S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Diagnostic Microbiology and Infectious Disease 98 (2020) 115125

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

Contents lists available at ScienceDirect

Diagnostic Microbiology and Infectious Disease

Virology

Assessment of sample pooling for SARS-CoV-2 molecular testing for
screening of asymptomatic persons in Tunisia

Check for
updates

Salma Abid *®, Sana Ferjani ®*, Awatef El Moussi P, Asma Ferjani *°, Mejda Nasr 2, Ichrak Landolsi ¢,
Karima Saidi ¢, Hanéne Gharbi ¢, Hajer Letaief ¢, Aicha Hechaichi ¢, Mouna Safer €,
Nissaf Bouafif ep Ben Alaya ¢, Ilhem Boutiba-Ben Boubaker *°

@ Charles Nicolle Hospital, Laboratory of Microbiology, Virology unit, National Influenza and other Respiratory Viruses Center-Tunisia, Boulevard 9 Avril, Tunis 1006, Tunisia

Y University of Tunis El Manar, Faculty of Medicine of Tunis, LRO9ES09, 1007, Tunis, Tunisia
€ Ministry of Health, National Observatory of New and Emerging Diseases, 1006, Tunis, Tunisia

ARTICLE INFO ABSTRACT

Article history:

Received 1 June 2020

Received in revised form 26 June 2020
Accepted 29 June 2020

Available online 5 July 2020

Keywords:

Sample pooling
SARS-CoV-2 Tunisia
COVID-19

Group testing

The aim of this study is to test a pooling approach for the RT-PCR test to detect low viral loads of SARS-CoV-2. We
found that a single positive specimen can still be detected in pools of up to 10. Each laboratory should conduct its
own evaluation and validation of pooling protocols according to its specific context.
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Coronavirus disease 2019 (COVID-19) is caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). This virus emerged
in the human population in December 2019 in China and has since spread
across the globe. The pandemic caused by SARS-CoV-2 poses an enor-
mous burden on society, economic, and healthcare systems worldwide
(WHO, Interim Guidance, 2020). The ability to rapidly diagnose COVID-
19 is crucial for evaluating the spread of disease and for tracing the
contacts of infected individuals. Real-time reverse transcription polymer-
ase chain reaction (RT-PCR) is the most sensitive and specific assay and is
considered as the gold standard (WHO, Laboratory and diagnosis, 2020).
It requires expensive reagents and kits. This molecular method is based on
viral RNA extraction from samples collected by nasopharyngeal (NP)
swabs, followed by reverse transcription and amplification using a real
time polymerase chain reaction instrument. In Tunisia, where the preva-
lence of COVID-19 is less than 1%, RT-PCR has been initially implemented
only by the National Influenza Center (NIC), hosted at Charles Nicolle hos-
pital of Tunis, where the capacity of testing was around 250 tests per day
(1-57 positive cases per day). Then 5 other public health laboratories
have been included throughout the country. On March 22, 2020 the num-
ber of positive cases in Tunisia has reached 75 with 3 deaths. Preventive
strategies were implemented, particularly, lockdown during 75 days
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and enhancement of contact tracing around all positive cases (National
Observatory of New and Emerging Diseases Ministry of Health, Tunisia,
2020a). Recently, following the lifting of lockdown measures, the need
to increase the capacity testing through the country is crucial. Some re-
cent studies have demonstrated the performance of pooled specimens
testing for the diagnostic of COVID-19 (Hogan et al., 2020; Yelin et al.,
2020; Lohse et al., 2020; Eis-Hiibinger et al., 2020; Pouwels et al., 2020;
Abdalhamid et al., 2020). This strategy is used for community monitoring
of other infectious diseases such as detection of the human immunodefi-
ciency virus and hepatitis B and C viruses blood samples in blood donors
or mass detection of malaria infection (Aprahamian et al.,, 2016; Taylor
et al.,, 2010). Pooling samples is a cost-saving method allows to cover a
greater percentage of the population with the same amount of tests
without significantly impacting the ability to detect the virus in speci-
mens with high or medium viral loads (Ct >24) (Pouwels et al., 2020;
Abdalhamid et al., 2020). However, group testing is a reasonable option
if pooling does not reduce the sensitivity of the test. Therefor it's crucial
to test the sensitivity at various group sizes for estimating optimal pool
size. With smaller group sizes, additional amplification cycles, or inclusion
of a re-test for negative group samples, the false negative rate could be
reduced further (Pouwels et al,, 2020).

