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Abstract

Diagnosing persons infected by COVID-19 is key to
the control of the pandemic. It has, however, become
increasingly important to identify those who have had
the infection by measurement of circulating
antibodies against Sars-COV-2 of the IgM and 19G
type. In this report we show the development of a
rapid and sensitive point-of-care assay for the
measurement of 1gG antibodies against the two spike
proteins, S1 and S2, of the Sars-COV-2 virus.

Archives of Clinical and Biomedical Research

Methods: The AgPlus electrochemical technology
was applied and the S1 and S2 proteins were
biotinylated and immobilized onto streptavidin
coated magnetic particles as the capture component
of the assay. The IgG antibodies bound to the
particles were detected by anti-human IgG and the
signal expressed as nC (nano Coulomb). Assay time
was <10 min.

Results: Plasma (n=211) from 117 SARS-Cov-2
PCR positive patients and from 78 persons with

samples taken before the COVID-19 pandemic were
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analysed. The sensitivity and specificity of the assay
were 91.9% and 100%, respectively. The assay was
highly correlated to a predicate and FDA-approved
IgG antibody ELISA (r=0.81). The IgG response was
significantly lower in patients who died during their
ICU stay.

Conclusions: A poor IgG response after a COVID-
19 infection is a serious risk factor as to death. A
sensitive, rapid and accurate 1gG antibody POC assay
should be useful in the daily management and

evaluation of COVID-19 infected patients.

1. Introduction

The COVID-19 pandemic is a major burden to the
society. Diagnosing persons infected by COVID-19
is key to the control of the pandemic. It has, however,
become increasingly important to identify those who
have had the infection by measurement of circulating
antibodies against Sars-COV-2 of the IgM and 19G
type [1-4]. IgM antibodies are present within days
after acquiring the infection and subside within the
next few weeks and replaced by IgG antibodies. The
duration of 1gG antibodies is uncertain, but their
presence has been observed several months after the
infection [5]. Circulating 1gG antibodies against the
Sars-COV-2 are important for the immunity against
the infection and is the aim of the vaccination

programme.

Several assay formats have been developed for the
identification of 1gG antibodies against the spike
proteins S1 and S2 of The Sars-COV-2 virus,
however with very varying performances [6-10].
Some of these assays are lab based and some based
on lateral flow POC assays. The attraction of POC

assays for this diagnostic purpose is the easy and
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rapid access to the knowledge of the antibody
response, be it in the care of seriously ill patients at
the ICU or for the estimate of the response after a
vaccination or after a COVID-19 infection. In this
report we show the development of a novel point-of-
care assay of 1gG antibodies against the two spike
proteins. The validity of the POC assay was tested in
a population of patients with serious COVID-19
infection admitted to the intensive care unit. The
clinical utility of the IgG antibody assay was
suggested by the close relation of the IgG response to

the outcome of the patients with regards to mortality.

2. Materials and Methods

COVID-19 infected patients (n=117) were admitted
to the ICU due to respiratory failure on average 10
(range 2-34 days) days after a positive COVID-19
PCR test. Eighty-nine patients were men (age median
60 years, range 25-86 years) and 28 women (age

median 69 years, range 24-86 years).

The present investigation is a sub-study of a
prospective observational study carried out at the
ICU at Uppsala University hospital, a tertiary care
hospital in Sweden at the time only treating COVID-
19 patients. The study was approved by the National
Ethical Review Agency (EPM; No. 2020-01623).
Informed consent was obtained from the patient, or
next of kin if the patient was unable to give consent.
The Declaration of Helsinki and its subsequent
revisions were followed. The protocol of the study
was registered a priori (Clinical Trials ID:
NCTO04316884). STROBE guidelines were followed
for reporting.De-identified plasma collected pre-
pandemic between 2016-2018 from apparently
healthy persons (n=76) were used as IgG antibody

