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Summary
Background: There has been a steady increase of the incidence of erysipelas in Germany in the recent past. Affected patients also often show defects in the cutaneous
barrier caused by microorganisms. The aim of this non-interventional case-control
study was to investigate a possible interrelationship between interdigital tinea pedis
and bacterial toe web (interdigital space) infections and erysipelas of the leg, as well
as a potential interaction among the microorganisms themselves.
Material and methods: The patient population contained 150 people equally distributed among three groups, one retrospective and one prospective erysipelas group
(EG = rEG + pEG) plus one control group (KG).
Results: 51 % of the patients with erysipelas and 32 % of the control group suffered
from interdigital tinea pedis. There was a significant association between interdigital
tinea pedis and the recurrence rate of erysipelas, but not with erysipelas itself. Staphylococcus aureus (EG: 30.34 %; KG: 3.23 %) and non-pathogenic aerobic bacteria
were significantly associated with erysipelas in each statistical analysis. Staphylococcus
aureus showed a positive, the non-pathogenic aerobic germs (EG: 28,09 %; KG: 80,65 %)
a negative association.
Conclusions: This study demonstrates an association between the microorganisms of
the toe web and erysipelas of the leg. Erysipelas itself is influenced to a great extent by
the bacterial flora, while its recurrence relates more to interdigital tinea pedis.

Introduction
While the incidence of erysipelas in Germany continuously decreased in the last half of the 20th century, during the
last two decades a significant increase in incidence as well
as a change in predilection sites shifting from the face to
the leg has been observed [1–4]. Most patients with erysipelas are elderly and suffer from multiple co-morbidities
including diabetes mellitus, arterial hypertension, obesity,
peripheral arterial occlusive disease, and onychomycosis as
well as interdigital tinea pedis, the latter being considered as
one of the most important risk factors in the pathogenesis of
erysipelas [5].

The aim of this study was to find out whether interdigital
tinea pedis has an influence on erysipelas and to what extent
bacterial colonization of the toe web is associated with both
interdigital tinea pedis and erysipelas.

Patients and methods
Patient collective
The patient cohort (n = 150) was equally distributed among
three groups (n = 50). The retrospective erysipelas collective
included patients who had been treated for erysipelas of the
leg in our clinic between January 2011 and January 2012.
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The selection was random and without prior inspection of
the patients’ medical files.
The acquisition of the prospective groups (prospective
erysipelas group and control group) was performed in our
clinic between July 2012 and July 2013. Patients were admitted to the study collective after detailed information and
informed consent. The diagnostic and non-interventional
study was without influence on the treatment of patients. The
evaluation of data was strictly anonymous.
The erysipelas group (n = 100) consisted of a retrospective and a prospective part. The only inclusion criterion was
the presence of erysipelas of the leg. Results of KOH examination were available for all patients. Bacterial culture data
was not available for nine patients in the retrospective group,
and two in the prospective group.
The control group consisted of 50 patients with a facial
skin cancer and a negative medical history for erysipelas. Results of KOH examination were available for all patients of
the control group. Culture results were available in 31 cases.

