
 

Coronavirus Pandemic 
 
The efficiency of selective pooling strategy in a COVID-19 diagnostic 
laboratory 
 
Rebriarina Hapsari1,2,3, Irfan Kesumayadi1, Nani Maharani1,2, Endang Mahati1,2, Ferdy Kurniawan 
Cayami1,2, Sutopo Patria Jati2,4 

 
1 Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia 
2 Diponegoro National Hospital, Semarang, Indonesia 
3 KRMT Wongsonegoro Hospital, Semarang, Indonesia 
4 Faculty of Public Health, Universitas Diponegoro, Semarang, Indonesia 
 
Abstract 
Introduction: Mass testing is essential in the surveillance strategy for fighting the COVID-19 pandemic. It allows early detection of suspected 
cases and subsequently early isolation to mitigate spread. However, the high cost and limited consumables and reagents hinder the mass testing 
strategy in developing countries such as Indonesia. The specimen pooling strategy is an option to perform mass screening with limited 
resources. This study aims to determine the positivity rate cut-off and to evaluate the efficiency of pooling strategy for the laboratory diagnosis 
of COVID-19. 
Methodology: Between August 4th, 2020, and November 11th, 2020, a four-sample pooling strategy testing to detect SARS-CoV-2 was carried 
out at the Microbiology Diagnostic Laboratory of Diponegoro National Hospital, Semarang, Indonesia. Pools with positive results were 
subjected to individual specimen retesting. Spearman’s correlation and linear regression analysis were used to determine the best positivity rate 
cut-off to apply pooling strategy.  
Results: A total of 15,216 individual specimens were pooled into 3,804 four-sample pools. Among these pools, 1,007 (26.47%) were positive. 
Five hundred and ten (50.64%) were 1/4 positive. A maximum positivity rate of 22% is needed to save at least 50% extraction and qRT-PCR 
reactions in a four-sample pooling strategy. CT values between individual specimens and pools showed a good interval agreement. 
Conclusions: Pooling strategy could reduce personnel workload and reagent cost, and increase laboratory capacity by up to 50% when the 
positivity rate is less than 22%. 
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Introduction 

Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) infection or Coronavirus Disease 
(COVID)-19 was declared a global pandemic by the 
World Health Organization on March 11th, 2020, after 
it was reported to cause clusters of pneumonia cases 
resembling SARS in Wuhan, China [1]. This recently 
discovered disease has been demonstrated to be highly 
contagious, with an unpredictable disease course, 
resulting in severe physiological and mental effects, as 
well as individual and social consequences, leading to 
healthcare system failure and economic stagnation in 
affected countries [2,3]. A short-range droplet 
transmission from the infected person was the main 
entry route to the human respiratory tract. Global 
transportation leads to the spread of the disease and 
increased transmission rate [4]. 

With its unique archipelagic geography and uneven 
population distribution, Indonesia has a huge challenge 
to combat COVID-19 [5]. In mid-April 2020, the total 
SARS-CoV-2 molecular testing capacity reached 
35,000 but it still did not achieve the number 
recommended by the WHO, i.e. 1 per 1000 people each 
week [6,7]. By the end of July 2020, up to 24,000 
samples were waiting to be processed. Meanwhile, up 
to 2,000 new reported cases of COVID-19 were 
reported per day. The latter number, however, was 
estimated to be much lower than the actual figures due 
to low screening and testing capacity. 

Mass screening is one of the strategies to fight 
against COVID-19 [8]. Unfortunately, due to its high 
population and uneven distribution of Polymerase 
Chain Reaction (PCR) tests, Indonesia’s mass 
screening was challenging in the first year of the 
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COVID-19 pandemic due to higher needs for 
consumables and reagents for diagnostic testing. Lack 
of human resources, high demands for consumable 
materials, Deoxyribonucleic Acid/ Ribonucleic Acid 
(DNA/RNA) purification kits, and PCR kits hinder the 
applicability of mass screening strategy in Indonesia.  

