
Figure 2. Picture of a wound 
covered with OpSite Flexfix foil, 
leaving a 3cm x 3cm treatment area 
(dashed line) uncovered. 

STUDY DESIGN 

Study design was approved of by the Vorarlberg ethics 
committee.  

Recruited patients were tested  
for bacterial wound colonization  
by semi-quantitative microbiology  
swab culture plating (Fig. 1)  
with the following score-scale:  

0 = none  
+ = detected 
++ = colonized 
+++ = heavily colonized 

 

 

Enrollment criteria 
 
 
 
 
 
 
 
 
 
 
 

Intervention: aPDT procedure 
Wounds were initially rinsed with a physiological NaCl-solution 
and subsequently covered using OpSite Flexfix foil 
(Smith&Nephew), leaving a 3cmx3cm square treatment area of 
the wound uncovered (Fig. 2).  

 

 

 

 

 

 

Control group patients were left untreated. For the aPDT group, 
the study intervention was carried out as per manufacturer’s 
instructions: 

• The treatment area was richly covered with PS-solution 
(HELBO® Blue Photosensitizer, bredent medical) 

• After 2 minutes, the treatment area was freed from excess 
PS-solution and rinsed again with sterile Raucotupf swabs 
(Lohmann&Rauscher) 

• aPDT was performed by 60s irradiation with 660nm - 
400mW red low-level-laser mounted to a tripod (HELBO®-
400, HELBO Medizintechnik). 

Afterwards, without removing the OpSite foil, the wound was 
covered with Adaptic foil (Johnson&Johnson), sterile gauze 
(Hartmann) and bandaged. 

Swabs for microbiology testing were taken using the Biotest 
Transport System (Biotest). Wound swabbing at time-point 2 
(24 hours), was performed after gentle rinsing with a sterile 
NaCl-solution soaked pad. After that, patients returned to 
receive conventional wound care treatment. 
 
 

Study time-points 
TP1: day 0 = day of intervention 
TP2: day 1 = 24 hours after intervention 
TP3: day 7 = one week after intervention 
 
 

Study endpoints 
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INTRODUCTION 
Colonization and critical colonization of wounds arrest wound healing in the inflammatory phase and by consequence contribute to their chronicity [1]. Moreover, wound-colonizing 
microorganisms are often organized in biofilms, which makes them largely refractory to currently available antimicrobial treatments [2]. Proper microbiology diagnosis and control 
are pivotal in chronic wound management and are aimed at preventing infection and at ameliorating wound healing by second intend. Conventional therapeutic options are 
embodied within the TIME-concept and exist of debridement procedures, complemented with local antiseptic and system antibiotic treatments [3]. Besides the often insufficient 
efficacy against biofilm wound infections, local antiseptics may have side-effects and do not always improve wound healing [4]. Here, antimicrobial photodynamic therapy (aPDT), 
an oxygen-dependent therapy based on a photosensitizer (PS) and low-level-laser, was tested against colonized wounds in a non-randomized, open, 2-armed phase IIb trial. aPDT is 
painless, stimulates wound healing and is already being successfully applied in dentistry for more than a decade without any reports of side-effects [5]. 

CONCLUSIONS & PERSPECTIVES 
Within the limits of the study design, we here demonstrated in vivo antibacterial efficacy of aPDT on human wound bacterial colonization. Although the antimicrobial effect was lost 
already 24h after treatment, probably due to a re-colonization from outside of the treatment area, the majority of patients receiving aPDT surprisingly demonstrated a positive 
wound healing tendency one week after therapy. Furthermore, the experimental therapeutic intervention was very well tolerated, without any side-effects, and the deep-blue 
wound coloration by the aPDT photosensitizer solution was of transient nature. Taken together, these results are encouraging to further explore this novel local disinfection 
method for colonized and critically colonized skin wounds. Future research is needed to identify the durability of the antimicrobial effect when the whole wound area is treated, as 
well as for dose- and frequency-finding of treatment repetitions in order to achieve improved wound healing in a cost-effective manner. 

REFERENCES 
[1] Bowler, P. G., Duerden, B. I. and Armstrong, D. G. (2001). Wound Microbiology and Associated Approaches to Wound Management. Clin Microbiol Rev, 14(2): 244-269. 
[2] Percival, S. L., McCarty, S. M. and Lipsky, B. A. (2015). Biofilms and Wounds: An Overview of the Evidence. Adv Wound Care (New Rochelle), 4(7): 373-381. 
[3] Percival, S. L., Vuotto, C., Donelli, G. and Lipsky, B. A. (2015). Biofilms and Wounds: An Identification Algorithm and Potential Treatment Options. Adv Wound Care (New Rochelle), 4(7): 389-397. 
[4] O‘Meara, S. Al-Kurdi, D., Ologun, Y., Ovington, L. G., Martyn-St James, M., Richardson, R. (2013). Antibiotics and antiseptics for venous leg ulcers. Cochrane Database Syst Rev, 12:CD0003557. 
[5] http://www.helbo.de/en/research/ 

RESULTS & DISCUSSION 

1. STUDY POPULATION DESCRIPTIVES 
A total of 19 patients meeting inclusion criteria were allocated to the intervention arm (15), receiving the aPDT treatment = aPDT 
group, and a non-intervention arm (4) without aPDT treatment = control group (Fig. 3). A broad spectrum of ulcers (venous, arterial, 
mixed, diabetic, malum perforans, traumatic and of unclear etiology) were included in the study.  

