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Purpose: Infection by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of coronavirus
2019 disease (COVID-19), poses a serious risk to humanity and represents a huge challenge for healthcare sys-
tems worldwide. Since the early days of the COVID-19 pandemic, it has been evident that adequate testing is
an essential step in limiting and controlling the spread of SARS-CoV-2. Here, we present an accurate, inexpensive,
scalable, portable, and rapid detection kit to directly detect SARS-CoV-2 in biological samples that could even be
translated for population testing. We have demonstrated that our method can reliably identify viral load and
could be used to reach those fractions of the population with limited access to more sophisticated and expensive
tests.
Procedures: The proposed SARS-CoV-2 detection kit is based on the combination of a SARS-CoV-2-targeted anti-
body (CR3022) that targets spike protein S1 domain on the viral surface. This antibody was radiolabeled with a

long-lived isotope (Iodine-125) to allow us to detect bound antibody in samples with SARS-CoV-2.We used a se-
ries of in vitro assays to determine sensitivity and specificity and facilitate automation of the testing kit. Bound
antibody was extracted from saliva samples via a centrifugation step and a semi-permeable membrane. Our kit
was further validated using SARS-CoV-2 virions.
Results:Wewere able to accomplish radiosynthesis of [125I]I-CR3022 reliably without loss of binding. The SARS-
CoV-2-sensing antibodywas shown tomaintain its spike S1 affinity and to bind to as low as 2.5–5 ng of spike pro-
tein.We then used beads-bound spike S1 to develop a separation kit which proved to be both easy to use and in-
expensive. The kit made it possible to extract bound antibody from the saliva-like sample. We were able to
validate the separation kit using intact SARS-CoV-2 virions and showed that our kit can detect a viral concentra-
tion as low as 19,700 PFU/mL (~ 9.22%TBF) and as high as 1,970,000 PFU/mL (45.04%TBF).
Conclusion:Here we report the development and validation of a SARS-CoV-2 detection system based on the com-
bination of a specific radiolabeled antibody and a separation membrane.We demonstrate our system to be com-
parable to other SARS-CoV-2 detection kits already approved by the FDA and believe this technology could be
easily deployed to countries with limited resources for the diagnosis of COVID-19. Furthermore, workflows
could be easily adapted to target other antigens and therefore other types of diseases.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic [1] brought increased attention to a widespread problem
threatening humanity since its existence: highly contagious and lethal
viral and other pathogenic infections. Methods of conducting and
disseminating scientific research quickly shifted, and the scientific
community put together an incredible effort to adapt and repurpose
their skills and knowledge to address the challenges that persist to
rk, NY 10065, USA.
.

today. It became evident that in order to face this healthcare crisis, quick
and efficient interventions were needed to follow and slow the viral
spread; in other words, it become important to follow the “three Ts”,
i.e., Test-Track-Treat [2,3]. So far, the widespread use of mRNA vaccines
has been a great scientific success, with more and more people getting
vaccinated every day [4]. Nevertheless, the persistent threat of new
vaccine-resistant variants or new viruses [5] could resurface the needs
that arose at the beginning of the pandemic.

SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2) as a
receptor to enter host cells [6] through the receptor-binding domain
(RBD) of the SARS-CoV-2 spike protein [7]. Nasopharyngeal and
oropharyngeal swabs can be accurate gold standards for the diagnosis
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of SARS-CoV-2 using real-time reverse transcription polymerase chain
reaction (RT-PCR). Unfortunately, this method of collection is slightly
invasive, can cause discomfort, and requires close contact between
healthcare workers and patients, which can pose a risk of transmission
of the virus that necessitates the use of personal protective equipment
(PPE). PPE includes barriers (gowns, gloves, eye shields) and respiratory
protection (masks, respirators) to protectmucous membranes, airways,
skin, and clothing from contact with infectious agents [8]. Moreover,
rRT-PCR requires sterile collection tubes, time (typically in the order of
one to three hours), and specialized laboratories with expensive re-
agents and adequate personnel [9]. For these reasons, saliva, also in
the form of droplets and aerosols, was proposed as a valid alternative
to nasopharyngeal swabs [10,11]. Saliva has been proven to provide
highly concordant results for viral detection [12], though with a much
lower sensitivity than RT-PCR technology using nasal swabs [13]. Be-
cause the saliva samples can be collected and submitted by patients
themselves, PPE requirements are less stringent [14]. Looking at the ki-
netics of SARS-CoV-2 presence in saliva samples from patients, it has
been shown that viral presence peaks in the first week after symptom
onset [15]. Of the diagnostic tools for SARS-CoV-2 infection that don't
rely on RT-PCR, most are based on the detection of viral effects on the
human immune system, i.e. they detect the presence of IgA, IgM, and
IgG antibodies that are produced against the virus [16]; other examples
of techniques include Raman imaging [17] and machine learning [18].

