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Management of Biofilm and Infection 

Objectives: At the conclusion of this program, the participant will be able to: 
• Understand the effects of biofilm.   
• Identify common characteristics of contaminated and infected wounds. 
• Recognize what interventions are effective to decrease biofilm/bacteria in wounds. 
 
 
I. Effects of Bacteria in Wounds 

A. Delayed Healing 
1. Infection at the wound site will ensure that the healing process remains in the inflammatory 

phase. Pathogenic microbes in the wound compete with macrophages and fibroblasts for 
limited resources and may cause further necrosis in the wound bed. 

B. An increased bacterial burden in a wound can also affect tissue oxygen availability.1 
1. Leukocytes are needed in the wound bed to kill phagocytic bacteria-by mechanisms that 

involve the consumption of significant amounts of molecular oxygen.  
2. This increased oxygen consumption by inflammatory cells can act as a sump, "stealing" 

oxygen required for basic wound metabolism. 
C. Bacteria produce endotoxins and exotoxins that destroy or alter normal cellular activities, such 

as collagen deposition and cross-linking.43 
1. Wound endotoxins and other inflammatory mediators may be associated with pain.45 

D. Biofilms 
1. In vulnerable tissue, biofilms are created by planktonic bacteria attaching and forming a 

protective community before they are killed by the patient’s immune system, antibiotics, or 
by debridement.36  

2. Bacterial biofilms are sessile colonies of single bacterial or fungal species, or more 
commonly, polymicrobial organisms (bacterial, fungal, and possibly, viral) which are often 
symbiotic.3,4,36   These biofilm colonies produce a protective coating to protect the colonies 
from host defenses. 2,36 

3. 60%-80% of chronic wounds have a biofilm present, while only 6% of acute wounds have 
documented biofilm. 5,6,32 

4. Biofilms have high levels of tolerance to antibodies, antibiotics, disinfectants, and 
phagocytic inflammatory cells.2 
a. The physical characteristics, microbial production of neutralizing enzymes and 

physiologic gradients within the biofilm increase the resistance to topical antimicrobials 
5. Biofilms can impair healing in chronic wounds. 2,7,8  

a. The presence of a biofilm stimulates a low-grade and persistent inflammatory response 
from the body in an attempt to remove the biofilm from the wound which impairs both 
epithelialization and granulation tissue formation.35 

b. This inflammatory response results in high levels of proteases (matrix 
metalloproteinases (MMPs) and elastases.  The proteases can help to break down the 
attachments between biofilms and the tissue; however, they also damage normal and 
healing tissues, proteins, and immune cells thus delaying/stalling wound healing. 2,7,8 

6. Reproduction is carried out by the biofilm breaking down portions of itself and releasing 
fragments which contain cells incased in matrix material.33 These detachment fragments 
have the ability to attach to a suitable surface, become metabolically active, and reform a 
biofilm community.34 
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7. Implications of biofilms for wound management are uncertain because means of diagnosing 
biofilm infections in wounds are not yet well developed and effective treatment strategies 
are not established. 2 
a. Biofilm generally cannot be seen.65 
b. Traditional Lab Data is Designed to find planktonic bacteria (non-attached, free floating)  
c. DO NOT measure bacteria in biofilms or anaerobic bacteria             
d. Specialized microscopy is needed–i.e., confocal laser scanning microscope 

8. Clinical Indications to Suspect Biofilm52 
a. Poor or friable granulation 
b. Low grade erythema and/or chronic inflammation 
c. Secondary signs of infection 
d. Increased exudate/moisture 
e. Failure of appropriate antibiotic therapy 
f. Recalcitrance to appropriate antimicrobial therapy 
g. Continued delayed healing after antibiotic therapy 

9. Biofilm-based Wound Care 2,31 
a. Goal: Reduce the biofilm bioburden and prevent reforming of the biofilm 
b. Physical disruption 2,31 

1) Debridement 
i. Mechanical 

ii. Sharp debridement (if visible) 
iii. Regular debridement to reduce the biofilm potential for regrowth2,31 

2) Accompanied by vigorous physical cleansing (such as irrigation or ultrasound) 2,31 
3) Antimicrobials capable of killing bacteria/disrupting biofilm 
4) DNA-guided antibiotics 

c. Prevention of biofilm reconstitution 
1) Use appropriate wound dressings to prevent further wound contamination2,31 
2) Use of a topical broad-spectrum antimicrobial (iodine dressings, modified sodium 

hypochlorite) to kill planktonic microorganisms 
3) Change to a different antimicrobial if there is a lack of progress 2,31 
4) Anti-biofilm agents (i.e. xylitol, lactoferrin, gallium) 

