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Abstract

Background.

The systemic antibody responses to SARS-CoV-2 in COVID-19 patients has been extensively
studied. However, much less is known about the mucosal responses in the upper airways at the
site of initial SARS-CoV-2 replication. Local antibody responses in the nasopharyngeal
epithelium, that are likely to determine the course of infection, have not been analysed so far
nor their correlation with antibody responses in serum.

Methods. The IgG and IgA antibody responses were analysed in the plasma as well as in
nasopharyngeal swabs (NPS) from the first four COVID-19 patients confirmed by RT-qPCR
in France. Two were pauci-symptomatic while two developed severe disease. Taking advantage
of a comprehensive series of plasma and nasopharyngeal samples, we characterized their
antibody profiles from the second week post symptoms onset, by using an in-house ELISA to
detect anti-SARS-CoV-2 Nucleoprotein (N) IgG and IgA.

Results. Anti-N IgG and IgA antibodies were detected in the NPS of severe patients. Overall,
the levels of IgA and IgG antibodies in plasma and NPS appeared specific to each patient.
Conclusions. Anti-N IgG and IgA antibodies are detected in NPS, and their levels are related
to antibody levels in plasma. The two patients with severe disease exhibited different antibody
profiles that may reflect different disease outcome. For the pauci-symptomatic patients, one
showed a low anti-N IgG and IgA response in the plasma only, while the other one did not
exhibit overt serological response.

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.
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Introduction

The Coronavirus disease 2019 (COVID-19) is a respiratory disease that has been threatening
human health since early 2020, causing a global pandemic with dramatic social and economic
consequences. COVID-19 is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), a highly transmissible and pathogenic coronavirus that emerged in late 2019
and has spread rapidly around the world during the year 2020 [1]. Considerable efforts are being
made to understand SARS-CoV-2 epidemiology and pathogenesis, which is crucial for antiviral
drug development and vaccine design [2,3].

Detecting SARS-CoV-2 RNAs by RT-qPCR from nasopharyngeal swabs (NPS) is a standard
approach for COVID-19 diagnosis. A detailed characterization of the immune response to
SARS-CoV-2 infection is mandatory, to understand its contribution to virus clearance and
establishment of protection.

The first point of SARS-CoV-2 entry are the mucosal surfaces of the upper respiratory tract [4].
Accordingly, characterization of the immune response in mucosal samples of infected patients,
compared to the humoral response in plasma, is of interest. [gA have important roles in the
immune response of mucosal surfaces [5]. Indeed, the antibody pool in the mucosa contains a
higher proportion of IgA than in the plasma, and IgA may be important contributors to
protection against viruses that target the mucosal surfaces [6]. IgA antibodies directed against
SARS-CoV-2 are produced rapidly after infection and remain elevated in the serum for about
one month after the onset of symptoms [7—10]. The levels of IgA proved significantly higher
in patients with severe compared to mild or moderate infection, following the same trend as
anti SARS-CoV-2 IgG [7,9]. Antibodies binding to the Receptor Binding Domain (RBD) of
the Spike protein can neutralize SARS-CoV-2. Significantly, anti RBD IgA have been shown
to have more potent neutralizing activities than IgG [11,12]. However, the contribution of IgA
in the mucosal antibody-mediated response to SARS-CoV-2 has not been reported. The
mucosal response to SARS-CoV-2 has been assessed in the saliva of COVID-19 patients, while
mucosal immunity in the NPS has not been characterized although it is the mucosal surface of
the initial site of viral replication. Comparing anti-N IgA and IgG antibody levels of patient’s
NPS to their levels in plasma provides a more complete picture of the antibody-mediated

immune response to SARS-CoV-2 infection.
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In this study, we used an in-house ELISA [13] to detect IgG and IgA directed against the SARS-
CoV-2 Nucleoprotein (N) in the NPS and in the plasma of four of the first recognized COVID-
19 patients in France [14]. The patients experienced different clinical evolutions, two exhibiting
severe disease and two mild and pauci-symptomatic disease. This set of patients is particularly
valuable owing to (i) the different disease progression between patients; (ii) the extensive
sampling over the COVID-19 illness period. It provides a unique opportunity to compare the
systemic and mucosal antibody response in severe patients during the course of illness and in
pauci-symptomatic individuals until and after their full recovery.

