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Abstract
Sample pooling testing for SARS-COV-2 can be an effective tool in COVID-19 screening when resources are limited, yet 
it is important to assess the performance before implementation as pooling has its limitations. Our objective was to assess 
the efficacy of pooling samples for coronavirus 2019 (COVID-19) compared to an individual analysis by using commercial 
platforms for nucleic acid testing. A total of 2200 nasopharyngeal swabs for SARS-COV-2 were tested individually and in 
pools of 4, 8, and 10. The cycle threshold (Ct) values of the positive pooled samples were compared to their corresponding 
individual positive samples. In pool size 10 samples, an estimated increase of 3-Ct was obtained, which led to false negative 
results in low viral load positive samples. Pooling SARS COV-2 samples is an effective strategy of screening to increase 
laboratories’ capacity and reduce costs without affecting diagnostic performance. A pool size of 8 is recommended.
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Introduction

The COVID-19 pandemic is caused by the SARS-CoV-2 virus 
and has spread worldwide (Mahmoud et al. 2021). The nature 
of the novel virus has made its prevention and control dif-
ficult. Rapid identification and isolation of individuals with 
SARS-CoV-2 infections, including asymptomatic carriers, is 
one of the main strategies for controlling the virus (Mutesa 
et al. 2021). The World Health Organization (WHO) has 
approved molecular reverse transcription PCR (RT-PCR) test-
ing of respiratory samples as a gold standard method for the 
identification of SARS-CoV-2 infection. WHO suggests 10 
negative tests to one positive test for adequate testing with a 
recommended positivity rate lower than 10% (Mahmoud et al. 
2021; Mutesa et al. 2021; Sawicki et al. 2021; WHO 2020).

Given the importance of increasing the number of tested sam-
ples to detect SARS-CoV-2, sample pooling has proven to be 

effective in terms of maximizing resources and obtaining results 
without compromising testing performance (Costa et al. 2021; 
Barak et al. 2021). Sample pooling methods differ in the number 
and size of pools into which each sample is placed. Dorfman’s 
pooling is the most straightforward pooling technique: Here, 
each sample is assigned to a pool, and each pool contains an 
equal number of samples. Samples are retested individually only 
if the pool test result is positive. If the pool is negative, then all 
samples included in the pool are considered negative (Barak 
et al. 2021). In other pooling methods, samples are assigned to 
overlapping pools to reduce the number of repeated samples 
(Barak et al. 2021; Brault et al. 2021; Grobe et al. 2021).

The aim of the study for the testing of COVID-19 samples 
by pooling is to facilitate large-scale immense screening that 
serves the community and reduces the turnaround time. Pool-
ing by groups of eight is recommended and can be efficient 
in situations with low prevalence after performing validation; 
the impact on cycle threshold was shown to be insignificant.

Materials and methods

Study design and setting

This study was conducted in Fayoum University Hospital 
Covid Molecular Laboratory over a period of 3 months from 

 * Abeer Mohamed Abdelrazik 
 abdelrazik50@hotmail.com

 Manal Niazi El Said 
 mniazy@gmail.com

 Hossam M. Abdelaziz 
 hma05@fayoum.edu.eg

1 Clinical Pathology Department, Faculty of Medicine, 
Fayoum University, Fayoum, Egypt

http://crossmark.crossref.org/dialog/?doi=10.1007/s00580-023-03445-6&domain=pdf
http://orcid.org/0000-0002-4718-9723


376 Comparative Clinical Pathology (2023) 32:375–381

1 3

September 2021 to November 2021 and approved by the 
Fayoum University Research Ethics Committee—a mem-
ber of the Egyptian Network Research Ethics Committee 
(ENREC). Informed consent was not required. Samples were 
collected from screening candidates and healthcare profes-
sionals in the hospital.

Specimen collection

The 2200 nasopharyngeal swabs were collected and trans-
ported in viral transport medium (VTM) using Dacron or 
polyester flock swabs. Samples were collected using the 
proper technique according to the manufacturer’s recom-
mendations. They were then transported at 4 °C and pro-
cessed within 24 h.

