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Therefore, it is essential to specify the bacteria in wounds for an individual-specific
treatment. In most patients, an exemplary bacterial swab is taken from the centre of
the wound surface. This so-called Levine technique is propagated currently as the gold
standard. The aim of our clinical investigation was to compare the results of different
swab techniques to the new established Essen Rotary. In this monocentric prospective
investigation, 50 patients with chronic leg ulcers were examined consecutively. The
results of our clinical study show that bacteria are heterogeneously spread on wound
surfaces. The analysis of the semiquantitative measured results showed that the Essen
Rotary could detect significant more bacteria with a total amount of 111 bacteria
(P = 0-049) compared to usual swab techniques. Considerably, only the Essen
Rotary identified five compared to three MRSA-patients detected by other techniques.
The Essen Rotary is an efficient, economic and uncomplicated modification of
bacteriological swab techniques which detects significant more bacteria compared
to other conventional swab techniques. Therefore, the Essen Rotary may become
the new gold standard in routinely taken bacteriological swabs especially for MRSA
screenings in patients with chronic leg ulcers.
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Introduction Key Messages

Enhanced knowledge about the bacterial colonisation of
chronic wounds can improve treatment outcomes by reducing
the risk of wound infection and sepsis, rate of bacterial spread-
ing particularly with regard to methicillin-resistant Staphylo-
coccus aureus (MRSA) in hospital facilities and may have a
positive influence on the wound treatment periods (1). Thera-
pists have to differentiate between harmless wound contami-
nation, where the presence of bacteria will not lead to any host
reactions; the wound colonisation, where bacteria initiate or
multiply a host reaction; and the so-called critical colonisation,
which may cause a delay in wound healing and where there is
a danger of bacterial burden being switched from colonisation

¢ until now, there was no well-defined practicable method
available which provides reliable results about the
bacteria in chronic wounds

e our investigation aims to evaluate the bacteria on the
wound surfaces and especially if the verification of
MRSA can be detected more reliably by the use of the
Essen Rotary in comparison to conventional bacterial
swab techniques

e 50 participants were recruited from a dermatologic
outpatient clinic in the University Hospital
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e all patients suffered from a chronic leg ulcer of mini-
mum size of 10 cm?

e an important part of an optimised therapeutic treatment
regimen is the knowledge about the bacterial burden in
chronic wounds

e beside infections, even a clinical unproblematic bacterial
colonisation can be very important for the treatment
strategies especially if so called problematic bacteria
like MRSA are verified

e the detection of MRSA in wounds causes numerous
practical consequences for the patient and the medical
institution because the patient should be treated isolated
from other patients

e in the treatment of these patients, it is important to note
that therapeutic decisions have to be based on clinical
findings

e only few MRSA-positive patients with chronic leg
ulcers have clinically relevant signs for an underlying
infection

o therefore, we would suggest that a bacterial swab from
the wound should be performed at least within the first
consultation

e significant more bacteria can be detected with the new
established Essen Rotary compared to other conven-
tional swab techniques

o the Essen Rotary is an efficient, economic and uncom-
plicated modification of a conventional bacteriological
swab technique, which is able to detect almost the whole
spectrum of aerobic bacteria of the wound surface in
patients having a chronic leg ulcer compared to the
Levine technique

o therefore, we would like to propose that the Essen
Rotary may represent a new gold standard in rou-
tinely taken bacteriological swabs, especially for MRSA
screenings in patients with chronic leg ulcers

to local infection. The basis for this differentiation must be
the clinical evaluation of the patient. Microbiological tests can
help, however, in the estimation of these clinical situations.
In case of an apparent infection, it is necessary for an
individual adapted systemic antibiotic therapy to identify the
causative organisms with their specific resistograms. Until
now, there was no well-defined practicable method available
which provides reliable results about the bacteria in chronic
wounds. However, the so-called Levine technique is currently
propagated by the World Union of Wound Healing Societies
as the gold standard for bacterial swabs in patients with
chronic wounds (2). According to the Levine technique the
bacteriological swab is performed by rotating a swab over a
1 cm? area of the wound surface with sufficient pressure to
extract fluid from within the wound tissue (3-5).

The current open, monocentric and prospective clinical trial
investigated the clinical outcome of these conventional swab
techniques in the detection of bacterial burden in patients with
chronic leg ulcers by comparing it to a new modified tech-
nique, the so-called Essen Rotary. Our investigation aims to
evaluate if the bacteria on the wound surfaces and especially
if the verification of MRSA can be detected more reliably by
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the use of the Essen Rotary in comparison to conventional
bacterial swab techniques.

