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Significance and Impact of the Study: Flow cytometry has emerged as a promising technique for detec-
tion of anti-SARS-CoV-2 antibodies. In this study, we developed an innovative strategy for simultaneous
detection of immunoglobulin G (IgG), IgM and IgA. This new cell-free assay efficiently discriminate
COVID-19 negative and positive samples. The simultaneous detection of I1gG, IgM and IgA showed a
high sensitivity and specificity. This novel strategy opens a new avenue for flow cytometry-based diag-
nosis.

Keywords Abstract
CBA functional beads, COVID-19, flow
cytometry, IgG, IgM and IgA antibodies,

multiplex immunoassay, SARS-CoV-2.

Flow cytometry has emerged as a promising technique for detection of SARS-
CoV-2 antibodies. In this study, we developed an innovative strategy for
simultaneous detection of immunoglobulin G (IgG), IgM and IgA. The SARS-
CoV-2 nucleocapsid protein was covalently bound to functional beads surface
applying sulpho-SMCC chemistry. BUV395 anti-IgG, BB515 anti-IgM,
biotinylated anti-IgA1/IgA2 and BV421 streptavidin were used as fluorophore
conjugated secondary antibodies. Serum and antibodies reaction conditions

Correspondence

Vivian Rotuno Moure and Glaucio Valdameri,
Pharmaceutical Sciences Graduate Program,
Laboratory of Cancer Drug Resistance, Federal
University of Parana, 80210-170 Curitiba, PR,

Brazil.
E-mail: vivian.moure@ufpr.br and
gvaldameri@ufpr.br

were optimized for each antibody isotype detection and a multiplexed
detection assay was developed. This new cell-free assay efficiently discriminate
COVID-19 negative and positive samples. The simultaneous detection of IgG,
IgM and IgA showed a sensitivity of 88-5-96-2% and specificity of 100%. This
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Introduction

The first case of the novel coronavirus, SARS-CoV-2, which
causes a disease known as COVID-19, was reported in
Wuhan, China, on 31 December 2019. The World Health
Organization (WHO), on 11 March 2020, declared COVID-
19 a pandemic. The course of the COVID-19 pandemic is a
consequence of the rapid spread of this virus and, more
recently, the emergency of novel variants (Hu et al. 2020).

novel strategy opens a new avenue for flow cytometry-based diagnosis.

The understanding of immune response to SARS-CoV-
2 infection is critical, especially in discrimination of dis-
ease severity and vaccine efficacy. Although the antibody
response to COVID-19 are not fully characterized, is well-
known that seroconversion for IgG and IgM occurs typi-
cally within 3 weeks, being simultaneously or sequentially,
initiating 5 days after symptom onset (Yu et al. 2020),
with a median day of seroconversion of 13 days post
symptom onset for both I1gG and IgM (Long et al. 2020).
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Flow cytometry and COVID-19

The IgA isotype have gained attention in COVID-19
(Russell et al. 2020). The secretory form would primarily
act at the virus entry site (Chao et al. 2020) and the cir-
culating anti-receptor-binding domain (RBD) IgA has
been revealed as neutralizing antibody (Sterlin et al. 2021;
Zeng et al. 2021). In addition, circulating IgA levels has
also been correlated with disease severity (Grossberg et al.
2021). IgA seroconversion appears as early as IgG and
IgM (Norman et al. 2020), or slightly early than IgG and
IgM (Padoan et al. 2020; Yu et al. 2020).