We detected IgG and IgA antibodies in the NPS of the two severe patients, demonstrating a
mucosal antibody response to SARS-CoV-2. Serological and mucosal antibody profiles were
specific to each patient, with higher antibody levels in the plasma of the severe patients as
previously reported [15][16] that were also reflected in the nasopharyngeal mucosa. Our study
highlights a diversified humoral response to SARS-CoV-2 infection, with IgA to IgG ratios
both in blood and NPS potentially underlying different disease outcome.

METHODS

Study design. The objective of this study was to analyse the levels of anti-N SARS-CoV-2 IgA
and IgG antibodies in the NPS and in the plasma of four confirmed COVID-19 cases with
different clinical histories. We used an anti-N ELISA, the performance of which was evaluated

using NPS and serum from pre-epidemic individuals.

Cohorts. Pre-epidemic NPS originated from the National Reference Center (NRC) for
respiratory viruses and were confirmed to be SARS-CoV-2 negative by RT-PCR (data not
shown). Pre-epidemic sera were provided by the ICAReB platform (Clinical Investigation and
Access to Research Bioresources, Institut Pasteur) or the Center for translational Science,
Institut Pasteur. All pre-epidemic samples were collected before November 2019. Samples from
donors were collected in accordance with local ethical guidelines by Pasteur Institute.

The NPS and plasma samples for the four COVID-19 patients are part of patients included in
one of the participating center (i.e., Hopital Bichat, APHP, Paris, France) of the French COVID
cohort assessing hospitalized patients with a virologically-confirmed COVID-19
(NCT04262921) [17]. This study was conducted with the understanding and the consent of each
participant or its surrogate. Ethics approval was obtained from the French Ethic Committee
CPP-Ile-de-France VI (ID-RCB: 2020-A00256-33). NPS and plasma or sera were heat-

inactivated 30 min at 56°C
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ELISA-N. The ELISA test was performed as described in Grzelak et al [13]. Briefly, 96-well
ELISA plates were coated overnight with 50 ng of purified bacterially expressed N protein of
SARS-CoV-2 in PBS. After washing 3 times with PBS-0.1% Tween 20 (PBST), 200ul of
PBST-3% milk were added and incubated 1 h at 37°C. After washing, 100 ul of diluted plasma
or NPS in PBST-3% milk were added and incubated 1 h at 37°C. After washing, plates were
incubated with 5,000 or 4,000-fold diluted peroxidase-conjugated goat anti human IgG or IgA
respectively (#2040-05 and #2050-05 -Southern Biotech) for 1h. Plates were revealed by adding
100 pl of HRP chromogenic substrate (TMB, Eurobio Scientific) after 3 washing steps in PBST.
After 10 min incubation, the reaction was stopped by adding 1M H3PO4 and optical densities

were measured at 450 nm (OD 450). All tests were performed in triplicate.

RESULTS

Nasopharyngeal swabs and blood samples

Nasopharyngeal swabs and serum samples collected before November 2019 were used as
negative samples (pre-COVID-19 pandemic). To investigate the kinetics of anti SARS-CoV-2
mucosal antibody responses in comparison with systemic responses, we took advantage of the
comprehensive longitudinal sampling performed for four of the first COVID-19 cases detected
in France.

