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Abstract

Introduction. To assess the diagnostic performance of Enzyme-Linked Immunosorbent Assays (ELISA) of three different manufacturers (ERBALisa® 
COVID-19 IgM/IgG; Biolisa COVID-19 IgM/IgG; and Allserum EIA COVID-19 IgM/IgG) to identify SARS-CoV-2 antibodies, comparing with the molecular test 
or clinical defined SARS-CoV-2 infection. Methods. In an experimental study, 105 serum samples were randomly selected by convenience and distributed 
in five groups. Results. Overall, there was fair heterogeneity in the performance of IgM and IgG antibodies among the manufacturers. The best measures 
were for the Allserum test: sensitivity (70.37%; 95%CI, 56.39-82.02%); specificity (97.44%; 86.52-99.94%); Diagnostic Odds Ratio (90.25; 11.39-715.04); 
accuracy (81.72%; 72.35-88.98%); and Matthews Correlation coefficient 0.57, in IgM and IgG results combination. Discussion. ERBALisa IgM test showed 
the highest percentage of cross-reactivity with positive sera for other diseases, consequently, the lower specificity (76.92%) compared to the other two 
tests evaluated. Conclusion. These ELISA tests cannot replace molecular diagnostics in acute-care settings, but should only be used as an additional 
screening tool when the improvement of hospital logistics is expected and their limitations are carefully considered.
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Resumo

Introdução. Avaliar o desempenho diagnóstico de Enzyme-Linked Immunosorbent Assays (ELISA) de três fabricantes diferentes (ERBAlisa® COVID-19 
IgM/IgG; Biolisa COVID-19 IgM/IgG; e Allserum EIA COVID-19 IgM/IgG) para identificar SARS- Anticorpos CoV-2, comparando com o teste molecular ou 
infecção por SARS-CoV-2 definida clinicamente. Métodos. Em um estudo experimental, 105 amostras de soro foram selecionadas aleatoriamente por 
conveniência e distribuídas em cinco grupos. Resultados. No geral, houve uma heterogeneidade razoável no desempenho de anticorpos IgM e IgG 
entre os fabricantes. As melhores medidas foram para o teste Allserum: sensibilidade (70,37%; IC 95%, 56,39-82,02%); especificidade (97,44%; 86,52-
99,94%); Razão de probabilidades de diagnóstico (90,25; 11,39-715,04); precisão (81,72%; 72,35-88,98%); e coeficiente de correlação de Matthews 0,57, 
na combinação de resultados de IgM e IgG. Discussão. O teste ERBAlisa IgM apresentou o maior percentual de reatividade cruzada com soros positivos 
para outras doenças, consequentemente, a menor especificidade (76,92%) em relação aos outros dois testes avaliados. Conclusão. Esses testes ELISA 
não podem substituir o diagnóstico molecular em ambientes de cuidados agudos, mas devem ser usados ??apenas como uma ferramenta de triagem 
adicional quando a melhoria da logística hospitalar é esperada e suas limitações são cuidadosamente consideradas.
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INTRODUCTION

The SARS-CoV-2 pandemic presents many significant 
diagnostic challenges because it is a new pathogen.(1) Se-
rology tests to detect the presence of antibodies to SARS-
CoV-2 aim to identify the previous infection, and to confirm 
the presence of current infection.(1) SARS-CoV-2 serology 
testing relies on targeted antibodies binding to SARS-
CoV-2 specific antigens.

This study aimed to assess the diagnostic performance 
of Enzyme-Linked Immunosorbent Assay (ELISA) of three 
different manufactures and compare them with molecular 
test (definite) or the clinical defined test (probable) in indi-
viduals with SARS-CoV-2 infection.

METHODS

The samples consisted of serum specimens sent to 
the Virology Laboratory, Hospital de Clínicas, Universi-
dade Federal do Paraná (HC-UFPR), Brazil. Immunological 
and RT-qPCR for SARS-CoV-2 assays were performed in the 
HC-UFPR virology laboratory, certified by the Health Sec-
retary of Paraná, Brazil. This study was approved under a 
waiver of informed consent by the HC-UFPR institutional 
review board, Brazil (CAAE: 30578620.7.0000.0008).

