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Abstract. Since the outbreak of the pandemic, the normalization of nucleic acid
testing (NAT) has become a social phenomenon in China. According to the state-
ment of the State Council of China in June 2022, the normalization of NAT will
“help to identify potential risks earlier and implement prevention and control mea-
sures faster”. In this case, the setting of COVID-19 test station has become one of
the most critical stages. This paper will use linear planning and secondary plan-
ning, based on the current problems, Simulate the real distribution of population
density in China’s major cities (Shanghai) and reallocate test stations. The final
data shows that the government can properly adjust the resource allocation and
the density of test stations in various districts of Shanghai. This study can help us
allocate resources more reasonably and make the society operate more efficiently.
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1 Introduction

The regularization of nucleic acid testing (NAT) in China becomes a social-level phe-
nomenon since the outburst of the pandemic, initiated in Jilin Province, in multiple
central cities across the country. The high infectivity and immune escape nature of
the omicron variant increase the difficulties for the government to achieve its previous
goal of “ZERO-Covid” proposed by Jinping Xi in 2019’s pandemic [1]. According to
The State Council of China in June 2022 that the regularization of NAT will “facilitate
earlier detection of potential risks and faster implementation of preventive and control
measures.” Whereas the regularization of NAT normalizes, routinizes, and long-term
the acute nature of the pandemic influences people’s social behavior and tightens local
governments’ financial budgets. Further confirmed by The National Health Commission
of China in the early June of 2022 officially stated that the local government will be fully
in charge of the regularization and all the costs produced [2].

Regularization of NAT implies the societal fact that every person who lives in the
country is required to take and show the test result in order to enter public facilities and
access different cities or provinces. The resulting surge in demand set a high standard
for the government and the facilities to collect, process, and pose results of masses on a
daily bases. Under such a challenge, the setting of Covid testing stations becomes one of
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the most crucial stages [3]. This is because these stations, on the one hand, distribute the
capacity for testing in traditional settings like hospitals or community medical centers
improving efficiency. On the other hand, the stations reduce the burden on hospitals and
medical centers ensuring the functioning of the medical system. However, the limited
financial budget, usable medical resources, and time posed constrains to the allocation
[3,4].

1.1 Limited Finance Budget

The limited budget that the local government can spend on the program director deter-
mines the number of stations that are enabled to build across the city. As mentioned
above, the huge capacity that needs to be processed on a daily bases set a lower bound-
ary for the number of stations that must be established. Therefore, the efficient allocation
of these stations is needed to be planned and considered thoroughly.

1.2 Limited Usable Medical Resources

The medical resources that are needed for the functioning of the program include the
constant supply of medical personnel, test tubes, protective clothing, vehicles for trans-
port, instruments that can provide NAT, etc. While these resources can be increased
through greater government or institutional investment, funding and labor supply are
highly limited resources. Thus, the allocation of the stations reflects the effectiveness of
the usage of these resources maximizing efficiency while minimizing the cost for the
government and facilities.

1.3 Limited Time

Time is always a crucial factor. The people want to reduce the time of walking and
waiting, the government wants to reduce the time of implementation, and the facilities
want to reduce the time of receiving and processing samples. While some of the costs
had to be paid, the expectations fell on the rest. The allocation of stations in this case
affects the walking and waiting time of the people, the transportation time between the
stations and the facilities, and the implementation time of the whole program opening
to the public.

By evaluating under these constraints, the problems within the current situation are
comparatively clear: 1) multiple testing stations in one area causing waste of resources
2) lack of testing stations in a high populated area (density) causing long waiting time
3) inefficient transportation of samples causing overloaded work for facilities.

This paper will use linear programming and quadratic programming to simulate a
realistic distribution of population densities in major Chinese cities - Shanghai - based on
the above constraints and current problems, and to reallocate test stations. This decision
was made for the cities in China that currently have the highest volume of people and
the most severe rates of confirmed outbreaks. The decision was also motivated by the
urgency of the demand, the representational capacity, and the amount of data available. In
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order to make the model more informative and valuable for research, maximum reference
will be made to real data and actual conditions, including population density, distance
between facilities and sites, and real-time regulations. The survey hopes to maximize
efficiency and reduce waste of resources (costs).

