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Background: The use of personal protective equipment (PPE) reduces the risk

of transmission of infectious agents significantly among healthcare workers

(HCWs). The study aimed to investigate the prevalence and characteristics

of PPE-related adverse skin reactions among HCWs working at the main

COVID-19 isolation center in Barbados.

Methods: A cross-sectional web-based online survey was conducted during

April to June 2021 which recorded demographic information, details of PPE

use and adverse skin reactions including severity and duration of onset

of symptoms.

Results: Most of the respondents used PPE for consecutive days (77.9%), 1–6

h/day (59.2%), andmore than a year (62.5%). Fewer than half of the participants

(45.6%) experienced adverse skin reactions from the use of PPE. The reactions

were mostly observed in the cheeks (40.4%) and nose bridges (35.6%). Females

had more reactions than their male counterparts (p = 0.003). The use of N95

masks and a combination of surgical and N95 masks produced adverse e�ects

predominantly in the ears (60%) and cheeks (56.4%). Binary logistic regression

showed that female HCWs (OR = 5.720 95% CI: 1.631, 20.063), doctors (OR =

5.215 95% CI: 0.877, 31.002), and longer duration of PPE use (>1 year) (OR =

2.902 95% CI: 0.958, 8.787) caused a significantly higher prevalence of adverse

skin reactions.
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Conclusion: The PPE-related skin reactions were common among HCWs

whichmainly occurred due to prolonged use. Preventive measures inclusive of

appropriate training of HCWs on the use of PPE are recommended tominimize

these adverse events.

KEYWORDS

COVID-19, PPE, adverse skin reactions, healthcare workers, Barbados

Introduction

Frontline healthcare workers (HCWs) have faced numerous

challenges while treating and managing COVID-19 patients

during the pandemic (1–5). These frontline HCWs are

susceptible to infection, and they account for 10% of the

COVID-19 cases (1). During the Severe Acute Respiratory

Syndrome (SARS) and Middle East Respiratory Syndrome

(MERS) outbreaks, a quarter of infected cases were among

HCWs (6, 7). Studies showed that the use of personal protective

equipment (PPE) could reduce the risk of infection significantly

among HCWs (8, 9). Standard measures such as the use of

gloves, gowns, and eye protection are recommended by the

Centers for Disease Control and Protection (CDC) (10) and

the World Health Organization (WHO) (11). Furthermore, the

CDC recommends the use of N95 filtering facepiece respirators

by all COVID-19 patients (both suspected and confirmed).

Also, the WHO recommends the use of surgical masks by

HCWs providing care to COVID-19 patients along with the

exclusive use of respirators by HCWs for aerosol-generating

procedures (12).

The mode of transmission of COVID-19 has been shown

to be respiratory droplets and contact with fomites. The

use of PPEs is critical to reducing cross-transmission of

the infection (6–8). The PPE provides a layer of safety for

HCWs by limiting contact between clinical staff and patients

(13). HCWs require appropriate PPE training and consistent

guidance to protect their health and well-being (14). Several

studies have already highlighted the high frequency of physical

health issues, including skin abnormalities due to PPE use

among HCWs (15–17). These are mainly due to the long-

term wearing, inappropriate re-use, ill-fitting PPE and PPE

shortages during the COVID-19 pandemic (16–19). Moreover,

PPE may generate a series of skin lesions due to (i) long-

term sealing caused by poor air permeability, (ii) friction-

induced skin conditions such as erythema, blisters or ulcers,

associated with pain and even secondary infection, and (iii)

pressure on the skin (20, 21). There is an increasing incidence

of occupational dermatoses due to facial PPE, including adverse

cutaneous reactions, irritant contact dermatitis, allergic contact

dermatitis, acneiform eruptions, and contact urticaria (22).

Appropriate strategies need to be taken to prevent PPE-related

adverse events by supplying an adequate number of PPEs and

organizing training on the proper use of PPE by HCWs (16,

19).

The first COVID-19 case was identified in Barbados on

17 March 2020 (2). As of Jan 09, 2022, 11% of the Barbadian

population tested positive for COVID-19, and the death rate

was reported at 0.93 per 1,000 people (23). The aim of this

study is to investigate the prevalence and characteristics of

adverse facial skin reactions due to the use of PPE among

HCWs working in a COVID-19 isolation center in Barbados

and suggest potential risk factors and management strategies for

these reactions.