These multiple antibody isotypes target viral proteins,
including spike subunit 1 (S1) and subunit 2 (S2),
receptor-binding domain (RBD), Cys-like protease
(Mpro) and nucleocapsid (or nucleoprotein) (Meyer et al.
2014; Chang et al. 2020; Céceres-Martell et al. 2021). Sev-
eral studies described the detection of SARS-CoV-2-
specific IgG and IgM (Hachim et al. 2020; Long et al.
2020; Okba et al. 2020; Petherick, 2020; Vashist, 2020; Yu
et al. 2020; de Assis et al. 2021; Egia-Mendikute et al.
2021; Huergo et al. 2021; Marién et al. 2021), while the
detection of SARS-CoV-2-specific IgA has been less
reported (Behrens et al. 2020; Norman et al. 2020; Okba
et al. 2020; Padoan et al. 2020; Munitz et al. 2021; Sterlin
et al. 2021). In most cases, antibody detection is based on
ELISA or chemiluminescent assays.

Recent studies have exploited flow cytometry to
develop assays to detect COVID-19 seroconversion in
humans. In five studies, the spike protein was overex-
pressed on the surface of cells, allowing the detection of
antibodies in patient samples using fluorescent secondary
anti-antibodies (Lapuente et al. 2020; Anand et al. 2021;
Goh et al. 2021; Horndler et al. 2021; Simard et al. 2022).
In other studies, SARS-CoV-2 antigens were either non-
covalently bound to beads coated with streptavidin
(Dogan et al. 2021; Egia-Mendikute et al. 2021) or cova-
lently coupled to magnetic fluorescent beads (Cdceres-
Martell et al. 2021).

Most of immunological assays detect the antibodies
against spike protein, showing a limited use in differenti-
ating infected individuals that those immunized by vacci-
nation, since the main COVID-19 vaccines used
worldwide are spike-targeted (Dorschug et al. 2021; Forni
and Mantovani 2021). Considering the immunogenic
response against the nucleocapsid protein (Leung et al.
2004; Zhu et al. 2006; Grzelak et al. 2020; To et al. 2020)
and the similar profile of IgG and IgA against nucleocap-
sid and spike proteins (Sterlin et al. 2021), the goal of this
work was to develop an assay for the detection of anti-
bodies initially to target the SARS-CoV-2 nucleocapsid
protein. To pursue this, SARS-CoV-2 nucleocapsid anti-
gen was covalently linked to functional beads (CBA),
which allowed accurate multiplexed detection of IgG, IgM
and IgA isotypes using flow cytometry.
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Results and discussion

Strategy at a glance

Cytometric bead array (CBA) is called functional beads
by the producer and compatible with flow cytometry.
These fluorescent beads have been widely used to investi-
gate antigens in serum samples. There are several com-
mercially available beads which are covalently covered by
antibodies that recognize specific targets. Detection of the
analyte using flow cytometry is performed using a
fluorochrome-conjugated secondary antibodies. Despite
this well-established approach, the application of these
CBA beads to covalently bind antigens and investigation
of antibodies is poorly studied (Morgan et al. 2004). In
this work, thiol groups of the commercial fluorescent
polystyrene naked CBA beads were reduced to the active
sulphydryl form by DTT. The recombinant 6xHis-tagged
SARS-CoV-2 nucleocapsid protein solubilized on PBS was
covalently bound to CBA beads by sulpho-SMCC chem-
istry (Fig. 1a). These functionalized beads were named as
CBA-N. CBA-N was further used as proof of concept to
investigate the presence of IgG, IgM and IgA isotypes in
COVID-19 positive serum samples. To allow antibodies
detection, specific anti-human IgG and IgM conjugated
with BD Horizon BUV395 and BD Horizon BB515
fluorochromes, respectively, used. Biotinylated
anti-human IgA1/IgA2 and streptavidin conjugated with
BD Horizon BV421 was used as a second-step reagent to
improve the sensitivity of IgA detection (Fig. 1b).

The prepared CBA-N was homogeneously distributed
with a diameter size of 7-5 um, which allowed recognition
by flow cytometry according to the forward (FSC) and side
scatter (SSC) parameters and using a specific gate (Fig. 1c).
All fluorochromes were rationally chosen to attenuate the
spillover of fluorescence in a multiplex system, since each
fluorochrome is excited by a different laser. This combina-
tion of fluorochromes was optimized for a flow cytometer
equipped with at least three lasers, including a 355, 405 and
488 nm lasers. As shown in Fig. 1c, the fluorescence was
recorded simultaneously using three different channels.