This study aims to maximize the efficiency of NAT during the COVID-19 pandemic
through scientific data collection and analysis, while reducing the waste of personnel,
medical and financial resources.

2 Literature Review

While the idea of regularization of Covid testing station is a relatively new concept, pro-
posed by the Chinese government in 2022, there was not an abundance of references that
directly discuss the topic. Though, the optimization of the placement of sharing facili-
ties is considered by Zoran MILJANIC, Vladan RADULOVIC, and Budimir LUTOVAC
(2018) [5]. They used integer linear programming to optimize the placement of electric
vehicle charging stations, processing the input road network configuration data, calcu-
lating all combinations of shortest routes, and finding the optimal placement by calcite
the connectivity matrix. The design of the total sharing system was investigated by Ma,
Li, Zhou, and Hao in their article, specifically using the first horizontal model and multi-
ple horizontal models. However, the varied constraints between electric vehicle stations
and testing stations let the total setup required to be redetermined, which was discussed
by Alan D. Kaye, Chikezie N. Okeagu, Alex D. Pham, Rayce A. Silva, Joshua J. Hur-
ley, Brett L. Arron, Noreen Sarfraz, Hong N. Lee, G.E. Ghali, Jack W. Gamble, Henry
Liu, Richard D. Urman, Elyse M. Cornett in their 2020’s research4 [1]. Specifically,
they highlighted the economic impact of Covid-19 in making policy decisions and the
possible plan of allocating resources within the financial constraints. This discussion
inspired the team in analyzing the financial constraints of China’s situation. Taking into
account the similarity between vaccine allocation and testing station distribution, the
research paper written by Christian Alvin H. Buhat, Destiny S. M. Lutero, Yancee H.
Olave, Kemuel M. Quindala, III, Mary Grace P. Recreo, Dylan Antonio S. J. Talabis,
Monica C. Torres, Jerrold M. Tubay, and Jomar F. Rabajante regarding the constrained
optimization for the allocation of COVID-19 vaccines in the Philippines is valuable to be
referenced5 [2]. As they considered the prioritization of certain age groups and the costs,
the programming model successfully minimized the death number of vaccinated Philip-
pines. Noticing this paper got a different optimization goal, minimizing the number of
testing stations, compared with the vaccination case, Erwin Kalvelagen’s technical notes
will be partially referenced6. Kalvelagen set the formulation using the second-order cone
programming, minimizing the distances between facilities considering convex quadratic
constraints [6-8].

3 Methodology

The linear model in this paper aims to s to calculate the potential positive population
in each region while meeting the demand for nucleic acid testing stations and we set a
specific city as i.

Ni — eff x Si (1)
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To estimate the number of susceptible people in each locality after the test was
extended.

Ni: The total population of city

Si: The number of people who receive test

Eff: The efficiency rate of receive a test. (the rate of tested positive)
Si=Hi + Li

Hi: The age beyond 14 and age higher than 60

Li: The age between 15-59

Hi>0

Li>0

i

1 — exp(— 2)

max|[8i]

In China, because of the close distribution of population density, there is often a
radioactive spread around the areas where symptoms of Covid-19 infection occur. The
rational allocation of nucleic acid testing stations to result in minimizing the infection
factor associated with the test is our main goal. Therefore, we must consider the pop-
ulation density of each region in this equation, and we set the population density in
each district in Shanghai equal to 3i, with i representing Shanghai. The max value of 3i
represents the total population density in Shanghai.

