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Abstract Platelet aggregates play a crucial role in the im- 

mune defence mechanism against viruses. Increased levels of 

lipopolysaccharide have been reported in human immun- 

odeficiency virus (HIV) infected individuals. Platelets are 

capable of interacting with bacterial LPS and subsequently 

forming platelet leukocyte aggregates (PLAs). This study 

aimed at determining the levels of circulating PLAs in treat- 

ment naı̈ve HIV infected individuals and correlating them, 

with markers of immune activation, disease progression and 

platelet aggregation. Thirty-two HIV negative and 35 HIV 

positive individuals were recruited from a clinic in the Wes- 

tern Cape. Platelet monocyte and platelet neutrophil aggre- 

gates were measured using flow cytometry at baseline and 

were correlated with markers of platelet activation (CD62P); 

aggregation (CD36); monocyte and neutrophil activation 

(CD69); monocyte tissue factor expression (CD142); immune 

activation (CD38 on T? cells); D-dimers (a marker of active 

coagulation); CD4 count and viral load. Platelet monocyte 

aggregates were also measured post stimulation with 

lipopolysaccharide. PMA levels were higher in HIV 25.26 

(16.16–32.28) versus control 14.12 (8.36–18.83), p = 

0.0001. PMAs correlated with %CD38/8 expression (r = 

0.54624, p = 0.0155); CD4 count (r = -0.6964, p = 0.0039) 

viral load (r = 0.633, p \ 0.009) and monocyte %CD69 

expression (r = 0.757, p = 0.030). In addition the %PMAs 

correlated with platelet %CD36 (r = 0.606, p = 0.017). The 

HIV  group  showed  increased  levels  of  %CD62P  5.44 

(2.72–11.87)  versus  control  1.15  (0.19–3.59),  p \ 0.0001; 

%CD36  22.53  (10.59–55.15)  versus  11.01  (3.69–26.98), 

p = 0.0312 and tissue factor (CD142) MFI 4.84 (4.01–8.17) 

versus 1.74 (1.07–9.3), p = 0.0240. We describe increased 

levels of circulating PMAs which directly correlates with 

markers of immune activation, disease progression and platelet 

aggregation in HIV treatment naı̈ve individuals. 
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Introduction 

 
Inflammation and chronic immune activation are associated 

with increased mortality and disease progression in human 

immunodeficiency virus (HIV) infected individuals [1]. Ac- 

tivated monocytes and platelets have been described as fa- 

cilitators of both inflammation and cardiovascular disease 

(CVD) [2, 3], however the association between inflammation 

and CVDs in HIV remains inconclusive [4]. Platelet aggre- 

gates play a crucial role in the immune defence mechanism 

   against bacterial and viral pathogens [5, 6]. The broad reper- 
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toire of platelet surface receptors enables the formation of 

interactions between platelets and invading organisms [7]. 

Scavanger and toll-like receptors (TLRs) expressed on the 

surface of platelets allow them to function as sensory cells for 

pathogens and pathogen induced inflammatory ligands [8– 

10]. Consequently, platelets are able to initiate interactions 

with cells involved in both the innate and adaptive immune 

response [8, 11, 12]. These interactions induce platelet acti- 

vation and degranulation which subsequently increases the 
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trapping of adjacent circulating leukocytes resulting in the 

formation of neutrophil extracellar traps (NETS) which are 

able to trap pathogens within the circulation [9]. Platelets have 

been described as initiators and mediators of inflammation at 

the vessel wall [13] and alterations in normal platelet kinetics 

have been reported in HIV infected individuals [4]. Further- 

more, decreases in platelet counts have been associated with 

elevated platelet monocyte aggregates [8] plasma HIV RNA 

levels and disease progression [14]. 

Although activated platelets preferentially form com- 

plexes with monocytes, via P-selectin and P-selectin glyco- 

protein ligand-1 (PSGL-1) mediated interactions [15]. They 

also have the capacity to directly interact with neutrophils via 

these receptor engagements [16]. Elevated platelet leukocyte 

aggregates (PLAs) play a crucial role in the pathogenesis of 

thrombotic conditions. However, platelet monocyte aggre- 

gates (PMAs) have been reported as a more sensitive marker 

of platelet activation than platelet neutrophil aggregates 

(PNAs) and platelet surface P-selectin (CD62P) expression 

[17, 18]. Furthermore, elevated levels of circulating PMAs 

have been demonstrated in HIV individuals on antiretroviral 

therapy (ART) [16]. 