To achieve the best standardization for multiplexed
detection of IgG, IgM and IgA response to SARS-CoV-2
infection, the conditions for each antibody response were
optimized.

were

Optimization of conditions

Negative samples were obtained before the pandemic and
were called as control (Ctrl). COVID-19 positive samples
were obtained of patients from an oncological hospital
(HEG) at Curitiba after 14 days of hospitalization, which
correspond to approximately 19 days after the symptom
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Figure 1 Rational strategy overview. (a) Fluorescent polystyrene beads of 7-5 um reduced by DDT. SARS-CoV-2 nucleocapsid protein solubilized
in PBS covalently bound to beads surface by sulpho-SMCC chemistry to originate functionalized beads named as CBA-N. (b) Schematic represen-
tation of the multiplex assay. (c) Gate selection based on bead size. Representative histograms of COVID-19 positive samples

onset. These patients were diagnosed with COVID-19 by
RT-PCR showing positive results from two independent
laboratories (data not shown), and most samples are from
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oncologic patients. For standardization of the assay, we
used a mixture of, at least three, negative and positive
samples.
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The data were expressed as the percentage of positive
fluorescent beads (PPFB). As shown in Fig. 2a, a serum
dilution curve revealed that the discrimination of positive
vs negative IgG samples was achieved at a serum dilution
of 1000-fold. A possible hook effect was observed in undi-
luted until 1: 100 diluted serum specimens. However,
additional studies are required to understand this phe-
nomenon. After setting the appropriate serum dilution
(1000-fold), a range of fluorochrome conjugate (anti-IgG
UV395) dilutions was evaluated. The data showed that
the best results were obtained using the anti-IgG diluted
100-fold (Fig. 2b). The same rational strategy was carried
out for IgM and IgA detection. The IgM detection was
only able to discriminate between COVID-19 positive and
negative samples when a serum dilution of 1000-fold was
applied (Fig. 2c). For IgM detection, the optimized com-
bination was with serum diluted 1000-fold and the anti-
IgM B515 diluted 100-fold (Fig. 2¢,d). IgA detection
showed a different pattern, probably because the biotin-
streptavidin system used. As shown in Fig. 2e, the best
serum dilutions were between 10 and 100-fold. However,
the serum 1000-fold diluted was also able to discriminate
between negative and positive samples. Envisioning a
multiplexed antibody detection, we decided to use 1000-
fold serum dilution for the evaluation of anti-IgA curve.
The anti-IgA showed similar results with secondary anti-
body wused at dilution between 100 and 1000-fold
(Fig. 2f). In addition, the anti-IgA dilution result was
confirmed using the serum 10-fold diluted (data not
shown).

An estimation of analytical coefficient of variation
(CVa) for imprecision (inter-assay; n = 12) was calculated
using PPFB (%) values from serum pools of controls
(mean 2-0 =+ 2-0) and COVID-19 positive (IgG, IgM and
IgA combined; mean 69-7 &+ 19-2) samples, showing a
CVa values of 100 and 27-5%, respectively.

Proof of concept

After characterization of the optimized conditions for sin-
gle antibody isotype detection, double and triple staining
were performed. The results demonstrated the absence of
fluorescence spillover (data not shown), confirming the
feasibility of the experimental design for multiplex detec-
tion. The combination of lasers UV355 nm, V405 nm and
blue 488 nm with UV395, V421 and B515 fluorochromes
allowed discriminating negative vs positive samples for
the simultaneous detection of IgG, IgA and IgM, respec-
tively, without any compensation. Three independent
beads preparations were tested, showing similar results
(data not shown).

