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Infection risk factor measurement
based on spatial and temporal
distribution of COVID-19 nucleic
acid test sites: an example from
Shenzhen

Lei Wang®, Longhao Zhang™, Tianlin Zhang™* and Xin Han?*

!School of Architecture, Tianjin University, Tianjin, China, 2College of Landscape Architecture,
Zhejiang AGF University, Hangzhou, China

COVID-19 has profoundly impacted global daily life, emphasizing the need
for effective virus suppression strategies. In response, China has established
numerous nucleic acid testing sites to facilitate rapid testing and curb outbreaks.
However, these sites often experience congestion, increasing transmission risks
and reducing testing efficiency. This study focuses on the spatial-temporal
analysis of testing site distribution and associated infection risks in Shenzhen,
China. Data from all Shenzhen testing sites were analyzed for the week of
October 24-30, 2022, noting the percentage of busy hours per site and
incorporating a population size factor by district to assess regional infection
risks. Findings indicate three daily peak testing times—primarily in the evening—
with the highest risk of transmission in Longgang District, followed by Yantian
and Luohu, and the lowest in Futian. The risk coefficient varied from 0.040 to
0.349, with most areas showing stable risk levels between 0.06 and 0.20. This
research underlines the necessity for policymakers to alleviate congestion at
testing sites and suggests increasing site availability in Longgang District to
mitigate COVID-19 spread, offering methodological guidance for managing
infection risks in other major Chinese cities.

KEYWORDS
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1 Introduction

Since the December 2019 outbreak of Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) widely spread to the world, caused Corona Virus Disease 2019 (COVID-19) (1).
The spread of the virus has been accelerated by continued rapid genetic mutations, which have
placed a serious burden on the public health care sector in various countries. The effectiveness
of the traditional method of administering COVID-19 vaccine to citizens to slow the spread of
the virus and clinical symptoms has been widely demonstrated (2, 3). However, we still need to
look for other environmental factors for virus transmission. Several studies have shown that the
urban built environment factors of public transportation, points of interest and recreational
spaces, areas where people congregate, are thought to be positively associated with COIVD-19
transmission (4-6). Crowd aggregation is also a concern, and the extremely high population
density of mega-cities in various countries can increase the spread of COVID-19 between
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populations (7, 8). A negative relationship between the number of
COVID-19 infection cases and urban population mobility has been
demonstrated in several studies (8). Therefore, in order to combat the
spread of COVID-19 in cities and reduce the number of illnesses and
deaths, many countries are actively taking various non-pharmaceutical
measures in addition to vaccinating their citizens to create basic
immunity. Examples include urban lockdowns, home isolation, close
access control, and high frequency nucleic acid testing (9). As in the
early stages of the outbreak, the influx of patients caused a run on
medical resources. Therefore, there is a need for nucleic acid testing
measures at the residential community level to identify infected
individuals as early as possible (10). Transmission risk factors are
influenced by multiple elements, including a high proportion of older
adult population, economic difficulties, high population density, low
socioeconomic status, and unique geographical locations. The
combined effect of these risk factors impacts the transmission and
mortality rates of COVID-19, significantly affecting the spatial-
temporal dynamics of the pandemic (11).

The concept of a 15min living circle was introduced to facilitate
the quick and easy completion of nucleic acid testing for residents and
is strongly supported by the Chinese government (12). This means that
every resident in the city can have a COVID-19 nucleic acid test within
15 min, which is not an easy task for a country with a large population
like China. Such a high frequency of testing of the population will
increase the efficiency of early detection of cases. This requires the
installation of a nucleic acid testing site within a residential area, which
is a temporary medical infrastructure (Figure 1) with several features.
(1) It provides a safe working place for the Nucleic Acid Testing staff,
separated from the population. (2) The mobile nature of the nucleic
acid testing site is also a key feature, which makes it easier to move to
more crowded locations. (3) The necessary disinfection measures, such
as UV disinfection or air purification systems, are in place. According
to research data, few studies have been conducted to identify the risk
of virus transmission by exploring the busyness of nucleic acid testing
sites. There is a strong correlation between waiting times at nucleic acid
testing sites and the spread of the virus, and a direct relationship with
the well-being of the population. In this regard, Shenzhen, Guangdong
Province, a typically densely populated Asian city, is an ideal site.
Identifying the busyness and spatial distribution of nucleic acid testing
sites can help urban decision makers to plan the placement of nucleic
acid testing sites in a rational way, thus providing data to effectively
reduce queuing times and transmission risks.