Interactions between platelets and monocytes can often 

result in the activation of monocytes and the modulation of 

monocyte function [8]. The result of increased monocyte 

activation was recently linked with cardiovascular disease 

in a study which described an association between mono- 

cytes expressing increased levels of toll like receptor 4 

(TLR4) and cardiovascular disease [19]. 

On the other hand, platelet–neutrophil interactions may 

induce neutrophil activation with the subsequent release of 

pro-inflammatory molecules [20]. Platelets are capable of 

interacting with bacterial LPS and forming complexes with 

neutrophils (PNA’s) [9]. These PNAs, which are the result 

of LPS bound platelets, release reactive oxygen species 

(ROS) and are associated with neutrophil mediated en- 

dothelial cell damage [9]. 

Although ART suppresses HIV viral replication, chronic 

immune activation and bacterial translocation in HIV in- 

fected individuals persists [21]. Bacterial translocation in 

HIV has been associated with chronic immune activation 

and increased levels of LPS have been reported in HIV 

infected individuals [22]. However, data regarding LPS 

induced PLAs in the context of HIV remains scarce. 

Flow cytometry offers a sensitive and rapid technique 

for the evaluation of PLAs [11, 17]. However due to the 

sensitivity of the technique, several methodological con- 

siderations have to be considered in order to ensure that 

ex vivo artefacts are kept minimal [17]. In this study PMAs 

and PNAs where measured using a rapid flow cytometry 

technique. Efforts to minimise artefactual platelet–leuko- 

cyte aggregate formation included avoiding centrifugation 

and washing of samples. This study aimed at measuring 

baseline PNAs and PMAs in treatment naı̈ve HIV infected 

individuals and to correlate these with markers involved in 

platelet activation (CD62P) and aggregation (CD36), 

monocyte and neutrophil activation (CD69); immune ac- 

tivation (CD38 on CD8 T? cells), CD4 count, viral load 

and marker of active coagulation (D-dimers). We further 

determined the response of platelet monocyte aggre- 

gates/complexes to stimulation with LPS. 

 

 

Methodology 

 
Participants and sample collection 

 
Participants were recruited from the Emavundleni volun- 

tary counselling and testing (VCT) clinic in crossroads, 

Cape Town. The participant demographics are described in 

Table 1. Participants were excluded if they were on aspirin, 

anti-inflammatory or anti-TB drugs. Ethical review was 

performed according to the declaration of Helsinki and the 

study was approved by the Stellenbosch University human 

research ethics committee (HREC) (No. N07/09/197). The 

study was also registered with the University of Cape 

Town research ethics committee (REC) (No. 417/2006). 

Informed consent was obtained from each participant. 

 
Study design 

 
Baseline platelet–monocyte and platelet–neutrophil com- 

plexes were measured using flow cytometry. CD4 T cell 

count; viral load; full blood counts, D-dimers and fibrino- 

gen were also measured. Associations between each base- 

line study parameter were assessed. This was followed by 

LPS induced monocyte activation. The levels of both 

PMAs and PNAs were then measured and a comparison 

between the post LPS stimulation sample and the baseline 

sample was made. 

 
Sample collection 

 
A volume of 2–3 ml of venous blood was collected by 

venipuncture into 4.5 ml tubes containing 3.2 % sodium 

citrate (BD Vacutainer, San Jose). Samples were kept at 

room temperature during transit from clinic to the labora- 

tory. The time frame between sample collection and sam- 

ple analysis was limited to 1–3 h. 

