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Summary
Infected interdigital intertrigo is an exudative, macerating, mixed infection of
the toe webs in which gram-negative bacteria (Pseudomonas aeruginosa and
Enterobacterales) seemprevalent, but inwhich gram-positive pathogens (Staphy-
lococcus [S.] aureus, streptococci, enterococci) and fungi (dermatophytes, yeasts)
also occur. The former German term “gram-negative foot infection”misleadingly
implied a soft-tissue infection of the foot caused by gram-negative bacteria. The
updated term “infected interdigital intertrigo” is an internationally used desi-
gnation, as is the term “gram-negative toe web infection”. This superficial infec-
tion may yet progress to soft tissue infection (phlegmon, cellulitis) of the foot
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but in immunocompetent patients is usually caused by S. aureus. Complicated
courses, as well as the development of interdigital intertrigo itself, are facil-
itated by diabetes mellitus, polyneuropathy, and peripheral arterial disease.
Diagnosis is made clinically, based on painful macerated erosions or ulcers with
yellow-green exudate, putrid odor and edema. Superficial swabs are not always
diagnostically required or relevant. Management focuses on local therapy with
anti-inflammatory, antiseptic, antimycotic agents, dry wound care and reduction
of edema. Systemic antibiotics are indicated only in cases of associated soft-
tissue infection, which in immunocompetent patients present as uncomplicated
cellulitis and therefore require coverage limited to S. aureus. Early vascular evalu-
ation, imaging and surgical assessment in cases of deep infection or necrosis are
essential.
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definition, gram-negative foot infection, infected interdigital intertrigo, recommendations, therapy

INTRODUCTION ANDDEFINITION OF TERMS

While the term gram-negative foot infection is tradition-
ally used in the German clinical terminology, it is neither
grammatically correct nor factually precise.
During pathogen diagnosis of this entity, different

microorganisms are usually detected, and based on these
findings alone it remains unclearwhichpathogen is causing
and/or sustaining the infection. Apart from gram-negative
bacteria, gram-positive bacteria and fungi are often iso-
lated from the clinically relevant skin lesions (see chap-
ter “Pathogen spectrum”).1 Infection of soft tissue arising
from these lesions in immunocompetent patients is usu-
ally not caused by the gram-negative pathogens isolated
from intertrigo, but primarily by Staphylococcus (S.) aureus.
Accordingly, antibiotics effective against staphylococci are
sufficient for treatment.1,2 The term “gram-negative” is,
therefore, misleading. Moreover, the word “infection” sug-
gests a short, self-limiting infection, while “foot infection”
suggests an infection of the entire foot. There is, however, a
localized infection originating from erosions or ulcers start-
ing in the toe webs that will often spread to the dorsum
of the foot in the form of diffuse erosions or ulcers. With
the currently used term, the clinical differentiation from, for
example, erysipelas or cellulitis, seems unclear.
Therefore, theguidelinegroup suggests abandoning and

replacing the term “gram-negative foot infection”. A term
based on the pathogenesis of the disease, already used
in similar form internationally, should be adopted. Typi-
cally, the toe webs and the anterior aspect of the foot are
infected. This is caused by a barrier defect – often in the
form of a usually shallow ulcer originating from erosions in
the toe webs in the form of intertrigo. It is, therefore, sug-
gested that the term infected intertrigo of the toe webs,
in short, infected interdigital intertrigo, be used given that
this more clearly describes the clinical appearance and is
not therapeuticallymisleading. In theAnglo-American area,
the term toeweb infection/intertrigo is also known, although

the attribute gram-negative is still added occasionally, for
example, gram-negative bacterial toe web infection (GNTWI)
or gram-negative bacterial toe-web intertrigo.3–5

Typical clinical features are, in particular, the charac-
teristic odor (sweetish/putrid) caused by gram-negative
colonization and the color caused by wet maceration (red
exudative, whitish macerated) (Figure 1). In addition, ede-
mas and pain are usually present.
Comorbidities, such as diabetes mellitus, polyneuropa-

thy, or peripheral arterial disease (PAD), are common and
promote the local infection.6 The barrier defect of the skin
is caused by macerating interdigital tinea pedis or trauma.

F IGURE 1 Clinical photos of infected interdigital intertrigo (Wound
Center, Department of Dermatology, University Hospital Essen).
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Definition: Infected interdigital intertrigo / so-called
“gram-negative foot infection”

Exudative infected intertrigo of the toe webs beginning with
macerations and erosions that may later spread to the anterior
aspect of the foot forming ulcers. Typically, the dermatological
disease is associated with the identification of various
gram-positive (staphylococci, enterococci, streptococci, and
others) and gram-negative (Pseudomonas aeruginosa,
Enterobacterales, and others) pathogens as well as fungi. Often,
comorbidities exist promoting the development of infected
interdigital intertrigo.
Infected interdigital intertrigo may progress to soft tissue infection
(uncomplicated or complicated cellulitis), which, in
immunocompetent patients, is caused by gram-positive bacteria,
such as S. aureus, rather than gram-negative bacteria.

Pathogen spectrum

The foot is subjected to particular stress and shows a
rich colonization with various, to some extent changing,
microorganisms for several reasons. The physiological col-
onization of the skin of the feet with microorganisms
(microbiota) is extremely complex. It is presumed that there
is a dynamic interaction between microbiota and host as
well as within the microbiota.7

Factors that may lead to differences in the microbiome
include:

− rather dry (for example, dorsum of the foot) and rather
moist regions (for example, toe webs),

− feet are in contact with surfaces differing with respect to
their bacterial colonization,

− changes in themicroclimate bywearing socks and shoes
with different ventilation resulting in differences in local
temperature and humidity,8

− type, duration and localization of acute and chronic skin
diseases and skin defects (including superficial to deep
wounds),

− comorbidities of the host including local and/or sys-
temic immune defects and circulation disorders as well
as interventions with antibiotic/biocidal effect.7,9 In this
context, themicrobial detection from diabetic foot ulcer
(DFU) has been best studied.9–11

The results of microbiota analyses from skin surfaces are
highly dependent on type and quality of the method used
(molecular and/or culture-based; use of both procedures is
optimal). This includes sampling (swab or tissue) and taxo-
nomic depth of the analyses.10,12 They correspond only to
a limited degree to the experience based on the analysis of
skin swabs or other testmaterials from the foot inmicrobio-
logical routine labs, which is often restricted to the identifi-
cation of microorganisms with relevance for etiopathology.
In accordance with the general knowledge about the col-
onization of human skin, studies of healthy volunteers or
control groups show a typical colonization of the foot
skin with representatives from four bacterial phyla. Most
common are bacteria of Staphylococcaceae and Streptococ-

caceae aswell as Pseudomonadota (synonymous Proteobac-
teria; including Enterobacteriaceae, Moraxellaceae, Neis-
seriaceae, and Pasteurellaceae), Actinomycetota (synony-
mous Actinobacteria; including Corynebacteriaceae, Kyto-
coccaceae, Micrococcaceae, and Propionibacteriaceae), and
Bacillota (synonymous Firmicutes; including Bacillaceae,
Clostridiaceae, Enterococcaceae, and Lactobacillaceae); less
often, species of Bacteroidota (synonymous Bacteroidetes)
are found.9,13–15 Overall, coagulase-negative staphylococ-
cus species appear to be dominating on the foot. This
applies also to cultures from toe webs (identification in
approximately 75 %), followed by corynebacteria (approx-
imately 45 %), and micrococci (approximately 35 %); gram-
negative species are found in approximately 10 %.15,16

Typical eukaryotic representatives on the foot skin are
Malassezia species, followed by Candida species from the
fungus “kingdom” and Demodex mites from the phylum
Arthropoda. Moreover, fungi are often involved in skin infec-
tions in people with diabetes (prevalence of 84.6 % in
type 1 diabetes). Apart from Candida albicans, this includes
dermatophytoses of toe webs and nails.17

