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Platelets and viruses: an ambivalent relationship
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Abstract Thrombocytopenia is a frequent complication

of viral infections providing evidence that interaction of

platelets with viruses is an important pathophysiological

phenomenon. Multiple mechanisms are involved depending

on the nature of the viruses involved. These include

immunological platelet destruction, inappropriate platelet

activation and consumption, and impaired megakaryopoi-

esis. Viruses bind platelets through specific receptors and

identified ligands, which lead to mutual alterations of both

the platelet host and the viral aggressor. We have shown

that HIV-1 viruses are internalized specifically in platelets

and megakaryocytes, where they can be either sheltered,

unaltered (with potential transfer of the viruses into target

organs), or come in contact with platelet secretory products

leading to virus destruction and facilitated platelet clear-

ance. In this issue, we have reviewed the various pathways

that platelets use in order to interact with viruses, HIV and

others. This review also shows that more work is still nee-

ded to precisely identify platelet roles in viral infections,

and to answer the challenge of viral safety in platelet

transfusion.
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Introduction

If the critical role of blood platelets in hemostasis and

thrombosis is clearly recognized, their function during host

defense against infection has received much less attention.

Thrombocytopenia is common during or after viral

infections. Several mechanisms have been proposed to

contribute to thrombocytopenia: (1) platelet destruction

mediated by platelet-associated immunoglobulin G (IgG)

or platelet–leukocyte aggregation possibly leading to

sequestration by macrophages, (2) sequestration of plate-

lets in the enlarged spleen, (3) impaired production of

thrombopoietin, and (4) direct effect of viruses on platelets.

Some mechanisms possibly responsible for thrombocyto-

penia still remain unclear, in particular direct interactions

between platelets, megakaryocytes (MKs), and viral parti-

cles. In 1959, the first visualization by electron microscopy

of influenza viruses incorporating into platelets was pub-

lished [1]. In 1961, Jerushalmy et al. [2] described the in

vitro interaction of myxoviruses with human blood plate-

lets. These studies were the first pieces of evidence for a

direct link between viral infection and platelets.

Further, in vitro studies, showed that platelets interact

with and internalize foreign particles, for example, inert

particles such as latex beads [3]. However, this was inter-

preted as a passive passage of the particles through the

platelet surface connected canalicular system (SCCS).

Additional studies demonstrated that platelets interact
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directly with microorganisms by engulfing them in specific

compartments, immunologically distinct from the SCCS

[4]. Platelet secretory granules were able to fuse with this

compartment, followed by destruction of the microorgan-

ism. This observation implies a potential role for platelets

in the protection and defense of the host organism against

infectious microorganisms. However, it is not yet clear

whether platelets, by taking up viruses, contribute to the

transport and the dissemination of infection in vivo or if, on

the contrary, they help the host organism to defend against

infection. Platelet–virus interactions may have an ambiv-

alent role, depending on the virus species and on the

platelet and MK environment.

Finally, effective viral inactivation methods have been

developed during the last decade to ensure the safety of

platelet concentrates from pathogens [5, 6]. It is thus most

important to improve our understanding of platelet–virus

interactions in order to optimize the safety of platelet

transfusion.

Platelets and HIV

The ability of platelets to internalize HIV particles was

initially described by Zucker-Franklin et al. [7]. Moreover,

several studies have indicated that, during infection with

HIV, there is a direct interaction between HIV, MKs, and

platelets.

In vitro experiments were done in our laboratory in order

to elucidate this potential interaction of platelets with HIV.

Ultrastructural examination of platelets incubated with the

supernatant of PBMC culture for 30 min demonstrated that

HIV are internalized by platelets (Fig. 1). They were inter-

nalized entirely, keeping their ultrastructural integrity,

including their envelope; no image showing fusion with the

platelet plasma membrane could be seen during this short

lapse of time. HIV particles were observed in small endo-

cytic vesicles near the plasma membrane. These images were

quite characteristic with viral particles either isolated or in

groups of up to four, and were tightly enclosed in small

vacuoles distinct from the SCCS, in that they were frequently

located at the platelet periphery and their content appeared

clear, devoid of other content except the viral particles; that

is, no cellular debris as observed in the PBMC supernatants

indicating a selective uptake of the virions. In addition,

several viruses could also be seen in the lumen of the SCCS.

