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EVIDENCE-BASED DIAGNOSTICS

covin-19 [)iaonosing COVID-19 in the
Emergency Department: A Scoping

@ Review of Clinical Examinations,
Laboratory Tests, Imaging Accuracy,
and Biases

Christopher R. Carpenter, MD, MSc! ®, Philip A. Mudd, MD, PhD!, Colin P. West, MD,
PhD?, Erin Wilber’, and Scott T. Wilber, MD, MPH*

ABSTRACT

Objective: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged as a global pandemic in

early 2020 with rapidly evolving approaches to diagnosing the clinical iliness called coronavirus disease (COVID-
19). The primary objective of this scoping review is to synthesize current research of the diagnostic accuracy of
history, physical examination, routine laboratory tests, real-time reverse transcription-polymerase chain reaction
(rRT-PCR), immunology tests, and computed tomography (CT) for the emergency department (ED) diagnosis of

COVID-19. Secondary objectives included a synopsis of diagnostic biases likely with current COVID-19 research
as well as corresponding implications of false-negative and false-positive results for clinicians and investigators.

Methods: A Preferred Reporting ltems for Systematic Reviews and Meta-Analyses—Scoping Review (PRISMA-
ScR)-adherent synthesis of COVID-19 diagnostic accuracy through May 5, 2020, was conducted. The search strategy
was designed by a medical librarian and included studies indexed by PubMed and Embase since January 2020.

Results: A total of 1,907 citations were screened for relevance. Patients without COVID-19 are rarely reported,
so specificity and likelihood ratios were generally unavailable. Fever is the most common finding, while hyposmia
and hypogeusia appear useful to rule in COVID-19. Cough is not consistently present. Lymphopenia is the mostly
commonly reported laboratory abnormality and occurs in over 50% of COVID-19 patients. rRT-PCR is currently
considered the COVID-19 criterion standard for most diagnostic studies, but a single test sensitivity ranges from
60% to 78%. Multiple reasons for false-negatives rRT-PCR exist, including sample site tested and disease stage
during which sample was obtained. CT may increase COVID-19 sensitivity in conjunction with rRT-PCR, but
guidelines for imaging patients most likely to benefit are emerging. IgM and IgG serology levels are undetectable
in the first week of COVID-19, but sensitivity (range = 82% to 100%) and specificity (range = 87% to 100%) are
promising. Whether detectable COVID-19 antibodies correspond to immunity remains unanswered. Current
studies do not adhere to accepted diagnostic accuracy reporting standards and likely report significantly biased
results if the same tests were to be applied to general ED populations with suspected COVID-19.

Conclusions: With the exception of fever and disorders of smell/taste, history and physical examination findings
are unhelpful to distinguish COVID-19 from other infectious conditions that mimic SARS-CoV-2 like influenza.
Routine laboratory tests are also nondiagnostic, although lymphopenia is a common finding and other
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abnormalities may predict severe disease. Although rRT-PCR is the current criterion standard, more inclusive
consensus-based criteria will likely emerge because of the high false-negative rate of PCR tests. The role of

serology and CT in ED assessments remains undefined.

In December 2019 a novel viral respiratory pathogen
emerged in China, ultimately named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
with the clinical illness dubbed coronavirus disease
(COVID-19). COVID-19 became a global pandemic
in early 2020 forcing governments worldwide to enact
social isolation policies with dire economic ramifica-
(ED)
decreased patient volumes before some in Seattle,
New York City, New Orleans, and Detroit experi-
enced waves of COVID-19 patients mixed with asymp-
tomatic patients or those concerned about potential
exposures. Diagnosing COVID-19 was hampered by
inadequate supplies of reagents and kits, which was
compounded by clinical and radiographic features that

overlap with numerous seasonal viral respiratory infec-
1

tions. Emergency departments encountered

tions.

The U.S. Food and Drug Administration (FDA)
issued an emergency use authorization (EUA) on
February 4, 2020, to enable Centers for Disease
Control (CDC)—qualified laboratories to perform
COVID-19 testing. As of June 3, the FDA provided
EUA for 85 commercial assays, including polymerase
chain reaction (PCR) tests and
assays.” Farly realtime reverse transcription PCR
(rRT-PCR) tests had falsenegative (1 — sensitivity)
rates as high as 40%.” As waves of COVID-19

patients present to EDs in the coming months with

immunoglobulin

symptoms or potential exposures, understanding the
diagnostic accuracy and reliability of history, physical
examination, routine laboratory tests, advanced imag
ing, and an evolving array of COVID-19 diagnostics
will be essential knowledge to inform the timing of
testing, optimal specimen and test selection, shared
decision making, and ultimately derivation of clinical
follow-up, and

shared  decision-making choices (Figure 1).* This

instruments to guide disposition,

review provides a narrative overview of published
research with the primary objective to describe the
frequency, causes, and implications of false-negative
rRT-PCR for diagnosis and surveillance. Secondary
objectives diagnostic
biases in current rapid-cycle COVID-19 diagnostic

include describing potential
research reports, while providing recommendations
for clinicians for interpreting results with knowledge
of these design and reporting limitations. A final

objective is to add context to rRT-PCR ordering and
interpretation by understanding the diagnostic accu-
racy and additive value of history, physical examina-

chemistry  tests,
and serology for

routine hematology and

computed tomography (CT),
COVID-19 immunoglobulins.

