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Summary
Wound infections are still an interdisciplinary and interprofessional challenge,
because of numerous complications, particularly in people with chronic wounds.
There are many different concepts and approaches in this field today. Therefore,
WundDACH, the umbrella organization of the German-speaking wound healing
societies, wrote a position paper on this important topic. An interdisciplinary and
interprofessional group of experts from German-speaking countries developed
definitions and procedures for nomenclature, diagnosis and treatment of wound
infections in people with chronic wounds in a modified Delphi process.
The importance of correctly diagnosing wound infections is emphasized so that
adequate treatment can be carried out as early and specifically as possible. For
a differentiated assessment, a simplified continuum of wound infection with
contamination, colonization, local and systemic infection and the correspond-
ing therapeutic consequences was described. Most bacteria in wounds can be
removed by repeated wound-irrigation and debridement. Local wound infec-
tions are diagnosed based on clinical signs of infection and TILI score. Treatment
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is then usually exclusively local, for example with modern antiseptics such as
polyhexanide. Systemic antibiotics should mostly be considered when signs of
systemic infections appear. The indication for antimicrobialwound therapy should
be critically reviewed after 10–14 days at the latest.

KEYWORDS
antiseptics, bacteria, chronic wounds, wound healing, wound infections

INTRODUCTION

The early diagnosis and adequate treatment of wound
infections in people with chronic wounds remain a rel-
evant interdisciplinary and interprofessional challenge.
Especially older people with chronic wounds are at a
particularly high risk of blood stream infections or sepsis,
potentially with subsequent severe consequences due
to underlying diseases, disturbed microcirculation, and
age-related reduction of protein synthesis.1,2 Moreover, it
is argued that in up to 40 % of affected individuals, wound
infection is the cause of a prolonged or chronic healing
process.3

WundDACH, the umbrella organization of the German-
speaking wound healing societies, has set itself the task of
improving wound care in theory and practice in German-
speaking countries. The board of WundDACH has, there-
fore, commissioned an interdisciplinary and interprofes-
sional group of experts to summarize or revise the currently
recommended definitions (Table 1) and procedures for
nomenclature, diagnosis, and treatment of wound infec-
tions in patients with chronic wounds, or to develop new
recommendations.

MICROORGANISMS

Microorganisms may affect the complex processes of
wound healing in different ways. Only in rare cases, such as
mycobacteriosis, are microorganisms the cause of chronic
wounds; it is much more common that they cause compli-
cations, suchaswound infections.Whilebacteria areusually
responsible, wound infectionsmay rarely also be caused by
parasites or fungi. While viruses may penetrate the skin via
injuries and cause skin changes, they are not considered
as pathogens causing wound infection in the strict sense.
Therefore, this position paperwill focus primarily onwound
infections caused by bacteria.
The entirety of microorganisms living on and in humans

is referred to as a microbiome. Although not all interac-
tions are yet known, it is known that the microbiome is
important for the development and maintenance of the
human immune system.4 This applies also to the defense
function of the skin.5 Accordingly, the permanent and
complete eradication of bacteria in wounds is not physi-
ological. However, excessive proliferation of bacteria may

cause thedevelopment ofwound infections.6,7 Various bac-
terial species may be responsible for this process (Table 2).
A clinical study performed in Germany could show that the
germ spectrum in patients with chronic wounds of differ-
ent causes did not differ significantly.8 This seems obvious,
given that with the exception of Pseudomonas aeruginosa
and other water and environmental germs, such as Acine-
tobacter baumannii, all bacteria mentioned are associated
with humans and, therefore, almost always originate from
the patients themselves.
Usually, one bacterium is primarily responsible for

wound infection.9 Especially the role of anaerobic bacteria,
which are able to survive in an oxygen-free environment,
in wounds is largely unresolved.10 Multidrug-resistant
organisms (MDROs) are a relevant problem in daily clini-
cal practice. This term refers collectively to bacteria with
pronounced resistance to antibiotics. Worldwide, approx-
imately 1.2 million people die every year due to resistance
to antibiotics.11 In the context of treatment of patients
with chronic wounds, methicillin-resistant Staphylococcus
(S.) aureus (MRSA) are of major clinical relevance, in par-
ticular as a causative factor of nosocomial infections.12

