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The Interpretation of SARS-CoV-2 Diagnostic Tests

Edward C. Stites’* and Craig B. Wilen?

SUMMARY

Testing for SARS-CoV-2 has attracted a tremendous amount of atten-
tion as a tool to manage the ongoing COVID-19 pandemic. Although
diagnostic laboratory testing is used ubiquitously by physicians and
encountered regularly by individuals receiving medical care, several as-
pects of test interpretation are incompletely understood by medical
communities and the general population, creating a significant chal-
lenge in minimizing the damage caused by disease spread through
informed decision making and proper testing utilization. Here, general
principles of test interpretation are reviewed and applied to specific
examples, such as whether asymptomatic individuals should be tested,
what it means to test positive (or negative), and how to interpret tests
for “immunity passports.” Unexpectedly, the answers seem to run con-
trary to many of the popular narratives about testing as a tool for man-
aging COVID-19. Although testing is an important and essential part of
managing diseases such as COVID-19, improper utilization can have
unintended negative consequences.

INTRODUCTION

The ongoing coronavirus disease 2019 (COVID-19) pandemic that is caused by the
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) has presented a
massive public health crisis.” Issues such as quarantines and stay-at-home orders,
critical equipment shortages, healthcare provider shortages, vaccines, experimental
therapeutics, and the community use of masks are but some of the issues that have
become major topics of discussion. In addition, laboratory diagnostic testing has
received a tremendous amount of attention. This article focuses on the statistical
interpretation of laboratory diagnostic tests for COVID-19, but these concepts are
broadly applicable to other diagnostics for other diseases.

There are 2 major classes of laboratory diagnostic tests used for SARS-CoV-2.7" The
first major class detects fragments of the virus—either the viral RNA genome or viral
proteins. These tests are more useful for diagnosing a current (or very recent) infec-
tion, although they appear less useful in the first days of infection.” Viral RNA is most
commonly detected with a quantitative real-time reverse transcriptase-PCR (RT-
PCR), or more commonly, a gRT-PCR, gPCR, or RT-PCR test. Although these tests
are technically “quantitative” in that they provide a measure for the abundance of
viral genetic material detected, they are more commonly used to report a “qualita-
tive” assessment of whether the virus is present (at an abundance above a threshold
chosen to minimize false positives). Nucleic acid amplification tests (NAAT), which
measure viral RNA but do not use conventional PCR, are also in service.® In contrast,
viral antigen tests rely on immunoassays to measure specific viral proteins.> Viral
antigen tests are less analytically sensitive than NAATs (which can detect as few as
10 viral RNA fragments in a sample), but may be faster to perform and more
economical.
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The second major class of tests measure proteins associated with the immune
response to the virus. Serological tests detect the presence of antibodies against
SARS-CoV-2 within an individual who has been exposed to the virus. There are mul-
tiple isotypes of antibodies, and the developed tests most commonly measure
immunoglobulin M (IgM) and/or 1gG.¢ As the antibody response requires time to
develop, these tests are less useful for the diagnosis of an acute, active infection.
However, serological tests may be advantageous for documenting a previous infec-
tion, such as would be useful in epidemiological studies or for monitoring the pro-
portion of healthcare workers in an organization who may have been infected with
SARS-CoV-2.

That testing can be valuable, of course, is not a contentious claim. Testing is
routinely discussed and communicated to the public by government leaders, busi-
ness leaders, medical experts, and members of the media. Laboratory diagnostic
testing is a ubiquitous part of medicine, and almost everyone has experience with
diagnostic testing as a patient. This sense of familiarity with testing and a recognition
of the need for information that can be provided by testing, however, does not
equate to a finer understanding of how testing is used. There are several nuances
to laboratory testing that are not well appreciated by the general healthcare pro-
vider; for example, multiple studies have found that physicians struggle with the abil-
ity to properly interpret test results.®'°

