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The Evaluation of Physiological Index Changes and Safety Work of Female Medical Staff With Different Medical Protection Standards in the Ward of COVID-19
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Background: Effective personal protective equipment (PPE) contribute to the prevention of COVID-19 infection. However, it is necessary to evaluate the potential risk of different medical protections in the isolation ward of COVID-19.

Objectives: We aimed to explore the dynamics in physiological indexes of medical staff under primary and secondary PPE in the isolation ward of COVID-19 and provide the scientific basis for determining the safe work strategy.

Materials and Methods: In this study, 30 female nurses were selected to simulate medical work under the primary or secondary PPE, respectively. The oral temperature, axillary temperature, heart rate, respiratory rate, blood oxygen saturation, and blood pressure were measured and recorded every 20 min. The subjective adverse symptoms were recorded every 30 min. The blood glucose and weight of the individuals were measured and recorded before and after the trial.

Results: The results indicated that the median trial persistence time in the participants with moderate-intensity work wearing the secondary PPE (70.0 min) was much lower than that with moderate-intensity work wearing the primary PPE (180 min) and with light-intensity work wearing the primary PPE (110 min; p < 0.05). Importantly, the heart rate, oral/axillary temperature, and respiratory rate of physiological indexes of the participants under moderate-intensity work wearing the secondary PPE increased significantly faster than the primary PPE (p < 0.001), while blood oxygen saturation decreased significantly faster than the primary PPE (p < 0.001). In addition, the proportions of subjective adverse symptoms (such as dry mouth, dizziness, palpitations, and anhelation) were much higher than primary PPE (p < 0.001). The average sweat volume and blood glucose consumption of participants under moderate-intensity work wearing primary PPE were higher than secondary PPE (p < 0.001).

Conclusion: The combination of an exacerbated workload and secondary PPE worn by COVID-19 healthcare workers increases the change in physiological indicators, and in some cases the adverse symptoms, which can affect and even suspend their medical work. For any medical institution, there is room for improvement in terms of bioethics of a “Job Well Done” to reduce the risks of medical activities under secondary PPE.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) has become a global pandemic since early 2020 (1), and it is currently in a state of normalized epidemic prevention and control in China. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly contagious virus that is mainly spread through close contact with infected people via respiratory droplets from coughing or sneezing. The isolation wards and medical staff of designated hospitals for COVID-19 are facing severe challenges. To ensure the health and safety of medical staff, the National Health Commission has successively issued the multi-edition of “Technical Guidelines on Prevention and Control of COVID-19 in Medical Institutions” (2–4). These files stipulated the types of personal protective equipment (PPE) and specifies the selection principles and wearing and taking off procedures of PPE for medical staff in different scenarios. Medical protective gowns, disposable medical caps, N95 medical masks, rubber surgical gloves, medical goggles medical shoe covers, and others are necessary PPE to prevent medical staff from being infected by the virus (5).

Many studies and experts have reported that the use of proper PPE for the medical staff can reduce the risk of infection for medical staff and patients (6, 7). However, when medical staff conduct their work with the necessary PPE, these PPE directly affect the physiology of medical staff, since it generates significant metabolic fatigue (8, 9). More importantly, this metabolic fatigue can not only impact operational capacity (10), but also increase the risk of accidents with PPE, increase cross-contamination, and contribute to physiological stress (9). N95 masks, as an important PPE, have good filtration efficiency for small particles, but also hinder airflow. In addition, the long-term use of N95 masks may cause subjective uncomfortable symptoms (11). Generally, the temperature of the micro-environment of medical staff under PPE is affected by both the indoor environment and the body’s heat dissipation, resulting in a series of changes in physiological indicators, and even headaches, fainting, and syncope (12, 13). Previously, it was reported that female COVID-19 healthcare workers wearing PPE more often experienced excessive sweating, fatigue, headache, shortness of breath, and dizziness during medical work (14). Furthermore, nurses work longer consecutive hours than other healthcare workers in COVID-19 isolation wards. Thus, medical staff in infectious disease hospitals are facing working stress, fatigue, and problems related to the use of PPE, especially nursing workers (15, 16).

The COVID-19 pandemic has heightened the use of PPE and hygiene activities among medical workers (17). Although the uses of proper PPE provides strong protection for medical staff in the ward of COVID-19, the potential damages for medical staff of PPE cannot be ignored during the COVID-19 pandemic. Currently, the initial observations from the United Kingdom, Italy, Singapore, and India reported that the PPE-induced heat strain among healthcare workers (18–20). However, the research on physiological indicators and safe working hours in medical staff under different standards of PPE has not been reported. Therefore, it is urgent to explore the medical staff body state in the different types of PPE, and further analyze the influence of medical PPE on the physiological indicators of medical staff, and provide the scientific basis for the establishment of medical safe working criteria and the improvement of medical PPE.



MATERIALS AND METHODS


Study Participants

In this trial, 30 healthy female nurses aged 20–50 years with no underlying health problems were selected for performing light-/moderate-intensity medical work under the primary or secondary PPE. The normal ranges of heart rate, blood pressure, respiratory rate, oral temperature, axillary temperature, and blood oxygen are 60–100 beats/min, 90–139/60–89 mmHg, 12–24 beats/min, < 37.2 °C, < 37.0°C, and 95–100%. These participants were required to maintain a reasonable diet and adequate sleep before the initiation of the trial within 48 h, not take drugs, drink alcohol and coffee, not do vigorous exercise, and not eat food within half an hour before the initiation of the trial (21). Meanwhile, the baseline physiological indicators, such as heart rate, blood oxygen saturation, systolic blood pressure, diastolic blood pressure, respiratory rate, oral temperature, axillary temperature, and weight, were measured and made sure these indicators were within normal ranges (Supplementary Table 1). All participants were aware of the objectives, plans, and possible hazards of this trial, and signed the informed consent. The study was conducted in Fuzhou Pulmonary Hospital of Fujian, China, and was approved by the Ethical Committee of Fuzhou Pulmonary Hospital [2021-001(scientific research)-01].



The Environment and Medical Personal Protective Equipment of This Trial

The trial was conducted in a simulated isolation ward in the Fuzhou Pulmonary Hospital, and a thermohygrometer was used to continuously detect the ambient temperature and humidity. During the trial, the indoor ambient temperature of the isolation ward ranged from 32 to 35°C, and the relative humidity was about 60%. The trials were carried out from 2 to 5 pm. This study used brisk walking (1.0 m/s) to simulate moderate-intensity activity and slow walking to simulate light-intensity activity (0.5 m/s) (22). Additionally, the determination of primary and secondary PPE was according to the technical guidelines and expert consensus on the prevention and control of COVID-19 (2–4, 23–26). In this study, the details of primary PPE and the secondary PPE are listed in Supplementary Table 2.



