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Introduction

In late December 2019, Chinese health authorities in-
vestigated a cluster of atypical pneumonia cases occur-
ring primarily in individuals who had visited a seafood
and wet market in Wuhan, Hubei Province, China.
Patients reported fever and cough, and most developed
chest discomfort and/or respiratory distress, with a diag-
nosis of pneumonia being made by chest radiographs
and/or computed tomographic (CT) scan (1). After test-
ing for common causes of respiratory infection yielded
negative results, unbiased sequencing of bronchoalveolar
lavage (BAL) fluid identified a variant beta-coronavirus
with nearly 85% sequence homology to that of a bat se-
vere acute respiratory syndrome (SARS)-like coronavirus
(CoV) (1). The virus was subsequently isolated in eu-
karyotic cell culture, and further characterization
showed it to be distinct from SARS-CoV and Middle
East respiratory syndrome (MERS)-CoV, with sequence
homology of approximately 79% and about 50%, re-
spectively (2). The variant CoV, which has been named
SARS-CoV-2 by the International Committee on
Taxonomy of Viruses (3), represents the seventh CoV
to cause disease in humans, and the third CoV since
2003 to cross over from animals to humans and be asso-
ciated with severe respiratory illness (1). The World
Health Organization (WHO) has named the illness
caused by SARS-CoV-2 coronavirus disease-2019
(COVID-19).

To date, there have been approximately 95 000
confirmed cases of COVID-19 in over 80 different
countries. However, the majority of cases (about 85%)

have occurred in mainland China. Following an incuba-
tion period ranging from 2 to 13 days, most (>80%)
symptomatic patients have reported a fever and cough,
and some have developed shortness of breath (4).
Although COVID-19 is generally thought to be a
milder illness compared to SARS and MERS-CoV,
nearly 3200 deaths have occurred, yielding a case-
fatality rate of about 3% (versus approximately 10% for
SARS-CoV and approximately 35% for MERS-CoV)
(5). This mortality rate is likely an overestimation, due
to the high probability that many infected individuals
have not sought medical attention and laboratory confir-
mation (6). It is important to emphasize that details re-
garding this outbreak are rapidly evolving, and
therefore, the full extent of COVID-19’s impact is still
unknown. That being said, the nonspecific clinical fea-
tures of COVID-19, along with the co-circulation of
other respiratory viruses (e.g., influenza, respiratory syn-
cytial virus) in many parts of the world, have presented
a major challenge to public health officials and health-
care providers. This outbreak represents an opportunity
for government agencies, the public health sector, indus-
try, and clinical laboratories to partner and develop a ro-
bust and sustainable system that would allow for rapid
development, production, dissemination, and imple-
mentation of diagnostic tests for infectious agents of
global health concern.

Diagnostic Testing for COVID-19

In the weeks following the initial characterization of
COVID-19, the Chinese and American Centers for
Disease Control and Prevention (CDC) rapidly devel-
oped molecular assays for detection of the variant virus
in clinical samples (1, 7). Other groups have also de-
scribed the development of real-time PCR methods to
diagnose COVID-19, mainly targeting various combi-
nations of the open reading frame (Orf), envelope (E),
nucleocapsid (N), and RNA-dependent RNA polymer-
ase (RdRp) genes (8–10). On February 4, 2020, the
United States Food and Drug Administration (FDA)
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took an important step, issuing an emergency use
authorization for the US CDC’s COVID-19 real-time
PCR assay, thereby enabling CDC-qualified laboratories
to perform the test. Currently, there are 115 CDC-
qualified laboratories in the US (i.e., state and local pub-
lic health laboratories and Department of Defense labo-
ratories), and 191 qualified laboratories worldwide.
However, to date, clinical laboratories in the US have
not had access to the CDC COVID-19 assay, leaving a
gap in the ability of healthcare providers to rapidly diag-
nose and manage patients who present with a respiratory
illness during this emerging outbreak.