Equipment and reagents

We used the following equipment: AllSheng Autopure96 
Nucleic Extraction System, ThermoScientific Kingfish-
erFlex Nucleic Extraction System, CFX96 Touch™ Real-
Time PCR Detection System, and 3DMED ANDiS FAST 
SARS-CoV-2 RT-qPCR Detection Kit. The latter was ready 
to use and included all reagents and enzymes for the detec-
tion of the virus including RT-PCR reaction mix (850 µl/
tube), enzyme mix (150 µl/tube), and positive and negative 
controls (1000 µl/tube each).

Performance characteristics

Fayoum University Hospital Molecular Laboratory evalu-
ated and validated the performance of the 3DMED ANDiS 
FAST SARS-CoV-2 RT-qPCR Detection Kit assay using 
the Dorfman pooling strategy according to FDA’s guid-
ance in its Molecular Diagnostic Template for Laboratories 
for Emergency Use Authorization (EUA) (U. S. Food and 
Drug Administration 2021).

Analytical sensitivity/limit of detection

The data demonstrate that the 3DMED ANDiS FAST 
SARS-CoV-2 RT-qPCR Detection Kit assay detects ≤ 0.20 
copies/µl of SARS-CoV-2 whole viral genome RNA ≥ 95% 
of the time. This concentration is thus considered the limit 
of detection of the assay.

Accuracy

We performed a clinical evaluation of the pooled sample 
testing for 3DMED ANDiS FAST SARS-CoV-2 RT-qPCR 
Detection Kit with 15 nasopharyngeal swabs (10 positive 

pools and 5 negative pools) before starting to use the kit. 
Positive pooled samples were generated with the following 
strategy (Table 1):

Specificity and sensitivity

The 3DMED ANDiS FAST SARS-CoV-2 RT-qPCR Detec-
tion Kit Assay demonstrated 100% specificity and 100% sen-
sitivity (Table 2).

Study procedure

Selection criteria and considerations for pooled sample testing

1. Screening for COVID-19 for individual infections in a 
group even if there is no reason to suspect that those 
individuals are infected.

2. Screening for asymptomatic individuals who do not have 
known exposures with the intent of making individual 
decisions based on the test results.

3. Screening with the goal of identifying infected people 
before they develop symptoms or identifying infected 
people who may not develop symptoms, so that meas-
ures can be taken to prevent further spread.

4. Samples of suspected positive patients, patients having 
symptoms, and known or diagnosed positive cases are 
run individually without the use of pooling.

5. The laboratory does not report positive or indeterminate 
results of a pooled test collectively to the individuals in 
the pool.

6. Each positive pooled sample is repeated and run individ-
ually for re-extraction to identify which sample/samples 
were positive.

7. Laboratories using pooling must follow the manufac-
turer’s authorized instructions for use (IFU).

8. When introducing new detection methods, the laboratory 
validates pooling prior to use.

Table 1  Positive pooled samples strategy

Known positive Ct value

Pool 1 1 Ct ≥ 31
Pool 2 1 Increase Ct by 2 versus pool 1
Pool 3 1 Increase Ct by 2 versus pool 2
Pool 4 1 Increase Ct by 2 versus pool 3
Pool 5 1 Increase Ct by 2 versus pool 4
Pool 6 1 Increase Ct by 2 versus pool 5
Pool 7 1 Increase Ct by 2 versus pool 6
Pool 8 2 1 × high Ct + 1 × low Ct
Pool 9 3 1 × high Ct + 2 × low Ct
Pool 10 3 2 × high Ct + 1 × low Ct
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Sample pooling preparation procedure

1. One hundred positive samples with different Ct values 
and 1900 negative samples were included in the study.

2. One positive sample was included in each of the 4, 8, and 
10 pools for a total of 100 pools. Each pool contained 
one known positive and 3 known negative samples in 
the fourfold pools. There were one known positive and 
7 known negative samples in the eightfold pools; each 
well contained one known positive and 9 known nega-
tive samples in the tenfold pools.

3. Out of the one hundred positive samples, we used 25 
with a high viral load (Ct 20), 25 with a medium viral 
load (Ct 21–30), and 50 with a low viral load (Ct 31).

4. The pooled sample was prepared by pipetting the sam-
ples into an RNAse-free microcentrifuge tube to make 
up one 1000-µl pooled sample.

5. Each tube was labeled with the source plate number and 
plate position number. Each pooled sample was consid-
ered one sample and processed for extraction.