Measuring Index and Instruments

We measured and recorded the heart rate, axillary/oral temperature, respiratory rate, and blood oxygen saturation of the research participant using corresponding instruments (Supplementary Tables 3 and 4) every 20 min before and during the trial. Additionally, the weight and blood glucose of all participants were measured and recorded before and after the trial. The respiratory rate was calculated by stopwatch and manual counting. All instruments have been regularly tested and qualified by the China National Institute of Metrology. The medical protective gowns and disposable isolation gowns used in the trial meet the national standard GB 19082-2009 (27, 28).

During the trial, the specially-assigned staff asked and recorded the subjective symptoms of the participants every 30 min. When the participants reported discomfort and inability to persist, the safety staff will stop the trial immediately and put them on medical observation. After the trial, the values of each physiological index and the duration of the individual study were measured and recorded immediately.



Statistical Analysis

SPSS 24.0 and STATA/SE 15.0 (STATA Corp, College Station, TX, United States) were used for statistical analysis, and Graphpad Prism 8.0 was used for graph drawing. Continuous variables were presented as mean ± standard deviation (SD) or P50 (P25, P75) and tested by the T-test or Mann–Whitney test, whereas categorical variables were tested by chi-square tests or Fisher’s exact probability test. We modeled and compared the dynamics of heart rate, oral temperature, axillary temperature, respiratory rate, and blood oxygen saturation for the primary PPE and secondary PPE groups during the trial duration using generalized estimating equations (GEE). The value of p < 0.05 is considered statistically significant.




RESULTS


Comparison of Percentage of Trial Terminated Between Participants Under Primary Personal Protective Equipment and Secondary Personal Protective Equipment

The results indicated that all 30 participants with moderate-intensity work wearing the primary PPE persisted for 180 min of the trial, but the shortest persistence time was only 40 min and the longest was 120 min for the participants with secondary PPE and none of them completed the 180 min whole trial (Figure 1). The proportion of trial terminated of participants under the primary PPE was far more than the secondary PPE (log-rank test, p < 0.01). In addition, the median time of participants with secondary PPE performing light-intensity work was 110 min (the range is 90–160 min), which was between moderate-intensity work with secondary PPE and moderate-intensity work with primary PPE (log-rank test, p < 0.01; Figure 1).
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FIGURE 1. Analysis of trail duration of participants with secondary personal protective equipment (PPE) and moderate-intensity with secondary or primary PPE. *⁣*⁣**p < 0.0001. The p values were calculated using the Log-rank test. PPE, personal protective equipment.




Analysis of the Physiological Index Dynamic of Participants Under Primary Personal Protective Equipment and Secondary Personal Protective Equipment

The changes of the physiological index in participants performing moderate-intensity work under secondary PPE were greater than primary PPE using the paired T-test or the Wilcoxon matched-pairs signed-rank test (Table 1). The change speeds of heart rate, oral temperature, axillary temperature, respiratory rate, and blood oxygen saturation were estimated using GEE. As shown in Figure 2, the change speeds of heart rate in participants performing moderate-intensity work wearing secondary PPE (0.54 beats/min) were faster than the primary PPE (0.0096 beats/min; p < 0.0001). Similarly, the ascending speeds of oral/axillary temperature of participants performing moderate-intensity work wearing secondary PPE (0.148 and 0.020°C/min) were also faster than the primary PPE (0.016 and 0.005°C/min; p < 0.0001; Figures 3, 4). Meanwhile, the respiratory speeds of participants with moderate-intensity work wearing primary PPE and secondary PPE were 0.016 and 0.004 beats/min, the difference was statistically significant (p < 0.0001; Figure 5). In addition, the results showed that the descent speed of blood oxygen saturation of participants with moderate-intensity work under secondary PPE was 0.036%/min, much faster than 0.006%/min of participants under the primary PPE (p < 0.0001; Figure 6). Additionally, the physiological index changes of participants with secondary PPE performing light-intensity work was between moderate-intensity work with secondary PPE and moderate-intensity work with primary PPE (p < 0.01; Table 2).


TABLE 1. The analysis of physical indicators of participants between primary personal protective equipment (PPE) and secondary PPE after trial.
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FIGURE 2. The dynamics of heart rate of participants wearing primary PPE and secondary PPE. *⁣*⁣**p < 0.0001. The slopes of heart rate during the trial were calculated by generalized estimating equations. PPE, personal protective equipment.
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FIGURE 3. The dynamics of oral temperature of participants with primary and secondary PPE. *⁣*⁣**p < 0.0001. The slopes of oral temperature during the trial were calculated by generalized estimating equations. PPE, personal protective equipment.
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FIGURE 4. The dynamics of axillary temperature of participants with primary and secondary PPE. *⁣*⁣**p < 0.0001. The slopes of axillary temperature during the trial were calculated by generalized estimating equations. PPE, personal protective equipment.
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FIGURE 5. The dynamics of respiratory rate of participants with primary and secondary PPE. *⁣*⁣**p < 0.0001. The slopes of respiratory rate during the trial were calculated by generalized estimating equations. PPE | personal protective equipment.
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FIGURE 6. The dynamics of blood oxygen saturation of participants with primary and secondary PPE. *⁣*⁣**p < 0.0001. The slopes of blood oxygen saturation during the trial were calculated by generalized estimating equations. PPE, personal protective equipment.



TABLE 2. Comparison of the physiological index changes of participants between light-intensity with secondary PPE and moderate-intensity with secondary or primary PPE.
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Analysis of the Subjective Adverse Symptoms of the Participants With Primary Personal Protective Equipment and Secondary Personal Protective Equipment During the Trial

The results indicated that the proportion of subjective symptoms, such as dry mouth, dizziness, palpitations, and anhelation of the participants, during the trial rose with the increase of the trial time under the primary PPE and the secondary PPE (p < 0.001; Supplementary Table 5). Furthermore, the proportions of subjective adverse symptoms, such as dry mouth, dizziness, palpitations, and anhelation after 30 and 60 min of the trial, in the participants with moderate-intensity work wearing the secondary PPE were higher than that of the participants wearing the primary PPE (p < 0.001; Table 3). Additionally, the proportions of subjective adverse symptoms, such as anhelation and palpitations after 30 and 60 min of the trial, in the participants with the secondary PPE performing light-intensity work were lower than moderate-intensity work but similar to the participants with the primary PPE performing moderate-intensity work (Table 3).


