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Abstract 
Introduction: In this paper, the authors discuss the rules of changes in the environment-
to-human transmission of coronavirus disease 2019 (COVID-19) based on confirmed 
cases in Hebei Province in winter 2020 and determine the correlation of the number of 
confirmed cases with geographic and demographic factors to provide a scientific 
foundation for epidemic prevention and control and decision-making for governments. 
Nanshan Zhong believes that the environmental transmission of COVID-19 is a new topic, 
and epidemic research in Hebei Province in the winter of 2020 is explored in this context. 
Methods: First, a daily atlas of new cases is drawn. Then, through the analysis of 
behavioral activities and tracking of the building environments of confirmed cases, the 
phenomenon of environment-to-human transmission is explored. Thus, a portrait of the 
epidemic is drawn that includes the area of jurisdiction and population size for medium- 
and high-risk areas. Results: Epidemic information was collected daily and published on 
the website of the Health Commission of Hebei Province from January 2, 2021, to 
February 15, 2021; the reported time, space and movement tracking of 100 confirmed 
cases in Hebei Province are analyzed descriptively. The data indicate that the first 
confirmed case appeared on January 2, 2021. Conclusion: It is concluded that (1) the 
COVID-19 epidemic in Hebei Province has a clear correlation with the season; (2) the 
epidemic is related to the physical environment of the confirmed cases; (3) the lifestyle 
and behavioral activities of confirmed cases could accelerate epidemic transmission; 
and (4) disinfection should focus on the physical spaces utilized by confirmed cases. 
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1. Introduction 

COVID-19 emerged in early 2020 and has become a permanent accompaniment of our lives. On 
December 19, 2020, Nanshan Zhong, an academician at the Chinese Academy of Engineering, said 
that the environmental transmission of COVID-19 is a new topic in which the rules and measures for 
prevention and control must be explored; he posited that China faces with two considerable 
challenges: imported cases from outside China and transmission through the environment [1]. Zunyou 
Wu, an epidemiologist, said that environment-to-human transmission generally occurs during the 
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early period of an epidemic; for COVID-19, this method of transmission needs to meet three 
conditions at the same time: ① heavy contamination of an item with the virus; ② ability of the 
virus to survive for a long time on the item; ③appropriate measures for the prevention and control 
of contact with the contaminated item are absent. Results from environmental samples were 
previously reported in press conferences in many areas. According to the prediction model of 
COVID-19 developed at Lanzhou University, the epidemic in Hebei Province would be generally 
controlled in early February with strong intervention from the government. A total of 120,000 people 
would be infected by the end of February if prevention and control measures were absent[2](see 
Figure 1). The epidemic spread and delay of COVID-19 are closely related to multiple elements, 
including seasonal changes and the intensity of control measures. COVID-19 may continue and 
evolve into a normal state[3](see Figure 2). In this paper, confirmed cases of COVID-19 from January 
2, 2021, to February 15, 2021, in Hebei Province are collected and analyzed, and the relationship 
between people’s activities and the building environment during the epidemic is explored. At present, 
there is little research on the rules of changes, behavioral patterns, and tracks in the building 
environment in Hebei Province during the epidemic. At the time of writing, Hebei Province has been 
changed to a low-risk region. This analysis of changing trends in COVID-19 and government 
measures will provide a scientific basis for the prevention and control of environment-to-human 
transmission of COVID-19. 

 

 
Figure 1. | Prediction using the COVID-19 prediction model developed at Lanzhou University. 

 

 
Figure 2. COVID-19 transmission simulation by Harvard University. 
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2. Data and Methods 

2.1 Data Source 

For Shijiazhuang City and Xingtai City in Hebei Province, data for the daily newly confirmed cases 
of COVID-19 from January 2, 2021, to February 27, 2021, are taken from the official website of the 
Hebei Provincial Health Commission (http://wsjkw.hebei.gov. cn/), and the Real-Time Query 
Website of National Epidemic Risk Levels (http://www.lubulai.com/). 

2.2 Definition of Confirmed Cases 

Presumptive cases of COVID-19 are confirmed according to the COVID-19-Infected Pneumonia 
Diagnosis and Treatment Plan (2nd–7th edition trials) [4–5]. 

