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With globalization, the demand for transnational logistics is growing rapidly. However, the object-to-human transmission of SARS-CoV-2 has been reported in transnational logistics production, transportation, storage, sales, and consumption. Every link of transnational logistics has the risk of spreading the COVID-19 pandemic. It is concluded that low temperatures, dry environments, and smooth surfaces are conducive to the long-term survival of SARS-CoV-2 on the surface of transnational goods. Epidemiological investigation and big data analysis show that the object-to-human transmission route of direct contact with contaminated cold chain goods plays a key role in the outbreak and transmission of the COVID-19 pandemic. This may be the most crucial reason for the global spread of SARS-CoV-2 caused by transnational logistics. It is an effective way to prevent the spread of SARS-CoV-2 from object-to-human through transnational logistics by strengthening the management of employees in all aspects of transnational logistics, carrying out comprehensive disinfection and quarantine of and guiding consumers to handle transnational goods properly.
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INTRODUCTION

COVID-19 is a public health emergency with the fastest transmission speed, the broadest range of infection, and the most challenging prevention and control in the past 100 years (Ye et al., 2020a,2021; Chen et al., 2021; Tian et al., 2021a,b; Han and Ye, 2022; Zhang et al., 2022), and it can cause multiple organ damage or even death (Tian and Ye, 2020; Ye et al., 2020a,b,c; Han and Ye, 2021; Han et al., 2021; Khodavirdipour et al., 2021a,b; Tian et al., 2021b). Vaccines and drugs are being developed (Khodavirdipour et al., 2020, 2021c,2022; Khodavirdipour, 2021). In the past, it was considered that the airborne transmission of SARS-CoV-2 was the dominant route of transmission (Jarvis, 2020). With globalization, the demand for transnational logistics is snowballing. It has been reported that some cold chain employees have been infected with SARS-CoV-2 due to exposure to contaminated imported cold chain products (Liu et al., 2020). In addition, live viruses are detected or isolated (Liu et al., 2020). It was found that SARS-CoV-2 could persist in contaminated frozen products. SARS-CoV-2 is also frequently detected in unopened packages and containers. Therefore, there is a risk of infection in contact with objects contaminated with SARS-CoV-2. Based on the above evidence, the World Health Organization has listed the transmission of SARS-CoV-2 from contaminated cold chain food to humans as a possible route of introduction and transmission. Thus, it has aroused people’s strong concern that cross-border goods will become the media of virus transmission between people and objects. However, it is unrealistic to stop international trade to prevent and control the epidemic situation for a long time. Therefore, cutting off the transmission route of SARS-CoV-2 from object to human has become a new global challenge. This paper analyzes the current situation and risk of epidemic spread brought by transnational logistics and puts forward some ideas on scientific and accurate prevention and control measures.



ANALYSIS OF THE CURRENT SITUATION OF SARS-CoV-2 TRANSMISSION CAUSED BY TRANSNATIONAL LOGISTICS

A complete logistics chain can be roughly divided into upstream production enterprises, transportation, storage, sales, and consumption. The contamination of goods in any chain link by SARS-CoV-2 may result in the infection of employees and consumers who contact these goods in its downstream links. In fact, several food-related enterprises around the world have clusters of outbreaks (Dyal et al., 2020; Middleton et al., 2020). The detection of live SARS-CoV-2 or viral nucleic acids in transnational logistics has also been reported from time to time (Jia et al., 2021; Wu et al., 2021). Even the staff of express delivery enterprises were infected with SARS-CoV-2 due to material transmission, which further caused the aggregation of human-to-human epidemics.

