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A 10:1 pooled test strategy on-site at an airport of China was 
pursued, resulting in increased test throughput, limited use of 
reagents, and increased testing efficiency without loss of sensi-
tivity. This testing approach has the potential to reduce the need 
for contact tracing when the results are delivered first time.
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The spread of global coronavirus disease 2019 (COVID-19) caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has led to the infection of over 4 million persons globally. Shelter 
in place, as one of the most effective public control measures, has 
been implemented by many countries as a countermeasure against 
the estimated high reproductive number of the SARS-CoV-2 [1]. 
In China, where the outbreak started in December of 2019, life is 
returning to normal, but continued vigilance is required because of 
the high rate of asymptomatic infection with COVID-19 [2, 3]. New 
approaches to preventing transmission, especially by travelers from 
previously endemic areas, should be considered.

The main challenge of traveler screening is the projected 
volume of testing required, along with the time required to ob-
tain actionable results from conventional reverse transcription 
polymerase chain reaction (RT-PCR) technologies. Specimen 
pooling strategies were used successfully in the initial stages of 
testing for human immunodeficiency virus (HIV) in the blood 
supply and were deployed successfully in early evaluations of 
HIV antibody prevalence in developing countries [4]. Recently, 
pooling of respiratory specimens has been investigated as an 
approach to increasing testing capacity for the comprehensive 
screening of SARS CoV-2 [5–11].

Hainan is the second largest island in China, and its 3 air-
ports represent a major connection hub to mainland China. 
To date, the total COVID-19 cases reported in Hainan were 
170 with 131 (77.1%) imported, such that imported cases 
represent a relatively high proportion of overall case load. 
To prevent importation of COVID-19 cases transmitted 
from mainland China to Hainan Island, the local govern-
ment initiated testing of incoming domestic passengers from 
presumptive “high-risk” areas such as Wuhan in the Sanya 
Airport.

Starting on 8 April 2020, both SARS-CoV-2 nucleic acid and 
antibody (both immunoglobulin M [IgM] and immunoglob-
ulin G [IgG]) testing were performed on all disembarking passen-
gers at Sanya Airport. Three commercial RT-PCR assays (Daan, 
Guangzhou; BGI, Wuhan; and Fosun, Shanghai) [12] were deployed 
on nasopharyngeal swab (NPS) specimens throughout the entire 
screening period. The Xpert Xpress SARS-CoV-2 assay (Sunnyvale, 
CA) was implemented on 3 May 2020 using NPS specimens pooled 
in a 10:1 ratio. NPS was collected by using the Virus Collection and 
Preservation System (Jiangsu Kangjian Medical Apparatus, Taizhou, 
China). In brief, 1 flocked swab was used to collect NPS via 2 nostrils 
and added into 1-mL preservation medium. The mixture was then 
vortexed and aliquoted. The first aliquot was used for 10:1 pooled 
testing on site in a real-time manner, wherein 10 individual samples 
(50 µL each) were pooled and vortexed, and 300 µL of pooled spec-
imen were added into the Xpert cartridge and run on GeneXpert as 
previously described [13]. The second aliquot was transported to and 
tested in the Sanya Centers for Disease Control and Prevention by 
using the Daan SARS-CoV-2 assay according to the manufacturer’s 
instructions.

