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ARTICLE INFO ABSTRACT

Keywords: Background: : COVID-19 seroprevalence studies use serum/plasma samples to detect SARS-CoV-2 IgG. Data
SARS-CoV-2 IgG supporting alternate specimen types and freeze-thaw antibody stability is lacking. The stability of IgG and other
SFab,ﬂity . immunoglobulins in multiple blood sample types stored in differing conditions and multiple freeze-thaw cycles
;ta];z:‘ heparin (FTCs) was evaluated.

Serum Materials and methods: : Serum, plasma, and heparinized-plasma samples were collected from COVID-19 recov-

ered individuals. Samples underwent testing for SARS-CoV-2 antibodies upon collection, after each of 10-12
FTCs, and storage at -70°C, -20°C, 4°C, and room-temperature for 10-12 days using four high-throughput
commercial assays, two rapid-test cassettes, a manual ELISA, and a surrogate neutralization assay.

Results: : All three specimen types were collected from 34 COVID-19 recovered seropositive individuals (>21
days post-symptoms). Using the Architect and Liaison assays, a positive qualitative SARS-CoV-2 IgG result was
detected daily up to 12 FTCs and up to 10 days of storage at different temperatures. An additional 25 plasma
samples consistently demonstrated detection of SARS-CoV-2 antibodies daily after 12 FTCs and storage at -20°C
using two rapid test cassette assays (SD Biosensor and Hangzhou All Test), manual (Beijing Wantai) and sur-
rogate neutralization (GenScript) ELISAs, and two high-throughput assays (Roche Elecsys nucleocapsid and
spike). IgM antibodies were less frequently detected by one of the rapid test cassette assays.

Conclusions: : Serum, plasma, and heparinized-plasma constitute reliable samples for SARS-CoV-2 antibody
detection. In particular, the IgG response was stable and reliably detected after multiple FTCs and storage at
common laboratory conditions. IgM detection was variable due to the labile nature of this antibody class.

Freeze-thaw cycle

Abbreviations: FTC, freeze-thaw cycle; DSO, date of symptom-onset; CBS, Canadian Blood Services; PRNT, plaque reduction neutralization test; NML, National
Microbiology Laboratory; SVNT, surrogate virus neutralization test.
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Introduction

The principal utility of SARS-CoV-2 IgG high throughput assays is
conducting seroprevalence studies of different populations. Most sur-
veys use serum, plasma, or heparinized-plasma [1]. While it is presumed
these three specimen types are likely equivalent, some studies have
demonstrated that the yield of SARS-CoV-2 IgG results from these
specimen types can differ based on the assay [2].

A number of studies have documented the stability of IgG antibodies
produced to other viruses (eg. herpes simplex, varicella zoster, measles,
mumps, rubella) when blood samples are stored or exposed to a variety
of laboratory conditions [3-5]. Such conditions include multiple FTCs,
varying storage temperatures, and prolonged storage over time. Vari-
ables in these studies that limit comparison include use or non-use of
storage matrix (such as bovine-serum albumin or phosphate-buffered
saline), and type of assay being used to measure antibody level (such
as immunofluorescence assays versus ELISA versus large automated
high-throughput systems). To-date however, there are a paucity of
studies evaluating the stability of SARS-CoV-2 antibodies, including IgG,
in different laboratory conditions and its overall effect on the quality of
the result generated.

In addition to serum, we aimed to evaluate the utility of plasma and
heparinized-plasma samples as alternate sample types for SARS-CoV-2
antibody detection and assess the stability of these types across
different temperatures and FTCs.

Materials and methods
Participant sample collection

Serum and plasma blood samples were collected simultaneously
from a group of 37 COVID-19 recovered individuals with laboratory-
confirmed SARS-CoV-2 infection, diagnosed using molecular assays [6,
71. Samples were collected >21 days post date of symptom onset (DSO).
A subset (34 of 37) additionally submitted heparinized-plasma blood
samples.

