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COVID-19 is a life-threatening multisistemic infection caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2). Infection control relies

on timely identification and isolation of infected people who can alberg the

virus for up to 14 days, providing important opportunities for undetected

transmission. This note describes the application of rRT-PCR test for simpler,

faster and less invasive monitoring of SARS-CoV-2 infection using pooling

strategy of samples. Seventeen positive patients were provided with sterile

dry swabs and asked to self-collected 2 nasal specimens (#NS1 and #NS2).

The #NS1 was individually placed in a single tube and the #NS2 was placed

in another tube together with 19 NSs collected from 19 negative patients.

Both tubes were then tested with conventional molecular rRT-PCR and the

strength of pooling nasal testing was compared with the molecular test

performed on the single NS of each positive patient. The pooling strategy

detected SARS-CoV-2 RNA to a similar extent to the single test, even when

Ct value is on average high (Ct 37–38), confirming that test sensibility

is not substantially affected even if the pool contains only one low viral

load positive sample. Furthermore, the pooling strategy have benefits for

SARS-CoV-2 routinary monitoring of groups in regions with a low SARS-CoV-

2 prevalence.
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Introduction

Coronavirus disease-2019 (COVID-19) is a life-threatening
respiratory and multisystem infection caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and declared
pandemic by the World Health organization (WHO) in March,
2020. Virus transmission occurs mainly via respiratory droplets
released by talking, breathing, coughing, and sneezing, as
well as though close contact between people in closed and
poorly ventilated environments. Additionally, SARS-CoV-2
can persist in asymptomatic individuals with high titers for
up to 14 days, providing important opportunities for silent
and undetected transmission (Roque et al., 2021). Therefore,
the infection control relies primarily on timely identification
and isolation of infected people. In order to limit and
circumscribe the pandemic, health authorities around the
world urged the development of preventive measures, as
virucidal agents (Buonavoglia et al., 2021, 2022) and effective
diagnostic tests for rapid and accurate identification of SARS-
CoV-2 in the infected patients (Ji et al., 2020), using real-
time reverse-transcription polymerase chain reaction (rRT-
PCR) on deep nasopharyngeal swabs (NPS) as gold standard
test (Azzi et al., 2021). Anyhow, NPS collection is time-
consuming, uncomfortable, invasive, can generate stress (chiefly
for children), requires trained health care personnel and is
associated with a no negligible risk of viral transmission
(Azzi et al., 2021). These difficulties were addressed and
innovative approaches were proposed for simpler and less
invasive sampling and for accelerating the screening of
groups of people and large populations (Czumbel et al.,
2020; Pratelli et al., 2021). From the very first months of
pandemic onset, growing interest was addressed to the use
of self-collected sampling as a suitable first-line screening test
for SARS-CoV-2 infection (Böger et al., 2020; Mohammadi
et al., 2020; Tsang et al., 2021), reducing the risk for
healthcare workers involved in sampling, and increasing the
number of analyses where supplies of personal protection
equipment (PPE) are lacking or difficult to find. In a
recent study, Tsang et al. (2021) showed that nasal swab
(NS) provides a very good diagnostic performance and that
represents a valuable alternative to NPS in the outpatient
setting. For the epidemiological monitoring of SARS-CoV-2
infection, especially in “closed” environments (offices, schools,
kindergartens, airplanes, etc.), high participation rate and an
easy sampling are important concerns to consider when testing
asymptomatic population.

The strategy described in the present note represents the
application for the diagnosis of SARS-CoV-2 of the pooling
test on bovine coronavirus (BCoV) samples reported by
Pratelli et al. (2021). The application of an rRT-PCR test for
the diagnosis of SARS-CoV-2 using a pooling strategy with
20 NSs, in order to validate the test for systematic mass
monitoring of COVID-19 in companies and in schools, is
reported.

