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Abstract: Population-scale and rapid testing for SARS-CoV-2 continues to be a priority for sev-
eral parts of the world. We revisit the invitro technology platforms for COVID-19 testing and
diagnostics—molecular tests and rapid antigen tests, serology or antibody tests, and tests for the
management of COVID-19 patients. Within each category of tests, we review the commercialized
testing platforms, their analyzing systems, specimen collection protocols, testing methodologies,
supply chain logistics, and related attributes. Our discussion is essentially focused on test products
that have been granted emergency use authorization by the FDA to detect and diagnose COVID-19
infections. Different strategies for scaled-up and faster screening are covered here, such as pooled
testing, screening programs, and surveillance testing. The near-term challenges lie in detecting subtle
infectivity pro les, mapping the transmission dynamics of new variants, lowering the cost for testing,
training a large healthcare workforce, and providing test kits for the masses. Through this review,
we try to understand the feasibility of universal access to COVID-19 testing and diagnostics in the
near future while being cognizant of the implicit tradeoffs during the development and distribution
cycles of new testing platforms.

Keywords: COVID-19 diagnostic test; SARS-CoV-2 detection; at home test; rapid antigen test;
serology test; mass testing; FDA authorized test kit; universal access

1. Introduction

To limit the spread of SARS-CoV-2, aggressive and scalable deployment of COVID-19
testing resources has been a priority of health and administrative of cials worldwide.

A COVID-19 diagnostic test is advisable for individuals experiencing COVID-19 symp-
toms or those exposed to persons with suspected or con rmed COVID-19 illness [ 1,2].
The COVID-19 test is also advised for travel purposes, recreation, social gatherings and
professional meetings, or can be enforced at the workplace by employers [3]. Patients with
a con rmed COVID-19 infection develop fever and/or acute respiratory illness which
may lead to death [2]. Timely test results help provide informed recommendations to the
patient, thereby protecting the front-line workers and limiting the COVID-19 transmission

to others in close contact [4,5].

Early investments in new diagnostic technologies with rapid and decentralized testing
have been vital in minimizing the negative health and socioeconomic impacts of SARS-
CoV-2 [6-8]. In April 2020, the U.S. National Institute of Health (NIH) launched the Rapid
Acceleration of Diagnostics (RADX) Initiative to ramp up development, commercialization,
and implementation of COVID-19 testing technologies [ 9]. The goal of the RADXx Initiative
was to develop innovative diagnostic tests that are fast, accurate, easy-to-use, and easily
accessible at home and point of care, particularly to population groups that are vulnerable
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and most impacted by COVID-19 [ 9]. On a parallel front, the Foundation for Innovative
New Diagnostics (FIND), a Geneva-based not-for-pro t organization, has led international
partnerships for scaled-up development and delivery of COVID-19 tests through its Access
to COVID-19 Tools (ACT) Accelerator [ 8]. Despite these commendable efforts, the pandemic
continues to rattle several parts of the world, especially the low- and middle-income
households where testing sites are inaccessible and test kits are cost-prohibitive or in
limited supply [ 10]. For the long-term containment of the virus, the current goal of
governments and institutions worldwide lies in the equitable distribution of COVID-19
testing resources in a sustainable manner [7,10].