2 Materials and methods
2.1 Target area

The study area is selected from one of the most economically
developed cities in China, Shenzhen, Guangdong Province. According
to the latest Chinese census data Shenzhen has a total population of
approximately 17 million and a high population density. Therefore, a
study on the busyness of the nucleic acid testing sites in this city can
reduce the queuing time to reduce the risk of COVID-19 transmission.
The climate has an average year-round temperature of 22.4°C and a
southern subtropical monsoon climate. The mild and comfortable
climate provides a basis for excluding weather factors from influencing
the distribution of nucleic acid testing sites. The commercial center of
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the city is concentrated in the southern plain area. The rest of the
residential areas and service settings are evenly distributed in the
surrounding areas. Shenzhen has 13 subway lines passing through the
city, which also greatly enhances the accessibility of the region, making
it easier for people to travel long distances and reach the nearest
nucleic acid testing sites in a short time, which also allows the study
to be explored from multiple perspectives.

2.2 COVID-19 nucleic acid detection sites

Since the establishment of China’s regular epidemic control
measures, many cities have built a large number of COVID-19 nucleic
acid testing sites to facilitate rapid nucleic acid testing for residents. In
Shenzhen, real-time information on all testing sites has been
aggregated in the form of a smart city and made available on a unified
website, so that all residents can check the status of the sites at
any time.

Our research obtained real-time information on nucleic acid
testing sites through this project website.! We collected nucleic acid
test site status information 24 h a day for 7 days from 24 October 2022
to 30 October 2022, with no Chinese holidays, to avoid the impact of
holidays on the busyness of the tests. Each test site has a very large
number of real-time statuses (Table 1), and we filtered out a few pieces
of information needed for the study objectives to be retained.

This research has designed a specific process to deal with complex
data structures, including the following steps:

1 Data collection. Data is logged hourly using the Python
program’s request library for nucleic acid test site data;

2 Logging the data. After obtaining the accessed data, the data is
presented in json format and we save the required information
in csv format;

3 Cleaning the data. We use the pandas library to filter the data
and keep the ones that have data distribution within 24 h;

4 Processing the data. The definitions of these four states are
provided by the website, and we use 0, 1, 2, and 3 to represent
these four states. The status of the data represents the busy
status of the nucleic acid testing sites, where 1 represents rest
(closed), 2 represents open (queue less than 15min), 3
represents busy (queue 15-30 min) and 4 represents congested
(queue greater than 30 min). The pandas library was used to
filter the percentage of statuses 3 and 4 in the 24h period to
represent the percentage of busy nucleic acid detection sites.

2.3 Nucleic acid testing site busyness and
calculation of infection risk factors

First, for a single nucleic acid detection site, 24 observations will
be recorded each day, and each observation will have four states

possible, and we define the number of times these four states occur in
aday as sl, s2, s3, and s4, so for a 24 h period on date i, we can calculate

1 https://hsdyjc.newhealth.com.cn/wh5/#/
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FIGURE 1
China COVID-19 pneumonia nucleic acid test site queue.

TABLE 1 Sampling data sheet for nucleic acid testing sites.

Data name Example data Data interpretation
Address Yunfeng Technology Building (Songping Street East), Nanshan District, = Information on the location of nucleic acid sampling sites
Shenzhen, Guangdong Province
Area name Nanshan District Nucleic acid sampling sites in the administrative districts of Shenzhen
Code B04103712 Unique identification number according to administrative division
1d 108551 Unique identification number
Latitude 22.555162 Latitude of nucleic acid sampling sites
Longitude 113.956486 Longitude of nucleic acid sampling sites
Status 3 Nucleic acid sampling site busy status

the percentage of hours with queuing times greater than 15min at the
nucleic acid detection site in a single day (B), calculated (1) as:

- s3; +s4; 1)
sl +52; +53; +54;

The average percentage of nucleic acid testing sites that are busy
on a single day in a borough (D), which accurately reflects the
busyness of testing sites over the course of a day, where n is the
number of nucleic acid sites in the borough, is calculated (2) as:

