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isms actively interact with the in-
nate and adaptive immune systems 
to maintain a symbiotic relationship 
with the host. This relationship is 
crucial in helping regulate normal 
physiological functioning in many 

organ systems and general inflamma-
tory responses.1

The Wound Healing Phases
	 A microscopic lens is commonly 
used to examine wounds and healing. 
The process of wound healing can 
be divided from three to five phases, 

which overlap in time and 
space. The initial response 
to tissue disruption in the 
wound healing process is 
dedicated to hemostasis and 
coagulation. The inflam-
matory process begins with 
an early neutrophil phase. 
Within 2-5 days, a late mac-
rophage phase occurs, and 
these cells phagocytose and 
secrete proteases. This con-
cludes with the removal of 
local bacteria and degrada-
tion of necrotic tissue.
	 Approximately 3-10 days 
after the initial wound, one 
should be in the prolifera-
tion phase characterized by 

Microbiomes are in-
finite in our world 
and an essential as-
pect of our body’s 
homeostasis. Over 

the millions of years of evolution, 
microorganisms have adapted to our 
physiological ecosystem just as our 
bodies have adapted to them (Table 
1). Research has shown that our hab-
its, such as eating processed foods, 
pharmacological habits, and exercise 
routines, can affect the microbiome 
within us significantly.1 A symbi-
otic relationship has developed in 
various area systems, such as our 
gastrointestinal system, coagulation 
cascade, neurophysiology, and even 
how we age.1,2 The relationship and 
activity that gastrointestinal microor-
ganisms play in the body have been 
well examined and studied.3 In fact, 
some authors have stated that our 

gut microbiome is an essential factor 
in normal development and health 
maintenance.1

	 A healthy gut microbiome flora 
can provide a number of health ben-
efits and ultimately lead to host pro-

tection and better health outcomes.1 
When TH17 cells in the gut flora are 
found to be nonfunctioning, it has 
been shown to lead to many auto-
immune diseases such as inflamma-
tory bowel disease (IBD), arthritis, 
Crohn’s disease, and psoriasis.4 Re-
search shows that commensal organ-
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Table 1: Top three microbacteria associated with three skin microenvironments. Skin of a healthy volunteer 
was used.21

Types of Skin		  Top 3 Bacteria

	           1	           2	           3

Dry	 β-Proteobacteria	 Corynebacteria	 Flavobacteriales

Moist	 Corynebacteria	 β-Proteobacteria	 Staphylococci

Sebaceous	 Propionibacteria	 Staphylococci	 Corynebacteria

Table 1

Continued on page 106
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	 Finally, even predatory organ-
isms, such as B. bacteriovirus, have 
been shown to reduce biofilm for-
mation and lower the bioburden 
on the wound by destroying a large 
number of pathogens in the wound.6 
While further research is warranted 
in this area, many of these studies 
have shown promise that our skin 
flora and bacterial colonization of 
wounds can be of beneficial presence 
in wound environments.
	 Oral probiotic supplements, or mi-
croorganisms that provide health ben-
efits, have also shown potential in im-
proving wound outcomes and support 
the idea that some or certain bacterial 
presence is beneficial to wound heal-
ing. Guliver was able to explore pro-
biotics’ positive influence in human 
subjects suffering from chronic hand 
dermatitis.8 The human subjects took 
a daily oral probiotic of L. acidophi-
lus, L. casei and L. rhamnosus (Bio-
K+) and displayed an equivalent 
reduction in epidermal proliferation 
without negative immunological or 
dermal effects.9 Bio-K+ inhibitory ef-
fects were further tested in vitro with 
MRSA cells by Karska, et al.

A Significant Study
	 As MRSA presents on the skin, it 
can shift the cutaneous microbiota and 
lead to skin diseases such as atopic der-
matitis and diabetic wounds. Applica-
tion of Bio-K+ inhibited 99% of MRSA 
cells after 24 hours of incubation.10 In a 

re-epithelization and resurfacing of 
the wound. Granular tissue is formed 
while mediators are working to re-
store the vascular network. Fibroblasts 
infiltrate the site of injury to provide 
structure in the form of collagen. Re-
modeling, which is the final phase, 
can last from months to years after the 
injury has occurred. In this phase, the 
formation of granular tissue stops via 
apoptosis. Collagen I replaces collagen 
III from the proliferative phase, and 
the angiogenic process diminishes.5

	 If any systemic factors or local 
factors are not functioning proper-
ly, the wound can stall and become 
chronic. Most chronic wounds are 
“stuck” in the inflammatory phase of 
wound healing. Three commonly ref-
erenced reasons why a wound would 
become chronic: systemic or physio-
logical factors, ischemia and reperfu-
sion injury, and a high bioburden.
	 Often when a wound is swabbed 
and cultured, a heavy bioburden is 
blamed for wound stalling. However, 
colonization does not indicate infec-
tion, and specific microbes reside in 

specific dermatological niches as a 
hallmark to our unique skin micro-
biome.6 The individual microbiome 
of the wound is multifactorial and a 
complicated balance between coloni-
zation and infection.