Materials and methods

Study design and sampling

The survey was carried out in the laboratory of Clinical
Pathology and Microbiology of the hospital Bonomo of Andria,
Italy, in collaboration with the hospital Monsignor Dimiccoli
of Barletta, Italy, and the Department of Veterinary Medicine
of the University of Bari, Italy. The trial was approved and
authorized from the Interprovincial Ethical Commission, Area
1, of A.O.U Foggia, ASL FG, ASL BAT (Authorization n◦:
34/CE/2022 of February 28, 2022). The COVID-19 positive
patients, subject to the release of informed consent, were
recruited from March 1st, 2022 to April 1st, 2022 based on the
positive rRT-PCR performed on envelope (E), nucleocapside
(N), and RdRP genes (Blairon et al., 2021). Specifically, 17
patients individually tested positive were retested using pooling
strategy. For this purpose, two sterile dry swabs (Nuova
Aptaca srl, Canelli, At, Italy) (Figure 1A) were provided for
each positive patient who was asked to self-collected 2 nasal
specimens (#NS1 and #NS2) inserting the swabs in the nasal
vestibule for up to 1 cm.

Real-time reverse-transcription
polymerase chain reaction

The #NS1 of each positive patient was cut about 5 cm above
the cotton swab, individually collected in a single 50 mL sterile
conical centrifuge tube and then tested by rRT-PCR. At the same
time, the #NS2, after being cut, was collected in a single 50 mL
sterile conical centrifuge tube together with 19 NSs collected and
cut as described above from 19 patients tested negative with
molecular rRT-PCR. Two mL of Dulbecco Minimal Essential
Medium (DMEM, Corning, Mediatech, Inc., 9345 Discovery
Blvd, Manassa, VA 20109, United States) were added to each
conical centrifuge tube containing the pool which included a
total of 20 NSs (1 positive NS from each positive patient and
19 negative NSs) (Figure 1B), and to each conical centrifuge
tube containing the single positive swab. After vortexing the
tubes for 1 min, acid nucleic was extracted using STARMag
96X4 Viral DBA/RNA200C Kit, an automatic nucleic acid
purification system with the convenient handling of magnetic
beads, and rRT-PCR was set-up using the SARS-CoV-2 assay
[AllplexTM, Seegene Inc., Taewon Bldg., 91 Ogeum-ro, Songpa-
gu, Seoul, Corea Republic) with CFX thermal cycler (Bio-Rad
Laboratories S.r.l.Via Cellini, 18/A, 20090 Segrate (MI)—Italy]
(Blairon et al., 2021).

Results

The strength of pooling nasal testing was monitored in
each pool of 20 NSs and then compared with the molecular
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FIGURE 1

Executive steps of sampling and testing. (A) Individual test tube. (B) Pool of individual swabs in a 50 mL tube containing 2 mL of DMEM.

test performed on the single NS of each positive patient.
Interestingly, the pooling strategy was able to detected SARS-
CoV-2 RNA to a similar extent to the single sample test, even
when Ct value is on average high (Ct 37–38), and therefore also
in the presence of a low viral load. This is guaranteed by the
high sensitivity of the rRT-PCR which allows to identify even a
single positive sample within a pool containing up to 19 negative
samples. By performing the test on the 20 pooled samples, the
difference between the median Ct value of test performed on
the single positive NS and the median Ct value obtained on the
20 samples-pool was 3.11, 3.7, and 4.11 Ct, for E, RdRp and
N gene, respectively, thus confirming that pooling strategy is
at least as sensitive as testing individual samples (Pratelli et al.,
2021). This datum confirms that, even if the pool contains only
one low viral load positive sample, the sensibility of the test is
not substantially affected.

One sample (10B) revealed a low viral load with Ct 34, 35
and 34 in rRT-PCR on single NS for E, RdRp and N genes,
respectively, but when tested as pool resulted negative for E and
RdRp genes and positive (Ct 37) for N gene.