It is difficult for SARS-CoV-2 to proliferate and survive for a long time on the surface of dry objects at normal temperatures. However, the cold environment benefits the virus’s long-term survival (Holtmann et al., 2020). Direct contact with contaminated cold chain cargo may play a vital role in the outbreak and transmission of the COVID-19 pandemic. In September 2020, two cold chain workers were found to be asymptomatic for COVID-19 infection during routine nucleic acid testing in Qingdao. Subsequently, the Chinese Center for Disease Control and Prevention isolated the live virus from imported frozen cod packaging while tracing asymptomatic COVID-19 infection. The throat swabs of two workers and the surface swabs of frozen cod were isolated and sequenced. The results showed that the viruses were highly homologous (Liu et al., 2020). After that, SARS-CoV-2 was detected in frozen products and food packaging bags in many places (Beijing Xinfadi, Xinjiang Kashi, Shandong Qingdao, Liaoning Dalian). There are also risks in the storage of frozen food. In a recently reported case, a worker in a refrigerated warehouse in Tianjin, China, was infected with SARS-CoV-2. The environmental test results of the refrigerated warehouse showed that SARS-CoV-2 was positive on the outer package of frozen food and the door handle of the cold storage. These findings indicate the risk of object-to-human transmission of goods in refrigerated warehouses. In the sales link, a small-scale epidemic outbreak occurred in the Beijing Xinfadi market in June 2020. The traceability results show that the source of the virus is likely to be the cold chain imported food in the high incidence area of overseas epidemics (Pang et al., 2020). In addition, many other places in China also reported that SARS-CoV-2 nucleic acid was positive in imported cold chain food, internal and external packaging, transportation, and warehouses (Yu et al., 2021). The Chinese Center for Disease Control and Prevention isolated live SARS-CoV-2 from cold chain food packaging (Liu et al., 2020). The above evidence indicates that a low-temperature environment is conducive to the survival of viruses. The contamination of the surface of the object and its outer packaging may lead to the transmission of the virus to humans and then form a comprehensive transmission mode of humans. In addition, SARS-CoV-2 is also reported to be able to survive in aerosols for several hours, which may be due to the inclusion of a coating on its surface that provides some protection against external intrusion (Liu, 2004). Therefore, air transport is another important way to cross the international border.

Cross-border cold chain transportation may be a new method for SARS-CoV-2 transmission (Ceylan et al., 2020; Hu et al., 2021), which has aroused public concern and strong concern about the safety of cold chain food. However, the efficiency of SARS-CoV-2 transmission from contaminated surfaces to humans is unclear, and further research is needed (Ceylan et al., 2020).

In summary, the risk of SARS-CoV-2 transmission exists in all links of transnational logistics (Figure 1). It may be that individuals with relatively weak immunity first infect SARS-CoV-2 from the surface of objects through contact and other means and then further cause human-to-human transmission.
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FIGURE 1. — SARS-CoV-2 spreads globally through cross-border logistics.




RISK ANALYSIS OF SARS-CoV-2 TRANSMISSION CAUSED BY TRANSNATIONAL LOGISTICS

It has been reported that SARS-CoV-2 has been detected on the surface of many objects. This indicates that SARS-CoV-2 has certain environmental persistence. The stay and survival of SARS-CoV-2 left on the object surface through the contact of infected patients is vital to cause the COVID-19 aggregation outbreak and spread. Therefore, the factors that affect the survival and residence of SARS-CoV-2 on the object surface determine the risk of transmission. The particle size of the virus is approximately a nanometer, and it is also a living body. The temperature and humidity of the environment affect the survival of the virus and affect its spread. Previous studies have confirmed that temperature is an essential factor in the transmission of SARS-CoV-2 since temperature changes directly affect the survival time of SARS-CoV-2 on the object surface (van Doremalen et al., 2013). In winter, a sharp outbreak of COVID-19 cases occurred in all countries in the Northern Hemisphere, adding new evidence for the relationship between SARS-CoV-2 and temperature (Holtmann et al., 2020). Bukhari et al. (2020) analyzed the weather patterns of the regions affected by COVID-19 worldwide. They found that 85% of the reported cases of COVID-19 occurred in areas with temperatures of 3–17°C and absolute humidity of 1–9 g/M–3. Only 15% of patients are reported in the tropics (Bukhari et al., 2020). Later, some Chinese scholars further found that when the temperature was lower than 3°C, the number of confirmed cases of COVID-19 was positively correlated with the temperature, and even warming could not alleviate the increase in the number of Xie and Zhu (2020).

Generally, with increasing temperature, the survival rate of the virus decreases (Tang, 2009). The reason is that temperature affects the activity of viral proteins and the stability of the viral genome, thus affecting the survival rate of the virus. The Australian team simulated the effect of temperature on the survival time of SARS-CoV-2 on the object’s surface in a P4 laboratory. When the humidity is controlled at 50% and 20°C, the virus on the object’s surface can survive for 28 days. The survival time at 40°C was less than 24 h (Riddell et al., 2020). The results also show that SARS-CoV-2 can survive on the surface of objects at room temperature. The longest survival time was even more than 9 days. SARS and MERS are similar to coronaviruses (Kampf et al., 2020a), and the survival time of SARS-CoV-2 can be reduced only at ambient temperature (Ceylan et al., 2020).

