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Abstract

Chronic wounds represent an important challenge for wound care and are universally
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confers the ability to resist environmental stressors and antimicrobials due to a variety

of reasons, including low metabolic activity. Additionally, the exopolymeric substance
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eventually will delay healing of the wound. This chapter will discuss current knowledge
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biotic resistance and tolerance, as well as the wound healing process. We will also discuss
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extracellular matrix

1. Introduction

Intact skin provides a protective barrier to bacterial invasion. Any wound comprises a break
in this epidermal barrier, allowing microbial invasion into deeper layers.
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healing [1-3].
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Figure 1. Representative scanning electron microscopy of wounds on mice dorsal skin. (A) Inoculated wound with S.
aureusshowed aggregates encased in EPS matrix. (B) Non-inoculated wound without EPS (image from Nguyen et al.
[ W Mvith permission).
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chronic non-healing skin wounds [ \].
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hardware is inserted into the body [11pi1l '~ e—el1 ES—1See™1eZYVYZe" ™1
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caused by topical agents [W.X

2. Background

Wound healing can be deranged by multiple causes, including local hypoxia or poor perfu -
®'T—081>Z2™Ze'e'YZ1' @ E'Z-"S,>Z™Zr070"'""—1"—"2>¢81"—SZ
and bacterial infection. Bacterial infection, playing a great role among these causes, has bee
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KWW S G[ GRL RUJ LOWHFKRSHQ
oSV  ELIY®iIlT e—1™'Z__~eg™Z
Trait Planktonic e —
Virulence Acute, aggressive course Chronic disease
“eel — S——Se"s¢1>7Ze™"— e’ High, sudden "eed1l™MZr'ReZ
Risk for antibiotic resistance “eZ5Se7 High
Spread Disseminating Sessile
Extracellular polymetric substance (EPS) No Yes
Z+S<"e'EL1SE 'YV ¢ High Low
Species count "—"e™ZE'Zedl ™ ¢ e Polydpedies

Tablel.1 ¢S —"¢"—"E1S—elc™ e—1™'7Z _"e¢™M7Z@1IE" -™S5’0e”"—1"—1>7Z¢S>e01"1V!

associated with both acute and chronic wounds via different rates and mechanisms. An
infection with a more predominantly planktonic phenotype is more aggressive, with rapidly
Y e —elEZeeerl'—YSe —el' el ®®@zZ®e1S—eloes’—7eSe’—-
S—1SE7e21" —eZE&e'"—il ZYZ>Se1—"E>"">S—"e-1ES—1S.
7 e—B3le'SelSee” ®1'Z-1"1S4SE‘1e"1< "¢ EL1H>1S " El®z
the production of an extracellular polymeric substance (EPS), contributing to their ability to
survive [13, 14] (Table 1).

This aggregate or cluster, once called slimed 1 E~— e’ e7eZ@1'Z1<'~ -9
structure of sessile communities of one or more species of bacteria embedded within ¢
matrix of EPS. The EPS is composed mainly by water, polysaccharides, DNA and othe!
substances secreted by the embedded bacteria, but also by substances scavenged from t
‘Tl 21’1 -™">eS —e1e”"1IS™MM, 7 E"SeZ1e'SelSeele 71z
mately derived from the wound bed and skin. Cell lysis and subsequent local decomposi -
o’"—1%e1e¢'7Z1 1-Se>'j1'@1SeYS—eSeZ7"7le >1e' 71" o—1T
channels that improve nutrient access, and the intracellular level of the second messenge
ECEe"ELe', 1S>Z1'—VY"eVZel —15Z¢72¢Se’—elc'~ e-1¢"5-8§
components [15].
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cessing and even considered the predominant state of bacteria within the human body [ W
Later on, its presence was reported on endocardium, urinary tract mucosa, nasal and sinus
Z™ e 7¢'7-1S—e1l™7e_"_S5¢1e'®@®2Z81S—21-">21>ZEZ—se¢-
gical wounds, sutures, implants and IV catheters which can be contaminated at time of inser-
tion or as a result of hematologic seeding from a colonized tissue. The relationship between
7 e—1S—e1'"eel 'eeleZ™Z —e1" 171" ESe " —1S—e1e'71<S
'—@eS—EZO1' —1e'Z1+See>"'—eZ®@e'—Se1-7E"®SJ1<~ +—-1‘S
“>15720™'>Se"5¢1e>SE1-ZE " ®@SILIS1I™MSe "7 "ELZ'SY ">l
““ee R1IES™MSE +C1e"1E " Zi s WMXYAZS ' ESeZ1<¢'~ o—1y\
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species and even the strain of the bacteria. For instanceP. aeruginosd ™ >~ +7?EZ e 1S 1.
S1e'Zs1eZ—0e’e¢1l 81 'e'1S1 Zee,e7Z —7¢1-Se>’'j1'—eZ>e™7;
and has the particularity to be predominant over other species in a polybacterial microbiome.
— 172 —275S¢81'Z1"'—Z>SEe""—1"ele'Z®Z1l®2<®*S—EZ®1S-
e"17e e £71¢'Z@Z1@7<®@*S—EZ®Ll '¢e1S ZEe1+'Z1-">™ "e"e(
T e — 01T o1 (EZee1S—e1See” ' —ele' 717 Z—EZ1 ~
versity, where every member can contribute with their own EPS [15] ( Figure 2).