Patients and methods

Patients

Participants (n = 50) were recruited from a dermatologic out-
patient clinic in the University Hospital. All patients suffered
from a chronic leg ulcer of minimum size of 10 cm?. A wound
was defined as chronic if it had lasted for at least 3 months (6).
None of the patients had a local or systemic infection, so that
there was no need for antibiotic therapy during the investi-
gation. The survey included 27 female patients and 23 male
patients. Their ages ranged from 29 to 95 years, and the aver-
age was 65-9 years (women: 65-6 years and men: 65-5 years).
In 37 cases, the wound was a chronic venous leg ulcer, other
5 cases were in accordance with a mixed arterial and venous
genesis. The remaining eight wounds were of different genesis
caused by vasculitis, pyoderma gangrenosum or graft-versus-
host disease.

Bacterial swab

An important criterion for a correct survey of the distribution
pattern of the bacterial burden was to perform the bacterial
swab immediately after removing the wound dressing to avoid
contamination and manipulation of the wound surface. The
wound surfaces were divided into five different sectors, each
of 1 cm?. Altogether, we took seven swabs from each patient.
Four swabs in clockwise direction at 12, 3, 6 and 9 o’clock
positions, and one in the centre of the wound. Afterwards, we
took one swab according to the Levine technique as a refer-
ence and finally one swab by performing the Essen Rotary
technique (Figure 1). The Essen Rotary represents a modifi-
cation of Levine technique by taking the swab with pressure
in spiral form from the outside of the wound into the centre
(Figure 2).

Qualitative analysis

Bacteria were processed in the Institute for Microbiology,
University of Essen, using qualitative procedures that allowed
the identification of organisms per swab using the Vitek
2™ (bioMérieux Sa, Marcy I’Etoile, France) and Siemens
WalkAway® 96 si (Siemens Medical Solutions Diagnostic
GmbH, Bad Nauheim, Germany) automated analysis systems
for bacterial resistance determination. The identification of the
bacteria was done using the Advanced Colorimetry™ method.
Several studies document that methicillin resistance can be
detected reliably using this system (7,8). The results from the
swab cultures using the Levine technique were then compared
to the results of the Essen Rotary and the five other sectors
under the same terms and conditions.

Statistical analysis

The results from our investigation were compared by perform-
ing a paired two-sample ¢-test in which a P-value of <0-05
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Figure 1 Partition of the wounds.

Figure 2 Schematic representation of the Essen Rotary.

was considered significant using SPSS 15.0 software (SPSS,
Tokyo, Japan) for personal computers.

Ethical considerations

Our clinical investigations comply with the ethical rules for
human experimentation as stated in the 1975 Declaration of
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Helsinki. This study was approved by the Ethics Committee
of the University of Essen-Duisburg.

Results

We confirmed that the bacterial spectrum was mostly inho-
mogeneous over the wound surface, which resulted insignif-
icant discrepancies between the bacteria findings in the var-
ious areas of the wounds. Quantitatively the most relevant
detected bacteria were Staphylococcus aureus in 52% and
Pseudomonas aeruginosa in 46% of all investigated wounds.
The analysis of the semiquantitative results also showed
that we detected 111 bacteria of more significance with
the Essen Rotary (P = 0-049) compared to all other tech-
niques (Figure 3, Table 1). For instance, the Levine technique
detected 90 bacteria only. A differentiated analysis of the
various bacteria species with regard to the so-called prob-
lematic bacteria, which are defined by the German Robert
Koch Institute, provides evidence that 63 bacteria (26%
more) were detected with the Essen Rotary compared with
the conventional swab techniques which were able to detect
only 50 problematic bacteria during the clinical investigation
(Figure 4) (9). In some wounds, we found a very heteroge-
neous microenvironment presented by residential skin-flora
and facultative pathogenic bacteria, which could be detected
by the Essen Rotary only. The Essen Rotary showed in 10% of
all wounds a contamination with MRSA in the sector-specific
swab-analysis. There was an additional mixed flora in 6% of
the MRSA-positive cases. In 4% of the cases, MRSA was
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Figure 3 Results of the semiquantitative swab-analysis in comparison
of the conventional technique (Levine) and the Essen Rotary.