TABLE 3. Comparison of subjective symptoms of participants between light intensity with secondary PPE and moderate intensity with secondary or primary PPE after initiation of trial at 30 and 60 min.
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The Sweat Volume and Blood Glucose Consumption of Participants Before and After Trial Under Primary Personal Protective Equipment and Secondary Personal Protective Equipment

The sweat volume was roughly estimated based on weight loss before and after the trial. Although the average trial time of the participants performing moderate-intensity work under the secondary protection was 70.0 min while 180 min under the primary PPE, the average sweat volume of participants under secondary protection was 0.620 kg that was far more than the primary PPE of 0.063 kg (Supplementary Table 6). The average sweat volume of participants performing light-intensity work under secondary PPE was 0.510 kg (Supplementary Table 6). Meanwhile, the blood glucose of all participants dropped after the trial (p < 0.0001; Figures 7A,B). Additionally, the blood glucose and weight of the participants before the beginning of the trial under primary protection and secondary protection were similar (p > 0.05; Figure 7C). After the trial, the blood glucose level of the participants under secondary protection (4.57 ± 0.98 mmol/L) was lower than that of primary protection (5.36 ± 0.93 mmol/L; Figure 7D; p < 0.01).
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FIGURE 7. Analysis of blood glucose changes of participants with primary and secondary PPE. (A) The blood glucose differences of the research participants before and after the trial under the primary protection; (B) the blood glucose differences of the research participants before and after the trial under the secondary protection; (C) the blood glucose differences of under the primary protection vs. secondary protection before the trial; (D) the blood glucose differences of under the primary protection vs. secondary protection after the trial. **p < 0.01; *⁣*⁣**p < 0.0001; and ns, p > 0.05. PPE, personal protective equipment.




Analysis of the Physiological Index Changes of Participants Between Pre-trial and Post-trial

The differences in heart rate, blood oxygen, respiratory rate, oral/axillary temperature, and blood glucose between pre-trial and post-trial in all sub-group participants were statistically significant (p < 0.05; Table 4). The changes of physiological index in participants performing moderate-intensity work under secondary PPE were the most dramatic.


TABLE 4. Analysis of the physiological index changes of participants between pre-trial and post-trial.
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DISCUSSION

Coronavirus disease 2019 is a respiratory infectious disease that is mainly transmitted through droplets and contact and is classified as a Class B infectious disease and managed as a Class A infectious disease in China. According to the relevant technical guidelines and expert consensus (23, 26, 29), it requires that the layout of the COVID-19 isolation ward for receiving and treating patients are divided into three areas and two channels according to work needs. The three areas are the polluted area, the potentially polluted area, and the clean area, respectively. Medical workers need to enter the contaminated area to directly contact patients to carry out various medical activities with high exposure risk, and the corresponding protection level is secondary protection, and tertiary protection is required if necessary. In potentially contaminated areas, there is no need to directly contact patients. The exposure risk is medium, and the corresponding protection level is primary protection. In this study, the research participants wore primary PPE and secondary PPE to simulate clinical activities in the COVID-19 isolation ward. With the progress of the trial, there were obvious differences in the changes of various physiological indicators when the participants with the secondary PPE compared with the primary PPE, and the differences in the incidence of adverse symptoms and the duration of the trial were statistically significant.


The Characteristics and Dynamics of Physiological Indicators in Medical Staff Wore Primary and Secondary Personal Protective Equipment With Moderate-Intensity Activity

The summer temperature of the COVID-19 isolation ward along the south-central coast in China routinely exceeds 30°C. In this study, the indoor ambient temperature of the COVID-19 isolation ward ranged from 32 to 35°C, and the relative humidity was about 60%, and the results showed that in the case of primary PPE, the heart rate of all the participants showed a slow upward trend, but the heart rate of the 180 min trial activity did not exceed 120 beats/min. However, under the secondary PPE, the heart rate of all subjects (0.54 beats/min) was much faster at the ascending speed than that of the primary PPE (0.096 beats/min). At 40 min after the trial began, the heart rates of 66.7% (20/30) participants were higher than 120 beats/min. In addition, we found that the respiratory rate of the participants with the primary PPE was stable throughout the trial, all less than 30 times/min. However, the respiratory rate of the participants with the secondary PPE showed a faster growth rate (0.016 beats/min), which was higher than that of the primary protection (0.004 beats/min). Due to the airtight characteristics and good liquid and gas barrier capabilities of their structure of protective clothing and medical protective masks, medical staff in the isolation ward of COVID-19 are more likely to cause insufficient gas exchange. The micro-environment of the human body under PPE was affected by the environment and the body’s heat dissipation, especially for secondary PPE, which accordingly triggers corresponding neural reflexes, resulting in increased breathing frequency and accelerated breathing depth (30, 31). To guarantee the personal safety of the research participants, the trial was stopped when the participants could not persist, thus no extreme changes in physiological indicators were observed.



The Characteristics of Subjective Symptoms in Medical Staff Who Wore Primary and Secondary Personal Protective Equipment With Moderate-Intensity Activity

We collected the subjective perception information of the participants to confirm the changes in physiological indicators. We found that the proportions of palpitations (primary PPE vs. secondary PPE: 3.3 vs. 80.0%) and anhelation (primary PPE vs. secondary PPE: 3.3 vs. 63.3%) of the research participants with the secondary protection were higher than that of the primary protection at 30 min since the trial initiation. Mengyu et al. reported that when the subjects wore medical protective clothing, with the increase in exercise intensity and time, it was difficult to maintain a stable microcirculation of thermal-moist, which can lead to a more uncomfortable the subjective perception and the stronger perception of the fatigue (32). This finding was further confirmed in our trial. However, the functions of liquid barrier, microbial barrier, and anti-particle penetration are important performances for medical disposable protective clothing. Medical staff in isolation wards wear medical PPE to block viruses and bacteria. Meanwhile, medical PPE makes the trapped sub-PPE air contain more water vapor relative to the surrounded air (33), causing the body temperature to rise, which may cause a series of subjective discomfort symptom (34–39).



