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Background

Our society is characterized by an increasing
trend of sepsis — a life-threatening organ dysfunc-
tion caused by a dysregulated host response to an
infection. [1] According to literature, a total num-
ber of 53.9 million adult infection admissions was
registered between 2003 and 2009 in the United
States of America with an increase of infection
claim at admission of 11% and of sepsis claim at
admission of 49%.[2] This trend might be due to
antibiotic resistance. New procedures have been
implemented in order to lower the hospitalization
length, costs and affiliated morbidity and mor-
tality. Certain procedures are under investiga-
tion concerning their role in reducing infections.
In oral, plastic, cardiac and orthopedic surgery,
platelet-rich plasma (PRP) is a local option. New
studies have proven not only its regenerative role
(first described in early 90’s as combination of
PRP with fibrin +/- thrombin improving wound
healing) but also an antimicrobial one due to the
presence of platelets. [3,4]

The role of platelets in infection

Platelets or thrombocytes — anucleate blood
elements with a life span of no more than 10 days
are known mainly for their role in hemostasis,
but they also modulate the immune response.
Platelets are described as vascular sentinels due
to their high number in circulation as well as ex-
pressed glycoprotein receptors. [5]

Players and mechanism of action

Platelets intervene in inflammatory, immune
responses by expressing on their surface protein
receptors such as Toll like receptors (TLR), lec-
tins, integrins, Fc receptors directly coming in
contact with the antigens (bacteria, viruses etc.)
and recognizing immune complexes. [6] They re-
lease inflammatory mediators inducing leucocyte
proliferation and activation and direct contact
with endothelial cells playing an important role
in vascular damage resolution and tissue repair.
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Inflammation mediates several processes
such as thrombosis and infection. They produce
phospholipid vesicles known as platelet micro-
particles (PMP). PMPs express the same antigens
as “the mother platelets” thus being differentiat-
ed from other cells (leucocytes, red blood cells,
monocytes) derived microparticles. Platelets are
to be found in large number in circulation so the
PMP represents up to 90% of the circulating
phospholipid vesicles. PMPs are released during
apoptosis or senescence of platelets. They are
produced also by bacterial infection and express
on their surface a pro-coagulant phospholipid
— phosphatidylserine (PS), but also the major
tissue factor for promoting coagulation. PMPs
are involved in immune responses by modulat-
ing the activity of chemokines such as RANTES
(regulated on activation, normal T cell expressed
and secreted), cytokines — interleukin (IL) - 18
and proteins such as CD40ligand (CD40L) being
involved in co-stimulation of T cell. PMPs can
act outside of platelets. [5,7]

The mechanisms of actions between platelets
and bacteria are: direct binding to the surface re-
ceptors, binding of toxins — bacterial products to
platelets and indirect binding of bacteria via a li-
gand of a platelet receptor — a plasma protein. [5]

The surface receptors involved in the in-
teraction between the bacteria and the platelets
are: glycoprotein IIb-Illa, glycoprotein Iba and
FcyRlIla receptors. [5]

Glycoprotein IIb-IIla is involved in the
process of adhesion and aggregation of the plate-
lets being the receptor for fibrinogen. Staphylo-
cocci express specific fibrinogen like surface re-
ceptors. Those proteins can recognize adhesive
matrix molecules family (MSCRAMM), thus
Staphylococci promote infection by adhering
to tissues. The Staphylococci (S) receptors such
as Fbl enabling bacteria to bind with fibrinogen
can share common features as MSCRAMM.
MSCRAMM have different sites of binding with
fibrinogen. [5]

Other bacteria using the same pathway are:
Streptococcus pyogenes and Streptococcus mitis.

S. epidermidis can by-pass the fibrinogen
pathway and binds directly with the Glycopro-
tein [Ib-Il1a receptor. [5]

Glycoprotein Iba (GPIbe) is a receptor
found only on the surface of platelets and has a
high affinity for von Willebrand factor (vVWF).
Several species of Streptococcus, S. aureus and
Helicobacter pylori are able to bind with vWF
thus interacting with GPIba.

FcyRlIla receptor is also found on the sur-
face of neutrophils and monocytes. It recog-
nizes the Fc domain of immunoglobulin (Ig) G
enabling the binding and internalization of im-
mune complexes. It is the only type of Fcy recep-
tor described on thrombocytes. His stimulation
is required by other platelet receptors in order
to get a response to the aggression of bacteria.
Due to their number, the platelets are considered
to be the number one reservoir for the FcyRIla
receptors. [5,8]

Complement system can interact with the
activated platelets promoting their clearance
and as well their activation. Complement in-
teracts with bacteria involving two pathways:
the conventional and the alternative pathway. S.
aureus induces platelet aggregation dependent
on complement. Due to complement factors ex-
pressed on the surface of the platelets, they can
intervene in the destruction of the bacteria by
increasing the activity of the complement. On
the other hand, due to their complement recep-
tors, platelets can be targets for complement’s
lytic activity.

