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Abstract

As the battle against coronavirus disease 2019 pandemic continues, an increase in

workload and medical expenses have been a concern to the health care system

worldwide. Developing a measure that helps to conserve the health care resource is,

therefore, highly desirable, and the pooling of the specimens for testing is one of

the attractive strategies. Recently, we showed that saliva could be a potential

alternative specimen for the detection of severe acute respiratory syndrome

coronavirus 2 (SARS‐CoV‐2) by real‐time polymerase chain reaction (RT‐PCR). In
the present study, we performed the pooling of saliva specimens for testing by

SARS‐CoV‐2 RT‐PCR. We showed that the saliva pool of either 5 or 10 samples, by

allowing the detection of either gene in the pool at an increased cycle threshold

cutoff value, further performing individual sample testing in the positive pools did

not compromise the detection of SARS‐CoV‐2.
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1 | INTRODUCTION

The detection of severe acute respiratory syndrome coronavirus 2

(SARS‐CoV‐2) in clinical specimens is one of the crucial steps

of coronavirus disease 2019 (COVID‐19) diagnosis and control.

Real‐time polymerase chain reaction (RT‐PCR) is an important and

widely used diagnostic tool for the detection of SARS‐CoV‐2. For the
detection of SARS‐CoV‐2, the preferred specimen from the upper

respiratory tract includes nasopharyngeal, mid‐turbinate, or nasal

swab.1 However, the drawback of the test is the nature of the rela-

tively invasive procedure, the need for trained personnel, swab, and

personal protective equipment (PPE).

Williams et al,2 as well as our group3 recently showed that saliva

might be an alternative specimen for the diagnosis of COVID‐19 in

ambulatory patient settings. The advantages of saliva as a clinical

specimen include the ease and noninvasive nature of the specimen

collection, and the reduced use of the swabs and PPE. However,

during the outbreak or pandemic, availability of resources, including

reagents and laboratory capacity, might be in short of supply.4

Sample pooling for RT‐PCR has been used to detect various in-

fections, including HIV, and hepatitis B and C viruses.5,6 Specimen

pooling for the detection of SARS‐CoV‐2 using nasopharyngeal swab

specimens was demonstrated to reduce the resources and laboratory

workload in low prevalence areas.7 However, sample pooling might

decrease the sensitivity of viral detection due to specimen dilution

and the influence of storage time and conditions. In this study,

we investigated the potential of pooling saliva specimens for the

detection of SARS‐CoV‐2.

2 | MATERIALS AND METHODS

2.1 | Specimens and pooling

The storage RNA specimens extracted from saliva samples of

patients under investigation for COVID‐19 during the outbreak

in Bangkok, Thailand, in the previous study3 were retrieved. The

extracted RNA volume of 10 μL from each patient was pooled
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consecutively into pools of five samples and pools of 10 samples.

The 20 μL of RNA from each pool was used to perform RT‐PCR.
RT‐PCR of the pools was carried out using a SARS‐CoV‐2 Nucleic

Acid Diagnostic Kit (Sansure, Changsha, China), which targets the

ORF1ab and N gene fragments as previously described. The kit

also targets RNase P gene as a control. The pools that detected

either of ORF1ab and N gene fragments before 45 cycles were

retested for the detection of SARS‐CoV‐2 individually. The study

protocol was reviewed and approved by the Human Research

Ethics Committee, Faculty of Medicine Ramathibodi Hospital,

Mahidol University.

2.2 | Statistical analysis

Wilcoxon signed‐rank test was used to compare the cycle threshold

(Ct) value in the pool samples and individual samples. The negative

RT‐PCR of the target gene was set at the Ct value of 45.01 for the

statistical analysis. A one‐tailed P < .05 was considered statistically

significant. All statistical analyses were performed using GraphPad

Prism version 8 (GraphPad Software, San Diego, CA).

3 | RESULTS

Two hundred RNA specimens extracted from saliva samples were

pooled consecutively into the pools of five samples and the pools of

10 samples given a total of 40 pools of five samples and 20 pools of

10 samples.

3.1 | The pool of five samples

Of the 40 pools of five samples, there were 27 negative pools. Eleven

pools detected of both ORF1ab and N genes, and two pools detected

only N gene (Table 1). RT‐PCR of the individual RNA extracted from

saliva samples in each positive pool of either one gene or both of the

genes was performed. Ten pools contained one positive sample, two

pools contained two positive samples, and one pool contained three

positive samples (Figure 1). In the pools that contained one positive

specimen, the median Ct value of the ORF1ab gene in the pools of

five samples was higher that of the individual specimens; the median

(interquartile range; IQR) Ct values of the ORF1ab gene in the pools

of five samples and the individual specimens were 37.6 (34.8‐40.7)
and 35.1 (30.9‐36.5), respectively (P = .007). However, the median Ct

value of the N gene in the pools of five was not significantly different

from that of the individual specimens; the median Ct values of the

N gene in the pools of five samples and the individual specimens were

34.9 (32.4‐35.2) and 36.7 (32.4‐37.5), respectively (P = .138).

