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Abstract

Porphyromonas gingivalis is a gram-negative anaerobic bacterium and an etiologic agent of adult 

periodontitis. By inducing a dysbiotic state within the host microbiota it contributes to a chronic 

inflammatory environment in the oral cavity. Under some circumstances, the oral bacteria may 

gain access to systemic circulation. While the most widely recognized function of platelets is 

to reduce hemorrhage in case of vascular damage, it is known that platelets are also involved 

in the hematologic responses to bacterial infections. Some pathogenic bacteria can interact with 

platelets, triggering their activation and aggregation. The aim of this study was to assess platelet 

responses to the presence of P. gingivalis in whole blood. Human whole blood was pretreated with 

P. gingivalis and then platelet plug formation was measured under high shear conditions using the 

PFA-100. In the presence of P. gingivalis, time for a platelet plug to occlude the aperture in the 

collagen/ADP cartridge was shortened in a manner dependent on bacterial concentration and the 

duration of bacterial preincubation of blood. P. gingivalis enhances thrombus forming potential of 

platelets in whole blood.
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Introduction

Hemostasis involves a highly regulated equilibrium between pro and anticoagulant 

processes. It is a dynamic system comprising cellular and plasma factors that interact with 
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damaged vascular tissue to minimize blood loss. Platelets are anucleate cellular fragments 

derived from mature megakaryocytes via a process called thrombopoiesis (Stegner et al., 

2017). They circulate throughout the vascular system in a quiescent discoid form, interacting 

minimally with healthy endothelial cells. Following injury to the endothelium, platelets 

serve as key effector cells for the hemostatic response. They rapidly adhere to exposed 

extracellular matrix via tether receptor complexes such as collagen–glycoprotein (GP) 

VI and von Willebrand factor–GPIb–V–IX (Canobbio et al., 2004, Chen et al., 2002). 

Platelet attachment triggers downstream effects including the release of platelet-specific α 
granules and dense granules (Li et al., 2010). Contained within these granules are important 

membrane bound receptors (GPIIb/IIIa and P-selectin), platelet mediators (adenosine 5’- 

diphosphate (ADP) and calcium ions) (Blair et al., 2009, Sharda et al., 2018). Release 

of ADP, a potent platelet agonist, is crucial for the formation of an effective platelet 

plug. Such ADP mediated activation leads to morphological changes, transforming resting 

discoid platelets to an amoeboid state with numerous pseudopodia that facilitate platelet 

interdigitation and stabilize the developing aggregate (White, 1968). Additionally, ADP 

promotes further platelet recruitment and aggregation at the injury site by increasing 

expression of GPIIb/IIIa receptors on platelet surfaces (Shattil et al., 1985). Altogether, 

this signal amplifying mechanism sustains platelet aggregation and plays a central role in 

platelet plug development at the injury site.

Pathogenic infection can disrupt host hemostasis, as invading bacteria may exploit the 

circulatory system to reach distant areas within the host, a process termed bacteremia. In 

healthy individuals, bacterial presence in the blood stream is usually transient. However, 

serious complications can occur including infective endocarditis, sepsis–associated 

disseminated intravascular coagulation, or venous thromboembolism (Bergin et al., 2017, 

Mejer et al., 2014, Semeraro et al., 2010). These and other similar clinical conditions are 

often characterized by a variety of platelet responses to the pathogenic bacteria (Hurley et 

al., 2016, Icli et al., 2013, Kim et al., 2015). The interplay between platelets and bacteria can 

trigger platelet activation and subsequent aggregation even in the absence of vascular injury 

(Arman et al., 2014, Kerrigan et al., 2002).

Two primary interaction mechanisms between bacteria and platelets are described: a) 

indirect bacterial binding via a bridging plasma protein and b) direct bacterial binding 

to platelet receptors. Examples of indirect binding to GPIIb/GPIIIa receptors include 

Staphylococcus aureus associated clumping factor (Clf) A and B (ClfA and ClfB) (O’Brien 

et al., 2002). In contrast, Streptococcus gordonii expressed sialic acid-binding protein (Hsa) 

was observed to directly interact with sialic acid residues located in the amino-terminus 

of GPIbα, while platelet adherence protein A (PadA) bound to GPIIb/GPIIIa receptors 