Between 8 April and 11 May 2020, a total of 2230 NPS spe-
cimens collected from arriving passengers were tested for 
SARS-CoV-2 RNA. A  total of 944 specimens were tested by 
using the Xpert assay on 10:1 pooled-specimens (Figure  1), 
using a total of 117 (95 + 10 + 10 + 2) test cartridges. This spe-
cifically saved 827 (87.6%) testing cartridges, approximately 3 
hours staff hands-on time and $49 620 in costs. After decon-
volution of positive pools in real-time, 2 SARS-CoV-2 RNA-
positive passengers were detected in this period. Because the 
2 cases were detected before entering the general population, 
closed-loop management involving immediate quarantine was 
carried out, resulting in no local contacts. In contrast, before 
the Xpert assay was implemented, 1286 NPS specimens were 
collected, and 1 asymptomatic SARS-CoV-2 carrier was de-
tected by the Daan assay on 24 April, but the 36-hour delay 
in getting results from the central lab resulted in the need for 
contact tracing of 68 close contacts and 196 others with some 
level of contact (Figure 1).
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Case 1 detected by Xpert pooled testing was a 27-year old 
female Wuhan resident who took a 1-stop flight from Wuhan 
to Sanya via Liuzhou; she was in the transfer terminal for 
1 hour. She arrived at Sanya Airport at 12:19pm on 5 May 
2020 together with 28 other passengers. She tested positive 
for IgG antibody against SARS-CoV-2 (initially detected by 
up-conversion luminescence of Rejing, Beijing, and confirmed 
by chemilluminescence of Boaosaisi, Tianjin). Her NPS was 
positive for SARS-CoV-2 RNA by Xpert in a 10:1 specimen 
pool (Ct value, 43.8), and her single specimen yielded a value 
consistent with this (Ct value, 40.6). The other NP swab ali-
quot tested positive by the Daan assay at Sanya CDC laboratory 
1 day later on 6 May. She had lived for the past 6 months with 
her mother who was infected with COVID-19 on 26 January 26 
and was discharged on 29 February with intermittent nucleic 
acid positivity until 25 April. The passenger denied any SARS-
CoV-2-related symptoms and signs, and she tested negative for 
SARS-CoV-2 nucleic acids and antibodies on 30 April as part of 
trip preparation. She and all 28 passengers were put in isolation 
at a nearby hotel.

The other case detected by Xpert assay was a 30-year 
old male Wuhan resident who took a nonstop flight from 
Wuhan to Hainan as a tourist. He arrived at Sanya Airport 
at 12:30pm on 6 May 2020. He also tested positive for IgG 
antibody against SARS-CoV-2 (method as in case 1). His 
NPS was positive for SARS-CoV-2 RNA in an Xpert 10:1 
specimen pool (Ct value, 43.9), and his individual specimen 
testing yielded a Ct value of 41.6. His second NPS aliquot 
tested negative by the Daan assay at Sanya CDC laboratory 

on 7 May but was found to be positive by 2 other commer-
cial assays (BGI, Shenzhen, and Fosun, Shanghai) on 8 May. 
He had no any SARS-CoV-2-related symptoms and signs and 
was put in isolation at a nearby hotel.

Successful implementation of specimen pooling and real-time 
screening strategies for asymptomatic COVID-19 infection will de-
pend on test methods comprising high sensitivity; the Xpert Xpress 
SARS-CoV-2 test displays better sensitivities than several other 
assays that can be run on-demand [14–16]. The data generated in 
this study suggested the sensitivity of the Xpert assay done on 10:1 
pooled-specimens is equal to or better than the commercial Daan 
assay done on single specimens. Second, the Xpert assay can be op-
erated at the point of screening and generates test results within 1 
hour; because the vast majority (93/95) of pools tested was negative, 
most passengers could be released immediately. Retesting of the 2 
positive pools took an additional cycle of testing but could be per-
formed immediately on the 16-module instrument. Performance of 
the pooled testing strategy was surprising good, which may relate in 
part to collection of NPS specimens using 1 flocked swab from both 
nostrils and adding it to 1-mL preservation medium that provided 
RNA stability and higher concentration than conventional trans-
port media [11].

In conclusion, we found that a 10:1 pooled test strategy could 
be successfully implemented on-site for SARS-CoV-2 detec-
tion. The advantages included increased test throughput, lim-
ited use of reagents, increased overall testing efficiency without 
significant loss of sensitivity, and the potential to limit the need 
for contact tracing if results can be delivered before reentry in 
the general population.

Figure 1.  Time distribution of 2230 passengers screened for SARS-CoV-2 in NPS specimens between 8 April and 11 May 2020 in Sanya Airport, Hainan, China. Abbreviations: 
NPS, nasopharyngeal swab; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Although promising, our study is limited in that it was per-
formed at a single airport with limited positive findings. This 
pooling sample strategy may not be appropriate in settings 
where high frequencies of symptomatic patients and asympto-
matic carriers exist.
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