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Background:

• Development Economics/Global Health + Medical Laser Therapy

 Special interest in research related to infectious diseases

• Idea: Can Laser Therapy work against diseases such as Malaria, 

Hepatitis or Lyme?

 Several well-proven in-vitro studies available but no    

clinical data due to technical limitations

• Foundation of ISLA Research Group in 2013 in Germany

• Key area of research: Antimicrobial Photodynamic Therapy



• Basic research (in-vitro) to find best suitable 
and most (cost-) effective photosensitizers for 
different diseases

• Clinical research on infectious diseases 
(Malaria, HIV, Hepatitis, Tuberculosis, Lyme 
Disease)

• Improvement of treatment designs and 
extension of clinical applications of aPDT

• Establishment of a global research network

Background / Aims:



Scientific Partnerships:



• Discovered at beginning of 20th century

• Neglected due to the discovery of antibiotics and lacking technology for

clinical application

• Today: Continuous onset of multi-drug-resistant pathogens

• 2005: Approval of first laser machine for systemic (i.v.) light application

• aPDT as a new treatment option for infectious diseases with many

favourable features:

- Efficiency against multi-drug-resistant pathogens

- No new resistances emerge

- Little side-effects

- Cost-efficiency

Background / History of aPDT:





aPDT:  Mechanisms of Action

• Photosensitizer binds to microbes

• “Light Activation“: Photosensitizer absorbs photons

• Excitation of Photosensitizer to highly reactive states

• Reaction with ambient oxygen:

- Type I Photochemical Pathway: Generation of reactive oxygen species

- Type II Photochemical Pathway: Generation of singlet oxygen

• Both species induce irreparable oxidative damages to microbes as they 

interact with numerous enzymes

 leading e.g. to the inhibition of protein 

synthesis and molecular alteration of 

DNA strands

• Microbial death



aPDT:  Overview Photosensitizers

Desirable properties of anti-microbial photosensitizers:

• Selectivity for microbial cells over host mammalian cells 

(selective accumulation at target cells): Cationic charge

• Low toxicity

• Good quantum yields of ROS

• Action spectrum on a broad range of pathogens



aPDT:  Overview Photosensitizers

- Hypericin

- Curcumin

- Riboflavin

- Porphyrins

- Chlorins

- Methylene Blue

- Toluidine Blue

- Crystal Violet

- ALA

- Benzophenoxazine

- Haematoporphyrins

- Rose Bengal

List of photosensitizers for aPDT:



aPDT:  Overview Photosensitizers

Hypericin:

• Extract from St. John´s Wort

• Excitation peak at 589nm (yellow)

http://www.wjso.com/content/4/1/87/figure/F1?highres=y
http://www.wjso.com/content/4/1/87/figure/F1?highres=y


Curcumin:

• Derived from Curcuma Longa

• Excitation peak at 447nm (blue)
 

aPDT:  Overview Photosensitizers



Riboflavin:

• Vitamin B2

• Activated by Blue Light with a peak at 447nm

aPDT:  Overview Photosensitizers



Mirasol Pathogen Reduction Technology (PRT): 

Combination of Riboflavin and ultraviolet light 
for reduction of pathogen loads in blood products

In vitro Research:



In vitro Research: Safety
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In HIV research, several studies show a positive effect of PDT on HIV 

(Degar 1992, Hudson 1993, Lenard 1993, North 1993, Lavie 1995, 

Ben Hur 1997, Li 2011 etc.).

In Germany, Hypericin was even tested by the famous Robert-Koch-

Institut: The researchers found an anti-HIV effect in-vitro, BUT only

in combination with light.

Following effects on HIV have been observed:

- PDT inhibits HIV attachment and entry to human cells

 early blockage of HIV replication

- PDT can inactivate free viral particles

- selective destruction of infected white cells

In vitro Research:



Two pathogen reduction technologies - methylene blue plus 

light and shortwave ultraviolet light - effectively inactivate

hepatitis C virus in blood products
Eike Steinmann, Ute Gravemann, Martina Friesland, Juliane Doerrbecker, Thomas H. Müller, Thomas 

Pietschmann and Axel Seltsam*

RESULTS: HCV was sensitive to inactivation by both pathogen reduction

procedures. HCV in plasma was efficiently inactivated by MB plus light 

below the detection limit already by 1/12 of the full light dose. HCV in PCs 

was inactivated by UVC irradiation with a reduction factor of more than 5 log. 

CONCLUSIONS: Pathogen reduction technologies such as MB plus light 

treatment and UVC irradiation have the potential to significantly reduce

transfusion-transmitted HCV infections.

