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We aimed to estimate the negative predictive value of SARS-CoV-2
RT-PCR in patients with a high pre-test probability of SARS-CoV-2
infection.

We conducted a serological study in patients managed in eight
French hospitals and who tested negative for SARS-CoV-2 using an
RT-PCR test on nasopharyngeal or throat swab, either for symptoms
consistent with COVID-19 or following contact with a confirmed
case of SARS-CoV-2 infection. Blood was  sampled for serological
testing at least two  weeks after symptom onset, to allow time
for a potential seroconversion to take place [3]. Participants were
questioned about recent symptoms consistent with COVID-19.
Anti-SARS-CoV-2 antibodies were tested using an S-Flow assay, a
flow cytometry-based assay detecting anti-S IgG antibodies with
specificity and sensitivity rates above 99% [4,5]. This study was
registered with ClinicalTrials.gov (NCT04325646) and received eth-
ical approval by the Ile-de-France III institutional review board.
Informed consent was obtained from all participants.

From March 13, 2020 to May  14, 2020, a total of 116 patients
were enrolled. Five did not meet eligibility criteria and five were
lost to follow-up, leaving 106 participants (58 women, 48 men)
with a median age of 35 years (interquartile range [IQR]: 28-48). All
participants reported symptoms consistent with COVID-19 and 41
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High negative predictive value of RT-PCR in patients
with high likelihood of SARS-CoV-2 infection
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SARS-CoV-2 epidemic mitigation efforts rely on effective tests
that should have a high negative predictive value to accurately
exclude SARS-CoV-2 infection when the test is negative. A sys-
tematic review, despite the large heterogeneity, showed the rate
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52
38.7%) participants reported prior contact with a confirmed case of
ARS-CoV-2 infection. Two  participants (1.9%) had to be hospital-
zed. Median time from symptom onset to RT-PCR test was  3 days
IQR 2-6) and median time from RT-PCR test to blood sampling was
1 days (IQR 18-29).

Four participants (3.8%) tested positive for anti-SARS-CoV-2
ntibodies, resulting in a negative predictive value of SARS-CoV-

 RT-PCR of 96.2% (95% confidence interval: 90.6%−99.0%). All four
articipants had been tested in the same participating center for
ymptoms compatible with COVID-19 (including one with anosmia
nd ageusia), two  of whom also reported contact with a confirmed
ase of SARS-CoV-2 infection. None of them had to be hospitalized.
n these four participants, time from symptom onset to RT-PCR test
anged from 2 to 11 days and blood sampling for serology was  per-
ormed between 21 and 29 days after symptom onset and between
0 and 21 days after RT-PCR test.

In a population with high pre-test probability of SARS-CoV-2
nfection, the negative predictive value of SARS-CoV-2 RT-PCR was
igh. The serology technique we  used has a very high sensitiv-

ty, which makes it very unlikely that a seropositive participant
ent undetected [5]. Seropositive participants might have been

nfected between RT-PCR sampling and blood sampling. However,
his is unlikely given the short time interval between RT-PCR and
erology samplings. Furthermore, all seropositive participants had
ymptoms compatible with COVID-19 at the time of RT-PCR test-
ng, including one with anosmia and ageusia, two symptoms that
ave a high positive predictive value for COVID-19 diagnosis [6,7].

 systematic review of false-negative results of SARS-CoV-2 RT-
CR showed that the probability of false-negative results decreases
rom the day of exposure to 3 days after symptom onset and
hen increases again over the following days [8]. Three of the four
alse-negative patients in this study were tested at least 5 days

fter symptom onset, which may  help explain the false-negative
esults. As all seropositive participants underwent RT-PCR testing
n a single center, we may  raise the hypothesis of swab perfor-

ance or defective RT-PCR kit issues. Other possible explanations
or false-negative RT-PCR tests include the absence of detectable
iral shedding throughout the disease or a swab for RT-PCR test-
ng performed outside the time period of detectable viral shedding
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(especially in the two participants in whom swabs were performed
respectively 8 and 11 days after symptom onset) [9]. As many coun-
tries have implemented mitigation strategies, resulting in bringing
incidence rates at lower levels than those observed during the
study period, the current negative predictive value is probably even
higher than estimated here.

