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Background : Methicillin-resistant Staphylococcus aureus (MRSA) may cause infections during
wound dressing. We aimed to compare the antibacterial activities and wound-healing effects of com-
mercially available silver-coated or silver-impregnated wound dressings on MRSA-infected wounds.

Methods : Full-thickness skin defects were made on the back of rats (N=108) and were infected
with MRSA. The rats were divided into the following 6 groups according to the dressing used for the
wounds: nanocrystalline silver (Acticoat®), silver carboxymethylcellulose (Aquacel®-Ag), silver sul-
fadiazine (Medifoam silver®), nanocrystalline silver (PolyMem silver®), silver sulfadiazine (llvadon®),
and 10% povidone iodide (Betadine®). We analyzed the wound sizes, histological findings, and bac-
terial colony counts for the groups. We also inoculated the silver materials on Mueller-Hinton agar
plates containing MRSA and compared the inhibition zones in the agar plates.

Results : The order of the rate of wound-size decrease was Acticoat®>Aquacel®-Ag>PolyMem
silver®>Medifoam silver®>llvadon®>Betadine®. The histological findings revealed that the Acticoat®
showed more reepithelialization and granulation tissue formation and less inflammatory cell infiltra-
tion than the other materials. The order of the time required for wound healing was Acticoat®>Aqua-
cel®-Ag>PolyMem silver®>llvadon®>Medifoam silver®>Betadine®. The bacterial colony counts reduced
in all the groups, except in the Medifoam silver® group. The order of the size of the inhibition zone
was Acticoat®>Aquacel®-Ag>llvadon®>PolyMem silver *>Betadine®>Medifoam silver®.

Conclusions : Silver-coated or silver-impregnated wound dressings can be used for treating MRSA-
infected wounds. Considering its superior efficacy in comparison to the efficacies of other silver-coat-
ed or silver-impregnated wound dressings, Acticoat® should be preferentially used for the treatment
of MRSA-infected skin wounds. (Korean J Lab Med 2010;30:20-7)
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Fig. 1. Antibacterial effect of silver-based dressing materials in
Mueller-Hinton agar. The antibacterial effect was evaluated by
measuring the growth-inhibition zones on the agar plate. After 24
hr, additional inhibition zones were observed along the edges of
the dressing material.

Abbreviations: Ac, Acticoat®; Ag, Aquacel®-Ag; P, PolyMem silver®;
M, Medifoam silver®.
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Fig. 2. Error bars indicating the standard deviation for the antibac-
terial effects of silver dressing materials (Acticoat® [Ac], Aquacel®-
Ag [Aqg], PolyMem silver® [P], Medifoam silver® [M], llvadon® [l],
and Betadine® [B] groups) in Mueller-Hinton agar. Statistically
significant differences were observed among the groups (one-
way ANOVA, P<0.001).
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Fig. 4. Histological findings in each group (hematoxylin and eosin stain, x 200) at 10 days .
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Fig. 5. Mean wound-healing grade by day and dressing groups
(Acticoat® [Ac], Aquacel®-Ag [Aq], PolyMem silver® [P], Medifoam
silver® [M], livadon® [l], and Betadine® [B] groups). The differences
among the groups were statistically significant (Kruskal-Wallis test,
P<0.001).
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Fig. 6. Mean number of colonies (x 10° CFU/mL) by day and dress-
ing groups (Acticoat® [Ac], Aquacel®-Ag [Aq], PolyMem silver® [P],
Medifoam silver® [M], livadon® [I], and Betadine® [B] group). The
differences among the groups were statistically significant (Kruskal-
Wallis test, P<0.001).

safolof she Baate] lom ARS AN AL 43

N
o] oFAFS W9l on Medifoam silver®S A9k t}2 =4l
AAEol HIshA et D AAA G Bp7E HolAl= P
B},
2 AtolA] Zefe-Egt & =44 AlAQI Medifoam silver®
Pt 7129 EeE E &
78