(Bensing et al., 2004, Petersen et al., 2010). A third mode of interaction between platelets 

and bacteria involves secreted bacterial products which interact with platelets. Even though 

the exact mechanisms are still poorly understood and not yet widely characterized, several 

secreted agents/toxins from some bacterial strains are now believed to affect platelets. For 

example, Porphyromonas gingivalis produces and releases outer membrane vesicles (OMVs) 

in the local oral cavity environment. Within these released OMVs are important virulence 

factors including gingipains, which contribute toward platelet activation and aggregation 

(Haurat et al., 2011, Klarström et al., 2015, Sharma et al., 2000).
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P. gingivalis is identified as a keystone pathogen, capable of inducing dysbiosis in the 

oral microbiota (Hajishengallis et al., 2012). It is implicated as a causative factor for the 

pathogenesis and progression of periodontitis. Clinical research suggests a link between 

P. gingivalis mediated periodontitis and an increased risk for systemic diseases such as 

atherosclerosis (Chukkapalli et al., 2015, Hayashi et al., 2011, Rivera et al., 2011). P. 
gingivalis expresses a broad spectrum of virulence factors, the most notable are gingipains 

(Chen et al., 2001). Released or surface bound gingipains are capable of cleaving protease-

activated receptors (PARs) on platelet surface (Lourbakos et al., 2001). Activation of these 

receptors elicits downstream signaling that induces platelet aggregation (Lourbakos et al., 

2001). P. gingivalis is also an effective activator of platelets via a gingipain-independent 

mechanism (Naito et al., 2006). Toll-like receptor dependent platelet activation was reported 

in the presence of P. gingivalis (Blair et al., 2009). However, the physiological relevance of 

these studies remains unclear.

P. gingivalis is a gram-negative anaerobe that primarily infects the oral cavity. Oral bacteria 

can gain access to systemic circulation during dental procedures or routine oral hygiene. 

Upon entry into blood, P. gingivalis can trigger functional responses from several types 

of blood cells including platelets. In addition to their hemostatic and pro-thrombotic roles, 

platelets can contribute to host immune responses by preventing pathogenic dissemination 

and localizing infections (Engelmann et al., 2013). Dysregulated activation of platelets 

in this setting can promote thrombosis. In turn, formation of intravascular thrombi is a 

contributing risk factor for atherosclerosis (Li et al., 2000).

The objective of this study was to evaluate the relationship between P. gingivalis and 

platelet function in the context of human whole blood. After exposing platelets to 

bacterial suspensions of varying concentrations and over several different time periods, we 

assessed the effect of this periodontopathogen on platelet plug formation. Plug formation 

was measured as the time taken to occlude a standardized aperture as provided in the 

commercially available PFA-100 diagnostic instrument.

Methods

Materials.

The following reagents were used: Brain Heart Infusion (BHI) broth (Difco Laboratories, 

Detroit, MI), yeast extract (Difco Laboratories, Detroit, MI), DL-cysteine (Sigma-Aldrich, 

St. Louis, MO), haemin (Sigma-Aldrich, St. Louis, MO), vitamin K (Sigma-Aldrich, St. 

Louis, MO), defibrinated sheep blood (Hemostat Laboratories, Dixon, CA). The following 

supplies were used: Vacuette® Blood Collection system with vacuum tubes containing 

3.2% sodium citrate (Greiner Bio-one, Kremsmunster, Austria), polypropylene tubes 

(Sarstedt Inc., Nümbrecht, Germany), and phosphate buffer saline (PBS, Sigma‐Aldrich, 

St. Louis, MO). PFA-100 collagen/ADP cartridges were purchased from Siemens Healthcare 

Diagnostics (Tarrytown, NY).
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Selection of healthy blood donors.

Recruited donors were generally healthy adults without previous history of bleeding or 

thrombophilic disorders. However, prior to blood donation, volunteers were not examined 

for their oral health and periodontal status. Potential donors were excluded from this study 

if they: a) had a family history of hemostatic blood disorders, such as hemophilia or von 

Willebrand Disease, b) had recognized cardiovascular disorders requiring medical care, c) 

had taken any drugs that affected platelet function within a period of 72 hours prior to 

donation including, but not limited to aspirin, aspirin-containing compounds, and ibuprofen, 

and d) were unable or unwilling to give informed consent. Before the blood draw, the 

objective of the study was explained, and each donor signed a voluntary informed consent. 