Limitations of this study include the absence of repeated RT-
PCR tests, which could have identified a transient detectable viral
shedding period, and the lack of detailed information on the RT-PCR
kits used in the various centers.

The negative predictive value of SARS-CoV-2 RT-PCR in patients
with a high pre-test probability of having a SARS-CoV-2 infection
was high. This finding supports strategies based on isolation of
patients when COVID-19 is suspected and on lifting isolation if the
RT-PCR test is negative.
Data availability

Data used to generate the research will be made available upon
request as per the French data protection rules.

Human and animal rights

The authors declare that the work described has been carried out
in accordance with the Declaration of Helsinki of the World Medical
Association revised in 2013 for experiments involving humans as
well as in accordance with the EU Directive 2010/63/EU for animal
experiments.

Informed consent and patient details

The authors declare that they obtained a written informed con-
sent from the patients and/or volunteers included in the article
and that this report does not contain any personal information that
could lead to their identification.

Disclosure of interest

The authors declare that they have no competing interest.

Funding

The study was funded by Institut Pasteur, Fondation BTP Plus,

[

[

[

[

[

with mild disease in eastern France. EBioMedicine 2020;59:102915,
http://dx.doi.org/10.1016/j.ebiom.2020.102915.

[6]  Galmiche S, Bruel T, Madec Y, Tondeur L, Grzelak L, Staropoli I, et al.
Characteristics Associated with Olfactory and Taste Disorders in COVID-19. Neu-
roepidemiology 2021;55:381–6, http://dx.doi.org/10.1159/000517066.

[7]  Bénézit F, Le Turnier P, Declerck C, Paillé C, Revest M,  Dubée V, et al. Utility
of hyposmia and hypogeusia for the diagnosis of COVID-19. Lancet Infect Dis
2020;20:1014–5, http://dx.doi.org/10.1016/S1473-3099(20)30297-8.

[8] Kucirka LM,  Lauer SA, Laeyendecker O, Boon D, Lessler J. Variation in false-
negative rate of reverse transcriptase polymerase chain reaction–based
SARS-CoV-2 tests by time since exposure. Ann Intern Med  2020,
http://dx.doi.org/10.7326/M20-1495.

[9] Walsh KA, Jordan K, Clyne B, Rohde D, Drummond L, Byrne P, et al. SARS-CoV-
2  detection, viral load and infectivity over the course of an infection. J Infect
2020;81:357–71, http://dx.doi.org/10.1016/j.jinf.2020.06.067.

S. Galmiche a

S. Fernandes-Pellerin b

M.N. Ungeheuer c

O. Schwartz d

M.  Attia e

B. Hoen b,∗, and the CORSER-2A study group,
J.-P. Lanoix f,g, T. Guimard h, J.-M. Chapplain i, F.

Goehringer j, J.-F. Faucher k, P. Chavanet l, F.
Cazenave-Roblot m, T. Prazuck n

a Emerging diseases epidemiology unit, institut
Pasteur, Paris, France

b Center for translational sciences, institut Pasteur,
25-28, rue du Docteur-Roux, 75015 Paris, France

c ICAReB platform (Clinical Investigation & Access to
Research Bioresources) of the Center for Translational

Science, institut Pasteur, Paris, France
d Virus and Immunity Unit, Department of Virology,
Vaccine Research Institute, institut Pasteur, Creteil,

France
e Molecular Genetics of RNA viruses, Department of
Virology, National Reference Center for Respiratory

Viruses, institut Pasteur, Paris, France
f Maladies infectieuses et tropicales, centre

hospitalo-universitaire Amiens-Picardie, Amiens,
and Fondation Total. Several laboratories participating in the study
receive funding from the Labex IBEID (ANR-10-LABX-62-IBEID),
REACTing and the INCEPTION project (PIA/ANR-16-CONV-0005)
for studies focusing on emerging viruses. OS lab is funded by
Institut Pasteur, ANRS, Sidaction, the Vaccine Research Institute
(ANR- 10-LABX-77), “TIMTAMDEN” ANR-14-CE14-0029, “CHIKV-
Viro- Immuno” ANR-14-CE14-0015-01 and the Gilead HIV cure
program.

