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Abstract

The molecular reverse transcription-polymerase chain reaction (RT-PCR) testing of
respiratory tract swabs has become mandatory to confirm the diagnosis of coronavirus
disease 2019 (COVID-19). However, RT-PCR tests are expensive, require standardized
equipment, and relatively long testing times, and the sample pooling method has been
introduced to solve this issue. The aim of this study was to compare the cycle threshold
(Ct) values of the individual sample and pooled sample methods to assess how accurate
the pooling method was. Repeat RT-PCR examinations were initially performed to
confirm the Ct values for each sample before running the pooled test procedure. Sample
extraction and amplification were performed in both assays to detect ORF1ab, N, and E
genes with a cut-off point value of Ct <38. Overall, there was no difference in Ct values
between individual sample and pooled sample groups at all concentrations (p=0.259) and
for all pooled sizes. Only pooled size of five could detect the Ct value in the pooled samples
for all concentration samples, including low-concentration sample (Ct values 36 to 38).
This study highlighted that pooled RT-PCR testing strategy did not reduce the quality of
individually measured RT-PCR Ct values. A pool size of five could provide a practical
technique to expand the screening capacity of RT-PCR.
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Introduction

Since the coronavirus disease 2019 (COVID-19) pandemic, the reverse transcription-polymerase

chain reaction (RT-PCR) test of respiratory tract swabs has become mandatory to confirm the
diagnosis of COVID-19 [1]. The RT-PCR test targets the ORF 1a, ORF 1b, S, and N genes of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), capable of detecting <10
copies/genome per reaction [1-6]. This is recommended by the World Health Organization
(WHO) and provides sensitivity of 90% to 100% and specificity of 100% [7]. However, RT-PCR
tests are not only expensive, but they also require standardized equipment, sample preparation
and testing procedures that require trained personnel, and long testing times [2]. This poses a
challenge, especially in developing countries with a lack of laboratory facilities and resources [2].
To address these issues, the sample pooling method has been introduced [2,7,8]. The concept of
the sample pooling method is collecting multiple swab samples in one tube (a pool) before testing
them. This approach is an alternative for testing large numbers of COVID-19 samples as it
requires less time, expenses, and reagents [2,9-14]. As the prevalence of COVID-19 decreases but
the need for screening increases, the need for pooling is essential [3,7].
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Studies recommend that in areas where the positivity rate is lower than 2%, sample pooling
should be viable [15,16]. Another study also reported the successful large-scale screening pooling
of asymptomatic populations [17]. In fact, the trend of pediatric cases during peak COVID-19
cases, which was the first year of the pandemic, was still less than 3% in North Sumatra, Indonesia
[18]. Therefore, pooled testing is considered feasible to be applied in North Sumatra. The use of
pooled testing with 5 to 25 pooled samples will reduce the number of tests required approximately
by 75%, resulting in significant cost savings [2,14,19] Studies have shown that pooling of 5 or 10
nasopharyngeal specimens can detect positive SARS-CoV-2 [15,20-22]. However, there is a
possibility that pooling of specimens may cause dilution and lead to false-negative results,
affecting the accuracy of the test [15,16,23-25]. Nevertheless, there have been no studies in North
Sumatra, Indonesia, analytically comparing the Ct values between individual and pooled samples.
Therefore, the aim of this study was to compare the Ct values generated from the individual
sample and pooled sample methods to assess how accurate the pooling method was.

Methods

Study setting and procedure

This comparative study was conducted at the Microbiology Laboratory, Faculty of Medicine,
Universitas Sumatera Utara, Medan, Indonesia, from May to June 2023. The samples were
individuals who underwent nasopharyngeal swab for RT-PCR testing. The inclusion criteria in
this study were nasopharyngeal swab samples obtained both in the asymptomatic SARS-CoV-2
infected individuals and COVID-19 patients collected at the Microbiology Laboratory, Faculty of
Medicine, Universitas Sumatera Utara with a Ct value <38, while samples with Ct values =38 or
undetected were excluded from the study. A total of 25 samples were used in this study with
varying Ct values (from low to high concentrations) and were randomly allocated in each pooled
(Table 1). The samples were further classified based on Ct values into 16 to 20, 21 to 25, 26 to
30, 31 to 35, and 36 to 38. The samples were also categorized as high concentration if their Ct
value was <25, medium if the Ct value was between 25 and 30 and low if the Ct value was >30. A
RT-PCR examination was initially performed to confirm the Ct values for each individual sample
before running the pooled test procedure. RNA extractions were performed using the automatic
instrument (AllSheng Auto-Pure 32A Nucleic Acid Purification System, Hangzhou, China) and
utilized MagBind RNA extraction kit (Maccura Biotechnology, China, Lot-1122023, Ref-
GN7101907) before the RT-PCR test was performed.