The Analysis of the Safety Work Time in COVID-19 Isolation Ward

Our study revealed that medical staff performing a moderate-intensity activity for 40 min continuously in the COVID-19 isolation ward could influence their physiology. However, medical staff working in polluted areas is hard to replenish water and energy timely due to the special environment. More importantly, when medical staff is extremely tired, quickly taking off PPE in a short period may increase the risk of exposure. Therefore, a reasonable arrangement of work intensity and rest time is particularly important for medical staff with different standards of PPE in the COVID-19 isolation ward. In this study, 30 participants were tested under primary and secondary PPE with moderate-intensity activity, respectively, and the results showed that 30 participants with primary PPE persisted for more than 3 h of trial, but the median time of participants with secondary PPE was only 70 min (the range is 40–120 min). Thus, to ensure the personal safety of medical staff in the COVID-19 isolation ward in real medical work, the continuous safe working time of wearing secondary PPE in a high-temperature and high-humidity environment should be kept within 40 min. In addition, the median time of participants with secondary PPE performing light-intensity work was 110 min (the range was 90–160 min), which was between moderate-intensity work with secondary PPE and moderate-intensity work with primary PPE. Therefore, the rational arrangement of medical activities of different intensities contributes to reducing work fatigue and prolonging safe working hours.



The Analysis of the Sweat Volume and Energy Expenditure

To further evaluate the physical exertion of the research participants in medical activities under primary protection and secondary protection, this study monitored the subjects’ body weight and blood glucose before and after the trial, and then assessed their sweating and energy consumption during the trial. The results showed that the average weight loss of the research participants with primary protection was 0.063 ± 0.076 kg, and the wet range of cotton hand-washing clothes was about 10%. The average weight loss of the research subjects wearing secondary protection was 0.62 ± 0.202 kg, and the wet range of the cotton handwashing clothes worn by the research participants was more than 80%. It was worth noting that the test duration of all research participants under the primary protection reached 180 min, while the average trial duration of the research participants under the secondary protection was only 70.0 min. Thus, the average weight loss rates of the research participants under the primary protection and secondary protection were 21 and 504 g/h, respectively. It showed that the physical exertion and sweating of medical staff under secondary protection during moderate-intensity medical activities are much higher those under primary protection. The previous literature (28) demonstrated that when the human body sweats too much in a short period, it will cause symptoms, such as increased body temperature, dryness in the mouth, nausea, and vomiting. A large amount of sweat in the protective clothing cannot evaporate, causing the protective clothing to be damp, increasing the perception of discomfort and fatigue in the human body, and then the possibility of causing accidents to medical staff is greatly increased. Additionally, all participants of this study were tested blood for glucose tests at the beginning and end of the trial respectively. The results of the study showed that there was no statistically significant difference in blood glucose levels between the research subjects of the two groups at the beginning of the test. However, the declining of the blood glucose level of the participants under the secondary protection was greater than that of the primary protection (p < 0.01). Given the above results and the special environment of the isolation ward, the medical staff was unable to eat, drink, and intake sugar timely. Therefore, before entering the contaminated area work, medical staff should eat properly to prevent entering the contaminated area on an empty stomach to work, especially the staff of the night shift.



Suggestions to Reduce the Adverse Impacts of Wearing Enhanced Personal Protective Equipment

Undoubtedly, reducing exposure time and taking longer breaks benefit medical staff’s work shifts to deal with the medical work and PPE-induced discomfort. Previously, studies demonstrated that conducting a 3:1 work-rest ratio can sharply decrease thermal strain during moderate-intensity work, especially for older employees (40, 41), and the adverse effects of PPE (i.e., thirst, exhaustion, and headache) were associated with longer work shift durations (42). Therefore, we suggest that the work shifts of healthcare workers with moderate-intensity wearing PPE should be interrupted by longer breaks and older healthcare workers try to avoid the long-time medical activity of moderate intensity, which can improve the physical and cognitive performance of medical staff and thereby reduce the risk of accidental injuries and contamination. In addition, to alleviate heat strain and discomfort of healthcare workers with PPE, we can perform heat mitigation strategies, such as pre-cooling, to reduce the indoor temperature in the COVID-19 isolation ward (43–45). These strategies were validated in other studies that could relieve physiological and perceptual responses in athletes, firefighters, and military personnel (46–48). In addition, it was reported that some wearable devices [i.e., a phase change material cooling vest and PAPR (3M® Versaflo® TR-300 series)] could significantly improve thermal comfort among medical staff working at COVID-19 wards wearing PPE (49, 50). Lastly, the psychological state can directly affect physiological responses (51, 52), and we suggest that clinical managers should pay attention to the mental status of medical staff, promptly identify problems, and provide guidance to affected workers, and reduce their working hours and duration of wearing PPE (53).



The Limitations in This Study

Certain limitations of our study should be acknowledged. First, the study has a small sample size, especially for the light-intensity with a secondary PPE group, and only included medical staff at a single medical center. Second, our research is limited to the study of the physiological and anthropometric parameters cited in the methodology, but the psychological indicators, such as anxiety and tension, are not measured and discussed. Third, although we stratified the working intensity to light intensity and moderate work according to the routine medical activities, the working intensity simulated in this trial did not fully reflect the working intensity of real clinical practice. Thus, the results of this study should be carefully interpreted and validated in clinical practice. Further laboratory and environmental studies examining the physiological impact of PPE among COVID-19 would be extremely beneficial.




CONCLUSION

In summary, the combination of an exacerbated workload and secondary PPE worn by COVID-19 healthcare workers increases the change in physiological indicators, and in some cases the adverse symptoms, which can affect and even suspend their medical work. Thus, taking mandatory regular breaks, arranging reasonable work intensity, and maintaining optimum temperature in the working environment accord with the principle of Bioethics of a “Job Well Done” during the COVID-19 pandemic and are beneficial to safety work in medical staff.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethical Committee of Fuzhou Pulmonary Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MZ: conception, design, and finalization of the manuscript. JZ: acquisition, analysis, and interpretation of data, and revision and finalization of the manuscript. JY: acquisition of data and draft of the manuscript. XG: perform the data analysis and figures plott. All authors read and approved the final manuscript.



FUNDING

This study was supported by grants from the Science and Technology Project of Fuzhou [grant number 2021-XG-020].



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.906140/full#supplementary-material



REFERENCES

1. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic characterisation and epidemiology of 2019 novel coronavirus: implications for virus origins and receptor binding. Lancet. (2020) 395:565–74. doi: 10.1016/s0140-6736(20)30251-8

2. The National Health Commission of China. First Edition of The Notice on Printing and Distributing Technical Guidelines on Prevention and Control of COVID-19 in Medical Institutions: National Health Office Medical Letter. (2020). Available online at: http://www.gov.cn/zhengce/zhengceku/202001/23/content_5471857.htm (accessed March 25, 2022).