Methods

Setting

Barbados is the most southeastern island in the Caribbean

and spans an area of 432 km2 (166 sq mi) with a population

of 287,000. The Queen Elizabeth Hospital (QEH) is the only

tertiary care hospital on the island with a bed capacity of 519.

Four isolation centers were established to combat the COVID-

19 pandemic as the caseload on the island increased: Harrison

Point, Enmore Center, Psychiatric Hospital and the Sunbay

Hotel. The largest isolation facility is the Harrison Point, which

was established in a refurbished military base with a capacity

of 200 beds. The facility has been staffed with 30 nurses, 18

physicians, 45 housekeeping and 18 orderlies and subdivided

into primary, secondary and tertiary care units. The tertiary

care unit accommodates asymptomatic but confirmed COVID

positive cases, the secondary unit admits mild cases where

patients require oxygen for management, and moderate to

severe cases are managed in the primary care unit. The Enmore

Center is a 3-bedded intensive care unit located just opposite the

QEH. Patients at this site are transferred to the Harrison Point

isolation center once they are stabilized. The Enmore Center is

staffed with 10 nurses, 2 physicians and 4 housekeeping staff to

cover the 24 h schedule at the facility. The other two isolation

centers are the Psychiatric Hospital and the Sunbay Hotel where

mild cases are managed. Each center is staffed with ∼15 nurses,

4 physicians, 4 orderlies, and 8 housekeeping staff.
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TABLE 1 Sociodemographic variables and prevalence of adverse e�ect in skin/face due to PPE use.

Variable Total

respondents

Adverse skin reactions p-value

Yes (47) No (56)

Age

18–24 years 6 (5.8%) 3 (6.4%) 3 (5.4%)

25–34 years 43 (41.3%) 21 (44.7%) 22 (39.3%)

35–44 years 35 (33.7%) 16 (34%) 18 (32.1%) 0.883

45–54 years 17 (16.3%) 6 (12.8%) 11 (19.6%)

55+ years 3 (2.9%) 1 (2.1%) 2 (3.6%)

Gender

Male 30 (28.8%) 7 (14.9%) 23 (41.1%) 0.003

Female 74 (71.2%) 40 (85.1%) 33 (58.9%)

Profession

Nurse 47 (45.2%) 23 (48.9%) 24 (42.9%)

Doctor 16 (15.4%) 10 (21.3%) 6 (10.7%)

Orderly 13 (12.5%) 2 (4.3%) 11 (19.6%)

Housekeeping 19 (18.3%) 8 (17%) 10 (17.9%) 0.225

Medical staff 5 (4.8%) 2 (4.3%) 3 (5.4%)

Administrative staff 4 (3.8%) 2 (4.3%) 2 (3.6%)

Time since started using PPE

0–3 months 10 (9.6%) 2 (4.3%) 8 (14.3%)

3–6 months 14 (13.5%) 4 (8.5%) 10 (17.9%)

6–9 months 9 (8.7%) 6 (12.8%) 3 (5.4%) 0.052

9–12 months 6 (5.8%) 1 (2.1%) 5 (8.9%)

12+months 65 (62.5%) 34 (72.3%) 30 (53.6%)

Daily average Duration of using PPE

1–6 h 61 (59.2%) 24 (51.1%) 37 (66.1%)

6–8 h 26 (25.2%) 14 (29.8%) 11 (19.6%)

8–10 h 6 (5.8%) 4 (8.5%) 2 (3.6%) 0.453

10–12 h 7 (6.8%) 3 (6.4%) 4 (7.1%)

12–13 h 3 (2.9%) 2 (4.3%) 1 (1.8%)

Study design, sampling and data
collection

The study used purposive sampling of all HCWs working at

the COVID-19 main isolation center in Barbados. HCWs were

invited to complete a cross-sectional online survey assessing

adverse skin reactions using PPE. Inclusion criteria for the

study are staff working in areas deemed necessary for PPE

usage, namely staff caring for suspected and infected COVID-19

patients or staff at the frontline hospitality services, receptionists

and ushers. Email invitations were sent with a Google Forms

survey link from 1 April 2021 to 21 June 2021.

The study used a validated questionnaire developed by

Abiakam et al. (17). The modified questionnaire was pretested,

and the final version was approved for use to conduct the survey.

