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Abstract

SARS-COV-2 infection has emerged worldwide. To reduce the number of cases and limit the
transmission of the virus, health, and local authorities have implemented several strategies. Mass
screening is a key strategy for mitigating the damage caused by this pandemic. This strategy is based
on the use of qRT-PCR and pooling to diagnose SARS-COV-2 infection. The present work explores
the performance and limitations of this strategy for the molecular diagnosis of SARS-CoV-2 infection.
Three important technical aspects were retained: the comparison of two commercial extraction kits
(BIGFISH & BIOER), the simulation of a non-compliant nasopharyngeal swab, and the evaluation of
the pooling strategy. 97 SARS-CoV-2 positive nasopharyngeal samples were used. The comparison
of the two extraction kits was based on threshold cycles (Ct) values. The results showed a significant
difference (IC=95%) in Ct of the nucleocapsid gene (N; p= 0.0000384) and RNA-dependent RNA
polymerase (RdRp; p=0.0254). However, no significant difference was observed between the Internal
Control gene (IC; p=0.0723) and Envelope gene (E; p = 0.150). The Ct values resulting from BIGFISH
extraction kit were generally lower than those obtained from BIOER. In terms of sensitivity, the RT-
qPCR technique allows for the detection of viral RNA up to 10-3 as a dilution factor. This study
demonstrated that the pooling strategy is an effective diagnostic technique. Positive samples
remained detectable even in pools of 1000 or even 10000 samples. However, the size of the pool under
diagnostic conditions should not exceed a limit that must be dynamically adapted to prevalence to
ensure economic and analytical viability.

Keywords: molecular diagnosis; pandemic; RT-qPCR; SARS-CoV2

Introduction

In the last two decades, the world has experienced two episodes of coronavirus-related
epidemics, beginning with SARS-CoV in 2003 in China and the second wave in 2012 related to MERS-
CoV, which has spread out in the Middle East region [1]. In December 2019, in Wuhan, Hubei
province, Republic of China, a new coronavirus (SARS-CoV-2) was identified in a group of patients
with pneumonia, which was almost identical to that caused by SARS-CoV [2,3]. In March 2020, the
World Health Organization (WHO) declared SARS-CoV2 infection a global pandemic and named it
Covid19 (Coronavirus disease 2019) [2]. SARS-CoV2 is a single-stranded RNA virus with positive
polarity [4,5]. It is a highly pathogenic virus with animal origin. It has tropism for various cells,
mainly lung cells (type Il pneumocytes), where it causes more damage[6]. Its rapid human-to-human
transmission [7], pathogenicity, high case fatality, and transmission rates have allowed it to spread
rapidly worldwide [8], causing severe damage [9,10]. States, health authorities, and international
agencies have made significant efforts to control the rapid spread and mitigate the consequent
damage caused by this pandemic. Human, material, and financial resources have been mobilized to
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face the Covid-19 pandemic wave [7,11]. The diagnosis of this disease is based on three main
components: clinical, radiological and biological [12,13]. Biological diagnosis plays a major role
among these three components. It is mainly based on RT-qPCR for the detection and identification of
SARS-CoV-2 viral genes in human nasopharyngeal swabs (NPS). RT-qPCR is one of the most specific
and sensitive techniques in biology [14]. According to the WHO, SARS-CoV2 RT-qPCR must allow
the identification of three viral genes: the nucleocapsid gene (N), envelope gene (E), and RNA-
dependent RNA polymerase gene (Rdrp) [15]. To achieve optimal control of the pandemic, the
diagnostic system must evolve dynamically to meet the high demand for tests. The purpose of this
work is to evaluate the performance of mass screening for the diagnosis of SARS-CoV-2 infection in
Souss-Massa region. This was conducted along the three main axes. The first part will involve a
comparison of two extractors/kits of nucleic acid extraction performances used for molecular
diagnostics in the Laboratory of Virology- Regional Hospital Center (RHC), Agadir. In the second
section, we will address a frequent issue encountered during the pre-analytical phase, namely non-
compliant samples, as well as the simulation of low viral load resulting from improper sampling
techniques. The final section focuses on the technical and economic assessment of the pooling
approach, which is frequently used in pandemics to increase the number of tests while saving time
and resources.