This study was approved by the Institutional Review Board of Loma Linda University.

Blood collection and processing.

Fresh human blood was drawn by a qualified phlebotomist to avoid trauma damage at the 

draw site, to prevent hemolysis, and to minimize artifactual platelet activation. Whole blood 

was drawn using the Vacuette® Blood Collection system with a vacuum tube containing 

3.2% sodium citrate. After the blood draw, all samples were immediately transferred to 

separate polypropylene tubes for incubation with the several bacterial suspensions. Then, 

these tubes were placed in 37°C block heaters and kept there throughout the duration of 

testing. The contents of the tubes were gently mixed several times during the preincubation 

process and again just before analysis to eliminate temperature gradients within the sample 

and to ensure uniform cellular distributions throughout. The platelet plug formation process 

in the PFA-100 is sensitive to sample sedimentation—in high hematocrit conditions the 

process proceeds more rapidly. All samples were processed within four hours of the blood 

draw as recommended by the manufacturer.

Bacterial growth conditions.

P. gingivalis wild-type strain, W83, was used for this study and grown as previously 

described (McKenzie et al., 2016). Briefly, P. gingivalis was first streaked onto BHI agar 

supplemented with 5% (v/v) sheep blood and incubated at 37°C for 5–7 days under 

anaerobic conditions (10% H2, 10% CO2, 80% N2). After bacterial colonies formed, a single 

colony was harvested and cultured in BHI broth, supplemented with yeast extract (0.5% or 

5 mg/mL), DL-cysteine (0.1% or 1 mg/mL), haemin (5 μg/mL), and vitamin K (0.5 μg/mL), 

at 37°C in an anaerobic chamber (Coy Manufacturing, Grass Lake, MI). For all platelet 

function assays, P. gingivalis cultures were grown overnight to exponential growth-phase 

in BHI broth prior to dilution and use. Bacterial concentrations were measured by optical 

density at 600 nm (OD600) using a spectrophotometer (DU-650, Beckman Coulter, Brea, 

CA). Lastly, P. gingivalis was anaerobically streaked onto BHI agar plates supplemented 

with 5% (v/v) sheep blood and incubated at 37°C for 5–7 days, to ensure viability and 

purity.

Platelet function assay.

Platelet function assays were performed using the PFA-100 (Siemens Healthcare 

Diagnostics, Tarrytown, NY) with collagen/ADP test cartridges, according to manufacturer’s 
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instructions with slight modifications. The PFA-100 is an automated system that simulates 

the in vivo vascular injury environment under high shear conditions (Kundu et al., 1995). 

Citrated whole blood was placed into disposable test cartridges and aspirated through a 

capillary towards a membrane aperture. The instrument measures the time for platelets to 

adhere and aggregate at the aperture following platelet activation. Formation of a platelet 

plug will occlude the opening and prevent blood from flowing through the capillary. The 

end point is defined as the aperture closure time (CT), in seconds, due to the obstructing 

platelet plug. The reported range of CTs was 62–100 seconds with a mean of 78 seconds 

for collagen/ADP (Böck et al., 1999). This method is commonly used in clinical laboratories 

to detect platelet dysfunction and because whole blood can be used it requires minimal 

manipulation of the sample.

Briefly, sample preparation began ~1 hour after blood draw to allow any physiological 

antiplatelet molecules to disappear and to stabilize whole blood (Favaloro, 2008). During 

this wait period, all test samples were maintained at 37°C in block heaters and gently 

mixed to prevent red cell sedimentation. P. gingivalis suspensions were serially diluted with 

calcium-free and magnesium-free PBS (pH 7.4) to a final volume of 200 μL. This was then 

added to 800 μL of citrated whole blood and preincubated for varying periods at 37°C. 

These samples were gently pipette mixed, before 800 μL was loaded into collagen/ADP 

cartridges and tested in the PFA-100. All cartridges were kept at room temperature (22°C) 

for at least 15 minutes before use. Samples were retested if flow obstruction was detected 

or if closure times (CTs) were non-measurable. OD600 for the P. gingivalis culture was 

measured using a spectrophotometer and the calculation of colony forming units (CFU) was 

based on the formula derived from previous P. gingivalis W83 colony count assays:

Colony Counts (CFU/mL) = (1.95 × 109) × OD600 – (7.25 × 107) .