tion,

METHODS

Search Strategy

This is a scoping review that adheres to PRISMA-ScR
reporting recommendations.” The published literature
was searched using strategies created by a medical
librarian for COVID-19 and diagnostic accuracy. The
search was implemented in PubMed 1946— and
Embase 1947— with a date limit from January 1,
2020, until present with an English language limit.
The search strategy used a combination of standard-
ized terms and keywords, including but not limited to
(Covid-19 or Novel Coronavirus or SARS-COV-2) and
(diagnosis or PCR or serology or CRISPR-CAS or sen-
sitivity/specificity; Data Supplement S1, available as
supporting information in the online version of this
paper, which is available at http://onlinelibrary.wiley.c
om/doi/10.1111/acem.14048/full). The testing search
was based on Cheng et al.,® adding to this prior publi-
cation by incorporating clinical examination, imaging,
and serology into the synthesis of current diagnostic
research. The searches were performed on April 23
and May 5, 2020.

Study Selection

One author (CRC) reviewed the title and abstracts for all
identified citations. Other authors reviewed the manu-
scripts identified and added pertinent references. Origi-
nal research studies describing the frequency of history/
physical examination findings or diagnostic accuracy (sen-
sitivity, specificity, likelihood ratios) of history/physical
examination, laboratory tests, or imaging for COVID-19
were included. Exclusion criteria included non-English,
animal research, study protocols, prevention, pathophysi-
ology, laboratory processing, or policy manuscripts. Two
authors (CRC, SW) abstracted diagnostic accuracy data
and reported adherence to the Standards for Reporting
of Diagnostic Accuracy (STARD) guidelines.” Compli-
ance with STARD was used as a measure of research
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Diagnosing COVID-19 in
Emergency Medicine
——> Exposure History

Population-Based Anti-SARS-CoV-2
Antibody Screening

— Signs/Symptoms
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Figure 1. Diagnosing COVID-19 in the ED requires assessment of exposure history and presenting signs and symptoms, interpretation of
routine laboratory tests and imaging, and rRT-PCR testing. Repeat rRT-PCR testing is sometimes required to rule out the diagnosis. In some
cases, CT and antigen testing may enhance diagnostic accuracy. The role of antibody testing for surveillance or ED decision making

remains undefined. Image created by Kai Choummanivong. rRT-PCR =

quality. The same two authors synthesized the results
into summary conclusions.

RESULTS

A total of 1,907 citations were screened (Figure 2).
None of the studies cite or adhere completely to
cither the STARD’ or the updated reporting frame-
work for history and physical examination.® Many of
these early publications are letters or case reports
with uncertain editorial rigor judging by the turn-
around time from initial submission to publication.
Many studies rely on rRT-PCR as the criterion stan-
dard for COVID-19, but few contemplate the possi-
bility or likelihood of false-negative or false-positive
rRT-PCR results. None of the studies discuss the
possibility of various diagnostic biases (spectrum,
incorporation, partial verification, differential verifica-
tion, or criterion  standard), the

imperfect nor

real-time reverse transcription—polymerase chain reaction.

potential skew of these biases in observed estimates
of sensitivity or speciﬁcity.9

Clinical Examination
Fever is the most commonly reported finding in 84%

to 87% of COVID-19 cases,' ™% but fever alone does
not distinguish this virus from other infections."’
Therefore, absence of fever is inadequate for travel
screening and likely for other decision thresholds such
as whether ED staff can work shifts.'* Hyposmia (di-
minished sense of smell) and hypogeusia (diminished
taste) have also emerged as COVID-19 symptoms. Both
hyposmia (positive likelihood ratio [LR+] = 5.3, nega-
tive likelihood ratio [LR-] = 0.61) and hypogeusia
(LR+ = 7.1, LR— = 0.38) are better to rule in than to
rule out COVID-19, but neither may be fully adequate
for either purpose.!”” Although multiple COVID-19
studies report acute smell or taste disorders as a distin-
guishing symptom, no other studies report diagnostic
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PUBMED search
identified 574 articles

EMBASE search

identified 1333 articles

1682 articles excluded

l l

1907 manuscripts and
abstracts identified

225 full manuscripts reviewed

e Reviews/letters/editorials (667)
e Case reports (194)

e COVID therapy focus (171)

e COVID pathophysiology focus (145)
e COVID epidemiology (122)

e Non-human results (76)

e Feasibility study (69)

e COVID prevention focus (61)

e Not COVID related (53)

e Duplicates (45)

e Genomic focus (28)

e Policy (25)

e Lab processing (21)

e Study protocol (5)

v

138 articles excluded

this scoping review

e Clinical exam (18)
e Routine labs (5)

e rRT-PCR (33)

e Antigen tests (0)
e Chest x-ray (7)

e CT(20)

e Serology (4)

87 primary studies included in

Figure 2. Study selection process. rRT-PCR = real-time reverse transcription-polymerase chain reaction.