YiWil "e¢eSEE'S>" «Zce

Polysaccharides comprise a major fraction of the EPS matrix and are responsible for th
7 e ®1-ZE'S—"ESe1™>"M™MZ5e' 7011 —eZ>Ze —+eCd1l elez
'—1-—7ee'VYSeZ—21'—"5eS—"EL'"—cel '+'1l 1ES—1+>ZSee¢1l’

Figure2.1 ‘Z1Z2je>SEZee7+S>1™ e¢—-7>"Elezc@eS—EZw@1-Se>’j1Sele’ 757 —ele’'—7-
to a solid surface. (b) The major matrix components—polysaccharides, proteins and DNA—in a non-homogeneous
™MSA47,—T10EULl ‘¢Ce’ E"E'Z-"ESel —eZ>SEe'"—01S—ele'Z17—eS—eeZ7_-7—9o1""
molecular modelling simulation of the interaction between alginate (right) and lipase (left) of P. aeruginosgimage from
Flemming and Wingender [15], with permission).
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experienced an enhancement in their mechanical stability. In S. epidermidispoly- N-acetylglu-
E" ®eS-"—7110 U1-S"Ze1S1E " —0e’'*Z>S<eZ1E"A8h ' <Ze’'~— 1"

As seen inP. aeruginosand S. epidermidispolysaccharide compositions are very diverse, ever
between strains of a single speciesP. aeruginosafor instance, produces at least three distinci
Zi"™M ¢ @SEE'S>'*«Ze1'Se1'SYZ1S1'>2ZE&+1Z ZE+1 Pelhnddesl

ZEeloee> Pamifiedd E~—S’ —1See’ —Se781S—17Z;"™ e¢eSC

e'Sepd1See "7l —"— 7eeZ—'Sed1'Sel1S1—"eS«<e7217 ZE+1"-
Sele'Z1cZe' ——"—el17e1c¢’” e—1e¢ 5SS’ " 1S —el’15Z™ — (&’ ¢«
7 e—eil e’ —SeZ1 e -1 "1 ®e>S'—1‘Se18S1™MSse'E7+S>1"

uronic acids, in that it can be used as an EPS marker, since this type of acid is not found insid
the bacterial cells. In non-mucoid strains, Peland PsI1 ™ S>e’ E*™Se 71’ —171 >
formation, while Pslalone is involved in adherence to surfaces [15].

3.2. Proteins

'Y e—®@1See"1IE"—+S'—1S1e'VZs’eC1 017 —£¢C-Z®@LeZ— —
of adaptation. Enzymes will break down biopolymers into low molecular mass products,
degrade the structural EPS to promote detachment, act as virulence factors, and even degrad
EPS components during starvation. Cell surface-associated proteins and extracellular carboe
hydrate-binding proteins ( lectinsii1 S>Z21Se@~"1S1"2¢1E " -™"—7—+1"'—1
formation and stabilization of the matrix network [15].

—"—ele'Z®Z1 ™>"eZ'—@1 Z1ES—1 —ele'Z1ee7ES— < —eo —
caused byS. mutansd 1+ Z1+SeSE+" e Z, tecNI/SE-" « BT+ Tpe 7k [RCHCEP. dErt
ginosad1 ‘"E‘1‘SYZ1<ZZ—1S0e@ " E’'SeZel 'e'1" oe—1e"5_Se’"—j1
(bap from S. aureusl S—e1¢'Z1<¢S™ ¢’"71 ™ e7' _@dl “"E'l1™> " —"e7
E™MZE'Zoel "eZ21Se®@"1™eS¢ —e1S15>7¢Z1" —1<SEeZ>'Sel’'—so7Z
¢Te @81l —VY"eY¥Ze1l ' —1Se'Z® " —1¢"1"'—S—"-SeZ1®7>*SEZe1
additionally, they can function as cytotoxins for bacterial and plant cells [15].

