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1 | INTRODUCTION
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Abstract

The antimicrobial efficacy of antiseptics used in wound management is tested
in vitro under standardised conditions according to DIN EN 13727, with albumin
and sheep erythrocytes used as organic challenge. However, these testing condi-
tions do not adequately simulate the wound bed environment. Thus, the aim of
this study was to compare the efficacy of different antiseptics such as octenidine
dihydrochloride (OCT), chlorhexidine digluconate (CHX), polyhexamethylene
biguanide (PHMB), and povidone-iodine under challenge with human wound
exudate instead of standardised organic load in an in vitro setting according to
DIN EN 13727. Moreover, protein contents, pH, and temperature were compared
with standardised testing conditions. The tested antiseptic agents were reduced to
different extents based on their bactericidal efficacy, when challenged with human
wound exudate compared with standardised conditions. Overall, 0.10% OCT
showed the highest effects reaching full efficacy after 30 seconds. CHX and PHMB
were the least efficient. Next to the protein content, other components of wound
exudate, such as the microflora, seem to influence the efficacy of antiseptics. In
summary, the optimisation of in vitro testing conditions in future applications, to
more adequately simulate the wound bed environment, will allow a more realistic
picture on the potential performance of antiseptics in clinical practice.
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Antimicrobial antiseptics are particularly suitable for elimi-
nating these disturbing factors for wound healing.

Wounds are often infected by a variety of different pathogens,
and antiseptics are frequently used to reduce this bioburden.
Specifically chronic wounds are often colonised by a pool of
different pathogens, promoting the formation of drug-
resistant biofilms and delaying wound healing."* Further-
more, methicillin-resistant Staphylococcus aureus (MRSA)
have been found to be increasingly present in chronic
wounds substantially complicating their management.**

Important features of antiseptics include a broad
spectrum of activity against various microorganisms and
biofilms, immediate onset, long-lasting biocidal activity,
potency in the presence of organic challenges, and a good
tolerability.” Thus, the efficacy of antiseptics is tested
under both in vitro and in vivo conditions.

Prior to testing an antiseptic in a clinical setting,
in vitro tests are conducted under standardised
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conditions according to European Standards (EN) or
methods by the German Society for Hygiene and Micro-
biology. Phase 1 of standardised testing according to DIN
EN 1040 solely assesses the bactericidal efficacy of an
antiseptic agent without the addition of organic chal-
lenges.6 However, antiseptics are often confronted with
various organic challenges found in the wound bed, such
as blood and protein, which can reduce their efficacy.’”
Thus, in phase 2 according to DIN EN 13727, organic
challenges of the wound bed are simulated by adding
albumin and sheep erythrocytes to the test solution.®
However, the standardised test conditions of phase 2 are
based on theoretical considerations only.”

In general, wound exudate is characterised by high pro-
tein content and consists of many organic components such
as platelets, fibrin, and plasma proteins.” The specific com-
position of wound exudates varies depending on the state of
the wound. Different parameters influence the condition in
the wound bed, many of which are still unknown.’** More-
over, compared with the bacterial isolates obtained under
conventional culture techniques, a significantly greater bac-
terial diversity can be expected directly in chronic ulcer
wounds.® Thus, a realistic simulation of clinical conditions
is challenging and in vitro tests may not adequately reflect
the wound bed environment, in which the antiseptics will
be used in routine clinical practice.

Although past studies compared the bactericidal efficacy
of different antiseptics using standard tests with and with-
out addition of standardised organic load, this study for the
first time assesses the bactericidal efficacy of different anti-
septics under more realistic conditions by using human
wound exudate as organic challenge in quantitative suspen-
sion tests based on DIN EN 13727.”'? The aim of this study
was to investigate the effect of human wound exudate on
the bactericidal efficacy of the antiseptics such as octenidine
dihydrochloride (OCT), chlorhexidine digluconate (CHX),
polyhexamethylene biguanide (PHMB), and povidone-
iodine (PVP-I) compared with their performance under
standardised testing conditions with albumin and sheep
erythrocytes. Moreover, to assess whether the standardised
testing conditions according to DIN EN 13727 sufficiently
reflect realistic wound conditions, the protein contents in
human wound exudates as well as wound pH and tempera-
ture were measured and compared with the standardised
testing conditions according to DIN EN 13727.