accuracy or sufficient details to compute likelihood
ratios for hyposmia or hypogeusia.'®*! Loss of smell is
not necessarily associated with nasal obstruction or rhi-
norrhea.”” In one case—control study, new-onset smell
and taste disorders are more common with COVID-19
than with influenza (39% vs. 13%).!° Consequently,
influenza decision aids or diagnostic algorithms do not
incorporate hyposmia or hypogeusia.”>** Anosmia,
which may be the only complaint in some COVID
patients,” is noted by 47% to 73% of COVID-19
patients and is the initial symptom in 27%.'%72° Addi-
tionally, 71% recall an acute onset of symptoms associ-
ated with taste and smell.'® Anosmia is more common

in women and may persist for 2 weeks.!” Predictive
models incorporating a change in taste or smell to dis-
tinguish COVID-19 from viral mimics appear most
sensitive.”® Cough is only present in 58% patients.!®!?
Neither cough, dyspnea, sore throat, nor fatigue distin-
guish COVID-19 from other illnesses,'* but current

studies do not quantify accuracy.'**’

Routine Laboratory Tests
Lymphopenia occurs in over 50% of COVID-19

patients.'®'"*® Neutrophil-tolymphocyte and platelet
tolymphocyte ratios do not distinguish COVID-19.%
Elevated (LDH) s

lactate  dehydrogenase also
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frequently described.'®*®%! None of these laboratory
findings are commonly utilized in the diagnosis of
influenza, but their prevalence and accuracy to distin-
guish COVID-19 from other viral mimics merit fur-
ther evaluation.”>** Elevated prothrombin time (PT),
ferritin, D-dimer, or IL-6 are associated with severe
COVID-19.'*? Existing studies do not report sensi-
tivity or specificity of these laboratory tests.

rRT-PCR
Most studies use rRT-PCR as the criterion standard for
diagnosing COVID-19. This test as used in current
assays provides a qualitative detection of nucleic acid
from the SARS-CoV-2 virus. Current research describes
a variety of reagents and target RNA sequences with no
accepted standard assay format. The U.S. CDC-devel-
oped rRT-PCR test detects two separate regions of the
SARS-CoV-2 nucleocapsid gene (N1 and N2). Test
results are considered positive when amplification of
both the N1 and the N2 regions of the virus are
detected and negative when both N1 and N2 are not
detected. Detection of only one of the two amplified
regions of the nucleocapsid gene results in an inconclu-
sive test that must be repeated. This test can be per-
formed on multiple diagnostic testing platforms and
validated by laboratories under the U.S. FDA EUA.”
Inadequate supplies of reagents have restricted testing
capacity and time to diagnosis in many settings,” ">’
prompting laboratory researchers to explore the concept
of specimen pooling in which multiple patients’ sam-
ples are tested simultaneously with further individual
testing only if the pooled specimen is positive.”® The
optimal pool specimen when COVID-19 community
prevalence is less than 10% is four patients, which
improves testing efficiency by 69%.>

There is limited information on the diagnostic accu-
racy of the rRT-PCR test. Although an increasing num-
ber of studies provide head-to-head comparisons,”®*
systematic reviews provide little quantitative accuracy
data and no meta-analysis or assessment of individual
study quality.”! No rRT-PCR test is clearly superior to
others in terms of diagnostic accuracy, but some provide
faster results and commercial tests may be less sensitive
than hospital-developed tests.**** It is known, however,
that false negatives are frequent, so current recommen-
dations advise incorporating patient’s exposure risk,
clinical signs and symptoms, routine laboratory and
imaging findings, serology, and (when available) CT
results into realtime determination of COVID-19 sta-
tus. Repeat or even serial rRT-PCR testing is required to

Carpenter et al. ® COVID-19 DIAGNOSIS

confidently exclude COVID-19. Multiple studies report
initially negative rRT-PCR results becoming positive
with subsequent rRT-PCR tests in the following days or
weeks. " Others report hospitalized COVID-19
patients with initially positive rRT-PCR tests becoming
negative prior to discharge with subsequent readmission
for positive tests in the ensuing days.*> Ren et al.*®
noted rRT-PCR sensitivity with one test was 78% and
increased to 86% with a second test. A strategy of three
negative rRT-PCR results is superior to two negative
tRT-PCR followed by bronchoalveolar lavage.*” Repeat
ing initially negative rRT-PCR up to five times increases
sensitivity to 98%.*® COVID-19 patients identified on
first rRT-PCR often have more severe disease associated
with higher mortality, likely due to higher quantities of
virus in those individuals.*® Older patients are more
likely to remain rRT-PCR positive for an extended per-
iod, but whether this means they are contagious has yet
to be determined.**

Potential reasons for false-negative rRT-PCR results
are summarized in Table 1.*7>" Emergency physicians
will rely on the rRT-PCR assay selected by their hospi-
tal laboratory, which may balance the limit of detection
and sensitivity against turnaround time, complexity,
cost, workflow, availability of reagents and kits, speci-
men type, and laboratory personnel risk handling
those specimens‘52 Patients under investigation for
COVID-19 who ultimately rule out are rarely reported
in currently available studies, so specificity and false
positives are generally not reported in the literature.
However, false positives appear rare.”” In CDC test
ing, there was no significant cross-reactivity with other
common respiratory viruses or seasonal coron-
aviruses.”* Contamination of the specimen or reagents
used in the rRT-PCR is therefore the main mechanism
for false-positive results. The CDC recommends proto-
cols to prevent and detect potential contamination to

minimize false-positive results.*>*

Table 1
Common Causes of False-negative rRT-PCR

Laboratory handling (heat inactivation)