3.3. Extracellular DNA

Z 1'®1S—1'"—eZe>Se1™Sse1%e1e'21-Se>"j1BSecerelixsts-BNA-ds ar
adhesion molecule, and in P. aeruginosaeDNA serves as an intercellular connector, with

SeZ1l — <o’ —elc’” e—1e">-Se' " P heaiB)nosENh SESbiveupdDNAIerves the
same structural role of PNAG in S. epidermidi€DNA, although seen initially as residual mate -
rial from lysed cells, is also actively excreted. Although primarily occurring in waste-water
T e—@BLlT e—ele> T —1YSs> "zl —0e1'SYZ1<ZZ—1"2—-¢1
and importance, even between closely related species. For example, eDNA plays a critica
e>7Ee7>Sel>"e71 —1+'71S. aureusbuSonly jserved as a minor component of
S. epidermidid <'~ e—eilZ 1’1« " ESe' £Z1+' 7Z>7—C¢HA aérughpsafdr
example, forms a grid-like structure. Additionally, eDNA has antimicrobial activity, having
the ability to chelate cations that stabilize lipopolysaccharide and the bacterial outer mem -
brane, provoking cell lysis [15].



RXQG +HDOLQJ &XUUHQW 3HUVSHFWLYHYV

1E™ -™"ce’s " —

M7 Function(s)
Polysaccharides ZE'S— ESelae>Z—ee'31Se'272—E7Z
Proteins ZE'S—" ESeloee>Z—ee'd31Se'Z>Z—EZ81Z+S(
eDNA ZE'S— ESeloee>Z—<+'81S'2>Z—EZ851S—-"
Water Source of ions and compounds in solution
Biosurfactants Adherence, detachment

Table2.1 "—™~e’e’"—17el¢'~ e—17Zi" ™ e¢—-7>'"Elei<e@sS—EZ10 01S5—+1Scece " E’

YiZ1l SeZ>18—el1<' " 2>¢SE+S—ece

Water is by far the largest component of the matrix, and water management is so critical
*'Se1«<SEZ>'S1SE'YZ+C15Ze™ —ele"1leZ® EES""—1c¢1™>
water component is critical as well, and the EPS matrix acts as a molecular sieve, sequesterin
cations, anions, nonpolar compounds and particles from the water phase. By comparison,
biosurfactants have antibacterial and antifungal properties and are important for bacterial
SASE'—-Z—+1S—e1 7S E"*—7Z— IRhdmnblipidd whitiMced «at ik surfactants
have been found in the EPS matrix of P. aeruginos§l5] (Table 2).

Zil Se'"™ ¢ oo
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T e 17’ £Z721S1YS5'Z¢17e1-ZE'S—" -1 '—1757Z51"1
"1 SeYZs®@Z1I E " —e'¢'"—©d1 MeS—"e" _"EL1<SEZ>'S1+SE"
occurs through “ phase variatiohand “ adaptive mutatiofi genetic alterations that include
point mutations, recombination, and transpositions, with the goal of producing individuals
—"5Z1ES™S<ceZ1"«1 ™" ¥EHelewsaBs typhi-acaliEl coliall exhibit stress-induced
¢Z—ZE1SeeZ>Se’"—1¢¢1SeS™e'YZ1-ZE‘'S—"-01e'Se1l™>
ducing distinct, wrinkled individuals. V. cholergroduces a more chlorine-resistant subtype
called rugose, while S. typhiand E. colichange to an “rdar’ phenotype, or red, dry, and
rough [19].

