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The management and treatment of tissue infection, especially chronic infection, represents a significant challenge.
Application of autologous platelet-rich plasma (PRP) has emerged as a promising adjunct therapy for facilitating
the healing of surgical wounds and tissue injuries. PRP is extracted from whole blood using a sequential
centrifugation technique and when activated, can release a vast array of antimicrobial proteins, cytokines, and
growth factors. These bioactive molecules are responsible for the ability of PRP to kill pathogens, resolve necrotic
tissue, and promote wound healing. PRP is emerging as a useful supplement to prevent postoperative infection
and treat chronic wound or bone infections. PRP displays a synergistic effect with antibiotics, which provides
unique advantages when treating antibiotic-resistant bacteria. This review will describe the method for PRP
preparation and its antibacterial properties, as well as discuss both preclinical in vivo results and evidence from
clinical practice of PRP use for the treatment of wound and bone infections.
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Impact Statement

The clinical application of platelet-rich plasma (PRP) has been widely studied for its effects on trauma or injury repair/
regeneration, however the antibacterial property of PRP has been overlooked. Increasing evidence suggests PRP as a good
antibacterial agent and that it could help prevent/treat tissue infection. This review emphasizes the importance of PRP’s
antibacterial property and summarizes the preclinical and clinical findings regarding the application of PRP in the pre-
vention and treatment of wound and bone infection. The use of biocompatible PRP may be advantageous for tissue infection
treatment due to its inherent antibacterial and healing promoting properties.

Introduction growth factor-B1 (TGF-B1), vascular endothelial growth factor
(VEGF), and platelet-derived growth factor (PDGF).> Once
activated at sites of injury, platelets degranulate, releasing

PLATELETS ARE WELL KNOWN FOR their essential hemo-
these bioactive substances that can facilitate chemotaxis, cy-

stasis function.' Another important characteristic of plate-

lets is to modulate inflammation and wound healing.” Platelets
contain alpha granules, which harbor numerous proteins, cy-
tokines, and growth factors. Some examples include epidermal
growth factor (EGF), platelet-derived angiogenesis factor,
insulin-like growth factor, platelet factor (PF) 4, transforming

toprotection, cell proliferation and differentiation, angiogene-
sis, and extracellular matrix (ECM) remodeling.“’5 Activated
platelets also contain serotonin and histamine which enhance
local capillary permeability, facilitating leukocyte extravasa-
tion into sites of inflammation.
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Platelet-rich plasma (PRP) is a blood derivative, which
contains concentrated platelets and other blood components.
Similar to platelets, PRP can release high concentrations of
various bioactive molecules stored in alpha granules, in-
cluding growth factors, chemokines, and cytokines,7 which
promote angiogenesis, modulate ECM, and accelerate cel-
lular recruitment, proliferation, and differentiation.®!! There
are numerous advantages to harnessing the protective effects
of PRP. First, PRP can be easily prepared from peripheral
blood samples, which is a relatively noninvasive technique.
Second, PRP can be used as an autologous biologic, which
minimizes the risk of immune reactions and pathogen
transmission compared with nonautologous material.'>

Numerous reports have described the use of PRP to promote
tissue regeneration in several settings, such as stomatology,'?
maxillofacial surgery,'* bone healing,'® sports medicine,'®
ophthalmology,'” and peripheral nerve repair.'® To date,
few adverse effects from PRP have been reported.'® How-
ever, the clinical efficacy of PRP is controversial®® and can
differ among patients.>' One possible explanation to account
for these discrepancies is the variability in protocols used to
prepare PRP in clinical practice.* This lack of consensus
likely contributes to the controversy regarding the clinical
efficacy of PRP and hinders its further application.?**

Currently, the most widely studied application of PRP is
its effects on trauma or injury repair/regeneration. PRP has
been shown to exert beneficial effects by relieving post-
surgical discomfort and preventing infection, suggesting
that PRP possesses anti-inflammatory and antimicrobial
properties. In recent years, there has been an increased in-
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terest in exploring the utility of PRP for the treatment of
tissue infection.