At higher magnification, viruses located within endocytic

vesicles appeared intact, spherical, and with well-delimited

envelopes. Within the SCCS, viral particles appeared

swollen and poorly delimited, with irregular shape. Immu-

nolabeling for p24 protein confirmed that the virus-like

particles were indeed HIV (Fig. 1c).

Double immunolabeling for p24 protein (protein of the

viral core) and fibrinogen or P-selectin (markers of platelet

secretion) demonstrated that the intact HIV enclosed in the

endocytic vesicles were sheltered from platelet secretory

products while, when located in the SCCS, they were in

contact with platelet secreted proteins [8] (Fig. 2).

These observations indicate that:

1. Platelets are able to endocytose HIV virions

2. HIV can be enclosed within platelets, sheltered from

host immune system aggression and transported by

circulating platelets within the entire human body

Fig. 1 EM examination of

platelets incubated with HIV

viruses. Characteristic images of

intact HIV viruses are observed:

a in small endocytic vesicles

(VI) and b,d in the open (surface

connected) canalicular system

(OCS). The viruses display

round shape, dense core and

intact envelope. c P24

immunolabeling confirm that

HIV viruses are found in

endocytic vesicles (V)
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3. Viruses can come in contact with platelet secreted

alpha-granule contents leading to their destruction

The above findings appear to be relevant to human

pathology since examination of platelets from patients with

acquired immunodeficiency syndrome and high viremia

showed the same endocytic vacuoles suggesting that HIV

endocytosis also occurs in vivo [4] (Fig. 1d).

Moreover, platelet–virus interactions have biological

effects on platelets. Indeed, platelets having endocytosed

viruses are activated and express P-selectin, the receptor

for macrophages, on their membrane. Therefore, they may

be cleared from the circulation by macrophages with which

they could interact to help HIV killing. Thrombocytopenia

as a complication of HIV infection could in part be the

result of this defense mechanism.

Modified lentiviruses

Since the experimental model based on the use of intact

live HIV is hazardous, in order to continue this study, an

experimental model was developed that is safer for the

experimentor. This was based on the use of non-replicative,

genetically modified lentiviruses bearing either HIV

envelope (HIV-e) or vesicular stomatitis virus with protein

G envelope (VSV-e) proteins. Indeed, since the objective

of the study was to examine precisely the mechanisms of

uptake of viral particles, the use of non-replicative lentiv-

iruses is not a hinderance.

Vectors derived from lentiviruses by deletion of the viral

coding sequences and of the transcription regulatory

sequences of the 30 LTR [9] were used. These two major

modifications rendered them replication defective.

Platelets are able to internalize the recombinant lentivi-

ruses in the same way as HIV, without fusion of their

envelope with the cell plasma membrane, since many inter-

nalized virus particles displayed a well-preserved envelope.

Ultrastructural examination of platelets incubated with

the lentiviral suspension demonstrated that both strains of

lentiviruses, HIV and HIV-e, were internalized entirely,

keeping their structural integrity, including their envelopes;

no images of fusion with the platelet plasma membrane

were observed during this short lapse of time and modified

lentiviruses observed in the platelet endocytic compartment

Fig. 2 a Platelets incubated with VSV lentiviruses, having under-

gone double immunolabeling for the viral protein P24(10 nm gold,

arrows) and the a-granule marker P-selectin (5 nm gold, arrow-
heads). b Three lentiviruses (1, 2, 3), identified by P24

immunolabeling, can be detected in small endocytic vesicles deprived

of a-granule marker. These viruses display round shape and intact

envelope. c Double immunolabeling for the viral protein P24 and the

a-granule marker P-selectin (b). On the other hand, lentiviruses

present in the surface connected canalicular system (SCCS) can only

be identified by P24 immunolabeling (arrows). Indeed, they are

degraded, having lost their viral envelope and their round morphol-

ogy. The presence of P-selectin on the surface connected canalicular

system (SCCS) membrane (arrowheads) attests for granular secretion.