A/ AAlE BAEHE Y] S8 e rAISHEA A A e
2

r

el 5% wu e
2

o}

E o

e [

L
o
o
%0
£
=
at
5
=
[}
o
:
Q.
=
g
®
rlr
N
Py
1o
&
5

QAo silver sulfadiazineS #7}ste] L HEHo|
o8 F5EE =0)7] 9Jell Medifoam® AAS] A3
o= oL thAl ol EAste Eel e nlA Y]
3715 50-100 um= A7 stof FuA|E7} vjA] g ¢ho=
Apet Sol7HA] Fete R Aol 4] ¢l SHAAL silver sulfa—
diazinesr B4 1 St 0] of gt A7 eSS}
RTH18), 2y & Lo A= MRSAC it &t A7} sil-
ver sulfadiazinet®5t of 2t HlEtH e} B 22 A o= et

Wom AJAAG mIel| M= AAHA Y i silver

=

et
.

N




Silver Dressing of MRSA-infected Wounds

sulfadiazine Lt} WhE 202 LEREAIRE A4A] o] 224 Ate]
e G5 ol o ol AAAf a5l oAl Aoz U
EPT} O|AL silver sulfadiazine 5%9F & S|4 A|AY
S nte] AR WAt & o 2 vt Qlokal Als
=}, &, silver sulfadiazine®] =& =old 7449 o=
FAAR FElo] Wold 7hgAdo] e uw Eel w5 =
g3 AAS] F24 ZAE e Z vt Qlokal AbrEch
PolyMem silver®+ A|&Ae] Wilo] o]stH R G
o 7 g Eejedete s 9E PolyMem®ol] 22
&}o] L(nanocrystalline silver particle) H713F Aoz
EH Ao A= )3t 2 =4 AR Medifoam silver®7}
2l HiEtd el vl MRSA®l el &<t muke} A 25l
a7} AL Ao H|F PolyMem silver®= a3}20] oz
UrERstTE, of2|gtk Apol7h Ze et & el Aol S sil-
ver sulfadiazine¥} & U= UA} 7k MRSAC thdt &t &zt
9 AR A froll thigt 2fo7F Q1Y 7Hs/dol ot AfolE B
o= elo] thgt 4= & o BaT Zor ArHch
Acticoat®= 359 Z]|o€dl w4{(polyethylene mesh),
U 2(nanocrystalline silver)t 27 9] #lo]-& Z&]o|AH|Z2
(rayon polyester)= % 0] Q= ol 7idE 2 et
W2 Sl AA 5 shelthld], Y ol A&H w2 dA
e FEo & o2 Agrofl Hlsto] AtjAlor Yteo] st
A AFAIZE AL Ag” FHE WSO R A o] TSt
=(halide)?t ARsHA] ghob & Aol HlE/dsl=#] ez
Ag" FHIE 7|22R st AIAEY] Hilo] Bk Ao =14,
19], & Aol A Acticoat®7} THE 2 o EEA AIAIER
T} MRSAO| sl gFwtast 9 A2 a7t o 2 Zlo=
Uebgtt, Jeju AERS F4sks mul) glo] 2aF SaElAo)
Zashil SRR EYAe Aldsks BHE] slon =eA
Sof] 2pAo] wl = ko] qlct,
Aquacel®-Ag: 7129 Aquacel®o]] &
O 7 A|zAte] oA AEEs S475te] hydrofiber7} <=
FHTEO] Al & o]2o] WEE o] gt avtE UshA &
7] £9] Aquacel®0] ZL Q= A 9] 5830 24
W A] FFo] Ao Alasido] Arks S A4
o9 Ftanr} Brhe =4 AAlelt Aqua—-
cel®~Age 3 Aol 2835198
Hlgl] 25 5 S50 okl =gl Aef AlZtolu wA 8l
T7F Aol 74AtH] aut oA 95k FE e Yot 2
= Qlew[20], S, aureus®t Pseudomonas aeruginosa®l
i3l Aquacel®-Ag, Acticoat®, PolyMem silver® ¥ t}2 &

ol o] 3HgEll 9)

o rr
>)i

fr
M ow &

o
=)
x
r[o o>~

1011
u

sk

i)

2 uj silver sulfadiazine®]

25

S =l AA Y] 2 e, & e Y A TkE vlalst
S ) Acticoat®7} Aquace1®—Ag9} PolyMem silver®e]| =]}