Although much progress has been made in clinical practice,
the treatment of chronic wound and bone infections remains
challenging.?® Conventional therapies for treating chronic
bone infections typically include surgical debridement of in-
fected wounds, utilization of antibiotics, and restoring soft
tissue coverage of bone with healthy tissue if the infected
bone is exposed.”” Often times these treatments are ineffec-
tive in producing a timely resolution of the infection, which
can lead to significant morbidity and economic burden for
patients. Recent findings have suggested that PRP possesses
antimicrobial properties that may make it a promising adjunct
biological therapy, particularly when combined with con-
ventional therapy.

The purpose of this review is to describe advances in PRP
preparation and to propose novel viewpoints toward the
establishment of a standardized protocol for PRP prepara-
tion. This review will also discuss the antibacterial activity
of PRP, as well as its utility for the treatment of chronic soft
tissue and bone infections in preclinical animal models and
clinical practice.

PRP Preparation

The classic method of PRP preparation involves two se-
quential centrifugation steps (Fig. 1); namely, separation
and concentration spins. The first spin (separation spin)
pellets plasma, leukocytes (neutrophils, lymphocytes, and
monocytes), and platelets, from erythrocytes. The second
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Flowchart of platelet-derivative preparations. Whole blood is collected with an anticoagulant (top). Two se-

quential centrifugation steps occur under different force, speed, and duration conditions. The first step separates erythrocytes
from the buffy coat layer and the upper suspension, containing plasma and platelets. After a second spin, the buffy coat and
upper suspension are separated into PPP and L-PRP. A second centrifugation step of the upper suspension layer produces
PPP and PRP. To generate PRF, whole blood is processed by a single centrifugation steep without an anticoagulant. By
using different force, speed, and duration conditions, a PRF membrane and platelet-rich fibrin (i-PRF) are generated
separately. PPP, platelet-poor plasma; PRP, platelet-rich plasma; L-PRP, leukocyte-rich PRP; PRF, platelet-rich fibrin;
i-PRF, injective platelet-rich fibrin. Color images are available online.
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spin (concentration spin) collects concentrated platelets in a
small volume of plasma (designated as PRP). PRP can be
activated by various compounds, such as autologous throm-
bin or calcium chloride, which induces the formation of a
PRP gel.?’ The activation process not only forms a fibrin gel
for platelet attachment and adhesion, but also initiates de-
granulation, resulting in the release of bioactive substances.

Large numbers of leukocytes may be present in the final
PRP preparation, which is referred to as leukocyte-rich PRP
(L-PRP) and can potentiate PRP action.*® If an anticoagu-
lant is not added, platelet-rich fibrin (PRF) is formed, which
consists of a fibrin matrix, platelet-derived cytokines, growth
factors, and entrapped leukocytes devoid of erythrocytes.®!
The advantages of using PRF include ease of preparation, no
addition of biochemical reagents or anticoagulants, ease of
application, and capacity for more sustained release of bio-
active factors.>? This review discusses the use of PRP, PRP
gel, and PRF for the treatment of tissue infections.

The number of platelets in PRP can exceed 1 x 10°/mL.*?
There are many variations in PRP formulations due to dis-
parate processing and handling methods, as well as indi-
vidual variability between patients. Even in the context of
autologous transfer, different PRP isolation protocols can
create varying platelet and growth factor concentrations.>* In
addition, gender differences may also affect PRP composi-
tion. For example, PRP from males was reported to contain
more inflammatory cytokines, such as interleukin (IL)-18
and tumor necrosis factor (TNF), the anti-inflammatory IL-1
receptor antagonist protein, as well as growth factors (basic
fibroblast growth factor, PDGF-BB, and TGF-B1), compared
with PRP from females.>

PRP is activated by degranulation at target sites and forms
fibrin clots in the local ECM. This leads to high concentra-
tions of various bioactive molecules in the microenviron-
ment, whose half-life is extended in fibrin clots compared
with unbound forms.*® In addition, multiple cytokines work
synergistically and have more efficient effects than indi-
vidual mediators.*”

As mentioned previously, the controversy surrounding the
clinical efficacy of PRP can be partially explained by the
inconsistent methods used to prepare PRP, which result in
variable platelet and cytokine concentrations.® Most pro-
tocols focus on how to harvest concentrated platelets and
preserve hemostatic activities; however, we suggest that
more attention should be paid to standardizing the PRP
preparation to harness its therapeutic potential. For example,
PRP is often prepared at 37°C or room temperature, without
dilution or supplements.* It is known that low temperatures
enhance platelet activation, improvin% the release of dense
and alpha granules.*” Etulain er al.*' designed an experi-
ment to evaluate how different preparation methods affected
the angiogenic and regenerative properties of PRP. They
concluded that preincubating PRP at 4°C maximizes the
release of platelet-derived proangiogenic molecules.*' In
addition, dilution of PRP to 25% and supplementation with
a plasma cryoprecipitate synergized with the precooling
condition to promote angiogenesis and wound healing.*!

