
Page 1/13

Evaluation of a Sample Pooling Strategy for Sars-
cov-2 Using Real Time PCR
Annet M Nankya 

Uganda Virus Research Institute
Luke Nyakarahuka 

College of Veterinary Medicine Animal Resources and Biosecurity, Makerere University
Stephen Balinandi 

Uganda Virus Research Institute
John Kayiwa 

Uganda Virus Research Institute
Julius Lutwama 

Uganda Virus Research Institute
Andrew Tamale 

College of Veterinary Medicine Animal Resources and Biosecurity, Makerere University
Joseph M Kungu  (  kungu@live.com )

College of Veterinary Medicine Animal Resources and Biosecurity, Makerere University

Research Article

Keywords: COVID-19, sample pooling, Uganda

Posted Date: March 15th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-290291/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-290291/v1
mailto:kungu@live.com
https://doi.org/10.21203/rs.3.rs-290291/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Back ground: Corona Virus Disease 2019 (COVID 19) in Uganda was �rst reported in a male traveler from
Dubai on 21st March, 2020 shortly after WHO had announced the condition as a global pandemic. Timely
laboratory diagnosis of COVID -19 for all samples from both symptomatic and asymptomatic patients
was observed as key in containing the pandemic and breaking the chain of transmission. However, there
was a challenge of limited resources required for testing SARS-COV-2 in low and middle income
countries. To mitigate this, a study was conducted to evaluate a sample pooling strategy for COVI-19
using real time PCR. The cost implication and the turn around time of pooled sample testing versus
individual sample testing were also compared.

Methods: In this study, 1260 randomly selected samples submitted to Uganda Virus Research Institute for
analysis were batched in pools of 5, 10, and 15. The pools were then extracted using a Qiagen kit. Both
individual and pooled RNA were screened for the SARS-COV-2 E gene using a Berlin kit.

Results: Out of 1260 samples tested, 21 pools were positive in pools of 5 samples, 16 were positive in
pools of 10 and 14 were positive in pools of 15 samples. The study also revealed that the pooling
strategy helps to save a lot on resources, time and expands diagnostic capabilities without affecting the
sensitivity of the test in areas with low SARS-COV-2 prevalence.

Conclusion: This study demonstrated that the pooling strategy for COVID-19 reduced on the turnaround
time and there was a substantial increase in the overall testing capacity with limited resources as
compared to individual testing.

Background
On the 31st of December 2019 in the city of Wuhan, Hubei province of China, SARS-CoV-2 the causative
agent for Coronavirus disease (COVID-19) was reported as a new epidemic that causes life threatening
respiratory symptoms (Rothan & Byrareddy, 2020). The world Health Organization (WHO) on 12th March,
2020 declared COVID-19 a global pandemic meaning that the disease had spread across the international
borders. As of 23rd March 2010, there were 334,981 con�rmed cases, including 14,652 deaths putting the
case fatality at 4.017% globally. COVID 19 is progressing very rapidly; new cases and fatalities are being
reported in many countries across the world (Sohrabi et al., 2020). As of 26/10/2020, 43,376,552 cases
of COVID 19 have been reported globally including 1,159534 deaths (4.01%). By 25th October, 2020, 47
countries were affected in Africa with a total of 1281981 cases and 2464 deaths that have been reported
(Culp, 2020). The �rst case in Uganda was reported from a male Ugandan aged 36 years who had
returned from Dubai after a business. In a months’ time, the number COVID-19 cases had risen to 30
stagnating at 50 cases in May. However, there was a spike in cases at the end of May and June mainly
from truck drivers. By mid-July, Uganda had reached 1000 cases. The country has con�rmed 12743cases
and 112 deaths as of 26th October 2020 (Culp, 2020).
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Detecting victims of the virus is fundamental to the epidemic response efforts. It ensures case detection,
quarantine of COVID 19 patients to prevent local spread and treatment of the victims and more broadly
informs national response measures by providing data to compute the epidemic speed and quantum
hence suppressing transmission however the ongoing Coronavirus disease 2019 pandemic is a
substantial challenge for health care systems and their infrastructure. Testing in most countries is mostly
focused on ill patients of COVID 19 while asymptomatic patients who are potentially infectious remain
undiagnosed this is mainly due to shortage of testing kits and factories are struggling to keep up with the
demands, it is therefore important to come up with ways to conserve reagents used in diagnosis of SARS-
COV-2 Pooling of COVID 19 samples for testing using RT PCR can provide a cheap and effective way of
gathering information and identifying prevalence of COVID 19 and identifying new cases in countries
where it is hard to carry out a high number of tests since COVID 19 testing is costly in terms of
consumables, trained human resource and testing kits and also time consuming.

