DOI: 10.1111/jdv.18216

JEADV

ORIGINAL ARTICLE

Effects of wearing personal protective equipment during
COVID-19 pandemic on composition and diversity of skin
bacteria and fungi of medical workers

Y.Z.Li,2 (9 T. Chen,2 S.H. Min," D.F. Wang," M.M. Ding," G. Jiang"*

"Department of Dermatology, Affiiated Hospital of Xuzhou Medical University, Xuzhou, Jiangsu, China
2Xuzhou Medical University, Xuzhou, Jiangsu, China
*Correspondence: G. Jiang. E-mail: dr.guanjiang@xzhmu.edu.cn

X. Lin,"

Abstract

Background During the COVID-19 pandemic, wearing PPE can induce skin damage such as erythema, pruritus, ero-
sion, and ulceration among others. Although the skin microbiome is considered important for skin health, the change of
the skin microbiome after wearing PPE remains unknown.

Objective The present study aimed to characterize the diversity and structure of bacterial and fungal flora on skin sur-
faces of healthcare workers wearing personal protective equipment (PPE) during the COVID-19 pandemic using metage-
nomic next-generation sequencing (MNGS).

Methods A total of 10 Chinese volunteers were recruited and the microbiome of their face, hand, and back were anal-
ysed before and after wearing PPE. Moreover, VISIA was used to analyse skin features.

Results Results of alpha bacterial diversity showed that there was statistically significant decrease in alpha diversity
indice in the skin samples from face, hand, and three sites after wearing PPE as compared with the indice in the skin
samples before wearing PPE. Further, the results of evaluated alpha fungal diversity show that there was a statistically
significant decrease in alpha diversity indices in the skin samples from hand after wearing PPE as compared with the
indices in the skin samples before wearing PPE (P < 0.05). Results of the current study found that the main bacteria on
the face, hand, and back skin samples before wearing the PPE were Propionibacterium spp. (34.04%), Corynebacterium
spp. (13.12%), and Staphylococcus spp. (38.07%). The main bacteria found on the skin samples after wearing the PPE
were Staphylococcus spp. (31.23%), Xanthomonas spp. (26.21%), and Cutibacterium spp. (42.59%). The fungal commu-
nity composition was similar in three skin sites before and after wearing PPE.

Conclusion It was evident that wearing PPE may affect the skin microbiota, especially bacteria. Therefore, it was evi-
dent that the symbiotic microbiota may reflect the skin health of medical workers during the COVID-19 pandemic.
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Introduction

Skin is an important barrier that can resist external stimuli from
entering the body tissues. Surface of the skin has a large number
of microbial communities, which play an important role in
maintenance of skin health and regulation of immune function.'
The skin can be regarded as an ecosystem inhabited by many
microorganisms. The physical and chemical features of the skin

X. Lin, Y.Z. Li, and T. Chen authors are contributed equally to this work.

JEADV 2022

have selected a unique microbiome suitable for their habitat.
Human skin sites can be categorized according to their physio-
logical characteristics and are sebaceous (oily), moist, or dry.
Composition of microorganisms in different sites of skin is
influenced by appendages, such as sweat glands, hair follicles,
and sebaceous glands.

Sebaceous sites of skin were mainly dominanted by lipophilic
Propionibacterium species. Staphylococcus and Corynebacterium
species were dominant in moist areas.” Sweat glands were more
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abundant in moist sites, which also acidifies the skin, hence pro-
viding conditions not conducive for the growth and colonization
of certain microorganisms. In addition, sweat contains antimi-
crobial molecules, such as free fatty acids and antimicrobial pep-
tides that inhibit microbial colonization.” A study conducted by
Byrd et al.* analysed the types of bacteria on skin of healthy vol-
unteers through high-throughput gene sequencing analysis.
According to the study, it was found that human skin is domi-
nated by gram-positive bacteria belonging to the genera Staphy-
spp-, spp-, spp-,
Micrococcus spp., Cutibacterium spp., and Veillonella spp. On the

lococcus Corynebacterium Enhydrobacter
contrary to the bacterial communities, the composition of the
fungal community in the core body sites was not affected by skin
physiology and Malassezia was the dominant species.