To avoid shortage of reagents and to increase COVID-19 laboratory
testing capacities in Tunisia, this study was conducted to establish the
optimal parameters for sensitive COVID-19 RT-PCR test in multi-
sample pools to detect low viral loads.
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To detect SARS-CoV-2 in NP specimens, the Hong Kong RT-PCR
assay using an ABI 7500 instrument was performed (WHO, Laboratory
and diagnosis, 2020). It's a qualitative real time RT-PCR TagMan
method. With this assay, a positive COVID-19 result is determined
when both targets N and Orf1b-nsp14 reach a defined threshold
below 0.2 and Ct value less than 40. Low Ct values indicate the pres-
ence of high viral RNA and high Ct values indicate lower viral RNA.
Twenty confirmed positive specimens and 780 negative specimens
that have been tested at the NIC were used in this study. The selected
Ct values of positive specimens were between 25 and 34 for N and
Orf1b-nsp14. Six pools of 4, 5, 8, 10, 20, and 40 specimens with
each containing one of the positive patient mixed with 3,4, 7, 9, 19,
and 39 negative specimens were tested (total volume of 200 pL/
pool, same volume from each sample). RNA of mixed samples was
extracted from 200 pL of NP swabs using the GXT NA extraction
kit for GenoXtract Instrument following the manufacturers' instruc-
tions (Hain Lifescience Gmbh, Nehren, Germany).To increase the
sensitivity of the pooling technique, the number of cycles has been
increased to 45.

The pooled testing application “https:// www.chrisbilder.com/
shiny” was used to calculate the most efficient pool size. The following

parameters were selected: the prevalence rate of COVID-19 in Tunisia
(0.8%), RT-PCR sensitivity (95%), and specificity (100%), two-stage
pooling algorithm and pool ranges between 4 and 40.

A total of 120 pools were screened. As the number of negative sam-
ples increase in the pool, the amplified RNA reaches the threshold later.
All samples reached the threshold in 110 sample pools. All undetectable
targets were in pools of 20 and 40 specimens, respectively). The Ct
values for both N and Orf1ab-nsp14 genes assays in pools and individual
positive samples were below 40 and categorized as positive, except
sample number 12 for which the Ct values were 41.17 and 36.70 for N
and Orflab-nsp14, respectively (pool 6). Ct value differences between
pooled tests and individual positive samples were in the range of 0.24
and 12.33 [Table 1]. According to these results, a single positive speci-
men can be tested in pools of up to 10, with the same performance of
the standard RT-PCR. However, the sensitivity was decreased to 80%
and 70% when 20 and 40 specimens were pooled, respectively. The
Shiny application analysis predicted that the most efficient pool size is
11 samples leading to reduce the expected number of tests by 80%
when compared to individual testing.

The first phase of the COVID-19 pandemic threat management in
Tunisia allowed achieving the general objective of the strategy put in

