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Abstract
BACKROUNDMPatientsinfectedwith the Human immunodeficiency virus (HIV) are more
prone to developing a hypercoagulable state which results in thromboembolic disease,
especially deep vein tombosis (DVT). This hypercoagulable state may be attributable to
HIV positive patients havinghaipregulated inflammatory system resulting inlifferent
coagulation profile compared to HIV negative patients. The effects of antiretroviral
medication (ARV3hould theoretically improve this hypercoagulable state though ARV
treatment maynot restore full healthThe study of coagulation in the presence of HIV
infection is ever changing. A better understanding of hypercoagulability will result in

improved patiet care in HIV infected patients.

HYPOTHESIBIV positive patients have a different coagulation profile compared to HIV

negative patients which results in hypercoagulability and DVT.

OBJECTIVE®Bo compare the following: inflammatory markers; haematolaliarkers;
viscoelastic properties of whole blood (WB) and platelet poor plasma (PPP); light microscopy
smears; ultrastructure of platelets and red blood cells; WB with thrombin to the viscoelastic

results; and PPP with thrombin to the viscoelastic result

METHODSA descriptive comparative prospective study recruiting symptomatic confirmed
DVT adult patients with HIV status. There will be three groups: Controlsdditive,and

HI\fpositive. The objectives, as mentioned above, were achieved as follows:

1. Inflammatory markers of serum iron, fibrinogeBreactive protein CRPand
erythrocyte sedimentation rateSIRas measured by an automated analyser.
2. Haematological results using a haematology analyser



3. Viscoelastic properties, using a thromboelastogi@mG)of WB and PPP.
4. Light microscopy smears of WB with Giemsa stain for differential staining of the
blood cells.
5. Surface morphology of platelets and red blood cells using WB smears with Scanning
Electron Microscope (SEM).
6. SEM, using WB with thrombirg the viscoelastic results to assess the interaction of
fibrin strands with the red blood cells.
7. SEM, using PPP with thrombin, to the viscoelastic results to assess the fibrin strand
ultrastructure and diameter.
RESULTS&ifty DVT patients were recruitethirty-five HIV negative and fifteen HIV positive.
In the HIV positive group there were 2 patients not on ARV treatment and 13 on the primary

ARV regimen (Emtricitabine, Tenofovir and Efavirenz).

DVT patients have anaemia, raised inflammatory markersranddeficiency. HIV positive
compared to HIV negative patientsth DVThave raised €eactive protein and ferritin
concentrations; and a microcytic hypochromic anaemia. There was no significant change in

platelet concentration in any of the groups.

DVTpatients have a hypercoagulable profile on the viscoelastic test whether using WB or
PPP. The viscoelastic tests did not demonstrate a significant difference between the HIV

positive and HIV negative groups.

The light microscopy demonstrated red blood cblanges in the DVT groups, which were
more extreme in the HIV positive group. These findingre confirmed and more
pronounced by examining the ultrastructure of red blood cells. Activated platelet
ultrastructure in HIV positive group also demonstrateghgicant changes, although not
correlating with the TEG results. Hypercoagulable changes can also be seen with the
increase fibrirfibre diameter, dense matted deposits and the dense compact fibrin

network.

CONCLUSIORatients with deep vein thrombosige in a state of inflammation. Whether

the HIV is the cause of the DVT or the DVT is the cause of the inflammatory changes is not



certain. However, HIV infection is linked to inflammation and inflammation is linked with a

hypercoagulable state.

Patientswith DVT are hypercoagulable regardless of HIV infection and there does not
appear to be any significant difference between HIV positive and HIV negative patients with
regard to the viscoelastic studies. The scanning electron microscopy is able to detect
changes when other tests such as haematological markers and viscoelastic test (TEG) are
unable to. The ultrastructural changes of the red blood cell, platelets and fibran

network indicates that therare specific differences in patients infected withV. HIV

positive patients do have a different coagulation profile compared to HIV negative patients

which can result in hypercoagulability and deep vein thrombosis.
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CHAPTER

1.1) INTRODUCTION

In 2016 the amount of people recorded wittuman immunodeficiency virugi(V) infection
had totalled approximately 36 million people, which is ludifhe total number recorded
since the start of the epidemi@he mortality from HIVelated illnesses in 2016 was at 1
million people! SubSaharan Africa has just under 21 million people infected with?Ni&v

HIV infections are approximately 2.6 million per year glotFally.

HIV is a retrovirus that targets the immune system and infpdtscipally T lymphocyte cells,
that bear the CD4 receptor (CD4+), and monocytes/macrophages destroying or impairing
their function.The viral replication and the antigenic stimulation by the virus stimulates a
host inflammatory respons&?® Proinflammataey cytokines concentrations are known to be

raised in their plasma. These inflammatory cytokines include interleukingj, {hterleukin

lheta(lkmi O |y R G dzy2 dzNJ y S O NP Aniuritreated KNI igfediion  LIK |

results in an exhausted and weakened immune systdine deteriorating immune system
is reflected by the low CD4+ count and an increased risk of opportimégictionst! The
immune status of HIV positive patients daa classifiedy measuring the absolute number
of CD4+ lymphocytes (per mm3aplel). Acquired Immunodeficiency Syndrome, AIDS, is

the term used for the severely immunocompromised patiehts.

0¢hb



Table 1. World Health Organisation (WHO) immunological classification according to the

absolute number of CD4+ lymphocytes (adjusted frath

HIV immunodeficiency classification CD4+ cells (per mm?)
None or nonsignificant Greater than 500
Mild Between 350 to 499
Advanced Between 200 to 349
Severe Lower than 200

In 2007 already, the WHO published a clinical staging system of HIV/FiBlinical

criteria are divided into 4 stages. Asymptomatic patients are classified as stage 1. Those
presenting with mild clinical features are classified as stage 2. Stage 3 has advanced
symptoms and Stage 4 has severe symptoms. Stages 3 and 4 are associated with advanced
HIV infectioA! (Table2).



Table2: World Health Organization Clinical stagjrof HIV/AIDS

Clinical stage 1

Asymptomatic

Persistent generalized lymphadenopathy

Clinical stage 2

Moderate unexplained weight loss (<10% of presumed or measured body weight)
Recurrent respiratory tract infections sinusitis, tonsillitis, otitis naegind pharyngitis)
Herpes zoster

Angular cheilitis

Recurrent oral ulceration

Papular pruritic eruptions

Seborrhoeic dermatitis

Fungal nail infections

Clinical Stage 3

Unexplained severe weight loss (>10% of presumed or measured body weight)
Unexplained laronic diarrhoea for longer than one month

Unexplained persistent fever (above 37.6°C intermittent or constant, for longer than or
month)

Persistent oral candidiasis

Oral hairy leukoplakia

Pulmonary tuberculosis (current)

Severe bacterial infections (sual pneumonia, empyema, pyomyositis, bone or joint
infection, meningitis or bacteraemia)

Acute necrotizing ulcerative stomatitis, gingivitis or periodontitis

Unexplained anaemia (<8 g/dl), neutropaenia (<0.5%p#0 litre) or chronic

thrombocytopaenia (80 x 10 per litre)




Table 2: World Health Organization Clinical staging of HIV/AHGE2 y (i A y dzS R X

Clinical stage 4

HIV wasting syndrome

Pneumocystis pneumonia

Recurrent severe bacterial pneumonia

Chronic herpes simplex infection (orolabial, genitahiorectal

2T Y2NB GKFYy 2yS Y2y(iKQ&a Rdz2N} GA2Yy 2N O
Oesophageal candidiasis (or candidiasis of trachea, bronchi or lungs)
Extrapulmonary tuberculosis

YIFLI2AaAQa &l NO2Yl

Cytomegalovirus infection (retinitis or infection of other organs)
Cental nervous system toxoplasmosis

HIV encephalopathy

Extrapulmonary cryptococcosis including meningitis

Disseminated nottuberculous mycobacterial infection

Progressive multifocal leukoencephalopathy

Chronic cryptosporidiosis (with diarrhoea)

Chronic isospaasis

Disseminated mycosis (coccidiomycosis or histoplasmosis)
Recurrent nortyphoidal Salmonella bacteraemia

Lymphoma (cerebral or-8ell norHodgkin) or other solid Hi¥ssociated tumours
Invasive cervical carcinoma

Atypical disseminated leishmaniasis

Symptomatic HIVassociated nephropathy or symptomatic Fd$sociated cardiomyopathy




The prevalence of HIV in South Africa, as well as worldwide, has escalated the already
overwhelming influx of patients into hospitaldighly effective antiretroviraARV) therapy

was introduced around 199%996'2 In South Africa, there are multiple classes of ARVs
available(Table 3). Firstline ARV regimen as recommended by the Southern African HIV
Clinicians Societgonforming with international guidelinesrecommendsthe combination

of 2 nucleoside/nucleotide reverse transcriptase inhibitors (NRTI) and enundaoside
reverse transcriptase inhibitor (NNRTT)he following combinations are recommended:

1 Lamivudine (3T@ith Tenofovir (TDF), Zidovudine (AZTAbacavir (ABC)

w Emtricitabine (FTC) withenofovirin a fixeddose combination or with the addition
of Efavirenzas acombinedpill*3,
In Pretoria, the Firsline ARV regimen combination most frequently used is Efavirenz
(NNRTI), Emtricitabine (NRTI) drehofovir (NRTI).



Table3: Classes of ARV agents available in Southern Affica

Class

Mechanism of
action

Specific action

ARV agents availableg
in Southern Africa

Nucleoside and Reverse Nucleic acid Zidovudine (AZT),
nucleotide reverse | transcriptase analogues that Didanosine (ddl),
transcriptase inhibition mimic Lamivudine (3TC),
inhibitors (NRTIs ang the normal building | Stavudine (D4T),
NtRTIS) blocks of DNA, Abacavir (ABC),
preventing Tenofovir (TDF),
transcription of viral | Emtrictabine (FTC)
RNA to
DNA
Non-nucleoside Reverse Small compounds | Nevirapine (NVP),
reverse transcriptase shaped to fit into the| Efavirenz (B,
transcriptase inhibition genomic HIV binding Etravirine (ETV),
inhibitors (NNRTIs) site of reverse
transcriptase and
directly inhibit its
action
Protease inhibitors | Protease Inhibit the final Indinavir (IDV),
(Pls) inhibition maturation stages of| Atazanavir (ATV),
HIV Lopinavir/ritonavir
replication, resulting| (LPV/r), Darunar
in the formation of | (DRV), Saquinavir
non-infective viral (SQV),
particles
Integrase inhibitors | Inhibit viral Prevent the transfer | Raltegravir (RAL)
(also termed integration of proviral DNA

integrase strand
transfer inhibitors)

(InSTIs)

strands into the host
chromosomal DNA

ARV = antiretroviral; DN= deoxyribonucleic acid; RNA = ribonucleic acid.
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known to be associated with coagulation abnormalities in HIV infected pati€atsg5).1*

17

Table 4 Sde effects ofAntiretroviral medication

Class Medication name| Side effects

NRTIs | Zidovudine fever, rash, and Nausea and vomitinf

Fatty liver change, hepatomegaly, elevatiaeit function test$®
Nail hyperpigmentatiot?

Myelosuppressiot?: 16

Diabetes Mellitus and Insulin Resistatfce

Dyslipidaemié&

Steatosi$®

Lactic acidosi§1®

Myopathyt>: 16

StevensJohnson Syndrome/ Toxic Epidermal Nect§sis
Didanosine Pancreatiti$® 16

Deranged liver function test3

Hyperuricemia, abdominal pain and abnormalities in cardiac
function®®

Fulminant hepatiti&

Cardiovascular Disease (increased risk ofoMI)

Diabetes Mditus and Insulin Resistant%e

Nausea and vomitirt§

Steatosi$®

Lactic acidosi§

StevensJohnson Syndrome/ Toxic Epidermal Nectésis
Noncirrhotic portal hypertension and oesophageal variges
Peripheral neuropathy

Optic neuritig®

Lamivudine Lactic acidosi§
Elevated liver function tests
Pancreatiti®

Stavudine Peripheral neuropathy

Nervous System/ Psychiatric Effééts
Dyslipidaemia and hyperglycaerhia
Diabetes Mellitus and Insulin Retsince®
Dyslipidaemiéf




Table 4 Side effects of Antiretroviral medicatio® 2 y i A y dzS R X

Class

Medication name

Side effects

NRTIs

Stavudine

Lactic acidosi§ 16

Lipodystrophy®: 16

Abacavir

Cardiovascular Disse (increased risk of MP)

Dyslipidaemi&

Hypersensitivity Reactidh

Tenofovir

loss of Bone Density

Dyslipidaemi&

i { SNHzY / NBIFGAYAYST t NEGSAY

Hypophosphatemia and urinary phosphate wastthg

Glycosurid®

Hypdkalaemia, and nomnion gap metabolic acidosfs

Emtricitabine

Hyperpigmentation

NNRTI

Nevirapine

Hypersensitivity rash. Hepatotoxicity/*’

Diarrhoed®

Hypersensitivity Reactidh

StevensJohnson Syndrome/ Toxic Epidel Necrosi¥

Efavirenz

Neuropsychiatric disordet® 1’

Cardiac conduction effect§

Dyslipidaemiéf

Hepatic failuré®

Hypersensitivity rast

Etravirine

Hypersensitivity rasty

StevensJohnson Syndrome/ Toxic Epidelmiecrosis®

Pl

Indinavir

Associated with cardiovascular evelits

Druginduced hepatitis®

m { SNHzY ONBI GAYAYSST LI dzNA M3

Urinary stone or crystal formatich

Hypersensitivity rast

Atazanavir

Cardiac conduction effects

Diarrhoed®

Druginduced hepatiti&®

Hypersensitivity rast

Chronic kidney disea&e

Urinary stone or crystal formatich




Table 4 Side effects of Antiretroviral medicatio® 2 y i A y dzS R X

Class

Medication name

Side effects

Pl

Lopinavir/ritonavir

Cardiac conduction effects

Associated with cardiovascular evelits

Dyslipidaemi&

Diarrhoed®

Druginduced hepatiti&®

Hypersensitivity rashi

Chronic kidney disea$e

Darunavir

Associated with cardiovascular evelsts

Diarrhoed®

Druginduced hepatiti&®

Hypersensitivity rastd

Saquinavir

Cardiac conduction effects

Druginduced hepatiti&®

INSTIs

Raltegrawi

Hypersensitivity Reactioh

Lipohypertophy?®

 /tYYX NKFEoR2Ye2fteaAras | yR

StevensJohnson Syndrome/ Toxic Epidermal Nectésis

NRTIs= Nucleoside and nucleotide reverse transcriptase inhibitors, NNRFrexd\arside
reverse transcriptase inhibitors, PIs=Protease inhibiteSTIs=Integrase inhibitors
(integrase strand transfer inhibitors)




Table5: Coagulation parameters and ARV regiméh¥> 20.21

Parameters

NRTI regimen

NRTI + NNRTI

regimen

NRTI + Pl regimen

Coagulation marker

PT, aPTT, VWF,

factor VII,
Fibrinogen, Edimer
and endogenous

thrombin potential

No significant

differences

No significant
differences between

combinations

Increased

fibrinogen levels

Endothelial markers
VWE sVCAML! and
sICAM1

Decreased

Decreased

Platelet markers

CDA40 ligad and P

selectin

No significant

differences

No significant

differences

HIV is directly related to the increased risk of oppertunistic infections by decreasing the host

immune system. Therare also noninfective conditions thatre associated with the

increasedHIVproinflammatory state. HiVelated inflammatory states increase mortality

and morbidity. Raised inflammatory markers (such as interteukid-dimers and

macrophage activation markers) are linked sydiovascular diseasetype 2 diabetes, on-

AIDS related malignancy, neurocognitive dyfunction, multiple@gan disease and

venousthromboembolic diseassuch as deep vein thrombosis

Deep vein thrombosiDVT)s abnormal clotting in the deep venous system, most

commonly in the lower limb. Acute DVT is a common and potentially life-threatening

condition. A complication of DVT is pulmonary embolism that commonly complicates the

course of patients in hospital. ¢ K S
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0NR I R¢ ¢ Kot veous@mdgtiellalkdaniage, hypercoagulability and decreased

venous flow?

