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METHODS FOR DETECTING THE PRESENCE OF CORONAVIRUS-SPECIFIC
ANTIBODIES IN A SUBJECT

FIELD OF THE INVENTION:

The present invention is in the field of medicine in particular immunology and virology.

BACKGROUND OF THE INVENTION:

Coronaviridae is a family of enveloped, positive-sense, single-stranded RNA viruses.
The viral genome is 2632 kilobases in length. The particles are typically decorated with large
(~20 nm), club- or petal-shaped surface projections (the "peplomers" or "spikes"), which in
electron micrographs of spherical particles create an image reminiscent of the solar corona. In
late December 2019, a new betacoronavirus SARS-CoV-2 has emerged in Wuhan China [1-3].
The World Health Organization has named the severe pneumonia caused by this new
coronavirus COVID-19 (for Corona Virus Disease 2019, WHO, 2020). Since its emergence,
the SARS-CoV-2 has spread to 159 countries across the five continents causing, at the time of
the writing, about 213,254 human infections with 81,238 cases in China (ECDC, March 19
2020). Europe has recently become the epicenter of COVID-19 epidemics with 82,869
confirmed cases; the majority of them being reported in Italy with 35,713 cases and 2978
deaths. In France, the number of confirmed cases is increasing with about 10,995 and 372 deaths
on mid-march 2019 (Santé Publique France). To fight against the COVID-19 pandemic in a
long term, in addition to the containment measures implemented in many countries, reliable
diagnostic methods are highly desirable.

The reference standard of molecular test for diagnosis of COVID-19 is reverse
transcription—polymerase chain reaction (RT-PCR), which detects viral RNA using
nasopharyngeal swabs or other upper respiratory tract specimens. Therefore, RT-PCR remains
the primary method of diagnosing SARS-CoV-2 despite limitations including false-negative or
false-positive results due to the technique itself, insufficient amount of material at the site of
sample collection, or inappropriate time of sampling. Serological tests are essential
complements to molecular tests because they can identify individuals with SARS-CoV-2 at a
distance from infection, when RT-PCR has become negative or was inconclusive.

Besides diagnosis, serological tests are useful for epidemiological purposes, vaccination
research, and, possibly, for assessment of the level of protection toward reinfection. Serological

assays evaluate the humoral immune response to nucleocapsid (N) or Spike (S) proteins as they
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have been shown to be the most immunogenic proteins among coronaviruses (Meyer et al .,
2014).In particular, the development and availability of tests for the detection and quantification
of anti-SARS-CoV-2 antibodies in subjects with COVID-19 is of strong diagnostic interest. On
an individual basis, they would potentially provide information on the state of protection against
reinfection. They would also make it possible to determine a posteriori the level of exposure of
the population to the virus, thus constituting an element likely to guide a strategy of containment
or lifting of containment.

Serological tests include lateral flow immunoassays (LFIAs), chemiluminescent assays
(CLIAs), bead-based assays, immunometric luminescence, electrochemiluminescence
immunoassays, or enzyme-linked immunosorbent assays (ELISA). Tests typically detect the
presence of antibodies (Abs) against the S protein or its domains (S1, S2, or RBD) and/or the
N protein. The sensitivity of SARS-CoV-2 immunoassays may vary widely according to the
time when serum samples were collected, with a higher sensitivity for CLIAs and ELISAs than
for LFIAs, whereas the specificity of the different tests is typically higher than 95% (Lisboa
Bastos et al., 2020).

To date, in addition to non-quantitative rapid tests, only tests based on the ELISA, CLIA
or LFTA method have been reported.

In a recent study, Cai et al. developed a peptide-based luminescent immunoassay to
detect anti-protein S IgG and IgM in the 276 sera from confirmed patients. They evaluated the
sensitivity of the test at 71.4 % , 57.2% and 81,5% for IgG, IgM and IgM+G respectively.

In another recent study, Guo et al. analyzed the humoral response (IgA, IgM and IgG)
in 82 confirmed patients and 58 subjects suspected of COVID-19 (qPCR negative but
suggestive clinical signs). Using an ELISA test using recombinant N capsid protein as antigen,
they detected anti-nucleocapsid IgM and IgA 5 days after the onset of the first symptoms and
14 days for IgG. The positive serum levels were 85, 93 and 78% respectively. The anti-
nucleocapsid N IgM positivity between positive and probably infected subjects was 76% and
93% respectively. The authors also showed that a serological test such as this one allowed an
earlier diagnosis of the disease compared to quantitative PCR which relies on the detection of
the viral genome with a possibly less sensitive technique. Moreover, the combination of the two
techniques significantly increased the detection rate of positive sera to 98.6% (Guo, 2020).

Xiang and colleagues using an ELISA from Zhu Hai Liv Zon Diagnostics evaluated the
sensitivity of the test at 44, 82 and 87% for IgM, IgG and IgM+G respectively for a specificity
of 100%. Reproducibility was 64, 89 and 92%, respectively. The combined use of an IgM
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ELISA and an IgG ELISA (here referred to as IgM+G ELISA) appears to be even more
sensitive than qPCR (87% vs. 52%). However, the antigen used in this study is not known.

In another study, Xia et al. did similar work with an ELISA using an unspecified antigen
and came to the same conclusion. The sensitivity of the combined IgM+G ELISA is superior
to that of single class ELISAs and to that of the qPCR.

EUROIMMUN develops ELISAs using different coronavirus proteins including the
Spike protein of SARS-CoV-2 produced in HEK293T cells. Using this test under development,
Okba and collaborators have demonstrated cross-reactivity between different coronaviruses.

Liu and colleagues using an anti-nucleocapsid and S-protein ELISA from Lizhu
(Zhuhai, China), detected with high sensitivity anti-SARS-Cov-2 IgM and IgG in 214 patients.
The IgM+G combination offers higher sensitivity than ELISAs detecting a single
immunoglobulin class (IgM or IgG). Finally, the anti-protein S ELISA is more sensitive than
the anti-nucleocapsid ELISA. Finally, Liu and colleagues from the same bridging laboratory
concluded with an anti-nucleocapsid ELISA that the sensitivity of this test was also higher than
that of the qPCR.

The ELISA method has the advantage that it can be used in many diagnostic
laboratories. However, the ELISA method requires a large amount of antigenic protein per
measuring point, which has an impact on the cost price. It does not allow the simultaneous
detection of several antibodies in the same well, which would be useful in the context of an
antiviral response against several antigens.

The Adressable Laser Beads ImmunoAssay (ALBIA) method based on the Luminex™
Technology is based on the principle of flow cytometry. It combines the use of fluorescent
polystyrene microbeads on which the target antigens are fixed and a double reading by two
lasers detecting the signals emitted by the microbeads and a coupled secondary antibody. Using
a panel of beads coupled to different antigens and containing a different ratio of red and orange
fluorescence, it is possible to multiplex the assays and detect several antibodies in the same

well. However, said method has not yet been investigated for diagnosis of coronavirus infection.

SUMMARY OF THE INVENTION:
As defined by the claims, the present invention relates to methods for detecting the

presence of coronavirus-specific antibodies in a subject.

DETAILED DESCRIPTION OF THE INVENTION:
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Here, the inventors have developed a multiplex addressable laser bead immunoassay
(ALBIA) to detect and quantify IgG Abs against the Spike S1 domain and nucleocapsid N, and
a monoplex ALBIA to assay for anti-S1 IgM Abs. Recombinant S1 and N proteins were bound
to fluorescent beads (ALBIA-IgG-S1/N). Abs were revealed using class-specific anti-human Ig
Abs. The performances of the test were analyzed on 575 serum samples including 192 from
SARS-CoV-2 polymerase chain reaction—confirmed patients, 13 from seasonal coronaviruses,
70 from different inflammatory/autoimmune diseases, and 300 from healthy donors. Anti-S1
IgM were detected by monoplex ALBIA-IgM-S1. Multiplex ALBIA-IgG-S1/N was effective
in detecting and quantifying anti-SARS-CoV-2 IgG Abs. Two weeks after first symptoms,
sensitivity and specificity were 97.7 and 98.0% (anti-S1), and 100 and 98.7% (anti-N),

respectively.

Accordingly, the first object of the present invention relates to a method for detecting

the presence of coronavirus-specific antibodies in a subject comprising the steps of:

a) placing a sample obtained from the subject, in a single assay receptacle, in the

presence of particles conjugated to a coronaviral polypeptide,

- b) incubating the mixture under conditions which allow the formation of
immunocomplexes on the particles,

- ¢) eliminating the immunoglobulins which have not bound to the particles, and

- d) detecting the immunocomplexes of step b) on the particles, whereby the presence

or absence of coronavirus-specific antibodies is revealed.

As used herein, the term “coronavirus” has its general meaning in the art and refers to
any member of members of the Coronaviridae family. Coronavirus is a virus whose genome 1s
plus-stranded RNA of about 27 kb to about 33 kb in length depending on the particular virus.
The virion RNA has a cap at the 5 end and a poly A tail at the 3’ end. The length of the RNA
makes coronaviruses the largest of the RNA virus genomes. In particular, coronavirus RNAs
encode: (1) an RNA-dependent RNA polymerase; (2) N-protein; (3) three envelope
glycoproteins; plus (4) three non-structural proteins. In particular, the coronavirus particle
comprises at least the four canonical structural proteins E (envelope protein), M (membrane
protein), N (nucleocapsid protein), and S (spike protein). The S protein is cleaved into 3 chains:
Spike protein S1, Spike protein S2 and Spike protein S2'. Production of the replicase proteins
is initiated by the translation of ORFla and ORFlab via a —1 ribosomal frame-shifting

mechanism. This mechanism produces two large viral polyproteins, ppla and pplab, that are
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further processed by two virally encoded cysteine proteases, the papain-like protease (PLpro)
and a 3C-like protease (3CLpro), which is sometimes referred to as main protease (Mpro).
Coronaviruses infect a variety of mammals and birds. They cause respiratory infections
(common), enteric infections (mostly in infants >12 mo.), and possibly neurological syndromes.
Coronaviruses are transmitted by aerosols of respiratory secretions. Coronaviruses are
exemplified by, but not limited to, human enteric coV (ATCC accession # VR-1475), human
coV 229E (ATCC accession # VR-740), human coV OC43 (ATCC accession # VR-920),
Middle East respiratory syndrome-related coronavirus (MERS-Cov) and SARS-coronavirus
(Center for Disease Control), in particular SARS-Cov1 and SARS-Cov2.

In some embodiments, the subject can be human or any other animal (e.g., birds and
mammals) susceptible to coronavirus infection (e.g. domestic animals such as cats and dogs;
livestock and farm animals such as horses, cows, pigs, chickens, etc.). Typically said subject is
a mammal including a non-primate (e.g., a camel, donkey, zebra, cow, pig, horse, goat, sheep,
cat, dog, rat, and mouse) and a primate (e.g., a monkey, chimpanzee, and a human). In some
embodiments, the subject is a non-human animal. In some embodiments, the subject is a farm
animal or pet. In some embodiments, the subject is a human. In some embodiments, the subject
is a human infant. In some embodiments, the subject is a human child. In some embodiments,
the subject is a human adult. In some embodiments, the subject is an elderly human. In some

embodiments, the subject is a premature human infant.

In some embodiments, the subject can be symptomatic or asymptomatic. As used herein,
the term "asymptomatic" refers to a subject who experiences no detectable symptoms for the
coronavirus infection. As used herein, the term "symptomatic" refers to a subject who
experiences detectable symptoms of coronavirus infection. Symptoms of coronavirus infection

include: fatigue, anosmia, headache, cough, fever, difficulty to breathe.

As used herein, the term “sample" as used herein refer to a biological sample obtained
for the purpose of in vitro evaluation. Typical biological samples to be used in the method
according to the invention are blood samples (e.g. whole blood sample or serum sample). In
some embodiments, said biological liquids comprise blood, plasma, serum, saliva and
exsudates. Thus, in some embodiments, the sample is chosen from blood samples, plasma
samples, saliva samples, exsudate samples and serum samples. Preferably, the sample is a blood

sample, a serum sample or a plasma sample.
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As used herein, the term “antibody”, "immunoglobulins" or “Igs” has its general
meaning in the art and relates to proteins of the immunoglobulin superfamily. The
immunoglobulins are characterized by a structural domain, i.e., the immunoglobulin domain,
having a characteristic immunoglobulin (Ig) fold. The term encompasses secretory
immunoglobulins. Immunoglobulins generally comprise several chains, typically two identical
heavy chains and two identical light chains which are linked via disulfide bonds. These chains
are primarily composed of immunoglobulin domains, including the VL. domain (light chain
variable domain), the CL domain (light chain constant domain), the VH domain (heavy chain
variable domain) and the CH domains (heavy chain constant domains) CH1, optionally a hinge
region, CH2, CH3, and optionally CH4. There are five main heavy chain classes (or isotypes)
which determine the functional activity of an antibody molecule: mu () for IgM, delta (6) for
IgD, gamma () for IgG, alpha (a) for IgA and epsilon (¢) for IgE. In the context of the invention,
the immunoglobulin may be an IgM, IgD, IgG, IgA or IgE. Preferably, the immunoglobulin is
an IgG. As well-known from the skilled person, the IgG isotype encompasses four subclasses:
the subclasses 1gG1, 1gG2, 1gG3 and 1gG4. The IgA isotype encompasses 2 subclasses: IgAl

and IgA2 immunoglobulins.

As used herein, the term "particle" has its general meaning in the art and refers to a
particle from 1 nm to 1000 nm, preferably from 100 to 500 nm and even more preferably from
350 to 450nm in size. In some embodiments, the size of the particle is about 400nm. A particle
may typically be spherical, though the shape is not limited to that of a sphere and may include
other shapes like spheroid, irregular particles, cubes, irregular cubes, and disks. According to

the present invention the term “particle” is interchangeable with the term “bead”.

In some embodiments, the particle of the present invention is made of an organic
polymer. Organic polymers encompass, but are not limited to, polystyrene, poly(vinyl acetate),
poly(methylstyrene), poly(acrylamide), poly(acrylonitrile), poly(vinyl chloride), poly(butyl
acrylate), poly(acrylic acid), copolymers of styrene and C1-C4alkyl (meth)acrylate, copolymers
of styrene and acrylamide, copolymers of styrene and acrylonitrile, copolymers of styrene and
vinyl acetate, copolymers of acrylamide and C1-C4 alkyl (meth)acrylates, copolymers from
acrylonitrile and C1-C4 alkyl (meth)acrylate, copolymers of acrylonitrile and acrylamide,
terpolymers from styrene, acrylonitrile and acrylamide, poly(methyl methacrylate), poly(ethyl

methacrylate), copolymers styrene/butadiene, styrene/acrylic acid, styrene/vinylpyrrolidone
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and butadiene/acrylonitrile, or methoxy poly(ethylene glycol)-poly(lactide) copolymer
(MPEG-PLA). Polymer particles can be crosslinked or not. For instance, organic particles
include, but are not limited to, nylon (for example marketed by ATOCHEM), polyethylene
powders (for example marketed by PLAST LABOR), poly-2-alanine powders, polyfluorinated
powders such as polytetrafluoroethylene (for example marketed by DUPONT DE NEMOURYS)),
acrylic copolymer powders (for example marketed by DOW CHEMICA), polystyrene powders
(for example marketed by PRESPERESE), polyester powders, expanded microspheres in
thermoplastic material (for example marketed by EXPANCEL), microballs of silicon resins
(for example marketed by TOSHIBA), synthetic hydrophilic polymer powders such as
polyacrylates (for example marketed by MATSUMOTO), acrylic polyamides (for example
marketed by ORIS), insoluble polyurethanes (for example marketed by TOSHNU), porous

microspheres of cellulose, micro- or particles of PTFE (polytetrafluoroethylene).

In some embodiments, the particles are selected to have a variety of properties useful
for particular experimental formats. For example, particles can be selected that remain
suspended in a solution of desired viscosity or to readily precipitate in a solution of desired
viscosity. Particles also can be coded for identification purposes, such as by bar codes,
luminescence, fluorescence and the like. A variety of coded particles are well known to those
skilled in the art, and include for example, Luminex® and Cyvera® coded particles. With
regard to coded particles, each particle can include a unique code, preferably, the coded
particles contain a code other than that present in the detectable tag used to detect the presence
or amount of modified substrate (e.g., support-bound product portion, free product portion, or
modified support-bound substrate). The code can be embedded (for example, within the interior
of the particle) or otherwise attached to the particle in a manner that is stable through
hybridization and analysis. The code can be provided by any detectable means, such as by
holographic encoding, by a fluorescence property, color, shape, size, light emission, quantum
dot emission and the like to identify particle and thus the capture probes immobilized thereto.
For example, the particles may be encoded using optical, chemical, physical, or electronic tags.
Examples of such coding technologies are optical bar codes fluorescent dyes, or other means.
One exemplary platform utilizes mixtures of fluorescent dyes impregnated into polymer
particles as the means to identify each member of a particle set to which a specific capture probe
has been immobilized. Another exemplary platform uses holographic barcodes to identify
cylindrical glass particles. For example, Chandler et al. (U.S. Pat. No. 5,981,180) describes a

particle-based system in which different particle types are encoded by mixtures of various
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proportions of two or more fluorescent dyes impregnated into polymer particles. Soini (U.S.
Pat. No. 5,028,545) describes a particle-based multiplexed assay system that employs time-
resolved fluorescence for particle identification. Fulwyler (U.S. Pat. No. 4,499,052) describes
an exemplary method for using particle distinguished by color and/or size. U.S. Patent
Publication Nos. 2004-0179267, 2004-0132205, 2004-0130786, 2004-0130761, 2004-
0126875, 2004-0125424, and 2004-0075907 describe exemplary particles encoded by
holographic barcodes. U.S. Pat. No. 6,916,661 describes polymeric particles (e.g.,
microparticles) that are associated with particles that have dyes that provide a code for the

particles.