A parallel study was conducted on plasma samples collected by Ca-
nadian Blood Services (CBS) from donors who self-identified as having
recovered from COVID-19. Samples were previously tested by a SARS-
CoV-2 plaque reduction neutralization test (PRNT). In total, 25 sam-
ples with PRNT titers ranging from 1:40-1:640 were selected for this
study. Clinical information and demographics were not available for this
cohort of patients.
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Samples were initially stored at —20°C and underwent one FTC prior
to aliquoting. SARS-CoV-2 IgG detection was performed using the Ar-
chitect SARS-CoV-2 IgG and Liaison SARS-CoV-2 S1/S2 IgG qualitative
assays (Table 1) [1]. One 600 uL sample of each specimen type (serum,
plasma, or heparinized-plasma) was stored at —70°C and underwent
repeated FTCs over 10 consecutive days, while single-use 200 pL ali-
quots from the same patient were stored at three different temperatures
(—70°C, 4°C, and room temperature (21-25°C)) and thawed only on the
day of testing to assess the stability of SARS-CoV-2 IgG. In situations of
insufficient volume for a single sample to make all 10 aliquots, several
patient specimens of the same sample type were pooled at the onset.
Testing of these initial samples was carried out at the Public Health
Laboratory, Alberta Precision Laboratories (Edmonton, Alberta,
Canada).

Similar procedures were followed for 12 FTCs on the PRNT-positive
plasma samples. Plasma units from CBS were initially stored at —80°C
and thawed to remove 15 mL for this study. Two 500 uL aliquots of each
sample (one for each lab conducting testing) were removed, labeled
(FTC #1) and stored at —20°C. This process was repeated for an addi-
tional 11 FTCs over three consecutive days. All aliquots were thawed on
the day of testing and the stability of SARS-CoV-2 antibodies was
assessed by all diagnostic platforms with the exception of the Roche
Elecsys Anti-SARS-CoV-2 S and the AllTest rapid test cassettes. For these
assays, samples were held at 4°C for 16 days post-thaw prior to testing.

In total, 300 aliquots of the CBS plasma samples generated in the 12
FTCs on 25 samples were tested by the Roche Elecsys Anti-SARS-CoV-2
and Elecsys Anti-SARS-CoV-2 S, SD BioSensor Standard Q COVID-19
IgM/IgG Combo and Hangzhou AllTest IgG rapid test cassettes, and
Beijing Wantai SARS-COV-2 Ab ELISA. Aliquots (n = 100) of plasma
collected from FTCs 1, 6, and 12 were also tested by the GenScript
cPass™ SARS-CoV-2 Neutralization Antibody Detection Kit (Table 1).

Testing of the PRNT-positive plasma samples from CBS was carried
out at the National Microbiology Laboratory (NML), Public Health
Agency of Canada (Winnipeg, Manitoba, Canada) [8].

Statistical analysis

To assess stability of SARS-CoV-2 IgG qualitative detection between
samples, temperatures, or FTCs, assay index values (Table 1) were
compared. Evaluation for IgG stability of the Abbott and Diasorin assays
for specimen type (lithium heparin, plasma, serum) was compared using
a one-way ANOVA while comparison of the three different temperatures
evaluated were compared using a multivariate ANOVA. Evaluation of
antibody stability for the GenScript, Wantai, and Roche assays was

Table 1
Serological assays used and their commercial information.
Assay Qualitative/ Antibody component measured Index Value Manufacturer
Quantitative
AllTest COVID-19 IgG Rapid Test Cassette  Qualitative 1gG No Hangzhou Alltest Biotech,
Hangzhou, China
Architect SARS-CoV-2 IgG Qualitative IgG(target: nucleocapsid protein) Yes;S/C > 1.40 considered Abbott Laboratories, Chicago, USA

cPass Surrogate Virus Neutralization Test Quantitative Neutralizing antibodies
(sVNT) Kit
Elecsys Anti-SARS-CoV-2 Qualitative Total (IgM-+IgG)(target:
nucleocapsid protein)
Elecsys Anti-SARS-CoV-2 S Quantitative Total(IgM-+IgG)(target: spike

protein)

Liaison SARS-CoV-2 S1/S2 IgG Qualitative

Standard Q COVID-19 IgM/IgG Combo Qualitative IgM + IgG

Wantai SARS-COV-2 Ab ELISA Qualitative Total (IgM-+IgG)

IgG(target: spike protein)

positive

Yes;% inhibition GenScript Biotech, Piscataway,

USA

Yes;COI >1.0 considered Roche, Basel, Switzerland

positive

Yes; > 0.8 U/mL reactive Roche, Basel, Switzerland

Yes;>15.0 AU/mL considered

positive.