Our objective here is to review the commercialized in vitro diagnostic tests for the de-
tection of SARS-CoV-2, primarily focusing on tests granted Emergency Use Authorization
(EUA) by the U.S. Food and Drug Administration (FDA). We expand upon previous review
papers on COVID-19 test assays published since the start of the global pandemic [7,10-12]
by providing a comprehensive review of current testing methods available from the com-
panies granted FDA EUA. Various attributes of COVID-19 testing platforms are tabulated
and comparative studies on the evaluation and validation of available tests are discussed.
We try to understand the implicit tradeoffs of cost, convenience, and quality of available
COVID-19 tests based on the information gathered from websites, databases, and blogs
of product companies, federal and medical agencies, and governing bodies. The outline
of this paper is as follows. Section 2 provides a brief overview of in vitro diagnostic (IVD)
tests for SARS-CoV-2, and the different at-home and population-scale testing strategies.
Section 3 discusses the standardized regulatory and reporting guidelines for device man-
ufacturers and testing facilities. Sections 4 and 5 describe the molecular diagnostic tests
for SARS-CoV-2 using respiratory specimens and saliva specimens, respectively. Section 6
describes the rapid antigen tests for SARS-CoV-2, including lateral ow assays with visual
readout. Section 7 talks about the deployment of COVID-19 test kit vending machines
and Testing-as-a-Service platforms. Section 8 deals with serology or antibody tests for
SARS-CoV-2, such as assays to measure immunoglobulins or total antibodies in blood.
Section 9 describes the diagnostic tests for the management of COVID-19 patients that track
the biomarkers of in ammation (e.qg., interleukin-6). Section 10 discusses the challenges
and outlook related to lowering the testing costs, improving the performance metrics,
building a robust supply chain, and better containment of new variants (such as the Delta
and Lambda Variants of the Coronavirus).

2. Diagnostic Tests for SARS-CoV-2: An Overview

The FDA has granted Emergency Use Authorization (EUA) to several in vitro diagnos-
tic tests for SARS-CoV-2 []. These IVD tests are grouped into three categories diagnostic
tests (i.e., molecular tests and ‘rapid' antigen tests), serology or antibody tests, and tests for
the management of COVID-19 patients depending on their suitability to detect the disease
parameters from the onset of symptoms (Figure 1) [10,11,13]. The rst type of IVD tests
are diagnostic tests that detect parts of the SARS-CoV-2 virus for the diagnosis of active
COVID-19 infection (i.e., where there is active shedding of the virus). The samples for
diagnostic tests are collected using a nasal or throat swab, or from saliva by spitting into
a tube. Sometimes, secretions from the lower respiratory tract, such as sputum and bron-
choalveolar lavage uid, are also used for con rmatory tests [ 7]. The second type of IVD
tests are serology or antibody tests that measure the presence of antibodies to SARS-CoV-2
from serum, plasma or whole blood from nger stick or veins. The detected antibodies are
indicative of previous exposure to the virus or immune status of the individual. The third
type of IVD tests evaluate the severe in ammatory response in patients with con rmed
COVID-19 infection, typically by measuring the levels of interleukin-6 (IL-6) in serum,
plasma or whole blood [11].
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Figure 1. Suitability of different types of in vitro diagnostic tests during the progression of COVID-19
infection. Approximate time intervals of SARS-CoV-2 exposure, incubation, symptoms, and recovery
are illustrated. The detectability of the viral genetic material, viral proteins, and antibodies (IgM and

IgG) to the virus are shown for the RT-PCR test, rapid antigen test, and antibody tests, respectively.

The FDA and Centers for Disease Control and Prevention (CDC) have taken several
steps to speed up scienti ¢ discovery towards commercialization and reduce the burden
of test validation for new test developers [ 6]. For instance, the FDA allows any new
developer to leverage the data from previous EUA-authorized assays by submitting a
right of reference from the sponsor. By doing so, new developers can leverage the CDC's
in silico and cross reactivity tests, rather than repeating the tests on their assays. As an
example, the CDC has granted the right of reference for its CDC 2019-nCoV Real-Time RT-
PCR Diagnostic Panel and In uenza SARS-CoV-2 (Flu SC2) Multiplex Assay to any entity
seeking an FDA EUA for a COVID-19 diagnostic device or developing a multi-analyte
respiratory panel including SARS-CoV-2 [6].