A pooling strategy, which pools multiple 
nasopharyngeal swabs into one pooled specimen that 
undergoes one RNA extraction followed by one PCR 
reaction, can be applied to achieve mass screening. 
Pooling strategy was previously used in other 
pathogens. The specimen pooling strategy may 
significantly reduce personnel workload and cost for 
diagnostic tests while also increasing laboratory 
capacity [9]. However, there is a concern regarding the 
test sensitivity that may be reduced due to sample 
dilution [10]. Carrying out pooling testing without 
knowing the pre-test probability will lead to a high 
number of retests, which in turn increases workload, 
costs, and turnaround time [11]. Therefore, we carried 
out a selective pooling strategy for asymptomatic 
groups and samples from mass random screening. This 
article aims to determine the positivity rate cut-off and 
to evaluate the efficiency of pooling strategy for the 
laboratory diagnosis of COVID-19. 

 
Methodology 

Between August 4th and November 11th, 2020, a 
four-sample pooling strategy testing to detect SARS-
CoV-2 was carried out at the Microbiology Diagnostic 
Laboratory of Diponegoro National Hospital, 
Semarang. As one of the COVID-19 network 
laboratories in Indonesia, it received specimens from 
districts in Central Java Province, Indonesia. 

Four different individual viral transport medium 
(VTM) swab specimens, 50 µL each, were pooled in a 
single tube in our pooling strategy. Not all specimens 
sent to our laboratory were pooled. Criteria for pool 
testing were swabs taken from asymptomatic 
individuals and the ones taken from mass screening 
regardless of the symptom. Two or more samples taken 
from the same individuals were grouped into one 
sample tube. Meanwhile, the swabs from symptomatic 
suspects and swabs for follow-up were not pooled. We 
did not pool samples from the regency or district which 
had more than half of pool specimen positive in the 
previous day until we saw a decrease of their daily 
positivity rate < 30%.  

The pools then underwent RNA extraction and 
Real-Time Quantitative Reverse Transcription 
Polymerase Chain Reaction (qRT-PCR) using available 
SARS-CoV-2 RNA and qRT-PCR detection kits. For 
RNA extraction, we used DaAn Gene RNA/DNA 
Purification Kit Magnetic Bead and Spin Column 
(DaAn Gene Co. Ltd., Sun Yat-Sen University, 
Guangzhou, China), Liferiver Viral DNA/RNA 
isolation kit centrifuge column (ZJ Bio-Tech Co., Ltd., 
Shanghai, China), and QIAamp 96 virus QIAcube HT 
Kit (Qiagen, Valencia, CA). Meanwhile, for SARS-
CoV-2 qRT-PCR, we used DaAn 2019-nCoV 
Diagnostic kit regular (DaAn Gene Co. Ltd., Sun Yat-
Sen University, Guangzhou, China), Allplex 2019-
nCoV assay (Seegene, Seoul, South Korea), mBioCoV-
19 RT-PCR kit (Biofarma, Bandung, Indonesia), and 
Liferiver 2019-nCoV Real-Time Multiplex RT-PCR 
Kit (ZJ Bio-Tech Co., Ltd., Shanghai, China). The 
reagents were randomly used during the study based on 
the supply from the government and other donors. The 
PCR machine used was LightCycler 480 and 
LightCycler 96 (Roche, Penzberg, Germany), and 
Quantstudio5 (Applied Biosystems, Thermo Fisher 
Scientific, Singapore). We used three different PCR 
machine to avoid the delay in laboratory turnaround 
time. 

A pool showed positive amplification by at least 
one target gene (RdRp, N, E, and Orf1ab) with a Cycle 
Threshold (CT) value < 45 was regarded as a positive 
pool. The respective individual specimens contributing 
to positive pools were examined individually. For 
individuals who has two or more specimens taken and 
sent on the same day, we mixed the specimens into one. 
Individual specimens were regarded as positive or 
negative based on the manufacturer’s criteria for each 
kit used. The diagram of our pooling examination is 
depicted in Figure 1. 

