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Background on Diabetes

• Over 500 million people globally suffering from 

diabetes

• 37 million in the US

• Estimated that 20-30% of DM patients will develop a 

chronic non-healing wound in their life

• Foot ulcers often require amputation

Diabetes and Insulin

• Essential hormone for regulating blood sugar levels

• Two types – Type 1 and Type 2
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Scope of the problem

Type 1 – Autoimmune disease

• Pancreas does not make insulin because the body’s immune 

system attacks the islet cells that make insulin.

• Genetic factors

• Immunologic dysregulation

• Environmental triggers

Type 2 - Acquired 

• Pancreas does not make enough insulin and/or the body doesn’t 

regulate insulin properly

• Caused by insulin resistance – when muscles, fat, and liver 

don’t respond as they should to insulin

• Genetic factors

• Obesity

• Inactivity

• Eating highly processed, high carbohydrate foods



Pathophysiology of Wound Healing

Hyperglycemia

• Contributes to the development of atherosclerosis.

• Prevents circulating nutrients from reaching wound and 

impairs healing

• Hyperglycemia may contribute to dysfunction of 

endothelial cells via pressure induced vasodilation 

(normally protective)

Neuropathy

• Autonomic 

• Impaired sweat gland function → dry cracked skin

• Motor

• Increases pressure on plantar surface of foot and impairs healing

Hypoxia

• Due to poor circulation

• Hypoxic wound environment leads to poor healing

Peripheral artery disease

• Poor circulation leads to increased risk of amputation

Antimicrobial Peptides

• Healthy skin produces antimicrobial peptides that fight infection

• This is impaired in diabetic wounds

Bacterial Diversity

• Diabetic skin more likely to be colonized with…

– S. aureus, Pseudomonas, Enterobacterales
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https://www.hopkinsmedicine.org/health/conditions-and-diseases/atherosclerosis



Pathophysiology of Wound Healing
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Diabetic Foot Ulcers

1/29/2025Schaper et al. Diabet Metab Res Rev. 2020. 36(S1)



Diabetic Wound Infections

Ulcers colonized with potential pathogens.

Signs of Infection

Inflammation

• Redness

• Warmth

• Induration

• Pain/tenderness

Purulent Secretions

Challenges

1. Symptoms blunted by neuropathy or ischemia

2. Systemic symptoms often absent (pain, fever, leukocytosis)

3. Particularly challenging in mild or moderate infections

1/29/2025Senneville et al. CID. 2023. October

IWGDF/IDSA
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Work up of a Diabetic Wound Infection

Laboratory Testing

• CBC

• CRP

• ESR

Only 50% of diabetic patients with deep wound 

infections have a leukocytosis. 

Imaging

• Begins with X-ray

• Fracture, foreign body, osteolytic changes

• MRI and CT can be done

• Diagnose osteomyelitis

What is the role of culture?
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Poor sensitivity 

and specificity

From IDSA

In a person with suspected soft tissue DFI, consider a sample for 

culture to determine the causative microorganisms, preferably by 

aseptically collecting a tissue specimen (by curettage or biopsy) 

from the wound. (Conditional; Moderate)

In a person with diabetes for whom there is a suspicion of 

osteomyelitis of the foot (before or after treatment), bone

(rather than soft tissue) samples should be obtained for culture, 

either intraoperatively or percutaneously. (Conditional; Moderate)

Consider a duration of up to 3 weeks of antibiotic therapy after 

minor amputation for diabetes‐related osteomyelitis of the foot 

and positive bone margin culture (Conditional; Low)…

“Since all wounds are colonized (often with potentially 

pathogenic microorganisms), wound infection cannot be defined 

using only the results of wound cultures.”



Pathogens of Diabetic Wound Infections

Definitions –

Infection – Virulence factors of one or more wound 

organisms overwhelm host resistance resulting in invasion 

and replication of the organisms and local tissue damage. 

Contamination – Presence of bacteria on the wound surface 

with no multiplication of bacteria.

Colonization – Replication of organisms on the wound 

surface without invasion of wound tissue and with no host 

immune response.

Also…

Mere presence of organisms in nonviable tissue, without 

invasion of viable tissue, does NOT constitute wound 

infection. 
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DFI Pathogens

Reference Severity of Infection Predominant 

Pathogens

Armstrong et al. 1995 Unclear S. aureus (51%)

Anaerobes (7%)

Diamantolpoulos et al. 1998 Limb-threatening S. aureus (51%)

Anaerobes (21%)

El-Tahawy. 2000 Unclear S. aureus (28%)

Anaerobes (11%)

Goldstein et al. 1996 Mild to moderate S. aureus (76%)

Anaerobes (40%)

Louie et al. 1976 Uninfected to severe Peptococcus (80%)

S. aureus (35%)

Prabhakar et al. 1981 Gangrenous Proteus (31%)

S. pyogenes (46%)

Sapico et al. 1984 Scheduled for 

amputation

Group D Strep (41%)

Anaerobes (28%)

S. aureus (25%)Summary

• S. aureus

• Anaerobes

• Beta-hemolytic streptococci

• Enterococcus??

