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Abstract

Multidrug-resistant  Staphylococcus  epidermidis  (MRSE),  which  forms  bio�lms,  poses  signi�cant  public  health  hazards
through slime production and bacteremia. It induces nosocomial infections, persistent dermal damage, vaginal wall in�am-
mation,  gastrointestinal  infections,  endocardial  infections,  and  gastric  infections.  A  signi�cant  worry  is  bio�lm  develop-
ment, which impedes antibiotic transport and results in a reduction in bacterial metabolic activity. Bio�lms reside on plastic
devices, medical prostheses, peripheral intravenous catheters, and central intravenous catheters. S. epidermidis secretes out-
er membrane proteins and polysaccharide intercellular adhesion (PIA) for bio�lm formation, creating a conducive anaero-
bic environment for communal interactions with other bacteria. �e microbial complex binds with extracellular matrix pro-
teins to in�ltrate  the bloodstream and ultimately evade the innate immune response.  �is study will  elucidate innovative
ways for enhancing human health, focusing on immunological research, genealogy model building, candidate vaccine crea-
tion for antimicrobial-resistant strains, and the suppression of S. epidermidis bio�lm production.

Keywords: Multidrug-resistant S. epidermidis; Quorum Sensing; Bio�lm Formation; Bio�lm Responsive Genes; Vaccine De-
velopment.
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Introduction

Quorum sensing (QS)  is  type  of  behavior  coordi-
nating bacterial cell-cell interaction involved in EPS produc-
tion,  cell  motility,  toxin  secretion,  bio�lm  formation  [1].
Bio�lm  have  signi�cance  and  harmful  roles  in  industry,
medical �eld, biomaterial implants, environment �eld. Near-

ly 40 di�erent Staphylococcus species have been identi�ed
and more than 10 species belongs to human skin micro-

biome, mostly Staphylococcus epidermidis present in all hu-
mans. Microbial bio�lm formation consists of typical mech-
anism including surface dwelling, migration, assembly, mat-
uration, dispersal phase. Genes responsible for attachment

mechanism as SesC, embp, atlE; accumulation as sesC, icaA,

embp, bhp; maturation as agr, arcA and dispersal as capB

and agr [2]. S. epidermidis exhibits di�erent methodology of
host attachment and accumulation, MSCRAMMs (micro-
bial  surface  components  recognizing  adhesive  matrix
molecules) mediated cell-wall-anchored proteins/adhesins,
hydrophobic interactions based on non-speci�c adhesion
mechanisms,  host  protein-specific  surface  adhesion

molecules [3]. S. epidermidis,  almost 80% associated with
biomaterial-related infection dwelling on polyurethane, po-
lymethyl  methacrylate,  polyethylene,  glass,  teflon,  poly-
dimethylsiloxane, polyethylene terephthalate and 20% were

tissue associated [6]. Propensity of S. epidermidis bio�lms is
greatly increases with perceptive to cell survive in toxic subs-
tances presence and decreased oxygen �uctuation level due
to the available of respiratory chain-branching aids and vari-
ous terminal oxidases Figure 1 [12]. Novel lantibiotics were

produced by S. epidermidis multiple coagulase-negative Sta-

phylococcus sp.  colonized in the skin and synergize with

cathelicidin antimicrobial peptide LL-37 act on S. aureus to

inhibit growth and prevent atopic dermatitis [13]. S. aureus

bio�lm formation can be inhibited through S. epidermidis
strains were synthesized from serine protease glutamyl en-

dopeptidase (Esp). S. epidermidis Esp induced immune cell
signaling to produce antimicrobial peptides (AMPs) from
keratinocytes [13]. Small colony variants (SCVs) interlinked
with persistent infection and slowly growing subpopulation
were observed as predominant cause of nosocomial sepsis,
however molecular mechanism of catheter mediated infec-
tion still enigmatic and ill-explored [22]. Hence need to de-
velop novel technologies for insight into single-cell visualiza-
tion of persister cell mechanics with perspective to bio�lm
dynamics on internal structure con�rmations, bio�lm sti�-
ness, bio�lm susceptible region, bio�lm failure, bio�lm de-
tachment, bio�lm stress management during in-vivo condi-
tion and serious pathological conditions ? Figure 4.

Figure 1: S. epidermidis survival under distinct environment niche



3

JScholar Publishers J Bioinfo Comp Genom 2024 | Vol 6: 101

Genomic architecture and evolution of S. epidermi-
dis 

Complete genome sequence available from evolu-

tionary distinct S. epidermidis strains detected in human, ro-
dents,  domesticated ruminant  mammals,  fermented food

stu�s, meets and plants.  S. epidermidis genome sequence
size is about 2.5 Mb, comprises 2500 CDS, 32.2% GC con-

tent, 82 RNAs [20]. From Pan-genome studies of S. epider-

midis constitutes a huge types of clonal lineages represents
20%  are  belongs  to  accessory  genome  in  which  certain
genes available only in subset of isolates, whereas 80% are
belongs to core genome in which genes available in all iso-
lates [3]. �rough action of bacteriophages, horizontal gene

transfer (HGT) is happening frequently in S. epidermidis
due to open state of pan-genome and novel clonal lineages
evolution [3]. Host immune defense mechanism and antibi-
otics resistance genes are present due to higher number of
genetic determinants with perceptive to genetically diverse

of S. epidermidis [3]. Half of the genome of S. epidermidis

shared with S. aureus pathogenic strains [3].

Increased  genetic  heterogeneity,  adaptation  gene,
pathogenicity  responsive  genes,  metal  detoxi�cation genes,
mobile genomic elements have been transferred from HGT,
which helps in colonization, survive in various host environ-
mental  condition  and  distinct  host  population  [3].  Methi-

cillin-resistant S. aureus (MRSA) and other Enterococcus sp-

p., has developed from S. epidermidis drug resistance genes
through HGT, which acting as vital reservoir [3]. Bacterial
biofilm treatment  requires  significantly  1000  folds  more
concentrated antibiotics then planktonic state of similar bac-

teria [15]. 281 isolates were multidrug resistant S. epider-

midis carried mecA gene were identi�ed from public gather-
ing and hospital area with frequently encountered touched

surface in London [21]. 16 Multidrug resistance S. epider-

midis (MRSE) studies were carried out using whole-genome
sequencing approach to reveal their phylogenomic associa-
tion, clonality, mobilome, virulome, resistome, pathogenici-
ty,  single-Nucleotide  Polymorphism  Calling  [22].  The

studies revealed that S. epidermidis genome carriage of mul-

tiple resistance genes contains cat(pC221), aac(6’)-aph(2” ),

dfrG, erm(C), erm(B), erm(A), tet(K), blaZ and mecA confer-
ring  resistance  to  phenicols,  aminoglycosides,

macrolide–lincosamide–streptogramin  B,  tetracyclines,  β-
lactams [22].  �e insertion sequence, IS256 plays critical

role in S. epidermidis virulence was detected in 56.3% iso-
lates [22]. Virulence genes shuttling and immune evasion
function mediated through arginine catabolic mobile ele-
ment (ACME), restriction-modi�cation system (R-M sys-
tem), bacterial anti-phage defense systems of CRISPR/CRIS-

PR-Cas [22]. 2021). S. epidermidis virulence pro�le was dif-

ferentiated by antiphagocytosis  genes as  cdsA,  rmlC;  im-

mune evasion genes as manA, capC, adsA; bio�lm forma-

tion responsible genes as ebp, ebh, atl, icaABDC locus [22].

Very familiar SCCmec type in S. epidermidis was belongs to

community-acquired SCCmec type IV and seven MLSTs

(Multilocus sequence types) were identi�ed in CoNS S. epi-

dermidis  [22].  S.  epidermidis  pathogenicity  is  further  in-
creased due  to  various  mobile  genetic  elements  (MGEs)
such as arginine catabolic mobile element (ACME) system

for horizontal gene transfer S. epidermidis to S. aureus, con-
jugative transfer, phages for transmission of virulence prop-
erty and resistance property acquisition, pathogenicity is-
land for immune evasion and host colonization, transpo-
sons, insertion sequences (ISs) [24, 25]. Other factors like
phenol-soluble modulins, bio�lm formation, IS256 mediat-

ed genomics rearrangement, metabolic state of S. epidermi-

dis, contributed for S. epidermidis virulence activity [24, 26].

Clinical origins and di�erent geographic area for S. epider-

midis analysis through sequence types (STs) were ST23 exhib-

it high resistance to rifampicin due to rpoB gene mutation,

ST59, ST12 exhibit high resistance to most antibiotic drug

classes, ST5 most widespread sequence types, ST2 lineage is

highly dominant in hospital surroundings from Australia, clo-

nal complex 2 [27, 28].