In vitro Research:



In vitro Research:



In vitro Research:



Multi-drug-resistant MRSA:

Maisch et al. examined penetration and antibacterial efficacy of XF73 

(a cationic porphyrin PS) against MRSA using an ex vivo model. 

Photoinactivation of pre-incubated S. aureus demonstrated >3 

log10 reduction, while illumination after XF73 was delivered to the 

bacteria on the skin resulted in a approximately 1 log10 growth 

reduction independently of the antibiotic resistance pattern 

of used S. aureus strains.

In vitro Research:
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aPDT:  A new treatment option for Malaria?

Abstract: Anti- microbial Photodynamic Therapy: A new treatment option for Malaria?

Michael Weber, MD / Robert Weber, MSc / Martin Junggebauer, MSc / Habeeb Ali, MD

Objectives: Evaluation of a treatment protocol consisting of anti- microbial photodynamic 

therapy (aPDT) and additional intravenous low-level-laser-therapy as a new treatment option for 

Malaria.

Methods: 20 patients suffering from Plasmodium Falciparum were separated in one treatment 

group and one control group, both consisting of 10 patients. Patients in the treatment group 

received aPDT as well as intravenous low-level laser therapy. Patients in the control group 

received conventional therapy only. 

Results: After 9 days, 88,9% of treatment group patients were completely parasite-free whereas

the same holds true for only 50% of control group patients. Almost all symptoms could be

alleviated more rapidly in the treatment group. 

Conclusion: The results indicate that the applied protocol can be an effective treatment option

to treat Malaria caused by Plasmodium Falciparum. They strongly encourage further studies

with bigger sample sizes.



aPDT:  A new treatment option for Malaria?

Protocol Treatment Group:

• 5 treatment sessions in 9 days

• Intravenous administration of Riboflavin: Infusion over 30 minutes

• 30 minutes after infusion: Intravenous Blue Laser Application (447nm, 

100mW, 75%, 45 min) to photoactivate the Riboflavin

• Subsequently, Green (532nm, 50mW, 50%), Yellow (589nm, 50mW, 

50%) and Red Laser Light (635nm, 100mW, 35%) was applied through 

the same catheter system for 10 minutes each

• Parasite counts were conducted 5 times, each on the day after a 

treatment session

• Patients also provided information on various symptoms on those days



Malaria parasite screening

Time of test Test result Control Study

Baseline Positive (%) 10(100.0) 10(100.0)

Negative (%) - -

After T2 Positive (%) - 10(100.0)

Negative (%) - -

After T3 Positive (%) - 8(80.0)

Negative (%) - 2(20.0)

After T4 Positive (%) - 6(60.0)

Negative (%) - 4(40.0)

Final/after T5 Positive (%) 5(50.0) 1(11.1)

Negative (%) 5(50.0) 8(88.9)

Total (%) 10(100.0) 9(100.0)



Malaria symptoms presented
Symptoms Time of observation Control group (%) Study group (%)

Shaking chills Baseline Yes 6(60.0) Yes 7(70.0)

No 4(40.0) No 3(30)

After T2 - - Yes 2(20.0)

No 8(80.0)

After T3 - - Yes -

- - No 10(100.0)

After T4 - - Yes -

- - No 10(100.0)

Final Yes 0(0.0) No 9(100.0)

No 10(100.0) - -

Fever Baseline Yes 10(10.0) Yes 10(100.0)

No 0(0.0) - -

After T2 - - Yes 6(60.0)

- - No 4(40.0)

After T3 - - Yes 2(20.0)

- - No 8(80.0)

After T4 - - Yes 1(10.0)

- - No 9(90.0)

Final Yes 4(40.0) No 9(100.0)

No 6(60.0)

Fever severity Baseline Mild 2(40.0) Mild -

Moderate 7(70.0) Moderate 8(80.0)

Severe 1(10.0) Severe 2(20.0)

After T2 Mild 3(30.0)

Moderate 2(20.0)

Severe 1(10.0)

After T3 Mild -

Moderate -

Severe -

Final Mild 4(100.0)

Profuse sweating Baseline Yes 1(10.0) No 10(100.0)

No 9(10.0)

Final No 10(100.0)



Malaria symptoms presented
Symptoms Time of observation Control group (%) Study group (%)

Headache Baseline Yes 10(100.0 Yes 10(100.0)

After T2 Yes 10(100.0)

No -

After T3 Yes 8(80.0)

No 2(20.0)

After T4 Yes 2(80.0)

No 2(20.0)