The patients were admitted at Hospital Bichat, Paris, and confirmed for SARS-CoV-2 infection
by RT-PCR at the time of admission. They experienced different clinical evolutions: two
exhibited severe disease, one being fatal, and two had mild disease [14]. Three to eight NPS
samples collected between days 10 and 24 post symptoms onset (PSO), and five to nine blood
samples collected between days 10 and 32 PSO, including dates matching the NPS, were used
to explore the IgG and IgA anti-N response of each of the patient. Clinical history and sampling

periods are summarized in Table 1.

Detection of anti-N antibodies by ELISA

We previously developed an anti-N ELISA test to assess antibody level in plasma or sera [13].
In this study, we adapted this ELISA to the detection of anti-N antibodies in the NPS, and used
it to compare the production of antibodies in the plasma and in the NPS. Serial 2-fold dilutions

of the samples were assessed for anti-N IgG and IgA antibodies, using anti IgG and anti IgA
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secondary antibodies in otherwise strictly identical experimental settings. Sera or NPS samples
of pre-epidemic patients were run in parallel to patient samples, to give the background anti-N
IgG and IgA detection level in each fluid type.

Signals of both IgG and IgA anti-N antibodies (OD450) in the patient’s plasma were clearly
above that observed for pre-pandemic samples for all patients except patient 5 (Figurel).
Anti-N signals in the NPS were distinct from the pre-pandemic NPS for the two severe patients,
indicating that anti-N IgG and IgA antibodies can be specifically detected in NPS samples from
COVID-19 patients (Figure 2).

Antibody titers were derived from the dilution curves, and expressed as RD50 (i.e the
reciprocal serum dilution necessary to obtain 50% of maximum ELISA OD450 values). For
both IgG and IgA measurements, matched cut off values were calculated for the plasma and
NPS by calculating the mean RDs titer of negative pre-pandemic samples + 3 Standard
deviations (sera: n=46; NPS: n=48 for IgG; n= 27 for IgA).

The anti N serological response of the patients

Patient 1, who developed secondary severe symptoms, showed a robust serological response
all along the sampling period, from the patient’s discharge from ICU (day 12 PSO) until day
32 PSO after the patient's full recovery and discharge from hospital (Table 1). The IgG levels
were constantly high (47.000 to 94.000 RD50, cut off value = 379), and the IgA levels were
low (360 to 1300 RD50, cut off value = 56) (Figure 3). Patient 1 therefore demonstrated
markedly different levels of IgG and IgA in the plasma, with IgG titers 70- to 130-fold higher
than IgA titers. The humoral response in the plasma of this patient appears prominently driven
by IgG, and persists over time without any obvious changes.

Patient 3, with a rapidly progressing severe disease leading to death, had lower IgG levels but
higher IgA levels compared to Patient 1. Indeed, between days 15 and 22 PSO, IgG titers ranged
from 11,000 to 15,000 RD50, and IgA titers from 2,600 to 6,400 RD50 (Figure 3), and IgG
levels were only 2.5- to 4.5-fold higher than IgA titers. Antibody levels did not vary
significantly until a decline on day 24 PSO, when patient 3 died, probably reflecting the general
organism breakdown.

Patient 4 had IgG antibody levels progressively increasing over time in the plasma (from 1,000
to 12,000 RD50). In contrast, the levels of IgA antibodies were

constant and low, at titers around 600 RD50 (Figure 3). The IgG/IgA ratio increased from 2.5
to 6.5 from days 14 to 20 PSO, and reached a value of 25 by day 28 PSO. This reflects a

developing serological IgG response after patient’s recovery.
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Patient 5 did not show any significant seroconversion to SARS-CoV-2 N protein, despite
development of mild symptoms and confirmation of infection by RT-PCR [14]. For this patient
IgG antibodies were only detected at a titer above the cut off value at day 23 PSO (Figure 3),

after discharge from the hospital and full recovery.
Detection of anti N antibodies in nasopharyngeal swab