2 | MATERIALS AND METHODS

2.1 | Patient population

All patients of 18 years or older with chronic leg ulcer
(ulcus cruris) who had signed the informed consent form

Key Messages

« standardised in vitro tests according to DIN EN
13727 using albumin and sheep erythrocytes as
organic challenge do not adequately simulate
wound bed conditions

« human wound exudate from 30 patients with
chronic leg ulcers was used as organic chal-
lenge to compare the efficacy of antiseptic
agents (such as octenidine dihydrochloride
(OCT), chlorhexidine digluconate, poly-
hexamethylene biguanide, povidone-iodine) in
in vitro tests according to DIN EN 13727

« compared with standardised organic challenge,
human wound exudate has a higher impact on
the bactericidal efficacy of antiseptics in
in vitro tests

» 0.10% OCT showed the least inhibition under
challenge with wound exudate reaching full
bactericidal efficacy after 30 seconds

» not the protein content alone seems to be the
causal factor for reduced bactericidal efficacy
of antiseptics but also other components of
wound exudate, such as the diverse microbial
flora

and data privacy statement could be included in the
study. Patients with underlying infectious diseases (eg,
human immunodeficiency virus [HIV], hepatitis C),
malignant neoplasms in the wound area, and pregnant or
breastfeeding women were excluded from the study. If
the patients were undergoing antibiotic therapy or treat-
ment with topical antimicrobials within 3 days prior to
study entry they were also excluded.

2.2 | Collection of wound exudate

For the collection of wound exudate, three different
methods were applied, depending on the wound and the
appropriate techniques of wound management. All wound
exudate samples were stored at —20°C until further use or
at 6°C, when used on the same day. Prior to further testing,
wound exudates were warmed up to room temperature.

221 | 24-hour-sponge method

By the first method, samples were taken during regular
dressing changes after the sponge (Mepilex [Molnlycke
Health Care GmbH, Diisseldorf, Germany] or Biatain Ibu
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[Coloplast GmbH, Hamburg, Germany]) had remained
on the wound for at least 24 hours. After removal and
transfer into a sterile container, the sponge was soaked
with maximum 5 ml protease inhibitor solution (cOm-
plete Protease Inhibitor Cocktail tablets, Roche, Ger-
many). Wound exudates were collected by cutting the
sponge into appropriate sizes with sterile scissors and
squeezing the sponge with a sterile stainless steel garlic
press or potato press depending on dressing size.

2.2.2 | Ultrasonic suspension method
Ultrasonic-assisted wound (UAW) treatment was per-
formed for selective wound debridement during regular
wound care using a high-power low-frequency ultra-
sound device (Sonoca, Soring, Norderstedt, Germany).
The ultrasonic suspension was collected in a kidney dish,
aliquoted, and stored until further use.

2.2.3 | Vacuum exudate method

Wound exudate was collected during vacuum-assisted clo-
sure (VAC) therapy. The collected vacuum exudate was
aliquoted and stored until further use. In addition, wound
exudate was also extracted from the sponge, which was
applied on the wound surface during VAC therapy, using
the 24-hour sponge method described earlier.

2.3 | Determination of wound
characteristics
2.3.1 | Wound exudate protein content

Wound exudate protein content was determined by using
a bicinchoninic acid (BCA) assay (Pierce BCA Protein
Assay, Fisher Scientific GmbH, Schwerte, Germany)
according to the manufacturers’ instructions.

2.3.2 | Wound temperature

Wound temperature was measured in the centre of the
wound using a digital infrared thermometer (Testo AG,
Lenzkirch, Germany) after removal of the dressing.

2.3.3 | Wound pH

The pH was measured directly in the wound after dress-
ing removal and in wound exudate prior to quantitative
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suspension testing using pH indicator strips (Merck,
Darmstadt/Germany).