2.3 Methods of Analysis 

The data collected from the official website of the Hebei Provincial Health Commission are analyzed 
using Microsoft Excel to further explore the rules of change in environment-to-human transmission 
based on diagrams. The related data, including the number of newly confirmed cases per day and the 
changes in graphs for medium- and high-risk areas, as well as their correlations with the environment, 
are examined to determine the activity tracks of confirmed cases and provide evidence of 
environment-to-human transmission. The relationship of behavioral activities and the built 
environment with environment-to-human transmission is explored to generate the rules of 
environment-to-human transmission. 

3. Data Analysis 

3.1 Introduction 

According to data published on the official website of the National Health Commission, as of 24:00 
on March 4, 2021[6], a cumulative total of 102,015 cases of COVID-19 were confirmed, and a 
cumulative total of 96,706 cases were cured, with a total of 4,846 deaths in China. At the time of 
writing, the number of confirmed cases is 463, the number of imported cases is 5,049, and there are 
2 suspected cases. 

According to data published by the Hebei Provincial Health Commission, a cumulative total of 869 
cases were confirmed in Shijiazhuang City from January 2, 2021, to February 20, 2021[7], and a total 
of 70 cases were confirmed in Xingtai City. 

 

 
Figure 3. Daily increase in new cases of COVID-19 in Hebei Province from January to February 

2021. 
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From January 2, 2021 to January 6, 2021, the number of confirmed cases rose rapidly from 1 to 50 in 
Shijiazhuang city, indicating a major outbreak. The government undertook a series of operations to 
cope with the epidemic, and the epidemic was controlled within a short period after several turning 
points. As of mid-February, the epidemic had stabilized, which proves that measures taken by the 
government can effectively reduce the spread of the disease. The summary and analysis of COVID-
19 epidemic data for the winter of 2020 in Hebei Province found that in Shijiazhuang City, COVID-
19 had the characteristics of a cluster epidemic, and with a series of national prevention and control 
measures, the transmission speed was gradually reduced after the outbreak until there were no 
additional cases. Environmental-to-human transmission may have a role in this epidemic, in which 
the rate of transmission slowed after a notable turning point. On February 28, 2021, Shijiazhuang 
City adopted control and prevention measures based on different areas and levels, and the number of 
confirmed cases was almost zero. In comparison, in Xingtai City, the epidemic was caused by the 
flow of and contact with the people from Shijiazhuang City; the number of confirmed cases was less 
than 10, and large-scale transmission did not occur due to timely testing and control. 

3.2 Environmental Characteristics of Severely Affected Areas in Hebei Province 

On January 2, 2021, a new case of COVID-19 was confirmed in Gaocheng District, Shijiazhuang 
City, Hebei Province, in a 61-year-old female villager living in Xiaoguozhuang Village. According 
to the government’s tracking report, on December 20, 2020, the villager visited relatives in the 
villages of Xinyue City and stayed for seven days without going out. On December 28, 2020, she 
attended wedding banquets in a villager’s car. On January 2, 2021, she tested positive on two nucleic 
acid tests[8]. On January 4, 2021, Xiaoguozhuang Village in Gaocheng District and Tiandi 
Mingcheng Community in Nangong City, Xingtai City, were adjusted to medium-risk areas. 
Prevention and control measures were strengthened. On January 9, 2021, a total 354 samples with a 
strong correlation to Gaocheng District tested positive; the samples were distributed throughout 12 
counties and districts. According to survey data, a group of religious people gathered with a family 
in Xiaoguozhuang Village. On January 12, 2021, 15 villages in Shijiazhuang were isolated, and large-
scale disinfection of the original environment took place. On January 16th, more than one thousand 
integrated houses were built at a centralized isolation point. This measure greatly reassured the public 
and ensured that quarantined individuals were kept isolated at a safe distance, thus preventing person-
to-person transmission during isolation. 

Activity tracking (see Figure 5) of the confirmed cases in Shijiazhuang City and Xingtai City show 
the following: 

Almost all of the confirmed cases were located in rural areas, many of them adjacent to the airport; 

They very frequently occupied environments and activities where many people clustered, such as 
wedding banquets, religious services, and examinations; 

High-frequency activities included buying medicine at the clinic and attending clinics in the villages. 