Dj=—)B; 2
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The average percentage of busy nucleic acid testing sites (W) for a
week in the administrative area was counted to accurately reflect how
busy the sites were over the course of the week, where d is the number
of days observed in this study and is calculated (3) as:

1 4=
Wi=— D 3)
di3

To measure the risk factor (F) of infection during the COVID-19
test queue, we introduced the population size P (in 10,000 people) per
administrative district to correct for this factor. In which W represents
the average busyness ratio of the nucleic acid testing points over a
week, as described in Equation (3), n is the number of nucleic acid
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FIGURE 2
Folding line graph of the average 24 h busy distribution at the test site

testing sites in the administrative district, and i denotes the different
administrative districts of Shenzhen, the formula was calculated (4) as:
Pi

F=2
n

x Wi 4)

3 Results

3.1 Busy status of COVID-19 nucleic acid
detection sites in Shenzhen

We recorded the busy status of all nucleic acid testing sites for 24 h
per day over a one-week time frame. We counted the number of
nucleic acid testing sites in Shenzhen with queue times greater than
15min per hour and calculated their share of all nucleic acid testing
sites. In Figure 2, we plot a line graph of the percentage of busy nucleic
acid sites for a week. The results of this graph show that there are three
peak hours in the city for residents to have nucleic acid tests: 9-11 am,
13-17 pm and 19-21 pm. The number of busy nucleic acid testing sites
during these three periods is approximately 40, 50 and 60%
respectively, showing an upward trend, which means that people in
the city are more likely to have their nucleic acid tests done in the
evening, followed by midday and morning. It is also interesting to note
that during the morning rush hours on Thursday, Friday and Saturday,
the highest percentage of busy nucleic acid users arrived 1h later than
at other times, and the percentage of busy users was also higher. This
suggests that on weekends, residents generally delay their nucleic acid
tests by 1h compared to weekdays, and that the busy rate falls to 10%
at 12:00 pm on weekends as well as on weekdays, so that crowds are
more concentrated on weekends.

We calculated the percentage of busy nucleic acid testing sites for
a week and based on this plotted Figure 3 depicts the geographic
distribution of sites that are more likely to be in queues. We defined
busy nucleic acid testing sites as those with queues of 15min or more
for more than 40% of the day, and such sites were mainly located in
Longgang District, with some long queues in Luohu District, Baoan
District and Nanshan District. Other areas such as Nanshan District,
Pingshan District and Baoan District have a lower percentage of
busy sites.
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3.2 Risk factors for COVID-19 infection by
administrative districts in Shenzhen

Data on the number of people in the administrative area were
obtained from the seventh census data,> and we calculated and
presented in Table 2 by considering several factors such as population
factors, the number of nucleic acid testing sites and the proportion of
busy people. The risk factors for COVID-19 infection are shown in
Table 2. We plotted the distribution of COVID-19 risk factors in
geographical space in Figure 4, showing that the highest risk of infection
was found in Longgang and Yantian districts, followed by Guangming
and Luohu districts, which were also at high risk of COVID-19
infection. On the other hand, the areas at lower risk of COVID-19
infection were Nanshan District, Futian District, Pingshan District and
Dapeng New District. The results showed that the risk factor for
COVID-19 infection was highly correlated with the proportion of busy
nucleic acid testing sites, with the busier nucleic acid testing sites being
more likely to generate population clusters and cause the spread of
COVID-19 virus, again in line with our expected hypothesis.

In Table 3, we provide a statistical description of population
characteristics such as population size, population density, and
number of communities for each administrative district in Shenzhen.
We observe that although Futian District has the highest population
density, its infection risk coefficient is relatively low (0.040). In
contrast, Longgang District, despite not having the highest population
density, has the highest infection risk coefficient (0.349). The number
of communities can be seen as an indicator of the distribution of
residents and the development of infrastructure in an area. Generally,
a higher number of communities implies more residential areas and
more intensive population activities. For example, Baoan District has
the most communities (124) and the largest population, with an
infection risk coefficient at a medium level (0.086). This reflects that
even though there are many communities, adequate testing sites can
effectively control the infection risk. The area of the administrative
district is also an important factor. Dapeng New District has the
largest area but an extremely low population density, and its infection
risk coeflicient is also relatively low (0.066).