Limit of detection (RNA particle detection)

Mutations in the probe target

Sampling procedure (training, fidelity, patient cooperation)
Selective virus replication (patient variability, disease severity
variability)

Specimen sampled (NP, OP, saliva, sputum, BAL, stool)

Test kit quality

Timing of sampling in course of disease

BAL = bronchoalveolar lavage; NP = nasopharyngeal; OP =
oropharyngeal; rRT-PCR = real-time reverse transcription-poly-
merase chain reaction.
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Nasopharyngeal (NP) samples are most commonly
obtained and studied, but oropharyngeal (OP), saliva,
sputum, stool, blood, and/or urine specimens can also
be evaluated. Obtaining NP samples requires time and
appropriate training, increases exposure to staff sec-
ondary to coughing and gagging, and is uncomfortable
for patients. Methodologically, few rRT-PCR accuracy
studies describe how research or clinical staff were
trained to collect NP specimens, so fidelity and repro-
ducibility remain in question.”” Wang et al.’® provide
videos describing NP and OP collection methods and
note poor agreement between the two sampling meth-
ods (kappa = 0.31) and a higher yield with NP. Saliva
can be collected outside the hospital without training,
perhaps as part of a telemedicine evaluation for
COVID-19.°"*® One small Italian study indicated that
saliva specimens demonstrate detectable SARS-CoV-2
and the limit of detection is not affected by patient
age.”” Sputum samples exhibit higher viral load than
OP 60-62
patients under investigation lack a cough and fewer

sites. However, as already noted many
still have sputum production. Expectoration of sputum
may also expose health care workers collecting the
sample to aerosols that would not have been generated
without a sample collection attempt. Furthermore, a
Bayesian analysis of prevalence-dependent positive and
negative predictive values by Ghosal and Sinha®’
demonstrates that even when the COVID-19 preva-
lence is high (54%), the positive predictive value (PPV)
of sputum rRT-PCR is only 95.7%, and the negative
predictive value (NPV) is 52%. PPV and NPV vary
with disease prevalence. Specifically, PPV increases
with higher disease prevalence and NPV increases
with lower disease prevalence making extrapolation to
clinical populations challenging if the study prevalence
does not match the patients to whom the test is
applied.®* For this reason, diagnosticians prefer likeli-
hood ratios.®” Blood and urine are inadequate speci-
mens for rRT-PCR because most patients do not
exhibit virus in these body fluid compartments.®®

In addition to the CDC-developed rRT-PCR test,
manufacturers have developed molecular tests that tar-
get different portions of the SARS-CoV-2 viral genome
and are performed on rapid testing platforms. For
example, reverse transcription loop-mediated isother-
mal amplification can detect SARS-CoV-2 within
30 minutes.°” % Other laboratories
high-throughput sequencing for inconclusive fluores-

are exploring

cence quantitative PCR specimens as a rapid mediator
for the presence or absence of SARS-CoV-2.”° The
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diagnostic accuracy of these tests is similarly not
reported, but these tests have not shown cross-reactiv-
ity to other respiratory viruses and bacteria.

Antigen Tests

On May 8, 2020, the U.S. FDA issued an EUA for a
SARS-CoV-2 antigen test.’' This test detects SARS-Co-
V or SAVS-CoV-2 nucleocapsid protein antigens in NP
or nasal specimens using a lateral-flow immunofluores-
cent sandwich assay.”' This assay is performed on a
pointofcare device in laboratories that are able to per-
form high, moderate, or waived complexity tests and
can provide results within minutes.”” While the diag-
nostic accuracy of this test is not available at this time,
the FDA reports high specificity but sensitivity that is
less than that of rRT-PCR. The FDA and the manufac-
turer recommend that negative results “be treated as
presumptive and confirmed with a molecular assay, if

necessary for patient management.”
ry p g

Chest X-ray

Chest Xeray is essential to evaluate for COVID-19 mim-
ics such as pneumonia, pleural effusion, or pulmonary
edema. Typical COVID-19 findings include hazy opaci-
ties that are often bilateral and peripheral.”* With the
exception of one outlier, the reported sensitivity of sin-
gleview chest X-ray for COVID-19 ranges from 33% to
60%.”" Chen et al.*® represent the outlier reporting
100% accuracy of chest Xeray early in the COVID-19
pandemic. Currently available COVID-19 chest X-ray
studies do not report specificity or reliability.”

