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We thank Dr. Samuel for the comments on our work [1],
which gives us the opportunity to clarify.

Dr. Samuel first mentions the lack of consideration in our
work of the uncertainty about the specificity of the serum
neutralization (SN) test [2]. He estimated a lower bound of
the specificity of the SN test, and used it to infer that our SN
positive findings were likely false positive.

The SN test has indeed been validated on 2387 blood
donor samples (between 2015 and 2018, none tested posi-
tive, and these data have not been fully published) but it is
true that the cited reference [3] reports validation on 464
samples from 2017 and 2018.

However, Dr. Samuel’s conclusion that our findings could
easily be explained by a lack of specificity of the neutraliza-
tion test is not correct. First, there is no valid statistical argu-
ment for choosing the lower bound of the 95% confidence
interval as the reference value for estimating the probability
of false positive results in our sample. Indeed, a value as low
as (or lower than) the lower bound had an a priori probability
of 2.5%. Second, in our study, 6020 samples were collected
between November 2019 and January 2020, 176 had a posi-
tive Elisa-S of which 13 were also positive for SN. Assum-
ing that all 176 Elisa-S samples were false positive (i.e. none
of the 176 subjects were "truly infected"), and taking the
lower bound of the 95% confidence interval for SN specific-
ity estimated from the 464 published samples (lower bound
Specificity =99.2%, 95% Clopper-Pearson exact Confidence
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Interval), the probability of observing 5 or more false posi-
tive SN tests out of 176 samples was 1.4%, and 13 or more
false positive tests out of 176 was 2.6 x 107°. Using the
lower bound of specificity estimated from the 2387 samples
(99.85%), the probability of 5 or 13 false positive would
dramatically decrease. Third, it can be recalled that SN is
frequently used as a gold standard to identify false positive
serological tests in many diseases (dengue fever, Japanese
encephalitis etc.) and in our study, SN tests were replicated
6 times to limit the risk of misclassification by measurement
error.

In a second part, Dr. Samuel raises an interesting point that
cross-reactive immunity with seasonal human coronaviruses
(HCoV) might have led to a selection bias when restricting
our SN tests to sample with Elisa-S >0.7. In other words, all
Elisa-S > 0.7 that were also SN positives were false positive
by cross-reaction, and none of the Elisa-S < 0.7 remaining
samples would have been SN positive, if they had been tested.
This assumption seems hardly realistic. In reference with our
response to the first comment, all 2387 samples that were
tested negative by SN were not selected according to a prior
history of HCoV infection or given their Elisa-S test value—
therefore, our initial estimate of 100% SN specificity applied
to people with or without prior history of HCoV infection
and irrespective of their unknown Elisa-S value. Second, we
performed additional analyses on 4704 samples collected in
September and October 2019 (the biological collections in
CONSTANCES started in 2018 and additional analyses are
underway). Preliminary findings suggest positivity to Elisa-S
and other SARS-CoV-2 serological tests (IgG against RBD or
Spike evaluated with high-throughput multiplex technology
on a Luminex® platform) in some participants, while only
1 participant with other positive tests had SN antibodies at
40—this participant was sampled on Oct 10, 2019. We also
found some evidence of cross-reactivity between seasonal
HCoV and SARS-CoV-2 with higher levels of IgG anti-RBD
against HCoV (229E, KHU1, NL63) in anti-SARS-COV-2
Elisa-S positive samples than in negative ones, but we did
not identify association between serological tests results of
HCoV and anti-SARS-CoV-2 SN.
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Although, as already discussed in our paper, we can-
not totally exclude that part of our SN positive were false
positive results, we do not believe that all our SN positive
samples identified between November 2019 to January 2020
were false positive. Importantly, detailed questioning of the
exposure circumstances of some participants shows the
occurrence of suggestive symptoms in the days preceding
the date of sampling or possible exposure in China.

In another comment, Dr. Samuel points out the increase
in Elisa-S positivity from early January while SN positivity
appeared quite stable before and after January 2020. We
have no clear explanation for this result. Remember that the
increase of antibody titers occurred within 2 weeks after
infection, the increase of Elisa-S positivity in early January
is unlikely explained by a wide spreading of SARS-CoV-2
from mid-December 2019. Rather, it could correspond to
cross reaction with HCoV as we indicated above (HCoV
peaks are observed between December and March in Europe
[4]) while SN positivity among Elisa-S positive sample
could correspond to real SARS-CoV-2 infection.