Environmental humidity is also an essential indicator of the spread speed and mortality of infectious diseases, especially the spread of the influenza virus. The transmission velocity and mortality rate were negatively correlated with humidity (Sooryanarain and Elankumaran, 2015). According to an epidemiological survey of COVID-19, humidity is indeed a factor affecting the mortality and transmission speed of SARS-CoV-2, especially when humidity is reduced in winter, and the fatality rate of COVID-19 will increase (Chen N. et al., 2020). When the relative temperature was 5.04–8.2°C, the daily confirmed cases decreased by 11–22%, while RH increased by 1% (Qi et al., 2020). In the future, the interaction mechanism needs to be further studied to clarify the specific effect of humidity on SARS-CoV-2 activity.

In addition, the stability of SARS-CoV-2 on object surfaces has been confirmed to be higher than that of other coronaviruses. At 22°C and 65% relative humidity, SARS-CoV-2 can survive for 4 days on glass and paper money, 7 days on smooth surfaces such as stainless steel and plastic, and 2 days on rough surfaces such as fabrics and wood (Dehbandi and Zazouli, 2020). Further study on the survival of viruses on stainless steel surfaces under different temperature and Rh conditions showed that SARS-CoV-2 inactivation was faster with increasing temperature and R (Casanova et al., 2010, see Table 1 for details).


TABLE 1. Survival time of SARS-COV-2 on different surfaces.
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In conclusion, low temperature, a dry environment, and a smooth surface are high-risk factors for the global spread of COVID-19 caused by transnational logistics.



EPIDEMIC PREVENTION AND CONTROL MEASURES AND EMERGENCY PLAN OF TRANSNATIONAL LOGISTICS

Given the risk of COVID-19 spreading through cold chain food, many authoritative scientific institutions in the world have put forward a series of prevention and control measures, such as being careful of humans and goods together, nucleic acid detection, and comprehensive preventive disinfection, to reduce the risk of epidemic transmission.


Strengthen the Management of Transnational Logistics Practitioners

For first-line operators who are directly in contact with international goods, as well as other high-risk post personnel, record management should be implemented, and the posts should be relatively fixed to avoid cross operation with domestic express operators. All personnel in high-risk positions should receive epidemic prevention education and training and complete the COVID-19 vaccination. Closed-loop or closed management should be implemented for the staff in high-risk positions. A shift system with a certain work cycle is adopted. During the working period, centralized accommodation, closed management, point-to-point transfer between the workplace and the residence, and avoid contact with family members and the public. A careful record of personal action tracks should be made during the non-work period, and access to crowded places should be avoided. In handling international goods, first-line operators should strengthen personal health protection and wear protective equipment such as masks, gloves, goggles, etc., during the whole process and perform temperature detection before going on and off duty. For logistics support personnel such as cleaners, outsourcing transport vehicle drivers, and other relevant personnel, we should also carry out risk screening and prevention and control of imported epidemics to avoid cross-infection of viruses.



Strengthen the Management of Transnational Goods

Imported cold chain food production should be traceable. Epidemic screening, sample collection, nucleic acid testing, customs clearance, and environmental disinfection should be carried out. After entering the production process, the goods must be thoroughly disinfected immediately. Disinfection of the surface of cross-border goods is the key to inhibiting the spread of SARS-CoV-2 in the environment (Carraturo et al., 2020; Kampf et al., 2020a). At present, liquid chemical disinfectants are the most commonly used method to disinfect the surface of objects (Russell, 2003; Goyal et al., 2014; Dindarloo et al., 2020; Wang et al., 2020). For contact transmission caused by packaging, chemical disinfectants can greatly reduce the risk of transmission (Godoy et al., 2021). However, unlike traditional disinfection, the disinfection of cold chain goods is a special operation at low temperatures. Traditional chemical disinfectants are generally practical only at room temperature. In cold chain logistics, once the traditional chemical disinfectant is sprayed on the container, it is easy to freeze, so it is difficult to disinfect effectively. In addition, using traditional liquid disinfectants to disinfect cargo is time-consuming and tedious to perform manually. In addition, too much inventory also easily causes disinfection blind area problems. Ozone and other gas disinfectants are substitutes with a high degree of automation, no blind area in disinfection, and sound effects of low-temperature disinfection (Blanco et al., 2021; Criscuolo et al., 2021; Tizaoui et al., 2022). Ozone disinfection technology has achieved satisfactory results in the actual disinfection operation of cold chain logistics.

However, especially when using traditional chemical disinfectants, special attention should be given to possible secondary pollution in the disinfection process, including the risk of contamination of drinking water, the accumulation of toxic substances, and environmental pollution. Therefore, in the standardized disinfection stage of cold chain goods, it is suggested to popularize the application of the green disinfection method and study how to improve its performance and economic benefits.

