
• No significant 
differences in re-
epithelialization 
were observed 
among wound 
types.

• All wounds 
healed by day 28.
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Directed Energy Wound Healing Microbiology: 
Evaluating the microbiome during wound healing in an infected burn model
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Radiofrequency (RF) energy sources represent a potential threat to military personnel 
by causing thermal skin injuries that disrupt the skin barrier and impair local immune 
defenses. Burn wound management focuses on preventing infection while promoting 
wound healing, with debridement serving as a cornerstone of current standards of care. 
Although burn injuries are known to alter the skin microbiome, the effects of RF-induced 
burns and different wound treatment strategies on microbial community dynamics 
remain poorly understood. This study first characterized wound healing and microbial re-
colonization following treatment with current standard-of-care and emerging non-
surgical debridement approaches. A second objective was to characterize the 
longitudinal microbiome of RF-induced burn wounds by comparing RF burns with 
conventional contact burns and evaluating the impact of bacterial inoculation with 
clinically relevant pathogens.

Non-surgical debridement agents supported wound 
healing comparable to current treatment approaches

• No significant differences in re-
epithelialization were observed 
among treatments and all treatments 
achieved comparable wound closure 
by day 28.

• Lines represent the mean re-
epithelialization for each treatment 
group and points represent individual 
wound sites.

Wound microbiome recolonization followed 
similar trajectories across treatments

• Shannon diversity was 
transiently lower in NSDA-
treated wounds but 
converged with standard-
of-care treatments over 
time.

• Lines represent mean 
Shannon diversity and 
points represent individual 
wound sites.

• Principal coordinates analysis plot 
(Bray–Curtis index) illustrating 
similarities in microbial community 
structure.

• Microbial communities followed 
similar re-colonization trajectories 
across treatment groups over time.

• Samples are color-coded by 
treatment and shapes indicate day.

• Bar plots illustrating the top 14 
most relatively abundant taxa.

• Microbial recolonization was 
comparable between treatment 
groups including a transient 
predominance of Fusobacterium 
and a diverse community by the 
final sampling day.

• Relative abundances were 
averaged by treatment at each 
sampling day.

Healing was comparable across burn types 
despite wound infection

Infected burn wounds undergo similar microbial 
succession independent of burn type

• Burn wound microbiomes were 
distinct from sham controls, whereas 
no differences were observed among 
burn types.

• Microbial community structure was 
conditioned on sampling day using 
constrained analysis of principal 
coordinates (CAP) to evaluate the 
effect of wound type.

• The relative abundance of P. 
aeruginosa peaked at 
intermediate time points before 
declining as infection resolved 
and a more diverse microbial 
community emerged.

• Microbial succession was 
similar among burn types and 
paralleled wound healing 
following resolution of infection.

• The MRSA-inoculated pig exhibited a microbial succession pattern similar to but earlier than 
that observed in the PA-infected animals.

• Relative abundance of S. aureus remained lower than P. aeruginosa, despite comparable 
healing progression and outcomes.

• All inoculated 
wounds exceeded 
the infection 
threshold (>1x10⁵ 
CFU/g tissue).

• Experimental 
infections were 
successfully 
established and 
resolved by day 
21 in all animals. • The evaluated non-surgical debridement approaches produced healing 

outcomes comparable to current standards of care as well as no notable 
differences in their wound microbiomes, supporting their continued evaluation 
for prolonged field care and combat medicine.

• RF-induced burn wounds exhibited healing, microbial succession, and infection 
resolution comparable to conventional contact burns, suggesting they do not 
require fundamentally different management under the conditions evaluated.

• Burn-associated microbial succession was driven primarily by wound status 
rather than burn type. Further investigation of non-surgical debridement 
approaches in infected wounds may inform treatment strategies for prolonged 
field care and combat medicine.
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*Pigs were anesthetized and given 
proper analgesia before wounding

*
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Colored lines indicate the mean for each wound type

Bar plots illustrate the average relative abundances of the top 14 taxa by wound type at each sampling day.
P. aeruginosa strains are colored green.

Bar plots illustrate the average relative abundances of the top 14 taxa by wound type at each sampling day. 
Staphylococcus taxa are colored purple
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