2.4 | Total germ count in wound
exudates

Serial dilutions of wound exudates (in tryptone salt broth:
1.0 g/L tryptone, 8.5 g/L NaCl, pH 7.0 + 0.2) were plated
on casein peptone soybean flour peptone (CASO) agar
(Oxoid Deutschland GmbH, Wesel, Germany) and incu-
bated for 48 to 72 hours at 36 + 1°C. All visible colony-
forming units (cfu) were counted independent of their
species.

2.5 | Quantitative suspension tests
according to DIN EN 13727:2009

Quantitative suspension tests were performed at room
temperature (21.5-23.4°C) according to the dilution neu-
tralisation method of DIN EN 13727 (5.5.2).%

2,51 | Comparative tests
Comparative tests were performed according to DIN EN
13727:2009 (5.5.2.2) protocol® under low burden condi-
tions (clean conditions) with 0.3 g/L bovine serum albu-
min (bovine serum albumin fraction V [Serva
Electrophoresis GmbH, Heidelberg, Germany| diluted in
tryptone salt broth [1.0 g/L tryptone, 8.5 g/L NaCl,
pH 7.0 + 0.2]) or high burden conditions (dirty condi-
tions) with 3.0 g/L bovine serum albumin (bovine serum
albumin fraction V [Serva Electrophoresis GmbH]
diluted in tryptone salt broth) and 3.0 ml/L sheep eryth-
rocytes (Fiebig-Ndhrstofftechnik, Idstein-Niederauroff,
Germany) using the test organism Staphylococcus aureus
ATCC 33592."

Control procedures were performed according to DIN
EN 13727:2009 (5.5.2.3-5.5.2.5) as well.®

2.5.2 | Testing of wound exudate

After a 2-minute equilibration of one part wound
exudate (containing accompanying flora) and one
part methicillin-resistant  Staphylococcus  aureus
ATCC 33592  (1.5-5.0 x 10® cfu/ml  cultivated
according to DIN EN 12353:2011)14 suspension, the
wound exudate test solution was mixed with eight
parts of antimicrobial solution (1.25 X final test
concentration).
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The following final concentrations of antimicrobial
solutions were tested:

« 0.05% OCT (pH 5.8) and 0.10% OCT (pH 5.6)

« 0.02% PHMB (pH 5.3), 0.04% PHMB (pH 5.2), 0.10%
PHMB (pH 5.3) and 0.15% PHMB (pH 5.3)

« 0.05% CHX (pH 4.5) and 0.20% CHX (pH 5.0) as
well as

« 7.40% PVP-I (pH 1.8) and 9.70% PVP-I (pH 1.7)

Aliquots of 1ml were obtained after 15 and
30 seconds and 1, 2, 5, 15, and 30 minutes of contact time
and then mixed with the appropriate amount of neu-
tralisation solution (for OCT, PHMB, and CHX: 30.0 g/L
Tween 80, 6.0 g/L lecithin, 60.0 g/L saponin, 1.0 g/L histi-
dine, 1.0 g/L tryptone, 8.5 g/L NaCl; for PVP-I: 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, and 8.5 g/L NaCl).
After 5 minutes of neutralisation, serial dilutions (100,
107!, and 10™2) were prepared and 0.5 ml of each dilution
was plated on agarose plates (for suspension tests with
OCT and PHMB in the dilution 10°, neutralisation agar
was used: 40.0 g/ CASO agar [Oxoid Deutschland
GmbH], 3.0 g/L agar, 30.0 g/L Tween 80, 6.0 g/L lecithin,
60.0 g/L saponin, and 1.0 g/L histidine) and incubated as
described earlier. Duplicate plates were made of each
dilution level.

The corresponding control procedures were performed
according to DIN EN 13727:2009 (5.5.2.3-5.5.2.5).® Vol-
umes were adjusted to the amount of collected wound
exudate.

