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Background: Serological testing provides a record of prior infection with SARS-CoV-2, but assay performance

requires independent assessment.

Methods: We evaluated 3 commercial (Roche Diagnostics pan-IG, and Epitope Diagnostics IgM and IgG) and 2

non-commercial (Simoa and Ragon/MGH IgG) immunoassays against 1083 unique samples that included 251

PCR-positive and 832 prepandemic samples.

Results: The Roche assay registered the highest specificity 99.6% (3/832 false positives), the Ragon/MGH assay

99.5% (4/832), the primary Simoa assay model 99.0% (8/832), and the Epitope IgG and IgM 99.0% (8/830) and

99.5% (4/830), respectively. Overall sensitivities for the Simoa, Roche pan-IG, Epitope IgG, Ragon/MGH IgG, and

Epitope IgM were 92.0%, 82.9%, 82.5%, 64.5% and 47.0%, respectively. The Simoa immunoassay demonstrated

the highest sensitivity among samples stratified by days postsymptom onset (PSO), <8days PSO (57.69%) 8–

14days PSO (93.51%), 15–21days PSO (100%), and > 21days PSO (95.18%).

Conclusions: All assays demonstrated high to very high specificities while sensitivities were variable across

assays.

INTRODUCTION

Many immunoassays have been developed
for the detection of prior infection by severe
acute respiratory syndrome 2 (SARS-CoV-2) (1–3).
Serological assays to detect antibodies to SARS-
CoV-2 have received attention due to many assays

being used for a range of purposes despite sub-
optimal validation (4). However, despite enormous
potential to guide the global COVID-19 response,
confidence in serological tests and consequently
the results of seroepidemiological studies have
been undermined by poor (or poorly defined)
test characteristics (4). Given the importance of
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vigorous and independent immunoassay cross
validation, we report on the performance of 3
commercial and 2 non-commercial assays.

MATERIALS AND METHODS

Ethical Considerations

The use of study samples and data was ap-
proved by the Massachusetts (Mass) General
Brigham (MGB) (previously Partners Healthcare
System) Institutional Review Board.

Study Design

We conducted a head-to-head test perfor-
mance study using 3 commercial and 2 non-
commercial SARS-CoV-2 immunoassays where
laboratories were blinded to sample group.

Study Samples

Here, 251 SARS-CoV-2 polymerase chain reac-
tion (PCR) positive samples from 122 patients (107
hospitalized, 15 ambulatory) treated at the
Brigham and Women’s Hospital (BWH) between
March 30 and May 29, 2020, were selected from
the MGB Biobank, a biorepository that contains
serum and other biological samples and linked
demographic and clinical data from >121 000
patients enrolled through the MGB network (Table
1) (5). Samples were collected a mean of 14.0 days
(SD 13.6 days) post-PCR with reverse transcription
(RT–PCR) confirmation and 20.7 days (SD

14.8 days) postsymptom onset (PSO). The median
number of samples per individual was 2 (range 1–
8) and the median interval between sample collec-
tion was 3days (range 2–47 days). The median age
of patient samples was 58 years (range 24–90)
and 135 (54%) samples came from females
(Table 1).
Prepandemic samples included 832 samples

from the MGB Biobank collected between August
28, 2017 and September 26, 2019. The median
age was 44 years (range 20–89) and 390 (47%)
were female. We included a subset of samples
with documented recent respiratory infections to
assess for cross-reactivity and, we selected pre-
pandemic samples with and without recent respi-
ratory infections. Of the total 832 negative control
samples, 600 were from individuals without recent
respiratory illness; 31 from individuals with prior
laboratory-confirmed respiratory infections; and
101 from individuals with a recent clinical diagno-
sis of respiratory infections including upper respi-
ratory tract infection (n¼50) or viral (n¼11),
bacterial (n¼20), or unspecified (n¼20) pneumo-
nia (Table 2) based on diagnoses recorded in the
electronic health record between 1 and 31days
prior to sample collection.
To ensure valid comparison between assays

and given differences in plasma/sera require-
ments according to manufacturer/assay specifica-
tions, we only selected samples with both serum
and plasma available from the same individual
and time point (Table 2). All samples were stored