2 http://tjj.sz.gov.cn/ztzl/zt/szsdqcagrkpc/szrp/content/post_8772114.html
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TABLE 2 Risk factors for COVID-19 infection in Shenzhen.

Number of nucleic
acid testing sites

Administrative District

Number of
residents served

COVID-19 risk factor
for infection

Average percentage
of busy week (%)

per nucleic acid

sites (10,000)
Futian District 818 0.190 0.208 0.040
Luohu District 178 0.643 0.296 0.190
Yantian District 22 0.974 0.318 0.310
Nanshan District 572 0.314 0.195 0.061
Bao'an District 1,091 0.410 0.209 0.086
Longgang District 355 1.121 0.311 0.349
Longhua District 560 0.452 0.231 0.104
PingShan District 142 0.389 0.196 0.076
Guangming District 247 0.443 0.289 0.128
Dapeng New District 34 0.460 0.144 0.066

3.3 Increasing nucleic acid testing sites to
reduce transmission risk

By utilizing data on the number of nucleic acid testing sites and
the populations they serve, we have calculated the infection risk
coefficient. The mean infection risk coefficient was determined to
be 0.141. Our aim is to lower the infection risk coefficient in the three
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administrative districts with the highest coeflicients to below this
mean by increasing the number of nucleic acid testing sites.
Consequently, we have derived the necessary increase in testing sites
required to meet this goal.

As shown in Table 4, Luohu District, Yantian District, and
Longgang District have infection risk coefficients above the mean.
Thus, these districts should be prioritized for the addition of testing

05 frontiersin.org


https://doi.org/10.3389/fpubh.2024.1420497
https://www.frontiersin.org/journals/public-health

Wang et al. 10.3389/fpubh.2024.1420497

@

Infection Risk Factor:

0.040 0.087 -0.104
. ]
[ o041-0.066 [ ] 0.105- 0428
e
0.067 - 0.076 0.129 02190
[ N
I 0.077-0.086 I 0.191-0.349

Administrative District:
(@ BaoAn District ®) FuTian District (@ PingShan District

@ GuangMing District ) LuoHu District (0 DaPengXin District
@ NanShan District (7 LongGang District [ LT L
@ GuangHua District (®) YanTian District 0 5 10 15 20

| km
25

FIGURE 4
Distribution of administrative districts at risk of COVID-19 infection in Shenzhen.

TABLE 3 Population characteristics by administrative region in Shenzhen.

Administrative District Population of Administrative area Density of Number of
administrative district (km?) population communities
(10,000) (10,000/km?)
Futian District 155.3225 78.66 1.9746 92
Luohu District 114.3801 78.79 1.4517 81
Yantian District 21.4225 74.99 0.2857 19
Nanshan District 179.5826 185.22 0.9696 101
Bao’an District 447.6554 397 1.1276 124
Longgang District 397.9037 388.21 1.0250 111
Longhua District 252.8872 175.6 1.4401 69
PingShan District 55.1333 166 0.3321 23
Guangming District 109.5289 156.1 0.7017 31
Dapeng New District 15.6236 600 0.0260 25

sites. Our calculations indicate that Luohu District, Yantian District,
and Longgang District need to increase their nucleic acid testing sites
by 240, 48, and 877 respectively, to bring their infection risk
coefficients down to the average. This represents increases of 34.90,
119.61, and 147.22% relative to their current number of testing sites.
Since these figures are derived from simulations, the actual numbers
must be adjusted based on regional circumstances, population
distribution, and the actual levels of infection.

Frontiers in Public Health
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4 Discussion
4.1 The research findings

The current viral pandemic poses new challenges for national
and regional urban planning. How to make our countries, regions

and cities resistant to viruses has been a hot topic of discussion in
various disciplines. This study provides a method to determine the
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TABLE 4 The risk of infection is reduced to mean (0.141) costing.