This indicates that contact with platelet secretory products is able to

damage internalized viruses (bar 0.125 lm)
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indeed exhibited well-preserved envelopes. Therefore, the

use of lentiviruses with HIV envelopes is a good model for

studying platelet interaction with HIV since the capture

step is an important one.

Platelet receptors and viruses

There is increasing evidence that many viruses interact

directly with platelets receptors in addition to the receptor

FcgR2A (CD32), which is able to bind virus–IgG com-

plexes. Numerous platelet receptors have been implicated in

viral particle binding (Fig. 3). Studies have demonstrated

that cell–viral particles interactions are mediated by inte-

grins. Rotavirus contains two outer capsid viral proteins, the

spike protein VP4 and the major capsid component VP7,

both of which are implicated in cell entry. Rotavirus VP4-

mediated cell entry involves the alpha2beta1 integrin

(a2b1), whereas VP7 appears to interact with alphaXbeta2

and alpha4beta1 integrins [10]. Since a2b1 is expressed on

platelets and is a major collagen receptor, implicated in

platelet adhesion to fibrillar collagen, one may speculate

that rotaviruses interact with platelets. Alpha2b-beta3

(a2bb3) recognizes the arginine-glycine-aspartic acid

(RGD) sequence of ligands such as fibrinogen, laminin,

vitronectin, and von Willebrand factor, and a2bb3 mainly

mediates platelet–platelet interaction during aggregation.

Because the RGD sequence is found in the adenovirus

penton base, adenovirus internalization requires the pres-

ence of cell surface integrins that can bind ligands with an

RGD sequence [11]. Other integrins such as alpha(v)beta(3)

or alpha(v)beta(5) may interact with adenoviruses. Despite

this interaction, adenoviral vectors (over a wide concen-

tration range) do not induce, inhibit, or potentiate human

platelet aggregation [12]. In contrast, a recent study shows

that, after intra-venous administration of recombinant ade-

novirus serotype 5 (usually used as vectors for gene

therapy), the viruses rapidly bind to circulating platelets,

which causes their activation/aggregation and subsequent

entrapment in liver sinusoids [13]. Virus–platelet aggre-

gates are taken up by Kupffer cells and degraded [13].

Hantaviruses also bind beta3 integrins. The use of these

receptors by hantaviruses is likely to be fundamental to

hantavirus pathogenesis since beta3 integrins are critical

adhesive receptors for platelets and endothelial cells [14].

Finally, since beta1 integrins mediate internalization of

mammalian reoviruses to cultured cells, one could also

speculate on interactions with platelets [15].

Along with integrins, other receptors have been descri-

bed which mediate interaction between platelets and

viruses. Human platelets express the complement (C3d)

receptor type II (CR2) on their membranes [16], which is

also a receptor for Epstein Barr virus (EBV). Monoclonal

antibody against CR2 (OKB7) blocks the binding of EBV

and also inhibits EBV-mediated release of TGF-beta [17].

One of the principal collagen receptors, glycoprotein VI

(GPVI), has been proposed to play a role in viral transport

and/or persistence, as hepatitis C virus (HCV) can bind

GPVI [18]. Platelets could be potential transporters of

infectious virions to the target liver [18]. Recently, a spe-

cific virus receptor, coxsackie-adenovirus receptor (CAR),

has been identified on platelets [19]. Thrombocytopenia

following administration of adenoviral gene transfer vectors

is partly due to platelet activation and accelerated platelet

clearance by activation of CAR and/or integrin binding.

DC-SIGN

Dendritic cell-specific ICAM-grabbing non-integrin (DC-

SIGN), a C-type lectin receptor present on both macro-

phages and dendritic cells, has been identified on platelets

[8]. This molecule recognizes and binds to mannose type

carbohydrates, a class of pathogen-associated molecular

patterns commonly found on viruses, bacteria, and fungi.