Two studies were undertaken. The first of these focused on describing the impact of 

preincubation duration while maintaining a fixed bacterial concentration. The second study 

investigated the impact of varying bacterial concentrations on platelet plug formation, as 

reported by CTs, for several fixed preincubation lengths. Highest bacterial concentrations 

would likely not be compatible with longest preincubation because they would trigger 

thrombus formation prior to PFA-100 assay. Similarly, it would be of limited value to 

repeat every bacterial concentration below threshold level for each fixed preincubation. As 

a result, the intervening bacterial concentrations were chosen with particular spacing to best 

demonstrate the prolongation and shortening of the CTs for each fixed preincubation.

Statistical Analysis.

Data were analyzed with a two-way ANOVA to examine the effect of P. gingivalis 
preincubation time on PFA-100 CTs. These CTs were analyzed with the Kolmogorov-

Smirnov two-sample test to determine whether the CT measurements followed a normal 

distribution, and if the samples came from single or multiple populations. The results were 

then analyzed with a two-way ANCOVA test to identify effect of the preincubation time 

while adjusting for P. gingivalis concentration. Blood was drawn from 6 different donors for 

each of the platelet plug formation assays. PFA-100 CT data are presented as mean ± SEM 
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for both assays. P-values of P < 0.05 (*) and P < 0.01 (**) were considered statistically 

significant. All statistical analyses were performed using the statistical software R, version 

3.6.3 (The R Project for Statistical Computing, Vienna, Austria).

Results

Platelet plug closure times are shortened in the presence of P. gingivalis.

We assessed the effects of P. gingivalis on platelet function in whole blood. Previously 

it was observed that preincubation of P. gingivalis (1.87 × 107 CFU/mL) in whole blood 

significantly shortened the clotting time of whole blood (unpublished results). Consequently, 

we undertook to find the optimal bacterial preincubation time that would maximally shorten 

the whole blood PFA-100 CTs. Whole blood was pretreated with P. gingivalis for varying 

durations, followed by measurements of aperture CTs using the PFA-100 (Fig. 1). Similar 

CTs were observed for preincubation times of 4.5, 5.5, and 6.5 minutes between blood 

samples preincubated with PBS and those preincubated with suspensions of P. gingivalis. 

A slight increase in CTs was observed following a 7.5-minute bacterial preincubation, but 

this did not achieve statistical significance (Fig. 1). However, the duration of whole blood 

preincubation with P. gingivalis did significantly impact CTs (Fig. 1, P = 0.003). Compared 

to the 7.5-minute preincubation, significant reductions in CTs followed the 8.5-minute (P 

= 0.017) and 9.5-minute (P= 0.008) preincubation treatments (Fig. 1). Lastly, a significant 

interaction effect was also measured between P. gingivalis and preincubation time (Fig. 1, P 

= 0.019).

Differential responses of platelets to P. gingivalis exposure.

Previous studies demonstrated that a minimal bacterial concentration was necessary to 

elicit platelet aggregation (Kerrigan et al., 2010). Such concentration dependent platelet 

aggregation was observed for isolated platelets stimulated with P. gingivalis, so that a 

1:1 platelet-bacteria ratio induced 80% aggregation (Klarström et al., 2015). Furthermore, 

platelet aggregation is also characterized by a distinct lag phase in response to bacterial 

stimulation. Diluting P. gingivalis increased lag times and reduced platelet aggregation 

in platelet rich plasma (PRP), further supporting bacterial concentration dependence for 

aggregation (Pham et al., 2002). We investigated the role of bacterial concentration and 

preincubation time on platelet plug formation in whole blood under shear stress. Varying 

concentrations of P. gingivalis were preincubated with donor blood for one of three different 

durations: 4.5, 8.5 and 15.5 minutes. Six different bacterial concentrations were tested for 

each preincubation time.