A major source of the confusion is how to interpret and apply results from imperfect
tests. A perfect test for a disease is easy to understand and interpret; the test would
only be positive if the disease were present, and it would only be negative if it were
absent. However, diagnostic tests are not perfect, as all tests have false positives and
false negatives. As a consequence, test results cannot state definitively whether a
disease (or virus) is or is not present. That does not mean that the test is not use-
ful—it simply means that test results must be evaluated probabilistically on the basis
of test performance characteristics, patient data, and disease prevalence. Based on
these types of information, the “positive predictive value” of a test can be estimated.
The positive predictive value is a probability that the person who tested positive
actually has the disease. Similarly, “negative predictive values” can be calculated
based on similar information to qualify the chance that someone who tested nega-
tive truly does not have the disease.

Two key metrics that characterize the test are needed to interpret the results of
imperfect tests: the diagnostic sensitivity and diagnostic specificity (or commonly,
“sensitivity” and “specificity”).!’ At present, there is limited information about these
values for widely used SARS-CoV-2 tests.”'?"? To properly interpret an imperfect
test, itis also necessary to consider the estimated likelihood that the individual being
tested has the condition. This prior probability is a fairly subjective estimate that a
healthcare provider would make on the basis of medical history, presentation, and
factors such as known prevalence of the disease in the community. This value is never
exact, but consideration of specific values helps provide estimates for how much the
test results should influence decision making.

To facilitate the understanding of diagnostic laboratory testing with an emphasis on
the COVID-19 pandemic, each of these three aspects is discussed here in more
detail. lllustrative examples that highlight specific and salient aspects are presented.
Examples are ordered based upon the statistical concepts being discussed, and the
examples alternate between RT-PCR and serological tests, as appropriate, for the
clinical situation. We both highlight and stress that information for many of the
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In clinical practice, rt-PCR has been reported to have a sensitivity that approaches 80%

False Negatives = 20%

approximately 20% of the time.

Sensitivity A symptomatic individual
. who is infected
The proportion of those with SARS-CoV-2
with the disease may test negative
who test positive (false negative)

True Positives = 80%

In clinical practice, serology tests have been reported to have a sensitivity near 95%

False Positives = 5%

approximately 5% of the time.

Specificity o .
An individual never infected
The proportion of those with SARS-CQ_\/-Z
without the disease may test p9§ltlve
who test negative (false positive)

True Negatives = 95%

Figure 1. Current Sensitivity and Specificity of SARS-CoV-2 Tests Allow for Problems If Overinterpreted

The sensitivity of RT-PCR is reported to be only ~80% in practice. Thus, someone infected with SARS-CoV-2 may test negative. Thus, negative tests
should not be overinterpreted for individuals who are likely to be positive by other indications. The specificity of serology tests may be 95%, which still
suggests a 5% false positive rate. Thus, the testing of a population such as a workplace may falsely suggest 5% of the non-infected population has been

infected.

values used in test interpretation is limited.>'?"? Thus, the challenge of interpreting
imperfect tests is further compounded by increased uncertainty in the critical infor-
mation needed to interpret tests. In addition, there has been rapid development of
new tests, and many have made their way into the clinical arena without the standard
preclinical validation processes required by the US Food and Drug Administration
(FDA).*> Thus, clinicians will likely be faced with interpreting imperfect tests
that have received suboptimal validation through the near future. This perspective
was therefore written to both highlight uncertainties and communicate the process
of using information so that practitioners can responsibly adapt their practices as
tests continue to evolve.