Horizontal  gene  transfer,  novel  variants  arises  by
mutation and evolutionary tracking through multi-locus se-

quence typing (MLST) of S. epidermidis population [3]. Se-
quence types (STs) are two group called as ST2 and ST23
represent for diagnosed di�cult bloodstream infection as
well, diagnosed for adult clinical disease most like as septic
arthritis, CVC infection, bacteremia [3]. Other STs called
ST5,  ST59,  ST81,  ST2  for  diagnosed  in  neonate’s  ICU,
whereas ST2, ST5 for diagnosed of LOS (late-onset sepsis)
[3]. One gene cluster called tarIJLM identi�ed a mutation,
which inability to form colonization in epithelial cells, how-
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ever it promotes endothelial cells binding by dynamic ex-

pression of wall-teichoic acid architecture of S. epidermidis
[3]. In mouse model, this mutation causes various impact
on promotes bloodstream invasion and sepsis mortality [3].

ST87, ST23, ST10, ST5, ST2 on S. epidermidis isolates with
increased prevalence but less number of associated infection
with respect to tarIJLM mutation [3].

Clonal lineage B and A/C are two main clonal com-

plexes or phylogenetic genotype clusters in S. epidermidis
population segregated based on colonization and infection/-
colonization revealed from whole genome sequence studies
[3, 29]. High genome plasticity presented by both clusters
with exact functions of more number of genes [3]. To under-
stand A/C lineage pathogenic potentials using pangenome-
wide-association  (panGWAS)  comparative  genomics
studies [29]. A/C lineage presents higher level of antibiotics
resistance, host immunity evadation, oxidative stress resis-
tance ability leads to high level of pathogenic potential in
compared to B lineage stains, which is less virulent [3]. To
snapshot potentially complex and non-linear bonding be-
tween bacterial phenotype and sequence variation needs re-
quirement of risk associated statistical models to avoid limi-
tation of chronic infection ?

Biology of S. epidermidis  infection and pathogenesis

Cutaneous microbiota plays signi�cant role in hu-
man welfare on industrial impact, cosmetic products, aging,
body  odour  formation,  skin  homeostasis  [91].  Cutaneous
microbiota are second largest size and diversity a�er intesti-
nal microbiota of the human body [91]. Bacterial microbio-

ta in adults such as Proteobacteria, Firmicutes, Actinobac-

teria are three major phyla and Staphylococcaceae, Microo-

coccineae, Propionibacterineae, Corynebacterineae  are four
major species [91]. �is cutaneous microbiota provides �rst
line of barriers of skin such as furrows, hair follicles, sweat
ducts, stratum corneum against pollutants, UV rays, harm-
ful microbiota, other environmental factors [91]. Air pollu-
tants, cosmetics are exogenous factors and natriuretic pep-
tides, calcitonin gene related peptides, substance P are natu-

ral skin molecules a�ects S. aureus and S. epidermidis resis-
tance to antibiotics, bio�lm formation activity, intrinsic ac-
tivity  [91].  Body friction and humidity  favours  bacterial
transfer to textiles such as polyamide, polyester are arti�cial

�bres and cotton are natural �bers [91]. Survival of S. au-

reus on textiles till 3 weeks period with perceptive to compo-
sition  and  nature  of  the  material  [91].  Textiles  controls
phenomenon such as skin microorganism colonization, cu-
taneous  microflora  composition,  sweat  production,  shin
physiology, alter skin homeostasis, leads to consequence on
skin cutaneous microbiota virulence, biodegradation, bio-
�lm formation, surface alteration and �nally favors to envi-
ronmental  opportunistic  pathogens  colonization  on  skin
[91]. Flax are natural �bers and �ax seed oil plays signi�-
cant role on broad spectrum of antibacterial against patho-
gens [91]. Fax and cotton impact was investigated with per-

ceptive to S. epidermidis and S. aureus in�ammatory poten-
tial, cytotoxicity on HaCaT keratinocytes, antibiotics resis-
tance, surface properties, biosurfactant production, bio�lm
formation activity, growth kinetics, however textile �bers re-
leases stress-inducing potential and leachable with virulent
toxic, due to usage of fertilizer and pesticides during planta-

tion period [91]. S. epidermidis isolates from healthy chil-
dren stool samples were infected with mice both orally and
intraperitoneally for two week period. Dead mice (52.4%)
were taken for histopathological examination shown that
bacterial colonization in the gut causes vital organ damaged
to intestine, stomach cells, spleen and kidney [7]. Neonates
morbidities such as prematurity stage of retinopathy, white

matter injury, bronchopulmonary dysplasia caused by S. epi-

dermidis Figure 2 [3]. Cerebral palsy and neurodevelopmen-

tal impairment are sequalae of S. epidermidis sepsis with re-

spective to long and short term survivors [3]. S. epidermidis

is together with other skin bacterial genera Cutibacterium

sp.,  Corynebacteium sp.,  Staphylococci  sp.  [13,15].  Patho-
genicity is highly complex multifactorial scenario by com-
bating these opportunistic bacteria needs better knowledge
of the traits to developed novel candidate vaccine.

45% clinical isolates were correlates with antibiotic
resistance leads to nosocomial infection and bio�lm forma-

tion revealed that ica operon positive [92] . S. epidermidis is
comparatively higher in the nares outside portion rather
than interior of nose and more dynamics in nature of abun-
dancy during developmental stage of humans [61]. Higher
in adolescents developmental stage rather than adults and
children [61]. Higher abundance in nature create an envi-
ronments in nares portion against viruses (coronavirus, rhi-
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novirus, in�uenza, metapneumovirus, syncytical virus) and

other microbes (Proteobacteria, Cutibacterium, Moraxella,

Streptococcus, Staphylococcus aureus) through prevention of
respiratory tract infection, colonization and restore homeos-
tasis in the nasal cavity, whereas low in nature leads to high-

er risk of infection. In the nasal epithelial cell portion of S.

epidermidis may act as probiotics against respiratory patho-
gens as COVID-19 through interferon type I and III synthe-
sis and represses SARS-CoV-2 (ACE2 and TMPRSS2) recep-
tor expression [93]. Glycerol ester hydrolase (Geh), small ba-
sic protein (Sbp), Bhp, Aap, Embp involved in the abiotic
and  biotic  surface  attachment  from  in-vitro  studies  has

been revealed [3]. Surface adhesions protein called S. epider-

midis  surface  protein  I  (sesI)  used  as  marker  developed
from in-vitro aggregation and adhension assays during ini-
tial stages of disease progression. SesI for identifying viru-

lence and invasiveness among a�ected adults and neonate’s
[3]. �is higly prevalent in IS256, Aap protein and LOS--

causing ST2 clones harboring S.  epidermidis  in neonates

and  adults,  however  is  absent  in  healthy  individual  [3].
sdrF, sdrG, sdrH belongs to �brinogen binding protein of

ser-asp rich extracellular host matrix compound of S. epider-

midis found in neonatal nasal at lower level and higher level
in neonatal bloodstream isolates [3]. Rat model was infected
with sdrG-positive and sdrG-de�cient mutants through in-
travascular-catheter-associated, results in metastatic disease
and bacteraemia shown in positive strain [3]. Postoperative
endophthalmitis investigation conducted on adult patients

with  perceptive  of  S.  epidermidis  transcription  profiling
identi�ed that SE1634 (staphylococcal toxin), pyruvate and
iron metabolic related genes are vital contributors for patho-
geneisis [3].