As used herein, the term "antigen" refers to a substance that can cause the immune
system to produce an antibody response against it, and possibly can trigger a biological reaction
when an antibody binds to it under the appropriate in vivo conditions. The term antigen as used
herein shall refer to a whole target molecule or a fragment of such molecule recognized by an
antigen binding site. Specifically, substructures of an antigen, e.g. a polypeptide, generally
referred to as "epitopes", which are immunologically relevant, may be recognized by an
antibody. In particular, an antigen according to the present invention is a coronaviral
polypeptide such as described herein after and typically includes N, S, S1, S2, S2° and PL-Pro
antigens. Thus, in some embodiments, the antigen of the present invention comprises at least
one epitope. Methods for identifying and characterizing epitopes are well known in the art.
Typically, said methods include but are not limited to epitope prediction algorithms and MHC
associated peptidome identified by mass spectrometry (MS).

As used herein, the terms “polypeptide”’, “peptide,” and “protein” are used
interchangeably herein to refer to polymers of amino acids of any length. Polypeptides when
discussed in the context of the present invention refer to the respective intact polypeptide, or
any fragment or genetically engineered derivative thereof, which retains the desired

biochemical function and/or conformation of the intact protein.

In some embodiments, the coronaviral polypeptide derives from the nucleoprotein (N)
protein. In some embodiments, the coronaviral polypeptide has an amino acid sequence having
at least 90% of identity with the amino acid sequence as set forth in SEQ ID NO:1. In some
embodiments, the coronaviral peptide comprises 15; 16; 17; 18; 19; 20, 21, 22; 23; 24; 25, 26,
27, 28;29; 30; 31;32; 33; 34; 35,36, 37; 38;39; 40; 41; 42; 43; 44, 45; 46; 47, 48; 49; 50; 51;
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52; 53; 54; 55; 56, 57; 58; 59; 60; 61; 62; 63; 64; 65; 66, 67; 68; 69; 70; 71; 72; 73; 74; 75; 76;
7778; 79; 80; 81; 82; 83; 84; 85; 86; 87; 88; 89; 90; 91; 92; 93; 94; 95; 96; 97; 98; 99; 100; 101;
102; 103; 104; 105; 106; 107; 108; 109; 110; 111, 112; 113; 114; 115;116; 117, 118; 119; 120,
121; 122; 123; 124; 125; 126; 127, 128; 129; 130, 131; 132; 133; 134; 135; 136, 137; 138; 139,
140; 141, 142; 143; 144, 145; 146, 147, 148; 149, 150; 151; 152; 153; 154; 155, 156; 157; 158,
159; 160; 161; 162; 163; 164; 165, 166, 167; 168, 169; 170; 171, 172; 173; 174, 175, 176; 177,
178; 179, 180; 181; 182; 183; 184; 185; 186; 187, 188; 189; 190, 191; 192; 193; 194; 195; 196,
197; 198; 199; 200, 201; 202; 203; 204; 205; 206, 207; 208; 209, 210; 211; 212; 213; 214; 215,
216; 217, 218; 219; 220, 221; 222; 223, 224; 225, 226, 227, 228, 229; 230; 231, 232; 233; 234,
235, 236, 237, 238; 239, 240; 241, 242, 243; 244, 245, 246; 247, 248; 249; 250, 251; 252; 253,
254; 255, 256; 257, 258, 259; 260; 261, 262; 263, 264; 265; 266, 267; 268; 269, 270; 271; 272,
273,274, 275, 276; 277, 278; 279, 280, 281; 282; 283; 284; 285, 286; 287; 288; 289; 290; 291,
292; 293, 294; 295; 296, 297; 298; 299, 300; 301; 302; 303; 304; 305; 306; 307; 308; 309; 310,
311;312;313;314;315;316; 317, 318;319; 320, 321; 322; 323; 324; 325, 326; 327, 328, 329;
330; 331; 332; 333, 334; 335, 336, 337; 338; 339, 340; 341, 342; 343; 344, 345; 346; 347, 348;
349; 350; 351, 352; 353; 354; 355, 356; 357, 358; 359; 360, 361; 362; 363; 364; 365; 366, 367,
368; 369,370,371, 372,373,374, 375,376,377, 378; 379, 380; 381; 382; 383; 384; 385, 386;
387; 388; 389; 390, 391; 392; 393; 394; 395; 396, 397; 398, 399; 400; 401, 402; 403; 404, 405;
406; 407, 408; 409; 410; 411; 412; 413; 414; 415; 416, 417, 418; 419 consecutive amino acids
in SEQ ID NO:1.

SEQ ID NO:1 >sp|PODTCY|NCAP SARS2 Nucleoprotein OS=Severe acute
respiratory syndrome coronavirus 2 0X=2697049 GN=N PE=1 3sVv=1
MSDNGPONQRNAPRITEFGGPSDSTGSNOQNGERSGARSKQRRPOQGLPNNTASWETALTQHG
KEDLKEFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLSPRWYEFYYLGTGPEAG
LPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAATVLOQLPOQGTTLPKGEFYAEGSRGGS
QASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGDAALALLLLDRLNQLESKMSGKGQQ
QOGOTVTKKSAAEASKKPROKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKH
WPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAY
KTFPPTEPKKDKKKKADETQALPQROKKQOTVITLLPAADLDDESKQLOQSMSSADSTQA

In some embodiments, the coronaviral polypeptide derives from the spike (S) protein.
In some embodiments, the coronaviral polypeptide derives from the S1 protein. In some
embodiments, the coronaviral polypeptide derives from the S2 protein. In some embodiments,
the coronaviral polypeptide derives from the S2° protein. In some embodiments, the coronaviral
polypeptide has an amino acid sequence having at least 90% of identity with the amino acid
sequence as set forth in SEQ ID NO:2. In some embodiments, the coronaviral polypeptide has

an amino acid sequence having at least 90% of identity with the amino acid sequence that ranges
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from the amino acid residue at position 13 to the amino acid residue at position 685 in SEQ ID
NO:2 (“S1 protein”). In some embodiments, the coronaviral polypeptide has an amino acid
sequence having at least 90% of identity with the amino acid sequence that ranges from the
amino acid residue at position 686 to the amino acid residue at position 1273 in SEQ ID NO:2
(“S2 protein”). In some embodiments, the coronaviral polypeptide has an amino acid sequence
having at least 90% of identity with the amino acid sequence that ranges from the amino acid
residue at position 816 to the amino acid residue at position 1273 in SEQ ID NO:2 (“S2’
protein”). In some embodiments, the coronaviral polypeptide comprises 15; 16; 17; 18; 19; 20,
21; 22; 23; 24; 25; 26; 27, 28; 29; 30; 31; 32; 33; 34; 35; 36; 37, 38; 39; 40; 41; 42; 43; 44, 45;
46; 47; 48; 49; 50; 51; 52; 53; 54; 55; 56; 57; 58; 59; 60; 61; 62; 63; 64; 65; 66; 67; 68; 69; 70;
71, 72;73;74;75; 76, 7778; 79, 80; 81; 82; 83; 84; 85; 86; 87; 88; 89; 90; 91; 92; 93; 94; 95;
96: 97: 98: 99: 100; 101; 102; 103; 104; 105: 106; 107; 108; 109; 110; 111: 112; 113; 114; 115;
116; 117; 118; 119; 120; 121; 122; 123; 124: 125; 126; 127; 128: 129; 130; 131; 132; 133; 134;
135; 136; 137; 138; 139; 140; 141: 142; 143; 144; 145; 146; 147: 148; 149; 150; 151; 152; 153;
154; 155; 156; 157; 158; 159; 160; 161; 162; 163; 164; 165; 166: 167; 168; 169; 170; 171; 172;
173; 174: 175; 176; 177; 178; 179; 180; 181; 182; 183; 184; 185: 186; 187; 188; 189; 190; 191;
192; 193: 194: 195; 196; 197; 198: 199: 200; 201; 202; 203; 204: 205: 206; 207; 208; 209; 210;
211; 212: 213; 214: 215; 216; 217: 218: 219; 220; 221; 222; 223: 224: 225: 226; 227; 228: 229;
230; 231: 232; 233: 234; 235; 236: 237; 238: 239; 240; 241; 242: 243; 244: 245; 246; 247: 248;
249: 250: 251; 252; 253; 254; 255: 256: 257; 258: 259; 260; 261: 262; 263; 264; 265; 266: 267;
268: 269: 270; 271; 272; 273; 274: 275: 276; 277; 278; 279; 280: 281; 282: 283: 284: 285: 286;
287: 288: 289: 290; 291; 292; 293: 294: 295: 296; 297; 298; 299: 300; 301; 302; 303; 304: 305;
306; 307; 308: 309; 310; 311; 312; 313; 314: 315; 316; 317; 318; 319; 320: 321; 322: 323: 324
325: 326 327: 328: 329: 330; 331: 332; 333: 334: 335: 336; 337; 338: 339: 340; 341; 342; 343;
344: 345: 346: 347; 348; 349; 350: 351; 352: 353; 354: 355; 356; 357: 358: 359: 360: 361; 362;
363: 364: 365: 366; 367; 368: 369 370: 371: 372; 373: 374; 375 376: 377: 378; 379; 380; 381;
382: 383: 384: 385 386; 387; 388: 389: 390: 391; 392; 393: 394; 395: 396: 397; 398: 399: 400;
401; 402: 403; 404; 405; 406; 407: 408: 409; 410; 411; 412; 413: 414; 415; 416; 417; 418; 419;
420: 421: 422; 423: 424: 425; 426: 427; 428: 429: 430; 431; 432: 433; 434: 435; 436; 437 438;
439: 440: 441; 442; 443; 444; 445: 446; 447; 448; 449; 450; 451: 452; 453; 454; 455; 456: 457,
458: 459: 460; 461; 462; 463; 464: 465: 466; 467; 468; 469; 470: 471; 472; 473; 474; 475: 476;
477 478: 479; 480; 481; 482; 483: 484: 485: 486; 487; 488; 489: 490; 491; 492: 493: 494: 495;
496; 497: 498: 499: 500; 501; 502; 503; 504: 505; 506; 507; 508: 509; 510; 511; 512; 513: 514;
515 516; 517; 518: 519; 520; 521; 522; 523: 524: 525: 526; 527; 528: 529: 530; 531; 532; 533;
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534; 535; 536; 537; 538; 539; 540; 541; 542; 543; 544; 545 546; 547; 548; 549; 550 551; 552;
553; 554; 555; 556: 557; 558; 559; 560; 561; 562; 563; 564 565; 566; 567, 568; 569 570; 571;
572; 573; 574; 575 576; 577; 578; 579; 580; 581; 582; 583; 584; 585; 586; 587; 588: 589; 590;
591; 592; 593; 594: 595; 596; 597; 598; 599: 600; 601; 602; 603; 604; 605; 606; 607; 608; 609;
610; 611; 612; 613; 614; 615 616; 617; 618; 619; 620; 621; 622; 623; 624; 625 626; 627; 628;
629; 630; 631; 632; 633; 634: 635; 636; 637; 638; 639; 640; 641; 642; 643; 644: 645; 646; 647,
648; 649; 650; 651; 652; 653; 654; 655; 656; 657; 658 659; 660; 661; 662; 663; 664; 665; 666;
667; 668; 669; 670; 671; 672; 673; 674; 675; 676, 677; 678; 679; 680; 681; 682; 683; 634; 685;
686; 687; 688; 689; 690; 691: 692; 693; 694; 695; 696; 697; 698; 699; 700; 701; 702; 703; 704;
705; 706; 707; 708; 709; 710; 711; 712; 713; 714; 715; 716; 717; 718; 719; 720; 721; 722; 723;
724; 725; 726; 727, 728; 729: 730; 731; 732; 733; 734 735; 736; 737, 738; 739; 740; 741; 742;
743; 744; T45; 746; TAT; 748; 749; 750; 751; 752; 753; 754; 755; 756; 757; 758; 759; 760; 761;
762; 763; 764; 765; 766; 167; 768; 769; 770; 771; 772; 773; 774; 775, 776, 177; 778; 779; 780;
781; 782; 783; 784 785; 786 787; 788; 789; 790; 791; 792; 793; 794 795; 796 797; 798; 799;
800; 801; 802; 803; 804; 805; 806; 807; 808; 809; 810; 811 812; 813; 814; 815; 816; 817, 818;
819; 820; 821; 822; 823; 824; 825; 826; 827 828 829; 830; 831; 832; 833; 834; 835; 836; 837;
838; 839; 840; 841; 842; 843; 844 845; 846; 847; 848; 849 850; 851; 852; 853; 854: 855; 856;
857; 858 859; 860; 861; 862; 863; 864; 865; 866; 867; 868 869; 870; 871; 872; 873 874; 875;
876; 877; 878; 879; 880; 831; 882; 883; 834: 885; 836; 887; 888; 889; 890; 891; 892 893; 894;
895; 896; 897; 898 899; 900; 901; 902; 903; 904; 905; 906; 907; 908; 909; 910; 911: 912; 913;
914; 915; 916; 917; 918; 919; 920; 921; 922; 923; 924: 925; 926; 927; 928; 929: 930; 931; 932;
933; 934; 935; 936; 937; 938 939; 940; 941; 942; 943: 944; 945 946; 947; 948: 949; 950; 951;
952; 953; 954; 955; 956; 957; 958; 959; 960; 961; 962; 963; 964; 965 966; 967; 968; 969; 970;
971; 972; 973; 974; 975; 976: 977, 978; 979; 980; 981: 982; 983; 984 985; 986: 987; 988; 989;
990; 991; 992; 993; 994; 995; 996: 997; 998; 999: 1000; 1002; 1003; 1004; 1005; 1006; 1007;
1008; 1009; 1010; 1011; 1012; 1013; 1014; 1015; 1016; 1017; 1018; 1019; 1020; 1021; 1022;
1023; 1024; 1025; 1026; 1027; 1028; 1029; 1030; 1031; 1032; 1033; 1034; 1035; 1036; 1037,
1038; 1039; 1040; 1041; 1042; 1043; 1044; 1045; 1046; 1047; 1048; 1049; 1050; 1051; 1052;
1053; 1054; 1055; 1056; 1057; 1058; 1059; 10601061; 1062; 1063; 1064; 1065; 1066; 1067,
1068; 1069; 1070; 1071; 1072; 1073; 1074; 1075; 1076; 1077; 1078; 1079; 1080; 1081; 1082;
1083; 1084; 1085; 1086; 1087; 1088; 1089; 1090; 1091; 1092; 1093; 1094; 1095; 1096; 1097;
1098; 1099; 1100; 1101; 1102; 1103; 1104; 1105; 1106; 1107; 1108; 1109; 1110; 1111; 1112;
1113; 1114; 1115; 1116; 1117; 1118; 1119; 1120; 1121; 1122; 1123; 1124; 1125; 1126; 1127,
1128; 1129; 1130; 1131; 1132; 1133; 1134; 1135; 1136; 1137; 1138; 1139; 1140; 1141; 1142;
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1143; 1144; 1145: 1146; 1147; 1148: 1149; 1150; 1151; 1152; 1153: 1154; 1155; 1156 1157;
1158: 1159; 1160: 1161; 1162; 1163: 1164; 1165; 1166; 1167; 1168; 1169; 1170; 1171: 1172;
1173; 1174; 1175: 1176; 1177; 1178; 1179 1180; 1181; 1182; 1183: 1184; 1185; 1186: 1187;
1188: 1189; 1190: 1191; 1192; 1193: 1194; 1195: 1196; 1197; 1198: 1199; 1200: 1201 1202;
1203: 1204: 1205: 1206; 1207; 1208: 1209; 1210; 1211; 1212; 1213: 1214; 1215; 1216: 1217;
1218; 1219; 1220: 1221; 1222; 1223: 1224; 1225: 1226; 1227; 1228: 1229; 1230: 1231: 1232;
1233: 1234: 1235: 1236; 1237; 1238: 1239; 1240; 1241; 1242; 1243: 1244; 1245: 1246 1247
1248: 1249: 1250: 1251; 1252; 1253: 1254; 1255: 1256; 1257; 1258: 1259; 1260; 1261: 1262;
1263; 1264; 1265; 1266; 1267; 1268; 1269; 1270; 1271; 1272; 1273; consecutive amino acids
in SEQ ID NO:2.

