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Abstract

Objective: “Rapid screening, targeted sampling, objective test” is an efficient test
model. The factors affecting the efficiency include false screening rate, missing rate
and rapid screening time. However, only missing rate and accuracy have been used
as technical requirements to evaluate rapid screening method. In this study, efficien-
cy was regarded as evaluation index of quick testing method. Method: The evalua-
tion model of quick testing efficiency was established by comparing time of routine
testing and quick testing. By simulation calculation, the effect factors such as rapid
screening time, false screening rate, missing rate and defective rate were analyzed.
Results: The calculation formula of efficiency was derived. Simulation results
showed that the lower defective rate, the higher efficiency; the smaller missing rate,
false screening rate, or screening time, the higher efficiency and the degree of im-
proving efficiency is related to defective rate; sometimes, the screening time is the
most important factor affecting the efficiency. In certain cases, if the false screening
rate or missing rate is 50%, the efficiency can be increased by more than 10 times.
Conclusions: Taken together, this study highlighted a role of efficiency which func-
tioned as an index to evaluate rapid screening. Quick testing efficiency evaluation
model can be used for the calculation efficiency, and can be used to analysis the rela-
tionship between efficiency and the influence factors, and can provide the theoretical
foundation for rapid screening method development and evaluation.
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1. Introduction

Food and drug market circulation is huge but regulatory supervision is limited. WHO

put forward the concept of fighting against “substandard/spurious/falsely-labelled/falsi-
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zhfied/counterfeit medical products (SSFFCs)”. “Rapid screening, targeted sampling,
objective test” is an efficient test pattern [1] [2]. For example, in 2010, food and drug
administration carried out special supervision and sampling inspection for health food
that was added illegal chemicals. Rapid screening 3000 batches of samples and 165
batches of them turned out to be positive. But through objective test, there are 98
batches of sample proved positive. It took only two weeks. Compared to test 3000
batches and many projects, efficiency is improved obviously [3].

Rapid screening methods have been widely applied to food [4] [5], medicines [6] [7],
health food [8] [9] and similar health products. But the food and drug safety situation is
still not optimistic [10] [11] and rapid screening methods need further research and
development.

Opinions about technical requirements vary from person to person. Guide for de-
termination of health food and cosmetics rapid screening method printed by China
Food and Drug Administration in 2012 [12] set that the false positives rate should be
less than 20% and the correct screening rate should be more than 80%. Theories and
Practices of Rapid Screening Technologies for Adulteration in Health Products written by
Xie Zhijie suggested that the false positives rate should be less than 10%; missing rate
should be less than 5%; and the correct screening rate should be more than 90% [3].
However, some simple methods can be used for screening to improve efficiency evident-
ly, but do not fit technical requirements. For example, if correct screening rate is 60%
(false screening rate is 40%) [3], efficiency is improved clearly. This study considers that
improving the test efficiency is the purpose of rapid screening. Correct screening rate is
just one factor that affects the efficiency because positive samples need to be confirmed.

Comparing with routine testing time and quick testing time, an evaluation model to
calculate quick testing efficiency is established considering the impact of rapid screen-
ing time, false screening rate, missing rate and defective rate. By simulation calculation,

the relationship between efficiency and affect factors is analyzed.

2. Method

In this paper, without calculating the economic cost of testing, we only consider the
time to study technical efficiency. Comparing time of routine testing and quick testing,

various factors that effect efficiency are analyzed by simulation calculation

2.1. Concept Definition

1) Rapid screening: It means a kind of rapid test for specific project to sample. The re-
sult could be true, but sometimes it could also be false positive or false negative.

2) Objective test: This method is to confirm the positive result of rapid screening
through a testing method in law.

3) Quick testing: It means an efficient testing pattern combining rapid screening and
objective test. This pattern could be used to determine the positive samples quickly
and accurately.

4) Number of unqualified products checked out is represented by P.
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5) False positives number is represented by F; .

6) False negative number is represented by L, .

7) Routine test time for all items in the lab is represented by &.

8) Rapid screening time is represented by &.

9) Objective testing time for positive sample is represented by &.

10) Defective rate is represented by a%.

11)False screening rate: false positive expressed as a percentage of screening positive

Fe x100%

P

12) Missing rate: false negative expressed as a percentage of true positive

Lo x100%

tle
13)Efficiency value is represented by E.
14)Efficiency difference with sing-factor changed is represented by D-value.

2.2. Establish Efficiency Evaluation Model of Quick Testing

When product quantity is equal, work efficiency and time is inversely ratio. Efficiency

can be calculated by the ratio of routine testing time to quick testing time.

1) Quick testing time is the sum of rapid screening and laboratory verification time.

False positive and false negative affect quick testing efficiency. When the same un-

qualified number of products is checked out, the relationship between testing time

and unqualified number is in Table 1.
2) Formula derivation of efficiency
i
E a%

TPL
o xt, +(P+F, )xt,

: Pxt,
Pxt, + L, xt, +(P+F, )xt; xa%

!