TEST SENSITIVITY

The first major property needed to properly interpret a test result is sensitivity, which re-
fers to the proportion of patients with the disease that the test correctly classifies as pos-
itive (Figure 1). Although the analytical sensitivity' ' of RT-PCR can be quite good i.e., it
is capable of detecting very low quantities of viral RNA), the diagnostic sensitivity for a
single testin clinical practice is believed to be much less good. This is an important point
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that is surprising to those who are familiar with RT-PCR as a highly analytically sensitive
test in both research and clinical settings. There have been many reports of frequent
false negatives for RT-PCR testing of SARS-CoV-2,">""” and reports suggest the sensi-
tivity of RT-PCR in clinical practice could be in the range of 50%-70%."*"® This is a
rapidly changing area in which there is more uncertainty than would be encountered
in more established areas of medicine. In one recent commentary, a laboratory director
confided that he does not know what the clinical sensitivity of his tests is as a conse-
quence of the rapid pace of COVID-19 diagnostics.'” Many reviews estimate a value
of 70% for RT-PCR diagnostic sensitivity,”'“*” which is approximately the same as pre-
vious RT-PCR tests for the original SARS-CoV.?" For our examples, we estimate sensi-
tivity at 80% to account for the widespread perception that tests are performing better
than described in the literature. The use of this value does not change conclusions
largely from an estimate of 70%, whereas use of a lower estimate could cause the reader
to wrongly discount the examples as worst-case scenarios.

There are many reasons why an infection may not be detected by RT-PCR, ranging
from whether the nasopharyngeal swab was performed properly, to the abundance
of SARS-CoV-2 in the tested anatomical location, to when in the course of an infec-
tion the sample is obtained.”’*?"?* False negatives can also occur due to clinical
laboratory errors involving steps such as sample preparation, machine and/or oper-
ator error, and reporting errors.”*> For example, during the early days of COVID-19
in the United States, a labeling error resulted in a patient receiving a false-negative
test result, which in turn led to the patient being discharged from a hospital.”® Viral
evolution could also result in reduced sensitivity.”’ In addition, the timing of the test
relative to the course of the infection is an important variable, as the tests have their
lowest sensitivity both early and late in the infection.”

This relatively high rate of false negatives is problematic for several reasons. RT-PCR
is less effective early in the course of a SARS-CoV-2 infection,” which limits the po-
tential value of RT-PCR for screening asymptomatic individuals before they exhibit
robust viral replication. For individuals with symptoms and/or known exposures,
false negatives may cause the individual to believe that they are not infected and
that they can return to work and other activities.'? It is therefore important for there
to be a clear understanding that a negative result needs to be interpreted as "no vi-
rus detected” rather than “not infected with the virus.”

The reported sensitivities for serological tests are typically higher (85%-99%).”°
However, timing is also a very important variable due to the timing of the immune
response to infection that produces IgM and then IgG antibodies.” For this reason,
serology is not as useful in the early stages of an infection in which the virus is present
but a significant antibody response has not yet been mounted.” Multiple studies that
compare serological assays have reported poor diagnostic sensitivity if they are used

early in infection.?®2?

It is important to note that reported sensitivities for serological tests may not apply to all
of the clinical scenarios encountered. For example, individuals with mild SARS-CoV2
infection have lower antibodly titers.” If the sensitivity reported for a serological assay
was obtained by studying samples from hospitalized individuals with advanced
COVID-19, the value reported may not reflect the sensitivity for detecting mild cases.

Example Demonstrating How Sensitivity Affects Clinical Test Interpretation

Consider an individual who was exposed to multiple coworkers who developed
COVID-19. Several days later, the individual develops symptoms that are consistent
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with a mild case of COVID-19. Let us assume that the individual works in an essential
industry, and that working through a “common cold” would be routine in most years.
Due to the number of infected employees and the resulting shortage of workers in
this essential industry, there is pressure on the employee to return to work if the
illness is not due to SARS-CoV-2.

The employee is referred for RT-PCR for SARS-CoV-2 testing by a healthcare pro-
vider to determine whether the employee is currently infected. The test result is
negative. Should the employee be classified as SARS-CoV-2-free and be cleared
to return to work? As mentioned above, the sensitivity of RT-PCR is ~70%."%8?
That is, if this patient is truly positive and infectious, the test may still come back
as negative 30% of the time (Figure 1). A negative test does not mean the patient
does not have the disease.*” The decision about the individual and whether he or
she should return to work needs to involve this likely possibility. A better estimate
of the likelihood that the patient has SARS-CoV-2 is possible with additional consid-
erations, and this example is revisited after those topics are discussed.