In humans, the nasopharyngeal region is predominantly
colonized by MRSA. Recently, it has been shown that
individuals with diabetic foot ulcer (DFU) and detection
of MRSA have longer healing duration of wounds, longer
hospitalization times, and incur higher hospital costs com-
pared to individuals with DFU and exclusive detection
of methicillin-sensitive S. aureus (MSSA).13 Moreover, a
new classification for multidrug-resistant gram-negative
bacteria (MRGN) was introduced in Germany in 2012. In
MRGN, bacteria resistant to four (4MRGN) or three (3MRGN)
groups of defined antibiotics are differentiated. Since 2019,
carbapenemase-producing bacteria are also included in
the 4MRGN group. In humans, the intestines as well as
perianal and inguinal regions are predominantly colonized
by 3MRGN or 4MRGN.14

CONTINUUMOFWOUND INFECTION

The term infection continuum has been coined and inter-
nationally established by the International Wound Infection
Institute (IWII). It describes the various stages from gen-
erally harmless bacterial contamination to potentially life-
threatening systemic infection in a differentiated manner.
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TABLE 1 Definitions of important terms in the context of wound infections.

Term Definition

Antibiotics Antibiotics target specifically bacteria and are, therefore, intended for treatment of
infections caused by bacteria. In contrast to antiseptics, antibiotics have always a
spectrum of activity; therefore, they do not act equally on all bacteria.

Anti-infectives Collective term for antimicrobials, antiseptics, and antibiotics.

Antimicrobial stewardship Concepts for the rational and responsible use of antibiotics and antimicrobial
substances in appropriate medical indications. It is the aim to provide people with
the optimum treatment while minimizing selection processes and resistances in
microorganisms.

Antimicrobials Antimicrobial substances or physical therapies acting against microorganisms by
either destroying them or inhibiting their growth, without, however, achieving the
reduction factor required of antiseptics. Accordingly, more germs survive
compared to the use of antiseptics.

Antisepsis Hygienic measures eliminating or reducing potential pathogens either actively or
passively, thus reducing the infection risk or treating an existing infection. This
includes both substance-based measures like antiseptics and physical therapies
like debridement.

Antiseptics Substances approved according to the German Medicinal Products Act with the
primary purpose of antisepsis and/or disinfection and sold as such. The
designation may only be assigned, if a defined germ reduction of various test
germs has been achieved in vitro.

Biofilm Biofilms are communities of microorganisms adhering to surfaces where the grow
and proliferate. They form a protective layer of mucus (matrix) where they embed
and organize themselves. Microorganisms organized in biofilms are adapted to the
respective environment and have a higher resistance to environmental factors
than free-living planktonic microorganisms. Biofilms may contain individual
species or consist of mixed populations.

Debridement Removal of adherent dead tissue, crusts, microbial or fibrinous coatings, biofilm, or
foreign material from wounds. Debridement is an important component of
decontamination and antisepsis.

Decontamination Hygienic measure to remove hazardous substances, contaminations, or coatings,
or to reduce them to a non-harmful amount.

Disinfection Hygienic measures to kill or inactivate potential pathogens. Due to the significant
reduction of their quantity on or in wounds, infection occurs less often.

Inflammation Inflammatory reaction of the organism to harmful stimuli. Clinical cardinal
symptoms are erythema, warmth, swelling, pain, and impaired function.

Colonization Colonization of the wound with proliferation of microorganisms without typical
clinical signs of infection. Adhesion to the wound surface has occurred; the
removal by irrigation alone is impeded. While formation of a biofilm is common,
this per se presents no infection.

