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a b s t r a c t 

Objectives: This study evaluated the performance of recombinant receptor binding domain (RBD) protein-based 
enzyme-linked immunosorbent assays (RBD-ELISAs) for detecting anti-SARS-CoV-2 immunoglobulin (Ig) G and 
IgM antibodies. 
Methods: In this study, 705 sera from SARS-CoV-2-infected individuals and 315 sera from healthy individuals 
were analyzed. 
Results: The RBD-ELISA IgG exhibited high specificity (99.1%) and moderate sensitivity (48.0%), with an overall 
diagnostic accuracy of 73.5%. RBD-ELISA IgM demonstrated specificity at 94.6% and sensitivity at 51.1%, with 
an accuracy of 72.8%. Both assays displayed improved performance when analyzing samples collected 15-21 days 
post-symptom onset, achieving sensitivity and accuracy exceeding 88% and 90%, respectively. Combining RBD- 
ELISA IgG and IgM in parallel analysis enhanced sensitivity to 98.6% and accuracy to 96.2%. Comparing these 
RBD-ELISAs with commercially available tests, the study found overlapping sensitivity and similar specificity 
values. Notably, the combined RBD-ELISA IgG and IgM showed superior performance. Cross-reactivity analysis 
revealed low false-positive rates (4.4% for IgG, 3.7% for IgM), primarily with viral infections. 
Conclusion: This research underscores the potential of RBD-based ELISAs for COVID-19 diagnosis, especially 
when assessing samples collected 15-21 days post-symptom onset and utilizing a parallel testing approach. The 
RBD protein’s immunogenicity and specificity make it a valuable tool for serodiagnosis, offering an alternative 
to polymerase chain reaction-based methods, particularly in resource-limited settings. 
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SARS-CoV-2, a beta coronavirus belonging to the Coronaviridae
amily, was first identified in Wuhan, China, in December 2019 fol-
owing reports of viral pneumonia cases with an unknown origin [1] .
OVID-19, resulting from SARS-CoV-2 infection, can present with var-

ous symptoms or remain asymptomatic. The clinical presentation in-
ludes nonspecific signs such as fever, cough, fatigue, body aches, and
espiratory distress, with the potential to progress to viral pneumonia
2] . 
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The current standard diagnostic method for acute-phase COVID-19
nvolves detecting viral sequences using real-time reverse transcrip-
ion polymerase chain reaction (rRT-PCR) in nasopharyngeal fluids [3] .
owever, this collection method poses challenges, causing patient dis-
omfort and carrying the risk of errors and contamination. Implement-
ng rRT-PCR as a point-of-care test faces obstacles due to its high cost,
abor-intensive nature, and the requirement for specialized personnel
nd laboratory infrastructure [4] . Additionally, molecular tests may ex-
ibit reduced sensitivity as the disease progresses [ 5 , 6 ] or due to the
mergence of SARS-CoV-2 variants [ 7 , 8 ]. In this context, serological as-
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9  
ays play a crucial role by providing additional information regarding in-
ection stages and past infections, serving as an epidemiological surveil-
ance tool. Moreover, serological assays can be employed as point-of-
are tests to address the aforementioned challenges [ 4 , 9 ]. Therefore, the
etection of antibodies against specific viral components using indirect
mmunoassays is of utmost importance [10] . 

The spike (S) protein of SARS-CoV-2 is highly immunogenic and has
een extensively studied. It consists of two subunits, with the receptor
inding domain (RBD) located in subunit one (S1). The RBD plays a
rucial role in initiating the infection by binding to the host cell [11] .
his protein holds significant potential as an antigen for serological tests
nd serves as a target for neutralizing antibodies [12–14] . Despite the
evelopment of several commercial serological tests for COVID-19, diag-
ostic performance still varies, particularly with low sensitivity during
he first week after symptom onset. This variability is further compli-
ated by the lack of a standardized antibody production and duration
rofile among patients [15] . Hence, our objective was to assess the per-
ormance of recombinant RBD protein in COVID-19 serodiagnosis using
ndirect enzyme-linked immunosorbent assay (ELISA) for the detection
f anti-SARS-CoV-2 immunoglobulin (Ig)G and IgM antibodies. 