Deep vein thrombosis is associated with increased concentratibmflammatory markers

whether the patient is infected with HIV or ndRaised plasma levels ofr€active proten

(CRP)Ddimerz  { dzY 2 dzNJ y SONZ & A &6, [ES-atdim®dibtyle Ehediotactid ¢ b Ch 0
protein have been founéh patients with DVT, especially at the onset of B¥#2425

Inflammation and coagulation are closely linked. Inflammation can activate coagulation by
cytokine(Ikc YR ¢bCh 0 AYyRdzOSR G(A&aadzS T OdG2NJ SELNS
inhibiting fibrinolysisConversly, @agulation factors and products (thrombin and fibrin) can

also activate inflammatiof®26

The proinflammatoy state in HIV infectegdatients, with upregulated cytokines and other
inflammatory molecules present in the bloaake therefore stongly associated witbVvT
formation. The elevated inflammatory markers in the haematological systestherefore

as a good measuring tool to ass@gtammation in HIV infected patients.

Inflammation is one of the hallmarks of hypercoagulatidmypercoagulable statean be
considered as a condition whetiee components of coagulation are increasadtivated

and/or the anticoagulation pathways de@sed/inactivatedesulting in a haematological
system thatis prone to thromboembolismHypercoagulable conditions include protein C
deficiency, antiphospholipid syndrome, increased von Willebrand factor and malignancy.
Hypercoagulabilty isommonly measwd by pasmabased(prothombin time, partial
thromboplastin time and international normalised ratio) and whole blood (viscoelastic tests)

based coagulation testgach with their limitation¥ (Table:6).
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Table6: Commonly used coagulation tests antdir limitations.

Coagulation tests

Limitations

Bleeding Time (BT)

Patients using antiplatelet therapy, operator dependant, frail 3kir

Prothrombin Time

(PT)

Laboratory variations in PT results vary with the type of reagent [

in combination with thanstrument?

Activated Partial
Thromboplastin
Time (@PTT)

Laboratory variations in PT results vary with the type of reagent [

in combination with the instrument

International
normalized ratio

(INR)

INR differences due to incorrect prothrombin timegios; incorrect

thromboplastin reagent/test systeffi

Thromboelastography

Unable to identify platelet adhesion and Von Willebrand factor

abnormalities?

Screening for a hypercoagulable state in HIV patients that may develop a DVT is not

currently perbrmed unless the patient presents with a symptomatic venous

thromboembolic diseasddowever, prophylactic DVT screening and/or early detection of a

DVT in HIV infected patients would improve patient care and decrease morbidity and

mortality. A better undestanding of hypercoagulability will result in improved patient care

in HIV infected patients.
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1.2) HYPOTHESIAND OBJECTIVES

Hypothesis HIVpositive patentshave a differentoagulationprofile compared to HIV

negative patientsvhich results irhypercoagllability and deep vein thrombosis
Objectives
1. To compare inflammatory markers:
1 Iron (Iron saturation, transferrin and serum ferritin)
1 Fibrinogen
1 Greactive protein CRPp
1 Erythrocyte sedimentation rateESIR
2. Comparehaematologicatesults between the gnaps.
3. Compare viscoelastic properties of whole blood and platelet poor plasma (PPP).
4. Compare light microscopy smears between groups.

5. Compare ultrastructure of platelets and red blood célising whole blood smears)

with the scanning electron microscog$m).
6. Compare whole bloodith thrombin using SEM tthe viscoelastic results.

7. Compare platelet poor plasmaith thrombin using SEMo the viscoelastic results.

13



CHAPTER PITERATURE REVIEW

This thesis investigates the pathology in the haematologic&syswvith specific focus on
the coagulation system in HInfectedpatients with DVT. In this chapter the literature
pertaining to the coagulation system and toolsm@asure changewill bediscussedThe
current DVT screening and diagnostic investigetiwill be describedl'heinteraction of the
inflammatory and coagjation system will be reviewedescribng the factors that generate

a hypercoagulable state

2.1)Cells and plasma proteins in the blood

Whole blood consists @f5% formed elements (bloocklls) and 55% plasma. Plasma
consists of 7% proteins, 91.5% water and 1.5% of other solutes. Blood cells consists of red

blood cells, white blood cells and platel&ts

Red blood celléerythrocytes)are enucleate cells with a function of carrying haembgi
throughout the body allowing transport of oxygen from the lungs and to the tissues, and
transporting carbon dioxide from tissues to the lunBed blood cells are derived from
proerythroblastsThe absence of a nucleus results in a biconcave disedhaghl which can
deform in order to pass through capillary beds. The lifespan of a red blood cell in the
circulation is 120 day®.

ax
c

2 KAU0S o0ft22R OStfta o6f S ddefdnOedysté&ra the White/bload cedls/ |
are derived from the common mi@d progenitor cell which develop into granulocytes and
monocytes; and common lymphoid precursor cells which develop into lymphocytes.
Granulocytes (neutrophils, eosinophils and basophils) have multiple granules in their
cytoplasm and have multilobed necl Monocytesand lymphocytesio not have

cytoplasmic granules. Monocytes ddifferentiate into macrophage<sranulocytes and
Y2y20eiSa IINBF GKS 02ReQa AyylradGS AYYdzyS NBaLkR
lymphocytes function as the adaptive immuresponse providing specific cellular and

humoral immunity32

Platelets (thrombocytesire involved in haemostasis aade derived from megakaryoblasts

that transforms into metamegakaryocytes which splinters into fragments. Platelets are disc
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shaped with © nucleusbut havemultiple granulesPlatelets have a halife in the blood of

4 days (and lifspan of 812 days) are then removed by macrophages in the sgfeen

Platelets are tightly linked tooagulation Coagulation involves multiple plasma protgjin
coagulation factors, which are activated by one another. The activation of these proteins
results in a positive feedback forming a large thromtany of the plasma proteins are
identified by Roman numerals according to their order of discovemyiccagulation factors

are also plasma protein that have the reverse effect on the coagulation system thus allowing

the body to maintain homeostas?s.

The literature review will focus aihe association of platelets and red blood cells,
coagulation system and|V infection with pathological clotting in the form of DVT. Platelets
and red blood cells will be reviewed as well as the role they play in inflammation and the
how these cells are affected by circulating inflammatory molecules.dlfferent plasma
proteins involved in coagulation and the modeldiué process of coagulation will also be

discussed in the following paragraphs.
2.2) Platelets

Platelet function and platelet number varies wibkxdifferences. Males have been

reported to haveraisedplatelet concentrationsand quickerclotting timescompared to

females, thereby making them more susceptible to thrombosis. The differences are possibly
due to the concentration of growth hormone secretion between males (pulsatile secretion)
and females (sustaimksecretion). The differences on growth hormone secretiay also

have differences igoagulation regulatoproduction3*

Platelet activation occurs in three stag&€sn the initiation stage platelets become activated
when they come into contact withascular wall collagen fibres or damaged endothelial

cells®3 36 VonWillebrand (VWF) factor assists the platelets to attach to the injury38ite

In the extension phase, activated platelets swell, develop pseudopods protruding from their
surface, releae multiple active factors e.g. ADP, thromboxane A2, and serotonin; and

become sticky and attach to surrounding platelets. ADP and thromboxane A2 activate
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nearby platelets forming platelet aggregatesAs platelets are recruited and accumulate, a

platelet plug is formed which contributes to hemostaSis

The last stage is the perturbation phase. In this phase stabilization of the clot takesYlace

2.3) Plateletrecruitment pathways

The platelet cytoplasm contaimifferent granules, alpha granudenddense granules
(Table7). The alpha granules contain clotting factors (V and VIlI) and plateteted
growth factor (PDGF). The dense granules corgdanosine triphosphate (ATR)denosine
diphosphate (ADP¥erotoninandcalcium ionsAlso present irthe cytoplasm are enzymes

that produce thromboxane A2 and fibrstabilising factor (factor X113}

ADP binds to platelet membrane receptors Paiyd P2Y,. The activation of receptor P2Y
causes the shape of the platelets to chanBeceptor P2Yalso anplifiesplatelet
aggregatioroby increasing theelease of thromboxane A2 arsimulatingthe coagulation

cascade®

¢CKNRYO2ElIYS !'n A& | LINRalGlFAEFTYRAYd ¢KNRYOZ2ELI
¢ti > 6KAOK OF dzaSa LX I Gdbdreébde. Thi@hDokaizgd A2¥alSoy & | YR L

functions as a vasoconstricté¥ 3°

Serotonin binds to platelet receptor 5F2T This interaction causes platelet recruitment and
platelet shape change. Serotonin also activates the coagulation system and can function as a

vasoconstrictor3 35

Vascular collagen fibresdirectly activates platelets via von Willebrand factewF) VWF
attachesto the receptors glycoprotein Ib and GP lIb/Iftaynd on the activated platelet

surfaceandthe vascular subendotheliuf?

Thrombn binds to platelet receptors PARactivating platelets and causing platelet
aggregation. Thrombin also binds to platelet receptor BA#hich also has a procoagulant

activity and also causes release of serotonin and epineptrine
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Table7: Platelet Gramles and their component®

PLATELET GRANUL CLASS TYPE FUNCTION
Alpha granules Adhesion molecules| P-selectin Plateletplatelet
interaction

Von Willebrand
Factor
Thrombospondirl
Fibronectin
Platelet factord

Platelet interactions
with other blood
cdls

Mitogenic factors

Platelet derived
growth factor

Cell growth and cell
division

Coagulation factors

Fibrinogen
Plasminogen
Factors V,VII, X1, Xl

Coagulation

Protease inhibitors

Plasminogen

activator inhibitor1,
Thrombin activatable
fibrinolysisinhibitor

Fibrinolysis inhibition

Dense granules

Nucleotides Adenosine Amplification of
diphosphateand platelet aggregation
Adenosine
triphosphate
Guanosine Modulation of
diphosphate (GDP) | vascular
and Guanosine endothelium and
triphosphate (GTP) | leukocyte function
Amines Serotonin

Histamine

Bivalent cations

Calcium ions
Magnesium ions

Lysosomes

Hydrolytic enzymes

Glycosidase
Proteases

Digest material in
platelet aggregates
through hydrolytic
degradation

Proteins

Cationic proteins

Bactericidahctivity
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2.4) Thrombocytopenia

Thrombocytopenia is a common manifestation of HIV infectidgrombocytopenia (platelet
count of less than 100 x 30) is a common manifestation of HIV infection. Severe
thrombocytopenia is classified as less than 50%L1 and a high risk for spontaneous
bleeding below 10x BL.3" Thrombocytopenia in the presence of HIV can be caused by
megakaryocyte infection by the HIV virus in the bone marrow, bone marrow infiltration
from opportunistic infections or lymphoma, hyrsplenism, myelosuppression effects of
medications or by immunenediated peripheral platelespecific antiglycoprotein
antibodies?® ¥ Platelet destruction is predominalytearly in theHIV disease course,

whereas decreased platelet production is the meainse later in the disease course®

2.5) Immunity Role of Platelets

Besides haemostasis, platelets also appear to have a role in the immune s§stew

grade inflammatory conditions are associated with a high mean platelet volume (§1PV).
Platelets an also be classified as natural inflammatory cé@ltey have the ability to
aggregatégather around microorganisms, and tsist with the removal from the blood3®

In the presence of infection, platelets become activated and their production is inadgse
certain inflammatory mediators, such as interleukif®®latelets aggregate with leukocytes
in areas of ischemia/reperfusion injufyThe activated platelets interact with and signal to
other inflammatory cellssuch as leukocytes, and release thgranules in high
concentrations Approximately 0.26 to 7.6% of HIV infected patients will have venous

thromboembolism and activated platelets have been suggested as the eti$logy

Several chemokines are stored in very significant amounts in alpha gsanuhe platelet
cytoplasm whiclposseswirucidal andsuppressive activity against HiVActivated platelets
release cytokines such aslii X-7, ll-8, platelet activating factor (PAF) and transforming
growth factor (TGF).2 The chemokines releadectivates leukocytes, specifically
neutrophils and monocytes$>-selectin, a cell adhesion molecuteediated by thrombinis
expressed on activated platelets which increase the pla@tathesionto endothelial cells
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and to neutrophilsActivated platedts release a pranflammatorymediator CD40 ligand
which induceghe production of I8, 11-8 andthe synthesis of tissue factdf Platelets
therefore play a role in surveillance aadhplifying the immune response during viral
infections.However, patelets and cytokinessuch as HL8, canalsocause dysregulation of

the immune response to HI¥

Platelets attach HIV via 2 receptors, fibronectin and CXCR4, a fundamenrgakptor

required for the virus to enter into cells. Activated platelets camtieedocytose the HIV
virus. Pselectin is then expressed on the platelet membrane surface which can activate
surrounding macrophages. This leads to enhanced viral clearance by the activated
macrophaged! On the other hand, platelets can also enhance theead of the virus.
Platelets attached to HIV can infect CD4+ cells directly or endocytose and deliver the viral

particles elsewhere in the bod¥.

Thrombocytopaenia can occur when the glycoproteins on the platelet membrane surface
are targeted by the ambodies that are supposed to be directed toward the viral

glycoproteins¥’

A recent study done on patients with essential thrombocythaemia found evidence of
platelet leucocyte interaction. The interaction resulted in aggregates different from the
usual patelet aggregates that may affect haemostasis. This plateletocyte interaction

has not been visualised in detail previou®y*®
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2.6) Antiretrovirals and Platelets

Antiretroviral therapy usually improvesi\trelated thrombocytopeniaut the effect may

not be the same for all HIV infected patients.*® Before ARV the prevalence of HIV associated
thrombocytopaenia was-80%, with ARV the prevalence is 3.2%. HIV patients may however
KIS 'y AYONBIFaSR NRaA|l 2F bGSSRiAQ0E PNIEKKSWRE
O2YoAYylFlGA2ya 2F !'w+xQa IfGSNI GKS yIGdz2NE 2F (K

Zidovudine, NRTI, results in resolution of3®% of HIV associated thrombocytopenia and a
partial response in 334%. Didanosine commonly results inserin the platelet
concentration.Protease inhibitors (Plgye generaly associated with an increased rate of

thrombosds, howeverincreased bleeding risks have also been documented.?’

2.7) Ultrastructure of Platelets

The morphology of activated platgk is characterised by membrane blebbing, platelet
spreading and extensive pseudopodia formati®mhese ultrastructural changésve been
documented indiseasedike asthma, cancer, thrombotic disease, and bleeding disorders
In addition to the morphological changes seen in activated platelets, HIV infection iglso
associated with plateletsndergoing apoptosis (cell death) where procoagulant vesicles are

released and membrane fragmentation occur. 3%-4°

A study of 4 HIVhfectedpatients using a Scaing Electron Microscopy was reported in
2008 by the University of Pretoria which examined the ultrastructural changes of platelet
aggregates. There were areas of intact membranes adjacent to membrane blebbing with
areas where the membrane was torn comedrto the control platelet aggregates which
showed smooth membranes. Both HIV positive and HIV negative platelet aggregates had
pseudopodia and openings of the open canalicular system chari&snfected patients
therefore have platelet aggregates thappear apoptotic which could be due direct viral

damage oto patient antibodycrossreaction®
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Not much research has beelocumented on the plateletltrastructurein HIV patients

while on ARMherapy. One study looked at the morphology of plateletgh the use of an
immunomodulator, Canova, in HIV patien®anovas a herbal drug which augments the
FOGAGIGAZY 2F (KS Qdtelndal the A patfenfs\pingl& marphalodyS Y ¢
showed membrane blebbing and ruptured platelet membraneseaayserved which is

indicative of apoptosis. There were minor morphological changes observed in fibrin

networks suggesting that HIV does not impact on the fragility of the fibrin net#ork

Patients treated with Canova had intact platelet morphology iditig decreased platelet
membrane blebbing and intact smooth membran&ke findings suggest that the use of

Canova prevents the destructive effects of the vili®¢ KS STFSOGa 2F ! wxQa

similar effects on platelet ultrastructure as Canova.

Theproposed study seeks to demonstrate these morphological changes on platelets from

HIV infected patients and the effect of ARV treatment thereupon.
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2.8) Red Blood Cells (Erythrocytes)

Platelets are influenced by physical and chemical pridgs ofred blood cellsRBG). RBCs

can release ADP and therefore has prothrombotic properties by activating platelets resulting
in a prothrombotic state. RBCs may stimulate platelet granule release which will recruit
additional platelets into the deveping thrombus. The interaction between platelets and
RBCareinitiated by platelet activation. As the platelets become activated, the coagulation
pathways are stimulated resulting in fibrin network trapping more platelets and RBCs. The
interaction of ativated platelets with RBCs therefore has a positive feedback on the

coagulation systerft’

Fibrinogen expresses binding sites for the membrane receptors of cells involved in
inflammation. Fibrinogen enhances adhesion of the RBCs by binding to the ery¢hrocy
membrane?’ Red blood cells aggregation thereby increases in the presence of fibrinogen.
The erythrocyte sedimentation rate (ESR) is a marker of inflammation. Since inflammation
can increase the concentration of fibrinogen, the ESR can assess fibrieagkn

indirectly.?’