10. Ways to Determine Resolution  
a. It is not possible to categorically state when a wound is biofilm-free, because there is a 

lack of definitive clinical signs and available laboratory tests.48  

b. The most likely clinical indicator is progression of healing, with reduction in exudate and 
slough.31 

II. Continuum of Bacterial Bioburden 
A. The presence of bacteria in a wound may result in: 

1. Contamination – the bacteria do not increase in number or cause clinical problems 
a. Most bacteria enter the wound bed through external contamination from the 

environment, dressings, the patient’s body fluids, or the hands of the patient or health 
care provider.37 

b. If the surface organisms attach to the tissue and multiply, colonization is established but 
a bacterial balance remains. 37 

2. Colonization – the bacteria multiply, but wound tissues are not damaged 
a. Some of these colonizers may be involved in a mutually beneficial relationship with the 

host preventing the adherence of more virulent organisms in the wound bed. 38,39 
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b. These organisms include Corynebacterium species, coagulase-negative staphylococci, 
and viridans streptococci. 38-40 

3. Localized Infection - The presence of replicating (reproducing) microorganisms on the 
surface of the wound, which are attached to the wound surface but there is no invasion of 
the tissues by the bacteria. 12,34,37,40,42  
a. Aka critical colonization or covert infection. 
b. Bacteria levels begin to inhibit wound healing. 
c. May be suspected if 3 or more of the signs and symptoms of NERDS: Non-healing, 

Exudate, Red friable tissue, Debris, Smell are present. 12,37,42 
d. The treatment of localized infection often takes 2 to 4 weeks in a healable wound where 

the cause has been corrected and patient-centered concerns have been addressed.59 
4. Spreading Infection – is the invasion and multiplication of microorganisms in the wound 

tissue beneath the wound surface. The bacteria multiply, healing is disrupted and wound 
tissues are damaged. 12,34,37,39,40,42 
a. The presence of microorganisms in wound necrotic tissue, or slough isn’t evidence of 

tissue invasion.40 These nonviable substances are known to support bacterial growth, for 
an infection to be present, the microorganisms must be present in viable tissue.40,41 

b. Bacteria may produce problems nearby or lead to systemic illness (systemic infection) 
III. Signs and Symptoms of Bacteria in Wounds 

A. It can be difficult to distinguish between infection and inflammation. 
B. Classic symptoms 

1. Erythema 
a. Inflammation 46  

1) Usually presents with well-defined borders.  
2) Not as intense in color.  
3) May be seen as skin discoloration in dark-skinned persons, such as a purple or gray 

hue to the skin or a deepening of normal ethnic color. 
b. Infection46 

1) Edges of erythema or skin discoloration may be diffuse and indistinct.  
2) May present as very intense erythema or discoloration with well demarcated and 

distinct borders. 
3) Red stripes or streaking up or down from the area indicates infection 

2. Pain 
a. Inflammation 

1) Variable 
2) In acute stages, may be very tender and painful 

b. Infection 
1) Pain is persistent and continues for unusual amount of time. 
2) Pain level increases 
3) Pain in neuropathic extremity 
4) Increasing pain and wound breakdown   

3. Heat 
a. Inflammation 

1) Usually noted as palpable increase in temperature at wound site and surrounding 
tissues. 

b. Infection 
1) Systemic fever may be present 
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2) Evidence shows a 3°F (1.7°C) temperature difference between the wound margin 
and mirror image skin was 8 times more likely to be associated with deep and 
surrounding infection.45  In a study of leg ulcers, temperature was able to identify 
deep and surrounding infection in 19 of 22 subjects when used as a sole criterion.44 

4. Swelling/Edema around the wound 
a. Inflammation 

1) May be slight swelling, firmness at wound edge. 
b. Infection 

1) Edema and induration with warmth 
C. Other Signs and Symptoms 

1. Increased or purulent drainage 
a. Result of bacterial exotoxins recruiting white blood cells to the wound. 
b. Exudate may be serous, seropurulent or purulent.  