SHGFo] =31 Aquacel®~Ag7}F PolyMem silver®o] =]}
o] Won] & BFESRS Acticoat®7F 7HE 11 Aqua-
cel®~Ag7} PolyMem silver®o] |3} 2 2M&3Fo] WrA|qt g+t
A= Aquacel®-Ag7} Acticoat®} H]S28H A2 PolyMem
silver®f| H]3] &th= B E QIH21], & AFME S, aur—
eus?} P. aeruginosa®) tigt 119} 7o MRSA®] tiaf Aqu—
acel®~Ag7} Acticoat®<} B8t AE R oA vtel ARG
"t 22 A0 E UEEOH Acticoat®@} SABH Wi &
o] 345 PolyMem silver®2th= ¢ anpyl £& 7oz
257

2 AFollA MRSAY] TEE Ao e & o Eal
2 Xﬂxﬂﬂ EHZI—EL‘H “ﬂE} LE‘:} 9]0}71] “’X% X]‘IT anrksle

rlo flo

o] MRSA #5] 1‘415} Aol JEe= Z% d
4 Zol 7} AAARE Acticoat® = HE FFEA]
et anE Ve AR YEhen v
=4 A1 Acticoat®2} PolyMem silver®7} silver sulfa—
diazineo] g9 Ed14 AAI Medifoam silver®$} Ilvadon®
Hep o aypAQl Ao yeptou® vl 2o] a7t Q&

O 2 At

2ol Lhe QRS o] &1t thefRt At7t o] FojR|aL §lof
MEA © 2= AR ZA] chekel fofollA] gol 38511

AL EFF - EAE0] Ule YA FEIE TSl A theket
Ato] o] =L Qleh, Ty 5440 e S| A3t
2 Atoll ARGE AL Qle}, & Uie YRR A A FAel 7t
SR AR YA 7|2 QlSto] Al FH O FE= Zlo]
Golsithz oA BESHA Aol 78 Wol ARE|AL §l
tH22l, E3F 2 A7 7= FHold ehelsdat s/ ant
ot tEo] Uie A7t 7= BateEo] FHAA 2 A
A7) 7] AE2A 11 7hs/dS AFRE QIoH23]l 182
2 % a2 g =aA AAE N g olegt
Tx2 4 *é@oﬂ EHEH St HEZH QT 208 Al

Hol & 4 Edol S42 ekt Mo 51 3
71405 Qo] ofd Qg wlx Ao dhali obatA] &
24wt gleH1, 241, B ATONNE AR AN 5

o+ =84 A= IS Acti-



26

= 035% %'BH < Bh Zald AA S MRSAO] thgt f% g
Qlehe o] A hehikA et futa]

AAe] A, & ghe =) obag o XWP—% 214
o 71291 Q717 AT

alo] ALATE HZ31E o] WastHo *h?n%
4 %% MRSAoﬂ 71-0:1 = M;q G

et O::_|

‘—Q

e W ZA AT
E sl yog o kg =i AA7 aatdo]n Tkl
AREE I Q= 2 B S84 AIAE § Acticoat 7t et At
U AFA Aol 1ol apAolnt, e H A o2 AAE At
© o @o] ARH L Al & Sl AlAll 2 AR &
o
o

2 F B AAE S U & dAF o
PolyMem silver®= MRSA 7+ A 2|4 237} =

© 2 YePto Acticoat® Aquacel-Ag®H = A3k} Xj,
& Aoz Yehtow silver sulfadiazine®] -4E Medi-
foam silver®= HjA|E o]8-ct ghate HAol|A Z¥7} Ae ¢l
Loz Yehygtt & 3k sEA] ARE & & At e
H AASESG Ule = AA7E e AAlEol detat 2 A
A2 B o F2 202 YERIATE Ui 2 QAL 3
H =4 AlA F Acticoat®= A 2 o] 20] T-H Aqua—
cel-AgPHL} a3y} £& Ao YeRtoL; PolyMem sil-
ver®e A7} A& Ao g Uit o] 22 & 54T hy-
drofiber A|A|2] Aol ot Fataat 2 AFAFaTE U
Eh7] f1%t & 0134 48717 apo] fiZel Aog AlmEE
= ARl & ot Sl AlAY) A Rl ek Atel&
g P arh okl AbrEe, ek A 7 A kgt
Sl AAS] Ag-sh= oFeol AAl dAdellA AR E= ot &
o7 gleng & o Avt Bad Aow At Et *E'Zﬂ
el 283171 HlliAl= SAARE ARt A AR 2 2
A9 ofg] 7] 281 sk Aol Fasilrt

o E
i}

JO

HHZ& : Methicillin—resistant Staphylococcus aureus (MR~
SA= A EdAolA EAI7E He Aletolt), AU oz A