Red blood cell membranes appear smooth in4poagnant females and granular in
pregnant females, it is possible that the same appearance may be present in HIV patients

who are also hypercoagulabté
2.9) Fibrin

Fibrinogen is a lge centrosymmetric glycoproteifibrinopeptides A and B are released
when thrombin cleaves the fibrinogen molecul&sbrinopeptide Asan early indicator of
fibrin formation. Cleavage of the fibrinopeptidesdlows fibrin monomers to attach forming
protofibrils. Bundles of protofibrils form the fibrifibres.3® Soluble fibrinogen is therefore
converted to insoluble fibrifibres.3% 4 The fibrin clot consists of thidlores, which form

the majority of the clot, and thin mindibres which are arrangednaong the majoffibres.*
Thrombin concentration appears to influence thensity of the fibrin clot by increasing the

thickness of each of the fibrin fibrés
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In the anticoagulation pathway antithrombin Il inactivates thrombin, bu©8%b the fibrin
fibres absorbs thrombin while the clot is being formed thereby preventing spread of the
clot. Lysis of the clot occurs with activation of plasminogen, a plasma protein, into its active
form plasmin in the presence of tissue plasminogen activator. Plasminsausieolysis of

the fibrin fibres into soluble degradation product’

The nature of the clot can be influenced by changes in the concentration of fibrinogen; a
higher concentratiorof fibrinogen will leado rapid clot formation with decreased spaces
between the fibrin strandsClot characteristics can also be influencedibbynogen amino
acid sequence changes and divalent cations (e.g. iron ions) chidnragésteract with
fibrinogen and its conversion into fibrfibres. lonic strength can influendbe clot pore size
as fibrinogen at a neutral pH has a negative chalrgeiabetes, the nature of fibrinogen can
change due to glycatio® Hormonal changesuch as an increase in oestrogeauses a

granular fibrin network®

Fibrin clot proteolysis ihypercoagulable conditions may be inhibited or delay@&danning
Electron Microscopyeveals an associated altered fibrin netwdPkrhe delayed/inhibited
breakdown of the fibrin clot may be due to inflammatory cellular elements that are trapped
in the fibrin fibre network that stimulates a firm clot formation resistant to attirombotic
agents® In stroke patients, it was noticed that an abnormal matted fibrin network was
present even without the addition of thrombin, indicating the presence of othasipia

factors In disease free individuals this abnormal matted fibrin network can only be

recreated when thrombin is added to citrated bloed.

Athick matted layered fibrin network seen which is due to the increased volume of the
thin minor fibrin fibees The result is the appearance of the thick major fibres being covered
by a net of thickened minor fibres. These fibrin changes are documented in patients with

inflammatoryor other conditions such as arthritis, asthma and smoKkfg
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2.10)Coagulation models and monitoring

The following paragraphs will discuss the coagulation models that explaiviroous
plasmamolecules are involvetb form blood clots. Clot formation snormal and healthy
physiological process, however, when inflammogens aesgnt, it acts on the sticture of

the plasma proteingand causeshypercoagulation. The following coagulation models will be
discussed in the next paragrapltsiscade/waterfall model and cell based moddie

methods used to investigate the different meldunctioning will also be mentioned

2.10.1) Coagulation models

There are 2 theories whiakxplainthe coagulation process with the end result of a fibrin

clot. The initial cascade/waterfall model describes the coagulation process in an extrinsic

and anintrinsic pathway which results in activation of a common pathwae celtbased

model, includes thactivatedplatelets and considers the coagulation pathway as a single

intricate processTissue factagran integral membrane protejrappears tanitiate the

coagulation pathwayn both modelsTissue factoiis presentn the blood vessel wall,

pll- St SG YSYONIYS | YR Idraades’i KS YIFGNRE 2F LX I 0

2.10.1.1) The cascade/waterfall model

The extrinsic pathway is activated with the release of tissue factor on exposed vascular
subendothelium which activates factor VII. Activated factoitigdue factor complex
activates factor X. Activated factor X combines with activated factor V, which is activated by

thrombin, and together withcalcium ions forrathe enzyme prothrombinas&

The intrinsic pathway is initiated by damaged platelets, resglin the release of

phospholipids by the platelets, or damaged endothelial cells that expose collagen in the
surrounding basal lamina which activates factor Xll. Activated factor XII activates factor Xl in
the presence of calcium ions. Activated factgrniith calcium ions, activates factor IX.
Activated factor IXn the presence oéctivated factor VIII, which is activated by thrombin,
together withcalcium ions as a ef@actor, activates factor X. Activated factor X combines

with activated factor V, inhte presence of calcium ioferms the enzyme

prothrombinase3! 36
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Both extrinsic and intrinsic pathways now follow a common pathway once prothrombinase
is formed. Prothrombinase, together with calcium ions, converts prothrombin (factor II) to
thrombin (adivated factor 1l). Thrombirtpgether withcalcium ions, converts soluble
fibrinogen (factor 1) to insoluble loose fibrin threads (activated factor 1). Factdfilfih
stabilizing factor)s activated by thrombin and promotes crosslinking of fibriretius to

form a stable fibrin network? 36

2.10.1.2) Celtbased model

The ceHbased model of coagulation occurs igtages initiation, amplification and

propagation. In the initiatiorstagethe tissue factor on a tissdictor bearing cell combines
with activated factor VII which activates factor IX. Tissue factor and activated factor VII
complex also activates factor X. Activated factor X together with activated factor V converts

prothrombin (factor 1) to thrombin (activated factor.pf)36

In theamplificationstagethrombin activates factor V and factor XI. Calcium ions is required
in the activation of factor V. Thrombin also assisith the cleavage of factor VIII froaWF

and thereby activating factor V.36

The propagatiorstageoccurs orthe plateletsurfaceas thrombin formed in the initiation
stageactivates resting platelets. The activated platelets release platideied acidic
phospholipids which drives the propagatistage Activated factor XI activates factor IX.
Activated factonX together with activated factor VIII activates factor X. Once again,
activated factor X together with activated factor V converts prothrombin (factor II) to

thrombin (activated factor II), driving a positive feedback procéss

Thrombin, in the presencef calcium ions, converts fibrinogen (factoirip loose fibrin
threaddfibres (activated factor I). Factor XIII (fibrin stabilizing factor) is activated by
thrombin and promotes crosslinking of fibrin threads to formeawork ofstable fibrin
fibres. Thrombin assists in primary plug formation by activating resting platelets and
mediating the expression ofs$tlectin, a cell adhesion molecule, on endothelial cells and
platelets. Thrombin also assists in secondary plug formation by activating fibribmgen

ultimately form the fibrin network andnaintains thecoagulationprocessy initiating the
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production of endothelial cytokine Interleuki® (IL-6) that promotes tissue factor

expressiort 36

2.10.2 Methods to monitor coagulation

Methods to monitor oagulation and coagulopathies will require plasma or whole blood.
Plasmabased coagulation tests includetivated partial thromboplastin time (aPTT)
prothrombin time (PTandthe international normalized ratio (INR). Whole blood based
coagulation testsncludes Thromboelastography (TERQtational iromboelastometry
(ROTEM) and the Sonoclot instruments. These whole blood tests can determine the

viscoelastic properties of the clot direcfly

TEG wammventedaround 1940. The clinical application was tediat the time until
approximately 60 years later due to technical limitatiGh¥he TEG issed toidentify

specific areasf functioningin the clotting procesg’ The method of TEG has been
standardized and results are reproducibterhe ROTEMIevebped at the Ludwig
Maximillian University in Munich. ROTE&hdetect coagulationabnormalitiesas well as
fibrinolysischanges There a few drawbacks of the ROTEM, it is unable to identify platelet
adhesion and/WFabnormalitiesduring primary haemostasis The paameters ofwhole

blood andplatelet poor plasma in viscoelastic testiee shown irirable8.5+°

Thee is adifference between the TEG and the ROTE#lre 1). Inthe TEG the cuvette
whichholdsthe blood ismoving arounda stationary pin anth the ROTEM thpinis

rotated with a stationary cuvettéThe movement of the cuvette or the pin is unobstructed,
but as the fibrin fibres form, the movement becomes restrié¢te@herefore the more firm
the clot is, the slower the rotation of the cuvetor pin The TEG produces a trace recording
of coagulation and lysis of the clot, theayisrepresentsthe viscosity of the clot and the x
axis the time. The clot time {fRaction time) measures from the initiation of the coagulation
process to 2mm ampilide on the trace recording. The clot kineticskiKetics) records the
time from the R time to 20mm amplitude. The alpha analki¢h is shown as the angle
between Rime and Ktime) measures the intensity of the clot forming. The clot strength
definedby the maximal amplitude (mm) of the tracing f\maximum amplitudg Clot lysis

(Ly3Q Ly60Q measures amplitudeeduction at30 and 60 minutes after the MAhe velocity
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thrombin formationand thrombin generatiowoncentration can also be measurdedgure2

and 3. The ROTEM presents a similar trace recording but with different terminology of the
variables measurefable9)?’. In addition, the ROTEM also Waseasuring channelshich
aretemperature controlledhat can assesahole blood or plasma. ROTEMnN thereby also
determineabnormal functioning oplatelets, anticoagulant defectsjefectivefibrinogen
activationand hyperfibrinolysigTable10). Tissue factor is used to activate thetensic

pathway, whereas kaolin is used as an intrinsic pathadiyator in the ROTER? The
ROTEMNstrument is also more durable than the classical thromboelastrography equipment

as it can be transported over rough terrain and maintainsuracy?°

The Sonoclot instrumentare different where theviscoelastic probeibrates vertically. The

tracing recorded from the Sonoclotnstrumentsis in the form of peak§-igure4).?’

Nielsen and colleagues developed the clot lifespan model whiable to determine
increased coagulabilignddecreasedibrinolysis in the sam samplgFigureb). Tissue
factoris used as alotting stimulus andissue plasminogen activatasa fibrinolytic

stimulus to assess the changes in clot resistance directly during clot lysis. The test lasts

approximately 30 minute%’
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Table8: Parameters of Whole blood and Platelet poor plasma in viscoelastic f&s$ts

PARAMETER WHOLE BLOOD PLATELET POOR
PLASMA

TEG Clot time
time to 2mm R (reaction time, R (reaction time,
amplitude) min) min)
Clot kinetics
time from 220mm K (kinetics) K (kinetics)
amplitude

h  6&f 2 LIS
and K)

h  o&af 2 LIS
and K)

Clot strength
Maximum strength

MA (maximum

MA (maximum

amplitude) amplitude)
Clot elasticity G G
Clot lysis
Lysis (at fixed time) | Ly30, Ly60 Ly30, Ly60

(amplitude reduction
3/60 min after MA)

(amplitude reduction
3/60 min after MA)

Thrombin generation
(TG) curve

Lag time Lag time

Time to peak height | Time to peak height
Maximum amount of| Peak height Peak height
thrombin generated
within the sample at
any one time
Maximum amount of| ETPEndogenous ETPEndogenous

thrombin that the
sample can
potentially generate.

thrombin potential
(area under the TG
curve)

thrombin potential
(area under the TG
curve)

Time to tail of graph

Velocity profile curve

Maximum rateof
thrombus generation

MTG

Total thrombus TTG
generation
Time to maximum TMG

rate of thrombus

generation(s).
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Figure 1: Thromboelastography (TEG) and thromboelastometry (ROFEM

Clotting
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Table9: Terminologiesof the TEG, ROTEM and Sonoélot

PARAMETER TEG ROTEM SONOCLOT

Clot time

time to 2mm R (reaction time, CT (clotting time, | ACT (activated clotting
amplitude) min) Sec) time, sec)

Clot kinetics

time from 220mm K (kinetics) CFT (clot formation CR (clot rate, U mib

amplitude

h  o&af 2 LIS
and K)

time)
h  o&f 2 LIS

at 2mm amplitude)

TP (time to peak, min)

Clot strength
Maximum strength

MA (maximum

MCF (maximum

PA (peak amplitude

amplitude) clot firmness)
Clot elasticity G|[Shear clot MCE (maximum
modulus; clot elasticity)
G=(5000xA)/(10@\)]
Clot lysis

Lysis (at fixed time)

Ly30, Ly60
(amplitude reduction
3/60 min after MA)

CL30,CL60
(amplitude
reduction 30/60
min after MCF)
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Figure 2: A representativenrombelastograph with thegreyarea representing the velocity
curve.(MTG: maximum rate of thrombus generation; TTG: total area under the curve,
measuringotal thrombus generation; TMG: time to maximum rate of thrombus

generation.j*
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Figure 3: Thromlri generation curve®
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Table10: The methods and objectives of ROTEM analfsis

TEST METHOD OBJECTIVE
Extem Activation of clot formation Assessment of factors VII,
with tissue factor VvV, |II, 1, platelets ant
fibrinolysis
Intem Activation of clot fomation | Assessment of factors XiIl, )
via the contact phase VII, X, V, I, |, platelets ar
fibrinolysis
Fibtem Activation as in Extem wit| Fibrinogen function

addition of a platelet
blocking substance

Aptem Activation as in Extem wit| Recognition of hyper
addition of an anfibrinolytic | fibrinolysis
(aprotinin)

Heptem Activation as with Intem with Detection of heparin anc

the addition of heparinise | heparinrelated substances

Figure 4: A typical Sonoclot signaturéACT= activated clotting time; CRetcate; PF=

platelet function) 62

——>| PF

A
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Figure 5: The clot lifespan model by Nielsen and colleagles
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The dove paragraphs have dealt with the models and the cells affected by
hypercoagulation/ inflammation. Theext paragraphs will discuss the various circulating

inflammatory molecules like irgmmicroparticles and the inflammatory cytokines.

2.11)Inflammatory-coagulation link

Inflammation isassociated with oxidative stresgich is reflected in the raised nigers of
inflammation Inflammatory conditions with hypercoagulation has betumentedin
patients withthrombo-embolic stroke,diabetes systemic lupus erythematosus, Parkinson's

disease and Alzheimdype dementias? 562 63,64

Proinflammatorycytokines areas®ciated with hypercoagulability esmterleukin6 which
is involved in mediating both the coagulation and inflammation path#agatelet
production is increased by interleuki®®Interleukin6 alsostimulates the synthesisf
fibrinogenby liver cellsand other cellshereby influencing the concentration of this
inflammatory marker (an acutphase protein)Hypofibrinolysisstherefore closely linked

with inflammation?’

The inflammatory system is also stimulated by the coagulati@mtem. As mentioned
previously, activated platelets are able to release-pritlammatory cytokines too
[specifically interleukifi-beta, interleukin7, interleukin-8, transforming growth factor
(TGRbetaandplatelet activating factor (PAF¥ Activated plateletsalsorelease a pre
inflammatorymediator CD40 ligand which induces the synthesis of tissue fantbr
stimulates inflammatory cytokine production such a$ land IL8.36 The inflammatory

system and the coagulation system therefore are involvea positive cycle response.

2.12) Fibrin and Iron

Iron cancause abnormatlotting characteristicgjynamicsand thekineticsin plasmaclot
formation. Iron molecules caalter the mechanical properties ahe clot by interacting with
fibrinogen resultng in changes in thigbrin fibre diameter, fibrin network pore sizefjbrin
network rigidity andfibrinolysis. These changes in the mplologcal structure of the fibrin

clot may resulin reduced fibrinolysig’
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Iron overload can cause spontaneous adio/aof nonenzymatic blood coagulation by
precipitating plasma proteins which results in the formation of fidilke dense matted

deposits (DMD)Inflammatory diseases typically hasgrly liganded ironwhich caninteract

with fibrin(ogen) duringhe formation of a clot During the inflammatory process activation

of IL-6, which is mediated biL-1, alsostimulateshepcidin biosynthesis which lisked with

iron regulation®® Increase free iron (chelatable) levels may also be from damaged cells as a

leakaye product®

The addition of ferric ions (E& can cause these depositdiich have been seen on scanning
electron microscopy. Tls& DMDs are resistant to proteolytand chemical degradatio®f.In
keeping with the effect of iron on the coagulation patys is the result of iroxhelating

agents which prevents DMDs formationtive plasma®®

Fibrirntlike dense matted deposits are also associated with red blood cells, altering the
morphology of their cell membranes to trap fibfibres. It was noted in whe blood

smears with added iron (Fg, as well as in diabetic patients, that more than 70% of red
blood cells were tightly bound to fibriibres had a changed ultrastructure. Normally a
minority (3%) of red blood celsre usually irreversibly trapped wiin the fibrin clot mesh.

