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SUMMARY 

Introduction: Cardiovascular disease and thrombotic events have 

emerged as major causes of mortality in people living with HIV. Acti- 

vated platelets play a key role in both inflammation and thrombosis. 

Haematology analysers measure a variety of platelet indices, which 

could be surrogate markers of platelet activation. Flow cytometry 

offers the discrimination of platelet subpopulations and evaluation of 

the activation status of platelets. This study aimed to measure plate- 

let indices in untreated HIV infection and to evaluate their relation- 

ship with markers of immune activation and disease progression. 

Materials and methods: One hundred and eighty-five antiretroviral 

therapy (ART)-na€ıve HIV-infected and 145 HIV-negative healthy 

individuals were recruited. Platelet indices measured using the AD- 

VIA 2120 platform consisted of platelet count (PLT 910
9
/L), mean 

platelet volume (MPV fL), platelet distribution width (PDW%) and 

plateletcrit (PCT%). These were correlated with CD4 count, % 

CD38 on CD8+ (CD38/8) T cells, viral load, fibrinogen, D-dimers 

and CD31+ platelet CD62P and CD36 expression, determined using 

flow cytometry. 

Results: The HIV group had decreased MPV levels [median 7.7 (7.1– 

8.3) vs. control group 8.4 (7.8–9.2), P < 0.0001], which correlated 

with  PCT%   (r = 0.3038,   P = 0.0013),   viral   load   (r = 0.2680, 

P = 0.0177) and PDW% (r = 0.2479, P = 0.0257). Additionally, the 

MPV correlated with CD4 count r = 0.2898, P = 0.0075. The HIV 

group had decreased  PDW%,  49.35  (46.40–52.65)  vs.  control 

group, 53.90 (50–56.80), P = 0.0170. In  addition,  the  PDW% 

showed correlations with D-dimers (r = 0.443, P = 0.03) and % 

CD36 (r =   0.3666, P = 0.0463). 

Conclusion: Platelet indices may offer a rapid and affordable method 

for monitoring platelet activation  and disease progression in 

patients with HIV. 
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INTRODUCTION  

Sub-Saharan Africa has an estimated 23.4 million peo- 

ple living with HIV (PLWH) [1]. Although uninter- 

rupted antiretroviral therapy (ART) suppresses HIV 

RNA replication and successfully lowers plasma viral 

load [2], studies have shown that long-term use  of 

ART increases the risk of cardiovascular events in 

PLWH [3, 4]. In addition, PLWH are now faced with an 

increasing trend of non-AIDS-related complications 

[5]. The strategies for the management of antiretroviral 

therapy (SMART) study reported increased cardiovas- 

cular events associated with higher levels of the coagu- 

lation marker D-dimer and inflammatory markers 

interleukin-6 and hs-CRP, highlighting the important 

concept of ongoing inflammation as a risk of CVD [6]. 

Therefore, HIV infection should be viewed as a chronic 

inflammatory condition, associated with increased risks 

of thrombotic events [7–9]. Activated platelets play a 

key role in both inflammation and thrombosis  [10, 

11], and this contributes to vascular diseases [9]. 

In normal haemostasis, circulating platelets are het- 

erogeneous in size and reactivity, with larger platelets 

being more active metabolically compared to smaller 

platelets [11, 12]. Large platelets are  prothrombotic 

and contain high levels of thromboxane A2 and B2 

per unit volume [13]. Activated platelets play a key 

role in the pathogenesis of thrombotic complications 

[12], cardiovascular disease [13] and hypertension 

[14]. During platelet activation, the influx of calcium 

into the platelet cytoplasm triggers morphologic 

changes, which can be measured using haematology 

analysers and flow cytometry [15]. 