Due to the limited medical resources initially available in Shanghai, we distinguished
two target groups based on the probability of post-nucleic acid positivity, one being those
older than 60 years and those younger than 14 years, which are very susceptible to Covid-
19 infection because of their weaker physical condition. The other pair of groups are
those aged 15 to 59 years, which are less likely to be infected by Covid-19 or recover
more quickly after infection because they are in relatively stronger physical condition
than those older than 60 years and those younger than 14 years.

Si
P x Si+ ——(150 +233)) <A
Xi:( X Si+ 25150 4233)) < 3)

A < The total budget for each region

Finally, we would consider the incorporating test costs for resource-limited countries,
a key factor is the cost of nucleic acid testing. Some countries are interested in using
multiple tests. In China, the national vaccine budget for nucleic acid is 1.3 billion, which
will include the cost of testing props as well as the cost of training (150RMB) per nucleic
acid testing and the cost of other peripheral equipment, such as Masks, masks, alcohol
and cotton balls (233RMB), these two things are suitable for 200 people to use. The test
assembly is defined as where P is the price per complete dose of the Nucleic acid testing
equipment.
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Minimize

si

3 (Wi = eff x Si)(1 — exp(————))) @)
- max[5i]
subject to

Ni—eff xSi>0 (%)
Hi>0,Li>0 (6)
dop ><Si+i(150+233)) <A (7)

l, 200 -

Al is the population density in each district.

4 Analysis and Result

We collected data from the 2021 census to calculate this equation and chose Shanghai
as our reference location. Table 1 shows the population distribution and area of each
district in Shanghai, the age of the population, the flow of people at the test site, etc.

Table 2 show effectiveness because during the outbreak Shanghai, China set precau-
tions between each area to avoid a person without any proof of vaccine or nucleic acid
testing to reach another area. We can see in the results obtained that only the Jing’an,
Qingpu and Chongming districts stand out as potentially positive populations, with all
three of them carrying a value of 2 compared to the value of 1 in the other districts.
Therefore, we decided to allocate more nucleic acid testing sites in these three districts.

From Fig. 1, we can see that the distribution of official nucleic acid testing stations
in Shanghai is rather concentrated and not rationally distributed, and the purpose of our
study is to distribute nucleic acid testing stations more efficiently. Based on the results
of our data, we should reduce the number of testing stations around Jiading district and
distribute them in chongming and gingpu districts.



K. Luo

1092

(panuiuod)

VCrILTL | LY6LY9EE8°0 | 8YIELOSSTO | 90LOEYI9T'0 | 90SS00SYL'O | I¥¥Ty9880°0 |  €668°€061 8°L99 61 YeviLTl nd3ui)y
€1L6061 | 66LICITY80 | LyYSIOSOTO | T0T8LBLSI'O | €SSYP86VEL'O | LVCLEILOI'O| PIIT'8SIE Lv09 S¢ €1L6061 Suerl5uog
OLLTT8 | LELOITYOL'O | OLIEBLLTEQ | 9TLBSISETO | +8TS60TLY 0 | €SHPTCITO00 |  #690°CEC] 8'L99 L8 9LLTTY ueysuif
CISI89S | LBYI0LEBL'O | €866CT1ITE0| €1S86C91T0 | LIOOLBBLY0 | ILVIEBYOI'0| €C00'9¥EE 8691 00¥ CIS189¢ Suopng
8STYERT | LLLLSYIT80 | L9TEISOLTO | 90LL8YBLI'O | LITT8EECLO | 9SSL0660°0 19€6°796¢€ 6'C9% 6S 86TYeE8I Suiperp
8ICSETT | TIIS8CILL'O |  890S90CE0 | 6887198CC°0 | <CEOVEILI0 | 16LSE0001°0 | SEBI'860L 6'viE SII 81csece ueysoeq
687€S9C | 1681S8L6L'0 | 90L6LOTE0 | 9018F1COTO | +6T0C689°0 | +S68+7S801°0 | SIT6'EIIL €LE 08 68¥£59¢ urXSuIp
8YSTYCI | BEOELITBY'0 | €8ILO6IOYO | CTI69TBLIE0 | LIBTO8E6S0 | 1TTOLESSD0 | 6£C0'1CSOT 65’09 Ll 8YSTHCl ndSuex
86VLSL | S8LYS8LI9'0 | 66£€66E1¥0| SITSYITEE 0| 1099009850 | S8I8Y8I800 | CI8YLSETE I¥'ec 1€ 86VLSL noy3uoy
0086¢€CI | 16198c169°0 | 61666V66€°0 | 608€1950¢°0 | [8000S009°0 | IT11908¢60°0 | ITEV'9LYCC INYY cl 0086¢€C1 omnd
LOLSL6 | 691€¥189°0 | €891€0801°0 80L9STE0 | 808LICI6S0 | TBOEITE60'0 | €601°SESIT LL'9E 9¢ LOLSL6 ueSulf
160€69 | CTOS88680L'0 | CI9YL8BOLEO | 86EI1016C°0 | 8ESTITOCY0 | ¥909L8880°0 | ¥LSY 05981 or'Le 01 150€69 |  SuruSuey)
8LOCITT | 9S6€L8TIL'0 | 6SLOSOS8E0 | PPO9TILBTO | I¥CovorI90 | SILYC6L600 | 6L0°6L10C SI'es SC 8LOCTII myny
0€0C99 | ST16L86EEL0 | €E06ILTSE0| SBOTIN99T0 | L9608TLYI0 | 6¥690L980°0 | CTLO6 60€TE 6¥'0C Ll 0€0799 nd3ueny
Y +09%®-v1 +09 6561 4!
159) 1/11/020C

