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Abstract
Background: The	rapid	identification	and	isolation	of	individuals	infected	with	SARS-	
CoV- 2 are fundamental countermeasures for the efficient control of the COVID- 19 
pandemic, which has affected millions of people around the world. Real- time RT- PCR 
is one of the most commonly applied reference methods for virus detection, and the 
use of pooled testing has been proposed as an effective way to increase the through-
put	of	routine	diagnostic	tests.	However,	the	clinical	applicability	of	different	types	of	
real- time RT- PCR tests in a given group size remains inconclusive due to inconsistent 
regional disease prevalence and test demands.
Methods: In this study, the performance of one dual- target conventional and two 
point-	of-	care	real-	time	RT-	PCR	tests	in	a	5-	specimen	pooled	testing	strategy	for	the	
detection	of	SARS-	COV-	2	was	evaluated.
Results: We demonstrated the proof of concept that all of these real- time RT- PCR 
tests	 could	 feasibly	 detect	 SARS-	CoV-	2	 from	 nasopharyngeal	 and	 oropharyngeal	
specimens	that	contain	viral	RNA	loads	in	the	range	of	3.48	× 105 to 3.42 × 102 cop-
ies/ml	through	pooled	testing	in	a	group	size	of	5	with	overall	positive	percent	agree-
ment	(pooling	vs.	individual	testing)	ranging	from	100%	to	93.75%.	Furthermore,	the	
two POC real- time RT- PCR tests exhibited comparable sensitivity to that of the dual- 
target conventional one when clinical specimens were tested individually.
Conclusion: Our findings support the feasibility of using real- time RT- PCR tests developed as 
a variety of platforms in routine laboratory detection of suspected COVID- 19 cases through 
a pooled testing strategy that is beneficial to increasing the daily diagnostic capacity.
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1  |  INTRODUC TION

Coronavirus disease 2019 (COVID- 19) caused by severe acute re-
spiratory	 syndrome	 coronavirus	 2	 (SARS-	CoV-	2)	 has	 evolved	 into	 a	

pandemic since its first appearance in December 2019 and has led to 
more	 than	386	million	 confirmed	 cases	 and	over	5.7	million	deaths	
globally as of February 4, 2022. Currently, nucleic acid amplification 
tests	 are	 the	 reference	 standard	 for	 the	 diagnosis	 of	 SARS-	CoV-	2	
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infection, and real- time RT- PCR- based platforms are recommended 
and have been widely applied.1,2 Rapid and accurate laboratory test-
ing for COVID- 19 is important for evaluating the spread of disease, 
screening unique or at- risk populations, tracing the contacts of in-
fected individuals, and cutting off epidemic transmission.3 Mass test-
ing	against	SARS-	CoV-	2	and	in	some	circumstances	alone	with	other	
bacterial, viral, or fungal microbiota is also encouraged for a wide 
range of COVID- 19 control measures, such as screening for commu-
nity transmission4 and evaluation for disease progression of COVID- 19 
patients with/without coinfection of other microbial agents.5–	8

Pooling	of	clinical	specimens	for	mass	detection	of	SARS-	CoV-	2	
by nucleic acid testing has been reported to be effective in increas-
ing diagnostic capacity with sufficient accuracy9–	11 for prompt dis-
ease intervention, especially when the prevalence of infected cases 
is low. In Taiwan, routine diagnosis of COVID- 19 among individuals 
with suspected disease is conducted through a comprehensive na-
tionwide	SARS-	CoV-	2	laboratory	network	that	comprises	a	total	of	
245	clinical	laboratories	at	regional	hospitals	and	medical	institutions	
with a maximum daily capacity of 149,660 tests as of September 27, 
2021.12 Real- time RT- PCR assays in various types of formats that 
were	given	Emergency	Use	Authorization	(EUA)	by	the	Taiwan	Food	
and	Drug	Administration	(FDA)	are	used,	and	each	specimen	needs	
to be tested individually. To further strengthen the diagnostic ca-
pacity for control of the epidemic surge, a pooled testing strategy 
was	adopted	in	August	2021	for	mass	detection	of	SARS-	CoV-	2	in	
nasopharyngeal and oropharyngeal specimens. The target popula-
tion applicable to this workflow includes medical personnel, such as 
healthcare workers, who are compulsorily required to be examined 
weekly, individuals who are tested at the screening station in the 
community, and people who are found to have had contact with 
COVID-	19	 cases	 and	need	 to	be	 examined	 for	 SARS-	CoV-	2	 infec-
tion.	 The	 group	 size	 of	 each	 sample	 pool	 is	 proposed	 to	 be	 5	 for	
one real- time RT- PCR test, taking into account the acceptable detec-
tion sensitivity as established by previously published literature.13,14 
However,	 there	 are	 still	 concerns	 regarding	 the	 likelihood	of	 false	
negative results, since the dilution effect derived from pooled test-
ing may impact the tests’ analytical applicability, potentially leading 
to reduced diagnostic sensitivity.15 Furthermore, information on the 
difference between the performance of point- of- care (POC) real- 
time RT- PCR tests, which are widely used by clinical laboratories in 
Taiwan,	to	detect	SARS-	CoV-	2	from	pools	of	specimens	compared	
to that when the positive specimen is detected individually is scarce.