Methods

Study design
This was a cross sectional study that was carried out between 10th August 2020 to 11th September 2020
at the Uganda Virus Reaserch Institute, Entebbe, Uganda. The study population included all samples from
both males and female, children and adults. Samples submitted to the laboratory during the study period
with good quality and appropriate volumes were considered for inclusion and were coded with unique
identi�ers. Samples with inadquate volumes and patients who did not consent were excluded from the
study. All methods followed in this study were performed in accordance with the relevant guidelines and
regulations.

Sample size and pool size determination
Sample size Calculation of detection of disease by EPI tools method was used to determine the
appropriate size of pools (Cowling et al., 1999) Considering a prevalence of 0.02 in Uganda as of July
2020 (CDC, 2020) with 95 percent con�dence of detection the following were the calculated minimum
sample sizes for the pool sizes used in the study (Table 1).

Table 1
Sample sizes used in the study

Pool size Minimum sample size Actual sample size used

5 34 252

10 17 126

15 12 85
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Data collection
Samples were collected from patients in the �eld using nasopharyngeal swabs and or oral swabs then
put in sample containers containing 1ml of universal transport medium or Normal saline. Samples were
then transported to the COVID 19 testing laboratory at Uganda Virus Research Institute. Case
investigation forms for each patient with information such as age of the patient, name, residence were
sent with the samples and cold chain was maintained.

Laboratory analysis
Samples were batched in pools of 5, 10 and 15. A total volume of 200 microliters was then aliquoted
from each pool in a vial; 40 microliters per sample for the pool containing 5 samples was put in the same
vial to make a total volume of 200 microliters and for the pool of 10 samples, 20 microliters per sample
was aliquoted making 200 microliters as a total volume and that containing 15 samples, 13.3 microliters
was aliquoted. The pools were vortexed vigorously at a high speed for one minute to ensure homogeneity
then RNA was extracted.

RNA was puri�ed using the Qiagen RNA extraction kit. The procedure is outlined below;

140 microliters of each pool was added to 560 microliters of lysis buffer, vortexed and pulse spun then
560 microliters of ethanol was added, the mixture was then vortexed and spun at 800RMP for one
minute. The solution was then transferred to labelled spin columns and spun at 8000RPM for one
minute. Then 500 microliters of AWI wash buffer was added and spun at 8000RPM for one minute, 500
microliters of AW2 wash buffer was then added and the tubes spun at 14000RPM for three minutes and
then RNA was eluted in 70 microliters of elution buffer. Positive and a negative control were also included
in the extraction process.

The eluted puri�ed RNA was ampli�ed using a Berlin kit that targets the E-gene on SARS-COV-2 A1-step
master mix containing reverse transcriptase and DNA polymerase enzymes with 3 primers targeting
speci�c regions of the viral genome. Primers targeting a human gene, such as RNase P were also
included as a positive control for swab collection, RNA extraction and ampli�cation.

Ampli�ed products were detected using TaqMan probe �uorescence or DNA-intercalating dyes and a
threshold cycle of ampli�cation was set to distinguish positive from negative results. A test result was
typically considered positive if ampli�cation was observed for two or more viral targets, while it was
considered negative if ampli�cation was observed for the control RNA but for none of the viral targets.
(CDC, 2020).

