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ABSTRACT

Bacterial colonization and infection are still the major causes of delayed healing
and graft rejection following burns and they are furthermore the basis for second
and third hit sepsis. Topical treatment is necessary to reduce the incidence of burn
wound infection. Silver sulphadiazine (SD-Ag) is a frequently used microbicidal
agent. However, this treatment causes adverse reactions and side-effects. Addi-
tionally, in recent years multiresistant bacteria, which have not been treated suffi-
ciently, are on the rise. On the basis of experimental data and clinical application
of a polylacticacid–acetic acid matrix, we performed this study to establish the
effectiveness of the antiseptic therapy with the topical application of a polylac-
ticacid–acetic acid matrix to provide an alternative method for burn treatment,
using SD-Ag as a reference. Twenty patients with IIb1 or III1 burns from the
Plastic Surgery and Burns Unit were treated within a matched pair comparative
setting. One burned area was treated with SD-Ag, the other corresponding area
with the polylacticacid–acetic acid matrix. All patients underwent a necrectomy
4–5 days after the trauma. The excised burned skin was sent to our microbiolog-
ical laboratory to determine the different bacteria per gram in this tissue. Despite
the number of 20 patients, statistical significance was not achieved, there were
tendencies to a better antiseptic effectiveness of the polylacticacid–acetic
acid matrix. These results suggest that the polylacticacid–acetic acid matrix
should be studied in greater depth and could be used as a valid alternative
for the topical treatment of burns, as it is equivalent or even more effective than
SD-Ag.

The burn wound surface is sterile immediately after the in-
jury; however, it is quickly colonized by Gram-positive
organisms from hair follicles, skin appendages, and the
environment during the first 48 hours. More virulent
Gram-negative organisms replace the Gram-positive or-
ganisms after 3–7 days. Burns produce a disruption of the
mechanical integrity of the skin and a generalized suppres-
sion, that allows microorganisms to multiply freely. Cur-
rently, the common pathogens isolated from the burn
wounds are Staphylococcus aureus, found in 75% of
wounds, Pseudomonas aeruginosa (25%), Streptococcus
pyogenes (20%), and various coliforms (5%); other strep-
tococci, anaerobic organisms, and fungi can also cause in-
fections.1 In the last years, multiresistant bacteria have
been on the rise, and hence new strategies and alternatives
for topical antiseptics are necessary. The above mentioned
bacteria are producers of biofilms, a complex community
embedded in a polysaccharide matrix. Bacteria growing in
biofilms are extremely resistant to antibiotics, antiseptics,
and to the host immune response. Consequently, factors
that aim to control bacterial burden must work on biofilm
formation.1,2 Wound bed preparation refers to the clear-
ance of necrotic and/or sloughy materials from the bed of
the wound to produce granulation tissue. In the case of in-
fected or necrotic tissue, the wound bed must be prepared
either by using surgical debridement or by a progressive
local treatment that eliminates dead tissue.