As the bacterial concentration was increased, a prolongation in CTs was unexpectedly 

observed, before the final significant CT reduction. For the 4.5-minute bacterial 

pretreatment, CTs gradually increased almost 30% with increasing bacterial burden, prior 

to the final abrupt reduction. The longest measured CT was almost 170 seconds. This was 

followed by decreased CTs for the two highest bacterial concentrations, with the shortest 

CT measuring less than 80 seconds, a reduction by over 50% (Fig. 2). Similar results 

were observed when P. gingivalis was preincubated in whole blood for 8.5 minutes. A 

modest increase in the CT, to 135 seconds, was observed immediately before the final 
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CT shortening by 64% to 49 seconds. By extending P. gingivalis preincubation in whole 

blood to 15.5 minutes the subsequent CTs were prolonged to 209 seconds. Comparison of 

the data distributions for the 8.5 and 15.5-minute preincubations demonstrated they were 

significantly different from each other (Fig. 2, P = 0.023). When adjusting for P. gingivalis 
concentrations, the CTs observed after 15.5 minutes were significantly higher compared to 

CTs measured after 8.5 minutes preincubation (Fig. 2, P = 0.032).

Together, prior to shortening, CTs first tended to increase with increasing bacterial load for 

all preincubation times. However, the most pronounced prolongation of the CT was observed 

with preincubation of 15.5 minutes. This suggests that distinct or possibly competing time 

dependent functional processes are occurring, in the context of whole blood, in response to 

P. gingivalis.

Discussion

P. gingivalis is an opportunistic pathogen, primarily found in the oral cavity. This 

environment is hostile to bacteria because it is constantly bathed in physiological fluids, 

such as saliva and gingival crevicular fluid, which contain antimicrobial peptides and 

proteins (Khurshid et al., 2016, Marsh et al., 2016). This periodontal microbe, in turn, 

produces a broad spectrum of virulence factors that play a significant role in bacterial 

survival within this host setting. Through coordinated contributions of these pathogenic 

agents, P. gingivalis can successfully adhere to and colonize subgingival tissues, while 

subverting the host immune response to avoid bacterial clearance (Hajishengallis et al., 

2014, Zenobia et al., 2015). Chronic infection leads to development of biofilm between 

the tooth and gingival tissue (Kuboniwa et al., 2010). Subgingival biofilm promotes 

persistent proinflammatory conditions, clinically characterized by irreversible destruction 

of periodontal tissues as well as alveolar bone loss (Graves, 2008, Moutsopoulos et al., 

2014). Tissue damage from oral hygiene care, or dental procedures, may allow P. gingivalis 
to access systemic circulation (Forner et al., 2006). It can then easily spread to distant areas 

inducing further inflammatory responses.

Platelets are among the early responders to endothelial lesions commonly associated 

with bacterial infections, such as infective endocarditis (Jung et al., 2012). However, 

platelet responses to P. gingivalis in whole blood are not yet well understood. Platelet 

plug formation comprises three responses: platelet adhesion, then activation, and finally 

aggregation (Broos et al., 2011). Adhesion of platelets to the exposed extracellular matrix 

proteins initiates activation signaling pathways resulting in two important downstream 

effects. First, platelets undergo a morphological change, transforming from a flat discoid 

shape into an activated amoeboid-like form with pseudopodia. Activation of platelets 

triggers a conformational change in GPIIb/IIIa receptors, from an inactive to active state, 

so that then they can mediate platelet-platelet interactions at vascular damage sites (Bennett, 

2015). These physiologic responses contribute to stabilization of the platelet aggregates 

that develop during platelet plug formation. Second, adherent platelets release crucial 

physiological agonists, such as ADP, from their granules, creating a positive feedback that 

amplifies the initial activation signal (Gachet, 2001). This plays a central role in sustaining 

platelet aggregation by recruiting additional platelets from circulation to the injury site. 
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Previous reports demonstrated that P. gingivalis is an efficient platelet activator under in 
vitro conditions or for in vivo animal models. When challenged by P. gingivalis, isolated 

platelet suspensions became activated, as demonstrated by enhanced cytosolic calcium levels 

(Klarström et al., 2015). Mobilization and release of intracellular calcium is associated 

with actin reorganization observed in platelet morphological changes (Hartwig, 1992) 

and with activation of GPIIb/IIIa receptors (Nesbitt et al., 2003). P. gingivalis derived 

gingipain proteases can activate platelets via cleavage of PARs (Lourbakos et al., 2001). 