Example Demonstrating Relevance of Sensitivity to the Concerns of Re-
infection with SARS-CoV-2

There have been reports that appear to describe individuals who cleared their SARS-
CoV-2 infection and then became infected again.*'* The evidence is typically one
or more negative tests after the patient’s illness has improved, followed by one or
more negative tests. With false negatives common by RT-PCR, the possibility that
there was one or more false-negative tests should be considered. With a 70% sensi-
tivity, the chance of 2 false-negative tests in a row is ~10%, the chance of 3in a row is
~3%, and for 4, 1%. With hundreds of thousands of patients with confirmed SARS-
CoV-2 infections, it should be anticipated that there will be many patients who
have a series of false-negative tests followed by a true-positive test. For example,
one study considered 70 COVID-19 patients and found that just over 20% had a pos-
itive RT-PCR test after 2 consecutive negative tests.>*

TEST SPECIFICITY

Test specificity is the second major property that needs to be considered to evaluate
a test. Specificity is the proportion of patients who do not have the disease who test
negative (Figure 1B). Like sensitivity, this is measured under clinical conditions and
reflects the full spectrum of challenges that may complicate measurement. RT-
PCR tests for SARS-CoV-2 are expected to be very specific (~99%),%>*° while
serology tests for SARS-CoV-2 generally have reported specificities in the range of
85%-100%.7%7" Although these assays can be very specific, false positives are
possible. For example, contamination of a sample with SARS-CoV-2 nucleic acids
could cause a false-positive RT-PCR test, and false positives in serological testing
may come from cross-reactivity to other coronaviruses.” One recent FDA Alert
communicated a 3% false-positive rate for a commercial RT-PCR system designed
to detect SARS-CoV-2. False-positive results can also have negative consequences.
For example, a false-positive test could result in a patient who has been admitted to
the hospital with non-COVID-19 being placed in a room or unit containing other in-
dividuals who tested positive for the disease, rendering that individual with a false-
positive result at high risk of a nosocomial COVID-19 infection.

Example Demonstrating the Limitation of Test Specificity in Screening

For this hypothetical example, we consider an essential industry workplace with hun-
dreds of employees. To date, there has been little to no SARS-CoV-2 in the commu-
nity surrounding the workplace. The workplace engages a local clinical laboratory to
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implement periodic, large-scale SARS-CoV-2 serological testing to monitor the
possible spread of SARS-CoV-2. The company performs serology testing on its
500 employees with a very good test that is 95% specific (Figure 1). If nobody was
previously exposed to SARS-CoV-2, the test should still report ~5% of the em-
ployees, or 25 people, are “positive,” with all being false positives.

Example Demonstrating the Importance of Specificity in Prevalence Studies
Seroprevalence studies in communities can provide important information, such as
how far the disease has spread. A better understanding of how many total people
have been infected can allow better estimates for the lethality of the virus. Data
that appear to address these issues can have a profound impact on rapidly evolving
public health policies. In addition, public perception of the risks of the disease are
likely to contribute to compliance with both suggested and mandated measures
to limit the spread of the virus. For all of these reasons, it is important that reported
data concerning the spread and lethality of the disease be accurate.

Concerns have been raised about the limited specificity of many commercially avail-
able serology tests and the possible consequences of their use in seroprevalence
studies.?® Seroprevalence studies with low-specificity tests could lead to an overes-
timate of the number of people who have previously been infected, which would in
turn wrongly suggest that the disease is less lethal and that we are closer to herd im-
munity. It is therefore important that the studies use properly validated serological
reagents and statistically account for the estimated false-positive rate. One recent
study reported an ~3% seroprevalence for SARS-CoV-2. The study used a serology
test with a very high specificity reported by the manufacturer (99.8%); thus, the num-
ber of expected false positives would be much less than that detected by the
study.’” The authors performed additional statistical analyses to account for
possible likely ranges of test sensitivity and specificity. The authors of this seropre-
valence study also performed an additional, small, in-house validation test with sam-
ples from patients with known SARS-CoV-2 and from pre-COVID-19 samples. It is
illustrative to note that although the manufacturers reported a sensitivity of 91.8%
and a specificity of 99.5%, the authors’ validation found a sensitivity of 82.8% and
a specificity of 99.5%,; the difference in sensitivity highlights that manufacturer-re-
ported values may not always be indicative of test performance within end-user
laboratories.*”

