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Personal protective equipment (PPE) is a material, device, equipment, or clothing used or worn by workers to reduce their chance of exposure or contact with any harmful material or energy that causes injury, disease, or even death. The use of PPE is a universal legal requirement to reduce occupational injuries and illnesses in the workplace. Therefore, this study was conducted to assess PPE utilization and its associated factors among building construction workers in Addis Ababa, Ethiopia, 2019.
Institution based quantitative cross-sectional study was conducted on the selected construction sites of Addis Ababa city from April 1 to May 18, 2019. Data were collected among all (206) building construction workers via interviewer-administered questionnaires. Data were entered into Epi info version 7.1 and exported to SPSS version 25 statistical software for analysis. Variables with a p -value of less than 0.20 in bivariate analysis were included in multivariate logistic regression. Finally, variables with a p-value of less than 0.05 in multivariate analysis were considered as significantly associated.
The utilization of at least one PPE among building construction workers in Addis Ababa was found to be 38%. The majority (41.1%) of the participants’ reason for not using PPE were the unavailability of PPE followed by absence of orientation on using PPE (21.3%). The majority (35.3%) and (32.2%) of participants knew abrasion as a type of injury and suffered from abrasion respectively. Factors associated with utilization of PPE were the presence of training on PPE use (AOR = 4.8; 95% CI: 2.3, 10.3), presence of safety training (AOR = 2,8; 95% CI:1.5, 5.2), safety orientation before commencing work (AOR = 4.0; 95% CI:1.9, 9.0) and presence of supervision (AOR = 5.0; 95% CI:1.9,13).
Conclusions
PPE utilization among building construction workers in Addis Ababa was low. The main reasons for non-utilization of PPE were unavailability of the materials and the absence of orientation on using PPE. The presence of PPE use training, presence of safety training, safety orientation, and governmental supervision were factors associated with PPE utilization. There should be continuous supervision of construction sites to assure all workers get material and training on how to use it.
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Personal protective equipment (PPE) is any equipment used to eliminate or minimize a specific occupational injury by a worker [ 1 , 2 , 3 ]. Its utilization is a universal, legal requirement and recommended action of workers to protect themselves from injuries in their workplace [ 3 , 4 ]. Though the occupational injury is a global public health problem, it is the worst in the developing countries but can be prevented through effective use of the necessary PPE during work [ 3 , 5 , 6 ].
According to the International Labor Organization (ILO) and World Health Organization (WHO) 270 million occupational accidents [ 6 ],160 million new cases of occupational diseases respectively are caused annually by exposure and dangerous conditions at the workplace; 30–40% of these can end up with chronic diseases, permanent disability, pulmonary impairment and premature death [ 5 , 7 , 8 , 9 , 10 , 11 ]. Building construction is a complex sector where injuries at the workplace are enormous [ 3 ] and are hurtful to the employee, the employer, and society [ 5 ]. The probability of a fatal accident in the construction industry is five times the probability of an accident in the manufacturing industry [ 12 ].
The impact of occupational health and safety hazards faced by construction workers in developing countries is 10 to 20 times higher than those in industrialized countries [ 13 ]. Workers in the construction sectors are more exposed to physical, psychological, biological, and chemical risk factors [ 14 ]. Safety issues in the construction industry receive inadequate attention and provision in the developing world. This is due to owing to cost, lack of enforcement, and ignorance of the stakeholders [ 15 ]. Occupational injuries pose major public health and developmental problems; which result in serious health, social, and economic consequences on workers and their employers [ 5 ]. Employees must understand when is necessary to use, what equipment is required, how to use or wear, how to care, how to know when the equipment has reached the end of its useful life and how to dispose of PPE [ 6 , 16 , 17 ]. The prevalence of occupational injury is high which is by low PPE usage [ 18 ].
There are huge and numerous building construction projects with many occupational injuries (including death) in Addis Ababa, Ethiopia, however PPE utilization and its determinants among building construction workers are not well known. Therefore, this study identified the use of PPE and its determinants among building construction workers in Addis Ababa, Ethiopia.
Study area, design, period and population
A facility-based quantitative cross-sectional study was conducted at selected construction sites of Addis Ababa City that have direct regulatory communication with Addis Ababa city administration construction office. The study was conducted to assess PPE utilization and its determinants among building construction workers from April 1 to May 18, 2019. Addis Ababa is the capital and largest city of Ethiopia and a head seat for the African Union, home for more than 92 embassies and consular representatives and international agencies. Among numerous construction companies in Addis Ababa, only five of them were regulated by the government [ 5 ]. This study included all construction sites that had direct regulation with Addis Ababa construction office during the study period. All construction site workers in these sites were included.
Sample size determination and sampling procedure
All construction site workers (206) in the five sites who were functional and regulated directly by Addis Ababa construction office during the study period were included in this study (Fig. 1 ).

A selection of study participants for PPE utilization among building construction site workers in Addis Ababa, Ethiopia, 2019
Data collection technique and study variables
Data were collected using translated structured Amharic questionnaires developed after intensive review of previous studies related to this study. Data were collected using face-to-face interviews. Questionnaires included socio-demographic, behavioral, and environmental factors that can affect PPE utilization. Data were collected by six BSc health professionals under the supervision of two MSc candidates.
Data quality, processing, and analysis
Proper designing and pretesting of the questionnaire in 5% (11 construction workers) of the participants was conducted in one building construction site other than the selected sub-city (Akaki). Two days of training before and after the pretest was given to data collectors and supervisors. They were trained about the objectives of the study, the questionnaire’s content, the data collection techniques, and the way how confidentiality maintained throughout the study. In addition, there was were daily checking of the incompleteness and inconsistencies of questionnaires. The collected data were entered into Epi Info version 7.1 (Atlanta, GA) and exported to SPSS version 25 (Armonk, NY: IBM Corp) for statistical analysis. During analysis, those variables in bivariate analysis with a p -value of less than 0.20 were included in multivariate logistic regression. Finally, multivariate analysis was computed and variables with p-value less than 0.05 were considered as significantly associated.
Definition of terms
	Personal protective equipment

Any material, device, equipment or clothing which is used or worn by a worker to protect them from exposure or contact with any harmful material or energy which may cause injury, disease or even death to the worker, such as earplugs, Googles, Overalls, gloves, helmets and safety shoes [ 19 ].
PPE utilization
The use of at least one PPE consistently and appropriately to prevent injuries and illness.
Socio-demographic characteristics
A total of 206 respondents were interviewed with a response rate of 100%. This study showed that 62% of participants had not used even a single personal protective equipment (Fig. 2 ). Three in 10 of the respondents were female. The mean age of respondents was 25.5 (SD  +  4.07) years. The majority (88.3%) of respondents were below 30 years old. The study also showed six in 10 were single. Three in 10 had no formal education, whereas, 26.2 and 23.8% of the participants had primary and secondary educational status, respectively. The majority (71.4%) of workers were recruited on a daily basis (Table 1 ).