No SD Biosensor, Suwon-si, South
Kora

Yes;A/CO >1.0 considered Beijing Wantai Biological, Beijing,

positive. China

Diasorin, Saluggia, Italy

Abbreviations: A/CO — absorbance over cut-off; AU/mL — arbitrary units per mL; COI — cut-off index; S/C - signal/cut-off; U/mL — units per mL.
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conducted using a one-way ANOVA. Significance was set at p<0.05. All
statistical analysis was conducted using Stata (version 14.1; StataCorp,
College Station, USA). Graphs were constructed using GraphPad Prism
version 9.12 for Windows.

Results

Convalescent patient cohort: SARS-CoV-2 IgG stability with repeated
freeze-thaw cycles and storage at different temperatures

Convalescent serum, plasma, and heparinized-plasma samples were
collected from 34 patients at a median of 67 days post DSO (median age
57.5 years; 55.9% female) (Supplementary Table 1). Of these, 6 (17.6%)
required hospitalization. All 34 patients had detectable SARS-CoV-2 IgG
detectable at baseline.

Ten serum, ten plasma, and five heparinized-plasma specimens (total
25 specimens) from the 34 patients underwent repeated daily FTCs
(storage at —70°C) over 10 days. Due to an instrument error, five serum
and seven plasma specimens could not undergo testing on days 9 and 10
on the Liaison assay. Thus, samples were run on both assays for an
additional two days (days 11 and 12). Samples from all specimen types
were positive for SARS-CoV-2 IgG with 100% concordance between the
Architect and Liaison assays (Supplementary Table 2). For repeated
freeze-thaw runs, the assay index values for heparinized plasma did not
differ significantly for the Architect (p = 0.87) and Liaison assays (p =
0.17) (Fig. 1). Similarly, no significant difference was seen for serum and
plasma samples run on the Liaison. However, comparison of index
values for serum and plasma samples run on the Architect assay showed
significant differences (p = 0.0001 and p = 0.0006, respectively)
(Fig. 1). Despite these significant differences in the index values how-
ever, the qualitative results remained consistent with the assay being
able to detect antibody with repeated freeze-thaws, which is normally
how the assay would be reported (positive/negative) (Table 1; Supple-
mentary Table 2). Post-hoc testing demonstrated higher index values of
the Architect on day 10 for serum (standard deviation of 3.1 vs standard
deviation range of 0.9-2.2 on the other days) and plasma (standard
deviation of 4.2 vs standard deviation range of 1.4-2.3 on the other
days).

Due to limited volume, three samples in the serum group, ten in the
plasma group, and three in the heparinized-plasma group consisted of
pooled specimens (representing samples from all 34 patients). All sam-
ples were positive for SARS-CoV-2 IgG prior to pooling and all specimens
showed 100% concordance by assay and storage temperature (Supple-
mentary Table 3). Index value comparison for each sample type across
the temperatures and sample sets between temperatures on both assays
revealed no significant differences (Supplementary Fig. S1 and Fig. S2)
(p>0.05 for all comparisons).

Positive and negative instrument controls (for the Architect and
Liaison) gave expected qualitative results for each run (for repeated
freeze-thaws and temperature storage). Quantitative index values
(signal/cut-off or arbitrary units/mL) were not available for the
controls.

Testing of PRNT-positive CBS plasma samples

All assays at the NML were able to consistently detect SARS-CoV-2
antibodies across 12 FTCs (Supplementary Table 4). The effects of
multiple FTCs on 25 plasma specimens were negligible based on the
results of the Elecsys Anti-SARS-CoV-2, Elecsys Anti-SARS-CoV-2 S, and
the Wantai SARS-CoV-2 Ab manual ELISA, where all samples were
strongly positive for total antibody. The GenScript c-Pass™ assay was
able to detect antibodies on most samples with 1, 6, and 12 freeze-thaw
cycles with the exception of Sample #1 that had a low PRNT titer of
1:40. Little variability was observed per sample in numerical outputs
generated across the 12 freeze-thaw cycles (Fig. 2; all p-values >0.05 for
the four assays). All but one sample was also positive for IgG antibody
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Fig. 1. Comparison of mean quantitative index values from Architect (1A) and
Liaison (1B) assays after repeated freeze-thaws for heparinized-plasma (HP),
serum (S), and plasma (P) samples. Each mean value represents daily runs over
twelve consecutive days.

using the SD Biosensor Standard Q IgG/IgM Combo rapid test cassettes;
however, there was considerable variability in the detection of IgM
antibody in this assay (Supplementary Table 5). The AllTest rapid
cassette assay, which detects only IgG antibodies, was positive on 100%
of the samples, regardless of the number of freeze-thaw cycles.

