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Abstract—COVID-19 has been declared a global pandemic
which has brought the world economy and the society to a
standstill. The current emphasis of testing is on detection
of genetic material of SARS-CoV-2. Such tests are useful
for assessing the current state of a subject: Infected or
not infected. In addition to such tests, antibody testing is
necessary to stratify the population into three groups: never
exposed, infected, and immune. Such a stratification is nec-
essary for safely reopening the society and remobilizing the
economy. The aim of this review article is to inform the
audience of the current diagnostic and surveillance technologies that are being employed for the detection of SARS-
CoV-2 antibodies along with their shortcomings, and to highlight microfluidic sensors and devices that show promise
of being commercialized for detection and quantification of SARS-CoV-2 antibodies in low-resource and Point-of-Care
(POC) settings.
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Index Terms— Antibody, biosensors, chemical and biological sensors, enzyme linked immunosorbent assay (ELISA),
protein.

I. INTRODUCTION

COVID-19 is an infectious disease caused by SARS-CoV-
2 virus; a virus closely related to the SARS virus. The

disease surfaced in late 2019 in the city of Wuhan, capital
of Hubei province in mainland China. According to the most
recent statistics, as of October 2020, coronavirus has spread
across the world, by infecting more than 38 million people
and has claimed about 1,089,000 lives [1]. In the United
States alone, almost 8 million cases of coronavirus have been
reported and the fatalities have amounted to approximately
214,000 and these numbers keep on increasing with each
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passing day. In addition to claiming precious human lives,
coronavirus has also negatively impacted the world economy.
Europe is on track to lose about 18.4 million tourism-related
jobs and $1 trillion in GDP in 2020 because of Covid-
19 related cancellations. [2]. Moreover, the US Department of
labor statistics reported that in the month of April 2020, the US
economy lost 20.5 million jobs and the unemployment rate
soared to staggering 14.7 percent [3]. The economic fallout of
coronavirus can have far-reaching consequences that can wipe
up to US$ 2.7 trillion from the global economy [4]. With
no proven vaccine or treatment available till date, monitoring
and containment is the only strategy available for stopping the
spread of the virus.

A recent report [5] lays out a plan for remobilizing the
US economy through the massive up-scale of testing, paired
with contact tracing and supported isolation. According to the
report, 5 million tests per day were required by early June for
a safe social opening and 20 million tests by mid-summer
to fully re-mobilize the US economy. Currently, the major
emphasis of testing is on detecting the genetic material of the
virus. Though necessary, these tests provide an incomplete
picture. While they may indicate if a person is currently
infected with the virus or not, they do not provide information
if the person had been previously exposed to the virus and has
recovered.
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https://orcid.org/0000-0002-4372-504X
https://orcid.org/0000-0003-4064-7709
https://orcid.org/0000-0002-9560-4311
https://orcid.org/0000-0003-3275-8353
https://orcid.org/0000-0002-6297-392X


4008 IEEE SENSORS JOURNAL, VOL. 21, NO. 4, FEBRUARY 15, 2021

Fig. 1. A chart qualitatively showing the probability of detection of various diagnostic techniques (on average) vs. time after a subject is exposed
to SARS-CoV-2. IgM levels fall quickly after a few weeks making it difficult to detect whereas IgG levels remain almost constant. Adapted from [6].

The human body produces Immunoglobulin M (IgM) anti-
bodies as a first line defense against viral pathogens while
Immunoglobulin G (IgG) antibodies are produced later and
are responsible for long-term immunity [6]. Fig. 1 shows
the probability of detection for various types of diagnostic
tests after the subject is exposed to the virus. Polymerase
Chain Reaction (PCR) test can likely test positive only for
a specific time frame. Antibodies are developed at a later
stage and can be monitored to ascertain the severity of the
disease and recovery progress. A recent study has pointed out
that the antibodies against SARS-CoV-2 virus are detectable
even after 5 to 7 months following infection [7]. Furthermore,
the infection rate and the number of people infected can be
estimated by antibody testing. Testing for antibodies specific
to the virus along with the current infection status, therefore,
provides a full picture and statistics derived from these types
of multiplexed tests such as mortality rate, infection rate and
recovery rate etc. are less fallible [8].