PPE utilization among building construction site workers in Addis Ababa, Ethiopia, 2019
Reasons for not utilizing PPE
This research identified the reasons for not using PPEs. The majority of participants (41.1%) reported they did not use PPE due to the unavailability of PPE, followed by (21.3%) due to lack of orientation on PPE usage. Similarly, 16.3, 11.3, and 10% of participants reasons for not using were the PPEs were not comfortable, PPEs are not important and have no reason at all, respectively.
Type of injuries known and suffered by the participants
This study identified that the most commonly perceived type of injury was abrasion (35.3%) and only 2% of the participants perceived permanent disability at the building construction site. Almost one-third of participants suffered abrasion whereas one or two out of 10 participants suffered from a bone fracture. Multiple causes of injury and more than one perception were identified (Table 2 ).
Preparedness for injury prevention
In this study preparedness of injury prevention was assessed, the majority (84.5%) of participants knew at least one type of PPE, only nearly one third (31.6%) the participants took safety training and around four out of 10 participants had been oriented about PPE before commencing their work (Table 3 ).
Factors associated with PPE utilization
Independent variables like age, level of education, the term of employment, year of experience, availability of safety training, PPE utilization training, perception of injury, knowledge on PPE, safety brief before commencing work and availability of enforcement or pressure to use PPE was tested by binary logistic regression. Variables with a p -value of less than 0.2 during the bivariate analysis were included in the multivariate logistic regression. Based on this, safety training, PPE use training, safety brief before commencing work, and governmental visit showed association with PPE utilization. Those who took general safety training on PPE use were about 3 times more likely to use personal protective equipment (AOR = 2.8; 95% CI: 1.5, 5.2) than those who had not. Those who had been briefed about safety before commencing work were 4 times more likely to use personal protective equipment (AOR = 4.0; 95% CI:1.9, 9.0). Those who had PPE use training are 4.8 times more likely to use PPE (AOR = 4.8; 95% CI: 2.3, 10.3) and workers in the sites where there was supervision by the governmental concerned body were 5 times more likely to use PPE AOR = 5.0; 95% CI:1.9, 13) than who did not (Table 4 ).
Occupational injuries which are the global public challenges [ 20 ] are common among building construction workers [ 21 ]. All workers in the construction industry should be trained on the proper use of PPE [ 22 ] to get them protected from potential occupational hazards [ 23 ]. Determining factors associated with PPE utilization among workers is vital for implementing the safety work promotion programs [ 3 ]. The purpose of this study was to determine the utilization of PPE and its associated factors among building construction workers in Addis Ababa, Ethiopia. The study included only construction sites directly regulated by the Addis Ababa construction office were included to identify the PPE utilizations though they were regulated.
In this study, the PPE utilization among construction site workers was 38%. The utilization of PPE in this study is in line with a study conducted in Cairo, Egypt (31.4% [ 24 ], but lower than studies conducted in Hawassa, Ethiopia (82.4%) [ 25 ] and Kampala, Uganda (50.4%) [ 26 ]. This might be due to differences in methodological differences, study populations, and study areas. The two main reasons for not using PPE identified in this study were unavailability of PPE (41.1%) and lack of orientation on how to use PPE (21.3%). Similar studies also identified the reasons for not using PPE was the unavailability of PPE [ 23 ] uncomfortable, not designed for hot and cold weather, and heaviness [ 22 , 27 , 28 ]. Other reasons might be due to lack of interest and awareness from workers, lack of concern from responsible bodies, and uncomfortable PPE.
This study revealed safety training as a significant factor of PPE utilization. Workers who have not taken safety training were less likely to utilize PPE. This was supported by previous studies [ 8 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 ]. Similarly, those who had not been trained on PPE utilization were less likely to utilize PPE in line with the previous studies [ 32 , 36 ]. On the other hand, inadequate or lack of training on PPE usage shows low PPE utilization [ 37 ]. This might be due to the reason training workers on safety and proper PPE use promotes [ 34 , 38 ]. It has paramount advantages on appropriate utilization of PPE [ 39 ] which is intended to prevent the risk of worksite injuries [ 40 , 41 ].
This study, similar to previous studies [ 30 , 31 , 42 , 43 , 44 ], identified supervision on PPE usage was significantly associated with PPE utilization. Those who had been supervised on their PPE usage were 5 times more likely to utilize PPE compared to those who had not been supervised. The reason behind this could be that workers who are supervised and reminded of the applications of PPE [ 24 ] might be enforced to use PPE with fear of not being subjected for criticism or even days or total off [ 43 ]. Additionally, this study showed safety orientation before commencing work was a significant factor affected PPE utilization. Those who had been oriented before commencing work were 4 times more to use PPE than those who had not been oriented. This finding is supported by previous studies [ 45 , 46 ].
Limitation of the study
Since the list was taken from the employers, workers who might be absent from work due to injury might not be included in this study.
This study showed only 38% of workers utilized PPE. The majority of respondents’ reason for not using PPE was the unavailability of PPE. Abrasion and piercing /cut were a common type of injury and clamping at high and dust/fug are common reasons. There should be training on PPE use before commencing work to strengthen workers’ safety and improve the productivity of manufacturing industries.
Availability of data and materials
The data that support the findings of this study are available from the corresponding authors upon reasonable request.
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Healthcare workers (HCWs) are at high risk of SARS-CoV-2 infection. Effective use of personal protective equipment (PPE) reduces this risk. We sought to determine the prevalence and predictors of self-reported access to appropriate PPE (aPPE) for HCWs in the UK during the COVID-19 pandemic.
We conducted cross sectional analyses using data from a nationwide questionnaire-based cohort study administered between December 2020-February 2021. The outcome was a binary measure of self-reported aPPE (access all of the time vs access most of the time or less frequently) at two timepoints: the first national lockdown in the UK in March 2020 (primary analysis) and at the time of questionnaire response (secondary analysis).
Ten thousand five hundred eight HCWs were included in the primary analysis, and 12,252 in the secondary analysis. 35.2% of HCWs reported aPPE at all times in the primary analysis; 83.9% reported aPPE at all times in the secondary analysis. In the primary analysis, after adjustment (for age, sex, ethnicity, migration status, occupation, aerosol generating procedure exposure, work sector and region, working hours, night shift frequency and trust in employing organisation), older HCWs and those working in Intensive Care Units were more likely to report aPPE at all times. Asian HCWs (aOR:0.77, 95%CI 0.67–0.89 [vs White]), those in allied health professional and dental roles (vs those in medical roles), and those who saw a higher number of COVID-19 patients compared to those who saw none (≥ 21 patients/week 0.74, 0.61–0.90) were less likely to report aPPE at all times. Those who trusted their employing organisation to deal with concerns about unsafe clinical practice, compared to those who did not, were twice as likely to report aPPE at all times. Significant predictors were largely unchanged in the secondary analysis.
Conclusions
Only a third of HCWs in the UK reported aPPE at all times during the first lockdown and that aPPE had improved later in the pandemic. We also identified key determinants of aPPE during the first UK lockdown, which have mostly persisted since lockdown was eased. These findings have important implications for the safe delivery of healthcare during the pandemic.
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Introduction
As of August 2021, over 6 million people in the United Kingdom (UK) have been infected with Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) leading to substantial morbidity, mortality and demands on health services [ 1 ]. Healthcare workers (HCWs) are at significantly higher risk of infection than the general population [ 2 ].
Effective use of personal protective equipment (PPE) might prevent SARS-CoV-2 transmission [ 3 ], however, large numbers of HCWs in the UK have become infected with SARS-CoV-2 whilst working on the frontline. Public Health England estimated that 73% of infections in UK HCWs during the first wave of the COVID-19 pandemic were due to nosocomial transmission [ 4 ]; Amnesty International reported in December 2020 that the UK had the second highest rate of COVID-19 related deaths in HCWs in the world [ 5 ]. Anecdotal reports exist of limited access to PPE by HCWs and a survey of UK doctors conducted by the British Medical Association during the first wave of the pandemic found that there were self-reported shortages of PPE in both primary and secondary care, however to date, no large studies have examined the issue of PPE availability in detail [ 6 ].
Accordingly, using data from the United Kingdom Research study into Ethnicity And COVID-19 outcomes in Healthcare workers (UK-REACH), we conducted cross sectional analyses of self-reported access to appropriate PPE in a cohort of HCWs at two timepoints during the COVID-19 pandemic in the UK. We sought to determine the occupational and demographic predictors of PPE access, hypothesising that PPE access was not equivalent across HCWs working in the UK and that some HCW groups had more limited access to PPE than others.
The United Kingdom Research study into Ethnicity And COVID-19 Outcomes in Healthcare workers (UK-REACH), incorporates six studies which aim to establish the impact of the COVID-19 pandemic on UK HCWs, particularly those from ethnic minority groups. This analysis utilises data generated by the baseline questionnaire of the UK-REACH prospective nationwide cohort study. The cohort study has been described in the published study protocol as well as in previous work using the same dataset [ 7 , 8 ]. Details of the measures included in the questionnaire can be found in the data dictionary ( https://www.uk-reach.org/data-dictionary ).
Study population
We included National Health Service (NHS) and non-NHS HCWs (including ancillary workers in a healthcare setting) aged 16 years or older and/or registered with one of seven UK professional healthcare regulatory bodies (see supplementary information for a list of participating regulators).
Recruitment
We have previously described recruitment into the cohort study [ 7 , 8 ]. Briefly, between 4 th December 2020 and 8 th March 2021, emails with a link to the study website were distributed to HCWs by professional regulators and recruited NHS sites. To take part, eligible HCWs had to visit the website, create a user profile and provide informed consent. The sample was supplemented by recruitment of participants directly through healthcare trusts and advertising on social media / newsletters. We report participation rates as recommended by the Checklist for Reporting Results of Internet E-Surveys (CHERRIES) [ 9 , 10 ].
Outcome measures
The main outcome measure was access to PPE at two timepoints (see below). We derived a binary measure from a questionnaire item concerning how often a HCW reported access to appropriate PPE with answers on a five point scale (“not at all” through to “all the time”).
For the main analyses we categorised HCWs as either reporting access to appropriate PPE at all times or lacking access to appropriate PPE at least some of the time. We derived a separate binary measure from a different threshold (most of the time or more often vs some of the time or less often) and used this in sensitivity analyses (see Supplementary Table 1 for the derivation of both measures). We asked participants about PPE access at two timepoints:
At the start of the first national lockdown in the UK (23 rd March 2020) – used as an outcome measure in the primary analysis
At the time of answering the questionnaire (December 2020 – March 2021) – used as an outcome measure in the secondary analysis
We selected predictor variables that might be associated with the outcome a priori, based on existing literature and expert opinion. These are detailed below:
Demographic characteristics (age, sex, ethnicity [5 categories used by the Office for National Statistics], migration status) [ 11 ].
Occupational factors (job role, area of work, number of confirmed/suspected COVID-19 patients seen per week, exposure to aerosol generating procedures [AGPs], hours worked per week and night shift frequency).
UK region of workplace.
Trust in employer to address a concern about unsafe clinical practice – a binary measure derived from a question adapted from the NHS staff survey [ 12 ].
Occupational variables used in the analyses reflect the participants’ occupational circumstances during the first national lockdown in the UK for the primary analysis or at the time they answered the questionnaire for the secondary analysis. Participants could select multiple, non-mutually exclusive areas in which they work, and therefore the work areas variables are coded as ‘dummy’ variables (i.e. all those that selected that area vs all those that did not).
A description of each variable and how it was derived from questionnaire responses can be found in Supplementary Table 2 .
Statistical analysis
Participants with missing outcome data, and those who answered ‘not applicable’ to the question around PPE access were excluded. This was because these HCWs were not likely to require PPE as part of their healthcare role and therefore should not be included in the present analyses. Participants not working during lockdown or at the time of questionnaire response were excluded from the primary and secondary analyses respectively, so that the relevant occupational predictors could be included in the models.
Categorical variables were summarised as count and percentage, and non-normally distributed continuous variables as median and interquartile range (IQR). Logistic regression was used to derive unadjusted and adjusted odds ratios (ORs and aOR) describing the relation between covariates and PPE access.
Multiple imputation was used to replace missing data in all logistic regression models. Rubin’s Rules were used to combine the parameter estimates and standard errors from 10 imputations into a single set of results [ 13 ]. To ensure the use of multiple imputation did not significantly affect our results we performed a sensitivity analysis using only complete cases. All analyses were conducted using Stata 17.
Ethical approval
The study was approved by the Health Research Authority (Brighton and Sussex Research Ethics Committee; ethics reference: 20/HRA/4718). All participants gave informed consent.
Involvement and engagement
We worked closely with a Professional Expert Panel of HCWs from a range of ethnic backgrounds and occupations as well as with national and local organisations (see study protocol) [ 7 ].
Role of the funding source
The funders had no role in study design, data collection, data analysis, interpretation or writing of the report.
Trial registration
The UK-REACH study is registered with ISRCTN. Reference ISRCTN 11811602.
Recruitment and formation of the cohort
Formation of the cohorts is shown in Fig.  1 . Cohort recruitment has been described in a previous publication [ 8 ]. In brief, between 4 th December 2020 and 8 th March 2021, 1,052,875 emails were sent from regulators. 46% of the emails were received/opened; 26,592 users created a study profile and 17,981 consented to participate. 15,199 HCWs started the questionnaire; 10,508 HCWs were included in the primary analysis (PPE access during lockdown) and 12,252 in the secondary analysis (PPE access at the time of questionnaire response). A summary of missing data for each variable of interest is shown in Supplementary Table 3 .