Discussion

After more than 2 years the beginning of the SARS-CoV-
2 pandemic, epidemiological monitoring and early diagnosis
still remain the key factors for the control of the infection.
Several antigenic test have been developed, but due to the

low sensibility of the assays, rRT-PCR from NPS remains
the gold standard for the diagnosis. This sample collection
procedure is nevertheless uncomfortable and painful for
most people, decreasing the willingness to undergo the test,
especially for asymptomatic individuals periodically tested for
epidemiological health control (Bergevin et al., 2021).

NSs have been shown to represent a valid alternative
sampling method, providing a comparable diagnosis and very
good diagnostic performance (Tsang et al., 2021). NSs can be
self-collected reducing the health risk of healthcare personnel
involved in sampling (preventing any contact with patients)
and increasing the number of test that can be carried out
especially in regions where PPE supplies are scarce and not very
available, and when systematic epidemiological monitoring is
required (Ng et al., 2020; Moreno-Contreras et al., 2022). The
self-collection for pooled NSs has proven to be a valid and
reliable diagnostic method and does not lead to any significant
impairment of diagnostic accuracy. The main limits of the
study could be the small number of tested patients and, looking
forward during the SARS-CoV-2 monitoring in the field, the
inadequate sampling by the patient who may not insert the
swabs to the proper depth into the nasal vestibules and may
not allow sufficient secretions to be adsorbed. Nevertheless, the
pooling strategy have practical implications and benefits for
SARS-CoV-2 systematic and repeated monitoring.

Similar application has been described (Praharaj et al., 2020;
Ayaz et al., 2022). Ayaz et al. (2022) investigated the impact
of pool size and mixture level on final Ct values preparing
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individual swabs and then take an aliquot to create the
pool. The advantage of the strategy described in our
study lies in the streamlining and simplification of the
laboratory procedure for preparing the pool sample and
all the 20 swabs will be processed directly to set up
the pool, reducing manual work and execution times.
Similarly, Praharaj et al. (2020) developed a comparative
analysis of pooled samples but testing for only 5- and
10-sample pools.

Pooling of samples allows to increase the number
of samples to test, saving the reagent and consequently
reducing the costs, especially in developing regions
and with a low prevalence of the virus (Abdalhamid
et al., 2020; Moreno-Contreras et al., 2022). Pool testing
allows to test up to 20 patients with a molecular test,
combining the advantage of testing multiple samples with
the sensitivity of the rRT-PCR (Garg et al., 2020; Bish
et al., 2021). Subsequently, if the pool tested negative,
all samples are considered to be below the detection
limit of the assay, and no further investigation should be
performed. On the contrary, when the pool is positive,
the samples must be tested individually to identify the
infected patient(s).

The approach of testing pooled samples is cost-effective
and useful to decrease the costs of laboratory analyses, scaling
and speeding up the monitoring and the epidemiological
activities of local or national health authorities, and/or enabling
alternative control measures. This is particularly desirable
in low-income countries, where limited economic resources
can compromise the activation of epidemiological monitoring
surveillance plans. Furthermore, systematic screening of
medical and paramedical personnel in hospitals and health
facilities, as well as of school and companies’ personnel,
is a necessity control measure to mitigate and to limit
SARS-CoV-2 spreading.

Conclusion

In conclusion, the pooling strategy on self-collection of
samples and rRT-PCR on pooled NSs, was not associated with
any significant impairment of diagnostic accurancy.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The study involving human participants was reviewed and
approved by the Interprovincial Ethical Commission, Area
1, of A.O.U Foggia, ASL FG, ASL BAT (Authorization n_:
34/CE/2022 of February 28, 2022). The patients/participants
provided their written informed consent to participate in
this study.