Contamination Potential pathogens of wound infection adhere to the wound surface, initially
without proliferation. In this physiological stage, the removal of a large fraction of
germs is still possible, e. g., by irrigation even without antimicrobial activity.

Wound infection Local: Immunologic host reaction with clinical signs of infection.
Systemic: In addition to local signs of an inflammatory reaction, there are systemic
immunological host reactions, such as leukocytosis, increase of CRP, and fever.

Wound irrigation Removal of non-adherent components by sterile solutions. Apart from remnants of
dressings, this will often remove (dried) wound exudates, but also microbial toxins
and other components. Main aim of wound irrigation is decontamination, not
disinfection in the primary sense.

Wound irrigation solution Substance with the primary purpose of mechanical wound irrigation and/or
decontamination approved according to the German Medical Device Law
Implementation Act (Medizinprodukterecht-Durchführungsgesetz, MPDG) or the
Medical Device Regulation (MDR, authorization regulation at EU level) and sold as
such. Wound irrigation solutions may be preserved or non-preserved. Substances
with antimicrobial efficacy are often used for preservation resulting in product
stability, whereas no specific antimicrobial effect may be assumed. The use of
wound irrigation solutions is subject to the German Medical Devices Operator
Ordinance (Medizinprodukte-Betreiberverordnung, MPBetreibV).
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Contamination

Adhesion of pathogens

No host reaction

Proliferation of pathogens

No typical host reaction

(possibly, atypical signs
of infection)

Clinically manifest
local reaction

Immunological
host reaction
with typical

signs of inflammation

Systemic reaction

in addition to local reaction

Systemic signs of infection

fever / chills
leukocytosis

CRP / PCT

Colonization

Increasing virulence and/or quantity of microorganisms

Local wound infection
Systemic wound

infection

Typical:

• erythema
• swelling
• pain
• warmth
• functional impairment
• putrid exudation

Atypical:

• increased exudation
• stagnation of wound
 healing
• new/increasing odor
• new/increasing pain
• friable granulation tissue
 that bleeds easily
• hypergranulation

F IGURE 1 Continuum of wound infection and possible typical and atypical clinical signs. Abbr.: CRP, C-reactive protein; PCT, procalcitonin

TABLE 2 Most common bacterial species in chronic wounds in
Germany.8,14,47

Species Frequency (%)

Staphylococcus aureus 37–70

Pseudomonas aeruginosa 17–39

Proteusmirabilis 10–17

Escherichia coli 6–14

Last revised in 2022, this international consensus specifies
the various clinical conditions and their treatment.6

In the context of this position paper, the experts for the
German-speaking area have agreed on a simplified classi-
fication in contamination, colonization, local and systemic
wound infection (Figure 1). In each wound, whether acute
or chronic, microorganisms of the skin microbiome can be
found; this is referred to as contamination. With increasing
proliferationand/or increasedvirulenceof thepredominant
microorganisms, colonies are formed, a process referred
to as colonization. With uncontrolled progression of colo-
nization, increasing evidence for a developing local wound
infection may be observed. Clinical signs for this devel-
opment include exudate increase, stagnation or delay of
wound healing, as well as newly emerging or increasing
pain andwound odor. In case of progressive increase of the
microbial loadwith associated local reaction, this condition
has been referred to as critical colonization in the past.6

In the context of this position paper it is recommended
to no longer use the term of critical colonization, given
that the exact transition point when a colonization should
be considered as critical cannot be specified with suffi-
cient reliability.15 There are numerous potential influencing
factors thatmayaffect theprogressionof localwound infec-
tion. Important factors include amount and virulence of the

pathogens, immune competence of the host, and wound
localization.16

In the international version of the wound infection
continuum updated in 2022, local wound infection was
subdivided into overt and covert forms, while spreading
infection was newly introduced.6 The background for this
differentiation was the fact that an incipient local wound
infection will often not present with the full extent of
typical, apparent clinical signs of infection. This applies in
particular to people with impaired or disturbed immune
response and to chronic, recurrent infections associated
with biofilms. Spreading infection is another subdivision
intended to present the next step from local to systemic
infection, if no adequate treatment measures are taken.6