Formation of the analysed cohorts
Description of the analysed cohort
Table 1 shows the demographic and occupational characteristics of the 10,508 HCWs who were working during lockdown in the first wave. The median age was 45 (IQR 34 – 54); most respondents were female (74.7%). 30% of participants were from ethnic minority groups (19.9% Asian, 4.4% Black, 4.1% Mixed, 2.1% Other). Description of the 12,252 HCWs working at the time of questionnaire response is also shown in Table 1 .
Univariable analysis
Table 2 shows demographic and occupational characteristics of HCWs included in the primary analysis, stratified by PPE access and unadjusted odds ratios for the association of these characteristics with reported PPE access. Just over a third (35.2%) of HCWs working during lockdown reported access to appropriate PPE at all times. A significantly smaller proportion of those reporting access to PPE were from Asian ethnic groups than those not reporting access to PPE (16.3% vs 21.9%, OR 0.68, 95%CI 0.61 – 0.76 [reference White]. At the time of questionnaire response (secondary analysis) 83.9% of HCWs reported access to PPE at all times. A description of those included in the secondary analysis stratified by PPE access and unadjusted odds ratios are shown in Supplementary Table 4 .

Multivariable analysis
Primary analysis: ppe access during lockdown.
Table 3 shows adjusted odds ratios for PPE access during the first UK lockdown. On multivariable logistic regression analysis, younger HCWs, as well as those from Asian ethnic groups (compared to those of White ethnicity), allied health professionals and dentists (compared to those in medical roles) were all less likely to report access to PPE at all times during the first lockdown (Fig.  2 a). Those who had regular physical contact with confirmed or suspected COVID-19 patients were less likely to report access to appropriate PPE at all times compared to those who did not (aOR for PPE access in those who saw 21 or more COVID-19 patients a week compared to those who saw none: 0.74, 95% CI 0.61–0.90). HCWs working in London were less likely to report PPE access at all times compared to South West or North East England, and those who indicated trust in their employer to address concerns about unsafe clinical practice were twice as likely to report PPE access at all times, compared to those who reported the opposite (aOR 2.18, 95% CI 1.97–2.40).