The skin ecosystem was found to be dynamically balanced
which is important for skin health.’ Notably, it is known that
microbial products derived from skin symbionts exert
immunomodulatory effects.® The innate capacity of the epithe-
lium to detect microorganisms with Toll-like receptors (TLRs) is
an example of a beneficial relationship between bacteria and the
skin is. Microbes get nutrients and a stable ecological niches
from their hosts. The strengths of a host may include the ability
of microorganisms to evolve rapidly, thereby helping individuals
respond to the environmental changes. However, the mechanism
of this balance still largely remain unknown. It is highly likely
that microbes and their host have co-evolved because individuals
can carry similar composition of microbes.” Shifting of micro-
bial communities can also alter the host-microbiome interaction
and this has been mainly associated with disease.

Many diseases are related to microbial disorders such as Ato-
pic dermatitis (AD), psoriasis, and rosacea among others. The
skin of patients with AD is overrepresentation of pathogenic S.
aureus.® A greater susceptibility to AD disease process may also
be attributed to the decreased expression of AMPs in the skin
and an increase in the relative abundance of S. aureus. S. aureus
communicates through quorum sensing, especially through the
accessory gene regulator (agr) system. Corynebacterium species
can also limit the virulence of S. aureus by modulating the agr sys-
tem and inducing the expression of virulence genes.” Staphylococ-
cus epidermidis also induces keratinocytes to express endogenous
antimicrobial peptides (AMP) through a TLR2-dependent mecha-
nism.'® The peptides (AMP) acts against skin pathogens such as
Staphylococcus aureus and Group A streptococci. The serine pro-
tease Esp secreted by S. epidermidis inhibits the colonization of
Staphylococcus aureus." The Phenol-soluble modulins (PSM) pro-
duced by S. epidermidis can also work together with the antimi-
crobial peptide LL-37, which is derived from the host, enhancing
the immune defence function of the host.'?

Environmental factors and external stimuli can affect the
dynamic balance of microorganisms on the skin. When the skin
barrier is broken or the balance between symbiotic bacteria is

. . . . . 4,13,14
disturbed, skin disease or even systemic disease can occur.
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Severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-
2) is a newly emerged virus that has caused a global pandemic
since the outbreak of COVID-19 from Wuhan, China, on
December 2019."° Studies have shown that the virus (SARS-
CoV-2) carriers or confirmed cases act as a source of infection
from one person another.'®

Medical staff joined the battle against COVID-19 are facing a
huge and unexpected challenge. Therefore, PPE including medi-
cal protective masks, hats, protective clothing, goggles or protec-
tive masks, latex gloves, and shoe covers is essential to keep
healthcare workers safe while working. However, personal protec-
tive equipment (PPE) has good anti-bacterial penetration ability
and blocks the penetration of toxic liquid substances and the
volatilization of sweat, leaving the skin of health workers in a
moist state. Therefore, the microbial distribution characteristics
on the skin of persons wearing PPE may be different from that of
people working in a normal environment. Previous studies'” have
shown that wearing personal protective equipment can induce
skin damage such as erythema, pruritus, erosion, and ulceration
among others. However, there is no research on the effect of wear-
ing personal protective equipment on the skin surface microor-
ganisms of the health workers. Therefore, there is need to study
the microbial distribution characteristics of the skin of health
workers wearing PPE. The present study provides crucial informa-
tion towards targeted treatment for skin damage during the epi-
demic and is important for medical workers in the future.

Materials and methods

Ten medical staff (five males and five females), with a mean age
of 24.08 £ 2.44 years (age range between 22 and 31 years), of
the Affiliated Hospital of Xuzhou Medical University with high
risk of exposure (new coronavirus nucleic acid testing) were
enrolled into the present study. They wore Level 3 protective
equipment as usually required, including medical protective
masks, hats, isolation gowns, protective clothing, goggles or
protective masks, latex gloves, and shoe covers among others
for 8 h. Skin samples were collected from the face, hand, and
back of the volunteers using swab method before wearing PPE
at 8:00 am in 21 May, 2021. The skin character was immedi-
ately analysed using VISIA. Eight hours later, at 4 pm on the
same day, skin samples were collected after wearing the PPE
and at the same sites where the samples had been collected
before wearing PPE.

The skin character of the samples after wearing PPE was also
analysed by VISIA with the same parameters (VISIA) as before.
It was ensured that none of the volunteers had developed
inflammatory manifestations (redness, swelling, heat, and pain
among other) in the skin at the time of sampling. Further, none
of the volunteers reported a personal history of skin diseases,
used antifungal drugs, antibiotics, or glucocorticoids 6 months
before sampling. They also had not used any cleaning supplies
(including water washing) and drugs on the sampling site within
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24 h before the sampling exercise. All medical staff volunteered
to participate and signed an informed consent form.