SEQ ID NO:2 >sp|PODTCZ2|SPIKE SARSZ2 Spike glycoprotein OS=Severe acute
respiratory syndrome coronavirus 2 0X=2697049 GN=S PE=1 3sVv=1
MEVFLVLLPLVSSQCVNLTTRTQLPPAYTNSEFTRGVYYPDKVEFRSSVLHSTQDLFLPEFES
NVIWEFHATHVSGTNGTKREDNPVLPENDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIV
NNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
GKOQGNEFKNLREFVEFKNIDGYFKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETK
CTLKSEFTVEKGIYQTSNEFRVOQPTESIVREFPNITNLCPEFGEVENATRFASVYAWNRKRISN
CVADYSVLYNSASFEFSTFKCYGVSPTKLNDLCETNVYADSEVIRGDEVRQIAPGOQTGKIAD
YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC
NGVEGENCYFPLOSYGEFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
FNENGLTGTGVLTESNKKFLPFOQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVATIHADQLTPTWRVYSTGSNVEFQTRAGCLIGAEHVNNSY
ECDIPIGAGICASYQTQTNSPRRARSVASQSITAYTMSLGAENSVAYSNNSIAIPTNETI
SVITEILPVSMTKTSVDCTMYICGDSTECSNLLLOYGSFCTQLNRALTGIAVEQDKNTQE
VEFAQVKQIYKTPPIKDFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEFIKQYGDC
LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPEFAM
OMAYRENGIGVTONVLYENQKLIANQFNSATIGKIQDSLSSTASALGKLODVVNQNAQALN
TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETIRA
SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPA
ICHDGKAHFPREGVEVSNGTHWEVTQRNEFYEPQIITTDNTEVSGNCDVVIGIVNNTVYDP
LOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDL
QELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKEDEDD
SEPVLKGVKLHYT

In some embodiments, the coronaviral polypeptide derives from the papain-like
protease. In some embodiments, the coronaviral polypeptide has an amino acid sequence having
at least 90% of identity with the amino acid sequence as set forth in SEQ ID NO:3. In some
embodiments, the coronaviral polypeptide has an amino acid sequence having at least 90% of
identity with the amino acid sequence that ranges from the amino acid residue at position 746
to the amino acid residue at position 1060 in SEQ ID NO:3. In some embodiments, the
coronaviral polypeptide comprises 15; 16; 17; 18; 19; 20; 21, 22; 23; 24, 25, 26; 27, 28; 29; 30,
31; 32;33;34; 35,36;37;38;39;40; 41; 42; 43; 44; 45; 46; 47, 48; 49; 50; 51; 52; 53; 54; 55;
56; 57; 58; 59; 60; 61; 62; 63; 64; 65; 66; 67; 68; 69; 70; 71; 72; 73; 74, 75; 76; 7778, 79, 80;
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81; 82; 83; 84; 85; 86; 87; 88; 89; 90; 91; 92; 93; 94; 95; 96; 97; 98; 99; 100; 101; 102; 103;
104; 105; 106; 107; 108; 109; 110; 111; 112; 113; 114; 115; 116, 117; 118; 119; 120; 121; 122;
123; 124, 125; 126; 127, 128; 129; 130; 131; 132; 133; 134; 135, 136; 137; 138; 139; 140; 141,
142; 143; 144; 145, 146, 147, 148; 149, 150; 151, 152; 153; 154, 155; 156; 157; 158; 159; 160,
161; 162; 163; 164; 165; 166; 167, 168; 169; 170, 171; 172; 173, 174; 175; 176, 177, 178; 179,
180; 181; 182; 183; 184; 185; 186; 187; 188; 189; 190; 191; 192; 193; 194; 195, 196; 197; 198,
199; 200, 201; 202; 203; 204; 205, 206, 207; 208; 209; 210; 211, 212; 213; 214, 215; 216; 217,
218; 219, 220; 221, 222; 223; 224; 225, 226, 227, 228; 229; 230, 231; 232; 233; 234; 235, 236,
237, 238, 239; 240; 241, 242; 243; 244, 245; 246, 247, 248; 249, 250; 251; 252; 253; 254; 255,
256; 257, 258; 259; 260, 261; 262; 263, 264; 265, 266, 267; 268, 269; 270; 271, 272; 273; 274,
275, 276, 277, 278; 279, 280; 281; 282; 283; 284; 285; 286; 287, 288; 289; 290, 291; 292; 293,
294; 295, 296, 297, 298, 299; 300; 301; 302; 303; 304; 305; 306, 307; 308; 309; 310; 311; 312;
313;314;315;316,317;318;319; 320; 321; 322; 323; 324, 325; 326; 327, 328; 329; 330, 331;
332;333;334; 335, 336; 337, 338; 339; 340; 341, 342; 343, 344; 345; 346, 347; 348; 349, 350;
351; 352;353;354; 355;356; 357, 358; 359; 360, 361; 362; 363; 364; 365, 366; 367; 368; 369;
370,371,372, 373,374,375, 376,377,378, 379, 380; 381, 382; 383; 384; 385; 386; 387, 388;
389; 390; 391, 392; 393; 394; 395; 396; 397, 398; 399; 400, 401; 402; 403; 404; 405; 406, 407,
408; 409; 410; 411, 412, 413;414; 415, 416; 417, 418; 419; 420, 421, 422; 423, 424; 425, 426,
427, 428, 429; 430; 431, 432; 433; 434, 435, 436, 437, 438; 439, 440; 441; 442; 443; 444; 445,
446; 447, 448; 449; 450, 451, 452; 453; 454; 455, 456, 457, 458, 459; 460; 461, 462; 463; 464,
465, 466, 467, 468; 469, 470; 471, 472, 473, 474, 475, 476, 477, 478; 479; 480, 481; 482; 483,
484; 485, 486; 487; 488; 489; 490; 491, 492; 493; 494; 495; 496, 497; 498; 499; 500; 501; 502;
503; 504; 505; 506; 507; 508; 509; 510; 511, 512; 513; 514, 515; 516; 517, 518; 519; 520, 521;
522; 523; 524; 525, 526; 527, 528; 529; 530, 531; 532; 533, 534; 535; 536, 537; 538; 539, 540;
541; 542; 543; 544, 545; 546; 547, 548; 549, 550; 551; 552; 553; 554; 555, 556; 557, 558, 559;
560; 561; 562; 563; 564; 565, 566, 567; 568, 569, 570; 571, 572; 573; 574, 575, 576; 577, 578,
579; 580; 581; 582; 583; 584; 585; 586; 587, 588; 589; 590, 591; 592; 593; 594; 595; 596, 597,
598; 599; 600; 601; 602; 603; 604; 605; 606, 607; 608; 609, 610; 611; 612; 613; 614; 615, 616;
617, 618; 619; 620, 621; 622; 623; 624; 625; 626, 627; 628, 629; 630; 631, 632; 633; 634, 635;
636; 637; 638; 639, 640; 641; 642; 643; 644; 645, 646; 647, 648; 649; 650; 651; 652; 653; 654;
655; 656; 657, 658, 659; 660; 661, 662; 663; 664; 665; 666, 667; 668; 669, 670; 671; 672, 673;
674, 675, 676; 677, 678; 679; 680, 681; 682; 683; 684; 685, 686; 687; 688; 689; 690; 691, 692;
693; 694; 695; 696, 697; 698; 699; 700; 701; 702; 703; 704, 705; 706; 707, 708; 709; 710, 711;
712, 713; 714, 715, 716; 717, 718, 719; 720; 721, 722; 723, 724, 725; 726, 727, 728; 729, 730;
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731; 732; 733; 734; 735; 736; 737, 738; 739; T40; 741; 742; T43; 744; 745, 746; TAT; T48; 749;
750; 751; 752; 753; 754; 755 756, 757; 758; 759; 760; 761; 762; 763; 764; 765 766, 767; 768;
769; 770, 771; 772; 773; 774: 775, 776; 777, 778; 779; 780; 781; 782; 783; 784: 785; 786; 787,
788; 789; 790; 791; 792; 793; 794; 795; 796; 797; 798; 799; 800; 801; 802; 803; 804; 805; 806
807; 808; 809; 810; 811; 812; 813; 814; 815; 816; 817; 818; 819; 820; 821; 822; 823; 824 825;
826; 827; 828; 829: 830; 831; 832; 833; 834: 835; 836; 837 838; 839; 840; 841; 842; 843; 844;
845; 846; 847; 848: 849; 850; 851; 852; 853; 854 855; 856; 857; 858; 859; 860; 861 862; 863;
864; 865 866; 867; 868; 869; 870; 871; 872; 873; 874; 875 876; 877; 878; 879; 880; 881; 882;
883; 884 885; 886; 887; 888; 889; 890; 891: 892; 893; 894: 895; 896; 897; 898; 899: 900; 901;
902; 903; 904; 905; 906; 907; 908; 909; 910; 911; 912; 913; 914; 915; 916; 917; 918; 919; 920;
921; 922; 923; 924; 925; 926: 927; 928; 929; 930; 931; 932; 933; 934; 935; 936; 937, 938; 939;
940; 941; 942; 943; 944; 945: 946; 947; 948; 949; 950; 951; 952; 953; 954; 955: 956; 957; 958;
959; 960; 961; 962; 963; 964: 965; 966; 967; 968; 969: 970; 971; 972; 973; 974 975; 976; 977,
978; 979; 980; 981; 982; 983 984; 985; 986; 987; 988: 989; 990; 991; 992; 993: 994; 995; 996;
997: 998; 999; 1000; 1002; 1003; 1004; 1005; 1006; 1007; 1008; 1009; 1010; 1011; 1012;
1013; 1014; 1015; 1016; 1017; 1018; 1019; 1020; 1021; 1022; 1023; 1024; 1025; 1026; 1027,
1028; 1029; 1030; 1031; 1032; 1033; 1034; 1035; 1036; 1037; 1038; 1039; 1040; 1041; 1042;
1043; 1044; 1045; 1046; 1047; 1048; 1049; 1050; 1051; 1052; 1053; 1054; 1055; 1056; 1057,
1058; 1059; 10601061; 1062; 1063; 1064; 1065; 1066; 1067; 1068; 1069; 1070; 1071; 1072;
1073; 1074; 1075; 1076; 1077; 1078; 1079; 1080; 1081; 1082; 1083; 1084; 1085; 1086; 1087;
1088; 1089; 1090; 1091; 1092; 1093; 1094; 1095; 1096; 1097; 1098; 1099; 1100; 1101; 1102;
1103; 1104; 1105; 1106; 1107; 1108; 1109; 1110; 1111; 1112; 1113; 1114; 1115; 1116; 1117,
1118; 1119; 1120; 1121; 1122; 1123; 1124; 1125; 1126; 1127; 1128; 1129; 1130; 1131; 1132;
1133; 1134; 1135; 1136; 1137; 1138; 1139; 1140; 1141; 1142; 1143; 1144; 1145; 1146; 1147,
1148; 1149; 1150; 1151; 1152; 1153; 1154; 1155; 1156; 1157; 1158; 1159; 1160; 1161; 1162;
1163; 1164; 1165; 1166; 1167; 1168; 1169; 1170; 1171; 1172; 1173; 1174; 1175; 1176; 1177,
1178; 1179; 1180; 1181; 1182; 1183; 1184; 1185; 1186; 1187; 1188; 1189; 1190; 1191; 1192;
1193; 1194; 1195; 1196; 1197; 1198; 1199; 1200; 1201; 1202; 1203; 1204; 1205; 1206; 1207,
1208; 1209; 1210; 1211; 1212; 1213; 1214; 1215; 1216; 1217; 1218; 1219; 1220; 1221; 1222;
1223; 1224; 1225; 1226; 1227; 1228; 1229; 1230; 1231; 1232; 1233; 1234; 1235; 1236; 1237,
1238; 1239; 1240; 1241; 1242; 1243; 1244; 1245; 1246; 1247; 1248; 1249; 1250; 1251; 1252;
1253; 1254; 1255; 1256; 1257; 1258; 1259; 1260; 1261; 1262; 1263; 1264; 1265; 1266; 1267,
1268; 1269; 1270; 1271; 1272; 1273; 1274; 1275; 1276; 1277; 1278; 1279; 1280; 1281; 1282;
1283; 1284; 1285; 1286; 1287; 1288; 1289; 1290; 1291; 1292; 1293; 1294; 1295; 1296; 1297,
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1298: 1299: 1300: 1301; 1302; 1303: 1304; 1305; 1306; 1307; 1308: 1309; 1310; 1311: 1312;
1313; 1314: 1315: 1316; 1317; 1318: 1319; 1320; 1321; 1322; 1323: 1324; 1325; 1326: 1327;
1328: 1329: 1330: 1331; 1332; 1333 1334; 1335; 1336; 1337; 1338: 1339; 1340; 1341: 1342;
1343: 1344: 1345: 1346; 1347; 1348: 1349; 1350; 1351; 1352; 1353: 1354; 1355; 1356: 1357;
1358: 1359: 1360: 1361; 1362; 1363 1364; 1365 1366; 1367; 1368: 1369; 1370 1371: 1372;
1373: 1374: 1375: 1376; 1377; 1378: 1379; 1380; 1381; 1382; 1383: 1384; 1385; 1386: 1387:
13881389; 1390: 1391: 1392; 1393: 1394; 1395: 1396: 1397; 1398; 1399: 1400: 1401; 1402;
1403: 1404; 1405: 1406; 1407; 1408: 1409 1410; 1411; 1412; 1413: 1414; 1415; 1416 1417;
1418; 1419; 1420 1421; 1422; 1423: 1424; 1425: 1426; 1427; 1428: 1429; 1430: 1431: 1432;
1433: 1434; 1435: 1436; 1437; 1438: 1439; 1440; 1441; 1442; 1443: 1444; 1445 1446; 1447
1448 1449: 1450: 1451; 1452; 1453: 1454; 1455: 1456; 1457; 1458: 1459; 1460; 1461: 1462;
1463: 1464; 1465: 1466; 1467; 1468: 1469 1470; 1471; 1472; 1473: 1474; 1475 1476: 1477;
1478: 1479; 1480: 1481; 1482; 1483: 1484; 1485: 1486; 1487; 1488: 1489; 1490: 1491 1492;
1493; 1494; 1495; 1496; 1497, 1498; 1499; or 1500 consecutive amino acids in SEQ ID NO:3.

