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Evaluation of Specimen Pooling for SARS-CoV-2
Testing by Real Time RT-PCR in Khon Kaen Province
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Abstract

The objective of this study was to determine the optimal pool size and evaluate the
SARS-CoV-2 (Corona virus 2019) testing by a real time RT-PCR with pooled samples compared
to a single individual sample. The results showed that the pool of 5 samples could be used to
detect the SARS-CoV-2 with real time RT-PCR. A total number of 310 nasopharyngeal swab
and throat swab samples (17 positives and 293 negatives) were tested in 62 pooled samples
compared to 310 single samples. The detection and non-detection rate of the pooled samples
were 100% comparing to a single sample. With Cohen’s Kappa analysis results indicated the
perfect agreement of these two methods (K = 1). The cycle threshold (Ct) of pooled sample
testing was greater than that of a single sample from 0.78 to 3.55 and 1.01 to 3.05 for ORF-1ab
and N gene, respectively. The Bland-Altman plots showed that the Ct differences of 17 positive
samples between the two methods were inside the limit of agreement, and their mean Ct
differences were 2.06 and 2.28 for ORF-1ab and N genes, respectively. This study showed that
a range of pool sizes from 2 to 5 samples per pool can be used to detect the presence of SARS-
CoV-2 by a real time RT-PCR. As for the COVID-19 pandemic, the pooled sample testing can
increase the test capacity of the laboratory, reducing the turnaround time of the result and save
the reagent, which was limited and expensive. Lastly, it can relieve the workload of the
laboratory. Nevertheless, the limitation of pooled sample testing is that samples with low viral

load or the Ct = 38 could appear as a false-negative result.
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Table 1 Interpretation of the SAR-CoV2 testing by real time RT-PCR

7913

Sample

Cycle threshold (Ct)

ORF-1ab (FAM)

N gene (ROX)

Internal control (Cy5)

Interpretation

Positive control <35 <35 <35 Pass
Negative control No Ct or >40 No Ct or >40 No Ct or >40 Pass
Unknown 1 No Ct or >40 No Ct or >40 <40 Undetectable
Unknown 2 <40 <40 < 40 or No Ct Detectable
Unknown 3 Only one of two targets is positive < 40 or No Ct Inconclusive
Unknown 4 No Ct or >40 No Ct or >40 No Ct or >40 Indeterminate

. 4 X do 4
(positive control) tWemiSanauyeintiesiga
pfadnsansranyld Taeld SARS-CoV-2
positive control (PC) anyanadey 13991904
A¥aaz 10 v (ten-fold dilution) Mrerhndulila
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CoV-2 genome ANNIANTUgAT8TINULES (final
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Table 2 Limit of detection of SARS-CoV-2 virus genome results in 10-fold dilution of positive control

Target gene (Ct)

Positive control Result
ORF-1ab N gene IC

1:10 28.92 28.3 31.37 Detectable
1:100 32.67 31.97 34.65 Detectable
1:1000 37.14 35.26 37.85 Detectable
1:10000 No Ct 38.71 No Ct Undetectable
1:100000 No Ct No Ct No Ct Undetectable
Positive control 25.17 25.01 28.15 PASS
Negative control No Ct No Ct No Ct PASS

Detectable: Ct of 2 target gene < 40, Ct: Cycle threshold, IC: internal control
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Y s ] d‘ 4 o 1
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IS 4 13 Y d‘d
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Table 3 Comparison of the SARS-CoV-2 genome detection in pool between final positive control
(1:1000) and pool of 6 positive samples

No. of Final positive control (Ct) Pool of 6 positive samples (Ct)

sample

in pool ORF-1ab N gene IC Result ORF-1ab N gene IC Result
1 37.14 35.26 37.85 Detectable 31.58 30.30 29.59  Detectable
3 39.01 38.94 No Ct Detectable 33.59 31.90 25.82 Detectable
5 38.85 39.91 No Ct Detectable 34.50 33.13 26.28 Detectable
8 40.69 43.29 No Ct Undetectable 35.16 33.40 25.7 Detectable
10 37.59 No Ct  No Ct Inconclusive 35.17 33.58 25.85 Detectable
15 38.69 No Ct  No Ct Inconclusive 35.15 33.72 25,55  Detectable
20 No Ct No Ct  No Ct Undetectable 35.50 33.47 25 Detectable
25 ND ND ND ND 35.52 35.34 2548  Detectable
40 ND ND ND ND 38.15 36.35 25.75  Detectable
50 ND ND ND ND 38.01 36.77  25.39  Detectable
PC 251 245  28.07 PASS 24.82 23.96 26.29 PASS
NC No Ct No Gt No Ct PASS No Ct No Ct No Ct PASS

Ct: Cycle threshold, Detectable: Ct of 2 target gene < 40, PC: Positive control, NC: Negative control, ND: Not done

Table 4 Performance of pooled test (5 samples per pool) compared with individual sample