Retrovirus-like lentivirus as HIV-1 bound to platelet by

DC-SIGN [8, 20]. MKs express the CD4 receptor for HIV

[21] as well as the co-receptors CXCR1, 2, 4, and CCR3

[22]. Platelets do not express CD4 but only bear the co-

receptors CXCR1, 2, and 4 [22]. These are devoted to virus

fusion with the plasma membrane and subsequent delivery

of the virus genetic material into the host cell.

An alternative receptor-mediated pathway of HIV pen-

etration within host cells was recently described in

dendritic cells. DC-SIGN is a C-type (Ca2?-dependent)

lectin receptor, which selectively recognizes high-mannose

oligosaccharides [23] and mediates virus capture and

internalization within cells (Fig. 4). DC-SIGN is expressed

on dendritic cells, including those derived from blood

monocytes or found in lymphoid tissues and beneath

mucosal surfaces. DC-SIGN-expressing cells internalize

HIV-1 virions into a trypsin-resistant compartment, and
Fig. 3 Diagram of the various platelet receptors involved in platelet–

virus interaction
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viral infectivity can be retained for several days before

transmission to T cells [24]. In downstream DC-SIGN-

mediated internalization within dendritic cells, most of the

virions are degraded in an acidic compartment [25]. This is

a pathogen receptor, initially described in dendritic cells.

Viral particles are internalized in the endocytic vesicles via

DC-SIGN in dendritic cells. After internalization, most of

the virions are degraded in an acidic compartment but some

virions escape lysosomal degradation. They are transmitted

to permissive CD4? lymphocytes, whereas another part

will gain access to the dendritic cell cytoplasm. Cytosolic

viral material may be the source of low levels of productive

infection of dendritic cells. The proteasome also degrades

cytosolic virions, leading to the MHC-I-restricted presen-

tation of viral epitopes [25]. DC-SIGN binding to ICAM-3

plays an important role in establishing the first contact

between dendritic cells and resting T cells [26].

The question could then be raised whether lentiviral

particle internalization is a specific function of platelets and

MKs. The trafficking of viruses within endocytic vesicles

resembles the phenomenon of macropinocytosis described in

dendritic cells and mediated by the receptor DC-SIGN. As in

dendritic cells, an intracellular trafficking pathway leading

either to lentivirus homing or to lentivirus inactivation was

identified in platelets and MKs. The presence and the func-

tionality of the pathogen receptor DC-SIGN on platelets and

MKs was demonstrated by various technical approaches.

For this purpose, highly sensitive and specific tech-

niques such as flow cytometry, immunoEM, western

blotting and RT-PCR were used to show the presence of

DC-SIGN in platelets. By flow cytometry, 15% of platelets

are DC-SIGN positive, and this proportion is quite

important since it is equivalent to the proportion in den-

dritic cells. DC-SIGN immunolabeling showed that the

protein is mainly localised on the platelet surface. Western

blotting revealed and confirmed the presence of DC-SIGN

protein in platelets (Fig. 5).

Platelets can endocytose and store plasma proteins such

as fibrinogen [27]. Thus, to rule out the hypothesis that DC-

SIGN might be adsorbed on platelet surfaces, we studied

their MK precursors. MKs were obtained from cultured

cord blood precursors and cultured without plasma or

serum. Under these technical conditions, cultured MKs

DC-SIGN expression was detected by western blotting. In

addition, MKs were shown to have the capacity to syn-

thesize DC-SIGN since its RNA was amplified by RT-

PCR. This finding confirmed that DC-SIGN expression

observed on platelets and MKs was specific, since it is the

consequence of endogenous synthesis.

