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ABSTRACT:  

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) serological assays 

have emerged as a response to the global pandemic, warranting studies evaluating their clinical 

performance. This study investigated seven commercially available SARS-CoV-2 serological 

assays in samples from non-infected individuals and hospitalized patients.  

Methods: SARS-CoV-2 qualitative serological assays by Abbott (IgG), Beckman (IgG), DiaSorin 

(IgG), EUROIMMUN (IgG and IgA), Roche and Bio-Rad (Total) were evaluated using specimens 

collected pre-December 2019 (n=393), from nucleic acid amplification testing (NAAT) negative 

patients (n=40), and from 53 patients with COVID-19 by NAAT collected 3-21 days post-onset of 

symptoms (POS) (N=83).  Negative agreement (NA), positive agreement (PA), and positive and 

negative predictive values (PPV and NPV) at prevalences of 5% and 10% were calculated.  

Results:  

The overall %NA;95% CI in the negative samples were: Roche 99.8%;99.3-100.2, Beckman 

99.8%;98.7-100.0, Abbott and Bio-Rad 99.3%;98.0-99.9, DiaSorin 98.4;97.2-99.6, 

EUROIMMUN IgG 97.5%;95.5-98.7, and EUROIMMUN IgA 79.7%;75.9-83.5), accounting for 

positive/equivocal results as false positives.  The %PA;95% CI in samples collected 14+days POS 

(n=24) were: Bio-Rad 83.3%;68.4-98.2, Abbott and Roche 79.2%;62.9-95.4, EUROIMMUN IgA 

70.8%;52.6-89.0, Beckman 58.3%;38.6-78.1, DiaSorin 54.2;34.2-74.1, and EUROIMMUN IgG 

50.0%;30.0-70.0, accounting for negative/equivocal results as false negatives.  NPVs ranged from 

97.4-98.9% and 94.7-97.7% for prevalences 5% and 10%, respectively.  PPVs ranged from 15.5-

94.8% and 27.9-97.4% for prevalences 5% and 10%, respectively. 

Conclusion: The Roche and Beckman assays resulted in fewer false positives followed by the 

Bio-Rad and Abbott assays.  While the Bio-Rad assay demonstrated higher antibody detection in 
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COVID-19-positive patients, PA claims cannot be established with a high level of confidence in 

our sample population. 

 

 

Impact statement:  

This study evaluated and compared seven commercially available serological assays in three well-

categorized cohorts. The data could provide useful insights into the proper utilization of the assays 

in clinical settings.   
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INTRODUCTION:  

Serological assays for the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), 

including IgM, IgA, IgG, or total antibodies, are widely available worldwide in a variety of testing 

formats, making them appealing for clinical and epidemiological use during the ongoing 

coronavirus disease 2019 (COVID-19) pandemic.  However, serological testing has been 

controversial and there has been confusion about interpretation and applications (1-3).  According 

to several organizations, serology testing is not useful to diagnose acute infection and to establish 

immunity correlation claims (4, 5).  Serological testing may be beneficial in epidemiologic studies, 

in vaccine development and for verification response, selection of convalescent plasma donors, 

and to aid in the diagnosis of a subset of patients negative by molecular testing and children with 

the multisystem inflammatory syndrome (4-6).  However, the value of serology testing on patient 

management decisions is still largely unknown (4, 5) supporting the need to further our 

understanding of clinical performance and baseline characteristics of serologic assays. 

 

We characterized the clinical performance of seven serologic assays with a focus on specificity in 

a large cohort of samples collected before 2019 and in samples from nucleic acid amplification 

testing (NAAT)-negative patients, and in acute disease in samples from hospitalized COVID-19-

positive patients. 

 

MATERIALS AND METHODS: 

This study was approved by the Cleveland Clinic Foundation Institutional Review Board. 