3. The National Health Commission of China. The Second Edition of The notice on Printing and Distributing Technical Guidelines on Prevention and Control of COVID-19 in Medical Institutions: Comprehensive Publishing of Joint Prevention and Control Mechanism. (2021). Available online at: http://www.gov.cn/xinwen/2021-09/14/content_5637147.htm (accessed March 25, 2022).

4. The National Health Commission of China. The Third Edition of the Notice On Printing and Distributing Technical Guidelines on Prevention and Control of COVID-19 in Medical Institutions: Comprehensive Publishing of Joint Prevention and Control Mechanism. (2021). Available online at: http://www.gov.cn/xinwen/2021-09/14/content_5637147.htm (accessed March 25, 2022).

5. Verbeek JH, Rajamaki B, Ijaz S, Tikka C, Ruotsalainen JH, Edmond MB, et al. Personal protective equipment for preventing highly infectious diseases due to exposure to contaminated body fluids in healthcare staff. Cochrane Database Syst Rev. (2019) 7:Cd011621. doi: 10.1002/14651858.CD011621.pub3

6. Adams JG, Walls RM. Supporting the Health Care Workforce During the COVID-19 Global Epidemic. JAMA. (2020) 323:1439–40. doi: 10.1001/jama.2020.3972

7. Chang D, Xu H, Rebaza A, Sharma L, Dela Cruz CS. Protecting health-care workers from subclinical coronavirus infection. Lancet Respir Med. (2020) 8:e13. doi: 10.1016/s2213-2600(20)30066-7

8. Maynard SL, Kao R, Craig DG. Impact of personal protective equipment on clinical output and perceived exertion. J R Army Med Corps. (2016) 162:180–3. doi: 10.1136/jramc-2015-000541

9. Martín-Rodríguez F. Metabolic fatigue in resuscitators using personal protection equipment against biological hazard. Invest Educ Enferm. (2019) 37:e04. doi: 10.17533/udea.iee.v37n2e04

10. Calfee MW, Tufts J, Meyer K, McConkey K, Mickelsen L, Rose L, et al. Evaluation of standardized sample collection, packaging, and decontamination procedures to assess cross-contamination potential during Bacillus anthracis incident response operations. J Occup Environ Hyg. (2016) 13:980–92. doi: 10.1080/15459624.2016.1200725

11. Rebmann T, Carrico R, Wang J. Physiologic and other effects and compliance with long-term respirator use among medical intensive care unit nurses. Am J Infect Control. (2013) 41:1218–23. doi: 10.1016/j.ajic.2013.02.017

12. Ong JJY, Bharatendu C, Goh Y, Tang JZY, Sooi KWX, Tan YL, et al. Headaches Associated With Personal Protective Equipment – A Cross-Sectional Study Among Frontline Healthcare Workers During COVID-19. Headache. (2020) 60:864–77. doi: 10.1111/head.13811

13. Swaminathan R, Mukundadura BP, Prasad S. Impact of enhanced personal protective equipment on the physical and mental well-being of healthcare workers during COVID-19. Postgrad Med J. (2022) 98:231–3. doi: 10.1136/postgradmedj-2020-139150

14. Bongers C, de Korte JQ, Zwartkruis M, Levels K, Kingma BRM, Eijsvogels TMH. Heat Strain and Use of Heat Mitigation Strategies among COVID-19 Healthcare Workers Wearing Personal Protective Equipment-A Retrospective Study. Int J Environ Res Public Health. (2022) 19:1905. doi: 10.3390/ijerph19031905

15. Galehdar N, Toulabi T, Kamran A, Heydari H. Exploring nurses’ perception of taking care of patients with coronavirus disease (COVID-19): a qualitative study. Nurs Open. (2021) 8:171–9. doi: 10.1002/nop2.616

16. Rathnayake S, Dasanayake D, Maithreepala SD, Ekanayake R, Basnayake PL. Nurses’ perspectives of taking care of patients with Coronavirus disease 2019: a phenomenological study. PLoS One. (2021) 16:e0257064. doi: 10.1371/journal.pone.0257064

17. Marraha F, Al Faker I, Charif F, Chahoub H, Benyamna Y, Rahmani N, et al. Skin reactions to personal protective equipment among first-line COVID-19 healthcare workers: a survey in Northern Morocco. Ann Work Expo Health. (2021) 65:998–1003. doi: 10.1093/annweh/wxab018

18. Lee J, Venugopal V, Latha PK, Alhadad SB, Leow CHW, Goh NY, et al. Heat Stress and Thermal Perception amongst Healthcare Workers during the COVID-19 Pandemic in India and Singapore. Int J Environ Res Public Health. (2020) 17:8100. doi: 10.3390/ijerph17218100

19. Davey SL, Lee BJ, Robbins T, Randeva H, Thake CD. Heat stress and PPE during COVID-19: impact on healthcare workers’ performance, safety and well-being in NHS settings. J Hosp Infect. (2021) 108:185–8. doi: 10.1016/j.jhin.2020.11.027

20. Messeri A, Bonafede M, Pietrafesa E, Pinto I, de’Donato F, Crisci A, et al. A web survey to evaluate the thermal stress associated with personal protective equipment among healthcare workers during the COVID-19 pandemic in Italy. Int J Environ Res Public Health. (2021) 18:3861. doi: 10.3390/ijerph18083861

21. Zhaohua Z, Luyao L, Ruiping A. Thermal-wet comfort evaluation of head and torso ventilation of pipe garment. J Text Res. (2020) 41:88–94.

22. Xiao-qiang J, Min Z, Bei-chuan G, Bin C, Huan-jie L, Ye-wei C. Changes of artificial environment and physiological indexes of medical staff in COVID-19 ward. J Saf Environ. 22:1–10. doi: 10.13637/j.issn.1009-6094.2021.1588

23. Liuyi L, Yu-Xiu G, Liu-Bo Z. Regulation for prevention and control of healthcare associated infection of airborne transmission disease in healthcare facilities. Chin J Infect Control. (2017) 16:490–2. doi: 10.7196/SAMJ.2021.v111i3.15381

24. The National Health Commission of China. The Notice on Further Strengthening the Management of Strictly Grading and Zoning Use of Medical Protective Clothing During the Epidemic Period. (2020). Available online at: http://www.nhc.gov.cn/wjw/gfxwjj/list.shtml (accessed March 25, 2022).