Materials and laboratory test
Samples utilized in this study were nasopharyngeal swabs collected in the Microbiology
Laboratory, Faculty of Medicine, Universitas Sumatera Utara, Medan, Indonesia. The RNA
extraction was carried out using an automatic instrument (All Sheng Auto-Pure 32A Nucleic Acid
Purification System, Hangzhou, China) and utilized MagBind RNA extraction kit (Maccura
Biotechnology, China; Lot-1122023, Ref-GN7101907). The RT-PCR machine (Roche Light
Cycler®96, Mannheim, Germany) was employed for amplification procedure. Reagent for
amplification procedure consisted of 17 uL master mix NC (ORF lab/N) PCR and 3 uL enzyme
(ORF lab/N) of Maccura SARS-CoV-2 fluorescent PCR kit (Maccura Biotechnology, USA; Lot
0822961, Ref.-EGN71031009).

At the extraction stage, 300 uL of pooled sample was mixed into 12 pL of reagent (10 uL. mag-
bind RNA and 2 pL internal control). At the amplification stage, 5 uL of extracted RNA was tested
for RT-PCR.

Pooling strategy

Pooled testing was carried out by grouping samples based on the intended group size. It was a
two-stage testing algorithm. In the first stage, samples were divided into separate groups of n
samples each, and each group was tested. In this study, we pooled 300 uL of positive samples
(marked in red) and 1200 pL of negative samples (300 uL per tube of negative samples, marked
in blue) into 10 mL tubes for the pooled test with a group size of five. Similarly, 300 L of positive
samples and 2100 pL of negative samples were pooled for group size of eight, 2700 uL of negative
samples for group size of ten, 4200 puL of negative samples for group size 15, 5700 puL of negative
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samples for group size 20, and 7200 uL of negative samples for group size 25 (300 pL per tube of
negative samples) in 10 mL tubes (Figure 1). In the second step, the pooled samples (solution A
to solution F) were extracted and RT-PCR amplified. A negative result implied that all samples
within the group were negative, whereas a positive result indicates that at least one sample in the
group was positive. In the second stage, samples from each group with positive results are
individually tested.
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Figure 1. Illustration of the solution in each pool. Each of the pool was extracted and RT-PCR
amplified.

Statistical analysis

The data analysis was conducted using the Statistical Package for the Social Sciences (SPSS)
version 21 (IBM, New York, USA). The normality of the Ct values was tested using the Shapiro-
Wilk test. The paired Student t-test for normally distributed data and the Wilcoxon test for non-
normally distributed data were used to compare the Ct values between groups. A p-value of <0.05
was considered statistically significant.
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Results

Comparison of Ct values between individual and pooled methods across various
sample sizes and viral concentrations

The distribution of individual Ct values, pooled Ct values, and the differences/shifts between the
two methods are presented in Table 1. It demonstrated the shift variations between individual
Ctvalues and pooled Ct values among sample concentrations. The biggest shift was 15.25 reported
on a 25-sample pooled in high viral concentration (Ct value 21—25) (Table 1). Our data indicated
that there was no difference in Ct values between individual sample and pooled sample groups
for all pooled sizes (from 5 to 25 pooled sizes) (Table 2).