The infected interdigital intertrigo (IZI) presents mostly
(22 %–90 %) as mixed infection.4,18,19 In culture-based clin-
ical studies, several different bacteria were isolated from
erosions or ulcers in most cases (22 %–90%).11–13 Typically,
S. aureus and/or coagulase-negative staphylococci (approx-
imately 8 %–41 %), Streptococcus pyogenes (approximately
2 %–5 %), or Enterococcus faecalis (approximately 40 %)
were among the gram-positive-microorganisms found in
these culture-based clinical studies 2,18, while the most
common isolates of gram-negative bacteria included Pseu-
domonas aeruginosa (16 %–86 %), followed by Enterobac-
terales representatives (especially Escherichia coli, Proteus
mirabilis, Morganella morganii, Enterobacter cloacae, Kleb-
siella pneumoniae, and Serratia marcescens) and Acineto-
bacter species with a prevalence of approximately 3 %–
40 %.5,6,18,19 In more than 50 % of the cases, fungal
structures were detected by microscopy. If cultivable,
these present predominantly as Trichophyton (T.) rubrum or
T. mentagrophytes and as Candida albicans.3,5

Accordingly, the results of microbiome studies and
culture-based analyses often revealed the presence of
gram-positive bacteria, such as S. aureus or Enterococ-
cus faecalis, and not exclusively gram-negative bacteria.
Therefore, the intention expressed in the attribute “gram-
negative” foot infection appears to be unjustified.

Differential diagnoses and complications

Table 1 provides an overview of the relevant differential
diagnoses and potential complications. The key differences
in clinical presentation are listed. There is no claim to
completeness.
The specified (differential) diagnoses may become con-

sequence or complication of infected interdigital intertrigo.
Especially foot infections in patients with insufficiently
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TABLE 1 Differential diagnoses and complications of infected interdigital intertrigo.

Ecthymas

− sharply defined, usually multiple, ulcerating infections of the skin caused by S. aureus or S. pyogenes, occurring usually on the legs and
occasionally on the dorsum of the foot (often bilaterally)

− in adults, there are usually either acute favoring conditions in the form of occlusion in warm and humid climate or poor hygienic conditions
− initially, follicle-bound pustules, from which a grayish-yellowish crust develops
− after detachment of the crust, shallow ulcer with sharply defined borders and surrounding erythema
− spreading within a few days to 1–3 cm, then stable size

Soft tissue infections of the foot

Erysipelas

− pathogens are usually β-hemolytic streptococci, most commonly of group A (S. pyogenes) and less often of groups B, C, and G
− bright red, shiny erythema, sharply defined borders, often with arc-shaped extensions, no suppuration
− there is an entry port, for example, tinea pedis
− elevated CRP levels and leukocytosis
− general symptoms (shivering, chills, fever), usually at the onset of erythema formation
− may be a consequence of infected interdigital intertrigo (“gram-negative foot infection”), but considerably less common than cellulitis

Uncomplicated cellulitis (phlegmon)

− pathogen usually S. aureus
− darker, more intensive livid erythema than in erysipelas
− pasty swelling, different degrees of suppuration
− entry port (ulcer) usually deeper than in erysipelas
− not always associated with general symptoms (chills, fever) and if so, then not always initially, but also later
− at onset, often no significantly elevated serological parameters, for example, CRP levels or leukocytes
− may be the consequence of infected interdigital intertrigo
− without complicating co-factors, for example, PAD, diabetes mellitus with associated sequelae or insufficient metabolic control (≠

complicated cellulitis)

Complicated or severe cellulitis (complicated soft tissue infection)

− pathogen usually S. aureus, alternatively, infection or mixed infections with other gram-positive and gram-negative bacteria and anaerobes
− soft tissue infection reaching to muscle fascia or muscle
− associated with severe underlying diseases or other factors impeding response to therapy (the criteria for complicated soft tissue infection

defined by the FDA for clinical trials apply20)
− aggravating underlying diseases or factors include: insufficiently controlled diabetes mellitus, bacteremia, neutropenia (granulocyte count

< 500/mm3), liver cirrhosis (Child classification B or C), chronic alcohol abuse, malnutrition, or immunosuppressive therapy
− in presence of the above-mentioned risk factors, it may be the consequence of infected interdigital intertrigo

Foot infection in patients with insufficiently controlled diabetes mellitus (as a form of severe or complicated soft tissue infection
(cellulitis)):
− pathogen spectrum includes relatively often gram-negative bacteria and anaerobes; moreover, multiresistant pathogens are often causal

agents already
− renal insufficiency and other comorbidities interfering with the immune response
− rapid spreading to deep tissue layers, adjacent tendons and within sheaths, joint capsules, bones (osteomyelitis), and into the bloodstream

due to metabolic, neuropathic, and angiopathic damage caused by chronically increased blood glucose levels:
○ reduced immune response (among other factors, impaired function of neutrophils)
○ ischemia due to arterial occlusions (capillary system through to large peripheral vessels)
○ chronic DFU on mechanically stressed areas, for example, the toe webs, detected at a late stage due to diabetic neuropathy
○ hyperglycemic wound environment promoting the pathogenicity of S. aureus-

Necrotizing skin and soft tissue infection type I

− rare aggressive infections resulting in their course in extensive, ischemia-related destruction of tissue from epidermis to deep muscles due to
the pathogenicity and virulence factors (especially toxins and enzymes) of certain (strains of ) bacteria and their extensive proliferation due to
the frequently compromised immune response21,22

− toxin-related shock symptoms and immediate threat to life
− principal and only typical early symptom: disproportionate pain, that is, stronger than anticipated based on the clinical findings, caused by

ischemia and necroses; crescendo-like, only responding to morphine

Gangrene

− necroses on toes, edemas, cold skin with erythema of the distal foot, in case of pronounced edema and fluid in the skin of the toe web also
wet gangrene

− septic gangrene = occlusion of the supplying artery due to infection (clinical picture of blue “sausage toe”) and ischemic, typically dry
gangrene susceptible to secondary infection



836 S1 GUIDELINE ON INFECTED INTERDIGITAL INTERTRIGO

controlled diabetesmellitus, either asDFUor toe-web inter-
trigo, often progress to a complicated soft tissue infection
and requireparticular attention, given that theymay rapidly
spread to deeper tissue levels, bones (osteomyelitis), and
into the bloodstream.

Diagnostic workup

Initial clinical diagnosis

Recommendation

Clinical The initial diagnosis is made based on the following
clinical findings:

− diffuse erosions, later potentially also ulcerations that may
spread from the toe webs to the dorsum of the foot

− yellow exudate, yellow-greenish coatings, potentially pus
− maceration at the border of the barrier defect
− sweetish-putrid odor
− edema
− pain
− absent tendency to heal; often, gradual increase in size (pus or

absence of healing, increase in size, pain, and increasing
redness of the wound edge are the criteria for local infection of
ulcers)

− often, tinea pedis with interdigital maceration or other
previous traumas

− history of typical comorbidities promoting the local infection,
such as chronic lymphedema, diabetes mellitus,
polyneuropathy, or PAD

Pathogen diagnosis

Recommendation

To confirm the clinical diagnosis, pathogen identification
including resistance testingmay be performed.
In complicated or necrotizing processes, we recommend
pathogen identification including resistance testing.

− When interpreting a superficial wound swab, it must be taken
into account that this is of little informative value, given that
colonizing and secondarily infecting bacteria are also collected.

− If a wound swab is performed, it should be taken from the
infected wound edges, the wound bed, or tissue of wound
crusts.

− The microbiological identification of gram-negative rods (most
commonly, Pseudomonas aeruginosa and Enterobacterales) in
addition to identification of S. aureus or β-hemolytic
streptococci is typical in infected interdigital intertrigo, but has
no further clinical relevance.

− If indicated and obtainable, and especially if signs of
complicated (severe) cellulitis and necrotizing infections are
observed, native tissue samples (biopsies) from wound edges
or wound bed should be preferred over swabs, given that they
will allow for the most sensitive and specific identification of
pathogens of soft tissue infections by cultivation or DNA-based
methods; cultivation succeeds best prior to administration of
antibiotics.