Based on our early work using an oncology-inspired strategy to ra-
diolabel viruses [8], and our previous experience with radioiodinated
agents for nuclear medicine applications [19–22], here we explored a
novel, fast, and inexpensive method for the direct detection of SARS-
CoV-2 virions in saliva samples. Unlike the other methods already in
use [23], our technology directly targets the S1 domain of the spike pro-
teins on the surface of viruses using a radioactive detection output. Pre-
liminary results suggest that this technology provides fast, simple and
reliable technology that can be used in a low resource setting.

2. Materials & methods

2.1. General

Chemicals were procured from commercial suppliers and used with-
out further purification. 0.9% Phosphate buffered saline (PBS), Iodogen®
and dichloromethane were obtained from Thermo Fisher Scientific
(Waltham, MA). Anti-SARS-CoV-2 antibody CR3022 was purchased
from Creative Biolabs (Shirley, NY). Recombinant SARS-CoV-2 spike
protein - S1 subunit (host cell receptor binding domain - RBD) with N-
terminal histidine tag was purchased from Raybiotech (Peachtree
Corners, GA, catalog # 230-01102-100). 1-μm diameter magnetic beads
functionalized with Ni-NTA (Nickel-Nitrilotriacetic acid; HisPur™ Ni-
NTA magnetic beads; Catalog # 88831) used for bead assay were
purchased from Thermo Fisher Scientific. Iodogen® (1,3,4,6-tetrachloro-
3α,6α-diphenyl-glycoluril, catalog # PI28600) coated glass reaction
tubes were prepared by evaporating 50 μL of Iodogen® solution (50 μg,
1 mg/mL) in a borosilicate glass test tube (12 × 75 mm, catalog # 14-
961-26). PD MiniTrap G-25 columns (GE Healthcare, catalog #
28918007) were preconditioned with 2 mL of PBS (Catalog # 10-010-
023) before using for separating radioiodinated antibody from the free
radioiodine.

2.2. Radiosynthesis

Radiosynthesis was performed as previously described [8]. Briefly, 70
μL of PBSwas added to an Iodogen (100 μg) precoated culture tube. To the
resulting solution, 25 μg of CR3022 mAb (25 μL, 1.0 mg/mL) was added
followed by the addition of 9.25 MBq (250 μCi) of Na[125]I (in 17 μL of
0.1NNaOH). Themixturewas allowed to react for 4min at room temper-
ature. For purification, the crude product was loaded onto a PDMiniTrap
G-25 column (GE Healthcare, catalog # 28918007) that had been
70
preconditionedwith 2mL of PBS. The radiolabeled antibodywas purified
using saline as eluant and fractions were collected and used for the
binding studies. The purity of the radiolabeled antibody was measured
with SG-ITLC paper using 10% trifluoroacetic acid in water as eluent.
The specific activity was about 296–370 MBq/mg (8–10 mCi/mg).

2.3. Spike-ACE2 binding kit assay

To test antibody specificity to spike S1, a commercially available
COVID-19 Spike-ACE2 binding in vitro kit was used (RayBiotech,
Peachtree Corners, GA; Code: CoV-SACE2-1). Manufacturer instructions
were followed for the reagents and sample preparation. 100 μL of each
sample were added to each well in triplicate and incubated overnight
at 4 °C with shaking. The solution was discarded the following day and
washed 4 times in 1× wash solution. 100 μL of 1× horseradish peroxi-
dase (HRP) conjugated IgG was added to each well for 1 h at room tem-
perature with shaking. Sampleswerewashed three times with 1×wash
solution. 100 μL of TMB one-step substrate reagent was added to each
well, incubated for 30 min at room temperature with shaking in the
dark. 50 μL of stop solution were added to each well and the plate was
immediately read at 450 nm in a plate reader. As a final step, the content
of each well was lysed using 100 μL of 1 M sodium hydroxide and
collected into a disposable plastic culture tube (12 × 75 mm). Wells
werewashed three timeswith PBS and eachwashwas added to the cor-
responding a disposable plastic culture tube (12 × 75mm). Tubes were
then counted on a gamma counter to detect radioactivity.

