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ABSTRACT The U.S. Food and Drug Administration currently uses the nasopharyngeal
swab specimen as the reference standard for evaluation of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) assays. We propose that the patient-infected status
algorithm is a superior way to classify whether an individual is infected or not infected.

KEYWORDS assay, assess, COVID-19, SARS-CoV-2, testing

Determining whether a person is infected or not infected, a patient’s infected status,
is critical for patient care and evaluating new diagnostic assays (1). When there is

an absence of a perfect test, this task can be difficult. The current reference standard
used by the U.S. Food and Drug Administration (FDA) to determine whether a person
has a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is an
RNA-positive nasopharyngeal specimen tested with an existing emergency use-author-
ized (EUA) PCR assay (2).

A shortcoming of using a single specimen type (nasopharyngeal swab, nasal fluid,
oral fluid, etc.) to determine the infected status of an individual for the evaluation of
new diagnostic assays is that, often, there is not a single specimen type that is reliably
positive (3). In the course of SARS-CoV-2 infection, the earliest anatomic site of infec-
tion might be the saliva or oropharynx, followed by the nasopharyngeal mucosa and
then the lower respiratory tract (4). By fixing a reference standard to one anatomic site
to assess new tests, this may increase the risk of determining that a new assay per-
forms worse than it truly does, typically in the direction that the new assay is less spe-
cific because it identifies “unconfirmed infections.” Less commonly, the new assay may
be found to be less sensitive if the single reference comparator detects clinically insig-
nificant infections beyond the relevant clinical period of infection.

Studies have found that when nasopharyngeal specimens were compared to speci-
mens from other anatomic sites (nasal and oral fluid or saliva), infected persons were
missed by tests using nasopharyngeal specimens (5–7). Additionally, in one study that
detected SARS-CoV-2 RNA in saliva specimens from 13 asymptomatic persons with 9
nasopharyngeal specimens matched to those samples, 7 nasopharyngeal specimens
did not have detectable SARS-CoV-2. All 13 individuals tested positive, however, for
CoV disease 2019 (COVID-19) on repeat nasopharyngeal swab testing (5). In a recently
published meta-analysis of 37 studies with 2,372 paired specimens comparing salivary
and nasopharyngeal specimens, 13 studies found tests using saliva detected a greater
number of infected cases than tests using nasopharyngeal specimens (7). Thus, the
detection of infection may vary based on the anatomic site of specimen collection as it
relates to the duration and time course of infection.

Before the invention of highly sensitive molecular tests, the diagnosis of infection often
relied primarily upon culturing the causative infectious agent (bacterium, virus, fungus, etc.)
in a clinical laboratory. With new molecular tests that are generally more sensitive than cul-
ture or observational methods for certain microorganisms, there is an absence of a reference
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standard. To address that lack of reference standard and reduce overestimation of sensitivity
bias resulting from one analytic method, called discrepant analysis, the FDA, nearly 10years
ago, proposed the use of a composite reference standard known as the patient infected sta-
tus (PIS) algorithm (8). That comparator method is based on the findings of culture (the
accepted reference standard) or at least 2 or more nucleic acid detection tests using speci-
mens from at least 2 or more anatomic sites (9–11). The PIS algorithm was used by the FDA
as the reference comparator method for the recent approval of new diagnostic devices to
detect extragenital Chlamydia trachomatis and Neisseria gonorrhoeae infections (12).

To address the concern that the current evaluation of SARS-CoV-2 diagnostic assays
may be biased toward decreased specificity, based on the use of a single anatomic site
used as a reference comparator, we recommend that the FDA and commercial assay man-
ufacturers adopt the use of the PIS algorithm. In that case, with the use of 3 anatomic site
comparator specimens (i.e., nasopharyngeal specimens, nasal specimens, and oral fluid/sa-
liva specimens), at least 2 sites would have to be positive for the reference comparator to
be considered positive and at least 2 sites would have to be negative for the reference
comparator to be considered negative. Other combinations of results (e.g., 1 positive, 1
negative, and 1 indeterminate or no test) would be considered equivocal or indeterminate.

It is time to advance the evaluation of SARS-CoV-2 testing to catch up with the
increasing knowledge about the biology of SARS-CoV-2 infection. At the beginning of
the pandemic, it was simple and convenient to select a single specimen type as a refer-
ence comparator. Now, however, with new knowledge and better information, the reg-
ulatory framework should be updated.
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