 
Antibodies and reagents 

 
The  anti-human  CD36-APC,  CD62P-APC,  CD14-PC5, 

CD69-PC7, CD42b-FITC monoclonal antibodies were all 

purchased from Beckman Coulter, USA. The anti-human 

CD16-PE,  7AAD  and  CD142  (HTF-1)  were  purchased 
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Table 1  Participant demographics and baseline characteristics 
 

Parameter Control HIV p value Reference interval 

No. of participants 32 35   

Age 30.00 ± 1.52 30.43 ± 1.23 0.8276  

Gender (% males) 52.4 33.3 –  

Ethnicity     

Black (%) 100 100 – – 
CD4 count (cells/ll) 

Monocytes  (910
9
/l) 

743.6 ± 39.92 

0.34 (0.25–0.41) 

357.1 ± 38.77 

0.28 (0.19–0.33) 

\0.0001 

0.0377 

500–2010 

0.18–0.80 

Neutrophils (910
9
/l) 3.13 (2.38–4.56) 2.51 (1.73–3.42) 0.0107 2–7.50 

Platelet count (910
9
/l) 281.5 ± 12.44 296.8 ± 17.0 0.4629 178–400 

%CD62P 1.15 (0.19–3.59) 5.44 (2.72–11.87) <0.0001 – 
CD62P MFI 1.41 (1.14–2.03) 1.31 (1.06–2.89) 0.0793  

%CD36 11.01 (3.69–26.98) 22.53 (10.59–55.15) 0.0312 – 
CD36 MFI 2.44 ± 0.17 3.37 ± 0.61 0.2933  

Monocyte CD69 MFI 7.49 (5.463–14.74) 16.79 (15.39–25.96) 0.0150 – 
Monocyte TF expression (MFI) 1.74 (1.07–9.3) 4.84 (4.01–8.17) 0.0240  

Neutrophil CD69 MFI 11.51 ± 8.73 34.63 ± 18.15 0.0015 – 
%Platelet monocyte aggregates 14.12 (8.36–18.83) 25.26 (16.16–32.28) \0.0001  

MFI Platelet–monocyte aggregates 11.34 (3.67–15.99) 22.29 (19.26–27.39) <0.0231 – 
%Platelet neutrophil aggregates 2.49 (0.78–4.390) 1.78 (0.52–4.390) 0.3604  

MFI Platelet neutrophil aggregates 23.38 (17.25–32.70) 30.15 (19.79–48.14) 0.6254 – 
D-dimer (mg/l) 0.2 (0.2–0.2) 2.6 (2.5–3.0) \0.0001 0.00–0.25 

%CD8/38 9.63 (5.554–13.35) 19.45 (14.02–43.32) 0.0001  

Log10 mean viral load (copies/ml) – 4.08 ± 0.75 –  

Significant values (p \ 0.05), are shown in boldface 

 

 

from BD Biosciences, San Jose, CA. Antibody titration for viral load testing. The viral load assay performed was a 
  

assays  were  performed  to  detect  the  optimal  antibody NucliSensEasyQ HIV-1 v1.2 Viral Load Test (BioMerieux 

concentrations. 

 
Markers of immune activation 

 
CD4 T cell count 

 
The  BD  MultiTEST  CD3-FITC/CD8-PE/CD45-PerCP/ 

CD4-APC reagent (BD Biosciences) and BD TruCOUNT 

tubes (BD Biosciences, San Jose, CA) were utilised for the 

measurement of CD4 T cell count. CD4 T cell flow cy- 

tometry was performed at the Division of Medical Virol- 

ogy, Faculty of Health Sciences, Stellenbosch University, 

which is accredited by the South African National Ac- 

creditation System (SANAS). 

 
Viral load measurements 

 
Blood samples were collected into 5 ml EDTA tubes, which 

were centrifuged at 20 C at 300 g for 12 min. 1 ml of 

plasma was transferred  into a Greiner Bio-one cryotube 

(Greiner Bio-One GmbH, Frickenhausen, Germany) and sent 

Inc., Boxtel, Netherlands) which has a detection range of 

1.60 to 6.7 log10 copies/ml. Viral load testing was performed 

at the SANAS-accredited, Division of Medical Virology, 

Faculty of Health Sciences, Stellenbosch University. 

 
Measurements of the percentage of CD8? T-cells 

expressing CD38 

 
This measurement was performed using flow cytometry. 

