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Abstract
The aim of the present study was to evaluate the activity of the NAWAlution WoundCare®
solution on various bacteria and to determine its suitability for use in critical care units. The
effect of the antiseptic solution, NAWAlution® WoundCare(NAWA Heilmittel GmbH,
Germany) was evaluated with and without the addition 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 spore-forming bacteria Bacillus spp., as well as
C.albicans were studied. E.coli, K.pneumonia, E.faecium, S.aureus and ATCC strains were
used in the study. In vitro cytotoxic activity of the NAWAlution WoundCare® antiseptic
solution was determined by 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl tetrazolium bromide
test. NAWAlution WoundCare® was found to be effective against K.pneumoniae at a
concentration of 1/32; against A.baumanii, P.aeruginosa, Chryseobacterium spp, S.maltophilia
and Shewanella at a concentration of 1/64; and against E. coli at a concentration of 1/256.
However, no activity was observed against B.cepacia. The substance was effective against
MRSA at a concentration of 1/64; against voncomycin-resistant E.faecium, vancomycinsensitive E.faecium and Bacillus spp. at a concentration of 1/128; against methicillin-sensitive
S.aureus and methicillin-resistant coagulase negative staphylococci at a concentration of
1/256; and against C.albicans at a concentration of 1/256. However, NAWAlution WoundCare
solution at a concentration of between 1/10 and 1/2560 had no cytotoxic effect on the Vero
cells. In conclusion NAWAlution WoundCare® antiseptic solution was found to be effective
against many microorganisms that could cause wound infection, and is also appropriate for
direct topical application.
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Introduction
In the human body, the skin is the first line of defence
against pathogenic bacteria [1]. Skin and soft tissue infections are very common among humans, specially in hospital settings after various interventional procedures, due to
the entry of pathogenic microorganisms as a result of
pathological processes or disruption of skin integrity [2].
Wound infections can manifest as minor complications,
but may also have life threatening consequences if
counter measures are not taken timely [3]. Wound infecBiomed Res- India 2015 Volume 26 Issue 1

tions can cause delay in the healing of wounds, particularly after surgical operations. Despite the advances in
modern surgery, wound infections are still of significant
concern, in hospitalized patients specially those in critical
care or intensive care units. These infections also occur as
nosocomial surgical site infections thereby significantly
reducing the success rate of surgery [3,4]. The rate of
nosocomial infections occurring in these patients is higher
than the rates observed in patients hospitalized in other
units. For this reason, infections occurring in patients
housed in these units constitute a higher risk of carriage
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and disease transmission [5]. Infections occurring in hospitalized patients are often severe, prolonging the treatment period, causing additional costs, as well as increasing morbidity and mortality [3,6]. Antisepsis and disinfection with reliable chemical substances according to the
instructions is a key factor in the prevention of such infections, halting the spread of pathogenic microorganisms
and eliminate foci of colonization [1,5,7]. A topical application of such chemicals prevents the development of
resistance and the diffusion into the wound site, and also
toxic side effects commonly encountered with systemic
antibacterial agents. These topical agents are widely preferred in prophylaxis and treatment [1]. The prophylactic
use of these agents, particularly in wound infections, has
an important place in infection control [1,7]. For such
critical units as intensive care wards, there is a limited
number of antimicrobial substances that may be used
against these agents and applied directly and topically to
the wound surfaces [1,8]. Most chemical substances that
are currently used for the care of wounds do not meet the
requirements of an ideal antiseptic due to the fact that
they are not appropriate for topical application. In addition, the protein-rich structure of wounds decreases the
efficiency of these substances and contributes to bacterial
growth [1,9,10]. These substances must be made appropriate for use inside and outside the hospital setting, must
be effective against agents that cause wound infections,
be easily applicable and not cause irritation to the wound
[11]. The local use of antiseptics circumvents the side
effects associated with systemic antimicrobials [1]. The
increasing resistance to antimicrobial agents has resulted
in an increased need for an ideal antiseptic that can be
used topically in wound infections [12].
Our aim was to investigate the effects of NAWAlution
WoundCare® against various bacteria and C. albicans in
the presence or absence of albumin, and evaluate its utility in critical care units.