Vital pathogens causative for the infection are localized at
wound edges, wound bed, or under the wound crusts. A
swab should be taken from various localizations, if possible
(without touching non-lesional areas of the wound edge).
Superficial swabs from erosions or ulcers are, therefore, of
little informative value and result in inappropriate antimi-
crobial therapy due to misinterpretation.23 However, if a
swab is taken, so-called “flocked” nylon swabs with Amies
transport medium should be used. Before taking the swab,
superficial secretions and fibrinous or necrotic coatings
must be removed in a sterile manner.
If indicated and obtainable, native tissue samples should

be preferred for reasons of sensitivity, given that they allow
for both cultivation of presumably relevant bacteria and
use of nucleic acid-based identification methods, either
in parallel or after negative cultures. However, collecting
tissue samples is mainly useful if clinical signs for spreading
of the infection into soft tissue (dermis, subcutis, or deeper
layers) are observed (also for cellulitis) and if antibiotics
have not yet been administered (since experience shows
that even cultivation of bacteria resistant in vitro will
fail). It is predominantly indicated in cases with severe or
fast-spreading complicated cellulitis. For this purpose, it
is recommended to divide the tissue sample and store
the aliquots temporarily (depending on the duration at
5 ◦C to ≤ –20 ◦C). If histopathological examinations are
required in parallel, the tissue material should be split
for pathology and microbiology (not fixed in formalin).
If only formalin-fixed/paraffin-embedded tissue samples
are available, molecular methods may be used in the form
of a rescue procedure, although with significantly lower
sensitivity and higher risk of contamination.24 For ulcera-
tions, excisions obtained under sterile conditions are most
appropriate.23 The tissue samples should be taken from
the reddened, infected area, approximately 1 cm from the
wound edge, after prior thorough antiseptic cleansing
of the skin surface to avoid contamination of the sample
with pathogens from the ulcer. It is the goal to determine
which bacteria below the intact epidermis are responsible
for soft tissue infection.23 In view of the inhomogeneous
distribution of pathogens in infected tissue, a relatively
high pathogen density is anticipated near the wound
edge.
Sterile transport containers must be used for tissue sam-

ples. Dehydration of the tissue samples must be prevented
by adding sterile physiological saline. Given that transport
and storage times reduce the diagnostic yield, transport
timesmust be kept short, ideally below twohours. If a trans-
port timeof 2–4 hours is exceeded, refrigerated transport of
samples is generally recommended.
For cultivation, a broad spectrum of pathogens should

be considered, including anaerobes (see Mikrobiologisch-
infektiologische Qualitätsstandards (MiQ) “Infektionen der
Haut und der subkutanen Weichgewebe” [Microbiological-
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infectiological quality standards, infections of skin and
subcutaneous soft tissues]23). Inoculated agar plates are
cultivated for 48 hours; a first reading is performed after
24 hours. Broth tubes are controlled for growth daily for
7 days.
For the detection of rare pathogens and diagnostic

strategies for screening or detection of multi-resistant
pathogens (MRPs), we refer to the literature.23 When inter-
preting the microbiological findings it is important to con-
sider that (1) it is generally difficult to differentiate between
colonization and infection, in case of inappropriate sam-
pling also contamination, if samples are obtained from pri-
marily non-sterile areas, (2) pathogens are distributed inho-
mogeneously in infected tissue, and (3) vitality and, there-
fore, ability of cultivating bacteria is reduced depending on
the strength of the immune response or after prior treat-
ment with antibiotics (even in case of potential resistance).

Assessment of severity

There are currently no validated staging tools for the assess-
ment or grading of the severity of infected interdigital
intertrigo.
Localization, manifestation, and extent of macerations,

erythema, edemas and erosions, as well as ulcerations
should be described. Photographic documentation facil-
itates the evaluation of the disease course.25 For better
comparability andprediction, thewoundconditions should
be described in a structured manner. This is facilitated by
using one of the common wound classifications.
The local infection in the form of infected interdigital

intertrigo should be differentiated from soft tissue infection
in the form of cellulitis – which may originate from it.
The internationally accepted PEDIS classification of the

International Working Group on the Diabetic Foot (IWGDF) is
suitable for describing theextent (for example, in the frame-
work of studies).26 However, this classification applies pri-
marily to foot infections in diabetes mellitus and describes,
therefore, parameters relevant in this context: perfusion,
extension, and depth of the wound, existing local signs of
inflammation, and disturbed sensation. It is also used in
the German guideline on treatment of skin and soft tissue
infections.2

In the most recent update, the IWDGF favors the use
of the SINBAD classification system and score. This is an
acronym consisting of six elements graded according to
their severity: site of ulceration, ischemia, neuropathy, bac-
terial infection, area, and depth. The total score ranges
between 0 and 6 and is divided into three categories refer-
ring to the risk of amputation of the lower limbs.27 If the
clinical (ischemic rest pain, cool skin, prolonged capillary
refill time) and instrument-based diagnostic workup pro-
vided evidence for the presence of PAD, the benefit of

vascular intervention and the risk of a potential amputation
may be assessed by the WIFI system comprising the crite-
ria wound, ischemia and foot infection (WIFI). It is based on
the classification of the Infectious Disease Society of Amer-
ica (IDSA)/International Working Group on the Diabetic Foot
(IWGDF) for assessment of infection. Amputation rates and
healing duration of the wound correlate with WIFI. The
WIFI system is primarily used for scientific purposes. For the
assessment of patients with diabetes, however, the system
lacks the criterion “neuropathy”.28,29

For assessment of foot infection in people with diabetes
mellitus, the IWGDF currently recommends:

− the classification SINBAD for clinical use and the compar-
ison of results (audit),

− the WIFI system for detecting infection and perfusion
and assessing the benefit of revascularization.27,30,31

The most severe form of soft tissue infections are the
so-called necrotizing soft tissue infections presenting an
immediate vital threat; the provisional diagnosis is made
clinically (see chapter “Differential diagnoses”). The Labora-
tory Risk Indicator for Necrotizing Fasciitis (LRINEC) Scoremay
assist in differentiation from complicated, non-necrotizing
cellulitis.32–35

No classification system is able to reliably predict the
prognosis and course of either infection or ulcer.

Advanced diagnostic measures

Recommendation – diagnosis of spreading

∙ Regular clinical control to detect evidence of soft tissue
infection (usually cellulitis) in time, for example, spreading
erythema or swelling.

∙ Apart from the clinical findings, CRP levels and leukocytes may
provide evidence of cellulitis and allow assessment of the
therapeutic response (taking the typical latency into account,
for CRP 48–72 hours).

∙ Given that in foot infections of patients with insufficiently
controlled diabetes mellitus, cellulitis may spread rapidly into
the depth, diagnosis of spreading by respective clinical and
imaging methods should be performed at an early stage.2,36,37

∙ If a deeper infection with involvement of tendons, joint
capsules, or bones is suspected or in case of severe pain,
additional diagnosis of spreading with imaging techniques.

∙ Prior to antibiotic treatment, factors suspicious of osteomyelitis
should be assessed.38

∙ Factors suspicious of osteomyelitis include:39

○ ulcers not healing properly despite adequate wound
treatment and absence of relevant ischemia or PAD,

○ ulcers with a size of more than 2 cm2 and a depth of 3mm,38

○ bone contact in exploration,
○ exposed portions of bone,
○ bacterial dactylitis (sausage-like swollen toes),
○ pathological ESR (> 70 mm), elevated CRP levels, elevated

procalcitonin levels, leukocytosis.
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Recommendation – imaging

In case of symptoms corresponding to a clinically suspected
spread of the infection, we recommend imaging of the respective
foot.

− Sonography may be sufficient for circumscribed abscesses.
− For deeper infections of unclear extension and strong

suspicion of osteomyelitis, diagnosis with tomographic
techniques is appropriate to diagnose the total extension of an
abscess- or cellulitis-forming process with potential
osteomyelitis.