Finally, the multiplexed approach was used to evaluate
a panel of negative (n= 10) and COVID-19 positive
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(n = 26) samples (Fig. 3 and Fig. S1). Receiver operating
characteristic (ROC)-established cutoff was used for dis-
crimination of negative and COVID-19 positive samples.
The specitivity of 100% was achieved for all isotypes. The
sensivity was 88-5% for the detection of IgG, 92-3% for
IgM and 96-2% for IgA. The area under the ROC curve
was calculated as 0-946, 0-950 and 0-962 for IgG, IgM
and IgA, respectively (Fig. 3 and Table S1). Venn diagram
analysis showed that 22/26 presented IgG, IgM and IgA,
1/26 presented only IgG and IgA, and 2/26 presented only
IgM and IgA. None of the positive samples presented
only IgG and IgM, and 1/26 did not present any of the
antibodies studied (Fig. 3d).

Flow cytometry is described as an important analytical
tool for immunological assays. Commercially available
CBA functional beads are widely used for the evaluation
of multiple analytes in a single sample. For instance, sev-
eral papers have described the use of CBA bound to
specific antibodies for the detection and quantification of
a large variety of human cytokines (Morgan et al. 2004)
using a non-competing secondary antibody for detection.

The application of flow cytometry in COVID-19 has
exploited the use of cell-based assays for detection of
IgM, IgA, and IgG subclasses against the SARS-CoV-2 S
protein. However, most of these studies targeted a single
antibody detection (Lapuente et al. 2020; Anand et al.
2021; Goh et al. 2021; Horndler et al. 2021; Simard et al.
2022). To the best of our knowledge, there is only three
studies employing a cell-free flow cytometric approach to
evaluate the humoral immune response (Cdceres-Martell
et al. 2021; Dogan et al. 2021; Egia-Mendikute et al.
2021). In two cases, the authors used fluorescent beads
coated with streptavidin, which allow the binding on
biotinylated SARS-CoV-2 antigens to detect antibodies.
Egia-Mendikute et al. (2021) showed a simultaneous
detection of IgG and IgM against SARS-CoV-2 antigens.
Unexpectedly, the authors detected nucleocapsid IgG in
controls pre-pandemic samples (Egia-Mendikute et al.
2021), which is in sharp contrast to the literature (Gross-
berg et al. 2021; Huergo et al. 2021; Marién et al. 2021;
Munitz et al. 2021). As reported by Dogan et al. (2021),
the binding of each antigen to a different fluorescent bead
allowed the singleplex detection of multiple antibody iso-
types, as IgGl-4, IgM and IgA. However, the use of all
secondary antibodies conjugated to phycoerythrin unmet
the inherent advantage of flow cytometry for simultane-
ous serum antibody detection. Furthermore, it has been
recognized that the detection of one antibody isotype
alone has a limited value for COVID-19 diagnosis and
monitoring (Escribano et al. 2020). More recently, four
SARS-CoV-2 antigens (spike, RBD, nucleocapsid and
MPro) were covalently coupled to magnetic fluorescent
beads containing a high-density carboxyl functional group
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Figure 2 Serum and antibody dilution. Determination of percentage of positive fluorescent beads (PPFB) by flow cytometry using CBA-N beads. (a)
Serum dilution using anti-lgG diluted 100-fold. (b) Anti-IgG dilution using serum diluted 1000-fold. (c) Serum dilution using anti-lgM diluted 100-fold.
(d) Anti-IgM dilution using serum diluted 1000-fold. (e) Serum dilution using anti-IgA diluted 1000-fold. (f) Anti-IgA dilution using serum diluted 1000-
fold. A mix of three samples were used. Data are representative of at least two independent experiments and values are expressed in mean =+ SD.

on the surface. These beads were used for simultaneous specificity and sensitivity (Cdaceres-Martell et al. 2021).
detection of IgG, IgM and IgA by flow cytometry, show- However, magnetic beads are not compatible with certain
ing results with low background signals and high flow cytometers.