Platelet indices are readily available and can be uti- 

lized to assess morphological changes during the 

inflammatory process [16]. Amongst a variety of 

platelet indices, the mean platelet volume (MPV) and 

platelet distribution width (PDW) have been studied 

previously [15]. The MPV is an established marker of 

platelet activation in various inflammatory and 

thrombotic conditions [17]. In active inflammatory 

conditions, the MPV is decreased due to mechanisms 

that involve the migration and breakdown of the lar- 

ger platelets at sites of inflammation. In contrast, in 

conditions where the inflammatory process is inactive, 

a decline in the breakdown of large, young platelets 

results in an elevated MPV [18]. In addition, studies 

have shown that the MPV is a reliable measure of 

platelet function in stored platelet concentrates [19]. 

The platelet distribution width has been reported as a 

potential surrogate marker for chronic inflammation 

[20] and platelet aggregation [19]. 

Haematology analysers rapidly measure a variety of 

platelet indices including the platelet count, PDW, plat- 

eletcrit (PCT) and MPV [21]. Reference intervals for 

these indices have been reported in previous studies, 

with PCT% 0.19–0.40, MPV 8.80–12.50 [22–25]. The 

PDW% reported in previous studies varies markedly, 

with reference intervals ranging from 10 to 56.6% [23, 

26, 27]. Notably, studies investigating the relevance of 

platelet indices in the context of HIV are scarce [28]. 

Hence, the potential prognostic value of these indices 

in the context of HIV remains inconclusive [29]. The 

aim of this study was to evaluate platelet indices in 

HIV and to investigate the relationship of these indices 

with traditional markers of disease progression, inflam- 

mation and markers of platelet activation. 

 

MATERIALS  AND  METHODS  

 
Blood collection 

All full blood count  (FBC)  analysis  was  performed 

on the ADVIA 2120 (Siemens Healthcare diagnostics 

Inc., Tarrytown, NY, USA) platform at the Division 

of Haematology, Tygerberg Hospital, which is a South 

African National Accreditation System (SANAS) 

accredited laboratory. Five millilitres of blood was col- 

lected into standardized tubes containing potassium 

ethylenediaminetetraacetate (EDTA) as an anticoagu- 

lant. The platelet parameters measured by the ADVIA 

2120 platform consisted of the platelet count, MPV, 

PDW and PCT. 

 
 

Participant sampling 

Participants were recruited from the Emavundleni 

Voluntary Counselling and  Testing (VCT) Clinic in 

Crossroads, Cape Town. The total number and demo- 

graphic characteristics of the study participants are 

reported in Table 1. 

None of the participants were on ART, aspirin, 

anti-inflammatory drugs or TB treatment. The study 

protocol was registered and underwent ethics review 
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Table 1. Cohort characteristics, platelet parameters and disease markers 

kit 

 

 

 

 
 

 
Control Group (n = 145) HIV Group (n = 185) Reference interval P-value 

Age, years (interquartile range) 28 (24–35) 30 (26–37)  0.0518 

Male/female 

Platelet (PLT) count 9109/L 

1 : 1.51 

288.6     59.64 

1 : 4.5 

299.1     78.31 

 

178–429 

 

0.2082 

Mean platelet volume (MPV), fL 8.52     1.12 7.91     0.85 8.80–12.50 <0.0001 

Plateletcrit (PCT), % 

Platelet distribution width (PDW), % 

%CD62P 

%CD36 

CD4 count cells/mm3 

D-dimers 

Fibrinogen 

0.23     0.03 

51.70 (45.65–55.95) 

0.68 (0.08–3.3) 

11.22 (5.59–18.25) 

852.9     244.6 

0.2 (0.2–0.2) 

2.91     0.05 

0.26     0.04 

49.40 (46.40–52.65) 

11.95 (1.68–24.51) 

38.65 (25.85–54.55) 

373.8     168.2 

0.23 (0.2–0.33) 

2.8     0.07 

0.22–0.40 

– 

– 

– 

500–2010 

0.00–0.25 

1.56–4.0 

<0.0001 

0.0266 

<0.0001 

<0.0001 

<0.0001 

 <0.0001 

0.2651 

%CD38/8 

Viral load (log) 

31.13     18.65 

– 

50.30     22.62 

4.080 (3.4–4.8) 
 <0.0001 

– 

Significant values shown in boldface.     

 
at both Stellenbosch University (Approval Number 

N07/09/197) and UCT (Approval Number 417/2006) 

according to the Declaration of Helsinki. Participant 

informed consent was taken according to the Univer- 

sity of Stellenbosch HREC regulations. 