What is missing?Gardner and Frantz. Biol Res Nurs. 2008; 10(1)



If you had asked me…
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Pseudomonas aeruginosa

Staphylococcus aureus

Streptococcus agalactiae

Mixed enteric flora

Junk

Anaerobes

Enterococcus



Microbiome of the Diabetic Wound

• Conducted in England

• 39 Newly infected patients (>18 yo)

• Tissue punch biopsy performed

• Prior topical or systemic antibiotics –

excluded

• Next generation sequencing and 

qPCR (microbial load) were performed

1/29/2025Malone et al. EBioMedicine. 2017. 142-149



What principals do we use to determine significance in a bacterial culture?
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Key pathogens

Relative abundance

Gram stain

Many wound 

cultures
Diabetic Wound Cultures



Interesting Findings from the Microbiome 

• < 6 month wounds 

• Dominant growth of single pathogens

• Little bacterial diversity

• Staphylococcus aureus and GBS – dominant pathogens

1/29/2025Malone et al. EBioMedicine. 2017. 142-149

Age of the Wound Matters

< 6 months > 6 months

- Great diversity

- Anaerobes dominant



Do pathogens vary by wound severity

These data are difficult to 

interpret

Mild Infection

- Low diversity (fewer types of 

organisms)

Moderate – Severe Infection

- Higher diversity

Anaerobes

- Present across all infections 

equally

1/29/2025Malone et al. EBioMedicine. 2017. 142-149

Less diverse

More diverse



What does this mean?
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Which culture is more 

“significant”

Abundant S. aureus

Rare mixed anaerobic bacteria

Moderate mixed anaerobic 

bacteria

Mild

Moderate - Severe

Are these really 

infections?



Microbiology of the Diabetic Foot:

Specimens and processing

Preferred

Tissue biopsy from a debrided area

Bone biopsy

Suboptimal

Superficial swabs

Do not do!!!

Severed limbs and appendages

- Send us biopsy from the clean margin following amputation

Processing of Bone Specimens

- Cover with saline or broth medium

- Vortex for 10 seconds

- Remove vortexed medium 

- Use one drop for Gram stain

- Inoculate plates with 1-2 drops

- Quadrant streaking patter

Alternatively (If viable tissue present)

- Excise tissue and process as you would for a tissue biopsy.

If bone too large to fit in container….
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• Avoid if possible

• Contact provider to see if they can assist in excising bone 

fragments
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Gram stain Principals

Look for signs of a quality specimen

• Presence of inflammation

• Lack of epithelial cells

• Presence of organisms

Notification of results

• Organisms seen on sterile specimens???
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What do we know about the 

accuracy of the Gram stain?

Conclusions

1. Cultured organism quantity 

correlates with quantity on 

smear.

2. Visualization of organisms 

implies > 10^5 organisms.



Gram stains in patients with diabetic ulcers

• Tanzania – low resources

RESULTS

• 118 cultures of tissue biopsies yielded growth

• 59 (50%) were polymicrobic (80% GNRs)

• 38 (32%) – GNRs alone

• 20 (17%) – GPs alone

• Gram stain predictive in 93% of cultures

• Gram positives 15/20 (75%)

• Gram negatives 31/38 (83%)

1/29/2025Abbas et al. Inter Wound Journal. 2012. 9

What is the utility of using the Gram stain to guide 

therapy, when culture is not available?



Treatment of Diabetic Wound Infections
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Antibiotic Use in the Diabetic Ulcer

1/29/2025Nicolau and Stein. JAPMA. 2010. 100(1)

What Antibiotics Are Used?

How well do these antibiotics work in 

diabetic patients?



Pharmacokinetics of Antibiotic 

Use in Diabetic Foot Ulcers:

Levofloxacin

METHODS

• 10 outpatients with diabetes and ulcers enrolled.

• All received oral levofloxacin.

• Levofloxacin concentration determined from wound tissue.

RESULTS

• All patients received debridement

• Avg – 10 days of therapy
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Patient 

Number

Tissue [ ] 

mg/kg

MIC

Mg/L

Pathogens cleared?