Methods of investigation
Fungal toe web infections were identified by KOH examination. Sampling points were disinfected before skin scrapings
were obtained. Samples pre-treated with KOH solution and
methylene blue before being analyzed microscopically for
spores and fungal hyphae. Although dermatophytes cannot
be identified specifically in mycological native preparations,
due to the basis of our own clinical experience a positive native preparation obtained from the toe web represents, as a
general rule, dermatophytes.
In a study performed in our clinic by Rothmund et al.
comparing six different diagnostic methods for the proof of
onychomycosis, this method of investigation had a sensitivity
of 74.4 % and a specificity of 76.2 % [6].
In the context of this study we compared the results of
KOH examination of ten randomly selected samples with the
result of polymerase chain reaction (PCR). A 184 bp-segment
of the hypervariable V4-domain of the small ribosomal subunit of the 18S-rRNA gene was amplified. DH1L and DH1R
were chosen as primer. Identification of DNA fragments was
performed with agarose gel electrophoresis. Pan-dermatophyte PCR using the primers panDER-1 and panDER-2 was
performed subsequently. In case of a positive dermatophyte
result, further classification for Trichophyton mentagrophytes was performed with the primers Tment-F and Tment-R
and for Trichophyton rubrum using the primers Trub-1 and
Trub-2. A multiplex PCR was performed for evaluating the
quality of isolated DNA.
Blood agar, chocolate agar, MacConkey agar and thioglycollate broth were used as culture media for toe web
specimens. The incubation time was 48 hours at 36 ± 1 °C.
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Differentiation followed standard microbiological methods.
The combination of at least two of the following bacteria –
corynebacteria, coagulase-negative staphylococci and/or
α-hemolytic streptococci – was identified as non-pathogenic aerobic bacteria by the laboratory. A single organism
was identified separately. In order to avoid statistical bias,
samples were sent to the microbiological laboratory without
diagnosis or patient information.

Statistics
Data obtained were analyzed for arithmetic mean, standard deviation, absolute and relative frequency distribution as well as
specificity and sensitivity. Specificity indicates the probability of
a negative result in a non-infected patient [7]. Sensitivity shows
the percentage of positive results in all truly infected patients
[8, 9]. PCR, as mentioned above, served for estimation of both
sensitivity and specificity. Bivariate two-sided Fisher’s exact
test (p ≤ 0.001, highly significant; p ≤ 0.01, very significant;
p ≤ 0.05, significant), odds ratio as well as logistic regression
approach served for statistical evaluation of a possible association between erysipelas, interdigital tinea pedis and bacterial colonization of the interdigital space (significance level α = 0.05).
Logistic regression, a multivariate method, was used to reduce
confounders in order to obtain more precise results [9, 10].

Results
The average age of the erysipelas collective was 67 ± 16.8 years and of the control group, 73.2 ± 9.4. 40 % of the patients
(n = 60) were women. In 93 % of the cases erysipelas affected
the lower leg. 51 % of the patients with erysipelas, but only
10.7 % of the patients of the control group suffered from interdigital tinea pedis. The Fisher exact test revealed a statistically significant association between interdigital tinea pedis
and both erysipelas (p = 0.0363; OR 2.21) and relapses (p =
0.0091; OR 2.99). Moreover, a very significant association
was found between interdigital tinea pedis and maceration of
the toe web (p = 0.0019). Validity of KOH examination was
verified by PCR showing a specificity of 66.7 % and a sensitivity of 71.4 %. Results of the microbiological analysis of the
nine bacteria having the lowest p-value are shown in Figure 1.
In addition to bivariate analysis, multivariate logistic
regression was employed. Both the most significant bacteria
and interdigital tinea pedis were considered. This statistical
approach aimed to determine whether bacteria exclusively,
interdigital tinea pedis exclusively or both have a statistically
significant influence on erysipelas and/or its recurrence. Moreover, this method was designed to avoid or minimize a potential bias by interference of different influence parameters.
Multivariate analysis revealed that non-pathogenic aerobic

Figure 1 Frequency distribution of positive and negative culture results for (almost) significant bacteria in each single group
plus results of the Fisher’s exact test (null hypothesis: equal distribution of bacteria in both erysipelas and control group).
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Figure 2 Logistic regression
analysis of the six most significant
bacteria and KOH examination
(including all groups) in order to
exclude confounding.

germs (p = 0.0406; OR 0.25; negative association) and Staphylococcus aureus (p = 0.0276) were statistically significant
associated with erysipelas (Figure 2). Only interdigital tinea
pedis showed a statistically significant association with recurrence of erysipelas (p = 0.0475).

