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A SIMPLE, RAPID, AND HIGHLY SENSITIVE
MAGNETIC BEADS ELISA FOR DETECTION

OF SARS COV-2 ANTIBODIES (IgG) IN HUMAN PLASMA
SAMPLES AS A POINT OF CARE ASSAY

The pandemic outbreak of coronavirus (SARS CoV-2) has been going on over the last 3 years. The people are vaccinated
with different vaccines targeting the S protein. Aim. Therefore, it is essential to have an assay that can detect different parts
of the virus as a serological assay and can be performed as a point of care test. Hence, in this work, we decided to develop
such an assay with the help of magnetic beads. Methods. The magnetic beads ELISA (MB ELISA) was developed in a
microtube. The viral ligand- specific magnetic beads were used to detect the nucleoprotein (NP)-specific IgG antibodies
in human plasma samples. The results were read with the naked eye as well as with professional ELISA readers. Results.
7 uL magnetic beads were suitable to detect the presence of NP-specific antibodies. The assay needs only a magnetic rack
and a pipettor to be performed. The results were available within 30 min. The positive results were observed as yellow color
visually but also read in ELISA reader as OD values. The sensitivity of this assay was 1:10° dilutions. The cross-reaction
panel was negative with different pathogens and negative human plasma. Conclusions. This work may be the first report
in literature about the development of a magnetic beads ELISA as a point of the care assay, which is reproducible, highly
sensitive, robust, and easy to perform. It was used to detect the presence of NP-specific IgG antibodies in the plasma sam-
ples successfully. This assay can be used as a professional assay, where the results can be measured with an ELISA reader.
This assay may be suitable in small clinics also under field conditions. It can be used to detect the SARS CoV-2 infection in
vaccinated persons (S protein-based vaccines) along with non-vaccinated population in latent and active phase.
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Magnetic beads have been used in biomedical | [I, 2]. The recent pandemic outbreak of SARS
and clinical research for different purposes in- | CoV-2 (Wuhan strain and its mutations) has
cluding the isolation of stem cells and mono- | been going on over the last 3 years since the
nuclear cells like T and B cells over many years | beginning of 2020. To detect this virus and its
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Fig. 1. Magnetic rack with microtubes showing a wash-
ing step

Fig. 2. The yellow color indicates positive samples, and
the transparent solution — negative control

antibodies, there are different methods, e.g., the
real-time PCR tests and rapid tests [3]. To detect
the presence of SARS CoV-2 specific antibod-
ies in the blood and its fractions such as plasma
and serum, serological tests, e.g., ELISA based
on plates and conventional ELISA need many
hours to provide the results. Therefore, the sci-
entific community is looking for alternatives to
perform ELISA in a shorter time [4—8].

Magnetic beads are discussed in the literature
as an alternative as M magnetic beads tests can
give the results shortly, moreover, can be read
with the naked eye as well as with an ELISA
reader. Such tests can act as a point of care as
well [8]. In the literature, there are a few reports
on MB ELISA tests [9—12].

Most of the vaccinations against SARS-CoV-2
in Europe and the USA are based on S-protein,
hence vaccinated persons should have antibod-
ies against S-protein only. In case of natural
infection, such persons are going to have anti-
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bodies against the other parts of the virus, e.g.,
Nucleoprotein (NP). Therefore, we decided to
develop an MB ELISA assay to detect NP- spe-
cific antibodies in human plasma samples.

Materials and methods. 100 pL Blocking puft-
er (Genekam, Germany) was pipetted in 1.5 mL
microtubes (Starstedt, Germany), and to this, 7 uL
or 10 pL of SARS CoV-2 ligand-specific magnet-
ic beads (Genekam) were added. The fluid was
kept for 5 min at room temperature. After that,
the fluid was removed, while keeping the tubes
for 2 min in a 6-tube magnetic rack (Genekam).
The plasma or serum samples were diluted with
diluting buffer 1:2 or 1:4, or more, depending on
the application. 100 pL of the diluted serum or
plasma samples was added to magnetic beads
and kept for 3 min at room temperature.

The samples were washed with 1.5 mL wash-
ing buffer (Genekam) 3 times (Fig. 1). 100 uL of
conjugate anti-human IgG was added to each
well and kept at room temperature for 5 min. The
magnetic beads were washed 4 times with 1.5
washing buffer. 100 pL of the substrate was used
in each well and kept for 7 min at room tempera-
ture in the dark. The reactions were stopped with
a sulfuric acid solution (Applichem, Germany).
This will turn the color yellow in positive sam-
ples but in negative samples and control, there
will be no color, i.e., the solution remains trans-
parent. The results can be read with the naked
eye (Fig. 2). To quantify the results, 100 uL of
solution from each tube was put on a 96 well
plate (Sarstedt, Germany).

