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A B S T R A C T   

Background: Determining what quarantine period and detection strategy are more effective and sustainable re-
mains a challenge for further prevention and social stability. 
Methods: From October 2020 to December 2021, 290,547 inbound overseas travelers were subject to government 
quarantine in Xiamen, China. The detection rate of COVID-19 during different quarantine periods using dual or 
single nucleic acid testing reagents. 
Results: The COVID-19 positive rate was 1.79% (519/290,547). The detection rates during the 7-day, 14-day and 
14+7-day quarantine periods using the dual reagents were 78.4%, 91.7%, and 100%, respectively. The detection 
rate of the 7-day, 14-day and 14+7-day quarantine periods were 73.99%, 86.51%, and 94.22%, respectively, 
using the Liferiver reagent and 72.25%, 84.59%, and 91.91%, respectively, using the Daan reagent. Based on the 
14+7 day strategy, dual nucleic acid testing reagent strategy detected all imported cases, but 30 cases (5.78%) 
were not detected via Liferiver reagent and 42 (8.09%) cases not detected via Daan reagent. 
Conclusion: A 14+7-day quarantine period and dual nucleic acid testing reagent strategy are effective screening 
methods for COVID-19 among inbound overseas travelers. The superior detection rate of these strategies reduce 
the risk of secondary transmission of the SARS-CoV-2 virus.   

1. Introduction 

Corona Virus Disease 2019 (COVID-19), an acute respiratory infec-
tious disease caused by Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2), has become a worldwide public health emergency and 
has reached pandemic status[1]. Quarantine is the process of separating 
or restricting movement of exposed non-infected individuals for the 
duration of the viral incubation period and is an effective public health 
measure used to control the transmission of SARS-CoV-2[2,3]. Different 
public health measures to contain COVID-19 have been adopted by 
countries and regions. Japan and South Korea required inbound over-
seas travelers, especially those arriving from high-risk areas, to complete 
a 14-day quarantine at home or at a designated location with regular 

nucleic acid testing[4]. The United States’ Centers for Disease Control 
and Prevention recommended a 7-day quarantine period[5]. As long- 
term quarantine is not realistic for social development and economic 
recovery, determining the most effective quarantine period for further 
prevention and social stability remains a challenge. 

To prevent the spread of COVID-19, it is important to identify and 
isolate people who are infectious. Currently, diagnosis, screening, and 
surveillance depend on SARS-CoV-2 reverse transcriptase quantitative 
polymerase chain reaction (RT-qPCR) [6]. Different RT-PCR assays have 
been proposed, though the false negative rate of RT-PCR is high due to 
suboptimal specimen collection, the use of a single reagent, testing too 
early in the disease process, low analytic sensitivity, inappropriate 
specimen type, low viral load, and variability in viral shedding[7–11]. 
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The molecular criteria for the in vitro diagnosis of COVID-19 are het-
erogeneous and usually require the detection of two or more SARS-CoV- 
2 genes or the use of different RT-qPCR assays[12]. This study de-
termines the detection rate of COVID-19 during different quarantine 
periods using dual or single nucleic acid testing reagents among inbound 
overseas travelers in Xiamen, China. 

2. Methods 

2.1. Study population and ethics statement 

A total of 290,547 inbound overseas travelers who were subject to 
government quarantine in Xiamen, China from October 2020 and 
December 2021 were included in this study. The participants’ temper-
ature and respiratory symptoms were recorded twice daily. SARS-CoV-2 
RT-qPCR was conducted on days 1, 4, 7, 10, 14, 16, and 21. Participants 
who tested positive for SARS-CoV-2 via RT-qPCR were diagnosed with 
COVID-19 based on epidemiologic and clinical evidence of infection 
[13]. These participants were admitted to the hospital for further 
observation and management. The participants’ age, continent of origin, 
nationality, comorbidities, and SARS-CoV-2 RT-qPCR results were 
recorded. 

This study was approved by the appropriate ethics committee, and 
the requirement for written informed consent was waived by the ethics 
committee due to the emergent nature of COVID-19. 

2.2. The 14 + 7-day quarantine period and dual nucleic acid testing 
reagent strategy 

All inbound overseas travelers were required to undergo a 14-day 
government quarantine at designated facilities and seven subsequent 
days of at-home self-isolation (14+7-day quarantine strategy). The day 
of arrival in China was considered as day 1 of the quarantine period. 
Each participant was provided a separate room and tested for SARS- 
CoV-2 via RT-qPCR on days 1, 4, 7, 10, 14, 16, and 21 of the quaran-
tine period. Nasopharyngeal and oropharyngeal swabs were both 
collected and placed in the same universal transport medium. The RNA 
was extracted and tested via RT-qPCR using two 2019-nCoV RT-PCR kits 
(dual nucleic acid testing reagent strategy) (Fig. 1). In this study, a hy-
pothetical 7-day quarantine period and a hypothetical 14-day quaran-
tine period were also tested using the participants’ results during the 
first seven and 14 days of the 14+7-day quarantine period, respectively. 