D3 7.22 0.125 Yes

D6 2.33 <2.0 Yes

D7 15.76 <2.0 Yes

D8 23.23 <2.0 Yes

D9 15.36 No pathogens Yes

D10 2.36 <2.0 Yes

D11 9.66 0.25 New pathogens with high levo MICs

D1 7.73 0.25 No

D2 14.14 2.0 No

D5 10.02 <2.0 Yes



Pharmacokinetics of Antibiotic Use in Diabetic Foot Ulcers: 

Tigecycline

METHODS

• 8 Patients with Grade 2 or 3 DFU

• Simultaneous administration of other therapies permitted

• Measured tigecycline in uninfected thigh and wound
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CONCLUSION

Tigecycline penetration into diabetic wounds does 

not differ from non-wound tissue.

Gill et al. JAC. 2022. 77(5)

Similar conclusions for Omadacycline



Treatment and Outcome of DFU

38 patients were treated with outcomes measured

• 19 (49%) failed

Wound Severity Number Wound Duration Treatment Failure 

Rate

Description of 

Microbiology

Moderate to Severe 33 > 6 weeks 15 (45%) Polymicrobial 

anaerobes

Moderate 5 < 6 weeks 4 (80%) Monomicrobial (Staph 

and Strep)
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Malone et al. EBioMedicine. 2017. 142-149

Antibiotic Number Wound Duration Treatment Failure 

Rate

Narrow spectrum 9 > 6 weeks 4 (44.4%)

Broad spectrum 25 Not reported 11 (44%)

Conclusion

Treatment failure rates are >40% 

regardless of…

- Antibiotic used

- Wound severity or duration
The presence of one organism correlated with treatment failure… what was it?

Multi-drug resistant Pseudomonas Streptococcus agalactiae



What about empiric therapy?

116 patients with infected DFUs

• 68% mild

• 26% moderate

• 6% severe

Treatment

• Empiric – 39

• Culture guided – 77
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No demographic 

differences between 

these groups

Only noted for mild infections – which is counter 

intuitive.

• No difference in amputation or death.

• Could differences be due to uncontrolled 

variables?



Summary of Treatment

• Outcomes in general appear to be poor. ~40% failure rate

• Surgical debridement improves outcome

• Inverse relationship between the microbiology and wound severity

• It appears as though antibiotics do penetrate the diabetic wound environment, but these studies may be flawed

• Empiric treatment might be inadequate
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What does all this mean for the role of culture?



Culture Work Up
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How many organisms to work up? • Three organisms from sterile sites

• Two organisms from non-sterile sites

• Literature review…
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We made it up ☺

Aeromonas hydrophila Rare, Well-defined pathogen Any growth 

C. perfringens Common pathogen Any growth 

Pasteurella spp. Rare, Well-defined pathogen Any growth 

Capnocytophaga spp. Rare, Well-defined pathogen Any growth

Aracanobacterium haemolyticum Rare, Well-defined pathogen Any growth**

Bacillus anthracis Rare, Well-defined pathogen Any growth**

Corynebacterium diphtheriae Rare, Well-defined pathogen Any growth**

Nocardia spp. Rare, Well-defined pathogen Any growth**

Mycoplasma hominis Rare, Well-defined pathogen Any growth**

Vibrio vulnificus Rare, Well-defined pathogen Any growth**

Clostridium septicum Rare, Well-defined pathogen Any growth**

Clostridium novyi Rare, Well-defined pathogen Any growth**

Clostridium sordelli Rare, Well-defined pathogen Any growth**

Corynebacterium kroppenstedtii Rare, Well-defined pathogen Any growth**

Doern et al. Journal of Nonsense. How to make things up out of thin air. 2024. 234(5)

** Although any growth of these organisms would be clinically significant, laboratories should not identify all 
organisms in a wound culture to ensure that these organisms are not missed.  As a practical matter, laboratories 

can assume that if these organisms are disease causing, they will be cultured in predominant quantities (i.e. -
greater than commensal flora).



Using Relative Abundance to Guide Work Up
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From Table 3.12.2 in CMPH

Coagulase negative staphylococci Commensal, Potential pathogen Pure
ID only, AST on request or if hardware associated, report as mixed 

flora if not significant

Enterococci Commensal, Potential pathogen Pure or predominant ID and AST, report as mixed flora if not significant

Enterobacterales Commensal, Potential pathogen Pure or predominant ID and AST, report as mixed flora if not significant

Bacillus spp. (Not Anthrax) Commensal, Potential pathogen Pure ID

Eikenella spp. Commensal, Potential pathogen Pure or predominant ID, AST for deep tissue infections

Glucose non-fermenting Gram negatives Commensal, Potential pathogen Pure or predominant ID and AST

Stenotrophomonas maltophilia Commensal, Potential pathogen Pure or predominant ID and AST

Let’s look at some examples.