Logistics-related infrastructure improvement: Cross-border logistics, especially frozen fresh food and frozen seafood, are basically small pieces that are directly in contact with people from packaging, transportation, and storage, which virtually increases the risk of workers being exposed to viruses and spreading viruses. In the face of the epidemic, it is necessary to strengthen the automation level of the above links. The possibility of SARS-CoV-2 contamination of cargo surfaces can be reduced through automated and standardized packaging equipment. Exposure to transport links can be reduced through automated loading and unloading vehicles and enclosed transport. The traditional port automation transformation achieves remote operation to achieve “zero contact.”



Guide Consumers to Handle Transnational Goods Properly

For the outer package of cold chain goods (Khokhar et al., 2020; Sharafi et al., 2021) or ultraviolet disinfection device (Miller et al., 2013; Malhotra et al., 2020; Fadaei, 2021; Gidari et al., 2021) can be used for disinfection. Consumers should wash their hands after unpacking express packages. While unpacking the containers, do not touch your mouth, eyes, or nose with unclean hands. High-temperature sterilization is a common sterilization method. Heat accumulation on the virus’s surface can rapidly lead to protein denaturation of the virus envelope, thus playing a role in killing the virus (Kampf et al., 2020b). Therefore, high-temperature disinfection can also produce a pronounced killing effect on SARS-CoV-2 (Chen H. et al., 2020). Therefore, consumers are advised to cook seafood and other food before eating it to minimize the possibility of SARS-CoV-2 transmission. For vegetables and fruits that need to be cleaned, the new ozone microbubble water technology can be used to achieve efficient cleaning and disinfection at the same time.




THE UNAVOIDABLE HURDLES/LIMITATIONS IN PREVENTING SURFACE-CONTACT TRANSMISSION OF SARS-CoV-2

Although various measures have been taken to block the transmission of surface contact of SARS-CoV-2, and these measures have achieved remarkable results, this risk cannot be completely eliminated. We have carried out strict inspections and quarantine on imported goods, but it is difficult for us to sample the inside of the package, and there is a certain risk of missing the sample inspection. We can carry out strict disinfection on the surface of the food and consider food safety, and we cannot have chemical disinfectants to disinfect the food itself. Although we can improve the level of automation in the whole logistics process, people will always be indispensable, and it is impossible to avoid human contact with goods completely.



CONCLUSION

Every link of transnational logistics risks spreading the COVID-19 epidemic through the object to humans, especially cold chain food. Strengthening the management of employees in all aspects of transnational logistics, carrying out comprehensive disinfection and quarantine of transnational goods, and properly handling transnational goods by consumers are effective means to prevent the transmission of SARS-CoV-2 from goods to people through transnational logistics.



AUTHOR CONTRIBUTIONS

QY led the manuscript writing. WS developed the initial concept and framework for the manuscript and oversaw the drafting. Both authors contributed to the content, drafting, and critical review of the manuscript.



FUNDING

This study was supported by the Key Project of Provincial Ministry Co-construction, Health Science and Technology Project Plan of Zhejiang Province (WKJ-ZJ-2128), and Key Laboratory of Women’s Reproductive Health Research of Zhejiang Province, Hangzhou, Zhejiang Province, P.R. China (No. ZDFY2020-RH-0006).



REFERENCES

Blanco, A., Ojembarrena, F. B., Clavo, B., and Negro, C. (2021). Ozone potential to fight against SAR-COV-2 pandemic: facts and research needs. Environ. Sci. Pollut. Res. Int. 28, 16517–16531. doi: 10.1007/s11356-020-12036-9

Bukhari, Q., Massaro, J. M., D’Agostino, R. B. Sr., and Khan, S. (2020). Effects of Weather on Coronavirus Pandemic. Int. J. Environ. Res. Public Health 17:5399. doi: 10.3390/ijerph17155399

Carraturo, F., Del Giudice, C., Morelli, M., Cerullo, V., Libralato, G., Galdiero, E., et al. (2020). Persistence of SARS-CoV-2 in the environment and COVID-19 transmission risk from environmental matrices and surfaces. Environ. Pollut. 265:115010. doi: 10.1016/j.envpol.2020.115010

Casanova, L. M., Jeon, S., Rutala, W. A., Weber, D. J., and Sobsey, M. D. (2010). Effects of air temperature and relative humidity on coronavirus survival on surfaces. Appl. Environ. Microbiol. 76, 2712–2717. doi: 10.1128/AEM.02291-09