Sample nomenclature was as follows: the skin samples col-
lected from the face before wearing PPE, from face after wearing
PPE, from hand before wearing PPE, from hand after wearing
PPE, from back before wearing PPE, and from back after wear-
ing PPE were named as BFa, AFa, BHa, AHa, BBa, and ABa,
respectively. Further, the total skin samples collected before
wearing PPE and after wearing PPE was named as A and B,
respectively.

Sample collection

Skin samples were collected from the face, hand, and back areas
of healthcare workers in a room at 26°C before dressing up with
PPE and after wearing PPE. Samples were taken from three
3 cm x 3 cm areas of the sampling sites using a sterile swab
(Xinxiang Huaxi Eisai Co., Ltd., Xinxiang, China) soaked in
sterile 0.9 M NaCl (Shandong Hualu Pharmaceutical Co., Ltd.,
Liaocheng, China) before and after wearing PPE by the medical
workers. The swab was used to rub the sampling area back and
forth 50 times, for 45 s. The swab head was transplanted asepti-
cally into a 1.5 mL aseptic EP tube using sterile tweezers. Finally,
the swab samples were stored at —80°C awaiting for DNA
extraction.

Sample processing and nucleic acid extraction

After collection from the volunteers, the skin swab samples were
immediately frozen and transported to Jinyu Medical Laboratory
Co., Ltd, Nanjing, China, for mNGS. The swabs were added to
1-2 mL of virus preservation solution to dissolve DNA, vor-
texed, and mixed. DNA extraction was performed with 320 pL
of the sample as described earlier. About 10 ng of DNA was
measured using a Qubit Fluorometer (Invitrogen, Carlsbad,
CA, USA) and then subjected to library preparation. For pool-
ing, each library was quantified individually using a Qubit
dsDNA HS Assay Kit. This was followed by combining the
equimolar concentrations of DNA libraries. The size distribu-
tion of the combined pools was determined using a high sensi-
tivity DNA kit (Agilent) on a Qsep 100™ Bioanalyzer
(BIOptic). The pooled libraries were sequenced on a Nextseq
550 sequencing system (Illumina, San Diego, CA) using a
75 bp, single-end sequencing kit.

Bioinformatic analysis

High-quality data were generated after filtering out adapter,
low-quality, low-complexity, and shorter reads using in-house
software. Human sequences were excluded by mapping the reads
to the human reference genome.'® The sequence was aligned
with the known sequences in the general microbial database to
find the closest homologous microbes.'® The number of unique
alignment reads was calculated and standardized to get the num-
ber of reads stringently mapped to pathogen species (SDSMRN)
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and the number of reads stringently mapped to pathogen genus
(SDSMRNG).*® The Shannon and Simpson index of alpha
diversity was also evaluated whereby the higher Shannon and
Simpson indices indicated greater alpha diversity of the microor-
ganisms. Based on phylogenetic distance, the community was
compared using the weighted UniFrac metric to reflect beta
diversity of the microorganisms.*!

Statistical methods

Statistical analyses of the data obtained from the present study
were performed using SPSS26.0 and R software. Quantitative
data were expressed as (x = s) and comparison between the
groups was using paired t-test. Nonparametric tests were used
for nonnormally distributed data. The statistical significant
difference was set at P < 0.05 whereas 0.05 < P < 0.10 was
the considered tendencies. Pearson correlations (R) of
0<r<0.1, 0.1 £r<0.3, 03<r<0.5, and 0.5<r<1.0
indicated the no, weak, medium, and strong correlation,
respectively.

Results

Sequencing results

Sixty skin samples were collected from the ten adult healthcare
volunteers. When the rarefaction curve tends to be flat, it indi-
cates that the richness of species are sufficient, as shown in
Fig. 1. It was found that the total numbers of reads for a single
sample before and after wearing PPE were from 12.11 to
39.96 M and from 9.49 to 35.13 M, respectively. Further, it
was noted that each sample before and after wearing PPE had
from 0.45 to 6.19 M and from 0.18 to 5.40 M high-quality
microbial reads, respectively. This accounted for 1.47-20.68%
and 0.54-20.99% of the total number of reads sequenced,
respectively.