ZiXil '~ e—®e1S—e1E'>"— Ele'®ZSeZ

¢1ZceeSce’e''—elc’” e—@I1<SE*7Z>'Selee™ZE'Zel—"e1"—e¢1
¢ ZC1 ™5 eZ(EZL ™Mo —SelE " —e¢'o' " —@leH1EHS"— EL1 —eZEs""
e > 70 " 7010 710t 1o > 1E"— —7Z—-Z—e1 "¢’ —1S1™"eZE'YZ1Z
2 Z@Ee'YZeC1"eZ1S—e'e7—0d1>272E&Z21+'212 ZE'YZ—Z0eEl 1!
™" "’ e lEH>"— " E1le'®ZS®ZA1IZ—«"ES>¢’+'®d1E " >"19)R
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wounds [ X4, 5, X]W

e ®@1ESZEZIE ST —"EL —eZE " —@1le'>"2e 1-ZE'S—"&-Ce
'etle'Z1' el ——7—Z1®t@eZ-NleZ—Z7E1E'S—eZ®dlmezi>eS
physical barriers, and escape behaviors. Although the bacteria may not disseminate throughout
the body, pathogenicity is retained and arguably increased, as bacterial concentration within
¢ Z1¢7 o—1"—(E>ZS®eZ0e1S—el' —e'Y'e7SeeleZ—ele " 1eZSYZ1e"
TeZe’ " —17e1l 17>1e>77e'loeesZ@oeZel T —1'Z1<" o—1"e0Z29]1

‘7Z—1<SE+Z>'S1Ee700Z>1'—1S1<"~ ¢—d1-—"YZ-Z—e1"¢1SeY¥YS—«
>Z0'@eS—EZd1e>" 2 " 7201 Z1E —e's2Z—o@1 701l 21" o-
horizontal gene transfer, or phage infection, making each individual bacterium even more
Y'rZ2eZ—e1 'Z—1e1¢ZSYPZaeriginddd! ™ oG d1e >172iS—™e7817Zi""
e>Se’" 1701 1 "¢’ —1e'7'51 il "elSee™l ™> " —~"eZeloe's—"
<7 e—B31l —E>ZS®e’ —1e'Z1E'S—EZ®1+'Sel"—71741'Z1-S—¢
tal insult [ 19]. This includes antibiotics, Ieadlng to concern that excessive and inappropriate
S—e' "' E1707Z1SeS —eelc’” e—@1Zi™Ze eZ@1le'Z1eZYZ " M-

ZlYll Nz—'l‘zg.’_ol’_"(’.!"‘_

T e— @1 —Y"eYZ1S1E " -™eZi1>ZeSe’ " — @' ™1<Ze 27Z—1<SE-z
nisms, and the host immune response [XXpil ' Z>Z—e1le™ZE'ZelSeel?Z
characteristics that inhibit wound healing. EPS by itself represents a physical barrier against
'— S——SeHC1EZeel ™ 'Se"TECeT e’ edLS—1'S®le'Z1™ eZ—o'S
antibiotic penetration into the wound [ X]Y Acellular extract from S. aureudl <'~ e—ce 1-
its the movement of keratinocytes and promotes apoptosis, leading to impaired cutaneous

“7—e1'ZSe'—ejl "@1Zj>SEele’el—"ele’ 7Z51'—1™ 17>1ES-(
was due to direct cytotoxic substances secreted from or present onS. aureusl < SE 7>’ 7 —|
" i’ —1S—e1EZeele7>*SEZ,Zi™s7Z@Zel p"—ZEe — < —e’ —

P. aeruginosd <'~ e—el e’ ¢S>e¢l’ — <ol —Z7e> "™ e] Y77 —elc7e
“i'0Se'YZ71<¢7500081S—17i"Ce1S1ES™MSE’ ¢l >172“ZE—<1"F
Another potential mechanism for P. aeruginosd <'~ e—15>7Zc’'eeS—EZ1+"1 —77«
necrosis induced by the production of rhamnolipids] X Y pi1 es’¢’"—See¢dl0oe’'s—' ES
‘7S¢ — 3157, 2™ e 7 £Se’" 1S el (E"eeSeZ —1eZ™ "'’ _1'SYZ
Z—EZ1'—1 1’— ee>Se’"—17>1 «\StheadtBnateredut isereeutraphil aggregation
— 7851717 o=B1 "o 17’08’ YZ1<Z>0001™> 7 Ee1SEE?-75'—
'— o'y e7Seml et —1e' 71" e—1eZSYZ1e"1E>Z2SZ21—7 1E " +XF'2Z
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e—1'eeZ*d1ES7’ —el@i>> " 72—e —IBPELZS edelS -8 &1 S0 ¢AK
" —18e"1E'S>SEZ>'E£Z®@1'Z1¢" e—1"—eZE+'"—01'—1+7
yZe™” —eZedlezE '1Sele'"0eZl '¢'1¢’'ScZe7Z0017>1S5>¢7>'Se1
wounds [ XX
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Figure 3.1 '~ e—1 ™S e "™ ¢’ e e¢il "——"—1™Se' S¢oele ee” Ze1c¢1<SEZ>'S1"1¢
impairment.

