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Abstract

The aim of the present study was to evaluate the tagty of the NAWAIlution WoundCare ©
solution on various bacteria and to determine itstability for use in critical care units. The
effect of the antiseptic solution, NAWAIutior?’ WoundCare(NAWA Heilmittel GmbH,
Germany) was evaluated with and without the additia of albumin, using the broth
microdilution method. A total of eight gram negative, four gram positive type bacteria that
may be isolated in an intensive care unit and spofi®rming bacteria Bacillus spp., as well as
C.albicanswere studied.E.coli, K.pneumonia, E.faeciumS.aureusand ATCC strains were
used in the study. In vitro cytotoxic activity of he NAWAIlution WoundCare® antiseptic
solution was determined by 3-(4.5-dimethylthiazol-¥1)-2.5-diphenyl tetrazolium bromide
test. NAWAIution WoundCare® was found to be effective against.pneumoniae at a
concentration of 1/32; againstA.baumanii, P.aeruginosa,Chryseobacteriunspp, S.maltophilia
and Shewanellaat a concentration of 1/64; and againsk. coli at a concentration of 1/256.
However, no activity was observed againsB.cepacia The substance was effective against
MRSA at a concentration of 1/64; against voncomychnesistant E.faecium vancomycin-
sensitiveE.faecium and Bacillus spp. at a concentration of 1/128; against methidih-sensitive
S.aureus and methicillin-resistant coagulase negative staptococci at a concentration of
1/256; and againsiC.albicansat a concentration of 1/256. However, NAWAIlution VéundCare
solution at a concentration of between 1/10 and 1380 had no cytotoxic effect on the Vero
cells. In conclusion NAWAIution WoundCare® antiseptic solution was found to be effective
against many microorganisms that could cause wounthfection, and is also appropriate for
direct topical application.
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Introduction tions can cause delay in the healing of woundsjgpar

larly after surgical operations. Despite the adeanin
In the human body, the skin is the first line ofestee  modern surgery, wound infections are still of Siigaint
against pathogenic bacteria [1]. Skin and softigssfec- concern, in hospitalized patients specially thoserttical
tions are very common among humans, specially §plho care or intensive care units. These infections etsor as
tal settings after various interventional procedudtie to nosocomial surgical site infections thereby sigaifitly
the entry of pathogenic microorganisms as a result reducing the success rate of surgery [3H#je rate of
pathological processes or disruption of skin iritgd®]. nosocomial infections occurring in these patiestsigher
Wound infections can manifest as minor complicatjon than the rates observed in patients hospitalizedthier
but may also have life threatening consequences tunits. For this reason, infections occurring inigas
counter measures are not taken timely [3]. Wourelcin  housed in these units constitute a higher riskaofiage
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and disease transmission [Hjfections occurring in hos-
pitalized patients are often severe, prolonging tteat-
ment period, causing additional costs, as wellnaseas-
ing morbidity and mortality [3,6]Antisepsis and disinfec-
tion with reliable chemical substances accordinghi®
instructions is a key factor in the prevention wéls infec-
tions, halting the spread of pathogenic microorgasi
and eliminate foci of colonizatiof,5,7]. A topical appli-

Yanik/Bilgin/Karadag/Unal/Odaa/Kadi/Esen/Gunaydin

Preparation of Broth and Microdilution Plates
Mueller-Hinton agar (MHA) was measured and diludsd
per manufacturer’s instructions. The broth wasilsted

in an autoclave and left at % overnight before use. The
broth was supplemented with 0.1 ml calcium chlofile
cation adjustmentU plates with 96 wells were used for
microdilution, and 100 pl of MHA was added to each

well. The first column was left empty for growthrtool,

cation of such chemicals prevents the developmént @nd the antiseptic solution was prepared, with ralfi

resistance and the diffusion into the wound sitel also

concentration being 2double the desired conceatraf

toxic side effects commonly encountered with system 100 pl NAWAIlution WoundCarf® (Cocamidopropyl

antibacterial agents. These topical agents arelyvjzte-
ferred in prophylaxis and treatment .[The prophylactic
use of these agents, particularly in wound infextjchas
an important place in infection control [1,7]. Feuch
critical units as intensive care wards, there ismated

betaine Polyaminopropyl Biguanide Disodium EDTA,
NAWA Heilmittel GmbH, Germany) antiseptic solution
was added to each well in the second column tchreac
final concentration of between 1/4 and 1/2048. fihal
volume of the antiseptic solution and the bacterial

number of antimicrobial substances that may be useslispension was 200 microliter, and serial dilutwoas

against these agents and applied directly anddthpito
the wound surfaces [1,8]. Most chemical substatitas
are currently used for the care of wounds do natritee
requirements of an ideal antiseptic due to the fhat
they are not appropriate for topical applicatiom.addi-
tion, the protein-rich structure of wounds decreate
efficiency of these substances and contributesatbebial

carried out across the plate until column 11 andmoo
12 was set as the sterile controls [13].