SEQ ID NO:3 >sp|PODTD1|R1AB SARS2 Replicase polyprotein lab OS=3evere
acute respiratory syndrome coronavirus 2 0X=2697049 GN=rep PE=1 SV=1
MESLVPGENEKTHVQLSLPVLOVRDVLVRGFGDSVEEVLSEARQHLKDGTCGLVEVEKGV
LPOQLEQPYVFIKRSDARTAPHGHVMVELVAELEGIQYGRSGETLGVLVPHVGEIPVAYRK
VLLRKNGNKGAGGHSYGADLKSFDLGDELGTDPYEDFQENWNTKHSSGVTRELMRELNGG
AYTRYVDNNEFCGPDGYPLECIKDLLARAGKASCTLSEQLDFIDTKRGVYCCREHEHEIAW
YTERSEKSYELQTPFEIKLAKKFDTEFNGECPNEFVFPLNSITKTIQPRVEKKKLDGFMGRI
RSVYPVASPNECNOQMCLSTLMKCDHCGETSWQTGDEVKATCEFCGTENLTKEGATTCGYL
PONAVVKIYCPACHNSEVGPEHSLAEYHNESGLKTILRKGGRTIAFGGCVESYVGCHNKC
AYWVPRASANIGCNHTGVVGEGSEGLNDNLLEILQKEKVNINIVGDFKLNEETIATILASE
SASTSAFVETVKGLDYKAFKQIVESCGNFKVTKGKAKKGAWNIGEQKSILSPLYAFASEA
ARVVRSIEFSRTLETAQNSVRVLOQKAATTILDGISQYSLRLIDAMMETSDLATNNLVVMAY
ITGGVVOLTSOQWLTNIFGTVYEKLKPVLDWLEEKFKEGVEFLRDGWEIVKFISTCACEIV
GGQIVTCAKEIKESVQTEFFKLVNKFLALCADSTIITIGGAKLKALNLGETEFVTHSKGLYRKC
VKSREETGLLMPLKAPKEITIFLEGETLPTEVLTEEVVLKTGDLQPLEQPTSEAVEAPLVG
TPVCINGLMLLEIKDTEKYCALAPNMMVTNNTFTLKGGAPTKVTEFGDDTVIEVQGYKSVN
ITFELDERIDKVLNEKCSAYTVELGTEVNEFACVVADAVIKTLOQPVSELLTPLGIDLDEW
SMATYYLFDESGEFKLASHMYCSFYPPDEDEEEGDCEEEEFEPSTQYEYGTEDDYQGKPL
EFGATSAALQPEEEQEEDWLDDDSQQTVGQODGSEDNQTTTIQTIVEVQPQLEMELTPVV
QTIEVNSEFSGYLKLTDNVYIKNADIVEEAKKVKPTVVVNAANVYLKHGGGVAGALNKATN
NAMQOVESDDYIATNGPLKVGGSCVLSGHNLAKHCLHVVGPNVNKGEDIQLLKSAYENEFNQ
HEVLLAPLLSAGIFGADPIHSLRVCVDTVRTNVYLAVEFDKNLYDKLVSSFLEMKSEKQVE
QKIAEIPKEEVKPFITESKPSVEQRKODDKKIKACVEEVTITTLEETKFLTENLLLYIDIN
GNLHPDSATLVSDIDITFLKKDAPYIVGDVVQEGVLTAVVIPTKKAGGTTEMLAKALRKV
PTDNYITTYPGQGLNGYTVEEAKTVLKKCKSAFYILPSITISNEKQEILGTVSWNLREMLA
HAEETRKLMPVCVETKAIVSTIQRKYKGIKIQEGVVDYGARFYFYTSKTTVASLINTLND
LNETLVIMPLGYVTHGLNLEEAARYMRSLKVPATVSVSSPDAVTAYNGYLTSSSKTPEEH
FIETISLAGSYKDWSYSGOSTQLGIEFLKRGDKSVYYTSNPTTFHLDGEVITEDNLKTLL
SLREVRTIKVETTVDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTEYV
LPNDDTLRVEAFEYYHTTDPSEFLGRYMSALNHTKKWKYPQVNGLTSTKWADNNCYLATAL
LTLOOQIELKENPPALQDAYYRARAGEAANFCALILAYCNKTVGELGDVRETMSYLEQHAN
LDSCKRVLNVVCKTCGQOOTTLKGVEAVMYMGTLSYEQFKKGVQIPCTCGKQATKYLVQQ
ESPEVMMSAPPAQYELKHGTFTCASEYTGNYQCGHYKHITSKETLYCIDGALLTKSSEYK
GPITDVEYKENSYTTTIKPVIYKLDGVVCTEIDPKLDNYYKKDNSYFTEQPIDLVPNQPY
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PNASFDNFKEVCDNIKFADDLNOQLTGYKKPASRELKVTFFPDLNGDVVAIDYKHYTPSEFK
KGAKLLHKPIVWHVNNATNKATYKPNTWCIRCLWSTKPVETSNSFDVLKSEDAQGMDNLA
CEDLKPVSEEVVENPTIQKDVLECNVKTTEVVGDIILKPANNSLKITEEVGHTDLMAAYV
DNSSLTIKKPNELSRVLGLKTLATHGLAAVNSVPWDTIANYAKPFLNKVVSTTTNIVTRC
LNRVCTNYMPYFFTLLLOLCTEFTRSTNSRIKASMPTTIAKNTVKSVGKFCLEASENYLKS
PNFSKLINITIWFLLLSVCLGSLIYSTAALGVILMSNLGMPSYCTGYREGYLNSTNVTIAT
YCTGSIPCSVCLSGLDSLDTYPSLETIQITISSFKWDLTAFGLVAEWFLAYILFTREFYV
LGLAATMQLFFSYFAVHFISNSWLMWLI INLVOMAPTSAMVRMYIFFASFYYVWKSYVHV
VDGCNSSTCMMCYKRNRATRVECTTIVNGVRRSFYVYANGGKGFCKLHNWNCVNCDTFCA
GSTFISDEVARDLSLOFKRPINPTDQSSYIVDSVITVKNGSIHLYFDKAGOKTYERHSLSH
FVNLDNLRANNTKGSLPINVIVEDGKSKCEESSAKSASVYYSQLMCQPILLLDOALVSDV
GDSAEVAVKMFDAYVNTEFSSTENVPMEKLKTLVATAEAELAKNVSLDNVLSTEFISAARQG
FVDSDVETKDVVECLKLSHOSDIEVTGDSCNNYMLTYNKVENMTPRDLGACIDCSARHIN
AQVAKSHNIALIWNVKDEMSLSEQLRKOIRSAAKKNNLPFKLTCATTROQVVNVVTTKIAL
KGGKIVNNWLKQLIKVTLVFLEVAATFYLITPVHVMSKHTDEFSSETIIGYKATIDGGVTRDI
ASTDTCFANKHADFDTWESQRGGSYTNDKACPLIAAVITREVGEVVPGLPGTILRTTNGD
FLHFLPRVFSAVGNICYTPSKLIEYTDFATSACVLAAECTIFKDASGKPVPYCYDTNVLE
GSVAYESLRPDTRYVLMDGSIIQFPNTYLEGSVRVVTTEDSEYCRHGTCERSEAGVCVST
SGRWVLNNDYYRSLPGVEFCGVDAVNLLTNMFTPLIQPIGALDISASIVAGGIVAIVVTCL
AYYFMRFRRAFGEYSHVVAFNTLLEFLMSEFTVLCLTPVYSFLPGVYSVIYLYLTFYLTNDV
SFLAHTOQWMVMEFTPLVPEFWITIAYIICISTKHEFYWEFEFSNYLKRRVVENGVSEFSTFEEAAL
CTFLLNKEMYLKLRSDVLLPLTQYNRYLALYNKYKYFSGAMDTTSYREAACCHLAKALND
FSNSGSDVLYQPPOQTSITSAVLOSGEFRKMAFPSGKVEGCMVOQVTCGTTTLNGLWLDDVVY
CPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMONCVLKLKVDTANPK
TPKYKEFVRIQPGQTESVLACYNGSPSGVYQCAMRPNETIKGSFLNGSCGSVGENIDYDCV
SFCYMHHMELPTGVHAGTDLEGNEFYGPFVDROTAQAAGTDTTITVNVLAWLYAAVINGDR
WELNREFTTTLNDENLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLONGMN
GRTILGSALLEDEFTPEFDVVROCSGVTEFQSAVKRTIKGTHHWLLLTILTSLLVLVQSTQW
SLFFFLYENAFLPFAMGIIAMSAFAMMEVKHKHAFLCLEFLLPSLATVAYFNMVYMPASWYV
MRIMTWLDMVDTSLSGFKLKDCVMYASAVVLLILMTARTVYDDGARRVWTLMNVLTLVYK
VYYGNALDOQATSMWALITSVITSNYSGVVTTVMFLARGIVFMCVEYCPIFFITGNTLOQCIM
LVYCFLGYFCTCYFGLEFCLLNRYFRLTLGVYDYLVSTQEFRYMNSQGLLPPKNSIDAFKL
NIKLLGVGGKPCIKVATVQSKMSDVKCTSVVLLSVLOQLRVESSSKLWAQCVQLHNDILL
AKDTTEAFEKMVSLLSVLLSMOGAVDINKLCEEMLDNRATLOATIASEFSSLPSYAAFATA
QEAYEQAVANGDSEVVLKKLKKSLNVAKSEFDRDAAMOQRKLEKMADQAMTOMYKQARSED
KRAKVTSAMOTMLEFTMLRKLDNDALNNIINNARDGCVPLNITPLTTAAKIMVVIPDYNTY
KNTCDGTTEFTYASALWEIQQVVDADSKIVQLSEISMDNSPNLAWPLIVTALRANSAVKLO
NNELSPVALROMSCAAGTTQTACTDDNALAYYNTTKGGREVLALLSDLODLKWAREFPKSD
GTGTIYTELEPPCREFVIDTPKGPKVKYLYFIKGLNNLNRGMVLGSLAATVRLOAGNATEV
PANSTVLSFCAFAVDAAKAYKDYLASGGQPITNCVKMLCTHTGTGQAITVTPEANMDOES
FGGASCCLYCRCHIDHPNPKGFCDLKGKYVQIPTTCANDPVGEFTLKNTVCTVCGMWKGYG
CSCDQLREPMLOSADAQSEFLNRVCGVSAARLTPCGTGTSTDVVYRAFDIYNDKVAGEFAKE
LKTNCCRFQEKDEDDNLIDSYEVVKRHTFSNYQHEETIYNLLKDCPAVAKHDEFFKEFRIDG
DMVPHISROQRLTKYTMADLVYALRHFDEGNCDTLKEILVTYNCCDDDYFNKKDWYDEVEN
PDILRVYANLGERVROALLKTVQFCDAMRNAGIVGVLTLDNODLNGNWYDEGDEIQTTPG
SGVPVVDSYYSLLMPILTLTRALTAESHVDTDLTKPYIKWDLLKYDFTEERLKLEDRYEFK
YWDQTYHPNCVNCLDDRCILHCANFNVLESTVFPPTSFGPLVRKIFVDGVPEFVVSTGYHE
RELGVVHNQDVNLHSSRLSFKELLVYAADPAMHAASGNLLLDKRTTCESVAALTNNVAFQ
TVKPGNEFNKDFYDFAVSKGFFKEGSSVELKHFFFAQDGNAATSDYDYYRYNLPTMCDIRQ
LLEVVEVVDKYFDCYDGGCINANQVIVNNLDKSAGEFPENKWGKARLYYDSMSYEDQDALFE
AYTKRNVIPTITOMNLKYATSAKNRARTVAGVSICSTMTNRQFHOKLLKSTAATRGATVV
IGTSKEFYGGWHNMLKTVYSDVENPHLMGWDYPKCDRAMPNMLRIMASTVLARKHTTCCSL
SHREYRLANECAQVLSEMVMCGGSLYVKPGGTSSGDATTAYANSVENICOAVTANVNALL
STDGNKIADKYVRNLOHRLYECLYRNRDVDTDEVNEFYAYLRKHESMMILSDDAVVCENS
TYASQGLVASIKNFKSVLYYONNVEMSEAKCWTETDLTKGPHEFCSQHTMLVKQGDDYVY
LPYPDPSRILGAGCFVDDIVKTDGTLMIERFVSLATIDAYPLTKHPNQEYADVFHLYLQYT
RKLHDELTGHMLDMY SVMLTNDNTSRYWEPEFYEAMYTPHTVLOAVGACVLCNSQTSLRC
GACIRRPFLCCKCCYDHVISTSHKLVLSVNPYVCNAPGCDVTDVTQLYLGGMSYYCKSHK
PPISFPLCANGQVEFGLYKNTCVGSDNVIDFNAIATCDWTNAGDYILANTCTERLKLFAAE
TLKATEETFKLSYGIATVREVLSDRELHLSWEVGKPRPPLNRNYVEFTGYRVTKNSKVQIG
EYTFEKGDYGDAVVYRGTTTYKLNVGDYFVLTSHTVMPLSAPTLVPOQEHYVRITGLYPTL
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NISDEFSSNVANYQOKVGMOKYSTLOGPPGTGKSHFAIGLALYYPSARIVYTACSHAAVDA
LCEKALKYLPIDKCSRITIPARARVECEFDKFKVNSTLEQYVEFCTVNALPETTADIVVEDETL
SMATNYDLSVVNARLRAKHYVYIGDPAQLPAPRTLLTKGTLEPEYFNSVCRLMKTIGPDM
FLGTCRRCPAEIVDTVSALVYDNKLKAHKDKSAQCEFKMEYKGVITHDVSSAINRPQIGVV
REFLTRNPAWRKAVFISPYNSONAVASKILGLPTQTVDSSQGSEYDYVIFTQTTETAHSC
NVNRENVAITRAKVGILCIMSDRDLYDKLOFTSLEIPRRNVATLOAENVTGLEKDCSKVI
TGLHPTOQAPTHLSVDTKEFKTEGLCVDIPGIPKDMTYRRLI SMMGFKMNYQVNGYPNMEFIT
REEATRHVRAWIGEFDVEGCHATREAVGTNLPLOLGEFSTGVNLVAVPTGYVDTPNNTDESR
VSAKPPPGDOQFKHLIPIMYKGLPWNVVRIKIVOMLSDTLKNLSDRVVEVLWAHGEFELT SM
KYFVKIGPERTCCLCDRRATCESTASDTYACWHHSIGEDYVYNPFMIDVQOWGETGNLQS
NHDLYCQVHGNAHVASCDAIMTRCLAVHECEFVKRVDWTIEYPITGDELKINAACRKVOHM
VVKAALLADKFPVLHDIGNPKAIKCVPOADVEWKEYDAQPCSDKAYKIEELEFYSYATHSD
KFTDGVCLEWNCNVDRYPANSIVCREFDTRVLSNLNLPGCDGGSLYVNKHAFHTPAFDKSA
FVNLKQLPFEFYYSDSPCESHGKOVVSDIDYVPLKSATCITRCNLGGAVCRHHANEYRLYL
DAYNMMISAGESLWVYKQFDTYNLWNTEFTRLOSLENVAFNVVNKGHEDGOQGEVPVSTIIN
NTVYTKVDGVDVELFENKTTLPVNVAFELWAKRNIKPVPEVKILNNLGVDIAANTVIWDY
KRDAPAHISTIGVCSMTDIAKKPTETICAPLTVFEFDGRVDGQVDLEFRNARNGVLITEGSV
KGLOPSVGPKQASLNGVTLIGEAVKTOQENYYKKVDGVVQOLPETYFTQSRNLOEFKPRSQ
MEIDFLELAMDEFIERYKLEGYAFEHIVYGDESHSQLGGLHLLIGLAKRFKESPFELEDFE
IPMDSTVENYFITDAQTGSSKCVCSVIDLLLDDEVEITKSQDLSVVSKVVKVTIDYTEIS
FMLWCKDGHVETEFYPKLOS SQAWQPGVAMPNLYKMORMLLEKCDLONYGDSATLPKGIMM
NVAKYTQLCQYLNTLTLAVPYNMRVIHFGAGSDKGVAPGTAVLROWLPTGTLLVDSDLND
FVSDADSTLIGDCATVHTANKWDLITISDMYDPKTKNVTKENDSKEGEFFTYICGFIQQOKLA
LGGSVAIKITEHSWNADLYKLMGHFAWWTAFVINVNASSSEAFLIGCNYLGKPREQIDGY
VMHANYIFWRNTNPIQLSSYSLFDMSKFPLKLRGTAVMSLKEGQINDMILSLLSKGRLII
RENNRVVISSDVLVNN

According to the invention a first amino acid sequence having at least 90% of identity
with a second amino acid sequence means that the first sequence has 90; 91; 92; 93; 94; 95; 96;
97; 98; 99 or 100% of identity with the second amino acid sequence. Sequence identity is
frequently measured in terms of percentage identity (or similarity or homology); the higher the
percentage, the more similar are the two sequences. Methods of alignment of sequences for
comparison are well known in the art. Various programs and alignment algorithms are described
in: Smith and Waterman, Adv. Appl. Math., 2:482, 1981; Needleman and Wunsch, J. Mol.
Biol., 48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A., 85:2444, 1988;
Higgins and Sharp, Gene, 73:237-244, 1988; Higgins and Sharp, CABIOS, 5:151-153, 1989;
Corpetetal. Nuc. Acids Res., 16:10881-10890, 1988; Huang et al., Comp. Appls Biosci., 8:155-
165, 1992; and Pearson et al., Meth. Mol. Biol,, 24:307-31, 1994). Altschul et al., Nat. Genet,,
6:119-129, 1994, presents a detailed consideration of sequence alignment methods and
homology calculations. By way of example, the alignment tools ALIGN (Myers and Miller,
CABIOS 4:11-17, 1989) or LFASTA (Pearson and Lipman, 1988) may be used to perform
sequence comparisons (Internet Program® 1996, W. R. Pearson and the University of Virginia,
fasta20u63 version 2.0u63, release date December 1996). ALIGN compares entire sequences
against one another, while LFASTA compares regions of local similarity. These alignment tools

and their respective tutorials are available on the Internet at the NCSA Website, for instance.
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Alternatively, for comparisons of amino acid sequences of greater than about 30 amino acids,
the Blast 2 sequences function can be employed using the default BLOSUMG62 matrix set to
default parameters, (gap existence cost of 11, and a per residue gap cost of 1). When aligning
short peptides (fewer than around 30 amino acids), the alignment should be performed using
the Blast 2 sequences function, employing the PAM30 matrix set to default parameters (open
gap 9, extension gap 1 penalties). The BLAST sequence comparison system is available, for
instance, from the NCBI web site; see also Altschul et al., J. Mol. Biol., 215:403-410, 1990,
Gish. & States, Nature Genet., 3:266-272, 1993; Madden et al. Meth. Enzymol., 266:131-141,
1996; Altschul et al., Nucleic Acids Res., 25:3389-3402, 1997; and Zhang & Madden, Genome
Res., 7:649-656, 1997.

In some embodiments, the coronaviral polypeptide is attached to the surface of the
particle by any conventional method well known in the art, such as described in Hermanson,
Greg T. Bioconjugate techniques. Academic press, 2013. In some embodiments, 1-ethyl-3-[3-
dimethylaminopropyl] carbodiimide hydrochloride (EDC)- N-hydroxysulfosuccinimide (Sulfo
NHS) reactions are used for conjugating the coronaviral polypeptides to the particles. In some
embodiments, the particle is conjugated to an avidin moiety that can create an avidin-biotin
complex with the biotinylated coronaviral polypeptides and the particles. Additional,
appropriate cross-linking agents for use in the invention include a variety of agents that are
capable of reacting with a functional group present on a surface of the particle. Reagents capable
of such reactivity include homo- and hetero-bifunctional reagents, many of which are known
in the art. Heterobifunctional reagents are preferred. A typical bifunctional cross-linking agent
is N-succinimidyl(4-iodoacetyl) aminobenzoate (SIAB). However, other crosslinking agents,
including, without limitation, dimaleimide, dithio-bis-nitrobenzoic acid (DTNB), N-
succinimidyl-S-acetyl-thioacetate (SATA), N-succinimidyl-3-(2-pyridyldithio) propionate
(SPDP), succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC) and 6-
hydrazinonicotimide (HYNIC) may also be used. For further examples of cross-linking
reagents, see, e.g., S. S. Wong, "Chemistry of Protein Conjugation and Cross-Linking," CRC
Press (1991), and G. T. Hermanson, "Bioconjugate Techniques," Academic Press (1995).

In some embodiments, the receptacle may be any solid container, for example a test

tube, a microplate well or a reaction cuvette made of polypropylene.
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In some embodiments, the elimination of the unbound reagents may be carried out by
any technique known to those skilled in the art, such as e.g. washing by means of repeated

centrifugation steps.

As used herein the term “immunocomplex” refers to the complex formed between the
coronavirus-specific antibodies of the subject and their specific antigen, i.e. the coronaviral

polypeptide that is conjugated to the particle.

The presence and amount of the immunocomplexes may be detected by methods known
in the art, including label-based and label-free detection. In some embodiments, the method of
the present invention includes use of a secondary antibody that is coupled to an indicator reagent
comprising a signal generating compound. In some embodiments, the secondary antibody has
specificity for a particular immunoglobulin. In some embodiments, the secondary antibody is
an anti-human IgG antibody, including anti-IgG1, IgG2, IgG3 and IgG4 antibodies. In some
embodiments, the secondary antibody is an anti-IgM antibody. In some embodiments, the
secondary antibody is an anti-human IgA antibody, including anti-IgA1 and IgA2 antibodies.
In some embodiments, the antibody having specificity for a particular type immunoglobulin is
a rabbit or goat antibody. In some embodiments, the antibody of the present invention is a
monoclonal antibody or a polyclonal antibody. Thus, in some embodiments, the method of the
present invention is particularly suitable for detecting presence of IgM coronavirus-specific
antibodies. In some embodiments, the method of the present invention is particularly suitable
for detecting presence of IgG coronavirus-specific antibodies. In some embodiments, the
method of the present invention is particularly suitable for detecting presence of IgA
coronavirus specific antibodies. In some embodiments, the method of the present invention is
particularly suitable for detecting presence of IgG, IgM and IgA coronavirus specific
antibodies. Indicator reagents include chromogenic agents, catalysts such as enzyme
conjugates, fluorescent compounds such as fluorescein and rhodamine, chemiluminescent
compounds such as dioxetanes, acridiniums, phenanthridiniums, ruthenium, and luminol,
radioactive elements, direct visual labels, as well as cofactors, inhibitors and magnetic particles.
Examples of enzyme conjugates include alkaline phosphatase, horseradish peroxidase and beta-

galactosidase. In some embodiments, the secondary antibody is conjugated to phycoerythrin.