Another important factor affecting PRP efficacy is cen-
trifugation conditions, such as force and duration. The
double-spin method, which calls for centrifugation at 160 g
for 10 min followed by 250 g for 15 min, results in increased
platelet, cytokine, and growth factor yields, and accelerates
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cellular migration and proliferation.*? In canines, a centri-
fugation protocol of 1000 g for 5 min and 1500 g for 15 min
concentrated the number of platelets six fold.** The centri-
fuge speed (revolutions per minute) and duration have also
been reported to influence platelet quantity, enrichment
percentages, and growth factor release.”*

Platelet activation is a crucial step before cytokine release,
which can be elicited by several factors, including calcium
chloride, collagen, thrombin, and mechanical stress.” PRP
activation is more susceptible to autologous thrombin than
calcium, and growth factor release (i.e., PDGF, VEGF, and
EGF) is independent of thrombin concentrations.*’

Another study compared the ability of pulse electric field
(PEF), bovine thrombin, and thrombin receptor-activating
peptide (TRAP) to promote human PRP activation. PEF was
more effective than bovine thrombin or TRAP to yield
platelet-derived microparticles, EGF, procoagulant particles,
and P-selectin-positive particles.*® In a rabbit model, PRP
activated by nanosecond-pulsed electric field-enhanced
blood reperfusion in areas of large surgical skin flaps and
ischemic hindlimb wounds.*” The utility of PEF to activate
PRP may reduce variability and eliminate immune-mediated
complications associated with the use of bovine thrombin,
and thus has great clinical potential.**

PRP technology has the potential to revolutionize regen-
erative medicine. Currently, researchers are struggling to
maximize the amount of platelets and function of bioactive
molecules in a limited volume of plasma. Many attempts to
standardize an optimal protocol have been made, with regard
to centrifuge force, speed, duration, and PRP activating fac-
tors, all of which have their own shortcomings.** None of the
published methods has gained traction as an optimized uni-
versal protocol. PRP methodology should be standardized, to
screen for optimal protocols to address the variability origi-
nating from gender and age differences in PRP preparations.

PRP Antibacterial Properties

PRP releases several antibacterial proteins upon activa-
tion (Fig. 2), including connective tissue activating peptide
3, PF 4, normal T cell expressed and secreted chemokines
(RANTES), thymosin -4, platelet basic protein, fibrino-
peptide A, and fibrinopeptide B.”° These molecules interact
with the bacterial outer cell membrane and increase mem-
brane permeability, which impedes protein synthesis.”'~>
Apart from the cell membrane, these molecules may also
target intracellular proteins to affect DNA synthesis or in-
hibit enzyme activity.”>>* In vitro, these molecules have
preferential antimicrobial activity for bacteria compared
with fungi, especially in acidic microenvironments.”*

Bacterial adherence and growth are important initial steps
during the process of colonization. In vitro, PRP can also
inhibit the adherence and growth of Porphyromonas gingi-
valis and Aggregatibacter actinomycetemcomitans, which
are periodontal pathogens; however, PRF does not kill these
organisms.”> PRP can also inhibit the growth of many oral
cavity microorganisms in vitro, such as Enterococcus fae-
calis, Candida albicans, Streptococcus agalactiae, and
Streptococcus oralis.®

Importantly, PRP only exerts antibacterial properties
upon activation®’ and is effective against a broad range of
both Gram-positive and Gram-negative bacteria®® (Fig. 2).
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FIG. 2. Antibacterial properties of PRP. Upon activation by numerous stimuli, PRP releases many antibacterial mole-
cules. The organisms listed on the right are susceptible to the bactericidal properties of PRP. Color images are available

online.