CT of the Chest
Computed tomography findings suggesting COVID-19
include ground glass opacity (often bilateral) and
peripheral predominant lesions without mediastinal
adenopathy or pleural effusions, although these find-
ings represent nonspecific manifestations of acute lung
injury associated with numerous infectious and nonin-
fectious etiologies.®®” Incidental findings consistent
with COVID-19 are observed on CT of the chest in
patients without respiratory symptoms.83

Multiple studies report COVID-19 identified by CT
after one or more negative rRT-PCR tests.**™®" When
the COVID-19 epidemic erupted in China, clinicians
lacked access to rRT-PCR kits and then as rRT-PCR
became available, low rRT-PCR sensitivity reinforced
belief in the additive value of CT for many.®® These
observations and scenarios prompted some to advocate
for CT as a firstline supplement to the diagnostic
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evaluation for COVID-19, combining rRT-PCR with
CT.3 If CT alone or in combination with rRT-
PCR reduced false-negative rates, the positive public
health implications for case identification and control
of disease transmission could be substantial. However,
these benefits must be balanced against the cost of
CT, medical radiation dangers, or practical limitations
in busy hospitals with hourly trauma and stroke arri-
vals and potentially time-dependent emergencies juxta-
posed against advised CT shutdowns for COVID-19
cleaning requiring 30 or more minutes.””* This
cleaning time would also delay access to CT for every
patient in the ED, thereby prolonging potential expo-
sure to those in the ED to other patients with
COVID-19.”% Some propose that COVID-19 patients
wear N95 masks and plastic bags over their heads to
eliminate or reduce these cleaning times.”’ Pragmati-
cally, among those detected by CT no defined benefit,
such as reduced mortality or faster resolution of
COVID-19 symptoms has been described.”” In addi-
tion, radiologists’ sensitivity for diagnosing COVID-19
by CT findings ranges from 72% to 94% with speci-
ficity from 24% to 100%.°* Preliminary artificial intel-
ligence studies report radiologists’ sensitivity improves
from 79% to 88% and specificity from 88% to 91%
with this artificial intelligence image augmentation,”
while others hypothesize that the most valuable role
for this technology may quantify the proportion of
lung affected by COVID-19.7° Despite these issues,
multiple studies highlight the fact that the sensitivity of
CT is substantially higher than that of the first rRT-
PCR, while combining CT and rRT-PCR provides
maximal sensitivity (~97%).5997%8 Theoretically, the
sensitivity of CT would decline when testing popula-
tions outside of an epidemic (low prevalence rates),
while specificity would be reduced when mimics like
influenza are more common.”’ The British Society of
Thoracic Imaging recommends against CT when rRT-
PCR is positive, but to consider CT when the initial
rRT-PCR is negative to identify coexisting disease or
potential COVID-19 complications such as pulmonary
embolism.” Tavare et al.'® developed a single-center
protocol to prioritize inpatient CT decision making for
initial COVID-19-negative rRT-PCR patients based

on initial clinical suspicion and chest X-ray findings.

Serology

The U.S. FDA has also issued an EUA for the devel-
opment of SARS-CoV-2 antibody tests. These anti-
body tests detect circulating IgM, IgG, or both that are

Carpenter et al. ® COVID-19 DIAGNOSIS

reactive against SARS-CoV-2 virus using lateral-flow
assays (LFAs) or enzyme-linked immunosorbent assay
(ELISA).> However, unlike rfRT-PCR tests, there are
data regarding the diagnostic accuracy of these sero-
logic tests. Whitman and colleagues'®" evaluated 10
LFA and two ELISA tests for SARS-CoV-2 antibodies.
They used plasma or serum samples from patients
with rRT-PCR
patients as the criterion standard for disease, and
pre—COVID-19 specimens from the American Red
Cross as negative controls. Sensitivity of both IgM

symptomatic, confirmed-positive

and IgG varied by days since symptoms onset, with
sensitivities for either [gM or IgG at >20 days ranging
from 82% to 100%. Specificity for either IgM or IgG
also varied by test, ranging from 87% to 100%.'"!

102
used a commer-

Similarly, Bendavid and colleagues
cially available LFA test to perform a seroprevalence
study in Santa Clara county, California, and reported
a sensitivity of 80% and a specificity of 99.5%.

True-positive serologic tests for SARS-CoV-2 antibod-
ies indicate prior infection with SARS-CoV-2 and the
development of an immune response. This may be
helpful in identifying those who were asymptomatic or
minimally symptomatic at the time of infection as well
as those who were unable to receive a molecular test
when symptomatic. While some experts believe that the
presence of IgM or IgG reactive against SARS-CoV-2
will confer immunity,'® this has not yet been
shown.'** If the presence of antibodies on a true-posi-
tive serologic test does confer immunity, the titer of anti-
bodies required to confer immunity remains unknown,
as does the duration of that immunity.

False-positive results may be due to cross-reactivity
with other coronavirus strains that cause the common
cold. The FDA recommends the following information
be included in the instructions for use and patient test
Treports:

Positive results may be due to past or present
infection with non—-SARS-CoV-2 coronavirus
HKUI1, NL63,

strains, such as coronavirus

OC43, or 229E.1%

DISCUSSION

Knowledge of the diagnostic characteristics, including
sensitivity, specificity, and likelihood ratios of tests for
SARS-CoV-2, the virus that causes COVID-19, is
important to understand how to best apply these tests
for patient care and disease surveillance. Because this
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novel virus emerged as a significant pathogen in
humans only a few months ago, diagnostic tests have
been developed rapidly under FDA EUAs in the Uni-
ted States. Consequently, we have less information
about the diagnostic accuracy of these tests than we
would under normal circumstances, but we do know
that both false negatives and false positives may occur.
An illustration of the false-positive and false-negative
rate as a function of prevalence for two serologic tests

for SARS-CoV-2 is provided in Figure 3.