2.4. Magnetic beads assay

The assaywas performed as previously described [24], butmodified to
meet the hypothesis of this study by changing the concentration of SARS-
CoV-2 spike protein S1 subunit to test lower detection limits. Briefly,
samples were prepared by aliquoting 20 μL of the magnetic bead slurry
into a 1.5 mL lo-bind microcentrifuge tube (13-698-794; Fisher
Scientific). The beads were washed by adding 380 μL of PBS-BSA (PBS
containing 1% bovine serum albumin) and the tubes were vortexed for
5 s followed by a brief spin in a mini-centrifuge prior to placing the
tubes on a magnetic rack (12321D; DynaMag™-2; ThermoFisher
Scientific) for 30–45 s to isolate the magnetic beads. The SARS-CoV-2 –
S1 antigen was resuspended to achieve a gradient of concentrations of
2.5, 5.0, 50, 1000 ng/mL. The washed beads were resuspended in 390 μL
of PBS-BSA and the beads in all tubes except the control arm were incu-
bated with 1 μg (10 μL) of His-tagged or biotinylated antigen for 15 min
on an Eppendorf™ Thermomixer at 300 RPM at room temperature.
Subsequently, the beads were washed once with 400 μL of % BSA-PBS be-
fore adding 3700 Bq (0.1 μCi) of the radiolabeled antibody ([125I]I-
CR3022) resuspended in 1% BSA-PBS. [125I]I-CR3022 was incubated
with antigen-coated beads for 30 min on a rotating mixer at room tem-
perature. Thereafter, the beads were isolated using a magnet, and the su-
pernatant containing unbound radioligand was aspirated with a pipette
and collected in separate tubes. To remove non-specifically-bound
radioligand, the beadswerewashed twicewith 400 μL of PBS-BSA. Finally,
the beads, supernatant and washes were measured for radioactivity on a
gamma counter. The relative binding fractions were determined by
dividing the percentage of total activity bound to magnetic beads to the
total activity (beads + supernatants + wash).

2.5. Separation kit

For separation, a Vivaspin 500 with 300,000 MWCO PES membrane
(Sartorius #VS0152) was used to separate target-bound antibody from
unbound antibody by using a tabletop centrifuge (Eppendorff) at
1000 ×g for 30 min. Tubes were primed using 5% BSA-PBS (1000 ×g
for 5–10 min) to avoid non-specific binding. The separation kit was
used as described in the protocol section with either the magnetic
beads or in vitro virions.
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2.6. In vitro detection of SARS-CoV-2

All work with infectious SARS-CoV-2 was performed in Institutional
Biosafety Committee-approved BSL3 facilities at Johns Hopkins
University School of Medicine using appropriate positive pressure air
respirators and protective equipment. SARS-CoV-2/USA-WA1/2020
was obtained through BEI Resources, National Institute of Allergy and
Infectious Diseases (NIAID) and propagated in Vero E6 TMPRSS cells
(ATCC). The virus stocks were stored at −80 °C and titers were
determined by tissue culture infectious dose 50 (TCID50) assay. On the
day of the experiment, an aliquot of SARS-CoV-2 (1.97 × 106 PFU/mL)
was diluted 10× in PBS. Each viral dilution (1 mL) was incubated with
7400 Bq (0.2 μCi) of [125I]I-CR3022 for 30 min at room temperature.
Sterile PBS was used as a negative control. Subsequently, the mixture
was transferred to a separation unit with a 300 kDa pore size semi-
permeable membrane (Vivaspin 500 as described above). The separa-
tion unit was centrifuged in a tabletop centrifuge (30 min at 1000 ×g)
and the filter was collected for detection the associated radiation using
an automated gamma counter (Perkin Elmer).