− MRI provides the highest informative value. If contraindications
for MRI exist or MRI is not available, CT is an alternative
option.40 If MRI or CT examinations are not possible or
available, at least x-ray imaging of the foot skeleton in two
planes should be performed in the short term to exclude
osteomyelitis.

− If osteomyelitis is still suspected or if tomography did not
achieve clarification, 18F-FDG-PET or 99mTc-HMPAO-labeled
leukocyte scintigraphy may be performed.

− If osteomyelitis is suspected, this should be confirmed by
taking a bone biopsy for microbiological and histological
examination (in case of prior administration of antibiotics not
before 15 days after discontinuation of the antibiotic).38

Recommendation – vascular diagnosis

For the clinical examination, we recommend including a
diagnostic workup of the arterial and venous supply of the
affected extremity (see below) including imaging if a
corresponding disorder is suspected.
We recommend angiological examination or counseling with
vascular surgery in case of reduced ankle-brachial index, any other
clinical suspicion of vascular pathology, or absent improvement of
findings on adequate therapy without apparent reason.
We refer to the S3 guideline “Diagnostics, treatment and aftercare
of peripheral arterial occlusive disease” (AWMF registry number:
065-003) and the joint position paper of the German societies for
diabetes, angiology, interventional radiology, and vascular
surgery.41 Individual measures are listed here:

Arterial

− To assess the presence of PAD, the ankle-brachial index (ABI)
should be determined (systolic Doppler occlusion pressure
measurement in rest on both upper arms and distal lower legs,
normal 0.9–1.3).

− In case of ABI values > 1.3 with suspected medial calcific
sclerosis (in approximately 30 % of people with type 2
diabetes, erroneously elevated value due to impaired
compressibility), otherwise implausible occlusion pressures, or
other indications for PAD (cold toes, iris diaphragm
phenomenon, history-related evidence), supplemental
methods, such as toe-brachial index (TBI), analysis of the pedal
Doppler frequency spectrum, or oscillography, should be used.

− From ABI < 0.9, TBI < 0.7 or in case of a monophasic Doppler
waveform, an advanced angiologic diagnostic workup should
be performed.

− In case of critical ischemia (ABI < 0.5, transcutaneous partial
pressure of oxygen tcpO2 < 30 mmHg), there is acute need for
action to prevent ischemic complications.

− In the advanced diagnostic workup, color-coded duplex
sonography (CCD) of leg and pelvic arteries has a key role for
assessing the need and planning of measures for
revascularization. Based on its results, the decision should be
made for performing angiography in readiness for intervention
or additional imaging procedures, such as MR or CT
angiography.

Venous

− CCD of pelvic and leg veins is indicated if deep vein thrombosis
is suspected.

Assessment of comorbidities

Recommendation

In infected interdigital intertrigo, we suggest to look for clinical
signs of the following diseases and to arrange for additional
diagnostic and therapeutic steps, if necessary:

− diabetes mellitus
− lymphedema
− chronic venous insufficiency
− PAD

Studies have shown that foot infections occur frequently
in people with diabetesmellitus. For example, in the largest
Israeli study collective on infected interdigital intertrigo
with 200 affected patients, a proportion of 16 % with dia-
betes mellitus was described. Notably, these patients had
significantly elevatedCRP levels compared topatientswith-
out diabetes mellitus. This indicates that people with dia-
betes have a tendency of developing more severe disease
courses. Other comorbidities, such as arterial hypertension
or dyslipidemia, seem tohavenoeffect ondisease severity.6

Due to hyperglycemia-inducedmetabolic and immunolog-
ical changes, such as reduced T cell reaction and neutrophil
function, and due to PAD or occlusive arteriolopathy, peo-
ple with diabetes mellitus are more susceptible to skin
infections. The hyperglycemic wound environment pro-
motes the pathogenicity of S. aureus.42 The frequently
present diabetic neuropathy results in decreased percep-
tion of pain and thus in an unnoticed progress of the
infection that will, moreover, spread rapidly (via tendons)
from compartmentswith high to compartmentswith lower
tissue pressures (see above). The clinical diagnostic workup
should include examination of a potential pathological
pressure load on the foot skin due to neuropathic deformity
of the foot and sensitivity tests or assessment for the pres-
ence of sensory neuropathy by tuning fork, TipTherm®, and
monofilament. The risk of severe infections is enhanced in
case of previous foot lesions or amputations.

Therapy

Local therapy

Recommendation

We recommend performing the local therapy irrespective of the
severity of toe-web intertrigo. We suggest pursuing the
following primary therapeutic goals:

1. reduction of inflammation
2. reduction of bacteria and fungi, if applicable
3. reduction of “wet chambers”
4. reduction of edema



S1 GUIDELINE ON INFECTED INTERDIGITAL INTERTRIGO 839

Ad 1) At the start of treatment, local therapies with
wraps containing, for example, synthetic tannins, such as
Tamol, are recommended in combination with antiseptics
(see ad 2). These tannins have an anti-inflammatory and
astringent effect.43 Short-term topical use of ultrapotent
glucocorticoids is useful in case of strong inflammatory
activity.44 During selection of the used formulation, the
principle “wet on wet, dry on dry” should be observed (for
exceptions, see ad 3). Accordingly, alcohol-free lotions are
primarily used for acute treatment.
Ad 2) Bacteria and wound coatings may partially be

removed already by mechanical debridement, for exam-
ple, with sterile cotton compresses.45,46 Special cleansing
pads or sponges present an alternative option.47 To further
reduce the number of bacteria and fungi, modern antisep-
tics with low cytotoxicity containing polyhexanide (PHMB)
or octenidine (with phenoxyethanol), potentially also with
povidone (PVP) iodine, are used, for example, by applica-
tion with wet wraps.48 The respective exposure times of
these antiseptics (PHMB 10–20 minutes, octenidine 1–2
minutes, PVP iodine 3–5 minutes) have to be observed.49

The addition of agents like potassium permanganate, dyes,
hydrogen peroxide, or quinolinol is not recommended by
the guideline group, given that they are more cytotoxic,
more prone to errors during preparation or dilution, and
because drug quality and quantity of the dyes cannot be
assured. Moreover, topical antibiotics, such as gentamycin,
as well as silver sulfadiazine should no longer be used,
given that they act insufficiently on bacteria resistant to
antibiotics, may select for resistant colonizing bacteria, and
may mediate immune activation with subsequent drug
reaction.48 If tinea pedis was identified, topical antimy-
cotic treatment should be performed not later than after
termination of antiseptic treatment.
Ad 3) In contrast to many other wounds, infections of

the frequently wet toe webs (especially if the impact of
gram-negative bacteria is clinically evident based on odor,
greenish wound exudate, and pus) are usually treated
by desiccating treatment measures to restrict the local
environment favoring humidity-loving pathogens. In this
context, the insertion of cotton compresses or other soft
textiles in the toe webs is of particular importance to
prevent the formation of so-called wet chambers or of
intertrigo and to transport moisture to the outside.50 For
this purpose, medical textiles are available containing silver
with antimicrobial activity.51 In addition, exudate-binding
secondary dressings up to superabsorbers should be used
for heavily exuding wounds.52 However, the tissue should
not become too dry, given that a moist wound environ-
ment is required for most processes involved in wound
healing.
Ad 4) In case of pronounced edemas, medical com-

pression therapy should be performed after excluding
contraindications, such as advanced peripheral arterial dis-
ease (ABI < 0.5; ankle systolic blood pressure < 60 mmHg,
toe blood pressure < 30 mmHg, tcpO2 < 20 mmHg53),
decompensated heart failure (NYHA III + IV), and phleg-

masia cerulea dolens.54 Usually, a low application pressure
of around 20 mmHg from the metatarsophalangeal joints
to the knees at the start of compression is sufficient for
effective edema reduction.55

Exemplary presentation of the practical process of local
therapy of acute, inflammatory, gram-negative foot infec-
tion:

1. wet wraps for approximately 10 minutes with additives,
for example, tannins

2. mechanical cleansing, for example, with sterile cotton
compresses,

3. application of wraps, for example, with octenidine and
phenoxyethanol for at least two minutes

4. thin application of, for example, betamethasone lotion
5. insertion of sterile cotton compresses in toe webs, with

secondary dressing, if appropriate
6. in pronounced edema, application of medical com-

pression dressing with application pressure of at least
20 mmHg

Intervals of dressing change are based on the respective
amount of exudate. At treatment start, changing several
times a day may be necessary. Later in the disease, items
1, 4, and 6 are often dispensable; daily dressing changes are
then no longer required.
In addition, iontophoresis may be considered in case of

concomitant plantar hyperhidrosis in the long term.56

Systemic therapy

Recommendation

In cases with concomitant soft tissue infection (usually
uncomplicated or complicated cellulitis [see Chapter “Differential
Diagnoses”]), we recommend systemic antibiotic therapy
according to the S2k guideline “Calculated parenteral initial
therapy of bacterial infections in adults – AWMF registry number
082-006”*. Accordingly, the antibiotic therapy should be effective
against S. aureus, in particular (cefazolin or flucloxacillin
parenteral).
In general, treatment duration of 5 days is recommended.57,58

However, the treatment duration should also be guided by the
clinical response.
*The S2k guideline was written in 2017 and is currently under
revision.
Systemic antibiotic therapy is not generally indicated in infected
interdigital intertrigo, given that it is primarily a superficially
infected erosion or ulceration. Therefore, detection of pathogens
from wound swabs by culture without clinical signs of soft tissue
infection does not justify a systemic antibiotic therapy.
In cases with rapidly progressing cellulitis or if cellulitis is
unresponsive to the therapy mentioned above, aminopenicillin
plus beta-lactamase inhibitor (amoxicillin/clavulanic acid or
ampicillin/sulbactam) is recommended due to the potential
presence of gram-negative bacteria in infected intertrigo (and the
frequently present diabetes mellitus).

During treatment, we suggest reevaluating and, if necessary,
adjusting the antibiotic therapy once the results of antibiotic
susceptibility testing from tissue samples are available (see
Chapter “Pathogen diagnosis”).
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In the past, fluoroquinolones were regularly used for sys-
temic therapy of gram-negative foot infection or toe-web
intertrigo. However, these are no longer recommended
because of the usually lacking indication2 and the narrow
therapeutic range. Moreover, there is an increased risk of
impairing and irreversible musculoskeletal and neurolog-
ical side effects (Commission Implementing Decision (EU)
C(2019)2050 and Risk Assessment Procedure pursuant to
Article 31 of Directive 2001/83/EC).
For the reasons mentioned above, the bioavailability of

oral antibiotics is not adequately assured. Local therapy
with antibiotics must be rejected, given that it is not suf-
ficiently effective, selects for resistant bacteria, and may
cause sensitization to the respective group of antibiotics
via the immune system of the skin. For the specified anti-
septics, however, the topical efficacy is better assured and
resistance development is less likely.
Although a literature search on soft tissue infections in

infected interdigital intertrigo was performed, it was not
productive and the corresponding results were not always
easy to compare due to the narrow formulation of the
question, the frequently unclear use of terms (local infec-
tions, complicated or uncomplicated cellulitis), and due to
the differentmicrobiological examinations (swabs vs. tissue
samples).4 As an example, excerpts of an oriented literature
search performed during guideline development are men-
tioned here. This illustrates the heterogeneity of care and
the, in our view, unnecessary use of antibiotics with broad
spectrum and high risk of adverse drug effects:
In a retrospective multicenter French study on gram-

negative toe web infection, 45.2 % of the patients (overall,
n = 62) received systemic antibiotic treatment in addi-
tion to local therapy. In 57 %, it was directed against
Pseudomonas aeruginosa and resulted in administration
of piperacillin/tazobactam with or without ciprofloxacin.44

Others, however, received antibiotics specific for S. aureus
or β-hemolytic streptococci, including the patients with cel-
lulitis (not further defined) (24 %), with as much treatment
success.44 In a prospectivemonocentric study, 123 patients
were treated systemically with ciprofloxacin or intramuscu-
lar injection of ceftazidime or cefotaxime, but the number
of successfully treated patients was not stratified by the
individual therapeutics.5

For the selection of antibiotic systemic therapies, the
guideline group refers to the S2k guideline “Calculated
parenteral initial therapy of bacterial infections in adults”
AWMF registry number 082-006,59 in particular to Chapter 9
(starting on page 173) on skin and soft tissue infections
(an update is in progress).2 Accordingly, antibiotic therapy
against S. aureuswould be indicated initially (reported from
page 183 onward).2,39 This approach has proven success-
ful in daily clinical practice of the authors of the present
guideline.

Surgical options

Recommendation

We recommend focusing on multimodal local therapy (see
Chapter “Local therapy”) for treatment of toe-web intertrigo and
on administration of antibiotics in case of soft tissue infection
(see Chapter “Systemic therapy”). We recommend surgical
evaluation in the following concomitant conditions or
provisional diagnoses:

− deep infections (involvement of deeper soft tissue, for
example, fascias and muscle layers, analogous to the definition
of complicated skin and soft tissue infections2,60,61

− osteomyelitis
− severe circulation disorders of the extremities
− clinical signs of compartment syndrome
− signs of necrotizing soft tissue infection (see Chapter

“Differential diagnoses”)

The surgical therapy comprises surgical debridement of
inflamed and, if applicable, already necrotic skin or, if
necessary, even amputation of toes or the entire dig-
ital ray in ischemic gangrene or deep and systemic
infection.22,62

Due to the foot anatomy with long muscle and ten-
don compartments, infections may easily spread proxi-
mally. The inflammatory reaction – caused by the infec-
tion – may result in an increase of the compartmental
pressure that may aggravate existing tissue ischemia or
cause such an ischemia. While classical compartment syn-
drome in young men (< 30 years of age) is more likely to
occur after fractures or traumas, variants have also been
observed in unfavorable constellations or if co-factors exist
(alcohol abuse, infection).63 Classical symptoms include:
rapidly increasing, disproportional pain of one limb not
in line with the external finding, rough to firm muscle
on palpation, pain upon stretching the fascial compart-
ment, sensory and motor neurologic deficits. In case of
sudden pain uncontrollable by NSAIDs (non-steroidal anti-
inflammatory drugs), necrotizing soft tissue infection and
arterial embolism (presenting with pale tissue, pulseless-
ness, and paresthesia) must be excluded in differential
diagnosis.
While necrotic soft tissue infection (NSTI) is rare, dia-

betes mellitus or diabetic foot ulcer22,64,65 as well as
decubitus ulcers, higher age, and immunosuppression are
risk factors. Again, principal and only typical early symp-
tom is disproportional, crescendo-like pain caused primar-
ily by the ischemia and responding only to morphine.2

Given this risk, prompt surgical assessment of soft tissue
infection is essential, especially for limbs with impaired
circulation.22 Standardized evaluation (for example, WIFI
score) should be performed to assess the extent of
soft tissue infection (see also Chapter “Assessment of
severity”).22,25,28,29,60,62,66,67
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Prevention – treatment of tinea pedis

Recommendation

− In case of existing tinea pedis and/or onychomycosis, we
recommend antimycotic therapy for prevention of toe-web
intertrigo.