Ct values of both ORF1ab and N genes of the pools that contained

two or three positive specimens were lower than those of the in-

dividual specimens (Table S1).

3.2 | The pool of 10 samples

Of the 20 pools of 10 samples, there were seven negative pools.

Twelve pools detected both ORF1ab and N genes, and one pool de-

tected only the ORF1ab gene (Table 1). Of the total, 10 pools con-

tained one positive sample, two pools contained two positive

samples, and one pool contained three positive samples. The com-

parison of the Ct values between the positive pools and the in-

dividual specimens was performed (Figure 2). In the pools that

contained one positive specimen, the median Ct values of the ORF1ab

gene in the pools of 10 was 36.7 (33.7‐39.1), which was significantly

higher than that of the individual specimens (P = .001). The median

Ct value of the N gene in the pools of 10 was 34.7 (32.1‐38.9), which

not significantly different from that of the individual specimens

(P = .461). Ct values of both ORF1ab and N genes of the pools that

contained two or three positive specimens were lower than those of

the individual specimens (Table S1).

3.3 | Effect of storage condition

All Ct values of ORF1ab and N genes in this study were compared

with the Ct of immediate RT‐PCR testing for SARS‐CoV‐2 performed

in the previous study.3 A significant increase in the Ct values of the

TABLE 1 Summary of the SARS‐CoV‐2 gene detection by specimen pooling

Total Positive 2 genes Positive 1 gene Negative

Pools of 5 samples 40 11 2 27

Positive 1 in 5 10 8 2 0

Positive 2 in 5 2 2 0 0

Positive 3 in 5 1 1 0 0

Pools of 10 samples 20 12 1 7

Positive 1 in 10 10 9 1 0

Positive 2 in 10 2 2 0 0

Positive 3 in 10 1 1 0 0

Abbreviation: SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2.
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stored samples was observed (Figure 3). The median Ct value of

ORF1ab gene in the immediate testing and the stored samples were

32.7 (28.4‐35.2) and 36.3 (32.2‐39.5), respectively (P < .001), and the

median Ct values of N gene in the immediate testing and the stored

samples were 31.8 (28.3‐33.9) and 37.2 (33.4‐40.0), respectively

(P < .001). With the storage condition at −20°C for ∼2 months, one

sample that was positive when immediate RT‐PCR testing was per-

formed was classified as negative in the individual testing. The ori-

ginal Ct values of ORF1ab and N genes of the missed classified

specimen were 36.16 and 33.70, respectively.

4 | DISCUSSION

This study demonstrated the feasibility of saliva pooling as a

method for the detection of SARS‐CoV‐2 in symptomatic patients

under investigation in a low prevalence setting. We showed that

saliva pools of either 5 or 10 samples did not compromise the

detection of SARS‐CoV‐2 if an increased Ct cutoff value and the

detection of either gene from the pool were allowed for further

individual specimen tests.

The detection of SARS‐CoV‐2 from a saliva sample is convenient.

The previous studies showed that saliva might be an alternative type

of specimen for the detection of SARS‐CoV‐2 in symptomatic patients

in an acute respiratory infection clinic setting.2,3 The pooling of saliva

specimens is an appealing method for conserving testing resources in a

low prevalence area. The feasibility of the pooling of nasopharyngeal

swab specimens for the detection of the virus has been shown

recently.8,9 Similar to the nasopharyngeal swab specimen, we de-

monstrated the efficiency of saliva pooling for SARS‐CoV‐2 detection

and also revealed an increase in Ct values of the ORF1ab gene in the

pool saliva specimens that contained one positive sample. However,

there was no significant difference in the Ct values of the N gene

between the pool and the individual test. This might be explained by a

higher genetic diversity of the SARS‐CoV‐2 genome on the N gene

primer‐probe set, which might affect the efficacy of the gene detec-

tion.10 In the pool that contained more than one positive sample,

RT‐PCR testing detected the virus at lower Ct values compared to

Ct values of the individual samples, which could be explained by an

increase in viral concentration in the pool.