IMPACT STATEMENT

It is important to patients and public health experts to have accurate antibody tests for detection of

prior COVID-19 infection, but the tests can have variable results. This paper compares 3 commercial and 2
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among 251 samples known to be PCR test positive and 832 samples collected prior to the COVID-19
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at �80 �C following sample processing and none
underwent thaw-refreezing cycles prior to analy-
sis. Except for sample type (i.e., serum or plasma),
identical samples were provided to each of the 4
participating laboratories (with 2 fewer samples
provided to one due to insufficient volume).
Samples were blinded to all laboratory staff and
investigators and only unblinded after results
were provided to the lead investigators (EJN, EWK,
LRB).

Clinical Data

We extracted demographic and clinical data in-
cluding symptom onset data on PCR-positive sam-
ples from the Biobank-linked electronic health
records system supplemented by medical record
review.

Serological Assays and Protocols

We assessed 5 assays including Elecsys Anti-
SARS-CoV-2 (Roche Diagnostics, Indianapolis, USA)
intended for the qualitative detection of pan-
immunoglobulin antibodies against the nucleo-
capsid (N) antigen (6); EDI New Coronavirus
COVID-19 enzyme-linked immunosorbent assays
(ELISA) (Epitope Diagnostics, USA) that detect IgG
and IgM against the N antigen (7, 8); Ragon/MGH,
an in-house ELISA that detects IgG, IgM, and IgA
against the receptor binding domain (RBD); and
the single molecule array multiplex assay (Simoa)
that detects IgG, IgM, and IgA against the spike
protein, S1 subunit, RBD, and NC (9). The Ragon/
Massachusetts General Hospital assay was
performed at the Ragon Institute of MGH,
Massachusetts Institute of Technology, and
Harvard; all other assays were performed at the

Table 2. Clinical and confirmed respiratory viral infections among prepandemic samples.

Recent acute illness
Days prior to sample

collection Males Females Total

None NA 370 330 700

URI

1–14days 15 10 25

15–31days 9 16 25

Bacterial pneumonia

1–14days 7 3 10

15–31days 5 5 10

Unspecified pneumonia

1–14days 7 3 10

15–31days 7 3 10

Viral pneumonia

1–14days 3 2 5

15–31days 4 2 6

Confirmed viral respiratory infectiona NA 15 16 31

With any recent acute illness 72 60 132

Grand total 442 390 832

a Includes Parainfluenza antigen positive (n¼ 13), Metapneumovirus antigen (9), influenza A/B antigen (8), Influenza A PCR (3), Influenza B PCR (1),
RSV antigen (5), RSV PCR (1), Adenovirus antigen (3), Herpes Simplex I (DFA). Total number add up to more than 31 as some individuals recorded
>1 positive result.
NA Not available or applicable.
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BWH. Commercial assays were performed accord-
ing to manufacturer specifications. The Simoa and
Ragon/MGH assays were performed according to
previously described methods (10). All samples
were tested for investigatory purposes, not for
clinical diagnostic testing. Commercial assays but
not non-commercial assays received Emergency
Use Authorization from the United States Food
and Drug Administration and CE certification from
the European Medical Device Safety Service.

Result Classification

Threshold cutoffs for defining positive, negative
or indeterminate/borderline test results were de-
fined according to manufacturer specifications for
commercial assays. Threshold cutoffs and result
determination for the non-commercial assays
were established by the respective laboratories
prior to the study according to methods previ-
ously described (9,10). Given the Simoa multiplex
assay includes 12 output measures per sample
(IgG, IgM, and IgA against 4 viral epitopes), results
were based on 3 prestudy classification models—
an “Early Model,” “Late Model,” and full panel “12-
Parameter Model.” (9) The Early Model, which pre-
viously demonstrated the best performance,
includes 4 markers: IgA S1, IgA NC, IgG NC, and
IgG Spike (9).

