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Objectives. — Examine possible pooling strategies designed to expand SARS-CoV-2 serological testing
capacity.
Methods. - Negative pools were assessed to determine optimal optical density (OD) cutoffs, followed by

Keywords: spiking weak or strong positive samples to assess initial assay performance. Samples were then randomly

COVID-19 subjected to pool and individual testing approaches.

lS)erc:}ogy Resuits. - Single positive specimens consistently converted pools of 5, 10, or 20 into positive outcomes.
ooling

However, weaker IgG-positive samples failed to similarly convert pools of 50 to a positive result. In
contrast, a stronger individual positive sample converted all pools tested into positive outcomes. Finally,
examination of 150 samples configured into pools of 5, 10, 20 or 50 accurately predicted the presence of
positive or negative specimens within each pool.
Conclusions. - These results suggest that pooling strategies may allow expansion of serological testing
capacity. While limitations exist, such strategies may aid in large-scale epidemiological screening or
identification of optimal convalescent plasma donors.

© 2020 Société francaise de transfusion sanguine (SFTS). Published by Elsevier Masson SAS. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/

Infectious disease

).

1. Introduction

The ongoing COVID-19 pandemic has presented a variety of
challenges in the development of large-scale testing procedures
capable of meeting evolving testing needs [1,2]. Early testing
relied heavily on SARS-CoV-2 viral RNA detection [3-5], which
along with recent advances in viral antigen testing [6], continues
to be the mainstay of COVID-19 diagnosis. However, individuals
with asymptomatic SARS-CoV-2 infection often fail to immedi-
ately obtain SARS-CoV-2 testing, making it difficult to use negative
nucleic acid test (NAT) results alone when seeking to effectively
determine disease prevalence [7]. Furthermore, while a history
of a positive NAT test initially served as a screening tool to
identify possible convalescent plasma (CP) donors [8], current
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strategies require donor assessment for anti-SARS-CoV-2 antibody
levels when procuring optimal CP units [9,10]. While serologi-
cal approaches certainly have limitations [11], anti-SARS-CoV-2
antibody-based testing may therefore provide a complementary
surveillance tool when evaluating COVID-19 infection and aid in
the identification of optimal CP donors [12,13]. However, imple-
mentation of high throughput serological testing approaches can
pose significant challenges [14].

The blood donor industry has faced the need of high-volume
testing for acute and chronic infection for decades as a blood safety
measure to reduce the probability of transfusion-transmitted infec-
tion [15].Inan effort to enhance testing capacity, while also creating
flexibility based on the prevalence of disease and overall testing
demand, sample pooling has been used for decades to expand
testing volume capacity upon an existing testing infrastructure
[16,17]. However, this approach has nearly exclusively relied on
NAT testing. Given the need to rapidly meet evolving serological
testing demands, we reasoned that a similar strategy may prove
useful when seeking to likewise rapidly expand anti-SARS-CoV-2
antibody detection capacity. To test the overall feasibility of this

1246-7820/© 2020 Société francaise de transfusion sanguine (SFTS). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND license (http://
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Fig. 1. Pool size and individual sample positivity dictates the ability of pooling strategies to identify individual positive samples. A. Schematic representation of workflow
for a single-dilution ELISA for anti-SARS-CoV-2 IgG antibodies. B. Schematic representation for a pooled ELISA strategy. C. Optical density (OD) values for negative pools of
5, 10, 20, or 50 are presented graphically. D. Pools spiked with a “weak” positive sample (individual OD value just greater than single assay cut off of 0.2) were examined
for total OD results. E. Pools spiked with a “strong” positive sample (individual OD value > 1.5) were examined for total OD results. Error bars represent mean + SD. Positive
cutoff values were calculated as the mean +3*SD. Experiments for all data presented were repeated at least 3 times.

approach, we examined test performance of single-dilution and
pooled serological samples. Our results suggest that optimal pool-
ing approaches may be achievable depending on the population
being tested and the overall antibody level being examined.

2. Methods

Pooling strategies were adapted from a recently Federal Drug
Agency-Emergency Use Authorization (FDA EUA)-approved sero-
logical test that utilizes recombinant receptor binding domain
(RBD) of SARS-CoV-2 as the target antigen. Single samples were
diluted 1:50 in dilution buffer (0.2% Tween 20, 1% bovine serum
albumin in phosphate buffered saline). For detection, horse radish
peroxidase-conjugated anti-human IgG (Jackson ImmunoResearch,
Catalog # 109-035-088) was used. Optical density (OD) values col-
lected from pools replicated at least three times were used to derive
cutoffs calculated as the sum of the mean OD value and the standard
deviation multiplied by three (x—+3*SD) for each pooling strat-
egy. A spiked “weak sample”, (OD just above the single-dilution
OD cutoff of 0.2) or a “strong” sample (OD > 1.5) were initially used
to assess whether individual samples could convert corresponding
pools to a positive test outcome. One hundred and fifty samples
were partially randomly distributed into pools of 5, 10, 20 or 50
in order to achieve pools that would allow assessment of com-
pletely negative or possibly positive pool results based on previous
testing outcomes, followed by pool testing and individual sample
analysis. All samples were collected from residual specimens from
convalescent plasma donors or healthcare workers under Emory
Institutional Review Board approval.