To show whether the receptor DC-SGN is functional in

platelets, blocking experiments were performed with spe-

cific antibodies. Monoclonal anti-DC-SIGN antibody 1B10

was added to platelets, then they were incubated with a

lentivirus suspension. The effect of anti-DC-SIGN anti-

body on virus internalization was assessed semi-

quantitatively. EM examination showed that control

platelets consistently internalized HIV-e virions, whereas

in the presence of anti-DC SIGN antibody virtually no viral

internalization was detected but numerous viral particles

were found in the extracellular medium (Fig. 6).

These findings support the functionality of the DC-SIGN

receptor in platelets where it modulates HIV endocytosis.

Finally, platelets also express the C-type lectin-like

receptor 2 (CLEC-2) and a combination of DC-SIGN and

CLEC-2 inhibitors strongly reduced the association of

HIV-1 with platelets, indicating that these lectins are

required for efficient HIV-1 binding to platelets [20].

Megakaryocytes and viruses

Platelets are derived from progenitors, the MKs, located in

the bone marrow. Virus interactions with platelets and

MKs have been described for a long time and various

Two mechanisms for HIV entrance into cells:

   CD4 + Coreceptors 

       => Fusion    

             DC-SIGN

    => Endocytosis

envelope

nucleocapside 

Mbrane

Fixation Fusion

Fixation

Endocytosis

Fig. 4 The two pathways of

HIV internalization within host

cells
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viruses have been implicated such as paramyxovirus

(Newcastle disease virus, etc.) [28], retroviruses including

HIV-1 [7, 8], and Herpes viruses (CMV, HHV-6, HHV-7)

[29–31].

The receptors found to mediate mature platelet–virus

interactions may also be involved in virus binding to

platelet progenitors. There are differences between MKs

and mature platelet receptors and antigens. Immature

human MKs express the CD4 antigen on their surface,

capable of binding HIV-1, but this antigen is not expressed

on fully mature MKs and platelets. CD4 expression occurs

during hemopoietic differentiation and is an early step in

MK maturation [21]. Using this receptor, HIV-1 can infect

cells in the MKs lineage [32]. In addition, we could dem-

onstrate the presence of DC-SIGN in human MKs.

DC-SIGN could be detected in cultured MKs by western

blotting. In addition, MKs were shown to be able to syn-

thesize DC-SIGN, since its RNA was revealed by RT-PCR.

When exposed, in vitro, to a suspension of HIV-e, MKs

captured and endocytosed the entire viral particles,

including envelopes. Virions were retrieved both in the

lumen of the demarcation membrane system were they kept

their integrity and within multivesicular bodies whose

acidic content led to their destruction (Fig. 7). It seems that

the endocytic pathway is relevant in human pathology

since ultrastructural images of intact viruses were found in

bone marrow MKs from HIV infected patients [7].

Viral replication in MKs has been demonstrated for

several viruses like HIV-1 [33], HCV [34], and human

CMV (HCMV) [29]. For example, in purified marrow MKs

from HIV-seropositive patients with immune thrombocy-

topenic purpura, viral transcripts, and small amounts of

Platelets THP1

Hela 
DC-SIGN

Hela
DC-SIGN

44Da
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THP1
DC-SIGN
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Fig. 5 Demonstration of DC-SIGN expression on platelets:

a Detection of DC-SIGN expression by flow cytometry on platelets

and dendritic cells. Platelets: DC-SIGN labeling shows that 15% of

platelets are DC-SIGN positive. Dendritic cells: as a positive control,

an equivalent proportion of dendritic cells express DC-SIGN by flow

cytometry. b Immunogold labeling for DC-SIGN: DC-SIGN antigen

(arrows) is detected on platelet membrane, on SCCS membrane, and

on some limiting membrane a-granules (bar 0.3 lm). c DC-SIGN

detection in platelets by western blot. DC-SIGN, a 44-kDa protein, is

detected in platelets, and in Hela-DC-SIGN and THP1-DC-SIGN

cells (positive control). Hela and THP-1 cells are negative controls
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HIV glycoproteins were detected although heterogeneity

among MK was observed [35]. These results demonstrate

that MKs are susceptible to viral infection and that direct

infection of these cells in vivo may contribute to the

thrombocytopenia observed in infected patients.