Table 1. Distribution of Ct values in individual and pooled samples

Parameter Pooled Individual Pooled Ct value Ct value
size Ct value difference
Ct 16—20 (high concentration) 5 16.144£3.62  27.11+3.85 10.97
8 16.92+2.49 32.18+3.24 15.25
10 17.68+2.83  32.55+3.42 14.87
15 18.35+3.53 29.53+3.53 11.18
20 19.80+4.91  30.54+2.77 10.56
25 16.14+4.73  29.18+3.93 13.04
Ct 21—25 (high concentration) 5 21.03+2.90 32.65+3.62 11.62
8 21.59+2.87 35.58+2.84 13.98
10 22.454+3.91  34.05+3.93 11.60
15 23.97+£2.73  35.37£2.94 11.39
20 24.48+3.78 28.46+3.58 3.98
25 21.0344.90 36.28+3.99 15.26
Ct 26—30 (moderate concentration) 5 26.49+3.91 31.59+3.79 5.11
8 26.49+2.82 32.87+3.36 6.38
10 27.15+3.78  32.04+3.98 4.89
15 27.15+2.15  33.19+3.25 6.04
20 27.09+1.95 29.08+3.89 1.09
25 27.09+3.12  20.71+2.48 1.72
Ct 31—35 (low concentration) 5 32.97+2.95 31.19+2.94 -1.77
8 32.97+3.32  34.55+1.59 1.59
10 33.39+2.71  32.41+2.65 -0.98
15 33.39+2.31  35.13+4.85 1.74
20 34.35+2.17  36.63+3.94 2.28
25 34.35+3.94 36.82+3.63 2.47
Ct 36—38 (low concentration) 5 36.54+2.17  36.96+2.64 0.42
8 37.2743.15  Negative (38.49+3.65) 1.23
10 36.01+3.46 Negative (38.86+3.94) 2.85
15 36.96+2.45 Negative (39.12+3.83) 2.17
20 37.71£3.82  Negative (39.43+3.39) 1.72
25 36.53+2.97  Negative (39.22+3.57)  2.69

Table 2. Differences in Ct values between pooled samples and individual samples based on pooled
size

Pooled size Individual Ct value Pooled Ct value p-value
Pooled 5 26.63+8.36 31.90+3.52 0.1212

Pooled 8 27.05+8.24 34.73+2.49 0.165 2

Pooled 10 27.33+7.56 33.908+2.83 0.0567"
Pooled 15 27.96+7.40 34.46£3.49 0.054 2
Pooled 20 28.88+7.22 32.82+4.90 0.0612
Pooled 25 27.21+8.64 34.24+4.51 0.0743

a Analyzed using paired Student t-test
b Analyzed using Wilcoxon test

The overall shifts of Ct values between pooled and individual samples across the viral
concentration (initial Ct values) are presented in Figure 2. It indicated that the differences in Ct
values between individual and pooled samples were higher as the viral concentration in the
samples was lower (higher Ct values).
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Figure 2. The overall difference of Ct values between individual and pooled groups based on viral
concentrations.

Comparison of Ct values between individual and pooled samples

The comparison of Ct values between individual samples and pooled samples, based on the viral
concentration (classification of Ct values), is presented in Table 3. There were no significant
differences between the groups of Ct values 16—20, 21—25, 26—30, and 31—35, with p=0.657,
p=0.461, p=0.053, and p=0.053, respectively. The group with Ct values of 36—38 yielded a
P=0.043, indicating a significant difference between individual and pooled groups. However,
there was no significant difference between groups in the overall test (p=0.259).

Table 3. Comparison of tested Ct values between individual and pooled samples based on viral
concentrations

Viral concentration Group Mean Ct value p-value

Ct value 16—20 (high concentration) Individual 17.79+1.44 0.6572
Pooled 30.38+2.02

Ct value 21—25 (high concentration) Individual 22.70+1.49 0.4612
Pooled 33.22+2.88

Ct value 26—30 (moderate concentration) Individual 33.56+0.67 0.053?2
Pooled 33.41+1.67

Ct value 31—35 (low concentration) Individual 33.56+0.63 0.053%
Pooled 33.41+2.26

Ct value 36—38 (low concentration) Individual 36.89+0.62 0.043P
Pooled 22.70+0.90

Overall Individual 209.08+7.88 0.259P
Pooled 30.09+3.27

a Analyzed using paired Student t-test
b Analyzed using Wilcoxon test

Discussion

The sample pooling strategy for SARS-CoV-2 testing allows for increased detection rates while
maintaining sensitivity. The result of our study indicates the pooled sample size was not in line
with the shift in Ct values between the pooled and individual samples. Theoretically, as the size
of pooled samples increases, the difference in Ct values between pooled and individual samples
should decrease [22,26]. However, this was not seen in this study, as the delta Ct between groups
that was consistent with the size of pooling was in the Ct value classification of 31 to 35 only.