An early excision and grafting are not always practica-
ble, for example because of the patient’s medical condi-
tion. If necessary, topical antimicrobial agents are used to
prevent an infection. Since 1960, topical antimicrobial
agents containing silver have revolutionized burn care,
reducing morbidity and mortality, despite the side effects
associated with silver deposition on tissues.3,4 Silver
sulfadiazine (SD-Ag) is the gold standard in topical burn
treatment.1,3 In most burn care units, antibiotics like
erythromycin or flucloxacillin, used for the prevention of
wound infection, are not routinely administered to burn
patients because of their costs, the high incidence of resis-
tance, and the risk of adverse drug effects.1,5,6 Altenative
medical therapies such as natural medicines and old-fash-
ioned treatments are reappearing. Sugar, honey, carica pa-
paya fruit, and aromatherapies with aromatic oils have
effectively been used as dressings and for the debriding and
cleansing of infected wounds. Some of these medicines
may, however, be toxic.1,7,8 Several studies show that there
are often mixed populations of the same and/or different
species of bacteria within one wound.8 New research has
shown that bacteria possess elaborate chemical signaling
systems, which enable them to communicate within and
between species to initiate biofilm formation and trigger
virulence factors. Chemical intraspecies communication
signals have been identified as octapeptides in staphylo-
coccal species and N-acetyl-homoserine lactone molecules
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in Gram-negative bacteria. The interspecies signal synthe-
sized by an enzyme called LuxS, is a furanosyl-borate dies-
ter and may be inhibiting or stimulating other bacterial
functions. This process has to be interrupted for an effec-
tive antiseptic treatment. Early excision and grafting in
burn wound treatment have become the norm. However,
they cannot always be performed, which makes the treat-
ment of burn patients difficult. In previous studies, we
tested the feasibility of Suprathels as a carrier for antisep-
tic agents, which worked very well, especially with acetic
acid of 3%. In following in vitro studies, we have observed
an excellent spectrum of the created Suprathels-acetic
acid matrix.6 We performed the first clinical study with
this matrix on burn wound donor sites, where we achieved
a significant bacterial load with the matrix, compared with
an alginate dressing. Suprathels is a fresh developed
wound dressing with permanent and degradable proper-
ties. It is produced from a synthetic copolymer consisting
mainly of DL-lactic acid, trimethylenecarbonate, and ca-
pro-lacton. It represents a synthetic dressing that imitates
the properties of natural epithelium. The material is
processed by means of modified phase-inversion and
freeze-drying techniques. The final product consists of a
membrane with a porosity of 80%, resulting in symmetri-
cal pore cross sections. Pore sizes vary between 2 and
50 mm. The membrane has an elongation capacity of up to
250%, with a modulus of less than 800N/mm2. This offers
a large range of plasticity, which allows an instant adap-
tion to wound beds at body temperature. Its moisture per-
meability prevents the accumulation of wound fluid,
supporting wound healing and reepithelialization.6,9 The
physiochemical properties of the membrane and the scan-
ning electron-microsopical structure are shown in Figure 1
and Table 1. During the stage of healing, the membrane
becomes transparent, allowing the evaluation of the
wound bed without manipulating the wound dressing it-
self. While the wound is healing, Suprathels detaches
from the reepithelialized surface due to the molecular
weight decrease of the material.6,9

The study was carried out to determine, whether the ap-
plication of a Suprathels-acetic acid matrix can provide
an alternative to treat burn wounds in comparison with the
conventional SD-Ag treatment (Flammazines).

MATERIALS AND METHODS

Twenty burned patients from the Plastic Surgery and
Burns Unit of our department were included in the study.
All patients were informed about the object of the study
and gave their written consent. Injuries were classified as
II1 burns, when involved from the upper to the deeper der-
mal layers with blister formation and pink/white areas,
and as III1 burns when involving all dermal layers, which
could also affect subcutaneous fat and/or muscles. Pa-
tients were included, when two comparable symmetric IIb1
or III1 degree areas were affected. The study was approved
by the institutional review board (Ethics Committee of the
Federal Land Rhineland Pfalz/Germany) and written in-
formed consent was obtained from each subject. The study
was conducted in accordance with Good Clinical Practice
and ethical principles consistent with the Declaration of
Helsinki. On the day of surgery, the burn depth was re-
evaluated. For a matched pair comparison, always the left
side was treated with Flammazines and the right one with
the Suprathels-acetic acid matrix.

Inclusion criteria were: patients between 18 and 60 years
old, both male and female, with no serious cardial, he-
patological, and renal comorbidities, or comorbidities of
the blood system and no systemic infections. Exclusion
criteria were: patients who had diabetes, malignancy,
autoimmune disease, serious cardial, hepatological, and
renal comorbidities, a blood-producing disorder or a seri-
ous systemic infection, pregnant or breastfeeding women,
and patients who had an allergic reaction to silver ions.

At the time of admission, every patient underwent the
standards of burn treatment of our unit. After an antisep-
tic treatment with polyhexanide, which is the standard an-
tiseptic agent at our unit, the left side was treated with a
standard Flammazines dressing and on the right side a
minimum 10�10 cm-sized area with the Suprathels-acetic
acid matrix. Until the time of operation, the Flammazines

dressings were changed daily; with the Suprathels-acetic
acid matrix, only the superficial dressings were changed
without removing the the Suprathels-acetic acid matrix.Figure 1. Scanning electron microscopy (SEM).