25. The National Health Commission of China. The Notice on Printing and Distributing Technical Guidelines for the Protection of Medical Personnel During the COVID-19 Epidemic (Trial Implementation) (National Health Office Medical Letter [2020] NO. 146). (2020). Available online at:http://www.nhc.gov.cn/ (accessed March 25, 2022).

26. Chun-hui L, Xun H, Meng C, Ping C, Wen-sen C, Xiu-wen C, et al. Expert consensus on personal protection in different regional posts of medical institutions during COVID-19 epidemic period. Chin J Infect Control. (2020) 19:199–213.

27. Standardization Administration of China. Technical Requirements for Medical Disposable Protective Clothing. Beijing: General Administration of Quality Supervision, Inspection and Quarantine of the People’s Republic of China (2003).

28. Wenjing D, Wen-feng X, Yanhui W, Zhang N, FaWang S. Sampling test of national medical equipment for medical disposable protective clothing. Med Equip. (2018) 31:38–9.

29. Chinese Ministry of Health Expert Group. Technical guidelines for nosocomial infection control of Influenza A (H1N1). Chin J Infect Control. (2009) 8:220–4.

30. Xiaowei X, Yan W, Mei G, Xuelian F, Xinzhen M, Xue G. Qualitative study on the psychological experience of civil nurses in COVID-19 response. J Prev Med Chin People’s Liberation Army. (2020) 38:104–7.

31. Jinhong R, Yumian G, Jing N. Cause analysis and countermeasure of discomfort in medical staff working in isolation ward during outbreak of COVID-19. Tianjin J Nurs. (2021) 29:97–9.

32. Mengyu N, Shuwen P, Hongqin D, Kaimin L. Relationship between thermal-moist comfort of medical protective clothing and human fatigue. J Text Res. (2021) 42:144–50. doi: 10.13475/j.fzxb.20201003607

33. Taylor NA. Challenges to temperature regulation when working in hot environments. Ind Health. (2006) 44:331–44. doi: 10.2486/indhealth.44.331

34. Lucas RAI, Wilson LC, Ainslie PN, Fan JL, Thomas KN, Cotter JD. Independent and interactive effects of incremental heat strain, orthostatic stress, and mild hypohydration on cerebral perfusion. Am J Physiol Regul Integr Comp Physiol. (2018) 314:R415–26. doi: 10.1152/ajpregu.00109.2017

35. Nunfam VF, Adusei-Asante K, Van Etten EJ, Oosthuizen J, Frimpong K. Social impacts of occupational heat stress and adaptation strategies of workers: a narrative synthesis of the literature. Sci Total Environ. (2018) 643:1542–52. doi: 10.1016/j.scitotenv.2018.06.255

36. Gun R. Deaths in Australia from work-related heat stress, 2000-2015. Int J Environ Res Public Health. (2019) 16:3601. doi: 10.3390/ijerph16193601

37. Rivas E, Allie KN, Salvador PM. Progressive dry to humid hyperthermia alters exercise cerebral blood flow. J Therm Biol. (2019) 84:398–406. doi: 10.1016/j.jtherbio.2019.07.036

38. Caldwell HG, Coombs GB, Howe CA, Hoiland RL, Patrician A, Lucas SJE, et al. Evidence for temperature-mediated regional increases in cerebral blood flow during exercise. J Physiol. (2020) 598:1459–73. doi: 10.1113/jp278827

39. Shibasaki M, Sato K, Hirasawa A, Sadamoto T, Crandall CG, Ogoh S. An assessment of hypercapnia-induced elevations in regional cerebral perfusion during combined orthostatic and heat stresses. J Physiol Sci. (2020) 70:25. doi: 10.1186/s12576-020-00751-4

40. Meade RD, Poirier MP, Flouris AD, Hardcastle SG, Kenny GP. Do the threshold limit values for work in hot conditions adequately protect workers? Med Sci Sports Exerc. (2016) 48:1187–96. doi: 10.1249/mss.0000000000000886

41. Lamarche DT, Meade RD, D’Souza AW, Flouris AD, Hardcastle SG, Sigal RJ, et al. The recommended Threshold Limit Values for heat exposure fail to maintain body core temperature within safe limits in older working adults. J Occup Environ Hyg. (2017) 14:703–11. doi: 10.1080/15459624.2017.1321844

42. Tabah A, Ramanan M, Laupland KB, Buetti N, Cortegiani A, Mellinghoff J, et al. Personal protective equipment and intensive care unit healthcare worker safety in the COVID-19 era (PPE-SAFE): an international survey. J Crit Care. (2020) 59:70–5. doi: 10.1016/j.jcrc.2020.06.005

43. Gao C, Kuklane K, Wang F, Holmér I. Personal cooling with phase change materials to improve thermal comfort from a heat wave perspective. Indoor Air. (2012) 22:523–30. doi: 10.1111/j.1600-0668.2012.00778.x

44. Bongers CC, Hopman MT, Eijsvogels TM. Cooling interventions for athletes: an overview of effectiveness, physiological mechanisms, and practical considerations. Temperature. (2017) 4:60–78. doi: 10.1080/23328940.2016.1277003

45. Bongers CC, de Korte JQ, Catoire M, Greefhorst J, Hopman MTE, Kingma B, et al. Infographic. Cooling strategies to attenuate PPE-induced heat strain during the COVID-19 pandemic. Br J Sports Med. (2021) 55:69–70. doi: 10.1136/bjsports-2020-102528

46. Bongers CC, Thijssen DH, Veltmeijer MT, Hopman MT, Eijsvogels TM. Precooling and percooling (cooling during exercise) both improve performance in the heat: a meta-analytical review. Br J Sports Med. (2015) 49:377–84. doi: 10.1136/bjsports-2013-092928

47. Ciuha U, Grönkvist M, Mekjavic IB, Eiken O. Strategies for increasing evaporative cooling during simulated desert patrol mission. Ergonomics. (2016) 59:298–309. doi: 10.1080/00140139.2015.1061142

48. Hemmatjo R, Motamedzade M, Aliabadi M, Kalatpour O, Farhadian M. The effect of practical cooling strategies on physiological response and cognitive function during simulated firefighting tasks. Health Promot Perspect. (2017) 7:66–73. doi: 10.15171/hpp.2017.13

49. de Korte JQ, Bongers CCWG, Catoire M, Kingma BRM, Eijsvogels TMH. Cooling vests alleviate perceptual heat strain perceived by COVID-19 nurses. Temperature. (2020) 9:103–13. doi: 10.1080/23328940.2020.1868386