Patients admitted to the HC-UFPR between March 1st 
and August 7th, 2020, were eligible if they had respiratory 
symptoms suspicious of COVID-19. The performances of 
the three different ELISAs were evaluated in serum samples 
obtained on corresponding dates that respiratory speci-
mens were collected for molecular test. A total of 105 se-
rum samples were randomly selected for convenience and 
distributed in the following groups:

Group with SARS-CoV-2 (COVID-19, n=66)
Group 1 (G1): Definite SARS-CoV-2 infection (n= 54), 

patients who tested positive for SARS-CoV-2 on RT-qPCR 
from nasopharyngeal samples. Participants admitted to the 
hospital COVID-19 unit or intensive care unit (ICU), n=23 
(42.59%); outpatients (n=31; 57.41%); male 27 (50%); medi-
an (IQR) of age was 48.48 (44.14; 52.81) years old; time after 
symptoms onset 15.67 (13.20; 18.14) days. Two participants 
(3.7%) were asymptomatic.

Group 2 (G2): Probable SARS-CoV-2 infection (n= 12), 
patients who tested RT-qPCR negative for SARS-CoV-2 on 
nasopharyngeal samples, but fulfilled the World Health 
Organization (WHO) clinical diagnostic case definitions 

for SARS-CoV-2.(2) All participants admitted in the hospital 
COVID-19 unit or intensive care unit (ICU); male 6 (50%); 
median (IQR) of age was 61.5 (47.5, 74.5) years old; time af-
ter symptoms onset 11 (7.5; 19) days.

Group with other diseases (n= 23), or RT-qPCR for 
SARS-CoV-2 on nasopharyngeal samples negative

Group 3 (G3): Severe acute respiratory syndrome (SARS), 
RT-qPCR for SARS-CoV-2 on respiratory samples were either 
negative or did not fulfill the WHO case definitions for SARS-
CoV-2(2) or other etiologies were identified (n= 14).

Group 4 (G4): Other viruses were identified (n= 9), by 
RT-qPCR on a nasopharyngeal swab tested against a respi-
ratory virus panel, Rhinovirus (n=7) and Coronavirus 229e/
NL63 (1 case). The ninth case was positive for Mycobacteri-
um tuberculosis and was included in this group because it 
also affects the respiratory tract.

Healthy control, n=16
Group 5 (G5): Serum samples from 16 blood donors 

were collected in 2015 (HIV, HCV, HBV, HTLV I/II, syphilis, 
and Chagas disease negative, and without respiratory 
symptoms). This group was not tested for SARS-CoV-2 by 
RT-qPCR as the samples were taken before the emergence 
of the virus in China(2) and was the available samples for 
the analyses.

Enzyme-Linked Immunosorbent Assays (ELISAs)
The kits used were ERBALisa® COVID-19 IgM/IgG (Cal-

biotech, El Cajon, CA, USA); Biolisa COVID-19 IgM/IgG (Bio-
clin, Quibasa, Brazil); and Allserum EIA COVID-19 IgM/IgG 
(MBiolog, Minas Gerais, Brazil), all of them were capture 
reaction to detect SARS-CoV-2 IgM or IgG in serum/plasma 
samples. All blood samples were centrifuged and kept fro-
zen at least -20ºC until the moment of use. Multiple thaw-
ing cycles were avoided. These were thawed once for anal-
ysis and kept refrigerated until complete analysis. Samples 
with a pattern of hemolysis were noted.

Samples were tested in parallel in the three assays. The 
tests were performed in duplicate at room temperature 
according to the manufacturer's instructions. The number 
of samples tested on each day was previously divided so 
that each analysis presented samples from the five groups, 
avoiding the segregation of any possible error. Each group 
of samples was kept refrigerated at approximately 4ºC in 
the period between the IgM analysis and the IgG analysis, 
this period being up to 24 hours.
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For all tests, the recommended dilution (1:101 for Bi-
olisa and Allserum; 1:21 for ERBALisa) of samples were 
performed and 100µL of the diluted was pipetted into the 
respective reaction well. After following incubation and 
washing steps, the sample was read in the proper spec-
trophotometer for reading ELISA tests in the wavelengths 
of 450nm and 640nm. The index value was calculated as 
recommended by the manufacturer. Index values for both 
immunoglobulins, less than 0.79 represented negative 
samples, while index values between 0.80 and 1.09 repre-
sented indeterminate samples, and index values superior 
than 1.10 represented positive samples.