Final Yes 5(50.0) -

No 5(50.0) No 9(100.0)

Headache severity Baseline Mild 2(20.0) Mild -

Moderate 5(50.0) Moderate 6(60.0)

Severe 3(30.0) Severe 4(40.0)

After T2 Mild 4(40.0)

Moderate 5(50.0)

Severe 1(10.0)

After T3 Mild 8(100.0)

Moderate -

Severe -

After T4 Mild 3(100.0)

Moderate -

Severe -

Final Mild 5(83.3) -

Moderate 1(16.7) -

Nausea Baseline Yes 2(20.0) Yes 5(50.0)

No 8(80.0) No 5(50.0)

After T2 - Yes 1(10.0)

- No 9(90.0)

After T3 - Yes 1(10.0)

- No 9(90.0)

After T4 - Yes 1(10.0)

- No 9(90.0)

Final No 10(100.0) No 9(100.0)



Malaria symptoms presented
Symptoms Time of observation Control group (%) Study group (%)

Vomiting Baseline Yes 2(20.0) Yes 1(10.0)

No 8(80.0) No 9(90.0)

After T2 No 10(100.0)

After T3 Yes 1(10.0)

No 9(90.0)

After T4 No 10(100.0)

Final No 10(100.0) No 9(100.0)

Diarrhoea Baseline No 10(100.0) Yes 3(30.0)

No 7(70.0)

After T2 No 10(100.0)

After T3 No 10(100.0)

After T4 No 10(100.0)

Final No 10(100.0) No 9(100.0)

Muscle pain Baseline Yes 6(60.0) Yes 9(90.0)

No 4(40.0) No 1(10.0)

After T2 Yes 4(40.0)

No 6(60.0)

After T3 Yes 1(10.0)

No 9(90.0)

After T4 Yes -

No 10(100.0

Final No 10(100.0) No 9(100.0)

Pain severity Baseline Mild 1(10.0) Mild 6(66.7)

Moderate 3(30.0) Moderate 2(22.2)

Severe 2(20.0) Severe 1(11.1)

After T2 Mild 3(60.0)

Moderate 2(40.0)

After T3 Mild 1(100.0)

After T4 - -

Final - - - -

Convulsion Baseline Yes 1(10.0) No 10(100.0)

No 9(90.0)

Final No 10(100.0) No 9(100.0)

Bloody stool Baseline Yes 1(10.0) No 10(100.0)

No 9(90.0)

Final No 10(100.0) No 10(100.0)



Malaria symptoms presented

Symptoms Time of observation Control group (%) Study group (%)

Fatigue Baseline Yes 10(100.0) Yes 10(100.0)

After T2 Yes 5(150.0)

No 5(50.0)

After T3 Yes 1(10.0)

No 9(90.0)

After T4 Yes 1(10.0)

No 9(90.0)

Final Yes 2(20.0)

No 8(80.0) No 9(100.0)

Malaise Baseline Yes 10(100.0) Yes 10(100.0)

After T2 Yes 7(70.00

No 3(30.0)

After T3 Yes 4(40.0)

No 6(60.0)

After T4 Yes 3(30.0)

No 7(70.0)

Final Yes 4(40.0)

No 6(60.0) No 9(100.0)

Body aches Baseline Yes 10(100.0) Yes 9(90.0)

No 1(10.0)

After T2 Yes 6(60.0)

No 4(40.0)

After T3 Yes 2(20.0)

No 8(80.0)

After T4 Yes 1(10.0)

No 9(90.0)

Final Yes 2(20.0)

No 8(80.0) No 9(100.0)



Latest Studies: Hepatitis B/C

• Infectious diseases caused by the hepatitis B virus (HBV) / hepatitis C virus 

(HCV) affecting the liver

• For HCV, the virus persists in the liver in about 75% to 85% of those initially 

infected

• Chronic infections can lead to cirrhosis and liver cancer

• Over 750,000 people die of hepatitis B each year (300,000 due to liver cancer)

• About 167,000 deaths due to liver cancer and 326,000 deaths due to cirrhosis 

occurred in 2015 due to hepatitis C



Latest Studies: Hepatitis B/C

First pilot data (Weber Medical Clinic, Germany):

• 5 patients with HCV treated with Riboflavin and 447nm blue laser

• Results: Noticeable decreases of viral loads in all treated patients

• The effects became significant after 3-5 treatments

• Even patients that had been treated with conventional

methods for many years without noticeable effects reacted

very positive to aPDT. After five treatments the viral load

decreased by 70% in average



Latest Studies: Hepatitis B/C

Dr. Laura Ailioaie, Iasi/Romania: 