Data analysis
Real-time PCR results were interpreted as recommended in the WHO protocol. A pool or sample was
considered positive for COVID-19 if the threshold cycle (CT) value was less than or equal to 40 (Cornman
et al., 2020)
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A two by two table was used to compute the sensitivity, speci�city and predictive values for each pool
strategy. For every actual true pool outcome, a computation of money and time saved was done per pool.
Pooled prevalence for �xed pool size and tests with uncertain sensitivity and speci�city was used to
calculate the estimated pool prevalences in EPI tools as described by Cowling et al., 1999.

Results

Demographic characteristic of SARS-COV-2 suspects
In the present study, 1260 COVID 19 suspected patients were involved and out of these 850 were male
and 387 female, 13 (1.8%) males and 9 (2.3%) females were SARS-COV-2 positive (Table 2).

Table 2
Frequencies of demographic characteristics of SARS-COV-2

suspects
Variable RT-PCR result X2 P-Value

Negative (%) Positive (%)

Sex Male 850 (2.3) 13 (1.8) 0.929 0.335

Female 387(97.7) 9 (2.3)    

Age group

0–15

 

44(3.5)

0(0) 1.343 0.511

16–49 1087(98.2) 20(1.8)    

≥50 106(97.2) 3(2.8)    

 

Prevalence of samples tested
Out of 1260 samples tested, 252 were pools of 5 samples, 126 pools of 10 samples and 84 pools of 15
samples. Among 252 pools of 5, 21 pools were positive, 16 pools were positive out of the 126 pools of 10
samples and out of 84 pools of 15 samples, 14 pools were positive. All positive pools of 5 samples were
retested individually and only 23 samples out of 21 pools were positive as indicated in Table 3.
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Table 3
Number of pools and estimated prevalence of pools

Pool
size

No. of
pools

Positive
pools

Positive
samples

Number of samples
retested

Estimated
prevalence

(%)

5 252 21 23 105 1.83

10 126 16 20 160 1.59

15 84 14 17 210 1.3

 

Test performance of pooled samples compared to
individual samples
The sensitivity of Individual samples was 100 percent, this was compared to the sensitivity of pools of 5,
10 and 15 samples and it was revealed that sensitivity of the pools was 100, 97 and 92 respectively
(Table 4).

Table 4
Comparison of pooled and individual sample testing

No. of
specimens in a
pool

Ampli�cation of
E gene, %

No
ampli�cations

Sensitivity of pools,90%
con�dence interval

Cumulative
sensitivity

1 100 0 100(96–100) 100

5 100 0 100(96–100) 100

10 97 3 97(92–99) 97

15 92 6 92 (90–98) 90

 

Comparison of CT values of pools and individual samples
The Threshold Cycle values (CT) of pools versus individual samples were also compared, individual
samples with a CT value of less than 38 remained positive in pools of 5,10 and 15, those that had a CT
value greater than 38, were positive in pools of 5 and negative in pools of 10 and 15. Some samples
when tested in a pool had a lower CT value than when tested individually as indicated in Fig. 1.

Cost implication of pooled sample strategy
The cost implications of pooling samples were compared with that of individual sample testing and in
this study testing 1260 samples required only 126 tests in pools of 10 samples to detect 23 positive
individuals compared to 1260 tests that would be required for individual sample testing. This implies that
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pool sample testing reduced on the number of tests required and thus saved on resources which included
consumables, extraction and testing kits to almost 70 percent. Considering the Ministry of Health cost of
185,000 Uganda shillings for an individual SARS-COV-2 test, pooling strategy resulted in saving of
209,790,000 Uganda shillings.

Turn around time
It was also observed that the turnaround time of samples run individually compared to those run in a pool
was higher and this was due to an increase in the number of samples testing in a pool as compared to
those tested individually. It took a minimum of 3 hours to process and report a result for one individual
sample implying that it required up to 3780 hours to analyze and report for 1260 samples. Testing one
pool of ten samples required only 3 hours to obtain and report results, implying that approximately 378
hours were required to analyze and report results for 1260 samples tested.