Closing the Gap: The Importance of
Performing Diagnostics at the Front Line

During an outbreak such as COVID-19, healthcare pro-
viders may evaluate patients whose clinical presentation
and travel/exposure history renders them a “patient
under investigation” (PUI) for the disease. Although
many of these patients ultimately test negative for the
outbreak-associated virus, the initial uncertainty regard-
ing the cause of disease often has an important impact
on management decisions. For example, PUIs are often
placed in conservative isolation precautions (e.g., air-
borne isolation), and healthcare teams may defer or
avoid certain procedures, which may have otherwise
been performed to treat, stabilize, and/or diagnose a
patient’s condition. Furthermore, clinical laboratories
may limit, or significantly modify, their testing approach
for a PUI, due to safety concerns for healthcare pro-
viders and laboratory personnel. As an example, the
CDC has issued interim laboratory biosafety guidelines
for handling specimens from suspect cases of COVID-
19, and these guidelines recommend against viral cul-
ture and state that any procedure with the potential to
generate an aerosol (e.g,. vortexing, sonication, pipetting
of respiratory samples) be carried out in a certified Class
II biosafety cabinet (11). These modifications to routine
clinical and laboratory practice are required to ensure
the safety of healthcare personnel, laboratory staff, and
patients, and are designed to prevent further transmis-
sion of the disease. However, any delay in establishing a
diagnosis (i.e., resulting from transporting samples to an
off-site laboratory or from making modifications to the
standard operating procedures of a clinical laboratory
that may limit its diagnostic approach) has the potential
to negatively impact patient outcomes.

To provide physicians with the answers they need
to manage patients effectively during an outbreak set-
ting, laboratory testing is needed at the front lines,
whenever feasible and safe. This is especially true during
an outbreak such as COVID-19, which is a nonspecific
illness during the early stages, similar to other more

common infectious diseases such as influenza. So how
do we provide rapid answers, while ensuring that the
testing is accurate, reproducible, and robust? The author
proposes the following as a high-level framework for
consideration and discussion.

Building an Adaptable Infrastructure for Rapid
Dissemination of Laboratory Diagnostics

If there has been one enduring lesson from SARS-CoV,
the 2009 H1N1 influenza pandemic, MERS-CoV,
Ebola, Zika, and now COVID-19, it is that the next
novel or emerging viral outbreak is likely just around
the corner. Therefore, a general framework to guide our
response to outbreaks of global health concern is
needed. This should involve the expertise and direction
of government agencies (e.g., FDA/CDC), state and lo-
cal public health departments, industry partners, clinical
laboratories, and healthcare providers.

During the early stages of an outbreak, national
(i.e., CDC) and international (i.e., World Health
Organization) agencies are best positioned to develop
new diagnostic tests rapidly, given their 1) involvement
in investigating cases; 2) role in characterizing the dis-
ease; and 3) access to clinical samples from patients with
the illness. Once an assay has been developed and
shown to meet established performance characteristic
standards, a proposed next step would be for the na-
tional/international public health agency to partner with
a contracted test manufacturer(s) to initiate the process
of mass production of test reagents and submission of
performance data to the FDA. As is currently the pro-
cess, the FDA would then review the test performance
characteristics, and if acceptable, issue an emergency use
authorization. This would then allow for the test manu-
facturer to distribute kits to qualified laboratories,
which, in the proposed model, would be expanded to
include not only state and local public health laborato-
ries, but also clinical laboratories that have participated
in a thorough vetting and credentialing process. This
process could involve 1) an application/registration from
the clinical laboratory confirming that they have the re-
quired equipment, safety infrastructure, and personnel
to complete testing; 2) a site-visit from an existing,
CDC-qualified laboratory representative; and 3) success-
ful completion of required validation studies and a
blinded verification panel sent from the CDC and/or
test manufacturer to the clinical laboratory. Ideally,
Steps #1 and #2 would be performed outside of (i.e.,
prior to) an outbreak setting, and would serve as an ac-
creditation that the clinical laboratory is qualified to
be a testing site for a specified period of time (e.g.,
5 years), after which re-accreditation would be required.
Although this approach would likely require modifications
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and special considerations to account for disease-specific
features (e.g., route of transmission [blood-borne versus
airborne] or recommended testing approach [molecular
versus serology]), it could serve as a general framework
to apply during an infectious disease outbreak that has
been determined to be a global health emergency.

Closing Thoughts and a Path Forward

The COVID-19 outbreak has once again highlighted
the need to create a robust and sustainable system
allowing for rapid development, dissemination, and
implementation of diagnostic tests targeted against in-
fectious diseases of global health concern. To provide
healthcare providers with the answers they need
to make critical patient-management decisions, rapid
testing for the outbreak-associated pathogen is needed.
This will require us to think creatively, so that testing
for novel and emerging pathogens can be implemented
in both public health laboratories and clinical laborato-
ries in a timely fashion. To accomplish this goal, there
will be substantial logistical challenges and resource
limitations to overcome. However, this is certainly a

challenge worth taking on, and one in which we can
be successful by working together.
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