RT-qPCR for SARS-CoV-2
Nasopharyngeal samples were collected with a rayon 

swab and transported immediately to the virology labora-
tory in a viral transport medium (VTM). The RT-qPCR was 
previous carried using the XGEN-Master COVID-19 (XGEN) 
for the qualitative detection of nucleic acid in RT-qPCR 
format-reverse transcription, followed by amplification of 
a conserved region of the ORF1ab and N genes for SARS-
CoV-2.(3) using specific primers and a fluorescence-labeled 
probe in respiratory samples.

Statistical Analyses
Statistical tests were performed using the GraphPad 

Prism version 9.0.0, in which quantitative data were sub-
mitted to a non-parametric t-test (Mann-Whitney), and 
qualitative data were analyzed using the Chi-square test, as 
appropriated. Values  of p<0.05 were set as statistically sig-
nificant. Duplicates that showed a coefficient of variation 
greater than 20.0% were disregarded and repeated. Receiv-
er operating characteristics (ROC) curves were constructed 
to assess the kits' overall diagnostic information by com-
paring the areas under the curve (AUC).

Operational characteristics of the tests were evaluat-
ed for each kit. The RT-qPCR for SARS-CoV-2 was the refer-
ence method. We analyzed together with the diagnostic 
performance for the detection of IgM, IgG, IgM and/or IgG 
antibodies in each test. The analyzes were performed us-
ing the MedCalc platform (https://www.medcalc.org/calc/
diagnostic_test.php), considering different gold standard 
scenarios: (1) Definite disease and (2) Definite disease + 
Probable disease.

The following clinical performance measures were cal-
culated: sensitivity; specificity; accuracy (efficiency); pos-
itive and negative predictive values (PPV, NPV); Youden 

index;(4) positive and negative clinical utility index (CUI+, 
CUI−). The CUI values were classified as follows: excellent, 
≥0.81; good, ≥0.64; fair, ≥0.49; poor, ≤0.49; and very poor, 
≤0.36.(5,6) We calculated the positive and negative likelihood 
ratio (LR+, LR−) and diagnostic odds ratio (DOR), in which 
an LR+ value ≥ 10.0 indicates that a positive test almost 
confirmed the disease, a value of ~6.0 indicates that the 
disease was present, and a value of ~1.0 indicates that the 
test was not able to show whether the disease was present 
or not. An LR+ value ≤ 0.1 indicates that the disease was 
practically absent.(7,8) We carried out the comparison of con-
cordance and discordance proportions of the different kits 
with the Matthews Correlation Coefficient, which is a value 
between −1 and +1, values close to +1 describes a perfect 
prediction, values close to 0 does not give any valid infor-
mation and values close to -1 represent a complete incon-
sistency between prediction and outcome.

Positive rates and levels of agreement between the kits 
were assessed using Cohen's Kappa coefficients of agree-
ment, which is interpreted as follows: values ≤ 0 as indicat-
ing no agreement (i.e., purely random), 0.01-0.20 as none 
to slight, 0.21-0.40 as fair, 0.41- 0.60 as moderate, 0.61-0.80 
as substantial, and 0.81-1.00 as almost perfect agrément.(9)

RESULTS

The groups with definite and probable SARS-CoV-2 in-
fection were comparable regarding time to onset of symp-
toms and age.

Operational characteristics of ELISAs
Overall, the analysis of the tests showed acceptable 

sensitivity; ERBALisa presented the best sensitivity result in 
IgM and combined tests, despite being the test with less 
accuracy. However, the Biolisa and Allserum tests showed 
lower sensitivity values   in the combined analysis (Figure 
1A). Biolisa and Allserum presented higher specificity (Fig-
ure 1B) and accuracy, with less extended 95% confidence 
intervals (Table 1).

Considering IgG + IgM or IgM or IgG for the diagnoses 
of definite or probable SARS-CoV-2 infection, the three kits 
showed fair diagnostic performance characteristics. The 
higher sensitivity was for ERBALisa in the IgM and IgG combi-
nation results (IgM+IgG), the accuracy was similar for ERBAL-
isa, Biolisa and Allserum. Diagnostic specificity was 100% for 
the Allserum (IgG). LR+ was closer than 30 for the Allserum 
(IgG - G1 vs. G3+G4+G5), indicating a positive test almost 
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confirm the SARS-CoV-2 infection. The highest DOR was seen 
in IgG and IgM+IgG from the Allserum test (Table 1).

For the RT-qPCR+ group (G1), the sensitivity and accu-
racy were higher for all the brands evaluated. Although for 
the probable SARS-CoV-2 infection (RT-qPCR negative), all 
of them showed a limited value for IgM and IgG, but high 
specificity (Table 1).