Discussion
The detection of COVID 19 using RT-PCR with the pooling of samples greatly reduces on the workload
and costs especially when disease prevalence is low (Khai et al., 2020). In this study it was observed that
specimen pooling almost certainly reduced on the cost of a test by about 70 percent since the prevalence
was as low as 2 % and this in agreement with a study that was performed by Jaya et al that reported that
pool testing of 10 samples saves about 60 percent of resources as compared with individual testing.
Another study by Abdalhamid et al also indicated that pool testing is an effective way of saving on the
resources required in COVID 19 testing in populations with a prevalence that is as low as 10 percent. Also
Supaporn et al, 2020 indicated that in areas with a prevalence ≤ 1 percent or low risk populations can
drastically decrease the resource burden on laboratory operations by up to 80 percent. However, if the
prevalence of COVID 19 is higher than 10 percent then specimen pooling may save very little since most
of the pools might turn out positive and thus a second test required therefore, pooling samples for COVID
19 testing is required in areas were the SARS-COV-2 prevalence is low or when carrying out a surveillance
in areas with low infection rates.

This study also demonstrated that a pool of 5 samples had 100% sensitivity, 97% sensitivity in pools of
ten specimens and 93% in pools of 15 samples this shows that as the number of samples in a pool
increase, there is a reduction in sensitivity of a test and this is in agreement with a study that was
performed in South Korea in 2020 by So Yeon Kim that indicated that pools with fewer samples had a
higher sensitivity as compared to larger pools, they also recommended pooling < 6 specimens in clinical
practice in order to prevent false-negative results that would come as a result of testing larger pools.
Another study that was performed in India by Garg et al recommended testing pools containing ten
samples in areas where the prevalence is less than 10 percent since it was observed that this strategy
increased test capacity with existing equipment and test kits and positive samples were detected with
su�cient diagnostic accuracy.
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It was also observed that all samples that had their CT values less than 38 were all concordant in pools
of 5, 10 and 15 as indicated in Table 3 above, however, those CT values higher than 38 turned out
negative as the pool sizes increased and this is in agreement with a study by Supaporn et al that
indicated how pool testing does not affect the sensitivity of a test if the viral load of patients being tested
is greater than 35. Some samples when tested individually had a very low CT value however when tested
in a pool, their CT values increased and this was due to having more than one positive sample in a pool.
A study that was performed at the Kenyan coast by Agoti et al also compared the CT values of some
pools and the individual samples and noted that there was on average a 1.59 Ct value increase for the
samples during pooled testing versus the same samples tested singly.

No signi�cant relationship between demographic factors and COVID 19 prevalence were noted in this
study. However, other studies reported that males were more affected by COVID 19 than females
especially after ages of 50 and above and these differences are attributed to three characteristics:
differences in immune function associated with the X chromosome, the effects of sex hormones and
gender-related behavior (Lakbar et al., 2020)

Conclusion
Due to the increasing demand of testing COVID 19 alongside global shortage of resources, laboratory
professionals need to come up with strategies that reduce on the turnaround time and increase testing of
samples using limited resources. This study demonstrated that the pooling strategy for COVID-19
reduced on the turnaround time and there was a substantial increase in the overall testing capacity with
limited resources as compared to individual testing.

Sensitivity of PCR was inversely proportional to the pool size, implying that pool sizes should be
maintained as small as possible to prevent false negative results. Pooling should not be performed in
areas where the prevalence of COVID 19 is high.

Abbreviations
COVID-19: Coronavirus disease 2019SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; RT-
PCR: Reverse transcription polymerase chain reaction test.

Declarations
Ethical approval

Ethical approval was sought from the ethical review board of College of Veterinary Medicine, Animal
Resources and Biosecurity to carry out the study.

Permission was also sought from the UVRI management to allow the use COVID 19 samples for this
study. Furthermore, con�dentiality was observed by giving samples identi�cation codes rather than the



Page 9/13

use of names. All participants and parent/legally authorized representative of minor participants provided
informed consent for the study.

Consent to publish

Not applicable in this study.

Availability of data and materials

The datasets used and/or analysed during the current study is available from the corresponding author
on reasonable request.

Authors’ contributions

AMN: Conception and design of study, collection, analysis and interpretation of data; drafting and critical
review of manuscript, gave �nal approval for submission of manuscript.