Interdigital tinea pedis is considered a predisposing
factor formacerations and secondary colonizationbygram-
negative bacteria (damage of the skin barrier, displace-
ment of microbiota by production of antibacterial sub-
stances with promotion of colonization by gram-negative
bacteria).4 Moreover, in a case series, all 15 patients with
so-called gram-negative foot infection reported a history
of recurrent tinea pedis.6 The most common pathogens
are Trichophyton (T.) rubrum and T. interdigitale, while yeasts
are only occasionally detected and molds usually not at
all.23,68 Treatment is primarily topical, except for tinea
pedis of the dyshidrosiform type and the “moccasin” type,
which are additionally treated by oral administration of
terbinafine for 14 days.69,70 In principle, all available sub-
stance classes of topical antimycotic agents may be used.
The allylamine terbinafine has the advantage that it is gen-
erally used only once daily for a short treatment duration
of 7 days. While terbinafine has no additional antibiotic
effect against gram-negative bacteria,71 this has been
demonstrated for ciclopirox,72–74 which presents, there-
fore, a therapeutic option. It is applied in the morning and
evening until 1–2 weeks after resolution of the inflamma-
tion, usually for 3–4 weeks.75 Initially, shoes and stockings
or socks should be treated accordingly with antimycotic
spray and antimycotic detergent. Preventive treatment
measures include intensive drying, especially of the toe
webs, after bathing or showering, wearing of clean, non-
occluding socks and shoes, preferably made of cotton or
other natural fibers, and treatment of associated plantar
hyperhidrosis.4,69,76

From a preventive point of view, treatment of exist-
ing onychomycosis is recommended. In addition, we refer
to the S1 guideline on onychomycosis (AWMF registry
number: 013-003, 2022).77

For the sections “Differentiation from other guide-
lines/disciplines”, “Limitations of the guideline”, “Informa-
tion about this guideline” (including “Handling of conflicts
of interest”and “Funding”), and “Methods” (including “Gen-
eration of recommendations”, “Approval of the guideline”,
and “Exploitation rights”), see long version.

ACKNOWLEDGEMENTS
Open access funding enabled and organized by Projekt
DEAL.

CONFL ICT OF INTEREST STATEMENT
A complete list of the specified conflicts of interest is avail-
able at: https://register.awmf.org/assets/guidelines/013-
109l_S1_Infizierte-Zehenzwischenraum-Intertrigo-
gramnegativer-Fu%C3%9Finfekt__2025-09.pdf

ORC ID
ChristophZeyen https://orcid.org/0000-0002-3355-8663
Karsten Becker https://orcid.org/0000-0002-6391-1341
JoachimDissemond https://orcid.org/0000-0003-3893-
328X
Birgit Kahle https://orcid.org/0000-0003-2295-4799
Bettina Löffler https://orcid.org/0009-0009-6792-9328
AndreasMaier-Hasselmann https://orcid.org/0000-0002-
3432-3049
TillMittank-Weidner https://orcid.org/0000-0001-6610-
5380
AlexanderNast https://orcid.org/0000-0003-3504-2203
Cord Sunderkötter https://orcid.org/0000-0002-2929-
145X

REFERENCES
1. Njim T, Aminde LN, Agbor VN, et al. Risk factors of lower limb cellulitis

in a level-two healthcare facility in Cameroon: a case-control study.
BMC Infect Dis. 2017;17:418.

2. Sunderkotter C, Becker K, Eckmann C, et al. S2k-Leitlinie Haut-
und WeichgewebeinfektionenAuszug aus "Kalkulierte parenterale
Initialtherapie bakterieller Erkrankungen bei Erwachsenen - Update
2018". J Dtsch Dermatol Ges. 2019;17:345-371.

3. Solomon M, Greenbaum H, Shemer A, et al. Toe Web Infection: Epi-
demiology and Risk Factors in a Large Cohort Study. Dermatology.
2021;237:902-906.

4. Weidner T, Tittelbach J, Illing T, Elsner P. Gram-negative bacterial toe
web infection - a systematic review. J Eur Acad Dermatol Venereol.
2018;32:39-47.

5. Aste N, Atzori L, ZuccaM, et al. Gram-negative bacterial toeweb infec-
tion: a survey of 123 cases from the district of Cagliari, Italy. J AmAcad
Dermatol. 2001;45:537-541.

6. Eaglstein NF, Marley WM, Marley NF, et al. Gram-negative bacterial
toe web infection: successful treatment with a new third generation
cephalosporin. J Am Acad Dermatol. 1983;8:225-228.

7. Liu C, Ponsero AJ, Armstrong DG, et al. The dynamic wound micro-
biome. BMCMed. 2020;18:358.

8. Miao T, Wang P, Zhang N, Li Y. Footwear microclimate and its
effects on the microbial community of the plantar skin. Sci Rep.
2021;11:20356.

9. Pang M, Zhu M, Lei X, et al. Changes in Foot Skin Microbiome of
Patients with Diabetes Mellitus Using High-Throughput 16S rRNA
Gene Sequencing: A Case Control Study from a Single Center.Med Sci
Monit. 2020;26:e921440.

10. Schmidt BM. Emerging Diabetic Foot Ulcer Microbiome Analysis
Using Cutting Edge Technologies. J Diabetes Sci Technol. 2022;16:353-
363.

11. Al-Bakri AG, BulatovaNR, YounesNA, et al. Characterization of staphy-
lococci sampled from diabetic foot ulcer of Jordanian patients. J Appl
Microbiol. 2021;131:2552-2566.

12. Kaspar U, Kriegeskorte A, Schubert T, et al. The culturome of the
human nose habitats reveals individual bacterial fingerprint patterns.
EnvironMicrobiol. 2016;18:2130-2142.

13. Adamczyk K, Garncarczyk A, Antonczak P, Wcislo-Dziadecka D. The
foot microbiome. J Cosmet Dermatol. 2020;19:1039-1043.

14. Ross AA, Doxey AC, Neufeld JD. The Skin Microbiome of Cohabiting
Couples.mSystems. 2017;2(4):e00043-17.

15. Grice EA, Segre JA. The skin microbiome. Nat Rev Microbiol.
2011;9:244-253.

16. Aly R, Maibach HI. Aerobic microbial flora of intertrigenous skin. Appl
EnvironMicrobiol. 1977;33:97-100.

17. EckhardM, Lengler A, Liersch J, et al. Fungal foot infections in patients
with diabetes mellitus–results of two independent investigations.
Mycoses. 2007;50 Suppl 2:14-19.

https://register.awmf.org/assets/guidelines/013-109l_S1_Infizierte-Zehenzwischenraum-Intertrigo-gramnegativer-Fu%C3%9Finfekt__2025-09.pdf
https://register.awmf.org/assets/guidelines/013-109l_S1_Infizierte-Zehenzwischenraum-Intertrigo-gramnegativer-Fu%C3%9Finfekt__2025-09.pdf
https://register.awmf.org/assets/guidelines/013-109l_S1_Infizierte-Zehenzwischenraum-Intertrigo-gramnegativer-Fu%C3%9Finfekt__2025-09.pdf
https://orcid.org/0000-0002-3355-8663
https://orcid.org/0000-0002-3355-8663
https://orcid.org/0000-0002-6391-1341
https://orcid.org/0000-0002-6391-1341
https://orcid.org/0000-0003-3893-328X
https://orcid.org/0000-0003-3893-328X
https://orcid.org/0000-0003-3893-328X
https://orcid.org/0000-0003-2295-4799
https://orcid.org/0000-0003-2295-4799
https://orcid.org/0009-0009-6792-9328
https://orcid.org/0009-0009-6792-9328
https://orcid.org/0000-0002-3432-3049
https://orcid.org/0000-0002-3432-3049
https://orcid.org/0000-0002-3432-3049
https://orcid.org/0000-0001-6610-5380
https://orcid.org/0000-0001-6610-5380
https://orcid.org/0000-0001-6610-5380
https://orcid.org/0000-0003-3504-2203
https://orcid.org/0000-0003-3504-2203
https://orcid.org/0000-0002-2929-145X
https://orcid.org/0000-0002-2929-145X
https://orcid.org/0000-0002-2929-145X


842 S1 GUIDELINE ON INFECTED INTERDIGITAL INTERTRIGO

18. Lin JY, Shih YL, Ho HC. Foot bacterial intertrigomimicking interdigital
tinea pedis. Chang GungMed J. 2011;34:44-49.

19. Karaca S, KulacM, Cetinkaya Z, Demirel R. Etiology of foot intertrigo in
the District of Afyonkarahisar, Turkey: a bacteriologic and mycologic
study. J Am Podiatr Med Assoc. 2008;98:42-44.

