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Abstract 

Objective: To screen out COVID-19 patients in entrying population from abroad with the minimum 

number of nucleic acid testing (NAT). 

Methods: In the first stage, the nasopharyngeal swab samples of the entrying population are 

numbered and grouped. After the samples in the group are mixed together, one NAT was performed. 

When the test result is negative, it shows that all of the peple in the group are not infected and the 

test for the group is complete. On the contrary, when the test result is positive, the group enters the 

second stage. In the second stage, all samples in the positive group will be tested one by one using 

the NAT. 

Results: The advantages and precautions of the method were discussed. The incidence rate of 

entrying population is the determinant of the number of samples in the group. The lower the 

incidence rate, the larger the number of samples in the group, and the greater the percentage saved. 

Conclusion: The method has obvious efficiency and cost advantages in COVID-19 testing. It can 

also be used to screen other populations such as community populations, high risk of infection 

populations. 
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Background 

Since WHO declared COVID-19 (Corona Virus Disease 2019) as a pandemic all of the world on 

11 March 2020[1], the number of people entrying China has reached 600,000 to 15 March 2020[2], 

and 44 newly confirmed cases were found out from the entrying population[3-7]. Starting from 19 

March 2020, the cities such as Shenzhen, Guangzhou, Shanghai and Beijing have successively 

performed the policy which nucleic acid testing (NAT) covers the whole entrying population from 

abroad[8-11]. 

Methods 

The formula equation used is the following: 

 

p = 
𝑑

𝑡
 = 

1

𝑞
 ········································· (1) 

                                   y = 
1
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 + x ·············································· (2) 

                                 ymin=√𝑞 + 𝑥≈ 2√𝑞= 2 x ············································· (3) 

 

R software (Version 3.6.3) code to calculate y is the following: 

1 p<-                #input value of Incidence Rate 

2 x<-c(2:(1/p)) 

3 y<-1/(p*x)+x 

4 t<-data.frame(x,y) 

5 View(t) 

 

where p is the incidence of entrying population, d is the number of confirmed cases of entrying 

population, t is the number of entrying population in the same period, q is the number of entrying 

population which bring one COVID-19 patient, y is the number of NAT, x is the number of sample 

each group, ymin is the minimum number of the NAT. According to formulas (1), when d = 44, t = 

60,000, then p = 0.7333(1/10,000), and q = 13637. The incidence of entrying population is 0.7333 

(1 / 10,000). On average, there is 13637 entrying persons which bring one COVID-19 patient. In 

order to find out this patient, 13637 entrying persons must be performed COVID-19 fluorescent RT-

PCR testing, 13637 NAT are required. At the cost of RMB 160 per testing, the cost of 13637 NAT 
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are 2.18 million. In order to achieve the same detection result with the minimum number of NAT, 

we recommend using the methods of batch screening by stages and groups (Figure 1).  
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Figure 1  Schematic flow chart of batch screening by stages and groups 

 

At the first stage, all the entrying persons through customs are numbered and grouped, each group 

has x persons. In a same group, the double nasopharyngeal swabs of each person's are extracted and 

called sample A, sample B. All of the sample A in a group are mixed together as one sample for a 

NAT. When the test result is negative, it shows that all of the peple in the group are not infected and 

the test for the group is complete. On the contrary, when the test result is positive, it indicates that 

at least one of the samples in the group is positive, and the postive group will enter the second stage 

of test.  

At the second stage, all of the sample B in the positive group are performed for NAT one by one, to 

find out the corresponding patient which sample caused the positive result. In this way, y times NAT 

required. when a patient are found out , q-y times of the NAT will be saved. We calculate x to get 
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the minimum value of y and the more times of NAT could be saved. 

For example, where p is 0.733 per 100,000, q is 13637, according to formulas (1), (2) , (3) and code 

of R software 3.63, when x is 117, the groups are 117, the minimum value of y is 234 times, that is, 

117 persons a group, 13637 persons are divided into 117 groups, the minimum number of NAT is 

234 instead of 13637. In each group, the double samples per person are collected, and 234 

nasopharyngeal swabs are extracted who called sample A and sample B，each group has 117 sample 

A and 117 sample B. A NAT is performed after the sample A of the same group are mixed together, 

to all groups, 117 tests are performed. When the test result is negative, it indicates that the test results 

of all 117 people are negative, and the test of the group is complete. When the test result of the 

group is positive, it indicates that at least one of the 117 people has a positive test result. All the 

sample B in the positive group are subjected to the second stage test. In the second stage, all samples 

B in the positive group will be tested one by one using the NAT, and 117 tests performed. As a result, 

234 NAT required. When a patient are found out from 13637, the average every entrying person 

pays only RMB 2.8 instead of RMB 160 for the NAT. Compared with 13,637 times of NAT, 13,403 

times tests are saved, equivalent to saving 2.14 million in costs. The percentage saved is 98.3% of 

the number of NAT (or costs). If two or more patients are found in a same group, or the statistical 

method is performed again in positive groups, more costs can be saved. With an average daily 

detection volume of more than 6,000 people in Beijing, the cost of NAT is at least RMB 960,000. 

Using the method, Beijing can save RMB 940,000 testing costs per day, and can save RMB 28.2 

million in 30 days. Based on an average of 120,000 people entrying China through land ports, 

seaports and airports every day, it can save RMB 18.83 million in test costs per day and RMB 565 

million in 30 days. 

Conclusion 

This method is not only limited to entrying population detection, but also can be used in community 

poplation detection and close contact population detection[12-28]. 

It should be noted that p is the determining factor for the number of persons in each group. To find 

out the patients, the lower the p, the greater the value of x and the greater the value of q-y ,and vice 

versa (Table 1, Figure 2, Figure 3).  
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Table 1. Realaship of the incidence rate, number of sample and percentage saved 

p(1/10,000) q x ymin Percentage saved（%） 

10.00 1000 32 64 93.6 

5.00 2000 45 90 95.5 

3.33 3000 55 110 96.3 

2.50 4000 64 128 96.8 

2.00 5000 71 142 97.2 

1.67 6000 78 156 97.4 

1.43 7000 84 168 97.6 

1.25 8000 90 180 97.8 

1.11 9000 95 190 97.9 

1.00 10000 100 200 98.0 

0.91 11000 105 210 98.1 

0.83 12000 110 220 98.2 

0.77 13000 115 230 98.2 

0.71 14000 119 238 98.3 

0.67 15000 123 246 98.4 

 

 

Figure 2  Scatter plot of incidence rate of entrying population and Percentage saved. It shows that 

the relationship between incidence rate and percentage saved, the lower incidence rate, the greater 

the percentage saved. 
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Figure 3  Scatter plot of incidence rate of entrying population and Number of samples each group. 

It shows that the relationship between incidence rate and number of samples each group, the lower 

incidence rate, the greater the number of samples each group, more NAT can be saved. 

 

There are many factors that affect p, such as the international situation, country, city, observation 

period, customs policy, and characteristics of the entrying population. Sometimes it will cause large 

fluctuation of p. It is necessary to monitor p in time and adjust x in accordance with formula (2). 

When p fluctuates within a certain range, x should be adjusted according to the maximum value of 

p. 
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