2.3. Laboratory tests 

Nasopharyngeal and oropharyngeal swabs were exacted for RNA 
using the Tellgen platform (Tellgen, Shanghai, China) and tested via RT- 
PCR using the Liferiver 2019-nCoV RT-PCR Kit (Liferiver Bio-Tech, 
Shanghai, China) and the Daan 2019-nCoV RT-PCR Kit (Daan gene, 
Guangzhou, China) for the ORF1ab and N genes, respectively. The 
detection limit of the Liferiver reagent is 500 copies/mL and that of the 
Daan reagent is 200 copies/mL. The threshold cycle (Ct) values of both 
the ORF1ab and N genes are ≤ 43 cycles for the Liferiver reagent and ≤
40 cycles for the Daan reagent. Samples with both ORF1ab and N gene 
positivity for either reagent were considered positive for SARS-CoV-2 
RNA in this study. Samples with either ORF1ab or N gene positivity 
were reexamined, and repeated positivity for the same gene was 
considered positive for SARS-CoV-2 RNA. These participants were 
diagnosed with COVID-19 based on epidemiologic and clinical evidence 
of infection.[13]. 

2.4. Statistical analysis 

The data are presented as median and interquartile range (IQR) or 
number and percentage. The chi-squared test or Fisher’s exact test was 
used to compare categorical variables, and the Mann-Whitney U test was 

used to compare continuous variables. The odds ratios (OR) and 95% 
confidence intervals (CIs) were estimated using the chi-squared test. 
Statistical significance was set at P < 0.05. All statistical analyses were 
conducted using SPSS statistics version 26 (SPSS, Inc., IBM, Chicago, IL, 
USA) and GraphPad Prism version 8.00 (GraphPad Software, San Diego, 
CA, USA). 

3. Results 

3.1. Characteristics of participants with COVID-19 

Among the 290,547 participants, 519 (1.79%) were diagnosed with 
COVID-19, including 303 males (58.4%) and 216 females (41.6%). Most 
participants diagnosed with COVID-19 (81.5%) were 19–50 years old. 
Over half of the participants with COVID-19 came from Asia (51.8%), 
while 21.8% came from Europe, and 20.4% came from North America. A 
total of 385 participants (74.2%) were further diagnosed as confirmed 
COVID-19 while 134 remained asymptomatic (25.8%) (Table 1). The 
participants with confirmed COVID-19 had a median detection time of 3 
days (IQR: 1–6 days), and the asymptomatic participants had a median 

Fig. 1. Participant flow chart.  
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detection time of 5 days (IQR: 2–8 days) (P = 0.001) (Fig. 2). 

3.2. Detection rates of different nucleic acid testing reagent strategies 
during different quarantine periods 

The detection rates of the dual nucleic acid testing reagent strategy 
during the 7-day, 14-day, and 14+7-day quarantine periods were 
78.4%, 91.7%, and 100%, respectively. The detection rate during the 
14+7-day quarantine period was significantly higher than those of the 7- 
day or 14-day quarantine periods (P < 0.001). During the 14-day period, 
476 participants (91.7%) were determined to be positive for COVID-19, 
including 407 (78.4%) who were detected during the 7-day quarantine 
period. The probability of detection during the 14-day quarantine period 
was 3.046 (95% CI: 2.092–4.435) times higher than that during the 7- 
day quarantine period (Table 2). 

The detection rates of the Liferiver reagent during the 7-day, 14-day, 
and 14+7-day quarantine periods were 73.99%, 86.51%, and 94.22%, 
respectively. The detection rate during the 14+7-day quarantine period 
was significantly higher than those during the 7-day or 14-day quar-
antine periods (P < 0.001). A total of 135 (26.01%) participants with 
COVID-19 were not detected during the 7-day quarantine period, 
including 70 (13.49%) participants who were not detected during the 
14-day quarantine period. During the 147-day quarantine period, 30 

(5.78%) participants with COVID-19 were not detected using the Life-
river reagent. The probability of detection during the 14+7-day quar-
antine period was 5.730 (95% CI: 3.774–8.700) times higher than that 
during the 7-day quarantine period. The probability of detection for 
during the 14-day quarantine period was 2.255 (95% CI: 1.639–3.103) 
times higher than that during the 7-day quarantine period (Table 3). 