The plate was read with an ELISA reader
(BioBase, China) at 450 nm wavelength. The test
was completed within 30—45 min depending on
the number of samples. The whole procedure is
a modification of the conventional ELISA on the
plates of the author’s research work.

The test was conducted with positive samples
and positive or negative controls. In the nega-
tive control, there were ligand-specific magnetic
beads, and only diluting buffer was added. All

experiments were conducted under sterile lam-

ISSN 1028-0987. Microbiological Journal. 2023. (6)



A Simple, Rapid and Highly Sensitive Magnetic Beads ELISA for Detection of SARS CoV-2 Antibodies (IgG)

inar flow. The positive controls were obtained
from NHS, UK. The test was performed on un-
known plasma samples.

The sensitivity was calculated with al0-fold se-
rial dilution of 1:2 diluted positive samples. The
cross-reaction panel included known positive sam-
ples for influenza, measles, Epstein Barr virus, etc.

Results. The MB ELISA detects specifically
positive samples for NP-specific antibodies in
plasma samples. The negative control was neg-
ative. There were around 4 unknown samples,
positive for the presence of NP- specific antibod-
ies. These samples were repeated 3 times, and
they were also positive. The OD values measured
with the ELISA reader varied between 1.155 and
2.856 (Table 1). The results of 10 experiments
can be seen with the naked eye (Fig. 2), which
means that this assay can be used as a point of
care under the field conditions. The cross-re-
actions panel with related pathogens showed
negative results (Table 2). The control samples
from NHS, UK, were positive. EIISAs readings
were between 0.580 to 1.900 for different posi-
tive samples. Two different volumes of plasma 25
and 50 pL were used successfully.

The sensitivity limit of the assay was 10% (Table 3).

It was found that 7 uL of ligand-specific mag-
netic beads is sufficient to conduct the assay. |In
the beginning, 10 uL of beads was used, but it
was found that 7 pL is the optimal concentration
to conduct the assay. The negative controls were
negative with 7 uL magnetic beads against 10 uL
magnetic beads, where there is some problem of
cross-talking.

The time needed to perform this assay was 30
min. It was found that it can be cut to 15 min, but
the washing steps need a lot of time, which in-
creases the time of conducting the assay. Genekam
magnetic racks are made in such a way that the
microtube fits the rack tightly so that the fluid can
be thrown away just by tilting the rack. The rest of
the fluid can be removed with a pipette.

Discussion. In this research work, we have de-
veloped an MB ELISA for detecting the presence
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of NP-specific antibodies (IgG) of SARS CoV-2.
It can be used as a point of care assay under the
field conditions as this assay can be performed
at room temperature and needs only a magnet-
ic rack, pipettors, and pipette tips. This assay is
highly sensitive: it can detect up to 10® dilutions,
which is more than the detection limit of the
conventional ELISA. The reason may be that the
magnetic beads present the antigen in the 3D di-
mension against the conventional ELISA, where

Table 1. The OD values of different
plasma samples with magnetic beads

Plasma (OD values)

Experiment
1 2 3 4 5

2.116|2.852|2.840 | 1.155| 2.386
0.08210.091|0.078 | 0.069 | 0.09

Plasma sample

Negative control

Table 2. Cross-reaction panel

Pathogen Result
Influenza A negative
Mumps negative
EBV negative
Human Plasma negative
Measles negative

Table 3. Sensitivity range with different dilutions

Dilutions Result
1:0 positive
1:10 positive
1:100 positive
1:1000 positive
1:10000 positive
1:100000 positive
1:1000000 positive
1: 10000000 positive
1:10000000 positive
1: 100000000 negative
1: 1000000000 negative
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the antigens bind to the receptors on the plastic
surface in the 2D dimension. Another advantage
is that the MB ELISA lasts within 30 min, while
the conventional ELISA takes 3 to 24 h. Our MB
ELISA needs only 7 uL of antigen beads, which is
very little, thus it can give the results with as little
as 25 pL plasma from the patient.

Using this basic method, we have developed a
number of MB-ELISA tests against other com-
mon pathogens, which are being validated, and
the work will be published later. Therefore, only
a small number of samples are shown in this pa-
per. Moreover, this test has some other important
applications as well, which will be published lat-
er. The time needed to develop this whole assay
was more than 5 years of research in our labora-
tory. We have designed a new type of magnetic
rack, where the tubes fit tightly in order to throw
the supernatant while tilting the rack against the
magnetic racks available on the market, where
tubes shake and consume many pipette tips to
remove the supernatant and many times suck
away the magnetic beads, leading to failure.