2  |  MATERIAL S AND METHODS

2.1  |  Collection of clinical specimens

The	 SARS-	CoV-	2	 laboratory	 diagnostic	 network	 in	 Taiwan	 is	 well	
established and is coordinated by the Taiwan Centers for Disease 
Control (CDC).12 Respiratory specimens, including nasopharyngeal 
and oropharyngeal swabs, were collected from individuals who met 
the reporting criteria, such as outpatients in the community and 

hospitalized	patients	who	were	suspected	to	have	SARS-	CoV-	2	in-
fection, as well as people who came to Taiwan from abroad. Clinical 
specimens	were	then	transported	to	the	laboratories	of	the	SARS-	
CoV- 2 laboratory network for virus detection by real- time RT- PCR.12 
Original specimens that tested positive in each local laboratory were 
sent back to the Taiwan CDC for further viral genetic characteriza-
tion and virus isolation.

2.2  |  Dual- target conventional and POC real- time 
RT- PCR tests for SARS- CoV- 2 detection

Conventional	 real-	time	 RT-	PCR	 for	 SARS-	CoV-	2	 detection	 was	
defined as the workflow in which viral nucleic acid extraction 
and detection are performed separately. The dual- target method 
that was evaluated in this study was performed as previously 
reported16–	18 and served as the reference method. Two of the 
SARS-	CoV-	2	genomic	segments,	including	the	envelope	(E)	and	nu-
cleocapsid (N), were the targets of detection in two separate reac-
tions	(designate	E	and	N2	assays).	Viral	RNA	was	extracted	from	the	
clinical	 specimens	 using	 the	 automated	 TANBead	 extraction	 sys-
tem	(Taiwan	Advanced	Nanotech)	according	to	the	manufacturer's	
instructions.	 The	 Roche	 LightCycler	Multiplex	 RNA	Virus	Master	
Kit (Roche) was used. Each real- time RT- PCR assay was performed 
in a 20- µl	reaction	mixture	containing	5	µl	of	RNA	template,	8.4	µl 
water, 0.1 µl RT Enzyme Solution, 4 µl RT- qPCR Reaction Mix, and a 
final	concentration	of	0.5	µM	of	each	primer	and	125	nM	of	probes.	
The	reaction	mixtures	were	incubated	at	50°C	for	10	min,	followed	
by	95°C	for	30	s.	The	reaction	mixtures	were	then	subjected	to	45	
cycles	of	95°C	for	5	s,	53°C	for	15	s,	and	60°C	for	15	s.	Specimens	
that tested positive for at least one of the two assays were inter-
preted as positive.

The POC real- time RT- PCR tests evaluated in this study were de-
fined as those that combined viral nucleic acid extraction and detec-
tion	in	a	closed	system,	and	the	Xpert	Xpress	SARS-	CoV-	2	(Cepheid)	
and	cobas	Liat	SARS-	CoV-	2	&	Influenza	A/B	(Roche)	tests	were	se-
lected for evaluation. Each POC test was performed according to 
the	manufacturer's	instructions.	Xpert	Xpress	detects	the	gene	se-
quences	 of	 the	 viral	 E	 and	N	proteins	 of	 SARS-	CoV-	2.	Cobas	 Liat	
detects the viral ORF1a/b and N genes. Interpretation of the test 
results of each POC real- time RT- PCR also followed the manufac-
turer's	instructions.