Studies have shown that Klebsiella pneumoniae (Gram-
negative), Staphylococcus aureus (Gram-positive), and
Streptococcus faecalis (Gram-positive) are sensitive to
molecules contained within PRP, including chemokine (C-C
motif) ligand-3 (CCL3), CCLS5, and chemokine (C—X-C
motif) ligand-1 (CXCL1).** Both TGF-B1 and PDGF-BB
contained within PRP have been reported to exert bacte-
riostatic effects against Staphylococcus aureus.®® Although
several of these molecules are recognized for their chemo-
tactic (CCL3, CCLS5, and CXCL1) and immune regulatory
activity (TGF-B1), evidence suggests they can also act as
antimicrobials upon cleavage.®"*®

Staphylococcus aureus is a common pathogen in infected
wounds.®® Depending on its acquisition of methicillin
resistance, the bacterium is categorized into methicillin-
sensitive Staphylococcus aureus (MSSA) and methicillin-
resistant Staphylococcus aureus (MRSA). In vitro, PRP
inhibits the growth of both MRSA®* and MSSA® as well as
Group A streptococcus and Neisseria gonorrhoeae, but has
little effect on Enterobacter cloacae.®® However, the anti-
microbial activity of PRP is only observed within the first
few hours of treatment.®’

Cetinkaya et al. utilized PRP together with vancomycin in
a rat model of MRSA surgical wound infection to determine
if synergistic effects were evident.®® Vancomycin is nor-
mally used to treat serious infections caused by pathogens
that are methicillin resistant (e.g., MRSA). The antibacterial
efficacy of different experimental groups was ranked in
descending order: vancomycin + PRP, vancomycin, PRP,
and vehicle. This suggests that PRP may synergize with
antibiotics and can be considered as an adjunct therapy to
treat infection. Another in vivo study demonstrated that
platelet gel supernatant possessed bactericidal activity
against skin bacteria in a rat model.*

As mentioned earlier, PRP preparations also contain leu-
kocytes, which are thought to contribute significantly to the

antibacterial activity of PRP.”® For example, Anitua et al.
showed that PRP containing a large number of leukocytes (L-
PRP) could effectively reduce MSSA and MRSA titers.”'
However, Mariani et al. reported that leukocytes did not en-
hance the microbicidal activity of PRP in vitro, when L-PRP
and pure PRP (P-PRP) were compared.”” They concluded that
the similar in vitro antibacterial activity of L-PRP and P-PRP
may result from antimicrobial peptide release from both for-
mulations, such as neutrophil-activating protein-2.

One factor that should be considered when evaluating the
efficacy of L-PRP is the length of time from preparation to
analysis. For example, fresh L-PRP will contain more viable
leukocytes than preparations that are not evaluated imme-
diately. Therefore, additional studies are needed to sys-
tematically compare the antibacterial activities of L-PRP
and P-PRP, especially in vivo, before any conclusions re-
garding efficacy are drawn.

To summarize these findings, PRP has definitive anti-
bacterial properties, which are supported by several in vitro
and in vivo studies. In general, the antibacterial properties
attributed to PRP to date are against common pathogens
(Fig. 2). Because the exact mechanism of action is not
known, further research on the bactericidal properties of
PRP should be conducted.

The antibacterial effects of PRP are evident immediately
following activation; however, they are somewhat weak and
short lived when PRP is used alone. PRP can act synergis-
tically with antibiotics and can be considered as an adjunct
treatment for infections once the pathogen has been identi-
fied,”? especially in cases involving antibiotic-resistant
bacteria. The consequences of leukocytes contained in PRP
on its antibacterial properties is still controversial. There is
no doubt that leukocytes play an important role in host
defense, suggesting that the presence of leukocytes should
augment the antibacterial properties of PRP. Further opti-
mization of leukocyte abundance and composition in PRP,
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identifying the mechanism of action, and in vivo studies
should be performed to better understand the role of leu-
kocytes on the antibacterial properties in L-PRP.

PRP Application for the Treatment of Wound Infection

Both acute and chronic wound infections can present a
difficult therapeutic issue. Many diseases can increase sus-
ceptibility to chronic wound infections, such as diabetes,”*
arteriosclerotic obliterans, chronic venous insufﬁciency,75
malnutrition, and soft tissue defects due to trauma. In some
circumstances, physical pressure, poor blood supply, or
aging may also be contributing factors.”® PRP and its de-
rivatives have been examined for their utility in promoting
wound healing and curtailing infection, as described below.