PRE-TEST PROBABILITY THAT THE DISEASE IS PRESENT

Diagnostic tests provide important and actionable information, even though a test
result should not be treated as absolutely certain. This is because test results can
be interpreted probabilistically to provide a likelihood that the person tested
does or does not have a disease. The sensitivity and specificity of the test are not
enough to calculate the likelihood. An estimated probability that the individual be-
ing tested has the condition, or the pre-test probability, is also required.

One way that the pretest probability can be estimated is based upon the overall
prevalence rates in the relevant population. For example, if a patient arrives from
New York City, where antibodies to SARS-CoV-2 have recently been reported to
be present in 15%-20% of the population,*” a reasonable estimate for prevalence
would be 15%-20% if that individual receives serological testing. If an emergency
department finds that ~5% of individuals currently presenting with influenza symp-
toms are found to have a SARS-CoV-2 infection,’ this may also be a good estimate
for the pre-test probability.
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Figure 2. Test Result Interpretation Is Largely Affected by Whether Other Factors Suggest the
Tested Individual Is Infected with SARS-CoV-2

If the same exact RT-PCR test is given to 2 different individuals—one whose presentation is
consistent with SARS-CoV-2 infection and one whose presentation is not—then the probability that
a positive test indicates an infection with SARS-CoV-2 can vary greatly. For example, the individual
whose presentation suggests a 90% chance of infection is >99% likely to have an infection if he or
she tests positive and 65% likely to have an infection if he or she tests negative. The individual at low
risk remains more likely not to have an infection if he or she tests positive, and the absolute
reduction in the chance that he or she has a SARS-CoV-2 infection has reduced by <1%.

The estimated pre-test probability can also be improved by including additional in-
formation about the individual being tested. The quantity and quality of symptoms;
the patient history, including travel and close contacts; and results from imaging
studies and/or other laboratory tests could lead a physician to adjust the pre-test
probability. If the physician has been treating and diagnosing many patients with
COVID-19, the estimate may be very good. If the physician has never before treated
a patient with COVID-19, the estimate may be less good.

Example Comparing High and Low Pre-test Probability of Patients Receiving
the Same Test

Here, we consider two different members of the community (Figure 2). The first per-
son presents to the emergency department with high fever, hypoxia, and a lower res-
piratory cough, and whose spouse recently had a severe case of SARS-CoV-2 that
was first managed at home but then progressed to require hospitalization. A chest
X-ray finds ground-glass opacities.** RT-PCR testing is ordered in an attempt to
detect a current infection. This person has a high pre-test probability for having
SARS-CoV-2. We would estimate the likelihood that he or she has SARS-CoV-2 at
90%.

The second individual presents to a drive-through RT-PCR testing site on referral
from his concierge physician. This individual has heard that it is possible to be in-
fected with SARS-CoV-2, yet be asymptomatic. This individual has also heard that
anyone who wants a test can receive a test, and this person wants a test. When
the individual’s physician took the patient’s history, it is found that this individual
lives alone, does not have any infected contacts, and has been strictly sheltering
in place. In addition, the individual lives in an area that has been minimally affected
by COVID-19, with a recent study measuring a seroprevalence of <2%, with most of
those individuals being essential workers or nursing home residents. We would

84 Med 1, 78-89, December 18, 2020



Med

estimate the likelihood that this individual has SARS-CoV-2 as 1%, which is more
likely an overestimate, considering the history and presentation. The concierge
physician provides a prescription for this individual to receive SARS-CoV-2 testing
nevertheless.