Alternatively, a gingipain independent mechanism was also proposed to induce platelet 

aggregation in the presence of P. gingivalis (Naito et al., 2006). Pretreatment of PRP 

with recombinant Hgp44, an adhesin domain expressed on P. gingivalis surface, induces 

platelet aggregation. PRP treated with monoclonal antibodies, directed against GPIIb/IIIa or 

FcγRIIa (platelet IgG receptor), also inhibited platelet aggregation following P. gingivalis 
incubation. Consistent with this, PRP depletion of plasma IgG reactive to P. gingivalis 
reduced platelet aggregation. Together, these findings imply a contributing role of immune 

receptor interactions between platelet expressed FcγRIIa and IgG opsonized P. gingivalis 
for platelet aggregation. Consistent with these reports, increased platelet aggregation was 

observed in response to collagen stimulation, following intravenous infusion of P. gingivalis 
into rats (Yu et al., 2011).

Bacterial stimuli tend to elicit a distinct platelet response, rapid aggregation in an ‘all-or-

nothing’ fashion that develops into maximal aggregation (Watson et al., 2016). Consistent 

with this, using PFA-100 CTs, platelet plug formation for 80% whole blood was dependent 

on the duration of bacterial preincubation. CTs became significantly reduced when the 

preincubation of whole blood with P. gingivalis was extended past 8 minutes. However, 

some aspects of platelet aggregation are dependent on the blood concentration, bacterial 

concentration and measurement technique. Using lumiaggregometry, P. gingivalis added 

to 50% whole blood initiated platelet aggregation in 5–6 minutes, reaching maximal 

aggregation in approximately 15 minutes (Börgeson et al., 2011). Nevertheless, regardless 

of the technique employed, pretreating whole blood with P. gingivalis can prime platelets by 

initiating activation signaling pathways.

When PRP was incubated with P. gingivalis and followed by epinephrine stimulation, 

elevated cytosolic calcium levels were observed (Nylander et al., 2008). This suggested that 

the oral pathogen sensitized platelets to epinephrine mediated activation. Similarly, platelets 

may become predisposed to the activating effects of ADP or other platelet agonists. Prior 

exposure to the oral pathogen appears to potentiate platelet function following subsequent 

interactions with a secondary stimulus. A similar priming mechanism was suggested to 

describe neutrophils and the role of priming in their oxidative burst (El‐Benna et al., 2016).

When platelets were challenged with bacteria, a distinct lag phase preceded platelet 

aggregation (Kerrigan et al., 2007). This delay in aggregation was affected by the platelet 

to bacteria ratio, where increasing bacterial concentration reduced lag times (Petersson 

et al., 2018, Rasmussen et al., 2010). Bacterial interaction with platelets can occur via 

two main mechanisms: direct and indirect. Direct bacterial binding to platelet receptors 

is characteristic of shorter platelet aggregation lag times (< 8 min) (Byrne et al., 2003, 

Kerrigan et al., 2002, O’Brien et al., 2002). Alternatively, indirect binding tends to induce 
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platelet aggregation after an extended lag period (8 min < time < 20 min) (Kerrigan et al., 

2002, Kerrigan et al., 2007). This suggests that the observed length of lag phase prior to 

occlusion of cartridge aperture may be dependent on the mechanism of interaction between 

P. gingivalis and platelets. However, these effects are likely also regulated by surface 

expression of platelet receptors and P. gingivalis virulence factors. High receptor-ligand 

binding affinity and increased density of activated platelet receptors can trigger a more 

robust platelet response, resulting in a relatively shorter lag time.

Platelet plug formation in whole blood is affected by bacterial concentration and the length 

of preincubation. To some extent, reducing the preincubation duration may be compensated 

for by increasing the CFU count. With a relatively short preincubation time of 4.5 minutes, 

the CTs were reduced when P. gingivalis concentration was relatively higher, at 8.00 × 

107 CFU/mL. Significant reductions in CTs were observed at a 77% lower P. gingivalis 
concentration (1.87 × 107 CFU/mL) following an extension of bacterial pretreatment to 8.5 

minutes. Further prolonging P. gingivalis preincubation in whole blood, to 15.5 minutes, 

also reduced CTs in the presence of 84% lower P. gingivalis concentration (1.30 × 107 

CFU/mL). Previous studies suggested a minimum concentration of S. aureus bacterial cells 

was necessary to trigger platelet aggregation (Miajlovic et al., 2007). Increasing surface 

expression of ClfA fibrinogen binding receptors was demonstrated to shorten the lag 

duration prior to S. aureus induced platelet aggregation (Loughman et al., 2005). During the 

platelet plug formation assay, for each preincubation duration, a bacterial count was reached 

that led to a reduced CT. However, it is still unclear what threshold level of P. gingivalis is 

required to effectively trigger platelet activation and platelet plug formation. Future studies 

investigating additional preincubation durations and bacterial concentrations may provide a 

deeper understanding into the impact of P. gingivalis on platelet function.