Since, unlike plasma, the amount of biological material recovered in NPS and placed in liquid
transport medium is not constant from one sample to another, we compared the IgG and IgA
levels within each NPS sample, but did not perform day-by-day nor patient-to-patient
comparisons. IgG and IgA ELISA signals above the cut-off were detected in NPS of patients
1 and 3, indicating the occurrence of a humoral response in the nasopharyngeal mucosa of these
patients (Figure 4). The IgG to IgA ratio in NPS of patient 1 markedly differed over time. It
decreased from 80 at day 14 PSO to 9 and 14 at days 19 and 21 PSO, respectively. Then a
sharp increase was observed at day 23, reflecting the collapse of IgA levels while IgG antibodies
remained at high levels (Figure 4). Such IgA drop in the NPS occurred one week after the
patient became free of symptoms ([Fable 1). Patient 3 exhibited an IgG/IgA ratio in NPS
oscillating between 4 and 8 over time. No evolution of this ratio was observed along with illness
severity, which led to death on day 24. Patient 4 showed a weak IgG response in the NPS at
days 16 and 19 PSO, indicating a moderate but significant activation of the humoral response
in the nasal mucosa, driven by IgG antibodies. Patient 5 did not demonstrate any IgG response

in NPS. As both patients 4 and 5 are devoid of anti N IgA in NPS, the IgG/IgA ratio is irrelevant.

DISCUSSION

We report here the matched detection of SARS-CoV-2 anti-N IgG and IgA, in the NPS and in
the plasma of four well-characterized COVID-19 patients, two severe patients, and two pauci-
symptomatic patients who remained under survey at the hospital despite their mild symptoms
given that the epidemic was in its early stage.

The two patients with severe disease, patients 1 and 3, showed stable anti-N IgG and IgA
responses in the plasma, indicating that the maximal serological response had been reached,
which is in line with the time post symptoms sampled [18]. Their serological response was
nevertheless clearly distinct. The humoral response in the plasma of patient 1 was dominated
by a strong IgG response, the IgG/IgA ratio being constantly around 100. Patient 3 had a less
robust IgG response and a stronger IgA response than patient 1, with an IgG /IgA ratio between

2.5 and 4.5. Given that virus clearance and COVID-19 recovery occurred for patient 1 but not
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patient 3, who suffered an active viral replication until the fatal outcome of his disease, these
results suggest that serological IgA antibodies are not the main drivers of disease resolution.
We could also detect IgG and IgA in the NPS of these severe patients, indicating the occurrence
of a humoral response at the initial site of infection, the nasopharyngeal mucosa. The IgA levels
in NPS were consistently lower than IgG just as in plasma, suggesting that the mucosal response
was dominated by an IgG response at late times of infection. This differs from the mucosal
response that has been detected in COVID-19 patient’s saliva earlier post infection, where
higher proportions of IgA were detected [19].

The mucosal IgA response of patient 1 developed after symptoms improvement following the
severe phase of his illness. The IgG/IgA ratio in the NPS followed a v-shaped progression,
dropping from 80 to about 10 due to a transient rise in the IgA levels, then back up to 100 owing
to IgA collapse. The transient rise in mucosal IgA antibodies between 19 and 21 days PSO
indicates the development of an IgA-based mucosal response, that is delayed compared to the
serological response, since at the exact same days PSO the IgA levels in the plasma
progressively decreased (Figures 3 and 4). Patient 3’s IgG/IgA ratio is constant over time, and
in the order of 5 in both plasma and NPS. Beyond patient’s age, the antibody rate in the plasma,
far higher for patient 1 than 3, could underlie different disease outcome. Patient 1 is
characterized by a clear predominant IgG response in both plasma and NPS, detected upon
disease resolution after the period of symptoms worsening. In contrast, patient 3's IgG response
remained moderate and close to the IgA levels both in the plasma and in the nasal mucosa,
suggesting that the anti-N IgG humoral response might be one determinant of virus clearance.
For the two pauci-symptomatic patients, while their clinical profiles were very similar (mild
symptoms, full recovery at hospital discharge that corresponds to the last day or sampling), we
also observed divergent anti-N humoral responses. Patient 4 exhibited an anti IgG response in
the plasma still increasing at 28 days PSO, which reflects a delayed IgG response compared to
severe patients, in agreement with previous reports [15]. Patient 4 seems to have developed an
earlier serological IgA response, reflected by constant IgA levels in the plasma between days
16 and 20 PSO, although antibody measurement in earlier samples would be required to confirm
that point. In addition, the serological IgA response of patient 4 appears transient, as the IgA
level decreased on the last day of sampling (day 32 PSO), while the IgG level continued to
increase. A sustained stable or increasing IgG response over time in symptomatic individuals
with mild disease has recently been linked to a shorter time to disease resolution [20], as was
the case of patient 3. We did not detect any IgA in the NPS of this patient, making the IgG/IgA