Concerning the detection of IgM for the diagnoses of 
definite or probable SARS-CoV-2 infection, ERBALisa and Bi-
olisa displayed higher sensitivity and accuracy, respective-
ly. Only ERBALisa showed lower diagnostic specificity for 
IgM detection (Table 1). Concerning the detection of the 
IgG for SARS-CoV-2, the sensitivity was fair, although it had 
high specificity; the Biolisa and Allserum showed similar di-
agnostic performance characteristics (Table 1).

Two participants (3.7%) at G1 were asymptomatic and 
were positive for SARS-CoV-2 RT-qPCR; only one of them 
tested positive for IgM in all brands, the other tested neg-
ative for IgM in ERBALisa and Allserum, and undetected 
in Biolisa. The IgG was positive in all assays performed in 
both cases.

Uncorrelated ROC curves IgM (Figure 2A) and IgG (Fig-
ure 2B) were generated using data from different groups of 
patients (G1 vs. G3+G4+G5 or G1+G2 vs. G3+G4+G5 or G2 
vs. G3+G4+G5) where patients within each group are sub-

jected to other diagnostic tests, as RT-qPCR; the results are 
shown in Table 2.

The agreement between ELISA kits by the Cohen's Kap-
pa was almost perfect only between the Biolisa and Allse-
rum kits (index: 0.81-1.00) under IgM, IgG, and IgM or IgG 
comparison (Table 3).

Analytical specificity (cross-reaction)
For the IgM tests, ERBALisa cross-reacted with 7 sam-

ples (2 Dengue virus, 1 Syphilis, 1 Rhinovirus, 1 multiple 
infection - HIV, hepatitis A and B -, and 2 healthy group 
samples) resulting in analytical specificity equal to 
76.92%; Biolisa and Allserum cross-reacted with the same 
sample (1 healthy group sample) resulting in analytical 
specificity equal to 97.44% for both. For IgG, Allserum did 
not cross-reacted (analytical specificity: 100%); ERBALisa 
cross-reacted with 2 samples (2 positives for Dengue vi-
rus) resulting in analytical specificity equal to 94.87%; and 
Biolisa cross-reacted with 2 samples (1 Rhinovirus, and 1 
healthy group sample) resulting in analytical specificity 
equal to 94.87%.

Analytical interference
A total of 10 (9.53%) samples were hemolyzed, but 

there was no interference in the results obtained.

Pos: G1; Neg: G3, G4, G5 ERBALisa® BIOLISA ALLSERUM

Statistic value  (CI 95%) IgM IgG IgM/IgG IgM IgG IgM/IgG IgM IgG IgM/IgG

Sensitivity (%) 51.85  
(37.84-65.66)

50.00  
(36.08-63.92)

74.07  
(60.35-85.04)

48.15  
(34.34-62.16)

68.52  
(54.45-80.48)

72.22  
(58.36-83.54)

40.74  
(27.57-54.97)

68.52  
(54.45-80.48)

70.37  
(56.39-82.02)

Specificity (%) 76.92  
(60.67-88.87)

94.87  
(82.68-99.37)

82.05  
(66.47-92.46)

97.44  
(86.52-99.94)

94.87  
(82.68-99.37)

92.31  
(79.13-98.38)

97.44  
(86.52-99.94)

100.00  
(90.97-100.00)

97.44  
(86.52-99.94)

Positive Likelihood Ratio 2.25  
(1.20-4.21)

9.75  
(2.46-38.60)

4.13  
(2.07-8.22)

18.78  
(2.66-132.57)

13.36 
(3.42-52.16)

9.39  
(3.13-28.20)

15.89  
(2.24-112.94)

27.44 
(3.93-191.44)

Negative Likelihood Ratio 0.63 
(0.45-0.87)

0.53 
(0.40-0.69)

0.32  
(0.20-0.51)

0.53 
(0.41-0.69)

0.33 
(0.22-0.50)

0.30 
(0.19-0.47)

0.61 
(0.48-0.76)

0.31 
(0.21-0.47)

0.30 
(0.20-0.46)

Positive Predictive Value (%) 75.68  
(62.41-85.36)

93.10  
(77.32-98.16)

85.11  
(74.15-91.93)

96.30  
(78.65-99.46)

94.87  
(82.57-98.63)

92.86  
(81.23-97.50)

95.65  
(75.58-99.36)

100.00 97.44  
(84.49-99.62)