A nasopharyngeal swab is obtained from both patients for RT-PCR testing that has a
sensitivity of 80% and a specificity of 99%. The test is negative for the first person but
positive for the second. For the first individual, we estimated the pretest probability
at 90%. If the test result is positive, the probability that the patient has SARS-CoV-2
increases to >99%. (This is the positive predictive value of the test for that patient.) If
the test comes back negative, the probability that the patient has SARS-CoV-2 de-
creases, but the patient still has a nearly 65% chance of having SARS-CoV-2; i.e., it
is still more likely that the patient is infected and received a negative test than the
patient is truly negative and received a negative test.

In contrast, we consider the patient who simply wants a test. If the patient receives a
positive test, then the chance that the patient actually has SARS-CoV-2 increases to
only 45% i.e., it is still more likely that the individual is negative for the disease
despite the positive test. If the test comes back negative, then there is now a
<0.3% chance that the individual has SARS-CoV-2. Although the individual may
feel comforted to see a negative test, going from 1% to 0.3% is a very small change,
and it should be difficult for any physician to justify recommending these patients for
testing when testing is limited.

It is important to note that the interpretation of a positive test was different for the
two individuals. In other words, the positive predictive value depends both upon
the characteristics of the test and the characteristics of the patient that suggest
the presence or absence of infection. An online interactive calculator that provides
rounded estimates is included with a recent article on COVID-19 testing, and this
calculator can be useful for those who want to explore how alternative values of
the pre-test probability, sensitivity, and specificity would change the likelihood of
a positive (and negative) diagnosis.””

Example Applying All of These Concepts to the Concept of “Immunity
Passports”

The issue of whether those who have had COVID-19 can later be re-infected is an
important issue. There have been discussions about various forms of immunity pass-
ports that document those who have had previous infections and may no longer be
at risk from this illness, such that these individuals could return to more normal inter-
personal interactions, such as those before the COVID-19 pandemic, without fear of
disease.”*** However, this concept depends on those who have cleared an infection
to have immunity and to be non-infectious. Although some immunity seems likely,
the quality and duration of immunity remains uncertain at the present time. In addi-
tion, the concept of immunity passports raises many important ethical issues that

practicing bioethicists have investigated.***°

We consider a workplace that wants to implement immunity passports on the basis
of serological tests that may identify a previous infection with SARS-CoV-2 (Figure 3).
One employee is 25 years old and the other is 65 years old. Neither had previous
known exposure to an individual ill with COVID-19, and both are assumed to have
a pre-test probability of 5% on the basis of serology rates within their community.
The commercial serology test offered to the workplace has 95% sensitivity and
95% specificity, which is quite good for many applications. The 25-year-old tests
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Figure 3. Immunity Passport Decisions Need to Consider More Factors Than the Presence of
Antibodies

In a hypothetical example, a 65-year-old and a 25-year-old are tested for antibodies to SARS-CoV-
2. They have no known exposure, the local seroprevalence is 5%, and they receive a serology test
with sensitivity and specificity of 95%. The 65-year-old tests positive, which has a 50% probability of
being a true positive. The 25-year-old tests negative, which has a >99% chance of being a true
negative. Even if we assume the 65-year-old has immunity to SARS-CoV-2 when antibodies are
present (an overly aggressive assumption), the 25-year-old is still at less risk of death for a SARS-
CoV-2 infection. The estimated risk of death for individuals 60-70 years old is 3.6% and 0.2% for
individuals 20-30 years old. Thus, if we assume that the risk of the 65-year-old is zero when
antibodies are present and 3.6% when they are not, then the overall risk, considering test results, is
a 1.8% risk of death, which is nearly 10x the risk faced by the 25-year-old. Therefore, although test
results are valuable sources of information, other factors need to be considered.

negative and the 65-year-old tests positive. The 65-year-old individual is given the
immunity passport, and the 25-year-old is not. Does this make sense?