aterial and methods 

BD protein production 

The RBD protein utilized in this study was provided by the Institute
or Protein Design in Seattle, WA, USA. To create the recombinant
rotein, a synthetic gene encoding the WA-1 strain of SARS-CoV-2
BD, along with a 28 amino acid N-terminal signal sequence and
n 8-histidine (His) C-terminal tag, was inserted into a mammalian
xpression vector. This gene encoded the following amino acids:
MGILPSPGMPALLSLVSLLSVLLMGCVAETGTRFPNITNLCPFGEVFNAT 
FASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNV 

ADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSK 

GGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQS 
GFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTHHHHHHHH ”. 
or optimal expression, we produced the protein as a soluble form in
ransiently transfecting HEK293 mammalian cells. Subsequently, the
rotein was purified using immobilized metal chromatography binding
he 6-His-C-terminal tag. Further purification was achieved through
ize-exclusion chromatography. The purified protein was then stored at
 20°C at a concentration of 0.5 mg/ml. 

ample size and sampling 

The required sample size for this study was determined using the
pen-source software OpenEpi [16] . Assuming an infinite population, a
5% confidence interval (CI), a 1.1% absolute error, and an expected
ensitivity and specificity of 99%, the minimum sample size for this
tudy was estimated to be 315 sera from SARS-CoV-2-infected individu-
ls and 315 sera from healthy individuals. A total of 840 samples were
sed, divided into two panels. Panel A comprised 705 samples specif-
cally selected for this investigation, including 354 samples collected
rom 128 hospitalized patients at Aliança and Aeroporto hospitals, as
ell as José Maria de Magalhães Neto Maternity in the metropolitan

egion of Salvador between March and October 2020. Samples from
ARS-CoV-2 patients were classified by symptom onset as follows: 0-
 days post-symptom onset (PSO), 8-14 days PSO, and 15-21 days PSO
5] . Additionally, 351 samples were obtained from the Bahia State Blood
ank Foundation (HEMOBA). Positive samples in panel A were from pa-
ients who tested positive for SARS-CoV-2 using RT-PCR and exhibited
linical presentation consistent with COVID-19, while negative samples
ere obtained from healthy individuals prior to the pandemic. Com-
ercial tests, namely GOLD ELISA COVID-19 IgG + IgM (REM Diag-
óstica SA, São Paulo, Brazil), Euroimmun Anti-SARS-CoV-2 NCP IgG
2 
LISA (EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, Ger-
any), and Anti-SARS-CoV-2 NCP ELISA (IgM) (EUROIMMUN Medi-

inische Labordiagnostika AG, Lübeck, Germany), were employed to de-
ect the presence of anti-SARS-CoV-2 IgM and IgG antibodies. Panel B
onsisted of samples collected prior to the COVID-19 pandemic, which
ested positive for various infectious and parasitic diseases, including
engue (n = 20), syphilis (n = 20), HIV-1/2 (n = 20), human T-cell
ymphotropic virus-1/2 (n = 20), hepatitis C virus (n = 20), hepatitis B
irus (n = 20), Chagas disease (n = 5), filariasis (n = 5), and leishmani-
sis (n = 5). 

eceptor binding domain-enzyme-linked immunosorbent assay 

The optimal dilutions for antigen coating, antibody-enzyme conju-
ate (HRP), and serum were determined through checkerboard titra-
ion. Final conditions were selected based on the signal-to-noise ratio
SNR) and the maximum difference in average optical density (OD) val-
es between positive and negative samples plus three standard devi-
tions (SD). Acceptable results were defined as positive samples with
n average OD above 0.8 and negative samples below 0.15. Following
ptimization, the RBD protein was added to transparent flat-bottomed
olystyrene microplates (Corning® 96-well, Costar, Glendale, Arizona,
SA) at a concentration of 100 ng per well in a coating buffer of PBS