Platelets can release antibacterial molecules
known as platelet microbicidial proteins (PmP),
or thrombocidins. They are not defensins being
characterized by different sequence, molecular
mass and cationic charges. Bacteria and throm-
bin are responsible for PmP1 and PmP2 release,
thrombin modulating their function as well. Part
of PmP family are kinocidins, platelet’s cyto-
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kines. Two subgroups of kinocidins have been
described: a-kinocidins and B-kinocidins. The
a-kinocidins are represented by connective tissue
activating peptide (CTAP3), neutrophil activat-
ing peptide (NAP2), platelet basic protein (PBP)
and PF4 known as CXC-cytokines. B-kinocidins
is represented by RANTES, a CC-type cytokine.
They exhibit synergetic effect. The presence of
PF4 augmented the connective tissue-activating
peptide III (CTAP3) on E. coli, but not acting
alone. [5,9]

Platelet products used for curative
purposes

The hypothesis of the antibacterial proper-
ties of the platelets encouraged the use of autol-
ogous plasma concentrates such as platelet-rich
plasma (PRP) in preventing wound infections
in cardiac, oral, plastic, abdominal and orthope-
dic surgery.

Concentrated platelet products are referred to
in terms such as: platelet rich plasma gel, fibrin
clot, autologous fibrin glue, platelet rich plas-
ma, platelet and leucocyte rich plasma (L-PRP)
etc. There are different classifications of PRPs
according to preparation protocols. The classi-
fication of plasma concentrates that is accepted
by the majority is the one described by Dohan
involving a single-low speed centrifugation with
no activators or anticoagulants added. Taking
into account variables such as fibrin network, the
presence and the absence of leucocytes we have
four different products: PRP, L-PRP (LP-PRP
leukocyte-poor PRP), pure-platelet rich fibrin
(P-PRF) and leucocyte and platelet rich fibrin
(L-PRF). [10]

Known facts and quality of evidence

Despite the role of leucocytes in invalidating
the bacterial growth, the fact that the myeloper-

oxidate concentration was similar in products
with and without leucocytes indicates the an-
tibacterial role of platelets. [11] Nevertheless,
bacterial growth inhibition is determined by the
quality of PRP. Variables that influence the qual-
ity and quantity of PRP are: the number of do-
nor’s platelets, the type of activating and clotting
agent, the number of centrifugation steps, the
force of gravity, the validation of method with
positive results from clinical trials. [12]

PRP contains growth factors such as: con-
nective tissue growth factors (CTGF), epidermal
growth factor (EGF), fibroblast growth factor
— acidic (aFGF/FGF-1), fibroblast growth fac-
tor (bFGF/FGF-2), granulocyte/macrophage
colony-stimulating factor (GM-CDF/CSF), in-
sulin-like growth factor (IGF), keratinocyte
growth factor (FGF-7), platelet-derived growth
factor (PDGF), transforming growth factor al-
pha (TGF-a), transforming growth factor beta
(TGF-B), vascular endothelial growth factor
(VEGF/VEP), interleukin-18 (IL-18), interleu-
kin-8 (IL-8) and tumor necrosis factor alpha
(TNF o) supporting neurovascularization, an-
giogenesis, promoting mitogenic functions thus
contributing to tissue healing. [9,12]

The presence of growth factors in PRP was
shown in an experimental study that aimed the
effects of PRP on healing a fascia in rats with fe-
cal induced peritonitis. The levels of TNF a and
TGF-B were higher in fecal peritonitis treated
fascia with PRP versus the control group. [14]

A meta-analysis that included 7 randomized
control studies (RCTs) involved 1689 patients
that underwent cardiac surgery, showed lower
sternal infection versus controlled group after
applying topical platelet gel: 11 events versus
66. Looking for deep sternal wound infections
incidence, the results were similar with 7 events
in the experimental group versus 33 complica-
tions in the control group. [3]

The main strains involved in nosocomial
infections are E. coli, S. aureus, Streptococcus
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faecalis, Klebsiella pneumoniae and Pseudomo-
nas aeruginosa. The group of Mariani studied
the P-PRP effect in patients with nosocomial in-
fections and as well the microbicidial proteins
released by the platelet concentrate. They dis-
covered a correlation between S aureus and S
faecalis with increased 1L-8. Staphylococcus au-
reus growth was associated with EGF. RANTES
was associated with Pseudomonas aeruginosa,
S. aureus and S faecalis. [15]

Another in vitro study aimed for the bene-
fits of PRP in MRSA related surgical wound in-
fection. The aimed groups were the ones treated
with PRP with or without Vancomycin. The in-
flammatory scores were lowered in groups that
associated PRP with or without Vancomycin vs
only sham or Vancomycin treatment. [16]

The evidence for the benefit of platelets
concentrates is not overhelming, but important
enough to be discussed in the NICE guidelines
(National Institute for Health and Care Excel-
lence). (NICE). They recently concluded that
intraarticular PRP was safe and effective for
intraarticular injections, although the long term
clinical effectiveness is unknown. [17]

Perspectives

Platelets concentrates can be used in the fu-
ture in the protocols of wound infections, if stan-
dardization is to be considered.
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