Items were grouped in the following sections: (i) demographic

information, (ii) occupational related information, and (iii)

adverse skin reactions (Supplementary material). To assess the

effect of PPE on the skin, two different measures were recorded

for each participant. The respondents’ perception of their skin

health was assessed prior to and after the use of PPE by self-

reports. The measurement of pain due to the use of PPE was

recorded on a scale of 0 (no pain) to 10 (highest pain). The

perceived skin health before and after PPE use was assessed by

a Likert scale of 1 (The worst skin health you can imagine) to 10

(The best skin health you can imagine).

Participation was purely voluntary and informed consent

was implied by completing the questionnaire.
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Ethical approval

The studywas approved by theUniversity of theWest Indies,

Cave Hill Campus/Barbados Ministry of Health and Wellness

Research Ethics Committee/Institutional Review Board (IRB

No. 210322-B).

Statistical analysis

Demographic data and some data on adverse effects due to

the use of PPE were analyzed using descriptive statistics mainly.

Frequency distributions were obtained to analyze the incidence

and prevalence of skin reactions that occurred due to PPE use

during the period of observation. Bivariate correlations were

examined between the average duration of PPE use (also with the

history of using PPE), demographic characteristics, and different

skin effects of PPE. To assess the significant association between

two variables, chi-square statistics with p-values were calculated.

All statistical analysis was performed using IBM SPSS 20.0.

Results

Demographic characteristics

Out of 215 HCWs, 104 completed the survey and the

response rate was 48.4%. The majority of the respondents were

females (71.2%) and the nurses represented the largest group

(45.2%) of HCWs. The majority of the study respondents were

aged between 25 and 34 years (41.3%) (Table 1). In addition,

more than half of the respondents (52.4%) were employed in

public /government institutes. Eighty percent of the respondents

reported that they had no chronic diseases. Only 40.4% of

respondents attended a PPE fit testing appointment. Most of

the respondents felt comfortable (86.5%), safe (99%), and able

to breathe easily (82.5%) while using PPE (Table 2). Gender

specific influence on the use of protective equipments is shown

in Table 3.

PPE usage

More than three-quarters of the respondents (77.9%) used

PPE for consecutive days, more than half (59.2%) used it for

1–6 h/day and approximately two-thirds used it for more than

a year (62.5%) (Table 1). The average number of working days

per week reported by the respondents was 4. In relation to

protective equipment, 98% used a face shield as an eye protection

instrument. Majority of the respondents (41.3%) reported that

they used the surgical mask, followed byHCWs usingN95masks

(37.5%) and those using both surgical and N95 masks (19.2%)

(Table 2).

TABLE 2 Use of protective equipment by the respondents (n = 104).

Variable Number of respondents (%)

Average number of working days/week

3 days 2 (1.9%)

4 days 68 (66.0%)

5 days 23 (22.3%)

6 days 5 (4.8%)

7 days 5 (4.8%)

Eye protection instrument

General safety glasses 1 (1.0%)

Chemical splashing goggles 1 (1.0%)

Face shield 102 (98.0%)

Type of mask used by the respondent

Surgical mask 43 (41.3%)

N95 39 (37.5%)

KN95 2 (1.9%)

Both 20 (19.2%)

Attended PPE fit testing appointment

Yes 42 (40.4%)

No 62 (59.6%)

Comfort of using PPE

Feeling comfortable

Yes 90 (86.5%)

No 14 (13.5%)

Breathing easily

Yes 86 (82.7%)

No 18 (17.3%)

Feeling safety on PPE

Yes 103 (99%)

No 1 (1%)

Face skin health

The use of PPE caused red lesions (35.9%), indentation

lesions (36.5%), and broken skin (2.9%) in facial areas. More

than 35% of respondents stated that they had the best skin health

prior to using PPE, while 28.1% had the same skin health after

PPE use. On a scale of 1 (worst) to 10 (best),∼24 and 32% scored

between 1 and 5 to indicate their skin health before and after

using the PPE, respectively.

Skin reactions at the various facial
locations

More than 45% (n= 47) of participants experienced adverse

skin reactions from the use of PPE. Redness, itchiness, rash,

pressure damage and dry skin were the different reactions

reported by the respondents. These occurred specifically at
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TABLE 3 Gender specific influence on the use of protective

equipments by (n = 103).

