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Abstract

The detection of IgE antibodies specific to the receptor-binding domain (RBD) of SARS-CoV-2 has been
associated with aspects of COVID-19 severity, including potential mast cell-mediated mechanisms.
Recent studies analyzed IgE anti-RBD across different COVID-19 severity groups using ELISA. The
coating-antigen concentration influences the detection capacity of the immunoassay; thus, low-
abundance antibodies, such as IgE, may require higher antigen concentrations to achieve optimal
experimental conditions. Here, we present the effect of different coating concentrations for anti-RBD IgE
and IgG4 detection in samples of vaccinated individuals. Our results suggested that intermediate
antigen concentrations provide a better balance between sensitivity and specificity, highlighting the
importance of methodological standardization.

Background

The recent study of De la Poza et al. (2025), published in the Virology Journal, investigated the presence
of IgE antibodies directed against the Receptor binding domain (RBD) of SARS-CoV-2 in patients with
different clinical presentations of COVID-19, according to disease severity, proposing an association
between IgE responses, mast-cell activation, and the hyperinflammatory response observed in later
stages of the disease. The identification of IgE antibodies in this context represents an important
contribution, as antibody-mediated mechanisms extend beyond viral neutralization and involve complex
immunoregulatory functions [1].

Antibodies exert multiple biological functions, including pathogen neutralization, complement activation,
and promotion of phagocytosis, with these effects being modulated by antibody class, subclass, and
interactions with Fc receptors [2,3]. Importantly, different immunoglobulin isotypes circulate in serum at
markedly distinct concentrations. While IgG and IgM are present at high levels, being detectable even at
limited antigen coating concentrations in immunoassays, low-abundance immunoglobulins such as IgE
and IgG4 are present at much lower concentrations, rendering their detection particularly sensitive to
experimental conditions in immunoenzymatic assays [4,5].

Previous studies have demonstrated that the magnitude and profile of humoral immune responses to
SARS-CoV-2 vary according to disease severity, including differences in antibody kinetics and intensity,
further emphasizing the need for sensitive and carefully optimized methodologies when assessing
specific antibody classes and subclasses [6].

Critical assessment and methodological considerations

One methodological aspect of the study by de la Poza et al. that warrants discussion is the antigen
concentration used for IgE detection by ELISA. In that work, recombinant SARS-CoV-2 RBD was
employed at a coating concentration of 10 ug/mL. High antigen density may increase binding capacity,
but assays targeting low-abundance immunoglobulins are particularly susceptible to changes in signal-
to-noise ratio and to increased nonspecific binding under conditions of antigen excess.
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The use of lower RBD concentrations for IgE and 1gG4 detection has been described for the first time in
studies conducted by our group. Previous work standardized coating concentration of 1 pg/mL of
recombinant RBD, enabling sensitive detection of antigen-specific IgE and IgG4 with reduced
nonspecific background signals [7]. The parallel evaluation of the IgG4 subclass was used as a
complementary methodological reference for low-abundance immunoglobulins.

Widely adopted SARS-CoV-2 ELISA protocols were standardized before employing different RBD
concentrations for different isotypes. While our investigation of IgE and 1gG4 used 1 pg/mL [7],
Stadlbauer et al. (2020) used 2 pg/mL in a broadly validated serological screening protocol for IgG [8].
Similarly, Moura et al. (2021) and Costa et al. (2024) employed 2.5 pg/mL of RBD for the detection of IgG
and its subclasses, achieving appropriate analytical performance [5,9]. Together, these examples
indicate that intermediate RBD concentrations are often sufficient, underscoring the need for
standardized antigen-coating conditions for each antibody class. In addition, differences in ELISA plate
surface chemistry and binding capacity may significantly influence antigen immobilization and antibody
detection, thereby affecting assay sensitivity and specificity [10].

Exploratory evidence and practical implications

In addition to the conceptual considerations described above, comparative experimental analyses were
performed to assess the impact of antigen density on the detection of IgE and IgG4. 12 individuals,
known to have anti-RBD IgE, were selected within a larger COVID-19 cohort (CAAE
31924420.8.0000.0059). Each individual provided 3 samples: before the vaccine, after two and after
three vaccine doses. 6 of those were vaccinated with a CoronaVac (Instituto Butantan)+Comirnaty
(Pfizer-BioNTech) schedule, and the other 6 received a Vaxzevria (AstraZeneca)+Comirnaty schedule. 12
pre-pandemic samples were used as controls [7].

Briefly, high-binding plates were coated with different RBD concentrations: 1, 2, 5, and 10 pg/mL. Sera
samples were incubated at a 1:5 dilution, followed by anti-IgE-e chain or anti-lgG4 (Sigma-Aldrich) at a
1:1000 dilution, and the reactions were revealed with TMB substrate (Sigma-Aldrich). More details about
the cohort, RBD production and ELISA protocols are described in Costa et al. (2024) and Portilho et al.
(2024).