Given that the further subdivision of local wound infection
has no specific therapeutic consequence and may rather
lead to confusion, the use of this term was excluded in this
consensus.
Local wound infections can be diagnosed based on clin-

ical signs of infection, which may be supported by the
therapeutic index for local infections (TILI) score.17 Systemic
signs, such as fever, chills, or general feeling of exhaus-
tion, may be symptoms of systemic infection.1,6 In this
case, serological parameters, such as white blood cell dif-
ferential, C-reactive protein (CRP), or procalcitonin (PCT),
should be determined, and blood cultures should be taken
for further diagnostic workup. While these content-related
considerations, especially concerning the transition thresh-
olds between colonization and local wound infection as
well as local infection and systemic infection are of essen-
tial importance for correct treatment and assessment, it is
the opinion of the experts of WundDACH that a classifica-
tion within the wound continuum should be as simple as
possible and suitable for daily life. Accordingly, they con-
sider a simplified overview without loss of content-related
relevance as the most reasonable approach.
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TABLE 3 Bacterial diagnostics in chronic wounds.48

Indication Method Remarks

MDRO search Swab using Essen Rotary technique
without prior cleansing

Using a spiraling motion and applying slight
pressure, load swab with material from the
periphery to the center of the wound.
Lab requirements: Screening, co-examination
of other sites, if necessary

Pathogenic organisms Swab using Levine technique with prior
cleansing

Applying slight pressure, load swab with
material from the area that appears clinically
infected (approx. 1 cm2).
Lab requirements: Pathogenic organisms with
antibiogram

DFU, deep wounds, suspected rare
pathogens, such as mycobacteria,
Leishmania etc.

Biopsy after prior cleansing Give biopsy with droplets of Ringer’s solution
into sterile tube.
Lab requirements: Pathogenic organisms,
record suspicion of mycobacteria etc., if
necessary

Fistulas Collect content of fistula with canula Give content of fistula into sterile tube or
blood culture flask.
Lab requirements: Pathogenic organisms,
record suspicion of mycobacteria etc., if
necessary

INFLAMMATION VERSUS INFECTION

While it is not always possible to strictly differentiate
unequivocally between inflammation and wound infec-
tion in individuals with chronic wounds, this differentiation
is important because of the therapeutic consequences.
Inflammation describes a reaction of the organism to a
potentially harmful stimulus. Causesmay be bacterial infec-
tions, but also non-infectious factors. Non-infectious causes
may include autoimmune diseases, such as vasculitis and
vasculopathies, or eczemas. Biopsies are often important
for their diagnosis. In contrast to wound infections diag-
nosed by, for example, vital parameters and serology, their
therapy involves rheologic or immunosuppressive drugs.18

For the treatment of wound infections, however, antimi-
crobial, locally applied substances like antiseptics or, if
appropriate, systemic antibiotics are usually important.
Moreover, additional measures, such as wound irrigation
and debridement, are useful to reduce the number of
microorganisms.19

DIAGNOSTICWORKUP

Depending on the indication, different procedures and
approaches can be used for the detection of bacteria
(Table 3).20

Swab

In chronic wounds, a bacteriologic swab from the wound
surface is usually sufficient for the detection of bacteria in
routine care. When screening forMDROs, nowound cleans-
ing should be performed prior to swabbing in order to

detect the spectrum of pathogen species in the wound as
representative as possible. The swab can be taken accord-
ing to the Essen Rotary technique with a spiraling motion
from the periphery to the center of the woundwhile apply-
ing slight pressure. If, however, wound infection is clinically
suspected, wound cleansing should be performed prior
to bacteriological diagnosis using sterile wound irrigation
solution without active substance and, if necessary, cot-
ton gauze. By this means, clinically irrelevant contaminants
can be removed from the wound surface. Subsequently,
the bacteriologic swab should be taken with the so-called
Levine technique from the area of approximately 1 cm2 that
appears clinically infected while applying slight pressure.20