• 10 patients (5 HCV, 5 HBV) treated with oral Curcumin (2 capsules of highly

bioavailable Ultracur+) followed by 30 min. i.v. 447nm blue laser (30 min after intake)

• Result: Average decrease of viral load from 43999 UI/ml to 1394 UI/ml

• Concusion: ILBI with the new 447 nm blue laser, synergistically combined 

with UltraBioavailable Curcumin has increased anti-microbial effects and the 

ability to modulate the immune system, with beneficial effects in infectious 

and age-related diseases.
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Latest Studies: Lyme Disease

• Infectious disease caused by Borrelia bacteria which is spread by ticks

• Early symptoms (stadium 1) may include fever, headache and tiredness

• If untreated, chronic disease may develop with symptoms including chronic 

fatigue, facial paresis, joint pains, depression, severe headaches with neck 

stiffness, myocardial problems and co-infections due to weakened immune 

system (stadium 2 and 3)

• It is estimated to affect 300,000 people a year in the United States and 

65,000 people a year in Europe



Latest Studies: Lyme Disease

What do borrelia bacteria do?

• They screw into collagen fibers in connecting tissue, leading to

inflammation and acidity

• Structure of connecting tissue is affected and immune cells are disabled

• Vascular processes lead to circulatory disorders, nutrient deficiency in 

the affected tissue and loss of functions

• Main problem: Resistance against antibiotics (especially intra-cellular

bacteria* and cell wall-deficient (CWD) borrelia)

• CWD borrelia: Antibiotics (i.e. Penecellin) lead to changes of form, 

properties and markers of the bacteria

• Development of chronic lyme disease as antibiotics and immune system

cannot fight intra-cellular and CWD borrelia (bacteria can survive for

several years)

• Often connected to co-infections due to weakened immune system

*Borrelia can hide in neuronal cells, fibroblasts, lymphocytes, macrophages etc.

Defective Cell Wall 
Development of CWD 
borrelia



Study Dr. I. Zuern, Germany (2016):

• 3 groups with 10 chronic lyme patients each

• Patients in all 3 groups received the following therapies:
- Physical vascular therapy (Bemer)

- Immunotherapy

- Vitamins and additional natural supplements

- Neural Therapy

- Procain bases infusions

- Oxygen therapy

Group B:
Additional Yellow Laser 589nm + Hypericin (10-15 treatments, 2-3 times per week)

Group C:
Additional 447 nm Blue Laser + Riboflavin (10-15 treatments, 2-3 times per week)



Diagnostics: Lymphocyte Transformation Test (LTT)

• Detection of the activity of chronic, persistent infections based on 

pathogen-specific T cell response (Borrelia, Chlamydia, Yersinia, 

Giardia lamblia, Herpes viruses etc.)

• The in-vitro test is based on the principle of antigen/allergen-specific 

induction of cell division in lymphocytes following contact with their 

«fitting« antigen

• A positive reaction in the LTT indicates the presence of antigen-specific 

lymphocytes (memory cells) in the patient’s blood ( immune response 

to different borrelia antigens)

• Activity of infection can be measured





Stimulation Index 

> 3,0

Treatment 

necessary



Results after 

successful

treatment



Tested antigens:

 Borr. sensu stricto

 Borr. afzelii

 Borr. garinii

 Borr. OspC

Measurement of antigen-specific t-cells in patient‘s blood:

 Stimulation index (SI) >3,0            positive

 Stimulation index (SI)   2,0-3.0      boarderline

 Stimulation index (SI) <2,0            negative

Study Dr. I. Zuern, Germany (2016):



Results:

Group 1 (n=10)

Standard Therapy 6,8 3,1

Group 2 (n=10)

Standard Therapy + 

Yellow Laser 589nm 7,1 2,4

Group 3 (n = 10)

Standard Therapy + Blue 

Laser 447nm 9,1 1,5

SI Before Therapy SI 3-6 months later

Study Dr. I. Zuern, Germany (2016):



Study Dr. I. Zuern, Germany (2016):
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Outlook and Conclusion:

• Very promising results from first in-vivo studies on aPDT

• Seems to work against bacterial, parasitic and viral infections

• Larger patient populations necessary

• Development of ultraviolet diode should bring additional benefit

• Promising future due to increasing drug resistances



Application and Protocols:

47
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Thank you!

Questions:
Robert Weber: weber-research@isla-laser.org

Martin Junggebauer: junggebauer-research@isla-laser.org

mailto:weber-research@isla-laser.org
mailto:junggebauer-research@isla-laser.org