Ceylan, Z., Meral, R., and Cetinkaya, T. (2020). Relevance of SARS-CoV-2 in food safety and food hygiene: potential preventive measures, suggestions and nanotechnological approaches. Virusdisease 31, 154–160. doi: 10.1007/s13337-020-00611-0

Chan, K. H., Sridhar, S., Zhang, R. R., Chu, H., Fung, A. Y., Chan, G., et al. (2020). Factors affecting stability and infectivity of SARS-CoV-2. J. Hosp. Infect. 106, 226–231. doi: 10.1016/j.jhin.2020.07.009

Chen, H., Wu, R., Xing, Y., Du, Q., Xue, Z., Xi, Y., et al. (2020). Influence of Different Inactivation Methods on Severe Acute Respiratory Syndrome Coronavirus 2 RNA Copy Number. J. Clin. Microbiol. 58, e00958–20. doi: 10.1128/jcm.00958-20

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., et al. (2020). Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet 395, 507–513. doi: 10.1016/s0140-6736(20)30211-7

Chen, Z., Wang, B., Mao, S., and Ye, Q. (2021). Assessment of global asymptomatic SARS-CoV-2 infection and management practices from China. Int. J. Biol. Sci. 17, 1119–1124. doi: 10.7150/ijbs.59374

Chin, A. W. H., Chu, J. T. S., Perera, M. R. A., Hui, K. P. Y., Yen, H. L., Chan, M. C. W., et al. (2020). Stability of SARS-CoV-2 in different environmental conditions. Lancet Microbe 1:e10. doi: 10.1016/s2666-5247(20)30003-3

Criscuolo, E., Diotti, R. A., Ferrarese, R., Alippi, C., Viscardi, G., Signorelli, C., et al. (2021). Fast inactivation of SARS-CoV-2 by UV-C and ozone exposure on different materials. Emerg. Microbes Infect. 10, 206–210. doi: 10.1080/22221751.2021.1872354

Dai, M., Li, H., Yan, N., Huang, J., Zhao, L., Xu, S., et al. (2020). Long-term survival of salmon-attached SARS-CoV-2 at 4°C as a potential source of transmission in seafood markets. bioRxiv [Preprint]. doi: 10.1101/2020.09.06.284695

Dehbandi, R., and Zazouli, M. A. (2020). Stability of SARS-CoV-2 in different environmental conditions. Lancet Microbe 1:e145. doi: 10.1016/S2666-5247(20)30093-8

Dindarloo, K., Aghamolaei, T., Ghanbarnejad, A., Turki, H., Hoseinvandtabar, S., Pasalari, H., et al. (2020). Pattern of disinfectants use and their adverse effects on the consumers after COVID-19 outbreak. J. Environ. Health Sci. Eng. 18, 1301–1310. doi: 10.1007/s40201-020-00548-y

Dyal, J. W., Grant, M. P., Broadwater, K., Bjork, A., Waltenburg, M. A., Gibbins, J. D., et al. (2020). COVID-19 Among Workers in Meat and Poultry Processing Facilities 19 States, April 2020. MMWR Morb. Mortal Wkly. Rep. 69, 557–561. doi: 10.15585/mmwr.mm6918e3

Fadaei, A. (2021). Viral Inactivation with Emphasis on SARS-CoV-2 Using Physical and Chemical Disinfectants. Sci. World J. 2021:9342748. doi: 10.1155/2021/9342748

Gidari, A., Sabbatini, S., Bastianelli, S., Pierucci, S., Busti, C., Bartolini, D., et al. (2021). SARS-CoV-2 Survival on Surfaces and the Effect of UV-C Light. Viruses 13:408. doi: 10.3390/v13030408

Godoy, M. G., Kibenge, M. J. T., and Kibenge, F. S. B. (2021). SARS-CoV-2 transmission via aquatic food animal species or their products: a review. Aquaculture 536:736460. doi: 10.1016/j.aquaculture.2021.736460

Goyal, S. M., Chander, Y., Yezli, S., and Otter, J. A. (2014). Evaluating the virucidal efficacy of hydrogen peroxide vapour. J. Hosp. Infect. 86, 255–259. doi: 10.1016/j.jhin.2014.02.003

Han, X., and Ye, Q. (2021). Kidney involvement in COVID-19 and its treatments. J. Med. Virol. 93, 1387–1395. doi: 10.1002/jmv.26653