Swabs from wounds should be taken from the wound
bed, if possible, to provide clinically relevant results. Sub-
sequently, these swabs should be sent as fast as possible to
the lab for appropriate analysis. If there is a delay of more
than 24 hours, storage at room temperature will result in
proliferation of pathogens and thus in a shift of themicrobi-
ological picture in favor of faster-growing species. Storage
in a refrigerator will cause the loss of anaerobes, given
that these germs are often less tolerant to low tempera-
tures and die. Facultative anaerobes may, however, survive
in the refrigerator for a significantly longer time. Taking
the above considerations into account, however, qualita-
tive evaluation with loss of anaerobes is still possible after
48 hours.20

Biopsy

In most individuals with chronic wounds, no routine biop-
sies should be taken for pathogen diagnostics. Only in
case of deep ulcerations, DFU, severe soft tissue infection,
fistula tissue, or if specific pathogens are suspected, such as
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mycobacteria, Leishmania, or molds, are biopsies required
for pathogen detection.20,21

Serology

The spread of infections in skin, lymphatic system, or blood-
stream are complications requiring systemic antibiotic
therapy. However, some people require systemic antibiotic
therapy, due to malnutrition, exsiccation, immunosuppres-
sive therapy, or diabetes mellitus, without relevant signs of
inflammation. In these cases, the decision should be made
based on the clinical presentation, with coatings, odor,
discoloration, and general condition of those affected.
Apart from this, the diagnosis of systemic infection may
be confirmed by lab results, such as CRP, erythrocyte sed-
imentation rate (ESR), and leukocytosis. PCT is another
sensitive biomarker for infections caused by bacteria that
can be determined, in particular, if incipient sepsis is
suspected.22

Fluorescence

Biofilm or bacterial colonization in wounds with more than
104 CFU/mm2 can often be made visible to the human
eye with near-UV light. Light of a wavelength around
450 nm allows for detection of areas with high bacterial
metabolic activity due to fluorescence of bacterial metabo-
lites. Porphyrins are, for example, responsible for red flu-
orescence indicating the presence of Staphylococcus spp.
and enterobacteria. In contrast, cyan-blue fluorescence is
an indicator for the presence of Pseudomonas spp. secreting
pyoverdine.23

Scores

Specific scores have been developed as an aid for clinical
diagnosis.

Wound-At-Risk (W.A.R.) score

It is often difficult to identify people that may have no clin-
ical manifest wound infection yet but are at an enhanced
risk of developingwound infection. This status is also called
risk wound or Wound-At-Risk (W.A.R.).24 An international
interdisciplinary and interprofessional group of experts has
devised theW.A.R. score to enable the determination of the
infection risk based on risk points (Table 4).25 In individu-
als with an increased risk of infection, it may be useful to
perform antimicrobial wound treatment earlier and, if nec-
essary, even for a longer period. TheW.A.R. score is used for
early detection of an infection risk based onpatient-specific
characteristics and risk factors of the wound. Accordingly,

TABLE 4 Wound-At-Risk (W.A.R.) score to estimate the risk of
infection for people with wounds. Local antimicrobial wound treatment is
recommended from a total score of ≥ 3 points.25

1 risk point

Acquired immunosuppressive disease, e. g., diabetes mellitus

Acquired immune deficiency due to medical therapy, e. g.,
ciclosporin, methotrexate, glucocorticoids, antibodies

Diseases with solid tumors

Hematological systemic disease

Postsurgical wound healing disorder resulting in (unplanned)
secondary healing

Wounds with particularly high germ load due to localization, e. g.,
perineum, genitals

Problematic hygienic conditions, due to social or occupational
environment, e. g., farmers, truck drivers