 
 

Study design 

In this cross-sectional study, we compared the platelet 

indices, platelet counts (PLT), mean platelet volume 

(MPV), platelet distribution width (PDW) and platelet- 

crit (PCT) of the control group with that of the HIV 

group. This was followed by flow cytometric analysis 

of platelet aggregation and activation markers CD36 

Boxtel, the Netherlands) at the Division of Medical 

Virology, Faculty of Health Sciences, Stellenbosch Uni- 

versity, which is SANAS-accredited. The BD MultiTEST 

CD3-FITC/CD8-PE/CD45-PerCP/CD4-APC reagent (BD 

Biosciences, San Jose, CA, USA) and BD Truecount 

tubes (BD Biosciences) were used for CD4 counts. CD4 

count measurements were taken according to the 

manufacturer’s instruction in the Division of Medical 

Virology, Faculty of Health Sciences, Stellenbosch 

University. 

 
 

D-dimer and fibrinogen measurements 

Quantitative D-dimer measurements were taken using 

and  CD62P,  respectively.  The  relationship  between the  HemosilTM    Dimertest     (Instrumentation   lab, 

these markers and the indices was then assessed. 
 

 

Antibodies  and  reagents 

The anti-human CD31-FITC (clone 5.6E), CD36-APC 

(clone FA6.152) and CD62P-APC (clone AK-4) anti- 

bodies were all purchased from Beckman Coulter, 

Miami, FL, USA. Phosphate-buffered saline (PBS) 

without Ca2+ or MgCl2 was obtained from Sigma- 

Aldrich Co., St Louis, MO, USA. 

 
 

Viral load and CD4 counts 

Viral  loads  were  determined  using  the  NucliSens 

EasyQ  HIV-1 v1.2 Viral Load Test (BioMerieux Inc., 

Bedford, MA, USA). Fibrinogen measurements were 

taken on the ACL TOP (Beckman Coulter). All mea- 

surements were taken on citrated whole blood accord- 

ing to the manufacturer’s instruction at the National 

Health Laboratory Services (NHLS), Haematology 

coagulation laboratory, Tygerberg Hospital. 

 
 

Flow cytometry 

 

Sample collection 

A total 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, CA, USA). 

Sodium  citrate  was  the  anticoagulant  of  choice  as 
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blood collected in EDTA may show artificially ele- 

vated levels of the platelet activation marker 

CD62P-APC [30]. Samples were kept at room tem- 

perature during transit from clinic to the laboratory. 

The time between sample collection and  analysis 

was limited to 1–3 h. 

 
 

Instrument set-up and detector settings 

Flow cytometry data acquisition  was  performed 

using a Beckman Coulter FC500 flow cytometer 

(Beckman Coulter). Flow check profluorescent beads 

of known size (Beckman Coulter) were used to ver- 

ify and standardize the optics and fluidics of the 

cytometer. Forward scatter (FSC) and side scatter 

(SSC) parameters were set at  a  log  scale  to  allow 

the detection of platelets and red blood cells. An 

unstained fresh blood sample was used to set the 

voltages for the FSC/SSC, which allowed the separa- 

tion of red blood cells and  platelets  based  on  cell 

size and granularity. Stained activated platelets were 

used to determine the percentage of spectral overlap 

and   to   perform   compensation.   Antibody   titration 

assays were performed to establish optimal antibody 

concentrations. 

 
 

Staining protocol and gating strategy 

The platelet marker CD31-FITC was used to character- 

ize platelets as previously described, and  CD36-APC 

and CD62P-APC were used to monitor platelet aggre- 

gation and activation [31, 32]. Briefly, 50 lL of citrat- 

ed whole blood was stained and incubated in the dark 

for 20 min at room temperature. Five hundred micro- 

litres of PBS staining buffer [containing 1,25 lL of 

foetal bovine serum (FBS) and 500 mL of PBS which 

does not contain Ca2+ or MgCl2] was added, and sam- 

ples were analysed immediately. The use of CD31 

allowed the detection and separation of free platelets 

from red blood cells (RBCs) and platelet-bound RBCs 

(platelet-RBCs) (Figure  1a). 