Such interactions seen in prothrombotic states, such as conditions of diabetes mellitus and

stroke, affect clot properties, making it more resistant to fibrinolysis

2.13)Microparticles/microvesicles

Increasedmicroparticles/mcrovesicledevelsare seerin HlVinfectedpatients.
Microparticlesare microscopiaellular remnantgound circulaing in the plasma. They
appear b derivefrom CD4 lymphocws endothelial celleandplatelets Microparticleshave

an affinity forfactor V. Microparticlesderived from the endotheliunare thought to contain
von Willebrand factaf® Plateletderived microparticles express several membrane proteins
(glycoprotein (GP) Ib, platelet endothelium adhesion moledyl&PllHlla, Pselectin,
CD63CD41 and CD61). CD41 is a very specific marker for pldeiged microparticle3.
Microparticlesappear to enhance thrombin generation which enhances the production of
endothelial cytokine interleuki® that promotes tissue factor expressiand enhawes the

systemic inflammatory responsé: 3669
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2.14) Deep Vein Thrombosis (DVT)

The following paragraphs will review literature regarding DVT, as this occurrence is seen to
be driven by a pathological coagulation process, involving an aberrant coagutgistem,

hyperactivated platelets and eryptotic RBCs.

Acute DVT is a common and potentially-tifieeatening condition A complication of DVT is
pulmonary embolism that commonly complicates the course of patients in hospital. Up to
30% of general surggmatients may develop a symptomatic or neymptomatic DVI? A
systematic review of HIV positive patients in 2005 found a DVT incidence ranging from
0.19% to 18% whereas in the HIV negative population the D3KTis reported to be
approximately 0.0005%&/10 000)% Embolization of DVT to the pulmonary arteries, results

in pulmonary embolism, which is a severe andHlifeeatening complication. Up to 40% of

patients with DVT can develop pulmonary emboliSm

As mentioned previouslyhe pathophysiologg ¥ 5+¢ & OFy 06S Ofl aaA¥TASK
which consists of venous endothelial damage, hypercoagulability and decreased venous

flow.2 Patientswith HIV are more prone to a hypercoagulable state comparead|t6

negative patientsC I O 2 NA  dat)jpiedisKoBidg@oda prodddgulable state have been

documented in HIV infected patients
1 antiphospholipid antibodies
1 lupus anticoagulant
1 von Willebrand factor
1 d-dimers;
and deficiencies of
1 protein C
1 protein S

1 heparin cofactor II
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T anti-thrombin.

Elevated cacentrations of activated platelets (raised levels e$gdectin, microparticles,
and aminophospholipids) are present in HIV positive patients. With the addition of elevated
levels of VWF these activated platelets easily aggregate and adhere to eachaathéne

surrounding endotheliung®

There is a positive correlation, the more severe the viral immune suppression, the more
severe the coagulation abnormalities. The risk of thrombosis can therefore also occur in
uncommon sites and in those patients that dot have known risk factors for DV This

providesanother challenge in an already difficult clinical situation

2.15) Screening tests for deep vein thrombosis

Patients with symptomatic deep vein thrombosis present typically with a swollen

oedematous, pinful limb of recent onset. A typical suspicious history of immobility,

previous DVT, malignancy, oral contraceptive use, etc. may be present, but some patients

R2 y20 LINBaSyid ¢A0GK I GeLAOIt KAAGRWERap ! 2 Sf

assist in diagnosing the condition by assigning a score to predict the prob@hilitye11).72
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Table11: Clinical model for predictingre-test probability for DVT?

Clinical features Points
Currently has cancer 1
Major surgery within 4 weks/ bedridden for more than 3 days 1
Immobilization of the lower limbs 1
Deep venous system localized tenderness 1
Ipsilateral swollen leg 1
Ipsilateral leg swollen more than 3 cm compared to the contralateral leg | 1
Nonvaricose superficial veins 1
Oedema that is pitting 1
Previously diagnosed DVT 1
Alternative diagnosis as likely as DVT -2

1 O points or less: Low probability, + 3% DVT risk.
1 1-2 points: Moderate probability, + 17% DVT risk.
1 3 points or more: High probability, + 75% DVT risk.

DVT=Deep vein thrombosis
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2.15.1) D-dimer test

D-dimers are fibrin degradation products produced by the action of plasmin on flRaised
d-dimers are sensitive but not specific for DVT as they can rise in inflammatory conditions.
Nonetheless, du#o their high negative predictive value, it can assist the clinician teoute

thromboembolism when used together with clinical probability and/or ultrasonography

2.15.2) Definitive investigations for deep vein thrombosis

a)Invasive testsVenograghy

Contrast venography is the gold standard for diagnosing a DVT. Contrast venography is,
however, an invasive procedurequiring available expertise. As contrast is used, the
procedure therefore also has a risk of causing an allergic reaction. Another disadvantage is

the risk of causing a DVT.

b) Non-invasive tests

The best norinvasivecosteffectivediagnostic method taliagnose deep vein thrombosis is
ultrasonographyUltrasonography compared to contrast venography has been shown to be

an acceptable diagnostic tool with a 97% sensitivity and specificity.
Three ultrasonography techniques are used to improve accuracy:

Gompression ultrasound The Ultrasonographer applies gentle pressure with the
ultrasound probe over the vein. In the absence of a venous thrombosis, the vascular lumen
is fully compressible. If the vascular lumen is not compressible, then it indicates asveno

thrombus is present®

Duplex ultrasonography The same technique is used as with the conventional compression
ultrasound with the addition of the pulsed Doppler signal, which produces tahgesito
evaluate blood flow characteristicBlood flow in normal veins with respiration has a phasic
pattern, spontaneous and the flow pattern can be altered with distal compressisenous
thrombosis causes an outflow obstruction which results in theemce of the phasic pattern

and the flow becomes continuous.
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Colour flow duplex imaging the same method is used as with the Duplex ultrasonography
with the addition of superimposing colour to the grey image. When a Doppler shift, change
in the directon of the blood flow, is seen, a red and blue colour is each assigned to the 2
flow directions i.e. to or away from the ultrasound probe. The addition of colour assists to

identify the veins easieft

Spiral computed tomography venograpbymagnetic resoance imaging are also accurate

at diagnosing deep vein thrombosis but due to costs are not likely to be used adély
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2.16) Relevance and Motivation

The knowledge and understanding of the role of HIWhigrovingand the medical fieldhas

to keep researching the effects of thdssease Hypercoagulable changes are present in the
body before an actual thromboembolic event occufse importance of the investigatisn

into the molecular andibre-level origins of hypercoagulabilitygave only recently been
realized.Platelet ultrastructure in HIV positive patierftaveshown differences compared to

HIV negative patients but previous study samples have been small. Besides the morphology
and ultrastructure of platelets and fibrifibres, the interaction of activated platelets with

the fibrinfibres as well as the interactions with other blood cells, such as red blood cells and

white blood cells, could have important implications of hypercoagulability.

Ultrastructural investigation should be @& as a complementary investigation with the tests
more commonly used fodiagnosingcoagulationabnormalities This will result in a more
complete method of understanding and diagnosing hypercoagulability and hypofibrinolysis.
A predictive screening asssent of HIV patients could then possibly be determined for

those at risk of a thromboembolic event

t € FGSESG dzf NI &G NHzOGdzNBE KFa y2a48 0SSy O2YLJ |
AYLINR @GS dzy RSNEOGFYRAY3I 2F (KS STadFdayllaticdT | wx
Studying the components of the coagulation system in HIV patients will assist in the

assessment of HIV treatment strategies, i.e. antiretrovi@isa hypercoagulable state.

Screening methods can be used for early qipk of HIV patients deloping
thromboembolic diseas€lreatment strategies may also provedas well as monitoring
of those strategiesA better understanding of hypercoagulability of HIV infected patients is

therefore needed.
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3) METHODOLOGY

3.1) Study Design

A descripive comparativeprospective study.
3.2) Research Site
Pretoria Tertiary hospitals:

1 Steve Biko Academic Hospital

1 Kalafong Hospital.

3.3) Subjects and Patient selection

3.3a) DVT group:

Inclusions

=

All symptomaticdeep vein thrombosis patienthat are adnitted to hospital.

1 Symptomatic dep vein thrombosisconfirmed with Doppler Ultrasound or

comparable imaging
1 18 years or older
1 Confirmed HIV status by HBYIZA % generation test
1 If HIV positive(in order to exclude opportunistic infections as a aanfding factor)
-World Health Organization Clinical stage 1; and
->170CD4+ cells absoluteimber (per mma3)

1 HIV patients on ARV: Only ARV combinatioikmtricitabine (FTCTenofovir (TDF)
andEfavirenz (EFA(Table 9
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Exclusions:
i Patients lesshitan 18 years of age (Paediatrics).

1 Patients whose HIV statase not known or patients who refuse to undergo HIV

testing.
1 Patientscurrentlyon anticoagulation.

1 HIV positive patients with moderate to severe disease that have increased risk of
opportunisticinfections:
-World Health Organization Clinical stage 2 or higtar
-World Health Organization Immunological stagiigGCD4+ cells
absolute number (per mm3).
1 HIV patients on ARVAIl ARV combinations excludiggtricitabne (FTC)Tenofovir
(TDFand Efavirenz (EFA).

1 Medical history suspicious of hereditary coagulation disorders, e.g. haemophilia,

hereditary thrombophilia.

3.3b) Control group:

Inclusions:

91 18 years or older.

1 Known HIV negative.

1 No medical history of any obnic diseases.
Exclusions:

1 Lessthan 18 years.

1 Medical history of any chronic disease.

1 Medical history suspicious of hereditary coagulation disorders or previously

diagnosed with DVT.
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No DVT
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individuals
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HIV+, ARV
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3.4) Materials and Methods

1 Informed consentvastaken fromeachpatient Appendix J.

91 Data Collection Form completeAgpendix 2

1 Fiveblood tubes of venous bloodere withdrawn for full blood count(4ml EDTA
tube-purple top), ESR (4ml EDTA tubparple top), whole bloodsample (4.5ml
buffered trisodium citrate solution tubdlue top),fibrinogen levelg4.5ml buffered
tri-sodium citrate solution tubddlue top),iron levelsand CRE5mI serum separator

tube-yellow top)

3.5)_Ethical Considerations

Ethics approvabbtained from the University of Pretoria Ethics Committethics Reference

Number. 547/2015
Superintendentonsent from therelevanthospitalswasobtainedto perform the study.
Informed consenfrom the patientswasobtained. Appendix J

3.6) Financing

Professor Etheresia Pretoriu3gpartment ofPhysiology, sponsed all the laboratory cost
(viscoelastic studies, light microscopy and St the Natonal Research Fund.
Department ofSurgery, Pretoria, sponsed all othercosisnot related to routine clinical

management of the patients
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CHAPTER 4: HAEMATOLOGICAL MARKERS

Introduction

HIV is a retrovirus that targets the immune system and infegtecgpally T lymphocyte cells,
that bear the CD4 receptor (CD4+), and monocytes/macrophages destroying or impairing
their function.An untreated HIV infection results in an exhausted and weakened immune
system?# In 1984 Robert Gallo reported on the humanmunodeficiency virus (HIV) and
showed evidence that this virus was the cause of Acquired Immune Deficiency Syndrome
(AIDS)In 1983Luc Montagnier had isolated the virus in a patient with lymphadenopathy
(enlarged pathological lymph node$)Thesevee stage of HIV infection is known as the
AIDS AIDS has caused more than 25 million deaths globally with 2.6 million new infections

per years

HIV infection has an effect directly or indirectly on the haematological system. HIV may
decrease erythrocyte ahplatelet concentrations. These changes may be due to disrupted
marrow production, increased removal or increase destruction of the (alithether the

HIV infected patient is on treatment with ARV medication or not, there is still an association
with changes in thdevels of circulating markers ahti-coagulation coagulation,

endothelial activationfibrinolysis and platelet functioning.Literature has shown

conflicting reports on coagulation/anticoagulation status of HIV positive patients. Some
studies report on a hypocoagulable state whereas others report on a hypercoagulable

The risk of a venous thromboembolism in a HIV infected patient has been reported to be
two to ten times compared to the general populati&hFactors sue as a low CD4 count,
protein C deficiency and opportunistic infections appears to increase the risk of
thromboembolism Table12). ARV therapy may improve the immune status of the HIV
positive patient but has many side effects. Different ARV therapy owtibns may have
different effects on the coagulation system. Some studies report decreased coagulation
abnormalities with ARV therapgy Other studieshavereported ahigherrisk of venous
thromboembolism in HNhfectedpatients on ARV therap¥Howeve, in all these studies

the ARV regimen was not standardised.
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Table 2: HI\trelated thromboembolism risk factor®d

HI\-related hypercoagulable state

Protein C deficiency

Protein S deficiency

Antithrombin deficiency

Antiphospholipid syndrome

Tissudactor increase

Homocysteine increase

Microparticles increase

Viral risk factors

CD4 <200

Detectable viral load

Opportunistic infections

Cytomegalovirus

Tuberculosis

Pneumocystis jiorveci

Endothelial dysfunctions

P-selectin

Von Willebrand &ctor

Plasminogen activator inhibitek

HIV-related malignancies

Kaposi Sarcoma

NonHodgkin Lymphoma

Solid Tumours

Acquired traditional risk factors

Advancing age

Obesity

Previous thrombosis

Cigarette smoking

Immobilization

Injecting drugabuse

Pregnancy

47




Patients with a venous thrombosis are in ajmflammatory state even without HIV
infection. A hypercoagulable state has been documented in other conditions of
inflammation??82 Changes in serum iron concentrations has been rembttebe associated
with hypercoagulable states. Iron dysregulation has also been associated with multiple
conditions where inflammation was the central procé%8!:2 & |ron overload has been

reported to spontaneouslgtimulatethe coagulation systert?

With the addition of HIV infection in patients with a DVT, the inflammatory state of the body
may be significantly raised to result in multiple haematological chafif@The NHLS
reference ranges are shown Trable13. Screening for a hypercoagulalstate in HIV

positive patients is not performed routinely until the patient presents with a venous

thromboembolism.

The inflammatory changes may result in a different haematological profile between patients
with a DVT and those without, as well as inigats with no HIV infection compared to

patients with HIV infection. If this is possible, then using the haematological profile, or
changes thereof, may lead to improved screening, diagnosis and management of DVT
patients who are HIV negative or HIV piegi. Thus the following objectives directs this

chapter.
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Table B: National Health Laboratory Service reference randés.

Haematological Marker Reference ranges
(m) 3.9210.40 x16/L
Full Blood Count (FBC) | White cell count (WCC) (f) 3.912.6 x16/L
(m)4.195.85 x107/L
Red cell count (RCC) (f) 3.935.40 x107/L
(m) 13.417.5 g/dL
Haemoglobin (Hb) (H 11.616.4 g/dL
(m) 0.390.51 L/L
Haematocrit (Hct) (f) 0.340.48 L/L
(m)83.1-101.6 fL
Mean cell volume (MCV) (f) 78.998.5 1L
Meancorpuscular haemoglobin (m) 27.834.8 pg
(MCH) (f) 26.£33.5 pg
Mean corpuscular haemoglobin (m)27.834.8 g/dL
concentration (MCHC) (f) 32.734.9 g/dL

(m)12.1-:16.3%
Red cell distribution width (RCDW) | (f) 12.417.3%

(m) 171388 x 16/L
Platelets count (Plt) (f) 186454 x 16/L

(m) 7.211.0 fL
Mean platelet volume (MPV) (H 7.311.3 1L

(m) (11.631.3 pmol/L
Iron studies Serum iron (Fe) (f) 9.030.4 pumol/L

(m) 2.1531.3 g/L
Transferrin (f) 2.503.80 g/L

(m) 2050%
% Saturation () 1550%

(m) 26388 ug/L
Ferritin (f) 8252 ug/L

Greactive protein (CRP) <10 mg/L

Erythrocyte
sedimentation rate (ESR 0-10 mm/hr

Fibrinogen 2-4 g/L
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Chapter djectives

1. To compare inflammatory markers:
1 Iron (Iron saturation, transferrin anskerum ferritin)
1 Fibrinogen
1 CRP
1 ESR

2. Compare haematological results between the groups.
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Materials and Methods

Five blood tubes of venous blood were drawn for full blood count (4ml EDT Aptuipée
top), ESR (4ml EDTA tuperple top), whde blood sample (4.5ml buffered tsodium
citrate solution tubeblue top), fibrinogen levels (4.5ml buffered-godium citrate solution
tube-blue top), iron levels and CRP (5ml serum separator-yddew top). The test tubes

collected from each patientas sent to the National Health Laboratory Service (NHLS).