a Factors associated with PPE access at the start of the first UK national lockdown on multivariable analysis. b Factors associated with PPE access at the time of answering the questionnaire on multivariable analysis
Secondary analysis: PPE access at time of questionnaire response
Table 3 shows adjusted odds ratios for PPE access at the time of questionnaire response (secondary analysis). Commensurate with findings from the primary analysis, younger HCWs and those from Asian ethnic groups (compared to White groups) were less likely to have access to PPE at all times, with odds ratios similar to those reported in the primary analysis.
By contrast with the primary analysis, HCWs in allied health professional roles and those working in dental roles were more likely to report access to PPE at all times than those in medical roles. The effect of increasing exposure to COVID-19 patients on PPE access was more marked in the secondary analysis, with those attending to ≥ 21 COVID-19 patients per week being almost half as likely to report access to PPE at all times compared to those that did not attend to any of these patients (Fig.  2 b).
Access to PPE at all times was more likely for those working in South-East England, East and West Midlands, Yorkshire and the Humber and Scotland in addition to South-West and North-East England as compared to those working in London. Trust in employer to address concerns about unsafe clinical practise was a more pronounced independent predictor of PPE access at all times compared to the primary analysis (aOR 2.90, 95%CI 2.61 – 3.21).
Sensitivity analyses
Changing the threshold of the outcome measure (to access to PPE most of the time or more frequently vs some of the time or less frequently—see Supplementary Table 1 ), did not significantly alter interpretation of the results of the primary analysis (i.e. the majority of significant predictors remain the same). However, differences can be found in the effect of COVID-19 patient exposure (attenuated in the sensitivity analysis compared to the main analysis). Additionally, AGP exposure and working in the NHS increased likelihood of PPE access and all other occupational groups were less likely to report access to PPE than medical staff (see Supplementary Table 5 ). Changing the threshold in the secondary analysis led to only 303 HCWs reporting a lack of access to PPE and thus we considered that the number of events was too low for a multivariable analysis. Repeating the primary analysis using complete cases only did not significantly alter the interpretation of the results (see Supplementary Table 6 ).
In this analysis of over 12,000 HCWs across the UK, we found that reported access to appropriate PPE was particularly limited during the first UK lockdown and improved over the course of pandemic. Younger HCWs, Asian ethnic groups (compared to White groups), HCWs who worked in London (compared to multiple regions outside of London), those caring for COVID-19 patients as well as those who reported lack of trust in their employer were less likely to report access to appropriate PPE. HCWs in allied health professional roles were less likely to report access to PPE compared to those in medical roles during lockdown – but this effect reversed by the end of the study period.
Access to appropriate PPE is crucial to preventing HCW infection. When effective PPE is properly donned, removed and discarded, it protects both the HCW who wears it and those with whom the HCW comes into contact. Early in the pandemic, a study in China of 420 doctors and nurses who were deployed to Wuhan for 6 – 8 weeks to care for patients with COVID-19 demonstrated no HCW infection, by both PCR on nasopharyngeal swab and antibody on days 1, 7 and 14 after they had returned; all were fully trained and had access to PPE at all times [ 3 ]. Furthermore, a lack of access to PPE for HCWs caring for those with other high-consequence infectious diseases has been shown to be a significant source of physical and mental stress on HCWs as well as their close contacts [ 14 , 15 , 16 ]. and fear of becoming infected with SARS-CoV-2 and transmitting infection to their contacts has been shown to adversely affect the mental health of HCWs [ 17 ].
Our study provides the first large quantitative summary of reported PPE access amongst UK HCWs during the COVID-19 pandemic in the literature. We found that only 35% of HCWs in the UK reported having access to adequate PPE at all times during the period of the first lockdown, when at its worst, over 1,000 COVID-19 patients were admitted to hospital a day [ 18 ]. Clearly, this finding has implications for HCW infection and SARS-CoV-2 transmission. Our findings are in accordance with a smaller Latin American study which found 70% of HCWs reported a lack of access to PPE and with qualitative studies that investigated HCWs experiences with PPE during the first wave in the UK [ 19 ]. In the UK studies, HCWs report a major PPE shortage, which in itself was a significant source of anxiety and distress, having a tangible impact on the workforce, resorting to reuse and improvisation of PPE to continue caring for patients when necessary [ 20 , 21 ]. Concern for inadequate PPE stocks may also explain why a higher proportion of allied health professionals and dentists reported lack of PPE access only during the first wave, where they may have been reserved for those looking after hospitalised COVID-19 patients.
We found that the groups which reported limited PPE access were also those that in other studies have been shown to be at highest risk of infection. Indeed, the number of COVID-19 patients seen was an independent negative predictor of PPE access. In a previous study, we found that junior members of staff were more likely to be seropositive for antibodies against SARS-CoV-2 in one UK hospital trust [ 22 ]. Junior members of staff are usually younger, and more likely to have more frequent patient contact and fewer administrative and managerial responsibilities, factors that may draw their more senior colleagues away from direct patient care. Furthermore, much of the outpatient work (often undertaken by more senior clinicians) was adapted to include more remote telephone or video consultations during the height of the pandemic, to reduce exposure and therefore the need for PPE. Similarly, HCWs who worked in London hospitals were more likely to have seen a higher number of COVID-19 cases compared to those working in other parts of the country [ 23 ]. The more often a HCW sees a patient with COVID-19, the more times one would have had to ‘don’ and ‘doff’ PPE, perpetuating their lack of access if resources during this time were limited. Taken together, these findings add weight to the possibility that lack of PPE access was directly associated with COVID-19 patient contact – which may in part explain the reportedly high number of HCW-associated infections in the UK. It should also be noted that although severe acute COVID-19 might be an unlikely result of SARS-CoV-2 infection amongst younger HCWs, this group may suffer debilitating, prolonged symptoms as a result of ‘long COVID’. Therefore, there may be severe implications both for the individual HCW and the healthcare workforce as a whole (due to absences from work necessitated by the illness).
Of concern, we observed that those from Asian ethnic groups, as well as those who report lack of trust in their employers were less likely to report adequate PPE access compared to White groups or those who reported trust in their employers respectively. Our findings relating to ethnicity align with a smaller UK survey study which found HCW from ethnic minority groups were more likely to report a lack of access to PPE than their White colleagues [ 24 ]. Should lack of PPE access be directly related to risk of infection, it may partially explain why HCWs from ethnic minority groups are disproportionately affected by COVID-19 [ 25 , 26 , 27 , 28 ]. Our findings suggest that disparities continue to exist within UK healthcare organisations, the reasons which may be complex [ 27 ]. Within the context of HCWs, this could be due to inequities in accessing the right equipment for the tasks required – which in turn can only lead to a further downward spiral of mistrust. It is important that healthcare organisations recognise that such disparities continue to exist and open dialogues with their staff, so that barriers to accessing adequate PPE can be identified and addressed. Furthermore, in light of these findings, it is even more vital that detailed occupational risk assessments that take account of ethnicity are undertaken for UK HCWs [ 29 ].
Our study has limitations. As with any consented observational study, there is potential for self-selection bias. We may be reporting only HCWs’ perspectives regarding what is ‘adequate’ PPE rather than lack of access, since significant variation across a range of different clinical procedures exists for PPE between the UK, other countries and the World Health Organisation [ 30 ]. However, the large difference in the proportion of HCWs reporting access to PPE in the primary and secondary analyses provides evidence against this, given that UK PPE guidelines did not change in the intervening time. Our findings relating to trust in employer might indicate reporting bias (i.e. those that did not trust their employer to deal with a concern about unsafe clinical practice might be more likely to report a lack of PPE access in their workplace than those that did). Additionally, given the cross sectional nature of the analyses we cannot determine the direction of causality in this association. Finally, we are asking HCWs to recall their experiences of the last year and thus responses may be prone to recall bias. However, UK-REACH is one of the largest and most comprehensive HCW databases in the world to date, and if only a third of 12,000 HCWs report adequate PPE access, this is difficult for policymakers to ignore. Furthermore, risk factors for lack of PPE access were still present in the secondary analysis, which is less prone to recall bias.