50. Rhee MSM, Lindquist CD, Silvestrini MT, Chan AC, Ong JJY, Sharma VK. Carbon dioxide increases with face masks but remains below short-term NIOSH limits. BMC Infect Dis. (2021) 21:354. doi: 10.1186/s12879-021-06056-0

51. VanderZee KI, Buunk BP, Sanderman R. Social comparison as a mediator between health problems and subjective health evaluations. Br J Soc Psychol. (1995) 34:53–65. doi: 10.1111/j.2044-8309.1995.tb01048.x

52. Salovey P, Rothman AJ, Detweiler JB, Steward WT. Emotional states and physical health. Am Psychol. (2000) 55:110–21. doi: 10.1037//0003-066x.55.1.110

53. Li F, Jiang T, Shi T, Liu Y, Liu X, Xu G, et al. Factors that affect the duration of wearing disposable personal protective equipment by healthcare professionals in Wuhan during treatment of COVID-19 patients: an epidemiological study. Nurs Health Sci. (2021) 23:245–54. doi: 10.1111/nhs.12814


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 Zhao, Zhao, Yan and Gao. 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/fmed-09-906140-t004.jpg
Variable

Differences between pre-trial and post-trial

Light-intensity with P value
secondary PPE

Heart rate, beats/min 40.80 + 12.50 <0.0012
Blood oxygen, % —-3.40+0.70 0.004P
Systolic blood pressure, mmHg 8.70 £ 10.00 0.033°
Diastolic blood pressure, mmHg 1.80+8.18 0.440
Respiratory rate, beats/min 8.30+2.11 0.005°
Oral temperature, °C 1.14+0.33 0.005°
Axillary temperature, °C 1.26 +0.33 0.005°
Blood glucose, mmol/L —2.44 +£1.183 <0.0012

Moderate-intensity with
primary PPE

21.560 £10.86
—1.13+£14.36
3.00£9.95
—0.43+£7.24
3.70 £1.34
0.83 £0.31
0.85 +£0.40
—2.39+1.21

P value

<0.0012
<0.001°

0.112°

0.243b
<0.001°
<0.001°
<0.001P
<0.0012

Moderate-intensity with
secondary PPE

56.77 £17.32
—3.07 +1.41
6.37 £16.92
3.70+12.97
14.20 £+ 3.62

1.67 £0.47
1.92+0.67
—2.62+1.35

P value

<0.0012
<0.001P

0.056°

0.026°
<0.001P
<0.001P
<0.001P
<0.0012

ap values were calculated using paired T-test.
Pp values were calculated using the Wilcoxon matched-pairs signed-rank test.





OPS/images/fmed-09-906140-t003.jpg
Time

Symptoms

30 min Dry mouth
Anhelation
Dizziness
Palpitations

60 min Dry mouth
Anhelation
Dizziness
Palpitations

Group

Light intensity with
secondary PPE

6 (60%)
0(0%)
0(0%)
1(10%)
7 (70%)
0(0%)
1(10%)
2 (20%)

Moderate intensity with
secondary PPE

24 (80.00%)
19 (63.33%)
7 (23.33%)
4 (80.00%)
5 (83.33%)
20 (66.67%)
5 (83.33%)
2 (73.33%)

Moderate intensity with
primary PPE

9 (30.00%)

3.33%)
0.00%)
3.33%)

3.33%)
0.00%)
3.33%)

1
0(
1
18 (60.00%)
1
0
1

P value?

0.399
0.002
0.23
<0.0001
0.648
<0.0001
<0.0001
0.009

P value®

0.187
>0.999

0.442
0.85
>0.999
0.25

0.149

P value®

<0.001
<0.001
<0.001
<0.001

0.011
<0.001
<0.001
<0.001

aThe p value was calculated for light intensity with secondary PPE vs. moderate intensity with secondary PPE.
bThe p value was calculated for light intensity with secondary PPE vs. moderate intensity with primary PPE.

®The p value was calculated for moderate intensity with secondary PPE vs. moderate intensity with primary PPE.
PPE, personal protective equipment.





OPS/images/fmed-09-906140-t002.jpg
Variable Group P value? P value®

Light-intensity with Moderate-intensity with Moderate-intensity with
secondary PPE secondary PPE primary PPE
Heart rate, beats/min per min 0.228 0.540 0.096 0.033 <0.0001
Systolic blood pressure, mmHg per min —0.086 —0.070 0.021 0.272 <0.0001
Diastolic blood pressure, mmHg per min —0.04 —0.045 0.005 0.466 0.004
Respiratory rate, beats/min per min 0.057 0.148 0.016 0.012 <0.0001
Oral temperature, °C per min 0.007 0.016 0.004 0.019 <0.0001
Axillary temperature, °C per min 0.006 0.02 0.005 0.003 0.007
Blood oxygen saturation, % per min —0.022 —0.036 —0.006 0.039 <0.0001

aThe p value was calculated for light-intensity with secondary PPE vs. moderate-intensity with secondary PPE.
5The p value was calculated for light-intensity with secondary PPE vs. moderate-intensity with primary PPE.
PPE, personal protective equipment.





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Evaluation of Physiological Index Changes and Safety Work of Female Medical Staff With Different Medical Protection Standards in the Ward of COVID-19



		INTRODUCTION



		MATERIALS AND METHODS



		Study Participants



		The Environment and Medical Personal Protective Equipment of This Trial



		Measuring Index and Instruments



		Statistical Analysis







		RESULTS



		Comparison of Percentage of Trial Terminated Between Participants Under Primary Personal Protective Equipment and Secondary Personal Protective Equipment



		Analysis of the Physiological Index Dynamic of Participants Under Primary Personal Protective Equipment and Secondary Personal Protective Equipment



		Analysis of the Subjective Adverse Symptoms of the Participants With Primary Personal Protective Equipment and Secondary Personal Protective Equipment During the Trial



		The Sweat Volume and Blood Glucose Consumption of Participants Before and After Trial Under Primary Personal Protective Equipment and Secondary Personal Protective Equipment



		Analysis of the Physiological Index Changes of Participants Between Pre-trial and Post-trial







		DISCUSSION



		The Characteristics and Dynamics of Physiological Indicators in Medical Staff Wore Primary and Secondary Personal Protective Equipment With Moderate-Intensity Activity



		The Characteristics of Subjective Symptoms in Medical Staff Who Wore Primary and Secondary Personal Protective Equipment With Moderate-Intensity Activity