20. US Department of Health and Human Services Food and Drug
Administration Center for Drug Evaluation and Research (CDER).
Acute bacterial skin and skin structure infections: developing
drugs for treatment. 2025, Available from: https://www.fda.gov/
files/drugs/published/Acute-Bacterial-Skin-and-Skin-Structure-
Infections—Developing-Drugs-for-Treatment.pdf (Last Accessed
November 4, 2025).

21. Hua C, Urbina T, Bosc R, et al. Necrotising soft-tissue infections. Lancet
Infect Dis. 2023;23:e81-e94.

22. StevensDL, BryantAE.Necrotizing Soft-Tissue Infections.NEngl JMed.
2017;377:2253-2265.

23. Becker K, Podbielski A, Sunderkötter C, et al. Infektionen der
Haut und der subkutanen Weichgewebe - Teil I und II (MiQ 6a/b).
Mikrobiologisch-infektiologische Qualitätsstandards (MiQ) Qualitäts-
standards in der mikrobiologischen-infektiologischen Diagnostik. Im
Auftrag der Deutschen Gesellschaft für Hygiene und Mikrobiologie
(DGHM). 2. ed. Mikrobiologisch-infektiologische Qualitätsstandards
(MiQ) Qualitätsstandards in der mikrobiologischen-infektiologischen
Diagnostik Im Auftrag der Deutschen Gesellschaft für Hygiene
und Mikrobiologie (DGHM), Expertengremium Mikrobiologisch-
infektiologische Qualitätsstandards (MiQ). Urban & Fischer (Elsevier),
2013.

24. Sunderkotter C, Becker K, Kutzner H, et al. Molekulare Diag-
nostik von Hautinfektionen am Paraffinmaterial - Ubersicht
und interdisziplinarer Konsensus. J Dtsch Dermatol Ges. 2018;16:
139-148.

25. Deutsche Gesellschaft für Wundheilung und Wundbehandlung e.V.
(DGfW) (Hrsg.). Lokaltherapie schwerheilender und/oder chronischer
Wunden aufgrund von peripherer arterieller Verschlusskrankheit,
Diabetes mellitus oder chronischer venöser Insuffizienz Version 2.2.
Stand: 31.10.2023, AWMF-Register-Nr.: 091/001. AWMF. Available
from: https://register.awmf.org/de/leitlinien/detail/091-001 (Last
Accessed March 5, 2025).

26. Schaper NC. Diabetic foot ulcer classification system for research
purposes: a progress report on criteria for including patients
in research studies. Diabetes Metab Res Rev. 2004;20 Suppl 1:
S90-S95.

27. Monteiro-Soares M, Hamilton EJ, Russell DA, et al. Guidelines on the
classification of foot ulcers in people with diabetes (IWGDF 2023
update). Diabetes Metab Res Rev. 2024;40:e3648.

28. Darling JD,McCallum JC, Soden PA, et al. Predictive ability of the Soci-
ety for Vascular Surgery Wound, Ischemia, and foot Infection (WIfI)
classification system after first-time lower extremity revasculariza-
tions. J Vasc Surg. 2017;65:695-704.

29. Mills JL, Sr., Conte MS, Armstrong DG, et al. The Society for Vascular
Surgery Lower Extremity Threatened Limb Classification System: risk
stratification based on wound, ischemia, and foot infection (WIfI). J
Vasc Surg. 2014;59:220-34 e1-2.

30. Ince P, Abbas ZG, Lutale JK, et al. Use of the SINBAD classification sys-
tem and score in comparing outcome of foot ulcer management on
three continents. Diabetes Care. 2008;31:964-967.

31. Jeon BJ, Choi HJ, Kang JS, et al. Comparison of five systems of classi-
fication of diabetic foot ulcers and predictive factors for amputation.
Int Wound J. 2017;14:537-545.

32. Wong CH, Khin LW, Heng KS, et al. The LRINEC (Laboratory Risk
Indicator for Necrotizing Fasciitis) score: a tool for distinguishing
necrotizing fasciitis from other soft tissue infections. Crit Care Med.
2004;32:1535-1541.

33. Bechar J, Sepehripour S, Hardwicke J, Filobbos G. Laboratory risk indi-
cator for necrotising fasciitis (LRINEC) score for theassessmentof early
necrotising fasciitis: a systematic review of the literature. Ann R Coll
Surg Engl. 2017;99:341-346.

34. Hoesl V, Kempa S, Prantl L, et al. The LRINEC Score-An Indicator for
the Course and Prognosis of Necrotizing Fasciitis? J Clin Med. 2022;
11(13):3583.

35. Kumar S, Agarwal S, Patel G, et al. The Efficacy of LRINEC Scoring
in Patients with Necrotizing Fasciitis and its Correlation with the
Outcomes. Pol Przegl Chir. 2024;96:1-7.

36. Ollenschlager G, Kopp I, Thole H, et al. [The German Program for
Disease Management Guidelines Type 2 Diabetes - Diabetic Foot
Guideline 2006. Short review].Med Klin (Munich). 2007;102:250-254.

37. Rumenapf G, Morbach S, Rother U, et al. [Diabetic foot syndrome-
Part 1 : Definition, pathophysiology, diagnostics and classification].
Chirurg. 2021;92:81-94.

38. Bonnet E, Maulin L, Senneville E, et al. Clinical practice recommen-
dations for infectious disease management of diabetic foot infection
(DFI) –2023 SPILF. Infect Dis Now. 2024;54:104832.

39. Sunderkötter C, Schieffers H, Becker K, Ehrchen J. Häufige Haut- und
Weichgewebeinfektionen – aktuelle Empfehlungen [Common skin
and soft tissue infections-current recommendations]. Dermatologie
(Heidelb). 2025;76:470-479.

40. Berger T, Garrido F, Green J, et al. Bedside ultrasound performed by
novices for the detection of abscess in ED patients with soft tissue
infections. Am J EmergMed. 2012;30:1569-1573.

41. Balletshofer B, Ito W, Lawall H, et al. Position Paper on the Diag-
nosis and Treatment of Peripheral Arterial Disease (PAD) in People
with Diabetes Mellitus. Exp Clin Endocrinol Diabetes. 2019;127:S105-
S113.

42. Tuchscherr L, Korpos E, van de Vyver H, et al. Staphylococcus aureus
requires less virulence to establish an infection in diabetic hosts. Int J
MedMicrobiol. 2018;308:761-769.

43. Mrowietz U, Ternowitz T, Wiedow O. Selective inactivation of
human neutrophil elastase by synthetic tannin. J Invest Dermatol.
1991;97:529-533.

44. Goiset A,Milpied B,Marti A, et al. Characteristics, AssociatedDiseases,
and Management of Gram-negative Toe-web Infection: A French
Experience. Acta Derm Venereol. 2019;99:1121-1126.

45. King DF, King LA. Importance of debridement in the treatment
of gram-negative bacterial toe web infection. J Am Acad Dermatol.
1986;14:278-279.

46. Moelleken M, Krimphove SH, Krefting F, et al. How effective is
simple mechanical wound debridement in reducing bacterial coloni-
sation? Results of a prospective clinical study. Int Wound J. 2024;21:
e14824.

47. Dissemond J, Bultemann A, Gerber V, et al. [Position paper of the
Initiative Chronische Wunde (ICW) e. V. on the nomenclature of
debridement in chronic wounds]. Hautarzt. 2022;73:369-375.

48. Kramer A, Dissemond J, Willy C, et al. Auswahl von Wundantiseptika:
Aktualisierung des Expertenkonsensus 2018. WUNDmanagement.
2019;13:3-23.

49. Dissemond J, Rembe JD, Assenheimer B, et al. Systematics, diagno-
sis and treatment of wound infections in chronic wounds: A position
paper fromWundDACH. J Dtsch Dermatol Ges. 2025;23:565-574.