 

Figure 1. Diagram of our pooling examination. 
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Statistical Analysis 
Spearman’s correlation and linear regression 

analysis were used to determine the best positivity rate 
cut-off to apply the pooling strategy during the study 
period. A Bland-Altman plot was used to identify the 
interval of agreement of CT values between individual 
specimens and pools. SPSS 25 for Windows was used 
for all analyses. A Kruskal-Wallis’s test was used to 
evaluate whether CT value differences between pool 
and individual specimens tested with the three reagents 
were equal. 

 
Ethics Statement 

This study has been approved by the Institutional 
Review Board of the Faculty of Medicine, Universitas 
Diponegoro.  

 
Results 

During the study period, our lab received 42,032 
nasopharyngeal/ oropharyngeal swab specimens for 
SARS-CoV-2 qRT-PCR. Of those, 15,216 (36.2% of 
the total specimen) met our criteria for pooled testing. 
Thus, we carried out 3,804 four-sample pooled testing. 
Among these, 1,007 pools (26.5%) were positive. In 
these positive pools, there were 4,028 specimens from 
3,921 subjects. After individual examination of 
specimens from these 3,921 subjects, it was shown that 
most of the positive pools were 1/4 positive (50.6%) 
(Table 1).  

In the present study, the number of positive pools 
strongly correlated with the number of positive 
specimens found daily during the study period (Figure 
2, r = 0.921, and p < 0.001). A simple regression test 
showed an equation as Y = 0.492 × X - 2.426. 

 

The Efficiency of Pooling Strategy 
Instead of performing individual 15,216 extractions 

and qRT-PCR reactions, our pooling strategy 
performed 3,804 (number of pools) plus 3,921 (number 
of individual specimens from positive pools) reactions. 
By this, we saved 7,491 (49.2%) reactions. 

 
The CT Value 

We analysed the CT value difference between 
positive pools and individual positive specimens (only 
from 1/4 positive pool) of each qRT-PCR kit. 

 
Liferiver 2019-nCoV Real-Time Multiplex RT-PCR Kit 

A total of 337 pools were tested using Liferiver 
2019-nCoV Real-Time Multiplex RT-PCR Kit, in 
which 62 pools were positive. Fifteen pools met the 
criteria for Bland-Altman analysis. The mean 
difference of CT values among E, Orf1ab, and N genes 
was under 2 (Table 2). The Bland-Altman plots showed 
good interval agreement and no proportional bias of 
pool specimens compared to individual specimens 
(Figure 3).  

 
DaAn 2019-nCoV Diagnostic kit regular 

A total of 2,378 pools were tested using DaAn 
2019-nCoV Diagnostic kit regular, in which 557 pools 
tested using were positive. Three hundred and eleven 
pools met the criteria for Bland-Altman analysis. The 
mean difference of CT values among the Orf1ab and N 
genes was under 2 (Table 2). The Bland-Altman plots 
showed good interval agreement and no proportional 
bias of pool specimens compared to individual 
specimens (Figure 3). 

 
Allplex 2019-nCoV assay 

A total of 1,007 pools were tested using Allplex 
2019-nCoV assay, in which 385 pools were positive. 
Ninety-eight pools met the criteria for Bland-Altman 
analysis. The mean difference of CT values among E, 
N, and RdRp genes was under 2.5 (Table 2). The Bland-
Altman plots showed good interval agreement and no 
proportional bias of pool specimens compared to 
individual specimens (Figure 3). 

Table 1. Number of positive individual specimens among 
positive pools. 

Number of positive 
individual specimens Number of pools; n (%) 

1 510 (50.64) 
2 317 (31.48) 
3 135 (13.41) 
4 45 (4.47) 

Total 1007 (100) 
 

Figure 2. A scatter plot showing a correlation between the 
number of positive pools and the number of positive specimens. 
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  Table 2. CT values of pools and individual specimens tested among reagents. 