Results of the analysis of high-quality microbial reads after
excluding human data showed that the microbiological data of
the total skin samples before and after wearing PPE were mainly
(83.31% =+ 15.94% and 82.86% =+ 16.36%,
respectively). The data of fungi, viruses, and parasites accounted
for 16.10% =+ 15.93%, 0.0065% =+ 0.025%, and 0.079% =+
0.13% before wearing PPE as well as 17.07% =+ 16.33%,
0.012% =+ 0.054%, and 0.056 + 0.078% after wearing PPE,
respectively.

from bacteria

Changes in microbial community diversity before and after
wearing PPE

Alpha diversity of microbial community The Shannon and
Simpson alpha indices of bacterial diversity were as presented in
Figs 2a and 3a. There was a statistically siginificant decrease in
the Shannon and Simpson indices for the skin samples in groups
A and AFa as compared with the indices for skin samples in
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groups B and BFa (all P < 0.05). It was also found that the alpha
bacterial diversity had no significant difference between the skin
samples in BBa and ABa groups (all P > 0.05). In addition, it
was noted that there was a statistically significant decrease in
Shannon index for the skin samples in the AHa group as com-
pared with that of the samples in the BHa group (P < 0.05).

The Shannon and Simpson alpha fungal diversity indices of
were found as shown in Figs 2b and 3b. It was evident that the
alpha fungal diversity in skin samples for the BHa, BBa and B
groups were significantly similar as compared with the fungal
diversity in skin samples for the AHa, ABa, and A groups (all
P > 0.05). In addition, there was a statistically siginificant
decrease in Simpson indices in the AFa group as compared with
BFa group (P < 0.05).

Beta diversity of microbial community The beta diversity of
microbial communities in the collected skin samples was deter-
mined using weighted UniFrac distances principal coordinate
analysis (UniFrac PCoA). It was found that the bacterial compo-
sition of the hands was different among different individuals
after wearing PPE (Fig. 4C). Further, the results of this study
showed that there was no siginificant difference in beta diversity
among the BFa, BBa, and B groups as compared with the beta
diversity among AFa, ABa, and A groups (Figs 4a, b, d). More-
over, it was noted that there was no significant change in fungal
diversity among B, BFa, BHa, and BBa groups as compared with
the fungal diversity among A, AFa, AHa, and ABa groups
(Fig. 5). Furthermore, it was found that there was no statistical
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significant difference in bacteria and fungi beta diversity among
all the tested groups (Table 1).

Microbial composition analysis

Bacterial composition before and after wearing PPE The bac-
terial composition of the samples collected from different areas
of skin surfaces were analysed at the genus level. The relative
abundance ranked top 10 bacterial genus in the B group was
selected in the present study. The changes in the relative abun-
dance of the 10 bacterial genera in different groups were as pre-
sented in Fig. 6a. Staphylococcus spp. was predominant in the
skin samples of groups B and A, with average relative abun-
dances of 19.03 and 19.19%, respectively, which was not statisti-
cally different from each other (P > 0.05).

The bacterial genera with relative abundance greater than
1% in the B and A group were as shown in Fig. 7. Bacterial
genera with the abundance greater than 1% in the BFa, AFa,
BHa, AHa, BBa, and ABa groups were as shown in Fig. 8. It
was noted that there was a statistical significant increase in the
relative abundance of Xanthomonas spp., Vulcaniibacterium
spp., and Dolosicoccus spp. in the skin samples for group A as
compared with their relative abundance in group B skin sam-
ples (all P < 0.05).

Further, it was found that there was no statistically significant
difference in the abundance of bacteria found in skin samples
between the BFa and AFa groups (P > 0.05). In addition, results
of the current study showed that there was a statistically
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Figure 2 Box plot of microbial Shannon index in B, A, BFa, AFa, BHa, AHa, BBa, and ABa group. (a) Box plot of the Shannon index for
bacteria genus, (b) Box plot of the Shannon index for fungi genus. (NS P > 0.05 was considered not statistically significant, *P < 0.05
was considered statistically significant, and **P < 0.01 or ***P < 0.001 were considered extremely significant).
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Figure 3 Box plot of microbial Simpson index in B, A, BFa, AFa, BHa, AHa, BBa, and ABa group. (a) Box plot of the Simpson index for
bacteria genus, (b) Box plot of the Simpson index for fungi genus. (NS P > 0.05 was considered not statistically significant, *P < 0.05
was considered statistically significant, and **P < 0.01 or ***P < 0.001 were considered extremely significant).

significant increase in the abundance of Vulcaniibacterium spp.
and Xanthomonas spp. in the AHa group compared with their
abundance in BHa group (P < 0.05). Similarly, it was noted that
there was a statistically significant increase in the abundance of
Parabacteroides spp. in the ABa group as compared with its
abundance in BBa group (P < 0.05).