Age ≥ 80

Younger age, e. g., premature babies, babies, infants

Existence of wounds > 1 year

Wound size ≥ 10 cm2

Chronic wounds of all causalities with a depth of > 1.5 cm

Long-term hospitalization > 3 weeks

2 risk points

Severe acquired immune deficiencies, e. g., HIV infection

Highly contaminated acute wounds

Bite, stab, and bullet wounds with a depth of 1.5 to 3.5 cm

3 risk points

Burn wounds with an involvement of > 15 % body surface area

Wounds that have a direct connection to organs or functional
structures, e.g., joints, or contain exogenous material

Extremely serious inherited immune deficiencies, e. g.,
agammaglobulinemia, severe combined immune deficiency
(SCID)

Bite, stab, and bullet wounds with a depth of > 3.5 cm

the score supports the individual assessment whether
antimicrobial wound therapy is justified.

Therapeutic Index for Local Infections (TILI) score

The therapeutic index for local infections (TILI) score for the
diagnosis of local wound infections was developed by an
interdisciplinary and interprofessional group of experts in
Germany, translated into several languages, and validated
in an international study.26 The current, updated German
version of the TILI score was then devised in cooperation
withWundDACH (Table 5).17 While, individually, the respec-
tive clinical symptoms are important, they are no proof of
wound infection. Therefore, the TILI score will only provide
an indication for antimicrobial wound treatment, for exam-
ple with antiseptics, if at least five of the six non-specific
symptoms (indirect criteria) arepresent. There are, however,
also individual aspects, here referred to as direct criteria,
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TABLE 5 Therapeutic Index for Local Infections (TILI) score for the
diagnosis of local wound infections and indication of local antimicrobial
therapy.17 An indication for antimicrobial wound treatment exists if at
least five of the six non-specific symptoms or one of the direct criteria is
present.

No direct indication

- Erythema to surounding skin
- Heat
- oedema, induration, or swelling
- Spontaneous pain or pressure pain*
- Sta wound healing
- Increase and/or change of colour or smell
of exudate

Direct indication

- Presence of wound pathogens**
- Surgical septic wound
- Presence of free pus

*Caution for people with polyneuropathy or when using painkillers.
**This can be very different in different countries and institutions. One example is the
detection of MRSA.

TABLE 6 M.O.I.S.T. concept of local therapy for chronic wounds.27

M: Moisture balance
O: Oxygen balance
I: Infection control
S: Support (of healing process)
T: Tissue management

that justify antimicrobial wound therapy. Implementation
of the TILI score has the aim to improve the indication and
reduce non-indicated antimicrobial wound therapy.

CONCEPT OFMODERNWOUND THERAPY

Today, a modern treatment plan of chronic wounds can
be guided by M.O.I.S.T. or other concepts, such as TIME
or TIMERS (Table 6).27 In these concepts, the letter “T”
describes the tissue management. Key aspects of these
concepts are wound irrigation and debridement.

Wound irrigation and debridement

In contaminated wounds without signs of infection, reg-
ular use of neutral irrigation solutions combined with
mechanical debridement and wound cleansing is usu-
ally sufficient to prevent an unphysiological increase of
microorganisms.19 Sterile physiological saline and Ringer
solution may, for example, be used for wound irrigation.
These are, however, not preserved and can therefore only
be used once. Preserved wound irrigation solutions are
increasingly used especially for wound treatment in the
out-patient setting, given that they can be used for 6–
10 weeks after opening. Common preservatives include
the colorless substances polyhexanide, octenidine, sodium
hypochlorite, or hypochlorous acids. Sodium hypochlorite

TABLE 7 Indication-dependent selection of antimicrobial wound
therapies.28

Indication

Antimicrobial agent

1st choice 2nd choice

Wounds at risk of infection Polyhexanide NaOCl, HOCl,
hypochlorite, silver,
OCT/PE

Wounds with evidence of
multidrug-resistant
organisms (MDROs)