This paper is exclusively focused on microfluidic devices
having the potential for detecting COVID-19 specific anti-
bodies at Point-of-Care (POC). Devices and technologies for
detecting SARS-CoV-2 virus and its envelope proteins are not
covered and are out of the scope of this review. The review
is divided into two parts. In the first part, we list the antibody
detection tests approved for use in at least one country and
their shortcomings, whereas, in the second part, we have
highlighted a number of microfluidic devices and discussed

their potential to be used for large-scale antibody detection at
Point-of-Care (POC).

II. COMMERCIALLY AVAILABLE TESTS

Serological and Immunological assays have been approved
by multiple countries including the United States, Brazil,
Australia, Germany, Belgium, and South Korea. These assays
come in various flavors: Enzyme Linked Immunosorbent
Assay (ELISA), Lateral Flow Immunoassays, Neutralization
Assays, Luminescent immunoassay, Rapid Antigen Testing,
and electrical biosensing. Some of these techniques are high-
lighted below, along with countries that have either approved
or are currently deploying them to detect SARS-CoV-2
antibodies.

A. Lateral Flow Immunoassays
Lateral flow immunoassays typically provide results in a

10-20 minute time window, can test either plasma/serum or
even whole blood, check for the presence of both IgG as well
as IgM antibodies and do not require highly specialized equip-
ment, making them popular for field use. These lateral flow
COVID-19 IgG/IgM tests contain two components, an IgG
component, and an IgM component. Anti-human IgG is coated
in the IgG test line region whereas anti-human IgM is coated
in the IgM test line region (see Fig. 2(a)). During testing,
the antibodies in the sample (whole blood/serum/plasma) react
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Fig. 2. (a) Process flow diagram of a lateral flow immunoassay. Adapted from [9]. (b) Steps for antibody detection using BioMedomics lateral flow
device, Courtesy of BioMedomics. (c) Demonstration of results for a lateral flow Immunoassay device, Courtesy of BioMedomics.

with the SARS-CoV-2 antigen-coated particles in the test
cassette. These particles then move upwards in the device
chromatically by capillary action to react with anti-human
IgG and anti-human IgM in their respective testing regions
to form visible colored lines indicating the presence of
antibodies in the sample. In addition to the IgG and IgM
lines, a control line is also usually present to check whether
proper sample volume was used, and membrane wicking had
occurred [9].

These lateral flow assays have been approved for usage
in at least one country. Rapid lateral flow tests developed
independently by BioMedomics (Fig. 2 (b), (c)) [10] and
Cellex Inc. [11] are in use in the United States. Other
lateral flow assays that have been approved for usage include
the ones developed by Advagen Biotech [12], Chembio
Diagnostics [13] and Celer Biotecnologia (Brazil) [14], CTK
Biotech Inc. (developed in the USA, in use in Australia) [15],
a cassette based test by Hangzhou Alltest Biotech Co. Ltd (in
use in Australia, not approved in the US) [16], PharmACT
(Germany) [17] and a test developed by SD Biosensor (South
Korea) [18], Artron Lab simultaneous detection and differenti-
ation of IgM & IgG antibodies in blood sample (Canada) [19],
Acro Biotech 15 min test for detection of patient-generated
IgG and IgM antibodies against SARS-CoV-2 (USA) [20], and
a test developed by Hardy Diagnostics (Autobio) in the USA
for the detection and differentiation of IgG and IgM antibodies
to SARS-CoV-2 in plasma [21]. Furthermore, a magnetic
particle-based chemiluminescence immunoassay developed
by Bioscience (Chongqing) Diagnostic Technology Co., Ltd.
(only for IgG) is in use in China [22]. Lassaunière et al.

ranked the overall performance of six of these POC tests in
which AutoBio is the foremost and Hangzhou Alltest Biotech
is the last in the rank order [23]. Though these tests can
be used for reliable detection of SARS-CoV-2 antibodies
at POC, they can only be employed for qualitative testing
and their inability to quantify the level of antibodies in test
subjects is a major drawback that needs to be addressed.