Phosphate Buffered Saline) with a pH of 7.4. For RBD-ELISA IgG, the
icroplates were incubated overnight (16 ± 2 hours at 8°C), while for
BD-ELISA IgM, incubation was performed at room temperature for 15
inutes. The microplates were then blocked using Well ChampionTM

ynthetic blocking buffer (Ken-En-Tec Diagnostics A/S, Taastrup, Den-
ark) according to the manufacturer’s instructions. Serum samples (100
l) were added at dilutions of 1:50 (RBD-ELISA IgG) and 1:200 (RBD-
LISA IgM) in PBS buffer containing 0.05% Tween-20 (PBS-T, pH 7.4).
fter a 30-minute incubation at 37°C, the microplates were washed with
BS-T to remove unbound antibodies. Subsequently, 100 𝜇l of HRP-
onjugated goat anti-human antibody (Bio-Manguinhos, Fiocruz/RJ,
razil) diluted at 1:10,000 (RBD-ELISA IgG) or 1:20,000 (RBD-ELISA
gM) in PBS-T were added to each well. The microplates were incu-
ated at 37°C for 30 minutes, followed by another wash with PBS-T. To
etect the immunocomplexes, 100 𝜇l of TMB Plus solution (tetramethyl-
enzidine; Ken-En-Tec Diagnostics A/S, Taastrup, Denmark) was added
o each well. After a 15-minute incubation at room temperature in the
ark, the reactions were stopped with 50 𝜇l 0.3 M H 2 SO 4 , and ab-
orbance was measured at 450 nm using a microplate spectrophotome-
er (SPECTRAmax 340PC®, San José California, USA). 

aboratory assays 

All samples were included in the study to compare the performance
nd agreement between the ELISA-RBD and commercially available
ARS-CoV-2 ELISA tests. The selection of commercial tests was based
n their availability and licensing for use in Brazil. Accordingly, three
pecific COVID-19 enzyme immunoassays were chosen: the Anti-SARS-
oV-2 NCP IgM ELISA (Euroimmun Medizinische Labordiagnostika AG,
übeck, Germany), which detects IgM antibodies against SARS-CoV-2
sing the virus nucleocapsid (N) protein; the Anti-SARS-CoV-2 NCP IgG
LISA (Euroimmun Medizinische Labordiagnostika AG, Lübeck, Ger-
any), which detects IgG antibodies against SARS-CoV-2 using the virus
ucleocapsid (N) protein; and the GOLD ELISA COVID-19 IgG + IgM
REM Diagnóstica, São Paulo-SP, Brazil), which detects both IgG and
gM antibodies using the spike protein S1 and S2 domains and the N
rotein. The tests were performed following the manufacturer’s instruc-
ions. 

tatistical analysis 

Statistical analyses were performed using GraphPad Prism version
.5.1 software (San Diego, California, USA). Descriptive measures, in-
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Table 1 

Comparison of sensitivity, specificity, and accuracy in series vs parallel analysis of RBD-ELISA test results. 

Days PSO RBD ELISA Type Sen (%) (95% CI) Spe (%) (95% CI) Acc (%) (95% CI) 

0-7 IgM Individual 34.7 (27.5-42.7) 94.6 (91.7-96.5) 76.9 (73.0-80.4) 
IgG Individual 22.4 (16.5-29.8) 99.1 (97.5-97.7) 76.5 (72.6-80.0) 
IgM + IgG Series 7.8 (4.5-12.7) 99.5 (99,8-100) 53.7 (52.0-56.2) 

Parallel 49.3 (39.5-59.8) 93.7 (89.4-96.2) 71.4 (64.3-77.9) 
8-14 IgM Individual 60.6 (52.1-68.5) 99.1 (97.5-97.7) 85.3 (81.9-88.2) 

IgG Individual 54.1 (45.7-62.4) 99.1 (97.5-97.7) 86.8 (83.5-89.5) 
IgM + IgG Series 33.6 (23.6-42.6) 99.5 (99.8-100) 66.1 (61.5-71.2) 

Parallel 81.8 (73.8-88.1) 93.7 (89.4-96.2) 87.7 (81.6-92.1) 
15-21 IgM Individual 88.2 (73.4-95.3) 99.1 (97.5-97.7) 94.0 (91.2-96.0) 

IgG Individual 88.2 (73.4-95.3) 99.1 (97.5-97.7) 98.2 (96.3-99.1) 
IgM + IgG Series 77.8 (53.9-90.8) 99.5 (99.8-100) 88.2 (76.7-95.4) 

Parallel 98.6 (92.9-99.8) 93.7 (89.4-96.2) 96.2 (91.1-98.0) 
> 21 IgM Individual 50.0 (35.2-64.8) 99.1 (97.5-97.7) 90.0 (86.7-92.6) 