Table 1
Diagnostic characteristics of the ELISA tests evaluated considering separate IgM and IgG diagnosis and the combined diagnosis. Values are presented for patients with 
definite disease and patients with definite and probable disease.
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Negative Predictive Value (%) 53.57  
(45.44-61.51)

57.81  
(50.96-64.37)

69.57  
(58.72-78.60)

57.58  
(51.08-63.82)

68.52  
(59.33-76.46)

70.59  
(60.73-78.83)

54.29  
(48.62-59.84)

69.64  
(60.75-77.27)

70.37  
(61.08-78.23)

Positive Clinical Utility Index 0.39  
(0.22-0.56)

0.47  
(0.30-0.63)

0.63 
(0.49-0.77)

0.46 
(0.29-0.63)

0.65 
(0.51-0.79)

0.67 
(0.54-0.80)

0.39 
(0.21-0.57)

0.68 
(0.56-0.81)

0.69 
(0.56-0.81)

Negative Clinical Utility Index 0.41  
(0.30-0.52)

0.55  
(0.45-0.64)

0.57 
(0.46-0.68)

0.56 
(0.47-0.65)

0.65 
(0.56-0.74)

0.65 
(0.56-0.75)

0.53 
(0.44-0.62)

0.70 
(0.61-0.78)

0.69 
(0.6-0.77)

Accuracy (%) 62.37  
(51.72-72.21)

68.82  
(58.37-78.02)

77.42  
(67.58-85.45)

68.82  
(58.37-78.02)

79.57  
(69.95-87.23)

80.65  
(71.15-88.11)

64.52  
(53.91-74.17)

81.72  
(72.35-88.98)

81.72  
(72.35-88.98)

Youden index 0.29 
(0.00-0.54)

0.45 
(0.19-0.63)

0.56 
(0.27-0.77)

0.46 
(0.21-0.62)

0.63 
(0.37-0.80)

0.64 
(0.37-0.82)

0.38 
(0.14-0.55)

0.68 
(0.45-0.80)

0.68 
(0.43-0.82)

Diagnostic Odds Ratio 3.59 
(1.44-8.98)

18.50 
(4.05-84.55)

13.06 
(4.71-36.20)

35.29 
(4.51-275.78)

40.27 
(8.68-186.77)

31.20 
(8.34-116.77)

26.12 
(3.33-204.67)

169.29 
(9.83-2916.28)

90.25 
(11.39-715.04)

Matthews correlation coefficient 0.27 0.47 0.44 0.48 0.54 0.52 0.46 0.58 0.57

Pos: G1,G2; Neg: G3, G4, G5      

Sensitivity (%) 42.42  
(30.34-55.21)

45.45  
(33.14-58.19)

65.15  
(52.42-76.47)

39.39  
(27.58-52.19)

57.58  
(44.79-69.66)

60.61  
(47.81-72.42)

33.33  
(22.20-46.01)

57.58  
(44.79-69.66)

59.09  
(46.29-71.05)

Specificity (%) 76.92  
(60.67-88.87)

94.87  
(82.68-99.37)

82.05  
(66.47-92.46)

97.44  
(86.52-99.94)

94.87  
(82.68-99.37)

92.31  
(79.13-98.38)

97.44  
(86.52-99.94)

100.00  
(90.97-100.00)

97.44  
(86.52-99.94)

Positive Likelihood Ratio 1.84  
(0.97-3.48)

8.86  
(2.24-35.08)

3.63  
(1.81-7.26)

15.36  
(2.17-108.82)

11.23 
(2.87-43.99)

7.88  
(2.61-23.78)

13.00 
(1.82-92.71)

 23.05 
(3.29-161.19)

Negative Likelihood Ratio 0.75  
(0.57-0.98)

0.57 
(0.46-0.73)

0.42  
(0.30-0.61)

0.62 
(0.51-0.76)

0.45 
(0.33-0.60)

0.43 
(0.31-0.58)

0.68 
(0.57-0.82)

0.42 
(0.32-0.56)

0.42 
(0.31-0.56)

Positive Predictive Value (%) 75.68  
(62.17-85.49)

93.75  
(79.13-98.34)

86.00  
(75.43-92.48)

96.30  
(78.59-99.46)

95.00  
(82.90-98.67)

93.02  
(81.54-97.57)

95.65  
(75.52-99.37)

100.00 97.50  
(84.79-99.63)

Negative Predictive Value (%) 44.12  
(37.62-50.82)

50.68  
(44.90-56.45)