L F
t, +—xt, +t, xa%+—Lxt, xa%
P P

Table 1. The relationship between testing time and unqualified number.

1

)

3)

Test type Number of sample Test time Total test time
Routine testing P &t L xt
. a% a%
Rapid screening P+l b P+l xt,
a% a%
Objective testing P+F, t; (P +F, ) xt,

1234
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R
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2.3. Simulation

First step: A quick testing method efficiency is simulated by formula (3) under the con-
dition of missing rate is 50%, false screening rate is 50%, screening time is 0.25 h with
defective rate is 1%~50%. Second step: Three quick testing methods efficiency are si-
mulated by single-factor changed. Third step: The effect of each factor on efficiency is
analyzed by calculating efficiency D-value. Fourth step: Three factors are evaluated
synthetically by comparing analysis.

1) Simulation of a quick testing method

t=10h, £=0.25h, £ =2h; Lp/p =1 (missing rate is 50%); F/p = 1 (false screening
rate is 50%), see Table 2.

2) Simulation of single-factor changes

£ =10h, 6 =025h, =2 h; Ly/p = 0.25 (missing rate is 20%); F/p = 1 (false
screening rate is 50%), see Table 3.

tt =10 h, t, = 025 h, t; = 2 h; Ly/p = 1 (missing rate is 50%); F/p = 0.25 (false
screening rate is 20%), see Table 4.

t=10h, 5 =0.1 h, & =2 h; Ly/p =1 (missing rate is 50%); F,/p = 1 (false screening
rate is 50%), see Table 5.

3) Analysis of each single-factor

D-value with different missing rate, see Table 6.

D-value with different false screening rate, see Table 7.

D-value with different screening time, see Table 8.

Table 2. Efficiency evaluation forms (missing rate is 50%; false screening rate is 50%; & = 10 h; &
=0.25h; 5=2h).

a% Lp/ P B/ P 2] E

1% 1 1 0.25 18.52
10% 1 1 0.25 11.11
20% 1 1 0.25 7.69
30% 1 1 0.25 5.88
40% 1 1 0.25 4.76
50% 1 1 0.25 4.00

Table 3. Efficiency evaluation forms (missing rate is reduced).

a% Lp/ P /P t E

1% 0.25 1 0.25 28.37
10% 0.25 1 0.25 14.04
20% 0.25 1 0.25 8.99
30% 0.25 1 0.25 6.61
40% 0.25 1 0.25 5.23
50% 0.25 1 0.25 4.32
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Table 4. Efficiency evaluation forms (false testing rate is reduced).

2% Lp/ P /P 2] E

1% 1 0.25 0.25 19.05
10% 1 0.25 0.25 13.33
20% 1 0.25 0.25 10.00
30% 1 0.25 0.25 8.00
40% 1 0.25 0.25 6.67
50% 1 0.25 0.25 5.71

Table 5. Efficiency evaluation form (screening time is reduced).

a% Lp/ P /P 2] E

1% 1 1 0.1 41.67
10% 1 1 0.1 16.67
20% 1 1 0.1 10.00
30% 1 1 0.1 7.14
40% 1 1 0.1 5.56
50% 1 1 0.1 4.55

Table 6. The efficiency difference value when missing rate is reduced.

a%

1% 10% 20% 30% 40% 50%

E (L»/P=0.25) 28.37 14.04 8.99 6.61 5.23 4.32
E (Zp/P=1) 18.52 11.11 7.69 5.88 4.76 4.00
D-value 9.85 2.93 1.30 0.73 0.47 0.32

Table 7. The efficiency difference value when false testing rate is reduced.

a%

1% 10% 20% 30% 40% 50%

E (A/P=0.25) 19.05 13.33 10.00 8.00 6.67 5.71
E (FA/P=1) 18.52 11.11 7.69 5.88 4.76 4.00
D-value 0.53 2.22 2.31 2.12 1.91 1.71

Table 8. The efficiency difference value when screening time is reduced.

a%

1% 10% 20% 30% 40% 50%

E(£=0.1h) 41.67 16.67 10.00 7.14 5.56 4.55
E (£=0.25h) 18.52 11.11 7.69 5.88 4.76 4.00
D-value 23.15 5.56 2.31 1.26 0.80 0.55
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4) Evaluation of the three effect factors
D-value of missing rate, false screening rate and screening time are comparison ana-

lyzed. Three factors are evaluated synthetically, see Figure 1.

3. Results and Analysis

3.1. Simulation Efficiency Value of a Quick Testing Method
at Assumption Conditions

If £ =10 h; 6 =0.25 h; 4 = 2 h, missing rate is 50% and false screening rate is 50%. Re-
sults are shown as Table 2, efficiency value is from 18.52 to 4.00 with defective rate
changes from 1% to 50%; the smaller defective rate, the higher efficiency. The efficiency
is 11.11 at defective rate is 10%. It also means false screening rate or missing rate can be

more than the technical requirements (20%).