Table 1
Comparison of threshold cycles between the original and pooled COVID-19 positive samples.
Positive Target  Original Ct Pool1 (4 Pool 2 (5 Pool 3 (8 Pool 4 (10 Pool 5 (20 Pool 6 (40
Specimen N° value specimens) specimens) specimens) specimens) specimens) specimens)
Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct
value difference value difference value difference value difference value difference value difference
1 N 31.12 3375 263 3422 310 3537 425 3566 4.54 3581 4.69 36.69 5.57
ORFlab 29.71 32,15 244 3222 251 33.00 3.29 3324 353 3477 5.06 40.89 11.18
2 N 33.92 37.10 3.18 3722 330 38.00 4.08 38.00 4.08 39.00 5.08 - ND
ORFlab 31.24 3490 3.66 36.41 5.17 3730 6.06 41.00 9.76 43.00 11.76 - ND
3 N 32.36 3321 0.85 3424 1.88 35.12 276 3634 3.98 4469 12.33 37.79 543
ORF1ab 30.85 31.89 1.04 3312 227 3362 277 3477 3.92 - ND - ND
4 N 31.49 3461 312 3430 2.81 3574 425 3587 4.38 3694 545 3733 5.84
ORFlab 28.76 3291 415 3295 419 3430 5.54 3413 5.37 3937 10.61 36.80 8.04
5 N 31.35 34.00 2.65 3381 246 3480 345 3483 348 3592 457 39.00 7.65
ORFl1ab 28.96 3243 347 31.92  2.96 3329 433 3314 4.18 3591 6.95 3832 9.36
6 N 33.59 3733 374 3737 3.78 3748 3.89 39.11 5.52 38.17 4.58 - ND
ORFlab 30.76 37.76  7.00 38.84 8.08 39.15 839 4120 1044 - ND - ND
7 N 35.00 36.65 1.65 37.64 2.64 38.00 3.00 39.63 4.63 - ND - ND
ORFl1ab 34.00 3718 3.18 37.96 3.96 38.64 4.64 39.15 5.15 - ND - ND
8 N 33.10 3420 1.10 3475 1.65 3525 215 3721 411 3749 439 3640 3.30
ORFlab 31.24 3373 249 3379 255 3471 347 37.00 5.76 3752 6.28 36.13 4.89
9 N 28.00 2938 1.38 2897 097 3024 224 3155 3.55 3149 349 33.00 5.00
ORFl1ab 26.69 28.73  2.04 28.75  2.06 2948 279 30.10 341 3144 475 3290 6.21
10 N 29.47 31.78 231 29.95 048 31.13  1.66 3117 1.70 31.40 1.93 3374 427
ORFl1ab 27.20 3261 541 30.00 2.80 3141 421 3096 3.76 3093 3.73 3323 6.03
1 N 28.10 30.12  2.02 29.96 1.86 3124 314 3189 3.79 33.00 4.90 36.88 8.78
ORFlab 27.35 30.16  2.81 29.63 2.28 3093 3.58 31.70 435 3235 5.00 - ND
12 N 30.11 33.08 297 3354 343 36.04 5.93 3639 6.28 38.07 7.96 4117 11.06
ORFl1ab 28.35 3237 4.02 33.06 4.71 3496 6.61 3535 7.00 3598 7.63 36.70 835
13 N 26.20 26.57 037 2659 0.39 2746 1.26 2799 179 28.67 247 29.78 3.58
ORFl1ab 26.98 2722 0.24 27.50 0.52 27.92  0.94 2836 1.38 29.57 2.59 30.00 3.02
14 N 27.53 3149 3.96 31.69 4.16 32.01 448 3292 539 33.60 6.07 3448 6.95
ORFl1ab 27.79 31.19 340 3167 3.88 32.09 4.30 3245 4.66 33.00 5.21 3426 647
15 N 28.95 3116 2.21 31.50 2.55 31.96 3.01 3334 439 34.05 5.10 3473 5.78
ORFlab 28.45 2994 149 3094 249 3116 271 31.61 3.16 3194 349 3296 4.51
16 N 26.60 2790 1.30 28.12 1.52 2874 214 29.99 339 3124 4.64 3135 475
ORFlab 24.63 2733 270 27.40 2.77 2831 3.68 29.29 4.66 3050 5.87 30.60 5.97
17 N 29.40 31.86 246 31.63 223 32.40 3.00 3281 341 3322 382 3416 4.76
ORF1ab 28.00 3127 3.27 3135 335 31.74 3.74 31.87 3.87 32.87 4.87 3327 5.27
18 N 29.32 3285 353 3295 363 3336 4.04 3415 483 3416 4.84 3529 5.97
ORF1ab 29.00 3229 329 3264 3.64 3299 399 34.00 5.00 3327 427 34.00 5.00
19 N 24.96 2825 3.29 29.00 4.04 29.18 4.22 29.68 4.72 30.77 5.81 3098 6.02
ORFlab 24.26 2895 4.69 29.60 5.34 30.13 5.87 30.26  6.00 3183 757 3195 7.69
20 N 31.58 3290 1.32 33.03 145 34.00 242 3418 2.60 3471 313 35.64 4.06
ORFl1ab 31.78 3323 145 3383 2.05 37.04 5.26 36.08 4.3 - ND - ND

Pool 1 = one positive specimen mixed with 3 negative ones; Pool 2 = one positive specimen mixed with 4 negative ones; Pool 3 = one positive specimen mixed with 7 negative ones; Pool
4 = one positive specimen mixed with 9 negative ones; Pool 5 = one positive specimen mixed with 19 negative ones; and Pool 6 = one positive specimen mixed with 39 negative ones.