The Presence of Skin Flora
	 While the full extent of our rela-
tionship with our natural skin flora is 
not completely understood, both bene-
ficial and harmful outcomes have been 
noted by the presence of skin flora 
(Table 2). A colonization can cross 
over into critical colonization or infec-
tion when the bioburden of the wound 
outweighs the benefit the bacteria 
can provide.7 While it is commonly 
believed that any bacterial presence 
can stall a wound, some bacterial col-
onies may have advantageous effects 

on a patient’s general 
well-being and wound 
healing abilities. Bacte-
ria can prevent patho-
logical species from 
invading through cell 
competition. This can 
lead to benign host im-
mune stimulation and 
up-regulation of pro-
cesses that decrease 
the  in f lammatory 
phase and lower the 
build-up of possible 
detrimental mediators 
(e.g., reactive oxygen 
species and overpro-
duction of proteases).
	 Both S. epidermid-
is and S. aureus are 
commonly regarded as 
the most common microbes found in 
wounds and on our skin’s surface.6 
These bacteria express antimicrobial 
peptides (AMPs) in human keratino-
cytes, which can have a protective 
role for the skin by not allowing in-
vasion of harmful microorganisms.6 
This maintains a skin-barrier function 
when these bacteria colonize the area, 

even if the skin is broken. One bene-
fit unique to S. epidermidis is the ca-
pability of activating CD8 T-cells to 
promote keratinocyte up-regulation 
of toll-like receptors and downstream 
TNF-α.6 This, in turn, decreases the 
inflammatory process and accelerates 
wound healing. Small amounts of S. 
aureus with super-antigens can also 
down-regulate the production of IL-17 
and other chemotactic factors, resulting 
in decreased purulence of skin wounds 
and decreased skin inflammation.6 Ad-
ditionally, Pseudomonas spp. has been 
shown to stimulate TAK1/MKK/p38 
regulation factors, leading to the re-
pression of cell apoptosis and promot-
ing neovascularization.6 This ultimately 
improved wound healing outcomes; 
however, this effect was only in the 
absence of infection.

A colonization can cross over into critical colonization 
or infection when the bioburden of the wound 
outweighs the benefit the bacteria can provide.
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Table 2: A comparison of the most common bacteria found on healthy 
skin flora and infected wound beds.21,22

   Skin Flora	 Wound Infections

S. epidermidis	 Staphylococci/MRSA

S. aureus	 S. pyogenes

Actinobacteria	E nterococci spp.

Corynebacteria	 P. aeruginosa

Table 2
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to traumatize the tissue surrounding 
the wound and reduce the wound exu-
date that may contain bacterial proper-
ties and growth factors to help promote 
healing.17 Surgical debridement has had 
the same hindering effects in recent lit-
erature by not allowing our natural skin 
flora to colonize the wound bed and 
limiting the growth of beneficial bacte-
ria.18 More conservative wound cleaning 

and debridement will prevent the hin-
dering of promoter cells and allow the 
skin flora to remain intact to promote 
healthy wound healing.
	 Reflex antibiotic use has also been 
a subject of scrutiny. Zhang, et al. con-
ducted a study on wound healing in 
rats with oral doses of vancomycin for 
seven days.19 A decrease in the pro-
portion of Staphylococcus spp. in the 
wound beds was noticed, demonstrat-
ing that the antibiotic treatment lowered 
IL-17, altering the bacterial composition. 
Ultimately, this delayed wound healing 
and reinforced the potentially cytotoxic 
effect of antimicrobial cleansers. Lukic, 
et al. also highlighted that recent evo-
lutions of antibiotic-resistant bacteria 
have caused a decrease in antibiotic ef-
fectiveness while still having potentially 
harmful side-effects.20