Treatment for chronic ulcers

Ulcers are chronic wounds that involve a full-thickness
layer of skin or even subcutaneous tissue and muscle, which
are usually complicated by bacterial infection. For example,
chronic ulcers can develop in sedentary patients secondary
to pressure, and rarely heal spontaneously. Over time,
bacterial contamination, chronic inflammation, diminished
blood supply, and growth factor imbalance exert negative
effects on the wound, delaying the healing process. Con-
ventional therapies for treating ulcers include surgical
debridement, infection management, and ulcer bed revas-
cularization.”’

Topical applications of autologous PRP have rendered
unique advantages, especially for refractory wounds.”® The
advantages of PRP may originate mainly from the release of
highly concentrated cytokines, growth factors, and antibac-
terial proteins.”® Cytokines and growth factors are helpful for
cellular proliferation, migration, and the differentiation of
fibroblasts, endothelial cells, and keratinocytes.go’81 Growth
factors released from PRP are encapsulated in exosomes,
which exert their effect through the activation of Yes-
associated protein.®?

As described above, antibacterial proteins can kill or in-
hibit local pathogens, which may facilitate wound healing.
Collectively, these secreted molecules can synergize to es-
tablish a microenvironment that is beneficial for vasculari-
zation, granulation tissue growth, and epithelialization,
effectively accelerating ulcer resolution. Additionally, after
PRP is activated and applied onto ulcer surfaces, the re-
maining plasma fibronectin can also influence ECM re-
modeling and tissue regeneration by serving as a scaffold.®?

The ability of PRP to facilitate ulcer healing has been
evaluated in several clinical studies. One report examined
10 patients with chronic lower limb venous stasis ulcers that
failed traditional treatment modalities. All patients in this
study showed complete resolution of these ulcers over 4-10
weeks after receiving adjunctive PRP therapy.®* Another
retrospective study examined 39 patients with chronic lower
extremity wounds to evaluate the effectiveness of standard
protocols combined with PRP gel.*® This study demon-
strated that the addition of PRP gel promoted wound healing
after an average of 145 days in 83% of the wounds and
decreased the amputation rate.

In another prospective autocontrolled clinical study, 21
patients with severe lower extremity ulcers, who had failed
to improve after at least 4 months of conventional com-
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pression therapy, were recruited to evaluate the efficacy
of PRF treatment.®® After a 16-week follow-up, 66.7% of
venous ulcers and 44% of nonvenous ulcers achieved
complete healing with PRF therapy, without any treatment-
associated complications or adverse reactions.

In another prospective, randomized, and controlled clin-
ical study, the ability of PRP gel to treat refractory diabetic
foot ulcers was compared with a saline gel dressing. After a
strict follow-up protocol, 16 cases of PRP gel and 19 cases
of saline gel dressing were included in the study cohort.
Interestingly, 81.3% of the wounds were resolved in the
PRP gel group compared with only 42.1% in the saline gel
group. Again, PRP gel did not exhibit any adverse effects.’’
In another study, PRP gel was found to be superior to an-
tiseptic ointment dressing.®® Similar positive effects on ac-
celerating the healing of infected wounds has also been
demonstrated in clinical trials,****° even showing efficacy in
patients with severe arterial disease.”’

Treatment for hidradenitis suppurativa

Hidradenitis suppurativa is a chronic, recurrent, suppurative
skin condition.”> Several options exist to treat hidradenitis
suppurativa, including antibiotics, topical bactericidal lotions,
corticosteroids, retinoids, and surgery for severely infected
cases.”” When combined with Hyalomatrix, PRP gel dis-
played efficacy in treating resistant nuchal lesions after
surgical excision with excellent safety and no disease recur-
rences after a l-year follow-up.”* In another case report of
four patients, PRP improved wound healing in autologous
split-thickness skin grafting after wide excisions of scalp and
gluteal skin.”®

Treatment for other skin ulcers and infections

Pressure ulcers are injuries to skin and underlying tissue
resulting from prolonged pressure, which commonly occur
on prominences of the hip, feet, and buttocks of chronically
sedentary patients. These wounds are commonly infected
by fecal and urinary pathogens. PRP has been shown to de-
crease Staphylococcus aureus colonization of pressure ulcers,
which has been attributed to its antibacterial properties.”®

AIDS is a serious complication of HIV-induced immuno-
suppression, and some opportunistic pathogens may be fatal
to HIV-positive patients. After L-PRP was adopted to treat
lower limb ulcers among five AIDS patients, Staphylococcus
aureus and Pseudomonas aeruginosa levels were reduced
concomitant with increased VEGF, FLK, and CD34, sug-
gesting that the beneficial effects of L-PRP may be mediated,
in part, by stimulating angiogenesis within the ulcer bed.”’