(—):Undetectable; ND = not determined.
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place: to slow down the progression of SARS-CoV-2 and to avoid over-
shooting the capacity of the health system. Since 4™May 2020, Tunisia
has initiated a progressive targeted containment, a new phase in the
management of the pandemic. New challenges arise to avoid a rebound.
The risk of rebound largely depends on the implementation of measures
of targeted containment and on the system's capacity to early detect,
isolate and treat all new cases. On 7th June, 2020, the cumulative num-
ber of confirmed COVID-19 cases is 1087 (out of a total of 55,519
samples) corresponding to a cumulative incidence of 9.17/100,000 in-
habitants and an average of daily incidence around 12 cases. Among
the cases detected, 5.72% are still active and constitute a risk of trans-
mission if the preventive measures are not properly observed. The
occurrence of new cases in past 2 days confirms the existence of high
risk of SARS-CoV-2 transmission (National Observatory of New and
Emerging Diseases Ministry of Health, Tunisia, 2020b).

All individual specimens in a negative pool are regarded as negative.
Deconvoluted testing is recommended if any of the pools are positive.
Key principles for successful application of group testing involve knowl-
edge of the limit of detection, sensitivity and specificity of the assay and
the prevalence of disease in the population. Abdalhamid et al. (2020)
have shown that optimal pool size and prevalence rates are inversely
proportional; when the prevalence rate of COVID-19 in population is
low more samples can be mixed, which can lead to varying the size of
the pool to be tested according to the level of circulation of the virus. Ac-
cording to our results, pooling can increase test capacity with existing
equipment and test kits and detects positive samples with sufficient
diagnostic accuracy. The RT-PCR protocol used is confirmed to have a
wide dynamic range (2 ~4-2000 viral titreTCIDso/reaction) (WHO, Labo-
ratory and diagnosis, 2020). Pooling of more than 10 samples is not rec-
ommended to avoid the effect of dilution leading to false negatives.
According to literature, the optimal specimen pool size varied from 5
to 10 (Abdalhamid et al., 2020;Hogan et al., 2020; Hanel and Thurner,
2003). However, when RNA extracts were pooled the optimal pool
size is up to 32 samples. The authors suggest that additional amplifica-
tion cycles increasing the pool size up to 64 and reduce the number of
false negatives (Lohse et al., 2020; Yelin et al., 2020).

The pooling of samples using molecular testing for SARS-CoV-2
would allow expanding the current capacities of the available laborato-
ries thereby enabling the expansion of detection in the community, as
well as in closed settings, such as hospital staff, army or policy units,
or factory shifts. However, for each laboratory, an independent evalua-
tion of the protocols according to the reagents and the automates
used is mandatory.

Acknowledgments

The authors thank Dr. Samir Abdelmoumen for inspiring the idea of
pooling.

Compliance with ethical standard

The article was funded by the Tunisian Ministry of Health.
No conflicts of interest to report.

References

Abdalhamid B, Bilder CR, McCutchen EL, Hinrichs SH, Koepsell SA, Iwen PC. Assessment of
specimen pooling to conserve SARS CoV-2 testing resources. Am ] ClinPathol 2020;
153(6):715-8. https://doi.org/10.1093/ajcp/aqaa064.

Aprahamian H, Bish DR, Bish EK. Residual risk and waste donated blood with pooled
nucleic acid testing. Stat Med 2016;35(28):5283-301. https://doi.org/10.1002/sim.
7066.

Eis-Hiibinger AM, Hénemann M, Wenzel JJ, Berger A, Widera M, Schmidt B, et al. Ad hoc
laboratory-based surveillance of SARS-CoV-2 by real-time RT-PCR using minipools of
RNA prepared from routine respiratory samples. ] Clin Virol 2020;127:104381.
https://doi.org/10.1016/j.jcv.2020.104381.