The detection rates of the Daan reagent during the 7-day, 14-day and 
14+7-day quarantine periods were 72.25%, 84.59% and 91.91%, 
respectively. The detection rate during the 14+7-day quarantine period 
was significantly higher than those of the 14-day and 7-day strategies (P 
< 0.001). A total of 144 (27.75%) participants with COVID-19 were not 
diagnosed during the 7-day quarantine period, including 80 (15.41%) 
who were also not diagnosed during the 14-day quarantine period. 
During the 14+7-day quarantine period, 42 (8.09%) participants with 
COVID-19 were not detected using the Daan reagent. The probability of 
detection during the 14+7-day quarantine period was 4.361 (95% CI: 
3.014–6.310) times higher than that during the 7-day quarantine period. 
The probability of detection during the 14-day quarantine period was 
2.107 (95% CI: 1.552–2.862) times higher than that during the 7-day 
quarantine period (Table 3). 

There were no significant differences between the detection rates of 
the Liferiver and Dann reagents during the 7-day quarantine period 
(73.99% vs. 72.25%, respectively; χ2 = 2.149; P = 0.143), the 14-day 
quarantine period (86.51% vs. 84.59%, respectively; χ2 = 0.779; P =
0.377), or the 14 + 7-day quarantine period (94.22% vs. 91.91%, 
respectively; χ2 = 0.397; P = 0.529). 

4. Discussion 

During the gradual recovery of the global economy from the COVID- 
19 pandemic, inappropriate policy relaxation may lead to severe disease 
outbreaks. Therefore, the retrospective assessment of the effectiveness 
of public health policies has significant implications and can assist 
governments in formulating and adjusting public health strategies based 
on their country’s disease rate and future plans. In this study, the 
number and rate of inbound overseas travelers with COVID-19 detected 
using different public health strategies were compared for quantitatively 
estimating the impact of different strategies on entry screening. This 
study was based on the strict implementation of a 14+7-day quarantine 
period and dual reagent strategy. 

In this study, the detection rate of COVID-19 was significantly higher 
during the 14+7-day quarantine period than during the 7-day or 14-day 
quarantine periods. The 14-day quarantine period is the most commonly 
used quarantine schedule internationally. The viral shedding period and 
incubation period are two important epidemiological parameters for 
formulating isolation strategies. The viral shedding period represents 
the ability of an infected individual to have a pathogenic effect on the 
surrounding environment and contacts. A previous study reported that 
shedding of the SARS-CoV-2 virus peaks at or before symptom onset and 
gradually decreases towards the detection limit at approximately day 
21.[14] The study also found that 44% of secondary cases were infected 
during the pre-symptomatic stage.[14] These results not only challenge 
the traditional 14-day quarantine period but also suggest that the 
quarantine of asymptomatic inbound overseas travelers is necessary. To 
determine the sufficient quarantine period, the maximum incubation 
period must be known. Several studies have shown that the incubation 
period of the SARS-CoV-2 virus is not 13 days.[15–18] In various 
parametric models, the 95th percentiles of the incubation period were 
10.3–16.0 days, and the highest 99th percentile was 20.4 days.[19] 
Although the incubation period of SARS-CoV-2 has not yet been deter-
mined, the reported upper limit of the incubation period and the virus 
shedding period are both approximately 21 days.[14,19] Therefore, the 
14 day quarantine period is not sufficient to prevent the spread of 
COVID-19 by inbound overseas travelers. However, the economic and 
social impact of quarantine periods must also be considered. A 21-day 
quarantine period may be the most effective duration that limits the 

Table 1 
Participant demographics.   

Number (%) 

Sex  
Male 303（58.4%） 
Female 216（41.6%） 

Age (years)  
0–18 19（3.7%） 
19–50 423（81.5%） 
>50 77（14.8%） 

Continent of departure  
Asia 269（51.8%） 
Europe 113（21.8%） 
North America 106（20.4%） 
South America 9（1.7%） 
Africa 17（3.3%） 
Oceania 5（1%） 

Types of infection  
Confirmed COVID-19 385（74.2%） 
Asymptomatic 134（25.8%）  

Fig. 2. Detection times of confirmed and asymptomatic participants. The 
detection time was significantly longer among patients who were confirmed to 
have COVID-19 (median: 5 days; IQR: 2–8 days) than asymptomatic partici-
pants (median: 3 days; IQR: 1–6 days) (P = 0.001). The Mann-Whitney U test 
was used to compare the difference of detection time between confirmed and 
asymptomatic patients. 
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economic and social impact of the quarantine. 
Testing, contact tracing, and quarantine measures require efficient 