Moreover, in allogeneic bone marrow transplantation,

HCMV is frequently associated with graft failure. This

could be due to a direct suppressive effect on thrombo-

poiesis [29]. Down-regulation of haematopoiesis is

probably a protective mechanism of the microenvironment

that limits injury to the marrow stem/progenitor cell

compartment during the subsequent process of elimination

of infected cells as has been suggested in dengue virus

infection [36]. A study found that HHV-6 viral load was

significantly correlated with delayed platelet engraftment

and to the number of platelet transfusions required in

allogeneic stem cell transplantion [37]. The replication of

numerous viruses has been proposed in delayed engraft-

ment after stem cell transplantation. Some in vitro studies

have shown that HHV-6 but not HHV-7 is one of the major

causes of thrombopoiesis suppression by a direct effect on

hematopoietic progenitors [30], whereas another in vitro

study suggested that HHV-7 impairs the survival/differ-

entiation of megakaryocytic cells [31].

Thrombocytopenia in HCV infection is complex and

multiple mechanisms are involved [38]. Indirect evidence

supports the hypothesis of bone marrow suppression by

HCV, partly mediated by a reduction of thrombopoetin

(TPO) production due to liver cirrhosis and/or fibrosis. The

ability of eltrombopag (a selective TPO-receptor agonist)

Fig. 6 DC-SIGN in platelets is functional. a Platelet samples

incubated with HIV-e lentiviruses in the absence of anti-DC-SIGN

antibody: virtually no extra-cellular viruses are found, whereas

numerous images of intracellular viruses can be seen (arrows)

(A = a-granules). b Platelet sample incubated with HIV-e

lentiviruses in the presence of anti-DC-SIGN antibody: most viruses

were observed outside platelets (arrows), and virtually none inside

them. Graph Comparison of the respective proportions of extracel-

lular and intracellular lentiviruses as observed on the control samples

and in the presence of anti-DC SIGN antibody
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to facilitate initiation and maintenance of interferon-based

anti-HCV therapy in patients with thrombocytopenia

associated with HCV-related cirrhosis has been evaluated.

Promising results were recently published and require

confirmation in phase 3 trials [39].

Platelet–virus interactions trigger inflammation

Inflammation and thrombosis are intimately connected.

Inflammation-induced changes of the vessel wall may

promote platelet adhesion, activation, coagulation and leu-

kocyte recruitment enhancing various pathological states.

Activated platelets are the procoagulant surface on which

thrombin, the central coagulation protease, is generated.

However, thrombin is also a potent proinflammatory

mediator, mainly by binding to proteinase-activated

receptors (PAR 1–4) which are widely expressed as well as

on platelets.

In vitro infection of human umbilical vein endothelial

cells (HUVEC) with dengue-2 viruses, stimulated the cells

as monitored by expression of E-selectin. Platelets that

adhered to dengue-2-stimulated HUVEC were activated as

shown by P-selectin (CD62) expression on their mem-

branes. CD62 is not expressed on resting platelets, thus

it is a marker of platelet activation. Activated platelet

interactions with endothelium could contribute to the

thrombocytopenia observed during dengue infection [40]

and promote the formation of platelet–leukocyte associa-

tion, presumably by binding to the leukocyte P-selectin

glycoprotein ligand-1 (PSGL1). This result was confirmed

by studies with other viruses. Adenovirus-induced endo-

thelial cell activation was shown by VCAM-1 expression

and by the release of ultra-large multimers of von Wille-

brand factor within 1–2 h of virus administration to cultured

endothelial cells and in an animal model (mouse) [19]. In

this study, the viruses activate platelets and induce micro-

particle release and platelet–leukocyte complex formation.