 E1 
(Mean ± SD) 

Orf1ab2 

(Mean ± SD) 
N3 

(Mean ± SD) 
RdRp4 

(Mean ± SD) 
Liferiver 2019-nCoV Real-Time Multiplex RT-PCR Kit 
CT values of pools 32.79 ± 4.17 33.88 ± 5.82 32.98 ± 5.59 NA 
CT values of individual specimens 31.02 ± 5.69 33.83 ± 5.32 31.51 ± 5.35 NA 
CT value differences between pools and 
individual specimens 1.77 ± 3.05 1.41 ± 2.34 1.812 ± 2.14 NA 

DaAn 2019-nCoV Diagnostic kit regular 
CT values of pools NA 33.24 ± 5.79 32.27 ± 5.73 NA 
CT values of individual specimens NA 31.85 ± 5.91 30.64 ± 6.02 NA 
CT value differences between pools and 
individual specimens NA 1.67 ± 1.68 1.86 ± 1.43 NA 

Allplex 2019-nCoV assay 
CT values of pools 31.49 ± 5.41 NA 31.44 ± 5.53 30.86 ± 5.53 
CT values of individual specimens 30.32 ± 5.60 NA 29.65 ± 5.69 30.12 ± 5.80 
CT value differences between pools and 
individual specimens 2.21 ± 1.82 NA 1.96 ± 2.19 1.58 ± 2.26 

E = E (envelope) gene; Orf1ab = Orf1ab (Open Reading Frame 1a and b) gene; N = N (nucleocapsid) gene; RdRp = RdRp (RNA-Dependent RNA Polymerase) 
gene. 

Figure 3. Bland-Altman plot of (a) Liferiver 2019-nCoV Real-Time Multiplex RT-PCR Kit; (b) DaAn 2019-nCoV Diagnostic kit regular; 
(c) Allplex 2019-nCoV assay. Upper and lower dashed line indicate 95% confident interval. Ep: E gen in pool, Orf1abP: Orf1ab gene in 
pool, Np: N gene in pool, RdRpP: RdRp gene in pool, Ei: E gen in individual sample, Orf1abI: Orf1ab gene in an individual sample, Ni: 
N gene in individual sample, and RdRpI: RdRp gene in individual sample. 



Hapsari et al. – COVID-19 positivity rate cut-off for pooling     J Infect Dev Ctries 2022; 16(8):1278-1284. 

1282 

All three reagents provided similar CT value 
differences for all target genes (p = 0.280). The other 
three positive pools were tested using mBioCoV qRT-
PCR kit (total 42 pools), in which none was qualified 
for the Bland-Altman analysis.  

 
Discussion 

The pooling strategy is used to expand the 
laboratory capacity in mass screening, reduce the time 
required for testing, preserve testing reagents and 
resources, and reduce the testing cost [12]. This strategy 
offered benefits, especially in low resource countries 
and in periods where distribution and availability of 
resources are minimal, such as during the COVID-19 
pandemic. The pooling strategy has been applied in 
clinical examinations to detect other pathogens, such as 
human immunodeficiency virus, hepatitis B, hepatitis 
C, Neisseria gonorrhoeae, Chlamydia trachomatis, and 
Mycoplasma genitalium [13-15]. 

Although 5-10 pool size had no sensitivity issue 
[16], we decided to use a four-size specimen pool 
instead of a larger pool size because we want to 
minimize the number of inhibitors that might be present 
in samples that can decrease PCR efficiency, which in 
turn might reduce the sensitivity of the assay. Naso-
oropharyngeal swabs can contain potential inhibitors, 
such as blood, collagen, immunoglobulin, and 
proteinases, and food that can hamper PCR reaction 
[17]. Furthermore, the prevalence of COVID-19 during 
the study period was dynamic, and a four-size pool 
would conserve more resources when the prevalence 
suddenly increased. 

In our study, approximately 36.2% of total 
specimens were carried out using a pooling strategy 
during the study period. We did not pool all specimens. 
Specimens from hospitalized patients and evaluation 
swabs were not pooled because the positivity rate was 
high, and the time needed for retesting can be 
detrimental in terms of transmission prevention in 
hospitals. 

During the study period, there was a sudden 
increase in COVID-19 daily positivity rate in some 
regencies (up to 50%). This condition made us retest up 
to 70% of pools individually, which led to additional 
workload, cost, and turn-around time.  