 
 

CD38/8 measurement 

The expression of CD38 on CD8 T cells is a well- 

established     marker     of     immune     activation     and 

 

 

  

(a) 

(b) (c) 

Figure 1. Gating strategy. The 

figure illustrates the gating 

strategy used to discriminate 

platelet  subpopulations  based  on 

size and internal complexity 

using a control group sample. 

The color dot plot a illustrates 

the discrimination between 

RBCs and Platelets using CD31 

FITC and side scatter (SS) 

properties. Events that were 

positive for CD31 were gated as 

platelets and negative events 

were gated as red blood cells 

(RBCs), illustrated in figure a. 

Histogram plots b and c 

illustrate the measurement of 

CD36 and CD62P on CD31 

positive platelets. 
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independent predictor of disease progression in HIV 

[33]. The percentage of  CD8+  T  cells  expressing 

CD38 was analysed using flow cytometry.  Briefly, 

whole blood samples were stained with a titrated 

monoclonal  antibody  cocktail  containing  CD8  Per- 

CP, CD38 APC and CD3 FITC (BD Biosciences). 

Data acquisition was performed using a BD FAC- 

SCalibur instrument, and analysis  was  performed 

using the BD CELL QUEST  PRO  (version  2)  software 

(BD Biosciences). 

 
 

Statistical analysis 

Statistical analysis was performed using GRAPHPAD 

PRISM 5.00 for WINDOWS (GraphPad Software, San 

Diego CA, USA). The Mann–Whitney U-test was used 

to compare nonparametric data, and these values 

were reported as median and interquartile range. For 

parametric data, an unpaired Student’s t-test was per- 

formed and data were reported as mean and standard 

deviation. Correlations were performed using a Spear- 

man rank correlation. A P-value of <0.05 represents 

statistical significance. 

 

RESULTS 

A total of 330 participants were enrolled in this study: 

185 adult untreated (ARV na€ıve) HIV-infected patients 

and 145 HIV-negative controls. The demographics and 

characteristics of the control and HIV groups are illus- 

trated in Table 1. The groups had similar age and sex 

distributions and were recruited from the same clinic 

in the Western Cape and therefore had similar socio- 

economic  and  ethnic  backgrounds.  The  HIV  group 

 
had a slightly higher PLT count mean 299.1 78.31 

compared to the control group mean 288.6 59.64; 

however,   this   was   not    statistically    significant 

(P = 0.1542). All the other platelet indices and mark- 

ers of immune and platelet activation were statistically 

significant, as shown in Table 1. 

 
 

Decreased MPV in HIV-positive individuals compared to 

uninfected controls 

The MPV that is a measure  of  mean  platelet  volume 

was significantly decreased in the HIV group (n = 80) 

compared to the control group (n = 82), (HIV  mean 

7.91     0.85 vs. 8.52     1.12, P < 0.0001). In the HIV 

group, the MPV showed a  positive  correlation  with 

log viral load r = 0.2680, P = 0.0177 (Figure 2a); 

PDW% r = 0.2479,  P = 0.0257.  Furthermore, the 

MPV showed  an  inverse  correlation  with  CD4  counts 

r = 0.2898, P = 0.0075 (Figure 2b). No  correlations 

were detected with CD38/8 (r = 0.307, P = 0.53); 

markers  of   platelet   activation   %CD62P   (r = 0.328, 

P = 0.082)   and    aggregation    %CD36    (r = 0.248, 

P = 0.282); and D-dimer levels (r = 0.117, P = 0.445). 