negative samples. The AgPlus point-of-care
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technology was applied. The antigens used in the
assay were the S1 and S2 COVID-19 subunits
provided by The Native Antigen Company
(Kidlington, UK). These proteins were biotinylated
and immobilized onto streptavidin coated magnetic
particles as the capture component of the assay.
Diluted blood sample was added to a tube containing
the dried streptavidin magnetic particles and allowed
to incubate for three minutes. During the same
incubation, dried 80 nm silver nanoparticle pre-
coated with Mouse Anti Human 1gG were
rehydrated. Following a magnetic hold the sample
supernatant was removed and replaced with the re-
hydrate silver nanoparticles. The mouse Anti Human
IgG binds to the Sars-COV-2 specific antibodies
already bound to magnetic particles. Following
another short incubation (3 minutes) and a magnetic
hold, unbound silver particles were removed and the
sample washed with a buffer solution. A further
magnetic hold was performed and the wash buffer
supernatant removed and replaced with an electrolyte
containing read buffer. This sample was then added
to an AgPlus electrode and the amount of silver
present determined via anodic stripping voltammetry.
The result was presented as nano Coulomb (nC). The

total assay time was <10 minutes.

3. Statistics

Non-parametric statistics was applied. Comparison
between groups was calculated by Mann-Whitney U-
test and correlations by Spearman rank. The statistics
programme MedCalc® Statistical Software version
19.6 was used (MedCalc Software Ltd, Ostend,
Belgium; https://www.medcalc.org; 2020). The
determination of cut-off i.e., the limit between
positive or negative 1gG response was performed by

Fleet Bioprocessing (Hartley Wintney,UK). A
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receiver  operating characteristic curve  was
constructed. A receiver operating characteristic
curve, or ROC curve, is a graphical plot that
illustrates the diagnostic ability of a binary classifier
system as its discrimination threshold is varied. The
ROC curve is constructed by plotting the true
positive rate against the corresponding false positive

rate as the assay cut-off is varied.

The ROC curve data was used to determine the
optimum assay cut-point. The ROC data was
analysed in the following manner. Based upon the
methodology of Liu [11], the CZ value was
calculated as the product of the true positive rate and
true negative rate for a given threshold value. In
addition, the Youden function (J) was calculated by
subtracting the false positive rate from the true
positive rate for a given value of threshold. The
optimum cut-off can then be set to maximise the CZ
or J value, giving the optimum balance between assay
sensitivity and specificity. Both methods yielded the
same optimum cut-point for the assay.

Having determined the optimum cut-off, sample data
were classified accordingly and the assay
characteristics calculated as follows using a value of
0.95 for 1-a (ie. 95% confidence interval, CI).

4. Results and Discussion

The intra and inter-assay variations of the AgPlus
IgG antibody assay were estimated by triplicates at
three different levels. The intra-assay variation for
the negative control (range 1937-4577 nC) was
median 5.3% CV (range 1.9-18.0%), for the low
positive control (range 7524-9999 nC) median CV
4.5% (range 4.1-8.3%) and for the high control
(range 22519-27703 nC) median CV 5.5% (range
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5.4-7.4%). The inter-assay variations were CV 4.5 %,
1.6 % and 1.1 %, respectively, at the three different

levels.

Plasma (n=211) was obtained from 117 patients with
positive PCR tests for COVID-19 and used as
positives whereas pre-pandemic plasma from the
years 2016-2018 (n=78) were used as negatives. The
sensitivity of the test was 91.9% (95% CI 88.1% to
95.6%) and the specificity 100% (95% CI 100% to
100%) with a positive predictive value of 100% (95%
Cl 100% to 100%) and a negative predictive value of
81.7% (95% CI 73.9% to 89.6%). The cut-off
between negative and positive IgG antibodies was set
to 6100 nC based on ROC-plots.