Huergo et al. have developed another MB ELI-
SA for the detection of SARS CoV-2-specific an-
tibodies using a 96-well plate system, but that test
cannot be used under field conditions as it needs
expensive instruments, e.g., a special magnet-
ic rack and an ELISA reader, in addition to the
96-well plate system, hence it cannot be used as a
point of care assay. It is for high-level laboratories,
where the user has labs with a full set up of instru-
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I[TPOCTUMN, IIBUIKNI TA BUCOKOUYYT/IMBUI MATHITHUN I®A-TECT
IUTA BUABIEHHA AHTUTUI (IgG) 1O BIPYCY SARS CoV-2 Y 3PA3KAX IVIA3MM KPOBI JIIOJIMHY
K EKCIIPEC-TECT IJIS1 HATAHHS MEIVYHOI JOIIOMOI'U

ITanpemisa xoponasipycy SARS CoV-2 tpuBae Bxe 3 poxu. JIrofy BaKIMHYIOTbCA pi3HMMM BaKIMHaMM, Hallile-
HyMM Ha 61710k S. MeTa. PospoOuTy TecT Ha OCHOBI MarHiTHUX KY/IbOK, SIKVIT MOYKe BUAB/IATY Pi3Hi YacTUHM Bi-
PYCY SK CepoJIoriuHMiT aHai3 i Moxke Oy TV BUKOHAHMII SIK IIBYKUI TeCT Ha Miclii HAlaHHA MEIUYHOI JOIIOMOT.
Meropu. IOA-TecT 3 MarHiTHIMM Ky/IbKamy 6yB po3po6ieHuit 3 BUKOPUCTAHHAM MiKponpobipok. Crenngidni
0 BipyCHOTO JIraHAy MAarHiTHi Ky/IbKU BMKOPUCTOBYBA/IUCH I BUABJICHHA CIelM(IiYHUX TO HYKJIEONpOTeiHy
(NP) anTutin xnacy IgG y spaskax ma3mm KpoBi JofayHM. Pe3ynbraTi 34uTyBamy AK He030POEHNM OKOM, TaK i
3a oromorolo maboparopuux IOA-ckanepis. PesynbTaTu. 7 MK/I MarHiTHUX Ky/IbOK 3/IaTHi BUAB/IATY HAasBHICTDb
NP-crieundivnnx antutin. s mpoBeseHHs aHaIi3y moTpibeH /muille MarHiTHMIT IITaTUB Ta IIireTKa. Pe3ynbraTu
mocTynHi 4yepe3 30 xBuuH. [103UTUBHI pe3ynbTaTyl CocTepirani BisyanbHO AK IO HAABHOCTI )KOBTOTO KOTTbOPY Pi-
AVHY, TaK i 110 nokasHyukax onTnyHoi ryctunu (OT) IOA-pifepa. Uy TnuBicTh 11bOro aHamisy cTaHOBMUIA 1:108 pos-
BefieHb. [TaHeb mepexpecHNX peakxliiiil 6y/1a HeraTMBHOIO O[O {HIIMX Pi3HYX IATOTEeHIB, a TAKOX LIO0 JIIOACHKOI
wrasmu. BucHosku. 151 po6oTa € nepiM B jtiTeparypi MoBifOMIEHHAM PO po3pobky IDA 3 BuKOprCTaHHAM
MArHITHUX Ky/IbOK. PO3p06/IeHNIT METO € BiATBOPIOBAHNM, BYCOKOUYT/IMBUM, HAJI/HVIM i IIPOCTUM y BUKOHAHHI.
Bin 6yB BMKOpUMCTaHMII /1A yCIilHOTO ByABNeHHA crienydivanx IgG anturin o NP y 3paskax mrasmu kposi. et
aHas1i3 MoXKe 6y TU BUKOPUCTAHUI sIK IpodeciitHumil, ie pesyabTaTy OTPUMYIOTH 3a fonomoroio IPA-pinepa, i 6ytu
IPUAATHUM /I TECTIB y HEBENMKMX KIiHIKaX, a TAKOXX Y IO/IbOBUX YMOBAX f/is BusaBieHHs iHdekuil SARS CoV-2
y BaKIIMHOBAHNX 0Ci6 (BaKIVMHY Ha OCHOBI S-TIpOTeiHY), a TAKOXX Y HeBAKI[THOBAHOTO HACeJIeHHs Y JTATEHTHIIl Ta
aKTUBHIN (asax.

Knrouosei cnosa: xoponasipyc, excnpec-mecm, ceponoeisi, SARS CoV-2, maznimni kynvku.

ISSN 1028-0987. Microbiological Journal. 2023. (6) 65