Material and Methods
The study was conducted between 23/08/20 and 02/09/20 at the Virology Laboratory of the

Regional Hospital Center (Hassan II) Agadir, Sous-Massa region, Morocco. Human nasopharyngeal
swab samples were collected in 3 ml of viral transport medium (VIM) as part of a mass screening of
SARS-CoV-2 in this region.

Ethical Approval

Ethical approval was granted by the Research Ethics Committee (REC) of the Moroccan
Association of Research and Ethics to gather human swabs from the Virology Laboratory of the
Regional Hospital Center (Hassan II) located in Agadir, Sous-Massa region, Morocco.

Sampling

A total of 97 samples from patients who tested positive for the three viral genes (E, N, and Rdrp)
of SARS-CoV2 were pre-selected. Selection was performed from the laboratory database of patients
tested during the sampling period (Figure 1).
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Figure 1. Cycle Threshold (Ct) values of included positive samples (97).

After statistical analysis of the Ct values for the 97 selected samples in Microsoft Excel 2016 and
R-Studio 1.2.1335, five samples with Ct values as described in Table 1 were retained for the
experimental study based on the following criteria:

1. Time between sampling and analysis not exceeding 48h

2. Each of the five samples was positive for all the three genes (E, N, and Rdrp).
3. Five samples showed the lowest Ct values among the four genes tested.

4.  The type of transport medium was identical for all selected samples.

Table 1. Descriptive statistics of Ct for the five included samples for the experimental study.

Target CI E N Rdrp
Mean 26,82 16,75 17,85 19,32
SD 1,17 1,21 0,80 0,50
cv 0,04 0,07 0,04 0,03
Median 27,58 16,31 17,44 19,20
Max 27,71 18,29 19,14 20,12
Min 25,29 15,42 17,17 18,79
(n) 5 5 5 5

Samples Preparation and Pooling

Samples Dilution

Sample dilution was carried out using the "GUANGDONG ARDENT BIOMED Co, Ltd"
transport medium. A volume of 3 ml contained in each tube was mixed in a sterile RNase-free flask,
and the dilution procedure was performed in a laminar flow PCR hood “ESCO class II BSC,
AirStream®”. Sterile 1.5 ml tubes previously identified were used to prepare the different dilutions.
Both primary and diluted samples were kept in an ice bath to avoid nucleic acid degradation during
the process. The dilution protocol is illustrated in Figure 2.
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Figure 2. Samples preparation protocol (Dilution prepared by VIM).

Pooling Strategies

Different pooling strategies were tested (pools of 5, 10, 100, 1000, and 10000 samples). Pooling
was prepared using a pool of samples already tested negative for all the viral genes of SARS-CoV2
(negative pool). Pooled samples were prepared by diluting the five selected positive samples using
negative pool. The pool of negative samples had a Ct value of 28.99 for the internal control gene.

Nucleic Acid Extraction
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Nucleic acid extraction was conducted in a biosecurity level-2 (BSL-2) virology laboratory. The
extraction was performed using two kits of 96 deep-well plates. Both kits are based on the magnetic
bead extraction method: «GenePure Pro, NPA-32P, BIOER Technology » and « BIGFISH, Biological
technology”. A total of 60 samples (5 NPS samples x 5 dilutions and 5 pooling strategies) were
subjected to extraction.

For each sample, extraction was performed using both extraction kits. For the BIGFISH
extraction Kit, 200ul of the NPS sample was needed for the extraction process while 300ul with 10ul
of proteinase K as a proteolytic agent was required for the BIOER kit. To compare the extraction kits,
we used the same NPS sample volume for both kits (200ul), in addition to 100ul of VIM for the
BIOER Kit to reach the extraction volume of 300ul recommended by the manufacturer.