Table 1 Results of the semiquantitative determined bacteriological
swabs

Area Sporadic Low Moderate High Overall
Sector 3 6 23 28 21 78
Sector 6 4 12 39 26 81
Sector 9 4 24 50 19 97
Sector 12 2 15 46 17 80
Centre 8 17 40 14 79
Essen Rotary 1 27 54 29 NN
Levine 3 26 43 18 90
Average 4 20.6 42.9 20.6 88
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Figure 4 Problem-bacteria according to bacteria with antibiotic resis-
tances (German Infection Protection Act § 23 CI. 1, page 1).

the only detectable bacteria in the chronic wound. The con-
ventional swab in the Levine technique was verified in only
7% of the cases as contamination with MRSA. A mixed flora
could be found in 5%. It was of particular clinical importance
that two of the five MRSA-positive patients could be identi-
fied only with the Essen Rotary (Figures 5 and 6, Table 2).
In either instance an adequate targeted therapy and special
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Figure 5 Direct comparison of the absolute results. Essen Rotary vs.
conventionally performed swab according to the Levine technique.
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Figure 6 Results of MRSA-positive wounds detected with the Essen
Rotary.
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Table 2 Registration of the problem-bacteria according to bacteria with
antibiotic resistances (German-Infection-Protection-Law, Act § 23 Cl. 1,
page 1)

Essen Levine

Rotary technique
Staphylococcus aureus 31 25
Pseudomonas aeruginosa 23 21
Enterococcus faecalis 1 0
Enterobacter cloacae 3 2
Klebsiella spp. 1 1
Serratia marcecens 3 1
Stenotrophomonas maltophilia 1 0
Candida spp. 1 1

hygienic procedures like isolation would not have taken place.
Had the above been provided, consequently bacterial spread-
ing could have been prevented.

Discussion

Owing to the world-wide demographic shift, in Germany
an increase in number of persons older than 60 years from
currently 26-:2% to 38-9% in the year 2050 is predicted.
The number of 60-year-olds will be about 1 million, twice
as high as the number of newborns. Those older than
80 years in Germany will increase from about 4 million to
10 million by 2050 (10). The incidence for suffering from a
chronic leg ulcer increases up to 4% in those over 80 years
each year, based on several studies (4). Therefore, it is
absolutely necessary to optimise therapeutic and preventive
measures for those patients. An important part of an optimised
therapeutic treatment regimen is the knowledge about the
bacterial burden in chronic wounds. Besides infections, even
a clinical unproblematic bacterial colonisation can be very
important for the treatment strategies especially if so-called
problematic bacteria like MRSA are verified. The detection
of MRSA in wounds causes numerous practical consequences
for the patient and the medical institution because the patient
should be treated isolated from other patients (1,5,7,11).
This approach not only causes higher costs for the medical
institution but also leads to a considerable psychological
stress on patients. In the treatment of these patients, it is
important to note that therapeutic decisions have to be based
on clinical findings. If no clinical signs for a relevant infection
can be found but rather an unproblematic colonisation, a
local antiseptic therapy is adequate and the use of systemic
antibiotics can be avoided completely (1,12).

Currently, there exist different options to detect bacteria
in patients with chronic wounds (13,14). In daily routine, the
performance of a swab is dependent on the person executing
it. Several clinical investigations show that chronic wounds
are not homogeneously colonised such that different swab
techniques and swab areas may lead to absolutely different
results. The analyses techniques used daily can be divided into
at least three different methods (15). These are, according to
their clinical relevance, the conventional swab in the Levine
technique, the wound biopsy and a flush technique.
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A comparative study of the informational value of the three
different swab methods with regard to the identification of
bacteria in a group of 83 patients with chronic wounds led
to an infection rate of 36% for the Levine technique with
an accuracy of P = 0-8. Levine et al. showed the use of a
bacteriological swab in a collective of burn patients and that
the bacterial count is linearly related to biopsy quantification
of viable bacteria in the underlying tissue. He showed that
the visualisation of bacteria indicates that at least 10° or
more bacteria per swab are present after performing a Gram-
stained swab (3). It was also demonstrated that at a minimum
threshold of 37 000 organisms per swab a sensitivity of 90%
and a specificity of 57% could be achieved for the diagnostic
value in the identification of infected chronic wounds with
the Levine technique (14). He described his method as a
simple technique which requires no surgical manipulation of
the wound.

In another study which was performed in 1969 in 41
patients with wounds of different aetiology, a sensitivity
of 100% and a specificity of 93-5% for the bacteriological
survey findings could be detected by the use of wound
biopsies (16). Therefore, the biopsy of wound tissue was
seen in the last decades as the gold standard for clinical
investigations. Owing to the high expenditure of time, the
sole practicability by medical personnel, high costs compared
to the bacteriological swabs, infringement of the healing
tissue and the pain associated with a biopsy, this method
should be reserved for specific clinical issues and especially
for scientific investigations. In addition, it has already been
proven scientifically that a biopsy has no significant higher
outcome for the identification of clinically relevant bacterial
infections in patients with chronic wounds compared to the
quantitative bacteriological swabs (17).

Another specific diagnostic procedure, such as the proof of
bacterial colonisation by the use of a special flush technique,
is currently used only scientifically. In this case, the superficial
bacterial flora is dissolved from the wound bed with a special
rinse solution and subsequently analysed microbiologically.
One advantage of this technique is the relatively safe detection
of contamination or colonisation with MRSA on chronic
wounds through the mobilisation of the pathogen bacteria.
This procedure has not been standardised yet and cannot
be used in daily practice for the routine examination of the
microbial spectrum of a chronic wound because no similar
results can be achieved. This method was presented several
times at different wound congresses but scientific data in
patients with chronic wounds are so far not yet available.