Thalassemia is a type of congenital hemoglobinopathy,
which may increase the risk of skin ischemia and ulceration.
After 100 chronic thalassemic leg wounds were treated
successfully with PRP gel, its uses were expanded further.”®

When considering the potential benefits of PRP as an
adjunctive therapy, the aggressive debridement used to treat
wound infections should be considered.”” Basic research
and clinical studies have demonstrated that topical appli-
cation of PRP is a useful auxiliary therapy for wound in-
fections. Although there are many studies supporting that
PRP accelerates wound healing by promoting tissue growth
and inhibiting bacteria colonization, large-scale, random-
ized, and controlled clinical studies are needed to further
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standardize the applications for PRP, as well as its antimi-
crobial specificity.

PRP Application in Treatment of Bone Infections

Bone infection or osteomyelitis, is typically caused by
hematogenous spread or contamination of open wounds with
bacteria that penetrate the bone. Organisms most typically
associated with osteomyelitis include Staphylococcus au-
reus, Group B Streptococcus, Pseudomonas aeruginosa, and
Escherichia coli."®'®" Acute osteomyelitis is managed with
antibiotics and aggressive debridement is often necessary
for chronic infections,'®® especially with abscess and sub-
sequent sequestrum formation.

New strategies are needed for treating osteomyelitis due
to the increased prevalence of antibiotic-resistant bacteria. It
would be interesting to combine PRP with conventional
techniques used for the treatment of infections (e.g., anti-
biotics, debridement), to achieve a possible synergistic ef-
fect (Fig. 3). In this review, we will focus on the utilization
of PRP as a topical treatment for chronic osteomyelitis.

Possible mechanisms of PRP treatment
for osteomyelitis

Sites of chronic osteomyelitis are usually typified by poor
blood supply, necrotic bone or soft tissue, and insufficient
growth factors.'®> Many properties of PRP have the ability
to overcome these challenges.'® First, macrophages may be
activated by several PRP-derived proteins, including o-1-
microglobulin, o-2-macroglobulin, and vitamin D-binding
protein, leading to increased proinflammatory cytokine
production (i.e., TNFa, IL-1p, and IL-6)'%° to augment the
antibacterial response. This may be magnified if there are
leukocytes in the PRP (L-PRP), which induce NF-«xB sig-
naling in fibroblasts and osteoblasts to further amplify the
proinflammatory environment.'*®

Ultimately, these inflammatory responses help to resolve
necrotic bone and soft tissue and promote pathogen uptake

Promotion of Wound Healing

PRP Antibacterial Properties

Inflammatory Responses

Antibiotics

Debridement

FIG. 3. Application of PRP for osteomyelitis. Debride-
ment is a fundamental step for the treatment of chronic
osteomyelitis. The antibacterial strength of PRP is short
acting and appears weaker than antibiotics, but PRP displays
a synergistic effect with antibiotics. Color images are
available online.

ZHANG ET AL.

and killing, which is facilitated by the antimicrobial proteins
in PRP. In addition, the concentrated growth factors in PRP
increase revascularization, promote mesenchymal stem cell
and osteoblast development into osteocytes, and encourage
granulation tissue formation to fill the defect.'”-'%®

PRP treatment for osteomyelitis in preclinical animal
models

A rabbit model of MRSA tibial bone infection has been
used to determine the efficacy of L-PRP gel implanted into
the infected bone. Six weeks after debridement, antibacterial
efficacy and new bone formation were measured. The results
showed that L-PRP gel acted synergistically with vanco-
mycin to combat infection and restore bone defects com-
pared with vancomycin or L-PRP gel alone. It is possible
that the ability of L-PRP to increase local capillary networks
promotes antibiotic delivery and bactericidal effects.'® In
another animal model of spinal implant-associated infection,
PRP significantly decreased bacterial burden and promoted
new bone formation.*®