Samples consisted of 84 residual serum/plasma from 53 COVID-19-positive patients by NAAT 

3-21 days post-onset of symptoms (POS) (post-test day for 3 with unclear onset), 40 samples 
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from NAAT-negative pre-surgical patients, and 393 samples collected pre-December 2019 [299 

non-crossreactivity: healthy (n=50), pregnant (n=10) and patients with various conditions; 94 

cross-reactivity: 29 known serological/autoimmune markers (Supplementary Table 1)].  The 

assays evaluated were: ARCHITECT SARS-CoV-2 IgG on the Architect (Abbott Diagnostics, 

Abbott Park, IL, US), Access SARS-CoV-2 IgG on the DxI (Beckman Coulter Diagnostics, 

Brea, CA, US), LIAISON SARS-CoV-2 S1/S2 IgG (DiaSorin Inc, Stillwater, MN, US) on the 

Liaison XL, Anti-SARS-CoV-2 ELISA IgG and IgA (EUROIMMUN US Inc, Mountain Lakes, 

NJ, US) and Platelia SARS-CoV-2 Total Ab (Bio-Rad, Hercules, CA, US) on a QUANTA-Lyser 

240 (Inova Diagnostics Inc, San Diego, CA, US), and Elecsys Anti-SARS CoV-2 Total on a 

cobas 601 (Roche Diagnostics, Indianapolis, IN, US). 

 

Positive agreement (PA) and negative agreement (NA) were calculated relative to NAAT or as 

negative for the pre-Dec 2019 group.  Following the U.S Food and Drug Administration (FDA)’s 

approach for assays with equivocal results (i.e. Bio-Rad, EUROIMMUN), equivocal results on 

positive cases were counted as negative for PA, and on negative cases were counted as positive 

for NA (7); statistics were also calculated in vice versa.  Using the former approach, positive and 

negative predictive values (PPV, NPV) were calculated from the overall %NA and 14+days 

%PA. Analysis were carried out using © MedCalc software Ltd (Osten, Belgium). 

 

RESULTS 

The IgA test had the lowest %NA at 79.7%, while the other assays demonstrated overall %NA of 

97.5-99.8% (n=424-433) (Table 1).  The %NA was not appreciably different in the pre-December 

2019 subcohorts (n=393; 94 in the cross-reactivity cohort). Ninety-seven specimens had 
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positive/equivocal results by at least 1 assay, 12 by 2 assays (EUROIMMUN IgA, DiaSorin (n=5); 

EUROIMMUN IgA, EUROIMMUN IgG (n=4)), and 3 by 3 assays (EUROIMMUN IgA, 

EUROIMMUN IgG, DiaSorin) (Table 1 and data not shown).  Only 23 corresponded to the cross-

reactivity group (n=94), 14 of which expressed at least 2 known serological/autoimmune makers 

and 9 expressed more than 2 (Supplementary Table 2).  Samples with false positives most 

commonly expressed EBV IgG, followed by cytomegalovirus IgG, varicella zoster IgG, measles 

IgG and anti-hepatitis B surface antibody (Supplementary Table 1). Of 10 samples from pregnant 

women, 3 were positive by the IgA assay, and of 50 samples from healthy individuals, 8 were 

positive/equivocal by the EUROIMMUN IgA (n=5), EUROIMMUNN IgG (n=2), DiaSorin (n=1) 

and Bio-Rad (n=1) assays. 

 

Test positivity increased with days POS only for the Abbott, Roche and Bio-Rad assays (Table 2).  

In samples collected 14-21 days POS (n=24), %PA ranged from 50.0-83.3%.  The %PA <60% for 

the Beckman, DiaSorin and EUROIMMUN IgG assays was unexpected.  On days 7-21 (n=60), 

the Bio-Rad test demonstrated the highest overall %PA.  A large seroprevalence study in the US 

reported variable disease prevalence with most areas still having a prevalence lower than 10% (8). 

We therefore calculated PVs for 5% and 10% disease prevalence (Table 2).  The Roche assay had 

the highest PPV at prevalences of 5% and 10% (94.8 and 97.4, respectively), and tied NPVs with 

the Abbott assay, second to the Bio-Rad assay leading with NPVs of 99.1% and 98.2% for the 5% 

and 10% prevalences, respectively.  The IgA assay had an unacceptably low PPV of 27.9% at a 

10% prevalence.  

