value (PPV; using a preva-
lence of 48/146 = 33 %) was 94 % (44/47) (95 % CI: 81—98) and the
negative predictive value (NPV) 96 % (95/99) (95 % CI: 89—99).

As shown in Table 1, most false-negative results (3 out of 4) exhibited
a DPS between 10 and 15. Only one false-negative result was observed
with a DPS > 15. When taking into account exclusively the results in the
> 15 DPS group, the IgG/IgM RDT sensitivity (SE) was 98 % (40/41) (95
% CI: 86—100), while the PPV (using a prevalence of 41/139 = 29 %)
was 93 % (40/43) (95 % CIL: 80—98) and the NPV 99 % (95/96) (95 % CI:
94-100). It is remarkable that two samples with days post symptoms
(DPS) of respectively 170 and 180 days were still positive for IgG (Sup.
Information).

3.4. Sensitivity of IgG/IgM RDT with an electro-chemiluminescence
immunoassay as reference method

The accuracy of the IgG/IgM RDT was also assessed using an electro-
chemiluminescence immunoassay (ECLIA), Elecsys® Anti-SARS-CoV-2
total Ig, as reference. ECLIA was conducted on a random selection of
23 out of the 48 COVID-19 positive samples based on RT-PCR. The
median cut-off index (COI) was 63.4 (IQR 5-85 COI). The COI was not
significant higher in the > 15 DPS group (76.9; IQR 5.8-86) compared to
the < 15 DPS group (26.3; IQR 1-49.5; p = 0.384). This might be at least
partly attributed to the small sample size of the < 15 DPS group (n = 4).
The results obtained using the IgG/IgM RDT on the 23 samples are
shown in Table 2. Both methods yielded similar results in 91.3 % (21/
23) of the cases (95 %CI: 70—98 %). Two discordant results showed an
IgG/1gM RDT negative result, both for IgG and IgM, while were positive
by ECLIA (false negatives). This resulted in an IgG/IgM RDT sensitivity
(SE) of 91 % (21/23) (95 % CI: 70—98), while the PPV (using a preva-
lence of 23/121 = 19 %) was 88 % (21/24) (95 % CI: 67—97) and the
NPV 98 % (95/97) (95 % CI: 92—100) compared to ECLIA.

The two false-negative results exhibited a DPS between 10 and 15.
When using exclusively the results in the > 15 DPS group, there was a
complete agreement between the results of the IgG/IgM RDT and ECLIA.
In this case, the IgG/IgM RDT sensitivity (SE) was therefore 100 % (19/
19) (95 % CIL: 79-100), while the PPV was 86 % (19/22) (95 % CI:
64—96) and the NPV 100 % (95/95) (95 % CI: 95—100).
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4. Discussion

The main finding of this evaluation study, using an unmatched case-
control design including 67.1 % (98/146) of negative control samples, is
that the diagnostic accuracy of IgG/IgM Augurix RDT on plasma samples
when compared to RT-PCR confirmed cases displayed a SE of 92 %, a SP
of 97 %, a PPV of 94 % and a NPV of 96 %. When compared to ECLIA
positive samples, the diagnostic accuracy of IgG/IgM Augurix RDT dis-
played a SE of 91 %, a SP of 97 %, a PPV of 88 % and a NPV of 98 %. The
sensitivity (SE) of IgG/IgM Augurix RDT was not significantly different
for both reference methods (p = 0.756) with strong Cohen’s kappa
correlations of 89 % for RDT vs RT-PCR and 87 % for RDT vs ECLIA. The
diagnostic accuracy of the RDT further increased when analyses were
performed exclusively on samples collected after 15 DPS and exhibited
excellent sensitivity (98 %) and NPV (99 %). For samples collected
within a DPS < 15 days, the diagnostic performance was clearly poorer
with 57 %, 97 %, 57 % and 97 % for SE, SP, PPV and NPV, respectively.