6. We included the positive and negative controls each time 
an extraction was performed.

7. Extraction elusion was collected for the amplification 
process according to the manufacturer’s instructions.

Interpretation of results

1. We first verified the success of the run before interpret-
ing sample results. In the positive control, internal con-
trol (IC)-specific amplifications were detected with a Ct 
value of ≤ 40 for the ORF1ab gene as well as the N and E 
genes. In the negative control, any specific amplification 
signal should not be detected.

2. Each patient sample from the pooled samples that 
yielded negative results based on the manufacturer’s 
interpretation was reported as SARS-COV-2-negative. 
Each patient sample from the pooled samples with a 

positive or indeterminate result was re-extracted to iden-
tify the sample(s) that is/are positive and reported as 
SARS-COV-2- positive. Individual samples with nega-
tive results are reported as SARS-COV-2-negative.

Data analysis

Differences in Ct values, means, and standard deviations 
were calculated. The delta Ct value (ΔCt) was defined as 
the absolute change in Ct value when the pooled sample was 
tested versus a positive sample that composed the pool when 
tested individually. Therefore, a positive ΔCt value (i.e., an 
increase in the Ct value of the pooled sample) represents the 
loss of rRT-PCR sensitivity as a consequence of individual 
sample dilution within the pool.

Results

The average positivity rate during the 3 months of the study 
period was calculated as shown in Table 3.

Real-time PCR for SARS-CoV-2 targeting the N-gene, 
E-GENE, and Orf1ab gene (3DMed ANDiS FAST SARS-
CoV-2 RT-qPCR Detection) used the extracted nucleic acid 
from pooled and individual samples; Ct values up to 40 with 
amplification curves were considered positive.

Table 2  Specificity and 
sensitivity of the amplification kit

Pools by 5 s Individual results Total

Positive Negative

Positive # True positive (TP) (15) # False negative (FN) (0) TP + FN (15)
Negative # False positive (FP)

(0)
# True negative (TN)
(35)

FP + TN
(35)

Total TP + FP (15) FN + TN (35) N
Concordance 100%
True positive # True positive (TP) (100%)
True negative # True negative (TN) (100%)
False positive # False positive (FP) (0%)
False negative # False negative (FN) (0%)

Table 3  The average of positivity rate in screening population over 
3 months

Number of 
positive

Number of 
negative

Positive rate

September 97 3463 2.72%
October 122 4146 2.86%
November 136 3790 3.46%
Total 355 11399 3.01%
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Our study found that the sensitivity of four-pool samples 
was 100%, eight-pool samples was 99%, and ten-pool sam-
ples was 91%. In weak positive samples with Ct values ≥ 31, 
sensitivity was decreased in 8 pools to 98% and 88% in the 
10-pool approach (Table 4).

The average Ct values were compared for individual and 
pooled samples with different viral loads (Table 5). In the 
4-, 8-, and 10-sample pools, the Ct values exceeded the indi-
vidual Ct value of the corresponding samples by 1.45, 2.5, 
and 4.16, respectively, with a higher increase in low viral 
load samples (Figs. 1, 2, and 3).

Discussion

Pooled testing is a known procedure that is usually used 
for the screening of a large number of samples to reduce 
the cost and facilitate the detection of infectious diseases 
especially in the sera of blood donors (Bilder and Tebbs 
2012; Wein and Zenios 1996). In its most basic and simple 
form, pooled testing works by mixing individual samples 
together into one pool. If the pool test result is negative, 
then all samples within the pool are considered negative. 
If the pool test result is positive, then retesting of all sam-
ples individually is needed to identify the positive sample 
(Bilder and Tebbs 2012).

Monitoring the spread of COVID-19 is very important 
to contain the disease in its early stages and to ensure that 
the healthcare system is ready and prepared for proper 
control of the pandemic (de Salazar et al. 2020; Narayanan 

et al. 2020). Reverse transcription PCR is recommended 
for SARS-COV-2 diagnosis for its high sensitivity and 
specificity (Ouma et al. 2021; Qaqish et al. 2022). The 
establishment of molecular laboratories to cover the test-
ing capacity required for massive screening to help the 
community is a real challenge, especially in low-resource 
settings, due to its high cost, limited number of available 
facilities, complex infrastructure requirements, and lack 
of trained personnel (Qaqish et al. 2022; Maniruzzaman 
et al. 2022).

