
Concise Communication

Real-world assessment of severe acute respiratory coronavirus
virus 2 (SARS-CoV-2) nasopharyngeal swab testing in a region
with a high burden of coronavirus disease 2019 (COVID-19)

Rohit B. Sangal MD1 , David R. Peaper MD, PhD2, Craig Rothenberg MPH1, Hasan Fadlallah MD2,

Motunrayo Mobolaji-Lawal MD1, Marie L. Landry MD2,3,4, L. Scott Sussman MD3, Andrew Ulrich MD1 and

Arjun K. Venkatesh MD, MBA, MHS1
1Department of Emergency Medicine, Yale University School of Medicine, New Haven, Connecticut, 2Department of Laboratory Medicine, Yale University School of
Medicine, New Haven, Connecticut, 3Department of Medicine, Yale University School of Medicine, New Haven, Connecticut and 4Clinical Virology Laboratory, Yale
New Haven Hospital, New Haven, Connecticut

Abstract

Concerns persist regarding possible false-negative results that may compromise COVID-19 containment. Although obtaining a true false-
negative rate is infeasible, using real-life observations, the data suggest a possible false-negative rate of ∼2.3%. Use of a sensitive, amplified
RNA platform should reassure healthcare systems.
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Sensitive, amplified RNA testing including reverse-transcriptase
polymerase chain reaction (RT-PCR) has become the standard
for severe acute respiratory coronavirus virus 2 (SARS-CoV-2)
diagnosis. Expanded ambulatory and hospital testing help identify
cases, but concerns persist regarding possible false-negative results
that may compromise contact tracing and isolation efforts and in
turn impede coronavirus disease 2019 (COVID-19) mitigation and
containment efforts. Prior work has shown potential false-negative
results in nearly 20% of respiratory swab samples; however, these
were smaller studies, pooled analyses, or studies conducted that
varied substantially in test used, timing of testing, and comparator
methods.1-4 Thus, these findings may not be generalizable to US
hospital–based testing performed with US Food and Drug
Administration (FDA)–authorized tests in Clinical Laboratory
Improvement Amendments (CLIA)–regulated laboratories.
Reporting a true false-negative rate for RT-PCR testing is infeasible
given the lack of an established gold standard, the need to use
limited testing supplies sparingly for clinical purposes, and the
variability in access to different testing platforms. As such, real-
world evidence may offer a unique opportunity to indirectly exam-
ine test characteristics and address clinician and policy-maker
concerns regarding false-negative results.5 We report the observed
false-negative rate of RT-PCR testing for SARS-CoV-2 among hos-
pitalized patients in a large US-based health system early in the
COVID-19 pandemic.

Methods

We performed an observational analysis of hospitalized patients
in a multisite health system. Patients were eligible for inclusion if
they were admitted between February 23, 2020, and April 24,
2020; were tested for SARS-CoV-2 within 48 hours of emergency
department (ED) arrival; and were considered to have symptoms
concerning for COVID-19. Symptoms were defined based on
institutional implementation of CDC guidelines during the early
pandemic to include lower respiratory tract infection (eg, fever,
cough, or physician concern) given the changing information
regarding COVID-19 risk factors. All testing was performed on
nasopharyngeal (NP) swabs collected by healthcare providers
and placed into viral transport media (Becton Dickinson,
Franklin Lakes, NJ). RT-PCR testing was performed locally using
either an emergency use authorized (EUA) variation of the CDC
protocol (n = 1,311),6 GeneXpert Xpress (Cepheid; n = 635), or
other (n = 1), or if the sample was sent out to a reference labora-
tory (n= 24). Internal validation data support the comparability
of these assays, and a real-life application of these specific assays
has been published.7 This analysis was limited to patients who
received a second SARS-CoV-2 test within 48 hours of ED arrival
to identify patients still suspected of COVID-19 despite an
initially negative test. The primary outcome, a potentially false-
negative test, was defined as a patient with an initial negative test
result who had had a discharge diagnosis of COVID-19 based on
either repeat testing or a clinical diagnosis. Medical records of all
identified patients with positive second testing were manually
reviewed for qualitative assessment. Furthermore, we performed
a chart review of a subset of patients without a COVID-19
discharge diagnosis to assess for COVID-19. This study was
approved by our institutional review board.
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Results

In total, 1,971 patient encounters were eligible for inclusion and
represented 1,906 unique patients. Among these encounters, 693
(35.2%) had an initial positive test, and 1,278 (64.8%) initially
tested negative (Fig. 1). Among those encounters initially testing
negative, 160 (12.5%) received a second NP swab RT-PCR within
48 hours of ED arrival. Of these, 7 (4.4%) had a second test that was
positive. We examined the discharge diagnoses of the group with
negative repeated tests, and 9 (5.8%) had a discharge diagnosis of
COVID-19, meaning they were clinically considered to be positive
for COVID-19 based on exposure history, constellation of
symptoms, or subsequent testing (beyond 2 tests). The patient
characteristics of those with a positive second test are shown in
Supplementary Table 1 (online). Among patients tested twice
without a discharge diagnosis of COVID-19, chart review of a ran-
dom sample of 55% of patients confirmed no additional clinical
consideration for COVID-19 and revealed plausible alternative
diagnoses.