 
Increased PCT% in HIV-positive individuals compared to 

uninfected controls 

Plateletcrit% is an indicator of the total platelet com- 

position in blood. Although the PCT% was higher in 

the HIV group compared to the control group, [0.26 

(0.23–0.29) vs. 0.23 (0.21–0.25), P < 0.0001], the val- 

ues were still within the normal  reference  interval, 

and therefore, the clinical significance of this finding 

remains to be determined. 

 

 

 

 

 

Figure 2. HIV group correlations between markers of disease progression and platelet indices. (a) Mean platelet 

volume (MPV) showed a positive correlation with viral load and (b) a negative correlation with CD4+ T cell count. 

(a) (b) 
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Decreased PDW% levels in HIV-positive individuals 

compared to uninfected controls 

The PDW%, a measure of variation in platelet size, 

was decreased in the HIV group compared to the con- 

trol group [HIV group median 49.35 (46.40–52.65) vs. 

53.90 (50–56.80), P = 0.0170]. To establish the value 

of PDW as a marker of coagulation and platelet aggre- 

gation, this index was correlated with D-dimers and 

platelet %CD36 expression. PDW% showed a positive 

correlation with D-dimers and inverse relationship 

with %CD36 (values shown in Table 2). 

 

DISCUSSION  

Several investigators have assessed the value of plate- 

let indices in platelet activation  [13,  34].  However, 

the potential value of these indices in the context of 

HIV infection remains inconclusive [29]. The present 

study aimed at evaluating the relationship between 

platelet indices and traditional markers of disease pro- 

gression, inflammation and platelet activation in the 

context of untreated HIV infection. Platelet indices are 

affordable and readily available as part of routine full 

blood counts performed using haematology analysers. 

These indices offer a more rapid analysis of platelet 

activation using an automated system that  limits 

observer bias [35]. The MPV reflects platelet size and 

the rate of platelet production [36]. MPV values 

increase during platelet activation and have been 

established as a marker of platelet activation [37]. 

Interestingly, the HIV group MPV levels were sig- 

nificantly decreased compared to the control group 

(Table 1),  which  was  in  contrast  to  the  finding  of 

 

 

Parameter Spearman r P-value 

Platelet count 0.3474 0.0002 

Plateletcrit (PCT) % 0.3138 0.0008 

%CD62P 0.1326 0.4929 

%CD36 0.3666 0.0463 

D- dimers 0.3455 0.0362 

Fibrinogen 0.2318 0.1347 

CD4 count 0.1023 0.2786 

%CD38/8 0.307 0.530 

Viral load 0.0346 0.7283 

Significant values shown in boldface. 

significantly increased levels of activation (CD62P) 

and aggregation (CD36). It is possible that in the 

untreated HIV group, levels of inflammation were 

such that an increased consumption of the larger 

platelets occurred, effectively removing them from the 

circulation. In low-grade inflammatory conditions, 

inflammatory cytokines induce thrombopoiesis result- 

ing in increased circulating large young platelets. 

However, in high-grade inflammatory diseases, the 

rapid breakdown of these larger platelets results in a 

lower MPV [18]. Furthermore, persistent platelet acti- 

vation in HIV may be induced by direct engulfment of 

HIV virions by platelets [38]. In addition, platelet acti- 

vation may be a consequence of enhanced thrombin 

production from increased tissue factor expression on 

activated monocytes and endothelial cells in HIV 

infection [39]. Moreover, the upregulation of platelet 

receptor ligands on leucocytes, in response to the 

increased inflammatory cytokine milieu, may further 

enhance the migration and adhesion of platelets to 

inflammatory sites [40].  The  increased  consumption 

of large platelets has been previously described [39] as 

a result of the migration of large hyper-reactive plate- 

lets from the circulation into extravascular sites of 

inflammation [41]. This is likely to be the mechanism 

underlying the decrease in MPV levels measured in 

our HIV group. Decreased MPV levels have also been 

reported in several chronic inflammatory diseases 

[39–42]. In addition, our current findings are consis- 

tent with recent findings reported by Qadri et al. [43], 

in a cohort of HIV-infected women. The authors 

reported a decreased MPV in HIV-infected patients 

(8.66 vs. 9.05) compared to uninfected counterparts. 