Changes in bacteria composition before and after wearing
PPE were further studied at the species level in the present study.
Consequently, it was found that there was a statistical significant
increase in the relative abundances of Xanthomonas campestris,
Vulcaniibacterium thermophilum, Prevotella bivia, Peptostrepto-
coccus anaerobius, Moraxella catarrhalis, Lactococcus garvieae,
Lactobacillus rhamnosus, Campylobacter ureolyticus, Afipia felis,
Actinomyces gerencseriae, and Haemophilus ducreyi in the skin
samples for group A as compared with their relative abundances
in group B (P < 0.05).
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Further, it was found that there was a statistically significant
increase in the relative abundance of Anaerococcus vaginalis and
Elizabethkingia meningoseptica in the AFa group as compared
with their relative abundances in BFa group (P < 0.05). Simi-
larly, it was noted that there was a statistically significant
increase in the relative abundance of Xanthomonas campestris,
Vulcaniibacterium thermophilum, Morganella morganii, Limosi-
lactobacillus fermentum, Lactococcus garvieae, Kocuria rhizophila,
and Kocuria polaris in the skin samples for AHa group as com-
pared with their relative abundances in BHa group (P < 0.05).
Furthermore, it was noted that there was a statistically significant
increase in the relative abundance of Campylobacter gracilis, Eliz-
abethkingia meningoseptica, Parabacteroides johnsonii, Parabac-
teroides merdae, and Peptostreptococcus anaerobius in the ABa
group as compared with their relative abundances in BBa group
(P < 0.05).

© 2022 European Academy of Dermatology and Venereology.
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Fungal composition before and after wearing PPE
Results of the analysis of fungal composition at the genus level
was as presented in Fig. 6b. Malassezia spp. was found to be the
predominant genus in the groups B and A, with average relative
abundances of 90.71% and 92.89%, respectively, whereas there
was no statistically significant difference was found between the
two groups (P > 0.05). The fungal genera with relative abun-
dance greater than 1% in the groups B and A were as shown in
Fig. 9. The fungal genera with abundance greater than 1% in dif-
ferent sites were as shown in Fig. 10. The relative abundance of
Pythium spp. and Corynespora spp. in group A was higher than
in group B, and the difference in relative abundances between
the two groups was statistically significant (P < 0.05).

Results of the current study found that there was no statisti-
cally significant difference in the relative abundance of facial and
back skin fungi between the two groups (P > 0.05). Further, it
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was noted that there was a statistically significant increase in the
abundance of Neofusicoccum spp. in the AHa group as compared
with the abundance in the BHa group (¢t = —2.634, P < 0.05).
Changes in fungal before and after wearing PPE were also
evaluated at the species level in the present study. It was evident
that the relative abundances of Corynespora, Curvularia spicifera,
Falciformispora senegalensis, Mucor irregularis, and Pythium
insidiosum in the A group were higher than in the B group, and
the differences were statistically significant (P < 0.05). However,
it was found that there was no significant difference in the pro-
portion of fungi species was found in BFa and AFa groups. Fur-
thermore, the proportions of Neofusicoccumn mangiferae,
Cladophialophora boppii, and Apophysomyces ossiformis in the
AHa group were higher than in BHa group, whereas the differ-
ences were statistically significant (P < 0.05). In addition, it was
also found that the proportion of Cryptococcus neoformans in the

© 2022 European Academy of Dermatology and Venereology.
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Table 1 Comparison of microbial beta diversity before and after
wearing PPE at the genus level

Group R value Pvalue Rvalue Pvalue
(bacteria) (bacteria) (fungal) (fungal)
B-A 0.004 0.341 —0.028 0.991
BFa-AFa —0.069 0.924 —0.099 0.999
BHa-AHa 0.083 0.128 —0.070 0.910
BBa-ABa —0.055 0.744 -0.076 0.970

ABa group were higher than BBa group, and the difference was
statistically significant (P < 0.05).

