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A B S T R A C T

Objectives: Limited testing capacity has characterized the ongoing coronavirus disease 2019 (COVID-19)
pandemic in Spain, hampering timely control of outbreaks and opportunities to reduce the escalation of
community transmission. This study investigated the potential to use sample pooling, followed by one-
step retrotranscription and real-time quantitative reverse transcription polymerase chain reaction (RT-
qPCR) to increase testing capacity for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
Methods: Various pool sizes (five, 10 and 15 samples) were evaluated prior to RNA extraction followed by
standard RT-qPCR for the diagnosis of COVID-19. The pool size achieving reproducible results with
individual sample testing was subsequently used to assess nasopharyngeal samples in a tertiary hospital
in August 2020.
Results: A pool size of five samples had higher sensitivity compared with pool sizes of 10 and 15 samples,
showing a mean cycle threshold (Ct) shift of 3.5 [standard deviation (SD) 2.2] between the pooled test and
positive samples in the pool. Next, a pool size of five was used to test a total of 895 pools (4475
prospective samples) using two different RT-qPCR kits. The Real Accurate Quadruplex corona-plus PCR
Kit (PathoFinder) reported the lowest mean Ct shift [2.2 (SD 2.4)] between the pool and individual
samples. This strategy enables detection of individual positive samples in positive pools with Ct of 16.7–
39.4.
Conclusions: Grouping samples into pools of five for RT-qPCR resulted in an increase in SARS-CoV-2
testing capacity with minimal loss of sensitivity compared with testing each sample individually.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
continues to impose a heavy burden on healthcare systems
worldwide due to a shortage of consumables and demand to ‘scale

up’ efficient screening approaches. In order to limit the escalation
of cases and amplification of infections, there is a need to increase
testing capacity and develop alternatives to the one-step real-time
quantitative reverse transcription polymerase chain reaction (RT-
qPCR) for regular testing of SARS-CoV-2 (Mina et al., 2020). We
have previously assessed a direct heating method for nasopharyn-
geal (swab) samples to bypass the RNA extraction step in order to
increase testing capacity (Alcoba-Florez et al., 2020a, b).

In areas with a low prevalence of COVID-19, such as the Canary
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Islands until June 2020 (Pollán et al., 2020), testing samples in
pools is another approach to increase SARS-CoV-2 testing capacity.
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revious studies stated that pooling a maximum of 10 samples was
esirable (Volpato et al., 2020), with six samples being the optimal
ool size for the target prevalence observed in the region (Regen
t al., 2020). Simulation studies show the value of testing pooled
amples, with increased speed of reporting and a small impact on
est sensitivity (Larremore et al., 2020). In support of this, a pooled
est for SARS-CoV-2 using four samples has received Emergency
se Authorization from the USA Food and Drug Administration
FDA COVID-19 Update, 2020).

This study aimed to evaluate RT-qPCR testing on pooled swab
amples in order to demonstrate its feasibility as an option to
ncrease SARS-CoV-2 testing capacity in the region.

aterials and methods

This study was conducted in two stages at the University
ospital Nuestra Señora de Candelaria (Santa Cruz de Tenerife,
pain) in August 2020. Nasopharyngeal swab samples were
ollected in 2 mL of viral transmission medium (VTM) (bioMérieux,
arcy l’Etoile, France). RNA was extracted from 200 mL of pooled
TM using the MagNA Pure Compact Nucleic Acid Isolation Kit I
Roche, Basel, Switzerland) or the STARMag Viral DNA/RNA 200C
it (Seegene, Seoul, South Korea), as described elsewhere (Alcoba-
lorez et al., 2020a, b). Two RT-qPCR solutions were used during
he study period: the Real Accurate Quadruplex corona-plus PCR
it (PathoFinder, Maastricht, The Netherlands) and the TaqPath
OVID-19 CE-IVD RT-PCR Kit (Thermo Fisher Scientific, Waltham,
A, USA). Both kits focused on the results for the N target gene

