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 PI: Chandan K Sen 
INTRODUCTION 

Biofilms pose significant threat to military wounds 1,2. According to the Center for Disease Control 60% of all 
chronic infections in the United States are related to biofilms, which are difficult to eradicate. New treatments 
with topical agents that inhibit biofilm formation or promote their detachment and reduce wound infections 
would have a significant impact not only for military medicine, but also for civilian hospitals, wound care 
centers, and trauma units worldwide. Lack of pre-clinical models poses a serious impediment to biofilm 
research.  The present proposal seeks to develop a novel porcine pre-clinical model of multispecies 
biofilm on burn wounds and study its role in impaired healing. The study focusses on the efficacy of the 
alginate oligomer OligoG on eradicating biofilms from experimental burn wounds. As such, this proposal 
presents a novel solution to the problem of biofilms by exploiting the potential of OligoG to modulate bacterial 
colonization and infection of wounds. 

BODY: STATEMENT OF WORK update 

The proposal seeks to address the following hypotheses utilizing a novel pre-clinical approach to study 
the efficacy of OligoG. As per suggested time-line in Statement of Work, we present data and finding of 
work proposed in Hypothesis 1.  

Hypothesis 1. Biofilm is formed on pre-clinical full-thickness porcine burn wounds and impairs 
healing. 

Hypothesis 1.1 Acinetobacter spp (ACETB) / Pseudomonas spp (PSEUD) forms biofilm on full 
thickness experimental burns on preclinical porcine model. 
 
There is no prior report of any large animal pre-clinical model for biofilms. Development of such pre-clinical 
large animal model would enable screening of therapeutics as well as help understand mechanisms underlying 
impaired healing. The porcine model has been favored over other animals for studying burn injuries due to: 
anatomical, biochemical and physiological considerations3-5. The first objective of the proposal was to 
establish a standardized multispecies biofilm infection model of porcine burn injury.  To perform a 
standardized approach for porcine burn injury, we constructed a large microprocessor controlled electrically 
heated burning device that can uniformly create full-thickness thermal injuries (burns) that are 2 x 2 sq inch in 
size (Figure 1). While performing routine histology, we noticed that applying the burn device on the back of 
porcine manually by individual researchers was causing variations in the degrees of burn. To better control the 
amount of pressure applied, we made some engineering modifications to the current device that now allows 
application of uniform pressure regardless of the operator thus, creating reproducible burn wounds. (Figure-1).  

 

A BHead

Tail

C

Figure 1. Establishment of full-

thickness preclinical porcine burn

model. A. Six 2 x 2 sq inch size burn

wounds were created with a burning

device shown in B. B. Microprocessor

controlled electrically heated burning

device that can uniformly create full-

thickness thermal injuries (burns)

shown in A. To better control the

amount of pressure applied to the skin,

engineering modifications were done to

allows application of uniform pressure

regardless of the operator thus,

creating more uniform burn wounds. C.

Histological evidence that 50 sec of

contact was sufficient to create a full-

thickness burn wound.
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 PI: Chandan K Sen 
Next we established a standardized approach of inoculating the bacteria into the burn wounds. Topical 
application versus intra-dermal injection and low bacterial load (5x103) versus high bacterial load (5x107) were 
tested. Sampling of these wounds was done at various time points after inoculation. Visual inspection of the 
wounds revealed yellowish green discoloration with discharge that increased with time (Figure 2). Histological 
analysis using gram staining and microbiological analysis confirmed the presence of bacteria in wound bed. 
Infected animals maintained localized infections in the wound-site, no evidence of systemic infection was 
observed (data not shown).  

 
Co-infection. Military casualties are known to be at high risk of acquiring MDR infections and increasing 
numbers of cases of MDR septicemia, urinary tract infections, and ventilator-associated pneumonia have been 

reporte 6-8. The most frequently identified MDR bacteria include Acinetobacter baumannii, Pseudomonas 
aeruginosa, Staphylococcus aureus, and Klebsiella pneumoniae.  Acinetobacter baumannii is among the most 
significant bacterial species that is associated with battle casualties and represents a major threat in battlefield 
related wounds today 6,7,9,10. Multidrug resistant Acinetobacter sp (ACETB)/ Pseudomonas (PSEUD) are 
among the most significant bacterial species that are associated with battle wound casualties 8,11,12 and 
with a wide spectrum of infectious diseases ranging from nosocomial to community-acquired infections to 
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Figure 2. Co-infection of burn wounds was performed by co-inoculation of Pseudomonas (PAO1) and Acinetbacter

baumanii bacterial suspensions . The co-infections of burn wounds was performed 3 days post burn. A. Representative 

images of inoculated wounds on days 0, 7 and 14 post inoculation. B. Gram stained images of inoculated wounds shows 

presence of bacterial aggregates; C. microbiological analysis showed increased number of both bacterial species  days 0, 7, 14 

and 35 post inoculation. Data are mean  SD, *, p<0.05; n=3.  
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Figure 3. Immunohistochemical staining

of Pseudomonas and Acinetobacter

burn wounds inoculated with both

strains.