COVID-19 risk
factor for
infection

Administrative
District

Mean difference

10.3389/fpubh.2024.1420497

Increased of
number of
nucleic acid
testing sites

Increased
quantity of
number of

Percentage
increase of
nucleic acid test
sites

residents served

per nucleic acid
sites (10,000)

Futian District 0.040 —-0.101

Luohu District 0.190 0.049 0.476 240.117 +34.90%
Yantian District 0.310 0.169 0.443 48.315 +119.61%
Nanshan District 0.061 —0.08

Baoan District 0.086 —0.055

Longgang District 0.349 0.208 0.453 877.646 +147.22%
Longhua District 0.104 —0.037

PingShan District 0.076 —0.065

Guangming District 0.128 —-0.013

Dapeng New District 0.066 —-0.075

risk of COVID-19 transmission due to crowded queues, using data
from an unnoticed COVID-19 nucleic acid testing site that emerged
during an epidemic, in terms of geospatial location of the nucleic
acid testing site, queueing time status, and continuous long-term
observed status changes. This study has important practical
implications for the study of the relationship between the density of
nucleic acid testing sites and the risk of COVID-19 infection, and
represents a new starting perspective. High frequency of COVID-19
nucleic acid screening is an effective response to epidemics, but the
efficient allocation of public resources is an important issue in a
context of resource constraints in public health systems in
different regions.

4.2 Epidemic prevention and control policy

Based on the research findings, we can observe that the spatial
and temporal distribution of nucleic acid testing sites in Shenzhen
has revealed significant risk factors for COVID-19 transmission. The
study found that during specific peak periods, such as evenings and
weekends, the risk of transmission increased due to crowd
gatherings and prolonged waiting times for testing. These high-risk
periods were mainly concentrated in Longgang and Yantian districts,
while the risk in Futian district was relatively lower. This situation
indicates that the government faces significant challenges in
managing the pandemic and controlling its spread in certain areas.
To address these challenges, the government can implement the
following strategies:

1 Increase the number of nucleic acid testing sites: Especially in
densely populated areas and during high-risk periods, adding
more testing sites can reduce waiting times and thereby
decrease the chances of crowd gatherings.

2 Optimize the time management of testing sites: Adjust the
operating hours of certain sites based on data analysis,
particularly during evenings and weekends, to disperse
peak traffic.

Frontiers in Public Health

3 Improve testing efficiency: Enhance the operational efficiency
of testing sites by introducing faster testing technologies and
more efficient data processing systems. Alternatively, increase
the staffing levels at individual testing points to boost
testing capacity.

4 Public education and communication: The behavior and
response of individuals and communities are crucial in
managing infection risks. Strengthening public education on
pandemic prevention, clearly communicating the optimal
testing times and site choices, avoiding testing during peak
periods, actively responding to government health guidance,
and adopting personal protective measures are all key factors
in reducing infection risk. Therefore, raising public awareness
and understanding of these risk factors, and how individual
actions can mitigate these risks, is an essential component of
improving public health response capabilities.

5 Use of Geographic Information Systems (GIS): Utilize GIS
technology to monitor the flow of people and the spatial
distribution of testing sites in real time, allowing for rapid
adjustment of resource allocation and response strategies.

By implementing these strategies, the government can manage
public health resources more effectively, reduce the risk of COVID-19
transmission, and ensure the normal conduct of socio-economic
activities. These strategies not only apply to current pandemic
management but also provide policy and operational references for
potential future public health events.

4.3 Limitation and future works

This study has certain limitations. While it examines the spatial
and temporal distribution characteristics of the busyness of nucleic
acid testing sites, it does not explore the influencing factors behind
this busyness. The busyness of COVID-19 testing sites may
be influenced by a range of external factors, including demographic
characteristics (such as age structure, health status, and vaccine
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coverage), preventive measures (such as wearing masks, maintaining
social distancing, and disinfection practices), geographical
environmental factors (such as urban road accessibility, land use
attributes, and current regional economic development), and the
availability of community resources to mitigate risks. Additionally,
the busyness of COVID-19 testing sites constitutes geographical data,
which may exhibit spatial correlation, meaning that testing sites at
different distances could influence each other. There might also
be some heterogeneity in busyness levels, indicating that the
influencing factors of the busyness of nucleic acid testing sites may
have different effects in different regions.

Future research should not only investigate the factors influencing
the busyness of nucleic acid testing sites but also incorporate the
spatial heterogeneity effects of these influencing factors. Furthermore,
actively collaborating with the government to obtain data samples of
nucleic acid testing sites over a broader timeframe would significantly
enhance the accuracy of the research. Overall, this study pioneeringly
proposes a new method to measure COVID-19 transmission risk
based on the busyness and number of nucleic acid testing sites.
We believe that the method proposed in this study will have a long-
term impact on urban planning and policy-making.
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