The FDA's In Vitro Diagnostics EUAs website provides a list of companies whose
COVID-19 test kits have received Emergency Use Authorization (EUA) [ 6]. At the time
of this publication, there were roughly 243 entries for authorized SARS-CoV-2 molecular
diagnostic tests, 79 entries for authorized SARS-CoV-2 serology or antibody tests, and
3 entries for authorized in vitro diagnostic tests for the management of COVID-19 patients.
In this review, we primarily focus on these COVID-19 test kits granted FDA EUA. On
a cautionary note, 1VD tests are not suitable for COVID-19 patients showing emergency
warning signs, such as “breathing dif culty, persistent pain or pressure in the chest, inability
to wake up or stay awake, new confusion, and bluish lips or face” [3].

Within the United States, IVD tests are offered at local health centers and select
pharmacies such as Walgreens, CVS Health, Rite Aid, Walmart, Health Mart, eTrueNorth,
and Topco. The U.S. Families First Coronavirus Response Act ensures that COVID-19
tests are freely available to anyone. Some at-home IVD tests produce results within a
few minutes, while others could require the patient to mail the sample to a testing lab for
analysis. Apart from at-home testing, laboratories and testing sites are pursuing alternate
testing strategies for faster screening of COVID-19 infections, such as pooled testing,
screening programs, and surveillance testing [ 7,10]. Pooled testing is performed where the
samples from different individuals are combined into one sample and tested together [ 5].
It is suitable for testing multiple people for COVID-19 in a shorter time, particularly in
low-resource settings where there are limited testing supplies. If the result of the pooled test
is negative, then none of the individuals are likely to have an active COVID-19 infection.
Otherwise, if the pooled test is positive, the individuals are re-tested by taking a new
sample from everyone to determine which samples are positive. Screening programs are
essential for testing individuals regularly (e.g., daily or weekly) to identify COVID-19
positive cases and catch the outbreaks early on [7]. Surveillance testing can be used to
estimate the disease burden on the population (e.g., in a school or organization) to help
of cials understand and evaluate the effectiveness of their mitigation efforts [11].
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3. Reporting Guidelines for Device Manufacturers and Testing Facilities

The FDA and CDC has set reporting guidelines for the manufactures of COVID-19 test
kits and facilities (e.g., testing sites, clinics, and laboratories) where testing is conducted.
The device manufacturers are expected to report performance parameters of their tests,
such as accuracy (sensitivity, speci city), positive and negative predictive values, and
likelihood ratios estimated from statistical software packages (e.g., Stata v.14 and Clinical
Calculator 1) [6]. Here, a false negative test result is more worrisome than a false positive
test result. A false negative COVID-19 test result has the risks of delayed medical and
supportive treatment for the infected person while giving a false sense of security [ 14].
False negative results may result in skipping to monitor the close contacts of the infected
person for disease symptoms, which can lead to increased transmission risks. Besides the
performance parameters, the manufacturers are also expected to report other details of
their testing protocol, such as the sample type, intended setting and population groups,
standard operating procedure, instructions for use, associated equipment and consumables
to perform the test, turnaround time, sample disposal procedure, training requirements,
and potential risks to the user and health personnel [4].

Considering the wide variety of COVID-19 tests, testing laboratories are required to
ensure that all test reports are complete, comprehensive, unambiguous, and with improved
semantic interoperability [ 2,15]. For this, laboratory testing data across healthcare systems
are harmonized and normalized according to the LOINC and SNOMED codes as de ned
by the CDC's Laboratory In Vitro Diagnostics (LIVD) Test Code Mapping for SARS-CoV-2
Tests [2]. Testing laboratories are required to report information on the nature of the test
ordered, test result, test result date, specimen identi er, patient identi er and demographics,
device identi er, ordering provider details, and performing facility details. In addition,
hospitals and clinics are required to Il Ask at Order Entry questions for COVID-19 testing:

Is this the patient's rst test? Is the patient employed in a healthcare setting? Is the patient
symptomatic? Date of onset of symptoms? Was the patient hospitalized because of COVID-
197 Was the patient admitted to the intensive care unit (ICU)? Does the patient reside in a
congregate care setting? Is the patient pregnant? [2,16].