3. Results

3.1. Specificity

The anti-SARS-CoV-2 spike S1 antibody CR3022 was radiolabeled
with a gamma-emitting iodine isotope (either Iodine-131, or iodine-
125) at 296–370 kBq/μg (8–10 μCi/μg) specific activity [8]. In order to
determine the specificity of the radiolabeled antibody for the spike pro-
tein S1 domain,we used a commercially available COVID-19 spike-ACE2
binding kit (RayBiotech, Peachtree Corners, GA; Code: CoV-SACE2-1)
with ACE2 protein fixed on the bottom of the 96-well plate (Fig. 1A).
the amount of ACE2 and Spike S1 protein was maintained constant in
each well, whereas a decreasing gradient of [125I]I-CR3022 antibody
was added to inhibit the spike-ACE2 interaction (Fig. 1B). Wemeasured
absorbance at 450 nm wavelength and observed an increase deter-
mined by the [125I]I-CR3022 decreasing gradient, confirming specificity
Fig. 1. (A) A binding kit was used to determine specificity of the radiolabeled antibody in a 96-w
and constant amounts of ACE2 proteins on the bottom of the plate and spike S1 proteins. (C) D
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for the spike S1 of the radiolabeled antibodywith an IC50 of 0.24 μCi ≡ 2.4
μg (R2 = 0.88), Fig. 1C. After measuring absorbance, we collected the
content of each well and measured the radioactivity (Fig. 1D),
confirming the presence of decreasing amounts of [125I]I-CR3022.

3.2. Sensitivity

In order to evaluate our ability to detect different amounts of spike
S1 using the [125I]I-CR3022 antibody, we performed a sensitivity test
by modifying a previously published magnetic bead assay [24]. We
used HIS-tagged spike S1 proteins bound to magnetic beads and
added the radiolabeled anti-spike antibody (Fig. 2A). We used an
increasing gradient of spike S1 proteins (0, 2.5, 5, 50, 1000 ng), and a
constant amount of [125I]I-CR3022 (3700 Bq (0.1 μCi)/sample, ~0.01
μg), Fig. 2B. The radiolabeled antibody was added to the beads-spike
complex and then pulled-down using a magnet. The supernatant was
removed. After three washes, tubes were scanned through a gamma
counter to calculate the percentage target binding fraction (%TBF) as
follows: %TBF = 100 ∗ [CPMbeads] / [CPMbeads + CPMsupernatant+washes],
where CPMbeads is the gamma counts perminute of the beads-bound ac-
tivity, and CPMsupernatant+washes is the gamma counts of the supernatant
and the relative washes. Counts were normalized by subtracting the
CPM of beads plus no Spike S1 protein (i.e., the non-specific antibody-
beads interaction). A Vmax of 2.83 was calculated by fitting the data
(R2 = 0.33), with a curve plateau starting at ~5 ng of spike protein,
and a normalized %TBF of 1.73 at 2.5 ng (Fig. 2C).

3.3. Automation

To prepare the radiolabeled antibody [125I]I-CR3022 for more realis-
tic scenarios, we developed a novel detection kit based on the following
protocol. We hypothesized that we can isolate SARS-CoV-2-bound anti-
body based on a size exclusion step and detect it using a gammacounter.
The method consists of collecting the human biospecimens in the form
of a small volume saliva (~1 mL is sufficient). This sample, which
might contain SARS-CoV-2, is diluted in a saline solution (e.g., 1%BSA/
ell plate format. (B) The experimentwas performed using decreasing amounts of antibody
ecreasing amounts of radiolabeled antibody result in an increasing absorbance signal.

Image of Fig. 1


Fig. 2. (A) A beads assay was used to determine sensitivity of the radiolabeled antibody. (B) The experiment was performed using a gradient of spike proteins. (C) The experiment resulted
in a detected sensitivity as low as 2.5 ng of spike protein.
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PBS) and 500 μL are added to the separation unit, a tabletop centrifuge
tube with a separation membrane with a pore size of 300 kDa. The
tube must be primed using a 5% BSA/PBS solution prior to use (Fig. 3).
The radiolabeled antibody [125I]I-CR3022 is then added to the human
sample directly in the separation unit. Each separation unit tube is
then centrifuged in a tabletop centrifuge (30 min @ 1000 ×g). Measur-
ing the filter and the flow-through in a gamma counter allows us to de-
tect the amount of [125I]I-CR3022 in each fraction and determine the %
TBF (Fig. 4). The same kit was tested by spiking a saliva sample from a
healthy donor to mimic human sample collection and to determine if
priming tubes reduce non-specific binding in human biospecimens.
We demonstrated reduced non-specific binding (difference in %TBF)
in saliva samples between pretreated and untreated tubes, when com-
pared to beads samples.