Hanel R, Thurner S. Boosting test-efficiency by pooled testing strategies for SARS-CoV-2.
arXiv 2020;09944. [g-bio.PE] https://arxiv.org/pdf/2003.09944.pdf.

Hogan CA, Sahoo Malaya K, Pinsky Benjamin A. Sample pooling as a strategy to detect
community transmission of SARS-CoV-2. JAMA 2020;323(19):1967-9. https://doi.
org/10.1001/jama.2020.5445.

Lohse S, Pfuhl T, Berkd-Gottel B, Rissland ], GeifSler T, Gartner B, et al. Pooling of samples
for testing for SARS-CoV-2 in asymptomatic people. Lancet Infect Dis 2020;
$1473-3099(20):30362-5. https://doi.org/10.1016/S1473-3099(20)30362-5.

National Observatory of New and Emerging Diseases Ministry of Health, Tunisia. COVID-
19 en Tunisie Point de situation a la date du. Available from http://www.onmne.tn/fr/
images/COVID-19-dernier-bulletin-28032020.pdf, 28 Mars 2020.

National Observatory of New and Emerging Diseases Ministry of Health, Tunisia. COVID-
19 en Tunisie Point de situation a la date du. Available from http://www.onmne.tn/fr/
images/COVID-19-dernier-bulletin.pdf, 7 juin 2020.

Pouwels KB, Roope LSJ, Barnett A, Hunter DJ, Nolan TM, Clarke Philip M. Group testing for
SARS-CoV-2: forward to the past? Pharmacoecon Open 2020;4(2):207-10. https://
doi.org/10.1007/s41669-020-00217-8.

Taylor SM, Juliano JJ, Trottman PA, Griffin JB, Landis SH, Kitsa P, et al. High-throughput
pooling and real-time PCR based strategy for malaria detection. J Clin Microbiol
2010;48:512-9. https://doi.org/10.1128/JCM.01800-09.

World Health Organization: Interim Guidance. Laboratory testing for coronavirus disease
2019 (COVID-19) in suspected human cases. Available from https://apps.who.int/iris/
bitstream/handle/10665/331329/WHO-COVID-19-laboratory-2020.4-eng.pdf, 2020.
Accessed 3rd Apr 2020.

World Health Organization: Laboratory and diagnosis. Molecular assays to diagnose
COVID-19: Summary table of available protocols. Available from https://www.who.
int/docs/defaultsource/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_
2&download=true, 2020. Accessed 24th January 2020.

Yelin I, Aharony N, Tamar ES, Argoetti A, Messer E, Berenbaum D, et al. Evaluation 153 of
COVID-19 RT-qPCR test in multi-sample pools. Clin Infect Dis 2020:ciaa531. https://
doi.org/10.1093/cid/ciaa531. Online ahead of print.



https://doi.org/10.1093/ajcp/aqaa064
https://doi.org/10.1002/sim.7066
https://doi.org/10.1002/sim.7066
https://doi.org/10.1016/j.jcv.2020.104381
https://arxiv.org/pdf/2003.09944.pdf
https://doi.org/10.1001/jama.2020.5445
https://doi.org/10.1001/jama.2020.5445
https://doi.org/10.1016/S1473-3099(20)30362-5
http://www.onmne.tn/fr/images/COVID-19-dernier-bulletin-28032020.pdf
http://www.onmne.tn/fr/images/COVID-19-dernier-bulletin-28032020.pdf
http://www.onmne.tn/fr/images/COVID-19-dernier-bulletin.pdf
http://www.onmne.tn/fr/images/COVID-19-dernier-bulletin.pdf
https://doi.org/10.1007/s41669-020-00217-8
https://doi.org/10.1007/s41669-020-00217-8
https://doi.org/10.1128/JCM.01800-09
https://apps.who.int/iris/bitstream/handle/10665/331329/WHO-COVID-19-laboratory-2020.4-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/331329/WHO-COVID-19-laboratory-2020.4-eng.pdf
https://www.who.int/docs/defaultsource/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2&download=true
https://www.who.int/docs/defaultsource/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2&download=true
https://www.who.int/docs/defaultsource/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2&download=true
https://doi.org/10.1093/cid/ciaa531
https://doi.org/10.1093/cid/ciaa531