Skin imaging analysis

In terms of the skin character measurements in the present
study, the pores, red area, UV spots, and brown spots were anal-
ysed using the VISIA with the same parameters before and after
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wearing of PPE by the healthcare workers. A trend of increase in
red area and pores was significantly noted after wearing PPE as
compared with the red area and pores before wearing PPE (all
P < 0.05).

Discussion

The skin microbiota in health

Many researchers have used sequencing technology to determine
the community characteristics of skin microorganisms. It has
been reported that the microbial community on the skin surface
varies among different locations. According to the physiological
state of the skin, it is divided into three microenvironment types:
(i) dry (volar forearms and hypothenar palm among others.);
(ii) moist (antecubital fossa and inguinal crease among others);
(iii) oily (glabella and back among others). Sequencing the skin
microbes of healthy adults in the present study found that the
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composition of skin microbial community was mainly dis-
tributed in the four phylum: Actinobacteria, Firmicutes,
Proteobacteria, and Bacteroides.”” It was found that Propioni-
bacteium and Staphylococcus species were predominant in seba-
ceous glands, and had the least microbial diversity. On the other
hand, it was evident that the diversity of Corynebacterium and
Staphylococcus species in moist sites was higher than in oily sites
but lower than dry sites.

Results of bacterial colonization in dry sites were different
and it was noted that a mixed population of bacteria resided in
dry sites.”** In the current study, the oily skin (face and back)
had similar bacterial community composition, mainly Propioni-
bacterium (or Cutibacterium) and Staphylococcus, consistent
before wearing the PPE and this was consistent with findings of

other previous studies.”>*’

According to a study conducted by Fierer et al.*®

using high-
throughput sequencing on 102 specimens from the hands of
healthy young volunteers, it was found that the diversity of bac-
teria in the hands was significantly higher than that in the face
and back. The prevalent bacterial genera were Proprionibac-
terium (31.6%) and Streptococcus (17.2%). A study conducted

by Gao et al”’” sampled the forearm skin of the left and right
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Figure 8 Bacteria with relative abundance >1% in BFa, AFa,
BHa, AHa, BBa, and ABa group at the genus level.

hand of 6 healthy people (3 males and 3 females, aged 21—
54 years). The findings of this study found that there were 91
genera in the total skin sample whereas Propionibacterium and
Corynebacterium were the top two genera accounting to 41%. In
the present study, the dominant microbial genera in the hands
of the volunteers were Corynebacterium (13.12%) and Moraxella
(9.87%). The main reason for the difference between the present
and previous experiments could be due to the inter-individual

heterogeneity of bacteria’>* and other factors such as depth of

© 2022 European Academy of Dermatology and Venereology.
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Figure 10 Fungi with relative abundance >1% in BFa, AFa, BHa,
AHa, BBa, and ABa group at the genus level.

sampling, age, gender, dominant hand, as well as the occupation
of the sampler, also could have affected the bacterial composi-
tion of the hand surface.”

Other previous studies have showed that the dominant fungi
on the skin were Malassezia spp. in different microenvironment
types. The relative abundance of Malassezia restricta and Malas-
sezia globosa was more evident than those of other fungi on dry
and sebaceous skin. Further, it was found that the primary fun-
gal species was M. globosa, followed by M. restricta on moist
sites.* In the present study, it was evident that the dominant
fungi were M. restricta and M. globosa on the face and hands
before wearing PPE, whereas M. globosa, followed by Malassezia
sympodialis were the dominant fungi on the back. Differences
between the species may reflect different lipid requirements for
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the different fungi. The other fungal genera with a high relative
abundance on the face, hands, and back of healthy people before
wearing PPE included Saccharomyces, Aspergillus, Nakaseomyces,
and Yarrowia. The data obtained in the current study were con-
sistent with findings in similar previous studies.”*° Furthermore,
many pathogenic fungi in the present study were on the skin of
healthy volunteers, including Yarrowia lipolytica, Trichosporon
asahii, and Candida glabrata, as well as allergenic microorgan-
isms, such as Cladosporium sphaerospermum and Chaetomium
globosum. Therefore, it was evident that relative abundance of
pathogenic fungi increases after wearing PPE such as Mucor
irregularis.