Acknowledgements

We  would like to thank collaborators at the Institut Pasteur,
Linda Sangari, Sophie Chaouche, Dr Charlotte Renaudat at the
ICAReB platform, Thomas Obadia at the Bioinformatics and Bio-
statistics Hub, Cassandre von Platen and Tan-Phuc Buivan at the
Center for Translational Sciences.

References
1] Arevalo-Rodriguez I, Buitrago-Garcia D, Simancas-Racines D, Zambrano-Achig

P,  Del Campo R, Ciapponi A, et al. False-negative results of initial RT-
PCR assays for COVID-19: A systematic review. PloS One 2020;15:e0242958,
http://dx.doi.org/10.1371/journal.pone.0242958.

2]  Salje H, Tran Kiem C, Lefrancq N, Courtejoie N, Bosetti P, Paireau J, et al.
Estimating the burden of SARS-CoV-2 in France. Science 2020;369:208–11,
http://dx.doi.org/10.1126/science.abc3517.

3]  Murchu O, Byrne E, Walsh P, Carty KA, Connolly PG, De Gascun M, et al. Immune
response following infection with SARS-CoV-2 and other coronaviruses: A rapid
review. Rev Med  Virol 2021;31:e2162, http://dx.doi.org/10.1002/rmv.2162.

4]  Grzelak L, Temmam S, Planchais C, Demeret C, Tondeur L, Huon C, et al. A

comparison of four serological assays for detecting anti-SARS-CoV-2 antibodies
in human serum samples from different populations. Sci Transl Med  2020:12,
http://dx.doi.org/10.1126/scitranslmed.abc3103.

5]  Fafi-Kremer S, Bruel T, Madec Y, Grant R, Tondeur L, Grzelak L, et al.
Serologic responses to SARS-CoV-2 infection among hospital staff

h

2

53
France
g UR 4294 AGIR Université Picardie Jules-Verne,

Amiens, France
h Médecine post-urgence – maladies infectieuses,

centre hospitalier départemental de Vendée, Vendée,
France

i Maladies infectieuses et réanimation médicale,
centre hospitalo-universitaire Pontchaillou de

Rennes, Rennes, France
j Maladies infectieuses, centre hospitalier régional

universitaire de Nancy, Nancy, France
k Maladies infectieuses et tropicales, centre

hospitalo-universitaire de Limoges, Limoges, France
l Département d’infectiologie, centre

hospitalo-universitaire Dijon-Bourgogne, Dijon,
France

m Maladies infectieuses et tropicales, centre
hospitalo-universitaire de Poitiers, Poitiers, France

n Maladies infectieuses et tropicales, centre
hospitalier régional d’Orléans, Orléans, France

∗ Corresponding author.
E-mail address: bruno@hoen.pro (B. Hoen)

Available online 24 November 2021

ttps://doi.org/10.1016/j.idnow.2021.11.005

666-9919 © 2021 Elsevier Masson SAS. All rights reserved.

dx.doi.org/10.1371/journal.pone.0242958
dx.doi.org/10.1126/science.abc3517
dx.doi.org/10.1002/rmv.2162
dx.doi.org/10.1126/scitranslmed.abc3103
dx.doi.org/10.1016/j.ebiom.2020.102915
dx.doi.org/10.1159/000517066
dx.doi.org/10.1016/S1473-3099(20)30297-8
dx.doi.org/10.7326/M20-1495
dx.doi.org/10.1016/j.jinf.2020.06.067
mailto:bruno@hoen.pro
https://doi.org/10.1016/j.idnow.2021.11.005