OCT/PE OCT, polyhexanide,
silver

Wounds without drainage
opportunity

NaOCl, HOCl -

Abbr.: NaOCl, sodium hypochlorite; HOCl, hypochlorous acid; OCT, octenidine
dihydrochloride; OCT/PE, octenidine dihydrochloride/phenoxyethanol; MDRO,
multidrug-resistant organisms

or hypochlorous acids are well-tolerated chlorine-releasing
agents. The antimicrobial effect is primarily based on oxida-
tive reactions. In combinationwith salt solutions, they show
osmotic potential on the eroded bacterial cell membrane.
In contrast to most antiseptics, they can also be used on
exposedboneor cartilage.28 The current recommendations
of the Commission for Hospital Hygiene and Infection Pre-
vention (KRINKO) in Germany point out that tap water may
only be used for wound treatment, if it is filtered with
terminal sterile filters with a pore size of 0.2 μm.29

Debridement has the aim of removing adherent, dead
tissue, crusts, and foreign material from the wounds.30 This
will also eliminate already a large fraction of the bacteria
from wounds. Mechanical and sharp or surgical debride-
ment are predominantly used for the therapy of wound
infections. Sharp or surgical debridement reduces bacterial
colonization and load very effectively,31 but only for a short
period. Accordingly, it should be performed repeatedly
in intervals of maximally 48–72 hours to exert its antimi-
crobial effect.32 An alternative for wound treatment with
medicinal larvae grown under sterile conditions is referred
to as biosurgery. Extracorporeal digestion and secretion
of, among others, antimicrobial peptides by medicinal
larvae results in highly selective lysis of necrotic tissue and
bacteria.33

Antimicrobial wound therapy

In the treatment concepts for chronic wounds, therapeu-
tic measures for infection control are described with the
letter “I”. Various therapeutic options can be used for
antimicrobial wound therapy including wound irrigation,
gel, or wound dressing/pads. The different indications are,
among other factors, the result of the used active sub-
stance, respective concentration, spectrum of activity, and
potential cytotoxicity (Table 7).28 The correct indication
and selection of the respective antimicrobial substance is
based on several aspects, such as potency, cytotoxicity,
intention of treatment (therapeutic/preventive), the rela-
tion between microbial load and resilience of the tissue,
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TABLE 8 Exposure times of antimicrobial agents.48

Agent Concentration (%)
Exposure time
(min.)

Octenidine +
phenoxyethanol

0.1–1 1–2

Polyhexanide 0.01–0.04 10–20

Sodium hypochlorite 0.08 3–5

PVP iodine 1–11 3–5

as well as wound stage.34 In case of contamination or col-
onization, the primary goal is to prevent the increase of
microbial load to a critical level or to achieve its reduction
without compromising tissue regenerationdue to cytotoxic
effects. For an already existing local wound infection, the
cytotoxic effects of antimicrobial treatment strategies may
temporarily be considered of lesser relevance. In addition,
product-specific limitations should be considered for the
use on exposed tissue structures, such as tendons, vessels,
CNS structures, and peritoneum. The same applies to the
different exposure times (Table 8).28

Polyhexanide or polyhexamethylene biguanide (PHMB)
kills microorganisms by binding to and damaging their
cell walls. The combined use with betaine surfactants can
improve the physical properties of PHMB, thus increasing
its antimicrobial activity.35

Octenidine is a cationic antiseptic agent mostly used in
combination with phenoxyethanol for wound treatment.
It exerts its antimicrobial effect by destroying the outer
membrane of microorganisms. Preparations with octeni-
dine should not by introduced with pressure deeply into
tissue without drainage opportunity, since this may result
in edema and necrosis.36