Author contributions

AB was responsible for the concept. AP was responsible for
preparing the manuscript. FP and MC were responsible for the
literature review. DT, MSL, LCe, and LCa were responsible for
the laboratory analysis. FP and AB critically revised the article.
All authors reviewed the manuscript prior to submission and
contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

Abdalhamid, B., Bilder, C. R., McCutchen, E. L., Hinrichs, S. H., Koepsell, S. A.,
and Iwen, P. C. (2020). Assessment of specimen pooling to conserve SARS CoV-
2 testing resources. Am. J. Clin. Pathol. 153, 715–718. doi: 10.1101/2020.04.03.
20050195

Ayaz, A., Demir, A. G. O., Ozturk, G., and Kocak, M. (2022). A
pooled RT-PCR testing strategy for more efficient COVID-19 pandemic
management. Int. J. Infec. Dis. 116, 1–6. doi: 10.1016/j.ijid.2021.
12.328

Azzi, L., Maurino, V., Baj, A., Dani, M., d’Aiuto, A., Fasano, M., et al. (2021).
Diagnostic salivary tests for SARS-CoV-2. J. Dent. Res. 100, 115–123. doi: 10.1177/
0022034520969670

Bergevin, M. A., Freppel, W., Robert, G., Ambaraghassi, G., Aubry, D.,
Haeck, O., et al. (2021). Validation of saliva sampling as an alternative to
oro-nasopharyngeal swab for detection of SARS-CoV-2 using unextracted rRT-
PCR with the Allplex 2019-nCoV assay. J. Med. Microbiol. 70:001404. doi:
10.1099/jmm.0.001404

Frontiers in Microbiology 04 frontiersin.org

https://doi.org/10.3389/fmicb.2022.957957
https://doi.org/10.1101/2020.04.03.20050195
https://doi.org/10.1101/2020.04.03.20050195
https://doi.org/10.1016/j.ijid.2021.12.328
https://doi.org/10.1016/j.ijid.2021.12.328
https://doi.org/10.1177/0022034520969670
https://doi.org/10.1177/0022034520969670
https://doi.org/10.1099/jmm.0.001404
https://doi.org/10.1099/jmm.0.001404
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/


fmicb-13-957957 July 19, 2022 Time: 12:23 # 5

Pratelli et al. 10.3389/fmicb.2022.957957

Bish, D. R., Bish, E. K., El-Hajj, H., and Aprahamian, H. (2021). A robust pooled
testing approach to expand COVID-19 screening capacity. PLoS One 16:e0246285.
doi: 10.1371/journal.pone.0246285

Blairon, L., Piteüs, S., Beukinga, I., and Tré-Hardy, M. (2021). Development
and implementation of a RT-qPCR extraction-free protocol for the detection of
SARS-CoV-2 and impact on the turn-around-time. J. Med. Virol. 1, 1–5. doi:
10.1002/jmv.26782

Böger, B., Fachi, M. M., Vilhena, R. O., Cobre, A. F., Tonin, F. S., and Pontarolo,
R. (2020). Systematic review with meta-analysis of the accuracy of diagnostic tests
for COVID-19. Am. J. Infect. Control. 49, 21–29. doi: 10.1016/j.ajic.2020.07.011

Buonavoglia, A., Camero, M., Lanave, G., Catella, C., Trombetta, C. M.,
Gandolfi, M. G., et al. (2021). Virucidal activity in vitro of mouthwashes against
feline coronavirus type II. Oral Dis. doi: 10.1111/odi.14067

Buonavoglia, A., Lanave, G., Marchi, S., Lorusso, P., Montomoli, E., Martella,
V., et al. (2022). In vitro virucidal activity of mouthwashes on SARS-CoV-2. Oral
Dis. doi: 10.1111/odi.14205 [Epub ahead of print].

Czumbel, L. M., Kiss, S., Farkas, N., Mandel, I., Hegyi, A., Nagy, A., et al. (2020).
Saliva as a candidate for COVID-19 diagnostic testing: a meta-analysis. Front Med.
7:465. doi: 10.3389/fmed.2020.00465

Garg, A., Ghoshal, U., Patel, S. S., Singh, D. V., Arya, A. K., Vasanth, S., et al.
(2020). Evaluation of seven commercial RT-PCR kits for COVID-19 testing in
pooled clinical specimens. J. Med. Virol. 93, 2281–2286. doi: 10.1002/jmv.26691