In samples with Ct values less than 30 (high to moderate virus concentration), the 20-
sample-pooled method demonstrated the smallest shift in Ct values between pooled and
individual samples. These differences are less than those of the 5-sample-pooled at Ct value
classifications 16 to 20 (high concentration) and were much lower than those of the 5-sample-
pooled at Ct value classifications 21 to 25 (high concentration) and Ct value classifications 26 to
30 (medium concentration). Although, for samples in the Ct value classifications 31 to 35, the
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shift in Ct values in the 20-sample-pooled was the second highest with a delta value of 2.281
(Figure 3).

Ct value 16—20 Pooled 20 Pooled 5 Pooled 15 Pooled 25 Pooled 10 Pooled 8
(high concentration) (A =10.56) (A =10.97) (A =1118) (A =13.04) (A =14.88) (A =15.24)
Ct value 21-25 Pooled 20 Pooled 15 Pooled 10 Pooled 8
(high concentration) (A =3.99) (A=11.39) (A =11.60) (A=13.98)
Ct value 26—-30
(moderate Pooled 20 Pooled 8
concentration) (A=1.09) (A=6.38)

Ct value 31-35 Pooled 20
(low concentration) (A=2.28)

Ct value 36-38 Pooled 5 Pooled 8 Pooled 20 Pooled 25 Pooled 10
(low concentration) (A=0.42) (A=1.23) (A=172) (A =2.69) (A =2.85)

Figure 3. The increasing order of delta/difference Ct values between individual samples and
pooled samples at each viral load concentration. The dark teal highlighted area represents the
pool with the lowest delta Ct value.

In samples with low concentrations (Ct value more than 36), our study showed that the
pooled size of 5 samples consistently yielded the lowest shift in Ct values between pooled and
individual samples. This finding is in concordance with a demonstration that the identification of
positive samples with low Ct values (<36) was achieved in pool sizes of 5 and 10 samples [27].
However, the false-negative rate was higher when testing samples with high Ct values (>36).

Our study also found that in the Ct value classification of 31 to 35, the Ct value of the pooled
group was lower than those in the individual group, specifically in 5-and 10-sample pooled
methods. Theoretically, Ct values are expected to increase due to dilution with negative values in
pooling. However, similar results were obtained by another study, indicating that the lower the
final Ct value, the better the detection [28]. In our study, although the 20-sample pool method
had the lowest shift, the 5-sample pool method was the only pool group that could be detected (Ct
value <38) for low-concentration samples (Ct value classification of 36 to 38). This is similar to
the results of the previous studies, which stated that at 1% infection rate, the optimal pool size is
11 and when the infection rate was 10%, the optimal pool size was reduced to 4 [26,29]. In our
study with a positivity rate of 2—3%, the 5-pooled samples proved to be in accordance with the
formula of these studies as the best optimal pool size [21,26,29,30]. Thus, the 5-sample pooled
method is the best method for pool RT-PCR without loss of sensitivity (Table 2).

The difference in Ct values between pooled and individual samples in overall pooling sizes
and Ct classification was no greater than 15.25 (i.e., pooled 25 and Ct classification of 21 to 25).
Furthermore, the results of this analytical study examining the comparison of the average Ct value
between the pooled sample and the individual sample using the Wilcoxon test showed no
significant difference between groups in the overall test (p=0.259). This indicates that pooling
has been analytically validated in diagnosing COVID-19.

The strength of this study was that we elaborated the comparison of pooling sizes and Ct
values classification between individual sample and pooling sample in more detail, whereas
previous studies only classified the Ct value of a sample as low or high concentration. These
findings might provide reliable support for the use of 5-sample-pooled method in mass RT-PCR
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swab testing, which could reduce the burden on testing laboratories and result in cost-saving of
approximately 75% [2].

Conclusion

There is no difference in Ct values between the individual sample group and the pooled sample
group. However, our data suggested that applying pooled five samples would be the best
approach. Nevertheless, further study with bigger sample size would be critical before this
strategy could be used as a standard for COVID-19 mass testing.
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