 

DISCUSSION 
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Except the IgA assay, all assays met the >95% specificity criteria required by the FDA for 

Emergency Use Authorization (EUA) and in agreement with other studies (9-14).  The %PA for 

these seven assays did not meet the FDA’s sensitivity standard of 90% and was lower than reported 

(9-12).  Only the Bio-Rad assay had a %PA above 80% in the 14+days POS samples.  It detected 

one more case than the Roche and Abbott assays and 3 more than the IgA assay, but 6-8 more than 

the other 3 assays.  On samples collected <14 days POS, the Bio-Rad assay detected 2 more cases 

than the Roche Total assay and 3 more than the IgA assay but 7-10 more than the other assays.  

Therrien et al evaluated these assays on samples collected 2-5 weeks POS (n=60) and found the 

IgA and Bio-Rad assays performed similarly, with sensitivities of 85%;73-95 and 87%;75-94, 

respectively (9).  They reported performance comparable to our findings for the Roche and Abbott 

assays but superior %PA for the EUROIMMUN IgG, Beckman and DiaSorin assays ranging from 

72-78% (vs 50-58% in our study).  In samples collected 14 days+ onset of symptoms, Tang and 

colleagues reported higher sensitivities by 10 and 14% for the Roche and Abbott assays, 

respectively, and by almost 40% for the EUROIMMUN IgG assay (10, 11).  Other studies also 

reported higher sensitivities for the Beckman, DiaSorin, and EUROIMMUN IgG assays (15, 16).  

In the context of many unknown factors in the humoral responses of patients with COVID-19, it 

is difficult to conclusively determine the reason for the low %PA in our study.  An obvious 

limitation of our study is the low number of samples 14+days POS and only up to 21 days.  

Moreover, the timing of sample collection was subjectively determined from chart review.  The 

observed differences may be a factor of the heterogeneity of the populations studied and an 

uncharacterized role of co-morbidities, present in many hospitalized patients with COVID-19, in 

seroconversion. A phenomenon of seronegative non-responding patients (i.e. negative by several 

assays) has been described and although it is not well characterized yet, it may represent at least 
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5% of 14+days POS samples (14).  In our study, 4/24 samples (16.7%) did not seroconvert by any 

assay.  Lastly, hospitalization rates vary across these studies from approximately 50 to 67% (9, 

16), or was not mentioned (10).  Our cohort consisted of hospitalized patients (1-38 days), and 

50/53 were symptomatic with mild (n=10), moderate (n=11), critical (n=18), and severe (n=11) 

disease.   

 

Three strategies are recommended by the CDC to improve PPV (4).  First, to use assays with >95% 

specificity, but preferably >99.5%.  The most stringent criteria was only met by the Roche and 

Beckman assays.  Second, to test patients with a high pre-test probability. The third 

recommendation is orthogonal testing (i.e. testing positive samples using another test preferably 

with a different format or antigen target).  For the IgA assay, 12 samples were also positive on at 

least another assay targeting the viral spike protein (EUROIMUNN IgG and DiaSorin), but none 

of the assays targeting the nucleocapsid (Abbott, Roche, Bio-Rad) or the receptor biding domain 

(Beckman).  The IgA assay had the lowest PPV, a concerning number of false-positive results, and 

should not be used in low prevalence settings.  In alignment with a study reporting IgA expression 

in asymptomatic pregnant women (17), 3 of 10 samples from pregnant women were positive for 

IgA. Although it has been suggested that IgA appears earlier than IgG in patients with COVID-19 

(9, 18), our data and longitudinal samples did not support this conclusion (Table 1 and data not 

shown).  It is important to mention that our study calculated PVs using the results from the 14+ 