As P. gingivalis concentration increased, a distinct elevation in CTs was measured prior to 

the sharp decline in CTs observed for all tested preincubation durations. This suggests a 

more complicated platelet response repertoire as a reaction to the presence of P. gingivalis 
in whole blood. It may be that the P. gingivalis concentrations leading to prolonged CTs 

were sufficient to trigger platelet activation during preincubation, but insufficient to reach 

the threshold necessary to induce aggregation. As a result, some platelets may have been 

spent during preincubation, becoming unavailable for the functional platelet plug formation 

assay that followed. This may explain why observed platelet response to bacterial challenge 

appeared weaker than control CTs at certain bacterial concentrations. Different threshold 

levels of bacteria may be necessary to elicit platelet activation, compared to the levels 

needed for sustained platelet aggregation.

The goal of this study was to assess the effects of P. gingivalis on platelet function using 

a whole blood model with the PFA-100. Preincubation with P. gingivalis enhanced platelet 

plug formation under high shear conditions. Reduction in occlusion time of the cartridge 

aperture was dependent on both P. gingivalis concentration and preincubation time. The 

mechanism of action that P. gingivalis utilizes to modulate platelet function remains to 

be fully characterized. More detailed time course studies of P. gingivalis effects, while 

specifically tracking platelet activation marker expression and sustained aggregation events, 

could help to identify the pathways involved. Moreover, expression of virulence factors, 
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including gingipains, plays a central role in P. gingivalis survival and the pathophysiology 

of periodontitis. PARs are a superfamily of transmembrane G protein-coupled receptors 

expressed on the surface of some cells including platelets (Kahn et al., 1999). Activation 

of PARs via gingipain mediated cleavage can trigger signaling pathways that elicit platelet 

activation and aggregation (Lourbakos et al., 2001). Future studies are necessary to assess 

the contributions from P. gingivalis produced virulence factors to platelet plug formation. 

Using specific gingipain knockout strains may provide further insights into mechanisms by 

which P. gingivalis impacts human platelet function in whole blood.
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Figure 1. In the presence of P. gingivalis whole blood closure times are reduced.
P. gingivalis wild type strain, W83, was preincubated in whole blood at 37°C for six 

different time points (●). Following pretreatment with the oral pathogen, time to form 

a platelet plug and occlude the kit aperture was assessed via PFA-100, n = 6. The 

concentration of P. gingivalis added into whole blood was 1.87 × 107 CFU/mL for all time 

points. In control samples, whole blood was pre-incubated with only PBS for all six time 

points (○). Time for the platelet plug to occlude the cartridge aperture is presented as mean 

± SEM. Analysis demonstrated preincubation time significantly impacted CTs (Two-way 

ANOVA, P = 0.003). A significant interaction effect was measured between P. gingivalis 
and preincubation time (Two-way ANOVA, P = 0.019). Comparison of 8.5 or 9.5-minute 

preincubation to 7.5 minutes demonstrated significantly decreased CTs (Two-way ANOVA, 

*P = 0.017 and **P = 0.008).
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Figure 2. P. gingivalis reduces whole blood CTs in a concentration and time dependent manner.
Whole blood was pretreated with W83, P. gingivalis wild type strain, at 37°C for three 

different time points: 4.5 minutes (●), 8.5 minutes (▲), and 15.5 minutes (■). Aperture CTs 

by a platelet plug was measured with the PFA-100 after bacterial preincubation, n = 6. Six 

different P. gingivalis concentrations (CFU/mL) was preincubated in whole blood at each 

time point, concentration calculation was based on previous P. gingivalis W83 colony count 

assays. CTs are presented as mean ± SEM. The distribution of 8.5-minute preincubation was 

significant different from 15.5-minute preincubation (Kolmogorov-Smirnov two-sample test, 

P = 0.023). When adjusting for P. gingivalis, comparison of 8.5 to 15.5-minute preincubation 

time demonstrated significant differences in CTs (Two-way ANCOVA test, P = 0.032).
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