SARS-CoV2 RNA Detection by RT-gPCR

After nucleic acid extraction, RT-qPCR was performed for the detection of SARS-CoV2 RNA.
We used a multiplex kit (GeneFinder™ COVID-19 Plus RealAmp Kit) provided by the company
OSANG Healthcare Co, Ltd. This Kit allows the detection of three viral genes (N, E and Rdrp), in
addition to the internal control of ribonuclease P (RNase P) for the optimal detection of SARS-CoV2
in human specimens. Primers and probes used in this kit have 100% homology with 3079/3080 SARS-
CoV2 sequences published in NCBI and GISAID databases [16,17]. The reaction Mixture (MasterMix)
was prepared in a PCR laminar flow hood using the following proportions: 10ul of Reaction Mixture
+ 5ul of Probes and primer mixture. 15ul of MasterMix was distributed into a 100ul 96-Wells PCR
plate, 5ul of purified RNA from extracted human samples was added to the MasterMix using a
multichannel pipette.

Reactions were carried out in an automated amplification system (Thermo Fisher QuantStudio
5, Applied Biosystems) according the following thermal profile: reverse transcription (50°C-20 min-1
cycle), pre-denaturation (95°C-5 min-1 cycle), and then 45 cycles of amplification: denaturation (95°C
for-15 sec) and annealing (58°C for 60 sec). Fluorescence was measured using specific dyes (Table 2).

Table 2. Targets and fluorescence channels setting.

Targets Fluorescence (Reporter dye)
Rdrp FAM (C21H1207)
N JOE (C27Hi17Cl2NOn)
E Texas Red (Cs1H29CIN2065z2)
CI Cy5 (Ca2H3z9CN202)

Statistical Analysis

Statistical analysis was performed using R-Studio Version 1.2.1335. Ct values of each target were
compared using the parametric ANOVA test for means comparison after a verification of normality
and homogeneity (Bartlett test) using the package Remdr V2.7-0. Statistical significance was set at p
< 0.05. The online software (Shiny App for Pooled Testing) [18] was used to simulate the economic
efficiency of different pools tested according to prevalence circumstances.

Results

Comparing Extraction Kits

The real-time amplification results showed amplification curves for the three viral genes (E, N,
and Rdrp) specific to SARS-CoV2 as well as the internal control (RNase P) for all undiluted samples
extracted with both kits. Both BIGFISH and BIOER have shown typical amplification curves
(sigmoidal curve), with significant fluorescence levels for all tested samples. Figure 3 illustrates
amplification curves for simple N°1.
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Figure 3. Amplification curves for sample N°1 for both kits BIOER (A) and BIGFISH (B).

The mean Ct values of IC, E, N, and Rdrp genes were respectively; 26.82+1.17; 16.75+1.21 ;
17.85+0.80 ; 19.32+0.50 (Figure 4).
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Figure 4. Correlation between means Ct values with dilution factors for BIGFISH (A) and BIOER (B) kits.
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One way ANOVA test results (P-values) showed that there is a significant difference between
extraction kits, based on N (0.0000384) and Rdrp (0.0254) genes. However, no significant difference
was observed for the E (0.150) and IC (0.0723) genes.

Both extraction kits presented satisfying results. BIGFISH had 96.67% (29/30) positive percent
agreement (PPA), and 3,33% (1/30) invalid result (no amplification for IC target). BIOER had 86,67%
(26/30) PPA, and 3,67% (2/30) invalid results and 3,67% (2/30) negative results. All false negative and
invalid results have been recorded on high dilution rates (>102). Table 3 summarized final RT-qPCR
results for both extraction kits.

Table 3. Positive rates of 4 genes for both extraction kits.