Although these patients were all women,  demo- 

graphic differences in the MPV reference intervals 

between the cohorts exist and the MPV levels in our 

study were similarly decreased. Gender-related differ- 

ences in MPV reference intervals have been reported, 

with higher MPV levels in females (9.0–12.50 fL) 

compared to males (8.80–11.30) [25]. 

In the present study, MPV levels correlated inver- 

sely with CD4 counts and directly with viral loads. 

This association contradicts findings reported in recent 

studies [28, 40]. Mena et al. reported no association 

between MPV and CD4 counts in a cohort of ART- 

na€ıve HIV-infected patients with mean baseline CD4 

counts  of  591 cells/mm3.  The  differences  between 

baseline CD4 counts (mean 373.8 cells/mm3) in our 

Table 2. Platelet distribution width % correlations 
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study and that of Mena et al. may account for these 

discrepancies. In contrast to our findings, Qadri et al. 

[43] reported no associations between MPV, CD4 

counts and viral load. Notably, only 37 (16%) of these 

participants were treatment-na€ıve, which may explain 

the contrary findings observed in our study. The 

majority of the participants in the study by Qadri et al. 

were on treatment and this may have impacted the 

association of MPV with CD4 counts and viral load as 

HIV RNA replication was controlled in the majority of 

these participants. The direct correlation of the MPV 

with viral load in our study was supported by the 

findings of Mena et al. [28] interestingly, as a host 

defence mechanism; platelets are capable of directly 

interacting and engulfing HIV virions, which may 

result in platelet degranulation and a decrease in both 

MPV levels [44] and HIV RNA in blood [45]. 

Platelet distribution width has been reported as a 

potential measure of platelet activation and aggrega- 

tion [19]. Vagdatli et al. [19] reported PDW as a spe- 

cific marker of coagulation, and a decrease in PDW 

may indicate the presence of aggregated platelets. In 

the current study, the HIV group had significantly 

decreased levels of PDW compared to uninfected con- 

trols and this showed a correlation with the marker of 

aggregation (CD36). In addition, we observed a posi- 

tive correlation between PDW and D-dimers, a marker 

of fibrinolysis and associated with increased risk of 

mortality in HIV-infected individuals [46]. This sup- 

ports the relevance of PDW% as a potential marker of 

coagulation, which may be a valuable marker in the 

context of HIV infection. 

In the present study, the PDW% index that is asso- 

ciated with active coagulation inversely correlated with 

%CD36, a marker of platelet aggregation. This suggests 

the value of PDW% as a rapid indicator of platelet acti- 

vation. Thus, we have shown that the MPV and PDW 

indices may offer a more affordable, standardized and 

rapid platelet activation monitoring technique. 

CD38 is a transmembrane glycoprotein that is up- 

regulated during early T-cell activation [32]. In the 

context of HIV, increased levels of CD38 on CD8 T 

cells have been described as a marker of generalized 

immune activation and a strong predictor disease pro- 

gression [32, 47]. In our study, the HIV group showed 

increased levels of immune activation as shown by 

increased percentages of CD8 T cells expressing CD38. 

However, the levels of immune activation were  not 

associated with the chosen platelet indices. This may 

further suggest that in HIV, alterations in platelet 

kinetics may involve complex mechanisms  that  are 

not solely dependent on immune activation. 

To the best of our knowledge, the present study 

forms the largest study investigating platelet indices 

and in particular, the MPV, in HIV treatment-na€ıve 

patients and uninfected controls. However, this study 

is subject to the limitations of a cross-sectional study, 

which  include  the  lack  of  evidence  of  causality 

between the studied parameters and platelet indices. 

Future longitudinal follow-up studies should be carried 

out to determine the prognostic value of these indices. 

In conclusion, our findings suggest that the MPV 

and PDW may be valuable markers of platelet and 

immune activation in HIV-infected patients. More- 

over, platelet indices may offer a rapid and affordable 

method of monitoring platelet activation in patients 

with HIV. 
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