Fig. 7 a EM view of a characteristic mature cultured MK showing

demarcation membranes (dm), alpha granules (a), multivesicular

bodies (mvb), and incubated with VSV-e lentivirus suspension:

b Lentiviruses located in endocytic vacuoles are identified thanks to

their size and specific P24 immunolabeling (arrowheads). c They are

also found (arrows) in small endocytic vesicles and multivesicular

bodies (MVB). In the EV (arrow), viruses seem intact, displaying

spherical shape and well-limited envelope. d When located in the

MVB, lentiviruses (arrows) appear swollen and poorly limited, with

irregular shape. e P24 immunolabeling is detected in MVB (arrow-
heads), confirming the presence of lentiviruses in these structures. f
MVBs are positive for acid phosphatase (revealed by the cerium

cytochemical technique) which contributes to viral destruction
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These complexes probably participate in the accelerated

clearance of platelets by the mononuclear macrophage

system. Various microorganisms have been suspected to

play a role in pathogenesis and progression of atheroscle-

rosis. Among infectious agents, Chlamydiae pneumoniae

are the most plausible pathogens with a causative role [41].

HCMV has also been proposed to be implicated in the

pathogenesis of vascular diseases. In vitro studies show

that HCMV infection of endothelial cells triggers platelet

adhesion and aggregation [42]. Viral infection of endo-

thelial cells activates coagulation cascades and contributes

to thrombus formation, which can precipitate athero-

thrombosis in patients with atherosclerotic disease.

Platelets can also facilitate the accumulation of cyto-

toxic T lymphocytes (CTL) at sites of infection as was

demonstrated for hepatitis B [43]. Changes in the vessel

wall due to inflammation favor the exit of virus-specific

CTLs from the bloodstream and their accumulation within

the liver parenchyma where HBV is replicating.

The role of platelets in antimicrobial host defense

Platelets share structural and functional similarities with

granulocytes known to participate in antimicrobial host

defense. Tang et al. [44] suggest a direct antimicrobial role

for platelets as they are activated and release peptides in

response to trauma or mediators of inflammation. Plate-

let alpha-granules contain a number of antimicrobial

peptides with a broad spectrum against Gram-negative and

Gram-positive bacteria and fungi [44]. There is little

information available about the potential virucidal activity

of platelet proteins. Some authors evoke a possible viru-

cidal effect of platelets concentrates, which has not yet

been confirmed [45]. Nevertheless, Boukour et al. [8]

indicate that platelets and MKs can internalize lentiviruses,

which either provide a shelter to lentiviral particles (easily

identifiable in the SCCS) or, alternatively, disrupts viral

integrity (rupture of the envelope, loss of round shape, and

degradation of the viral particle) (Fig. 2). This could be due

to direct action of a-granule microbicidal peptides.

Adenovirus injected into mice can induce rapid throm-

bocytopenia. Soon after virus injection, platelets were

cleared from the circulation, sticking around spleen mac-

rophages, ready to be phagocytosed. Some platelets

showing signs of activation contained adenovirus-like

particles (Fig. 8). This observation confirms that, during

adenovirus infection, platelets with a viral load are cleared

by macrophages. The fate of intra-platelet viruses after

internalization by phagocytes remains to be determined.

Moreover, platelets are a significant source of RANTES

(regulated upon activation normal T cell expressed and

secreted or CCL5) [44, 46, 47] and MIP-1 [47]. Cocchi

et al. [48] demonstrated that the chemokines RANTES and

MIP-1 are the major HIV-suppressive factors produced by

CD8-positive T cells and speculated that chemokine-med-

iated control of HIV may occur either directly, through

their inherent anti-retroviral activity, or indirectly, through

their ability to chemoattract T cells and monocytes to the

proximity of the infection foci. However, RANTES

released by platelets acting as a chemoattractant for dif-

ferent cells could also have the opposite effect of providing

new uninfected targets for viral infection.

In addition, the recent study of Iannacone et al. [49] in a

mouse model indicate that platelets glycoproteins such as

integrin 3 and CD40L are required for protecting the host

by clearing lymphocytic choriomeningitis virus infection

through cytotoxic T lymphocytes.

Viruses and platelet transfusion

Transfusion of platelets has been implicated in the trans-

mission of viruses, bacteria, protozoa, and potentially

prions. The safety of platelet transfusion has been

substantially improved over the last few years [5].