BIGFISH BIOER
CI Gene 29/ 30 30/ 30
E Gene 29/ 30 22/30
N Gene 30/30 27/30
Rdrp Gene 30/30 26/30
Positive rate 29/30 (96.67%) 26/30 (86,67%)
Negative rate 0/30 (0%) 2/30 (6,67%)
Invalids 1/30 (3,33%) 2/ 30 (6,67%)

Simulation of a Non-Compliant Nasopharyngeal Swab Sample

GeneFinder™ COVID-19 Plus Real Amp Amplification Kit has a multiplex of 4 genes, the RNase-
P gene as an Internal Reaction Control. This target controls the process of sampling, extraction, and
amplification performances. We used a ratio of the Ct values of viral genes and the Ct of RNase P
gene to normalize SARS-CoV2 RT-PCR results taking on consideration the preanalytical process of
sampling. Figure 5 illustrates Ct (viral genes) / Ct (internal control) Ratio for tested simples in different dilutions.
Results demonstrate that the ratio remained stable between different dilutions of five positive
samples.

N gene - IC gene Ratio Rdrp gene - IC gene Ratio
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Figure 5. Evolution of CT (viral genesy CT (internal contron) across dilutions.

The coefficients of variation (CV) of ratios across dilutions varied between (1.9 and 4.3%), (4.1
and 7.6%), (2.5 and 6.5%) for the E, N and Rdrp genes respectively. Those results suggested that there
is no significant difference between ratios (Table 4).
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Table 4. Means CV values for CT (viral genesyy CT (intemal control) Ratios of different genes in tested samples.

CT gner) /CTicnRatio  CT @enen /CTienRatio  CT (gene Rarp) /CTcp Ratio

Mean Ccv Mean Cv Mean Cv
Sample 1 0,944 0,034 0,826 0,041 0,888 0,025
Sample 2 0,918 0,030 0,800 0,061 0,871 0,030
Sample 3 0,865 0,028 0,762 0,052 0,833 0,029
Sample 4 0,696 0,044 0,640 0,076 0,684 0,065
Sample 5 1,055 0,019 0,928 0,041 0,985 0,043

Impact of Pooling Strategy on SARS-CoV2 RT-qPCR Results

Technical Evaluation of Pooling Strategy

Different pooling strategies were tested. A correlation between Mean Ct values and pool size
was performed to illustrate the variation of Ct values in different pools. Based on R?, there is a strong

positive correlation between Ct values and pool size. Ct value increases with the pool volume (Figure
6).

40
| = CI

16 —

T T T T T T T T T T T
Pure P5 P10 P1o0 P1oo0 P1oo000

Pool size

Figure 6. Correlation between means Ct values with different Pool strategies tested.

The difference between the Ct values “ACt” for primary samples and different Pools tested vary
between (2.566 - 13.78), (2.364 - 12.596) and (2.377 - 14.657) for the three genes (E, N, Rdrp).

For an assessment of the impact of pooling, an ANOVA test was performed to compare different
strategies tested for all included samples.

For the internal control Ct; the mean Ct value of different pools was 29.95 (CV=0.0507), the p-
values vary between 0.679 and 1.00. This result suggested that there is no significant difference
between pools.

For viral genes, the mean Ct values of different Pools are; 25.60, 26.18 and 27.88 for E, N, Rdrp
genes respectively. p-values obtained from ANOVA test comparing Ct from pools (P5, P10) with
primary samples suggest no significant difference (p>0.05). On the other hand, Ct values resulting
from Pools of 100 to 10000 are statistically different from primary samples (p-values*** <0,05). Table
5 summarized ANOVA test comparing different pooling strategies.
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Table 5. ANOVA test results for different pool strategy.