ratio irrelevant. A weak and transient IgG response could be detected in the NPS of this patient
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during the asymptomatic period, concomitant with the increase of the IgG response in the
plasma.

Patient 5 did not develop any significant antibody response against N, neither in the plasma nor
in NPS. Such different humoral responses could not be due to a different sampling time, since
they covered a similar period post symptoms for both pauci-symptomatic patients (days 14-28
and 10-23 for patients 4 and 5 respectively). The case of patient 5 further demonstrates that a
RT-PCR confirmed COVID-19 infected individual may show a delayed seroconversion, as IgG
were only detected at day 23 PSO. However, analysis of later time points would have been
required to document a further increase in IgG titers, as shown for individuals with low initial
antibody titers [21], or whether this patient belongs to the small fraction of pauci-symptomatic
patients defined as “IgG non-responders” [15]. We extend here these observations to the IgA
serological response, and show herein that patient 5 did not either develop any detectable
mucosal humoral response. The fact that some pauci-symptomatic patients may not develop
any humoral response neither in the nasal mucosa nor in serum, should be taken into account
in seroprevalence surveys. It also suggests that non-humoral, innate or cell-mediated immunity
may be sufficient to resolve infection as previously reported [22] .

In conclusion, we compared for the first time the IgG and IgA responses in the plasma and in
the NPS. Exploring four well-documented confirmed Covid-19 patients with different disease
profiles, we identified different antibodies responses according to (i) the severity of the
symptoms (symptomatic vs pauci-symptomatic) (ii) disease progression (severe leading to
death vs severe resolved), (iii) variations among pauci-symptomatic patients. These conclusions
are nevertheless to be substantiated with other longitudinal studies of both severe, pauci-

symptomatic or asymptomatic individuals.

LEGEND TO TABLE AND FIGURES

Table 1- Summary of sampling dates along with patient’s illness history. The data are from

(14).

Figure 1- Detection of IgG and IgA anti N antibodies in patient’s plasma. ELISA measuring
plasma IgG and IgA reactivity to SARS-CoV-2-N protein for each patient (p1,3,4,5). Graphs
show the optical density units at 450 nm (Y axis) and reciprocal plasma dilutions (X axis) of

each sample, taken at different times PSO, as described in Table 1. Dilutions of pre-epidemic
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control sera are in grey, the filled light grey area shows ELISA signals generated by negative

serum samples.

Figure 2 - Detection of IgG and IgA anti N antibodies in patient’s NPS. ELISA measuring
the IgG and IgA reactivity in the NPS for each patient (p1,3,4,5). Graphs show the optical
density units at 450 nm (Y axis) and reciprocal plasma dilutions (X axis) of each sample, taken
at different times PSO, as described in Table 1. Dilutions of pre-epidemic control NPS are in

grey, the filled light grey area shows ELISA signals generated by negative NPS samples.