B. ELISA Tests
Enzyme Linked Immunosorbent Assay (ELISA) tests have

seen high usage rates during the present pandemic. The
ELISA technique itself has four main flavors: Direct, Indirect,
Sandwich and Competitive ELISA [24]. The different types
of ELISA can be seen in Fig. 3 [25]. In Direct ELISA,
the enzyme-linked antibodies bind directly to the antigens that
are immobilized on a surface to produce a detectable signal.
Indirect ELISA involves the binding of a primary antibody
with the antigen first, followed by the binding of a secondary
antibody which is linked to the enzyme. In Sandwiched ELISA
it is not the antigen, but the antibody that is immobilized
to a surface (unlike direct and indirect ELISA), called the
capture antibody. The antigen binds to this capture body. Next,
the enzyme labeled antigen binds to the “captured” antigen,
and an enzyme-substrate reaction follows to produce a signal.
Finally, the above three techniques can be adapted into a fourth
“competitive” ELISA protocol where in addition to the target
antigen, there is a reference antigen that competes to bind with
the antibodies: therefore the weaker the signal, the greater is
the concentration of the target antigen [26].
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Fig. 3. Schematic presentation of basic types of ELISA (enzyme-linked
immunosorbent assay): (a) direct, (b) indirect, (c) sandwich, (d) compet-
itive; Ag antigen, Ab antibody, E enzyme, S substrate. Reprinted with
permission from [25].

ELISA tests typically require separation of plasma/serum
and require much longer time windows to complete (∼several
hours). Some ELISA tests approved and in use in the
United States include the KT-1033 EDI Novel Coronavirus
COVID-19 ELISA kit (Epitope Diagnostics) [27], VITROS
Anti-SARS-CoV-2 (Ortho-Clinical Diagnostics) [28], EuroIm-
mun (IgG detection in Serum or Plasma) [29], and the
DEIASL019/020 SARS-CoV-2 IgG ELISA kit, part of a suite
of ELISA based test kits (Creative Diagnostics) [30].

Moreover, in a research in the Netherlands, samples from
patients were screened for antibodies using a SARS-CoV-
2 total antibody ELISA (Wantai Biological Pharmacy Enter-
prise Co. China) [31]. Specificity and sensitivity of three
ELISA tests were compared using serum samples from pos-
itive cases of COVID-19 and control serum samples in [23].
Results indicated that specificities are 100%, 96%, and 93%
while sensitivities are 90%, 65%, and 90% respectively for
Wantai SARS-CoV-2 Total Antibody test, Euroimmun IgG,
and IgM tests. Though these tests provide accurate, reliable,
and quantifiable results, the requirement for trained technicians

and a proper lab setting make their usage difficult for POC
testing of SARS-COV-2 antibodies.

C. Other Techniques
Other less common tests have also been successfully used

for antibody-based detection of SARS-CoV-2. These include
but are not limited to MAGLUMI IgG/IgM de 2019-nCoV
chemiluminescence immunoassay developed by Snibe Diag-
nostic (in use in Brazil) [32], and LIAISON proposed by
Diasorin (Italy) [33]. Furthermore, Wadsworth test which
was based on the extensive antigenic similarity between
SARS-CoV-l and SARS-CoV-2, can simultaneously detect
IgA, IgG and IgM antibodies [34]. Elecsys developed by
Cobos in the USA, an anti-SARS-CoV-2 electrochemilumi-
nescence test, utilizes a recombinant protein which represents
nucleocapsid (N) antigen for antibodies determination against
SARS-CoV-2 [35]. Abbott laboratories have developed a
chemi-luminescent microparticle immunoassay for qualitative
detection of IgG antibodies against SARS-CoV-2 [36]. Fur-
thermore, Siemens Healthineers SARS-CoV-2 Total (COV2T)
Assay, is another chemi-luminescent microparticle immunoas-
say for total antibody detection against RBD of SARS-CoV-
2 S1 antigen [37]. Though these tests are capable of providing
accurate and reliable results and have been approved for usage,
the requirement of trained technicians and bulky benchtop
instruments to perform these tests pose serious challenges
towards their usage at POC settings.