58.18  
(49.23-66.63)

48.72  
(43.72-53.74)

56.92  
(49.71-63.86)

58.06  
(50.32-65.43)

46.34  
(41.95-50.79)

58.21  
(51.26-64.85)

58.46  
(51.18-65.39)

Positive Clinical Utility Index 0.32 
(0.16-0.49)

0.43 
(0.27-0.58)

0.56 
(0.42-0.70)

0.38 
(0.21-0.54)

0.55 
(0.41-0.69)

0.56 
(0.43-0.70)

0.32 
(0.15-0.49)

0.58 
(0.44-0.71)

0.58 
(0.44-0.71)

Negative Clinical Utility Index 0.34 
(0.23-0.45)

0.481 
(0.39-0.57)

0.48 
(0.37-0.59)

0.47 
(0.38-0.57)

0.54 
(0.44-0.63)

0.54 
(0.44-0.63)

0.45 
(0.36-0.54)

0.58 
(0.49-0.67)

0.57 
(0.48-0.66)

Accuracy (%) 55.24  
(45.22-64.95)

63.81  
(53.85-72.96)

71.43  
(61.79-79.82)

60.95  
(50.95-70.33)

71.43  
(61.79-79.82)

72.38  
(62.80-80.66)

57.14  
(47.11-66.76)

77.00  
(67.51-84.83)

73.33  
(63.81-81.49)

Youden index 0.19 
(0.00-0.44)

0.40 
(0.16-0.58)

0.47 
(0.19-0.69)

0.37 
(0.14-0.52)

0.52 
(0.27-0.69)

0.53 
(0.27-0.71)

0.30 
(0.09-0.46)

0.58 
(0.36-0.70)

0.56 
(0.33-0.71)

Diagnostic Odds Ratio 2.46 
(1.01-5.98)

15.42 
(3.43-69.31)

8.55 
(3.27-22.36)

24.70 
(3.19-191.12)

25.11 
(5.58-113.01)

18.46 
(5.15-66.21)

19.00 
(2.44-147.67)

106.72 
(6.30-1810.37)

54.89 
(7.10-424.40)

Matthews correlation coefficient 0.20 0.42 0.47 0.41 0.52 0.52 0.36 0.58 0.56

Table 1 (continuation)
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Figure 1
Analytical results for each manufacturer. A. Sensitivity for each manufacturer for diagnosis of SARS-CoV-2 in the groups with definite disease. B. Specificity of each 
manufacturer for diagnosis of SARS-CoV-2 in the groups with definite disease. Circles represent IgM results; blocks represent IgG results, and diamonds represent IgM+IgG 
results. Symbols, lines, or circles: blue, ERBALisa® COVID-19; green, Allserum EIA COVID-19; red, Biolisa COVID-19.

Figure 2
ROC Curve for IgM/IgG. A. ROC curve for IgM results for each manufacturer. B. ROC curve for IgG results for each manufacturer. Continuous line, group 1; thick dotted, groups 
1 and 2; and thin dotted line, group 2. Lines: blue, ERBALisa® COVID-19; green, Allserum EIA COVID-19; red, Biolisa COVID-19.
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DISCUSSION

We report the operational characteristics of the ELISA 
for IgM, IgG, and IgM or IgG anti-SARS-CoV-2 from three 
different manufacturers for IgG and IgM anti-SARS-CoV-2, 
which showed variability in the performance of these tests, 
mainly comparing sensitivity and specificity values that 
ranged from 33.33% to 74.07% for sensibility, and 76.92% 
to 100.00 for specificity. The best results were observed 
when IgM and IgG were analyzed together, suggesting that 
the separate detection of these antibodies may have a poor 
correlation with the presence of disease.

The diagnosis of SARS-CoV-2 infection involves collect-
ing the correct specimen at the right time. IgM antibodies 
usually appear after the seventh day of the infection, indicat-
ing acute infection. Whereas IgG antibodies appear from the 
fourteenth day on. However, the usefulness of monitoring 
IgM and discriminating them from IgG is largely debated.(1,10)

Overall, the ELISA to identify SARS-CoV-2 antibodies 
(IgM, IgG) in the definite and probable cases showed fair 
sensitivity, and high specificity, and PPV. This indicates that 
a positive result is often seen in those with SARS-CoV-2 in-

fection, and a negative result needs confirmation by clinical 
or other diagnostic methods to exclude the infection. The 
high PPV indicates that a false positive is rare, and suggests 
it can be a potential confirmatory test. The CUI+ values 
suggested ELISA are great for case finding, and a CUI- is 
good for screening. The overall value of this single test for 
combined screening and case finding is good. The clinical 
performance characteristics presented higher values con-
sidering only the definite SARS-CoV-2 cases determined by 
positive RT-qPCR. However, for probable cases, the clinical 
performance characteristics showed limited values. Over-
all, the manufacturers, diagnostic sensitivity, DOR and MCC 
of IgG were higher than IgM, and the diagnostic specificity 
was similar for IgM and IgG.