Materials and Methods
Recovery of Bacteria
K. pneumoniae, A. baumanii, P. aeruginosa, Chryseobacterium spp, S. maltophilia and Shewanell, E.coli, S.
aureus (MRSA), methicillin-sensitive S. aureus (MSSA), methicillin-resistant coagulase negative staphylococci (MRCNS), vancomycin-resistant E. faecium
(VRE), vancomycin-sensitive E. faecium (VSE) and
spore-forming bacillius B.cepaiai were isolated in the
microbiology laboratory as the cause of nosocomial
infection using a fully automatic system (Biomeriux,
France). In addition, one strain of C. albicans was used
as rare cause of wound infection, as well as Gram
negative E.coli ATCC and K.pneumonia ATCC strains
and gram positive E.faecalis ATCC and S.aureus
ATCC strains.
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Preparation of Broth and Microdilution Plates
Mueller-Hinton agar (MHA) was measured and diluted as
per manufacturer’s instructions. The broth was sterilized
in an autoclave and left at +4oC overnight before use. The
broth was supplemented with 0.1 ml calcium chloride for
cation adjustment. U plates with 96 wells were used for
microdilution, and 100 µl of MHA was added to each
well. The first column was left empty for growth control,
and the antiseptic solution was prepared, with a final
concentration being 2double the desired concentration. A
100 µl NAWAlution WoundCare® (Cocamidopropyl
betaine Polyaminopropyl Biguanide Disodium EDTA,
NAWA Heilmittel GmbH, Germany) antiseptic solution
was added to each well in the second column to reach a
final concentration of between 1/4 and 1/2048. The final
volume of the antiseptic solution and the bacterial
suspension was 200 microliter, and serial dilution was
carried out across the plate until column 11 and column
12 was set as the sterile controls [13].
Due to the presence of protein structures that decrease the
efficiency of antiseptic solutions, dilutions of the same
strains were also studied in the presence of 20% albumin
(Human albumin 20%, Eczacıbaşı-Baxter) at the final
concentration in order to simulate a real life situation
[9,14].
Preparation of the Inoculum
The microorganisms were incubated in blood sheep agar
at 37oC for 24 hours, and each microorganism was studied twice. The plates were evaluated after incubation at
37oC for 18–20 hours.
Cytotoxic activity
In vitro cytotoxic activity of the NAWAlution WoundCare® antiseptic solution was determined with 3-(4.5dimethylthiazol-2-yl)-2.5-diphenyl tetrazolium bromide
(MTT) test [15] using African green monkey kidney
(Vero) cells. The cells were inoculated on 96-well cell
culture plates at a concentration of 2x104 cell/well, and
incubated overnight at 37oC. After incubation, the antiseptic solution was added to each well at a concentration
of between 1/10 and 1/2560. After overnight incubation at
37oC, the supernatant fluid was aspirated and MTT was
added to each well. The number of cells was then evaluated by measurement of formazan crystals. The cell culture plate produced a reading of 490 nm using ELISA.

Results
NAWAlution WoundCare® was found to be effective
against gram negative K .pneumoniae at a concentration
of 1/32; against A. baumanii, P. aeruginosa, Chryseobacterium spp, S. maltophilia and Shewanella at a concentration of 1/64; and against E. coli at a concentration
of 1/256. However, no activity was observed against B.
cepacia. The data is presented in Table I.
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Table I. NAWAlution WoundCare®'s efficacy on gram negative bacteria and ATCC bacteria

Test medium
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin

1/4
-

1/8
+
-

The active concentration
1/16
1/32
1/64 1/128
+
+
+
+
+
+
+
+
+
+

Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin

-

-

+
-

+
+
-

+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

Without albumin
With albumin
K. pneumonia ATCC Without albumin
[254988]
With albumin
(+) = Growth, (-) =No growth

-

-

-

-

+
+

+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

Microorganism
P.aeruginosa
A. baumannii
E. coli
K.pneumoniae
S. marcescens
Chryseobacterium
S. maltophilia
Shewanella
E.coli ATCC [25922]

1/256
+
+
+
+
+
+
+

1/512
+
+
+
+
+
+
+
+

1/1024
+
+
+
+
+
+
+
+

Table 2. NAWAlution WoundCare®'s efficacy on gram positive bacteria and ATCC bacteria
Microorganism

The active concentration
1/16
1/32
1/64 1/128
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Test medium
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin
Without albumin
With albumin

1/4
+
+
-

1/8
+
+
-

Without albumin

-

-

-

-

-

With albumin
Without albumin
C.albicans
With albumin
(+) = Growth, (-) =No growth

-

-

-

+
-

+
-

MRSA
MSSA
MRCNS
VRE
VSE
Bacillus spp
S.aureus ATCC
Number: 29213
E.faecalis ATCC
Number:29212
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1/256
+
+
+
+
+
+
+
+
+
+
+