III. MICROFLUIDIC DEVICES HAVING POTENTIAL FOR

COMMERCIALIZATION AS POINT-OF-CARE SENSORS

Microfluidic devices can be used to quantify antibodies
and protein biomarkers with precision and relative ease as
compared to traditional benchtop methods. These devices have
the potential to be commercialized for easy, reliable, and
cost-effective SARS-CoV-2 antibody detection. Researchers
have developed POC devices relying on different detection
techniques. Some of these are discussed below.

A. Impedance-Based Sensors
Significant progress has been made in recent years on

electrical detection of protein biomarkers and antibodies using
microfluidic devices. Zheng [38] demonstrated the use of
a silicon nanowire array field-effect antibody functionalized
sensor to detect femtomolar level concentrations of prostate
specific antigen (PSA). However, such sensors require very
low salt concentrations for their operation making them incom-
patible with physiological conditions in clinical samples such
as blood. Devices employing impedance change as a detection
mechanism using Lock-in Amplification are another example
for the electrical detection of proteins. Javanmard [39] devel-
oped a label-free impedance-based protein biomarker sensor
using bioactivated microchannels and antibody functionalized
microspheres. Researchers demonstrated the use of their sys-
tem for the detection of anti-hCG antibodies at concentrations
as low as 1 ng/ml with an assay time of 1 hour. The beads were
coated with the primary receptors whereas antibodies were
immobilized on the sensing region. After the functionalized
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Fig. 4. (a) Schematic of device. Presence of target protein results in
bead aggregation. The ratio of bead aggregates to the total bead count
is used to quantify antibody. (b) Normalized amplitude distribution for
various concentrations of IgG ranging from 166 pM to 0 pM. The first peak
represents unaggregated beads whereas the second peak represents
aggregated peaks. Increasing concentration makes the second peak
larger in size while decreases the first peak size. Adapted from [43].

beads were allowed to interact with the sample, they were
introduced in the sensing region. The resistance therefore
increased with the introduction of the polystyrene beads which
was measured by a commercial Impedance Spectroscope
utilizing Lock-in Amplification (Zurich Instruments, HF2IS).
Although, anti-hCG antibody quantification was chosen for
the study, the technique can be modified by modifying the
bioactivated microchannels with specific antibodies for other
protein biomarkers. Valera [40] used a pillar-based capture
chamber to measure protein concentration in human plasma.
The limit of detection achieved was reported as 127 pg/ml.
Though measurement took 5 mins, a long incubation time was
required for the beads to react with the sample (plasma) before
they could be passed through the device and the impedance
could be measured. Mok [41] developed a two-chamber
system that separated the reaction/capture and the detection
steps of bead-based assays to allow independent optimization
of both. The detection of Interleukin-6 for concentrations
as low as 50 pM was reported. IgG detection using bead
aggregation was demonstrated by Rodrigeuz-Trujillo [42] for
rat IgG diluted in PBS at 14 ng/ml concentration whereas
Lin [43] utilized the same detection principle to demonstrate
the quantification of mouse IgG down to the picomolar level.
The biosensor (Fig. 4 (a)) detected change in impedance using
gold-electrodes in a PDMS microchannel. Polystyrene and
magnetic beads coated with anti-mouse IgG were used. During

Fig. 5. (a) Process flow diagram of the DxBox integrated immunoassay
cards. Unprocessed blood was added to the card and drawn through a
plasma extraction membrane to remove blood cells. All processes from
sample to result were carried out on card. All reagents were contained
on the cards in dry form; only sample and buffer needed to be supplied
to run the assays. (b) Image of the immunoassay card and illustrations of
processes designed for fluid manipulation by pneumatic control. Adapted
from [49] with the permission of Royal Society of Chemistry.

the presence of the specific antibody, bead aggregates were
formed. The varying sizes of the bead aggregates resulted
in change in impedance and produced electrical signals of
varying amplitudes. The protein concentration is therefore
related to the amplitude distribution i.e. a higher protein
concentration yields larger clusters which in turn produces a
greater impedance change which in turn results in a larger
amplitude (see Fig. 4 (b)). The sensitivity of the device was
limited by non-specific binding and theoretical calculations
indicated the detection limit to be as low as 100 fM level in
the case of 0.01% non-specific binding. The impedance-based
sensors provide good detection limits for antibody or protein
quantification. However, automation for serum/plasma separa-
tion poses a challenge for use in a low-resource setting. Fur-
thermore, the researchers used commercial Lock-in-Amplifiers
(LIA’s) which should be replaced with a CMOS device to
reduce the cost and the footprint of the systems.