and widespread nucleic acid detection strategies. A negligent testing 
strategy can result in an exacerbation of the domestic epidemic if im-
ported cases of COVID-19 are not detected. In this study, two reagents 
were used to screen for SARS-CoV-2 infection. However, false negative 
results were obtained using both reagents, and the detection rate of 
either single reagent was not more than 95% during the 14 + 7-day 
quarantine period, and there was no significant difference in detection 
rate between the two reagents. When the two reagents were used in 
parallel, the detection rate reached 100%. In the early stages of the 
COVID-19 pandemic, the false negative rate of nucleic acid tests was as 
high as 30%, and the range of the false negative rate was reported as 
2–29% in a systematic review.[10,20] Another study reported that 17% 
of positive samples were missed.[21] The detection strategy used in this 
study had a 100% detection rate; this is due to the sufficient quarantine 
period based on the characteristics of the virus, which eliminates false 
negative results that may be caused by non-reagent factors. In addition, 
there may be variations in the genes targeted by PCR,[6] and the 
concomitant use of several reagents may play a complementary role 
based on different detection limits and the target gene fragment un-
dergoing amplification. Multiplex PCR, which is similar to the dual re-
agents strategy and includes dual fluorescence multiplex-PCR, is a new 
technique based on traditional PCR.[22] Multiple PCR is based on 
mixing multiple primers and templates in one system to amplify 
different target bands, or mixing multiple primers and a single template 
to amplify the same template.[23,24] Multiplex PCR has shown higher 
efficiency than traditional PCR; however, due to a lack of system opti-
mization, multi-reagents combined detection remains the most suitable 
detection method. 

To the best of our knowledge, this is the first study to report the 
14+7-day quarantine period and dual nucleic acid testing reagent 

strategy to identify potentially indiscoverable COVID-19 infections. 
However, this study is not without limitations. First, the comparative 
experiment of public health measures was not included, and further 
effect analyses could not be conducted. Furthermore, the participants’ 
demographic data were not included in the overall analyses. These data 
may be helpful in determining predictors associated with the onset of 
COVID-19. 

5. Conclusion 

In conclusion, a 14+7-day quarantine period and the dual nucleic 
acid testing reagent strategy implemented in Xiamen, China was effec-
tive to screen for COVID-19 infections among inbound overseas travelers 
(Fig. 3). When these strategies were in place, there were no cluster 
outbreaks of indigenous cases of COVID-19 caused by the lack of 
detection of COVID-19 among inbound overseas travelers. This strategy 
can also be used for close contacts or sub-close contacts of patients with 
COVID-19 to reduce the risk of SARS-CoV-2 transmission. 
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Table 2 
Detection rates during different quarantine periods using the dual nucleic acid testing reagent strategy.  

Quarantine time Detection rate Missed cases P Odds ratio 95% Confidence interval 

(Days) (%) (%) Lower Upper 

7 407(78.4%) 112(21.6%) <0.001b Reference   
14 476 (91.7%) 43 (8.3%) <0.001c, d  2.092 4.435  
14 + 7 519 (100%) 0 (0) <0.001a Not analyzed   

The Chi-square test was used to explore the difference between quarantine strategies. 
a. Comparison of three quarantine strategies. 
b. Comparison of seven days versus 14 + seven days. 
c. Comparison of 14 days versus 14 + seven days. 
d. Comparison of seven days versus 14 days quarantine strategy. 
e. The odds ratio was used to determine the probability of detection for imported cases following the quarantine strategy versus that of the reference strategy. 

Table 3 
Detection rates of different quarantine periods using the single acid testing reagent strategy.  

Quarantine time Detection rate Missed 
cases 

P Odds ratio 95% Confidence interval 

(Days) (%) (%) Lower Upper 

Liferiver reagent       
7 384(73.99%) 135(26.01%) <0.001b Reference   
14 449 (86.51%) 70(13.49%) <0.001c, d 2.255 e  1.639  3.103 
14 + 7 489(94.22%) 30 (5.78%) <0.001a 5.730 e  3.774  8.700 
Daan reagent       
7 375(72.25%) 144(27.75%) <0.001b Reference   
14 439(84.59%) 80(15.41%) <0.001c, d 2.107 e  1.552  2.862 
14 + 7 477(91.91%) 42 (8.09%) <0.001a 4.361 e  3.014  6.310 

The Chi-square test was used to explore the difference between quarantine strategies. 
a. Comparison of three quarantine strategies. 
b. Comparison of 7- day versus 14 + 7-day quarantine. 
c, Comparison of 14-day versus 14 + 7-day quarantine. 
d. Comparison of 7-day versus 14-day quarantine strategy. 
e. The odds ratio was used to determine the probability of detection for imported cases following the quarantine strategy versus that of the reference strategy. 
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