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There is broad consensus that widespread 
SARS-CoV-2 testing is essential to safely re-
opening the United States. A big concern has 

been test availability, but test accuracy may prove a 
larger long-term problem.

While debate has focused on 
the accuracy of antibody tests, 
which identify prior infection, di-
agnostic testing, which identifies 
current infection, has received 
less attention. But inaccurate di-
agnostic tests undermine efforts 
at containment of the pandemic.

Diagnostic tests (typically in-
volving a nasopharyngeal swab) 
can be inaccurate in two ways. A 
false positive result erroneously 
labels a person infected, with con-
sequences including unnecessary 
quarantine and contact tracing. 
False negative results are more 
consequential, because infected 
persons — who might be asymp-
tomatic — may not be isolated 
and can infect others.

Given the need to know how 

well diagnostic tests rule out in-
fection, it’s important to review 
assessment of test accuracy by 
the Food and Drug Administra-
tion (FDA) and clinical research-
ers, as well as interpretation of 
test results in a pandemic.

The FDA has granted Emer-
gency Use Authorizations (EUAs) 
to commercial test manufactur-
ers and issued guidance on test 
validation.1 The agency requires 
measurement of analytic and 
clinical test performance. Ana-
lytic sensitivity indicates the like-
lihood that the test will be posi-
tive for material containing any 
virus strains and the minimum 
concentration the test can detect. 
Analytic specificity indicates the 
likelihood that the test will be 

negative for material containing 
pathogens other than the target 
virus.

Clinical evaluations, assessing 
performance of a test on patient 
specimens, vary among manufac-
turers. The FDA prefers the use 
of “natural clinical specimens” 
but has permitted the use of 
“contrived specimens” produced 
by adding viral RNA or inactivat-
ed virus to leftover clinical mate-
rial. Ordinarily, test-performance 
studies entail having patients un-
dergo an index test and a “refer-
ence standard” test determining 
their true state. Clinical sensitiv-
ity is the proportion of positive 
index tests in patients who in 
fact have the disease in question. 
Sensitivity, and its measurement, 
may vary with the clinical set-
ting. For a sick person, the refer-
ence-standard test is likely to be 
a clinical diagnosis, ideally es-
tablished by an independent ad-
judication panel whose members 
are unaware of the index-test re-
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sults. For SARS-CoV-2, it is unclear 
whether the sensitivity of any FDA-
authorized commercial test has 
been assessed in this way. Under 
the EUAs, the FDA does allow 
companies to demonstrate clini-
cal test performance by estab-
lishing the new test’s agreement 
with an authorized reverse-tran-
scriptase–polymerase-chain-reac-
tion (RT-PCR) test in known pos-
itive material from symptomatic 
people or contrived specimens. 
Use of either known positive or 
contrived samples may lead to 
overestimates of test sensitivity, 
since swabs may miss infected 
material in practice.1

Designing a reference stan-
dard for measuring the sensitivity 
of SARS-CoV-2 tests in asymptom-
atic people is an unsolved problem 
that needs urgent attention to in-
crease confidence in test results 
for contact-tracing or screening 
purposes. Simply following peo-
ple for the subsequent develop-
ment of symptoms may be inad-
equate, since they may remain 
asymptomatic yet be infectious. 
Assessment of clinical sensitivity 
in asymptomatic people had not 
been reported for any commercial 
test as of June 1, 2020.

Two studies from Wuhan, 
China, arouse concern about false 
negative RT-PCR tests in patients 
with apparent Covid-19 illness. In 
a preprint, Yang et al. described 
213 patients hospitalized with Co-
vid-19, of whom 37 were critically 
ill.2 They collected 205 throat 
swabs, 490 nasal swabs, and 142 
sputum samples (median, 3 per 
patient) and used an RT-PCR test 
approved by the Chinese regula-
tor. In days 1 through 7 after on-
set of illness, 11% of sputum, 
27% of nasal, and 40% of throat 
samples were deemed falsely nega-
tive. Zhao et al. studied 173 hos-
pitalized patients with acute re-

spiratory symptoms and a chest 
CT “typical” of Covid-19, or 
SARS-CoV-2 detected in at least 
one respiratory specimen. Anti-
body seroconversion was ob-
served in 93%.3 RT-PCR testing 
of respiratory samples taken on 
days 1 through 7 of hospitaliza-
tion were SARS-CoV-2–positive in 
at least one sample from 67% of 
patients. Neither study reported 
using an independent panel, un-
aware of index-test results, to 
establish a final diagnosis of 
Covid-19 illness, which may have 
biased the researchers toward 
overestimating sensitivity.

In a preprint systematic review 
of five studies (not including the 
Yang and Zhao studies), involving 
957 patients (“under suspicion of 
Covid-19” or with “confirmed cas-
es”), false negatives ranged from 2 
to 29%.4 However, the certainty of 
the evidence was considered very 
low because of the heterogeneity 
of sensitivity estimates among the 
studies, lack of blinding to index-
test results in establishing diag-
noses, and failure to report key RT-
PCR characteristics.4 Taken as a 
whole, the evidence, while limited, 
raises concern about frequent false 
negative RT-PCR results.