B. Electrochemical-Based Sensors
These microfluidic devices rely on sandwich-type electro-

chemistry for detecting and quantifying the antibodies present
in biological samples by recording the electrical response of
a chemical reaction. This response is related to the concen-
tration of the target molecules which need to be detected.
Researchers in [44] developed a screen-printed microfluidic
device which can be used for the quantification of IgG antibod-
ies in serum samples. Anti-mouse IgG was covalently attached
to the electrode surface via electropolymerized polypyrrole
propylic acid (PPA) film. This device has many steps for
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Fig. 6. (a) Photograph of the MR Box with transparent sides showing the photomultiplier tube (PMT), lens, webcam, and temperature and humidity
sensors (b) Photograph showing detail of a DMF device being inserted into the MR Box interface. The DMF device sits atop a motorized magnetic
lens and interfaces with the control system via pogo pin connectors. (c) Photograph (front view; transparent panels) of the MR Box showing the
PMT, webcam, servo motor, switching boards, and high-voltage amplifier. With the lid closed, the MR Box measures 28 cm tall. Adapted from [58]
with permission from The American Association for the Advancement of Science.

introducing reagents. After undergoing the protocol, the device
electrochemically measures the reduction of p-aminophenyl
phosphate (PAPP) to p-aminophenol (PAP) because of alkaline
phosphatase conjugated secondary antibodies present in the
chip. The rate of increase of the PAP concentration (the
slope of I vs. t) is proportional to the concentration of target
analyte. The limit of detection of this device is about 10ng/mL
and the dynamic range is 100ng/ml to 10ug/ml. No human
serum samples were tested with this device. Furthermore,
the need for multiple washing steps and long incubation times
make this device difficult for use at Point-of-Care. In [45],
researchers presented a microfluidic device for the quantifi-
cation of IgG anti-Trypanosoma cruzi antibodies in serum of
patients that suffer from Chagas disease. For the detection
of mentioned antibodies, the microfluidic system relied on a
screen-printed carbon electrode (SPCE) which was modified
by electrodeposition of gold nanoparticles (AuNPs) functional-
ized with Trypanosoma cruzi proteins. Serum sample was then
introduced in the microfluidic channel and IgG anti-T. cruzi
antibodies present in the serum were allowed to react with
the Trypanosoma cruzi proteins present on the SPCE surface.
Horseradish peroxidase (HRP) labelled secondary antibodies
specific to human IgG were then introduced in the channel
using 4-tert-butylcatechol (4-TBC) as enzymatic mediator.
HRP in the presence of hydrogen peroxide (H2O2) catalyzes
the oxidation of 4-TBC which was detected as a change in

the electrode current. This change in the electrode current is
directly proportional to the IgG concentrations in the range
of 11 to 205 ng/ml. The calculated detection limit for electro-
chemical detection was 3.065 ng/ml and the total assay time
is about 26 minutes. Similarly, researchers in [46], [47] used
antigen-coated beads for the quantification of human serum
IgG anti-Helicobacter pylori and IgG anti-gliadin antibodies
respectively. The assay time in both these devices was about
29 minutes and the limit of detection was about 0.37 U/mL
and 2.72 U/mL∗ respectively. Even though we can quickly
get sensitive and precise results using biochips relying on
electrochemical detection, the need for multiple washing and
incubation steps poses challenges in the commercialization of
the chip.