Briefly, 50 ll of whole blood was stained with a titrated 

monoclonal antibody cocktail containing; CD8 Per-CP; 

CD38 APC; CD3 FITC (BD Biosciences, San Jose, CA). 

Data acquisition was performed using a BD FACSCalibur 

instrument and analysis was done using the BD Cell Quest 

Pro (Version 2) software. 

 
TF measurements 

 
Monocyte tissue factor expression measurements where 

performed using flow cytometry. Briefly 50 ll of citrated 

whole blood was stained with 5 ll of an antibody cocktail 
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containing; CD14 PC5 (Beckman Coulter, USA) and 

CD142 PE (BD Biosciences, San Jose, CA). Data acqusi- 

tion was perfomed using a Beckman Coulter FC500 cy- 

tometer and analysis was done Kaluza V 1.2 software 

(Beckman Coulter, USA). 

 
D-dimer measurements 

 
The measurement of D-dimer levels was performed on ci- 

trated blood. Blood samples were collected using 4.5 ml 

tubes containing 3.2 % sodium citrate. Measurements were 
  

was performed using 500 ll of FACS lyse. 5 ll of Transfix 

was added at the time of red blood cell lysis to limit the 

artefactual formation of PLAs which could be the result of 

red blood cell lysis. As a final step before acquisition, 

samples were stained with 7AAD (a viability marker) and 

incubated for 15 min. Samples were then analysed imme- 

diately. Fluorescence minus one (FMO) was used to dis- 

tinguish positive from negative events and unstained whole 

blood was used as a control for 7AAD staining. PMAs 

were defined as CD14
? 

CD42b
? 

dual positive events while 

PNAs were identified as CD16
? 

CD42b
? 

events (shown in 

performed using the HemosIL TM Dimertest Kit (Instru- Fig. 2).The CD42b mean fluorescence intensity (MFI) and 

mentation Lab) and the ACL TOP platform at the SANAS- 

accredited NHLS Haematology coagulation laboratory at 

Tygerberg Hospital. 

 
Measurements of Platelet CD62P, CD36, PMAs 

and PNAs 

 
Instrument set up and detector settings 

 
Flow cytometry data acquisition was performed using a 

percentage (%) CD42b expression were used for qualitative 

and quantitative analysis of PMAs. CD69 expression was 

also evaluated to determine monocyte and neutrophil ac- 

tivation (Fig. 1). Fluorescence minus one (FMO) control 

was used to distinguish between positive and negative 

CD69 and CD42b events. 

 

Gating strategy 

 
? 

Beckman Coulter FC500 flow cytometer (Beckman Coul- Viable CD14 monocytes were gated as shown in Fig. 2a, 

ter, Miami Florida). Flow check pro fluorescent labelled 

beads of known size and fluorescence intensity (Beckman 

Coulter, Miami, USA) were used to verify optical path and 

c. The expression of CD42b on monocytes was assessed 

(Fig. 2). Monocytes expressing CD42b were regarded as 

platelet–monocyte complexes. For the assessment of pla- 
? 

laminar flow of the cytometer. This ensured the reporting telet–neutrophil complexes CD16 neutrophils were gated 

of standardised results that were not influenced by inci- 

dental changes or long-term instrumental drifts. An un- 

stained fresh blood sample was used to set the voltages for 

the FS/SS. Stained whole blood was used to determine the 

percentage of spectral overlap and to perform colour 

compensation. Antibody titration assays were then per- 

formed to detect optimal antibody concentrations. At least 

a 100 000 events were acquired at a medium flow rate to 

minimise coincidental events and minimum count of at 

least 2000 CD14
? 

events were counted to allow adequate 

number of cells for analysis. 

(Fig. 2b) and CD42b expression on these neutrophils was 

assessed (Fig. 2g, h). Neutrophils expressing CD42b were 

regarded as platelet–neutrophil complexes. 

 

Post in vitro monocyte activation 

 
A volume of 20 ll of LPS (2 lg/ml) was used for monocyte 

and neutrophil stimulation. Briefly, 50 ll of blood was 

treated with 20 ll of LPS. This was followed by 16 h 

overnight incubation at 37 C. The blood samples were then 

stained as mentioned above with the addition of 7AAD for 

the assessment of cell viability (shown in Fig. 2a). The ex- 
- ? 