Individual test

Sensitivity Specificity PPV NPV Kappa (K)
Detectable Undetectable

Pool test
Detectable 17 0 100% 100% 100% 100% 1
Undetectable 0 293

PPV: positive predictive value, NPV: negative predictive value

H 4 1 5%
fMoY1NTINNATIINULTE A Ct U993 ORF-1ab  TiA1 Ct LANAUIINAITATIVAILAI0E191A 87
gene uaz N gene 8¢35:1319 18.62-39.21 uaz 531319 0.78-3.55 uaz 1.01-3.05 d@ w3y ORF-
18.31-37.27 emuaidy MIATIILULUAIVGNTIN  lab gene tay N gene aud1dy (Table 5 uay
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Table 5 Comparison the SARS-CoV-2 genome results between 17 individual positive samples and pools

of 5 samples in the same positive set.

Pool Cycles threshold of target gene (Ct)
Sample ORF-1ab N gene RNase P gene (IC)
Name  |ndividual Pool of 5 CtDiff Individual Poolof 5 CtDiff Individual Pool of 5  Ct Diff
COoV1 28.57 31.61 3.04 27.71 30.74 3.03 26.48 26.54 0.06
Cov2 30.11 32.34 2.23 28.84 30.79 1.95 25.94 25.48 -0.46
COv3 31.06 32.87 1.81 29.49 31.78 2.29 27.34 24.98 -2.36
COVv4 32.90 33.68 0.78 30.43 32.12 1.69 27.83 24.82 -3.01
Cov1i4 33.33 35.62 2.29 32.44 34.48 2.04 26.67 25.09 -1.58
Cova4 31.53 34.50 2.97 30.30 33.13 2.83 29.59 26.23 -3.36
COvV25 17.68 18.62 0.94 17.3 18.31 1.01 26.26 22.88 -3.38
Covazs 21.18 24.73 3.55 21.00 23.64 2.64 26.4 23.07 -3.33
COV30 37.34 39.21 1.87 34.76 37.27 2.51 27.14 23.30 -3.84
COV35 33.06 34.50 1.44 31.48 33.01 1.53 26.65 22.88 -3.77
Cov42 21.21 23.19 1.98 19.33 22.86 3.53 23.53 23.01 -0.52
COv45 25.6 28.03 2.43 25.02 27.57 2.55 23.62 23.62 0
COov48 21.05 24.03 2.98 20.32 23.36 3.04 24.02 23.43 -0.59
COV50 35.69 36.63 0.94 34.77 36.32 1.55 24.78 23.17 -1.61
COv54 33.84 34.4 0.56 31.74 33.12 1.38 26.17 22.86 -3.31
COV59 25.88 28.37 2.49 25.42 27.92 2.5 25.06 23.07 -1.99
COVe0 22.04 24.69 2.65 21.04 23.75 2.71 25.8 23.97 -1.83
Mean 28.36 30.41 2.06 27.14 20.42 2.28 26.08 24.02 -2.05
SD 1.46 1.38 0.21 1.36 1.31 0.17 0.38 0.30 1.37

RNase P gene as the internal control, Detectable: Ct of 2 target gene < 40, Ct: cycle threshold, IC: internal control, SD: standard deviation

Fig. 1) iplanzianuuandiavesm Ct a9
s ] ‘i‘ .&I I o o ] 4

17 $9g19IUNATIINULFDINBUAVAIDEILAYD
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\ ¢ v Y ' A o

Ct aglutnaumneenivla a ¥raanuesiu

$owuaz 95 Tauda1 mean difference Ay 2.06

wazdl limit of agreement (LoA) ¥y 0.32-3.79

dm3u ORF-lab d» N gene #f1 mean

difference tMAY 2.28 war LoA (y1Ay
0.94-3.63 (Fig. 2) a1 Ct ¥99619813370LaL
s 1 = IS s s A a = s
faegratAgINANNFNAUS lunamataeInuly
52AUE 1 correlation coefficient (r) Whriy
0.9898 uaz 0.9928 5y ORF-1ab gene uaz
N gene muaay (Fig. 3)
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Fig. 1 Ct values of original (single) versus pooled samples. a) ORF-1ab gene, b) N gene
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The ORF-1ab and N gene were used to detect SARS-CoV-2 by real time RT-PCR testing, Ct: cycle threshold

Fig. 2 The Bland-Altman plot demonstrate the Ct difference of ORF-1ab and N gene compared

between positive original and pooled samples by real time RT-PCR

Ct of positive original sample

40
30 1

20 +

50 +

ORFlab gene, I =0.9898

10 +

0 10 20

30
Ct of positive pooled samples

40

40

35 1

25

Ct of positive original sample

30 1

20 -+
15 ¢
10

Ngene, =0.9928

10

20
Ct of positive pooled samples

30 40

Fig. 3 Scatter plot and Spearman correlation coefficient (r) of ORF-1ab and N gene cycle threshold

between positive original and positive pool samples
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