LN: Conception and design of study, collection, analysis and interpretation of data; drafting and critical
review of manuscript, gave �nal approval for submission of manuscript.

SB: Conception and design of study, collection of data; drafting and critical review of manuscript, gave
�nal approval for submission of manuscript

JK: Conception and design of study, collection, analysis and interpretation of data; drafting and critical
review of manuscript, gave �nal approval for submission of manuscript.

JL: Conception and design of study, drafting and critical review of manuscript, gave �nal approval for
submission of manuscript.

AT: Conception and design of study, analysis and interpretation of data, drafting and critical review of
manuscript, gave �nal approval for submission of manuscript.

JMK: Conception and design of study, collection, analysis and interpretation of data; drafting and critical
review of manuscript, gave �nal approval for submission of manuscript.

Acknowledgements

Not applicable

Funding

The study was funded by the government of the Republic of Uganda.

Con�ict of interest

Authors declare that there is no con�ict of interest.



Page 10/13

References
1. Adhikari, S. P., Meng, S., Wu, Y., Mao, Y., Ye, R., Wang, Q., Sun, C., Sylvia, S., Rozelle, S., Raat, H., &

Zhou, H. (2020). A scoping review of 2019 Novel Coronavirus during the early outbreak period:
Epidemiology, causes, clinical manifestation and diagnosis, prevention and control. 1–12.
https://doi.org/10.21203/rs.2.24474/v1

2. Agoti, C. N., Mutunga, M., Lambisia, A. W., Kimani, D., Cheruiyot, R., Kiyuka, P., Lewa, C., Gicheru, E.,
Tendwa, M., Mohammed, K. S., Osoti, V., Makale, J., Tawa, B., Odundo, C., Cheruiyot, W., Nyamu, W.,
Gumbi, W., Mwacharo, J., Nyamako, L., … Tsofa, B. (2020). Pooled testing conserves SARS-CoV-2
laboratory resources and improves test turn-around time : experience on the Kenyan Coast [ version
1 ; peer review : 3 approved ]. 1–14.

3. Ahmed, S. F., Quadeer, A. A., & McKay, M. R. (2020). Preliminary identi�cation of potential vaccine
targets for the COVID-19 Coronavirus (SARS-CoV-2) Based on SARS-CoV Immunological Studies.
Viruses, 12(3). https://doi.org/10.3390/v12030254

4. Ben-Ami, R., Klochendler, A., Seidel, M., Sido, T., Gurel-Gurevich, O., Yassour, M., Meshorer, E., Benedek,
G., Fogel, I., Oiknine-Djian, E., Gertler, A., Rotstein, Z., Lavi, B., Dor, Y., Wolf, D. G., Salton, M., & Drier, Y.
(2020). Large-scale implementation of pooled RNA extraction and RT-PCR for SARS-CoV-2 detection.
Clinical Microbiology and Infection, 26(9), 1248–1253. https://doi.org/10.1016/j.cmi.2020.06.009

5. Binnicker, M. J. (2020). Challenges and controversies to testing for COVID-19. Journal of Clinical
Microbiology, 58(11), 1–7. https://doi.org/10.1128/JCM.01695-20

�. CDC. (2020). Real-Time RT-PCR diagnostic panel for emergency use only. Cdc Eua, 3, 1–42.
https://www.fda.gov/media/134922/download

7. Chua, R. L., Lukassen, S., Trump, S., Hennig, B. P., Wendisch, D., Pott, F., Debnath, O., Thürmann, L.,
Kurth, F., Völker, M. T., Kazmierski, J., Timmermann, B., Twardziok, S., Schneider, S., Machleidt, F.,
Müller-Redetzky, H., Maier, M., Krannich, A., Schmidt, S., … Eils, R. (2020). COVID-19 severity correlates
with airway epithelium–immune cell interactions identi�ed by single-cell analysis. Nature
Biotechnology, 38(8), 970–979. https://doi.org/10.1038/s41587-020-0602-4

�. Cowling, D. W., Gardner, I. A., & Johnson, W. O. (1999). Comparison of methods for estimation of
individual-level prevalence based on pooled samples. Preventive Veterinary Medicine, 39(3), 211–
225. https://doi.org/10.1016/S0167-5877(98)00131-7