3. Results and discussion

Adapting the single-dilution SARS-CoV-2 IgG ELISA protocol
(Fig. 1A), we explored pooling strategies designed to rapidly expand
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testing capabilities on existing instrumentation (Fig. 1B). As pool-
ing requires additional sample material to be included in lieu of
diluent in order to achieve the same dilution level for each individ-
ual sample, we first examined the possibility that negative pool OD
values may change and therefore require unique cutoffs for each
distinct pool. To this end, pools were generated using serologically
negative individuals to produce pools reflective of 5, 10, 20 or 50
COVID-19 negative individuals. Using this approach, we observed a
rise in total background OD values with increased pool size (Fig. 1C).

Given the higher OD values with each increase in pooled sam-
ples, and thus serum volume, we next sought to determine whether
a single positive specimen is capable of converting an otherwise
negative pool into a positive result. Setting the OD cutoff value 3
standard deviations above the mean for each individual pool, we
next spiked a single “weak” positive sample, defined as a sample
ranging just above the OD cut off of 0.2 in a single-dilution assay,
into each respective pool. Using this approach, a single weak posi-
tive sample introduced into pools of 5, 10 or 20 converted the entire
poolinto a positive result (Fig. 1D). In contrast, while the same sam-
ple increased the overall OD value when added to a pool of 50, the
resulting strength of this reaction failed to overcome the threshold
required for a positive signal (Fig. 1D). These results suggest that in
pools of 20 or less, a single weakly positive sample may convert a
pool to a positive result. However, when pools of 50 are employed,
weak positive samples may be insufficient to overcome background
OD values to produce a positive outcome.

As some serological testing procedures, such as those used for
CP, may ultimately benefit from having positive results primarily
triggered when only samples from individuals with high antibody
levels are present, it remained possible that pools of 50 may still be
useful in this setting. To test whether a single positive sample with
higher antibody levels (OD>1.5 in a single-dilution assay) alters
pooling test results, we next used an individual CP donor sam-
ple with higher antibody levels. Similar to the outcome observed
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Fig. 2. Pooling strategies can accurately predict individual negative and positive sample content. A. Serological samples were randomized and tested for anti-SARS-CoV-2
IgG antibodies in pools of 5, 10, 20, or 50. Alpha values are presented for each pool, as determined by OD cutoff values for each respective pooling strategy. B. Pooled serology
samples results are shown by composition of the individual patient sample results obtained by individual testing outcomes following pooled testing. Positive serological
pools and samples (+) are presented in red whereas negative pools and samples (—) are shown in green.

following use of a single weak positive sample in pools of 5, 10 or
20, the “stronger” sample converted the overall pool to a positive
result, albeit at a much higher overall OD value than the weak sam-
ple (Fig. 1E). However, in contrast to the weaker sample, the single
sample with higher anti-SARS-CoV-2 antibody levels readily con-
verted the pool of 50 to a positive outcome (Fig. 1E). These results
suggest that while sample matrix effects likely increase the back-
ground OD values as pool size increases, single positive samples can
convert an entire pool to a positive outcome depending on the pool
size and the strength of the positive individual sample present.

Having examined spiked positive samples among known neg-
atives, we next sought to examine the serological pooling test
performance using previously collected samples from 150 non-
hospitalized individuals. While certainly not identical to randomly
collected specimens in the general population, we reasoned that
such an approach could provide some insight into the potential
outcome of serological pool testing strategies. Each of the spec-
imens were tested in pools of 5 (n=27), 10 (n=14), 20 (n=7),
and 50 (n=3) (Fig. 2A) and then individually. Thirty-three percent
(9/27) of 5-sample pools, 36% (5/14) of 10-sample pools, 43% (3/7)
of 20-sample pools, and 33% (1/3) of 50-sample pools yielded OD
values greater than the precalculated cutoffs (Fig. 2A). To deter-
mine whether pools examined in this fashion accurately detected
the presence of positive samples within each pool set, we com-
pared pool testing results with the outcome of individually tested
specimens (Fig. 2B). Individual sample testing outcomes accurately
matched pooling results, with pools that produced a negative result
consisting entirely of negative individual samples, while positive
pooling results occurred when one or more positive individual sam-
ples were present (Fig. 2B).

As testing infrastructures can require significant investments
from clinical laboratories, the rapid expansion of testing capac-
ity can be challenging to achieve. The results of the present study
suggest that pooling may represent one strategy to expand serolog-
ical testing capacity. However, as with any clinical test, serological
pooling certainly has limitations [11]. Serological tests in general
are distinct from NAT tests in that they can suffer from relative
lack of specificity due to a variety of factors [11,18]. As a result,
general limitations in serological testing results still apply with
pooling approaches and may even be exacerbated by the accumu-
lation of numerous individual low negative results as evidenced
by higher OD values with increased pool size [19]. Furthermore,
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numerous positive results may produce a cumulative outcome that
mimics a single or even multiple high positive results, suggesting
that high pool positive results could reflect multiple outcomes. In
addition, whether single positive specimens routinely and reliably
convert pooled samples into positive results remains unknown.
However, distinct thresholds and more limited pooling strategies
may be used to enhance the efficacy of this approach; even pools
of 5, where positive pool outcomes were most convincing, could in
theory increase initial testing capacity 5-fold. As individual sample
testing will always follow positive pool results, the different testing
purposes and patient populations being examined can be used to
dictate appropriate pooling numbers and thresholds to account for
some assay limitations. Changes in pool volume can also occur in
real time depending on alterations in testing goals and the over-
all seropositive prevalence [7]. Thus, while limitations certainly
exist, the results of this study suggest that serum pooling strategies
may be useful when seeking to rapidly expand serological testing
capacity. Additional studies will be needed to determine the rela-
tive ability of such a strategy to be operative in distinct populations
and with other testing platforms [20].
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