The SARS-CoV-2 detection kit was tested using spike S1-bound
magnetic beads to emulate a SARS-CoV-2 structure (despite the differ-
ence in median diameter between SARS-CoV-2 (~0.2–0.05 μm) and
the magnetic beads (~ 1 μm). 500 μL of spike-carrying beads in 1%
BSA/PBS were added to primed separation unit and the above protocol
was followed to trap them into the filter. The %TBF was measured on a
gamma counter, as described in the protocol. BSY (spike-carrying
beads with [125I]I-CR3022 antibody) sample showed a ~ 100% TBF into
the filter unit, as compared to the flow-through (unpaired t-test, ****p-
value <0.0001). BY and SY samples (beads with [125I]I-CR3022, and
spike S1 with [125I]I-CR3022, respectively) did not show any significant
difference between the filter-trapped and the flow-through %TBF. Free
Iodine-125 with and without spike S1 (S-FreeI, and FreeI, respectively)
presented a significantly higher radioactive fraction flow-through com-
pared to the filter unit (unpaired t-test, ****p-value <0.0001), Fig. 5A.
Fig. 3. Incubation with 5% BSA in PBS leads to lower non-specific binding as compared to
1% BSA in PBS.
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Validation.
In order to validate the results shown in Fig. 5A, we tested whether

our separation kit could detect the presence of virulent SARS-CoV-2 in
liquid samples. In vitro SARS-CoV-2 virions were diluted at different
plaque-forming unit (PFU/mL) concentrations (0.001, 0.0197, 0.197,
1.9700, 19.7000, 197.0000, 1970.0000, 19,700.0000, 197,000.0000,
1,970,000.0000 PFU/mL) in media. Our kit could trap into the filter
unit and detect SARS-CoV-2 virions at a concentration as low as
19,700 (~9.22%TBF) and as high as 1,970,000 (45.04%TBF), Fig. 5B,
confirming the efficacy of our kit.

4. Discussion

In the currentmanuscriptwe present our attempts to validate a sim-
ple radioactivity-based assay to measure viral particle load that can be
used in low-resource, non-sterile settings and contribute to the devel-
opment of rapid tests for COVID-19 or the next emerging infection.
Based on our experience with radiolabeled antibodies for oncology ap-
plications, we hypothesized that the use of a similar strategy could be
used to rapidly and reliably detect viral load in patients samples. Previ-
ously, as a rapid response to the pandemic, our group published a proof
of concept on this use of radiolabeled antibodies [8].

COVID-19, the infectious disease that derives fromSARS-CoV-2, has a
median incubation period of ~5 days (2 to 14 days), with symptom
onset within ~12 days of infection (8 to 16 days) [25]. The fast spread
of the virusmainly derives from transmission frompre-symptomatic in-
dividuals [26], as even asymptomatic patients contribute substantially
to disease transmission [27]. For these reasons, testing large fractions
of the population is still a key step in understanding and controlling
the spread of the infection. To date, COVID-19 tests can be grouped as
nucleic acid, serological, antigen, and ancillary tests, all of which play
distinct roles in hospital, point-of-care, or large-scale population testing
[28]. Most antigen tests require a nasopharyngeal swab in order to
probe for the nucleocapsid (N) or spike (S) proteins of SARS-CoV-2
virus via lateral flow or ELISA, and they typically have the advantage of
being fairly fast (~ less than an hour to complete). Ancillary tests com-
prise a broad category of personal devices (apps and wearable sensors)
and hospital laboratory tests.