Data Analysis

We performed 5 primary independent analyses:
1 each for the Roche (pan-IG) and Ragon/MGH
(IgG) assays; 2 for the Epitope immunoassays (IgG
and IgM); and 1 for the primary Simoa assay “Early
Model.” Analyses of the Ragon IgA/IgM and Simoa
“Late Model” and “12-Parameter Model” are in-
cluded in the Supplemental Materials.
Indeterminate or borderline results were consid-
ered negative. Sensitivity was calculated indepen-
dently for samples collected <8, 8–14, 15–21, and
>21days PSO. Assay agreement was calculated
between the Roche, Ragon/MGH IgG, Epitope IgG,

and Simoa Early Model using prevalence-adjusted
and bias-adjusted Kappas (11). Binomial exact
95% confidence intervals were calculated for all
estimates. All analyses were performed using the
R software package (v.4.0, www.R-project.org/).

RESULTS

Differences in demographics and medical his-
tory between individuals that provided PCR-
positive and prepandemic samples are reported
in Table 1. PCR-positive samples were from older
individuals and more likely to be of non-white race
with a higher prevalence of preexisting comorbid-
ities including hypertension, coronary heart dis-
ease, stroke, obesity, asthma, diabetes mellitus,
malignancy, chronic obstructive pulmonary dis-
ease, and liver disease.

Specificity

The Roche assay registered 3/832 false posi-
tives for a specificity of 99.64% (95% CI 98.94–
99.88%) (Table 3). The Epitope IgM and Ragon/
MGH (IgG) assays registered 4/830 and 4/832
false positives for specificities of 99.52% (95% CI
98.77–99.81%). The Epitope IgG and Simoa (Early)
assays registered 8/830 and 8/232 false positives
for specificities of 99.04% (98.11–99.51%). Data on
secondary assays/models are detailed in Tables 1
and 2 in the online Data Supplement. No Epitope
false positives overlapped and therefore if com-
bining the 2 assays to provide a single result, the
specificity is lower [12/830 false positives; 98.55%
(95% CI 97.49%–99.17%)]. Of the 27 false positive
results [Roche (3), Ragon/MGH IgG (4), Epitope
IgG (8), and IgM (4), and Simoa Early Model (8)], 22
were from 700 prepandemic samples (3.1%) with-
out recent respiratory infection and 5 from 132
prepandemic samples (3.7%) with recent respira-
tory infection, suggesting cross-reactivity due to
recent respiratory infections is unlikely to be an
important cause of false positives in these assays.
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However, no human common coronaviruses
(HCoV, e.g., 229E, NL63, OC43, or HKU1) were
documented among these samples so these data
do not assess for HCoV-specific cross-reactivity.

Sensitivities

The Simoa Early Model registered the highest
sensitivity among samples collected <8days PSO
(57.69%), 8–14days PSO (93.51%), 15–21 days
PSO (100%), and >21days PSO (95.18%) (Table 4).
The Epitope IgG registered sensitivities of 42.31%,
82.47%, 92.31%, and 85.54% for respective cate-
gories of days since PSO. Sensitivities during the
earliest time period, <8days PSO, was low for all
assays (Table 4).
Interassay concordance for prepandemic sam-

ples was high for all assay combinations with the
highest agreement between Roche and Ragon/
MGH IgG assays (Kappa 0.98, 95% CI 0.97–0.99)
and the lowest between Epitope IgG and Simoa
Early Model (Kappa 0.96, 95% CI 0.94–0.98).
Interestingly, of 27 total false positives across the
5 assays, none were overlapping between assays.
Interassay agreement for PCR-positive samples
was more variable and ranged from Kappa 0.78
(95% CI 0.69–0.86) between the Simoa Early
Model and Epitope IgG assays to 0.45 (95% CI
0.33–0.56) between the Ragon/MGH IgG and
Simoa Early Model. Lower concordance between

PCR-positive samples was largely driven by the
higher numbers of false negatives observed in the
Ragon/MGH IgG (89/251), Epitope IgG assays (44/
251), and Roche assays (43/251). Of the 102 dis-
crete false negative results, 58 overlapped be-
tween 2 or more assays.