To ef ciently regulate the safety of different COVID-19 tests, the FDA's Medical Device
Reporting (MDR) guidelines requires the device manufacturers and testing facilities to
report any device that caused or contributed to death or serious injury within 30 days of
becoming aware of the event [17]. Any concerns regarding the adverse events, suspected
adverse events, or issues with the test results or test performance can be reported to Med-
Watch, which is the FDA's Safety Information and Adverse Event Reporting Program [ 18].

4. Molecular Diagnostic Tests for SARS-CoV-2 Using Respiratory Specimens

Molecular diagnostic tests detect the presence of SARS-CoV-2 RNA, typically from
nasopharyngeal samples, and are considered the gold standard for COVID-19 diagnos-
tics [11]. The nasopharyngeal sample is mailed to a CLIA (Clinical Laboratory Improvement
Amendments)-certi ed laboratory to extract the viral RNA for the RT-PCR (reverse tran-
scription polymerase chain reaction) test as shown in Figure 2. The results are received
within 3 to 5 business days. Today, the large suppliers of instruments and analyzers, such
as Roche Diagnostics, ThermoFisher Scienti ¢, Abbott, Qiagen and Quest Diagnostics,
are expanding their production and testing capacity to perform an increasing number
of laboratory tests daily. The list of molecular diagnostic test kits with at-home sample
collection and RT-PCR laboratory testing for respiratory specimens granted FDA EUA is
shown in Table 1.
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Figure 2. Steps for the reverse transcriptase PCR (RT-PCR) COVID-19 testing. §) The sample is collected and put in a
transport medium. ( b) The virus is inactivated by detergents or by heating. ( ¢) Viral RNA is extracted. ( d,e) The contents
are transferred to a 96 well plate for cDNA synthesis and detection by RT-gPCR or sample barcoding and high-throughput
DNA sequencing. (f,g) In alternate method, the RNA extraction step can be omitted through direct inactivation of the virus
by heating or direct lysis by detergents. The gure is reproduced and adapted under the Creative Commons license from
loanna Smyrlaki et al., Nature Communications, Springer Nature (2020) [19].

Table 1. At-Home Molecular Diagnostic (RT-PCR) Tests using Respiratory Specimens and granted FDA Emergency Use

Authorization.

Diagnostic Product

Company Name (EUA Date) Assay Technology Test Kit Contents
Screw-capped collection tube
containing 1 mL of 0.85% saline,
Alimetrix Alimetrix SARS-CoV-2 RT-PCR, Microarray Specimen biohazard bag (zip-lock)
RT-PCR Assay (09/30/2020) Hybridization with absorbent pad, ID barcode
label for collection tube,
instructions
RT-PCR, Direct to Consumer, . .
. . . Dry, sterile polyester swab in a tube,
binx health At-Home Nasal clinical sample collection specimen bag with absorbent pad, a
binx health Swab COVID-19 Sample method, Testing at High sample identi cation label, a returrll
Collection Kit (10/20/2020) Complexity-certi ed p

laboratories

envelope, instructions for use

Clinical Enterprise

EmpowerDX COVID-19
Home Collection Kit DTC
(10/15/2020)

Direct to Consumer (DTC),
Screening

Sample registration, collection and
shipping instructions, Fact Sheet for
Individuals, anterior nasal swab,
collection tube, collection tube label
and pre-labeled FedEx return
envelope

Bio-Rad Laboratories

Reverese transcriptase droplet
digital PCR test, for
prescription use only

Bio-Rad SARS-CoV-2 ddPCR
Test (05/01/2020)

Supermix, reverse transcriptase
(RT), and 300 mM dithiothreitol
(DTT) solution

Becton, Dickinson &
Company (BD)

BD SARS-CoV-2 Reagents for Real-time RT-PCR, Serial
BD MAX System Screening, Moderate
(04/08/2020) Complexity Test

Lyophilized control template beads
for the SARS-CoV-2 Nucleocapsid
Phosphoprotein gene (N1),
SARS-lyophCoV-2 Nucleocapsid
Phosphoprotein gene (N2), and

RNase P

Ethos Laboratories

SARS-CoV-2 MALDI-TOF
Assay, U-Collect At Home
Collection kit (08/03/2020)

RT-PCR and MALDI-TOF
Mass Spectroscopy

COPAN swab, Viral Transport
Media, specimen bag with
absorbent sheet, order form, sample
collection and shipping instructions,
and a pre-labeled UPS shipping bag
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Table 1. Cont.