False-negative Test Implications

Falsenegative tests commonly occur with rRT-PCR tests
for several reasons (Table 1). There are a number of
potential implications of a falsenegative rRT-PCR test
for SARS-CoV-2. From the patient’s standpoint, a
patient with a negative test may lead to an assumption
that they are not infected and subsequently diminished
adherence to instructions to isolate and take other infec-
tion control measures, increasing the risk of infecting
others. In the hospital setting, precautions may be
relaxed in the presence of a negative test, increasing the
risk of transmission to health care workers and other
patients. In patients with moderate or high pretest prob-
ability of disease, a negative test may not reduce the
posttest probability of disease below a level where pre-
cautions to prevent spread of disease become less neces-
sary. In patients with a low pretest probability of
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disease, the likelihood of disease given a negative test
will be low. However, even low individual likelihoods
of disease can cumulatively contribute to substantial risk
of outbreaks across larger groups for more contagious
infectious diseases, such as COVID-19.

False-negative tests are also a consideration with
serologic testing. However, since these tests should
generally not be used to assess an active infection, the
risks of a false negative are less significant for disease
transmission. A false-negative serologic test would
incorrectly classify a person as not having an immune
response to SARS-CoV-2. If “immunity passports”
became a reality, this could incorrectly and adversely
affect a person’s ability to travel or work.!®*

CT as Diagnostic Adjunct to Reduce False
negatives

The increased sensitivity of CT for COVID-19 might
provide a net public health benefit if false-negative rRT-
PCR patients with higher clinical suspicion were accu-
rately identified during the initial ED evaluation. Mathe-
matical models provide a theoretical basis for the
concept that increasing diagnostic efficiencies (for exam-
ple, by improving sensitivity with addition of CT) will
decrease the risk of COVID-19 transmission.'*® Pend-
ing the availability of rapid, reliable, and sufficiently
accurate COVID-19 tests in ED settings, the identify—

isolate—inform (3I) approach to decrease spread might
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Figure 3. False-positive and false-negative rates as a function of pretest probability (or prevalence for surveillance studies) for serologic
tests for SARS-CoV-2 antibodies. The left side of the graph illustrates the false-positive rate, and the right illustrates the false-negative rate.
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be improved with more liberal CT use.'®” One Italian
hospital reported liberal CT screening for respiratory
patients with possible false-negative chest X-ray results,
but thus far has not reported on the positive or negative
impact of that approach on individual patient care or
public health.'® In the early stages of COVID-19, as
many as 50% of patients with respiratory symptoms
may have normal imaging.”® Radiologists have also
noted that the quality of early CT accuracy studies is
questionable because the rRT-PCR assay used as either
the criterion standard is not described or the accuracy of
that standard is undefined.®* In addition, CT findings
are not pathognomonic for COVID-19 as influenza,
cytomegalovirus, and atypical pneumonia have similar
findings.”®'% As a consequence of these CT limitations
in addition to the costs, radiation exposure, and down-
stream effect on other patients in terms of diagnostic
delays and cross-contamination, multiple groups,
including the Fleischner Society and the British Society
of Thoracic Imaging, discourage CT as a routine screen-
ing approach.””!"® Nonetheless, CT likely plays a role
when rRT-PCR tests are either too inaccurate or unavail-
able or suffer unacceptably slow turnaround times in
patients with higher levels of COVID-19 concern based
on exposure history or other clinical findings.”* The
public health benefits of a more liberal CT screening
approach from the ED merit additional research.

False-positive Test Implications

False-positive tests associated with rRT-PCR for SARS-
CoV-2 are believed to be rare and would most com-
monly occur due to contamination. False-positive tests
may occur more commonly with serologic tests, which
have reported specificities ranging from 87% to
100%.'°" The PPV is a function of both test sensitivity
and specificity and the pretest probability of disease.
This implies that positive test results are more likely to
represent false-positive results when the pretest proba-
bility of disease is low.'"" The instability of PPV is
especially important as we apply imperfect diagnostic
tests to low-risk patient populations, such as asymp-
tomatic patients in low-prevalence communities. As an
example, the antibody test used in a California com-
munity study has a reported sensitivity of 80.3% and
a specificity of 99.5% (LR+ = 161, LR— = 0.20).'**
Given the high specificity, clinicians expect a low num-
ber of false-positive tests. However, in a community
with a low prevalence, for example, 1.25% (similar to
the corrected raw prevalence in the California
study'®), the posttest probability of COVID-19 given
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a positive TRT-PCR is only 67%, with 33% resulting
in false positives.