Within this exploratory context, increasing RBD coating concentrations did not affect reactivity in pre-
pandemic control samples. For IgE, antibody reactivity remained low in pre-vaccination samples and
increased after the second and, more markedly, after the third vaccine dose, with a clear improvement in
signal observed when moving from lower coating concentrations (1-2 pg/mL) to an intermediate
concentration. Notably, IgE reactivity showed minimal differences between 5 and 10 pg/mL, supporting
the selection of 5 ug/mL as an optimal coating concentration that balances assay performance and
reagent consumption (Figure TA-D). A similar pattern was observed for IgG4, a low-abundance serum
immunoglobulin that is generally present at higher concentrations than IgE, with minimal reactivity
before vaccination and a modest increase predominantly after the third dose, while control samples
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remained unaffected regardless of the antigen concentration used (Figure TE—H). Noteworthy, anti-
SARS-CoV-2 IgG4 is mostly induced after mRNA vaccination schedules or when multiple booster doses
are administered [11,12]. Finally, although no increase in background was observed in this analysis,
optimal antigen concentrations and relative assay sensitivity may vary across laboratories depending on
protocol design, reagents, and cohort characteristics.

Beyond antigen concentration, the physicochemical nature of the antigen itself represents a critical
factor in defining immunoenzymatic assay conditions, influencing adsorption to the solid phase and
epitope accessibility. These variables directly affect assay reliability and reproducibility, particularly when
evaluating immunoglobulins present at low concentrations.

Conclusion

The study by de la Poza et al. provides valuable insights into IgE responses associated with COVID-19.
However, given the intrinsic sensitivity of these assays to experimental conditions, careful selection of
antigen concentration and coating parameters is essential for robust data interpretation. Regarding the
role of low immunoglobulin levels in the immunopathogenesis of COVID-19, the adoption of
standardized and empirically validated conditions, including the use of 5 pg/mL RBD concentrations for
IgE and 1gG4, may improve assay reproducibility and evidence-based conclusions.
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RBD - Receptor-binding domain

SARS-CoV-2 - Severe acute respiratory syndrome coronavirus 2
COVID-19 - Coronavirus disease 2019

ELISA - Enzyme-linked immunosorbent assay

Declarations
Ethics approval and consent to participate

This study was registered and approved by the institutional ethics committee of Adolfo Lutz Institute
(CAAE 31924420.8.0000.0059), and written informed consent was provided by all participants.
Additionally, all experiments were performed following relevant guidelines and regulations.

Consent for publication

Not applicable

Page 5/8



Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests
The authors declare that they have no competing interests.
Funding

This study was supported by Fundacao de Amparo a Pesquisa do Estado de Sdo Paulo/FAPESP (grants
numbers 2018/04202-0, 2018/14384-9, 2021/11936-3, 2022/05566-1); Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico/CNPq (grants numbers 305301/2022-5, MS-DIAHV 24/2019
process 442776/2019-5, 132059/2025-8); Financiadora de Estudos e Projetos (Grant Number
01160075); Fundo de Investimento para Educacao Sanitéria e Imunizacdo em Massa contra Doencas
Transmissiveis/FESIMA (Grants Numbers 011/2021, 59/2021) and Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior/CAPES (finance code 001).

Authors' contributions

Conceptualization and study design were performed by GSO, AIP, and EDG. Volunteer recruitment and
data collection were performed by VOS and LFMB. Antigen production was carried out by HHMC and
CRP. Laboratory experiments were performed by GSO, AIP, AFS, NSM, and EDG. Sample management
was conducted by VOS and LFMB. Statistical analysis was performed by GSO and AIP. The manuscript
was written by GSO, AIP, AFS, and NSM, and EDG revised the original draft. All authors contributed to the
study, commented on previous versions of the manuscript, and approved the final manuscript.

Acknowledgements

The authors would like to thank Dr Florian Krammer (Mount Sinai Hospital, New York, NY, USA) for
donating the plasmid to produce the RBD to Dr Carlos Roberto Prudencio.

References

1. de la Poza, J.F.D., Parés, A.R., Aparicio-Calvente, |. et al. Frequency of IgE antibody response to
SARS-CoV-2 RBD protein across different disease severity COVID19 groups. Virol J 22, 58 (2025).
doi: 10.1186/s12985-025-02677-y.

2. Heyman B. Regulation of antibody responses via antibodies, complement, and Fc receptors. Annu
Rev Immunol. 2000;18:709-737. doi:10.1146/annurev.immunol.18.1.709.

3. Daéron M. The function of antibodies. Immunol Rev. 2024 Nov;328(1):113-125. doi:
10.1111/imr.13387.

Page 6/8



4. Khan SR, Chaker L, lkram MA, Peeters RP, van Hagen PM, Dalm VASH. Determinants and Reference
Ranges of Serum Immunoglobulins in Middle-Aged and Elderly Individuals: a Population-Based
Study. J Clin Immunol. 2021 Nov;41(8):1902-1914. doi: 10.1007/s10875-021-01120-5.

5. Moura, AD, da Costa, HHM, Correa, VA, Lima, AKS, Lindoso, JAL, Gaspari, ED, et al. Serological
assessment of SARS-CoV-2 infection and vaccination using ELISA-based assays. Sci Rep 11, 17642
(2021). doi: 10.1038/s41598-021-95045-z.