Company Name

Diagnostic Product
(EUA Date)

Assay Technology

Test Kit Contents

Everlywell

Everlywell COVID-19 Test
Home Collection Kit
(05/15/2020)

Direct to Consumer, Testing at
High Complexity-certi ed
laboratories

Swab and Tube, kit ID stickers,
biohazard bag with absorbent sheet,
alcohol prep pad, fast sheet, return

label, instructions for use

GetMyDNA

GetMyDNA COVID-19 Test
Home Collection Kit
(03/09/2021)

Direct to Consumer, Screening

GetMyDNA box, biohazard bag,
FedEx UN3373 overpack, fact sheet
for Individuals, instructions for use

Kroger

Kroger Health COVID-19 Test
Home Collection Kit
(06/30/2020)

Direct to Consumer, Testing at
High Complexity certi ed
laboratories

Fact sheet, patient ID label, alcohol
prep pad, biohazard bag, absorbent
sheet, nasal swab, transport
medium, instruction sheet, return
shipping label

LabCorp

COVID-19 RT-PCR Test
(03/16/2020)

Real-time RT-PCR, Home
Collection, Pooling, Screening

Labcorp At Home COVID-19 Test
Home Collection Kit (shipping box,
return envelope, specimen
biohazard bag, nasal swab, tube)

LetsGetChecked

LetsGetChecked Coronavirus
(COVID-19) Test (05/28/2020)

Direct to Consumer,
Transcription-Mediated
Ampli cation

Nasal swab, transport tube with
media, shipping box, return
envelope, instructions, specimen
collection materials, biohazard bag
with absorbent material, fact sheet

Lucira Health

Lucira COVID-19 All-In-One
Test Kit (11/17/2020)

Real-time RT-PCR, Home
Collection, RT-LAMP
technology

Nasal swab, sample vial, test unit

with electronic readout, batteries,

disposable bag, quicj reference
instructions

Quest Diagnostics

Quest Diagnostics HA
SARS-CoV-2 Assay
(07/15/2020)

Transcription-Mediated
Ampli cation,
chemiluminescent

Instructions for sample collection
and shipping, swab, specimen
transport tube, Zip-lock bag
(biohazard symbol) and desiccant,
shipping box, pre-printed label

RapidRona

RapidRona Self-Collection Kit
(11/23/2020)

Transcription-Mediated
Ampli cation

Packaged sterile swab, sterile
collection tube, transport medium
(saline), shipping materials, barcode
labels for identi cation, and
instructions for use

ResearchDx, DBA Pacic

Diagnostics

Paci cDx Covid-19
(12/11/2020)

Transcription-Mediated
Ampli cation,
chemiluminescent

Lysis buffer, Applied Biosystems
QuantStudio Dx, Proteinase K,
RT-gPCR instrument, negative

control and positive control

Specimen Types: anterior nasal swabs, nasopharyngeal swabs, oropharyngeal swabs, mid-turbinate swabs, nasopharyngeal
wash/aspirate or nasal aspirate, and bronchoalveolar lavage uid