DISCUSSION

We assessed the performance of 3 widely used
commercial and 2 non-commercial SARS-CoV-2
immunoassays using a panel of 251 PCR-positive
hospitalized cases, and 1083 well-characterized
prepandemic samples. Assays targeted a range of
antigens including spike, NC, RBD, and NAD S1.
Unlike most head-to-head SARS-CoV-2 immu-
noasssay performance evaluations (1), common
patient-sample combinations were used for all
assays. In comparison to 2 large studies compar-
ing the performance of 5 commercial assays (12,
13) that included COVID-19 PCR-positive convales-
cent samples collected >14days and >20days
since symptom onset, we included COVID-19 sam-
ples collected 1–14 days since symptom onset to
assess early sensitivity.
All 5 primary assays demonstrated high specific-

ity with small absolute differences. The Roche spe-
cificity of 99.6% (98.9–100) aligned with package
insert data of 99.8% (99.7–99.9) (6). The Epitope

Table 3. Assay specificities by isotype.

Immunoassay No. of prepandemic samplesa No. testing negative Percentage 95% CI

Epitope IgG 830 822 99.04 98.11–99.51

Epitope IgM 830 826 99.52 98.77–99.81

Ragon/MGH IgGb 832 828 99.52 98.77–99.81

Rochec 832 829 99.64 98.94–99.88

Simoa (Early)d 832 824 99.04 98.11–99.51

aGiven limited prepandemic sample aliquots, the Epitope assays were tested against 830 samples versus 832 for the remaining assays.
bFor specificity of Ragon/MGH IgM and IgA, see Supplemental Materials.
cThe Roche Elecsys Anti-SARS-CoV-2 immunoassay detects IgG and likely IgM and IgA; details of other isotypes are not provided by the
manufacturer.
dSpecificity of the Simoa multiplex assay Early Model. For specificities of the Late and 12-Parameter Models, see Supplemental Materials.
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IgG assay specificity at 99.0% was higher than re-
cent smaller studies that reported specificities of
88.7% from 53 prepandemic samples (14) and
89.8% from 108 prepandemic samples (15). The
Ragon/MGH registered high specificity (99.5%)
and the Simoa Early Model slightly lower (99.0%).
All primary assay specificities registered overlap-
ping confidence intervals.

Sensitivities were reasonable for samples col-
lected �21days: 19.2–57.7% for samples col-
lected <8days PSO, 57.1–93.5% for samples
collected between 8–14days PSO, and 80.0–100%
sensitivity for samples collected 15–21days PSO;
but slightly lower than anticipated for samples col-
lected >21days PSO (73.5–95.2%). When com-
pared against other available data, the sensitivity

Table 4. Assay sensitivities by days post symptom onset.