Han, X., and Ye, Q. (2022). The variants of SARS-CoV-2 and the challenges of vaccines. J. Med. Virol. 94, 1366–1372. doi: 10.1002/jmv.27513

Han, X., Xu, P., and Ye, Q. (2021). Analysis of COVID-19 vaccines: types, thoughts, and application. J. Clin. Lab. Anal. 35:e23937. doi: 10.1002/jcla.23937

Holtmann, M., Jones, M., Shah, A., and Holtmann, G. (2020). Low ambient temperatures are associated with more rapid spread of COVID-19 in the early phase of the endemic. Environ. Res. 186:109625. doi: 10.1016/j.envres.2020.109625

Hu, L., Gao, J., Yao, L., Zeng, L., Liu, Q., Zhou, Q., et al. (2021). Evidence of Foodborne Transmission of the Coronavirus (COVID-19) through the Animal Products Food Supply Chain. Environ. Sci. Technol. 55, 2713–2716. doi: 10.1021/acs.est.0c06822

Jarvis, M. C. (2020). Aerosol Transmission of SARS-CoV-2: physical Principles and Implications. Front. Public Health 8:590041. doi: 10.3389/fpubh.2020.590041

Jia, J., Yuan, Q., Hui, J. W., Liang, J. W., Wang, X., Liu, H. H., et al. (2021). Investigation of contamination of SARS-CoV-2 in imported frozen seafood from a foreign cargo ship and risk factors for infection in stevedores in Qingdao. Zhonghua Liu Xing Bing Xue Za Zhi 42, 1360–1364. doi: 10.3760/cma.j.cn112338-20210209-00107

Kampf, G., Todt, D., Pfaender, S., and Steinmann, E. (2020a). Persistence of coronaviruses on inanimate surfaces and their inactivation with biocidal agents. J. Hosp. Infect. 104, 246–251. doi: 10.1016/j.jhin.2020.01.022

Kampf, G., Voss, A., and Scheithauer, S. (2020b). Inactivation of coronaviruses by heat. J. Hosp. Infect. 105, 348–349. doi: 10.1016/j.jhin.2020.03.025

Khodavirdipour, A. (2021). Inclusion of Cephalexin in COVID-19 Treatment Combinations May Prevent Lung Involvement in Mild Infections: a Case Report with Pharmacological Genomics Perspective. Glob. Med. Genet. 8, 78–81. doi: 10.1055/s-0041-1726461

Khodavirdipour, A., Asadimanesh, M., and Masoumi, S. A. (2021a). Impact of SARS-CoV-2 Genetic Blueprints on the Oral Manifestation of COVID-19: a Case Report. Glob. Med. Genet. 8, 183–185. doi: 10.1055/s-0041-1735538

Khodavirdipour, A., Chamanrokh, P., Alikhani, M. Y., and Alikhani, M. S. (2022). Potential of Bacillus subtilis Against SARS-CoV-2 - A Sustainable Drug Development Perspective. Front. Microbiol. 13:718786. doi: 10.3389/fmicb.2022.718786

Khodavirdipour, A., Jabbari, S., Keramat, F., and Alikhani, M. Y. (2021b). Concise Update on Genomics of COVID-19: approach to Its latest Mutations, Escalated Contagiousness, and Vaccine Resistance. Glob. Med. Genet. 8, 85–89. doi: 10.1055/s-0041-1725143

Khodavirdipour, A., Keramat, F., Hashemi, S. H., and Alikhani, M. Y. (2020). SARS-CoV-2; from vaccine development to drug discovery and prevention guidelines. AIMS Mol. Sci. 7, 281–291. doi: 10.1016/j.drudis.2021.03.029

Khodavirdipour, A., Piri, M., Jabbari, S., and Khalaj-Kondori, M. (2021c). Potential of CRISPR/Cas13 System in Treatment and Diagnosis of COVID-19. Glob. Med. Genet. 8, 7–10. doi: 10.1055/s-0041-1723086

Khokhar, M., Roy, D., Purohit, P., Goyal, M., and Setia, P. (2020). Viricidal treatments for prevention of coronavirus infection. Pathog. Glob. Health 114, 349–359. doi: 10.1080/20477724.2020.1807177

Liu, J. (2004). A rate equation approach to model the denaturation or replication behavior of the SARS coronavirus. Forsch. Ingenieurwes. 68, 227–238. doi: 10.1007/s10010-004-0130-2