Table 1. Technical data of Suprathel (25 kGy sterilized)

Membrane thicknessn 70–150 m

Molecular weightw 0.6–0.8 dL/d (Mw 50,000–

85,000)

Glass transition point, melting

pointz
27–33 1C, No melting point

Load, strength§ 5–15 N/3–8 N/mm2

Elongation break§ 100–250%

Modulus§ 800 N/mm2

nScanning electron microscopy (SEM).
wCapillary viscosimetry: 0.1% solution in chloroform, measure-

ment of the inherent viscosity. Gel permeation chromatography

(GPC): column Nucleogel M5, temperature 40 1C, detection UV

225 nm, rate 1 mL/minute, 1% polymer solution.
zDifferential scanning calorimetry (DSC): 10 K/minute heating

rate.
§Instron stress/strain testing machine, measurement according

DIN53455, sampledimensions: 120�15 mm.
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The primary object of our study was to evaluate the anti-
microbial efficiency of the treatment in healing. The eval-
uation of the microbial burden was performed by culture
methods. The excised tissue consisting of eschar and fat as
epifascial necrectomies were performed in all areas of the
study and was sent to our microbiology laboratory. Three
samples of each area were analyzed concerning their bac-
terial load per 1 g tissue. This technique relates microbial
density to the depth of eschar penetration and confirms
tissue invasion. Quantitative bacterial counts below 105

per gram of tissue rarely indicate invasive infections, while
those exceeding 105 bacteria/g usually do.1 Hence, we took
the count of 105 bacteria/g as a clinical cutoff point. To
determine the colony-forming unit (CFU)/g of the tissue,
the specimen was homogenized and serially diluted onto
nonselective and differently selective media: MacConkey
and Trypticase Soy Agar for Gram-negative bacilli, Blood
Agar and Mannitol Salt Agar for Gram-positive cocci.
They were pour plated for quantitative bacteriology. The
inoculated plates were incubated at 37 1C for 24 hours. The
plates were read out at a dilution containing 30 or more
colonies per plate. The number of colonies was then mul-
tiplied by that portion of a 1mL inoculum used to inocu-
late the plate. The results were an average of all specimens.

RESULTS

Twenty persons, 13 males and seven females, were in-
cluded in this study. To be sure that a surgical therapy is
necessary in the further clinical course, only IIb1 and III1
burned areas of the total affected burn surface were chosen
for the study. In eight cases, two similar areas of the trunk,
in six cases similar areas of the right and left thigh, in four
cases similar areas of the right and left lower leg, and in
two cases similar areas of the right and left arm were cho-
sen for comparison. Some of the IIb1 areas turned to III1
degree by the time of surgery, which was always performed
on day 4 or 5 in all cases. As most of the areas were com-
posed of a mixed IIb1 and III1, burn epifascial necrectomy
was performed in these areas. Other areas of the total burn
surface were excised tangentially or epifascially depending
on the burn depth, but these areas were not part of the
study sites. The overall take rate of the skin grafts was
87% without a difference for regrafting in both groups. In
the postoperative course, 8 of the SD-Ag–treated areas
showed local infections, which were treated with a topic
antiseptic agent; in only five areas treated with the poly-
lacticacid–acetic acid matrix, local infection was present.
There was no statistical difference between the two groups
for these findings, but a beneficial tendency toward the use
of the polylacticacid–acetic acid matrix. Wound healing
was considered to be completed as soon as 95% of the sur-
face were covered by vital skin transplants, which was
achieved after an average period of 9.5 days in the SD-Ag
group and after 9.3 days in the polylacticacid–acetic acid
matrix group. The following results are summarized in
Tables 2 and 3. In both groups, the effectiveness of the
treatment with regard to preventing invasive infection was
similar. Bacterial load higher than 105 bacteria/g of tissue
was present in seven of 20 areas (35%) treated with SD-Ag
and in three of 20 areas (15%) treated with the polylactic-
acid–acetic acid matrix (p50.09). In the group treated with
the polylacticacid–acetic acid matrix, lower numbers of

problematic bacteria-like P. aeruginosa and Acinetobacter
baumanii (8 vs. 13) were present (Table 2). Although sta-
tistically not significant, there were lower bacterial loads in
the areas treated with the polylacticacid–acetic acid ma-
trix, compared with the areas treated with the SD-Ag in
each patient (Table 3).