Microbiology Culture Examples:

Tissue biopsy from Diabetic foot ulcer
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Gram Stain Result

Culture Result

Suggested Reporting

2+ E. coli

2+ Enterococcus faecium

2+ Coagulase Negative 

Staphylococci

2+ Streptococcus agalactiae (GBS)

2+ Finegoldia magna

Mixed aerobic and anaerobic 

bacteria resembling intestinal flora 

including: 

2+ E. coli

2+ E. faecium 

2+ S. agalactiae

Many PMNs

GNRs, GPCs, 

Few Squamous Epis

Susceptibility Testing

Performed Upon Request.



Microbiology Culture Examples:

Tissue biopsy from Diabetic foot ulcer
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Gram Stain Result

Culture Result

Suggested Reporting

4+ Enterococcus faecium
2+ P. aeruginosa
2+ Stenotrophomonas maltophilia
2+ Bacteroides fragilis group
2+ Parvimonas spp. 

4+ Enterococcus faecium
2+ P. aeruginosa
Mixed aerobic and anaerobic bacteria 
including: 
2+ Stenotrophomonas maltophilia
2+ Bacteroides fragilis group

Many PMNs

GNRs, GPCs, 

No Squamous Epis

Susceptibility Testing

Susceptibility testing performed on 

the Enterococcus faecium and P. 

aeruginosa as the principle 

pathogens. 



Some last comments

• Diabetic foot infections are often polymicrobic.  

• Metagenomic analyses have shown that culture commonly fails to grow all organisms, especially obligate anaerobes.  

• Cultures do not represent a complete picture of a patient's infection.

• Specimen quality can be variable and may be submitted from clinically unifected lesions.

• Excessive work-up of these cultures can lead to unnecessary antibiotic therapy.

• Per IDSA guidelines, empiric therapy should cover P. aeruginosa if present so laboratories should be sure to work-up any amount 

of this organism.

• Encourage thoughtful culture practice and optimal specimen types.
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Thank you for your attention.

Questions – email christopher.doern@vcuhealth.org
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Bonus Material
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Case 

• A 56 year old otherwise healthy 
male presents with perianal 
swelling, pain and tendernous.

• Physical exam noted a small, 
erythematous, well-defined, 
subcutaneous mass near the anal 
orifice consistent with an 
anorectal abscess. 

• Patient had a low-grade fever but 
all other vital signs were normal.

• An incision and drainage was 
performed and purulent material 
was collected and sent to the 
laboratory for aerobic and 
anaerobic bacterial culture. 



Anorectal Abscesses

• The problem

– Common complaint in the ED

– Estimated 100,000 cases/year in US

– Likely underestimate due to 
misdiagnosis as hemorrhoids.

– If not diagnosed and treated can 
progress to “anal sepsis”

– Can lead to a fistula in ~25% of 
patients.

• Pathophysiology



Cipro and Metronidazole Prophylaxis
Group 1 – Abx
Group 2 – No Abx

Ghahramani et al. Surgery. 2017. 162(5) 

What does this mean for the value of culture?





Microbiology Culture Examples:

Perirectal abscess material collected during I&D
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Gram Stain Result

Culture Result

Suggested Reporting

2+ E. coli

2+ Enterococcus faecium

2+ Coagulase Negative Staphylococci

2+ Corynebacterium spp. 

2+ Finegoldia magna

Mixed aerobic and anaerobic bacteria resembling 

mixed intestinal and skin flora.

Comment: The presence of S. aureus, beta-hemolytic 

streptococci, P. aeruginosa, and significant growth of 

other pathogens has been ruled out. 

Many PMNs

Moderate GNRs, GPCs, and GPRs 

Few Squamous Epis

Susceptibility Testing

Not performed.



Microbiology Culture Examples:

Perirectal abscess material collected during I&D
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Gram Stain Result

Culture Result

Suggested Reporting

4+ E. coli

3+ Enterococcus faecium

1+ S. aureus

1+ S. aureus

Mixed aerobic bacteria resembling intestinal flora.

Many PMNs

Moderate GNRs, GPCs, and GPRs 

Few Squamous Epis

Susceptibility Testing

Perform on S. aureus. 



Summary of Anorectal Culture Workup

• Expect intestinal flora – It would be weird if it wasn’t there.

• Don’t overwork these cultures.

• Look for key pathogens and clear predominance of possible pathogens.
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