Objective 1

In order to answer the first objective, namety compare inflammatory markers, serum iron
(total iron in blood) levelsvere measured together with, iron saturation, transferrin (iron

binding protein) and serum ferritin (iron storage forr®erum iron levels wemmeasured by

a modification of the automated AA25 colorimetric method. Fibrinoggquantitative
measurement of functional fibrinogeny automated coagulation analyser§) RRFmeasured

by latexenhanced nephelometry) and ESR (measured by an automated ESR analyser) levels

were also assessed between the different groups.

Objective 2

The second objective is to compare haematological results between the groups. This was
accomplisled by using a haematology analyser to process venous blood in the EDTA tube.
The haematology analyser is located in the department of physiology laboratory. Full blood
count values which includes white cell count (and its differential count), red bldbd ce

count, haemoglobin level, haematocrit, mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH), the mean corpuscular haemoglobin concentration (MCHC), platelet

countand mean platelet volume (MPV)
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RESULTS

Table 4: Demographics

Groups N Male Female Age CD4 count
Controls 25 7 18 29 N/A
HI\- 35 11 24 52 N/A
HIV+ 15 2 13 39 353

Therewere 25 healthyvolunteers recruited for the control group, 35 patients recruited in

the HIV negative groupith a DVTand 15 patients recruited in the HPpositive groupwith a
DVT(Table 140 ¢ KS | L+ LIRAAGAGS LI GASyGa O2yaraiasSRr
patients that were on the primary ARV regimen (Emtricitabine, Tenofovir and Efavirenz). All

3 groups consisted with a majority of females. The raedige of 29 in the control group, 52

in the HIV negative groupith DVTand 39 in the HIV positive group. The median CD4 count

in the HIV positive patients was 353.

The haematological markers in the control, HIV negaiiith DVTand HIV positivevith DVT
groups are shown ifiablesl5to 17. The Tables shows the number of patients, the median,
minimum, maximum values and the standard deviation of each haematological méter
the comparison between group$ables 8-20, p-values were calculated usinggtMann

Whitney test with a significance level of 0.05.
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Table B: Control group haematological markers

Haematological Standard
marker N Median | Minimum | Maximum | deviation
WCC (x19L) 24 5.98 3.17 11.01 1.963
RCC (xX@/L) 24 4.89 4.17 5.68 0.4405
Hb (g/dL) 24 14.45 10.3 16.4 1.436
Hct (L/L) 24 0.444 0.356 0.543 0.04392
MCV (fL) 24 92.05 74 108.2 6.916
MCH (pg) 24 29.9 21.6 325 2.368
MCHC (g/dL) 24 32.2 24.5 35 2.251
RCDW (%) 24 141 11.5 16.9 1.493
Platelets (x 19L) 24 247 154 469 63.99
MPV (fL) 24 9 6.9 10.9 1.032
Serum iron (umol/L) 23 17.7 3 33 7.587
Transferrin (g/L) 23 2.54 2.1 4.49 0.6391
% Saturation (%) 20 25 3 53 12.34
Ferritin (ug/L) 22 82.5 3 412 99.15
CRP (mg/L) 24 1.5 1 47 9.422
ESR (mm/hr) 20 4 1 25 5.432
Fibrinogen (dL) 23 2.6 1.7 4.3 0.6412
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Table B: HIV negativegroupwith DVThaematological markers

Haematological Standard
marker N Median | Minimum | Maximum | deviation
WCC (x19L) 35 8.26 4.55 13.73 2.375
RCC (xX@/L) 35 4.4 2.19 6.98 0.9182
Hb (g/dL) 35 127 4.6 18.5 3.23
Hct (L/L) 35 0.393 0.175 0.617 0.09156
MCV (fL) 35 91.7 57.7 103.8 7.854
MCH (pg) 35 29.3 15.3 36 3.705
MCHC (g/dL) 35 32.4 26.2 35.5 2.172
RCDW (%) 35 14 11.9 221 2.371
Platelets (x 19L) 35 268 36 690 128.2
MPV (fL) 35 8.6 7.1 114 1.089
Serum iron (umol/L) 30 7.2 2 29 6.279
Transferrin (g/L) 28 2.27 0.99 3.89 0.6489
% Saturation (%) 27 12 3 97 19.31
Ferritin (pg/L) 26 96 1.3 1101 239.7
CRP (mg/L) 32 47 1 193 59.13
ESR (mm/hr) 32 13 2 139 36.59
Fibrinogen (g/L) 32 3.7 1 7 1.258
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Table I: HIV positive groupvith DVThaematological markers

Haematological Standard
marker N Median | Minimum | Maximum | deviation
WCC (x19L) 14 8.285 3.98 33.43 7.739
RCC (xX@/L) 14 3.57 2.2 4.99 0.8327
Hb (g/dL) 14 9.75 4.1 16.7 3.518
Het (L/L) 14 0.308 0.159 0.517 0.09656
MCV (fL) 14 86.85 63.1 103.6 10.53
MCH (pg) 14 26.95 15.5 33.5 5.054
MCHC (g/dL) 14 30.95 23.3 33.9 3.075
RCDW (%) 14 16.5 12.1 25.6 3.848
Platelets (x 19L) 14 316 149 796 171.8
MPV (fL) 14 8.6 7.9 10.8 0.7564
Serum iron (umol/L) 12 5 1.8 13 3.335
Transferrin (g/L) 11 1.79 0.59 3.22 0.774
% Saturation (%) 10 11 2 88 25.18
Ferritin (ug/L) 11 239 7 487 150.1
CRP (mg/L) 14 109.5 7 245 78.09
ESR (mm/hr) 12 36 9 116 36.83
Fibrinogen (g/L) 13 3.3 15 5.3 1.221
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Table18 compares the haematological markers in the control group with thertéyative

group patients that hava DVT. The HIV negative group had statistically significant elevated
inflammatory markers which includes WCGgbue of 0.0026), CRp-Yalue of <0.0001),

ESR (fwalue of 0.0006) and fibrinogen-{alue of 0.0014). The HIV negative group had
statistically significant decrease in RCC, Hb and Hct witlyges of 0.0025, 0.0063 and

0.0018 respectively. The MCV, MCH, MCHC, RCDW, plaredet4PV all had nen

significant changes compared to the control group. The serum iron, transferrin and
percentage of iron saturation had a statistically significant decrease wiedyes of

<0.0001, 0.0158 and 0.000&spectively with a nonstatisticallysignificant rise in the serum

ferritin level.

Table B: Control group vs. HIV negatiM@VTgroup

Significant
Haematological marker Controls HIV- P-value difference
WCC (x19L) 5.98 8.26 0.0026 Yes
RCC (x26/L) 4.89 4.4 0.0025 Yes
Hb (g/dL) 14.45 12.7 0.0063 Yes
Hct (L/L) 0.444 0.393 0.0018 Yes
MCV (fL) 92.05 91.7 0.4682 No
MCH (pg) 29.9 29.3 0.4266 No
MCHC (g/dL) 32.2 32.4 0.2346 No
RCDW (%) 14.1 14 0.2501 No
Platelets (x 19L) 247 268 0.445 No
MPV (fL) 9 8.6 0.2265 No
Serum iron (umol/L) 17.7 7.2 < 0.0001 Yes
Transferrin (g/L) 2.54 2.27 0.0158 Yes
% Saturation (%) 25 12 0.0007 Yes
Ferritin (ug/L) 82.5 96 0.2032 No
CRP (mg/L) 1.5 47 <0.0001 Yes
ESR (mm/hr) 4 13 0.0006 Yes
Fibrinogen (g/L) 2.6 3.7 0.0014 Yes
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Table19 compares the haewrtological markers in the control group with the HIV positive
group patients that had a diagnosed DVT. As with the HIV negative group, the HIV positive
group also had statistically significant increase in the inflammatory markers which included
WCC (pralue 0f0.012), CRP {palue of < 0.0001) and ESRv@lue of < 0.0001). However

the fibrinogen concentration, although raised, was not statistically significanalge of
0.0672). The HIV positive group had a decrease concentrations of RCC, Hb andiHct whic
were statistically significant, with-palues of <0.0001, <0.0001 and <0.0001 respectively.
This anaemic picture correlates with the low MC\W#tue of 0.0206) and MCH-yalue of
0.0016), which is also in keeping with the low serum irerdjue of <001), transferrin
(p-value of 0.001) and percentage of iron saturatiorvgtue of 0.0059). The MCHC however
did not demonstrate a significant change. In contrast to the decreased serum iron and
transferrin, the serum ferritin concentration had a statistily significant increase with a p
value of 0.0231. The RCDW was significantly raised wihadup of 0.0035. The platelet

count and the MPV did not show a significant change compared to the control group.
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Table B: Control group vs. I positiveDVTgroup

Significant
Haematological marker Controls HIV+ P-value difference
WCC (x10L) 5.98 8.285 0.012 Yes
RCC (xH4/L) 4.89 3.57 < 0.0001 Yes
Hb (g/dL) 14.45 9.75 < 0.0001 Yes
Hct (L/L) 0.444 0.308 < 0.0001 Yes
MCV (fL) 92.05 86.85 0.0206 Yes
MCH (pg) 29.9 26.95 0.0016 Yes
MCHC (g/dL) 32.2 30.95 0.1878 No
RCDW (%) 14.1 16.5 0.0035 Yes
Platelets (x 19L) 247 316 0.0718 No
MPV (fL) 9 8.6 0.6599 No
Serum iron (umol/L) 17.7 5 < 0.0001 Yes
Transferrin (g/L) 2.54 1.79 0.001 Yes
% Saturation (%) 25 11 0.0059 Yes
Ferritin (ug/L) 82.5 239 0.0231 Yes
CRP (mg/L) 1.5 109.5 < 0.0001 Yes
ESR (mm/hr) 4 36 < 0.0001 Yes
Fibrinogen (g/L) 2.6 3.3 0.0672 No
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Table20 compares the twestudy DVT groups, HIV negative and HIV positivepgolhere
were no significant differencein the inflammatory markers of WCC, ESR and fibrinogen.
However CRP had a statistically significant rise in the HIV positive group compared to the
HIV negative group with ayalue of 0.0389. There was a statiatlg significantly decrease

in the RCC, Hb, Hct, MCV, MCH, MCHC and RCDWuwaitrep of 0.0163, 0.0061, 0.0124,
0.0261, 0.0043, 0.026 and 0.0284 respectively. The platelet count and MPV had no
significant difference in the HIV positive and HIV negatiee@s. The serum iron,

percentage of iron saturation and serum ferritin concentrations showed no significant
difference. However, the transferrin concentration was significantly decreased in the HIV
positive group.

Table20: HIV negativeDVTgroup vs. HI\positive DVTgroup

Significant
Haematological marker HIV- HIV+ P-value difference
WCC (x19L) 8.26 8.285 0.7651 No
RCC (xX@/L) 4.4 3.57 0.0163 Yes
Hb (g/dL) 12.7 9.75 0.0061 Yes
Hct (L/L) 0.393 0.308 0.0124 Yes
MCV (fL) 91.7 86.85 0.0261 Yes
MCH(pg) 29.3 26.95 0.0043 Yes
MCHC (g/dL) 32.4 30.95 0.026 Yes
RCDW (%) 14 16.5 0.0284 Yes
Platelets (x 19L) 268 316 0.2931 No
MPV (fL) 8.6 8.6 0.4121 No
Serum iron (umol/L) 7.2 5 0.1253 No
Transferrin (g/L) 2.27 1.79 0.0379 Yes
% Saturation (%) 12 11 0.4822 No
Ferritin (ug/L) 96 239 0.173 No
CRP (mg/L) 47 109.5 0.0389 Yes
ESR (mm/hr) 13 36 0.1046 No
Fibrinogen (g/L) 3.7 3.3 0.841 No
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Graph 1demonstrates the comparison of the haematological marker between the 3 groups.

Graph 1: Bar graph comp@on of haematological markers
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DISCUSSION
Anaemia

BothDVT groupsiiI\: and HIV+ group$iave a significantly lower red cell count (RCC),
haemoglobin (Hb) and haematocrit [the volume of blood that contains erythrocytes when
packed by centrifugation (Hct)] lels than the control group indicating an anaemia in the
HI\: and HIV+ group@able B and 19; andGraph ). The values of these 3 parameters in
the HIV: group, even though lower than the control group, are still within the reference
ranges(Table B)indicating a relative anaemia. The RCC, Hb and Hct in the HIV+ group is
significantly lower than the HIV negatigad control groups; and lower than the reference

ranges indicating a true anaemia.

Anaemia is commonly found in HIV positive patients. The cauige @naemia is not always
clear/6 %4100 An inadequate erythropoietin feedback mechanism is suspected to be a major
contributor in HIV related anaemia. The low reticulocyte count is commonly found with
associated polychromasia (abnormally high numdanomature red blood cells) indicating

an underproducing bone marrow? 19%104 Other factors that contribute to HIV associated
anaemia includes intestinal malabsorption, autoimmuramolysisbone marrow

malignancies, blood loss, opportunistic compizas, etc!6 105 106

Even with the significantly decreased RCC, Hb and Hct levels in the HIV neydtveup,

the control group and the HRh\groups have no significant difference with the comparative
values of Mean cell volume (MCV), Mean corpusdugamoglobin (MCH) and Mean
corpuscular haemoglobin concentration (MCK®ble B and Graph ). The changes in the
HI\: grouparein keeping with anaemia of inflammation, previously known as anaemia of
chronic disorders®’ This type of anaemia is commanconditions of acute inflammation,

in this case, the response to the Dhie mechanisms involved in the anaemia of
inflammation are due talecreased availability afon, decreased erythropoietin production,
inadequate response from th@one marrow toerythropoietin and increased clearanoé
RBC4% These mechanisms are in keeping with the decreased serum iron, transferrin and
iron saturation concentrations but a normal ferritin concentrations seen in the HIV negative

DVTgroup.
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There has been documesd association with venous thrombambolism and low serum

iron levels or iron deficiency anaemia but the pathogenesis is untiéBntential

explanations for the association include iron deficiency stimulating a thrombocytosis, which
is probably unlikel for a venous thrombosis, as in this study, as venous clots are coagulation
factor/fibrin based!® 10Another explanation for the association is the iron deficiency
increasing plasminogen activator inhibitbr:%® 111Both explanations imply the iron

deficiency caused the thromboembolism. On the other hand, if the thromboembolic
phenomena caused the iron deficiency, then possibly a consumptive mechanism from the

thrombosis may be involved.
Iron

Iron deficiency appears to be the main contributor to ama& in the HIV+ grou@he HIV+
group has significantly decrease in MCV, MCH and MCHC values when compared to the
control group(Table B) and the HIVgroups(Table20). This indicates that the HIV+ group
appears to have a microcytic (decrease erythrogyte) hypochromic (decreased
erythrocyte haemoglobin content) anaemi&.This is in keeping with the low serum iron

levels in the HIV+ groupllV is known to contribute to iron deficiency anaertia !4

A low serum iron, transferrin and iron saturatipercentage but with a raised ferritin level
seen in the HIV positive gro@pe not uncommon in patients infected with HE® 115116
Ferritin is an intracellular structure capable of storing iron atdf3he concentration of

serum ferritin is relatedo the reticuloendothelial iron store¥8

A low serum iron level with a raised ferritin level in the HIV group can be explained by an
immunologically altered iron metabolism where the body has adequate or increased iron
stores butare unable to utilizethose stores'!> 119.120.121 Hepcidin is a 25 amino acid peptide
hormone involved with iron distribution at the cellular levél Raised hepcidin
concentrationsare associated with inflammatory conditions, like Hit¥ective state The
elevated hepcith results in inhibition of iron efflux from duodenal enterocytes and
circulating iron is redistributed intracellularly, specifically macrophaéfeEhe result is a
decrease in serum iron and transferrin but an increase in ferritin leVais.functionalron

deficiency can be considered a host defence mechanism by withholding iron from possible
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pathogenst?* 12 However, as iron is required for normal immune function, iron deficiency
can also increase the risk of infecti&i.Chang et alreported a sudy with different findings
where HIV positive patients had increased serum iron and transferrin saturation levels. Their
resultswere based on 10 HIV positive patients though. Interestingly, with the addition of
different ARV combination regimens, therere no effect on the iron derangements on

these 10 HIV patients thatere present before ARV therapy was startB8lARV therapy
therefore does not appear to influence iron studies. This is an important finding as our
a0dzReQa | L+ LJ2 A Aitafiod& pafeNt® with hnd witBout IARVAlR My .

