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After the first report of the coronavirus disease 
(COVID-19) outbreak in Wuhan, China (1), the 

World Health Organization announced pandemic 
status on March 11, 2020 (2). Real-time reverse tran-
scription PCR (rRT-PCR) detection of the causative 
agent, severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), is a confirmatory diagnostic tool 
for COVID-19 (3).

A mass screening test for COVID-19 is urgently 
needed in South Korea because of the increasing 
number of confirmed cases in long-term care hospi-
tals and public facilities, as well as imported cases. 
Testing specimens pooled before RNA extraction 
and subsequently retesting single specimens from 
positive pools is an efficient strategy for rapid mass 
screening as well as for increasing testing capacity 
and conserving resources.

Testing pooled specimens is a well-known meth-
od and has been used in blood banks worldwide to 
screen for infectious disease; however, only a few 

studies have evaluated specimen pooling for SARS-
CoV-2 (4,5; R. Hanel et al., unpub. data. https://arxiv.
org/abs/2003.09944v1; M.J. Farfan et al., unpub. data, 
https://doi.org/10.1101/2020.04.15.20067199). There-
fore, we evaluated the pooling strategy for SARS-
CoV-2 testing using clinical specimens from 3 hospi-
tals in South Korea: Seoul Medical Center and National 
Medical Center, both in Seoul, and Jeonbuk National 
University Hospital in Jeonju. The Institutional Review 
Boards of the hospitals approved this study. Written 
consent from participants was waived.

The Study
Pooled upper respiratory specimens were prepared 
from 50 individual SARS-CoV-2–positive specimens 
and 300 individual SARS-CoV-2–negative specimens. 
Either a single nasopharyngeal swab (NPS) or a naso-
pharyngeal and an oropharyngeal swab (NPS/OPS) 
were collected in an eNAT tube (Copan Italy, https://
www.copangroup.com). Laboratory diagnosis of 
SARS-CoV-2 infection was performed with all speci-
mens using the following rRT-PCR kits targeting the 
E and RdRp genes: STANDARD M nCoV Real-time 
Detection (SD Biosensor, https://sdbiosensor.com) or 
PowerCheck 2019-nCoV Real-Time Detection (Kogene 
Biotech, https://kogene.co.kr).

For the SARS-CoV-2–positive pooled specimens, 
we selected 50 individual SARS-CoV-2–positive spec-
imens on the basis of the observed population distri-
bution of cycle threshold (Ct) values of rRT-PCR for 
patients confirmed positive during January 20–March 
2, 2020 (Figure 1). We grouped the Ct values into 8 
strata, decided the sampling number adequate for 
each stratum, and selected a total of 50 specimens 
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To validate the specimen-pooling strategy for real-time 
reverse transcription PCR detection of severe acute re-
spiratory syndrome coronavirus 2, we generated different 
pools including positive specimens, reflecting the distribu-
tion of cycle threshold values at initial diagnosis. Cumula-
tive sensitivities of tested pool sizes suggest pooling of <6 
specimens for surveillance by this method.
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for 8 strata (Figure 1). We pooled the selected indi-
vidual SARS-CoV-2–positive specimens with differ-
ent numbers of SARS-CoV-2–negative specimens to 
generate 50 sets of pooled specimens in duplicate; the 
pool sizes of each set were 2, 4, 6, 8, 10, and 16. We 
prepared a total of 600 pooled specimens. To evaluate 
clinical specificity in SARS-CoV-2–negative pooled 
specimens, we randomly combined 16 specimens 
from 300 negative specimens and generated 60 nega-
tive pooled specimens (Appendix, https://wwwnc.
cdc.gov/EID/article/26/10/20-1955-App1.pdf).

The following 3 automated RNA extraction sys-
tems were used: MagNa Pure 96 (Roche Diagnostics, 
https://www.roche.com), Real-prep (BioSewoom, 
www.biosewoom.com), and eMAG (bioMérieux, 
https://www.biomerieux.com). We followed the 
extraction protocol provided by each manufacturer 
with an input volume of 200 μL and elution volume 
of 50 μL

We performed rRT-PCR using PowerCheck 
2019-nCoV for all pooled specimens. The interpreta-
tion guideline by the manufacturer for SARS-CoV-2  

positivity was a Ct cutoff of <35 for a single specimen; 
however, we assessed every amplified curve through-
out 40 total PCR cycles. For either the E or RdRp gene, 
when we observed any amplified curve before the 
end of the 40 amplification cycles, we interpreted the 
result as positive for the pooled specimens. When we 
observed no amplification curves for both genes, we 
interpreted the result as negative.

We performed all statistical analyses with Med-
Calc version 19.2.1 (MedCalc Software Ltd, https://
www.medcalc.org). The distribution of Ct values in in-
dividual specimens (Figure 1) showed negative skew-
ness. In total, 61% of confirmed cases had Ct >30, which 
was near the cutoff value. We selected positive sam-
ples for pooling according to this distribution pattern.