Methods for detecting the particle identity codes, e.g., a fluorescent code, are known in

the art and are described below. Examples of systems that read (detect or analyze) multiplex
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assay signals from Luminex beads include, e.g., the Luminex xMAP 100 and xMAP 200
instruments or the Bio-Plex 100 and Bio-Plex 200 from BioRad instruments. Another method
for detecting and/or separating particle sets based on ID codes is flow cytometry. Methods of
and instrumentation for flow cytometry are known in the art, and those that are known can be
used in the practice of the present invention. Flow cytometry, in general, involves the passage
of a suspension of the particles as a stream past a light beam and electro-optical sensors, in such
a manner that only one particle at a time passes through the region. As each particle passes this
region, the light beam is perturbed by the presence of the particle, and the resulting scattered
and fluorescent light are detected. The optical signals are used by the instrumentation to identify
the subgroup to which each particle belongs, along with the presence and amount of label, so
that individual assay results are achieved. Descriptions of instrumentation and methods for flow
cytometry are known in the art and include, e.g., McHugh, “Flow Microsphere Immunoassay
for the Quantitative and Simultaneous Detection of Multiple Soluble Analytes,” Methods in
Cell Biology 42, Part B (Academic Press, 1994); McHugh et al., “Microsphere-Based
Fluorescence Immunoassays Using Flow Cytometry Instrumentation,” Clinical Flow
Cytometry, Bauer, K. D, et al., eds. (Baltimore, Md., USA: Williams and Williams, 1993), pp.
535-544; Lindmo et al, “Immunometric Assay Using Mixtures of Two Particle Types of
Different Affinity,” J. Immunol. Meth. 126: 183-189 (1990); McHugh, “Flow Cytometry and
the Application of Microsphere-Based Fluorescence Immunoassays,” Immunochemica 5: 116
(1991); Horan et al.,, “Fluid Phase Particle Fluorescence Analysis: Rheumatoid Factor
Specificity Evaluated by Laser Flow Cytophotometry,” Immunoassays in the Clinical
Laboratory, 185-189 (Liss 1979); Wilson et al, “A New Microsphere-Based
Immunofluorescence Assay Using Flow Cytometry,” J. Immunol. Meth. 107: 225-230 (1988);
Fulwyler et al., “Flow Microsphere Immunoassay for the Quantitative and Simultaneous
Detection of Multiple Soluble Analytes,” Meth. Cell Biol. 33: 613-629 (1990); Coulter
Electronics Inc., United Kingdom Patent No. 1,561,042 (published Feb. 13, 1980); and
Steinkamp et al., Review of Scientific Instruments 44(9): 1301-1310 (1973).

Typically, the detecting step thus involved the use of detector. As used herein, the term
“detector” is intended to mean a device or apparatus that converts the energy of contacted
photons into an electrical response. For instance, the term can include an apparatus that
produces an electric current in response to impinging photons such as in a photodiode or
photomultiplier tube. A detector can also accumulate charge in response to impinging photons

and can include, for example, a charge coupled device. In particular, the detector involves the
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use of a radiation source. As used herein, the term “radiation source” is intended to mean an
origin or generator of propagated electromagnetic energy. The term can include any
illumination sources including, for example, those producing electromagnetic radiation in the
ultraviolet, visible and/or infrared regions of the spectrum. A radiation source can include, for
example, a lamp such as an arc lamp or quartz halogen lamp, or a laser. As used herein, the
term “laser” is intended to mean a source of radiation produced by light amplification by
stimulated emission of radiation. The term can include, for example, an ion laser such as argon
ion or krypton ion laser, helium neon laser, helium cadmium laser, dye laser such as a
rhodamine 6G laser, YAG laser or diode laser. These and other lasers useful in the apparatus of
the invention are known in the art as described, for example, in Shapiro, Practical Flow

Cytometry, 3rd Ed. Wiley-Liss, New York (1995).

In some embodiments, the detector is a flow cytometer. As used herein, the term “flow
cytometer” is intended to mean a device or apparatus having a means for aligning the particles
in a sample stream and a detector aligned such that the particles individually enter a zone of
detection. A sample stream can include any mobile phase that passes particles in single file

including, for example, a fluid stream or fluid jet.

In some embodiments, the method of the present invention comprises the steps of’

- a)placing a sample obtained from the subject, in a single assay receptacle, in the
presence of particles conjugated to a coronaviral viral polypeptide,

- b) incubating the mixture under conditions which allow the formation of
immunocomplexes on particles,

- ¢) eliminating the immunoglobulins which have not bound to the particles,

- d) incubating the mixture of step b) with at least one secondary antibody that is
coupled to an indicator reagent and has specificity for a particular
immunoglobulin (e.g. an anti-human IgG antibody or an anti-IgM antibody or
an anti-IgA antibody or any subclass-specific anti-human Ig antibody),

- e) eliminating the secondary antibodies not bound to the immunocomplexes of
step b), and

- f) detecting, by means of a detector the immunocomplexes of step d) on the
particles, whereby the presence or absence of coronavirus-specific antibodies is

revealed.
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In some embodiments, the steps d) consists in incubating the mixture of step b) with a
plurality of secondary antibodies each secondary antibody having specificity for a particular
immunoglobulin (e.g. an anti-human IgG antibody or an anti-IgM antibody or an anti-IgA
antibody). In some embodiments, the groups of antibodies differ from one another by their
indicator reagent so as to discriminate the type of coronavirus antibodies when step f) is carried
out. In some embodiments, the steps d) consists in incubating the mixture of step b) with
secondary anti-human IgG antibodies and/or secondary anti-IgM antibodies and/or secondary

anti-IgA antibodies and/or any subclass-specific anti-human Ig antibody.

In some embodiments, the method of the present invention involves the use of a
multiplex technology. Multiplex technology is the collective term for a variety of techniques
which can assess multiple immunoglobulin specificities simultaneously on small volumes of
sample. The advantage of multiplex technology is that it is able to provide very rapid test times

and very high throughput of samples.

Thus, in some embodiments, the method of the present invention comprises the steps
of:

- a) placing a the sample obtained from the subject, in a single assay receptacle,
in the presence of plurality of particles belonging to at least two different groups,
one of the groups being conjugated to a first coronaviral viral polypeptide and
the other group being conjugated to a second coronaviral viral polypeptide,

- b) incubating the mixture under conditions which allow the formation of
immunocomplexes on each group of particles,

- ¢) eliminating the immunoglobulins which have not bound to the particles,

- d) incubating the mixture of step b) with at least one secondary antibody that is
coupled to an indicator reagent and has specificity for a particular
immunoglobulin (e.g. an anti-human IgG antibody or an anti-IgM antibody),

- e) eliminating the secondary antibodies not bound to the immunocomplexes of
step b), and

- f) simultaneously detecting, by means of a detector capable of differentiating the
at least two groups of particles mentioned above, the immunocomplexes of step
d) on each particle, whereby the presence or absence of coronavirus-specific

antibodies is revealed.
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In some embodiments, the groups of said particles differ from one another by their

identity codes (e.g. fluorophores) as described above.

In some embodiments, the method of the present invention is particularly suitable for
simultaneously detecting immunoglobulins having specificity for the nucleoprotein (N), and/or
the spike protein (S) (including any fragment thereof such as S1, S2 or S2’ fragments) and/or
the Papain-like proteinase (PL-Pro). Thus, in some embodiments, the method of present
invention comprises the step of contacting the sample with at least 2, 3, 4, 5 groups of particles,
each particles being conjugated to a particular coronaviral particle. In some embodiments, the
sample is contacted with a plurality of particles wherein a polypeptide deriving from the N
protein is attached to the surface of said particles and/or a plurality of particles wherein a
polypeptide deriving from the S protein is attached to the surface and/or a plurality of particles

wherein a polypeptide deriving from the PL-Pro protein is attached to the surface.

In some embodiments, the method of the present invention is particularly suitable for
simultaneously detecting IgG and IgM, or IgA coronavirus-specific antibodies having
specificity for the nucleoprotein (N), and/or the spike protein (S) and/or the Papain-like
proteinase (PL-Pro).

In some embodiments, the method of the present invention involves an addressable laser
bead immunoassay (ALBIA), which is commercially available on Luminex™-based platforms.
For instance, ALBIA is a semi-quantitative homogenous fluorescence-based microparticle
immunoassay that can be used for the simultaneous detection of several immunogobulins (e.g.
up to 10 immunoglobulins). Each antigen (i.e. N, S1, S2, S2° and/or PL-Pro coronaviral
polypeptides) is covalently coupled to a set of distinct uniform size colour-coded particles. The
sample is then incubated with the particles in the single assay receptacle. The particles are then
washed and then incubated with secondary anti-human Ig or IgM antibodies conjugated to a
fluorescent label (e.g. phycoerythrin). After washing again, the particles are analysed on a
system in which separate lasers identified antigen by bead colour and quantified the antibody
by measuring the fluorescence of the fluorescent label. Said quantification thus indicated the

level of the detected immunoglobulins.

The method of the present invention is particularly suitable for the diagnosis of

coronavirus infection. As used herein, the term "diagnosing" or "diagnosis", as used herein,
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means identifying the coronavirus infection. In particular, the method of the present invention
is particularly suitable for the diagnosis of Severe Acute Respiratory Syndrome (SARS). In
some embodiments, the method of the present invention is particularly suitable for the diagnosis

of COVID-19.

In particular, the method of the present invention is particularly suitable for
discriminating subjects who are recently infected by the coronavirus from those who are already
immunized. The IgM immunoglobulins are the first antibodies to be produced in the body in
response to an infection. IgM immunoglobulins are larger than IgG immunoglobulins and when
present in high numbers, may indicate a recent or new active infection. In short, a positive IgM
may be a sign of a current, or very recent, infection. On the contrary, presence of IgM
coronavirus-specific antibodies indicates that the subject is immunized. Thus the method by
allowing the detection of IgM, IgG and/or IgA coronavirus specific antibodies provides a quick,
simple and accurate aided detection method for identifying infected patients, in particular

COVID-19 patients.

The method of the present invention is also particularly suitable for indicated for the
serologic follow-up and therapy control of coronavirus infections, in particular COVID-19. In
some embodiments, the method of the present invention is particularly useful for vaccine

purposes.

As used herein, the term "vaccine" includes at least one antigen in a pharmaceutically
acceptable vehicle useful for inducing an immune response in a host. Vaccine compositions can
be administered in dosages and by techniques well known to those skilled in the medical or
veterinary arts, taking into consideration such factors as the age, sex, weight, species and
condition of the recipient animal, and the route of administration. The term “vaccine
candidate” refers to a vaccine that is under development (e.g. preclinical testing or clinical

trial).

In particular, the method can be carried out for determining whether a subject achieves
a protection with a vaccine or a vaccine candidate comprising 1) detecting by carrying out the
method of the present invention the presence of coronavirus specific antibodies (in particular

IgG coronavirus specific antibodies) i1) and concluding that the subject achieves a protection
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with the vaccine or vaccine candidate when the presence of coronavirus specific antibodies is

detected.

The method of the present invention is also suitable for determining whether a subject
has to be vaccinated against coronavirus, said method comprising 1) detecting by carrying out
the method of the present invention the presence of coronavirus specific antibodies (in
particular IgG coronavirus specific antibodies) i) and concluding that the subject has to be
vaccinated when the absence of coronavirus specific antibodies is detected or conversely does

not need to be vaccinated if the presence of coronavirus specific antibodies is detected.

The method of the present invention also offers to the physicians a reliable tool for
research purposes (e.g. selecting a candidate vaccine, assessing a therapy, studying the
replication of the virus, or epidemiologic studies). The method of the present invention is also
suitable for deciding measures of containment or decontainment for an individual, or for a group

of individuals.

The method is also particularly suitable for deciding the most accurate clinical decisions.
In particular, detection of IgG coronavirus-specific antibodies can render the subject eligible to
immunosuppressive treatment. As used herein, the term “immunosuppressive treatment”
refers to any substance capable of producing an immunosuppressive effect, e.g., the prevention
or diminution of the immune response and in particular the prevention or diminution of the
acute inflammatory responses. In some embodiments, the method of the present invention is
particularly suitable for determining whether a subject is eligible for a therapy with a
corticosteroid. As used, the term “corticosteroids™ has its general meaning in the art and refers
to class of active ingredients having a hydrogenated cyclopentoperhydrophenanthrene ring
system endowed with an anti-inflammatory activity. Corticosteroid drugs typically include
cortisone, cortisol, hydrocortisone (11f,17-dihydroxy, 21-(phosphonooxy)-pregn-4-ene, 3,20-
dione disodium), dihydroxycortisone, dexamethasone (21-(acetyloxy)-9-fluoro-1p3,17-
dihydroxy-16a-m-ethylpregna-1,4-diene-3,20-dione), and highly derivatized steroid drugs such
as beconase (beclomethasone dipropionate, which is 9-chloro-11-B, 17,21, trihydroxy-16p3-
methylpregna-1,4 diene-3,20-dione 17,21-dipropionate). Other examples of corticosteroids
include flunisolide, prednisone, prednisolone, methylprednisolone, triamcinolone, deflazacort
and  betamethasone.  corticosteroids, for example, cortisone, hydrocortisone,

methylprednisolone, prednisone, prednisolone, betamethesone, beclomethasone dipropionate,
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budesonide, dexamethasone sodium phosphate, flunisolide, fluticasone propionate,
triamcinolone acetonide, betamethasone, fluocinolone, fluocinonide, betamethasone
dipropionate, betamethasone valerate, desonide, desoximetasone, fluocinolone, triamcinolone,

triamcinolone acetonide, clobetasol propionate, and dexamethasone.

A further object of the present invention relates to a method for assessing the avidity of

coronavirus-specific antibodies in a subject comprising the steps of:

a) placing a first sample obtained from the subject, in first single assay receptacle,

in the presence of particles conjugated to a coronaviral polypeptide and an amount

of a chaotropic agent

- b) placing a second sample obtained from the subject, in second single assay
receptacle, in the presence of particles conjugated to a coronaviral polypeptide, and
in the absence of the chaotropic agent of step a)

- ¢) incubating the mixtures of step a) and b) under conditions which allow the
formation of immunocomplexes on particles,

- d) eliminating the immunoglobulins which have not bound to the particles, and

- e) detecting and quantifying the immunocomplexes of step a) and b) on the plurality

of particles, whereby the presence or absence of coronavirus-specific antibodies is

revealed and whereby the avidity of the coronavirus-specific antibodies is assessed

by comparing the quantity of the immunocomplexes of step a) with the quantity of

the immunocomplexes of step b) .

As used herein, the term "avidity" is conventionally used to describe the more complex
interaction between e.g. antibodies containing multiple binding sites and their antigens.
Accordingly, the method of present invention is suitable to measure the binding energy between

the coronavirus specific antibodies and their respective antigens.

As used herein, the term “chaotropic agent” refers to an agent that disrupts the
secondary or higher structure of certain molecules, such that the molecule unfolds and loses
biological activity. In particular, the chaotropic agent disrupts the binding of an antibody to its
antigen. Examples of suitable chaotropic agents include guanidine hydrochloride, guanidine
thiocyanate, ammonium thiocyanate, guanidine carbonate, sodium iodide, sodium perchlorate,

sodium trichloroacetate, urea, and thiourea.
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A further object of the present invention relates to a kit for performing the method of
the present invention. The kit comprises one or more plurality of particles as above described
and means for determining the immunocomplexes. Reagents for particular types of assays can
also be provided in kits of the invention. Thus, the kits can include different groups of particles
each identified by a specific identity, plates that comprises the single assay receptacles (e.g. a
multiwell plate), and secondary antibodies as described above. In some embodiments, the kits
comprise a device such as a detector as described above. The groups of particles, the plate, and
the devices are useful for performing the immunoassay of the present invention. In addition,
the kits can include various diluents and buffers, labelled conjugates or other agents for the
detection of the specifically immunocomplexes, and other signal-generating reagents, such as
enzyme substrates, cofactors and chromogens. Other components of a kit can easily be

determined by one of skill in the art.

The invention will be further illustrated by the following figures and examples.
However, these examples and figures should not be interpreted in any way as limiting the scope

of the present invention.

FIGURES:

Figure 1. Detection, titration, and cross-reactivity of anti-SARS-CoV-2 Spike S1,
nucleocapsid N protein IgG, and anti-SARS-CoV-2 Spike S1 IgM antibodies by ALBIA-
IgG-S1/N and ALBIA-IgM-S1.

(A) A calibration curve was obtained after serial dilutions of the calibrator, i.e. one
highly positive sample. A plateau of Mean Fluorescence Intensity (MFI) was reached for
dilutions 1:400 or lower.