IgG Individual 87.5 (73.9-94.5) 99.1 (97.5-97.7) 98.0 (96.0-99.0) 
IgM + IgG Series 43.7 (26.0-61.2) 99.5 (99.8-100) 71.7 (62.7-80.5) 

Parallel 93.7 (83.1-98.1) 93 , 7 (89.4-96.2) 93.7 (86.2-97.1) 

Acc, accuracy; CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; Ig, immunoglobulin; PSO, post-symptoms onset; RBD, receptor binding domain; 
Sen, sensitivity; Spe, specificity. 
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luding arithmetic and geometric means, along with SD, were used to
nalyze the variables. Geometric means were calculated with a 95% CI.
he normality of the data was assessed using the Shapiro-Wilk test. If
he null hypothesis was rejected, either the Wilcoxon-Mann-Whitney or
ruskal-Wallis test was applied. In cases where data normality was con-
rmed, the Student’s t -test was used. A significance level of P < 0.05 was
mployed for all conclusions. Statistical significance was determined by
he absence of overlapping 95% CI values. Cut-off (CO) values were
etermined by adding two SDs to the mean of negative samples (RBD-
LISA IgG) or three SDs (RBD-ELISA IgM). Results were normalized by
alculating the reactivity index (RI), which represents the ratio between
he OD of the samples and the CO. Samples with an RI ≥ 1.0 were consid-
red positive, while samples falling within ± 10% of 1.0 were classified
s inconclusive (gray zone). 

The overall accuracy of RBD-ELISA was evaluated using the area un-
er the receiver operating characteristics curve (AUC) and categorized
s low (0.51-0.61), moderate (0.62-0.81), elevated (0.82-0.99), or out-
tanding (1.0) [17] . Performance parameters of RBD-ELISA, including
ensitivity (Sen), specificity (Spe), accuracy (acc), likelihood ratios (LR),
nd diagnostic odds ratio (DOR), were determined and compared. To
omprehensively assess the diagnostic performance of the RBD-ELISA
gG and RBD-ELISA IgM, multiple tests, including series and parallel
pproaches, were employed [18] . In parallel tests, multiple tests are
onducted simultaneously, and a positive result in any of the tests indi-
ates the presence of the disease. In sequential tests (series), new tests
re requested based on the results of previous tests, and all results need
o be positive to establish a disease diagnosis. Cohen’s kappa ( 𝜅) anal-
sis was used to determine the agreement strength between the stan-
ard tests and RBD-ELISA. The interpretation of 𝜅 values was as fol-
ows: 1.0 ≤ 𝜅 ≥ 0.81 (almost perfect agreement), 0.80 ≤ 𝜅 ≥ 0.61 (sub-
tantial agreement), 0.60 ≤ 𝜅 ≥ 0.41 (moderate agreement), 0.40 ≤ 𝜅

 0.21 (fair agreement), 0.20 ≤ 𝜅 ≥ 0 (slight agreement), and 𝜅 = 0
poor agreement) [19] . A flowchart ( Figure 1 ) and a checklist (Sup-
lementary Table 1) are provided in accordance with the Standards
or the Reporting of Diagnostic Accuracy Studies (STARD) guidelines
20] . 

esults 

The study comprised 705 previously collected and anonymized un-
accinated human serum samples. Among the 128 individuals who
ested positive for SARS-CoV-2, the median age was 45 years (interquar-
ile range: 32.5-66.0 years), and the female-to-male ratio was 0.85 to
. Among intensive care unit-admitted patients, 85.2% (104/122) suc-
essfully recovered and were discharged, while 14.8% (18/122) did not
3 
urvive. For SARS-CoV-2-negative individuals (n = 315), the female-to-
ale ratio was 1:1.6. All blood donors were residents of Bahia, with no

vailable age-related information for these individuals. 
Optimal dilutions for antigen coating, antibody-enzyme conjugate

HRP), and serum were determined through checkerboard titration. The
est condition was selected based on achieving a higher signal-to-noise
atio (SNR) and a greater difference in median values between SARS-
oV-2-positive and negative samples. The predefined criteria (OD < 0.15

or negative samples and OD > 0.80 for SARS-CoV-2-positive samples)
ere successfully met by using antibody-enzyme conjugate at dilutions
f 1:10,000 for RBD-ELISA IgG and 1:20,000 for RBD-ELISA IgM. Re-
arding antigen quantity in each well, all tests showed a more signifi-
ant difference in median values when 100 ng per well was utilized. In
ontrast, the serum dilution for ELISA-RBD IgG was determined to be
:50, while for ELISA-RBD IgM, it was established at 1:200. 