2.5.3 | Calculation of logarithmic
reduction factor

Calculations of logarithmic reduction factors (Ig RF) were
performed according to DIN EN 13727:2009° using the
following formula (lg Ny = number of living cfu/ml at
the beginning of contact time; lg Na = number of living
cfu/ml at the end of contact time):

lgRF=I1gNy—IgN,.

2.6 | Ethics approval

This clinical study (study number: PV3980) was performed
at the German University Medical Center Hamburg-
Eppendorf (Comprehensive Wound Center) and 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.

3 | RESULTS

3.1 | Patient characteristics

A total of 30 patients (10 female, 20 male) with chronic
leg ulcers and a mean age of 68 years (41-90 years) were
included in this clinical study at the German University
Medical Centre Hamburg-Eppendorf (Comprehensive
Wound Centre) between November 15, 2011, and March
15, 2012.

3.2 | Wound characteristics

The assessed wound characteristics (temperature, pH)
are displayed in Table 1. In comparison with the labora-
tory conditions according to DIN EN 13727,® the mean
wound temperature of 32.4°C (£1.5) was higher than the
temperature in the standardised testing conditions
(20.0°C [+1.0]). No difference could be observed between
the pH measured directly in the wound and the pH mea-
sured in wound exudate.

Table 2 summarises the mean protein contents deter-
mined in wound exudate samples for each collection
method and in total. The lowest mean protein content
was observed in wound exudate collected via ultrasonic
suspension (0.37 + 0.55) and the highest protein content
was measured in wound exudates collected using the
24 hours-sponge method (1.85 + 1.06). For quantitative
suspension tests, wound extracts were diluted at 1:10
ratio, thus, in the mean, the final protein content of
0.114% was comparable to the protein content of the
in vitro testing conditions according to DIN EN 13727.%

3.3 |
ulcers

Microbial infection of chronic leg

In total, 39 different bacterial isolates were detected in
the 20 chronic wounds analysed for microbial colonisa-
tion. The microbial diagnostic results are displayed in
Table 3. Staphylococcus species were the most commonly
detected bacterial isolates in the wounds assessed. These
were found in 60% of all wounds, followed by Proteus
species detected in 40% of all wounds. Isolates of the Pro-
teus species were often detected in combination with
Pseudomonas species, which were present in 35% of all
analysed wounds. Further detected bacterial species
include Escherichia coli, Corynebacterium striatum,
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TABLE 1 Wound characteristics compared with the DIN EN 13727:2009 standard test

Wound characteristics (N = 28)* Mean + SD
Temperature (°C) 324+ 1.5
Wound pH 81+ 0.5
Exudate pH 81+0.5

Abbreviations: max, maximum; min, minimum.

Median (min-max) DIN EN 13727:2009; mean + SD

32.6 (28.8-34.9) 200+ 1.0
8.0 (7.0-9.5) Not defined
8.0 (7.0-9.5) Not defined

*Two samples of wound exudate existed for patient No. 13, which were collected via 24-hour sponge method and ultrasonic suspension.

TABLE 2 Protein content (%) in different wound exudates
derived from different collection methods compared with the DIN
EN 13727:2009 standard test

Protein content (%)

Median

Method Mean + SD (min-max)

24-hour sponge 1.85 + 1.06 2.41 (0.32-2.89)
method (n = 13)*°

Ultrasonic suspension  0.37 + 0.55 0.19 (0.02-1.96)
(n=117*"

Vacuum exudate 1.00 + 0.77 1.27 (0.08-1.70)
(n=5)"

Total 1.14 + 1.05 0.52 (0.02-2.89)

Standard test: clean 0.03 (NA) NA
conditions®

Standard test: dirty 0.3 (NA) NA

conditions®

Abbreviations: max, maximum; min, minimum; NA, not applicable.
*For suspension tests, exudate was diluted at 1:10 ratio.

"Two samples of wound exudate existed for patient No. 13, which were
collected via 24-hour sponge method and ultrasonic suspension.
“According to DIN EN 13727:2009.

Streptococcus agalactiae, Acinetobacter species, MRSA,
and Enterobacter cloacae.