Sex Profession Adverse skin reactions Chi-square

(χ2)

Yes (47) No (56)

Male Nurse 0 (0%) 2 (6.7%) 8.571

Doctor 4 (13.3%) 2 (6.7%)

Orderly 2 (6.7%) 10 (33.3%)

Housekeeping 1 (3.3%) 5 (16.7%)

Medical staff 0 (0%) 3 (10%)

Administrative

staff

0 (0%) 1 (3.3%)

Female Nurse 23 (31.5%) 22 (30.1%) 3.449

Doctor 6 (8.2%) 4 (5.5%)

Orderly 0 (0%) 1 (1.4%)

Housekeeping 7 (9.6%) 5 (6.8%)

Medical staff 2 (2.7%) 0 (0%)

Administrative

staff

2 (2.7%) 1 (1.4%)

five face locations, namely the forehead, the nose, cheeks, ears

and under lips as summarized in Table 4. The use of face

masks caused skin reactions mainly at the cheeks (40.4%), nose

(35.6%), ears (34.6%), and under lips (19.2%). The respondents

who were using a face shield as eye protection suffered skin

reactions on the forehead (34.6%).

Female professionals had more adverse outcomes for using

PPE than their male counterparts with a significant statistical

association (p = 0.003). More than half of the respondents

reported that their cheeks (56.4%), nose bridge (51.3%) and ear

(51.3%) were affected by using N95 masks (Figure 1). The use

of both surgical masks and N95 masks produced adverse effects

predominantly at the ears (60%) and cheeks (50%). When asked

about the overall pain due to the use of PPE in a scale of 0 (no

pain) to 10 (highest pain), more than half of respondents (54.4%)

reported no pain (Figure 2).

Determinants of adverse skin reactions
due to use of PPE

To check whether various demographic variables and use

pattern of PPE have any effect on the skin, we used binary logistic

regression. The findings are summarized in Table 5. Here the

dependent variable is whether the HCWs have any adverse effect

on the skin due to using PPE. Gender, profession, and duration

of PPE use were found to have a significant adverse skin reaction.

Female HCWs were 5.7 times more likely to have adverse skin

reactions than their male counterpart. Doctors are 5.2 times

more risk than the nurses to develop adverse reactions. The use

of PPE for longer was also found to be significant in this context,

those who are using PPE for more than 1 year were 2.9 times

more likely to have adverse skin reactions than those who were

using less than a year.

Discussion

This study was conducted in Harrison’s Point, the main

COVID-19 isolation center of Barbados, to assess facial skin

reactions due to the use of PPE by HCWs. Less than half of the

participants (45.6%) reported changes in skin health as a direct

result of PPE usage. A systematic review analyzed 14 studies

(n = 11,746 HCWs) from 16 countries and reported that the

prevalence of skin changes due to the use of PPE among HCWs

was 78% with a range from 42.8 to 95.1% reported among the

studies (15). The causes of a wide range of prevalence include

TABLE 4 Di�erent levels of skin problems in di�erent parts of the face due to using PPE.

Problems Forehead Nose Cheeks Under lips Ears

Skin reactions n−36 n−37 n−42 n−20 n−36

Redness 15 (41.7%) 11 (29.7%) 14 (33.3%) 7 (35%) 12 (33.3%)

Itchiness 3 (8.3%) 3 (8.1%) 2 (4.8%) 1 (5%) 6 (16.7%)

Rash 2 (5.6%) 4 (10.8%) 8 (19%) 4 (20%) 0%

Pressure damage 6 (16.7%) 9 (24.3%) 6 (14.3%) 3 (15%) 14 (38.9%)

Dry skin 0% 1 (2.7%) 1 (2.4%) 1 (5%) 0%

Both redness and pressure damage 7 (19.4%) 6 (16.2%) 5 (11.9%) 1 (5%) 0%

Itchiness and rash 2 (5.6%) 0% 1 (2.4%) 1 (5%) 0%

Rash and dry skin 0% 0% 1 (2.4%) 0% 2 (5.6%)

All of the mentioned effects together 1 (2.8%) 3 (8.1%) 4 (9.5%) 2 (10%) 2 (5.6%)

No skin reactions n−104

68 (65.4%) 67 (64.4%) 62 (59.6%) 84 (80.8%) 68 (65.4%)
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FIGURE 1

Type of mask used and incidence (%) of adverse skin reactions.