(B) Calculation of antibody titer by reference to the MFI value of the calibrator (stripped
bar) used at a 1/400 dilution in the assay and its level arbitrarily set to 100 arbitrary units
(AU)/mL. The assay was first performed using a 1/100 screening dilution of the serum. In case
the sample's MFI at 1/100 dilution is higher than 70% of the calibrator's MFI, further dilutions
are performed and the first dilution yielding a MFI inferior to 70% of calibrator MFI is retained
for calculation. An example is given: at 1/100 dilution, the MFI was higher than 70% of the
calibrator's MFI (23,311 x 0.7=16,318), requiring a 1/800 dilution for computing the titer, i.e.
94 AU/mL anti-S1 IgG level.

(C-E) Specificity toward non—COVID-19 patients: (C) anti-Spike S1 and (C) anti-N
IgG, IgM, and (E) anti-Spike S1 IgM antibody reactivity in patients with different conditions:
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PCR-confirmed infection with other CoV (17 sera from 13 patients; HKU1, n =3; OC43, n =
11; NL63, n = 3). RA, rheumatoid arthritis; SS, Sjégren syndrome; ASS, antisynthetase
syndrome; SLE, systemic lupus erythematosus.

(F-H) Repeatability of (F) ALBIA-IgG-S1, (G) ALBIA-IgG-N, (H) ALBIA-IgM-S1.
The assay was performed 30 times on the same sample, i.e. one serum from a PCR" Covid-19
patient used at a high working dilution of 1/100. Horizontal bars depict mean and standard
deviation.

Figure 2. Antibody response to SARS-CoV-2 at day > 13 post infection.

(A) Anti-S1 IgG (median = 276 AU/mL), (B) Anti-N IgG (median = 1,434 AU/mL),
(C) Anti-S1 IgM level (median = 48 AU/mL). Numbers in parenthesis indicate the percentages
of data above and below the threshold. (D-F) Receiver Operating Characteristic (ROC) curve
of ALBIA-IgG-S1, ALBIA-IgG-N and ALBIA-S1-IgM. The dotted line indicates the threshold
value of ‘mean C 3 standard deviations (M C 3SD)’ of the control distribution. D, day post-
symptoms. Se: Sensitivity and Sp: specificity.

Figure 3. Levels of antibodies against SARS-CoV-2 at different times after
symptom onset.

(A) Level of anti-S1 IgG (median = 6 AU/mL and 13 AU/mL for day < 7and days 7—
13, respectively). (B) Level of anti-N IgG (median =11 AU/mL and 60 AU/mL for day <7 and
days 7-13, respectively). (C) Level of anti-S1 IgM (median =3 AU/mL and 23 AU/mL for day
<7 and days 7-13, respectively). Numbers in parenthesis indicate the percentages of data above

and below the threshold. *P < 0.05, **P <0.01 (Mann—Whitney test).

EXAMPLE:
Material and Methods

Serum Samples

This is a retrospective study of serum samples from biorepositories of three French
university hospitals authorized by the French Ministry of Research for the collection, analysis,
storage, and reuse: Rouen University Hospital (authorization AC 2008-87), Limoges University
Hospital (CRBioLim,authorization DC 2008-604), and Strasbourg University Hospital
(authorization DC 2010-2222). All 192 sera analyzed, collected between March 23 and April
30, were from hospitalized or outpatients who had all been laboratory-confirmed positive for
SARS-CoV-2 by RT-PCR of pharyngeal swab specimens. Of these 192 patients, 18 were

hospitalized in the intensive care unit for a severe form of the disease.
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Control sera were collected from 300 healthy blood donors (Etablissement Frangais du
Sang, Lille, France), 13 patients with PCR-confirmed infections by other human coronaviruses
(17 sera: HKUI, n = 3; OC43, n = 11; NL63, n = 3), and 70 patients with different
inflammatory/autoimmune diseases according to established classification criteria: American
College of Rheumatology revised criteria for systemic lupus erythematosus (SLE) (Tan et al,
1982) with anti-dsDNA aAbs (n = 12), American Rheumatism Association criteria for
rheumatoid arthritis (RA) (Arnett et al., 1988) with anti-CCP Abs and/or rheumatoid factor (n
= 23), revised European criteria for primary Sjogren syndrome (SS) (Vitali et al., 2002) with
anti-SSA and/or anti-SSB aAbs (n = 14), and Troyanov criteria for antisynthetase syndrome
(ASS) (Troyanov et al., 2005) (n = 21). All serum samples were stored at -80°C until use.
Handling of serum samples was performed in a BSL-2 laboratory.

Recombinant Proteins

Polyhistidine tagged recombinant Spike subunit 1 (S1, reference 40591-VO8H) and
nucleocapsid protein (N, reference 40588-VO8B) were obtained from Sino Biologicals (Beijing,
China). The identity and purity of these recombinant proteins were first determined by 4 to 10%
gradient sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under non-
reducing conditions, followed by Coomassie blue staining. Western blot analysis was further
performed by transfer of proteins separated by non-reducing SDS-PAGE to a nitrocellulose
membrane followed by incubation with anti—6 x histidine monoclonal Ab (Sigma, St. Louis,
MO, United States) and revelation with corresponding secondary Ab coupled to Alexa Fluor
680 (Invitrogen, Cergy Pontoise, France)

Multiplex Addressable Laser Bead Immunoassay (ALBIA) for the Simultaneous
Detection and Quantification of Anti-S1 and Anti-N 1gG in COVID-19 Patients (ALBIA-1gG-
S1/N)

To simultaneously detect anti-S1 and anti-N IgG from a single sample, we used two
types of beads with a specific spectral signature. Color codes of S1- and N-coupled beads were
numbered 26 and 55 (Bio-Rad, Hercules, CA, United States), respectively; 10 mg of
recombinant proteins was coupled to 1.25 x 106 fluorescent Bio-Plex® COOH-microspheres
(Bio-Rad) with the Bio-Plex® amine coupling kit (Bio-Rad) according to manufacturer’s
protocol. After coupling, coated beads were either used immediately or stored at -20°C in the
dark. Efficacy of coupling was validated using a commercial Ab recognizing the polyhistidine
tag (Sigma), followed by a biotinylated goat anti-mouse IgG (Southern Biotech, Birmingham,
AL,United States) secondary Ab. Revelation was then performed by incubation with 50 mL of
streptavidin-R-PE (Qiagen, Venlo, Netherlands) for 10 min.
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Immediately prior to their use, coated beads were vigorously agitated for 30 s. Then, a
10 mL volume of S1 and N protein coated beads (containing 1,250 beads) was added to 100
mL of serum from patients or controls [diluted in Dulbecco phosphate buffered saline (DPBS)
plus 1% fetal bovine serum] in Bio-Plex Pro Flat bottom plates (Bio-Rad). Plates were
incubated for 1 h at room temperature in the dark on a plate shaker at 650 rpm. Blank (no serum,
secondary Ab only), negative controls (anti-S1 and anti-N Ab negative serum), and positive
controls (human anti-S1 and anti-N Ab highly positive serum) were included in every assay.
Beads were collected with a magnetic washer (Bio-Rad) and washed twice with 150 mL DPBS
containing 0.1% Tween-20. Biotinylated mouse anti-human IgG-specific secondary Ab
(Southern Biotech) was added at 1:2,000 dilution and incubated for 30 min at room temperature
under shaking. After washing, beads were incubated with 50 mL of streptavidin-R-
phycoerythrin at 1:1,000 dilution for 10 min. Finally, beads were resuspended in 100 mL of
DPBS and mean fluorescence intensity (MFI) was determined on a Bio-Plex® apparatus using
the Bio-Plex® Manager Software 4.0 (Bio-Rad) by experienced investigators (L.D., M.L.). A
calibrator (i.e., a human serum from a PCR positive COVID-19 patient) with an MFI value
reaching the plateau was included in each experiment.

Serum samples were initially assayed at 1:100 screening dilution. The calibrator was
used at a dilution of 1:D’ in the assay, and its level was arbitrarily set to 100 arbitrary units
(AU)/mL. The Ab levels were determined at a dilution of 1:D, calculated using the following
formula: ([MFI serum/MFT calibrator] x level of calibrator) x D/D’. When the MFI of a given
serum sample at 1:100 dilution was higher than 70% of the calibrator MFI, further dilutions
were performed. The first dilution yielding an MFI inferior to 70% of the calibrator MFI was
retained for calculation of Ab titers (expressed in AU/mL).

For determination of repeatability, ALBIA was performed 30 times on the same positive
serum. Coefficient of variation (CV) of the titer was determined as the ratio of the standard
deviation (SD) to the mean.

Receiver operating characteristic (ROC) curves were computed by varying the threshold
of positivity of the test, including one value consisting in the mean + 3 SD of negative controls.

ALBIA for the Detection and Quantification of Anti-S1 IgM Abs (ALBIA-IgM-S1)

To detect anti-S1 IgM Abs, we used the same protocol as for ALBIA-IgG-S1/N except
for the following modifications. Only S1-coupled beads were used. Anti-S1 IgM Abs were
revealed using a biotinylated mouse anti-human IgM Ab (Southern Biotech) at 1:2,000 dilution
for 30 min. Repeatability and Ab level were determined as described above.

SARS-CoV-2 Ab Commercial Assays
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Sera were tested using an N-based CLIA detecting IgG (Abbott SARS-CoV-2 IgG for
Alinity automate), a Spike S1- and S2-based CLIA detecting IgG (Diasorin IgG for Liaison
automate), and an S1-RBD-based anti—-SARS-CoV-2 ELISA detecting total human Ig (Wantai
SARS-CoV-2 Ab ELISA on SQ2 open platform), as per manufacturer’s instructions.

Statistical Analysis

Statistics were performed with Prism software (GraphPad, La Jolla, CA). Ab titers were
compared using the non-parametric Mann—Whitney test. Concordance between the methods
was analyzed using the K test. The interpretation of the K test depends on the calculated value
of the coefticient K: discrepancy between the two tests (K < 0); very low agreement (0 <K <
0.2); low agreement (0.2 <K < 0.4); moderate agreement (0.4 <K < 0.6); good concordance

(0.6 <K <0.8); and excellent agreement (0.8 <K < 1).

Results

Validation of ALBIA-IgG-S1/N and ALBIA-IgM-S1

To allow quantitative analysis of anti-S1/N IgG or anti-S1 IgM in patients, we
developed two ALBIAs (ALBIA-IgG-S1/N and ALBIA-IgM-S1, respectively). For this, we
used as antigen polyhistidine-tagged recombinant Spike subunit 1 (S1) and nucleocapsid
protein (N) of SARS-CoV-2. The identity and purity of these proteins were confirmed by
Coomassie blue staining after SDS-PAGE, revealing a unique band (data not shown) that was
specifically recognized by an anti—polyhistidine Ab in Western blot (data not shown).

S1 and N antigens were covalently coupled to fluorescent beads and used to determine
the levels of anti-S1 and N IgG Abs, or anti-S1 IgM Abs. An example of the method used for
calculating anti-S1 level is illustrated in Figure 1. A calibration curve was obtained after serial
dilutions of a highly anti—S1-positive serum used as calibrator. A plateau of MFI was reached
for dilution 1:400 (Figure 1A). At the screening dilution of 1:100, the sample used in this
example showed a saturating signal (Figure 1B). A higher 1:800 dilution was retained to
compute Ab level by reference to the calibrator whose level was arbitrarily set to 100 AU/mL.
The same method of calculation was used for computing the levels of anti-N IgG and anti-S1
IgM Ab.

ALBIA-IgG-S1/N was used to simultaneously investigate the presence of anti-S1 and
anti-N IgG Ab. A threshold of positivity was calculated as the mean titer + 3 SD of the 300
negative control sera, which yielded values of 7.29 and 20.98 AU/mL for anti-S1 and anti-N
IgG Ab, respectively (Figures 1C, 1D). For ALBIA-IgM-S1, this threshold was 23.64 AU/mL
(Figure 1E).
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To evaluate potential cross-reactivity in our ALBIA between anti—-SARS-CoV-2 Ab and
other human coronaviruses, we tested 17 sera from 13 patients infected with HKU1, OC43, or
NL63. An IgG reactivity to S1 but not N was found only once, in two sera from the same patient
sampled at two different times post-infection with human coronavirus NL63 (Figures 1C-E).
In addition, 70 patients with different inflammatory/autoimmune conditions leading to the
production of rheumatoid factor or other auto-Abs, e.g., SLE, RA, SS, or ASS, were further
tested. They all scored negative except for one lupus patient weakly positive for anti-N IgG
(Figures 1C-E).

The diagnostic performance of the assay was determined using a collection of 133 sera
from SARS-CoV-2—specific PCR-positive patients that were collected at least 14 days after
first COVID-19 symptoms. ROC curve analysis of ALBIA-IgG-S1/N confirmed the accuracy
of the aforementioned threshold value, i.e., mean + 3 SD. Indeed, sensitivity was 97.7% and
specificity was 98.0% at a 7.29 AU/mL threshold for anti-S1 IgG (2A, D). For anti- N IgG Ab,
sensitivity was 100% and specificity was 98.7% at a threshold of 20.98 AU/mL (Figures 2E).
For ALBIA-IgM-S1, sensitivity and specificity were 74.8 and 98.7% at a threshold of 23.64
AU/mL (Figures 2C, F).

Repeatability of measures

Repeatability of the test was determined by calculating intra-assay variation for a given
serum. CVs were 4.5 and 5.5 and 4.6% for anti-S1, anti-N IgG, and anti-S1 IgM, respectively
(Figures 1F—H), indicating a good repeatability of this ALBIA.

Frequency of Seropositivity During the Period of Seroconversion

Of the 192 samples from SARS-CoV-2 PCR—positive patients analyzed herein, 19 were
collected up to day 7 after symptom onset, 40 between days 7 and 13, and 133 at day 14 or
more after first symptoms. In the few asymptomatic patients of this series (n = 3), the time of
positive SARS-CoV-2 PCR was used instead. The rate of positivity increased with time for all
Abs tested (Figures 3A—C). The multiplex ALBIA-IgG-S1/N scored positive in 53% in the
group day <7 (as compared to 37% for anti-S1 and 42% for anti-N IgG when considered
separately; Figures 3A,B), in 75% in the group days 7-13 (as compared to 60% for anti-S1 and
73% for anti-N IgG; Figures 3A,B) and 100% in the group day > 13 (as compared to 98% for
anti-S1 and 100% for anti-N IgG; Figures 2A,B). At the group level, an increase in Ab titers
was observed with time (median value in group day <7, days 7-13 and day > 13: anti-S1 IgG,
6, 13, and 276 AU/mL; anti-N IgG, 11, 60, and 1,434 AU/mL; and anti-S1 IgM, 3, 23, and 48
AU/mL, respectively). All the differences between groups day > 13 and days 7-13, and between
day > 13 and day <7, were statistically significant (Figures 2D-E). Anti-N IgG and anti-S1
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IgM levels were also significantly higher in the group days 7-13 than in the group day <7 (p <
0.05 and < 0.01, respectively; Figures 3B,C), although the increase of anti-S1 IgG levels was
not statistically significant (p = 0.08; Figure 3A). When analyzed irrespectively of time of
disease onset, 161 (84%) and 170 (89%) of the 192 patients of this series were positive for anti-
S1 or anti-N IgG, respectively. Ab levels in seropositive patients were highly variable, ranging
from 7.5 to 19,944 AU/mL, and from 24.74 to 491,992 AU/mL for anti-S1 or anti-N IgG,
respectively. Using ALBIA-IgM-S1, 123 patients (64%) were positive, with titers ranging from
24.03 to 676 AU/mL. When combining the results of the three types of Ab (IgM, IgG S1, and
N), the sensitivity reached 91%.

Ab Levels in Patients Requiring Critical Care

Of this series, 18 patients had a severe form of disease requiring hospitalization in ICU.
Anti-S1 (median =511 AU/mL) and N (median = 2,930 AU/mL) IgG levels were significantly
higher in these patients than in all other patients (anti-S1 IgG, median = 126 AU/mL; anti-N
IgG, median = 696 AU/mL; p = 0.02 and 0.04, respectively). No statistically significant
difference was found for anti-S1 IgM (not shown).

Comparison with Commercial EIA Assays

The performance of our novel assay was compared to that of different commercial
assays on 76 available serum samples (10, 20, and 70 in groups day < 7, days 713, and day >
13, respectively). Global concordance of the multiplex ALBIA-IgGS1/N with Diasorin and
Abbott assays was 91% and 93%, respectively, with K coefficients of 0.64 and 0.73 indicating
a good concordance. Discordant tests were as follows: positivity of ALBIA when Diasorin was
negative (n = 6/7), negativity of ALBIA when Diasorin was positive (n = 1/7), and positivity
of ALBIA when Abbott was negative (n = 5/5). In addition, we analyzed the results of ALBIA
according to the antigenic reactivity (anti-S or anti-N IgG). Concordance of ALBIA anti-S IgG
with Diasorin was 93% with a coefficient K of 0.74 (good agreement). Concordance of ALBIA
anti-N IgG with Abbott was 97% with a coefficient K of 0.91 (excellent agreement).
Concordance of ALBIA IgG + IgM with the Wantai assay (detection of total Abs) was 95%

with a K coefficient of 0.80 (excellent agreement).