C. Optical Detection
Sensors utilizing optical means of detection have been

used conventionally for detecting various biomarkers via use
of expensive benchtop instruments such as spectrophotome-
ters. Here, we present a few microfluidic sensors which
use rather inexpensive equipment to achieve detection using
similar principles. To illustrate, researchers in [48] developed
a miniaturized ELISA microfluidic chip which they named
mChip (mobile microfluidic chip for immunoassay on pro-
tein biomarkers) and demonstrated its use in low-resource
settings in countries such as Rwanda using small quantity
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(< 1 uL) of unprocessed whole blood. Optical detection can
be employed using LED’s and photodetectors. The differ-
ent reagents used in ELISA were injected into the channel
sequentially using metered plugs which were actuated using
a syringe on the other side. The chip achieved signal ampli-
fication using the reduction of silver ions onto gold antibody
conjugated nanoparticles. This signal was further amplified
using meandering channels which reduced the need for bulky
and expensive optics. The commercialization of such a system
is particularly promising due to the cost reduction achieved by
using injection molding as the fabrication technique ($0.10 per
chip). Interestingly, authors in another study [49] developed a
disposable multiplexed microfluidic system (Fig. 5) based on
immunoassay that detected disease-specific antigens or IgM
antibodies from blood. They carried out detection of malaria
antigen and IgM to Salmonella Typhi LPS. The microfluidic
chip was based on flow through the membrane immunoassay
on porous nitrocellulose. After blood was introduced to the
system, the cells were removed by passing the sample onto
a plasma extraction membrane. The separated plasma was
further divided into 2 parts/samples. One sample was intended
for antigen detection and another for IgM detection. A Limit
of Detection of 20 ng/ml was achieved in 30 minutes which
is comparable to benchtop ELISA tests. A large body of work
is also focused on using Surface Plasmon Resonance (SPR)
and Localized Surface Plasmon Resonance (LSPR) for the
detection of target molecules. Researchers in [50] employed
SPR phase imaging for IgG detection. They used microheaters
and temperature sensors since SPR is sensitive to temperature.
A monochromatic light source is provided by a He-Ne laser
and the reflected light is measured using a CCD device.
Although both SPR and LSPR devices are sensitive and
specific, implementation of a low-cost portable reader for this
sensing modality is a challenge that is yet to be solved.

D. Fluorescence-Based Detection
Multiple fluorescence-based microfluidic biochips have

been reported for the quantification of antibodies of interest.
In [51], researchers reported a magnetic force-based biochip
for the quantification of rabbit IgG and mouse IgG antibodies
with detection limits of 244 pg/mL and 15.6 ng/mL,
respectively. YG fluorescent beads were immobilized with
goat anti-mouse IgG whereas the red fluorescent beads were
immobilized with goat anti-rabbit IgG. The superparamagnetic
antibody complex was separated on the basis of the magnetic
field which was detected using optical instruments (CCD).
The velocity of the bead correlates to the concentration and
is limited by the surface area of the microbead available
thereby providing an upper limit of concentration after
which saturation occurs (1 ug/ml). The lowest concentration
that was detected is 244 pg/ml (1.5 pM). In another study,
a digital microfluidic (DMF) device for the quantification of
human IgG antibodies in BSA was presented in [52]. The
requirement of manual sample preparation and bulky optical
instruments for data acquisition hinders the usage of these
sensors at POC. The biosensor presented in [53] quantifies
human serum IgG antibodies to Helicobacter pylori by
using antigen-coated beads, an enzyme-conjugated secondary

Fig. 7. (a) Schematic of the LUMABS working principle with the “closed
form” green light-emitting and the “open form” blue light emitting protein
sensor in the absence and presence of target antibody, respectively
(NLuc = NanoLuc luciferase; mNG = mNeonGreen fluorescent protein)
(b) Schematic of a multi-layer 3D-mPAD. All layers are kept together
through lamination. (c) Schematic of the use of a 3D-mPAD for simul-
taneous detection of three different antibodies. Reprinted from [60] with
permission of IEEE.