Figure 2: Clinical e�ects and conditions on S. epidermidis infection

Combination  of  �avaspidic  acid  BB  and

mupirocin drug act against antibiotic-resistant Staphylococ-

cus epidermidis mediated bio�lm formation with perceptive
to skin and so� tissue infections (SSTI) [94]. To understand

di�erential gene regulation from qPCR analysis of S. epider-

midis adaptation and pathogenicity at various site of the
body of 11 healthy persons such as skin and nose swabs

[95]. Site speci�c expression pro�le of sph gene for sphin-

gomyelinase, SdrG, capC, dltA for immune evasion and col-

onization, sarA gene for regulator present in skin and nose
of all individuals [95]. In case of chitinase-encoding SE0760

and agr gene (global regulator) expression was present in

the skin and absent in the nose [95]. Whereas, tagB gene for

wall teichoic acid (WTA) biosynthesis and sceD gene for au-
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tolysine-encoding present in nose than skin [95].  Tricar-
boxylic acid (TCA) cycle gene expression was downregulat-
ed and higher fold expression of sphinglomyelinase repre-
sent both anatomical niches provides better supply of nutri-
ents [95]. Raman microscopic spectroscopy technique for in-

tensive in situ analysis within biological systems such as pro-
teins  and  small  molecules  spatial  distribution  detection,

characterization and diagnosing of Staphylococcus epider-

midis molecular features in human bone gra�s [96]. 10 and
40 human bone graft samples have collected from infected

and non-infected patients a�ected from S. epidermidis using
Senterra II microscope [96]. Spectral resolution and princi-
ple component information have collected from re�ectance

data at various spectral part of S. epidermidis [96]. Major air
pollutant called particulate matter (PM2.5) exposure to skin
microbiota caused imbalance of various microbiome [97].
HaCaT  keratinocytes  exposed  with  particulate  matter,
which leads to the production of reactive oxygen species
(ROS) through aryl hydrocarbon receptor (AhR) causes in-
trinsic mitochondrial apoptosis and mitochondrial dysfunc-

tion [97].  However,  WF2R11 S.  epidermidis,  was treated
with culture medium derived HaCaT cell lines, signi�cantly
reduced oxidative stress through AhR mediated pathway ex-

posed to PM2.5 [97]. S. epidermidis inhibition of in�amma-
tory cytokine secretion response through induction of ROS
mediated and suppressor  of  AHR pathway could inhibit
apoptosis and cell proliferation [97].

S.  epidermidis  protease  act  on pork myofibrillar
protein (MP) converted free amino acid for enhance �avor
development [98]. �is protease hydrolysis of MP signi�-
cantly improves stability in water, secondary structure, sur-
face hydrophobicity identi�ed through atomic force micros-
copy and Fourier transform infrared spectra [98]. HEK-293

cells shown non-cytotoxic while treated with S. epidermidis
protease, however protease dependent on hydrogen bond

forces act mainly bond to active site of MP [98]. S. epider-

midis infection for neonatal CONS sepsis was demonstrated
using  preterm  piglet  model  with  perceptive  to  glucose
metabolism and immunity for the regulation of  host  re-
sponse during infection [99].  To support  infant’s  energy
and growth were derived from glucose-rich parenteral nutri-
tion, however during infection causing clinical deteriora-
tion and immune response dysregulation leads to exceed in

endogenous regulation [99]. Immunoparalysis, resistance to
infection and tolerance are closely connect with in�amma-
tion response, glycolysis and glucose level circulation dur-

ing bacterial infection [99]. S epidermidis clinically una�ect-
ed individual revealed that provision of glucose-restricted
conditions leads to  moderate  hypoglycemia and increase
gluconeogenesis, whereas in case of clinically a�ected indivi-
dual revealed that increase supply of parenteral glucose con-
ditions leads to sepsis, metabolic acidosis, elevated in�am-
mation, elevated glycolysis, hyperglycemia [99]. However,
supply of normal glucose level revealed that pharmacologi-
cal glycolysis inhibition and normoglycemia improves low-

er S. epidermidis mediated in�ammation level and bacterial

clearance, but unable to avoid sepsis [99]. To determine S.

epidermidis protective role of spent culture �uid (SCF) and

lysate (S.epi lysate) against S. aureus infected human epider-
mal keratinocytes model [100]. Bacterial adhesion and ker-
atinocytes viability was evaluated from pre-exposure and

post-exposure to SCF and S.  epi  lysate against  S.  aureus
through reduction in adhesion and competitive displace-
ment [100].

Bioadhesive property of K16ApoE, a cationic pep-

tide act as anti-adhesion agent against S. epidermidis bio-
�lm, which speci�cally targets on negatively charged extra-
cellular matrix essential for bacterial entrapment and limit-
ing therapeutics agent di�usion [101]. Breastfeeding wom-
en usually a�ected with mastitis caused by coagulase-nega-

tive staphylococci [102]. S. epidermidis constituted around
91% was identified from 20 women breast  milk affected
with mastitis were evaluated through random ampli�ed po-
lymorphic DNA (RAPD) and gene sequencing [102]. Sterile
body �uid extracted S. epidermidis plays a clinical role in ca-
theter-associated bio�lm infection and prevalently detected
Sequence type 2 (ST2) from infection site [103]. PSMδ and
PSMε transcription were signi�cantly higher in ST2 strains

of body fluid may contribute for S. epidermidis dispersal
leads to thicker bio�lm formation [103]. Surface-exposed
wall teichoic acid (WTA) polymers linked to di�erent types

of S. epidermidis clones promotes pathogenicity shift from
commensal to pathogen lifestyle for infection and coloniza-
tion in mice sepsis model encodes tarIJLM, accessory genet-

ic element. S. epidermidis commensal clones were produc-
ing poly-glycerolphosphate, a type of WTA derived from
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multilocus sequence type 23 (MLST). HA-MRSE (Health-

care associated- methicillin resistant Staphylococcus epider-

midis)  clones  were  producing  poly-ribitolphosphate  (R-

boP-WTA), a S. aureus-type WTA carries tarIJLM, accesso-
ry genetic element responsible for pathogenesis and absent
in commensal strain [104]. Rbo-WTA over-expression in
mouse sepsis model caused intense endothelial attachment
promotes  methicillin  resistance  and  colonization,  which
leads to higher mortality was observed. Currently, most of

the clinical trials available for S. aureus made helpful for

treating S.  epidermidis  at  clinical  level.  Relatively little  is
known about  the  molecular  aspects  of  pathogenesis  and

complete cure of S. epidermidis ? Figure 4.

Virulence factor responsible of S. epidermidis Infec-
tion

S.  epidermidis  producing  soluble  biofilm  factor
(SBF)  involved  in  osteogenic  differentiation,  eventually
there is no direct interaction with bacteria and mammalian
cell  were  demonstrated  from  osteoblast  human  donors
study [14]. SBF speci�cally inhibits phosphate and calcium

settlement through regulation of RUNX2, BGLAP, COL1A1,

SPP1,  ALPL gene expression [14].  6-HAP (6-N-Hydroxy
aminopurine)  is  act  as  anti-tumor agent  and substantial

product for skin microbiome inhibit synthesis by S. epider-

midis  [30].  S.  epidermidis  commensal  strains  produces
sphingomyelinase for host ceramides production helps to
avoid skin dehydration for skin epithelial barrier homeosta-
sis, integrity, aging and promote bacterial colonization [30].

S. epidermidis is  one of key carrier function of shuttling
antibiotic  resistance genes  (ARGs) among staphylococcal
homologs  group  Figure  3  [31].  Catheter-related  blood-

stream infections (CRBSIs) of S. epidermidis contributed to
31%, which is predominant causative agents investigated in
South Africa hospital were IS256 insertion element carried

in the genome to 83%, mecA gene present among all iso-

lates, β-lactams resistant [32]. S. epidermidis is skin probiot-
ic bacteria involved in fermentation process leads to bene�-
cial metabolites production like as short-chain fatty acids
(SCFAs) from metabolize of carbon-rich molecule, support

for skin disorders attenuation and act against virulent S. au-

reus [33]. S. epidermidis increased resistance to ultraviolet B
(UV-B) and generate electricity from glycerol source [33].
Liquid coco-caprylate/caprate (LCC) promoted fermenta-

tion of S. epidermidis ATCC 12228 leads to production of
short-chain fatty acids (SCFAs) production which attenuate
skin  disorders,  act  against  UV-B  mediated  skin  injuries
through formation of cyclobutane pyrimidine dimers CPD)
and enhance electricity generation [33].

Figure 3: Acquisition of typical virulence factors of S. epidermidis genome
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Antibiotics, Host-immunity, Physico-chemical resis-
tance mechanism of S. epidermidis

Underlying  resistance  mechanism  deployed  by  S.
epidermidis  against  bio�lm formation  remains  unknown ?
To address  all  this  question,  an intensive understanding of
the bio�lm persistence, tolerance, mechanics, and develop-
ment is required. Bacterial cells getting tolerance and resis-
tance  to  higher  concentration  of  antibiotics  causing  gene
mutation with selective survival advantage that prevent tox-
ic  e�ects  [48].  Next  stage  of  antibiotics  tolerance  through
phenotypic di�erentiation, instead of gene mutation known
as bacterial persistence and growth rejuvenation a�erwards
[48]. How to map S. epidermidis persister cell developed in
temporal-spatial  oriented  bio�lms  and  their  distribution  ?
Figure.4 Persister cells undergo dormancy during stationary
phase and revived a�er subculturing.  What mechanism do
persistent  cells  act  upon  dead  cell  debris  a�er  antibiotics
treatment  ?  Figure.  4.  Bacterial  bio�lm  encounter  antibi-
otics  is  temporal  dependent  manner,  initially  kills  active
growing cells and second phase act on sub-population level
called persister cells, which prevent antibiotics and bacterial
elimination occurs with least level [48]. S. epidermidis were
highly  resistance  to  hydrogen  peroxide,  sodium  hypochlo-
rite, sodium chloride, heat (50 °C). Screened genes were ca-
talase, alkaline shock protein 23, σB (SigB) transcription fac-
tor dependent gene showing signi�cantly higher expression
in bio�lm than planktonic cells  against physico-chemical
disinfection [67].