Liu, P., Yang, M., Zhao, X., Guo, Y., Wang, L., Zhang, J., et al. (2020). Cold-chain transportation in the frozen food industry may have caused a recurrence of COVID-19 cases in destination: successful isolation of SARS-CoV-2 virus from the imported frozen cod package surface. Biosaf. Health 2, 199–201. doi: 10.1016/j.bsheal.2020.11.003

Malhotra, S., Wlodarczyk, J., Kuo, C., Ngo, C., Glucoft, M., Sumulong, I., et al. (2020). Shining a light on the pathogenicity of health care providers’ mobile phones: use of a novel ultraviolet-C wave disinfection device. Am. J. Infect. Control 48, 1370–1374. doi: 10.1016/j.ajic.2020.05.040

Middleton, J., Reintjes, R., and Lopes, H. (2020). Meat plants-a new front line in the covid-19 pandemic. BMJ 370:m2716. doi: 10.1136/bmj.m2716

Miller, D. C., Carloni, J. D., Johnson, D. K., Pankow, J. W., Gjersing, E. L., To, B., et al. (2013). An investigation of the changes in poly(methyl methacrylate) specimens after exposure to ultra-violet light, heat, and humidity. Sol. Energy Mater. Sol. Cells 111, 165–180.

Pang, X., Ren, L., Wu, S., Ma, W., Yang, J., Di, L., et al. (2020). Cold-chain food contamination as the possible origin of COVID-19 resurgence in Beijing. Natl. Sci. Rev. 7, 1861–1864. doi: 10.1093/nsr/nwaa264

Qi, H., Xiao, S., Shi, R., Ward, M. P., Chen, Y., Tu, W., et al. (2020). COVID-19 transmission in Mainland China is associated with temperature and humidity: a time-series analysis. Sci. Total Environ. 728:138778. doi: 10.1016/j.scitotenv.2020.138778

Riddell, S., Goldie, S., Hill, A., Eagles, D., and Drew, T. W. (2020). The effect of temperature on persistence of SARS-CoV-2 on common surfaces. Virol. J. 17:145. doi: 10.1186/s12985-020-01418-7

Russell, A. D. (2003). Similarities and differences in the responses of microorganisms to biocides. J. Antimicrob. Chemother. 52, 750–763. doi: 10.1093/jac/dkg422

Sharafi, S. M., Ebrahimpour, K., and Nafez, A. (2021). Environmental disinfection against COVID-19 in different areas of health care facilities: a review. Rev. Environ. Health 36, 193–198. doi: 10.1515/reveh-2020-0075

Sooryanarain, H., and Elankumaran, S. (2015). Environmental role in influenza virus outbreaks. Annu. Rev. Anim. Biosci. 3, 347–373. doi: 10.1146/annurev-animal-022114-111017

Tang, J. W. (2009). The effect of environmental parameters on the survival of airborne infectious agents. J. R. Soc. Interface 6, S737–S746. doi: 10.1098/rsif.2009.0227.focus

Tian, D., and Ye, Q. (2020). Hepatic complications of COVID-19 and its treatment. J. Med. Virol. 92, 1818–1824. doi: 10.1002/jmv.26036

Tian, D., Sun, Y., Zhou, J., and Ye, Q. (2021a). The global epidemic of SARS-CoV-2 variants and their mutational immune escape. J. Med. Virol. 94, 847–857. doi: 10.1002/jmv.27376

Tian, D., Sun, Y., Zhou, J., and Ye, Q. (2021b). The Global Epidemic of the SARS-CoV-2 Delta Variant, Key Spike Mutations and Immune Escape. Front. Immunol. 12:751778. doi: 10.3389/fimmu.2021.751778

Tizaoui, C., Stanton, R., Statkute, E., Rubina, A., Lester-Card, E., Lewis, A., et al. (2022). Ozone for SARS-CoV-2 inactivation on surfaces and in liquid cell culture media. J. Hazard. Mater. 428:128251. doi: 10.1016/j.jhazmat.2022.128251

van Doremalen, N., Bushmaker, T., and Munster, V. J. (2013). Stability of Middle East respiratory syndrome coronavirus (MERS-CoV) under different environmental conditions. EuroSurveillance 18:20590. doi: 10.2807/1560-7917.es2013.18.38.20590

van Doremalen, N., Bushmaker, T., Morris, D. H., Holbrook, M. G., Gamble, A., Williamson, B. N., et al. (2020). Aerosol and surface stability of HCoV-19 (SARS-CoV-2) compared to SARS-CoV-1*. medRxiv [Preprint]. doi: 10.1101/2020.03.09.20033217