POS cohort, which has a very low sample size, and is not well powered to assess PPVs, as indicated 

by the large 95% confidence intervals.   
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We found that the Roche, Bio-Rad and Abbott assays performed better 14+days POS in 

hospitalized patients.  Using 20-40 samples for EUA assay validation may not be sufficient to 

establish robust %PA claims (19, 20).  In some cases, extending collection to >7 weeks POS was 

needed to yield sensitivities near 90% (9).  Nonetheless, serology testing is not recommended for 

diagnosing acute COVID-19 infection (4, 5).   We concluded with high level of confidence that 

the Roche, Beckman, Abbott and Bio-Rad assays detect few false positives and may be useful in 

seroprevalence studies. 
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Table 1: Negative agreement (NA) performance for serological assays  
  

 

Assays 

Pre-December 2019 
%NA (95% CI) 

Negative/n 
NAAT-negative 
%NA (95% CI) 

Overall 
%NA (95% CI) 

 Non cross-reactivity  Cross-reactivity  Total  

Po
si

tiv
e 

= 
Po

si
tiv

e 
an

d 
Eq

ui
vo

ca
l r

es
ul

ts
  Abbott IgG 

99.3 (97.6-99.2) 
297/299 

98.9 (96.7-101.0) 
93/94 

99.2 (98.4-100.0) 
390/393 

100.0 (91.2-100.0) 
40/40 

99.3 (98.0-99.9) 
430/433 

Beckman IgG 
100.0 (98.7-100.0) 

292/292 
98.9 (96.8-101.0) 

91/92 
99.7 (99.2-100.2) 

383/384 
100.0 (91.2-100.0) 

40/40 
99.8 (98.7-100.0) 

423/424 

DiaSorin IgG 
98.7 (96.6-99.6) 

294/298 
96.8 (93.3-100.4) 

91/94 
98.5 (96.9-99.5) 

385/392 
100.0 (91.2-100.0) 

 40/40 
98.4 (97.2-99.6) 

425/432 

Roche Total 
99.7 (98.2-100.0) 

298/299 
100.0 (98.8-100.0) 

299/299 
99.7 (99.2-100.2) 

392/393 
100.0 (91.2-100.0) 

40/40 
99.8 (99.3-100.2) 

432/433 

Bio-Rad Total 
99.3 (97.6-99.9) 

297/299 
98.9 (96.7-101.0) 

93/94 
99.2 (98.4-100.0) 

390/393 
100.0 (91.2-100.0) 

40/40 
99.3 (98.0-99.9) 

430/433 

EU IgG 
97.7 (95.2-99.1) 

292/299 
97.9 (95.0-100.8) 

92/94 
97.7 (96.9-99.5) 

384/393 
95.0 (88.2-101.8) 

38/40 
97.5 (95.5-98.7) 

422/433 

EU IgA 
80.6 (75.7-84.9) 

241/299 
84.0 (76.6-91.4) 

79/94 
81.4 (77.6-85.3) 

320/393 
62.5 (47.5-77.5) 

25/40 
79.7 (75.9-83.5) 

345/433 

Po
si

tiv
e 

= 
Po

si
tiv

e 
re

su
lts

 

Bio-Rad Total 
99.7 (98.2-100.0) 

298/299 
98.9 (96.7-101.0) 

93/94 
99.5 (98.8-100.2) 

391/393 
100.0 (91.2-100.0) 

40/40 
99.5 (98.9-100.2) 

431/433 

EU IgG 
98.7 (96.6-99.6) 

295/299 
97.9 (95.0-100.8) 

92/94 
98.5 (96.7-99.4) 

387/393 
95.0 (88.2-101.8) 

38/40 
98.2 (96.4-99.2) 

425/433 

EU IgA 
83.3 (78.6-87.3) 

249/299 
88.3 (80.0-94.0) 

83/94 
84.7 (81.2-88.3) 

332/393 
67.5 (53.0-82.0) 

27/40 
82.9 (79.4-86.5) 

359/433 
EU, EUROIMMUN; n, sample size; CI, Confidence interval   
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Table 2: Positive agreement (PA), positive predictive value (PPV) and negative predictive value (NPV) performance for serological  
assays  

 
Assays 

% Positive Agreement (95% CI) 
Positive/n 

5% Infection Rate 
(95% CI) 