For diagnostic tests, a manipulation of Bayes’ theo-
rem can illustrate the effect of pretest probability of
disease on false positives by determining the pretest
probability at which false positives are equal to true
positives. Above this probability, true positives exceed
false positives, while below this probability, false posi-
tives exceed true positives. The equation is

1

Pretest Probability(TP = FP) = %

Sn 1-Sp

For the data in the study by Bendavid et al.,'% the
pretest probability at which true-positive and false-posi-
tive results are equally likely is 0.62%. However, for
the Epitope ELISA results provided in the study by
Whitman et al.,'"" with a sensitivity of 90.91% and a
specificity of 81.82%, the probability at which true-pos-
itive and false-positive results are equally likely is 10%.
Thus, if a patient with a <10% pretest probability of
disease received a positive test result using this assay, it
would be more likely to be a false positive than a true
positive.

There are a number of potential adverse conse-
quences of a false-positive rRT-PCR test for SARS-
CoV-2. The CDC has published a Fact Sheet for
Healthcare Providers that states that:

The CDC 2019-nCoV Real-Time RT-PCR Diag-
nostic Panel has been designed to minimize the
likelihood of false positive test results. However,
in the event of a false positive result, risks to
patients could include the following: a recom-
mendation for isolation of the patient, monitor-
ing of household or other close contacts for
symptoms, patient isolation that might limit con-
tact with family or friends and may increase con-
tact with other potentially COVID-19 patients,
limits in the ability to work, the delayed diagno-
sis and treatment for the true infection causing
the symptoms, unnecessary prescription of a

therapy, or
111

treatment or other unintended

adverse effects.

For serology tests, the above risks of false positives
could also exist if the test was thought to represent an
active infection. Conversely, there are additional poten-
tial risks to patients and society with a false-positive
serologic test for SARS-CoV-2 antibodies. Patients may
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assume that they have developed immunity to
COVID-19, leading to a reduction in risk-mitigating
activities such as physical distancing. Health care work-
ers with false-positive tests may similarly reduce their
vigilance and use of precautions due to an incorrect
assumption that they have immunity. This could place
these individuals and their close contacts at increased

risk of contracting COVID-19.

Potential Diagnostic Biases Skew Observed
Accuracy

Multiple forms of diagnostic bias exist and each skew
measured estimates of sensitivity and specificity in dif
ferent directions.” Incorporation bias is possible when
the criterion standard includes the index test (for
example, rRT-PCR) in ultimately determining whether
the disease is present or absent. Incorporation bias
increases measured sensitivity and specificity. This is
pertinent to COVID-19 because most early studies
incorporate TRT-PCR into the criterion standard.”!!'?
Differential verification bias is possible when patients
with a positive or concerning index test (e.g., CT find-
ings associated with COVID-19) are more likely to
receive an immediate invasive criterion standard such
as repeat rRT-PCR testing or bronchoalveolar lavage

82,9 .
! raises

specimens. Differential verification bias
specificity in diseases that resolve spontaneously or
lowers specificity for diseases that only become detect-
able during follow-up.’ Imperfect criterion standard
bias is possible when the standard used to classify the
presence or absence of disease misclassifies some
patients. standard bias
observed specificity if errors on the index test and

“copper standard” are correlated with true disease sta-

Imperfect criterion raises

tus and lowers observed specificity if errors on the
index test and the copper standard are independent.’
This is pertinent to COVID-19 because no well-ac-
cepted criterion standard yet exists. A better criterion
standard for COVID-19 will certainly emerge and we
propose some ideas in Table 2."'*'* Temporal bias
reflects variation in observed accuracy based on the
period of time or stage of disease when index testing
occurred.'"® In COVID-19 viral shedding is highest
in the early stages of disease with the highest positive
rates noted within the first week.''*"7 Spectrum bias
is possible when the spectrum of disease severity dif
fers between the study and clinical application (for
example, critically ill COVID-19 patients in the inten-
sive care unit vs. asymptomatic patients evaluated in
ambulatory clinics). Spectrum bias skews observed
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Table 2
Proposed COVID-19 Criterion Standard

Expert consensus months after acute illness, including
Exposure history

Symptoms

Laboratory tests

rRT-PCR

Imaging

Serology

Viral cultures

rRT-PCR = real-time reverse transcription-polymerase chain reac-
tion.

sensitivity upward in sicker populations and skews
specificity upward in healthier patients.”''® Spectrum
bias is worth considering when applying diagnostic
accuracy results from patients with varying severity of
illness to dissimilar populations. For example, among
COVID-19 patients from cruise ships evaluated with
CT, those with symptoms more commonly had
COVID-19 CT findings than those without symptoms
(80% vs. 40%).""”

Implications for Future Research

The rapidly expanding evidence base around COVID-
19 diagnostic accuracy for clinical examination, routine
laboratory tests, imaging, and advanced testing pro-
vides important lessons moving forward for clinicians,
COVID-19

researchers need to contemplate myriad biases carefully

researchers, and journal reviewers.
in reporting observed diagnostic accuracy. If a bias is
likely and the anticipated skew in observed sensitivity
or specificity is upward and the observed accuracy is
already too low, further studies of that diagnostic test
may not be warranted. The STARD reporting guideli-
nes provide manuscript protocols to ensure adequate
description of methods and results so that diagnostic
biases are easier to identify.”® Unfortunately, none of
the early COVID-19 diagnostic research cites STARD
or adheres to these reporting standards, which is not
uncommon in emergency medicine.! 29!

