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Abstract
By default, antimicrobial e�cacy of antiseptics used in wound management is tested in vitro under
standardized conditions according to DIN EN 13727, with albumin and sheep erythrocytes used as
organic challenge. However, it is not clear whether these testing conditions do adequately re�ect the
wound bed environment. Therefore, the aim of this study was to compare the e�cacy of different
antiseptic products based on octenidine dihydrochloride (OCT), polyhexamethylene biguanide (PHX), and
povidone-iodine under challenge with human wound exudate instead of standardized organic load in an
in vitro setting according to DIN EN 13727.

Bactericidal e�cacy of the tested products was reduced to different extend when challenged with human
wound exudate compared to standardized conditions. Overall, OCT-based products showed the necessary
germ count reductions at the shortest exposure times (e.g., 15 seconds for octenisept®). PHX-based
products were the least e�cient. In addition to the protein content, other components of wound exudates,
such as the micro�ora, seem to in�uence the e�cacy of antiseptics. This study demonstrates that
standardized in vitro test conditions only partly re�ect actual wound bed conditions. Consequences for an
amendment of existing test methods adapting organic load requirements and the feasibility of
standardization of wound exudates are to be discussed.

Introduction
Chronic wounds are often colonized by different pathogens, promoting the formation of drug-resistant
bio�lms and delaying wound healing (1, 2). Antimicrobial antiseptics are used to reduce the bioburden in
these wounds and thus may promote wound healing.

Crucial features of antiseptics involve a broad spectrum of activity against various microorganisms but
also the maintenance of effectiveness in the presence of organic challenges (i.e., wound exudate) (3).
Testing the e�cacy of antiseptics under standardized conditions requires in vitro tests according to
European Standards (EN), Ph. Eur. Pharmacopoeia or by national methods (e.g., according to the German
Society for Hygiene and Microbiology). Antiseptics are often exposed to a variety of organic challenges
found in the wound bed, such as blood and various proteins, which can reduce their e�cacy (4). The
quantitative suspension test according to DIN EN 13727 takes this adverse factor into account. Thus, in
general, organic challenges of the wound bed are simulated by adding albumin and sheep erythrocytes to
the test solution (5). These conditions allow standardized testing to be performed but have the
disadvantage of not fully representing the conditions in the wound bed environment (4).

In general, wound exudate is a complex mixture of compounds characterized by a high protein content
consisting of platelets, �brin, and plasma proteins (6). Moreover, the bacterial �ora is more diverse than
the bacteria (e.g., Staphylococcus aureus) which are used for standard testing (3). Therefore, an adequate
simulation of clinical conditions is challenging. Thus, current in vitro tests may not adequately re�ect the
wound bed environment in which antiseptics are used in clinical practice.
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A past study already found differences in the bactericidal e�cacy of single antiseptic agents (i.e.,
octenidine dihydrochloride = OCT, polyhexamethylene biguanide = PHMB, and povidone-iodine = PVP-I)
using DIN EN 13727 comparing standardized testing conditions with albumin and sheep erythrocytes
versus wound exudate (15).

However, rarely active ingredients are used in practice. In most cases, only �nished products licensed as
medical devices or drugs based on these active ingredients are available. Therefore, the aim of this study
was to extend this former study (15) on commercial wound antiseptics based on �xed concentrations of
the active ingredients OCT, PHMB, and PVP-I and to investigate the effect of human wound exudate on
their bactericidal e�cacy. Effectiveness was compared to their performance under testing conditions
using standardized organic load.

Materials And Methods

Patient population
All 30 patients included were ≥ 18 years with a chronic leg ulcer of any origin (Ulcus cruris) who had
signed the informed consent form and data privacy statement. Patients with underlying infectious
diseases (e.g., human immunode�ciency virus [HIV], hepatitis C), malignant neoplasms in the wound
area, and pregnant or breastfeeding women were excluded from the study. Also excluded were patients
who were undergoing antibiotic therapy or treatment with topical antimicrobials within 3 days prior to
study entry.

Collection of wound exudates
For the collection of wound exudates, three different methods were applied as previously described (15),
depending on the wound and the appropriate wound management techniques. All wound exudate
samples were stored at -20°C until further use or were stored at 6°C when used on the same day. Before
further testing, wound exudates were warmed up to room temperature. The tests were carried out with
each individual wound exudate. Results were pooled for the overall evaluation.

Quantitative Suspension Tests according to DIN prEN
13727:2009
Quantitative suspension tests were carried out at room temperature (21.5–23.4°C) according to the
dilution-neutralization method of DIN prEN 13727 (5.5.2) (5).