None of these methods was investigated adequately in
greater collectives with wound patients and have been stan-
dardised so far, so that their results are not comparable or
sufficient enough for current clinical diagnostic requirements.
Quality and informational value of the bacteriological anal-
yses differ similarly, for instance regarding the detection of
MRSA. The most widely used swab technique currently is the
Levine technique. The advantage of this method compared to
the wound biopsy is that it is a non-invasive procedure which
is quite practicable, is mostly painless for the patient and can
be performed without high technical expenditure. This swab
technique is suitable for the semiquantitative evaluation of the
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aerobic bacterial burden of the wound surface. The disadvan-
tage of this method is the fact that it will only be representative
if the swab is taken exactly over the infected area. Further-
more, it is possible to get false-negative results if too less
wound fluid is collected. If the wound is too scabbed, necrotic
or massively fibrinous clogged, a prior wound cleansing is
necessary to receive a representative result. According to the
current S3 guideline of the German Association for Phlebol-
ogy (DGP) for diagnosis and therapy of chronic venous leg
ulcers, a routinely performed bacterial analysis is not neces-
sary for a wound with normal healing tendency and no signs
of a clinically relevant infection. This procedure should be
considered critical, particularly with regard to the identifi-
cation of patients who are MRSA positive and have to be
treated in isolation. Only few MRSA-positive patients with
chronic leg ulcers have clinically relevant signs for an under-
lying infection. An unproblematic bacterial colonisation does
not obligate disturbance of the wound healing, so that these
patients would not be completely identified and the medical
staff can become a vector for these problematic bacteria (11).
Therefore, we would suggest that a bacterial swab from the
wound should be performed at least within the first consul-
tation. If the patients have no clinical signs for a wound
infection, the result of the bacterial swab has no direct influ-
ence on the further practical wound treatment. Exceptions
result from detection of so-called problem-bacteria like MRSA
and the ability of different bacteria to form a biofilm. This
biofilm can complicate therapy immensely. Biofilms consist
of biopolymers that include polysaccharides, proteins, lipids
and nucleic acids. These components give the biofilm a firm
consistency and bind to water. The different bacterial popu-
lations hosted in a biofilm are surrounded by a matrix com-
posed of exopolysaccharides. This leads to a protection of
the bacteria in the biofilm from the immune system of the
host, local and systemic antibiotics and various other envi-
ronmental influences. Particularly, with regard to biofilms of
MRSA, researchers have drawn considerable interest to find
out new approaches for its treatment over the past decade.
As an example, the enzyme-linked treatment may help to
detach cells from a mature biofilm and return them to a
planktonic state. The combination of matrix-degrading agents,
small molecules or targeting quorum sensing for biofilm treat-
ments in combination with antibiotics is showing promise as
an approach for eliminating established biofilms in different
models for infections (18). These biofilms can be found on
many wound surfaces, too. It has been suggested that biofilm
maturation can lead to detachment of larger amounts of bac-
teria. These could be responsible for chronic and systemic
infections or even sepsis based on a local infection starting
from a chronic wound (12). In the current literature, it is still
controversially discussed whether and how a biofilm can be
objectified microbiologically, for example by using a novel
multiplex polymerase chain reaction method, the Biofilm Ring
Test (BFTR®, BioFilm Control SAS, Saint-Beauzire, France)
or crystal violet staining method (19,20). Although the clini-
cal relevance of biofilms can be very important and may affect
the results of this study, biofilms were within our investigation
and not examined separately.
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Conclusion

The results of our clinical investigation show that bacteria
can be very heterogeneously spread on the surfaces of chronic
leg ulcers. Significant more bacteria can be detected with the
new established Essen Rotary compared to other conventional
swab techniques. This easy procedure takes only an additional
few seconds to perform. Especially, for larger wounds where
various bacterial species may be present in different areas it
is important to investigate large areas of the wound surface to
have representative data of the bacteria. In clinical practice,
this approach is particularly useful for screening problematic
bacteria such as MRSA.

The Essen Rotary is an efficient, economic and uncom-
plicated modification of a conventional bacteriological swab
technique, which is able to detect almost the whole spectrum
of aerobic bacteria of the wound surface in patients having a
chronic leg ulcer compared to the Levine technique. There-
fore, we would like to propose that the Essen Rotary may
represent a new gold standard in routinely taken bacteriolog-
ical swabs, especially for MRSA screenings in patients with
chronic leg ulcers.
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