1/512
+
+
+
+
+
+
+
+
+
+
+
+
+
+

1/1024
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+

+

+

+

+
-

+
+

+
+

+
+
+
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Figure 1. MTT test plate.
1: Blank, 2: Positive control, 3: 1/10, 4: 1/20, 5: 1/40, 6: 1/80, 7: 1/160, 8:1/320,
9:1/640, 10: 1/1280, 11:1/2560 dilution.
The solution was found to be effective also against gram
positive bacteria MRSA at a concentration of 1/64;
against VRE, VSE and Bacillus spp. at a concentration of
1/128; and against MSSA and MRCNS at a concentration
of 1/256. It was also found to be effective against
C.albicans at a concentration of 1/256. The data is presented in Table II.
After analysis of the two gram positive and two gram
negative ATCC strains used in the study, the solution was
found to be effective against K. pneumonia ATCC
(254988) at a concentration of 1/128; against E. coli
ATCC (25922) at 1/128; against E. faecalis ATCC
(29212) at a concentration of 1/64; and against S. aureus
(ATCC 29213) at a concentration of 1/256. The results are
presented in Tables I and II.
The presence of albumin significantly decreased the efficacy of NAWAlution WoundCare® solution against gram
negative P. aeruginosa, Chryseobacterium spp and S.
maltophilia, gram positive MSSA and Enterococci. The
presence of albumin had no effect on the efficacy of
NAWAlution WoundCare® solution against gram negative A. baumanii and Chryseobacterium spp. Furthermore,
the solution also proved to be ineffective against Bacillus
spp. The results are presented in Tables I and II.
In this study, antiseptic solutions at a concentration of
between 1/10 and 1/2560 had no cytotoxic effect on the
Vero cells. Figure I.

Discussion
Wound and surgical site infections continue to pose a
serious problem in hospitals, particularly in intensive care
units even in the modern age of medicine [4,5]. The limited number of antimicrobial agents that can be applied
directly to the wound, and the inability to apply chemicals
62

directly onto the wound surface that would normally be
used only in wound care, raise difficulties in the management of wound infections [9,10].
Several studies have been conducted evaluating the efficacy of antimicrobial agents used in wound care; however, the present study is unique in its evaluation of the
efficacy of NAWAlution WoundCare® solution when
applied directly to the wound surface against various
microorganisms that are common in wound infections,
and will hopefully guide future studies.
The study has shown that NAWAlution WoundCare®
antiseptic solution had bactericidal activity against 15
clinical and four different standard strains that were isolated from patients in the intensive care unit. The study
also evaluated the effectiveness of the solution in the
presence of human albumin in order to simulate the
wound environment with the same organisms. Using the
same method, the solution was found to be effective.
In 2009, Dettenkoffer et al. from Germany compared the
efficacy of octenidine with chlorhexidine in catheter site
infections over a period of 3 years, and although there
was a decrease in skin colonization, no significant decrease was reported in the frequency of infections. It was
further reported that octenidine exerted less toxicity when
compared to chlorhexidine [16]. Sedlock et al. compared
the effectiveness of octenidine and chlorhexidine against
S. auerus, E. coli, Serratia, pseudomonas and K. pneumonia, and reported a lower efficacy against E. coli [17].
In 2008, Sopata et al performed a wound dressing with
octenidine-moistened gauzes three times a day in 21 patients with advanced stage liver disease. Consequently, E.
coli and Pseudomonas infections persisted in one patient,
while octenidine was shown to reduce necrosis, exudation, erythema and edema [18]. In a similar study by Tietz
et al. from the United States, a decrease in catheter-based
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skin colonization was reported along with KNS reproduction. Tredgian made an analysis of octenidine wound
gel, and reported faster wound healing when compared
to an octenidine solution [19]. In the study by Uygur et
al. comparing the topical antibacterial effect of octenidine, polyhexanide and povidone iodine in mice with
full thickness skin burns, and contaminated with pseudomonas, octenidine was found to have a higher efficacy
and decreased the frequency of wound dressings [20].
Tazegül et al. performed a study using the agar diffusion
method, reporting a higher efficacy of octenisept on
enterococcus fecalis when compared to chlorhexidine
solution [21].

4.

5.

6.

7.

8.

The in vitro cytotoxic activity of NAWAlution WoundCare® solution was determined using an MTT test on
Vero cells. A 50 percent or higher inhibition in the MTT
test when compared to a positive control indicates cytotoxic activity. In one study, antiseptic solutions at concentrations of between 1/10 and 1/2560 had no cytotoxic
effect on the Vero cells. The substance used in our study
was considered nontoxic due to the lack of a 50 percent or
higher inhibition at any dilution [15]. We suggest that
studies using different cell types would be useful.
There have been various studies evaluating the antibacterial action of such disinfectants as alcohol and its derivatives, chlorhexidine and povidone iodine. However, these
substances are not commonly used in wound care due to
differences in the spectrum of actions and side effects but
rather used in the disinfection of intact skin [19]. The
antibacterial spectrum of action for various disinfectants
is not at the desired level, and there are ongoing studies to
identify an ideal disinfectant in wound care due to the
side effects of the available products. In this regard,
NAWAlution WoundCare® solution was found to be
efficient against many microorganisms that might cause
wound infection, and is also appropriate for direct topical
application. Accordingly, it can be suggested as an appropriate antimicrobial agent for wound care, although further studies should be under-taken to identify any side
effects and other applications for this substance.
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