10% Infection Rate 
(95% CI) 

 Day 3-6 Day 7-10 Day 11-13 Day 14+ PPV, % NPV, % PPV, % NPV, % 

Po
si

tiv
e 

= 
Po

si
tiv

e 
re

su
lts

 

Abbott IgG 
30.0 (1.6-58.4) 

3/10 
52.9 (29.2-76.7) 

9/17 
65.6 (49.2-82.1) 

21/32 
79.2 (62.9-95.4) 

19/24 
85.7 

(65.7-95.0) 
98.9 

(97.7-99.5) 
92.7 

(80.1-97.6) 
97.7 

(95.2-98.9) 

Beckman 
IgG 

30.0 (1.6-58.4) 
3/10 

47.1 (23.3-70.8) 
8/17 

62.5 (45.7-79.2) 
20/32 

58.3 (38.6-78.1) 
14/24 

92.9 
(64.2-99.0) 

97.9 
(96.6-98.7) 

96.5 
(79.1-99.5) 

95.6 
(93.1-97.2) 

DiaSorin 
IgG 

40.0 (9.6-70.4) 
4/10 

35.3 (12.6-58.0) 
6/17 

62.5 (45.7-79.2) 
20/32 

54.2 (34.2-74.1) 
13/24 

63.8 
(43.6-80.0) 

97.9 
(96.6-98.7) 

78.8 
(62.0-89.4) 

95.1 
(92.6-96.8) 

Roche Total 
40.0 (9.6-70.4) 

4/10 
58.8 (35.4-82.2) 

10/17 
75.0 (60.0-90.0) 

24/32 
79.2 (62.9-95.4) 

19/24 
94.8 

(71.6-99.2) 
98.9 

(97.7-99.5) 
97.4 

(84.2-99.6) 
97.7 

(95.2-99.0) 

Bio-Rad 
Total 

40.0 (9.6-70.4) 
4/10 

64.7 (42.0-87.4) 
11/17 

78.1 (63.8-92.4) 
25/32 

83.3 (68.4-98.2) 
20/24 

86.4 
(66.9-95.2) 

99.1 
(97.9-99.6) 

93.0 
(81.0-97.7) 

98.2 
(95.6-99.2) 

EU IgG 
30.0 (1.6-58.4) 

3/10 
35.3 (12.6-58.0) 

6/17 
65.6 (49.2-82.1) 

21/32 
50.0 (30.0-70.0) 

12/24 
61.9 

(41.3-78.9) 
97.4 

(96.2-98.2) 
77.4 

(59.8-88.8) 
94.7 

(92.2-96.4) 

EU IgA 
40.0 (9.6-70.4) 

4/10 
52.9 (29.2-76.7) 

9/17 
75.0 (60.0-90.0) 

24/32 
70.8 (52.6-89.0) 

17/24 
15.5 

(11.8-20.1) 
98.1 

(96.5-99.0) 
27.9 

(22.0-34.7) 
96.1 

(92.9-97.9) 

Po
sit

iv
e=

 P
os

tit
iv

e 
an

d 
Eq

ui
vo

ca
l r

es
ul

ts 

Bio-Rad 
Total 

50.0 (19.0-81.0) 
5/10 

76.5 (56.3-96.6) 
13/17 

78.1 (63.8-92.4) 
25/32 

83.3 (68.4-98.2) 
20/24 

    

EU IgG 
30.0 (1.6-58.4) 

3/10 
41.2 (17.8-64.6) 

7/17 
71.9 (56.3-87.5) 

23/32 
54.2 (34.2-74.1) 

13/24 
    

EU IgA 
40.0 (9.6-70.4) 

4/10 
52.9 (29.2-76.7) 

9/17 
78.1 (63.8-92.4) 

25/32 
75.0 (57.7-92.3) 

18/24 
    

EU, EUUROIMMUN; n, sample size; CI, confidence interval  
Bolded data represents the %PA that changed if equivocal results were considered positive.   
Predictive values were calculated using the overall %NA including positive and equivocal results as false positives. 