Following optimization, we assessed the RBD-ELISA performance
nd RI distributions using 705 sera from SARS-CoV-2-positive and -
egative individuals, as illustrated in the overall analysis of Figure 2
individual RI data points are shown in Supplementary Table 2). RBD-
LISA IgG exhibited high specificity at 99.1%, with only two false-
ositive samples, whereas RBD-ELISA IgM yielded the lowest specificity
t 94.6%, with 19 false positives. Both assays showed relatively low
ensitivity at 48.0% (IgG) and 51.1% (IgM), identifying 170 and 181 of
he 354 positive samples, respectively. However, the AUC values were
6.7% (IgG) and 76.5% (IgM), indicating elevated and moderate di-
gnostic capacity, respectively. This suggests that both assays can ef-
ectively differentiate between positive and negative samples despite
heir lower sensitivity. Both tests demonstrated similar accuracy, as ev-
denced by overlapping CIs. Cohen’s Kappa values indicated that the
BD-ELISA IgG and IgM presented moderate agreement with the RT-
CR results of the samples included in the study. Notably, the detection
f IgG antibodies for RBD exhibited a higher DOR of 107.2 compared to
he detection of the IgM antibody (18.3), signifying superior diagnostic
apacity due to the LRs found. 

The performance of RDB-ELISA IgM and RDB-ELISA IgG was assessed
t various infection stages, categorizing samples based on symptom on-
et as follows: 147 samples within 0-7 days, 133 within 8-14 days, 34
ithin 15-21 days, and 40 after 21 days (see the analysis stratified ac-

ording to symptoms onset of Figure 2 ). Notably, both assays exhib-
ted improved performance, particularly during the 15-21 days post-
ymptom onset (PSO) and beyond 22-day PSO. During the 15-21 days
SO, we observed remarkably high sensitivity and accuracy for both
BD-ELISA IgM and RBD-ELISA IgG, achieving a sensitivity of 88.2%
nd accuracy exceeding 90%. The DOR for RBD-ELISA IgG notably in-
reased to 870 compared to IgM, which reached 131.05. 
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Figure 1. Flowchart illustrating study design in conformity with the Standards for Reporting of Diagnostic Accuracy Studies (STARD) guidelines. 
ELISA, enzyme-linked immunosorbent assay; RBD, receptor binding domain. 

Table 2 

Comparison of performance metrics for RBD-ELISAs and commercial COVID-19 tests. 

Assays Sen (%) (95% CI) Spe (%) (95% CI) Acc (%) (95% CI) DOR (95% CI) 

RBD-ELISA IgG 48.0 (42.9-53.2) 99.1 (97.5-99.7) 73.5 (70.1-76.6) 107.2 (33.8-340.3) 
RBD-ELISA IgM 51.1 (45.9-56.3) 94.6 (91.7-96.5) 72.8 (69.4-76.0) 18.3 (11.0-30.4) 
GOLD ELISA 57.6 (52.4-62.7) 99.4 (96.6-99.9) 70.7 (66.7-74.5) 219.0 (30.3-1,581.7) 
NCP ELISA IgG 41.4 (36.3-46.6) 99.4 (96.5-99.9) 59.4 (55.1-63.5) 111.4 (15.4-805.2) 
NCP ELISA IgM 46.5 (41.3-51.7) 96.2 (92.0-98.3) 61.9 (57.6-66.0) 22.1 (9.5-51.4) 

Acc, accuracy; CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; Ig, immunoglobulin; RBD, receptor binding domain; Sen, sensitivity; Spe, 
specificity. 
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In an attempt to reduce diagnostic uncertainty, we conducted anal-
ses using both series and parallel approaches based on the individual
BD-ELISA results (see Table 1 ). These approaches involve combining

wo diagnostic test outcomes. We consistently observed an increase in
ensitivity when analyzing ELISA test results in parallel, as opposed to
ssessing them individually or through a series approach. Particularly
oteworthy was the substantial enhancement in performance values, es-
ecially after the 15th day, with sensitivity and accuracy exceeding 90%
n parallel analyses. 