Letters in Applied Microbiology 74, 863-872 © 2022 The Society for Applied Microbiology 867



Flow cytometry and COVID-19

(a) IgG
80 1
>
s 601
.“5
& 40
U) -
204 | AUC 0.946 (p<0.0001)
PPFB Cutoff >14.3
Sensitivity 88.5%
04 & Specificity 100%
0O 20 40 60 80 100
100-Specificity
(c) IgA
100 A
80
2
2 607
‘D
C
& 40
20- " [ AUC 0.962 (p<0.0001)
PPFB Cutoff >16.7
Sensitivity 96.2%
04 ¢ Specificity 100%

0 20 40 60 80 100
100-Specificity

|.F. Zattoni et al.

(b) IgM
1 00 )l _.—Q—Q—Q—x_'_’—x_.j‘
80 ’
>
£ 607
.*(%
& 407
n
201 AUC 0.950 (p<0.0001)
PPFB Cutoff >16.3
Sensitivity 92.3%
0+ Specificity 100%
0 20 40 60 80 100
100-Specificity
(d)

IgA

Figure 3 Receiver operating characteristic (ROC) curves and Venn diagram. COVID-19 negative controls (n = 70) and positive (n = 26). ROC
curve for (a) I9G. (b) IgM. (c) IgA. AUC, area under de curve; PPFB, percentage of positive fluorescent beads (%); red point, highest Youden index
(cutoff). (d) Venn diagram of COVID-19 positive samples simultaneously compared with the detection of IgG, IgM and IgA. The statistical calcula-
tions were performed using MedCalc v.7-12-7.2-0 (MedCal Software bvba)

In our study, the binding of SARS-CoV-2 nucleocapsid
protein to CBA functional beads was covalent (Fig. 1),
which offers advantages of more robust surface, higher
density of epitopes and orientation to maximize epitopes
exposing and complementary binding (Welch et al. 2017).
We provided a proof of concept of a cell-free multiplex
assay based on flow cytometry for immunological diagno-
sis of COVID-19 (Fig. 1). The novel method allowed
accurate discrimination between COVID-19 positive sam-
ples and pre-pandemic negative controls using standard-
ized conditions (Figs 2 and 3). Specificity of 100% and
sensitivity of 88-5, 92.3 and 96-2% for 1gG, IgM and IgA,
respectively, were determined (Fig. 3 and Table S1). The
IgG results were confirmed by a magnetic bead-based
immunoassay (Fig. S1b) (Huergo et al. 2021). The results
of our method for IgG and IgM showed both sensitivity
and specificity similar to the FDA-approved tests (sensi-
tivity 61-98% and specificity 90-100%) (Sen-Crowe et al.
2021). The detection of IgA showed increased sensitivity

and specificity in comparison to a commercial test based
on ELISA (Euroimmun™, 82:9% and 82-2%) (Cota et al.
2020). Interestingly, the combined IgG, IgM and IgA
analysis improved the serological diagnosis. Most of the
RT-PCR positive samples presented the three antibody
isotypes and, at least, two antibody isotypes were detected
from 25/26 (Fig. 3d and Fig. S1). The single negative
result was from patient 394 (Fig. S1), who was presenting
severe myelosuppression after chemotherapy in the day of
the blood sample collection. It should be considered that
the small number of samples may affect the statistical
analysis. Hence, a large cohort will be necessary to con-
firm the results.

Several studies have demonstrated the superiority of
multiplex approaches for COVID-19 immunological
response addressing both multiple antigens and multiple
isotypes of antibodies. Among them, the Luminex Plat-
form is the most used: for the detection of IgG using
microspheres coupled with S1, RBD and nucleocapsid

868 Letters in Applied Microbiology 74, 863-872 © 2022 The Society for Applied Microbiology
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protein (den Hartog et al. 2020), the detection of IgG,
IgM and IgA against several antigens including non-
structural proteins, spike and nucleocapsid (Butt et al.
2021) and total antibodies (IgG/IgM/IgA) against the S1,
RBD and nucleocapsid antigens (Fotis et al. 2021). Other
multiplex approaches target the detection of IgG antibody
against SARS-CoV-2 antigens were also described, such as
a flow-based chemiluminescence microarray immunoassay
(CL-MIA) (Kliipfel et al. 2021) and the VaxArray Coron-
avirus SeroAssay Kit (Dawson et al. 2021).