Platelet CD62P and CD36 measurements pression of CD42b on viable; monocytes (7AAD CD14  ) 

 
The surface expression of platelet and CD62P-APC (Beck- 

was measured post stimulation with LPS (Fig. 2c). FMO 

controls were used to distinguish between positive (CD14
?
 

? ? - 

man Coulter, USA) were measured as previously described CD42b ) and negative (CD14 CD42b ) events (shown in 

[23]. 

 

Prior to in vitro monocyte and neutrophil activation 

 
The measurement of PMAs and PNAs was performed on 

whole blood. Briefly, 50 ll of blood was stained with 5 ll 

of titrated antibody cocktail. The cocktail consisted of ti- 

trated volume of monoclonal antibodies; CD16-PE, CD14- 

PC5, CD69-PC7 and CD42b FITC. Red blood cell lysis 

Fig. 2e).   This   ensured   the   analysis   and   reporting   of 

physiologically viable and functional PMAs, induced  by 

in vitro LPS stimulation. 

 
Statistical analysis 

 
Statistical analysis was performed using Graph pad prism 5 

for windows, version 5.00 software.The Mann–Whitney 

U test was used to compare non-parametric data and these 

values were reported as median and interquartile range. For 
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Fig. 1 Gating strategy. The figure illustrates the baseline measure- 

ment of  monocyte,  neutrophil  activation  using  a  control  sample. 

a represents the determination of viability of cells using 7AAD. The 

gating strategy applied to discriminate CD16b? neutrophils and 

CD14? monocytes is shown in b–d. Histograms e and f illustrate the 

measurement of CD69 MFI on neutrophils and monocytes 

 

parametric data an unpaired student t test was performed 

and data was reported as mean and standard deviation. 

Paired data tests were also performed. For parametric data 

a paired t test analysis performed and for non-parametric 

data Wilcoxon matched data set analysis was performed 

(Fig. 3). 

 

 

Results 

 
The cross-sectional study consisted of a total of sixty-seven 

(67) participants, 32 HIV negative controls and 35 HIV 

positive ARV-naı̈ve individuals. The characteristics of the 

study participants are tabulated in Table 1. The study groups 

demonstrated a similar mean age of 30 years and No par- 

ticipants were thrombocytopenic. Differences in absolute 

monocyte and neutrophil count where observed amongst the 

two groups (shown in Table 1); however these were within 

the normal reference intervals (shown in Table 1). The HIV 

group showed increased levels of circulating activated pla- 

telets as demonstrated by the increased  median baseline 

levels of platelet %CD62P expression 5.44 (2.72–11.87) 
versus control group 1.150 (0.19–3.59), p \ 0.0001. The 

HIV group also showed increased median levels of %CD36 

a marker of platelet aggregation, 22.53 (10.59–55.15) versus 

control group 11.01 (3.69–26.98), p = 0.0312 (shown in 

Table 1). However no qualitative differences (as measured 

as MFI) in the expression of CD62P [control group CD62P 

MFI 1.41 (1.14–2.03) vs. 1.31 (1.06–2.89), p = 0.0793] and 

CD36 (control group CD36 MFI 2.44 ± 0.17 vs. 3.37) were 

observed. 

 

 
Increased levels of circulating activated platelets, 

monocytes and PMAs in HIV infected individuals 

compared to uninfected individuals 

 
In order to compare the levels of platelet aggregates be- 

tween the groups, the percentage expression of CD42b on 

monocytes was measured. The HIV group showed elevated 

levels of %PMAs 25.26 (16.16–32.28) versus control group 

14.12 (8.36–18.83), p \ 0.0001. The %PMAs showed no 

correlation with absolute monocyte count (r = -0.2052, 

p = 0.3251). To further assess the relative number of 

platelets bound on monocytes, differences in the mean 

fluorescent intensity (MFI) were analysed. The HIV group 

showed increased levels of PMA MFI 23.07 (19.26–27.39) 

versus control group 11.22 (3.42–16.38), p \ 0.0001. This 

observation indicated an increased number of platelets 

bound to each monocyte. There were no significant dif- 

ferences in the levels of circulating PNAs between the two 

groups (shown in Table 1). 
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Fig. 2  Platelet  monocyte  and  platelet  neutrophil  aggregates.  a–e, 

g illustrate the gating strategy applied in the measurement of baseline 

%platelet  neutrophil  (CD16b
?   