A. Visualization of both bacterial strains

was done using anti-pseudomonas (green)

and anti-acinetobactor (red) antibody and

immunofluorescence microscopy. Anti-

acinetobactor antibody was developed in

Dr. Sen’s laboratory as a part of the current

award; B. day 7 post inoculation confocal

laser scanning microscopy (CLSM)

images showing co-localized bacterial

colonies in Z plane.
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 PI: Chandan K Sen 
those acquired following war or natural disaster. Thus, we chose to perform a multispecies infection using 
Acinetobacter baumannii and Pseudomonas aeruginosa co-infection. Following infection, visualization of 
bacterial species in burn wounds is essential to determine localization of biofilm in wounds. Our collaborator 
had already developed an anti-pesudomonas antibody. Anti-acinetobacter antibody was not available. We 
developed an antibody specific against Acinetobacter. Immunohistochemical (IHC) optimizations using 
anti-Psedomonas and anti-Acinetobacter antibody was performed. Visualization of acinetobacter and 
pseudomonas were done by imaging with a confocal laser scanning microscope (CLSM). The CLSM images 
confirm presence of both Acinetobacter & Psedomonas in inoculated burn wounds on 7, 14, and 35 days after 
inoculation (Figure 3). More interestingly, at higher magnification of confocal laser scanning microscopy 
(CLSM) we can see some areas of co-localization of both bacterial strains (Figure 3).  

Next, the characterization of biofilm formation by co-infection was performed. The standard criteria for 
formation of biofilm includes13:   

i) adherence to a surface;  
ii) aggregates of bacteria in EPS 
iii) persistent & localized infection 
iv) anti-microbial drug resistance. 

 
The following data demonstrate that the co-infection resulted in a biofilm:  

i) adherence to a surface: A flush technique was used. This technique removes the free (planktonic) 

bacteria form the burn wounds before taking the biopsies so that further analysis of the tissue 

biopsies will only determine the bacteria that are adherent to the wound surface. Washing was 

performed with double opened end sterile plastic tubes; 3 times with sterile saline and 1 time with a 

detergent (4% Tween in ddH2O). Microbiology analysis shows that the bacterial counts did not 

significantly changed before or after flush.  

ii) aggregates of bacteria in EPS: Imaging of burn wound biopsies with scanning electron microscope 

(SEM) show aggregates of P. aeruginosa attached to the surface of the burn wounds and 

embedded in an EPS confirming formation of biofilm (Figure 4).  

iii) Persistent & localized infection: we observed that bacterial biofilms were present in the burn 

wounds till day 35 post inoculation. Blood cultures form the pigs did not show bacterial growth with 

no systemic signs of infection were observed in the animals suggesting the infection to be localized.  

Burn wound

EPS

30µm        x400

Day 0 Day 7 Day 14

Figure 4. Biofilm characterization: SEM 

images. Scanning electron microscope (SEM) 

images of wound biopsies on days 0 (pre-

inoculation) and days 7 & 14 post inoculation. At 

day 0, only damaged tissues with accumulation 

of RBCs on the burn wound surface. At Day 7 & 

14, noted aggregates of rods attached to the 

wound surface, oriented in 3 dimensional 

structures and embedded within an extra cellular 

matrix material (day 7 and 14) confirming 

formation of biofilm. 

post inoculation

glen14
Typewritten Text

glen14
Typewritten Text
3



 PI: Chandan K Sen 
iv) anti-microbial drugs resistance:  Silver is the most prevalent topical antimicrobial used to prevent 

and treat bacterial infection and prevent wound sepsis14-17. To address this in a PI and co-I biweekly 

meeting, the use of silver dressing (Acticoat) as an antimicrobial agent for porcine burn wound in 

our study was suggested by Dr. Gordillo, a plastic surgeon co-I. Acticoat is routinely used as a part 

of standard of care of burn wounds in patients. The studies show that Acticoat can effectively kill 

bacteria while in planktonic phase, however, was ineffective against bacteria in biofilm (Figure 5).  