G5 o o= AAAAE ] MRSAY 7HIE Aol A 3
FET L A A5 o] el vl walaz} sheict,

=

g : 108u)E] Fo] Sof AEu|RALsS

o
TeE

L

A5} MRSAZ

519ch 5L nanocrystalline silver (Acticoat®),

Jong Hoon Lee, Jeong Don Chae, Dong Gu Kim, et al.

silver carboxymethylcellulose (Aquacel®-Ag), silver sulfa—

diazine (Medifoam silver®), nanocrystalline silver (Poly—

Mem silver®), silver sulfadiazine (Ilvadon®)¥} povidone
iodide (Betadine®) w22 o] EglAJaqict, 44 27], =
2 a4, At AgteE EASHIT ZF oA o=tES Mue—
ller—Hinton #jA|f|A] A2 B7}Fs}3ict,

Al : A 37]E Acticoat®, Aquacel®-Ag, PolyMem
silver®, Medifoam silver®, Ilvadon®, ®lE}d#2] &0 2 7+
askglet, 2224004 Acticoat®wo] T w0l Hlsh A
gt gl Fofx2] /o] F3lst e FSAIE Hiol A3iH
AAA| - EIR= Acticoat®, Aquacel®—Ag, PolyMem silver®,
, HIEPd S o= F0Th At
A2k == Medifoam sﬂver®-7~ A LJet e ol A ZHAFIT)
AA|tl+= Acticoat®, Aquacel®-Ag, Ilvadon®, PolyMem sil—

r® HlEld, Medifoam silver®w =02 34| Vel

A& 2 T S AAlE MRSA s AAE A=

skt f-8-5H *FQQ T Ak 2 Aol LRt Tt &
S S AAIES vt Aatol] whet Acticoat®= MRSA

of AAH FHE X]EE}“C‘E” T A T = S Ao
A,

Ilvadon®, Medifoam silver®

d Al

2 =il AR AAAE S ARSI olsi Al /=

atnes

1. Kim HB, Jang HC, Nam HJ, Lee YS, Kim BS, Park WB, et al. In vitro
activities of 28 antimicrobial agents against Staphylococcus aureus iso-
lates from tertiary-care hospitals in Korea: a nationwide survey. Anti-
microb Agents Chemother 2004;48:1124-7.

2. Hernandez R. The use of systemic antibiotics in the treatment of
chronic wounds. Dermatol Ther 2006;19:326-37.

3. Attinger CE, Janis JE, Steinberg ], Schwartz J, Al-Attar A, Couch K.
Clinical approach to wounds: debridement and wound bed prepa-
ration including the use of dressings and wound-healing adjuvants.
Plast Reconstr Surg 2006;117(57):572-109.

4.Jeong TK and Yang HJ. Effectiveness of nanocrystalline silver (Acti-
coat”) dressing at wound infected by multidrug resistant bacteria. J

Korean Soc Plast Reconstr Surg 2007;34:691-6. (%33 el] 4 oF & 2]. THA]



Silver Dressing of MRSA-infected Wounds

=

o> o

A& A w30l 4 H A& of A nanocrystalline silver (Acticoat®)

o] a8 thehdF 91 2ete] 2] 2007;34:691-6.)

5. Lowy FD. Staphylococcus aureus infections. N Engl ] Med 1998;339:
520-32.

6. Kim JH, Park MC, Lee IJ, Park DH. The use of vacuum-assisted-clo-

Iy

sure therapy for the treatment of Methicillin-Resistant-Staphylococ-
cus aureus infected wounds. ] Korean Soc Plast Reconstr Surg 2006;
33:632-6. (159, ¥8H, ol QA HEs) WAL A 2kt
A A A= Glof Ska e 99, gt g el 7kete) 2] 2006;
33:632-6.)