Multidrug resistance Staphylococcus sp. tolerance
to antibiotics such erythromycin, kanamycin, ampicillin, fu-
sidic acid, vancomycin, methicilin antibiotics were encod-
ing genes mecA1, dfrC, blaZ, qacA, qacB, ccr complex [21].
σB transcription factor regulates membrane transport, cell
wall antibiotics, cell wall maintenance, stationary phase en-
try [67, 21]. 2652 patients have been screened for microbial
test from urine, hemorrhoid ulcer pus secretion, blood aero-
bic & anaerobic and sputum sample to understand drug re-
sistance,  antimicrobial  sensitivity  [67].  1202  positive  pa-
tients were segregated as 550 males and 652 females account-
ed for 45.76% and 54.24% among age group 70-99 years old
in which 25.21% patients samples carried gram-positive bac-

teria mainly S. epidermidis accounted for 10.23% [67]. Multi-

drug-resistant  S.  epidermidis  (MDRSE) isolates  (ST2 and

ST23) carries rpoB mutation confer resistance to rifampicin,
teicoplanin, vancomyin, glycopeptide antibiotics identi�ed
from DNA methylation restriction modi�cation and muta-
genesis studies. [27]. Vancomycin and imipenem is crucial

antibiotics for treating S. epidermidis (MRSE) methicillin-re-
sistant strains. Imipenem is a strategic drug and broad-spec-
trum antibiotic against systemic infections. Imipenem resis-
tance  gene  present  in  increased  enterococci  population
through plasmid conjugation due to high usage of imipen-

em antibiotics in the last decades [55]. S. hemolyticus and S.

epidermidis  was  reported  that  resistance  to  vancomycin
antibiotics [55].

Streptomyces  roseosporus  derived  semisynthetic
lipopeptide daptomycin antibiotic which is cyclic polypep-
tide [68]. �e native daptomycin antibiotics is anionic in na-
ture and binding to bacterial cell membrane exhibits bacteri-
cidal activity. �e unique mechanism of binding to the cell
wall penetration to cytoplasmic membrane lead to rapid cell
membrane depolarization causes membrane potential loss
and cell death of bacteria. However, daptomycin resistance
was reported in patients due to failure of treatment with re-
spective  to  increased  minimum inhibitory  concentration

(MIC) values during S. epidermidis infections [68]. 1337 pa-
tients was taken for cohort study at Ehime University Hospi-
tal during January 2013 to December 2016 with perceptive
to evaluation of clinicopathological factors as sex, age, teico-
planin or vancomycin resistance and patience history of an-
timicrobial therapy [68]. Increased teicoplanin minimum in-
hibitory concentration (MIC) values with signi�cant higher

risk of daptomycin-resistance S. epidermidis in the 2.8% pa-
tients.

Prevention  of  PIA  mediated  bio�lm  production
through DNA complex with TcaR transcriptional regulator
enzyme as therapeutic strategic against infection [69]. TcaR
protein  structure  and  pharmacophore  modeling  are  two
type of drug designing methods are based on lead optimiza-
tion  and  virtual  screening  of  database  [69].  TcaR  protein
structure  based  drug  design  was  identi�ed  as  Mol34  and

7a–7p inhibitors of S. epidermidis showed highest �tness
score and binding energy with active site amino acids. Gemi-
�oxacin drug designed from pharmacophore model genera-
tion in ZINC database using virtual screening and �ve TcaR
novel inhibitors was identi�ed with good binding energies
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score  [69].  Finally,  DFT  simulations  was  performed  for
TcaR promising inhibitors electronic properties and adapta-
tion of active site bioactive conformations [69]. Peptidogly-
can hydrolases called lysins act against bacterial cell  wall
and promising approach in synergistic with antibiotics to
target with bio�lm and planktonic cells [18]. Exebacase is a

lysin against S. epidermidis from19 clinical strains screened
from prosthetic joint infections [18]. Exebacase in addition
with  daptomycin,  vancomycin,  rifampicin  antibiotics
shown  higher  anti-biomass  activity  [18].

S. epidermidis PSMs belongs to amphipathic pep-
tides such as PSMβ1, PSMβ2, PSM-mec, δ-toxin (PSMγ),
PSMε, PSMδ, PSMα have distinct role in interspecies com-
petition, host immunity evasion, bio�lm production, bio-
�lm dispersion [3]. agr operon systems stringently controls

S. epidermidis PSMs for low expression of virulence factors

in harsh conditions [3]. S. epidermidis develops e�cient de-
fense  mechanism  against  invading  host  such  as  efflux
pumps as ABC transporters, vraFG and AMP sensor sys-

tems (aps) [3]. Rifampicin and linezolid resistance of S. epi-

dermidis conferred through cfr (RNA methyl transferase)
derived from plasmid and rpoB (RNA polymerase) derived

from mutation in ribosomal gene [3]. S. epidermidis of ST23
and  ST2  lineages  have  vancomyin/teicoplanin  and  ri-
fampicin  resistance  derived  from  rpoB  mutations  [3].
Chlorhexidine,  aminoglycosides and β-lactams antibiotics
resistance was identi�ed from prosthetic joint infections in

adults revealed from comparative genomics studies of S. epi-

dermidis with patients of commensal nasal isolates [3]. A Ca-
tionic AMP (CAMP) called melittin and synergistic e�ect
with rifampicin and vancomycin antibiotics act against on
distinct variety of gram-negative and gram-positive, mainly
showing strong antibio�lm e�ects on methicillin-resistant,

S. epidermidis [70]. Minimum bio�lm eradication concen-
tration (MBEC),  minimum bio�lm inhibition concentra-
tion (MBIC), Minimum bio�lm preventive concentration
(MBPC) was determined for testing antibio�lm with percep-
tive  to  eradication,  inhibitory,  preventive  concentration
[70]. Red Blood Cells (RBCs) and human embryonic kidney
cells (HEK-293) used for analysis of melitttin activity antibi-
otics with respective to cytotoxicity and hemolytic activity

[70]. Downregulated expression of psm, aap, icaA bio�lm re-
sponsive genes with perceptive to higher therapeutic and

preventive index of melittin than with other antibiotic con-
centration of rifampin and vancomycin [70].

S. epidermidis commensal strain from nasal epithe-
lial cells could act as antiviral by innate immune response of
interferon-related [71]. Triggers protease–protease inhibi-
tor balance to prevented replication of in�uenza A virus (I-
AV) and favour host lungs [71]. Serpine 1, serine protease
inhibitor synthesis in higher range in nasal epithelium of

host induced through S. epidermidis expressing serine pro-
tease leads to inhibition of serine protease and act against
IAV. Serpine 1 driven through urokinase plasminogen acti-
vator (uPA) transcription involved in human nasal epitheli-
um to prevent IAV spread to the lungs [71]. System of CRIS-
PR-Cas (Clustered Regularly Interspaced Short Palindromic
Repeats—CRISPR associated proteins) acquires immunolog-
ical infection memories provides adaptive defense strategy
for prokaryotic  organism [72].  Spacers  called short  frag-
ments of 40 bp repetitive sequence which matches with plas-
mids and phages invaders in the genome and integration in
the host CRISPR locus [72]. Protpacers called transcribed
spacers as crRNAs (CRISPR RNAs) with guidance of Cas
nucleases to target destruction of complementary nucleic
acids [72]. Based on genetics constituents, six types of classi-

�cation for CRISPR-Cas system [72]. In S. epidermidis CRIS-
PR-Cas system, which is belongs to type III-A and distinct
mode of spacer acquisition analyzed through inducible spac-
er acquisition assay [72,73]. Type III CRISPR-Cas system of