Discussion
The influence of interdigital tinea pedis on erysipelas of the
leg has been controversially discussed. The study of Roujeau
et al. stressed its crucial importance showing a significant association between erysipelas of the leg and interdigital tinea
pedis which could be effectively treated [11]. Other authors
consider interdigital tinea pedis to be one among many possible risk factors [12]. According to the findings of Björnsdóttir et al. [13] interdigital tinea pedis only appears to be a significant risk factor when bacteria are not taken into account.
Our study supports this view. Bivariate statistical evaluation
revealed a significant association between erysipelas and interdigital tinea pedis (p = 0.036). In contrast to this, multivariate analysis indicated that bacteria and not interdigital
tinea pedis are the main risk factor for erysipelas, which is in
accordance with the results of Björnsdóttir et al. [13].
Analysis of the entire microbial flora concerning its influence on the recurrence rate of erysipelas reached a different
conclusion. Bivariate analysis revealed a statistically significant association between relapses and interdigital tinea pedis
(p = 0.0091; OR 2.99), which was verified in the subsequent
multivariate analysis with a p-value of 0.0475. This is in accordance with the findings of Lewis et al. [14] and Pavlotsky
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et al. [15], who refer to the importance of tinea pedis in relapse of erysipelas.
Bacterial colonization of a leg affected by erysipelas has
been subject of various studies. Generally, β-hemolytic streptococci are regarded to be responsible for erysipelas [6]. Therefore, Chartier et al. [16] examined the suspected entry sites
for streptococci and found positive results in 26.9 % of the
cases. Lazzarini et al. analyzed the microbial colonization of
wounds on the ipsilateral leg and found Staphylococcus aureus
(28.26 %) and β-hemolytic streptococci (11.96 %) as the most
frequent pathogens [17]. Jorup-Rönström [18] and Eriksson et
al. [19] also found Staphylococcus aureus more common within the erysipelas collective.
In this study the two-sided Fisher exact test revealed a
positive significant association between erysipelas and Staphylococcus aureus, coagulase-negative staphylococci, Enterococcus faecalis, Enterococcus faecium and β-hemolytic
streptococci. In this respect Staphylococcus aureus, coagulase-negative staphylococci and Enterococcus faecalis were even
shown to be highly significant, while β-hemolytic streptococci
were significant. The result of multivariate analysis taking into
account interdigital tinea pedis showed similar results. Only
Staphylococcus aureus reached a p-value lower than 0.05.
Of particular interest is the fact that the non-pathogenic
aerobic bacteria were significantly negatively associated with
erysipelas in both bivariate and multivariate analysis (ORbivariate
0.10 and OR multivariate 0.25), which means that they were found
much more often in the control group than in the erysipelas
collective. Possibly, physiological or non-pathogenic mixed flora as found in the oral cavity or the gastrointestinal tract may
also provide a protective effect in the toe web.

In this study we tried to minimize statistical bias and
confounders for example by analyzing microbiological smears without diagnosis and by using additional multivariate
logistic regression analysis. However, the fact that different
persons performed the KOH examination might have resulted in a potential statistical bias. Moreover, data of the
retrospective group might contain errors since they were based on the information taken from the patients’ files exclusively. Considering the advanced age of patients included in
our study collective, it remains uncertain in how far this is
representative for the total population, especially as regards
co-morbidities and immune status.

Conclusion
Quintessence of this study is that β-hemolytic streptococci,
the main pathogen of erysipelas [5], are uncommonly found
as an isolated organism in the toe web. It seems that the
presence of Staphylococcus aureus and Enterococcus is of
far more importance. Even though in multivariate analysis
Enterococcus faecalis narrowly missed the significance threshold, enterococci should be included in diagnostic procedures since more and more frequently they are found to be
responsible for skin infections [20].
This study indicates that interdigital tinea pedis plays an
important role in the recurrence of erysipelas of the leg. As
long as results of multi-center studies are missing, it remains
to be seen whether this is due to a destruction of the skin
barrier (maceration of the toe web) serving as entrance for
potential pathogens and/or whether this environment favors
colonization and growth of bacteria [21, 22].
According to current data every patient with erysipelas of
the leg should undergo extensive diagnostic investigation including KOH examination and thorough microbiological analysis of the toe web. Positive test results should be followed by
corresponding treatment in order to prevent relapse [23–25].
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