Increased serum iron tends to upregulate prostanoid signalling molecules, e.g.
thromboxane, which increases platelet activation resulting in a hypercoagulable'state.
Serum iron levels were actually deessed in the study group indicating that the

hypercoagulable state is probably not from the influence of serum iron.

Serum iron levelare usually reflected by the serum ferritin levels. Ferritin is not synthesised
in the serum but yet it is present in tleerum. Kell and Pretorius hypothesised that ferritin
leaks into the serum with cellular damage. Serum ferritin lacks most of the iron it contained
intracellularly'’ There is usually a correlation between disease status, in this case HIV
infection, and he serum ferritin level. In the HIV+ group the serum ferritin levels are
significantly raised compared to the control group but the serum iron levels are decreased
(Table B). Serum ferritin and iron concentrations have acute phase responses to
inflammation.*8 This is in keeping with the view that serum ferritin is a better marker of
inflammation than iron status!’ During the inflammatory process, iron concentrations may
decrease with ferritin remaining normal or increasing independently of the
reticuloendothial stores. This may explain the changes in iron concentration and serum

ferritin in the HIVand HIV+ group¥?8

Red cell distribution width

The ed cell distribution width (RCDW) is the coefficient of variation of erythrocyte volume.
The higher tle value, the moranisocytosigunequal erythrocyte sizes) preseldt.The

RCDW of the HIV positive group (16.5%/10 was significantly greater that the control

(14.1 x16%/L) and HIV negative (14 x£0.) DVTgroups, with a p value of 0.0035 and 0.0284
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respectively(Table19 and Table20). A raised RCDW is associated with a decrease in
haemoglobin and MCV concentration; but with a raisddte cell count fibrinogen and>
reactive protein (CRP¥’ Thiscorrelates with the haematological markers foumdthe HIV
positive group(Table I7). RCDW is strongly associated with mortality. Patel and colleagues
reported the allcause mortality risk increases by 22% for every 1% increase in RCDW. The
physiological association between RCDW and mortiadityebeen typothesised to be

related to the systemic factors involved in inflammatory conditions and oxidative stress

which affects erythrocyte maturation and degradati&. 128129

Inflammatory markers

The HIV(8.28 x18/L) and HIV+ (8.285 x3Q) groups both hd an elevated leukocyte count
compared to the control group (5.98 x109/L), wittvalues of 0.0026 and 0.0120
respectively(Table B and 19). Similar to patients with ischemic strokes, thromboembolism
results in an inflammatory reaction with raised leukt&cgount and @eactive protein?? 82

HIV is usually associated with a decreased immune funclioa elevated leukocyte count

in these HIV positive patients may be due to the HIV infection itself, or the action of the
lw+xQa 2NJ G2 2 LLJedkIdlesg of whethed the\pytier s sA\D/Y @ not.
However, the risk of coexisting opportunistic infectibnBammatory conditionsvas

minimised or absent by excluding patients that are classified as a WHO clinical stage 2 to 4.
Also, with the ARV trement the HIV virus is suppressed and the lymphocytes, particularly

the CD4 lymphocytes, increase in turnov&r 31, 132

Greactive protein (CRP) is an acyiease proteint>3 The concentration of CRP is increased
by cytokinesthat are proinflammatory, such asnterleukin 1 and 63 The HIV negative

group has an inflammatory response to the DVT which is reflected by the statistically
significant raised CRP levels (47mg/L) compared to the control group, wittalag of
<0.000L4Table B). The same gument can be made for the raised CRP in the HIV positive
group, however the CRP concentration (as well as fibrinogen) is commonly raised in HIV
positive patients compared to the general population even without a BY#° The raised

CRP in HIV positiymtients(Table D) indicates a sustained acute phase respofiédhis is
statistically significant in the HIV positive group (109.5mg/L) compared to the control group

(1.5mg/L) as well as the HIV negatiYéTgroups (47mg/L),palues of <0.0001 and 0.83
67



respectively. Increasing CRP concentratioasebeen reported with HIV disease
progression, and this increase does not appear to be affected by ARV treatthent.
Increased levels of CRP and fibrinogen are independently highly predictive of 5 year

mortality risk in HIV positive patients, especially where the CD4 count i¥4ot.

Fibrinogen, a high molecular weight plasma protein, levels influences the ESR. Increased
fibrinogen levels are associated with thrombmbolic events. Fibrinogen tends tdleere

G2 G0KS SNEUKNROBGSAI 4KAOK 0502YSa 4GKSI OASNE
and blood viscosity* 214 The fibrinogen levels, although within the recommended

normal rangewere greater in the HIV negative (3.7g/L) and HIV pos{®vag/L)DVT

groups compared to the control (2.6g/L) group, with p values of 0.0014 and 0.0672
respectivelyTable B and 19; Graph ). Fibrinogen concentration increases in the
inflammatory response, which can explain the raised fibrinogen concentratitreiHIV
positive group which contributed to the DVT. Whether the HIV positive group was on ARV
medication or not has been shown not to affect the fibrinogen concentrattbimthe HIV
negative group with a raised fibrinogen concentration is either duga¢oDVT resulting in

the inflammatory response (and the raised fibrinogen concentration) or the raised
fibrinogen concentration contributing to the DVT. The increase in fibrinogen concentration
correlates with the increased erythrocyte sedimentation re&SR) in the HIV negative and

positiveDVTgroups.

The ESR is the extent in which erythrocytes sediment in one'iotline ESR in both the HIV
negative (13mm/hr) and HIV positive (36mm/ByYTgroups were significantly raised
compared to the control groupdmm/hr), p values of 0.0006 and <0.0001 respectively
(Table B and19). In inflammatory conditions the ESR rises as the erythrocytes become
sticky and adhere toach other which can be seen amiteaw formation 148 ¥9. 50 The
rouleaw formation in theHIV positive group can be seen under the scanning electron

microscope, which will be discussed in the following chapter.

Considering all the inflammatory markers (WCC, fibrinogen, CRP and ESR), each marker was
statistically significantly raised in the\HhegativeDVTgroup comparedvith the control
group, as well as the HIV positive group companéti the control group(Table18 and 19;

Graph ). Interestingly CRP is the only inflammatory marker that has a statistically
68



significant increase in the HPpositive group compared to the HIV negative gr@¢lipble
20). CRP matherefore be a more sensitivacute phasenarker to differentiate significant

aninflammatoryconditionbetween HIV negative and HIV positive patients.
Platelets

Thrombocytopenia is comamly foundin HIV positive patientsThis may be due to

increased destruction or decrease production of platelet cells. Osime and colleagues
NBLI2NISR I RSONBIFasS Ay GKS LI IFGiStSd O2dzyid Iy
compared to HIV patiedt y 234 2y ! wxQazx |fiK2dzAK G4KS RSONXE
significant!® However in this study, both the HIV negative and HIV podiNégroups had

a nonstatistically significantisein the platelet count. Platelet count is not always

associated wh an increased risk of DVT thoutjh.

Mean platelet volume (MPV) is a common platelet activation matkep! Platelets tend to
enlarge when activated® 18 An elevated MPV is associated with ignade inflammation

as well as thrombosi®: °° However both HIV negative (8.6fL) and HIV positive (8BYL)
groups also had a nestatistically significant slight decrease in the mean platelet volume
compared to the control group (9f(Jable Band19). Theseresults indicate that the
platelets in bothgroups were not activated to a significant degree to cause a change in the
MPV. Thisis in keeping with a venous thrombosis where the thrombus is due to activation
of the coagulation cascade instead of platel&fdlt should also be kept in mind that

platelets shape and volume do vary, even in healthy persehs.
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Conclusion

Thereare haematological changes between the groups as seen igithglified summary
(Table21). The DVT groups, i.e. the HIV negative and HIV positive groups, both have
anaemia The cause of the anaemia appears to be due to different causes. The HIV negative
groups appears to have an anaemia of inflammation (anaemia of chronic disorders) whereas
the HIV positive group is in keeping with an iron deficiency anaemia. The chasgesmm

iron, transferrin and ferritin reflects systemic iron status but serum ferritin appears to be a
better marker of inflammation than iron status. The red cell distribution width is an

indication of the inflammatory process on the erythrocytes but amweased mortality. The
inflammatory process, whether from the DVT or the HIV infection, is reflected by the raised
white cell count, fibrinogen concentration;r€active protein and the erythrocyte

sedimentation rate. However considering these inflamargtmarkers, only CRP was
statistically significant raised in the HIV positive group compared to the HIV negaiive.
Surprisingly, the platelet count was not decreased in the HIV positive group as expected
where HIV thrombocytopaenia is usually commBren the mean platelet volume did not

reflect an increase in platelet activation.

There are definite haematological changes seen in all patients with deep vein thrombosis.
With the addition of the HIV infection (and possibly the antiretroviral medicatioifferent

haematological changes are reflected.
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Table21: Simplified Summary of Haematological markers

Haematological marker

Control

HIV-

WCC

—

RCC

Hb

Hct

el rl Pl &

MCV

MCH

MCHC

RCDW

Platelets

MPV

el I B &F| P B
o
<,
QD

Serum iron

Transferrin

% Saturation

Ferritin

CRP

ESR

Fibrinogen

A A A A A A A A A A A A A A | -

ns = not statistically significant
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CHAPTER 5: VISCOELASTIC, LIGHT MICROSCOPY AND ULTRASTRUCTURAL PROPERTIES

Introduction

There is a relationship between coagulation and inflammation. Inflammation can result in
red blood cell cangesRed blood celbggregation increases in the presence of fibrinogen,
which is a marker that increases during inflammatory conditions. Fibrinogen enhances the
adhesion of theed blood celldy binding to thered blood celmembrane® Changes in the
morphology ofred blood cellhavebeen shown in inflammatory conditior?§ > 62 8
Physiological changes such as pregndrasyealso been shown to influence the morphology

of red blood cellschanging the normal smooth membrane to a granular morpinfé

Thered blood celplateletinteractionand havean important role in the coagulation system.
This relationship is usually initiated by platelet activation. As the platelets become activated,
the coagulation pathways are stimulated resulting irifinetwork trapping more platelets
andred blood cel. Howeverred blood cellxan also release ADP which is prothrombotic

by activating the platelet&

Platelets undergo different morphological stages when activated:

W Stage 1: resembles a disk.

W Stage 2:hasa spheroidathape

w Stage 3: early spheroidshapewith scanty, short pseudopodfeveloping

w Stage 4: late spheroidal shap&th many, long pseudopods.

w Stage 5: cytoplasm mesfrom the cener to the pseudopodia.
W Stage 6: a central safl elevation with the rest of the cell becoming flattened.
W Stage 7: a final flat configuratith

A study of 4 HIV infected patients in 2008 revealed an altered platelet morph#ldinere
were areas of intact membranes adjacent to membrane blebbirly &reas where the
membrane was torn compared to the control platelet aggregates which showed smooth
membranes® These structural changes are in keeping with features of apoptosis, cell

death.
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There is limited research on the ultrastructure of erythrosysad platelets in HIV patients

on ARV treatment. One study did look at the morphology of platelets with the use of an
immunomodulator, Canova, in HIV patients. The reported findings suggested that platelet
morphology is kept intact with the use of Canara it prevents the cytalestructive
effects of the HIV diseas@*¢ KS STFFSOGa 2F ! wxQa Ylidredi KSNBT:
blood cells ad platelet ultrastructure. Previous studies, specifically with patients on NRTI +
NNRTI regimens, have ndtasvn significant differences on coagulation markers
(prothrombin time, activated partial thromboplastin time, von Willebrand factor, factor VIII,
fibrinogen, Ddimer and endogenous thrombin potentidf1°20.21 The proposed study

seeks to demonstraté any morphological changes ocdnmplatelets and red blood cells

from HIV infected patients and the effect of ARV treatment thereupon.

Whole blood based coagulation tests such as the thromboelastography (TEG) can determine
the viscoelastic properties diie clot directly.The TEG was invented around 1940 and is
used in some emergency centers as a point of care testing, i.e. performed at or near the
patient?’ The test produces results quickly and gives an extensive evaluation of the

LI G A Sy G Q& (and AnticAatpblatian)Astitys. The clot timer@ction time) measures
from the initiation of the coagulation process to 2mm amplitude on the trace recording. The
clot kinetics (Kkinetics) records the time from the R time to 20mm amplitude. The alpha
ande (slope between R and K) measures the intensity of the clot forming. The clot strength
is defined by the maximal amplitude (mm) of the tracing {Maximum amplitude). The

TEG can also give results on maximum rate of thrombus generation (MRTGG), total
thrombus generation (TTG) and the time to maximum rate of thrombus generation
(TMRTGGY A disadvantage of the TEG is the inability to identify platelet adhesion and Von

Willebrand factor abnormalities during primary haemosta8is.

Whole blood can be cenftiged to produce a sample of platelet poor plasma (PPP). PPP is
the plasma without cells and is therefore useful to test the coagulation system without the
influence of platelets or red blood cells. By testing whole blood and PPP, specific

abnormalities irthe coagulation system can be detectée!: & 160

The light microscopy allows for the identification of specific molecules and cells but the
resolution is typically submicrometer. The light microscopy also allows for the
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determination of changes ohered blood celshape by assessing the axial ratios of each

red blood cell The scanning electron microscope (SEM) allows ultrastructural analysis at a
high resolution. However, the disadvantage of SEM is that the images are on grayscale and
finding rareevents in space and time is difficult. By combining the two methods of

microscopy allows improved analysis atetreagsthe limitations of each methoéf*

The TEG results together with the light microscopy and the ultrastructural changes seen on
thescay Ay3d St SOGNRY YAONRAO2LIS OFy 3IABS I+ 0O2Y0.
coagulation statusBy using these research methods and applying them to the 3 groups

(controls, HIV negative and HIV positivepredictive screening assessment could then

possiblybe determined for those at risk of a thromboembolic event. The following

objectives therefore directs this chapter.

Chapter dvjectives

3. Compare viscoelastic properties of whole blood and platelet poor plasma (PPP).
4. Compare light microscopy smears betweeaups.
5. Compare ultrastructure of platelets and red blood cells (using whole blood smears)

with the scanning electron microscopy (SEM).

6. Compare whole blood with thrombin using SEM to the viscoelastic results.
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Materials and methods

Objective 3

w Objecive 3 is to compare viscoelastic properties of whole blood and platelet poor
plasma (PPP) between the groups.
w This objective was accomplished by using the Thromboelastogram (TEG) which is
located in the department of physiology laboratory.
Whole blood asvell as platelet poor plasmaere used.
Whole blood in the citrate tube was centrifuged to obtain platelet poor plasma.

Whole blood was used to assess the full coagulation process

€ €& €& €

Plateletpoor plasma was used to assess coagulation without the influehce o
platelets on the coagulation pathways.

Whole blood/Platelefpoor plasma was inserted into the cuvette

The cuvette containing the bloatien moveswith a stationary pin

Activator (calcium chloride) was added to the blood sample

€ &€ € €

The resistance of the ppiin the blood sample was recorded on the connected

computer

e

The data was presented as a curve with its numerical parameters.
w Refer to Table 2: Parameters of Whole blood and Platelet poor plasma in viscoelastic

tests for the data analysed from the viscostia parameters.

Objective 4

Objective 4 is to compare light microscopy smears between the groups. Whole blood was
used to form a blood smear on a microscope glass slide which was stained with Giemsa stain
for differential staining of the blood cells. Thkde was examined under a light microscope

to assess the shapes of the different blood cells.