Skin microbiota was affected by environmental changes
Microbial community on the skin surface is largely influenced
by the surrounding environment. The external factors influenc-
ing the microbial community on the skin surface include occu-
pations and living environment. The described physiological
changes of the skin in hot environments were similar to those in
the hot environment when wearing PPE. According to Kim
et al.,’! hot environments cause the production of more sweat,
increasing hydration levels, sebum secretion, and greasiness and
reducing skin pH. Results VISIA test showed that the pores and
red areas were increased after wearing PPE. The increase in skin
pore area could be due to an increase in the amount of sebum in
the mask area, resulting in the pores appearing to be more
prominent.”> Skin erythema is considered as a reflection of
inflammation and dermal vascularity/vasodilatation.”® The red
area on the face of wearing PPE indicates the increase of heat
production after wearing PPE. Propionibacterium was the most
abundant genus in oily sites of skin surfaces. Propionibacterium
metabolizes fatty acids and other sebaceous fluids to propionic
and acetic acid whereby the acids contribute to acidic PH on the
oily sites of skin surfaces. The facial regions are more sebaceous
and moist than the trunks and limbs,”* which may be the reason
for the alpha diversity of facial microorganism decreases signifi-
cantly than the other parts after wearing PPE. Decreased skin
PH value which help in eradication of harmful microbes such as
S. aureus and S. pyogenes, and the microbiome diversity was also
decreased, which is conducive to the growth of coagulase-
negative Staphylococcus and Corynebacteria. This reasonably
explains Staphylococcus epidermidis is main species on face after
wearing PPE.

The relative abundance of Anaerococcus vaginalis and Eliza-
bethkingia meningoseptica in AFa group was increased as com-
pared with BFa group. The A. vaginalis is a gram-positive
anaerobe, and optimal growth was observed at 37°C. It has also
occasionally been identified in the skin and is associated with
infections.”® The Elizabethkingia meningoseptica is a type of
gram-negative bacillus which is rare in humans. It is considered
as an opportunistic pathogen in humans. Furthermore, it has
been found on damp enviroment.>® The skin surface is relatively

© 2022 European Academy of Dermatology and Venereology.
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hypoxic and damp when wearing PPE, which is conducive to the
reproduction of Anaerococcus vaginalis and Elizabethkingia
meningoseptica.

Results of the present study found that there was a statistacally
siginificant increase in the relative abundance of Parabac-
teroides spp. in the ABa group as compared with BBa group.
Tissue hypoxia leads to Parabacteroides spp. reproduction and
symptomatic infection and this is the mechanism of skin and
soft tissue infections.”” In conclusion, skin environment
changes after wearing PPE and the results of the present study
indicate that relative abundance of opportunistic pathogen
increases after wearing PPE. Therefore, these changes are

. . 38,39
related to the occurrence of skin diseases

whereby the
decrease in the diversity is one of risk factors for the develop-

ment of skin diseases.*’

Changes of bacterial composition of hands before and
after wearing PPE

Results of the present study showed that the beta bacterial
diversity, the composition of bacterial communities on the
hands after wearing PPE, was not similar as compared with
the beta diversity before wearing PPE (Fig. 3C; P > 0.05). It
was also found that dry areas had the least stable microbial
communities over time.>* This could be due to the areas being
subjective to desiccation in external temperature and that the
areas had large variability in microbial population. This can be
explained by the fact that generally the face and back hydra-
tion levels were always much higher than the hand hydration
levels. Therefore, the changes in face and back hydration levels
probably do not alter the hydration nature of the sites to sig-
nificantly impact on bacterial abundances, which was more
pronounced in the hand region.Consequently, the microbio-
logical composition of hands after wearing PPE tends to be
different.*'

It is also worth noting that the relative abundance of Xan-
thomonas spp. was not detected in the hands before wearing PPE
and the abundance of Xanthomonas spp. was significantly
increased after wearing PPE (P < 0.05) thus ranking first in the
relative bacterial abundance. Notably, the relative abundance of
both Vulcaniibacterium spp. and Xanthomonas spp., belong to
the Xanthomonas family, increased on hand after wearing PPE.
It was evident that Xanthomonas spp. was found on healthy skin.
Elsewhere patients with Psoriasis were treated with selenium-
rich thermal spring water for 3 weeks. The findings of this study
showed there was significant increased the level of Xanthomonas
genus in the patients.*> The Xanthomonas genus was found in
the skin lesions of patients with atopic dermatitis after 28 days
of treatment with emollients supplemented with a biomass of
nonpathogenic bacteria.*> However, the molecular mechanisms
by which Xanthomonas spp. are poorly understood. Therefore,
Xanthomonas spp. outgrowth after wearing PPE may not indi-
cate that it is a pathogen on the healthy skin mycobiota.
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