There were no differences to be found between the two
groups in the routine blood test. Neither local allergic or
systemic symptoms were to be found for the treatment. Clin-
ical observation showed that the quality of healing and the
epithelialization were similar for both treatments with re-
spect to elasticity, smoothness of appearance, and handling.

DISCUSSION

In the last years, mortality among burned patients has de-
creased according to optimized intensive care and new
technologies like ceratinocyte transplantation amongmany

Table 2. Analysis of bacterial load between the Flammazine and

the Suprathel-matrix group and number of postoperative infections

Treatment Flammazine Suprathel-matrix

Bacterial Load > 105 7 3

Bacterial Load < 105 13 17

Local Infection p.o. 8 5

n520 n520

100,000 CFU was taken as a clinical cut-off-point indicating

invasive infection.

Table 3. Comparison of the absolute bacterial load (CFU/g) of the

excised tissue for the Flammazine and the Suprathel-matrix group

Patient Flammazine Suprathel-matrix

1 8�104 1�103

2 4�104 3�103

3 8�104 2�103

4 7�104 5�103

5 9�105 4�105

6 6�104 7�103

7 3�105 3�104

8 8�106 7�103

9 3�104 3�103

10 7�106 3�105

11 2�106 6�105

12 7�103 2�103

13 4�106 8�103

14 7�105 4�103

15 3�104 7�103

16 9�103 7�103

17 5�103 5�103

18 1�104 2�103

19 6�104 4�103

20 4�103 2�103
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others.10 For the skin graft take rate in the early stage and
to prevent a second hit sepsis as well as a secondary graft
loss, local antiseptic therapy is crucial.2 Especially with the
increase of multiresistant bacteria, there is a need for alter-
natives in the local antiseptic treatment. In prior studies,10

we have shown the effectiveness of acetic acid for a wide
range of multiresistant bacteria like P. aeruginosa, A. bau-
manii, and others. In another in vitro study, we tested the
antiseptic effectiveness of a polylacticacid–acetic acid ma-
trix for a wide spectrum of typical bacteria of a burn ICU,
which worked very well.6 In this study about 20 patients
with 40 burned areas, the largest group of microorganisms
was represented by P. aeruginosa (50%), S. aureus (37.5%),
S. epidermis (10%), and A. baumanii (2.5%) (Figure 2A
and B). Taking the focus on the subgroups, the treatment
with SD-Ag presented more frequently pathogenic germs
like P. aeruginosa and A. baumanii than the areas treated
with matrix (Figure 2A and B). Furthermore, in all 20 cases
the side-by-side comparison showed a lower bacterial load
per gram excised tissue in the group treated with the poly-
lacticacid–acetic acid matrix (Table 3).

These pathogenous bacteria are a typical biofilm-forming
species, and consequently, are protected against host de-
fences and antibiotics.11 Bacterial pathogens possess highly
developed mechanisms for infections and for the adaption
to various host cells, that protect them against the host’s
immune system. The progression of infectious diseases and
their severity from onset to cure are constantly influenced
by the interplay between the pathogen and the host. New
products and new therapeutic approaches are now avail-
able, because no completely satisfactory response has been
obtained from current therapeutic agents. Consequently,
novel treatments are being developed such as bacteria sig-
naling molecule interference, together with the increasing
use of natural antimicrobial agents such as honey, papaya
fruit, and tea-tree oil.1 At our burn unit, the gold standard
in topical burn treatment is SD-Ag, a useful antibacterial
agent for burn wound treatment. Recent findings, however,
indicate that the compound retards the wound healing pro-
cess and that the silver may have a serious cytotoxic activity

on various host cells.3,12 A large body of studies exists in-
vestigating the mechanism of action and the effectiveness of
silver-containing dressings either as silver sulfadiazine or as
nanocrystalline silver formulations.3,13–18