S. epidermidis for increased level of spacer acquisition is dif-
ferent in term of spacers hotspot from tRNA and rRNA loci
[72]. Minimum inhibitory concentration of Zucc essential

oil (ZEO) derived from Zanthoxylum schinifolium Sieb. et
Zucc,  which targets  cell  respiratory  metabolism and cell

membrane for S. epidermidis bactericidal activity [75]. ZEO
increases  ultrastructural  and  morphological  changes  by

killing S. epidermidis was detected by electron microscopy
through interfering lipids membrane integrity, permeabili-
ty, membrane damage and �nally impaired normal physio-
logical function [75]. Lipid acyl chains disorder, cell mem-
brane �uidity increases and potential, increases oxidative da-
mage through disturbs reactive oxygen species (ROS) home-
ostasis was analyzed through electrostatic interactions in-
crease cell membrane depolarization and surface Zeta poten-
tial of ZEO [75].
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Delftia  acidovorans,  human  skin  bacterium  in-

hibits S. epidermidis growth through increase pH value in
culture supernatant in the medium provide alkaline stress

[76]. D. acidovorans produces higher ammonia for inhibi-
tion and encoding genes with perceptive to ammonia synth-
esis found in the genome [76]. Ammonia addition enhance

the production of ROS in the culture medium of S. epidermi-

dis,  which  leads  to  growth  inhibition  [76].  Sodium  hy-

droxide was also produced with ammonia by D. acidovo-

rans, which eventually suppresses malonic acid, a free radi-
cal scavenger involved in the inhibition of succinate dehy-

drogenase for N-acetyl-L-cysteine and tricarboxylic acid (T-
CA) cycle [76]. Moxi�oxacin (MOX)-loaded liposomes for
target release with optimal quantity for intraocular treat-
ment for endophthalmitis [77]. Active loading (AL) and de-
hydration–rehydration (DRV) are two methods for MOX li-
posomes preparation for drug loading and release signi�-

cantly [77]. DRV liposome was e�ective against S. epider-

midis bio�lm, growth and higher antimicrobial potential as
compared with AL liposome [77]. Potent steroidal antibiot-
ic called fusidic acid (FA) used for treatment of soft tissue

and skin infection caused by Staphylococcus sp. [78]. Identi-

�ed S. epidermidis fusidic acid resistance strains is prevalent-

ly found in east china [78]. FA resistant S. epidermidis was
determined  through  agar  dilution  and  disc  diffusion

method [78]. SCCmec typing, multi-locus sequence typing

(MLLST), pulsed-�eld gel electrophoresis used for character-

ization of FA-resistant S. epidermidis strains [78].

Killing S. epidermidis through glucosylated lipo-

somes  consists  of  cholersterol,  1,2-dipalmitoyl-sn-g-
lycero-3-phosphocholine which is natural saturated phos-
pholipid,  glucosyl  moiety  (GL4)  which  is  cationic  am-

phiphile in combination with antimicrobial trans-resvera-
trol (RSV) have been developed [79]. �e delivering and ac-

tion of RSV glucosylated liposomes by interaction with S.

epidermidis cells through thin �lm method with the proper-
ty of non-toxic, sugar moiety and cationic charge [79]. Two

types of S. epidermidis cell lines was used as slime negative
one (No bio�lm formation) and slime positive one (Form
bio�lm) for evaluated RSV-loaded liposomes antimicrobial
activity  [79].  HPLC,  electrophoretic  mobility,  DLS  have
been used for measurement of RSV entrapment concentra-
tion and e�ciency, surface charge, polydispersity index, li-
posome mean diameter around (120–140 nm) and e�cient-

ly killing S. epidermidis at ten-fold less MIC concentration

in slime positive one [79]. S. epidermidis was treated using

lytic cycle inducing bacteriophages was isolated from human
skin microbiome recruited for phage therapy [80]. For com-
parative analysis a novel phage genes were identi�ed as N-
acetylmuramoyl-L-alanine amidase for understanding inter-

action of S. epidermidis–phage [80].

Figure 4: Questions need to address on S. epidermidis pathogenicity and bio�lm dynamics
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Role of immunology in S. epidermidis  pathogenesis

PIA is able to protect S. epidermidis from comple-
ment, phagocytosis, AMPs and IgG [34]. Aap, Embp, PIA
prevents  J774A.1  mouse  macrophage  mediated  digestion

leads to immune escape from S. epidermidis bio�lm-posi-

tive [35]. Coexistence of both S. epidermidis and C. tropi-

calis infection in single patient to be detected for polymicro-
bial bio�lm formation, variations in IL-6 and TNF- α are
macrophage cytokine responses [36]. Platelets (PLTs) pre-

vents S. epidermidis propagation in-vitro through downregu-
lation of G6PD enzymes of pentose phosphate pathway re-
sponsible  for  glucose  metabolism [37].  Successful  mech-

anism of bio�lm production in S. epidermidis to evade im-
munoglobulin G (IgG), C3b complement compound, host

AMPs [3]. S. epidermidis metalloprotease (SepA) an extracel-
lular proteases provide protection from neutrophil killing,
complement components, host AMPs [3]. MRSE mediated
PSM-mec toxins increases in survival advantage through in-
creased cytokine expression (CXCL1, a mouse IL-8 homo-
logue, TNF-α, IL-1β), resistance to neutrophil killing [3]. In-

nate immune responses raised against S. epidermidis in neo-
nates with increased pro-in�ammatory cytokines such as
TNF-α, IL-8, IL-6 [3]. Immune response to neonatal sepsis
with perceptive to immunosuppression and hyper in�am-
matory compounds involved as T cell inhibition, MDSCs
and Tregs [3]. Up-regulating gene expression with percep-
tive to IL-6, IL-1, IFN-γ, IFN-α/β pathways in LOS preterm
infants [3]. Signalling transduction of TLR/NF-κB/TREM-1
identi�ed from transcriptional response in preterm infants

cord blood monocytes inoculated with E. coli and S. epider-

midis [3].

Designed 9-mer peptide vaccine against S. epider-

midis through reverse vaccinology approach such as neutral
metalloproteinaseas, staphylococcal secretory antigen SsaA,
LysM domain protein were evaluated their non-allergenic,
surface-exposed,  virulent,  immunogenic  properties  based
on  insilico  cloning,  expression,  docking  and  simulation
methodology [38]. Protein-peptide docking was performed
for protein-protein interaction analysis with HLA-binding
molecule of T-cell epitopes ligand and docking with Toll--
like receptor (TLR-2) molecule [38]. Oral administration of

Staphylococcal enterotoxin L (SELepi) and S. aureus staphy-

lococcal enterotoxin C (SECepi) of S. epidermidis to reveal

enteropathogenic properties like gut damage in Balb/c mice,
may contribute in food poisoning [39]. SE-treated mice his-
topathological  analysis  from  intestinal  sections  such  as
spleens,  mesenteric  lymph nodes,  intraepithelial  lympho-
cytes  and  accessed  CD71  proliferation-related  marker,
CD69 T-cell activation marker, CD8,CD4,CD3,γδ and αβ
TCR T cell lineage markers [39]. Using rat model for ob-

tained major cell subpopulations of saprophytic S. epider-

midis infection in lymph nodes [40]. �is saprophytic S. epi-

dermidis with subepidermal infection with perceptive to in-
nate immune response of increased helper and cytotoxic T
lymphocytes data was obtained cytometric evaluation [40].
Observed in�ammation reduction with increased e�ector
memory T cytotoxic  lymphocytes  and memory T helper
lymphocytes content a�er three weeks later [40]. Re-infec-
tion of skin leads to immediate response of macrophages,
plasmablasts, memory B lymphocytes, memory T lympho-
cytes, helper T lymphocytes, cytotoxic T lymphocytes [40].
Additionally number of innate immune system, MHC class
II + cells, naive B lymphocytes decreased a�er skin re-infec-

tion, where S. epidermidis skin infection during initial and
secondary time in which T regulatory lymphocyte was not

seen [40]. S. epidermidis plays important role in cutaneous
activation of mature IL-1β through IL-1 signalling for cy-
tokine mediated host innate defence in human primary Ker-

atinocytes [41]. S. epidermidis secretion of Esp serine pro-
tease caspase-1 in independent manner involved in release
of  mature  IL-1β  in  Keratinocytes  derived  from
pro‒IL-1β‒processing factor followed by proteolytic matura-

tion [41]. H. pylori chronic infection leads to stomach can-

cer on the basis of risk assessment have screened H. pylori
and evaluated the increased prevalence among colombian
population [42]. Scenario of selection with perceptive on di-

etary choices, environmental toxins, H. pylori biotype and
host  genetic  background [42].  Gastric  microbiota related

with non-H. pylori plays a signi�cant role in gastric carcino-
genesis [42]. Colombian patients stomach biopsy samples
were  screened  from  high-gastric-cancer-risk  regions  and

low-gastric-cancer-risk regions [42]. Urease-positive S. epi-

dermidis are commonly present among 59 bacterial species
was identi�ed and inoculated into INS-GAS germfree mice

[42]. S. epidermidis co-infection with H. pylori leads to signi-
�cantly less response of proin�ammatory cytokine as IL-22,

IL-17A, IL-1β than compared with mice infected with H. py-
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lori only [42].