2. Odor from the wound 
a. Odor may be present due to necrotic tissue, liquefaction of necrotic tissue, or wound 

product not necessarily infection46 
b. Odors that point to infection may be sweet, pungent, foul, strong, fecal or musty.47 

i. Pseudomonas – sweet odor 
ii. Proteus – ammonia odor 

3. Delayed healing  
4. Discoloration of the tissues in the wound, change in color of the wound bed 
5. Friable granulation tissue – crumbly, bleeds easily 

a. Due to bacterial stimulation of vascular endothelial growth factor, an excess of blood 
vessels forms over collagen, resulting in red friable bleeding tissue upon dressing 
removal.45 

6. Absent or abnormal granulation tissue 
IV. Diagnosis of Wound Infection 

A. Current emphasis is being placed on a holistic assessment with clinical signs and symptoms 
playing key roles.9,17 

B. Culturing/Sampling Methods 
1. 105 Guideline (100,000 organisms/gm of tissue) 

a. Gold standard definition10 
b. Requires a tissue culture via punch biopsy 
c. With more than one species in a wound an infection can develop with fewer organisms10 
d. With more virulent bacteria such as beta-hemolytic streptococci, they can be injurious 

at lower levels 
2. Traditional swab cultures 

a. Cannot quantify the levels of bacteria in wounds; only captures colonizers. 
b. DHHS in 1997 determined that traditional swab cultures are an inappropriate method 

for quantifying levels of bacteria in wounds. 
3. Molecular Diagnostic Medicine 

a. Based on the identification of unique DNA sequence of each type of microorganism and 
quantitative Polymerase Chain Reaction (PCR). 
i. Using a swab culture the results are analyzed by Thermocycler automated scoring.   

ii. Pathogen ID and resistance within 24 hours with a 3-5x greater sensitivity. 
iii. Capable of detecting bacteria, viruses, fungi and protozoa. 
iv. Ex: TEN Healthcare, Pathogenius 
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C. When to culture?9,18 
1. Acute wounds with signs of infection. 
2. Chronic wounds with signs of localized or spreading infection. 
3. Wound begins to deteriorate, increases in size or fails to make progress. 
4. When the goal is to treat with antibiotics.  

V. Clinical Indications of Wound Infection 
A. In practice, wound infection is identified and diagnosed based on clinical signs and symptoms of 

infection or on the findings from wound cultures. Diagnosing infection in a chronic wound is a 
difficult clinical task with poor consensus even among experts in the field as the lack of clear 
guidelines regarding the number of signs and symptoms that need to be present to constitute 
infection.39 

B. Clinicians may find the mnemonics, or enablers, NERDS* and STONES* helpful in making wound 
infection assessments.37,42,45 
1. For superficial infection, think of NERDS: 37,42,45 

a. N = Non-healing wound: Wound is not 30% smaller over the last 4 weeks. 
b. E = Exudative wound 
c. R = Red and bleeding wound: Friable granulation tissue 
d. D = Debris: Dead cells on the surface of the wound represented by yellow or brown-

tinged slough. 
e. S = Smell from the wound 
f. If 3 or more NERDS are present, treat wound locally/topically. 

2. STONES define clinical signs of deep and surrounding wound infection.37,42,45 
a. S = Size Bigger: Expanding wounds invades the sides of the wound or develops a deeper 

base through destruction of the wound base or both. 
b. T = Temperature Increased 
c. O = Os: Latin word for ‘‘bone.’’ Exposed or probing to bone has been documented in 

previous studies to be a reliable and valid clinical test for osteomyelitis.48,49 
d. N = New breakdown: As wounds deteriorate, they expand laterally. Often, small islands 

of tissue break down in the wound margins, and then they join up to become confluent 
with the original wound. 

e. E = Exudate, Edema, & Erythema: Otherwise known as cellulitis. 
f. S = Smell: Usually indicates the invasion of gram-negative and anaerobic organisms after 

the wound has been primarily compromised with the more virulent gram-positive 
organisms. 

g. If 3 or more STONES criteria are present, treatment with a systemic agent should be 
initiated.45 

VI. Treatment of Wound Infections 
A. When the wound is infected, healing is not an option, therefore the primary objective of 

treatment is to reduce the bioburden. 
B. When dealing with localized infection/critical colonization, one should treat locally with topical 

treatments and NOT systemically. 
C. With spreading infection, one should treat locally AND systemically. 
D. Local Treatment Options 