 Hypothesis 1.2.  Immunosuppression, as also noted in battlefield situation, facilitates biofilm 

development and persistence in burn wound 

Immunosupression were performed using long acting steroid (Depo-medrol 240 mg, IM). The studies 
indicated that there was no significant difference in the bacterial numbers in pigs treated with Depo-
medrol (24h before establishing burn wounds) vs. pigs not treated with Depo-medrol. We reproduced 
immune-suppression in pigs but with increasing the dose of Depo-medrol to double, 24h before 
establishing burn wounds and 14 days later. Again, there was no significant difference in the bacterial 
numbers in pigs treated with Depo-medrol vs. pigs not treated with Depo-medrol. Thus, the hypothesis 
tested negative however, the data from these studies did not affect the overall scope of the as the project 
as the overarching hypothesis was that Biofilm is formed on pre-clinical full-thickness porcine burn 
wounds and impairs healing which we successfully have established by completing the studies proposed 
in hypothesis 1.1.  

Hypothesis 1.3.  Wound debridement does not completely eradicate biofilms in experimental burn 
wounds.  
 
Debridement of wounds represents a key tool used to disrupt biofilms and facilitate healing. The question is 
whether such disruption is sufficient to eradicate the biofilm or is it a temporary relief which if not adequately 
addressed would re-establish the biofilm over time. Non-vital wound tissue is a “reservoir” for bacterial growth 
which facilitates the rapid re-establishment of wound microflora and wound biofilm. Therefore complete 
elimination of bacteria from the wounds does not occur. “Persister” bacteria within wounds remain in the deep 
tissues and re-colonize the wound within 48 hours 11. 
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Figure 5. Bio-film characterization: 

anti-microbial drugs resistance 

Antimicrobial acticoat® can effectively 

kill bacteria in planktonic phase while 

ineffective against bacteria in biofilm. 

A.  Planktonic cultures of 

Pseudomonas or Acinetobacter were 

incubated in presence or absence of 

Acticoat® . Th treatment was highly 

effective in killing the bacteria. B. 

Porcine burn wound were covered with 

either tegaderm™ or Acticoat®  

immediately post-inoculation. 

Microbiology analysis shows that 

Actocoat ®  was ineffective in 

attenuating any bacterial load from 

wounds suggesting that the bacteria 

were resistant to anti-microbial drug. 

Data are mean  SD, *, p<0.05; n=3 
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 PI: Chandan K Sen 
Debridement was performed using a weck blade 0.12 inches by removing necrotic and infected tissues until 
bleeding healthy tissue was exposed. Debridement was performed as per standard of care in a clinical setting. 
Dr. Gordillo (plastic surgeon in the team) was involved for the procedure along with Dr. Bergdall (the 
veterinarian in the team). The experiments to test the hypothesis stated above will continue in the coming 
quarter. In control wounds (spontaneously colonized from skin flora), debridement was effective in preventing 
infection keeping the total bacterial burden below 103, which is considered just colonization of the wounds. 

 
In wounds inoculated with Pseudomonas & Acinetobacter bacteria, debridement will be done 48h after 7th day 
post bacterial inoculation. We chose this time point as the 7th day was the first time point we utilized to identify 
biofilm structures in wound beds in our model, thus, we chose to perform debridement at that time point and 
look for re-colonization of the wounds 48h after debridement. In clinical reports it is suggested that resistant 
bacterial populations inside the biofilm can reattach to the wound beds within 48 h after debridement. We show 
that bacterial loads were significantly lower immediately after debridement, however, 48h after debridement the 
bacterial counts reached almost to the levels similar to that of the pre-debrided levels (Figure 6).  

 

Hypothesis 1.4.  Biofilms impair the healing of full-thickness burn wounds in a pre-clinical porcine 

model.  

Wound repair is a highly coordinated and complex dynamic series of events including clotting, inflammation, 

granulation tissue formation, epithelialization, neovascularization, collagen synthesis, tissue remodeling and 

wound contraction 18-20. Once a wound becomes infected it delays the resolution of inflammation and closure is 

delayed 1,21-23. From a pathophysiological standpoint, infection places a massive oxygen demand on the wound 

tissue. Leukocyte respiratory burst consumes copious amounts of oxygen to fight infection 24. This results in an 

increase in the severity of wound hypoxia stifling oxidative metabolism. Also, persistent infection dysregulates 

the inflammatory system impairing resolution 25,26. In turn, chronic inflammation limits wound closure. 