Axial ratios of the red blood cells were determined from the light microscopy micrographs,
by using a program written in the C# programming language. The loagisdrom each red
blood cell was measured and referenced as the major axis. The minor axis length was then
measured by a line drawn perpendicularly to the centre of the major axis. The axial ratio for

each cell was calculated by dividing the major aagth by the minor axis length. A value
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of 1 represents a perfect circlé he axial ratio of 50 different red blood cells were

measured per subject.

Objective 5

Objective 5 is to compare the ultrastructure of platelets and red blood cells using whole

blood smears with the scanning electron microscopy (SEM). Whole blood samples (citrate

tube) for SEMvere prepared as follows:

w

w

10 pl of whole blood was placed directly on a glass cover slip.

The whole blood on the cover slips was then incubated for 3 mirattesom
temperature.

The cover slips were then immersion in 0.075 M sodium phosphate buffer (pH 7.4)
and finally placed on a shaker for 20 minutes.

Fixation of smears were done by using 2.5% gluteraldehyde in phosphered
saline (PBS) solution withpdd of 7.4 for 30 minutes, followed by the wash step
where the samples were washed 3 times in phosphate buffer for 3 minutes
before the final fixation step of 15 minutes in 1% osmium tetraoxide (OsO4).

The samples were again washed 3 times with PBS fon@t@s and the dehydration
of the samples were done with 30%, 50%, 70%, 90% and 3 times with 100%
ethanol (different concentrations of ethanol are used to avoid osmotic shock of
samples).

After the dehydration step the material were immersed with hexanyédisilazane
(HMDS) for 30 minutes

The HMDS wagmovedand a drop of HMDS added to the samples and then left to
dry.

After the samplesvere dried they were mounted on metal plates and coated with
carbon to provide conduction of the samples under the wscope.

A Zeiss ULTRA plus F&EEM with In Lens capabilities was used to study the surface
morphology of platelets, red blood cells and white cell interactions; and
micrographs were taken at 1kV. (The scanning electron microscope used for this
study is l@ated in the Microscopy and Microanalysis laboratory of the University
of Pretoria, Pretoria, South Africa.)
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Objective 6

Objective 6 is to compare whole blood with thrombin using SEM to the viscoelastic results.

Whole blood samples (citrate tube) for SEMresprepared as follows:

10 pl of whole blood was placed directly on a glass cover slip.

Whole blood was mixed immediately with 5 pl thrombin.

W

W

w The whole blood on the cover slips was then incubated for 3 minutes.
w The rest of the SEM preparatistepswerethe same afor objective 5.

W

The interaction of fibrin strands with the red blood cellere then assessed.
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Results
TEG results

The TEG measurements usiipole bloodfor the Controls, HIV negati@VTgroup and
the HIV positivddVTgroupare shownin Tables 22, 23 and 24 respectively. The tables shows

the median, standard deviation, minimum and maximum values for each TEG parameter.

For the comparison between group®fer toTables 3, 26 and27, p-values were calculated

using the ManrAWhitney test with a significance level of 0.05.

Table B compares the TEG parameters using whole blood in the Controls to the HIV
negative groupwith a DVT The HIV negative group showed a hypercoagulable TEG profile
with statistically significant decreasesthe Rtime (p-value 0.0021), ime (p-value

0.0323), MRTGG4{mlue 0.0314) and the TMRTGGvghue 0.0087). The alpha angle, MA
and TGG, although greater than the Contralsre not significantly raised.

Table I compares the TEG parameters using {ehagood in the Controls to the HIV
positive groupwith a DVT The HIV positive group showed a hypercoagulable TEG profile
with statistically significant decreases in theifRe (p-value 0.0022), ¥ime (p-value

0.0151), MRTGG {mlue 0.0123) and the TMRBTG (pvalue 0.0039). The alpha angle was
significantly increased with ayalue of 0.0303. The MA and TGG, however, had no

significant change.

Table Z compares the TEG parameters using whole blood in the HIV ne@afivgroup to
the HIV positivddVTgroup. Although the HIV positive group has a fastéinke, Ktime,
MRTGG and TMRTGG indicating hypercoagulability, there was no statistically significant
difference between the HIV negative and the HIV positive groups for any of the TEG
parametersGraph2 compares the TEG parameters using whole blood between the 3

groups using boandwhiskergraphs.
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Table 2: TEG Whole BloedControls

Standard
TEG parameter N Median Minimum Maximum | deviation
Rtime 22 7.7 4.1 12.2 2.006
K-time 22 4.2 15 9.8 1.963
alpha angle 22 49.85 41.1 69.4 8.382
MA 22 52.2 37.5 62.7 7.274
MRTGG 21 3.27 1.33 10.67 2.075
TMRTGG 21 10.92 5.58 20.92 3.761
TGG 21 542.8 301.6 849 165
Table B: TEG Whole BloedHIV negativeDVTgroup

Standard
TEG parameter N Median Minimum Maximum | deviation
Rtime 29 6.2 3.7 12.2 1.824
K-time 29 2.8 1.3 11.5 2.217
alpha angle 29 52.1 17.7 78.1 14.24
MA 29 54.4 294 79.9 12.64
MRTGG 29 4.6 1.66 14.34 3.366
TMRTGG 29 8.83 4.33 20.08 2.972
TGG 29 559.8 101.3 1830 406.7

79




Table 2: TEG Whole BloodHIV positiveDVTgroup

Standard

TEG parameter N Median Minimum Maximum | deviation
Rtime 15 5.2 2.2 11.8 2.689
K-time 15 2.5 0.8 6.1 1.494
alpha angle 15 60.4 32.1 78.7 13.31
MA 15 54.1 39.2 80.9 12.07
MRTGG 15 5.09 1.87 21.73 4.929
TMRTGG 15 7.25 3.17 15.67 3.558
TGG 15 594.1 322 1999 451.8

Table 5. TEG Whole blood: Controls vs. HIV negald¥Tgroup

TEG Parameters Controls HIV- P-value Significant difference
Rtime 1.7 6.2 0.0021 Yes
K-time 4.2 2.8 0.0323 Yes
alpha angle 49.85 52.1 0.408 No
MA 52.2 54.4 0.2578 No
MRTGG 3.27 4.6 0.0314 Yes
TMRTGG 10.92 8.83 0.0087 Yes
TGG 542.8 559.8 0.9217 No
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Table &: TEG Whole blood: Controls vs. HIV positiyYéTgroup

TEG Parameters Controls HIV+ P-value Significant diffeence
Rtime 1.7 5.2 0.0022 Yes

K-time 4.2 2.5 0.0151 Yes

alpha angle 49.85 60.4 0.0303 Yes

MA 52.2 54.1 0.4302 No

MRTGG 3.27 5.09 0.0123 Yes
TMRTGG 10.92 7.25 0.0039 Yes

TGG 542.8 594.1 0.4412 No

Table Z: TEG Whole blood: HIV negatii®/Tgroupvs. HIV positivddVTgroup

TEG Parameters HIV- HIV+ P-value Significant difference
Rtime 6.2 5.2 0.1157 No
K-time 2.8 2.5 0.4495 No
alpha angle 52.1 60.4 0.113 No
MA 54.4 54.1 0.9015 No
MRTGG 4.6 5.09 0.569 No
TMRTGG 8.83 7.25 0.2022 No
TGG 559.8 594.1 0.5359 No
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Graph 2: Box and whiskers grapbf the comparison of TEG Whole blood: AYiRe, B) k
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The TEG measurements uskigtelet poor plasmédor the Controls, HIV negatih@VT
group and the HIV positiv@VTgroup are shown ifables 28, 29 and30respectively. The
tables shows the median, standard deviation, minimum and maximum values for each TEG

parameter.

For the comparison between groupsgfer to Tables 31, 32 and 33, p-values were calculated

using the ManAVhitney test with a signifiaace level of 0.05.

Table31 compares the TEG parameters uspiatelet poor plasman the Controls to the
HIV negativédVTgroup. The HIV negative group has a hypercoagulable profile with
statistically significant changes in theiRe (p-value 0.0022), #ime (p-value 0.0002), MA
(p-value of 0.0002), MRTGG\(plue 0.0001), TMRTGGValue 0.0041) and TGG-{plue

0.0001). The alpha angle although raised was not statistically significant.

Table32 compares the TEG parameters usplgtelet poor plasman the Controls to the
HIV positiveDVTgroup. The HIV positive group had a hypercoagulable profile with
statistically significant decreases in thdiiRe (p-value 0.0006), #ime (p-value 0.0034),
MRTGG (fwvalue 0.0176) and the TMRTGGrglue 0.0016). The@tha angle, MA and TGG,
although all raised, in keeping with a hypercoagulable picture, were not statistically

significant.

Table33 compares the TEG parameters uspigtelet poor plasman the HIV negativ®VT
group to the HIV positivBVTgroup. There s no statistically significant difference
between the HIV negative and the HIV positive groups for any of the TEG pararGetps.
3 compares the TEG parameters usphgtelet poor plasmdoetween the 3 groups using

box-and whiskemgraphs.
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Table B: TEG Platelet poor plasm&ontrols

Standard
TEG parameter N Median Minimum Maximum deviation
Rtime 21 9.8 4 14.5 2.592
K-time 21 3.5 14 114 2.978
alpha angle 21 60.1 17.7 74.7 12.75
MA 21 28.1 16.8 37 6.302
MRTGG 21 4.77 1.53 12.24 2.361
TMRTGG 21 11.58 5 19.42 3.446
TGG 21 188 101 294.3 61.15
Table 29: TEG Platelet poor plasma: HIV negative DVT group
Standard
TEG parameter N Median Minimum Maximum deviation
Rtime 29 7 3.2 16.4 2.695
K-time 27 1.7 0.8 10.9 1.948
alpha angle 29 66.5 23.2 79.9 13.84
MA 29 38.9 10.1 51.8 9.468
MRTGG 29 9.37 1.29 17.24 3.753
TMRTGG 29 8.08 4.33 23 3.804
TGG 29 319.8 56.03 537.5 1115
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Table 30: TEG Platelet poor plasma: HIV positive DVT group

Standard
TEG parameter N Median Minimum Maximum deviation
Rtime 14 6.1 2.2 8.6 1.909
K-time 13 1.5 0.8 6.9 1.809
alpha angle 14 69.4 31.8 82.2 15.77
MA 14 33.45 16.6 70.3 14.97
MRTGG 14 8.86 2.7 23.35 5.587
TMRTGG 14 7.625 2.83 12.67 2.511
TGG 14 250.5 100 1193 291.4
Table31: TEG Platelet pogplasma: Controls vs. HIV negati®/Tgroup
Significant
TEG Parameters Controls HIV- P-value difference
Rtime 9.8 7 0.0022 Yes
K-time 3.5 1.7 0.0002 Yes
alpha angle 60.1 66.5 0.0987 No
MA 28.1 38.9 0.0002 Yes
MRTGG 4.77 9.37 0.0001 Yes
TMRTGG 11.8 8.08 0.0041 Yes
TGG 188 319.8 0.0001 Yes
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Table 2: TEG Platelet poor plasma: Controls vs. HIV posiiNergroup

Significant
TEG Parameters Controls HIV+ P-value difference
Rtime 9.8 6.1 0.0006 Yes
K-time 3.5 15 0.0034 Yes
alpha angle 60.1 69.4 0.0593 No
MA 28.1 33.45 0.0528 No
MRTGG 4.77 8.86 0.0176 Yes
TMRTGG 11.58 7.625 0.0016 Yes
TGG 188 250.5 0.0571 No

Table 3: TEG Platelet poor plasma: HIV negatd¥Tgroup vs. HIV positiv®VTgroup

Signifiant
TEG Parameters HIV- HIV+ P-value difference
Rtime 7 6.1 0.2593 No
K-time 1.7 15 0.7503 No
alpha angle 66.5 69.4 0.3376 No
MA 38.9 33.45 0.2134 No
MRTGG 9.37 8.86 0.6408 No
TMRTGG 8.08 7.625 0.2878 No
TGG 319.8 250.5 0.2281 No
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Graph 3: Boxand-whiskers grapls of the canparison of TEG Plateletgor plasma: A) R
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Light Microscopy results

Figure 6: Light microscopy blood smear of a hbg patient. Showing normal round

smooth surface red blood cells

Figure 7: Light microscopy blood smear of a HIV negalWélpatient. Showing
Anisocytosis and eryptosisabel 1 showing a balloon cell with a projection frthra inferior

surface. Label 2 showing an eryptotic cell.
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Figure 8: Light microscopy bloamear of a HIV positiv®VTpatient. Label 1 showing
acanthocytes (irregular blunt shaped projections from the red blood cell membrane). Label

2 showing anisocytosi(unequal sized teblood cells). Label 3 showing eryptotic cell.

Figure 9: Light microscopy blood smear of HIV positive patweith rouleauxformation
and eryptosis Label 1 showingouleaux(stacking of red blood cells) formation. Label 2

showing eyptotic red blood cell.
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Table 3I: Axial Ratios of red Blood Cells between the groups

Study Standard
groups N Median Minimum Maximum deviation
Controls 1200 1.108 1 2.093 0.132
HI\ 1600 1.081 1 2.217 0.1163
HIV+ 750 1.101 1 2.377 0.1497

Table 3: Comparing the axial ratios of red blood cells

Study groups P-value Significant difference
Controls vs. HNV < 0.0001 Yes
Controls vs. HIV+ 0.9082 No

HI\VAvs. HIV+ < 0.0001 Yes

Tables & and 35 shows asignificant diffeence in shape variation according to the axial

ratios on light microscopy between the control group and-Hpdup (p <0.0001); and also

the HIV: group and the HIV+ group (p<0.0001). There was no significant difference between
the control group and the HivVgroup.
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Scanning Electron Microscopy results: RED BLOOD CELLS (RBCs)

Controls

Figure 10: SEM Control RBE®althy RBCs that are round with smooth membrardis.
FAIdzNE & Ol dxc@pt for- CNukieYe thecale bar is 2 Y

A B)
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Figure 11: SEM ContrdRed blood cells in a fibrin networldgure scale bar > Y
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HIV negativewith DVT

Figure 12: SEM HIV negatipatients with DVTF Red blood cellsA) Irregular shape and
membrane disruption appearing as holes or craters B) Eryptotic cell surrounded by normal
RBCs. C) Balloon cell. D) Microparticle/microvesicle formation. E) EryptotiE)RBC
Acanthocyte (RBC with spicules that are irregular in size, shape and distribution around the
cell). G) Irregular RBC membrane with formation of microparticles/microvesicles. H)
Stomacytes (abnormal RBC shapes due to loss of biconcave morpholSgynaryte
surrounded by fibrin strands. J) RBC interacting with fibrin. K) Polyhedrocyte surrounded by
fibrinstrands! £ £ FA3dz2NB a0FtS oFNERY M >YT SEOSLI

where the scale bar is 0.1um.

A) B)
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Figure 13: SEM HIV gative patients with DVTF Red blood cells in a fibrin networlArrow
showing a helmet shaped RBC MX Y® CA IdzNBE &aOF S ol NRY
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Figure 14: SEM HIV negatipatients with DVTF Polyhedrocytes in a fibrin networkAll
FTAIANBE aolfS o0FNAY ™M >Y
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HIV positivewith DVT

Figure 15: SEM HIV pitive patients with DVF Red blood cells! 0 9 OK Apgréupiel S 0 G
OSft f k KSR3SK 2 A:aknGrhal edelpspaced thOrBytnerbbbane projections. B)

High magnification of the projections in figure A. C) Early eliptocyte RBC with an irregular
membrane surface. Dligh magnification of the irregular RBC membrane in Figure C. E)

Early eliptocyte RBC with an irregular granular surface. F) Early eliptocyte RBC with

disruption of the membrane appearing as holes or craters in the membrane. G)
Microparticledmicrovesicle formation. H) High magnification of the

Microparticle/microvesicle formation in Figure G. I) Acanthocyte (Irregular shaped blunt
projection). J) Echinocyte. K) Knot cell. L) Elyptoid shape, progressing to eryytdgjare

a0t S YINBEOMLIFP .= 5 yR | 6KSNB &a0FfS o6 N A

A) B)




F)

E)
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K) L)

Figure 16: SEM HIV positipatients with DVTF Red blood cell rouleaux formationArrow
indicating agglutination of the red blood cells. Arrtvvad ndicating the adherence of
LI FaYl LINPGSAyad CAIdzZNBE aoOFfS ol NBRY ™
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Figure 17: SEM HIV positipatients with DVT Polyhedrocytes in a fibrin networkFigure
a0kftsS o0lFNBRY H >Y

Figure 18: SEM HIpbsitive patients with DVTF Contraction of a red blood cell by the fibrin
network. Arrow indicating the fibrin strands. Arrow head indicating the red blood cell.
CAIdzNBE aoOkLtS o0FNERY m >Y




Scanning Electron Microscopy: PLATELETS

Controls

Figure 19: SEM ControlBlatelets.A) Smooth intact membrane. B) Membrane blebbing

and openings of the open canalicular channels. C) Pseudopodia formation and openings of

the open canalicular channels. D) Pseudopodia formation from smooth imawetbrane.