CD42b
?
)  and  %platelet  monocyte 

(CD14? CD42b?) aggregates. Histograms f and h demonstrate the 

MFI measurements of platelet monocyte and platelet neutrophil 

aggregates 

 
 

Platelet monocyte aggregates inversely correlate 

with CD4 count and directly correlate with markers 

of immune activation, disease progression 

and platelet activation and aggregation 

 
To determine the associations between PMAs and markers of 

immune activation and coagulation, PMAs were correlated 

with %CD38/8 expression, (r = 0.54624, p = 0.0155); CD4 

count (r = -0.6964, p = 0.0039) and viral load (r = 0.633, 

p \ 0.009). The levels of monocyte activation (%CD69 ex- 

pression) showed a direct correlation with PMAs (r = 0.757, 

p = 0.030). In order to determine the association of %PMA 

levels with platelet aggregation and activation, the %PMA 

was correlated with platelet %CD36 expression (r = 0.606, 

p = 0.017) and free circulating activated platelets %CD62P 

expression (r = 0.236, p = 0.379). The %PMA showed 

no significant  correlation  with  D-dimers  (r = -0.119, 

p = 0.638), a marker of active coagulation. 

 
Increased levels of monocyte TF expression in HIV 

does not correlate with the percentage of PMAs 

 
To determine the levels of pro-coagulant monocytes, tissue 

factor (CD142) expression on each cell was compared 

between the two groups. The HIV group showed increased 

TF expression as demonstrated by increased TF MFI 4.84 

(4.01–8.17) versus 1.74 (1.07–9.3), p = 0.0240. To assess 

the association between monocyte TF expression and pla- 

telet monocyte interactions, PMA levels were correlated 

with monocyte TF expression. This analysis demonstrated 
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Fig. 3 Platelet monocyte gating strategy. The figure demonstrates 

platelet monocyte measurements prior and post LPS stimulation in a 

control sample. a and c illustrate the use of 7AAD as a viability dye to 

ensure analysis of viable monocytes. b, c and g are gated on viable 

cells which are 7AAD negative. g demonstrates the use of an FMO 

control to distinguish between positive and negative cells and 

illustrates PMA MFI changes in response to LPS stimulation 

 

that there was no relationship between PMA and TF ex- 

pression on the monocytes [%PMAs (r = 0.322, p = 

0.368), PMA MFI (r = -0.479, p = 0.166). In addition, 

there was no correlation between TF expression and viral 

load (r = -0.1364, p = 0.6937); CD4 count (r = -0.2252, 

p = 0.4018) or; CD38/8 (r = 0.09890, p = 0.7479). 

 
LPS induces increased PMA levels in HIV infected 

individuals compared to uninfected controls 

 
To determine the effects of TLR4 ligand signalling on pla- 

telet–monocyte cross talk, the levels of platelet–monocyte 

complexes post-stimulation with LPS were measured. In the 

control group the PMA MFI was significantly increased post 

stimulation with LPS, median 34.37 (32.32–35.50) versus 

baseline 11.22 (3.42–16.38), p = 0.0010. Similarly in the 

HIV group the %PMA levels were increased post LPS 

stimulation, median 37.24 (31.14–46.90) versus 23.07 

(19.26–27.39), p = 0.0157. However there were no sig- 

nificant differences in the %PMAs between the two groups 

post LPS stimulation, control group 34.37 (32.32–35.50) 

versus HIV group 37.24 (31.14–46.90), p = 0.7094. 

In the control group the PMA MFI was significantly 

increased post stimulation with LPS and a similar response 

was observed in the HIV group (Fig. 4a, b). However, post 

LPS stimulation there were no differences between the two 

groups with regard to the PMA MFI. Notably, the control 

group   showed   a   greater   response   to   LPS   (Fig. 4a) 

compared to the HIV group (Fig. 4b). This may be as a 

result of increased baseline levels of circulating PMAs in 

the HIV group compared to the control group (Table 1). 