Due to the presence of protein structures thatedeser the
efficiency of antiseptic solutions, dilutions ofettsame
strains were also studied in the presence of 2@nah

(Human albumin 20%, EczacgdBaxter) at the final

growth [1,9,10].These substances must be made appraoncentration in order to simulate a real life aion

priate for use inside and outside the hospitalrggtmust
be effective against agents that cause wound iofext
be easily applicable and not cause irritation #wound

[9,14].

Preparation of the Inoculum

[11]. The local use of antiseptics circumvents the siddhe microorganisms were incubated in blood sheep ag

effects associated with systemic antimicrobials [Mhe
increasing resistance to antimicrobial agents kaslted
in an increased need for an ideal antiseptic that lme
used topically in wound infections [12].

Our aim was to investigate the effects of NAWAIutio
WoundCar& against various bacteria a@ albicansin
the presence or absence of albumin, and evalsatdilit
ity in critical care units.

Materials and Methods

Recovery of Bacteria

K. pneumoniagA. baumanii,P. aeruginosaChryseo-
bacteriumspp,S. maltophiliaandShewanellE.coli, S.

aureus (MRSA), methicillin-sensitives. aureus (MS-

SA), methicillin-resistant coagulase negative sjdph
cocci (MRCNS), vancomycin-resistari. faecium
(VRE), vancomycin-sensitivé&. faecium (VSE) and
spore-forming bacilliuB.cepaiaiwere isolated in the

at 37C for 24 hours, and each microorganism was stud-
ied twice. The plates were evaluated after incobatit
37°C for 18-20 hours.

Cytotoxic activity

In vitro cytotoxic activity of the NAWAIution Wound-
Caré antiseptic solution was determined with 3-(4.5-
dimethylthiazol-2-yl)-2.5-diphenyl tetrazolium brade
(MTT) test [15] using African green monkey kidney
(Vero) cells. The cells were inoculated on 96-wasll
culture plates at a concentration of 2kt@ll/well, and
incubated overnight at 3Z. After incubation, the anti-
septic solution was added to each well at a conaton

of between 1/10 and 1/2560. After overnight incidraat
37°C, the supernatant fluid was aspirated and MTT was
added to each well. The number of cells was thetuev
ated by measurement of formazan crystals. Theccéll
ture plate produced a reading of 490 nm using ELISA

Results

microbiology laboratory as the cause of nosocomiaNAWAIution WoundCar€ was found to be effective

infection using a fully automatic system (Biomesiu
France). In addition, one strain 6f albicanswas used

against gram negativi€ .pneumoniaeat a concentration
of 1/32; againstA. baumanii,P. aeruginosa,Chryseo-

as rare cause of wound infection, as well as Grarhacteriumspp,S. maltophiliaand Shewanellaat a con-
negativeE.coli ATCC and K.pneumonia ATCC strainscentration of 1/64; and againSt coli at a concentration
and gram positive E.faecalis ATCC and S.aureu®f 1/256. However, no activity was observed agakhst

ATCCstrains.
60

cepacia The data is presented in Table I.
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Table I. NAWAIution WoundCafés efficacy on gram negative bacteria and ATCC dxat