The total germ count found in wound exudates is
summarised in Table 4. With an average germ count of
3.1 x 10® cfu/ml, the chronic wounds in general were
highly contaminated with bacteria. The number of cfu
varied strongly between the different wounds, ranging
from 2.0x10° to 3.4 x 10° cfu/ml. For comparison,
quantitative suspension tests according to DIN EN
13727:2009® are performed with 1.5 to 5.0 x 10% cfu/ml.

3.4 | Quantitative suspension tests
according to DIN EN 13727:2009

The results of the quantitative suspension tests are illus-
trated in Figure 1. According to DIN EN 13727:2009, full
bactericidal efficacy is achieved, when the total germ
count is reduced by at least five common logarithm levels

TABLE 3 Microbial diagnostics of bacterial species colonising
ulcus cruris

No. of

Bacterial species isolates (N = 39)
Staphylococcus aureus (including MRSA) 10 (25.7%)
Coagulase-negative staphylococci 6 (15.4%)
Pseudomonas aeruginosa 5(12.8%)
Proteus mirabilis 5(12.8%)
Proteus species 3(7.7%)
Escherichia coli 3(7.7%)
Pseudomonas species 2(5.1%)
Corynebacterium striatum 2 (5.1%)
Streptococcus agalactiae 1(2.6%)
Acinetobacter species 1(2.6%)
Enterobacter cloacae 1(2.6%)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus.

(Ig RF > 5.00). In general, the testing conditions using
wound exudate reduced the bactericidal efficacy of all
tested antiseptic agents, when compared with their effi-
cacy under standardised testing conditions according to
DIN EN 13727:2009.8 Nevertheless, the extent of this
reduction strongly differed between the tested antiseptic
agents.

Overall, OCT solutions exhibited the best bactericidal
efficacy under challenge with wound exudate, reaching
full efficacy after 30 seconds (OCT 0.10%) and 60 seconds
(OCT 0.05%), respectively. PVP-I solutions reached full
bactericidal efficacy after 60 seconds of exposure time.
CHX and PHMB solutions were the least efficient in the
practical test, requiring much longer exposure times than
OCT and PVP-I. CHX solutions required an exposure
time of 15 minutes (0.20%) and 30 minutes (0.05%),
respectively. The highest concentration of PHMB (0.15%)
required an exposure time of 15 minutes in order to reach
full bactericidal efficacy according to DIN EN
13727:2009.% The less concentrated PHMB solutions
(0.02% and 0.04%) did not reach sufficient bactericidal
efficacy within the maximum tested exposure time of
30 minutes.
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TABLE 4 Total germ count (cfu) in wound exudates
depending on the collection method and compared with the DIN
EN 13727:2009 standard test

Total germ count (cfu/ml)

Method Mean Median (min-max)
24-hour sponge 5.5 x 10° 7.5 %107 (2.0 x 10° to
method (n = 13) 3.4 x 10%)
Ultrasonic suspension 2.4 x 107 4.6 x 10° (2.8 x 10° to
(n=11) 1.0 x 10%)
Vacuum exudate 2.9 x 108 5.8 X 107 (5.0 X 10° to
(n=5) 7.2 x 10%)
Total (N = 29) 3.1 x 108 2.6 X 107 (2.0 x 10° to
3.4 x 10%)
DIN EN 13727:2009 1.5-5.0 x 10°

Abbreviations: cfu, colony-forming units; max, maximum; min, minimum.

4 | DISCUSSION

Standardised in vitro tests according to DIN EN 13727
use albumin and sheep erythrocytes to simulate wound
bed conditions.”® However, these testing conditions are
based on theoretical considerations and do not necessar-
ily reflect the clinical reality. For the first time, the bacte-
ricidal efficacy of different antiseptics was compared
under more realistic testing conditions by using human
wound exudate as organic challenge in tests based on
DIN EN 13727 protocol.® In this way, in vitro test results
may enable more accurate predictions on the potential
performance of an antiseptic agent in clinical practice. In
the present study, all antiseptic agents exhibited reduced
bactericidal efficacy, when compared with their efficacy
under standardised testing conditions with albumin and
sheep erythrocytes. These effects were the most obvious
under shorter exposure times.