The proportion of positive pools was directly 
proportional to the daily positivity rate (Figure 2). Our 
study estimates a 50% positivity rate among pools with 
a prevalence of 22.2%. Fifty percent positivity rate 
among pools is the highest limit if we want to benefit 
from the pooling strategy. Thus, we recommend 

running the pooling strategy with a four-size pool if the 
prevalence is under 22%.  

During the study period, the number of positive 
individual specimens among pools was 11.4% 
compared to 26.8% among total specimens tested in our 
laboratory. With our selective pooling strategy, 7,491 
(49.2%) reactions were saved, equivalent to 149,820 
USD (20 USD/reaction). The workload decreased by 
17.8%, which seems to be a low number. However, this 
low number was due to a sudden increase in prevalence 
during our study period. This increase in prevalence 
was dynamic and not expected beforehand. Another 
study has documented that a five-size pool effectively 
saved resources, reduced personnel workload, and 
increased testing capability by at least 69% when the 
incidence rate was under 10% [18]. Another study also 
reported that a five-size pool at a positivity rate of 9.8% 
could save 43.4% of reagents and 23.7% of work [19]. 
Compared to those studies, we had a higher positivity 
rate (up to 2.5 times), but our selective strategy plus 
smaller size pool led to equivalent savings in cost and 
workload. A pooling strategy with a smaller size pool is 
more beneficial for areas with higher positivity rates.  

During our study period, RNA extraction and qRT-
PCR were done by different operators, using different 
reagents and systems, which may lead to CT value 
difference [20,21]. However, based on the Kruskal-
Wallis’s test, there was no significant difference in ΔCT 
value between pools and individual specimens among 
all reagents used (ranged from 1.41-2.21). Furthermore, 
the Bland-Altman plots showed good interval 
agreement with minimum biases. It is important to note 
that all operators were adequately informed and trained 
before executing the pooling strategy.  

The application of pooling strategy might introduce 
false negative results. We tried to minimize this by 
retesting individual specimens from pools with CT 
value < 45 and showed even a small amplification in at 
least one target gene. With this approach, it is very 
unlikely to misdiagnose samples with CT value < 35.  

The SARS-CoV-2 pandemic is estimated to 
gradually shift into an endemic disease in the future 
[22]. Therefore, we assume that applying a pooling 
strategy in the future has several advantages in various 
sectors, whether it is in a pandemic or hyperendemic 
state. In the economic sector, many countries were 
significantly affected by the COVID-19 pandemic. 
Economic growth slowed down, and most of the 
expenditure was incurred for COVID-19 testing [23]. 
The end of the SARS-CoV-2 pandemic does not seem 
near despite the development of SARS-CoV-2 
vaccines, antiviral drugs, and transmission control 
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guidelines. The virus itself has mutated and produced 
new variants that have had significant global public 
health repercussions, as seen with the delta and omicron 
variants [24]. It is proven that public health measures 
such as mask-wearing, social distancing, mass testing, 
isolation, and vaccination must be implemented 
together to achieve COVID-19 control. The pooling 
strategy can reduce the country's expenditure on testing 
which can be shifted to the vaccination program.  

During the peak wave of COVID-19, there is an 
increased human resource demand in the laboratory and 
many laboratory technicians are shifted from their 
original work to COVID-19 diagnostics. The pooling 
strategy will reduce this demand and allow many 
technicians to focus on their original work. 

The educational sector also suffers significantly 
from the pandemic. Online learning has been 
implemented since March 2020 and is still going on in 
many areas in Indonesia. Based on the SMERU study, 
the COVID-19 pandemic has caused a negative impact, 
especially on children from lower economic 
backgrounds. A pooling strategy can be implemented to 
regularly screen students and school staff to ensure a 
safe offline learning environment [25]. 

 
Conclusions 

In summary, our study demonstrated that a selective 
pooling strategy could reduce personnel workload and 
reagent cost, and increase laboratory capacity by up to 
50% when the positivity rate is less than 22%. 
Furthermore, different reagents and PCR systems used 
in our study did not affect the result.  