It is interesting to notice that the two false-negative results obtained
with Augurix RDT corresponded to borderline samples in ECLIA (Cut-of
index of 1.43 and 1.19) with a DPS between 10 and 15 days. The ECLIA
manufacturer defines positive samples when the cut-off index (COI)
value is > 1.0. This finding indicates that the analytical sensitivity of
Augurix RDT is lower than the ECLIA Elecsys® Anti-SARS-CoV-2 total Ig
(Roche, Switzerland) and that insufficient analytical sensitivity might at
least partly explain the poor performance of the RDT test at DPS < 15
days.

For samples with DPS > 15, there is a perfect agreement between
ECLIA and Augurix RDT, which can be explained by the fact that both
assays target the immune response against the full-length N protein of
SARS-CoV-2. The overall good specificity of the Augurix RDT might be
offered by the fact that it also targets the immune response against the
Receptor binding domain (RBD) of S protein.

The overall performance, in particular for DPS > 15, indicates that
Augurix RDT could be fit for purpose in clinical settings where a high
prevalence of COVID-19 prevails, especially in situations where ECLIA is
not available. Diagnostic performance in low prevalence populations
still needs to be experimentally determined and it would be interesting
to validate the results on larger populations. The results of our study on
plasma samples are similar with those recently published on whole
blood and plasma samples, which indicated a sensitivity of Augurix RDT
between 93 % and 100 % for samples with a DPS of >15 days (Andrey
et al.,, 2020; Coste et al., 2021), but differ from prior studies using
Augurix and other RDTs that observed a lower sensitivity of 56.4 % for a
DPS of > 21 days (Rudolf et al., 2020). However, differences in meth-
odology and sample size between the two studies make a comparison
difficult. Concerning the specificity of the test, the excellent perfor-
mance observed in this study is in line with the results of preceding
publications (Andrey et al., 2020; Coste et al., 2021). Three control
blood samples turned out to be IgM positive by RDT although they were
collected before 2018. Non-specific binding of undefined IgM antibodies
in the samples with the antigens present on the IgM line might possibly
explain this finding. But overall, Augurix RDT might be a suitable choice
in situations where a high PPV is instrumental.

The second notable finding of this study lies in the fact that IgG
seropositivity is still present 180 days after symptom onset in spite of
normal antibody decline (Long et al., 2020; Seow et al., 2020). To our
knowledge, it is the first time that SARS-CoV-2 IgG seropositivity is
demonstrated with RDT 180 DPS. The present study indicates also that a
certain level of SARS-CoV-2 IgG is present constantly with a concen-
tration sufficient to be detectable with RDT, from 15 days to at least 180
days post symptoms. This finding applies to the Augurix RDT and cannot
be generalized to other RDTs for SARS-CoV-2 specific antibodies
currently available. It would be interesting to quantitatively determine
the level of IgG/IgM 180 days post symptoms onset to confirm this
finding obtained with a qualitative assay.

In addition, the test provided clear results without indeterminate or
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invalid measurements. There are however several limitations to this
study. First, we present here the results of a method evaluation study
and not a seroprevalence study. Therefore, the PPV obtained here (based
on a 32.9 % proportion of cases defined as laboratory confirmed SARS-
CoV-2 by RT-PCR) will be lower in a low prevalence setting, e.g. when
testing the asymptomatic population. Another limitation of this valida-
tion study lies in the limited sample size leading to broad 95 % confi-
dence intervals, requiring confirmation of these data at a larger scale.
Also, here we used plasma and the test was performed in a laboratory
environment; we may expect different results in real-life at patients’ bed
and using capillary blood. Finally, our present conclusions only apply to
the Augurix RDT, and must not be generalized to other currently
available RDTs for SARS-CoV-2 specific antibodies.

In conclusion, Augurix RDT is not meant to replace a SARS-CoV-2
RT-PCR diagnostic test in the first week of the disease, but could be a
reliable option for assessing the SARS-CoV-2 serology in moderate to
high COVID-19 prevalence settings, i.e. when testing the sub-population
of individuals having presented COVID-19 symptoms, especially in sit-
uations where automated ECLIA or ELISA are not available, with sam-
ples collected between at least 15 days and up to 180 days after the onset
of symptoms.
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