S.aureusl '~ e—0e1 ™5 " _"e71S1e’ cedl-+@RATMEF" expidssibn indicative of a mild
(Ze1EH>"— EL1 — S—=SeH>¢1>Z@™ " —@Z1yW]pil “eZ1-"ee1'— S
'—ele'Z1'—eZE"—1¢¢1S4>SEe'—+1S—1"—-7—715Z@™ " —®Z1S
lation tissue formation, persistently high amounts of IL-1 and TNF- decrease growth factors
and increase metalloproteases, delaying resolution of the infection and wound healing [ XV

P. aeruginosan particular exhibits the highest virulence compared to S. aureusand K. pneu
moniael e 771+ 1« ceR. aeBIgnosda 1™ e—elZi''<'ele‘Z1e” Zeel<SE-Z
the highest elevation in IL-1 and TNF- compared to the other two strains [ XY pil 1
c—@1l-"e7eSe71'721'—-7—21>Z@™ " —0@Z1l<tloes’ —72+Se’ —e1-Si
W1l>Ze™~"—@Zdl'—' e’ —el’— S——Se« '~ —1F Chedhit"didedses-—caubel
<01 o—ed1'—1720@Z—EZ818>2172721+"1S1E " -™eZi1Z287 "
host immune response (Figure 3).

[l —e’ <" E1>Z®@ eS—EZ1-ZE'S— -0

T e—@1S>Z1—"e">"" 701> Z®@'eeS—ele"1S—' " E®dLI-S"-
in implanted devices, where usually the most viable solution is replacing the device entirely [ X] X



7KH ,PSDFW RI %LRILOP )RUPDWLRQ RQ :R’
KWWS G[ GRL RUJ LQWHFKRSHQ

"eele’eZ>Se75Z1 E eZ®e1'Z1Z{"™ ¢ -Z>'Elrz«®eS—EZ10
ES70Z171S—e' ¢ " EL1>Z2 " @+S—EZ51S—P herigmdsHeP$ wutin:
— 7S¢’V ZeC E'S>e7¢1See’ —Se71¢'Sel7Se’sCloee” ®le'Z1le 7
cosides [ X XX, YX]

~ZYZ>81"-Z21e™ZE’ E1™S'H>el elS—e'<’Te' ErlS—eloe ™
> TiSE’—1S—+1S-—™ @’ pmeumbniagfifamin through S. epidermidi$ 1 &’ ™ »
cin through P. aeruginosaand tetracycline through E. coli illustrating that although the EPS
does contribute, there are many more factors, related to or independent from the EPS, tha
contribute in sum to resistance [ X]|

“"eZ1e'Z1 le"Zoel'—eZZelee le 7@ T—1"e1lS—e'<'"EHL
SEE7-70S¢71S—el1"eele' 71" 7Z—e' —el1 ™MSe'"e7 01 «P @etugihos
with tobramycin, despite the alginate produced. An important role, then, of the EPS is not
(O "TE" —e1e'Z1S—e'< " EBLcZoles” —el'e@1lZ ZE+1S—+1Se.-
prepare. Antibiotics, for example, can stimulate the production of additional EPS in S. epidet
midis, E. coli and P. aeruginosd X]

>Z1®@™ZE’ ESee¢81S1YS>'ZeC1l el S—e'<’"e’Ewrlee—2Se’
production in S. epidermidisand beta-lactam antibiotics upregulated cpsgene expression inE.
COlidL ™ >"—"e' —ele'Z1™> ez Ee’"—1 ¢l E "« —" EL1SE’'*01< +1S>.
respective species. As forP. aeruginosaimipenem stimulated alginate production and the arr
o/—71 Scele " 72—ele"1l'— 7272—EZ1" e—1>7Z@'cdeS—EZ1+"1S—"
T Bl ET—e 2 Z—1<SE*Z>’S1E " —®>2E-1S!
—ele'Selee” ®1I«SE+Z>'Sele’' V' " —1S—+81Sc!
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SEeH>ele H1IE S — ELle'eZ2S00Z1S—e1S—e' "' El>Z00'eS—EZL1'—1< " s—ce