P-Value
Compared Pool strategies CI E N Rdrp
P100 - P10 1.000 0.1394 0.2336 0.2166
P1000 - P10 0.892 <0.001 ***  <0.001 *** 0.0014 **
P10000 - P10 0.868 <0.001 ***  <0.001 *** <0.001 ***
P5-P10 0.919 0.9685 0.8474 0.8971
Pure - P10 0.679 0.0911 0.0450 * 0.0825
P1000 - P100 0.957 0.0911 0.1524 0.2194
P10000 - P100 0.943 <0.001 ***  <0.001 *** <0.001 ***
P5 - P100 0.972 0.0279 * 0.0218 * 0.0275 *
Pure - P100 0.805 <0.001 ***  <0.001 *** <0.001 ***
P10000 - P1000 1.000 0.1504 0.1546 0.0420 *
P5 - P1000 1.000 <0.001 ***  <0.001 *** <0.001 ***
Pure - P1000 0.998 <0.001 ***  <0.001 *** <0.001 ***
P5 - P10000 1.000 <0.001 ***  <0.001 *** <0.001 ***
Pure - P10000 0.999 <0.001 ***  <0.001 *** <0.001 ***
Pure - P5 0.996 0.3546 0.3861 0.4707

Economic Evaluation of Pooling Strategy

The analysis on the online software (Shiny App for Pooled Testing), demonstrates that the
application of pooling approach requires consideration of the particularities of each region in terms
of prevalence and workflow. For instance, in a population with a prevalence of 0.1%, the pool of 10
samples can offer a test saving rate up to 88% (120 tests/1000 samples). However, in populations with
a prevalence of 20%, the saving rate will not exceed 5%, which is negligible in view of the additional
burden of individual tests arising from positive Pools, the risk of contamination and the extra time
caused by delays (Table 6).

Table 6. Simulation of economic viability of different pooling strategies.

g Pool of 3 samples Pool of 4 samples Pool of 5 samples Pool of 10 samples
)
?; & Number of Economy Number of Economy Number of Economy Number of Economy
& PCR tests PCR tests PCR tests PCR tests
01 350 65% 260 74% 210 79% 120 88%
0,2 350 65% 270 73% 220 78% 130 87%
0,5 360 64% 280 72% 230 77% 160 84%
1 370 63% 300 70% 260 74% 200 80%
2 400 60% 330 67% 300 70% 280 72%
5 480 52% 430 57% 420 58% 490 51%
8 550 45% 530 47% 530 47% 640 36%
10 600 40% 580 42% 590 41% 720 28%
15 710 29% 710 29% 730 27% 860 14%
20 800 20% 810 19% 840 16% 950 5%

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Discussion

This study aims to evaluate the performance of SARS-CoV-2 mass screening approach in the
Souss-Massa region of Morocco. Given the unprecedented wave of the Covid-19 pandemic and the
emergence of novel detection kits, there exists a need for a systematic evaluation of their effectiveness.
In this context, the RT-qPCR-based assay has been introduced as a routine diagnostic tool for the
detection of SARS-CoV-2 genome in infected patients. However, a comprehensive assessment of its
performance in the context of mass screening is lacking. Thus, this study seeks to fill this knowledge
gap and contribute to the existing literature. Furthermore, it is noteworthy that a few recent
publications have examined the efficacy of the SARS-CoV-2 RT-qPCR method, thus providing
valuable insights into its diagnostic capabilities [19-21].

The comparison of both extraction kits showed a significant difference between the Ct values for
the Rdrp and N gene (p<0.05), while no significant difference was observed for IC and E genes
(p>0.05). Amplification curves of different samples extracted by BIGFISH Kit recorded generally
lower Ct values than the BIOER Kit. The mean Ct values recorded for BIGFISH and BIOER
respectively are; 30.40 versus 28. 37 for IC gene, 23.47 versus 29.79 for N gene, 25.69 versus 27.95 for
E gene and 25.23 versus 28.42 for Rdrp gene. Two comparative studies were conducted to assess the
efficacy of different extraction techniques. The first investigation compared the magnetic bead-based
extraction technique (MagMax™) with the Phenol-Chloroform method (TRIzol™) and the column
extraction method (Mini Spin Plus Biopur®). The findings revealed no statistically significant
difference in cycle threshold (Ct) values among the tested methods (P>0.05) [22,23].