2.3  |  Generation of the semiquantitative standard 
curve of the conventional N2 assay for estimation of 
viral RNA loads in clinical specimens

To	determine	the	viral	RNA	loads	in	each	SARS-	CoV-	2-	positive	clini-
cal specimen taken for evaluation, their cycles of threshold (Ct val-
ues) determined by the conventional N2 assay were used for proper 
estimation.	For	this	purpose,	the	Amplirun	Total	SARS-	CoV-	2	Control	
(Swab) (Vircell) was purchased and served as a reference material to 
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construct the semiquantitative standard curve. Vials of lyophilized 
inactivated	SARS-	CoV-	2	particles	were	 reconstituted	 in	molecular	
biology	 grade	 water,	 resulting	 in	 a	 final	 concentration	 of	 35,000	
viral	RNA	copies/ml	according	 to	 the	manufacturer's	 instructions.	
Afterward,	 2-	fold	 serially	 diluted	 standards	 with	 known	 amounts	
of	viral	RNA	ranging	from	approximately	3500–	109.375	copies/ml	
were prepared and subjected to nucleic acid extraction followed 
by	the	N2	assay	to	determine	the	respective	Ct	values.	A	standard	
curve of the N2 assay was constructed by incorporating the Ct val-
ues	of	each	diluted	standard	tested	in	18	replicates.

2.4  |  Preparation of artificial clinical 
specimen pools

In	this	study,	a	5-	specimen	pooled	testing	strategy	for	SARS-	CoV-	2	
nucleic acid detection by using conventional or POC real- time RT- 
PCR tests was evaluated. The diagnostic performance of one dual- 
target conventional and two of the widely used POC real- time 
RT- PCR tests in Taiwan was tested by a panel of artificially spiked 
nasopharyngeal or oropharyngeal specimen pools containing vari-
ous	SARS-	CoV-	2	RNA	loads.

The artificial clinical specimen pools were prepared by spiking 
one	 SARS-	CoV-	2-	positive	 nasopharyngeal	 or	 oropharyngeal	 speci-
men with four negative ones, each of which was confirmed through 
routine real- time RT- PCR testing at the Taiwan CDC or local labo-
ratories	of	the	diagnostic	network.	A	total	of	83	positive	specimens	
were selected according to their original Ct values and retested in-
dividually again by the N2 assay. The resultant Ct of each specimen 
was recorded. We then categorized these positive specimens into 
three	groups	representing	high,	intermediate,	and	low	viral	RNA	loads	
based on the N2 Ct values. Furthermore, a total of 76 negative spec-
imens were selected and used for the preparation of pooled clinical 
specimens	in	a	1:4	manner	(designated	5-	specimen	pooled	samples).

2.5  |  Statistical analysis

Statistical analyses were performed using a one- tailed t test. Data 
were considered to be statistically significant at a p <	0.05.

3  |  RESULTS

3.1  |  Performance of dual- target conventional real- 
time RT- PCR for the detection of SARS- CoV- 2 in the 
5- specimen pooled sample

To evaluate the performance of the dual- target conventional real- 
time	RT-	PCR	for	the	detection	of	SARS-	CoV-	2	through	the	pooling	
strategy, we first determined the semiquantitative standard curve 
of the E and N2 assays (Figure 1), and the latter was used to es-
timate	the	viral	RNA	loads	 in	a	given	specimen.	A	total	of	the	50	