9. Culp, W. C. (2020). Coronavirus Disease 2019: In-Home Isolation Room Construction. A&A Practice,
14(6), e01218. https://doi.org/10.1213/XAA.0000000000001218

10. Duan, G. (2020). Intuition on virology, epidemiology, pathogenesis, and control of COVID-19. Novel
Research in Microbiology Journal, 4(5), 955–967. https://doi.org/10.21608/nrmj.2020.118446

11. García-Sastre, A. (2001). Inhibition of interferon-mediated antiviral responses by in�uenza A viruses
and other negative-strand RNA viruses. Virology, 279(2), 375–384.
https://doi.org/10.1006/viro.2000.0756



Page 11/13

12. Garg, J., Singh, V., Pandey, P., Verma, A., Sen, M., Das, A., & Agarwal, J. (2020). Evaluation of sample
pooling for diagnosis of COVID-19 by real time-PCR: A resource-saving combat strategy. Journal of
Medical Virology, July. https://doi.org/10.1002/jmv.26475

13. Gilbert, M., Pullano, G., Pinotti, F., Valdano, E., Poletto, C., Boëlle, P. Y., D’Ortenzio, E., Yazdanpanah, Y.,
Eholie, S. P., Altmann, M., Gutierrez, B., Kraemer, M. U. G., & Colizza, V. (2020). Preparedness and
vulnerability of African countries against importations of COVID-19: a modelling study. The Lancet,
395(10227), 871–877. https://doi.org/10.1016/S0140-6736(20)30411-6

14. Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., Zhang, L., Fan, G., Xu, J., Gu, X., Cheng, Z., Yu, T.,
Xia, J., Wei, Y., Wu, W., Xie, X., Yin, W., Li, H., Liu, M., … Cao, B. (2020). Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. The Lancet, 395(10223), 497–506.
https://doi.org/10.1016/S0140-6736(20)30183-5

15. Jo, W. K., de Oliveira-Filho, E. F., Rasche, A., Greenwood, A. D., Osterrieder, K., & Drexler, J. F. (2020).
Potential zoonotic sources of SARS-CoV-2 infections. Transboundary and Emerging Diseases, July,
1–11. https://doi.org/10.1111/tbed.13872

1�. Kendziorski, C., Irizarry, R. A., Chen, K. S., Haag, J. D., & Gould, M. N. (2005). On the utility of pooling
biological samples in microarray experiments. Proceedings of the National Academy of Sciences of
the United States of America, 102(12), 4252–4257. https://doi.org/10.1073/pnas.0500607102

17. Lakbar, I., Luque-Paz, D., Mege, J. L., Einav, S., & Leone, M. (2020). COVID-19 gender susceptibility
and outcomes: A systematic review. PLoS ONE, 15(11 November), 1–15.
https://doi.org/10.1371/journal.pone.0241827

1�. Lim, K. L., Johari, N. A., Wong, S. T., Khaw, L. T., Tan, B. K., Chan, K. K., Wong, S. F., Elaine Chan, W. L.,
Ramzi, N. H., Chooi Lim, P. K., Hakim, S. L., & Voon, K. (2020). A novel strategy for community
screening of SARS-CoV-2 (COVID-19): Sample pooling method. PLoS ONE, 15(8 august), 1–10.
https://doi.org/10.1371/journal.pone.0238417

19. Marcondes Sari, M. H., Souza, A. C. G., Rosa, S. G., Chagas, P. M., Da Luz, S. C. A., Rodrigues, O. E. D.,
& Nogueira, C. W. (2016). Biochemical and histological evaluations of anti-in�ammatory and
antioxidant p-chloro-selenosteroid actions in acute murine models of in�ammation. European
Journal of Pharmacology, 781, 25–35. https://doi.org/10.1016/j.ejphar.2016.03.051

20. Nicogossian, A. (2012). In the news. World Medical and Health Policy, 4(1), 2020.
https://doi.org/10.1515/1948-4682.1230