Factor Function iS—™eZce

EPS Block host detection of bacterial Alginate in mucoid P. aeruginosa
S—e'eZ—®d1'— S——SeH¢1>Z@™"—®Z81S5S—-1
Z ZEe1"e1lS—e' " Ee

“eZE7+551-7 e el —  Kstabl&hésehrbnic infection and S.aureusl '~ e—e1'—™S 51775,

immune modulation el Teel’— S——Se7> ¢ heign®sd e ¥doel’ -™S > 177
and wound healing

Genetic changes Genetic diversity, exchange of virulence Horizontal gene transfer, eDNA, phage
factors and antibiotic resistance genes infection, transformation

Escape behaviors Promote establishment of new colonies S. viridansseeding from dental plague to
away from site under antimicrobial or endocardium
'——7—71®t®+Z-1S4SE"

Persister phenotype Increased resistance to antibiotics E. colipersister genes glpD, glpABC, plsD

Stress response genes Increased resistance to antibiotics E. colirpoS gene

Environmental alterations Reduction of bacterial division and Low oxygen, nutritional state
susceptibility to antibiotics targeting —E>"Z =YY" ——Z—el Tet 1"
division

Table3.1 ZE‘S—'e—e@1<tl "E ‘1™ o—1eZSele"1EH>"—' E1e'0Z2S3®7Z2d1 '**1See"
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For example, E. coliincreasescydAB and b2997-hybABCgenes expression. Along with this
micro-environment, bacteria establish a stationary-phase state and express stress respons
« 7 — EozdlilincreasesrpoS expression, while P. aeruginosancreasesgroES dnak, catalase
katA, and katB[ X]}

T e—1<SEZ>'S1Se@ 1’ —E>ZS0eZ1e'Z1 ™ ™M7eSe " —17elee”
individual bacterium that can resist antibiotics. In E. coli glpD, glpABC, pIsD, are critically
involved in persister development, as well as chromosomal toxin/antitoxin genes relE and
hipBAT1l '—See¢d1'Z257218>721Se@"1e™ZE’ E 1ndVBin P aerugihd¥aliat
E™MZE' ESeeCl1eS>eZ¢1EZ>+S —1S—e'< " |HabldB).—1+""1ES«

6. Diagnosis

SEeZ>'2-1"eeZ—1e"1—"e1™3707Z—e1™7>5Z¢¢1"—1S1™eS "0
¢S —181-"je2>Z1 1" ¢'i1 S EL1E>'*Z>'S17ele'Z1 ™77 —-]
Singh[19p1S —e1’ —Ee7eZ1e ' Z1e ee™ ' —eflOWU1<SE+Z>'S1S>71S=
examined, bacteria are organized into groups surrounded by EPS, (3) the infection is isolatec
+"1S1™S5e’E2eS55>15>2S81S—10Z0Ule'Z1" —eZE""—1'1le’ EZ
eradication when in planktonic form.

Current diagnosis of wound infections is based on the bacterial side of the infection, rather
'S—1e'71'""eele’*eZ01E2+27>S<¢+7Z1 ®l'ele'Z1-"®*1<Se’ E
to only culturable bacteria[ X _pil ee’e'"—See¢31S0e1<'~ ¢e—®@1S>721S—1"
<SE+Z>'S1'—1'Y ' —el'"ee®@dl el' @le’ EZesle"1eS-™eZ1S1c
©'710S-721¢" +—1"49)L EZee2>571y

725¢'725-">281S1®'s—" ES—e1S-"7—e1"e1¢" e—@1E"—S’ —
S—+1S1-Si’'-7-118s XJVROR surpasses this limitation and allows clinicians to
detect unculturable species, but the severity of the infection cannot be assessed in a multi
species infection [X _pil ‘Z>Z21‘Se1See™"1«ZZ—1e7ZEEZerl —I
aeruginosan CF patients by measuring the ratio between two quorum sensing messengers
[19]. Autoinducers indicating virulence factor expression is another proposed diagnostic
measurement [18].