The ideal test has been described as accurate, economical, scalable,
portable, and fast [29]. In the present work we make an effort to show
that our approach actually meets most of the above requirements. In
addition, we want to emphasize that our method demonstrates reliable
results with clean dispensing equipment and collection vials in a clean
environment, without the need for sterile equipment, vials or
workspace. Accuracy has been proven using a set of laboratory assays
to illustrate the specificity of the radiolabeled antibody [125I]I-CR3022
for the spike protein S1 domain target. Furthermore, using a beads
assay, we showed detection at spike S1 levels as low as 2.5–5 ng.We in-
tegrated our radiolabeled antibody into what we believe to be an

Image of Fig. 2
Image of Fig. 3


Fig. 4. Step-by-step graphical explanation of the developed SARS-CoV-2 detection kit.
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inexpensive and easy-to-use detection kit based on size separation of
the SARS-CoV-2-bound antibody vs unbound antibody or other agents
that could be present in the saliva sample. The radiosynthesis reaction
is scalable and the entire kit consists of Eppendorf-sized tubes that can
Fig. 5. (A) The beads-spike complex was run through the separation kit and the target binding fraction (TBF) was measured. B = beads; S = spikes; Y = radiolabeled antibody, FreeI =
unlabeled iodine. (B) The separation kit was tested using increasing concentrations of SARS-CoV-2 and the TBF was measured.
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be run in parallel to reach a high throughput where the only limitation
would be the size of the tabletop centrifuge. The average viral load of
nasal swabs positive for SARS-CoV-2 is around 1.4 × 106 copies/mL [8]
. The maximum load seems to be 7.11 × 108 copies/mL [30]. In our

Image of Fig. 4
Image of Fig. 5
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assay, 19,700 PFU/mL corresponds to 2.04 × 108 copies/mL, which
seems to be the limit of detection. Under stringent laboratory
conditions, qRT-PCR for COVID-19 has a limit of detection (LoD) of
500–1000 copies/mL [31]. The currently approved qRT-PCR kits have
LoD in range of 1000–6000 copies/mL [32]. The Quidel Sofia2 SARS
Antigen FIA kit, an EUA antigen detection assay, has an LoD of approxi-
mately 6 million copies/mL in a sample collection [32]. While our
method has less sensitivity than approved commercial technologies,
we can increase the LoD of our assay by increasing the sample volume
(because we are concentrating the sample using centrifugation, volume
is not a concern), reducing the non-specific binding using custom
manufactured centrifugation filters and further optimizing the buffers.
Improvement on these parameters could significantly improve the LoD
of ourmethod tomatch the sensitivity of commercially available antigen
detecting kits such as the Quidel Sofia2 SARS Antigen FIA kit.

We demonstrated proof of concept with the long-lived isotope
Iodine-125, which has been traditionally used for biological assays and
renders the antibody suitable for long storage (125I T1/2 = 59.5 days).
The gamma energy emission of Iodine-125 is low-energy (<35 keV),
and therefore simple to shield with only a few centimeters of lead.
These physical characteristics make Iodine-125 the ideal isotope for
shipment and transportation of both the radiolabeled antibody and
the filtered biospecimen. The hands-on time for performing the experi-
ment is extremely short (on the order of only a few minutes) and re-
quires only pipetting the saliva sample into the tube, followed by
capping the tube. The longest step is the centrifugation step, which re-
quires 30 min. Our kit does not require sophisticated laboratory equip-
ment or intensive training of the laboratory personnel. The small
amount of radiation added to each tube (<3700 Bq (0.1 μCi)) makes it
safe to handle, requiring just simple protective gloves. The small amount
of saliva sample needed is another feature. The ability of the detection
kit to work in a real-world scenario was limited only by our access to
saliva samples from patients with Covid-19. For this reason, we collabo-
rated with Johns Hopkins University to test our kit in a biosafety level 3
laboratory. The kit was prepped at Memorial Sloan Kettering and
shipped the same day to Baltimore with a simple step-by-step guide
on how to use it. We were able to obtain the results the same day.
Finally, an antibody-based kit such as the one presented here can be
easily tweaked to target a different antigen or biomarker and opens
the possibility of being used for applications in e.g., liquid biopsies.

5. Conclusion

We demonstrate that we can produce an accurate, secure, and
easy-to-use kit for detecting viral loads in small liquid samples con-
taining SARS-CoV-2. This kit could be deployed in difficult-to-reach
locales and could significantly improve the way we test for SARS-
CoV-2 infection. Because our method is simple to develop and scale,
and because target-specific antibodies are increasingly available,
we could use a similar — if not nearly identical — strategy for detect-
ing viral or other pathogenic infections in humans using liquid
biospecimens.
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