Another study by Chu et al. (2020) examined the effectiveness of an extraction method
combining Proteinase-K and heat versus a method relying solely on heat, using various sample types
such as saliva and nasopharyngeal swabs (NPS). The results indicated that the combined Proteinase-
K and heat method yielded more favorable outcomes, with earlier Ct values, compared to the heat-
only method [24]. These findings contradict our own study results, which suggest that the BIGFISH
Kit produces slightly superior results compared to the BIOER kit, which utilizes Proteinase-K.

Following the interpretation of the final results, it was observed that BIGFISH kit exhibited a
superior positive rate of 96.6% in comparison to the BIOER, which demonstrated a positive rate of
86.6%. The false negative rate for the BIGFISH kit was 0%, while the BIOER kit displayed a false
negative rate of 6.6%. Regarding invalid results, the BIGFISH kit yielded a rate of 3.3%, whereas the
BIOER kit showed a higher rate of 6.6%.

Both kits demonstrated invalid and negative results when tested with a 10-4 dilution. These
findings indicate that both methods possess a 100% predictive capacity for detecting positive samples
with low viral loads, specifically up to 10-3 times the load of the primary sample. These outcomes
align with the findings of a study conducted by Chu et al. (2020), which explored a duplex Kit
targeting Rdrp and N genes. The study revealed a detection capacity of up to 10-3 dilution for Rdrp
and 10-4 dilution for the N gene [14].

The importance of the sampling step in the pre-analytical process cannot be overstated, as it
exerts a profound influence on the quality of the subsequent analytical results [25,26]. Despite
advancements in the analytical performance of molecular tests, the potential for erroneous outcomes
due to pre-analytical errors persists. Such errors may arise from improper sample collection,
suboptimal transportation, and inadequate storage conditions [27,28]. To shed light on the pre-
analytical and analytical vulnerabilities inherent in the molecular diagnosis of SARS-CoV-2, a recent
study conducted by G. Lippi et al. in 2020 provides valuable insights and proposes practical
guidelines and recommendations to mitigate the risk of errors [29].

The identification of low quantities of viral RNA plays a pivotal role in the identification of
individuals who are in the early stages of infection and those who carry the virus without exhibiting
any symptoms. In accordance with the technical guidelines provided by the supplier of the Kit, a CT
value surpassing the specified threshold (CT=35) or yielding an indeterminate outcome for the
internal reference control gene of RNase-P signifies an inconclusive result. Such cases necessitate
either the repetition of the test or the acquisition of a secondary sample. The detection of limited
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amounts of viral RNA assumes utmost significance for the identification of early positive patients
and asymptomatic carriers who possess meager viral loads, particularly during the period of
recuperation.

Given that the quality of the sampling technique directly influences the Ct value of the internal
control, it is crucial for the swab to reach the nasopharyngeal cavity to collect an adequate quantity
of epithelial cells. In addition to the classic interpretation proposed by the amplification kit
manufacturer, FDA, and CDC, which primarily relies on Ct values of viral genes to estimate viral
load, we used the ratio of Ct (viral gene)/Ct (IC gene). This ratio allows normalization and comparison
of SARS-CoV2 qPCR between different samples. A smaller ratio corresponds to a higher viral load.
For the tested samples in this study, we observed that the Ct (viral gene)/Ct (IC gene) ratio remained
stable across the tested dilutions, with minimal variation coefficients (CV) ranging from 1.9% to 4.3%
for the E gene, 4.1% to 7.6% for the N gene, and 2.5% to 6.5% for the Rdrp gene, respectively. The
stability of this ratio across different diluted samples proposes its use to compare viral load,
considering the quality of the sampling process to avoid false negative results.