artificially	spiked	5-	specimen	pooled	samples,	each	of	which	con-
tained one positive nasopharyngeal or oropharyngeal sample with 
low	(individual	N2	assay	Ct	values	of	28–	30,	n = 11), intermediate 
(N2	Ct	of	31–	34,	n =	23),	or	high	(N2	Ct	of	35–	37,	n = 16) levels of 
viruses before pooling, were then prepared for further analysis. The 
detection	results	of	the	50	positive	samples	and	the	corresponding	
5-	specimen	pooled	samples	are	summarized	in	Table 1. It showed 
that dual- target conventional real- time RT- PCR can correctly de-
tect	SARS-	CoV-	2	viral	RNA	through	the	5-	specimen	pooled	testing	
strategy	among	all	the	enrolled	positive	specimens	with	viral	RNA	
load	 levels	 ranging	 from	3.48	× 105 to 3.44 × 103 copies/ml be-
fore	pooling,	achieving	a	positive	percent	agreement	(PPA)	of	100%	
compared	to	individual	testing.	For	the	5-	specimen	pooled	samples	
with	low	viral	loads	(1.59	× 103–	3.42	× 102 copies/ml) before pool-
ing,	1	out	of	the	16	had	a	negative	result,	and	the	PPA	was	93.75%.	
The specimen that was missed had Ct values of 34.92 and 37.97 in 
the E and N2 assays, respectively, when tested individually.

Comparing	the	Ct	values	of	the	5-	specimen	pooled	samples	to	
those of the respective positive specimens that were tested indi-
vidually showed that the average Ct values obtained through the 
pooling strategy significantly increased by 1.7 (p < 0.0001) and 2.0 
(p < 0.0001) in the E and N2 assays, respectively (Figure 2A), mirror-
ing the dilution effect caused by the pooled testing.

3.2  |  Performance of POC real- time RT- PCR tests 
for SARS- CoV- 2 detection from the individual and 
5- specimen pooled samples

To understand the clinical applicability of POC real- time RT- 
PCR	 tests	 to	 detect	 SARS-	CoV-	2,	 another	 two	 panels	 of	 50	

F I G U R E  1 Standard	curves	for	dual-	target	conventional	real-	
time RT- PCR. Serial twofold dilutions of commercially purchased 
inactivated	SARS-	CoV-	2	particles	with	known	RNA	loads	ranging	
from	3500	copies/ml	to	109.375	copies/ml	were	used	for	RNA	
extraction	followed	by	real-	time	RT-	PCR	analysis	of	(A)	E	and	(B)	
N2	assays.	Each	dilution	of	the	standard	curve	was	analyzed	by	18	
replicates, and the respective mean value is illustrated by dotted 
and hollow circles, respectively, with standard deviation shown as 
error	bars.	The	viral	RNA	loads	(log2 copies/ml) and the cycles of 
threshold (Ct) are indicated on the X-  and Y- axes, respectively
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nasopharyngeal/oropharyngeal specimens and the respective 
5-	specimen	pooled	samples	were	separately	examined	by	the	Xpert	
Xpress and cobas Liat platforms. For individual testing, both the 
Xpert Xpress and cobas Liat had identical results to those of dual- 
target conventional real- time RT- PCR tests among all the tested 
clinical	 specimens	with	viral	RNA	 loads	of	3.48	× 105−3.42	× 102 
copies/ml	before	pooling,	and	the	PPA	was	100%	(Tables 2 and 3), 
indicating that the POC real- time RT- PCR tests have comparable de-
tection	sensitivity	to	the	conventional	type.	When	the	5-	specimen	
pooled strategy was applied, both the Xpert Xpress and cobas Liat 

platforms	also	exhibited	a	PPA	of	100%	among	specimens	with	high	
and	intermediate	viral	loads	ranging	from	3.48	× 105 to 3.44 × 103 
copies/ml before pooling compared to the results of individual test-
ing	 by	 the	 same	 platform.	 For	 the	 specimens	with	 low	 viral	 RNA	
loads	(1.59	× 103–	3.42	× 102 copies/ml before pooling), the Xpert 
Xpress	had	a	PPA	of	100%,	whereas	the	cobas	Liat	failed	to	detect	
1	out	of	the	16	5-	specimen	pooled	samples	with	a	PPA	of	93.75%	
(Tables 2 and 3). The specimen that was missed by the cobas Liat had 
Ct	values	of	33.82	and	37.97	in	the	E	and	N2	assays,	respectively,	
when tested individually.