A probabilistic assessment of the test results for the above conditions gives the 65-
year-old employee a 50% chance of truly having antibodies to SARS-CoV-2, and the
25-year-old is almost certain not to have any such antibodies. The 65-year-old is thus
more likely to have some immunity to SARS-CoV-2. However, it is also imperative to
consider that age is a major risk factor for death in those who are infected with SARS-
CoV-2. The estimated case fatality rate for the 65-year-old employee is ~10 times
higher than it is for the 25-year-old, with reports of a 3.6% case fatality rate for those
aged 60-70 years and a 0.2% rate for those aged 20-25 years.*® Even if we could
optimistically assume that there would be absolutely no chance that the 65-year-
old could die from SARS-CoV-2 when the positive test result is true (an overly opti-
mistic assumption), we must assume that the risk of death remains ~3.6% for the
times that the test was a false positive (50% of the time for the current example,
even though the test was 95% specific). Thus, we should estimate a case fatality
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rate of ~1.8% for the 65-year-old, with a 50% chance of immunity. The 25-year-old
with no exposure to SARS-CoV-2 would still be at less risk for death, despite not hav-
ing any antibodies to the virus. This example highlights that after a test is properly
interpreted from a probabilistic perspective, the clinician must also consider other
factors when managing a patient.

DISCUSSION

Dialogues about testing have focused more upon the importance of testing and the
ongoing testing shortages than upon test interpretation and how test performance
impacts utility. These issues have been mentioned in passing within the academic
medical literature as issues to be aware of, but detailed discussions have been rela-
tively limited."*?° This is problematic, as there is abundant evidence that physicians
struggle with proper probabilistic test interpretation.®~'? As government, business,
and institutional leaders turn to physicians and healthcare providers for advice, it
seems likely that a reasonable fraction may be giving incorrect advice based on
these systemic weaknesses. The consequences of policies and practices that are
based upon the improper use of laboratory testing are potentially fatal during a
pandemic.

Many communities are limiting tests to those who are mostin need. This is often pre-
sented as a problem. Itis not necessarily a problem; it is actually consistent with best
practices in laboratory medicine. One of the examples above highlighted the limited
value of testing for those without a good indication for testing. Positive results are
likely to be false positives; negative results do not provide much additional informa-
tion, and the patient is not at less risk from a future infection. The idea that anyone
who wants a test can undergo a test is complicated because the results of a test are
not absolute and what they actually mean depends upon the history of exposures
and symptoms of the person being tested and the community within which he or
she lives. This issue does not appear to have been as prominently discussed in
ongoing COVID-19 public dialogs.

Not only are government and organizational leaders faced with an urgent need to
consider aspects of medicine that they have rarely considered in such detail but
also many scientists and engineers have been mobilized to lend their expertise to
the ongoing crisis. The limitations of testing are often surprising to them. Although
there are many differences between best practices in a clinical laboratory and in a
research laboratory, the lack of absolute certainty with any one test should not be
a surprise. Scientists do not publish the results from a single iteration of a single
experiment. Rather, they expect tests to be reproducible and therefore perform ex-
periments multiple times to demonstrate that the results were not a single outlier. In
addition, they support their conclusion with multiple lines of new experimental evi-
dence and historical evidence from the literature that, taken together, support their
finding. This is akin to a physician considering laboratory results on the basis of the
patient history, physical examination, and any other imaging or laboratory test
results.

With the reported suboptimal sensitivities of RT-PCR tests in practice and the re-
ported poor performance of some serology tests that are flooding the market after
emergency use authorizations reduced many of the regulatory burdens in an effort to

expedite the development and delivery of tests,>*’**®

probabilistic test interpreta-
tion is going to play an important role in test interpretation. In addition, as disease

burdens shift through communities and the list of symptoms and syndromes

¢? CellPress
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associated with COVID-19 grow,”*? assessments of pre-test probability will need

to continually be adapted to current information. This is in contrast to traditional

medical conditions, in which physicians may have familiarity with test results devel-

oped over years and in which the concepts of probabilistic test interpretation have
been replaced by years of experience that influence judgment and interpretation.
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