All serum test presented the best clinical performance 
characteristic, followed by the Biolisa. Our findings are in 
accordance with previous studies, in which the Allserum 
test showed in this studies, estimates of sensitivity for IgG 
(66.9%; 95% CI 58.8-74.1%) and specificity (98.1%; 95% 
CI 93.4-99.5%), and sensitivity for IgM (50.7; 95% CI 42.6-
58.8%).(11,12,13) Biolisa and ERBALisa® did not present previ-
ous reports. The Youden´s index, accuracy and MCC of IgG 
were similar for the Allserum and Biolisa manufacturers, 
ERBALisa® showed lower results.

Test performance characteristics as provided by man-
ufacturers were similar to those observed in our study, 
except the sensibility for all manufacturers, has also pre-
sented by Zhang et al.(14) with many others ELISA tests. In 
the present study, the median time after the symptoms ap-
peared was 11 and 17 days in the groups with definite and 
probable SARS-CoV-2, and the positivity of immunological 
tests for SARS-CoV-2 diagnosis is time-dependent. Patients 

Table 2
Comparison between the area under the curve (AUC) calculated in the ROC curve for IgM and IgG tests for the different tests evaluated obtained for each group of patients.

IgM IgG

ERBALisa® COVID-19 Biolisa COVID-19 Allserum EIA COVID-19 ERBALisa® COVID-19 Biolisa COVID-19 Allserum EIA COVID-19

Group 1
0.79

(0.69 to 0.89)
p<0.0001

0.84
 (0.76 to 0.92) 
p<0.0001

0.88
 (0.81 to 0.94) 
p<0.0001

0.91
(0.85 to 0.97)
p<0.0001

0.88
(0.79 to 0.94)
p<0.0001

0.91
(0.84 to 0.97)

p<0.0001

Group 1+2
0.73 

(0.63 to 0.84)
p=0.0002

0.76
(0.67 to 0.85) 
p<0.0001

0.77 
(0.69 to 0.86)
p<0.0001

0.86
(0.79 to 0.93)
p<0.0001

0.80
 (0.72 to 0.88)
p<0.0001

0.87
(0.80 to 0.97)

p<0.0001

Group 2
0.56

 (0.34 to 0.79)
p=0.540

0.56
 (0.37 to 0.74) 
p=0.556

0.68
 (0.50 to 0.87)
p=0.058

0.61
 (0.38 to 0.83)
p=0.271

0.51
 (0.31 to 0.71)
p=0.947

0.68
 (0.51 to 0.85)

p=0.068

Note: p value less than 0.05 represents statistical difference between the AUC and the baseline (random classifier).

Table 3
Kappa index for the ELISA kits tested 

Reactives IgM IgG IgM/IgG

ErbaLisa® x Biolisa 0.649** 0.538* 0.612**

ErbaLisa® x Allserum 0.627** 0.695** 0.708**

Biolisa x Allserum 0.919*** 0.871*** 0.858***

Note: *- Moderate agreement. **- Substantial agreement. ***- Almost perfect agreement
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with at least 8 days of symptoms presented a higher sen-
sitivity.(15,16) Antibody-mediated immunity in SARS-CoV-2 
specific IgM and IgG are detectable in the serum between 7 
and 14 days after the onset of the symptoms, respectively. 
The SARS-CoV-2 Virus RNA peak occurs at 3-5 days after ex-
posure; virus RNA inversely correlated with neutralizing an-
tibody titers. In the acute phase of the disease, nucleic acid 
detection of SARS-CoV-2 in respiratory samples was great-
er than antibody detection in the diagnosis of COVID-19.
(15,17,18) After that period, tests that detect the presence of 
specific antibodies are recommended.(10,19) Antibody tests 
could play a useful role in the detection of previous SARS-
CoV-2 infection if applied 15 or more days after the onset 
of symptoms. The persistence of antibody rises is current-
ly unknown, as there is very little data beyond 35 days 
post-symptoms onset(1) as well as about the extension of 
protection of neutralizing antibodies against subsequent 
infection with the virus.(20) The sensitivity of ELISA to SARS-
CoV-2, in general it is 20.8% (95% CI = 9.2-40.4%) from the 
1st to the 7th day after the onset of the symptoms; 54.9% 
(95% CI = 43.4-65.9%) from the 8th to the 14th days and 
78.9% (95% CI = 68.1-86.8%) from day 15 after the onset of 
the symptoms.(21)