TA B L E  1 Performance	of	the	dual-	target	conventional	real-	time	RT-	PCR	for	detection	of	SARS-	CoV-	2	viruses	through	the	pooled	testing	
strategy

Ct group of individual 
specimensa (number of 
specimens)

Viral RNA quantity of the individual 
specimens (copies/ml)b

Results of dual- target conventional real- 
time RT- PCR through 5- specimen- pooled 
testing

Positive percent 
agreement (%)cPositive Negative

28–	30	(n = 11) 3.48	× 105–	7.47	× 104 11 0 100

31–	34	(n = 23) 3.46 × 104–	3.44	× 103 23 0 100

35–	37	(n = 16) 1.59	× 103–	3.42	× 102 15 1 93.75

a	The	Ct	group	was	classified	by	those	determined	by	the	conventional	N2	real-	time	RT-	PCR	assay	when	the	positive	specimen	in	each	5-	pooled	
specimen was tested individually.
b	The	amount	of	viral	RNA	copies	was	determined	from	the	Ct	value	of	each	individual	testing	based	on	the	semiquantitative	standard	curve	of	the	
N2 real- time RT- PCR assay.
c	Positive	percent	agreement	was	determined	by	comparing	results	of	the	5-	pooled	specimens	with	the	respective	positive	specimens	detected	
individually.

F I G U R E  2 Comparison	of	Ct	values	of	
SARS-	CoV-	2	detection	through	individual	
and	pooled	testing	strategies.	Data	of	(A)	
dual-	target	conventional	real-	time	RT–	
PCR,	(B)	Xpert	Xpress,	and	(C)	cobas	Liat	
are presented as a scatter plot with mean 
values ± SD of the same testing strategy. 
The asterisks (**) and (***) indicate a 
significant difference (p < 0.01 and 
p < 0.0001, respectively) by a one- tailed 
unpaired t test. The testing strategy and 
the resultant Ct values are indicated on 
the X-  and Y- axes, respectively
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Comparing	the	Ct	values	of	the	5-	specimen	pooled	samples	to	
those of the respective positive specimens that were tested indi-
vidually by the same platform showed that the average Ct values 
obtained	through	the	pooling	strategy	significantly	increased	by	2.8	
(p <	 0.01)	 and	2.5	 (p < 0.0001) in the E and N2 assays for Xpert 
Xpress, respectively (Figure 2B),	and	1.8	(p < 0.0001) for cobas Liat 
(Figure 2C).

4  |  DISCUSSION

Because	COVID-	19	vaccines	are	not	as	effective	at	completely	pre-
venting	SARS-	CoV-	2	from	infecting	and	spreading	among	the	human	
population19 and because transmission through asymptomatic or 
presymptomatic virus- infected cases continuously occurs in the 
community,20 a mass testing strategy is still a useful countermeas-
ure to block the viral transmission route and prevent the spread of 
viruses.21,22 Early identification of these hidden individuals before 
they	 can	 further	 transmit	 SARS-	CoV-	2	 to	 other	 susceptible	 peo-
ple can have a very large positive impact on the development of 
surge epidemics. For this purpose, the use of POC- based real- time 

RT- PCR tests in addition to the conventional- type platform may pro-
vide	rapid,	sensitive,	and	specific	SARS-	CoV-	2	detection,23 and the 
pooled- specimen screening strategy is an effective way to increase 
testing capacity and save substantial resources, making laboratory 
diagnosis sustainable.24

In this study, we comprehensively evaluated the performance of 
one dual- target conventional and two POC real- time RT- PCR tests 
for	 the	detection	of	SARS-	CoV-	2	 from	nasopharyngeal	or	oropha-
ryngeal	 specimens	 in	 either	 a	 separate	 or	 a	 5-	specimen	 pooling	
manner. Xpert Xpress and cobas Liat are two of the rapid real- time 
RT-	PCR	 platforms	 offering	 sample-	to-	answer	 detection	 of	 SARS-	
CoV-	2	 in	50	min	and	20	min,	 respectively,	with	detection	 limits	of	
100 copies/ml (Xpert Xpress,25) and 12 copies/ml (cobas Liat, prod-
uct datasheet). The dual- target conventional real- time RT- PCR assay, 
which serves as the reference method, has been reported to exhibit 
detection	 limits	of	3.9	and	5	copies/reaction	 for	 the	E16 and N226 
assays, respectively. The use of these real- time RT- PCR assays with 
high detection sensitivity to overcome the potential effect of sample 
dilution makes pooled testing a possible efficient strategy for virus 
detection	in	a	timely	manner.	Theoretically,	5-	specimen	pooled	test-
ing	would	have	5-	fold	dilution	for	each	positive	sample,	 leading	to	