Clinical decision aids consist of three or more find-
ings on history, physical examination, routine labora-
tory tests, or imaging that, in combination, more
accurately identify patients at lower or higher risk of a
disease or outcome. Diagnostic and prognostic deci-
sion aids are commonly developed and employed in
emergency medicine to reduce practice variability with-
out compromising patient outcomes.'”* Efforts to
develop COVID-19 decision aids might include some-
thing like the Pulmonary Embolism Rule-Out Criteria

(PERC) rule to identify subsets of ED patients at lower



664

risk of COVID-19 pending definitive testing.'*® Alter-

natively, a decision aid might serve prognostic pur-
poses to identify COVID-19 patients more likely to
decompensate in response to the viral infection.!?* %
When decision aid investigators attempt to derive and
validate these instruments, higher-quality emergency
medicine research quantifying accuracy and reliability
(or the elements of history, physical examination, labo-
ratory tests, and imaging that become predictor vari-
ables of the decision aid) will be required as the basis
for selecting variables likely to improve model perfor-
mance.

Most laboratory tests are quantitative rather than
qualitative, including COVID-19 rRT-PCR and sero-
logic assays. When sensitivity and specificity are
reported, the quantitative laboratory tests have been
dichotomized at some level. Another approach to eval-
uating diagnostic accuracy for quantitative data is inter-
val likelihood ratios GLR).'*® One advantage of iLR’s
is that indeterminant results are more readily inter-
preted. As COVID-19 diagnosticians identify the rRT-
PCR and serologic tests that best balance availability,
accuracy, reliability, and cost, reporting iLR’s could
provide added value for clinicians.

Ultimately, ED physicians’ clinical impressions con-
cerning the presence or absence of COVID-19 are com-
municated to patients and families—usually without
access to definitive testing. Patient communication tools
to convey the basics of COVID-19 personal protection
and infection prevention exist,'*”!*® but shared deci-
sion-making instruments that communicate the uncer-
tainties of clinical examination, imaging, and even rRT-
PCR do not exist. Figure 4 provides one example of a
Cates plot that could be used to communicate the accu-
racy limitations of rRT-PCR based on current evidence.
Actual shared decision-making instruments will require
scientific investigation using accepted methodology

before widespread implementation.'”!

LIMITATIONS

This scoping review has several limitations. The pace
of publications around COVID-19 and diagnostics in
the first half of 2020 has been astonishing. At best,
this review will serve as a snapshot in time, although
hopefully illuminating issues that require higher
methodologic standards and peer-review attention mov-
ing forward. Due to time constraints, the search strat-
egy was limited to English language and published

research. More research undoubtedly exists in the gray
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literature. Since earlier systematic reviews exploring
aspects of COVID-19 diagnostic testing did not iden-
tify or report additional measures of sensitivity, speci-
ficity, or likelihood ratios for hyposmia, hypogeusia, or
rRT-PCR, we are confident that this search presents a
complete scoping review of current knowledge.!®!?!
Others have also noted the absence of diagnostic accu-
racy reporting amidst the flurry of COVID-19 publica-
tions."”>** Additionally, this scoping review does not
focus on special emergency medicine populations such
as pediatrics, geriatrics, or obstetrics because other
reviews already exist for these patients.”>>'?® Most
importantly, we report no formal assessment of study
quality using accepted instruments such as the QUA-
DAS-2,"%7 although informal assessment of published
research to date suggests limited adherence to the full
set of recommended methodologic standards for stud-
ies of diagnostic test performance.

CONCLUSIONS

Clinicians should be aware of the current limited
knowledge around history, physical examination, labo-
ratory tests, and imaging for COVID-19. Fever and
acute-onset disorders of taste and/or smell are the most
common findings on history and physical examination
associated with COVID-19. Lymphopenia is associated
with COVID-19 diagnosis, while elevated lactate dehy-
drogenase and prothrombin time are associated with
severe disease. rRT-PCR has emerged as the primary
diagnostic test for suspected COVID-19, but access
has been limited, diagnostic accuracy is underreported,
and between-assay comparative accuracy is rarely evalu-
ated. However, typical testing algorithms and diagnos-
tic accuracy studies rely heavily on rRT-PCR results
with frequent false negatives. Chest computed tomog-
raphy is indicated for equivocal cases or when consid-
ering diagnoses like pulmonary embolism but is not
recommended as a general screening protocol. In
cases with high clinical suspicions, repeat real-time
reverse transcription—polymerase chain reaction testing
with or without computed tomography scanning may
be beneficial to reduce community spread. Antigen
tests have only recently been approved, and diagnostic
accuracy information is similarly limited. Serology may
identify past COVID-19 exposure, but the role of anti-
body testing and implications for ED decision making
remain undefined. Current clinical, imaging, and labo-
ratory studies neglect diagnostic accuracy reporting
standards and likely suffer from various biases.
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Figure 4. Cates plot for patients. rRT-PCR = real-time reverse transcription-polymerase chain reaction.
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