The pooled positive specimens had 100% sensi-
tivity in pool sizes 2, 4, and 6 and 97%–99% sensitiv-
ity in pool sizes 8, 10, and 16 (Table). To ensure a 
conservative estimation of sensitivity, we calculated 
the cumulative sensitivities on the assumption that 
the false-negative results that occurred in small-
er pool sizes could also occur in larger pool sizes.  

Figure 1. Distribution of RdRp 
gene Ct values for specimens 
from 4,364 confirmed patients 
in South Korea at their initial 
diagnosis of coronavirus disease 
(COVID-19) and the specimens 
selected by stratified sampling. 
This figure shows the first RdRp 
gene Ct values of patients 
receiving a COVID-19 diagnosis 
(bars). We selected positive 
samples with the stratified 
sampling method based on that 
distribution (line).Cumulative 
numbers of selected specimens 
per stratum are shown. Ct,  
cycle threshold.

 
Table. Test performance of pooled specimens compared with individual specimens for severe acute respiratory syndrome coronavirus 2 

No. specimens in pool 
Amplification in E or 

RdRp gene, % No amplifications 
Sensitivity of pools, % 

(95% CI) 
Cumulative sensitivity, 

%* 
2 100 0 100 (96–100) 100 
4 100 0 100 (96–100) 100 
6 100 0 100 (96–100) 100 
8 97 3 97 (92–99) 97 
10 99 1 99 (95–100) 96 
16 96 4 96 (90–98) 92 
*Calculated sensitivity based on the accumulated discrepancy numbers under the dilution fold 
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Therefore, every negative result that occurred in 
smaller pool sizes was included in the calculation 
of cumulative sensitivities in larger pool sizes. The 
cumulative sensitivities of pool size 6 was 100%, of 
8, 97%, of 10, 96%, and of 16, 92%. The clinical speci-
ficity of pool size 16 was 97% (58/60, 95% CI 87%-
99%). The mean Ct values increased for both the E 
and RdRp genes as the pool size increased (Figure 2; 
Appendix Figure). 

Conclusions
We evaluated the clinical sensitivity and specificity 
of SARS-CoV-2 rRT-PCR using pooled upper respira-
tory specimens from confirmed cases. Because pooled 
specimens are expected to be used as a screening tool, 
the clinical sensitivity of pooled specimens at a given 
pool size is especially important.

A limitation of previous studies is that the Ct val-
ues of positive specimens from patients at the time 
of diagnosis were not considered in the study design. 
The Ct values of specimens in previous studies were 
relatively low (6). Because specimens with high Ct 
values, meaning low virus titers, are expected to be 
vulnerable to pooling, the distribution of Ct values in 
the actual population should be reflected when deter-
mining the pool size. We analyzed the actual distribu-
tion of Ct values from 4,364 initially confirmed cases, 
and the distribution showed skewness with regard to 
the PCR cutoff value.

Yelin et al. (4) suggested that the pool size using 
RNA extracts could be <64; however, we do not rec-
ommend increasing the pool size to 64, correspond-
ing to a theoretical increase in Ct values of 6, given the 
associated loss in sensitivity; doing so may cause false 
negative results.

The pooling strategy showed efficiency when 
the positive rates in the population were low (7). We 
showed clinical sensitivities and cumulative sensitivi-
ties of the pooled specimens that were sampled after 
stratification by data, including low viral titers. On 
the basis of our results, we recommend pooling <6 
specimens in clinical practice. Pooling >6 specimens 
might cause false-negative results, considering the 
observed abundance of specimens with high Ct val-
ues in the population.

This study has some limitations. First, the ana-
lytical performance of the PCR kit used has not been 
evaluated fully because it is one of the earliest avail-
able commercial PCR kits that received the Emergen-
cy Use Authorization in Korea. Second, the positive 
cutoff in the kit was a Ct value <35 within 40 ampli-
fication cycles. Therefore, this study did not include 
individual specimens with a Ct value >35, which 
is interpreted as an inconclusive result by this kit. 
Third, we did not evaluate cost-effectiveness on the 
basis of the hypothesized prevalence. Last, we did not 
evaluate the effect of specimen volume in the pools; 
increasing the input volume from each specimen may 
improve the sensitivity of the pooling test.

Our protocol will be helpful for screening per-
sons in groups at high risk for COVID-19 infection 
quickly and quarantining those confirmed positive, 
even in situations with limited time and test resourc-
es. Epidemiologic factors should be considered when 
choosing an adequate pooling number. Symptomatic 
case-patients should be tested individually without 
pooling to enable effective and timely action. We have 
included practical guidelines for specimen-pooling 
procedures in the Appendix.
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Figure 2. Mean Ct values of RdRp genes of 50 specimens from 
coronavirus disease patients in South Korea by pool size. The 
trend line shows logarithmic regression. Ct, cycle threshold.
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EID Podcast
Meningitis in U.S. Colleges

Visit our website to listen:
https://tools.cdc.gov/medialibrary/index.aspx#/media/id/397588

The number of reported outbreaks of  
meningococcal disease at U.S. universities has  

increased in recent years, despite the availability 
of vaccines. So why are college students still at  

increased risk for this potentially deadly disease? 

In this EID podcast, Dr. Heidi Soeters, a CDC  
epidemiologist, discusses the prevalence of  

meningitis at U.S. universities.