TA B L E  2 Performance	of	the	Xpert	Xpress	real-	time	RT-	PCR	for	detection	of	SARS-	CoV-	2	viruses	through	the	individual	and	pooled	
testing strategy

Ct group of 
individual 
specimensa 
(number of 
specimens)

Viral RNA quantity of the 
individual specimens (copies/ml)c

Results of POC real- time RT- PCR (Xpert Xpress)

Individual testing Positive 
percent 
agreementb

5- specimen- pooled 
testing

Positive percent 
agreement (%)dPositive Negative Positive Negative

28–	30	(n = 11) 3.48	× 105–	7.47	× 104 11 0 100 11 0 100

31–	34	(n = 23) 3.46 × 104–	3.44	× 103 23 0 100 23 0 100

35–	37	(n = 16) 1.59	× 103–	3.42	× 102 16 0 100 16 0 100

a The Ct group was classified by those determined by the conventional N2 real- time RT- PCR assay.
b Positive percent agreement was determined by comparing results of individual testing to those of dual- target conventional real- time RT- PCR.
c	The	amount	of	viral	RNA	copies	was	determined	based	on	the	standard	curve	of	conventional	N2	real-	time	RT-	PCR	assay.
d	Positive	percent	agreement	was	determined	by	comparing	results	of	the	5-	pooled	specimens	with	the	respective	positive	specimen	detected	
individually.

TA B L E  3 Performance	of	the	cobas	Liat	real-	time	RT-	PCR	for	detection	of	SARS-	CoV-	2	viruses	through	the	individual	and	pooled	testing	
strategy

Ct group of 
individual 
specimensa 
(number of 
specimens)

Viral RNA quantity of the 
individual specimens (copies/
ml)c

Results of POC real- time RT- PCR (Xpert Xpress)

Individual testing Positive 
percent 
agreementb

5- specimen- pooled 
testing

Positive percent 
agreement (%)dPositive Negative Positive Negative

28–	30	(n = 11) 3.48	× 105–	7.47	× 104 11 0 100 11 0 100

31–	34	(n = 23) 3.46 × 104–	3.44	× 103 23 0 100 23 0 100

35–	37	(n = 16) 1.59	× 103–	3.42	× 102 16 0 100 15 1 93.75

a The Ct group was classified by those determined by the conventional N2 real- time RT- PCR assay.
b Positive percent agreement was determined by comparing results of individual testing to those of dual- target conventional real- time RT- PCR.
c	The	amount	of	viral	RNA	copies	was	determined	based	on	the	standard	curve	of	conventional	N2	real-	time	RT-	PCR	assay.
d	Positive	percent	agreement	was	determined	by	comparing	results	of	the	5-	pooled	specimens	with	the	respective	positive	specimen	detected	
individually.
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an increased Ct value of 2.32 compared to the value when the pos-
itive specimen is tested individually. Therefore, this testing strategy 
is sometimes challenging since it may possibly cause false negative 
results, especially for specimens whose diluted viral load is around 
or	lower	than	the	detection	limit	(eg	Ct	35–	40)	of	real-	time	RT-	PCR	
assays.27	The	US	FDA	also	generally	recommends	that	pooled	test-
ing	with	≥85%	positive	agreement	compared	with	the	same	platform	
when specimens are tested individually is acceptable.