 
 
Acknowledgements 
We thank the National Institute of Health Research and 
Development (Balitbangkes), the Ministry of Health of the 
Republic of Indonesia, and Yayasan Satriabudi Dharma Setia 
for providing reagents, consumables, and systems to detect 
SARS-CoV-2 in our laboratory.  
 
Authors' contributions 
RH designed the study, performed laboratory work, analysed 
data, and wrote the manuscript. IK carried out data collection, 
statistical analysis, and wrote the manuscript. NM, FC, and 
EM performed laboratory work and contributed to 
manuscript editing. SPJ designed the study and contributed 
to manuscript editing. All authors read and approved the final 
manuscript. 

References 
1. World Health Organization (2020) Archived: WHO timeline - 

COVID-19. Available: https://www.who.int/news/item/27-04-
2020-who-timeline---covid-19. Accessed: 1 June 2020. 

2. Kaye AD, Okeagu CN, Pham AD, Silva RA, Hurley JJ, Arron 
BL, Sarfraz N, Lee HN, Ghali GE, Gamble JW, Liu H, Urman 
RD, Cornett EM (2020) Economic impact of COVID-19 
pandemic on healthcare facilities and systems: International 
perspectives. Best Pract Res Clin Anaesthesiol 35: 293-306. 

3. Madabhavi I, Sarkar M, Kadakol N (2020) COVID-19: a 
review. Monaldi Arch Chest Dis 90: 248-258. 

4. World Health Organization (2020) Transmission of SARS-
CoV-2: implications for infection prevention precautions. 
Available: https://www.who.int/news-
room/commentaries/detail/transmission-of-sars-cov-2-
implications-for-infection-prevention-precautions. Accessed: 
1 August 2020. 

5. Badan Pusat Statistik (2021) Hasil Sensus Penduduk 2020. 
Available: 
https://www.bps.go.id/website/materi_ind/materiBrsInd-
20210121151046.pdf. Accessed: 4 February 2021. 

6. World Health Organization (2020) Public health criteria to 
adjust public health and social measures in the context of 
COVID-19. Available: 
https://apps.who.int/iris/handle/10665/332073. Accessed: 1 
July 2020. 

7. Aisyah DN, Mayadewi CA, Igusti G, Manikam L, Adisasmito 
W, Kozlakidis Z (2021) Laboratory readiness and response for 
SARS-CoV-2 in Indonesia. Front Public Health 9: 705031. 

8. Girum T, Lentiro K, Geremew M, Migora B, Shewamare S 
(2020) Global strategies and effectiveness for COVID-19 
prevention through contact tracing, screening, quarantine, and 
isolation: a systematic review. Trop Med Health 48: 1-15. 

9. de Wolff T, Pflüger D, Rehme M, Heuer J, Bittner M-I (2020) 
Evaluation of pool-based testing approaches to enable 
population-wide screening for COVID-19. PLoS One 15: 
e0243692. 

10. Wein LM, Zenios SA (1996) Pooled testing for HIV screening: 
capturing the dilution effect. Oper Res 44: 543-569. 

11. Grobe N, Cherif A, Wang X, Dong Z, Kotanko P (2021) 
Sample pooling: burden or solution? Clin Microbiol Infect 27: 
1212-1220.  

12. Centers for Disease Control and Prevention (2020) Interim 
guidance for use of pooling procedures in SARS-CoV-2 
diagnostic, screening, and surveillance testing. Available: 
https://www.cdc.gov/coronavirus/2019-ncov/lab/pooling-
procedures.html. Accessed: 1 January 2022. 

13. Van Schalkwyk C, Maritz J, Van Zyl GU, Preiser W, Welte A 
(2019) Pooled PCR testing of dried blood spots for infant HIV 
diagnosis is cost efficient and accurate. BMC Infect Dis 19: 1-
6. 

14. Aguilera A, Pereira S, Fuentes A, de Salazar A, Trastoy R, 
Navarro D (2021) Pooling samples for Hepatitis C RNA 
detection. Lancet Gastroenterol Hepatol 6: 608-609. 