Assay Days PSO
Total No. of
PCR-positive samples

No. testing
positive Percentage 95% CI

Epitope IgG <8days 26 11 42.31 25.54–61.05

8–14days 77 65 84.42 74.71–90.85

15–21days 65 60 92.31 83.22–96.67

>21days 83 71 85.54 76.41–91.53

Overall 251 207 82.47 77.29–86.67

Epitope IgM <8days 26 8 30.77 16.50–49.99

8–14days 77 43 55.84 44.74–66.39

15–21days 65 41 63.08 50.92–73.77

>21days 83 26 31.33 22.36–41.94

Overall 251 118 47.01 40.93–53.18

Ragon/MGH IgGa <8days 26 5 19.23 8.51–37.88

8–14days 77 44 57.14 46.01–67.60

15–21days 65 52 80.00 68.73–87.92

>21days 83 61 73.49 63.11–81.80

Overall 251 162 64.54 58.45–70.20

Rocheb <8days 26 13 50.00 32.06–67.94

8–14days 77 62 80.52 70.31–87.82

15–21days 65 59 90.77 81.29–95.70

>21days 83 74 89.16 80.66–94.19

Overall 251 208 82.87 77.72–87.03

Simoa (Early)c <8days 26 15 57.69 38.95–74.46

8–14days 77 72 93.51 85.68–97.19

15–21days 65 65 100.00 94.42–100.00

>21days 83 79 95.18 88.25–98.11

Overall 251 231 92.03 88.01–94.78

aFor sensitivity of Ragon/MGH IgM and IgA see Supplemental Materials.
bThe Roche Elecsys Anti-SARS-CoV-2 immunoassay detects IgG and likely IgM and IgA; details of other isotypes are not provided by the
manufacturer.
cSensitivity of the Simoa multiplex assay Early Model. For sensitivities of the Late and 12-Parameter Models, see Supplementary Materials.

ARTICLE SARS-CoV-2 Immunoassay Performance Assessment

...................................................................................................

1568 JALM | 1561–1570 | 06:06 | 2021

https://academic.oup.com/jalm/article-lookup/doi/10.1093/jalm/jfab072#supplementary-data
https://academic.oup.com/jalm/article-lookup/doi/10.1093/jalm/jfab072#supplementary-data


of the Roche pan-IG assay and Epitope assays
were lower than manufacturer reported data that
reported at most time points (6, 7). Similarly, the
Roche assay registered lower sensitivity for sam-
ples collected �21days PSO (89.2%) in this study
than a recent large UK performance study, that
reported a sensitivity of 97.2% from 536 PCR-
confirmed samples collected �20days PSO (13).
The sensitivity of the Epitope IgG assay was lower
than package insert data that report 100% for 30
PCR-positive samples in the second week of dis-
ease and lower than a German study that
reported 100% sensitivity for 22 PCR-positive sam-
ples (14) but similar to a US-based study that
reported sensitivities of 84% at 6–20days and
91% at >20days (15). Surprisingly, assay sensitivi-
ties, particularly in the �21-day time period when
almost all PCR-confirmed cases would be
expected to have detectable antibodies (16), were
lower than expected with only the Simoa assay
maintaining high sensitivity (95.2%) consistent
with a prior report. Positive samples in this study
were collected prior to COVID vaccine availability
or the (known) emergence of major viral variants.
Going forward, positive assays post vaccination
would be expected on the MGH/Ragon (RBD anti-
gen) and Simoa assays (Spike antigen).
The strengths of this study is the large number

of systematically collected and curated control

samples and the use of all samples across all
assays, which is required to accurately compare
assays but is rare among head-to-head assay eval-
uations (1–3), including COVID-19 samples col-
lected 1–14days since symptom onset to assess
early sensitivity, and using assays targeted to a
range of antigens (spike, RBD, nucleocapsid, and
S1). We also provide granular details on samples
and include a large number of prepandemic sam-
ples from individuals recently diagnosed with re-
spiratory infections. We cannot, however,
definitively extrapolate findings to other popula-
tions. For example, the sensitivity of these assays
was largely assessed in samples from RT–PCR-
confirmed hospitalized patients expected to have
high titers of antibodies (17) with samples col-
lected a mean of 20.7 days (SD 14.8 days) after
symptom onset. Given most SARS-CoV-2 infec-
tions are mild or asymptomatic and do not re-
quire hospitalization, and given that little is known
about humoral kinetics >4months post infection,
sensitivities are likely to be lower in these popula-
tions (4).

SUPPLEMENTAL MATERIAL

Supplemental material is available at The Journal
of Applied Laboratory Medicine online.
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