Role of metabolites for inhibition of S. epidermidis 

pathogenesis

Quercetin extract from plant inhibit S. epidermidis

ATCC 35984 cell to cell adhesion by downregulation of ica
locus  expression  and PIA synthesis  [43].  Phenolic  com-
pounds  derived  from  plant  such  as  syringic  acid  and
vanillin have promising against bio�lm formation and matu-

ration of methicillin-resistant S. epidermidis from three dif-
ferent genotypes was evaluated from EPS (extracellular poly-
mer substance) inhibition tests, resazurin assay [44]. Inhibi-
tion of 55% EPS compounds such as polysaccharides, extra-
cellular DNA, other proteins and inhibition of 80% bio�lm

formation  such  as  genetic  determinants  and  agr  quo-

rum-sensing  systems  [44].  To  investigate  S.  epidermidis
RP62A strains, how to utilize metabolic properties with per-
ceptive to substrate auxotrophies for biomass and energy
production  through  constructed  genome-scale  metabolic
models [45]. Revealed that glucose is majorly utilized for
biomass structure, storage and bio�lm production, whereas
less portion of glucose get enters into the glycolytic path-
ways [45]. In case of amino acids preference for biomass
production and energy sources are arginine, glutamate, ala-
nine, valine, proline [45]. In which proline, plays a critical
role with perceptive to substrate auxotrophies impact on
bacterial growth and metabolic models, a�er removal from
growth media [45]. Conclusion of results with respect to col-

lagen preference of colonization of S. epidermidis due to
rich in proline amino acids [45].

Potential  role  of  quorum  sensing  mediated  bio�lm
formation in S. epidermidis 

Bio�lm and persister cells development is a collec-
tive bacterial behavior at extracellular matrix and sub-popu-
lation  level,  which  is  essential  to  sustain  at  harsh  environ-
ment remain serious challenge to human race with perspec-

tive to chronic infections ? Figure. 4. Role of human hor-

mone atrial  natriuretic  peptide (ANP) inhibits  S.  epider-

midis  biofilm  development,  under  anaerobic  condition
which promote aggregate dispersion and cell metabolic ac-
tivity [47]. Neutrophils can only ingest pathogens of 10 μM
size and bio�lm range about 100 μM. Neutrophils exert pres-

sure withstand up to 1 kPa to break biofilm into clusters
and single cell, hence potentially prevent bacteria from pha-
gocytosis  [48].  Biofilm packing density divided into low,

medium, high and sparse cell density represent di�erent S.

epidermidis phenotype [49]. Bio�lm low cell density pheno-
type exhibited during vancomycin and higher salts treat-
ment, whereas medium, high range exhibited single cluster
characteristics and sparse cell type represent fractal cell clus-
ters feature [49]. Bio�lm formation is strongly stimulated
by  cyclic-di-GMP  (cd-GMP)  secondary  messenger  and
sense by PilZ domains of BcsA at C-terminal and intracellu-
lar domain [51] (NI).

Bio�lm model revealed that subinhibitory concen-

tration of E. coli exposure to antibiotics which targets ribo-

some results in higher bio�lm induction [54]. S. epidermidis

EbpS elastin and FnbA gene expression responsible for bio-
�lm maturity, strength and enable for infecting in-vitro and

in-vivo  endothelial  cells  [55].  EbpS  gene  encodes  elast-
in-binding protein with 25 KDa in size present in the cell
surface, whereas Fn (�bronectin) are soluble and immobil-

ized form synthesis from FnbA gene [55]. S. aureus bio�lm
creates crucial infection in humans, however to avoid infec-
tion through interfering agent by a�ect cell hydrophobicity
and quorum sensing receptors interference through quo-
rum sensing inhibitors attachment. Metal ion chelator such
as mn+, Zn+, Fe+ found to inhibitors of bio�lm formation

[56]. In S. epidermidis mature bio�lm production is depen-

dent  on  icaADBC  operon  and  IS256  insertion  element
which is responsible for PNAG (poly-N-acetylglucosmine)
synthesis,  Bhp  (bio�lm  associated-homologous  protein),
Embp (extracellular matrix binding protein) synthesis, Aap
(accumulation-associated proteins) synthesis are the multi-
-step mechanisms [3]. Autolysis AltE and Aee are secreted

peptidoglycan hydrolases by S. epidermidis is  responsible
for bacterial proliferation on cell  separation and provoke
medical devices primary attachment [3]. Dead cell releases
eDNA (Extracellular DNA) for alternative morphotypes of

S.  epidermidis  [3].  Quorum-sensing  system  of  accessory

gene regulator (agr) for detection of higher in S. epidermidis

population density [3]. Multiple distinct agr types and agrB-

DCA operon involved in agr system of S. epidermidis during
harsh environment downregulates key virulence genes and
facilitates  to undergone quiescent mode from planktonic
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state [3]. In preterm infants, gut is reservoir for LOS-caus-

ing (late-onset sepsis) S. epidermidis leads to bacterial dys-
biosis and undeveloped intestinal mucosal barriers [3]. In

preterm infants,  faecal  sample constitutes  90% S.  epider-

midis and preterm infants, meconium samples 40% S. epi-

dermidis [3]. Patients from orthopedic device-related infec-
tion (ODRI) such as periprosthetic joint infections (PJIs)
sample have been analysed and derived 111 staphylococcal

strains,  which belongs to S. epidermidis,  multidrug resis-

tance (MDR) and strong bio�lm producing S. aureus strains
[2]. This two species were analysed for genomic carriage
with perceptive to virulent clinical strains in comparison
with commensal strains for purpose of phenotypic and ge-

nomic characterization [2]. ST215 belongs to S. aureus and

rifampicin  resistance  S.  epidermidis  associated  with
non/weak bio�lm formation and MDR associated; whereas

S. aureus and rifampicin resistance S. epidermidis belongs to
both ST2 and ST45, which involved in strong bio�lm pro-

duction and MDR associated [2]. agr III and agr I, which is
non/weak bio�lm formation and strong bio�lm formation

of S. epidermidis MDR strain, whereas agr II of S. aureus as-
sociated with resolved infection [2].

Metalloproteinase-9,  Proteinase-3,  Cathepsin  B,
Cathepsin  G  called  neutrophil  proteases  involved  in  pro-

voke bio�lm production of non-bio�lm-synthesis S. epider-

midis [57]. 11 isolates of methicillin-resistant (MR) S. epider-

midis was identi�ed from 261 samples of other MR staphylo-
cocci sp. from shrimp aquaculture farms [58]. Antibiotics
such  as  gentamicin,  trimethoprim-sulfamethoxazole  and
nor�oxacin,  erythromycin  was  used  screening  resistance

genes  from  all  staphylococcal  sp.  [58].  tetM,  tetK  ,  aa-

cA-aphD,  ermC,  mecA are predominant antibiotics  resis-
tance gene and bio�lm responsive gene was identi�ed from
all staphylococci isolates [58]. Staphylococcal Cassette Chro-

mosome mec (SCCmec) of type V and other sequence type-

spa type-SCCmec type [58]. S. epidermidis survived under
harsh host environment through vital requirements for es-
sential metals and nutrient supply was identi�ed through

regulation of �uC and hts are two putative iron-regulated
loci encodes for iron ABC transporter system involved in
iron shuttling for timely associated for bacterial physiology,
survival and bio�lm formation [59]. Deletion analysis of sin-

gle loci of either �uC or hts results in highly a�ected bio-

�lm formation of S. epidermidis and in vivo murine model

showed impaired bacterial survival signi�cantly [59]. S. epi-

dermidis culture were infected with tibialis posterior cadav-
eric tendon of human to determined bio�lm growth [60].

