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Letter to the editor 

A theoretical simulation of SARS-CoV-2 pooled testing: Pooled sample collection outperforms 
pooled RNA extraction  
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To the Editor, 

The coronavirus disease 2019 (COVID-19) pandemic, caused by se
vere acute respiratory syndrome coronavirus (SARS-CoV-2), has resul
ted in more than 175 million confirmed cases, including 3.8 million 
deaths since its first detection in December 2019 [1]. Unfortunately, 
there are still a great many new cases identified every day worldwide. As 
in the Boulder cohort, just 2% of SARS-CoV-2 asymptomatic infected 
individuals harbored 90% of the virus circulating in communities and 
served as possibly viral super-carriers and super-spreaders [2]. There
fore, identifying these infected individuals is urgently imperative to 
prevent a growing global outbreak. Widespread diagnostic testing is an 
efficient way to control virus spread, and it has promoted the emergence 
of high throughput pooled testing in the context of the COVID-19 
pandemic [2–8]. Pooled testing has proven as an effective strategy for 
large-scale SARS-CoV-2 screening [4,5]. Mina et al. utilized an opti
mized combinatorial pooling testing strategy for population screening, 
which estimated the prevalence across a broad range from 0.02% to 20% 
[4]. A COVID-19 diagnosis team of Hebrew University Hadassah tested 
133,816 clinical samples using the Dorfman pooling testing for the 
presence of SARS-CoV-2 and spared 76% of the RNA extraction and PCR 
tests compared with individual testing, with an acceptable reduction in 
sensitivity [5]. Ndifon et al. employed a hypercube algorithm to design a 
pooling scheme and achieved a large group size of up to 100 samples [6]. 
These researches strongly support the use of pooling tests for large-scale 
COVID-19 screening. 

However, one of the weak points of these reported pooling tests is 
that they bring sensitivity losses. Herein, a novel pooled testing strategy 
for SARS-CoV-2 screening was proposed by pooling several individual 
swabs in a sampling tube before performing RNA extraction and 
detection. In a pooled testing with a pool size of 5, this testing strategy 
shows a greater than 3-fold increase in test sensitivity and saves 80% 
reagents compared with the conventional Dorfman pooling strategy. 

We simulated and characterized the pooled testing by dipping 
oropharyngeal swabs into SARS-CoV-2 pseudovirus solution, moving 
the swab to viral transport medium (VTM), and sampling 200 μL of the 
VTM to perform the RNA extraction and RT-qPCR test. The sample 
pooling strategies used in this study are shown in Fig. 1A–C. The detailed 

methods for simulating pooled testing of SARS-CoV-2 are demonstrated 
in supplementary material. 

Conventional pooled testing, in which each sample is collected 
individually, followed by pooling several samples before RNA extraction 
and RT-qPCR detection, always brings a sensitivity loss due to the 
dilution of pooling samples (Fig. 1A) [9,10]. For the screening testing of 
the COVID-19 carriers, a highly sensitive pooled testing strategy is 
necessary, particularly for these individuals with lower viral load. 
Accordingly, a novel pooled testing scheme was developed to reduce the 
sensitivity loss of the pooled testing. As shown in Fig. 1B, sample pooling 
is performed at the time of sample collection by assembling several 
swabs in a sampling tube, followed by performing RNA extraction and 
detection. In this strategy, if a sampling tube includes more than two 
positive samples, the virus particles will be concentrated instead of 
being diluted compared with the conventional pooling strategy. Addi
tionally, this strategy enables the release of substantial laboratory ma
nipulations and spares a large number of reagents (Table S1). Only if a 
pooled sampling tube tests positive, each sample in this tube needs to be 
retested individually. There are two alternatives for sample retest in 
strategy B. (1) Re-collect specimen individually and then perform a 
single retest; (2) Collect two swab specimens at one time, one is stored in 
the pooled sampling tube for pooled testing, and the other one is stored 
in another single tube for the possible retest. To further expand the test 
capacity, we devised another pooling strategy: pooled sample collection 
followed by pooled RNA extraction. As depicted in Fig. 1C, multiple 
samples are firstly collected in a sampling tube, and then they are pooled 
to perform RNA extraction and detection. 