7. Hartman B] and Tomasz A. Low-affinity penicillin-binding protein
associated with g-lactam resistance in Staphylococcus aureus. ] Bacte-
riol 1984;158:513-6.

8. Lansdown AB. A review of the use of silver in wound care: facts and
fallacies. Br ] Nurs 2004;13(56):56-19.

9. Lansdown AB. Silver in health care: antimicrobial effects and safe-
ty in use. Curr Probl Dermatol 2006;33:17-34.

10. Jones SA, Bowler PG, Walker M, Parsons D. Controlling wound bio-
burden with a novel silver-containing Hydrofiber® dressing. Wound
Repair Regen 2004;12:288-94.

11. Bowler PG, Jones SA, Walker M, Parsons D. Microbicidal properties
of a silver-containing Hydrofiber® dressing against a variety of burn
wound pathogens. ] Burn Care Rehabil 2004;25:192-6.

12. Supp AP, Neely AN, Supp DM, Warden GD, Boyce ST. Evaluation
of cytotoxicity and antimicrobial activity of Acticoat® burn dressing
for management of microbial contamination in cultured skin substi-
tutes grafted to athymic mice. ] Burn Care Rehabil 2005;26:238-46.

13. Dunn K and Edwards-Jones V. The role of Acticoat™ with nanocrys-
talline silver in the management of burns. Burns 2004;30(S1):51-9.

14. Mooney EK, Lippitt C, Friedman J. Plastic surgery educational foun-
dation DATA committee. Silver dressings. Plast Reconstr Surg 2006;
117:666-9.

15. Weber RS, Hankins P, Limitone E, Callender D, Frankenthaler RM,
Wolf P, et al. Split-thickness skin graft donor site management. A

27

randomized prospective trial comparing a hydrophilic polyurethane
absorbent foam dressing with a petrolatum gauze dressing. Arch
Otolaryngol Head Neck Surg 1995;121:1145-9.

16. Wells MD and Kirn DS. A new method of skin-graft stabilization:
the reston technique. Ann Plast Surg 1995;34:554-6.

17. Salisbury RE, Bevin AG, Dingeldein GP, Grisham J. A clinical and
laboratory evaluation of a polyurethane foam: a new donor site
dressing. Arch Surg 1979;114:1188-92.

18.Ha TS, Cho YS, Kim DH, Hur J, Chun W, Kim JH, et al. The clinical
effectiveness of Medifoam-silver in burns. ] Korean Burn Soc 2007;
10:65-70. (3tel<, 284, Awd, 31, A, AEE 5 A v
F- AT HE-5)2] AgA F-84. divteldehel#) 2007;10:65-70.)

19. Atiyeh BS, Costagliola M, Hayek SN, Dibo SA. Effect of silver on
burn wound infection control and healing: review of the literature.
Burns 2007;33:139-48.

20. Caruso DM, Foster KN, Blome-Eberwein SA, Twomey JA, Herndon
DN, Luterman A, et al. Randomized clinical study of Hydrofiber
dressing with silver or silver sulfadiazine in the management of
partial-thickness burns. ] Burn Care Res 2006;27:298-309.

21. Parsons D, Bowler PG, Myles V, Jones S. Silver antimicrobial dress-
ings in wound management: a comparison of antibacterial, physi-
cal, and chemical characteristics. Wounds 2005;17:222-32.

22. Catledge SA, Fries MD, Vohra YK, Lacefield WR, Lemons JE, Woo-
dard S, et al. Nanostructured ceramics for biomedical implants. J
Nanosci Nanotechnol 2002;2:293-312.

23. Chae CH, Kim JY, Kim MJ, Chung H, Kim SH, Oh HW, et al. The
therapeutic effect of silver nanocrystalline ointment on TMJ capsuli-
tis. ] Kor Oral Maxillofac Surg 2006;32:262-6. ( H% 3, 1FY, v,
eSS, 2885 2 U A Srslofid g d o et A=
off w2z ol ket A et erek 9446@111 2006;32: 262-6.)

24. Paddle-Ledinek JE, Nasa Z, Cleland HJ. Effect of different wound
dressings on cell viability and proliferation. Plast Reconstr Surg 2006;
117(S7):5110-8.