Panacek et al.19 showed high antimicrobial and bacteri-
cidal activity of silver nanoparticles on Gram-positive and
Gram-negative bacteria, including multiresistant bacteria
such as methicillin-resistant S. aureus. Furthermore, this
study revealed a correlation between the size of nanopar-
ticles and antibacterial activity, which was best at 25 nm.
Pal and colleagues added the relevance of the shape of
nanoparticles for antimicrobial effectiveness with the low-
est concentration at 1mg of silver in truncated triangular
shapes being inhibitory for bacterial growth.19 An in vitro
comparison of five different commercially available silver-
containing products by Ip et al.20 showed a broad activity
for Acticoat and Contreet for both, Gram-positive and
Gram-negative bacteria, while other products had a de-
creased range of bacterial spectrum.We compared the SD-
Ag treatment, mainly used for the control of the microbial
burden, with a new therapeutic approach with the polylac-
ticacid–acetic acid matrix. This therapy is based on the en-
couraging results obtained in prior studies6,10 which we
have already performed in an in vitro model and in a clin-
ical study with excellent results, especially for problematic
bacteria like P. aeruginosa, Proteus vulgaris, and A. bau-
manii.6,10 Our decision to use polylacticacid–acetic acid
matrix in our study was based on the fact that we had ex-
cellent results with an in vitro model and that Suprathels

showed good regenerative properties in different studies.9

The combination of acetic acid and the polylacticacid ma-
trix was the logical step to create a local antiseptic matrix.
There are no reports indicating the possible virulence ac-
tivity of acetic acid in experimental models.10 In this study,
the low number of patients prevented us from applying
significant statistical power, but the matrix was equivalent
to the SD-Ag standard with a tendency to lower infection
rates. The absolute bacterial load in the side by side com-
parison of the patients with operations on days 4 and 5 was
lower with the matrix than with the SD-Ag. The number of
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Figure 2. (A) Distribution of patho-

genic organisms found in the 20

areas treated with SD-Ag. (B) Distri-

bution of pathogenic organisms

found in the 20 areas treated with

the polylacticacid–acetic acid matrix.
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pathogenic germs like P. aeruginosa and A. baumanii was
also lower with the matrix. This allowed us to suggest
differences in the efficiency of the two treatments with a
favor to the matrix. We have already conducted trials for
the in vitro antiseptical effects of acetic alone, as well as the
feasibility of a polylacticacid–acetic acid matrix and its an-
tiseptic properties in vitro.6 Undoubtedly polylacticacid
reduces the local wound pH due to its polylactic acid part6

and might therefore, have some antiseptic effects. We have
tested previously the matrix in combination with different
antiseptics and with water in order to rule out antiseptic
effects of the matrix alone.6 In all investigated bacteria, we
could not detect any growth inhibition by Suprathels-
H2O alone, and after incubation with different germs typ-
ical for a burn unit, more than 103CFU were observed.
We, therefore, conclude that all antiseptic effects observed
in this study can exclusively be attributed to acetic acid.

Acid pH has also been reported to contribute to the ac-
tivation of the cells involved in the immune response and
in tissue repair.21–30 This may be an additional positive
effect with this antiseptic matrix system. Maslowski and
colleagues reported the anti-inflammatory effect of acetic
acid in their mice model, which confirms our idea of this
antiseptic agent.31 The costs per cm2 of a polylacticacid–
acetic acid matrix dressing are US$1.13. Although it was
not the focus of this study, we assume that polylactic–ace-
tic acid dressing is a cost-efficient treatment option and
further clinical trials will have to prove its cost-efficiency.

The use of a polylacticacid–acetic acid matrix in burns
would be a valid alternative to other treatments in early
and delayed III1 burns as well as in II1 burns. Polylactic-
acid–acetic acid matrix can easily be prepared in a bed-side
setting. This preliminary trial of this treatment suggests an
equivalent effectiveness in treatment with polylacticacid–
acetic acid matrix compared with SD-Ag in second-degree
and III1 burns with a tendency to a superior effectiveness
of the matrix. In the studied burned areas, frequently a
mixed pattern of IIb1 and III1 burns was present. In these
kinds of patterns, we frequently see secondary necrosis, if
tangential necrectomy is performed due to burn depth
progression, especially, if an early necrectomy is per-
formed as we do it routinely. Therefore, we performed epi-
fascial necrectomies in these areas to avoid secondary
necrosis and regrafting. The primary goal of the study
was to evaluate the bacterial load of the excised tissue. The
antiseptic effect was good. As this is a first approach to the
subject, further studies on the treatment and prophylaxis
of burn infections with the polylacticacid–acetic acid ma-
trix will be required, before establishing the matrix in the
context of current treatments. The effect on tangential ne-
crectomies and wound healing in these cases might be one
of the foci of further studies.
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