15. López-Corbeto E, González V, Lugo R, Rivaya B, Casabona J, 
Matas L, Crespo N, Garrofe MJ, Alzuria R, Bureu E (2020) 
Pooling of urine samples for molecular detection of Chlamydia 
trachomatis, Neisseria gonorrhoeae and Mycoplasma 
genitalium as a screening strategy among young adults in 
Catalonia. Enferm Infecc Microbiol Clin (English ed) 38: 65-
71. 

16. Lim KL, Johari NA, Wong ST, Khaw LT, Tan BK, Chan KK, 
Wong SF, Chan WLE, Ramzi NH, Lim PKC (2020) A novel 



Hapsari et al. – COVID-19 positivity rate cut-off for pooling     J Infect Dev Ctries 2022; 16(8):1278-1284. 

1284 

strategy for community screening of SARS-CoV-2 (COVID-
19): Sample pooling method. PLoS One 15: e0238417. 

17. Schrader C, Schielke A, Ellerbroek L, Johne R (2012) PCR 
inhibitors–occurrence, properties and removal. J Appl 
Microbiol 113: 1014-1026. 

18. Abdalhamid B, Bilder CR, McCutchen EL, Hinrichs SH, 
Koepsell SA, Iwen PC (2020) Assessment of specimen pooling 
to conserve SARS CoV-2 testing resources. Am J Clin Pathol 
153: 715-718. 

19. Abdalhamid B, Bilder CR, Garrett JL, Iwen PC (2020) Cost 
effectiveness of sample pooling to test for SARS-CoV-2. J 
Infect Dev Ctries 14: 1136-1137. doi: 10.3855/jidc.13935. 

20. Lázaro-Perona F, Rodriguez-Antolín C, Alguacil-Guillén M, 
Gutiérrez-Arroyo A, Mingorance J, García-Rodriguez J (2021) 
Evaluation of two automated low-cost RNA extraction 
protocols for SARS-CoV-2 detection. PLoS One 16: 
e0246302. 

21. Lu S, Smith AP, Moore D, Lee NM (2010) Different real-time 
PCR systems yield different gene expression values. Mol Cell 
Probes 24: 315-320. 

22. Telenti A, Arvin A, Corey L, Corti D, Diamond MS, García-
Sastre A, Garry RF, Holmes EC, Pang PS, Virgin HW (2021) 
After the pandemic: perspectives on the future trajectory of 
COVID-19. Nature 596: 495-504. 

23. Verma P, Dumka A, Bhardwaj A, Ashok A, Kestwal MC, 
Kumar P (2021) A statistical analysis of impact of COVID19 

on the global economy and stock index returns. SN Comput Sci 
2: 27.  

24. World Health Organization (2021) COVID-19 weekly 
epidemiological update, edition 75, 18 January 2022. 
Available: https://www.who.int/publications/m/item/weekly-
epidemiological-update-on-covid-19---18-january-2022. 
Accessed: 28 February 2022. 

25. Alifia U (2020) COVID-19 is widening Indonesia’s education 
gap. Available: https://rise.smeru.or.id/en/blog/covid-19-
widening-indonesia’s-education-gap. Accessed: 28 February 
2022. 

 
Corresponding author 
Rebriarina Hapsari, MD, M.Sc 
Clinical Microbiologist 
Faculty of Medicine, Universitas Diponegoro 
Jl. Prof. Sudarto, Tembalang, Kec. Tembalang, Kota Semarang, 
Jawa Tengah, Indonesia 50275 
Tel : +622476928010  
Fax : +622476928010 
Email: rebriarina@gmail.com 
 
Conflict of interests: No conflict of interests is declared. 

 


	Introduction
	Methodology
	Statistical Analysis
	Ethics Statement

	Results
	The Efficiency of Pooling Strategy
	The CT Value
	Liferiver 2019-nCoV Real-Time Multiplex RT-PCR Kit
	DaAn 2019-nCoV Diagnostic kit regular
	Allplex 2019-nCoV assay

	Discussion
	Conclusions
	Acknowledgements
	Authors' contributions
	References
	Corresponding author