FIGURE 2

Distribution of pain measures.

the use of PPE for varied periods due to the PPE demand and

supply challenges, the increased workload of HCWs, lack of

training and awareness regarding PPE usage, and not wearing

(donning/doffing) PPE in the appropriate way (24–26). Our

study found that doctors had a higher risk of developing adverse

skin reactions compared to nurses. This may be attributable to

prolonged wear of PPE by doctors due to longer clinical shift

work and on-call hours. We also found that female professionals

suffered more skin reactions when using PPE than their male

counterparts (p = 0.003) and they were 5.7 times more likely to
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have adverse skin reactions than their male counterparts (OR =

5.720 95% CI: 1.631, 20.063). Our finding is consistent with the

findings of some recent studies conducted during the COVID-19

pandemic (21, 27–29). More skin reactions among females may

be explained by genetic factors, hormonal differences, physical

activity, hygiene practices and the use of skin care products

(15). Moreover, PPE is typically designed for white male size

and shape and incorrect fitting for the anthropometric facial

features of Black, Asian, and Minority (BAME) ethnicities has

been reported elsewhere (17, 30). Hence, in this study, ill-fitted

PPE, due to gender differences in facial features, may account for

the increased skin reactions seen among females when worn for

extended periods.

The current study found compelling evidence that the use

of PPE for prolonged periods without skin relief is linked to

the occurrence of adverse skin reactions. Our findings also

demonstrated that those HCWs using PPE for a longer duration

(>1 year) may be more likely to suffer adverse skin reactions,

than those who were using less than a year. The majority of the

respondents in our study who used PPE for more than a year,

consecutive days or an average of 4 days per week and 1–6 h

per day suffered skin reactions. The most commonly affected

areas were the cheeks and the nose (Table 3), which is consistent

with previous findings (29, 31–33). The use of PPE for longer

periods causes compression injuries and excessive sweating;

both stimulating the skin reactions in the above-mentioned

body areas (31, 34–36). The use of PPE also causes skin

barrier dysfunction due to prolonged contact time or increased

frequency of use (37, 38). Specifically, prolonged exposure of

PPE to the skin surface can cause pressure, friction and shear

forces which can inflict skin and underlying tissue damage.

Moreover, the combination of excessive sweating and moisture

compromises the epidermal stratum corneum and reduces the

mechanical load tolerance of the skin thus compromising the

barrier function of the skin and providing grounds for injury

(17) and secondary infection (39). Profuse sweating can also

induce skin itching, pain and redness (15). Pressure damage to

the skin behind the ears can be the result of repetitive friction

attributable to the face masks string around the ears (16). The

itching experiencedmay be due to the humidmicroenvironment

that is generated under the PPE along with discomfort after

extended PPE usage. The mask material may also trigger an

allergic reaction which can give rise to contact dermatitis (21).

A systematic review conducted by Keng et al. (39) using sixteen

studies (n = 3,958) found that the most affected sites were nose

or nose bridge (24.7%) and cheeks (21.3%). Another systematic

review (16 studies) identified irritant contact dermatitis due to

pressure and friction which were common on the cheeks and

nasal bridge (40). Several studies showed that HCWs who wore

PPE more than 6 h daily were at increased risk of adverse skin

reactions (31, 37, 41).

It was found that wearing an N95 mask and a combination

of both surgical and N95 masks were associated with a higher

incidence of adverse skin reactions than wearing a surgical mask

TABLE 5 Logistic regression coe�cients and odds ratios (95% CI) for

determinants adverse reactions.

Variable OR (95% CI)

Age

<35 years (ref)

≥35 years 0.613 (0.197, 1.902)

Gender

Male (ref)

Female 5.720*** (1.631, 20.063)

Profession

Nurse (ref)

Doctor 5.215* (0.877, 31.002)

Others 1.569 (0.399, 6.163)

Average number of working days/week

<5 days (ref)

≥5 days 1.965 (0.726, 5.317)

Type of mask used by the respondent

Surgical mask (ref)

N95 1.358 (0.448, 4.4117)

Both 0.599 (0.162, 2.209)

Time since started using PPE

<12 months (ref)

≥12 months 2.902* (0.958, 8.787)

Daily average Duration of using PPE

<6 h (ref)

≥6 h 1.141 (0.442, 2.947)

Reference category is denoted by (ref). Significance: ***p < 0.01, *p < 0.1.