Platelets and monocytes may be primed in vivo and 

therefore demonstrate minimal in vitro stimulation and 

interactions compared to that of the control group. 

 

 

Discussion 

 
The measurement of PLAs using flow cytometry, offers a 

highly sensitive and rapid method for the qualitative (mean 

fluorescence intensity) and quantitative (% positive events) 

measurement of PLAs. Efforts have been made to stan- 

dardise this technique [11, 15, 17, 24–26] and measurement 

of platelet monocyte aggregates have been demonstrated to 

be a more sensitive and robust measure of platelet activa- 

tion than platelet neutrophil aggregates and surface P-

selectin [16]. The use of flow cytometry in the mea- 

surement of platelet aggregates however requires numerous 

pre-analytical and analytical methodological consid- 

erations in order to minimise in vivo artefacts [15, 17]. 

These include the type of anticoagulant used and the time 

between sample collection and immunostaining [17]. In the 

present study the anticoagulant sodium citrate was used, as 

a previous study had reported reduced, in vivo time de- 

pendant changes in platelet monocyte aggregates when 

blood was collected into heparinised and EDTA tubes [17]. 
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Fig. 4  Platelet monocyte 

complexes post LPS 

stimulation. The graphs 

demonstrate the % of PMAs in 

the control group (a) and HIV 

group (b), post stimulation with 

LPS. Graph c illustrates the 

PMA MFI differences between 

the two groups 

 

 

 

 

 

 

 

 

 

 

 

To further minimise in vivo induced changes in platelet 

aggregates, centrifugation and washing of samples was 

omitted. Although red blood cell lysis was performed, the 

addition of fixative at the time of red blood cell lysis kept 

the consequential platelet activation to a minimum, limit- 

ing platelet activation induced by ADP which is released 

upon the lysis of red blood cells. Furthermore, care was 

taken to ensure the viability cells and in order to ensure that 

necrotic cells were excluded from the analysis 7AAD was 

utilised in the gating strategy (shown in Fig. 1a). The pri- 

mary aim of this study was to determine the levels of 

platelet monocyte and platelet neutrophil interactions in 

HIV treatment naı̈ve individuals. This was achieved by 

measuring the levels of platelet monocyte and platelet 

neutrophil aggregates and assessing the association be- 

tween platelet aggregates; markers of immune activation 

and disease progression. 

In this study we report on increased levels of activated 

platelets and monocytes in HIV infected individuals com- 

pared to uninfected individuals. Recent studies have de- 

scribed the role platelets play in the defence against 

invading pathogens. In these situations platelet activation 

and aggregation is crucial for the engulfment and killing of 

pathogens by activated platelets [8, 27]. In our study, HIV 

infected individuals had increased levels of monocyte tis- 

sue factor expression compared to their uninfected coun- 

terparts. These findings are consistent with those reported 

by Funderburg et al. where the authors observed increased 

monocyte TF expression in HIV infected individuals on 

highly active antiretroviral therapy HAART [28]. Acti- 

vated monocytes are involved the initiation of inflamma- 

tion, clearance of apoptotic cells and the facilitation of both 

the innate and adaptive immune response. Based on their 

expression of CD16, monocytes are classified into three 

distinct subsets; classical, intermediate and nonclassical. 

Specific  functions  and  responses  to  bacterial  and  viral 

products between the different subsets have been well de- 

scribed [29, 30] and classical monocytes are considered a 

source of infiltrating macrophages involved in atheroscle- 

rosis [31]. Activated platelets express a repertoire of re- 

ceptors   that   enable   and   facilitate   platelet   leukocyte 

crosstalk and as a result PLAs are formed. Therefore, PLAs 

may play a key role in inflammation and thrombosis [32]. 

In this study, platelet monocyte aggregates were sig- 

nificantly increased in HIV compared to the control group. 