Furthermore, components of infectious agents, such as lipopolysaccharide (LPS), are known to stall cell 

proliferation and migration which are necessary for wound closure 27,28. We show increased TNF expression 

in wounds inoculated with pseudomonas and acinetobacter (Figure 7) suggesting an increased inflammatory 

response. Trans-epidermal water loss (TEWL) assay was performed to quantitatively study barrier function of 

the epidermis. A marked impairment in the restoration of TEWL was noted in biofilm-affected wounds 

compared to wounds that received sterile saline (control).  
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C Figure 6. Wound debridement 

does not completely eradicate 

biofilms in experimental burn 

wounds. 

Debridement was performed 

using a Weck Blade 0.12 inches 

by removing necrotic and infected 

tissues until bleeding healthy 

tissue is exposed. A. Digital 

images of burn wound before 

immediately after or 48h post 

wounding. B. Laser Doppler 

imaging was performed to show 

that non debrided (NDb) burn 

wound because of no blood flow (blue) while debridement excised the necrotic tissue till healthy well perfused (red) tissue was 

found. Bar graph showsquantitation of blood flow in NDb vs Db wounds. C. Microbiology analysis showing a significant decrease 

in Pesudomonas burden after debridement. The bacterial burden was restored to initial level 48h after debridement suggesting 

debridement alone does eradicate biofilm. Data are mean  SD. * p<0.05. 
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 PI: Chandan K Sen 
These data suggest that pseudomonas and acinetobacter multispecies biofilm significantly impairs burn injury 

healing (Figure 7).    

 

As per timeline proposed in SOW, experiments in hypothesis 2 will be performed in year 2. OligoG has 

been formulated and manufactured and is ready for wound treatment studies. The formulation was 

received by PI’s laboratory on June 6th, 2012.    

KEY RESEARCH ACCOMPLISHMENTS  

 Developed a custom device for producing standardized uniform burn injuries on 

porcine skin.  

 Establishment and characterization of the first pre-clinical large animal multi-species 

biofilm burn injury model to facilitate testing of therapeutics.  

 Development of antibody specific against Acinetobacter. This reagent will enable 

detection Acinetobacter in infected wounds including military wounds. 

 Demonstration of ineffectiveness of debridement or anti-microbial silver containing 

dressing in eradication of biofilm from infected wounds.  

 Novel observation that biofilm infection results in impaired restoration of barrier 

function of epidermis (shown using TEWL assay) providing evidence that biofilm 

infection impairs wound healing. 

 Preparation of OligoG  therapeutic formulation 

REPORTABLE OUTCOMES  

• Manuscripts, abstracts, presentations 

The current work in past year resulted in two presentations (one poster and one oral) at International wound 

healing conferences:  

1. The 5th Annual Translational to Clinical (T2C) Regenerative Medicine Wound Care Conference, March 

23-24, 2012, Columbus, OH. Poster presentation 

Figure 7. Biofilms results 

increased inflammation 

and trans epidermal 

water loss (TEWL) in full-

thickness burn wounds 

in a pre-clinical porcine 

model. A. Induction of 

TNF mRNA expression in 

wounds with multispecies-

induced biofilm. The TNF

mRNA was normalized 

against 18s rRNA. The 

mRNA expression was 

determined using 
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 PI: Chandan K Sen 
2. Symposium on Advanced Wound Care and Wound Healing Society (SAWC Spring/WHS), April 19-22, 

2012, Atlanta, GA. Oral presentation 

• Development of cell lines, tissue or serum repositories 

Development of antibody specific against Acinetobacter. 

• Informatics such as databases and animal models, etc 

Establishment and characterization of a pre-clinical large animal multi-species biofilm burn injury model to 

facilitate the study of specific interventions. 

• Funding applied for based on work supported by this award 

None. 

• Employment or research opportunities applied for and/or received based on experience/training 

supported by this award  

The studies were integral component for post-doctoral training of Dr. Haytham Elgharably, MD, who is joining 

cardiac surgery clinical Fellowship at Cleveland Clinic, Cleveland from July 01, 2012.  

CONCLUSION: Development and characterization of the first reproducible pre-clinical large animal model will 

facilitate the early development and testing of novel (and existing) treatment interventions with proposed anti-

bacterial or anti-biofilm therapies in skin injuries. Development of such model is critical in the translation of this 

program to clinical practice. The test agents we will employ in these systems represent a novel target and treat 

biofilms and multi-drug resistance in military injuries. Future Directions: The next step will be to take the 

findings of the proposed study to clinical testing of OligoG. 
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