DOI: 10.26502/achr.50170211

The AgPlus IgG antibody test was compared to an
ELISA-based assay produced by ALPCO Inc and
approved by FDA. As shown in figure 1 the two
assays showed a highly significant correlation,
r=0.81, p<0.0001. However, relative to the cut-offs of
the two assays a proportion of samples (22%)
deemed positive by the AgPlus assay was below the
cut-off of the ALPCO assay. Twenty of the samples
were also tested by a lateral flow POC assay provided
by Fortress Diagnostics (Co. Antrim, N Ireland). The
concordance between this assay and the AgPlus assay
was 75%.
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Figure 1: IgG antibody response as measured by the AgPlus assay in comparison to the Alpco ELISA for 1gG

antibodies against Sars-COV-2 virus.

The results of a Spearman rank correlation are shown
on the figure. The cut-offs, positive/negative 1gG
response, for the two assays are shown by horizontal

and vertical lines, respectively.
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As shown in figure 2, IgG antibodies against
COVID-19 antigens were present in blood in 82% of
the patients at admission to the ICU. The proportion
of patients with positive response of 1gG antibodies
rose further during the stay at the ICU and was at day

3, 96%. A significantly higher proportion of the

924



Arch Clin Biomed Res 2021; 5 (6): 921-927

patients (p=0.0038) who did not present with positive
IgG antibody response died early after admission

(figure 3). Eight of the patients died already within

DOI: 10.26502/acbr.50170211

three days after admission to the ICU. In one patient
who died after 2 weeks at the ICU, IgG antibodies
did not show up at any time in her blood.
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Figure 2: The 1gG antibody response over time in COVID-19 PCR positive patients admitted to the ICU.
The boxes indicate medians and IQ range. The horizontal line indicates the cut-off between positive and negative

IgG antibody responses. The response is expressed as nC (nano Coulomb).

Patients admitted to ICU with positive COVID-19 test

IgG titre at day 1

Figure 3: The IgG antibody response as

outcome.

measured in plasma at admission day at the ICU in relation to survival

The differences between survivors and non-survivors were calculated by Mann-Whitney U test and the statistics

given on the figure.
The point-of-care technology described in this report

proved to be both reliable and rapid in the detection

of circulating 1gG antibodies against Sars-COV-2 in
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patients with severe organ dysfunction as a
consequence of COVID-19. In comparison to one

ELISA based assay and a lateral-flow POC assay the
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AgPlus assay showed a superior performance.
Importantly the specificity of the AgPlus assay was
100% which means that no false positives were
obtained. The sensitivity was lower, which was
expected, since not all subjects proven to have been
infected by COVID-19 produce antibodies. This
inability of the immune system to respond to the viral
challenge may be detrimental to the individual as
demonstrated recently [12]. The current results
concur the observation that individuals in intensive
care due to COVID-19 with a poor 1gG-response are
at greater risk of dying compared to those who mount
a high and positive response. Those few surviving
patients who presented with low IgG antibody
response at admission had all raised responses at day
three. Only one patient remained with 1gG titres
below the cut-off during the follow-up for 14 days
after which she died. Such observations emphasize
the importance of the production of IgG antibodies to
protect against the detrimental effects of the virus

infection.

Monitoring of IgG antibodies against COVID-19
should be an important aid and complement in the
fight against the pandemic and even more so in the
monitoring of the efficacy of vaccination
programmes[1,3-5,8]. From very preliminary data
differences in the vaccines currently distributed and
administered in the population can be seen in their
varying efficacy in their protection for individuals
against the virus infection. These differences may be
related to age and individual immune capacities and
monitoring the 1gG response should be of great
importance in order to achieve the best possible
immunity in the population [8]. For these purposes
we need access to reliable high through put

laboratory assays for mass screening [4,13], but also
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similarly reliable POC assays that can be used in
settings not suitable for mass screening or when rapid

answers to the immunization is warranted [7].

5. Conclusions

The assay presented in this report seems to fulfil the
requirement of sufficient sensitivity and specificity in
the detection of an IgG response after a Sars-COV-2
infection and should be a better choice for these
purposes than most qualitative lateral flow assays in

doctor’s office settings.
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