(Figure 1). Battista et al. noted that the incidence of adverse skin

reactions was higher in the healthcare staff wearing N95 masks

(41). Another study by Hu et al. (21) also reported a higher

incidence (95.1%) of the skin reactions provoked by using an

N95 mask. An Indian study recorded adverse skin reactions in

the nasal bridge (76.64%) and ears (66.42%) after wearing N95

masks (16). Similar findings were echoed in China (21) and

Singapore (42) among nurses and other HCWs, respectively.

The skin reactions of N95 masks occur as HCWs have to tie

the mask tightly using the metal clip to protect themselves from

the COVID-19 infection (16). This may cause physical problems

(e.g., headache, nausea, vomiting, etc.) due to hypoxemia and

hypercapnia (43) especially in the warm and humid climate

prevailing in the Caribbean countries (44). In addition, the

combination of heat, humidity and moisture generated under

N95 masks along with prolonged pressure and friction on the

skin surface creates a microenvironment that raises the risks of

skin reactions (45).

Only 40.4% of study respondents reported that they attended

the PPE fit testing. Although most respondents reported being

comfortable, safe and able to breathe easily while wearing PPE,

a narrative review (46) states that fit testing is recommended by

various international and national bodies to ensure respirators

fit appropriately for the individual HCW and also to avoid
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transmission rates. Fit testing is also important as a training

measure and can improve the mental wellness of HCWs. One

study demonstrated a correlation between mental health and

the number of skin reactions caused by the use of PPE (47).

Furthermore, training also reduces the occurrence of adverse

skin reactions and improves mental/physical health and boosts

the morale and quality of life of HCWs (48, 49). Long-term

studies should be conducted to evaluate the burnout, anxiety,

depression, and emotional effects due to the use of the PPE

and problems experienced by the HCWs providing patient

care. We also found that there was a 20% reduction in the

HCWs’ perception of their facial skin health after their use

of PPE. Adequate skin care before and after using PPE and

applying barrier protectors and moisturizers on a regular basis

is recommended (50).

Various studies suggest that HCWs should perform regular

skin checks during and between periods of wearing PPE (17).

HCWs wearing PPE should maintain hygiene and apply skin

protectors or moisturizers to the contact areas with the PPE

(50). After applying PPE, check for a “good” fit and ensure

there are no areas of extra pressure. To relieve pressure, persons

should provide frequent relief from PPE when safe, especially

during long clinical shifts (51). As soon as adverse reactions

are observed, switching the PPE device is recommended to

avoid exposing vulnerable skin sites (17). It is reassuring that

approximately three-quarters of the respondents in our study

had consented to monitor their skin health on a weekly basis.

Limitations

One of the important limitations of the present study

was the small sample size and the use of HCWs in a single

isolation center which may impact generalizability, as the study

did not include other isolation or healthcare centers (selection

bias). In addition, “recall” and “answer” biases cannot be ruled

out as HCWs responded to a self-administered questionnaire

and provided self-reported assessments of adverse reactions.

Previous skin problems were not explored prior to the study

nor were formal verification or diagnoses of the skin reactions

ascertained in this study. Therefore, the factors associated with

the causes and severity of these adverse effects were not assessed

independently. Additionally, the present study failed to appraise

the HCWs’ psychological effects, quality of life and morale due

to PPE induced skin problems. As this is the first study of its

kind in the Caribbean region, it sets the scene to investigate the

incidence of adverse skin reactions which can be caused by the

long-term and inappropriate use of PPE by the HCWs.

Conclusion

The study identified several PPE-related skin reactions

which were common among HCWs working in a COVID

isolation center in Barbados. These were induced due to

prolonged and inappropriate use of PPE. The cheeks and

nasal bridge were the most affected areas and female HCWs

were more susceptible to adverse effects than males. HCWs

who wore an N95 mask or a combination of surgical and

N95 masks had a higher rate of adverse skin reactions than

those who wore a surgical mask alone. To reduce the risk

of skin reactions of frontline HCWs, there is an urgent need

to improve PPE guidelines and the design/materials used

to manufacture protective equipment. Moreover, preventive

measures and appropriate training to counter these adverse

events are recommended.
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