50. Mukhtar M, Mukhtar N. Sealing of Follicular Openings in Keloid with
Cyanoacrylate Glue for Effective Intralesional Therapy. J CutanAesthet
Surg. 2023;16:147-148.

51. KleinhansM, Zimmer R, Kruschwitz S, et al. InterDry® inderAnwendung
bei Patienten mit Intertrigo: Ergebnisse einer prospektiven, multizen-
trischen, nicht-vergleichenden klinischen Studie. WUND management.
2023;17:216-221.

52. Dissemond J, Assenheimer B, Gerber V, et al. Moisture-associated
skin damage (MASD): A best practice recommendation from Wund-
D.A.CH. J Dtsch Dermatol Ges. 2021;19:815-825.

53. Rabe E, Foldi E, Gerlach H, et al. Medical compression therapy of the
extremitieswithmedical compression stockings (MCS), phlebological
compressionbandages (PCB), andmedical adaptive compression sys-
tems (MAC) : S2kguidelineof theGermanPhlebologySociety (DGP) in
cooperation with the following professional associations: DDG, DGA,
DGG, GDL, DGL, BVP. Hautarzt. 2021;72:37-50.

https://www.fda.gov/files/drugs/published/Acute-Bacterial-Skin-and-Skin-Structure-Infections-Developing-Drugs-for-Treatment.pdf
https://www.fda.gov/files/drugs/published/Acute-Bacterial-Skin-and-Skin-Structure-Infections-Developing-Drugs-for-Treatment.pdf
https://www.fda.gov/files/drugs/published/Acute-Bacterial-Skin-and-Skin-Structure-Infections-Developing-Drugs-for-Treatment.pdf
https://register.awmf.org/de/leitlinien/detail/091-001


S1 GUIDELINE ON INFECTED INTERDIGITAL INTERTRIGO 843

54. Protz K, Eder S, Lauchli S, et al. [Classification and nomenclature of
current materials for compression therapy]. Dermatologie (Heidelb).
2023;74:270-281.

55. Partsch H, Stucker M, Vanscheidt W, et al. [Importance of adequate
pressure in compression therapy : Basis for successful treatment].
Hautarzt. 2019;70:707-714.

56. HenningMAS, Bouazzi D, Jemec GBE. Treatment of Hyperhidrosis: An
Update. Am J Clin Dermatol. 2022;23:635-646.

57. Oh CC, Ko HC, Lee HY, et al. Antibiotic prophylaxis for preventing
recurrent cellulitis: a systematic review and meta-analysis. J Infect.
2014;69:26-34.

58. Williams OM, Brindle R. Antibiotic route and duration of therapy
for cellulitis: data extracted from a multi-center clinical trial. Int J
Antimicrob Agents. 2020;56:106076.

59. Brinkmann A, Rohr AC, Frey OR, et al. [S2k guidelines of the PEG on
calculated parenteral initial treatment of bacterial diseases in adults
: Focussed summary and supplementary information on antibiotic
treatment of critically ill patients]. Anaesthesist. 2018;67:936-949.

60. Stevens DL, Bisno AL, Chambers HF, et al. Practice guidelines for the
diagnosis and management of skin and soft tissue infections: 2014
update by the Infectious Diseases Society of America. Clin Infect Dis.
2014;59:e10-e52.

61. Itani KM, Shorr AF. FDA guidance for ABSSSI trials: implications for
conducting and interpreting clinical trials. Clin Infect Dis. 2014;58
Suppl 1:S4-S9.

62. Conte MS, Bradbury AW, Kolh P, et al. Global Vascular Guidelines on
the Management of Chronic Limb-Threatening Ischemia. Eur J Vasc
Endovasc Surg. 2019;58:S1-S109 e33.

63. Kleshinski J, Bittar S, Wahlquist M, et al. Review of compartment
syndrome due to group A streptococcal infection. Am J Med Sci.
2008;336:265-269.

64. Eckmann C, Maier S. [Necrotizing fasciitis of the extremities and
trunk]. Chirurg. 2020;91:301-306.

65. Peetermans M, de Prost N, Eckmann C, et al. Necrotizing skin and
soft-tissue infections in the intensive care unit. Clin Microbiol Infect.
2020;26:8-17.

66. Ruttermann M, Maier-Hasselmann A, Nink-Grebe B, Burckhardt M.
Local treatment of chronic wounds: in patients with peripheral vascu-
lar disease, chronic venous insufficiency, and diabetes. Dtsch Arztebl
Int. 2013;110:25-31.

67. Schaper NC, van Netten JJ, Apelqvist J, et al. Practical guidelines on
the prevention and management of diabetes-related foot disease
(IWGDF 2023 update). Diabetes Metab Res Rev. 2024;40:e3657.

68. Leung AK, Barankin B, Lam JM, et al. Tinea pedis: an updated review.
Drugs Context. 2023;12:2023.

69. Sahoo AK, Mahajan R. Management of tinea corporis, tinea cruris,
and tinea pedis: A comprehensive review. Indian Dermatol Online J.
2016;7:77-86.

70. Nenoff P. Dermatophyten-Infektionen der Haut, Haare und Nägel –
ein Update, Teil 2: Mykologische Diagnostik und Therapie. Aktuelle
Derm. 2012;432-441.

71. Arjmand G, Haeri MR. Antibacterial Effect of Some Eukaryotic Sterol
Biosynthesis Inhibitors. Adv Biomed Res. 2022;11:90.

72. Kokjohn K, Bradley M, Griffiths B, GhannoumM. Evaluation of in vitro
activity of ciclopirox olamine, butenafine HCl and econazole nitrate
against dermatophytes, yeasts and bacteria. Int J Dermatol. 2003;42
Suppl1:11-17.

73. Shin J, Cho H, Kim S, Kim KS. Role of acid responsive genes in the
susceptibility of Escherichia coli to ciclopirox. Biochem Biophys Res
Commun. 2018;500:296-301.

74. Cho H, Kim KS. Repurposing of Ciclopirox to Overcome the
Limitations of Zidovudine (Azidothymidine) against Multidrug-
Resistant Gram-Negative Bacteria. Pharmaceutics. 2022;
14(3):552.

75. Di Bonaventura G, Lupetti V, De Fabritiis S, et al. Giving Drugs a Sec-
ond Chance: Antibacterial and Antibiofilm Effects of Ciclopirox and
Ribavirin against Cystic Fibrosis Pseudomonas aeruginosa Strains.
Int J Mol Sci. 2022;23(9):5029.

76. Nigam PK, Syed HA, Saleh D. Tinea Pedis. [Updated 2023 Oct 29].
StatPearls [Internet]. StatPearls Publishing; 2023. In: StatPearls [Inter-
net]. Treasure Island (FL): StatPearls Publishing; 2025 Jan–. PMID:
29262247.

77. Nenoff P, Reinel D, Mayser P, et al. S1 Guideline onychomycosis.
J Dtsch Dermatol Ges. 2023;21:678-692.

How to cite this article: Zeyen C, Abeck D, Becker
K, et al. S1 Guideline on Infected Interdigital
Intertrigo (also called Gram-Negative Toe Web
Infection). JDDG: Journal der Deutschen
Dermatologischen Gesellschaft. 2026;24:832–845.
https://doi.org/10.1111/ddg.70040x

https://doi.org/10.1111/ddg.70040x

	S1 Guideline on Infected Interdigital Intertrigo (also called Gram-Negative Toe Web Infection)
	Summary
	INTRODUCTION AND DEFINITION OF TERMS
	Pathogen spectrum
	Differential diagnoses and complications
	Diagnostic workup
	Initial clinical diagnosis

	Pathogen diagnosis
	Assessment of severity
	Advanced diagnostic measures
	Assessment of comorbidities
	Therapy
	Local therapy

	Systemic therapy
	Surgical options
	Prevention - treatment of tinea pedis

	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