Although either the saliva pool of 5 or 10 samples could detect

SARS‐CoV‐2 in the specimens, pool size should be selected

F IGURE 1 Cycle threshold values of

ORF1ab (A‐C) and N genes (D‐F) in the
SARS‐CoV‐2 detectable pools of five and
individual samples. A and D, B and E, and C

and F show the pools that contained one, two,
and three positive samples, respectively.
SARS‐CoV‐2, severe acute respiratory

syndrome coronavirus 2
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according to the disease prevalence to save the test, and hence the

cost, for each negative pool.7,11 In our setting, the prevalence of

the disease was 9.0%. The total test numbers performed in

this study were 105 and 150 in the pool of five samples and the

pool of 10 samples, respectively. Therefore, the pool of five sam-

ples was more appropriate than the pool of 10 samples to decrease

the resource burden in our setting. This study described a proof‐
of‐concept of saliva pooling for the diagnosis of COVID‐19, to
conserve the available resource.

We demonstrated that the storage condition, storage time, and

freeze‐thaw affected the detection of the virus, which was consistent

with the recent study.12 This presented an important implication that

the nucleic acid testing of SARS‐CoV‐2 should be performed as soon

as possible after specimen collection. However, in resource‐limited

settings, facilities and testing capacity might not be available in those

areas. Our study showed one sample that was misclassified as

negative after storage and freeze‐thaw. False‐negative results are

of concern because infected persons might not be isolated and

can infect others.13 However, the recent study showed that re-

spiratory samples from patients with at least 8 days of symptoms and

a SARS‐CoV‐2 E gene RT‐PCR at the Ct value of more than or equal

to 24 might predict lack of infectivity.14 For the specimen that was

F IGURE 2 Cycle threshold values of ORF1ab

(A‐C) and N genes (D‐F) in the SARS‐CoV‐2
detectable pools of 10 and individual samples.
A and D, B and E, and C and F show the pools

that contained one, two, and three positive
samples, respectively. SARS‐CoV‐2, severe acute
respiratory syndrome coronavirus 2

F IGURE 3 Cycle threshold values of
ORF1ab (A) and N genes (B) in the SARS‐CoV‐2
positive samples comparing immediate testing

and testing after the storage. SARS‐CoV‐2,
severe acute respiratory syndrome
coronavirus 2
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initially positive but became negative in the individual test after the

storage and freeze‐thaw in our study, the specimen collection in this

patient was performed at day 15 after the onset of symptoms, and

the nasopharyngeal and throat swab of this patient was negative at

the simultaneous collection. The Ct values of ORF1ab and N genes

from the original saliva sample were high, reflecting the small amount

of viral load in the sample. This suggested the low chance of disease

transmission from the patient with missed viral detection in a

saliva specimen after the storage and freeze‐thaw. Further study on

saliva stabilizing solution to increase viral nucleic acid stability should

be investigated.

There were some concerns about the use of pool saliva sample

testing. The sensitivity of SARS‐CoV‐2 detection in saliva varies in

different clinical settings. SARS‐CoV‐2 detection in saliva was found

in all severe COVID‐19 patients.15 Our previous study showed that

the sensitivity of SARS‐CoV‐2 detection in saliva was 84.2% com-

paring to nasopharyngeal and throat swab in ambulatory patients

under investigation.3 However, a recent study demonstrated viral

detection in 64% of asymptomatic SARS‐CoV‐2 infected cases from

saliva specimens.16 Of note, viral loads in saliva were lower than

nasopharyngeal and throat swab. Therefore, the detection of the

virus in saliva probably affected by the severity of the disease.

Another limitation of the pooling strategy included the inability to

evaluate the adequacy of each specimen in a pool due to the loss of

ability to detect the housekeeping gene from each sample. However,

with the ease of saliva collection, the saliva pooling might be an

appealing method for mass‐screening program or sentinel surveil-

lance, especially in resource‐limited settings.

The strength of this study included the nature of our study that

performed consecutive pools of the saliva samples. This study design

simulated the real‐life situation, which included different numbers of

positive samples in the pools. We accepted the limitation that the

sensitivity of the virus detection by saliva sample pooling in this

study might be compromised due to RNA degradation during the

storage and freeze‐thaw. Also, we used the leftover extracted viral

RNA instead of the saliva sample for the pooling.

In conclusion, we demonstrated the efficiency of saliva pooling

for the detection of SARS‐CoV‐2 in ambulatory patients under

investigation for COVID‐19 in a low prevalence setting. Saliva

pooling does not compromise the sensitivity of viral detection if an

increased Ct cutoff value and the detection of either gene from the

pool are allowed for further individual specimen testing. However,

immediate RT‐PCR testing should be performed to minimize the

effect of storage conditions that can decrease the sensitivity of the

testing. Saliva pooling may facilitate the detection of the disease in

suspected symptomatic patients during the disease outbreak,

providing the advantages in the ease of specimen collection and

resource conservation.
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