antibody specific to human IgG, and 4-methylumbelliferyl
phosphate (4-MUP), as an enzymatic substrate. A detection
limit of 0.17 U/ml∗ was reported along with an assay time
of 30 mins. This sensor requires serum dilution before usage
which is a drawback as it adds to the manual processing
steps. Researchers in [54] presented the design and working
of an integrated microfluidic sensor for the detection of
dengue virus IgG and IgM antibodies in human serum.
Anti-human IgG-FITC antibodies and anti-human IgM-R-PE
antibodies were used as fluorescent markers. The detection
limit is reported to be 21 pg and the total assay time is about
30 mins. One of the major advantages of using this biochip
is that it can be used for the simultaneous detection of IgG
and IgM in human serum. Even though the setup involves
multiple washing and incubation steps, all of them have
been automated and are done automatically on-chip, which
increases the likelihood of the sensor’s application at POC.

E. Chemiluminescent-Based Sensors
Chemiluminescent techniques used in conjunction with

microfluidic devices make for a rapid and easy-to-use means
for detection of antibodies and proteins. In such tests, the con-
centration of antibodies is generally directly proportional to
the chemiluminescence produced. Previous work [55] depicts
the use of this technique for RNA aptamer-based SARS coro-
navirus nucleocapsid protein detection. In [56], researchers
were able to quantify anti-IgG using protein microarrays
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TABLE I
SALIENT FEATURES OF THE DISCUSSED MICROFLUIDIC DEVICES.

with microfluidic pumps and valves for actuation in a chip
with 6 reaction chambers down to 66 pM under optimized
conditions. Researchers in [57] miniaturized the Luciferase
Immunoprecipitation System (LIPS) to a microfluidic format
for the antibody detection in serum. The researchers demon-
strated their operation by detecting HSV-2 antibodies with
an assay time of 10 mins. A recent study [58] reported the
use of a digital microfluidic (DMF) device using unprocessed
whole blood for quantification of anti-measles and anti-rubella
IgG antibodies at a field setting in Kenya. Their device has
a Limit-of-Detection (LOD) of 0.15 IU/ml∗∗ for rubella IgG
and 0.15 mIU/ml∗∗ for measles IgG with an assay time
of 35 mins. Chemiluminescence based sensors require many
sample handling steps such as washing, incubating etc. but
researchers in [58] have developed a controlling unit which
they have named Measles-Rubella (MR) box (Fig. 6) for
automating most of these steps thereby making it ideal for
use in low-resource settings.

F. Paper/Colorimetric Detection
A paper/polymer-based low-cost microfluidic device for

antibody quantification was presented in [59]. Immunoglobulin
G (IgG) and Hepatitis B surface Antigen (HBsAg) were
quantified using the microfluidic device. For the quantification

of the IgG and HBsAg, alkaline phosphatase (ALP) conjugated
secondary antibody and BCIP/NBT was used. Assay time for
this microfluidic device is around 1 hour and the limits of
detection of 1.6ng/mL for IgG and 1.3ng/mL for HBsAg were
achieved. The limitations of this study include the assay time
and the fact that IgG was not quantified in human serum
samples, instead known concentrations of IgG spiked PBS
samples were tested. Another paper-based immunoassay is
presented in [60] which relied on the phenomenon of biolumi-
nescence resonance energy transfer (BRET) for the detection
of antibodies in blood serum integrating antibody binding
and signal generation in a single protein switch referred to
as LUMABS (Fig. 7). The device is simple to use as the
user only has to apply a drop of whole blood and take a
picture of the sensor 20 minutes after sample introduction.
Image processing will then be done for the detection of the
target analyte. The device can detect three antibodies in whole
blood/plasma simultaneously, thereby, making it ideal for use
at POC for SARS-CoV-2 antibody detection.

IV. DISCUSSION AND CONCLUSION

In Table I we have listed the salient features of each of
the potential microfluidic technologies discussed in this paper.
These features include the sensors’ multiplexing capability,
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sample type, assay time, and the effort required to commer-
cialize them for quantification of Covid-19 specific antibodies
at POC.