Benefits of Skin Flora and Bacteria
	 Wounds and ulcerations are a 
very common problem podiatrists 
manage, especially in patients with 
other systemic ailments like diabetes 
mellitus. However, recent literature 
has brought attention to the benefits 
of skin flora and certain bacteria in 
the wound bed, as well as scrutinized 
common wound care practices. Com-
mon bacteria that reside on the skin 
can increase inflammatory responses 
to protect the body from invasive bac-
teria and produce angiogenic effects.
	 These and other processes have 
been shown to increase the rate of 
healing in wounds when infection is 
not present. Topical and oral bacte-
rial probiotics have also been shown 
to improve wound healing rates and 

mouse skin inflammation model, probi-
otic strains of L. salivarius, L. rhamno-
sus, and B. bifidum limited the devel-
opment of chronic skin inflammation 
and showed an improvement of skin 
repair for diseases like psoriasis.11

	 Specifically, in this study, the L. 
salivarius and L. rhamnosus strains 
decreased the serum pro-inflammatory 
factors and increased anti-inflammato-
ry factors in the host through various 
cytokine activity.11 B. bifidum showed 
improvement as well but had lower 
benefits when compared to the Lacto-
bacillus strains.11 These two Lactobacil-
lus strains were also shown to restore 

the Th/Tregs balance in Omenetti’s 
study.12 Overall, this research suggests 
that specific strains of oral probiotic 
therapy can break the inflammation 
cycle, i.e. the phase in which most 
chronic wounds are stalled.

Topical Probiotics and Wound Care
	 Topical probiotics have also had 
beneficial effects on skin ulcerations 
and wounds, making them a prom-
ising potential treatment option for 
ulcer patients. L. plantarum has been 
shown to significantly affect the 
growth of harmful bacteria in burn 
wounds. Valdez et al. used burn 
mouse models to test the effects of L. 
plantarum on burn wounds infected 
with P. aeruginosa.13 This study found 
that L. plantarum inhibited P. aeru-

ginosa and improved tissue repair by 
enhancing P. aeruginosa phagocytosis.
	 This was further investigated in 
an in-vitro model study by Besser, et 
al. Three probiotic strains were test-
ed against five of the most common 
pathogens based on the WHO research 
and development priorities. This study 
found that L. plantarum showed the 
most antimicrobial activity.14 However, 

the antimicrobial activity of each pro-
biotic was donor specific.14 Sikorska 
and Smoragiewicz studied the effect of 
Lactobacillus strains against wounds 
infected with MRSA.15 Their study sup-
ported that Lactbacillus strains in the 
wound beds can have an inhibition 
or reduction effect on S. aureus and 
MRSA colonization. These effects are 
attributed to cell competitive exclusion 
and bacterial cell secretions such as 
acids and bacteriocin-like inhibitors.
	 Finally, Jones, et al. examined nitric 
oxide-producing bacteria in vivo rabbit 
models.16 They found that wounds with 
this topical application were 2.52 times 
more likely to heal when compared to 
the control. They concluded that this 
application of topical probiotics may 
be a safe, cost-effective treatment for 
chronic wounds. These studies indicate 
that certain strains and their byproducts 
can be a useful topical treatment in in-
fected wounds.
	 As our understanding of skin 
flora, probiotics, and their systemic 
effects continues to advance, so does 
the possibility of utilizing this knowl-
edge to improve wound health and 
healing potential. Numerous studies 
have shown the link between wound 
health and certain strains of benefi-
cial bacteria.1 Particularly, Lactoba-
cillus bacteria and its by-products 
have been shown to improve wound 
health and inhibit harmful or infec-
tious bacteria that can be commonly 
seen in infected wound beds.
	 Frequently used wound cleansing 
techniques, such as surgical debride-
ment and cleansing, have recently un-
dergone scrutiny (Figure 1). Constant 
cleansing of the wound has been shown 
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Figure 1: Debridement of a wound on a diabetic 
patient after a superficial traumatic injury.

Application of Bio-K+ inhibited 99% of MRSA cells 
after 24 hours of incubation.
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infection rates. Automatic antibiot-
ic dispensing and frequent antiseptic 
washes are showing delayed wound 
healing in research due to effects on 
the skin flora. With the support of this 
literature, authors encourage you to 
examine your own wound care proto-
cols. Colonization does not equate to 
infection, and attempting to kill every 
bacterium in a wound bed may be 
detrimental to wound healing.
	 In fact, colonizing bacteria and pro-
biotic therapy may be of great benefit 
and aid in the healing of chronic ul-
cers. While more research is needed 
for definitive answers, the symbiotic 
relationship our bodies have had with 
the bacteria in our world deserves our 
respect and consideration when treating 
ulcerations of the lower extremity. PM
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