Our study will add to the previous ones(1,14,21) as SARS-
CoV-2 infection cases were based on RT-qPCR and clinical 
radiologic criteria, i.e., definite and probable SARS-CoV-2 
cases, respectively;(2) a total of 18% of the samples included 
in the SARS-CoV-2 group were probable infection. Although 
these cases fulfill the clinical and radiological criteria for 
SARS-CoV-2 infection, some cases could be miss enrolled.

Serological cross-reactivity of SARS-CoV-2 immunoas-
says with DENV has been previously reported.(22,23) There is 
a high similarity between the SARS-CoV-2 - HR2 domain of 
the spike protein with envelope proteins from several fla-
viviruses, particularly DENV.(23) Flaviviruses are distributed 
around the world and include DENV, Zika virus, and West 
Nile virus, among others. Further factors such as polyclonal 
activation, which occurs in other diseases described here, 
may be associated with cross-reactivity in the immunologi-
cal tests of COVID-19. The cross-reactivity of COVID-19 sero-
logical tests with a wide range of acute diseases can restrict 
the applicability of point-of-care tests in the screening of 
this infection in the population, including for its diagnosis 
or seroprevalence studies. Although, these findings need 
to be validated with a large number of samples and other 
viral infections, including the other cross-reactions report-
ed in this study.

The authors call attention to the importance of these 
results for SARS-CoV-2 diagnosis in the endemic regions 
for DENV, such as Latin America, Asia, Australia, and Africa, 
in addition to endemic countries for other flavivirus dis-
eases (North America and Europe).(24) This is mainly due to 
the overlap of some clinical signs and symptoms that may 
mask the accurate diagnosis of these diseases.

ROC curve is a valuable tool in assessing the perfor-
mance of a diagnostic test over the range of possible val-
ues of a predictor variable. The area under a ROC curve pro-
vides a measure of discrimination and allows investigators 
to compare the performance of two or more diagnostic 
tests. In general, an AUC of 0.5 suggests no discrimination 
(i.e., ability to diagnose patients with and without the dis-
ease or condition based on the test), 0.7 to 0.8 is considered 
acceptable, 0.8 to 0.9 is deemed excellent, and more than 
that 0.9 is considered outstanding.(25) Comparing the results 
obtained with the three kits, none of them were adequate 
to discriminate the presence of infection in group 2, which 
corresponds to those classified as probable SARS-CoV-2 in-
fection, with negative RT-PCR, but with clinical manifesta-
tion suggestive of COVID-19.

Cohen's Kappa only assesses the correlation between 
the tests, without showing whether this correlation rep-
resents that both are diagnostically good or not.(9) There-
fore, evaluating the other analyzed parameters (sensitivity, 
specificity, PPV and accuracy) it is possible to affirm that the 
Biolisa and Allserum kits presented a positive correlation in 
their results, with almost perfect Cohen's Kappa values.

The limitation of this study is the small number of 
samples and the lack of blinding of the index test and ref-
erence standard. Among definite or probable SARS-CoV-2 
samples, 46.97% were outpatients, of these, only two were 
asymptomatic. Therefore, it is unclear if the results could be 
expanded to asymptomatic or oligosymptomatic persons 
or even used on serological community surveys.

CONCLUSION

Our data demonstrate the good performance of the 
antibodies assays studied. We observed substantial hetero-
geneity in sensitivities of IgM and IgG antibodies between 
manufacturers. The high specificity of ELISAs may contrib-
ute to rapidly confirming the presence of SARS-CoV-2 infec-
tion and accelerate decision-making in emergency rooms 
and routing to appropriate hospital wards. Nonetheless, 
these ELISA tests cannot replace molecular diagnostics in 
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acute-care settings, but should only be used as an addition-
al screening tool when the improvement of hospital logis-
tics is expected and their limitations are carefully consid-
ered. Furthermore, it is noteworthy that the kits available 
may have variable operational characteristics that can im-
pact the results.
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