		The Analysis of the Safety Work Time in COVID-19 Isolation Ward



		The Analysis of the Sweat Volume and Energy Expenditure



		Suggestions to Reduce the Adverse Impacts of Wearing Enhanced Personal Protective Equipment



		The Limitations in This Study







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/fmed-09-906140-g006.jpg
Primary protection — Secondary protection
! '
Slope estimated -0.006 %/min -0.036 %/min

__100- __100-

= N -

S o5 SENESARSCTS,

= NESINTAIEEIE S

rn VAVONY- Y G-

§ 95% ~ §

7] @

S 94- S

&0 &0

> >

2 2

5 927 .=

= =

= =

R 90-— R 90

i | I I I ] i I I P r 1 1 1 111 1T 1T 1T
0 20 40 60 80 100 120 140 160 180 0 10 20 30 40 50 60 70 80 90 100110120
Time (min) Time (min)





OPS/images/fmed-09-906140-g005.jpg
Primary protection

kKK

Secondary protection

!
Slope estimated ~ 0-004 times/min per min

Respiratory rate (times/min)

50-

40-

30—

20—

10

1 1 T T T T T T 1
0 20 40 60 80 100120140160 180
Time (min)

Respiratory rate (times/min)

0.016 times/min per min

50—
40-
°0 =
rz v
- ———— / / 24 times/min
20- 4
1c | I | | | | | | | | | | |
NI I IR IO I I WA IR TP I T IR
N Q7 957 B 97 07 A° 7 7 Q7N

Time (min)





OPS/images/fmed-09-906140-g007.jpg
n p—
R= =
I =
e ¥ S g "
r § = 3 .
= =) °ow
S fi > = 28 s, <,
= — 000 LR _ = o X . :,
S g% > ® WQQA s %, QQ
3 . » ¢ La S )
Z - () ()
’ 0 %
@
_ _ _ I _ _ _ : .
- 2 ® 2 ° N o © o o ‘%,
m ("I/10wu) 3s09n[3 poorg - ("7/10w) 3s0on[3 poorg %,
n |
: P g 2
,_ml..w ooM«o onﬁuo B H — &8 % o, -,
m % ® .”.A D.M‘. m — “ ~‘ &W\Q
. ¥ - s ., S,
> ¥ oo s
z y— i o
= * ...m = ; . 3
I T B (R T
= ® 4 .*O “ n_b - o QQ Q
P & .' L ® ‘- A\ Q.U
@ P - .U&\ i
a, &
_ _ [ _ _ _ _ : Q«\.
- 2 % 2 ° N o © ©® o “,
< (/jowun) 3s0any3 poorg o (/10uu) 3soon|3 poorg .Oo»





OPS/images/fmed-09-906140-g002.jpg
Primary protection I Secondary protection
! !
Slope estimated 0.096 beats/min per min 0.540 beats/min per min

.@ 180- 180-

£ -

2 =

< 150 s 150-

<P ~

= 2
x

W

"é 120 120 beats/min é 120 A:ats/min

- 2

5 =

= 90 £ 90
cs
>
=

60— 607
1 1 1 1T T 1T T T 1 1 1 1 1T 1T 1 11T 1 17171
20 4 100 120 140 160 1 Q N\ N
0 20 40 60 80 100120140160 180 N a® O S O)Q\Q ’\,\Q'&Q

Time (min) Time (min)





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

The Evaluation of Physiological
Index Changes and Safety Work
of Female Medical Staff With
Different Medical Protection
Standards in the Ward
of COVID-19





OPS/images/fmed-09-906140-g001.jpg
3
A

E 100 :
R= —L—  Moderate intensity with primary PPE
= 80-

Rt

3 =i—  Moderate intensity with secondary PPE
7
—= 60—
= &= Light intensity with secondary PPE
b
S 40-

<>

S C
= 20- L

D

[

fa

<
A 0 | | | i | | i | | i | 1 i | | | 1

0O 10 20 30 40 50 60 70 80 90 100110120130140150160170180
Time (min)

A 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

B 30 30 30 30 29 28 16 14 5 5 3 2 0 0 0 0O o 0 0

C 10 10 10 10 10 10 10 10 10 8 5 5 4 3 2 2 0 O 0

Groups Chi square P value

Avs.B 68.61 Ll

Avs.C 55.92 B

B vs.C 15.33 ook





OPS/images/fmed-09-906140-g004.jpg
Primary protection . Secondary protection
I |
Slope estimated 0.005 °C/min 0.020 °C/min
39=- 30w
8 38— 8 38—
= =
= =
= 37 = 37=-
Bt T
S 36- S 36=
= =
3 3
> 35= > 35—
= =
= 34- = 34-
< <
33 33

| | | 1 | | | | | |
0 20 40 60 80 100 120 140 160 180
Time (min)

P r 1r r 1 1@ 1 1 1711711
0 10 20 30 40 50 60 70 80 90 100110120
Time (min)






OPS/images/fmed-09-906140-g003.jpg
Secondary protection

Ak ok k

Primary protection

0.148 °C/min

0.016 °C/min

Slope estimated

S
Time (min)

I
o
<

(

I
o
™
s

) damerdun) [e1Q

1 T T T T T 1
Time (min)

0 20 40 60 80 100120140 160 180

|
(=
<

(

_
o
@
9,

) damerdun) eI

v








OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine





OPS/images/fmed-09-906140-t001.jpg
Variable Primary PPE Secondary PPE P value?
(n =30) (n = 30)

Heart rate, beats/min 98.67 + 6.01 1308+ 12,76 <0.001

Blood oxygen, % 97.00 (97.00, 98.00)  95.00 (95.00, 96.00) <0.001

Systolic blood 108.87 £ 7.59 105.43 £ 14.83 0.295

pressure, mmHg

Diastolic blood 68.5 (65.00, 72.25) 64.50 (61.75,72.50)  0.147

pressure, mmHg

Respiratory rate, 23.00 (22.00, 23.00)  34.00 (33.00, 36.00) <0.001

beats/min

Oral temperature, °C 37.30 (37.10, 37.40)  38.25(37.98, 38.50) <0.001

Axillary temperature, °C  36.90 (36.78, 37.00)  37.70 (37.30, 37.90) <0.001

Blood glucose, mmol/L 5.36 £ 0.93 4.57 £0.98 0.003

ap values were calculated using the paired T-test or the Wilcoxon matched-pairs

signed-rank test.

PPE, personal protective equipment.