Newer proposed tests measure the host side of the infection beyond clinical assessmen
‘2521 21S™M™MZS,S—EZ17e1l'— S—-SeHr¢le's—e1ES—1<Z:

upcoming methods of diagnosing and assessing the severity of chronic wounds revolve

S>"7—e1-7ZSm®7>'—el'"@el — S-S+ >¢1-S>"Z>@1yX_

However, tests must be designed around each individual species’ unique course and pro-
¢Z17¢1’— S——Se">¢1-S>"72>81S0el Z++1Swle'2172—"8221>7

—857751e72YZ@1S—<1Y "> 7« PacRifiodsexhibis theldWea ddcterial counts but

the highestIL-1 and TNF- response, as compared taS. aureusand K. pneumoniag¢ X XX]Y
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J]il S—SeZ—-Z—e17elc'™ o—

Even though there is not a standard debridement type, frequent sharp and mechanical debride -
~72—1'SYZ1<Z2Z—107esZ®eZ*1S®ele'Z1weS—+S>e1e572Se-7-
Z™1e"1YV-1yYVPLl el ™ o—1'—eZEeZel "7—el1E —e'—77°1
other options are being considered, such as biological, enzymatic and autolytic [ W, XY A33].

ZE'S—"ESeleZ>'eZ-7—+1"—VY"eYZ0R1le'Z1S™MMe' ESe’ " —1"e]
7S¢ —e18—el15700"eYZ1e'Z1¢" o—1"—eZE+'"—1YyWXpil “>127;¢
against P. aeruginosd «<'~ - ce]1Additionally, antimicrobial coatings, on inserted devices,
¢">172iS-™e781 ES—1‘"—+Z>1 <] Shatp-debriflernent, by Xdntrast, involves
scraping away at the wound with a sharp instrument to remove necrotic tissue [ W.>XB8eyond
©Z2¢>' 072 -7—e831-S—C1"e'Z>152Se—7Z—e1-"eSe’e’ 71l 51" o=
molecular solutions, energy-based interventions, and new topical medications.

'YZ—1¢'Z1E —™eZil’'—eZ>SEe""—@1<Ze 2Z—1¢" ¢+-1<SE+7Z>
secreted signals and toxins, and the host immune response, there are understandably man
—"eZ@E7eSsl@ ez’ —@le 1z ™o  —ele' 71T 015 —e1 ™,
—"—e1e'Z®@Z81 Z1'SYZ1e'Z1le"ee™ '—eij

» Furanone, a substance structurally similar to a class of quorum sensing signal produced by
the marine alga Delisea pulchrahas been successfully used to treaV. harveyB. subtilis and P.
aeruginosd <’~ e—@il 7>S—"—Z1SEelc<Cle’@>Z2™e' —e157">7—1]ce

 Patulin, a molecule found in Penicillium extracts has the ability to disrupt quorum-sensing,
S—e1Se@™1 Sel™>"YZ—1+"1R.ALHQIAGESR Y Zd-Sle™ Yo B21S>¢1' -
mouse model, acting synergistically with tobramycin [ X]}

« Farnesol, produced by C. albicand. 'ce1Z ZE+’'YZ hFe Bl « teedel«¢1 E~-T
e 1-Z->S—Z71"—+Ze5'¢¢81See’e’ " —See¢dl el — E> MR®Aand
methicillin sensitive S. aureud X]

e >@ T ELISE +31S1—Se75Se1™«SPactinosIHaddyRndE: tolie 57 ™
via a mechanism that is not completely dilucidated, involves several bacterial metabolic
activities except quorum-sensing [ X]

« Staphylococcal accessory regulator éarAll 1 Soe1<ZZ—1'eZ—e’ Z¢1S0e1S1”;
¢"5—Se’ " —81S—e1e'Z572+"5721° @81’ —17Z ZE+HL1S1™ eZ —e'Se]
S. aureusand S. epidermidid Z | ™M Z>'Z —@EZele' —'eZe1 '~ e—1e"5-Se’"_1
bility to daptomycin [ X[

e 1 1'—1 ™S>’ E7S>81 7271 1’e01 ™MS>e’'EZ2eS515S5¢1"
>Se*Z51¢'S—1S1lae>"—ee¢l’'— S——Se"5¢1 W1>Zee™ —eZd1-
lating such a response usingEP671 ES—1™>72VYZ—+1 1<’ e—@lZ—e":