A combination of serologic determination and nucleic acid

testing (NAT) in small pools of samples has decreased the

residual risk of contamination for selected viruses to less

Fig. 8 EM view of a macrophage from a mouse infected by

adenoviruses: numerous platelets (P) adhere to the macrophage

surface, one of them being partly degranulated displays an intracel-

lular virus-like particle (red arrow). Inset EM aspect of the

adenovirus preparation
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than 1:2,000,000 for HIV-1 and HIV-2 and human

T-lymphotropic virus (HTLV), less than 1:1,000,000 for

HCV, and less than 1:200,000 for HBV [50].

Next to careful selection of donors and leukoreduction,

considerable effort has been devoted to develop methods

for pathogen inactivation in platelet concentrates [5, 6].

The methods are based on photochemical treatment (PCT)

and can be divided into two, psoralens and riboflavin

(B2 vitamin).

Psoralen and its derivatives are heterocyclic planar

compounds found in many plants. Psoralens intercalate

between the bases of nucleic acids and upon exposure to

ultraviolet light (UV) can form mono-adducts and cross-

links with pyrimidines. The ability of psoralens to target

nucleic acids is an obvious advantage for decontamination

of platelets, which lack a nucleus. A PCT process with

amino-psoralen (Helinx technology) and long-wavelength

UV-A light has been shown to inactivate a wide variety of

blood-born pathogens in platelets including enveloped and

non-enveloped viruses, and Gram-positive and negative

bacteria [6]. An integrated system, the INTERCEPT�

Platelet System has been developed and uses amotosalen

chlorhydrate, S-59 (Helinx technology) with UV-A light. A

European trial (EUROSPRITE) and a US study (SPRINT)

demonstrated that platelets treated with S-59 and stored for

up to 5 days were comparable to untreated platelets [51,

52]. The PCT would reduce the residual risk of pathogens

contamination of platelets concentrates because it would

also work with virus internalized in platelets.

Riboflavin binds nucleic acids and intercalates between

DNA and RNA bases. On activation of cross-linked ribo-

flavin with UV or visible light, guanosine bases are

oxidized resulting in single-strand breaks in the nucleic

acids. The mechanisms of damage to the nucleic acids is

due to direct electron transfer reaction by the oxidation of

guanosine, then to generation of oxygen radical, and finally

production of peroxide and hydroxyl radicals. The dam-

aged and disrupted nucleic acids are incapable of repair and

replication. This process has been commercialized with the

MIRASOL Pathogen Reduction Technology (PRT) Sys-

tem. Data of an in vitro study indicated that the device

successfully reduced the number of selected pathogens in

platelet concentrates [53] whereas it seems less effective on

non-enveloped viruses. Platelet functions are slightly

affected by MIRASOLTM PRT system [54]. Clinical trials

are underway to validate this process in patients who

require platelet transfusion.

Finally, another PCT is under development, the associ-

ation of thionine with yellow light followed by UV-B

irradiation [55].

Pathogen inactivation in platelet concentrates as in other

blood products is an innovative approach to blood safety.

This approach is clearly important since understanding the

mechanisms underlying platelet–virus interaction, although

improving, is still incomplete (surface binding, internali-

zation, etc.). Pathogen inactivation may also eliminate

viruses that are not detected by serologic methods or NAT

and emerging viruses where a link with platelets is obvi-

ously unknown.

Perspectives

Platelets circulate within the entire human body in their main

role of protection against bleeding. In addition, they have

many receptors and intracellular glycoproteins, which can

interfere with inflammatory responses. This gives platelets a

major role in unspecific immunity. In this review, we have

surveyed the various pathways that platelets use to interact

with viruses. Interactions are specific, mediated by well-

defined functional receptors, and lead to mutual alterations

of the platelet host and the viral aggressor. However, much

work still needs to be performed to identify precisely the

platelet role in viral infections, either beneficial and protec-

tive or malevolent and pro-infectious. The response might be

complex and dependent on the type of virus involved.
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