When comparing the performance of the RBD-ELISAs with the com-
ercial tests used in this study, all five assays exhibited overlapping

ensitivity CIs and similar specificity values (see Table 2 ). Notably, the
nti-SARS-CoV-2 NCP ELISA (IgG) and Anti-SARS-CoV-2 NCP ELISA

IgM) displayed lower accuracy values at 41.4% and 46.5%, respec-
ively, compared to the other assays. While the RBD-ELISAs and GOLD
LISA COVID-19 IgG + IgM shared overlapping CIs, considering all per-
ormance parameters, the GOLD ELISA COVID-19 IgG + IgM and the
BD-ELISA IgG demonstrated superior performance (see Table 2 ). 
o  

4 
In the cross-reactivity analysis, we utilized 135 samples (Panel
) from various infectious and parasitic diseases, including dengue
n = 20), syphilis (n = 20), hepatitis B (n = 20), hepatitis C (n = 20),
IV-1/2 (n = 20), human T-cell lymphotropic virus-1/2 (n = 20), as well
s cutaneous and visceral leishmaniasis (n = 5), Chagas disease (n = 5),
nd filariasis (n = 5) ( Figure 3 ). In RBD-ELISA IgM, 5 of 135 samples
3.7%) were false positives, and only one was within the gray zone. For
BD-ELISA IgG, 6 of 135 samples (4.4%) produced false-positive results,
ith four falling within the gray zone. Among these false positives, pos-

tive samples were identified for dengue (1 of 20), HIV (1 of 20), and
eishmaniasis (4 of 5). 

iscussion 

Despite their low sensitivity, both ELISAs effectively distinguished
ositive from negative samples based on AUC values. Notably, when
e stratified the samples by the collection date relative to symptoms
nset, both ELISAs performed better, especially in the 15–21-day inter-
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Figure 2. RI and diagnostic performance metrics for SARS-CoV-2-positive (Pos) and SARS-CoV-2-negative (Neg) serum samples (Panel a) and SARS-CoV-2-positive 
samples categorized by symptom onset (Panel b). The established RI cut-off value was 1.0 (dashed line), with shaded areas denoting gray zones (RI = 1.0 ± 0.10). 
Geometric mean RI values and corresponding 95% CI values are represented by solid lines. 
Acc, accuracy; AUC, area under curve; CI, confidence interval; DOR, diagnostic odds ratio; ELISA, enzyme-linked immunosorbent assay; Ig, immunoglobulin; K, 
Cohen’s Kappa index; LR, likelihood ratio; RBD, receptor binding domain; RI, reactivity index; Sen, sensitivity; Spe, specificity. 
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Figure 3. Cross-reactivity analysis of the RBD protein with sera from various infectious and parasitic diseases. The cutoff value is set at an RI of 1.0, with the shaded 
region representing the gray zone (RI = 1.0 ± 0.10). 
CHA, chronic Chagas disease; DEN, dengue; ELISA, enzyme-linked immunosorbent assay; FIL, filariasis; HBV, hepatitis B virus; HCV, hepatitis C virus; HTL, human 
T-cell lymphotropic virus 1/2; Ig, immunoglobulin; LEI, leishmaniasis; RBD, receptor binding domain; RI, reactivity index; SYP, syphilis. 
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p  
al. Combining RBD-ELISA IgG and RBD-ELISA IgM in parallel showed
romise for diagnosing COVID-19, achieving a sensitivity of 98.6%
nd an accuracy of 96.2%. We also conducted interval-based analyses,
evealing performance variations depending on the sample collection
ime. However, evaluating a test’s effectiveness solely based on sensitiv-
ty, specificity, and accuracy is insufficient. The DOR provides a more
omprehensive assessment by measuring the likelihood of positive re-
ults in sick individuals compared to non-ill individuals [21] . Both RBD-
LISA IgG and RBD-ELISA IgM yielded high DOR values, with probabil-
ties of 107 and 18 times, respectively. Calculating DOR is crucial for
ntigen evaluation and validation studies as it is independent of disease
revalence in the population. Both ELISAs demonstrated high speci-
city. The RBD-ELISA IgM showed 19 false-positive samples, whereas
he RBD-ELISA IgG exhibited only two false positives. Unfortunately,
he limited information available for the negative samples prevented
s from assessing the potential for cross-reactivity with the rheumatoid
actor. 