Clinical applications for PRP treatment of osteomyelitis

Several clinical studies have evaluated the use of PRP in
combination with antibiotics and debridement for osteo-
myelitis.''® Scafati er al.''' utilized PRP with autologous
bone grafts to treat sinus obliteration subsequent to chronic
frontal sinusitis. After a 12-month follow-up, a gradual re-
duction in disease symptoms was observed concomitant
with improvement in sinus patency, as determined by com-
puterized tomography scans.''' Patients with sternal bone
infections also achieved better outcomes with a combination
of negative pressure drainage and PRP therapy.''?

Another serious condition is gunshot-related injuries, es-
pecially when fractures are involved. Chronic tissue necrosis
and secondary infections caused by antibiotic-resistant
bacteria can be associated with significant morbidity and
even mortality. PRP may prove beneficial for salvaging
extremities with these types of injuries.'"”

PRP application in osteomyelitis prophylaxis

The effect of PRP as a prophylactic agent combined with
preoperative IV antibiotics to prevent localized osteitis in
mandibular bone was evaluated after third molar extraction
in 200 patients. The incidence of localized osteitis was 1%
when PRP was used in the extraction site, which was lower
than 9.5% without topical PRP application.'"

A deep sternal wound infection may threaten the lives of
patients undergoing cardiac surgery. The effect of PRP on
reducing the occurrence of deep sternal wound infections
was examined in 1093 patients. Subjects receiving PRP had
an infection occurrence of 1 in 422 (0.2%), which was
significantly lower than 10 in 671 (1.5%) of patients without
PRP application.''> According to another large-scale clini-
cal study of 2000 patients during a 7-year period, PRP was
found to prevent sternal wound infections and to reduce cost
and readmission rates following cardiac surgery. Therefore,
the use of PRP is recommended for patients undergoing a
sternotomy in cardiac surgery.''® The implementation of
platelet derivatives in the treatment of wound and bone in-
fections in both preclinical animal models and clinical re-
search has been summarized in Table 1.



TABLE 1. THE ANTIBACTERIAL EFFICACY OF PLATELET DERIVATIVES AND TREATMENT FOR TISSUE INFECTION
IN PRECLINICAL AND CLINICAL RESEARCH

Types of
platelet
Study design derivatives Subjects and sites Main findings Reference
Wound infection
Preclinical Prospective, PRP gel Male rats, subcutaneous Antibacterial efficacy »
randomized, wounds against MRSA was
and controlled ranked in descending
study order: Vancomycin +
PRP, Vancomycin, PRP,
and no treatment group
Prospective, Platelet gel Male rats, skin inoculated inactivating Acinetobacter 60
randomized, supernatant baumannii, Pseudomonas
and controlled aeruginosa, and
study Staphylococcus aureus
Prospective, PRP 20 Rabbits, skin defects 19 of 20 defects healed in I
randomized, in ears PRP group and 7 of 20
and controlled defects healed in
study conservative group
Clinical Prospective PRP 10 Patients, lower limb Ulcers healed completely 74
autocontrolled ulcers
study
Prospective PRP gel 39 Patients, lower 83% Wounds healed 75
autocontrolled extremity wounds
study
Prospective PRF 21 Patients, lower 66.7% Venous ulcers and 76
autocontrolled extremity ulcers 44% nonvenous ulcers
study healed
Prospective, PRP gel 35 Patients, diabetic 81.3% and 42.1% ulcers 7
randomized, foot ulcers healed in PRP gel group
and controlled and saline group,
study separately
Prospective and ~ PRP gel 56 Patients, diabetic 86% Ulcers healed in PRP 8
controlled foot ulcers gel group and 68% healed
study in group of antiseptic
ointment dressing
Prospective PRP 26 Patients with chronic 10 Patients healed, 16 79
autocontrolled ulcers: lower limb (15), patients improved healing
study trunk (9), upper limb
(1), and head (1)
Case report PRP 1 Patient, diabetic foot Wound healed 80
infection
Retrospective PRP 72 Patients with peripheral Ulcer reduction >90% in 81
study arterial disease, diabetic 52/72 patients
foot ulcers
Case report PRP gel 1 Patient with hidradenitis Wound healed, no 84
suppurativa, nuchae recurrence during 1 year
lesion postoperatively
Case report PRP 4 Patients with hidradenitis Wounds healed, no 85
suppurativa: gluteal complications
lesion (3) and scalp (1)
Prospective study L-PRP 5 Patients with AIDS and Wounds healed in 60% 87
lower vessel dysfunction, cases
crural ulcers
Prospective PRP gel 100 Patients with Wounds healed 88
autocontrolled thalassemia, leg ulcers
study
Osteomyelitis
Preclinical ~ Prospective, L-PRP gel Rabbit model, tibia bone  The group of vancomycin %
randomized, infected by MRSA combined with L-PRP gel
and controlled was best with
study antibacterial efficacy and