Figure 3- IgG ang IgA antibody titers in patient’s plasma. Antibody titers calculated as RDso
(Y axis) are plotted according to the day PSO (X axis). Main steps of the patient’s clinical
history are shown by arrows. The positive thresholds of IgG and IgA detection, deduced from
the mean ICso of pre-epidemic samples + 3SD, are shown as pink (IgG) and blue (IgA) dotted

lines respectively.

Figure 4- IgG ang IgA antibody titers in patient’s NPS. Antibody titers calculated as RDso
(Y axis) are plotted according to the day PSO (X axis). The positive thresholds of IgG and IgA
detection, deduced from the mean ICso of pre-epidemic NPS samples + 3SD, are shown as pink
(IgG) and blue (IgA) dotted lines respectively. The ratio of IgG to IgA titers is indicated when

appropriate.
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TABLE AND FIGURES

SARS CoV2
RT-qPCR®

$%%

day PSO* illness history** NPS® plasma

patient 1

0

1|influenza like symptom
6|hospital admision, diagnosed COVID-19 PCR +
10|ICU admission, symptoms worthening PCR -
13[ICU discharge, patient improvement PCR - X
14|PCR neg PCR -
19]|asymptomatic
21]asymptomatic
23|asymptomatic

25| hospital discharge

XX |X|Xx

XX | XXX

patient 3

fever and diarrhoea

hospital admision- Not diagnosed as COVID19
ICU admission- acute respiratory failure
ICU-diagnosed COVID19 PCR +

N~ |O

15(ICU
16(ICU
17(ICU
18|I1CU
19(ICU
20(ICU PCR +
21]ICU
22[ICU PCR -
24|death PCR - X

X | X | X

X | X | X | X

X IX |[X X [X|X[Xx[x[Xx

patient 4

moderate influenza-like symptoms
hospital admission-diagnosed COVI19 PCR +
mild symptoms PCR +
mild symptoms PCR +
mild symptoms PCR -
11|asymptomatic
12 |asymptomatic PCR -
14|asymptomatic
16|asymptomatic
18|asymptomatic X
19]|asymptomatic X
20[asymptomatic X
21[hospital discharge
28|asymptomatic X

Olo|w[N|RL|O

patient 5

hospital admission-mild syptoms- dry cough
PCR +-high viral load--COVID diagnosed PCR +
mild symptoms PCR +
asymptomatic PCR +
10|asymptomatic PCR -
12 [asymptomatic
14|asymptomatic PCR -
16[asymptomatic PCR -
21|hospital discharge
23|asymptomatic X

(W IN|FR|O

X X |[X | X

* days post symptoms onset, ** mains steps in clinical evolution, $ Detection of SARS CoV2 viral RNA
RT-gPCR in NPS, $$ NPS samples used in this study, $$$ plasma samples used in this study.
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Figure 1- Detection of IgG and IgA anti N antibodies in patient’s plasma. ELISA measuring
plasma IgG and IgA reactivity to SARS-CoV-2-N protein for each patient (p1,3,4,5). Graphs show

the optical density units at 450 nm (Y axis) and reciprocal plasma dilutions (X axis) of each sample,
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Table 1- Summary of sampling dates along with patient’s illness history. The data are

from (14).
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Figure 2 - Detection of IgG and IgA anti N antibodies in patient’s NPS. ELISA
measuring the IgG and IgA reactivity in the NPS for each patient (p1,3,4,5). Graphs show

the optical density units at 450 nm (Y axis) and reciprocal plasma dilutions (X axis) of each
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Figure 3- IgG ang IgA antibody titers in patient’s plasma. Antibody titers calculated as
RDso (Y axis) are plotted according to the day PSO (X axis). Main steps of the patient’s
clinical history are shown by arrows. The positive thresholds of IgG and IgA detection,
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Figure 4- IgG ang IgA antibody titers in patient’s NPS. Antibody titers calculated as
RDso (Y axis) are plotted according to the day PSO (X axis). The positive thresholds of IgG
and IgA detection, deduced from the mean ICso of pre-epidemic NPS samples + 3SD, are
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