DISCUSSION

In this study, we report the high sensitivity and specificity of a new multiplex ALBIA
for exploring the humoral immune response to SARS-CoV-2 subunit S1 (IgG and IgM) and
nucleocapsid N protein (IgG). Since the emergence of COVID-19 at the end of 2019, efforts

have been made to develop serological tests whose limitations have been widely outlined
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(Duong et al., 2020; Lai et al., 2020; Smithgall et al., 2020). Different health authorities or
scientific organizations have issued recommendations on the performance that serological tests
should have, i.e., a clinical specificity of at least 98% and a clinical sensitivity of 90% or more
(Farnsworth and Anderson, 2020, Haute Autorit¢ De Santé [HAS], 2020). Our multiplex
ALBIA-IgG-S1/N largely meets these criteria and confirms the excellent performance of bead
immunoassays in accordance with a recent report (Ayoubaa et al., 2020). Our study further
shows that the sensitivity of monoplex ALBIA-IgM-S1 remains around 75%, highlighting the
fact that not all COVID-19 patients produce detectable levels of IgM (Guo et al., 2020; Liu et
al., 2020).

The performance of current serological tests for COVID-19 has been judged perfectible
in a large meta-analysis (Lisboa Bastos et al., 2020). Differences observed in sensitivity of such
tests depend on the antigenic source used for each assay. Even if Abs directed against the viral
S protein of SARS-CoV-2 are expected to appear earlier than those directed against the N
protein (Liu et al., 2020), it has been shown that N—specific Abs were more sensitive than S-
specific Abs for detecting early infection (Burbelo et al., 2020). Thus, multiplex assays offer
several advantages. Allowing the simultaneous analysis of immune responses to different
antigens, they increase the sensitivity of the test. Indeed, irrespectively of time of disease onset,
the sensitivity of the multiplexed anti-S1 plus anti-N IgG assay (90%) was greater than the
sensitivity of anti-S1 and anti-N IgG taken separately (84 and 89%, respectively). The
sensitivity increases to 91% if the results of the anti-S1 IgM assay are also taken into account.
Finally, combining several antigens in the same well reduces the cost and handling time of the
assay.

Quantification of anti-S1 IgM and IgG allows the study of the population dynamics of
anti-S1 IgG Ab response. Our results confirm that a 2-week delay is recommended for assaying
IgG Ab in SARS-CoV-2—exposed patients in accordance with the literature (Huang, 2020).
Also, the IgG levels of severely ill patients who required hospitalization in intensive care unit
were significantly higher than those of patients with milder disease in accordance with a recent
report (Long et al., 2020).

The diagnostic performance of ALBIA is equivalent to the best ELISAs or CLIAs
reported in the literature (Bischof et al.,2020; Bryan et al., 2020; Kruttgen et al., 2020; Mahase,
2020;Montesinos et al., 2020; Traugott et al., 2020). Hence, we compared our novel assay with
different commercially available CLIA or ELISA assays. Globally, our multiplex assay was

more sensitive than the other assays tested. The best correlation was found with the Wantai
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ELISA, which detects total Abs against SARS-CoV-2 SI1-RBD antigen, an assay already
highlighted for its excellent performance (GeurtsvanKessel et al., 2020).

In conclusion, we have developed a highly sensitive and specific serological assay for
exploring humoral immunity to SARS-CoV-2. This makes ALBIA a suitable tool for COVID-
19 diagnosis and monitoring, epidemiological, or vaccination studies or for investigating the

role of SARS-CoV-2 in non-typical forms of the disease (Hebert et al., 2020).
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CLAIMS:

1. A method for detecting the presence of coronavirus-specific antibodies in a subject

comprising the steps of:

- placing a sample obtained from the subject, in a single assay receptacle, in the

presence of particles conjugated to a coronaviral polypeptide,

- incubating the mixture under conditions which allow the formation of

immunocomplexes on the particles,
- eliminating the immunoglobulins which have not bound to the particles, and

- detecting the immunocomplexes of step b) on the particles, whereby the

presence or absence of coronavirus-specific antibodies is revealed.

2. The method of claim 1 wherein the subject is symptomatic or asymptomatic for a

coronavirus infection.
3. The method of claim 1 wherein blood sample

4. The method of claim 1 wherein the coronaviral polypeptide derives from the

nucleoprotein (N) protein.

5. The method of claim 4 wherein the coronaviral polypeptide has an amino acid sequence
having at least 90% of identity with the amino acid sequence as set forth in SEQ ID
NO:1.

6. The method of claim 4 wherein the coronaviral peptide comprises 15; 16; 17; 18; 19;
20; 21; 22; 23; 24; 25; 26, 27; 28; 29; 30; 31; 32; 33; 34; 35,36, 37; 38; 39; 40; 41, 42;
43: 44 45; 46; 47, 48; 49; 50; 51; 52; 53; 54; 55; 56; 57; 58; 59; 60; 61; 62; 63; 64; 65;
66; 67; 68; 69; 70; 71; 72; 73; 74; 75; 76; 7778; 79; 80; 81; 82; 83; 84; 85; 86; 87; 88;
89; 90; 91; 92; 93; 94; 95; 96; 97; 98; 99; 100; 101; 102; 103; 104; 105; 106; 107; 108;
109; 110; 111; 112; 113; 114; 115; 116; 117, 118; 119; 120, 121; 122; 123; 124; 125,
126; 127; 128; 129; 130; 131; 132; 133; 134, 135; 136; 137, 138; 139, 140; 141; 142,
143; 144; 145, 146; 147; 148; 149; 150; 151, 152; 153; 154, 155; 156, 157; 158; 159,
160; 161; 162; 163; 164; 165; 166; 167; 168, 169; 170; 171, 172; 173; 174; 175; 176,
177, 178; 179, 180; 181; 182; 183; 184; 185, 186; 187; 188; 189; 190; 191; 192; 193;
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194: 195; 196; 197; 198; 199; 200; 201: 202; 203: 204: 205: 206; 207; 208: 209: 210;
211; 212; 213; 214: 215; 216; 217; 218: 219; 220; 221; 222: 223: 224; 225: 226: 227
228: 229: 230; 231: 232; 233: 234: 235: 236; 237; 238: 239: 240; 241; 242; 243: 244;
245: 246; 247; 248: 249; 250; 251; 252: 253 254; 255; 256: 257; 258; 259; 260: 261;
262; 263: 264: 265: 266; 267; 268: 269: 270; 271; 272; 273: 274 275; 276; 277: 278;
279: 280; 281; 282: 283: 284: 285: 286: 287; 288: 289: 290: 291; 292: 293: 294: 295:
296: 297; 298: 299: 300; 301; 302; 303: 304; 305; 306; 307: 308; 309; 310; 311: 312;
313: 314: 315; 316; 317; 318: 319: 320: 321; 322; 323; 324: 325; 326; 327; 328: 329:
330: 331; 332; 333 334; 335: 336: 337: 338; 339; 340; 341; 342; 343; 344: 345: 346;
347: 348; 349: 350; 351; 352; 353: 354: 355; 356; 357; 358: 359; 360; 361; 362: 363:
364: 365; 366; 367; 368; 369; 370: 371: 372; 373: 374; 375 376 377; 378; 379: 380;
381: 382; 383; 384: 385; 386; 387: 388: 389; 390; 391; 392: 393: 394: 395: 396: 397
398: 399: 400; 401; 402; 403; 404: 405: 406; 407; 408; 409: 410; 411; 412; 413; 414;
415; 416; 417, 418; 419 consecutive amino acids in SEQ ID NO:1.

7. The method of claim 1 wherein the coronaviral polypeptide derives from the spike (S)

protein.

8. The method of claim 1 wherein the coronaviral polypeptide derives from the S1, S2 or

S2’ protein.
9. The method of claim 7 wherein the coronaviral polypeptide has:

- an amino acid sequence having at least 90% of identity with the amino acid

sequence as set forth in SEQ ID NO:2, or

- an amino acid sequence having at least 90% of identity with the amino acid
sequence that ranges from the amino acid residue at position 13 to the amino

acid residue at position 685 in SEQ ID NO:2 (“S1 protein”), or

- an amino acid sequence having at least 90% of identity with the amino acid
sequence that ranges from the amino acid residue at position 686 to the amino

acid residue at position 1273 in SEQ ID NO:2 (“S2 protein”), or

- an amino acid sequence having at least 90% of identity with the amino acid
sequence that ranges from the amino acid residue at position 816 to the amino

acid residue at position 1273 in SEQ ID NO:2 (“S2’ protein”).
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10. The method of claim 7 wherein the coronaviral polypeptide comprises 15; 16; 17; 18;
19; 20; 21; 22; 23; 24; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40; 41;
42: 43; 44 45; 46; 47 48; 49; 50; 51; 52; 53; 54; 55; 56; 57; 58; 59; 60; 61; 62; 63; 64;
65; 66; 67; 68; 69; 70; 71; 72; 73; 74; 75; 76, 7778; 79, 80; 81; 82; 83; 84; 85; 86; 87;
88; 89; 90; 91; 92; 93; 94; 95; 96; 97; 98; 99; 100; 101; 102; 103; 104; 105; 106; 107
108; 109; 110; 111; 112; 113; 114; 115; 116; 117; 118; 119, 120; 121, 122; 123; 124,
125; 126; 127; 128; 129; 130; 131; 132; 133; 134; 135; 136, 137; 138; 139; 140; 141,
142; 143; 144, 145; 146; 147, 148; 149; 150; 151; 152; 153, 154; 155; 156; 157; 158;
159; 160; 161; 162; 163; 164; 165; 166; 167, 168; 169; 170, 171; 172, 173; 174; 175,
176; 177; 178, 179; 180; 181; 182; 183; 184, 185; 186; 187, 188; 189; 190; 191; 192;
193; 194; 195; 196; 197; 198; 199; 200, 201, 202; 203; 204, 205; 206, 207; 208; 209,
210; 211; 212; 213; 214; 215, 216; 217, 218, 219; 220, 221, 222; 223, 224; 225; 226,
227, 228; 229; 230; 231; 232; 233; 234, 235, 236; 237, 238, 239; 240, 241; 242; 243,
244; 245; 246, 247, 248; 249, 250; 251, 252; 253; 254, 255, 256; 257, 258; 259; 260,
261; 262; 263, 264; 265; 266, 267; 268, 269, 270; 271, 272, 273, 274, 275, 276; 277,
278; 279; 280, 281; 282; 283; 284; 285; 286, 287; 288; 289, 290; 291, 292; 293; 294,
295; 296, 297, 298; 299; 300, 301; 302; 303; 304; 305; 306, 307; 308; 309; 310; 311,
312; 313; 314; 315; 316; 317, 318; 319; 320, 321; 322; 323, 324; 325, 326; 327; 328,
329; 330; 331; 332; 333; 334; 335, 336; 337, 338; 339; 340, 341; 342; 343; 344; 345,
346; 347, 348; 349; 350; 351; 352; 353; 354, 355; 356; 357, 358; 359, 360; 361; 362,
363; 364; 365; 366, 367; 368; 369, 370; 371, 372; 373; 374, 375, 376, 377, 378; 379,
380; 381; 382; 383; 384; 385; 386, 387; 388; 389; 390; 391, 392; 393; 394; 395; 396,
397, 398; 399; 400, 401; 402; 403; 404; 405, 406; 407; 408; 409; 410, 411; 412; 413;
414; 415; 416; 417, 418; 419, 420; 421, 422, 423; 424, 425, 426; 427, 428; 429; 430,
431; 432; 433; 434; 435; 436, 437; 438; 439, 440; 441, 442, 443; 444, 445; 446; 447,
448; 449; 450; 451; 452; 453; 454; 455, 456, 457, 458; 459, 460; 461, 462; 463; 464,
465; 466; 467, 468; 469; 470, 471; 472; 473, 474; 475, 476, 477, 478, 479; 480; 481,
482; 483; 484; 485; 486; 487, 488; 489; 490, 491; 492; 493; 494; 495, 496; 497; 498,
499; 500; 501; 502; 503; 504; 505; 506; 507, 508; 509; 510; 511; 512; 513; 514; 515;
516; 517; 518; 519; 520; 521; 522; 523; 524; 525, 526; 527, 528, 529; 530, 531; 532;
533; 534; 535; 536; 537; 538; 539; 540; 541, 542; 543; 544; 545, 546; 547, 548; 549;
550; 551; 552; 553; 554; 555; 556; 557; 558; 559, 560; 561; 562; 563; 564, 565; 566;
567, 568; 569; 570, 571, 572; 573; 574; 575, 576, 577, 578; 579, 580; 581, 582; 583;
584; 585; 586; 587; 588; 589; 590; 591; 592; 593; 594; 595; 596, 597; 598; 599; 600;
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601; 602; 603; 604; 605; 606; 607; 608; 609; 610; 611; 612; 613; 614 615; 616; 617;
618; 619; 620; 621; 622; 623; 624; 625; 626; 627; 628; 629; 630; 631; 632; 633; 634;
635; 636; 637; 638; 639; 640; 641; 642; 643; 644; 645; 646; 647; 648; 649: 650; 651;
652; 653; 654; 655; 656; 657; 658; 659; 660; 661; 662; 663; 664; 665; 666; 667; 668;
669: 670; 671; 672; 673; 674; 675; 676; 677; 678; 679; 680; 681; 682; 683; 684; 685;
686 687; 688; 689; 690; 691; 692; 693; 694; 695; 696; 697; 698; 699; 700; 701; 702;
703; 704; 705; 706; 707; 708; 709; 710; 711; 712; 713; 714; 715; 716; 717; 718; 719;
720; 721; 722; 723; 724; 725; 726; 727; 728; 729; 730; 731; 732; 733; 734 735; 736;
737; 738; 739; T40; T41; 742; 743; 744; 745; 746; 747, 748; 749; 750; 751; 752; 753;
754: 755; 756; 757; 758; 759; 760; 761; 762; 763; 764 765; 766; 767, 168 769; 770;
771; 772; 773; 774; 775; 776, 777, 778; 779; 780; 781; 782; 783; 784 785 786; 787
788: 789; 790; 791; 792; 793; 794; 795; 796; 797; 798; 799; 800; 801; 802; 803; 804;
805; 806; 807; 808; 809; 810; 811; 812; 813; 814 815; 816; 817; 818; 819; 820; 821;
822; 823; 824; 825; 826; 827; 828; 829; 830; 831; 832; 833; 834; 835; 836; 837; 838;
839; 840; 841; 842; 843; 844; 845; 846; 847; 848; 849; 850; 851; 852; 853; 854; 855;
856; 857; 858; 859; 860; 861; 862; 863; 864; 865; 866; 867; 868; 869; 870; 871; 872;
873; 874; 875; 876; 877; 878; 879; 880; 881; 882; 883; 884 885 886; 887 888; 889;
890; 891; 892; 893; 894; 895; 896; 897; 898; 899: 900; 901; 902; 903; 904: 905; 906;
907; 908; 909; 910; 911; 912; 913; 914; 915; 916; 917; 918; 919; 920; 921; 922; 923;
924: 925: 926; 927; 928; 929; 930; 931; 932; 933; 934; 935; 936; 937; 938; 939; 940;
941: 942; 943; 944; 945; 946; 947; 948; 949; 950; 951; 952; 953; 954: 955: 956; 957;
958: 959: 960; 961; 962; 963; 964; 965; 966; 967; 968; 969; 970; 971; 972; 973; 974;
975: 976; 977; 978; 979; 980; 981; 982; 983; 984 985: 986; 987; 988 989: 990; 991;
992: 993; 994; 995: 996; 997; 998; 999: 1000; 1002; 1003; 1004; 1005; 1006; 1007;
1008; 1009; 1010; 1011; 1012; 1013; 1014; 1015; 1016; 1017; 1018; 1019; 1020; 1021;
1022; 1023; 1024; 1025; 1026; 1027; 1028; 1029; 1030; 1031; 1032; 1033; 1034; 1035;
1036; 1037; 1038; 1039; 1040; 1041; 1042; 1043; 1044; 1045; 1046; 1047; 1048; 1049;
1050; 1051; 1052; 1053; 1054; 1055; 1056; 1057; 1058; 1059; 10601061; 1062; 1063;
1064; 1065; 1066; 1067; 1068; 1069; 1070; 1071; 1072; 1073; 1074 1075; 1076; 1077,
1078; 1079; 1080; 1081; 1082; 1083; 1084 1085; 1086; 1087; 1088; 1089; 1090; 1091;
1092; 1093; 1094; 1095; 1096; 1097; 1098; 1099; 1100; 1101; 1102; 1103; 1104; 1105;
1106; 1107, 1108; 1109; 1110; 1111; 1112; 1113; 1114; 1115; 1116; 1117; 1118; 1119;
1120; 1121; 1122; 1123; 1124; 1125; 1126; 1127; 1128; 1129; 1130; 1131; 1132; 1133;
1134; 1135; 1136; 1137; 1138; 1139; 1140; 1141; 1142; 1143; 1144; 1145; 1146; 1147,
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11.

12.

13.

42
1148; 1149; 1150; 1151; 1152; 1153; 1154; 1155; 1156; 1157; 1158; 1159; 1160; 1161;
1162; 1163; 1164; 1165; 1166; 1167; 1168; 1169; 1170; 1171; 1172; 1173; 1174; 1175
1176; 1177, 1178; 1179; 1180; 1181; 1182; 1183; 1184; 1185; 1186; 1187; 1188; 1189;
1190; 1191; 1192; 1193; 1194; 1195; 1196; 1197; 1198; 1199; 1200; 1201; 1202; 1203;
1204; 1205; 1206; 1207; 1208; 1209; 1210; 1211; 1212; 1213; 1214; 1215; 1216; 1217,
1218; 1219; 1220; 1221; 1222; 1223; 1224 1225; 1226; 1227; 1228; 1229; 1230; 1231,
1232; 1233; 1234; 1235; 1236; 1237; 1238; 1239; 1240; 1241; 1242; 1243; 1244 1245;
1246; 1247; 1248; 1249; 1250; 1251; 1252; 1253; 1254; 1255; 1256; 1257; 1258; 1259;
1260; 1261; 1262; 1263; 1264; 1265; 1266 1267; 1268; 1269; 1270; 1271; 1272; 1273;

consecutive amino acids in SEQ ID NO:2.