17 e—1¢Z2472>1¢'S—1S—e'¢""e’Eoel " >1S+—" —FR6FisSr CDSE
Se"—'eele'Se1E"—YZ>e®@1S—1 X1>Zoe™~"—@®@Z1«¢1'—E>ZSc
™~ e7EZe1S—e1l'—E>Z2SeZ®1e'Z1™ 7 _—ECL1 *+1-SE>T™" S,
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e WT—ZEZ'ELSE'l 1'—"<e’—el™MZ™Me'e7Z]1(0 Ul'lS1™
Sl el —"cem@le'Z21872>72-107Z—0e’ —-+1— 738 RPESimeht Zcdet
erates wound healing in S. aureusand S. epidermidid <’~ e—c 1" 1787Se1¢'Se
“7—eeil 1Se@"1Zi"'< el —E>2SeZ1Z ZE+1l ‘Z—1E <’
of S. epidermidisnfections in devices [ X]}

e Q,S-"—"1SE’+@1’ e1S10, ™ Z-@GrosiEe] -QquUcile; -Otw/ptophan-antl QAmethi-
T—'—Z71+'Sele"5-1S1eSE"5>1'Sel Scel >aele"z—BeSubfils Znd
later on tested on P. aeruginosand S. aureusin S. aureusanother combination ( Gphenylal-
anine, Qproline, Q,*¢> e’ —Z0U1 Saele 2—ele"1<Z21-">217Z ZE+'YZ1
SEe'"—1'leSreZeZele”1e'Z1e>” o°10eSe/357Yh¢'™ o—1e">-Se’

However, treatment cannot only consist of quorum sensing inhibitors or interventions that
®™ZE' ESee¢leSseZele'Z1¢” ¢-831S®1<«SE+Z>'S1ES—1cee’ .-
T CE —1'1e'Z1S—' T ELTIE T EZL-"e1Z ZE'YF1S-S

Energy-based therapeutic options, such as ultrasound, are another viable option for treating
<7 e—eOR€erdginosd <’ +—d1eS’eC¢17>1ZYZ>¢ 17 Z>1eSC1e” 15274
Y721 —152¢7E —e1'— S——Se¢’"—1S—+1’'— ™ yY]¥Additidndl fesearchhss
Se@ ™1’ —VYZee' eSeZele'Z1S™M ™Mo’ ESe’'"—17ele’ Z57Z—ele " ™ E
"7—e1'72Se’—e01¢H>172{S-™eZ81 "Fautud ¢ «2®LZLZ cele
desiccation or the application of honey or molasses on the wound site compared to saline.
Zi''<'e'—ele>37Se7Z51e5S—7eSe’ " —1e'0e2Z21S—1ZE&>2S®eZ1"-
of air or osmotic agents in drying the wound [38].

8. Conclusions

T—e>S e’ —el "e'lesZ7, "Se’—e3LSEZeZC1l —eZE' 71 ™S-
aggregated colony of bacteria, usually of multiple species, that produces a protective EPS anc
establishes a microenvironment within that is conductive to survival and ultimately leads
to chronic infection in the form of kidney stones, pulmonary infections, endocarditis, and
cutaneous non-healing wounds.

When exposed to environmental stressors, bacterial undergo genetic changes that pre
—"eZ1 <7 e—1 e 5-Se’ "1 "7 e—©1S>Z1-SeZ17™1 el —Fes'™
proteins, extracellular DNA, and water/biosurfactants—all which have unique structural

S—ele7—Ee'"—Sele>S’e@le'SelZ®eSce’®'Z®le'Z1<™ «-1S-
cause of chronic cutaneous wounds, due to the secretion of signals that inhibit a proper
‘Ceel'——2—Z1>Z2@™ " —@Zil "eZ1ZSE'1e™ZE' Ze 1< -1
—-S7"Z2,2™M31S—elsZ@™ " —@©Z1e"1S—e' " E®dL<” o—e1S557Z
Z@®'—elS—e T E®elezZleT1e'Z1  1<e"E" —ele'Z1le e T—
duction of a microenvironment conductive to gene transfer, metabolic slowing, selection
©"51'S>e’ 751 — 'Y ' e7Se@BLS—ele'Z1eZYZe"™M_Z 1717 E
elsewhere in the body.
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T e—e1SH>Z1Ee —"ESeeCle’Se—"@Zl '¢'1e7751<Se’EL1E>'*Z>
T EL>Ze’eeS—eil ;meZee®e—Z—1 "'l eeZ>1E 7002521 -7""
—Ze'"e@1eZE'1S®]l 1S—eleZeZE+'"—1"e1-"eZEZ7+S>1'— S—-
products are more useful methods of diagnosis. While the standard treatment is frequent and
SeesZoe®'YZ1eZ<>'oZ -7 —e81e'2521S>721—20¢"™e71-"eSe’e’Z@]e
enzymatic, autolytic, and mechanical—with newer molecular treatments in combination with

traditional antibiotic therapy showing promising results.
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