Silver is usually used for wound treatment in the form of
wound dressings. However, the broad bactericidal activity
of silver only takes effect when the silver atoms become
positively charged silver ions (Ag+).37 The antimicrobial
effect of silver is exerted via several mechanisms and on

various target sites of the bacterial cell. The risk of resis-
tance development has only rarely been described in vitro
or in animal experiments, and is, to date, without clini-
cal relevance.38 For the therapy of wounds with biofilm,
antimicrobial wound dressings with silver, EDTA, and ben-
zethonium chloride have proven to be effective.39 Despite
the large number of good clinical studies, the large het-
erogeneity of products and study designs impedes the
unambiguous assessment of silver in wound treatment.40

Due to its brown color, the risk of thyroid disorders, a
comparatively higher cytotoxicity, and the high potential
of contact sensitization, povidone (PVP) iodine is nowadays
viewed critically with respect to treatment of individuals
with chronic wounds. It remains an approved drug that
is predominantly recommended for acute wounds with
bacterial spores, for example, in bullet or bite injuries.41

Cadexomer iodine was effective both on biofilms in in vitro
experiments42 and in clinical trials on patients with chronic
wounds.43

Generally, wound dressings with antimicrobial activity
may also be used for the treatment of wound infections.
In this context, various dressing or carrier materials exist,
such as polyurethane (PU) foams, alginates, or hydrofibers
that are combined with an antimicrobial agent. More-
over, wound dressings without active substance are avail-
able with an antimicrobial activity based primarily on the
physical binding of microorganisms. Especially for wound
dressings coated with dialkylcarbamoyl chloride (DACC),
it is postulated that bacteria and fungi adhere irreversibly
to the hydrophobic surfaces and are thus removed from
the wound during dressing change.44 In addition, other
hydroactive products with high retention capacity, such as
superabsorbers, can bind germs irreversibly in a physical
manner.45 Accordingly, there is generally no risk of tol-
erance development or cytotoxicity (Figure 2). Additional
antimicrobial strategies for wound treatment include phys-
ical treatment options like cold atmospheric plasma, laser,
or ultrasound.46

Contamination

• Preserved (sterile)
• Non-preserved (sterile)

• Substance-based (e.g., NaOCl/HOCl, polyhexanide,
 octenidine, silver, iodine)
• Physical (e.g., DACC, cold atmospheric plasma,
 hydroactive wound dressings) 

Decontamination Disinfection / antisepsis

Anti-infectives

WOUND IRRIGATION
SOLUTION

ANTIMICROBIALS

± Debridement

ANTISEPTICS

± Antibiosis1

Therapeutic options2

Colonization Local wound infection
Systemic wound

infection

F IGURE 2 Therapeutic procedure for
different stages of wound infection. Abbr.: NaOCl,
sodium hypochlorite; HOCl, hypochlorous acid;
DACC, dialkylcarbamoyl chloride. 1The indication
for the use of systemic antibiotics is a
situation-based decision and depends on several
factors such as underlying disease, severity of
infection, immune status, etc. 2This is a generic
overview for clarification purposes and does not
claim to be exhaustive.
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Although various effective wound therapeutics with
antimicrobial activity and minor cytotoxicity are now avail-
able, this does not justify their non-selective long-term use.
Accordingly, the group of experts recommends an individ-
ual and targeted use of antimicrobial wound therapeutics
for a limited period. A maximum therapy duration of 10–
14 days is recommended. After this time, the indication
should be critically reviewed and the information of the
manufacturer concerning the maximum therapy duration
should be considered.
For systemic therapies with antibiotics, we refer to the

relevant medical guidelines.

CONCLUSIONS FOR CLINICAL PRACTICE

Especially inpeoplewith chronicwounds,wound infections
may cause numerous complications. Therefore, important
objectives of modern wound therapy concepts are the
prompt diagnosis of wound infections and their adequate
treatment. Therapeutically, many bacteria in wounds can
already be removed by repeated wound cleansing with
wound irrigation and debridement. Today, numerous effec-
tive substances andwound therapeutics with antimicrobial
activity are available that may be selected and used on
an individual basis. However, the indication of antimicro-
bial wound therapy should be critically reviewed after
10–14 days at the latest.
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