In summary, we have demonstrated that significant proportions of HCWs in the UK reported a lack of access to appropriate PPE over the course of the COVID-19 pandemic and that PPE access was particularly limited during the first national lockdown compared to later in the pandemic. We have also determined key predictors of PPE access. Importantly we show that the demographic and occupational groups who were less likely to report access to PPE overlap with those facing a disproportionate risk of infection. Our study provides evidence of the extraordinary occupational hazard faced by UK frontline HCWs over the course of the pandemic, which has major implications for their physical and mental health as well as that of their friends and families. Healthcare organisations should urgently implement strategies to understand and address loss of trust from their employees and combat institutional and structural discrimination.
Availability of data and materials
To access data or samples produced by the UK-REACH study, the working group representative must first submit a request to the Core Management Group by contacting the UK-REACH Project Manager in the first instance. For ancillary studies outside of the core deliverables, the Steering Committee will make final decisions once they have been approved by the Core Management Group. Decisions on granting the access to data/materials will be made within eight weeks.
Third party requests from outside the Project will require explicit approval of the Steering Committee once approved by the Core Management Group.
Note that should there be significant numbers of requests to access data and/or samples then a separate Data Access Committee will be convened to appraise requests in the first instance.
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The COVID-19 pandemic has led to personal protective equipment (PPE) supply concerns on a global scale. While efforts to increase production are underway in many jurisdictions, demand may yet outstrip supply leading to PPE shortages, particularly in low resource settings. PPE is critically important for the safety of healthcare workers (HCW) and patients and to reduce viral transmission within healthcare facilities. A structured narrative review was completed to identify methods for extending the use of available PPE as well as decontamination and reuse.
Database searches were conducted in MEDLINE and EMBASE for any available original research or review articles detailing guidelines for the safe extended use of PPE, and/or PPE decontamination and reuse protocols prior to September 28, 2020. Grey literature in addition to key websites from the Centers for Disease Control and Prevention (CDC), World Health Organization (WHO), Infection Prevention Association of Canada (IPAC), and the National Health Service (NHS) was also reviewed.
Extended use guidelines support co-locating patients with confirmed COVID-19 within specific areas of healthcare facilities to enable the use of PPE between multiple patients, and reduce PPE requirements outside these areas. Decontamination strategies for N95 respirators and face shields range from individual HCWs using conventional ovens and microwave steam bags at home, to large-scale centralized decontamination using autoclave machines, ultraviolet germicidal irradiation, hydrogen peroxide vapors, or peracetic acid dry fogging systems. Specific protocols for such strategies have been recommended by the US CDC and WHO and are being implemented by multiple institutions across North America. Further studies are underway testing decontamination strategies that have been reported to be effective at inactivating coronavirus and influenza, and on SARs-CoV-2 specifically.
Conclusions
This narrative review summarizes current extended use guidelines and decontamination protocols specific to COVID-19. Preserving PPE through the implementation of such strategies could help to mitigate shortages in PPE supply, and enable healthcare facilities in low resource settings to continue to operate safely for the remainder of the COVID-19 pandemic.
Introduction
As communities continue to work to address the Coronavirus Disease 2019 (COVID-19) global pandemic, health systems are at risk of exhausting supplies of critical personal protective equipment (PPE) such as surgical masks, N95 respirators, face shields, goggles, gowns and gloves which are instrumental in controlling the transmission of the virus [ 1 ]. PPE is critically important for healthcare workers (HCW) to reduce both their risk of contracting the infection and serving as a potential vector for transmission of the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) [ 2 ]. Preventing infection amongst HCWs is also critically important because, unlike the majority of the population that can practice social distancing, HCWs have many close physical interactions with colleagues and patients on a daily basis posing both an increased infection risk to other HCWs and vulnerable patients [ 3 ]. Evidence from Italy suggests that while HCWs are generally younger and healthier members of the population, many have still been infected. Over 300 HCWs have died from COVID-19 in the United States and the global death toll for HCWs is estimated to be over 1,000 [ 4 , 5 ]. Although infections may have been community-acquired, nosocomial acquisition was responsible for some of these infections which may have been preventable with adequate supplies of PPE [ 1 , 2 ]. Current modeling suggests that both many developed and developing countries around the world may face PPE shortages in the coming months [ 1 , 6 , 7 ]. PPE shortages will likely be more severe in countries with less developed healthcare systems and fewer resources [ 8 ]. Consequently, this structured narrative review provides a review of key PPE preservation strategies, including conservation, extended use, decontamination and reuse.
Our search strategy was designed to identify any type of extended use, reuse or preservation of PPE with a focus on medical masks, N95, or equivalent, respirators and gowns. A search strategy of two medical bibliographic databases (MEDLINE, EMBASE) was conducted by two authors (KG and DL). A structured narrative review methodology was used because it was best suited to the objective of providing a broad overview of the rapidly evolving literature to aid clinicians and healthcare facilities and making decisions regarding PPE preservation. A systematic review methodology was not used due to the rapidly evolving nature the literature and to facilitate providing a broad overview of strategies used across PPE types, manufacturers, pathogens, and decontamination methods. Searches in Medline (Ovid 1946 to September 23, 2020) and EMBASE (Ovid 1946 to September 23, 2020) were conducted for any available original research or review articles pertaining to the decontamination, disinfection, recycling or reuse of personal protective equipment in any healthcare setting. Articles pertaining to non-medical grade PPE, the decontamination of non-PPE items such as surfaces within hospitals, or medical equipment, simulation studies, and non-English language articles were not included. Literature including guidelines and/or recommendations from the Centers for Disease Control and Prevention (CDC), the World Health Organization (WHO), Infection Prevention Association of Canada (IPAC), Health Canada, the National Health Service (NHS) of the United Kingdom, and the European Union (EU), as well as any academic literature referenced by these organizations, was also reviewed. Studies that met inclusion criteria had the relevant data extracted, and summarized in tabular form and in the body of the text. The quality assessment of included studies was completed using the QUADAS-2 tool which is specifically designed to assess risk of bias in studies [ 11 ]. Review articles, guidelines from health authorities, and new articles were included in this review, but were not eligible for quality assessment.
A total of 33 studies met inclusion criteria and were included in this narrative review. Thirty three studies focused on decontamination of N95 masks 11 studies tested the decontamination strategy on SARS-COV-2 specifically with the remaining studies tested decontamination strategies on other virus' such as SARS-CoV-1 and influenza. All but seven of the studies were published since the start of 2020. Thirteen studies described heat based decontamination strategies, nine described ultra-violet light based decontamination strategies, nine described hydrogen peroxide based decontamination strategies, and two described parecetic acid dry fogging decontamination strategies.
Extended use recommendations are based off of guidelines from international health authorities. There are currently no recommendations regarding the reuse of disposable gowns or gloves. The aforementioned decontamination strategies have not been tested on surgical masks, however surgical masks can likely be reused safely once they have been placed in an open container for 72 hours or more [ 9 , 10 ]. One study specifically tested ultra-violet light in the decontamination of face shields, but otherwise recommendations for decontamination of face shields and other forms of eye protection are based on guidelines from international health authorities.
Quality assessment
Table 1 summarizes the results of the assessment for each study. 20 of 27 studies had low risk of bias across all four domains of the QUADAS-2, with 4 studies having one of the four domains rated as a high risk of bias, and 3 studies having high risk of bias for both the index test and reference standard domains ( Table 1 ).
Table 1
Studies are labeled by reference number. Each of the four domains of the QUADAS-2 tool is listed below, and risk of bias is reported as low, high, or unclear for each of the four categories.
Extended PPE use
Most PPE currently available in health care facilities is designed for single use (i.e., providing a single episode of care to one patient). Under optimal conditions, a gown, surgical mask, face shield or goggles, and gloves would be donned prior to entering the room of a patient on contact and droplet precautions, care would be provided, and all PPE doffed and then either discarded or placed into the laundry hampers (e.g. reusable gowns) as appropriate. Restricting PPE usage to one patient assessment in this fashion reduces the risk of any pathogen from that patient being transmitted to others via the contact/droplet route. This approach is particularly important when individual hospital wards contain patients that are admitted for different medical conditions and the patient with an infection with a transmissible pathogen could easily transmit it to other vulnerable patients around them either directly or indirectly [ 12 ]. However, when PPE supplies are strained as we have seen with the COVID-19 pandemic, and several health care systems have completely exhausted PPE supplies leaving both HCWs and patients at risk, the risk-benefit of PPE extended use and reuse requires re-assessment. Moreover, when many patients with the same infection are cohorted in hospital wards, pathogen transmission between patients becomes less of a concern, especially if only patients are cohorted with the same infection. In this scenario, extending the use of PPE past the “one patient at one time” standard is justifiable [ 9 , 13 ].