3.3 Data for Environment-to-Human Transmission in Hebei Province 

Activity tracking of 100 samples of confirmed cases of COVID-19 were analyzed to obtain their 
behavioral patterns and tracks within the built environment. Based on the analysis of environment-
to-human transmission, the following five risk levels are proposed, listed from highest to lowest risk: 
close contacts of confirmed cases and close contacts of those close contacts; clustered gatherings, 
including for religious and shopping purposes; family gatherings, including weddings; public spaces; 
and residential units. Half of the confirmed cases stayed at home, while others attended schools, 
airports, and even more crowded areas with poor air circulation, such as clinics, restaurants, factories, 
and many types of transportation, such as buses and subways. Some of the cases attended banquets 
and participated in other clustering activities, which is another reason for this outbreak. Transmission 
was rapid due to outmoded prevention and control efforts and limited epidemic prevention awareness. 
The epidemic occurred at Zhengding Airport in Shijiazhuang City, which inhibited the ability to 
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identify imported cases. One hundred confirmed cases were selected randomly, and their behaviors 
and lifestyles were analyzed using tracking information. We found that the daily activities of the 
confirmed COVID-19 patients included going to school, going to the airport, attending banquets, 
going to the supermarket, going to clinics and pharmacies, eating at restaurants, working in factories, 
taking a taxi, buying groceries at the vegetable market, picking up children, participating in rallies, 
shopping at specialty stores, going to the hospital, taking the bus, visiting friends and relatives, going 
to a hotel, taking the subway, walking in the community, taking the train, etc. Thirty-one percent of 
the individuals with confirmed COVID-19 engaged in daily activities such as attending school; going 
to airports, banquets and dinners; and shopping at the supermarket. Thirteen percent of the cases went 
to transportation centers such as airports, railway stations, bus stations, and subway stations. Twelve 
percent of the cases used taxis, buses, buses, subways and other methods of transportation. 

Taking Hebei Province as an example, the relationship between the behavior of confirmed cases and 
their lifestyle and environment is analyzed. The activity tracks of 100 individuals with confirmed 
COVID-19 are presented in Figure 5 in terms of frequency. A total of 23 types of behavioral activities 
and building sites were counted. Staying at home was the most frequent activity, represented by 56 
patients; 27 patients went to schools, and 25 went to airports. A total of 22 went to banquets and 
dinners, 20 went to supermarkets, and 17 went to clinics. Some of the confirmed patients chose to go 
to clinics or pharmacies when they suspected that they had COVID-19 instead of going to a hospital 
for nucleic acid testing. Fifteen patients ate at restaurants, 14 went to work at factories, and 11 took 
taxis. Some patients with confirmed COVID-19 picked up students, participated in village gatherings 
and visited friends. Few other behaviors were observed. The type of environment occupied by those 
who stayed home was the residential unit. Other environmental sites occupied by the confirmed 
COVID-19 patients were public gatherings and family gatherings, including weddings and activities 
in public spaces or the built environment. 

 

 
Figure 4. Data classification of environment-to-human transmission in Hebei Province 

3.4 Rules of Changes in Environment-to-Human Transmission During the Winter in Hebei 
Province 

Regarding the rules of changes in environment-to-human transmission during the winter in Hebei 
Province, the essential underlying mechanism is the transmission from items to people. Infected 
people contaminate their surrounding environment, and others become infected when they contact 
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the environment and items in it. Unless they are disinfected in a timely manner, environments with 
which confirmed cases have close contact, such as living spaces, clinics, hospital wards, dining tables, 
etc., will cause large-scale transmission. Effective measures were taken during this epidemic, with 
significant results. The effectiveness of these measures also provides evidence of the phenomenon of 
environment-to-human transmission. 

3.5 Related Factor Analysis for Confirmed COVID-19 Cases in Hebei Province 

As of 15:00 on January 27, there were 9 high-risk regions across the country (see Figure 5), including 
the entire Gaocheng District and all of Xinle City in Shijiazhuang City, Hebei. Province. The area of 
jurisdiction and population size in high-risk regions were analyzed (see Figures 6 and 7). The 
epidemic affected a large proportion of counties, towns and rural areas, which tend to be high-risk 
areas for a large-scale epidemic in the absence of awareness and prevention and control measures. 

 

 
Figure 5. Medium- to high-risk areas in Hebei Province 

 

As of 15:00 on January 27th, there were 73 medium-risk regions across the country, including 4 
regions in Shanghai, 23 regions in Hebei Province, 2 regions in Beijing, 9 regions in Heilongjiang 
Province, and 5 regions in Jilin Province. 