Microorganism

The active concentration

Test medium 1/4 1/8 1/16 1/32  1/64 1/1281/256 1/512 1/1024
P aerudinosa Without albumin - - - - - + + + +
aerig With albumin s s 4w
A. baumannii W!thout alb_umln - - - - - + + + +
With albumin - - - - - + + + +
; Without albumin - - - - - - - + +
E. col
el With albumin - - - - + + + + +
K : Without albumin - - - - - - + + +
pnetmoniae With albumin S i e e
S. marcescens Without albumin i i i - - + + +
With albumin - - + + + + + + +
Chryseobacterium  “Vithout aloumin - T - + + + +
Y With albumin S i .
o0 Without albumin - - - - - + + + +
S- maltophilia With albumin S f o+ o+ o+ o+ s
Shewanella Without albumin - - - - - + + + +
With albumin - - - - + + + + +
E.coli ATCC [25922] ithout albumin _ . i ] i _ + N N
With albumin - - - - + + + + +
K. pneumonia ATCC Without albumin - - - - - + + + T
[254988] With albumin - - - - + 4+ + + +
(+) = Growth, (-) =No growth
Table 2.NAWAIution WoundCafés efficacy on gram positive bacteria and ATCC &rat
Microorganism The active concentration
Test medium 1/4 1/8 1/16  1/32  1/64 1/128 1/256 1/512 1/1024
MRSA W!thout albgmln - - - - - + + + +
With albumin - - - - + + + + +
MSSA Without albumin - - - - - - - + +
With albumin - - - - + + + + +
Without albumin - - - - - - - + +
MRCNS With albumin - - - - - - + + +
Without albumin - - - - - + + +
VRE With albumin - - - + + + + + +
Without albumin - - - - - + + +
VSE With albumin - - - + + + + + +
Bacillus spp Without albumin + + 4+ + + + + + +
With albumin + + 4+ + + + + + +
S.aureuATCC Without albumin - - - - - - - + +
Number: 29213 With albumin - - . . . + + + +
E.faecalisATCC Without albumin - - - - - + + + +
Number:29212 With albumin S fo+ e+ 4
C albicans Without albumin - - - - - - - - +
' With albumin - - - - - - + + +
(+) = Growth, (-) =No growth
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Figure 1. MTT test plate.
1: Blank, 2: Positive control, 3: 1/10, 4: 1/20, 540, 6: 1/80, 7: 1/160, 8:1/320,
9:1/640, 101280, 11:1/2560 dilution.

The solution was found to be effective also agagmatn  directly onto the wound surface that would normddly

positive bacteria MRSA at a concentration of 1/64used only in wound care, raise difficulties in than-

against VRE, VSE anBacillus spp. at a concentration of agement of wound infections [9,10].

1/128; and against MSSA and MRCNS at a conceniratio

of 1/256. It was also found to be effective againsSeveral studies have been conducted evaluatingftihe

C.albicansat a concentration of 1/256. The data is precacy of antimicrobial agents used in wound carey-ho

sented in Table II. ever, the present study is unique in its evaluatibthe
efficacy of NAWAIlution WoundCar® solution when

After analysis of the two gram positive and tworgra applied directly to the wound surface against weio

negative ATCC strains used in the study, the smulvas  microorganisms that are common in wound infections,
found to be effective againsk. pneumonlaATCC and will hopefu"y guide future studies.

(254988) at a concentration of 1/128; agaihst coli

ATCC (25922) at 1/128; againdt. faecalis ATCC  The study has shown that NAWAIlution WoundCare
(29212) at a concentration of 1/64; and agathsaureus antiseptic solution had bactericidal activity agairi5
(ATCC29213) at a concentration of 1/256. The results arglinical and four different standard strains thatreviso-
presented in Tables | and II. lated from patients in the intensive care unit. Bhedy
also evaluated the effectiveness of the solutiorthim
presence of human albumin in order to simulate the
wound environment with the same organisms. Usimg th
same method, the solution was found to be effective

The presence of albumin significantly decreasedeffie
cacy of NAWAIution WoundCar#solution against gram
negative P. aeruginosa,Chryseobacteriumspp and S.
maltophilia, gram positive MSSA and Enterococci. The

presence of albumin had no _effect on the efficaty o), 2009, Dettenkoffer et al. from Germany compatfesi
NAWAIution WPU”dCaf@ solution against gram nega- efficacy of octenidine with chlorhexidine in cateesite
tive A. baumaniiandChryseobacteriurspp.Furthermore, infections over a period of 3 years, and althouggre
the solution also proved to be _ineffective agaBetillus  \yas a decrease in skin colonization, no significaet
spp.The results are presented in Tables | and II. crease was reported in the frequency of infectitinsas

) ) ) ) ) further reported that octenidine exerted less tyxighen
In this study, antiseptic solutions at a concemmabf  compared to chlorhexidine [16%edlock et al. compared
between 1/10 and 1/2560 had no cytotoxic effecthen he effectiveness of octenidine and chlorhexidigairsst