There are extended use strategies for surgical masks, N95 respirators, face shields, gowns, and gloves ( Table 2 ). The included studies separated emergency departments and inpatient units into zones or designated areas for patients with confirmed/suspected infection and zones with patients unlikely to be infected to mitigate risks of disease transmission to uninfected patients with extended PPE use [ 14 ]. Further, the studies reported that the success of these extended use strategies were contingent on sufficient training and logistical support for HCWs. For example, they reported emphasizing strict hand hygiene, facilitating mechanisms to minimize the amount of times HCWs don/doff PPE (such as for drink/meal breaks), and minimizing transit between high-risk and low risk areas to reduce likelihood of infection amongst HCWs.
Table 2
PPE extended use and decontamination strategy recommendations by government health organization as of May 25, 2020. CDC = Centers for Disease Control and Prevention, NIOSH = The National Institute for Occupational Safety and Health, WHO = World Health Organization, UVGI = ultraviolet germicidal irradiation, HPV = hydrogen peroxide vapor, HPGP = hydrogen peroxide gas plasma, ED = emergency department, PPE = personal protective equipment, AGMP = aerosol generating medical procedure, HCW= healthcare worker.
Surgical masks have been shown to be safe to use between multiple patients who have been confirmed to have COVID-19 [ 14 ]. Guidelines suggest that surgical masks should be discarded if they become wet or soiled and/or damaged in any manner. To safely store a surgical mask, HCWs should be instructed to fold it in half end to end, so the outwards facing side of the mask folds into itself, thus reducing potential contamination of the container into which it is placed. Moreover, it would seem prudent for HCWs to refrain from reusing the surgical mask for at least 72 hours from initial use given that viable virus has been detected on surfaces up to 3-days later based on the available evidence [ 10 ].
Similar guidelines exist for the extended use of N95 respirators. However, if the N95 is worn during an aerosol generating medical procedure (AGMP), it needs to be decontaminated prior to use with another patient (11). WHO and Public Health Agency of Canada guidance suggests that N95s be reserved for such AGMPs and are not required for routine patient contact, potentially making any extended use guidelines less applicable. Gowns and gloves can be also be used multiple times between cohorted patients with confirmed COVID-19, though they should not be stored for use another day or shift [ 9 , 14 ]. For all above articles of PPE, these extended use guidelines do not apply if the article becomes wet or visibly soiled with blood and/or bodily fluids or sustains any damage which impairs function (10). While no such folding is possible with a N95 or face shield, care should be taken to not make contact with the outside surface of the mask while removing it and placing it in an open container, such as a brown paper bag [ 9 ]. HCWs must also wash their hands prior to donning/doffing the PPE, and/or placing it in a container.
PPE decontamination and reuse
PPE decontamination and reuse is another important strategy that can be used to preserve supply. Certain articles of used PPE can be decontaminated, whereby any pathogens possibly contaminating the PPE are inactivated prior to reuse ( Table 2 ). Because most PPE currently available in health care settings is designed for single use and there is limited evidence to date demonstrating optimal decontamination and reuse protocols, these protocols should be considered a second-line strategy although new studies suggest this strategy may be quite acceptable. A rate limiting step is that PPE can only be decontaminated a fixed number of times before its integrity degrades to the extent that it compromises fit and function (particularly for N95 respirators) and accordingly strict care and quality assurance measures must be taken to safely implement such strategies. Each of the decontamination methods also requires implementation of protocols within healthcare facilities to ensure staff are trained to safely decontaminate their own PPE, or label it and drop it off at a centralized decontamination site [ 21 ].
Respirators
The best studied PPE decontamination strategies have been for N95 respirators, which can be effectively decontaminated using techniques involving heat [ [22] , [23] , [24] , [25] ], steam [ [26] , [27] , [28] , [29] ], UVGI [ 21 , [29] , [30] , [31] , [32] , [33] ], hydrogen peroxide [ 29 , [34] , [35] , [36] ], or peracetic acid [ 23 , 35 ]. They all attempt to balance inactivating potential pathogens on the mask as possible while minimizing damage to the mask itself ( Table 3 ).
Table 3
Comparison of decontamination strategies for N95 masks. UVGI =ultraviolet germicidal irradiation, HPV = hydrogen peroxide vapor, HPGP = hydrogen peroxide gas plasma, PAF = Peracetic acid dry fogging system. ∗Implementing these decontamination systems will require a system for collecting and labeling the PPE such that it can be returned to the HCWs (chain of custody), a mechanism for HCWs to pick up their PPE, and a finally a schedule that ensures that a HCWs article of PPE is decontaminated prior to their next shift.
Heat and humidity
Pilot studies have experimented with decontaminating N95s using dry heat. The advantage of such a technique is that it could be done in standard blanket warming ovens in hospitals, or at home in a conventional oven, or using handheld hair dryers. While there is no consensus on the specific temperatures and duration needed, studies have demonstrated dry heat of 70–100 0 C for 30 minutes to have similar level of decontamination as UV light, without compromising mask fit or function [ 22 , 39 ]. With regards to the number of times such a process could be repeated, a pre-publication report from Stanford describes a protocol that successfully inactivated E.coli using 75 0 C heat for 30 minutes for up to 20 total cycles [ 15 ]. Another study found that both dry and moist heat at 70 0 C was effective at disinfecting SARS-CoV-2 and maintained fibre diameter, fit, filtration efficiency, and breathing resistance after 10 cycles [ 24 ]. However, a study using hair dryers found that filtration efficiency was reduced after two cycles [ 25 ]. Further testing of several heat based decontamination techniques on SARS-CoV-2 is currently underway, including a protocol using dry heat at 75 0 C for 30 minutes that is part of an international 13 site study in partnership with the WHO [ 41 ].
Microwave generated steam bags have also been shown to be effective in inactivating influenza virus and a viral pathogen surrogate, MS2, without compromising mask fit or function, for between 3 and 6 decontamination cycles [ 26 , 42 ]. This approach could be completed at home, as microwave steam bags, which are typically used for decontaminating infant bottles and breast pumps, are commercially available, and most HCWs have access to a microwave. Additionally, a study from Massachusetts, USA, has found that utilizing universally available materials such as generic glass containers and steam can effectively decontaminate N95 respirators and maintain integrity over 20 cycles [ 28 ]. Hospital systems in Alberta and Toronto have also been testing the use of autoclave machines, which use a combination of heat, pressure, and steam, to sterilize N95 respirators in large batches [ 37 , 43 ]. One study suggests up to 400 respirators can be sterilized over a 90 minute cycle, and that they remain safe to use after up to 10 decontamination cycles [ 23 ]. Other one found N95s to be safe after autoclaving up to 5x in most cases [ 38 ]. This approach is particularly promising because many hospitals already have autoclave machines available, and thus could more easily implement this decontamination process.
Heimbuch et al. and Lore et al. both evaluated UVGI at wavelengths of 254 nm for 6 and 2 different N95 respirator types, respectively [ 26 , 44 ]. Further work by Heimbuch in 2019 showed that 1 J/cm 2 of UVGI inactivated at least 99.9% of all H1N1, H5N1, H7N9 A/Anhui/1/2013, H7N9 A/Shanghai/1/2013, MERS-CoV, and SARS-CoV that was tested [ 27 ]. Likewise, Ozog et al. found that 1.5 J/cm 2 on both sides was effective at decontaminating SARS-CoV-2 [ 45 ]. A review by O'Hearn found minimal changes in filter efficiency following application of several different UVGI protocols [ 46 ]. Notably, work by Lindsley et al. seems to suggest a ceiling on the wavelength of UV light used, as they reported wavelengths above 470nm produced a statistically significant reduction in the strength of the N95 filter [ 40 ].
UVGI appears to be an effective way of repeatedly disinfecting N95 respirators. However, instead of a procedure that can be completed by individual HCWs while at home, UVGI decontamination systems would require dedicated funding, space, and technicians, as well as a system for HCWs to drop off and pick-up their specific N95 mask. Schnell et al. describe the design of a UVGI system using previous existing components implemented at a hospital in Portland, Oregon [ 47 ]. Hamzavi et al. has proposed the repurposing narrow-band UVB devices often found in dermatology offices for UVGI [ 33 ]. Additionally, a “double hit” process consisting of UVGI followed by heat treatment has been proposed as a conservative method of ensuring maximal decontamination [ 48 ].
Hydrogen peroxide
Hydrogen peroxide can be used as a vapor or gas plasma to decontaminate N95 masks. Hydrogen peroxide vapor (HPV) has been shown to inactivate viruses and highly resistant bacterial spores in the mask and on the mask straps, and is safe to use between 10-50 times per mask depending on the decontamination system used [ 34 , 49 , 50 ]. Studies by Ibàñez-Cervantes et al. and Jatta et al. reported that HPGP disinfection on N95 respirators reduced SARS-CoV-2 to undetectable levels after one vapor cycle [ 36 , 51 ]. However, a recent study by Lieu et al. tested extended use and HPV decontamination amongst healthcare providers during regular scheduled work hours and found the median number of cycles before respirator failure to be 2, with variation across models, suggesting that failure rate may be faster during real-life work conditions [ 52 ]. Hydrogen peroxide gas plasma (HPGP) has been shown to be similarly effective at inactivating pathogens, though less data exist for the maximum of cycles common N95 mask types could tolerate.