 

 
Figure 6. Area and population size of high-risk areas across the country 
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Figure 7. Area and population size of high-risk areas in Heibei Province 

4. Prevention and Control Strategies for the Built Environment 

During the epidemic period from January-February 2021, effective measures were taken in response 
to the changes in the epidemic (see Figure 8), which prevented the epidemic from expanding. Cases 
were mainly imported in the early stage and spread locally in the mid-term. Effective measures 
included centralized isolation in different places and rigorous disinfection of the original environment 
to slow and effectively control the epidemic. Over one thousand integrated houses were built for 
isolation to satisfy the patients’ daily life needs. These types of houses, known as mobile cabins, 
greatly eased the pressure caused by the scarcity of isolated residences. The epidemic was well 
controlled through a series of measures, and the entirety of Hebei Province is now a low-risk area. 

 

 
Figure 8. COVID-19 containment measures taken in Shijiazhuang City, Hebei Province 

 

Based on the characteristics of environment-to-human transmission during regular epidemics, 
epidemic prevention and control strategies are proposed for the following environmental sites: 
clustering places, public spaces and residential units. 

(1) In cluster epidemics, affected patients range widely in age from infancy to elderly adulthood. 
During the high-incidence period in which the epidemic spreads easily, activities involving gathering 
and clustering should be canceled. In the event of an outbreak, it is necessary to perform multiple 
rounds of nucleic acid testing, block and disinfect contaminated areas and even stop transportation 
within and to and from affected cities. Hotels, university dormitories, etc. should be requisitioned or 
mobile cabin should be constructed, depending on the actual situation, to isolate people who have had 
contact with an infected person. 
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(2) Epidemic prevention and control strategies for public spaces: the earliest international measures 
for prevention and control included hand washing, alcohol disinfection and cleaning of contact 
surfaces that might be contaminated, in addition to compulsory measures such as wearing masks, 
social distancing and vaccination against COVID-19. Quarantine and disinfection are required for 
imported cold-chain goods, waste from isolated individuals and airport garbage from other countries. 

(3) Epidemic prevention and control strategies for residential units: to prevent possible environment-
to-human transmission in residential units, the basic measure is frequent hand washing for a duration 
of 15 seconds. Additional recommendations include wearing gloves and disinfecting after contact 
with imported deliveries or food, such as foods is delivered through express and cold-chain routes, 
and avoiding contact with the eye conjunctiva and respiratory tract. Virus particles in the air 
accumulate on the hands; therefore, it is important to avoid rubbing the eyes in a continuously 
contaminated environment. 

5. Conclusion 

(1) COVID-19 infection is clearly closely related to the season. The initial stage of outbreak 
development is the most important, especially in the winter. As the environmental temperature 
decreases, the survival time of the virus outside the body is prolonged, and the virus is transferred to 
objects or the physical environment through droplets. Other people or items then become infected 
with the live virus. Infection from droplets can occur easily. Therefore, it is important to identify 
confirmed cases and contaminated environments. 

(2) COVID-19 is closely related to the physical environment where cases are located. During holidays, 
clustering activities, such as family gatherings, can easily lead to recurrence of the epidemic. 
Therefore, strategies for reducing infection in both people and places should be implemented. 

(3) The behaviors and lifestyles of confirmed cases have an important impact on COVID-19 
transmission. Compared with the environments of patients with confirmed infection in cities, in Hebei 
Province from January to February 2021, the epidemic was mainly concentrated in rural areas, where 
medical conditions are poor, awareness of epidemic prevention is weak and people tend to gather, 
providing space for virus transmission. 

(4) Disinfection efforts should focus on how people with confirmed infections use the physical 
environment. Confirmed cases without obvious symptoms should be isolated in a centralized manner 
for nucleic acid testing, and people who might be involved in environment-to-human transmission 
should be isolated in different places. Rigorous disinfection of the original environment could reduce 
transmission of the virus. 

Regular environment-to-human transmission is most obvious in the winter. Therefore, it was 
necessary to determine the public spaces and environments where the virus is surviving in a timely 
manner and take measures to control it. Additionally, the daily number of new cases has been reduced 
to zero, proving that the measures that were taken, including large-scale disinfection of the 
contaminated environment and the isolation of infected individuals in different locations and at a safe 
distance from uninfected people, were effective for preventing environment-to-human transmission. 
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