We evaluated the sensitivity losses of these three pooling schemes by 
simulating the sample collection via the use of oropharyngeal swab and 
SARS-CoV-2 pseudovirus. Sensitivity loss was firstly evaluated in stra
tegies A and B with pool sizes of 3, 5, 8, and 10, respectively. Comparing 
with the single test, the sensitivities of the pooled testing in strategies A 
and B both decreased (Fig. 1D and E). The Ct values of samples in 
strategy A exponentially increased with the pool size increasing, which 
was resulted from the dilution of pooling multiple samples. While for 
strategy B, the increased Ct values for samples with various pool sizes 
were almost the same, showing a mean value of 2.78 and 1.67 for 

Contents lists available at ScienceDirect 

Clinica Chimica Acta 

journal homepage: www.elsevier.com/locate/cca 

https://doi.org/10.1016/j.cca.2021.07.016 
Received 1 July 2021; Received in revised form 13 July 2021; Accepted 13 July 2021   

www.sciencedirect.com/science/journal/00098981
https://www.elsevier.com/locate/cca
https://doi.org/10.1016/j.cca.2021.07.016
https://doi.org/10.1016/j.cca.2021.07.016
https://doi.org/10.1016/j.cca.2021.07.016
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cca.2021.07.016&domain=pdf


Clinica Chimica Acta 521 (2021) 155–157

156

amplifying the ORF1ab and E genes of SARS-CoV-2, which were lower 
than that in strategy. Theoretically, the Ct values of samples with 
various pool sizes in strategy B should not increase, but actually, an 
increase was observed in our study. We inferred that this increase 
possibly resulted from the adsorption of negative swabs to virus parti
cles. However, strategy A shows a significant decrease in sensitivity 
compared with strategy B, and sensitivity losses became greater and 
greater with the sample pool size increasing. 

Next, we calculated the change of Ct in strategy C with the sample 
pool size increasing from 2 to 100 under various pooled sample collec
tion sizes. As shown in Fig. 1F, if 12 samples were pooled, we observed 
that the ΔCt was 3.59 for samples collected individually; while that for 
samples with collection pool sizes of 3, 5, and 10 were 2.00, 1.59, and 
1.00, respectively. With 40 samples in a pool, the ΔCt we found in 

strategy A was 5.32, and that for samples in strategy C with collection 
pool sizes of 3, 5, and 10 were 3.81, 3.00, and 2.00, respectively. These 
data strongly suggest that the loss of sensitivity in strategy C was smaller 
than that in strategy A. Moreover, the pooled testing strategy C with a 
pooled collection size of 5 was validated in the SARS-CoV-2 pseudovirus 
sample. As shown in Fig. 1G and H, the Ct values of the samples tested 
using strategy C were lower than those using strategy A. We also 
observed that the test results of the pooled testing using strategy A were 
inconclusive when the pool size was greater than 10, while that for 
strategy C was robustly stable. In comparison with using strategy A for 
pooled testing, we found that the decreased Ct were about 2.10 and 2.11 
for amplifying the ORF1ab and E genes using strategy C with a final pool 
size of 10, which was very close to the theoretical value of 2.32 
(Fig. 1F–H). Last but not least, in a 10 -sample pool, the test 

Fig. 1. The diagram of three various 
pooled testing strategies (A, B and C); 
four stages are included in a routine 
workflow for SARS-CoV-2 test, stages 
1 to 2 indicate sample collection, stage 
3 indicates sample pooling, and stage 
4 indicates RNA extraction and 
detection. Comparison of the sensi
tivity loss between pooling strategy A 
and B using 104 copies/mL of the 
SARS-CoV-2 pseudovirus (D and E). 
The increased Ct (ΔCt = Ctpool test −

Ctsingle test, one pool contains one 
positive sample) is a function of pool 
size, 3 swabs/tube indicates that a 
sampling tube contains ≤3 oropha
ryngeal swabs, while 5 swabs/tube 
and 10 swabs/tube represent that the 
number of swabs in a sampling tube 
are ≤5 and ≤10, respectively (F). 
Comparison of the sensitivity loss be
tween pooling strategy A and C (G and 
H). Assessment of the test reproduc
ibility by using a t test, showing that 
the identified positive samples in 
pooling strategy A is statistically sig
nificant in comparison with that in 
strategy B using 20 replicates (I).   
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reproducibility of the strategies A and C with a sample collection size of 
5 was evaluated with 20 replicates. The result shows that the Positive 
Predictive Value (PPV) was 100% for amplifying the ORF1ab and E 
genes in strategy C, while that for strategy A was 80% and 70%, 
respectively (Fig. 1I). In addition, we also observed a significant 
decrease of the Ct in strategy C compared with that in strategy A, 
showing a decreased Ct of 1.45 ± 0.32 cycles and 1.10 ± 0.32 cycles for 
amplifying ORF1ab and E genes, respectively. These results suggest that 
the loss of sensitivity in strategy C was far less than that in strategy A, 
particularly for the large pool sizes. 

In brief, we preliminarily evaluated the performances of three pooled 
testing strategies in this study, both strategies A and B have been put into 
practice in many countries. Strategy C is a promising alternative for 
large-scale COVID-19 screening testing in resource-limited settings. 
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Appendix A. Supplementary material 

Supplementary data to this article can be found online at https://doi. 
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