The method of claim 1 wherein the coronaviral polypeptide derives from the papain-

like protease.
The method of claim 11 wherein the coronaviral polypeptide has

- an amino acid sequence having at least 90% of identity with the amino acid

sequence as set forth in SEQ ID NO:3, or

- an amino acid sequence having at least 90% of identity with the amino acid
sequence that ranges from the amino acid residue at position 746 to the amino

acid residue at position 1060 in SEQ ID NO:3.

The method of claim 11 wherein the coronaviral polypeptide comprises 15; 16; 17; 18;
19; 20; 21; 22; 23; 24; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40; 41;
42: 43; 44 45; 46; 47 48; 49; 50; 51; 52; 53; 54; 55; 56; 57; 58; 59; 60; 61; 62; 63; 64;
65; 66; 67; 68; 69; 70; 71; 72; 73; 74; 75; 76, 7778; 79, 80; 81; 82; 83; 84; 85; 86; 87;
88; 89; 90; 91; 92; 93; 94; 95; 96; 97; 98; 99; 100; 101; 102; 103; 104; 105; 106; 107
108; 109; 110; 111; 112; 113; 114; 115; 116; 117; 118; 119, 120; 121, 122; 123; 124,
125; 126; 127; 128; 129; 130; 131; 132; 133; 134; 135; 136, 137; 138; 139; 140; 141,
142; 143; 144, 145; 146; 147, 148; 149; 150; 151; 152; 153, 154; 155; 156; 157; 158;
159; 160; 161; 162; 163; 164; 165; 166; 167, 168; 169; 170, 171; 172, 173; 174; 175,
176; 177; 178, 179; 180; 181; 182; 183; 184, 185; 186; 187, 188; 189; 190; 191; 192;
193; 194; 195; 196; 197; 198; 199; 200, 201, 202; 203; 204, 205; 206, 207; 208; 209,
210; 211; 212; 213; 214; 215, 216; 217, 218, 219; 220, 221, 222; 223, 224; 225; 226,
227, 228; 229; 230; 231; 232; 233; 234, 235, 236; 237, 238, 239; 240, 241; 242; 243,
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244: 245: 246; 247; 248; 249; 250; 251; 252; 253; 254; 255; 256; 257, 258; 259; 260;
261; 262; 263; 264; 265; 266; 267; 268; 269; 270; 271; 272; 273; 274; 275, 276; 277,
278; 279; 280; 281; 282; 283; 284; 285; 286; 287; 288; 289; 290; 291; 292; 293; 294;
205: 296; 297; 298; 299; 300; 301; 302; 303; 304; 305; 306; 307; 308; 309; 310; 311;
312; 313; 314; 315; 316; 317; 318; 319; 320; 321; 322; 323; 324; 325; 326; 327; 328;
329: 330; 331; 332; 333; 334; 335; 336; 337; 338; 339; 340; 341; 342; 343; 344; 345;
346; 347; 348; 349; 350; 351; 352; 353; 354; 355; 356; 357; 358; 359; 360; 361; 362;
363; 364; 365; 366; 367; 368; 369; 370; 371; 372; 373; 374; 375; 376; 377; 378; 379;
380; 381; 382; 383; 384; 385; 386; 387; 388; 389; 390; 391; 392; 393; 394: 395; 396;
397; 398; 399; 400; 401; 402; 403; 404; 405; 406; 407; 408; 409; 410; 411; 412; 413;
414; 415; 416; 417; 418; 419; 420; 421; 422; 423; 424; 425; 426; 427, 428; 429; 430,
431; 432; 433; 434; 435; 436; 437; 438; 439; 440; 441; 442; 443; 444; 445; 446; 447,
448; 449: 450; 451; 452; 453; 454; 455; 456; 457; 458; 459; 460; 461; 462; 463; 464;
465; 466; 467; 468; 469; 470; 471; 472; 473; 474; 475; 476, 477, 478; 479; 480; 481,
482: 483: 484: 485; 486; 487; 488; 489; 490; 491; 492; 493; 494; 495; 496; 497; 498;
499; 500; 501; 502; 503; 504; 505; 506; 507; 508; 509; 510; 511; 512; 513; 514; 515;
516; 517; 518; 519; 520; 521; 522; 523; 524; 525; 526; 527; 528; 529; 530; 531; 532;
533; 534; 535; 536; 537; 538; 539; 540; 541; 542; 543; 544 545; 546; 547; 548; 549;
550; 551; 552; 553; 554; 555; 556; 557; 558; 559; 560; 561; 562; 563; 564 565; 566;
567; 568; 569; 570; 571; 572; 573; 574; 575; 576; 577, 578; 579; 580; 581; 582; 583;
584; 585; 586; 587; 588; 589; 590; 591; 592; 593; 594; 595: 596; 597; 598: 599; 600;
601; 602; 603; 604; 605; 606; 607; 608; 609; 610; 611; 612; 613; 614 615; 616; 617;
618; 619; 620; 621; 622; 623; 624; 625; 626; 627; 628; 629; 630; 631; 632; 633; 634;
635; 636; 637; 638; 639; 640; 641; 642; 643; 644; 645; 646; 647; 648; 649: 650; 651;
652; 653; 654; 655; 656; 657; 658; 659; 660; 661; 662; 663; 664; 665; 666; 667; 668;
669: 670; 671; 672; 673; 674; 675; 676; 677; 678; 679; 680; 681; 682; 683; 684; 685;
686 687; 688; 689; 690; 691; 692; 693; 694; 695; 696; 697; 698; 699; 700; 701; 702;
703; 704; 705; 706; 707; 708; 709; 710; 711; 712; 713; 714; 715; 716; 717; 718; 719;
720; 721; 722; 723; 724; 725; 726; 727; 728; 729; 730; 731; 732; 733; 734 735; 736;
737; 738; 739; T40; T41; 742; 743; 744; 745; 746; 747, 748; 749; 750; 751; 752; 753;
754: 755; 756; 757; 758; 759; 760; 761; 762; 763; 764 765; 766; 767, 168 769; 770;
771; 772; 773; 774; 775; 776, 777, 778; 779; 780; 781; 782; 783; 784 785 786; 787
788: 789; 790; 791; 792; 793; 794; 795; 796; 797; 798; 799; 800; 801; 802; 803; 804;
805; 806; 807; 808; 809; 810; 811; 812; 813; 814 815; 816; 817; 818; 819; 820; 821;
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822; 823; 824; 825; 826; 827; 828; 829; 830; 831; 832; 833; 834; 835; 836; 837; 838;
839; 840; 841; 842; 843; 844; 845; 846; 847; 848; 849; 850; 851; 852; 853; 854; 855;
856; 857; 858; 859; 860; 861; 862; 863; 864; 865; 866; 867; 868; 869; 870; 871; 872;
873; 874; 875; 876; 877; 878; 879; 880; 881; 882; 883; 884 885 886; 887 888; 889;
890; 891; 892; 893; 894; 895; 896; 897; 898; 899: 900; 901; 902; 903; 904: 905; 906;
907; 908; 909; 910; 911; 912; 913; 914; 915; 916; 917; 918; 919; 920; 921; 922; 923;
924: 925: 926; 927; 928; 929; 930; 931; 932; 933; 934; 935; 936; 937; 938; 939; 940;
941: 942; 943; 944; 945; 946; 947; 948; 949; 950; 951; 952; 953; 954: 955: 956; 957;
958: 959: 960; 961; 962; 963; 964; 965; 966; 967; 968; 969; 970; 971; 972; 973; 974;
975: 976; 977; 978; 979; 980; 981; 982; 983; 984 985: 986; 987; 988 989: 990; 991;
992: 993; 994; 995: 996; 997; 998; 999: 1000; 1002; 1003; 1004; 1005; 1006; 1007;
1008; 1009; 1010; 1011; 1012; 1013; 1014; 1015; 1016; 1017; 1018; 1019; 1020; 1021;
1022; 1023; 1024; 1025; 1026; 1027; 1028; 1029; 1030; 1031; 1032; 1033; 1034; 1035;
1036; 1037; 1038; 1039; 1040; 1041; 1042; 1043; 1044; 1045; 1046; 1047; 1048; 1049;
1050; 1051; 1052; 1053; 1054; 1055; 1056; 1057; 1058; 1059; 10601061; 1062; 1063;
1064; 1065; 1066; 1067; 1068; 1069; 1070; 1071; 1072; 1073; 1074 1075; 1076; 1077,
1078; 1079; 1080; 1081; 1082; 1083; 1084 1085; 1086; 1087; 1088; 1089; 1090; 1091;
1092; 1093; 1094; 1095; 1096; 1097; 1098; 1099; 1100; 1101; 1102; 1103; 1104; 1105;
1106; 1107, 1108; 1109; 1110; 1111; 1112; 1113; 1114; 1115; 1116; 1117; 1118; 1119;
1120; 1121; 1122; 1123; 1124; 1125; 1126; 1127; 1128; 1129; 1130; 1131; 1132; 1133;
1134; 1135; 1136; 1137; 1138; 1139; 1140; 1141; 1142; 1143; 1144; 1145; 1146; 1147,
1148; 1149; 1150; 1151; 1152; 1153; 1154; 1155; 1156; 1157; 1158; 1159; 1160; 1161;
1162; 1163; 1164; 1165; 1166; 1167; 1168; 1169; 1170; 1171; 1172; 1173; 1174; 1175
1176; 1177, 1178; 1179; 1180; 1181; 1182; 1183; 1184; 1185; 1186; 1187; 1188; 1189;
1190; 1191; 1192; 1193; 1194; 1195; 1196; 1197; 1198; 1199; 1200; 1201; 1202; 1203;
1204; 1205; 1206; 1207; 1208; 1209; 1210; 1211; 1212; 1213; 1214; 1215; 1216; 1217,
1218; 1219; 1220; 1221; 1222; 1223; 1224 1225; 1226; 1227; 1228; 1229; 1230; 1231,
1232; 1233; 1234; 1235; 1236; 1237; 1238; 1239; 1240; 1241; 1242; 1243; 1244 1245;
1246; 1247; 1248; 1249; 1250; 1251; 1252; 1253; 1254; 1255; 1256; 1257; 1258; 1259;
1260; 1261; 1262; 1263; 1264; 1265; 1266 1267; 1268; 1269; 1270; 1271; 1272; 1273;
1274; 1275; 1276; 1277; 1278; 1279; 1280; 1281; 1282; 1283; 1284: 1285; 1286; 1287,
1288; 1289; 1290; 1291; 1292; 1293; 1294 1295; 1296; 1297; 1298: 1299; 1300; 1301,
1302; 1303; 1304; 1305; 1306; 1307; 1308; 1309; 1310; 1311; 1312; 1313; 1314 1315;
1316; 1317; 1318; 1319; 1320; 1321; 1322; 1323; 1324; 1325; 1326; 1327; 1328; 1329;
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1330 1331; 1332; 1333; 1334: 1335: 1336; 1337; 1338; 1339; 1340; 1341; 1342; 1343;
1344: 1345; 1346; 1347; 1348; 1349: 1350; 1351; 1352; 1353; 1354; 1355; 1356: 1357;
1358: 1359; 1360; 1361; 1362; 1363: 1364; 1365; 1366; 1367 1368; 1369; 1370 1371;
1372 1373; 1374; 1375; 1376; 1377; 1378; 1379; 1380; 1381; 1382; 1383; 1384: 1385;
1386; 1387; 13881389; 1390; 1391: 1392: 1393; 1394: 1395; 1396; 1397; 1398; 1399:
1400; 1401; 1402; 1403; 1404: 1405: 1406; 1407; 1408; 1409; 1410; 1411; 1412; 1413;
1414; 1415; 1416; 1417; 1418; 1419; 1420; 1421; 1422; 1423; 1424; 1425; 1426: 1427;
1428: 1429; 1430; 1431; 1432; 1433: 1434; 1435; 1436; 1437 1438; 1439; 1440; 1441;
1442: 1443; 1444; 1445; 1446; 1447; 1448; 1449; 1450; 1451; 1452; 1453; 1454: 1455;
1456; 1457; 1458; 1459; 1460; 1461: 1462; 1463; 1464; 1465; 1466; 1467; 1468: 1469;
1470; 1471; 1472; 1473; 1474; 1475: 1476; 1477; 1478; 1479; 1480; 1481; 1482 1483;
1484: 1485 1486; 1487; 1488: 1489: 1490; 1491; 1492; 1493: 1494; 1495: 1496: 1497;
1498; 1499; or 1500 consecutive amino acids in SEQ ID NO:3.

14. The method of claim 1 wherein a secondary antibody that is coupled to an indicator

reagent comprising a signal generating compound is used.

15. The method of claim 14 wherein the secondary antibody is an anti-human IgG, IgM or

IgA antibody or a secondary antibody specific for any human immunoglobulin subclass.

16. The method of claim 14 that comprises the steps of:

a) placing a sample obtained from the subject, in a single assay receptacle, in the

presence of particles conjugated to a coronaviral viral polypeptide,

- b) incubating the mixture under conditions which allow the formation of

immunocomplexes on particles,
- ¢) eliminating the immunoglobulins which have not bound to the particles,

- d) incubating the mixture of step b) with at least one secondary antibody that is
coupled to an indicator reagent and has specificity for a particular
immunoglobulin (e.g. an anti-human IgG antibody or an anti-IgM antibody or

an anti-IgA antibody),

- e) eliminating the secondary antibodies not bound to the immunocomplexes of

step b), and
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- f) detecting by means of a detector the immunocomplexes of step d) on the
particles, whereby the presence or absence of coronavirus-specific antibodies is

revealed.

17. The method of claim 16 wherein the steps d) consists in incubating the mixture of step
b) with a plurality of secondary antibodies each secondary antibody having specificity
for a particular immunoglobulin (e.g. an anti-human IgG antibody or an anti-IgM
antibody or an anti-IgA antibody or an antibody specific for any human

immunoglobulin subclass).

18. The method of claim 17 wherein the groups of antibodies differ from one another by
their indicator reagent so as to discriminate the type of coronavirus antibodies when step

f) is carried out.
19. The method of claim 1 that comprises the steps of:

- placing a the sample obtained from the subject, in a single assay receptacle, in
the presence of plurality of particles belonging to at least two different groups,
one of the groups being conjugated to a first coronaviral viral polypeptide and

the other group being conjugated to a second coronaviral viral polypeptide,

- incubating the mixture under conditions which allow the formation of

immunocomplexes on each group of particles,
- eliminating the immunoglobulins which have not bound to the particles,

- incubating the mixture of step b) with at least one secondary antibody that is
coupled to an indicator reagent and has specificity for a particular
immunoglobulin (e.g. an anti-human IgG antibody or an anti-IgM antibody or

an antibody specific for any human immunoglobulin subclass),

- eliminating the secondary antibodies not bound to the immunocomplexes of step

b), and

- simultaneously detecting, by means of a detector capable of differentiating the

at least two groups of particles mentioned above, the immunocomplexes of step
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d) on each particle, whereby the presence or absence of coronavirus-specific

antibodies is revealed.

The method of claim 19 wherein the groups of said particles differ from one another by

their identity codes (e.g. fluorophores) as described above.

. The method of claim 19 that is particularly suitable for simultaneously detecting

immunoglobulins having specificity for the nucleoprotein (N), and/or the spike protein
(S) or any of its fragment such as S1, S2 or S2’ fragments and/or the Papain-like
proteinase (PL-Pro).

The method of claim 19 for simultaneously detecting IgG and IgM, or IgA coronavirus-
specific antibodies having specificity for the nucleoprotein (N), and/or the spike protein

(S) and/or the Papain-like proteinase (PL-Pro).
Use of the method of claim 1 for the diagnosis of coronavirus infection

A method for determining whether a subject achieves a protection with a vaccine or a
vaccine candidate against coronavirus comprising i) detecting by carrying out the
method of the claim 1 the presence of coronavirus specific antibodies (in particular IgG
coronavirus specific antibodies) i1) and concluding that the subject achieves a protection
with the vaccine or vaccine candidate when the presence of coronavirus specific

antibodies is detected.

. A method for determining whether a subject has to be vaccinated against coronavirus,

said method comprising 1) detecting by carrying out the method of claim 1 the presence
of coronavirus specific antibodies (in particular IgG coronavirus specific antibodies) i)
and concluding that the subject has to be vaccinated when the absence of coronavirus
specific antibodies is detected or conversely does not need to be vaccinated if the

presence of coronavirus specific antibodies is detected.

A method for assessing the avidity of coronavirus-specific antibodies in a subject

comprising the steps of:

- a) placing a first sample obtained from the subject, in first single assay
receptacle, in the presence of particles conjugated to a coronaviral polypeptide

and an amount of a chaotropic agent
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- b) placing a second sample obtained from the subject, in second single assay
receptacle, in the presence of particles conjugated to a coronaviral polypeptide,

and in the absence of the chaotropic agent of step a)

- ¢) incubating the mixtures of step a) and b) under conditions which allow the

formation of immunocomplexes on particles,
- d) eliminating the immunoglobulins which have not bound to the particles, and

- e) detecting and quantifying the immunocomplexes of step a) and b) on the
plurality of particles, whereby the presence or absence of coronavirus-specific
antibodies is revealed and whereby the avidity of the coronavirus-specific
antibodies is assessed by comparing the quantity of the immunocomplexes of

step a) with the quantity of the immunocomplexes of step b) .

27. A kit comprises the particles of claim 1 and optionally the secondary antibodies of claim

14.
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