Discussion

In a large real-world sample of hospitalized patients early in the
COVID-19 pandemic tested twice for SARS-CoV-2 due to high cli-
nician concern for potential initially false-negative SARS-CoV-2
test results, we found the following: (1) only 1 in 8 patients had
a secondNP swab submitted within 48 hours of admission; (2) only
4% of retested patients and 0.5% of all patients initially testing neg-
ative had a positive test within 48 hours of admission; and (3) of
those patients with 2 negative NP swabs, 5.6% (0.5% of all patients)
were still clinically suspected of having COVID-19. Although prior
studies have raised concerns about false-negative SARS-CoV-2
testing results, our findings should reassure clinicians and policy
makers of the sensitivity of RT-PCR testing in the United States.
Our data are strengthened by a robust sample size and manual
chart review and indicate that widespread repeated NP swab test-
ing is not routinely indicated. Additionally, we did not identify any
common qualitative risk factors or patterns to predict potential
false-negative results.

These findings should be interpreted with caution due to several
limitations. AlthoughNP swabs are considered the preferred upper
airway specimen, the viral burden in the nasopharynx can be lower
in later stages of COVID-19 potentially leading to false-negative
results.8,9 Sputum and bronchoalveolar lavage are more sensitive
for detection of lower respiratory tract disease, but these are usually
not available. Delayed testing early in the pandemic due to reagent
limitations and more restrictive testing guidance could have led to
these patients being overrepresented in our data set, potentially
explaining the patients clinically diagnosed with COVID-19
despite negative testing. Additionally, test performance is depen-
dent upon a high-quality specimen being obtained, and the quality
of the original NP sample may have been affected by patient acuity
and admission triaging decisions. However, second specimens
would have been collected in an inpatient environment, where,
in most cases, staff were educated on proper sample collection
methods and staff collecting second samples were highly motivated
to obtain an appropriate specimen. A small number of our patients
had samples sent to an outside reference lab, and initial results may
not have been back when a second specimen was obtained
(6 patients). Our case finding was based on the assumption that
patients still suspected of COVID-19 would undergo repeat testing
within 48 hours of admission, but some patients may have died
before a second specimen was collected (9 patients with 48-hour
mortality without a second test), and others may have had testing
>48 hours later or not at all.

Discharge diagnosis of COVID-19 correlated with either a sec-
ond positive test within 48 hours or strong clinical suspicion and
the absence of alternative diagnoses. Based on this result, the real-
life observed rate of potential false-negative initial NP swab test
results among admitted patients is ∼2.3% (Table 1). Chart review
did not reveal any additional patients with high clinical suspicion
of COVID-19 beyond those with a discharge diagnosis of
COVID-19. Among the 144 patients with repeated testing without
a discharge diagnosis of COVID-19, 9 underwent antibody testing
(range, 10–84 days from symptom onset), and all were negative.

In conclusion, healthcare systems and communities must
balance the demand for test sensitivity with testing resource lim-
itations and variable test characteristics for clinical, epidemiologic,

Fig. 1. Flow diagram of all symptomatic patients tested for COVID-19 during the study period. Nasopharyngeal (NP) swabs from 7 patients (4.4%) tested positive for SARS-CoV-2
after an initial negative amplified RNA test, and 9 (5.6%) were considered positive by chart review and discharge diagnosis despite negative testing.
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and social purposes. Each particular use-case may require a
different balance between test performance, convenience, and
turnaround time. In the case of nearly all symptomatic hospitalized
patients, the performance of RT-PCR on a single NP swab is
sufficient to provide appropriate care while reassuring clinical staff,
patients, and communities seeking efficient approaches to identi-
fying and isolating COVID-19–positive patients. Future work
should examine performance of molecular tests on COVID-19
variants.
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Table 1. Confusion Matrix Demonstrating the Real-World Assessment of
SARS-CoV-2 Testing

Test Result Disease Present Disease Absent Total

First Test Positive 693 (TP) 0 (FP)a 693

First Test Negative 16 (FN) 1,262 (TN) 1,278

Total 709 1,262 1,971

Note. TP, true positive; FN, false negative; TN, true negative; FP, false positive; NPV, negative
predictive value. Observed false negative rate= 1 – sensitivity = FN/(TP þ FN) = 16/
709= 2.3%.
aAll positive results were treated as true (resulting in quarantine). False-positive results were
not assessed so full calculation of test performance, including specificity, is not possible.
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