231

new bone formation

(continued)



232 ZHANG ET AL.
TABLE 1. (CONTINUED)
Types of
platelet
Study design derivatives Subjects and sites Main findings Reference
Prospective, PRP Rabbit model, implant- PRP treatment reduced 57
randomized, associated spinal bacterial colonies and
and controlled infection increased mineralized
study tissues
Clinical Case report PRP 7 Patients, chronic frontal PRP combined with tol
sinusitis autologous calvarial bone
graft succeeded to treat
chronic frontal sinusitis
Retrospective and PRP gel 62 Patients, sternal PRP combined with 102
controlled osteomyelitis and sinus negative-pressure wound
study tract after thoracotomy therapy reduced healing
time and odds of
secondary repair surgery
Retrospective and PRF 200 Patients, extraction incidence of localized 104
controlled sites of both mandibular  osteitis was 1% in PRF
study third molars group, lower than the
9.5% of the control group
Retrospective and PRP 1093 Patients with cardiac Incidence of deep sternal 105
controlled surgery through median wound infection in PRP
study sternotomy group was 1 out of 422
(0.2%), significantly
lower than 10 out of 671
(1.5%) of control group
Retrospective and PRP 2000 Patients with cardiac PRP application reduced the 106

controlled

study

surgery through
sternotomy

incidence of deep sternal
wound infection from

2.0% to 0.6%, superficial
sternal wound infections
from 8.0% to 2.0%, and
the readmission rate from
4.0% to 0.8%.

PRP, platelet-rich plasma; L-PRP, leukocyte-rich PRP; PRF, platelet-rich fibrin; MRSA, methicillin-resistant Staphylococcus aureus.

Conclusions and Future Perspectives

PRP is an extract prepared from whole blood following
centrifugation. Activated PRP can release various antimi-
crobial proteins, inflammatory cytokines, and growth factors;
however, there is currently no standardized protocol to pre-
pare PRP to allow efficacy comparisons across studies. PRP-
derived bioactive molecules are responsible for its antimi-
crobial properties, resolving necrotic tissue, and promoting
wound healing. PRP has been shown to have a beneficial rule
in treating chronic wound infections and osteomyellitis.

One of the limitations of PRP is that its antibacterial
strength is short acting and is weaker than antibiotics;
however, PRP displays a synergistic effect with antibiotics,
suggesting they should be used together for the treatment of
bacterial infections. In addition, the effectiveness of PRP
treatment has some reported variability due to inherent dif-
ferences between individuals and disease models.

Currently, autologous PRP has been most widely used.
Alternatively, allogeneic PRP from well-characterized donors
represents an off-the-shelf solution."'” Allogeneic PRP may
generate more consistent and reliable therapeutic effects and
could be more suitable for patients requiring long-term
treatment.' 13119 However, no studies to date have systemat-
ically compared the safety and efficacy of allogeneic PRP
over autologous PRP. Therefore, more clinical and transla-

tional research should be conducted to verify the feasibility of
using allogeneic PRP to replace its autologous counterpart.

The bioactive molecules secreted from PRP facilitate the
ability of leukocytes to clear pathogens and necrotic tissue,
which promotes wound healing. Leukocytes in L-PRP may
potentiate inflammatory cytokine production and phagocytic
activity; however, this should be investigated in more depth.
More convincing and robust clinical evidences is needed to
support the application of PRP for the treatment of chronic
wound infections and osteomyelitis. Therefore, future large-
scale, prospective, randomized, and controlled clinical
studies should be conducted to standardize the indication,
contradiction, and detailed procedure of PRP use in the
clinical setting.
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