Increasing  in  bioburden  which  leads  to  tensile
strength and elastic modulus decreased was identi�ed from
mechanical  testing  protocols  [60].  To  undermine  the  RT-

qPCR expression and distribution of sdgB, sdgA and sdrG
genes involved in in-vitro and in-vivo bio�lm formation of

S. epidermidis under treatment of cathepsin G [61]. 26 kDa
amidase catalytic domain (AmiE) of autolysin (AtlE) sur-
face protein is a zinc-dependent peptidoglycan peptidase re-
vealed from NMR studies, which shed light into the interac-

tion of S. epidermidis abiotic and biotic surface attachment
with perceptive to bio�lm development, bacterial coloniza-
tion, cell separation, cell wall homeostasis, bacterial surface

attachment and cell growth [62]. Role of S. epidermidis mi-
crovesicles and secretion was studied for bio�lm formation
through  atmospheric  scanning  electron  microscopy
(ASEM) without and with presence of collagen [63]. Nano-
carriers  based Ag-decorated polymeric  particles  used for

drug delivery system to determined S. epidermidis self-pro-
tection ability and bio�lm formation at di�erent time point
from 30 min to 4 h [63]. Ag-decorated PLGA particles incu-
bated at 30 min involved in bacterial cells adherence, dam-
age to cell membrane and cell wall was observed through
production of singlet oxygen, hydrogen peroxide, hydroxyl
radicals,  superoxide  radicals  and reactive  oxygen species
[63]. Whereas long incubation such as 2 h and 4 h induces
drastic damage to the cells and �nally collapsed, in other

case Ag nanoparticles ejection was observed outside of S.

epidermidis cell in the form of agglomerate [63]. Ag-decorat-
ed polymeric particles used for higher e�ciency of transmis-
sion electron microscopy (TEM) analysis [63]. ASEM dish-
es have been prepared for analysis of bio�lm formation at
three distinct cultivation period as 17 h, 26 h, 30 h selected
for ASEM [63]. 100 nm to 1 μm size range of microvesicles
were imaged and extracellular polymeric substance was ob-
served at 30 hrs covered the bacteria without presence of col-
lagen, whereas nanotube-like structure was observed with
presence of collagen [63]. Intercellular adhesins called Aap
(accumulation-associated protein) and Embp (extracellular
matrix binding protein) for accumulation and aggregation
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of S. epidermidis. In the absence of Aap and Embp mediated

synthesis  of  biofilm formation in S.  epidermidis  showing
smooth layer of bacterial accumulation. Basically, PIA synth-
esis  induced formation of  macroscopically  visible,  rough
cell clusters, whereas Aap- and Embp-dependent bio�lms
preferentially displayed a smooth layer of aggregated bacte-
ria.

IcaADBC operon role in S. epidermidis bio�lm for-

mation and pathogenesis

Guinea pig tissue model was used for comparison

of wild type IcaADBC positive showing higher virulence ac-

tivity  than  with  IcaADBC mutant  strains  represents  de-

creased virulence activity [64]. icaADBC transcription con-
trolled by multitude of transcriptional regulators such as σ
factor σB, SarA, TcaR and IcaR [52]. IcaR belongs to TerR
family of transcriptional regulators which bind to the up-
stream of icaADBC promoter region and transcribed diver-
gently [52]. IcaR binding to promoter is highly selective be-

tween icaR-icaA gene within intergenic region. sigma factor
σB is global transcriptional regulatory factors involved indi-

rectly the regulation of icaR transcription during stress re-
sponse. Increased ethanol, high glucose, high NaCl repress-

es transcription of icaR through σB involvement [52]. In S.

aureus, TcaR (teicoplanin-associated locus regulator) act as
repressor  of  icaADBC  act  during  methicillin  and  teico-
planin resistance, belongs to TcaR (teicoplanin-associated
locus regulator).  TcaR as direct  repressor for number of

genes such as sarS, sasF,spa [52]. In wild type Caenorhabdi-

tis elegans, were susceptible to S. epidermidis infection in

the intestine even with loss of ica locus, in�uence by DAF-2
insulin-signaling pathways or PMK-1 p38 mitogen-activat-
ed protein (MAP) kinase gene [65]. O-Succinyl modi�ed dP-
NAG in which succinate molecules were randomly distribut-

ed conducive for Staphylococcus epidermidis clinical isolates
escaping from host  antibodies  recognition and which in
turn important targets of new therapeutics [66]. σB mutants
strains correlated with higher accumulation of IcaC protein
leads to higher PIA accumulation irrespective of icaADBC
mRNA stability/expression [67].

PIA mediated bio�lm formation

In S. epidermidis, partially deacetylated (15-20%)

homopolymer  of  N-acetylglucosamine  called  PIA
(polysaccharide  intercellular  adhesin)  or  PNAG  (po-
ly-N-acetylglucosamine), a cationic charged and dominant
exopolysaccharide molecule. PIA or PNAG estimated molec-

ular weight around 30 kDa encodes icaADBC operon corre-
lated with bio�lm formation, particularly required for bacte-
rial cell accumulation and ica locus controlled by icaR, regu-

latory gene [74]. In S. epidermidis, 10% PIA were reported
to be modi�ed as O-succinylated rather than N-acetylated
form. PS/A (capsular polysaccharide-adhesin) or PNGS (Po-
ly-N-succinyl-b-(1–6)-glucosamine),  is  another  type  of
β(1-6)-linked  glucosaminyl  residues  of  high  molecular
weight  (>200  kDa)  with  modified  N-succinylation
(65–100%), particularly required for initial biomaterial ad-
herence  and expressed  from same ica  locus  reported  in

RP62A S. epidermidis strain [74].

Composition  of  PS/A  are  galactosamine,  glu-
cosamine,  galactose,  uronic  acids.  NMR  studies  revealed
another similar type of PIA exopolysaccharides identi�ed in

S.  aureus  called  SAE (S.  aureus  exopolysaccharide)  with
high molecular weight greater than 300 kDa modi�ed with
O-succinylation and N-acetylation about 10% and 50-60%

[74]. In Escherichia coli,  Bordetella parapertussis,  Yersinia

pestis found similar function of ica locus called pgaABCD,

bpsABCD, hmsHFRS [81-85]. Ica genes identi�ed approxi-
mately 37% in A/C clusters and 4% in B clusters showing
higher percentage towards infectious isolates rather than col-

onization type isolates of S. epidermidis. It was con�rmed
by detailed NMR analyses that N-succinylation was indeed
an analytical artifact in a study that referred to S. aureus ex-
opolysaccharide  as  SAE,  a  PIA-related  molecule  of  high
molecular weight (>300 kDa) having about 45–60% N-acety-
lation and 10% O-succinylation [74]. Erythrocytes hemagg-
lutination has reported in PIA accumulation with percep-
tive of biomaterial-associated infections [74]. PIA mediated

synthesis  of  biofilm  formation  in  S.  epidermidis  shown
rough bacteria clusters and visible by naked eye.

O-linked  binding  of  GlcNAc  to  threonine  and
serine  amino  acids  residues  controls  transcription  factors

and intracellular proteins such as p53, c-myc, NFκB [86]. Gl-
cNAc  provoke  virulence  gene  expression  and  induce
changes  in  morphogenesis  in  candida  albicans,  a  fungal
pathogen of human [87].  Changing fimbriae and CURLI
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�bers expression and enhance bio�lm aggregation in patho-

genic E. coli [87]. Production of antibiotics, changes in cell
process in soil bacterial stimulated by GlcNAc [87]. GlcNAc
binds to residues of fucose extracellular domains leads to li-
gand speci�c interaction is altered for notch family recep-

tors [87]. SpoVG transcription is vital for S. epidermidis bio-
film  formation  through  modulation  gene  expression  of

icaA-icaR intergenic region for PIA production. spoVG dele-
tion upregulating of icaR transcription gene and down regu-

lation of icaADBC operon expression. �is was observed in

mice model from 1457 ΔspoVG deletion mutant and cis-

complemented studies of 1457 ΔspoVG::spoVG derivative
with wild type with perceptive of bio�lm formation [88].
Trade-off mechanism between PIA production and antibiot-

ic resistance in S. epidermidis [89]. Indirectly proportional
association between levo�oxacin, teicoplanin minimal in-
hibitory concentrations and formation of bio�lm. PIA syn-

thesis in S. epidermidis under growth conditions presented
antibiotics as clindamycin, erythromycin, daptomycin are
sensitivity  to  higher  level,  whereas  sulfamethoxazole/
trimethoprim showed higher level of tolerance [89]. Pros-
thetic joint infection (PJI) model was evaluated from arti�-
cial synovial �uid (ASF) mimicking host surrounding and
can be used as growth medium for PIA-positive and PI-

A-negative S. epidermidis [90]. Bio�lm-positive S. epider-

midis  1457  and  Biofilm  negative  S.  epidermidis  mutant
1457-M10 with perceptive to PIA production and cluster

formation detected in the ASF medium. embp, aap, icaA,

atlE genes were upregulation, whereas agr master regulator
was downregulated [90].