A special strength of the present study is the availability
of a large repertoire of combinations of multiple antigens
covalent bound to each set of fluorescent CBA beads,
which allows detection of unique optical signatures using
conventional flow cytometers. Therefore, the multiplexed
flow cytometric-based tool presented here provided a
blueprint for rapid development of antibody evaluation to
others emerging infections. In summary, our data present
a flow cytometric bead-based assay that offers a cost-
effective alternative to multiplex determination of IgG,
IgM and IgA response in COVID-19, as a proof concept
for further studies.

Materials and methods

Chemicals and antibodies

The cytometric bead array (CBA) polystyrene beads (cat
n°® 560037), coupling buffer BD™ (cat n° 51-9004756),
storage buffer BD™ (cat n° 51-9004758) and wash buffer
BD™ (cat n° 51-9003798) were purchased from BD Bio-
sciences (Franklin Lakes, NJ, USA). Bovine serum albu-
min (BSA, A8022), 4-(N-maleimidomethyl)cyclohexane-
1-carboxylic acid 3-sulpho-N-hydroxysuccinimide ester
sodium salt — sulpho-SMCC (M6035), N-ethylmaleimide
(E3876) and dithiothreitol (DTT, 10197777001) were pur-
chased from Sigma-Aldrich. Phosphate buffer saline
(PBS) 10x pH 7-2 (70013-032) was purchased from
Gibco. Antibodies brilliant ultraviolet (BUV395) mouse
anti-human IgG (cat n°® 564229), brilliant blue (BB515)
mouse anti-human IgM (cat n° 564622), biotin mouse
anti-human IgA1/IgA2 (cat n°® 555884), and brilliant vio-
let (BV421) streptavidin (cat n°® 563259) were purchased
from BD Biosciences.

Antigen preparation and beads conjugation

Expression and purification of recombinant SARS-CoV-2
nucleocapsid protein was performed as described previ-
ously (Huergo et al. 2021). The coupling reaction was
performed as described by the manufacturer with modifi-
cations. Initially, beads and antigen were prepared. CBA
E5 beads were resuspended by vortex for 30 s. Then 75 ul

Flow cytometry and COVID-19

of E5 beads were collected and sonicated for 60 s. After
that, 1-9 pl of DTT 1 mol 17! was added, mixed with
vortex and placed on horizontal shaker for 1 h at room
temperature. Then, 1 ml of coupling buffer BD™ was
added, mixed, centrifuged at 2000 g for 3 min and the
supernatant discarded. This washing step was repeated
three times. Finally, the CBA beads were resuspended in
coupling buffer to next step. In parallel, 90 pg of protein
in PBS (1x) was mixed with 2 pl of sulpho-SMCC
2 mg ml~'. The mixture was placed on horizontal shaker
for 1 h at room temperature (25°C).

The maleimide-activated nucleocapsid protein was
transferred to the tube containing the prepared beads.
The components were mixed in vortex and incubated
under agitation for 1 h at room temperature. After this
period, 2 pl of N-ethylmaleimide 2 mg ml™ were added
and kept under agitation for 15 min at room tempera-
ture. Then, 1 ml of storage buffer BD™ was added,
mixed, centrifuged at 2000 g for 3 min and the super-
natant was discarded. This washing step was repeated
three times. After this, the conjugated beads were resus-
pended in 500 pl of storage buffer and kept at 4°C. The
functionalized beads were stable for, at least, 2 months.