 Microbiological testing revealed a high wound bacterial
 burden in all patients (Table 1A), with the detection of 13
 different typically wound-associated bacterial pathogens
 (Table 1B).   

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

2. PRIMARY ENDPOINT: ANTIMICROBIAL EFFICACY 
Semi-quantitative microbiology swab-plating revealed a highly significant improvement of the wound bacterial burden, immediately 
after aPDT treatment (Fig. 4A),  with a score-reduction (1, 2 or 3 plusses) in 83,3% of the tests (Fig. 4B). However, efficacy of the 
intervention was greatly lost upon re-assessment at TP2 (24h post-treatment), with microbiology results being comparable to those 
of the non-treated control (Ctrl) wounds. A possible explanation hereto is given by the observation that fluid migration from and to 
the therapeutic area was observed (Fig. 5), thus allowing for bacterial re-colonization. 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
3. SECONDARY ENDOINTS: TOLERABILITY, WOUND HEALING TENDENCY & COLORATION 
For all 15 patients in the verum group, the aPDT treatment was very well tolerated. No secondary symptoms or adverse events were 
observed nor reported. 

One week after aPDT, 
None of the verum group 
Patients presented worse- 
ned wounds. Interestingly, 
the majority even showed 
Improved wound healing 
(Fig. 6). 

The blue wound colora- 
tion by the aPDT PS- 
solution was found to be 
transient and did not  
impede wound diagnosis 
at TP3 (Fig. 7).  
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Assessed for eligibility (n=25) 

Excluded (n=6) 
◊ Not meeting inclusion criteria (n=6) 
◊ Declined to participate (n=0) 
◊ Other reasons (n=0) 

Analysed (n=15) 
◊ Excluded from TP3 analysis (n=3) 
TP3 (day 7): no data / non-compliance 

Lost to follow-up (n=3) 
Non-compliance to TP3 (day 7) visit 
Discontinued intervention (n=0) 

Allocated to intervention (n=15) 
◊ Received allocated intervention (n=15) 
◊ Did not receive allocated intervention (n=0) 

Lost to follow-up (n=0) 
Discontinued intervention (n=0) 

Allocated to intervention (n=4) 
◊ Received allocated intervention (n=4) 
◊ Did not receive allocated intervention (n=0) 

Analysed (n=0) 
◊ Excluded from analysis (n=0) 

Allocation 
 

Analysis 
 

Follow-Up 
 

Randomized (n=19) 

Enrollment 
 

aPDT control 

Figure 3. CONSORT flow-chart 

 B. INITIAL BACTERIAL SPECTRUM  
SPECIES ++ +++ total 
Staphylococcus aureus 6.3% 20.8% 27.1% 
Streptococcus agalactiae (GBS) 10.4% 6.3% 16.7% 
Coagulase-negative Staphylococcus spp. 6.3% 6.3% 12.5% 
Enterococcus spp. 4.2% 6.3% 10.4% 
α-hemolytic Streptococci 8.3% 0.0% 8.3% 
Bacteroides spp. 6.3% 0.0% 6.3% 
Pseudomonas auruginosa 2.1% 2.1% 4.2% 
Proteus spp. 4.2% 0.0% 4.2% 
Escherichia coli 0.0% 2.1% 2.1% 
Streptococcus milleri (GFS) 2.1% 0.0% 2.1% 
Staphylococcus schleiferi 2.1% 0.0% 2.1% 
Enterobacter cloacae 2.1% 0.0% 2.1% 
Streptococcus pyrogenes (GAS) 2.1% 0.0% 2.1% 

Figure 1. Semi-quantitative micro-
biology assessment 

Inclusion criteria Exclusion criteria

Signs of infection requiring systemic antibiotics

Wound presentation with heavy exudate

Patients under 18 years old

Pregnant patients

Colonized (score ++) to 

heavily colonized 

(score +++) chronic or 

acute external skin 

wounds

Primary endpoint Secondary endpoints

Tolerability and adverse events (TP1)

Morphological changes of the wound (TP3)

Improvement of wound healing (TP3)

Wound coloration by the photosensitizer (TP3)

Semi-quantitative 

microbiology testing 

before and after aPDT 

treatment (TP1 & TP2) 

Table 1. Bacterial burden at the beginning of the study as number and % 
of patients (A) and bacterial species detected as % of tests (B).  

A. SEMI-QUANTITATIVE MICOBOLOGY SCORE 

Study group 
Total N° of 

patients 

  ≥ ++ +++ 
for at least 
1 species 

for 1 
species 

for 2 
species 

for 3 
species 

aPDT 15 (100.0%) 5 (33.3%) 5 (33.3%) 5 (33.3%) 10 (66.7%) 

Control 4 (100.0%) 2 (50.0%) 1 (25.0%) 1 (25.0%) 3 (75.0%) 

Total 19 (100.0%) 7 (36.8%) 6 (31.6%) 6 (31.6%) 13 (68.4%) 
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Figure 4. Results from microbiology semi-quantitative swab-plating. Statistics: paired t-test against respective 
‘before’-scores.   

Figure 5. Representative pictures 
illustrating fluid migration at TP1 (A) and 
at TP2 (B).  
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Figure 6. Wound healing tendency for the aPDT group (A) and 
representative pictures at TP1 (B) & TP3 (C). 
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Figure 7. Color assessment at TP3 (A) and representative 
pictures at TP1 after aPDT (B), TP2 (C) & TP3 (D). 