The concept of pooling samples was first introduced by Dorfman, 1943 [30]. This approach has
been previously utilized for the detection of the human immunodeficiency virus (HIV) and viral
hepatitis B and C in blood donors [31], and it has also been extensively employed during the current
pandemic to increase the efficiency of reverse transcription quantitative polymerase chain reaction
(RT-gPCR) testing and optimize the consumption of reagents. Several recent studies have described
and evaluated pooling strategies for SARS-CoV-2 screening, employing various approaches [32-35].
In our study, we conducted experiments to test multiple pooling strategies as outlined in the
experimental protocol. We practically demonstrate the usefulness of pooled sampling and its ability
to detect viral presence even in highly diluted samples.

Regarding the internal control gene, the mean Ct value across different pools was 29.95 with
0.679 <p< 1.00. For the three viral genes, the results of the analysis of variance (ANOVA) test reveal
that pooling strategies involving five (P5) up to ten samples (P10) shows no significant difference
compared to the primary samples (p > 0.05). However, for other pooling tested strategies (P102-P104),
statistically significant differences were observed compared to the primary samples.

Based on the results of comparison tests and the strong positive correlation observed between
CT values and pool volume (R2~1), the pooling increases the Ct values of viral genes. The average
ACT for the E, N, and Rdrp genes were 2.76, 2.52, and 2.93, respectively. The ranges of ACT between
different pools and the primary sample were 2.566 to 13.78 for the E gene, 2.364 to 12.596 for the N
gene, and 2.377 to 14.657 for the Rdrp gene. Those results align with previous studies that have
evaluated various pooling strategies (2 to 64 samples) for different SARS-CoV-2 targets [32,33,35-37].

Our results suggest that positive samples can still be detected in large pools up to a size of 104,
as evidenced by a positive rate of 29 out of 30 (96.7%) among the tested samples. However, it is
important to note that the limitation of ACT, which can reach up to a 14.6-cycle difference from the
primary sample, can lead to false negative results. Considering these findings, large pooling
strategies are only applicable to samples with high viral loads, as supported by recent studies that
have evaluated samples with varying viral loads (low, medium, and high). These studies have
reported that low viral load samples may not be detectable in large pools consisting of more than five
samples [33,33,38]. For instance, a study by Wacharapluesadee et al. (2020) indicated a false negative
rate of 13.3% for samples with low viral loads [39].

Although pooling has demonstrated positive impacts in terms of increasing the number of tests
conducted and optimizing time and resources, several considerations need to be taken into account.
These include the potential loss of sensitivity associated with using large pool sizes, the need for
concentration and precision during sample handling, and the high risk of contamination. The
efficiency of pooling is directly influenced by the prevalence of the disease and the desired economic
aspects. In situations with higher prevalence rates, the additional workload of sorting and
individually testing samples from large positive pools becomes impractical [32].
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To assess the economic efficiency of pooling under different prevalence scenarios, we utilized
an online analysis software called Shiny App for Pooled Testing [18]. Simulation results showed that
when the prevalence is 0.1%, pooling strategies involving 5 to 10 samples can achieve more than 88%
cost savings (120 tests out of 1000 samples). However, when the prevalence increases to 20%, the cost
savings do not exceed 5%.

Another important aspect to consider is the necessity of optimal monitoring of the preanalytical
process, particularly during the sampling stage. Improperly collected positive samples that are
pooled with negative samples can result in false negative results, even if the internal control CT value
(RNase-P of other samples) appears valid. Thus, careful attention must be given to the sampling
process to avoid such issues.

Conclusion

This study highlights many aspects of the molecular diagnostic of SARS-CoV2 in pandemic
circumstances, and reveals the importance of proper sample collection to ensure an adequate
diagnostic. Pooling approach in diagnostic testing has shown potential benefits in terms of increased
efficiency, resource optimization, and cost savings. While it can be a valuable tool, careful
consideration of its limitations and appropriate implementation is necessary for optimal results in
diagnostic testing.
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