Hydrogen peroxide-based systems appear to be quite effective at decontaminating N95s and can be used over many repeated cycles. While these systems would also require significant investment, there is existing infrastructure that can be utilized. Of note, the FDA approved a HPGP system from the Antimicrobial Stewardship Programs to start decontaminating N95s in the US. Additionally, a California-based firm has developed hand-held HPGP devices that have been shown to effectively disinfect N95 respirators with less infrastructure required [ 53 ]. A hydrogen-peroxide decontamination process, coupled with strict pick-up and drop-off policies, has been implemented in a large academic hospital in Washington, USA [ 54 ] and described for use at the University of New Mexico [ 55 ].
Peracetic acid dry fogging systems
While there is limited literature on the efficacy of peracetic acid dry fogging systems (PAF), they have been shown to effectively inactivate a variety of pathogens, including SARS-CoV-2 specifically, without compromising N95 filter or fit after 10 decontamination cycles [ 23 , 35 ]. However, PAF systems require specialized equipment, and handling of the highly corrosive and flammable liquid peracetic acid.
Non-recommended decontamination techniques
Notably, there are several means of decontamination that have been recommended against by the CDC [ 9 ]. Soap and water, bleach immersion, and alcohol based cleaning solutions have been shown to compromise the N95 filtration efficiency, making any reuse, regardless of the inactivation of any initial pathogens present, unsafe [ 29 ].
Face shields, visors, and goggles
Face shields, visors and goggles are all means of eye protection for HCWs. Generally, face shields are preferred as they can provide broader coverage, and if they cover the full face, can help reduce the risk of surgical masks or N95s becoming soiled or damaged. Provided the face shields are made of a clear plastic material, individual HCWs can clean their own face shield using a wipe and EPA-registered disinfectant [ 2 , 9 ]. If available, face shields could be decontaminated using UV light. A study by Ziegenfuss et al. showed that UV light was able to create a 2.4 log reduction in the amount of S. aureus on a face shield using 253.7 nm of light [ 56 ].
PPE collection, storage and redistribution in decontamination protocols
Each of the above decontamination strategies will require clear protocols and training for appropriate PPE collection, decontamination, storage and redistribution. At home decontamination strategies are the least logistically challenging for health systems, but still require HCWs to be trained to safely remove their PPE, store it in a sealed container, transport it home, decontaminate it using their oven or microwave, and then place it in a clean container for transport back to the hospital (see extended use guidelines section for more details). While offering the advantages of possibly greater HCW acceptability and requiring less health system resources and coordination, home-based strategies may be less acceptable to many health systems given the likely higher degree of variability in adherence to recommended protocols and risk for either persistent contamination and damage to PPE, potentially leading to greater infection risk.
In contrast, facility-based decontamination strategies require greater coordination and resources, but can decontaminate hundreds to thousands of articles of PPE concurrently, and remove the burden of protocol adherence from individual HCWs [ 30 ]. These protocols generally involve collecting, decontaminating and redistributing individual pieces of PPE to the same HCW that initial used them (a system ensuring chain of custody), encouraging greater end-user acceptability. This is often accomplished by HCWs labeling PPE prior to first use with their name and identification number, date of first use, and a tally mark for number of times reused. HCWs then place used PPE in a labeled container and drop it off at the decontamination center. HCWs later retrieve their personal article of PPE from a centralized pick up location. Hospitals would need to coordinate the schedules of the technicians for the decontamination equipment, porters for transporting PPE through the system, and a reliable means of tracking which articles of PPE belong to what HCW.
While initiatives to redirect all available PPE to healthcare facilities, and rapidly increase PPE manufacturing are underway, maximizing the use of each article of PPE is paramount in the current setting in many jurisdictions around the world. Healthcare facilities should calculate their PPE burn rate to forecast potential shortages (see citation), and then implement PPE preservation strategies as needed [ 57 ]. Extended use guidelines suggest that HCWs can safely use surgical masks, gowns, and gloves between multiple patients confirmed to have COVID-19. N95 respirators can be decontaminated effectively using dry heat and steam techniques at home, or at larger scale using autoclave machines. Eye protection, either in the form of face shields and goggles can be cleaned using disinfectant wipes in a manner similar to any hard smooth surfaces. Having individual HCWs disinfect their own PPE places an additional burden on the individual, and requires that they are trained in how to do it properly, however they require less healthcare resources and less coordination than a centralized disinfecting process. For these reasons, it may be better suited to smaller healthcare facilities with fewer resources.
Autoclave, UVGI, HPV, HPGP, and PAF decontamination all require specialized equipment and the creation of a centralized PPE collection, storage and redistribution protocols, however, these processes can be repeated for more decontamination cycles, and can decontaminate larger quantities of PPE at one time. Therefore, these strategies are likely better suited to larger healthcare facilities with the available equipment, staff, funding to decontaminate all HCWs PPE centrally. Depending on local decontamination requirements and available resources, a combination of the centralized and individualized decontamination protocols could be utilized. For all extended use and decontamination strategies, the utmost care should be given to ensuring that all the PPE still fits properly prior to reuse. Effectively mitigating PPE shortages will be critical to preserving health care system integrity by minimizing the number of HCWs and patients infected, particularly in low resource settings.
This narrative review has several limitations. First, while multiple databases were searched, and documents from national and international health organizations were reviewed in detail, no systematic literature search was completed, meaning some relevant studies may have been missed. Second, there were limited studies available describing each of the individual extended use and decontamination strategies outlined, and some recommendations were based on extrapolations of work done on other virus' such as SARS-CoV-1. While the virus' could respond to the decontamination process similarly, more studies on SARs-CoV-2 specifically are needed. Third, while the types of PPE used are quite consistent worldwide, there are many different PPE models and manufacturers, and each product may not respond the same to a given extended use or decontamination strategy. That said, certain manufacturers have started to recommend specific decontamination techniques for their own products, and subsequent studies may help establish if specific extended use or decontamination strategies are not suitable for a given PPE model/manufacturer [ 58 ]. Finally, due to the rapidly evolving literature on COVID-19, it is possible that the optimal PPE preservation strategies will change as further testing is completed, and SARS-CoV-2 transmission is better understood.
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Personal protective equipment, or PPE, is designed to protect us from workplace hazards that can lead to injuries or illnesses resulting from contact with chemical, physical, electrical, mechanical, radiological or other workplace hazards. The use of PPE can include the use of, or a combination of, protective gloves, eyewear, coveralls, foot protection and head protection, as well as respiratory protection (please refer to the Respiratory Protection page for information relating to the safe use of respirators).
Selecting Personal Protective Equipment
PPE must be selected with caution as there is no single piece of PPE that will protect you against everything. A glove used for protection against acids might not provide any protection against organic solvents, thus placing an individual at risk of exposure. Selection must be made based on the materials anticipated to be contacted and the tasks required to be conducted. A critical part of the successful use of PPE is ensuring that it is appropriately selected and provided, and properly used. 
OEHS staff can assist with the assessment of hazards at UNH, the proper selection of PPE, and training on the proper use, care and limitations of PPE.
The Occupational Safety and Health Administration also offers additional information on PPE .
View Occupational Safety Knowledge Base
The Knowledge Base contains forms, instruction and training material, minutes, policies, tools and other resources to support your research efforts by topic area.
Contact Information
Brian Cournoyer, Occupational Health and Safety Manager Phone: (603) 862-4761 Email:  [email protected]
Matthew Smith, Occupational Health and Safety Coordinator Phone: (603) 862-4266 Email:  [email protected]
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	Human Ethics
Technical report. Design effectiveness. As mentioned previously, specific design can impact the effectiveness of PPE in several ways. When considering face shield models as an example, there are multiple factors to consider when trying to optimize the utility of this protective equipment.