All the impedance based microfluidic sensors discussed in
this paper can be used for quantitative detection of antibodies
with great precision. These sensors, however, are not without
their own drawbacks and limitations. As listed in Table I,
almost all these sensors require serum samples for the detec-
tion of antibodies and none of them can work directly with
human blood samples. Moreover, most of these sensors use
bead-based sandwich type immune assay which requires long
incubation times. Lastly, for quantification of electrical signals,
they depend on bulky lock in amplifiers which cannot be
used at POC. These problems can however be addressed,
using a plasma separation unit can make these sensors capable
of working with human blood samples [61], replacing the
commercial lock-in amplifier with a portable one [62], and on
chip incubation of beads with serum samples can be performed
to minimize manual processing. This will require considerable
effort and time.

Microfluidic sensors employing electrochemical detection
discussed in this paper are all quantitative in nature. When
compared to impedance-based sensors, these sensors are more
mature and can efficiently quantify antibodies in human serum
in under 30 minutes but have some limitations of their own.
Just like impedance-based sensors, they also cannot work
directly with human blood samples, cannot do multiplexed
detection, and require bulky instrumentation for the quantifica-
tion of electrical signals. Moreover, most of these sensors also
require multiple washing and incubation steps which need to
be automated before usage at POC. The inclusion of a plasma
separation stage, and the automation of the multiple washing
and incubation steps can address these limitations. This will
however require time and effort.

The optical microfluidic devices discussed in [48], [49]
in this paper are both capable of quantitative multiplexed
detection of antibodies in human blood samples in under
30 minutes. The immunoassay card based microfluidic sen-
sor [49] needs some minute modifications for the quantifi-
cation of antibodies at POC but the effort required to do
so should be minimal. The microfluidic device discussed
in [48] specifically, has already been field tested in Rwanda
to quantify antibodies against HIV and Treponema pallidum
(the causative agent of syphilis) from needle-prick sample
volumes of blood samples with great accuracy. Therefore,
in our opinion, it can be quickly deployed for the quantification
of COVID-19 specific antibodies in human blood samples by
making minute changes.

Some fluorescence based microfluidic devices are also capa-
ble of quantitative multiplexed detection of antibodies. Similar
to impedance and electrochemical devices, these devices are
as of now not capable of working with whole blood and
require multiple washing and incubation steps which need to
be automated. Traditionally, the requirement of bulky fluores-
cent microscopes, or photomultiplier tubes for detection and
quantification of the fluorescent signals has posed challenges
towards large scale adoption of these fluorescent devices.

However, the usage of these devices in conjunction with
portable smartphone-based fluorescent microscopes such as
the ones discussed in [63] and [64] may be used to overcome
this challenge.

Chemiluminescence based microfluidic devices reviewed in
this paper rely on quantifying antibodies using enzyme-linked
immunosorbent assay (ELISA) and Luciferase Immunoprecip-
itation Systems (LIPS) technology in a microfluidic format.
Both these techniques require multiple washing and incubation
steps in addition to the requirement of bulky and expensive
chemiluminescent signal detectors. Authors in [58] automated
all these steps and miniaturized the detection platform as well
for multiplexed quantification of antibodies in whole blood
in about 35 minutes. They also field tested their platform in
North western Kenya for the quantification anti-measles IgG
and anti-rubella IgG in children with great accuracy. Therefore,
in our opinion, their microfluidic platform can also be urgently
deployed for the quantification of Covid-19 antibodies in
humans at POC with minimal changes.

The colorimetric microfluidic devices discussed rely on the
principles of ELISA and bioluminescence resonance energy
transfer (BRET) switches for analyte recognition and signal
generation. Both ELISA and BRET based devices can be used
for multiplexed quantitative detection of antibodies, however,
the ELISA based device discussed in [59] is limited to working
with serum samples only and has an assay time of about
1 hour which makes its usage difficult at POC. On the
other hand, BRET based device [60] is capable of working
with blood samples and can simultaneously be used for the
quantification of up to 3 target analytes simultaneously in
just 20 minutes which makes it ideal for usage at POC
applications. Furthermore, the working of the device is also
a lot simpler compared to the devices that were pointed out
earlier [48, 58] for usage at POC. One small drawback though
is the fact that this device has not been field tested before
like [48], [58].
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