These findings are consistent with recent work published 

by Singh et al. in which the authors reported that there were 

increased PMAs in HIV infected individuals on ART. The 

authors  further  observed  a  positive  correlation  between 

platelet CD62P expression and PMAs [16]. However this is 

contrary to our findings as in our study there was no cor- 

relation between PMAs and CD62P. Notably, Singh et al. 

reported on a cohort of only 8 HIV infected individuals and 

the differences in the size of the cohorts may explain the 

contradictory findings. 

Our observations demonstrated that PMAs in HIV in- 

fected   individuals   directly   correlate   with   viral   load, 

%CD38/8 and inversely correlate with CD4 count. In ad- 

dition, PMAs also showed a positive correlation with the % 

of platelets expressing CD36. The role of CD36 as a me- 

diator of inflammation and thrombosis has been previously 

described [32, 33]. CD36 is a scavenger receptor expressed 

by monocytes, macrophages capillary endothelial cells and 

platelets [34]. Its expression on monocytes has been asso- 

ciated with the formation of foam cells which are abun- 

dantly found at sites of atherosclerosis [35]. Platelet CD36 

plays a crucial role in platelet aggregation and inflamma- 

tion [34]. Interestingly, the HIV group showed increased 

baseline percentages of platelets expressing CD36. How- 

ever the lack of a correlation between CD36 expression and 
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viral load suggests that the mechanism responsible for it’s 

up-regulation is independent of viral load. However, pla- 

telet CD36 may be a valuable marker in the thrombotic risk 

profiling of HIV infected individuals. 

The in vivo expression of monocyte TF expression in 

response to TLR4 ligands has been well described [28]. In 

our study, stimulation with LPS induced increased PMAs 

in both the HIV and control group. However, no significant 

differences in the levels of PMAs between the two groups, 

post stimulation, were observed. This may suggest that 

although baseline levels of PMAs are increased in HIV, 

LPS and TLR4 ligand interactions may induce PMA for- 

mation in a similar manner to uninfected individuals. In 

HIV, the persistent microbial translocation and conse- 

quential immune activation [22] would lead to the activa- 

tion of both platelets and monocytes. This, taken together 

with our findings may suggest that the increased throm- 

botic risk observed in HIV infected individuals may be as a 

result of increased platelet–monocyte cross-talk and the 

subsequent increased levels of PMAs. 

In support of this theory a study, of a group of HIV 

infected individuals, described the association of bacterial 

translocation across the intestinal mucosa with increased 

levels  of  LPS  [23].  Further  research  by  Ward  et  al. 

demonstrated that LPS induced platelet activation had no 

effect on platelet aggregation [36], however, contrary to 

this Aslam et al. reported that after in vivo TLR4 receptor 

LPS-induced  activation,  decreased  platelet  counts  were 

observed [37]. Our findings suggest that a procoagulant 

platelet phenotype, and monocytes which have retained 

their  functional  capacity,  exists  in  HIV  infected  indi- 

viduals. It has been suggested that platelet activation via 

TLR4 receptor signalling facilitates the clearance of acti- 

vated  platelets  and  the  generation  of  inflammatory  cy- 

tokines [38]. This proposal may further explain our current 

finding of increased PMAs which may be an indication of 

monocyte mediated clearance of activated platelets in HIV. 

However, due to the cross-sectional design of the study, 

we cannot ascertain the clinical value of increased PMAs in 

the thrombotic risk profiling of HIV infected individuals. In 

this study, age and ethnicity could be excluded as con- 

founders, since there were no significant differences in the 

age and ethnicity of the study participants (Table 1). We 

also suggest that increased PMAs are dependent on im- 

mune activation and HIV RNA replication and that PMAs 

are associated with platelet aggregation. Our findings fur- 

ther imply the potential prognostic value of PMAs in HIV 

infected individuals, as shown by an inverse association 

between CD4 count and PMAs in HIV infected treatment 

naı̈ve individuals. To the best of our knowledge the present 

study is the first to describe a direct association between 

increased PMAs and markers of; immune activation, pla- 

telet  aggregation  and  disease  progression  in  treatment 

naı̈ve HIV infected individuals. The monitoring of PMAs 

in HIV infected individuals may be crucial and a useful 

marker of immune activation and thrombotic risk in HIV 

infected individuals not yet prioritised for treatment. 
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