Vero cells. Figure . S. auerus, E. coli, Serratia, pseudomonas and Kupn
monig and reported a lower efficacy agaiBstcoli [17].
Discussion In 2008, Sopatat al performed a wound dressing with

octenidine-moistened gauzes three times a day ipa21l
Wound and surgical site infections continue to pase tients with advanced stage liver disease. Conseiguén
serious problem in hospitals, particularly in irdime care coli andPseudomonamfections persisted in one patient,
units even in the modern age of medicine [4,5]. Tiilme  while octenidine was shown to reduce necrosis, axud
ited number of antimicrobial agents that can beliegpp tion, erythema and edema [18]. In a similar stugy etz
directly to the wound, and the inability to apphemicals et al. from the United States, a decrease in catieatsed
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skin colonization was reported along with KNS repro
duction. Tredgian made an analysis of octenidinaendo
gel, and reported faster wound healing when congpared.
to an octenidine solution [19]. In the study by Wygpt

al. comparing the topical antibacterial effect af- o
tenidine, polyhexanide and povidone iodine in migth S.
full thickness skin burns, and contaminated witleyss
domonas, octenidine was found to have a highecai

and decreased the frequency of wound dressings [ZCﬁ'
Tazegll et al. performed a study using the agdusdn
method, reporting a higher efficacy of octenisept o
enterococcus fecalisvhen compared to chlorhexidine
solution [21].

8.
The in vitro cytotoxic activity of NAWAIlution Wound-
Caré solution was determined using an MTT test on
Vero cells. A 50 percent or higher inhibition iretMTT
test when compared to a positive control indicatge- 9.
toxic activity. In one study, antiseptic soluticstsconcen-
trations of between 1/10 and 1/2560 had no cytotoxi
effect on the Vero cells. The substance used instudy
was considered nontoxic due to the lack of a 50eeror
higher inhibition at any dilution [15]. We suggesiat
studies using different cell types would be useful.

There have been various studies evaluating theaié-
rial action of such disinfectants as alcohol asddiriva-
tives, chlorhexidine and povidone iodine. Howevkese
substances are not commonly used in wound caréodue
differences in the spectrum of actions and sidecésfbut
rather used in the disinfection of intact skin [1%he
antibacterial spectrum of action for various disgtants
is not at the desired level, and there are ongstuadies to 1,4

11.

13.

fectious Diseases. 4th ed Churchil Livingstone.wNe
York 2007; pp 2587-2599.

Uzunkoy A. Surgical site infections: risk factorsda
methods of prevention. Ulus Travma Derg 2005; 11:
269-281.

Platt R, Goldman RA, Hopkins CC. Epidemiology of
nosocomial infections. Ininfectious Diseases. 3rd ed
W.B. Sounders Co., Philadelphia 2004; pp 96-106.
World Health Organization. Prevention of Hospital-
Acquired Infections. A Practical Guide. 2nd ed Ge-
neva WHO., Switzerland P. Vanhems 2002.

Nakipoglu Y, Gurler B. An Investigation on Antibac-
terial Efficacy of Various Disinfectants and Anfise
tics. Ankem Derg 2004; 18: 220-223.

Tatnall FM, Leigh IM, Gibson JR. Comparative study
of antiseptic toxicity on basal keratinocytes, &an
formed human keratinocytes and fibroblasts. Skin
Pharmacol 1990; 3: 157—-63.

Weber DJ, Barbee SL, Sobsey MD, Rutala WA. The
effect of the blood on the antiviral activity ofdiam
hypochlorite, a phenolic, and a quarternary ammo-
nium compound. Infect Cont Hosp Epidem 1999; 20:
821-827.

10. Groschel DHM. Disinfectant testing in USA. J Hosp

Infect 1991; 18: 274-279.

Russel AD, Hugo WB, Ayliffe GAJ eds. Principles
and practice of disinfection preservation and Breri
tion. London, 2004.

McDonnell G, Russell AD. Antiseptics and disinfe-
ctants: Activity, Action and Resistance. Clin Miero
biol Rev 1999; 12: 147-179.

Reybrouck G. International standardisation of disin
fectant testing: is it possible? Hosp Infect J 1988
280-288.

14. prEN 14476. Chemical disinfectants and antiseptics.

identify an ideal disinfectant in wound care duethe
side effects of the available products. In thisareg
NAWAIution WoundCar& solution was found to be

efficient against many microorganisms that mightsea 15,

wound infection, and is also appropriate for dirteqtical
application. Accordingly, it can be suggested aafpro-
priate antimicrobial agent for wound care, althodigh

ther studies should be under-taken to identify aitle  16.

effects and other applications for this substance.
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