1. Topical Antiseptics 
 Povidone iodine 10% 

i. Rapid, broad-spectrum antiseptic that kills gram-positive, gram-negative bacteria, 
fungi, yeasts, viruses, and protozoa.54 
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ii. Cytotoxic 
iii. It is indicated for degerming skin and partial-thickness wounds and for skin 

preparation. FDA approved for skin cleansing and first aid antisepsis only! 
iv. DHHS and AHRQ recommend against its use in pressure injuries. 

b. Dakins Solution 
i. Available in Full Strength (0.5%), Half Strength (0.25%) and Quarter strength 

(0.125%) 
ii. Full strength is the highest concentration tolerated by the skin. 

iii. All strengths are cytotoxic. Full and half strength Dakins is not approved by the 
FDA.56,57 

iv. CDC recommends Full strength for hard surface antisepsis. 
v. Quarter strength can be used for odor management in palliative care. 

vi. FDA clearance of Quarter strength states the sodium hypochlorite is a preservative 
in the solution. 

vii. There is no evidence of antimicrobial effects under 0.5% except in in-vitro testing; 
there is no substantive evidence of its effectiveness in chronic wounds. 

c. Acetic Acid 
i. 0.25% - 0.5% (vinegar + water) 

ii. FDA has not approved its use in wound care.64 
iii. Issues with cytotoxicity. 
iv. Antimicrobial activity has only been demonstrated in vitro; human studies are 

questionable due to methods used to show efficacy. 
v. No clinical evidence of effectiveness in chronic wounds. 

d. Hydrogen Peroxide 
i. Cytotoxic to tissues even at low concentrations. 

ii. Not approved for use in wounds; first aid antisepsis only. 
iii. No clinical of efficacy in reducing bacteria levels in wounds.58 

e. Topical Antibiotics 
i. Overuse has led to resistance. 

ii. Only mupirocin has limited effectiveness in chronic wounds; all others have lost 
significance.51 

iii. Still appropriate for use in acute wounds. 
iv. Ex: Bacitracin®, Neosporin®, Silvadene® 

2. Topical dressings/cleansers 
f. Iodine Dressings 

i. Available in cadexomer iodine products and impregnated foam. 
ii. Slow release of iodine at non-cytotoxic levels. 

iii. Clinical efficacy in reducing bacteria levels in wounds and penetrating matrix of 
biofilm.62 

iv. Ex: Iodosorb®, Iodoflex®, Iodofoam® 
g. Modified Sodium Hypochlorite 

i. Only FDA cleared broad-spectrum antimicrobial gel and cleanser; Bactericidal, 
viricidal, fungicidal and sporicidal61 

ii. Non-cytotoxic 
iii. The gel combines the benefits of a hydrogel and NaOCl for increasing debridement; 

NaOCl is a chemical debrider. 
iv. Clinical studies show it can reduce the microorganisms on the surface of a 
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wound/skin. 
v. Ex. Anasept®  

h. Silver dressings 
i. Broad spectrum antimicrobial efficacy against bacteria, fungi, and viruses.62,63 

ii. Release of silver (Ag+) the dressing inhibits growth of microorganisms within the 
product; no significant amount of silver released into the wound. 

iii. Forms a bacterial barrier within the dressing. 
iv. Avoid moistening dressings with saline as Cl- will bind with Ag+ inactivating silver 

ions.  Some dressings may have silver in the form of Ag++ and Ag+++ neither of which 
are antimicrobial. 

v. Ex: Aquacel Ag®, Polmem Silver®, Silverlon® 
i. Gentian Violet/Methylene Blue dressings 

i. GV and MB are chemical dyes impregnated into the dressing  
ii. Acts as an antimicrobial barrier within the product. 

iii. Ex: RTD® Wound Dressing, Hydrofera Blue® 
j. PHMB (polyhexamethylene biguanide) 

i. Broad spectrum against gram-positive and gram-negative bacteria. 
ii. Impregnated into dressings and used as an ingredient into wound cleansers. 

iii. Inhibits growth or bacteria within the dressings or as a preservative in the solution. 
iv. Kerlix® AMD, Telpha® AMD, Prontosan® 

VII. How to Analyze Products for Efficacy 
A. Carefully analyze the literature and website.  Read the fine print and disclaimers. Look for any 

claim that it “reduces bacteria in the wound”. 
B. Review the testing that the product has undergone.  Preservative test (USP-51)?  In-vitro 

testing?  FDA wound simulated testing? 
C. Is there any clinical evidence that it works in chronic wounds? Does the study show quantifiable 

reduction in bacteria via tissue culture or Moleculite®? 
D. Read the product 501k FDA Clearance. 
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