The coefficient of variation (CoV) of index values over the FTCs was
found to be >10% for plasma and serum samples run on the Architect as
well as all three specimen types (heparinized-plasma, serum, and
plasma) on the Liaison (Supplementary Table 6). The index value CoVs
were found to be <5% for all testing carried out using the GenScript,
Wantai, Elecsys NP, and Elecsys S assays (Table 1) on the CBS cohort
samples.

Discussion

Detection of SARS-CoV-2 antibodies across four commercial high
throughput assays with different epitope targets, two rapid test cas-
settes, a manual ELISA, and a surrogate neutralization assay was shown
to be robust and stable in common blood specimen types for up to 12
FTCs and varied storage temperatures.

Few studies have examined the utility of heparinized-plasma [2],
with most large-scale seroprevalence studies focusing on serum or
plasma samples [9, 10]. One study showed a difference in concordance
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all 12 freeze-thaw cycles. “See Table 1 for details of assays used.

of negative results between serum and heparinized-plasma sample types
using Euroimmun, Roche, and Epitope Diagnostics assays [2]. Using the
Abbott and DiaSorin assays, we found results from heparinized-plasma
to be in concordance with serum and plasma samples. Use of
heparinized-plasma as an additional sample type is advantageous in
expanding the sample types large-scale seroprevalence studies can
access.

We could not find other studies evaluating stability of SARS-CoV-2
IgG in recovered patients across multiple serology assay types. Studies
using multiple FTCs have demonstrated stability for other IgG markers
including hepatitis C IgG (5 cycles) [11], herpes simplex/varicella IgG
(12 cycles) [3], HIV (15 cycles) [12], influenza (14 cycles) [13], and
measles/mumps/rubella (10 cycles) [5]. There are presently no guide-
lines outlining optimal storage conditions for SARS-CoV-2 IgG. Based on
our findings, it is likely that long-term storage (at —70 or —20 °C is
optimal with short term storage at 4 °C; although sample storage at 25 °C
does not appear to impact antibody stability, storage at this temperature
is only recommended when other options do not exist).

Comparison of serum and plasma samples for the Alberta group of
patients found a significant difference across assay index values over
twelve days of FTCs on the Architect SARS-CoV-2 IgG assay. The cause of
the higher S/C values in these two sample types is not clear, but sus-
pected due to a potential blip in assay performance around day ten of
testing upon post-hoc analysis. The CoV of both these specimen types
was approximately 4-5-fold higher than that compared to heparinized-

plasma (19.35-24.18 versus 4.33). While the Liaison demonstrated CoV
values >10%, this was observed all three specimen types. Both assays
used (Architect and Liaison) are meant however, to be reported out only
qualitatively, which was not affected by the changes in index values seen
over FTCs, as a SARS-CoV-2 IgG was consistently detected for all FTC
runs.

A recent publication raised concern that antibody detection by the
Architect SARS-CoV-2 IgG assay may decline >100 post-DSO [14].
Interestingly, 9/59 (15.3%) of our samples were drawn >100 days
post-DSO (max range 172 days; Table 2). In each case, SARS-CoV-2 IgG
was positive in all specimen types. While we did not observe antibody
waning in our post-100-day samples, it is an important observation
which is likely related to individual assay performance rather than
storage or freeze-thaw conditions.

The Alberta portion of the study was limited by the use of pooled
patient samples in some instances. It is possible that IgG from a single
specimen in the pool may have deteriorated, yet the overall IgG result
remained positive. A major strength of this study is the demonstration of
consistent SARS-CoV-2 antibodies across numerous freeze-thaw cycles
on multiple assays and labs independently. Furthermore, all convales-
cent sera (from the Alberta cohort of patients) were collected >21 days
post-DSO, which has been shown to help optimize detection of a sero-
logic response.

In summary, SARS-CoV-2 IgG can be detected reliably from serum,
plasma, and heparinized-plasma. Antibody remains stable and
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detectable using several qualitative commercial COVID-19 serologic
assays for at least 10-12 freeze-thaw cycles across 12 days at —70 °C,
—20 °C, 4 °C, or room temperature; and two quantitative assays at
—20 °C. Ongoing evaluation to assess the stability of antibodies over
more prolonged periods of time is important, and may play a role in
other SARS-CoV-2 immunologic studies including the evaluation of
vaccine-induced antibodies.
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