Omics studies in S. epidermidis pathogenesis

Comparative genomics studies were performed for

screening di�erentially expressed genes (DEGs) from Sta-

phylococcus epidermidis isolates in healthy conjunctiva and
postoperative endophthalmitis  patients by Illumina high-
-throughput RNA sequencing [112]. 142 pathogenesis asso-
ciated genes were signi�cantly up-regulated in genome wide
transcriptional analysis from endophthalmitis strains were
further validated by qRT-PCR [112]. Moreover, annotated
DEGs were belongs to thioredoxin system, staphylococcal
toxin (SE1634) from gene ontology and KEGG pathways re-
vealed that two-component system, pyruvate metabolism is

predominant [112]. 415 S. epidermidis isolates were classi-

�ed as 141 asymptomatic carries and 274 were related with
wound  and  bloodstream  infection  considered  for
pangenome-wide  association  studies.  Screened  12,079
unique genes, in which 61 genes were pathogenicity-associ-
ated k-mers associated with methicillin resistance, IL-8 pro-
duction,  cytotoxicity,  biofilm  formation  from  accessory
genome annotation. K-mers elements were identi�ed as po-
tential risk genotypes spread through horizontal gene trans-

fer [113]. Comparative phylogenomics of rice endophytic S.

epidermidis  (RESE)  which  is  highly  distinct  among  93
strains and likely to be associated with rodent strains [114].
RESE gene clusters encodes for stress tolerance and plant
survival rather than for ecological adaptation represents dist-

inct sequence identity with human S. epidermidis isolates
[114]. Metagenomics-based application has unraveled di�er-
ence in gene content emerged from personalized microbio-
ta colonization to neonates can have impact on health conse-
quence  [115].  Using  long-read  nanopore  sequencing  for

genome mapping of structural variants from 600 S. epider-

midis strains isolated from new born. Clinically important
mecA and SCCmec islands regions deletion has been identi-
�ed within strain and site-speci�c recombination occurs at
multiple sites �anked by non-canonical repeats, results in
distinct pattern of antibiotic resistance and patient-speci�c
structural variants [115]. Arginine catabolic mobile element

(ACME), a genomic island may promote S. epidermidis sur-
face colonization on human skin and In-dwelling surgical
devices  [116].  iIlumina sequence data  taken from multi-

durg-resistant three isolates of genomic DNA of S. epider-

midis [117]. Types of isolates are VI (4B), IV(2B&5), III(3A)

holds methicillin regulators (mecR1 & mecI) and methicillin

resistance gene (mecA) identi�ed through carriage of SC-

Cmec  mobile  genetic  element ,  methicillin  (mecA),

Chlorhexidine  (qacA),  macrolide  msr(A),  trimethoprim

(dfrG),  fosfomycin  (fosB),  fusidic  acid  (fusB),  penicillin

(blaZ), tetracycline (tet(K), �uoroquinolone (MFS antibiotic

e�ux pump), aminoglycosides (aadD,  aac(6�)-aph(2�) are
antimicrobial resistance genes (ARGs) present in plasmids
and chromosome [117]. Illumina NextSeq 500 (Illumina)
was performed for isolates derived from French university

hospital with respect to 16 cfr-positive linezolid-resistant S.

aureus and S. epidermidis, during the period of 2015-2018

[118]. Emergence of linezolid-resistant strains of S. epider-

midis  isolates with plasmid carries cfr  gene was received
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through in vivio interspecies transfer from S. aureus [118].

To  determine  Patrinia  scabiosaefolia  stress  and  strong

antibacterial activity against MRSE from proteomic analysis
using tandem mass tag-based (TMT) for screening di�eren-
tial expression proteins [119]. 128 proteins were up-regulat-
ed such as Hemin transport system permease (HrtB) pro-

tein, serine-aspartate repeat-containing protein C (SdrC), ac-

cumulation-associated protein (SasG), d-alanyl carrier pro-

tein  (dlt),  phenylalanine–tRNA  ligase  beta  and  subunit

(pheT), serine–tRNA ligase (serS), carbamate kinase (arcC),

ornithine carbamoyltransferase (arcB), arginine deiminase

(arcA)[119]. �ese gene are involved in uptake of iron, bio-
film formation,  cell  wall  synthesis,  protein synthesis  and
arginine deiminase pathway [119]. Understanding the func-
tion of genes and pathways involved in disease and health-

associated abilities of S. epidermidis revealed through large
scale  CRISPRi  (CRISPR interference)  platform based  on
knock down studies and transcriptomics data with percep-
tive  to  growth responsive  genes  [120].  Selected different
skin area, skin infection site and 24 di�erent environmental
conditions includes nutrient limited and multiple stress con-
ditions in which CRISPRi,  a  droplet-based approach has
been chosen for high-throughput functional pro�ling [120].
Putative essential genes for diverse environment were in-
volved amino acid metabolism, whereas putative essential
genes for survival during multiple stress conditions were in-
volved in trace metal uptake, particularly cell wall modi�ca-
tion in acidic stress condition [120].

Role  of  nanotechnology  involved  in  S.  epidermidis
infection

Novel antibiotics are produced using nanotechnol-
ogy  by  researchers  now  days  through  nanocarrier  systems
for  low environmental  risk,  less  manufacturing  cost,  mini-
mized  adverse  e�ects  and  highly  promising  delivery.  Nio-
somes  are  used  for  highly  selective  medication  delivery,
which is bilayer con�rmation, shuttle large amount of di�er-
ent antimicrobial agents, water soluble in nature due to no-
nionic  surfactants  [55].  Niosome-encapsulated  imipenem
antibiotics have novel strategy for drug delivery system de-
termined  for  MRSE  antibacterial  and  anti-bio�lm  proper-
ties was examined from HDF cells with plate microtiter as-
say [55]. �is nanocarrier was prepared from thin-�lm hy-
dration method and examined for bio�lm genes expression,

minimum  inhibitory  concentration  (MIC),  minimum  bio-
�lm inhibitory concentration (MBIC). In di�erent concen-
tration of  nanocarrier treatment leads to 90% cell  viability.

Total  162  S.  epidermidis  isolates  were  screened  into  87

MRSE isolates were vancomycin-resistant and 106 methi-

cillin-resistant [55]. Downregulated bpS, FnbA, icaD gene
expression with perceptive for bio�lm formation and re-
duce MIC and MBIC to 4 to 6 folds [55]. To determine
Fe3O4 and Al2O3 nanoparticles impact on bio�lm forma-

tion in S. epidermidis [128]. 10% of bacterial genes constitut-
ed for QS-control in which constitutes RNA such as sRNAs,
bis- (3’-5’)-cyclic di-guanosine monophosphate (c-di-GM-
P), DNA, extracellular polymeric substances and remaining
97% water in biofilm environment for nutrient shuttling
[128]. Fe3O4 & Al2O3 nanoparticles impact mainly on In-
tercellular adhesion protein C (icaC), autolysin E (atlE), ex-
tracellular  matrix-binding  protein  (embp)  shown signi�-
cance gene expression level revealed in real-time quantita-
tive polymerase chain reaction (RT-qPCR) [128].

Conclusion

Healthcare-associated and methicillin-resistant S.

epidermidis (HA-MRSE) is major causative agent of infec-
tion and their molecular determinants that changes habitat

of S. epidermidis remains questionable? Potential screening
of virulent molecular determinants might provide way for
target  therapeutics.  RboP-WTA is  one of  vital  target  for

MRSE infections of S. epidermidis by altering growth phase
leads to good therapeutic interventions. Presently uncount-

able  methodology  to  combat  S.  epidermidis  biofilms  re-
quires deep knowledge at planktonic state and group level
behavior of bacterial cells? �ese rheological measurements
could support overall knowledge about bio�lm dynamics at
single-cell resolution imaging. Development and optimiza-
tion of animal infection model is substantial strategy for tar-

get drug delivery to various tissue speci�c to combat S. epi-

dermidis bio�lms and persister cell formation. Bio�lm cell
packing  density  driven  mechanism  from  low,  medium,
high, sparse variation phenotypes at distinct pH and PIA
concentration is still unclear. Still challengeable to discover

that how S. epidermidis clonal lineages are packed within
bio�lms and how 3D con�rmation is built within individual
cells in that microbial society?
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