Commercialized molecular diagnostic products differ in the steps of procuring the
test kit, conducting the testing procedure, and displaying the results. To highlight these
differences, we describe the example products from Everywell, Quest Diagnostics, Curative-
Korva, and Lucira Health. The Everlywell COVID-19 Test Home Collection Kit is available
over-the-counter through online retailers and local pharmacy stores (Figure 3) [ 20]. The
user takes the health intake survey and registers the unique kit ID at the company website.
The sample is self-collected using a nasal swab and shipped to its CLIA-certi ed laboratory
for RT-PCR tests. The results are obtained digitally within 24 to 48 h after receiving the
sample. The QuestDirect COVID-19 Active Infection Test from Quest Diagnostics provides
an anterior nare (or nasal) swab collection kit for patients who are 18 years or older [ 21].
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The patient has to be pre-quali ed by their healthcare provider based on the symptoms,
exposure levels, and risk factors. The Quest self-collection kit is delivered to the patient to
collect the upper respiratory sample, which is then shipped back in a prepaid envelope.
Quest Diagnostics also offers pharmacy drive-thru options for the observed collection of
nasal samples.

Figure 3. Everywell's COVID-19 Test Home Collection Kit DTC (direct-to-consumer). ( a) The
procedure involves ordering the test kit, completing a health intake survey, registering the unique
kit ID, self-collecting a nasal swab, shipping overnight to a CLIA-certi ed laboratory, and obtaining
RT-PCR results within 24 to 48 h of the lab receiving the sample. A telehealth consult is available to
follow up on the test results. ( b) The Everywell test kit consists of a gentle lower nasal swab, nasal
swab tube, biohazard bag, and prepaid shipping label. Images are reproduced and adapted with
permission from Everywell [20].

The Curative-Korva SARS-CoV-2 Assay is intended for prescription use where the
respiratory specimen is collected by a trained healthcare provider [ 22]. The sample is put
in Zymo DNA/RNA Shield and shipped to the Korvalabs Inc. laboratory (San Dimas, CA)
to perform the RT-PCR test [22]. Curative has set up over 10,000 COVID-19 testing and
health service sites across the U.S. (e.g., drive-thru, kiosks, and mobile sites) and processes
over one million tests every week at its three high-capacity labs [ 23]. The City of Riverside,
for example, has collaborated with Curative Inc. to provide free oral uid COVID-19
tests to all its residents, whether or not they are experiencing COVID-19 symptoms [ 24].
The Lucira COVID-19 All-In-One Test Kit is authorized for prescription home use with
self-collected nasal swabs (in individuals aged 14 and older) and provider-collected nasal
swabs (in individuals aged 13 and older) [ 25]. Instructions for using the Lucira test kit
is shown in Figure 4. A community-based testing study found that the Lucira test had a
94.1% positive percent agreement (PPA) and a 98% negative percent agreement (NPA) with
a FDA authorized SARS-CoV-2 test as depicted in Figure 5 [25].
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Figure 4. Instructions for using the Lucira COVID-19 All-in-One Test Kit. This involves at-home
nasal swab collection followed by RT-LAMP reaction to detect the SARS-CoV-2 genetic material. The
steps for use are as follows: @) Wash and dry hands. (b) Remove seal from Sample Vial. (c) Set the
sample vial in the test unit. ( d) Swab both nostrils. (€) Insert swab into the sample vial. (f) Snap the
cap closed and press the vial into the test unit. (g) Wait 30 min and obtain the result. Images are
reproduced and adapted with permission from Lucira Health [25].

Figure 5. Lucira's COVID-19 All-In-One Test Kit product and community testing data. ( a) The single-
use, over-the-counter test kit intended for the molecular detection of SARS-CoV-2 RNA from nasal
swab samples. @) In a Community Testing Study, the Lucira test was compared with high sensitivity
Hologic Panther Fusion SARS-CoV-2 test, and achieved a 94% positive percent agreement (PPA) and
a 98% negative percent agreement (NPA). Images are reproduced and adapted with permission from
Lucira Health [25].
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5. Saliva-Based Molecular Diagnostic Tests for SARS-CoV-2

There are bene ts of using saliva samples over nasal or throat swabs for the detection
of SARS-CoV-2 (Figure 6) [26]. Saliva collection is contactless and poses a reduced risk to
the healthcare worker. Saliva collection is less invasive than swab insertions and contributes
to lower consumption of personal protective equipment (PPE) and nasal swabs. Saliva
testing can be made easily accessible as at-home tests for patients at increased risks, sick
patients, or patients in quarantine. However, the SARS-CoV-2 RNA in saliva specimens
is only detectable during the acute phase of infection [ 27,28]. Positive test results from
saliva specimens would suggest that SARS-CoV-2 RNA is present but may not rule out
infections from bacteria or other viruses. Negative results from saliva specimens may not
rule out SARS-CoV-2 infection and must be con rmed with alternate specimens and testing
methods [26].