6. Plume J, Galvanovskis A, Smite S, Romanchikova N, Zayakin P, Liné A. Early and strong antibody
responses to SARS-CoV-2 predict disease severity in COVID-19 patients. J Transl Med. 2022 Apr
15;20(1):176. doi: 10.1186/s12967-022-03382-y.

7. Portilho Al, Silva VO, Da Costa HHM, Yamashiro R, de Oliveira IP, de Campos IB, et al. An unexpected
IgE anti—receptor-binding domain response following natural infection and different types of SARS-
CoV-2 vaccine. Sci Rep. 2024 Aug 28;14(1):20003. doi: 10.1038/s41598-024-71047-5.

8. Stadlbauer D, Amanat F, Chromikova V, Jiang K, Strohmeier S, Arunkumar GA, et al. SARS-CoV-2
seroconversion in humans: a detailed protocol for a serological assay. Curr Protoc Microbiol. 2020
Jun;57(1):e100. Doi: 10.1002/cpmc.100.

9. da Costa HHM, Silva VO, Amorim GC, Guereschi MG, Sergio LM, Gomes CHR, et al. Assessment of
an in-house IgG ELISA targeting SARS-CoV-2 RBD for detection of antibody responses. J Immunol
Methods. 2024 Jul;530:113683. doi: 10.1016/j.jim.2024.113683.

10. Crowther JR. The ELISA guidebook. 2nd ed. Methods in Molecular Biology. Totowa (NJ): Humana
Press; 2009. doi:10.1007/978-1-60327-254-4.

11. Kiszel P, Sik P, Miklos J, Kajdacsi E, Sinkovits G, Cervenak L, et al. Class switch towards spike
protein-specific IgG4 antibodies after SARS-CoV-2 mRNA vaccination depends on prior infection
history. Sci Rep. 2023 Aug 13;13(1):13166. doi: 10.1038/s41598-023-40103-x.

12. Irrgang P, Gerling J, Kocher K, Lapuente D, Steininger P, Habenicht K, et al. Class switch toward
noninflammatory, spike-specific IgG4 antibodies after repeated SARS-CoV-2 mRNA vaccination. Sci
Immunol. 2023 Jan 27;8(79):eade2798. doi: 10.1126/sciimmunol.ade2798.

Figures

Page 7/8



(A) 1 pg/ml - IgE (B) 2 pg/ml - IgE (C) 5 ng/ml -IgE (D) 10 pg/ml - IgE
038 038 . 0.8 i 08 hiid
=
i * —_ . —
£ 06 N g6 o® £06 ° zos
€ ° c c ° - sle
3 LY 34 3 [=]
3 04 § 0.4 2 04 . 2 04 °
~ ° ~ . =
g ° R a ole a ° - o° a °e °
02 — O 02 —_ B ry . O 02 _ 1= O 02
ole —~ L
= = = F=-8 &= s - E ade
0.0 T T T T 0.0 T 0.0 T T T T 0.0 : ' .
3 & &£ o e o e e o >
4'0"6\ 3 o ‘bbo (,o“é 0‘5}0 & °b° oo““ ,,o"\o S bb"e 000\( 0@(\0 bbsbe Cd 0&‘0
« oS 5 Q@“ oS o Q@* oS o Q@" o I ©
(E) 1 pg/ml -1gG4 (F) 2 pg/ml -1gG4 (G) 5 ng/ml -1gG4 (H) 10 pg/ml - IgG4
0.3 0.3 0.3 i 0.3
= ° *x
= = e e IL\
E o2 E o2 * E o2 E o2 .
8 = 8 — 8 8
2 2 . 2 . 2
Q o ° Q o _a;_ ° Qo4 N ° Qo1 -
o o o e o I <
0. T T 0.0 T T 0.0 T T T T 0. T T
8 & & S @ & 2 o & ed & S < & 4 &
& & & & & & S & & &3 Ks & & & o &
q@"’b a® g © Q@"“b ® o © Q@’{b & B © Q@"" S o ©
Figure 1

Effect of RBD coating concentration on IgE and IgG4 detection by ELISA on high-binding plates.
Exploratory analysis of anti—-SARS-CoV-2 RBD IgE and IgG4 reactivity assessed across vaccination
stages. Recombinant RBD was immobilized at 1, 2, 5, or 10 pg/mL, and antibody levels are shown as
optical density at 450 nm (OD,s,). (A—D) IgE reactivity measured at 1 pg/mL (A), 2 pg/mL (B), 5 pg/mL
(C), and 10 pyg/mL (D). (E-H) 1gG4 reactivity measured at 1 pg/mL (E), 2 ug/mL (F), 5 uyg/mL (G), and 10
pg/mL (H). Statistical comparisons among vaccination stages were performed using the Friedman test
followed by Dunn’s multiple comparisons post hoc test. Asterisks indicate levels of statistical
significance (* p < 0.05; ** p < 0.01; *** p < 0.001); ns - not significant.
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