	Personal Protective Equipment: Challenges and Strategies to Combat
The availability of personal protective equipment (PPE) and their consistent, proper use by healthcare providers and public health professionals is a crucial factor in combating any infectious disease in a crisis. The requirement of PPE has exponentially increased, as more and more countries are experiencing the COVID-19 pandemic.




	Impact of personal protective equipment use on health care workers
During the coronavirus disease 2019 (COVID-19) pandemic, health care workers (HCWs) have been obliged to wear personal protective equipment (PPE). We assessed the impact of PPE use on HCWs' physical health and we examined factors related to a greater risk of adverse events due to PPE use.




	(PDF) Personal protective equipment implementation in healthcare: A
Objective To map PPE implementation in health care with a focus on its barriers and facilitators. Methods A scoping review was conducted across 14 electronic databases using the Joanna Briggs ...




	Rapid review and meta-analysis of the effectiveness of personal
Healthcare workers (HCWs) worldwide have and are using personal protective equipment (PPE) as COVID-19 prevention measures, including gloves, gowns, goggles, masks and hand hygiene. Although several reviews have been published on the effectiveness of PPE, these often include studies on other inflectional diseases.




	Utilization of personal protective equipment and associated factors
Background Personal protective equipment (PPE) is a material, device, equipment, or clothing used or worn by workers to reduce their chance of exposure or contact with any harmful material or energy that causes injury, disease, or even death. The use of PPE is a universal legal requirement to reduce occupational injuries and illnesses in the workplace. Therefore, this study was conducted to ...




	PDF PERSONAL PROTECTIVE EQUIPMENT
10.4 Fit testing of respiratory protective equipment 47 10.5 Pre-use checks 49 10.6 Putting on respiratory protective equipment 49 10.7 Fit checking 51 10.8 Removing respiratory protective equipment 53 SECTION 11 Head and hearing protection 55 11.1 Head protection 55 11.2 Hearing protection 55 SECTION 12 Hand hygiene 57 CONTENTS v




	Access to personal protective equipment in healthcare workers during
Background Healthcare workers (HCWs) are at high risk of SARS-CoV-2 infection. Effective use of personal protective equipment (PPE) reduces this risk. We sought to determine the prevalence and predictors of self-reported access to appropriate PPE (aPPE) for HCWs in the UK during the COVID-19 pandemic. Methods We conducted cross sectional analyses using data from a nationwide questionnaire ...




	(PDF) Personal Protective Equipment: Use and Efficacy
As the world battles the Coronavirus Disease-2019 (COVID-19) pandemic, many countries are facing an acute shortage of Personal Protective Equipment (PPE) for their healthcare workers.




	PDF Personal Protective Equipment
PERSONAL PROTECTIVE EQUIPMENT 5 In general, employees should: Properly wear PPE, Attend training sessions on PPE, Care for, clean and maintain PPE, and Inform a supervisor of the need to repair or replace PPE. Specific requirements for PPE are presented in many different OSHA standards, published in 29 CFR.




	(PDF) New development of research on personal protective equipment (PPE
PDF | On Nov 30, 2017, Shin-ichi SAWADA and others published New development of research on personal protective equipment (PPE) for occupational safety and health | Find, read and cite all the ...




	Short research paper: Personal protective equipment for the care of
Background. The COVID-19 pandemic has caused unprecedented global demand for personal protective equipment (PPE). A paucity of data on PPE burn rate (PPE consumption over time) in pandemic situations exacerbated these issues as there was little historic research to indicate volumes of PPE required to care for surges in infective patients and thus plan procurement requirements.




	Efficacy of personal protective equipment to prevent environmental
Facial masks and other protective respiratory equipment. The individual effectiveness of PPE is summarized in Table S3. Two systematic reviews [30, 31] and three systematic review and meta-analyses [10, 32, 33] demonstrate that wearing facial masks and respiratory protection equipment are protective. Nevertheless, these reviews included limited ...




	Materials in advanced design of personal protective equipment: a review
The outbreak of the Covid-19 pandemic has aroused tremendous attention toward personal protective equipment (PPE) in both scientific research and industrial manufacture. Despite decades of development in PPE design and fabrication, there's still much room for further optimization, in terms, of both protection performance and wear comfort.




	Utilization of Personal Protective Equipment and Its Associated Factors
The use of personal protective equipment (PPE) is an important strategy to prevent occupational injuries and illnesses resulting from exposure to workplace hazards. 1 These injuries and illnesses may result from direct contact with chemicals, radiological, physical, electrical, mechanical, or other workplace hazards. 1,2 Employers must conduct workplace hazard assessments to identify the type ...




	Personal Protective Equipment (PPE) usage in ...
In the second phase, a total number of 167 papers, which include review paper, research article, journal papers, and conference proceedings, were selected, as shown in Fig. 2.The de-duplication was performed, and scanning and skimming approach was applied in the whole process again where all the irrelevant papers were limitize to the keywords infrastructure, accidents, and PPE.




	PDF A study on the effectiveness of Personal Protective Equipment (PPE) on
The selection of Personal Protective Equipment must meet the requirement of the work. Beside that it must consider the methods of work, the physical effort requirement of work, the time of PPE needs to worn. The aim should always focus on the comfort level of the workers/ user. Discomfort equipment can see like it




	Personal protective equipment preservation strategies in the covid-19
The COVID-19 pandemic has led to personal protective equipment (PPE) supply concerns on a global scale. While efforts to increase production are underway in many jurisdictions, demand may yet outstrip supply leading to PPE shortages, particularly in low resource settings. PPE is critically important for the safety of healthcare workers (HCW ...




	(PDF) Personal Protective Equipment (PPE) usage in Construction
Effectiveness of Personal Protective Equipment (PPE) at Construction Site 2018;1. [4] Chughtai AA, Khan W. Use of personal protective equipment to protect against




	(PDF) A study on the effectiveness of Personal Protective Equipment
A study on the effectiveness of personal protective equipment (PPE) on building construction workers - ResearchGateThis paper examines the impact of PPE on the safety and health of construction ...




	Personal Protective Equipment
Office of the Senior Vice Provost for Research, Economic Engagement and Outreach Thompson Hall, 105 Main St. Durham, NH 03824. Phone: (603) 862-1948 Email: [email protected]. Search. ... Personal protective equipment, or PPE, is designed to protect us from workplace hazards that can lead to injuries or illnesses resulting from contact with ...




	(PDF) Use of 3D printing in production of personal protective equipment
Currently there is a huge requirement of personal protective equipment as they can be proved as the line between life and death. This review paper discusses the capabilities of 3D printing in ...




	(Pdf) the Use of Personal Protective Equipment (Ppe) on Construction
Personal protective equipment (PPE) is used to mitigate workplace hazards when available measures cannot eliminate the risk at the source [1][2][3] [4]. PPE serves as a key to personal safety at ...
















	Latest Articles
	steps in writing a research paper grade 10
	organic chicken farm business plan
	have you done your homework john
	referencing of research paper
	business model insurance industry
	holiday homework folder ideas
	poetry unit test quizlet
	btec business assignment briefs
	port numbers in vmware
	research paper on mass media pdf
	what is sales strategy in business plan
	assignment definition and examples
	strategic plan american university
	biology research articles free
	small business incident response plan template
	variable assignment destructuring
	multiplication printable worksheets grade 2
	contract jobs veterans
	writing a journal article in 12 weeks pdf
	business plan outline for restaurant


	





© 2024 CheerUp. All rights reserved.
Sitemap


	assignment
	business plan
	essay writing
	homework
	paper writing
	research paper
	review writing