Comparative tests
Comparative tests were performed according to DIN prEN 13727:2009 (5.5.2.2) protocol (5) under high
burden conditions (dirty conditions) with 3.0 g/l bovine serum albumin (bovine serum albumin fraction V
[Serva Electrophoresis GmbH, Heidelberg/Germany] diluted in tryptone salt broth) and 3.0 ml/l sheep
erythrocytes (Fiebig-Nährstofftechnik, Idstein-Niederauroff/Germany) using the test organism methicillin-
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resistant Staphylococcus aureus ATCC 33592 (7). Control procedures were performed according to DIN
prEN 13727:2009 (5.5.2.3–5.5.2.5) and (5).

Testing of wound exudate
After a 2-minute equilibration of one part methicillin-resistant Staphylococcus aureus ATCC 33592 (13)
(1.5-5.0 × 108 cfu/ml cultivated according to DIN prEN 12353:2011) (8) suspension and one part wound
exudate (containing accompanying �ora), the wound exudate test solution was mixed with 8 parts
antimicrobial solution.

The following antiseptic products were tested:

Octenisept® with 0.1% OCT and 2% 2-Phenoxyethanol (Schülke & Mayr GmbH, Norderstedt,
Deutschland), octenilin® wound rinsing solution with 0.05% OCT (Schülke & Mayr GmbH, Norderstedt,
Deutschland), Prontosan® wound rinsing solution with 0.1% PHMB (B. Braun Melsungen AG, Melsungen,
Deutschland), Serasept® 1 with 0.02% PHMB (Serag-Wiesner KG, Naila, Deutschland), Serasept® 2 with
0.04% PHMB (Serag-Wiesner KG, Naila, Deutschland), Lavasept® in Ringer solution with 0.04% PHMB (B.
Braun Melsungen AG, Melsungen, Deutschland) and Betaisodona® solution with 10% PVP-I
(Mundipharma GmbH, Limburg/Lahn, Deutschland). Physiological saline solution was used as negative
control, i.e., not antiseptically effective. 1 ml aliquots were taken after 15 sec, 30 sec, 1 min, 2 min, 5 min,
15 min and 30 min contact time and mixed with the appropriate amount of neutralization solution: 30.0
g/l Tween 80, 6.0 g/l lecithin, 60.0 g/l saponin, 1.0 g/l histidine, 1.0 g/l tryptone, 8.5 g/l NaCl (for products
based on OCT and PHMB; 30.0 g/l Tween 80, 6.0 g/l lecithin, 1.0 g/l histidine, 5.0 g/l sodium thiosulfate,
1.0 g/l tryptone, 8.5 g/l NaCl (for Betaisodona®). After 5 minutes of neutralization, serial dilutions (100,
10− 1 and 10− 2) were prepared and 0.5 ml of each dilution was plated on agarose plates. For suspension
tests with products based on OCT and PHMB in the lowest dilution, neutralization agar was used: 40.0 g/l
CASO agar [Oxoid Deutschland GmbH, Wesel/Germany], 3.0 g/l agar, 30.0 g/l Tween 80, 6.0 g/l lecithin,
60.0 g/l saponin, 1.0 g/l histidine). Duplicate plates of each dilution level were tested.

Calculation of logarithmic reduction factor
Logarithmic reduction factors (lg RF) were determined according to DIN prEN 13727:2009 (5) using the
following formula (lg N0 = number of living cfu/ml at the start of contact time; lg Na = number of living
cfu/ml at the end of contact time):

lg RF = lg N0 – lg Na

Ethics approval
This study (study number: PV3980) was performed at the German University Medical Center Hamburg-
Eppendorf (Comprehensive Wound Center). For collecting wound exudates from patients, the study was
approved by the ethics committee of the General Medical Council Hamburg/Germany. The study protocol
was in accordance with the ethical guidelines of the 1975 Declaration of Helsinki. All patients had signed
the informed consent form and data privacy statement before study inclusion.
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Results
Data on patients, wound characteristics (i.e., temperature, pH, protein content), and quantitative and
qualitative composition of the wound micro�ora were described previously (15).

Quantitative Suspension Tests according to DIN prEN
13727:2009
The results of the quantitative suspension tests for the products are illustrated in Fig. 1. According to DIN
prEN 13727:2009 (5), full bactericidal e�cacy is achieved when total germ count is reduced by at least 5
decadic logarithm levels (lg RF ≥ 5.00). Overall, for all antiseptics a reduced bacterial e�cacy was
observed when wound exudate rather than bovine albumin and sheep erythrocytes were used as organic
challenge (5). However, the extent of this reduction was strongly dependent on the products tested.