In a last comment, it is unclear how Dr. Samuel came to a
"prevalence"” of 5%, while we clearly never assumed that all
Elisa-S positive samples were true infected persons. If we
restricted our selection to the 13 participants with both SN
and Elisa-S positivity, the cumulative incidence of SARS-
CoV-2 in end-January 2020 would be 0.3%. In addition, if we
assumed that 5 to 6 participants among these 13 patients were
indeed true positive, it means that fifty thousand people would
have been infected with SARS-CoV-2 between November
2019 and January 2020 in France, which based on estimated
infection hospitalization or death ratios would have converted
into one thousand hospitalizations and approximately two
hundred and fifty deaths [5]. It is however possible that such
events if they were caused by SARS-CoV-2 infection, may
have been missed as the average yearly number of hospitaliza-
tion or deaths for influenza is > 10 times larger and there was
a concurrent influenza epidemic at this period in France [6].

Finally, although a recent report clearly shows that the
SARS-CoV-2 outbreak was originated from the Huanan
market [7], our findings do not contradict with this hypoth-
esis. It is indeed possible that a progenitor of the virus has
been circulating worldwide giving low-level infections and
not inducing severe respiratory disease to the same extent
as the Wuhan virus. A recent study reports early identifica-
tion of SARS-CoV-2 RNA in a patient with measles-like
syndrome in September 2019 in Italy [8], and indicated other
SARS-CoV-2 RNA sequences obtained from samples col-
lected in Brazil in November 2019. They concluded that a
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potential progenitor of the B.1 strain may have circulated
worldwide since June-July 2019, before the Wuhan out-
break. We agree with these conclusions.

For all these reasons, our conclusion remains unchanged
and suggests an early circulation of SARS-CoV-2 in France.

Funding Funding was supported by Agence Nationale de la Recherche
(ANR-10-COHO-06) and Santé Publique France (20DMIA014-0).

Declarations

Conflict of interest The authors have no conflicts of interest to declare
that are relevant to the content of this article.

References

1. Carrat F, Figoni J, Henny J, Desenclos JC, Kab S, de Lambal-
lerie X, Zins M. Evidence of early circulation of SARS-CoV-2
in France: findings from the population-based "CONSTANCES"
cohort. Eur J Epidemiol. 2021;36(2):219-22.

2. Samuel A. Re : "Evidence of early circulation of SARS-CoV-2
in France: findings from the population-based "CONSTANCES"
cohort". Eur J Epidemiol. 2022.

3. Gallian P, Pastorino B, Morel P, Chiaroni J, Ninove L, de Lambal-
lerie X. Lower prevalence of antibodies neutralizing SARS-CoV-2
in group O French blood donors. Antiviral Res. 2020;181: 104880.

4. Park S, Lee Y, Michelow IC, Choe YJ. Global seasonality of
human coronaviruses: a systematic review. Open Forum Infect
Dis. 2020;7(11):0faa443.

5. Lapidus N, Paireau J, Levy-Bruhl D, de Lamballerie X, Severi G, Tou-
vier M, Zins M, Cauchemez S, Carrat F, for the SAPRIS-SERO Study
Group. Do not neglect SARS-CoV-2 hospitalization and fatality risks in
the middle-aged adult population. Infect Dis Now. 2021;51(4):380-2.

6. Boelle PY, Souty C, Launay T, Guerrisi C, Turbelin C, Behillil
S, Enouf V, Poletto C, Lina B, van der Werf S, Levy-Bruhl D,
Colizza V, Hanslik T, Blanchon T. Excess cases of influenza-like
illnesses synchronous with coronavirus disease (COVID-19) epi-
demic, France, March 2020. Euro Surveill. 2020;25(14):2000326.

7. Worobey M, Levy JI, Malpica Serrano L, Crits-Christoph A, Pekar
JE, Goldstein SA, Rasmussen AL, Kraemer MUG, Newman C,
Koopmans MPG, Suchard MA, Wertheim JO, Lemey P, Robertson
DL, Garry RF, Holmes EC, Rambaut A, Andersen KG. The Hua-
nan Seafood Wholesale Market in Wuhan was the early epicenter
of the COVID-19 pandemic. Science. 2022;377(6609):951-9.

8. Amendola A, Canuti M, Bianchi S, Kumar S, Fappani C, Gori M,
Colzani D, Kosakovsky Pond SL, Miura S, Baggieri M, Marchi
A, Borghi E, Zuccotti G, Raviglione MC, Magurano F, Tanzi E.
Molecular evidence for SARS-CoV-2 in samples collected from
patients with morbilliform eruptions since late 2019 in Lombardy,
northern Italy. Environ Res. 2022;215(Pt 1): 113979.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	The Authors’ Reply
	References