Samples

Human serum and EDTA-plasma were collected at
Hospital Erasto Gaertner (HEG), a cancer reference centre
where both oncological and non-oncological COVID-19
positive patients have been admitted. This study was
approved by the Ethics Committee of HEG (CEP/HEG:
31592620.4.1001.0098). The samples consisted of 10 pre-
pandemic, considered as COVID-19 negative or control,
and 26 COVID-19 positive, being 18 from oncologic
patients and 8 from non-oncologic patients. From 18
patients with cancer, 13 were patients with solid tumors
and 5 were patients with haematological malignances.
Only 5 from 18 patients received any treatment 90 days
before diagnosis of COVID-19. One received chemother-
apy (patient 394), two radiotherapy and two a surgical
procedure. Only 2 from 18 patients were in palliative
care. Three of the oncologic patients were leukopenic
(<4000 cells per mm’) and 15 were lymphopenic (values
<25% or <1000 cells per mm’). The mean lymphocytes %
count for those patients were 13-3%. For non-oncologic
patients, only one was leukopenic (920 cells per mm?’)
and 6 were lymphopenic (mean lymphocytes % was
17-8). From the total of 26 patients diagnosed with
COVID-19, only 4 were neutropenic (<500 cells per
mm?®), 2 oncologic and 2 non-oncologic patients.
COVID-19 positive samples were diagnosed by the detec-
tion of SARS-CoV-2 RNA using RT-PCR from nasopha-
ryngeal sample swabs by two independent laboratories.
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COVID-19 positive samples were collected 14 days after
hospitalization, with varied time of the appearance of first
symptoms (14-31 days).

Staining and analysis

A suspension of conjugated beads was prepared following
the proportion of 1 pl of stock suspension conjugated
beads to 50 pl of wash buffer BD™. Then, 50 ul of
diluted beads were mixed with serum or EDTA-plasma
(pure or diluted with PBS 1x containing BSA 0-5%) and
incubated at room temperature for 90 min. Then, beads
were centrifuged at 4000 g for 5 min. The supernatant
was removed and 300 pul of PBS/BSA 0-5% was added
and mixed with vortex followed by centrifugation at
4000 g for 5 min (this step was performed twice). After
that, 50 pl of diluted antibody was added and incubated
for 90 min (the antibody range used was 1 : 100; 1 : 200,
1:300, 1:400, 1:500,1: 1000, 1: 2000, 1: 3000 and
1 :5000). After this time, beads were centrifuged at
4000 g for 5 min and washed twice with 300 pl of PBS/
BSA 0-5%. For IgG and IgM detection, the samples were
resuspended in PBS and analysed by flow cytometry using
UV450/50 filter for I1gG and B530/30 filter for IgM. For
IgA analysis, a further incubation was performed with
50 pl of streptavidin 1 : 100 for 90 min at room temper-
ature (25°C). The samples were centrifuged and washed
twice with PBS/BSA 0-5%, resuspended in PBS and anal-
ysed by flow cytometry using V450/50 filter.

For multiplex analysis, diluted beads were incubated
with serum 1 : 1000 for 90 min and washed as previously
described. Then a single solution was made with IgG
(1 :100), IgM (1 :100) and IgA (1 : 1000). A volume of
50 ul of antibody mixture was incubated with beads for
90 min and washed. After that, the incubation with strep-
tavidin (1 : 100) was performed for 90 min and washed.
The beads were resuspended in PBS and analysed using a
BD FACS Celesta™ equipped with three lasers (355, 405
and 488 nm) using UV450/50, V450/50 and B530/30 fil-
ters. The data were expressed as the percentage of positive
fluorescent beads (PPFB), as previously described (Gama
Ker et al. 2013). Statistical analysis based on receiver oper-
ating characteristic (ROC) curve was used to determine
cutoff, sensitivity, specificity and area under curve (AUC)
using MedCalc v.7.12.7.2.0 (MedCal Software bvba).
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