Overall, OCT-solutions exhibited the fastest bactericidal e�cacy under challenge with wound exudate,
reaching full e�cacy after 15 seconds (octenisept®) and 30 seconds (octenilin® wound rinsing
solution). Betaisodona® reached full bactericidal e�cacy after 60 sec of exposure time. Products based
on the active ingredient PHMB were the least e�cient in this in-vitro test adapted to practical conditions.
PHMB products required a much longer exposure time than the products based on OCT and PVP-I.
Prontosan® with the highest concentration of PHMB (0.1 %) required an exposure time of 15 min to
reach full bactericidal e�cacy according to DIN prEN 13727:2009 (5). The products based on only 0.02 %
and 0.04 % PHMB did not reach full bactericidal e�cacy within the maximum tested exposure time of 30
min.

Discussion
The presence of organic load is well-known to reduce the e�cacy of antiseptics (4, 9–13). Therefore, in
vitro tests according to DIN EN 13727 use albumin and sheep erythrocytes to simulate wound bed
conditions (4, 5). Even though challenge substances enable standardized testing conditions, the selection
of these substances is based on theoretical considerations and does not necessarily re�ect clinical
reality. In a former study (15), the bactericidal e�cacy of different antiseptics was evaluated under more
realistic testing conditions by using human wound exudate as comparison of an organic challenge in
tests based on the DIN EN 13727 protocol (5). Using wound exudate, in vitro test results may enable more
accurate predictions on the potential performance of an antiseptic agent in clinical practice.

In this study, the in vitro test method using wound exudate was transferred from active ingredients (15) to
commercial products available to the user.

Although the bactericidal e�cacy under low burden conditions was not included, differences in
bactericidal e�cacy could also be detected using high burden protein load conditions and wound
exudate, respectively.
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The results here were in line with the results on the active ingredients (15). With the exception of
octenisept®, all other antiseptic products exhibited a time-delayed bactericidal e�cacy when compared
to their e�cacy under standardized testing conditions using albumin and sheep erythrocytes. These
effects were most evident under shorter exposure times.

Generally, octenisept® exhibited with 15 seconds the shortest contact time to achieve a lg RF ≥ 5.00
reduction, followed by octenilin® with identical effectiveness in 30 seconds and Betaisodona® in 60
seconds.

Interestingly, despite the fact that the protein concentration in wound exudates was lower than that of the
high burden test solutions, the tested products were less e�cient when challenged with human wound
exudate compared to the high burden load (see Fig. 1). Only in the case of octenisept®, no difference was
observed. Under both testing conditions, octenisept® showed already after 15 s a lg RF ≥ 5.00 reduction.
All other products showed a reduced e�cacy, and longer exposure times were necessary challenging with
human wound exudate. These data are in line with the results on the active ingredients (15) by showing
that also in commercial products, the protein content in the wound exudates is not the only responsible
factor reducing the bactericidal e�cacy.

One additional contributing factor could have been the accompanying bacterial �ora present in wound
exudates. Supporting this view is the a highly diverse bacterial �ora found in wound exudate test
solutions, which in some samples exceeded the required total germ count of standardized tests (15).
Therefore, the presence of a high bioburden combined with the existing diverse bacterial �ora may have
been the causal factor that made longer exposure times necessary (14). Currently, standardized tests
require speci�c bacterial strains to test bactericidal e�cacy.

Conclusion
The results of this study on antiseptic wound products as well as on their active ingredients (15) showed
that in vivo conditions in the wound bed may be more realistically simulated when using human wound
exudate instead of standardized organic load as challenges. Next to proteins found in wound exudates,
additional components such as the diverse microbial �ora seem to affect the antimicrobial effectiveness
of antiseptics. However, further studies will be required to speci�cally identify the responsible factors.
Nonetheless, the present and the previously reported study (15) demonstrate that current standardized in
vitro test conditions only partly simulate actual wound bed conditions. Consequences for an amendment
of existing test methods adapting organic load requirements and the feasibility of standardization of
wound exudates need to be reevaluated.
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Figures

Figure 1

Results of quantitative suspension tests according to DIN EN 13727 under (A) high burden conditions
with 0.3% albumin and 0.3% sheep erythrocytes and (B) practical conditions using pooled wound
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exudate.