The pooling method is critical in COVID-19 laborato-
ries because it can increase testing capacity to meet the 
high demand for RT-PCR during population screening 
(de Salazar et al. 2020; Costa et al. 2021; Barathidasan 
et al. 2022; Praharaj et al. 2020). However, pooling SARS-
COV-2 samples carries the risk of missing low viral loads 
due to sample dilution (Sawicki et al. 2021; Bateman et al. 
2020; Hueda-Zavaleta et al. 2022).

In our study with a 3.01% prevalence out of 2200 samples 
tested, we aimed to evaluate the efficiency of the pooling 
strategy for SARS-COV-2 in nasopharyngeal samples in 
pool sizes of 4, 8, and 10 samples. Our study showed the 
false negative rate was 0% for pools with 4 samples and 1% 
for pools with 8 samples—even with low viral load samples 
of Ct > 31.

Pooled testing affected the sensitivity of the test in the 
low viral load samples for pools of 10 with a false nega-
tive rate of 9%; however, pooling remains an efficient and 
cost-effective method to contain the epidemic in developing 
countries at low prevalence.

Table 4  Sensitivity of pooling 
according to pooling size

Ct value for individual 
positive samples

Number of 
positive samples

Clinical agreement between individual testing and 
pool testing

4 samples 8 samples 10 samples

 ≤ 20 cycles 25 25/25 (100%) 25/25 (100%) 24/25 (96%)
21–30 cycles 25 25/25 (100%) 25/25 (100%) 23/25 (94%)
 ≥ 31 cycles 50 50/50 (100%) 49/50 (98%) 44/50 (88%)
Total 100 100/100 (100%) 99/100 (99%) 91/100 (91%)

Table 5  Comparison between 
the mean Ct values of Orf1ab of 
individual test and pool testing 
of different sizes

Ct value for individual 
positive samples

Ct mean (± SD)
Orf1ab

Individual 4 samples 8 samples 10 samples

 ≤ 20 cycles 18.2 (± 1.8) 19.4 (± 1.8) 20.15 (± 0.9) 22.51 (± 1.4)
21–30 cycles 27.31 (± 2.5) 28.5 (± 2.8) 30.3 (± 1.5) 31.4 (± 2.3)
 ≥ 31 cycles 35.13 (± 0.8) 37.1 (± 0.9) 37.7 (± 2.1) 39.2 (± 2.2)
Total 26.88 (± 5.1) 28.33 (± 5.5) 29.38 (± 4.5) 31.04 (± 5.9)
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Fig. 1  Scatter plots showing 
cycle threshold (Ct) values and 
Ct shifts detected by rRT-PCR 
in four sample pools, composed 
of three negative and one posi-
tive sample, with respect to the 
individual positive samples for 
the ORF1ab gene

Fig. 2  Scatter plots showing 
cycle threshold (Ct) values and 
Ct shifts detected by rRT-PCR 
in eight sample pools, com-
posed of seven negative and one 
positive sample, with respect to 
the individual positive samples 
for the ORF1ab gene

Fig. 3  Ct value shift due to 
sample pooling. Scatter plots 
showing cycle threshold (Ct) 
values and Ct shifts detected by 
rRT-PCR in ten sample pools, 
composed of nine negative 
and one positive sample, with 
respect to the individual positive 
samples for the ORF1ab gene
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Conclusion

Based on our study, we can summarize the strengths and 
weaknesses of the pooling technique as follows:

The numbers of results obtained per day are high, that 
allow the screening of large populations; false positive 
results are low because the sample was run more than 
once, individually and in a pool. Increased throughput by 
increasing the number of samples processed in a given 
time, in addition to cost reduction by conserving materials.

The study showed limitations to the pooling technique 
due to the decreased sensitivity of low viral load sam-
ples due to dilution. Pooling increased procedure com-
plexity by adding more steps for pooling and individual 
samples to be repeated and by taking strict measures 
to prevent the possible cross-contamination of mixing 
samples together.

In conclusion, and after weighing advantages against 
limitations considering the low resource setting of the 
study, applying the pooling technique is better than not 
performing the test at all by expanding the testing capac-
ity and overcoming the bottleneck and struggles of mass 
testing, in addition to reducing the cost, time, and man-
power needs. Before implementing the pooling strategy, all 
laboratories must conduct validation studies with their kits 
and platforms for extraction and amplification at a known 
COVID-19 prevalence rate.
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