If SARS-CoV-2 diagnostic tests 
were perfect, a positive test would 
mean that someone carries the vi-
rus and a negative test that they 
do not. With imperfect tests, a 
negative result means only that a 
person is less likely to be infect-
ed. To calculate how likely, one 
can use Bayes’ theorem, which 
incorporates information about 
both the person and the accuracy 
of the test (recently reviewed5). 
For a negative test, there are two 
key inputs: pretest probability — 
an estimate, before testing, of 
the person’s chance of being in-
fected — and test sensitivity. Pre-
test probability might depend on 

local Covid-19 prevalence, SARS-
CoV-2 exposure history, and symp-
toms. Ideally, clinical sensitivity 
and specificity of each test would 
be measured in various clinically 
relevant real-life situations (e.g., 
varied specimen sources, timing, 
and illness severity).

Assume that an RT-PCR test 
was perfectly specific (always neg-
ative in people not infected with 
SARS-CoV-2) and that the pretest 
probability for someone who, say, 
was feeling sick after close contact 
with someone with Covid-19 was 
20%. If the test sensitivity were 
95% (95% of infected people test 
positive), the post-test probability 
of infection with a negative test 
would be 1%, which might be 
low enough to consider someone 
uninfected and may provide them 
assurance in visiting high-risk 
relatives. The post-test probabil-
ity would remain below 5% even 
if the pretest probability were as 
high as 50%, a more reasonable 
estimate for someone with recent 
exposure and early symptoms in 
a “hot spot” area.

But sensitivity for many avail-
able tests appears to be substan-
tially lower: the studies cited above 
suggest that 70% is probably a rea-
sonable estimate. At this sensitivi-
ty level, with a pretest probability 
of 50%, the post-test probability 
with a negative test would be 23% 
— far too high to safely assume 
someone is uninfected.

The graph shows how the 
post-test probability of infection 
varies with the pretest probabil-
ity for tests with low (70%) and 
high (95%) sensitivity. The hori-
zontal line indicates a probability 
threshold below which it would 
be reasonable to act as if the per-
son were uninfected (e.g., allow-
ing the person to visit an elderly 
grandmother). Where this thresh-
old should be set — here, 5% — 
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is a value judgment and will vary 
with context (e.g., lower for peo-
ple visiting a high-risk relative). 
The threshold highlights why very 
sensitive diagnostic tests are need-
ed. With a negative result on the 
low-sensitivity test, the threshold 
is exceeded when the pretest prob-
ability exceeds 15%, but with a 
high-sensitivity test, one can have 
a pretest probability of up to 33% 
and still, assuming the 5% thresh-
old, be considered safe to be in 
contact with others.

The graph also highlights why 
efforts to reduce pretest proba-
bility (e.g., by social distancing, 
possibly wearing masks) matter. 
If the pretest probability gets too 
high (above 50%, for example), 
testing loses its value because 
negative results cannot lower the 
probability of infection enough 
to reach the threshold.

We draw several conclusions. 

First, diagnostic testing will help 
in safely opening the country, 
but only if the tests are highly 
sensitive and validated under re-
alistic conditions against a clini-
cally meaningful reference stan-
dard. Second, the FDA should 
ensure that manufacturers pro-
vide details of tests’ clinical sen-
sitivity and specificity at the time 
of market authorization; tests 
without such information will 
have less relevance to patient care.

Third, measuring test sensitiv-
ity in asymptomatic people is an 
urgent priority. It will also be im-
portant to develop methods (e.g., 
prediction rules) for estimating 
the pretest probability of infection 
(for asymptomatic and symptom-
atic people) to allow calculation 
of post-test probabilities after 
positive or negative results. 
Fourth, negative results even on 
a highly sensitive test cannot rule 

out infection if the pretest proba-
bility is high, so clinicians 
should not trust unexpected neg-
ative results (i.e., assume a nega-
tive result is a “false negative” in 
a person with typical symptoms 
and known exposure). It’s possi-
ble that performing several simul-
taneous or repeated tests could 
overcome an individual test’s lim-
ited sensitivity; however, such 
strategies need validation.

Finally, thresholds for ruling 
out infection need to be developed 
for a variety of clinical situations. 
Since defining these thresholds is 
a value judgement, public input 
will be crucial.

Disclosure forms provided by the au-
thors are available at NEJM.org.
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Chance of SARS-CoV-2 Infection, Given a Negative Test Result, According to Pretest 
Probability.

The blue line represents a test with sensitivity of 70% and specificity of 95%. The green 
line represents a test with sensitivity of 90% and specificity of 95%. The shading is the 
threshold for considering a person not to be infected (asserted to be 5%). Arrow A 
indicates that with the lower-sensitivity test, this threshold cannot be reached if the 
pretest probability exceeds about 15%. Arrow B indicates that for the higher-sensitivity 
test, the threshold can be reached up to a pretest probability of about 33%. An interac-
tive version of this graph is available at NEJM.org.
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