As demonstrated in previous studies, the presence of
organic load generally reduces the efficacy of antisep-
tics.”'>'® Similar results were observed in the present
study, when comparing the bactericidal efficacy under
low and high burden conditions, with OCT exhibiting the
most efficient biocidal efficacy, followed by PVP-I. Inter-
estingly, despite the fact that wound exudates contained
on average less protein than the high burden test solu-
tions, the tested antiseptic agents were less efficient when
challenged with human wound exudate (see Table 2). In
case of OCT, the higher protein content under high bur-
den conditions had little effect on the biocidal efficacy of
the antiseptic. OCT remained the most efficient antiseptic
when tested with human wound exudate; nonetheless, its

efficacy was reduced and longer exposure times were nec-
essary. Thus, the protein content in wound exudate alone
does not seem to be the determining factor responsible
for the reduction of the bactericidal efficacy. Perhaps, not
the protein concentration alone but also the organic com-
position of the wound exudate may have also influenced
the performance of the antiseptics. Further studies testing
different wound exudate components will be necessary to
address this question.

Another influencing factor may have been the accom-
panying bacterial flora found in wound exudates. In addi-
tion to the MRSA test strain, human wound exudate test
solutions contained a highly diverse bacterial flora, which
in some samples exceeded the required total germ count
of standardised tests. Thus, the presence of a diverse bac-
terial flora and a high bioburden may have been the
causal factor that made longer exposure time necessary.”®
To date, standardised tests require the assessment of bac-
tericidal efficacy using specific bacterial strains, rather
than a mixture of different species. In future applications,
it may be reasonable to use a mixture of different bacte-
rial strains that are potentially found in chronic wounds.

A comparison between the standard test temperature
and actual wound temperatures revealed a difference of
more than 12°C. The measured wound temperatures are
comparable to the mean wound temperature determined
in a study by McGuiness et al.! The factor temperature
has been shown to affect both the activity of antiseptics
and wound healing. Although the efficacy of antiseptics
increases at higher temperatures, optimal wound healing
is achieved between 36 and 38°C.2%2? Thus, to realisti-
cally simulate wound bed conditions in standard tests, it
may be reasonable to increase the test temperature to
mean wound temperatures.

Furthermore, evidence exists that the pH is an impor-
tant factor during the healing process of wounds.? Dif-
ferent pH ranges seem to be required for different phases
of wound healing."" A reduction of wound pH has been
observed in the course of the healing process, while
chronic wounds seem to be in a state of alkalinity.***
The mean pH level of 8.1 (+ 0.5) measured in this study
is in line with these observations. To date, standardised
tests according to DIN EN 13727 do not require a specific
pH in the test solution.® Wiegand et al could demonstrate
that the pH can influence the bactericidal efficacy of
some antiseptics; furthermore, the efficacy under differ-
ent pH levels is also dependent on the bacterial species.*®
These observations together with the increasing evidence
on the importance of pH during wound healing support
the recommendation to consider the performance of anti-
septics at different pH levels in future applications.
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FIGURE 1 Resultsof
quantitative suspension tests
according to DIN EN 13727 under low
burden conditions with 0.03%
albumin (A), high burden conditions
with 0.3% albumin and 0.3% sheep
erythrocytes (B), and practical
conditions using wound exudate (C)
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In conclusion, in vivo conditions are simulated more proteins found in wound exudate, other components
realistically using human wound exudates instead of  such as the diverse microbial flora seem to influence the
standardised organic load as challenges. Next to the  antimicrobial activity of antiseptics. However, further
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studies are necessary to specifically identify the responsible
factors. In addition, the present study demonstrates that
standardised in vitro test conditions only partly reflect
actual wound bed conditions. For future applications of
antiseptic agents, it is recommendable to take the environ-
ment into account, in which it will be used. In this way,
the biocidal efficacy of antiseptics can be assessed in
in vitro settings that resemble clinical conditions as closely
as possible and enable more reliable predictions on their
performance in daily routine wound management.
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