Figure 6. Bene ts of using saliva specimens for SARS-CoV-2 detection compared to respiratory
specimens. Images are reproduced and adapted with permission from IBX In nity Biologix [26].

At-home saliva collection kits from Spectrum Solution and In nity BiologiX (IBX) are
often used for collecting, maintaining, and preserving saliva samples [ 26]. The Spectrum
Solution's SDNA-1000 Saliva Collection Device is intended to collect the saliva specimen
in a plastic 6 mL tube with the aid of a funnel (Figure 7) [ 27]. Then, the stabilizing
solution, housed in its uid chamber, is mixed with the saliva specimen. The SDNA-1000
preservation agent inactivates the virus and renders the saliva specimen non-infectious,
while preserving the stability of viral RNA for over 14 days at room temperature.

Figure 7. Spectrum Solution's SDNA collection kit for molecular diagnostics of saliva. The self-collection device is capable
of live viral neutralization at room temperature to mitigate risk exposure and sample preservation to identify viral RNA
with only 200 copies/mL. Images are reproduced and adapted with permission from Spectrum Solution [27].
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In April 2020, In nity BiologiX (IBX, formerly called the Rutgers RUCDR In nite
Biologics) received the rst FDA Emergency Use Authorization for its saliva tests to detect
the SARS-CoV-2 using RT-PCR test P6]. The company received a revised EUA for at-home
saliva sample collection using its IBX Saliva Collection Kit (Figure 8) or the Spectrum
Solution's SDNA-1000 Saliva Collection Device [29]. The saliva samples are shipped to an
IBX laboratory for storage, puri cation of genetic material, PCR ampli cation of extracted
RNA, and quality control checks. IBX acts as a service provider for organizations that have
large volume testing needs where the subsequent processing of saliva samples is conducted
at IBX laboratories (Figure 8). IBX does not process individual tests, but has partnered with
service providers such as VaultHealth, 1health.io, ixlayer, and US Drug Test Centers.

Figure 8. Demonstration of the manufacturing and testing facilities for laboratory processing,
data storage, sample preservation, and analytical processes at IBX In nity Biologix. ( @) IBX Saliva
Collection Kit. ( b) A repository for cryo-preserving and storing a vast number of biological samples
and consumables. () Automated instrumentation for sample puri cation, precision liquid handling,
viral nucleic acid extraction and testing, Next Generation Sequencing, and analytical quality control.
Images are reproduced and adapted with permission from IBX In nity Biologix [26].

A number of companies are providing at-home saliva collection kits followed by RT-
PCR tests at high complexity laboratories as shown in Table 2. As an example, the DxTerity
SARS-CoV-2 RT-PCR Test is a real-time RT-PCR test for the detection of SARS-CoV-2 RNA
from saliva specimens [30]. The saliva specimens are collected in a Spectrum Solution's
SDNA-1000 Saliva Collection Device (by a healthcare provider or self-administered). The
saliva specimens are shipped to its CLIA-certi ed DxTerity Diagnostics Laboratory (Cali-
fornia, USA) to perform the RT-PCR tests, and the results are obtained on a secure platform
within 24 to 72 h. The DxTerity COVID-19 Saliva at-Home Collection Kit can be purchased
for individual tests at Amazon with prepaid shipping of saliva specimens and laboratory
testing [28]. The DxTerity SafeWorkDx is intended for large scale screening of the workforce
at worksite or from home.
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