Wang, J., Shen, J., Ye, D., Yan, X., Zhang, Y., Yang, W., et al. (2020). Disinfection technology of hospital wastes and wastewater: suggestions for disinfection strategy during coronavirus Disease 2019 (COVID-19) pandemic in China. Environ. Pollut. 262:114665. doi: 10.1016/j.envpol.2020.114665

Wu, B., Zhang, H., Wang, Y. C., Tang, A., Li, K. F., Li, P., et al. (2021). Sequencing on an imported case in China of COVID-19 Delta variant emerging from India in a cargo ship in Zhoushan. China J. Med. Virol. 93, 6828–6832. doi: 10.1002/jmv.27239

Xie, J., and Zhu, Y. (2020). Association between ambient temperature and COVID-19 infection in 122 cities from China. Sci. Total Environ. 724:138201. doi: 10.1016/j.scitotenv.2020.138201

Ye, Q., Lu, D., Shang, S., Fu, J., Gong, F., Shu, Q., et al. (2020a). Crosstalk between coronavirus disease 2019 and cardiovascular disease and its treatment. ESC Heart Fail. 7, 3464–3472. doi: 10.1002/ehf2.12960

Ye, Q., Wang, B., and Mao, J. (2020b). The pathogenesis and treatment of the ‘Cytokine Storm’ in COVID-19. J. Infect. 80, 607–613. doi: 10.1016/j.jinf.2020.03.037

Ye, Q., Wang, B., Zhang, T., Xu, J., and Shang, S. (2020c). The mechanism and treatment of gastrointestinal symptoms in patients with COVID-19. Am. J. Physiol. Gastrointest. Liver Physiol. 319, G245–G252.

Ye, Q., Zhang, T., and Lu, D. (2021). Potential false-positive reasons for SARS-CoV-2 antibody testing and its solution. J. Med. Virol. 93, 4242–4246.

Yu, F., Shen, L. Y., Tian, Y., Wang, Q. Y., and Gao, Z. Y. (2021). [Exploration on contamination and transmission of SARS-CoV-2 in imported cold chain aquatic products]. Zhonghua Liu Xing Bing Xue Za Zhi 42, 992–1001. doi: 10.3760/cma.j.cn112338-20201218-01420

Zhang, X., Meng, H., Liu, H., and Ye, Q. (2022). Advances in laboratory detection methods and technology application of SARS-CoV-2. J. Med. Virol. 94, 1357–1365. doi: 10.1002/jmv.27494


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Shao and Ye. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		SARS-CoV-2 Spreads Globally Through the Object-to-Human Transmission of Cross-Border Logistics



		INTRODUCTION



		ANALYSIS OF THE CURRENT SITUATION OF SARS-COV-2 TRANSMISSION CAUSED BY TRANSNATIONAL LOGISTICS



		RISK ANALYSIS OF SARS-COV-2 TRANSMISSION CAUSED BY TRANSNATIONAL LOGISTICS



		EPIDEMIC PREVENTION AND CONTROL MEASURES AND EMERGENCY PLAN OF TRANSNATIONAL LOGISTICS



		Strengthen the Management of Transnational Logistics Practitioners



		Strengthen the Management of Transnational Goods



		Guide Consumers to Handle Transnational Goods Properly







		THE UNAVOIDABLE HURDLES/LIMITATIONS IN PREVENTING SURFACE-CONTACT TRANSMISSION OF SARS-COV-2



		CONCLUSION



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/cover.jpg
& frontiers | Frontiers in Microbiology

SARS-CoV-2 Spreads Globally

Through the Object-to-Human

Transmission of Cross-Border
Logistics









OPS/images/fmicb-13-918957-t001.jpg
Object surface Temperature (°C) Relative humidity (%) Survival time References
Salmon 4 10d Dai et al., 2020
25 2d Dai et al., 2020
Copper 21-23 40 4h van Doremalen et al., 2020
Copper 21-23 40 1d van Doremalen et al., 2020
Room temperature 65 4d Chin et al., 2020
Glass 20-25 63 2d Chan et al., 2020
Room temperature 65 4d Chin et al., 2020
Stainless steel 21-23 40 2d van Doremalen et al., 2020
Room temperature 65 7d van Doremalen et al., 2020
Plastic 21-23 40 3d van Doremalen et al., 2020
Room temperature 65 7d Chin et al., 2020






OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Microbiology





OPS/images/fmicb-13-918957-g001.jpg
I

K

(

(

i

"'I—lv--— -~ og stics system
C 10 0 ! V'IQJ.!I "J
a ."".“ . . I