Ji, T., Liu, Z., Wang, G., Guo, X., Akbar Khan, S., Lai, C., et al. (2020). Detection
of COVID 19: a review of the current literature and future perspectives. Biosens.
Bioelectron. 166:112455. doi: 10.1016/j.bios.2020.112455

Mohammadi, A., Esmaeilzadeh, E., Li, Y., Bosch, R. J., and Li, J. (2020).
SARS-CoV-2 detection in different respiratory sites: a systematic review and
meta-analysis. EBioMedicine 59:102903. doi: 10.1016/j.ebiom.2020.102903

Moreno-Contreras, J., Espinoza, M. A., Sandoval-Jaime, C., Cantú-Cuevas,
M. A., Madrid-González, D. A., Barón-Olivares, H., et al. (2022). Pooling saliva
samples as an excellent option to increase the surveillance for SARS-CoV-2 when
re-opening community settings. PLoS One 17:e0263114. doi: 10.1371/journal.
pone.0263114

Ng, K., Poon, B. H., Kiat Puar, T. H., Shan Quah, J. L., Loh, W. J., Wong, Y. J.,
et al. (2020). COVID-19 and the risk to health care workers: a case report. Ann.
Intern. Med. 172, 766–767. doi: 10.7326/L20-0175

Praharaj, J., Jain, A., Singh, M., Balakrishnan, A., Dhodapkar, R., Borkakoty, B.,
et al. (2020). Pooled testing for COVID-19 diagnosis by real-time RT-PCR: a multi-
site comparative evaluation of 5- & 10-sample pooling. Indian J. Med. Res. 152,
88–94. doi: 10.4103/ijmr.IJMR_2304_20

Pratelli, A., Lucente, M. S., Mari, V., Cordisco, M., Sposato, A., Capozza, P., et al.
(2021). A simple pooling salivary test for SARS-CoV-2 diagnosis: a columbus’ egg?
Virus Res. 305:198575. doi: 10.1016/j.virusres.2021.198575

Roque, M., Proudfoot, K., Mathys, V., Yu, S., Krieger, N., Gernon, T., et al.
(2021). A review of nasopharyngeal swab and saliva tests for SARS-CoV-2
infection: disease timelines, relative sensitivities, and test optimization. J. Surg.
Oncol. 124, 465–475. doi: 10.1002/jso.26561

Tsang, N. N. Y., So, H. C., Ng, K. Y., Cowling, B. J., Leung, G. M., and Ip, D. K. M.
(2021). Diagnostic performance of different sampling approaches for SARS-CoV-
2 RT-PCR testing: a systematic review and meta-analysis. Lancet Infect. Dis. 21,
1233–1245. doi: 10.1016/S1473-3099(21)00146-8

Frontiers in Microbiology 05 frontiersin.org

https://doi.org/10.3389/fmicb.2022.957957
https://doi.org/10.1371/journal.pone.0246285
https://doi.org/10.1002/jmv.26782
https://doi.org/10.1002/jmv.26782
https://doi.org/10.1016/j.ajic.2020.07.011
https://doi.org/10.1111/odi.14067
https://doi.org/10.1111/odi.14205
https://doi.org/10.3389/fmed.2020.00465
https://doi.org/10.1002/jmv.26691
https://doi.org/10.1016/j.bios.2020.112455
https://doi.org/10.1016/j.ebiom.2020.102903
https://doi.org/10.1371/journal.pone.0263114
https://doi.org/10.1371/journal.pone.0263114
https://doi.org/10.7326/L20-0175
https://doi.org/10.4103/ijmr.IJMR_2304_20
https://doi.org/10.1016/j.virusres.2021.198575
https://doi.org/10.1002/jso.26561
https://doi.org/10.1016/S1473-3099(21)00146-8
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/

	Severe acute respiratory syndrome coronavirus 2 detection by real time polymerase chain reaction using pooling strategy of nasal samples
	Introduction
	Materials and methods
	Study design and sampling
	Real-time reverse-transcription polymerase chain reaction

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