21. Perez Perez, G. I., & Talebi Bezmin Abadi, A. (2020). Ongoing Challenges Faced in the Global Control
of COVID-19 Pandemic. Archives of Medical Research, 51(6), 574–576.
https://doi.org/10.1016/j.arcmed.2020.04.016

22. Rivett, L., Sridhar, S., Sparkes, D., Routledge, M., Jones, N. K., Forrest, S., Young, J., Pereira-Dias, J.,
Hamilton, W. L., Ferris, M., Torok, M. E., Meredith, L., Curran, M. D., Fuller, S., Chaudhry, A., Shaw, A.,
Samworth, R. J., Bradley, J. R., Dougan, G., … Nice, F. (2020). Screening of healthcare workers for
SARS-CoV-2 highlights the role of asymptomatic carriage in COVID-19 transmission. ELife, 9, 1–20.
https://doi.org/10.7554/eLife.58728



Page 12/13

23. Rothan, H. A., & Byrareddy, S. N. (2020). The epidemiology and pathogenesis of coronavirus disease
(COVID-19) outbreak. In Journal of Autoimmunity (Vol. 109, p. 102433). Academic Press.
https://doi.org/10.1016/j.jaut.2020.102433

24. Russo, A., Minichini, C., Starace, M., Astorri, R., Calò, F., & Coppola, N. (2020). Current Status of
Laboratory Diagnosis for COVID-19: A Narrative Review. https://doi.org/10.2147/IDR.S264020

25. Sohrabi, C., Alsa�, Z., O’Neill, N., Khan, M., Kerwan, A., Al-Jabir, A., Iosi�dis, C., & Agha, R. (2020).
World Health Organization declares global emergency: A review of the 2019 novel coronavirus
(COVID-19). International Journal of Surgery, 76(February), 71–76.
https://doi.org/10.1016/j.ijsu.2020.02.034

2�. Stefan, N., Birkenfeld, A. L., Schulze, M. B., & Ludwig, D. S. (n.d.). COMMenT Nature reviews |
EnDOCrInOlOgy Obesity and impaired metabolic health in patients with COVID-19.
https://doi.org/10.1038/s41574-020-0364-6

27. Sunjaya, A. F., Anthony, ;, & Sunjaya, P. (2021). Pooled Testing for Expanding COVID-19 Mass
Surveillance. Disaster Medicine and Public Health Preparedness, 14(3).
https://doi.org/10.1017/dmp.2020.246

2�. Tang, Y., Schmitz, J. E., Persing, D. H., & Stratton, C. W. (2020). crossm Challenges. Journal of Clinical
Microbiology, 58(6), 1–9.

29. Wang, L., Wang, Y., Ye, D., & Liu, Q. (2020). Review of the 2019 novel coronavirus (SARS-CoV-2) based
on current evidence. International Journal of Antimicrobial Agents, 55(6), 105948.
https://doi.org/10.1016/j.ijantimicag.2020.105948

30. Zhao, S., Lin, Q., Ran, J., Musa, S. S., Yang, G., Wang, W., Lou, Y., Gao, D., Yang, L., He, D., & Wang, M.
H. (2020). Preliminary estimation of the basic reproduction number of novel coronavirus (2019-
nCoV) in China, from 2019 to 2020: A data-driven analysis in the early phase of the outbreak.
International Journal of Infectious Diseases, 92, 214–217. https://doi.org/10.1016/j.ijid.2020.01.050

31. Zhong, N. S., Zheng, B. J., Li, Y. M., Poon, L. L. M., Xie, Z. H., Chan, K. H., Li, P. H., Tan, S. Y., Chang, Q.,
Xie, J. P., Liu, X. Q., Xu, J., Li, D. X., Yuen, K. Y., Peiris, J. S. M., & Guan, Y. (2003). Epidemiology and
cause of severe acute respiratory syndrome (SARS) in Guangdong, People’s Republic of China, in
February, 2003. Lancet, 362(9393), 1353–1358. https://doi.org/10.1016/S0140-6736(03)14630-2

Figures



Page 13/13

Figure 1

CT values of positive pools and individual samples.