Alcoba-Florez et al., 2020b). RT-qPCR was performed in 15-mL
nal volume reactions (2.5 mL of sample) using a CFX96 Touch
eal-Time PCR Detection System (Bio-Rad, Hercules, CA, USA)
ollowing the thermal cycling specifications of each solution.
amples were considered negative when the SARS-CoV-2 target
ad a cycle threshold (Ct) >40. Positive and negative controls were
ncluded in all experiments, as described elsewhere (Alcoba-Florez
t al., 2020a, b).
In a pilot stage, the Real Accurate Quadruplex corona-plus PCR

it was used to test 15 pools, made by combining five, 10 or 15
etrospective samples, containing equal volumes of one SARS-CoV-
-positive sample and the respective amounts of negative samples
o complete the pool size. In a validation stage, the two RT-qPCR
its were used on swab samples from prospective subjects using
he pool size which achieved optimal results. Subsequently,
ndividual samples from each positive pool were subjected to
NA extraction followed by RT-qPCR using the above-mentioned
ethods to validate the results.
Differences between the pooled Ct and the positive sample Ct in

he pool (Ct shift) for the two RT-qPCR kits were assessed by
ann–Whitney U-test using R v4.0.3 software. When more than
ne positive sample was present in a pool, the mean Ct of the
ositive samples was used in the calculation. Sensitivity and 95%
onfidence interval (CI) were assessed using MedCalc (MedCalc
oftware Ltd, Ostend, Belgium).

esults

In the pilot stage, detection of SARS-CoV-2 was achieved using a
ool size of five (one positive sample) in 13 of 15 independent
ools (sensitivity = 86.7%, 95% CI 59.5–98.3); the detected positive
amples had a maximum Ct value of 36.2 (Figure 1). A mean Ct shift

546 pools (447 negative pools) for the Real Accurate Quadruplex
corona-plus PCR Kit and 349 pools (286 negative pools) for the
TaqPath COVID-19 CE-IVD RT-PCR Kit. In total, 162 pools tested
positive using the two kits, with 118 pools containing a single
positive sample and 44 pools containing more than one positive
sample (Figure 2). Compared with the individual positive samples
present in the positive pools, the mean Ct shift upon pooling was
2.2 (SD 2.4) for the Real Accurate Quadruplex corona-plus PCR Kit

Figure 1. Heatmap representation of positive real-time quantitative reverse
transcription polymerase chain reaction on a cycle threshold (Ct) scale (darker
colour = lower Ct) for the pilot study with pools of five,10 and 15 retrospective swab
samples. Negative results (Ct > 40) are highlighted in yellow. The Real Accurate
Quadruplex corona-plus PCR Kit (PathoFinder) was used in the experiment.
f 3.5 [standard deviation (SD) 2.2] was obtained between the pool
f five samples and the individual positive samples. False-negative
esults increased for pool sizes of 10 and 15 samples, both showing
arger mean Ct shifts [5.3 (SD 2.4) and 7.2 (SD 4.4), respectively].

The validation stage included samples from 4475 prospective
ubjects between 18 and 31 August 2020. Samples were tested in
2

and 3.1 (SD 2.9) for the TaqPath COVID-19 CE-IVD RT-PCR Kit (p =
0.006, Mann–Whitney U-test). Both RT-qPCR kits enabled detec-
tion of positive samples with a maximum Ct value of 39.4.
0
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Discussion

This study investigated the use of RT-qPCR in pools of five swab
samples, and found minimal loss of sensitivity compared with the
assessment of individual samples. Consistent with these findings,
using alternative RT-qPCR solutions and viral target probes, others
have demonstrated that pooling up to 10 samples resulted in a
slight shift in Ct (approximately 3) and therefore a decrease in
sensitivity (Das et al., 2020; Volpato et al., 2020).

A major limitation of this study is that sensitivity was only
evaluated in the pilot stage. However, despite the small Ct shift
between the positive pools and the individual positive samples in
the prospective study, a high impact of false-negative results is not
expected (Cherif et al., 2020). The study data suggest that a pooling
strategy of five samples is able to detect COVID-19-positive cases
with Ct �39.4. Therefore, the data indicate that RT-qPCR testing of
pooled swab samples before RNA extraction is accurate, sensitive
and feasible as an option to increase SARS-CoV-2 testing capacity,
and in preparedness planning to test large numbers of people in
order to control community transmission of the virus and sudden
uncontrolled outbreaks. Pooling with compressive sampling
designs or hypercube slicing algorithms that involve repetitive
tests (Mutesa et al., 2020; Shental et al., 2020), pooling of
alternative less-invasive samples from the oral cavity (Watkins
et al., 2020), and the use of alternative testing approximations
(Peto et al., 2020) may help to further lessen the impact of the
dilution factor on pooling, and continue to increase testing
capacity.
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