9rdoad jo 104 SnSuUQ)) | QUIBN BaIy

uonendod uone)s 1s9)

9, uonnginsip a3e uonendod [euoroy [eUOISY | Ty W BAIY | JO JoquunN

(payured-jpos) eleg °1 dqEL,



1093

The Efficient Allocation of Covid Testing Stations

LYT8LT000 0 +09%-+1
§L7000°0 + 09
¥17000°0 651
982000°0 vl
a3e
uonendod
(9) 211 [euoI3oy
159) 9ANISO] rey3ueys
OITI
126LE9 | T1198€€09°0 | SPO60LEOY'0 | SI0LLI6ED | 6ILLYYIES O | TO6E8€6990°0 LIY9vCe S961 L9 126L£9 | Surwsuoy)
CLOVIT | LC608€908°0 | 6CSOPPI8T'0 | €LO619E61°0 | TLY6SSEIL'0 | LSYIT8T60'0 | ¥8CSIIVI '608 001 TLBOVIT uerxsuog
1591 1/11/0C0C
9rdoad jo 104 SnSud) | QWIeN BaIy
uonendod uone)s 1s9)
9, uonnginsip a3e uonendod [euoroy [eUOISY | Ty W BAIY | JO IoquInN

(ponunuod) *1 dqe,



1094

K. Luo

Table 2. Result (self-painted)

District

Result

5.168852585

Huangpu

1

Xuhui

Changning

Jingan

Putuo

Hongkou

Yangpu

Mingxin

Baoshan

Jiading

Pudong

Jinshan

Songjiang

Qingpu

Fengxian

Chongming
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Fig. 1. Major Nucleic Acid Institutes and Covid Mortality in Shanghai [9]

5 Conclusion

The data derived from this paper suggest that, with government support, we can distribute
the medical resources and social budget of the nucleic acid testing sites concentrated
in Pudong New District to Jing’an, Qingpu and Chongming Districts. Subsequently,
in order to reduce the queuing time, we should allocate a designated area for each
district, establishing a major nucleic acid site with high traffic in the more densely
populated cities, and presenting scattered nucleic acid sites in areas with relatively loose
population distribution, so that resources can be utilized while allowing other areas to
use them rationally. We will then make further studies on how to assign nucleic acid
sites efficiently and the distribution of the number of nucleic acid sites.
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