Regarding the dilution effect caused by pooled testing, previ-
ous studies have reported that pooling had a change in Ct value of 
2.0 in pools of 4 and of 2.9 in pools of 6 by using the Xpert Xpress 
platform,	 and	 samples	 with	 individual	 Ct	 values	 of	 20–	28	 can	 be	
reliably detected by the two pooled testing strategies.28	 Another	
study reported that samples with input viral loads ranging from ap-
proximately	2.85	to	938	copies/mL	(Ct	values	of	23–	35)	could	also	
be correctly identified by Xpert Xpress, although the tested sample 
number	was	only	5.29	In	this	study,	5-	specimen	pooling	showed	an	
increase	in	the	Ct	value	of	1.7–	2.0	in	conventional	real-	time	RT-	PCR,	
2.5–	2.8	in	Xpert	Xpress	and	1.8	in	cobas	Liat.	The	concordance	be-
tween	the	results	of	individual	and	5-	specimen	pooled	sample	test-
ing of nasopharyngeal and oropharyngeal specimens that contained 
viral	 RNA	 loads	 in	 the	 range	of	 3.48	× 105 to 3.42 × 102 copies/
ml obtained by each of the three evaluated real- time RT- PCR tests 
was	 100%–	93.75%.	 These	 experimental	 data	 highlighted	 that	 the	
Ct values increased by the pooling strategy were close to those of 
the theoretical calculation, and this increase could be used to esti-
mate the performance of a given real- time RT- PCR platform with a 
known detection limit when applied in pooled testing. Furthermore, 
it shows that not only conventional but also POC real- time RT- PCR 
platforms	can	be	efficiently	applied	in	SARS-	CoV-	2	laboratory	diag-
nosis either for individual testing or pooled testing; before, the latter 
was empirically considered infeasible since the inferior sensitivity of 
commercial POC real- time RT- PCR tests due to the combination of 
nucleic acid extraction and real- time RT- PCR in a closed system was 
usually criticized.

The	5-	specimen	pooled	 testing	strategy	 reported	 in	 this	 study	
showed that an acceptable balance between the quantity of si-
multaneously tested samples and the analytical sensitivity for 
SARS-	CoV-	2	can	be	achieved.	Among	specimens	with	high	and	inter-
mediate	levels	of	viral	loads	(Ct	28–	34),	the	positive	percent	agree-
ment between the three evaluated real- time RT- PCR platforms was 
100%. For separate positive sample panels for dual- target conven-
tional real- time RT- PCR and cobas Liat, each showed 1 out of the 16 
with	low	viral	loads	(Ct	35–	37)	as	undetectable	through	5-	specimen	
pooled testing. This missed detection may not cause virus spread 
since infected patients whose respiratory specimens have Ct val-
ues	 greater	 than	 33–	34	were	 not	 contagious.30	However,	 caution	
should be taken if the patient is in the early stage after virus ex-
posure,	 as	 their	 viral	 loads	may	 subsequently	 elevate.	 Apart	 from	
loss of sensitivity, one of the other limitations of pooled testing is 
that positive data confirmation may be delayed due to deconvoluting 
and retesting all the specimens individually when the corresponding 
sample pool was identified as positive. Since the two POC real- time 

RT- PCR tests evaluated in this study could both be finished within 
60 min, we proposed that they are beneficial to overcome these data 
reporting	 issues.	Another	 recommendation	could	be	 to	 implement	
pooled testing in low virus prevalence scenarios to minimize the re-
quirement for a second round of individual testing. In summary, we 
demonstrate that the use of a rapid and sensitive real- time RT- PCR 
platform will maximize testing capacity and resource conservation 
through	a	pooled	testing	strategy	with	a	group	size	of	5.

Limitations of this study include the small numbers of specimens 
and diagnostic platforms that were enrolled and tested which may 
bias the interpretation of the evaluation data. Future works by in-
corporating more representative clinical specimens are suggested to 
obtain a better scenario for application of pooled testing strategy in 
SARS-	CoV-	2	nucleic	acid	detection.

5  |  CONCLUSION

We demonstrated that the pooling strategy is practical for routine 
SARS-	CoV-	2	diagnosis	by	using	such	real-	time	RT-	PCR	tests	without	
significant loss of detection sensitivity, even for specimens with low 
RNA	loads.	Furthermore,	the	applicability	of	POC	real-	time	RT-	PCR	
platforms in either individual or pooled testing strategies was par-
ticularly highlighted since they can produce comparable data to that 
of the conventional test in a shortened time period. Our data serve 
as proof of concept supporting the use of various real- time RT- PCR 
platforms	in	the	routine	detection	of	SARS-	CoV-	2	from	pooled	spec-
imens and the feasibility of enforcing POC real- time RT- PCR tests in 
local laboratories for efficient and rapid COVID- 19 diagnosis.
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