The RBD portion of the protein S plays a pivotal role in binding
o host cells, enabling membrane fusion machinery activation. Given
ts importance, researchers have extensively studied it, observing a
igh rate of neutralizing antibodies against the RBD [ 12 , 22 ]. Litera-
ure search results indicate varying performance in studies using RBD
s an antigen for COVID-19 diagnosis, influenced by the chosen proto-
ols, secondary antibody detection methods, and vector expression of
ecombinant protein [23] . For IgG detection, sensitivity ranged from
6.31-94.7%, while IgM detection displayed more variability, ranging
rom 47.0-81.6%. However, all studies consistently achieved high speci-
cities above 95% [24–29] . In one study, immunoassay accuracy us-

ng RBD for IgG detection reached 94.0%, surpassing our study’s re-
ults [29] . Commercial RBD-based tests, including VIDAS SARS-COV-
 RBD IgG (BioMérieux, Marcy-l’Etoile, France), Siemens SARS-CoV-2
6 
BD Total (COV2T) (Siemens, NY, USA), and the Access SARS-CoV-2
BD IgG assay (Beckman-Coulter, CA, USA), reported specificities of
9.9%, 99.8%, and 99.8%, respectively. However, they estimated sensi-
ivity based on the days after PCR positivity. A study demonstrated this
ariation, where values of sensitivity found were 89.3% (VIDAS), 81.5%
Acess), and 85.9% (Siemens) [26] . 

Variations in performance of serological assays utilizing RBD as an
ntigen can be attributed to the kinetics of antibodies during SARS-CoV-
 infection. Many authors have reported increased reactivity and sen-
itivity in samples collected more than 10 days after symptom onset
 5 , 30 , 31 ]. SARS-CoV-2 infection leads to seroconversion to various an-
ibody isotypes, deviating from the typical pattern seen in other diseases,
ometimes taking up to 20 days [ 15 , 32 ]. These data corroborate our re-
ults of performance parameters when performing the stratification of
ositive samples for COVID-19 according to the date of the collection
fter the onset of symptoms. Our results align with this pattern, as we
bserved differing sensitivities and accuracies when stratifying positive
OVID-19 samples based on the collection date. When considering both
LISAs in parallel analysis, with a positive result determined if at least
ne test was positive, we achieved higher sensitivity (74.60%) and ac-
uracy (84.10%). Interval-based analyses yielded a superior sensitivity
98.6%) and accuracy (96.2%) in the 15–21-day interval. These values
xceeded those obtained by screening tests, notably the GOLD ELISA
OVID-19 IgG + IgM, which had a sensitivity of 57.6% and an accuracy
f 70.7%, even when using three proteins as antigenic matrixes to detect
gG and IgM antibodies. With the ongoing pandemic, continuous trans-
ission of SARS-CoV-2, and the emergence of new variants capable of

vading antibodies, cases of reinfection have arisen [33] . 
Both RBD-ELISA IgG and RBD-ELISA IgM exhibited low cross-

eactivity, with rates of 4.4% (IgG) and 3.7% (IgM). False-positive sam-
les were primarily of viral origin, with exceptions such as syphilis and
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eishmaniasis. Cross-reactivity may be due to antibodies against other
irculating coronaviruses, which cause mild flu-like symptoms [34] . Ex-
sting data in the literature indicate a low cross-reactivity rate in indi-
iduals infected with arboviruses, particularly in those actively infected
ith dengue [35] . 

The primary limitation of this study is the lack of samples from
ndividuals infected with SARS-CoV-2 variants, asymptomatic individ-
als, and those who have received multiple vaccines. The assays de-
cribed here were mainly suitable for individuals infected during the
rst COVID-19 wave before the vaccine was accessible. Additionally,
e did not assess cross-reactivity with other arboviruses like Zika, yel-

ow fever, and chikungunya. Further research is required to investigate
nd address these specific scenarios and questions. 

In summary, using the RBD portion of the Spike protein as an anti-
en in indirect serological assays holds promise for COVID-19 diagnosis,
specially when employing the RBD-ELISA IgG and RBD-ELISA IgM in
arallel combinatorial analysis. 
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