3.2. Efficiency D-Value at Different Missing Rate Conditions

Comparing Table 2 and Table 3, if false screening rate is 50%, missing rate is 50% or
20%, the lower missing rate, the higher efficiency of the quick testing. Efficiency D-
value is from 9.85 to 0.32 with defective rate changes from 1% to 50%, Efficiency
D-value shows that the smaller the defective rate, the more obvious effect of missing

rate on the quick testing efficiency (see Table 6).

3.3. Efficiency D-Value at Different False Screening Rate Conditions

Comparing Table 2 and Table 4, if missing rate is 50%, false screening rate is 50% or
20%, the lower false screening rate, the higher efficiency of the quick testing. Efficiency
D-value is 0.53, 2.22, 2.31, 2.12, 1.91, 1.71 with defective rate from 1% to 50%, efficiency
D-value shows that effects of false screening rate on efficiency is more obvious when
the defective rate is 20% (see Table 7).

25

20
[72]
1)
£ 15
:—, —s—missing rate
2 —=— false screening rate
[} . .
'S 10 screening time
£
5] \

5 .}i\‘\—
\-ﬁ—l—q.-_ﬁ.

defective rate, %

Figure 1. Comparative analysis evaluation form.
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3.4. Efficiency D-value at Different Screening Time Conditions

Comparing Table 2 and Table 5, if missing rate reduce is 50%; false screening rate is
50%, screening time is 0.25 h or 0.1 h, the shorter screening time, the higher efficiency.
Efficiency D-value is from 23.15 to 0.55 with defective rate changes from 1% to 50%,
results showed that the smaller the defective rate is, the more obvious effects of screen-

ing time on efficiency (see Table 8).

3.5. Comparison Analysis of the Three Effect Factors

Contrastive analysis of D-values in Tables 6-8, When defective rate < 20%, screening
time is the most obvious impact on efficiency and the second is missing rate, false
screening rate is last; when defective rate = 20%, the impact on the efficiency of screen-
ing time and false screening rate are equal and missing rate is last; when defective rate >
20%, the impact on the efficiency of the false screening rate is greater than the screen-

ing time and missing rate is last (see Figure 1).

4. Discussion

Although rapid screening also called quick testing in many references, in this study,
quick testing means an efficient testing pattern combining rapid screening and objec-
tive test. This pattern could be used to quickly and accurately determine the positive
samples.

This paper analyzes the influence of the false screening rate, missing rate, screening
time under the condition of different defective rate on efficiency value. By changing the
single factor respectively. The degree of improving efficiency is analyzed. The efficiency
of quick testing is related to defective rate. The degree of improving efficiency is related
to defective rate, too. Therefore, the defective rate is not only as a basis for the topic,
but also affects the technical requirements of screening methods, so it’s necessary to use
big data to analyse defective rate. Although unqualified samples exist in the market un-
evenly sometimes. No matter how much the efficiency value is, and it can be improved
certainly. The lower defective rate, the higher efficiency. The higher defective rate, the
more necessary sampling inspection. For example, if the defective rate is too high, more
than 50%, the efficiency of quick testing is too low and sampling inspection directly
could be considered.

From an implementation standpoint, it is hard to reduce false testing rate and miss-
ing rate at the same time, reducing false testing rate usually means raising missing rate
[3]. How to limit a reasonable range should take defective rate and the nature of the
quick testing into consideration. For example, quick testing is applied to drug sampling
inspection, sampling coverage should be increased, unqualified samples was found as
far as possible; In terms of the Olympic food security, it is necessary to reduce the
missing rate as far as possible; Access to agricultural products should be emphasized on
the correct rate to reject unqualified samples and to ensure sales keep smoothly avoid-

ing technical shortages.
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5. Conclusions

The primary objective of the study was to establish a method for evaluating a quick
testing method. The secondary aim of the study was to find the relationship between
quick testing efficiency and impact factors such as missing rate, false testing rate,
screening time and defective rate.

The efficiency is regarded as an evaluation index of quick testing method. The for-
mula of calculating efficiency was deduced by comparing time of routine testing and
quick testing.

Relationship between efficiency and impact factors has been analyzed by simulation
calculation. Factors are changed separately. The influence of each factor on efficiency is
analyzed by efficiency value. The degree of each factor’s influence on the efficiency has
been analyzed by efficiency D-value. At last, Comparison Analysis of the degree of each
factor’s influence on the efficiency has been completed.

The results provided that the lower missing rate or false screening rate, the higher ef-
ficiency of the quick testing; the shorter screening time, the higher efficiency. Differ-
ence values mean that the degree of improving efficiency is related to defective rate.
Sometimes, the screening time is the most important factor affecting the efficiency. In
certain cases, if the false screening rate or missing rate is 50%, the efficiency can be in-
creased by more than 10 times.

The result of the study would enable policy and decision makers to pay more atten-
tion to efficiency; in addition, it would lead more rapid screening method to be devel-
oped. This would be one of the effective methods to ensure food and drug security.

The study can be used in food and drug; we can extend it to other fields such as dis-

ease diagnosis, environmental monitoring, etc.
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