Arrows showing pseudopodia formation. Arrdveads showing blebbing. Open Arréwgads

showing openings of the open canalicular channéld. f FA 3dzNE a0 fS o6 NRY
GKSNBE aolftS 0FNI A& noH >YO

A) B)
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HIV negativewith DVT

Figure 20: SEM HIV negatipatients with DVT Platelets.A) Pseudopodia forming and
membrane blebbingB) Membrane blebbing and openingkthe open canalicular channels.

C) Pseudopodia and openings of the open canalicular channels in the smooth intact
membrane. D) Pseudopodia with openings of the open canalicular channels in the smooth
intact membrane Arrows showing pseudopodia. Open@srheads showing openings of

the open canalicular channels in the smooth intact membrane. Afteads showing

membrane blebbingAll figure scale bars: 0.1um.

A) B)
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Figure 21: SEM HIV negatipatients with DVTF Multiple platelets with a RBC
Multiple platelets (arrows) with a RBC (arrdwad).All figure scale bars: 1um.

Figure 22: SEM HIV negatipatients with DVT Platelets interaction to form an aggregate.

All figure scale bars: 1um.
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HIV positivewith DVT

Figure 23: SEM HIV positiyatients with DVF Platelets.A) Irregular membrane with
blebbing, fragmentation, openings of the open canalicular channels and pseudopodia
formation. B) Openings of the open canaliculaammhels and membrane blebbing. C)
Multiple branching pseudopodia, with irregular membrane blebbing and membrane
fragmentation. D) Pseudopodia and membrane fragmentatimnow showing

pseudopodia. Arrovnead showing membrane blebbing. Basxow showing memitane
fragmentation. Open arrovheads showing openings of the open canalicular channels. All

figure scale bars: 1um.

A) B)
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Figure 24: SEM HIV positiyatients with DVF Platelet interaction to form an aggregate.

Plateles with irregular membranes, interacting with each other. All figure scale bars: 1um.
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Scanning Electron Microscopy: PLATELETS WITH FIBRIN

Figure 25: SEMPlatelet aggregates merging with the fibrin networld) Control B) HIV
positive patientwith DVT C to E) HIV negative patientgh DVT All figure scale bars: 1um.

A) B)
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Discussion

Red blood cells

In healthy people up to 44% otd blood cellsn the plasma may be abnormal and not

always discoid in shape. Thed blood cellsn patients with ischemic stroke patients, using
SEM and light microscopy, were shown to have an atypical morphology in up to 9266 of th
red blood cellexamined. Membrane extensions and shape changes have been seen under
SEM. The changes on SEM are not always visible on the light microBbef¥M images
allows forgreater magnificatiort* Abnormalred blood cellslso tend to interacwith fibrin

fibres that are abnormal®?

Elevated number of circulating white blood cdleukocyted can influence the morphology
of thered blood cellsActivated leukocytes release oxygen metabolites and proteases which
causes theed blood celldo undergo oxidative and proteolytic changes. Ischemic stroke
patients have been shown to have increase number of activated leukocytes as well as

abnormalred blood celmorphology*3 %4

The HIVand HIV+ groups bothavean elevated leukocyte count compatéo the control

group (p=0.0026 and p=0.0120 respectivélygble B and 19; Graph ). Similar to patients

with ischemic strokes, the leukocyte count may be elevated due to the thromboembolism.
DVT also causes an inflammatory reaction and a rise in tik@dgte count? So whether

the leukocytes are raised due to related HIV infection or treatment, or to the DVT itself, the

effect is an increase in abnormal erythrocytes.

As a DVT forms and occludes the vein, the blood flow decreases. Blood circulatinghth
narrower vessel results in the surrounding cells including&aeblood cell$aving

increased contact time with the activated leukocytes products e.g. reactive oxygen
species® With the alteredred blood celinorphology, thered blood celhasa decreased
potential to deform in a narrowed occluding vein results in a progressive decrease in venous

flow and a longer interaction with the activated leukocyte produéts.

In proinflammatory states, reactive oxygen species such as superoxidg (@drogen
peroxide, hydroxyl radicals, etc. are increased which causes oxidative stress¢al thleod

cells65 166 Systemic inflammation appears to directly translatedd blood cel(and
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platelet) morphologcaland functionakchanges8”1’t As mentioned, the effects on theed
blood cellshavebeen documented in inflammatory conditions such as throreinabolic
stroke but also in diseases such as type Il diabstetemic lupus erythematosus and even
Parkinson's disease and Alzheintgne dementia >0 5162 63,64 These diseases studied are
non-communicable diseasewhich were not documented in the sample grodpnerehave
not been many reports of communicable diseases, specifically HIV, and the efiect on

blood cellsand the coagulation syem 39 46 80,172 173 174

Serum iron levels can have an effect on tad blood cellsIincrease total body iron levels,
especially unliganded irohavebeen shown to cause a hypercoagulable state as they
contribute in oxygerdependent free radical fonation.}”®> The results seen ored blood

cellsare a greater axial ratio on light microscopy and ultrastructural changes shape changes
(elongated shape with pointed extentions¥ In this study the HMNand HIV+ groups did not
have increased levels ofregn iron, transferrin or percentage of iron saturation; but had

lower than normal levelsTiable B and19; Graph ). The total serum iron levelisere lower

in the HIV+ group compared to that of the HtWoup (the difference was significant in the
transferin levels). However, ferritin levels in the HIV+ growgye higher than the HIV

group (239ug/L and 96ug/L respectivelyable20). Ferritin concentration is used as an
important marker of iron overload in Hereditary Hemochromatosis and it reflects

unliganded iron that has been released during or following its secrétib#i/® 1° This could

be in keeping with the increased axial ratio on light microscopy in the HIV+ group compared
to HI: group (p<0.0001(Table ). However, the change in erythroeytorphology may

y2id 0S NBfIGSR (2 (0KS &ASNHzy FTSNNRAGAY ®S@Sft a
A variety of multiple abnormal shape changes and membrane abnormalities are seen in the
patients with DVT (HRand HIV+ groupgJigurel0 to 18). During inflammatory diseases,

red blood celexposed to oxidative stress and inflammatory molecules undergoes
biochemical membrane changes which can result in biophysical shape cifariffeshered

blood cellmembrane consists of a phospholipiddyier with an underlying spectractin
cytoskeletal compleX® The cytoskeletal complex is anchored to the inner surface of the

red blood cellmembrane through its association with the protein ankyrin and other trans

membrane proteing8:186 Certainred blood cellmembrane lipids are mostly found in the
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external membrane layesphingomyelirand phosphatidylcholine) and others in the

internal membrane layer (phosphatidylserine, phosphatidylinositol and
phosphatidylethanolamine®’ Transmembrane proteinsuch as flippases, floppases and
scramblases, allow for the transfer of the membrane lipids from external to internal and vice
versal®® During inflammatory conditions there is an increase of plasma concentrations of
sphingomyelinase, normally found irsgsomes of macrophages, which converts
sphingomyelin into ceramid®? 1%° Sphingomyelinase has been shown to be increased with
inflammatory markers such gatelet activating factoandtumour necrosis factor alphas

well from some bacterid?® 12 Caamide enhancesed blood celkensitivity to an already
raisedcytosolic calcium concentratiol¥3This results in the activation or inhibition of the
transmembrane proteins causing an abnormal expression of phosphatidylserine on the
external membrane lagr. The result is the formation of membrane vesicle formation and
microparticle shedding, which is a procoagulant facRed blood celshape changes will

then occur and eventually eryptotied blood cellsan be seeA?*1%7 Eryptosis is a co
ordinatedred blood celbeath, similar to apoptosis, that allows for the removalrdécted,

defective or potentially harmful cells before they undergo hemol{&is.

Red blood cellthat display phosphatidylserine on the membrane surface contribute to the
hypercogulation state. The abnormatd blood cellprovides a prothrombotic surface for

the formation of thrombin'% 1°° Besides adhering to each other, the abnormeal blood

cells6 SO2YS aadAoOl eé | ybodivs&seghdotheiumRK SoMIBwin 2 G K S
the vessels also contribute to tleellsadhelingto the endothelium as demonstrated in
microcirculation?®? The same principle would apply to the venous system, which is a low

flow vessel compared to the arterial system, which contributes toftheation of a DVT.

Red blood celtlerived microvesicles or microparticlésgure 12D and 12G; Figure 186Gd

15H), microscopic extracellular membranous structures, is associated with the expression of
phosphatidylseriné® Red blood celtlerived microjarticles appear to enhance thrombin
generation resulting in a hypercoagulable state, such as in post transfusion DVT, sickle cell
disease and haemolytic anaenif4.2°> As the microparticles are associated with increased
thrombin, the complement system naherefore also be activated and thereby enhancing

the systemic inflammatory response which is also a hypercoagulable®8fdieroparticles
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are also thought to originate from CD4 lymphocyigas the HIV virus infects CD4
lymphocytes, HIV positive patits may be more prone to developing microparticles and

therefore enhancing the hypercoagulable state.

The distribution ofed blood cellsan also reflect a coagulation statt¥§ Erythrocytes
agglutinating (merging) together and in a rouleaux formatios f@atures of a
hypercoagulable state as seenFigure 9andFigure 16 The adherence of plasma proteins,
such as fibrinogen, contributes to tmed blood celladheringtogether. The DVT groups
both havea higher fibrinogen level compared to the contgobup, but was only significant
in the HIV group (p=0.0014{Table B and19). A higher fibrinogen concentration is
associated with an increased incidence of thrombosis. Fibrinogen may have specific

interactions with thered blood celtransmembrane pratin receptors?06208

Whole blood with thrombin SEM slides demonstrates the incorporatiaeaflood cells

into the fibrin network. Theed blood cellsan influence the fibrin network distribution,
causing the fibririibres to be loosely surroundindpé red blood cellsas seen irfFigure 11
andFigure 13Fibrinfibres also tend to increase in diameter and the viscoelasticity may also
be influenced by theed blood celinclusion in the fibrin network? The incorporation of

red blood cellsnto the fibrin network stabilises and strengthens the clot by decreasing the
permeability of fibrin and increasing the resistance to fibrinoly¥i3° A decreased ftme

is associated with trapped deformedd blood cellg* In the HIV and HIV+ groups, which

had decreased fme and ktimes(Tables B and 26; Graph 3, trappedred blood cells

between the fibrin network can be seenhigure 12kKandFigure 17.

Under conditions of low partial pressure of oxygen, acidosis and in response to mechanical
deformation, red blood cellselease adenosine triphosphate (ATP) and adenosine

diphosphate (ADP) activating platelets and promoting aggregation and release of platelet
granules?® The activation of platelets, together with fibrins network, contracts the clot

containing the trappeded blood cellsnto a tight packagéFigure 18. The result is the
F2NXYIFGAZ2Y 2F LIt eKSRNROe (S FiggeKsaEigukesly2®2 YY 2 v §

The TEG results can be correlated with the changes seen on the SEM, altiobagjlihe

TEG parameters were abnormal. Accordingtetoriusand colleaguesot all the
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parameters need be abnormal to indicate pathological coagulability and the degree of
coagulability can be related to the number of parameters that are abnofthdhe DVT
groups (HIVand HIV+) compared to the control group showed significant changes on the
TEG using whole blood@dble25 and 26; andGraph 3. The HIvWgroup compared to the

control group showed significant differences with regards infi®e (p-valueof 0.0021), K

time (p-value of 0.0323), MRTGG\(plue of 0.0314) and the TMRTGG (0.0087). Similarly,
the HIV+ group compared to the control group showed significant differences with regards
to Rtime (p-value of 0.0022), #ime (p-value of 0.0151), alphangle (pvalue of 0.0303),
MRTGG (walue of 0.0123) and the TMRTGG/§tue of 0.0039). Thengere no significant
TEG differences between the HAhd HIV+ group§lable Z). As for the SEM, where

changes were seen in the DVT groups, a hypercoagulalenss is observed on the TEG.

By comparing the TEG results using platelet poor plasma, to remove the effect of the blood
cells from the clot formation, a hypercoagulable profile is still observed. The TEG results in
the platelet poor plasmaavea similarcomparison profile between the 3 groups as using
whole blood Table31-33; Graph 3. In the HIV negativ®VTgroup compared to the control
group the changes in-thne, ktime, MRTGG and TMRTGG are statistically significant as it is
using whole bloodTabk 31). However, in the platelet poor plasma, MA and TGG also have
a statistically significant increase. The MA and TGG are strongly influenced by the fibrin
network. Thechanges in the platelet poor plasma compared to the whole blood indicates
that the fibrin fibres may be abnormal. In the HIV positive group compavigd the control
group,both platelet poor plasmand whole blood results iohanges ithe same TEG
parametesi.e. Rtime, ktime, MRTGG and TMRTG@l§le32). Whether using platelet

poor plasma or whole blood therare still no statistically significant changm any of the

TEG parameters when comparing HIV negative and HIV pd3¥Veatients Table27 and

33).

Both DVT groups (HIV negative and HIV positive), using whole blood or patetgilasma,
indicate a hypercoagulable profile that has a rapid initiation and amplification resulting in
the rapid formation thrombin and therefore fibrifibre network. However the

concentration of thrombin that forms althoughcreasedcompared to thecontrol group is

not significant except in the HIV negati®& Tgroup using platelet poor plasn{@able31).
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The strength of the clot formed is also not significantly different from the control grétp
exception once againisthe HIV negativ®VTgroup using platelet poor plasma (as

mentioned abovemay be due to abnormal fibrifibres).

The TEG parameters in the HIV posibxéTgroup compared to the HIV negatii®/Tgroup

do indicate a hypercoagulable profile but whether using whole blood or @liapeior

plasma, there was no statistical significance in any of the parameters. HIV infection,
according to the TEG, therefore does not appear to result in a more hypercoagulable state
than already present with that of the DVT. Whether there is a diffeedmetween HIV

positive patients not on ARV compared to those on ARV treatment could not be assessed as
there were only 2 patients nain ARV treatment that were recruited in this study, which is

a reflection of themproved South African ARWstribution. However, a study bilaugaard

and colleaguedid not show any functional differences (TE@ganing thecoagulopathy in

HIV infected patients isot reversed with ARV treatment3
Platelets

The ultrastructure of platelets in the HIV+ grougsfeatures diferent to that of the control
group and the HIMgroup (Figure 1924). These changes are not due to coexisting
opportunistic infections or inflammatory conditions as HIV+ patients with a WHO clinical
stage 2 to 4 were excluded from the studye control goup and the HIVgroups have
activated platelet aggregates with smooth intact membranes, pseudopodia formation,
openings of the open canalicular channels and membrane blebbing interspersed among
smooth intact membranes. These are the typical morpholodézglures of activated
platelets seen in healthy individualsThe HIV positive patiensohavesimilar features of
activated platelet aggregates but with the addition of shrivelled aggregates with irregular
membranes, torn membrane surface and shedpaf procoagulant vesicles. These features
are suggestive of apoptosis, cell death, as was seen irethblood cellsSimilar

ultrastructural changes in HIV patients were documented by Pretorius et al. in32008.

The ultrastructural changes may be dueaitered viral infected megakaryocyte morphology
or due to direct infection and damage by the HIV virus. The HIV virus may gain entry into the

platelets by undergoing phagocytosis or through the openings of the open canalicular
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system channel® 4! ?14Regardless of theay of entry, platelets containing the HIV virus
are activated. It is not clear if the platelets containing the virus facilitates viral replication
and spreading; or assists in clearance of the itWith the latter, the ultrastructura
changes may be due to the immune response of the body resulting in antihddged

destruction of the platelets?

The HIV+ group had 13 patients on the primary ARV regimen and 2 which were not on any
lwxQad ¢KS LI I GSt S dresioMNapoptasNir@thelizNgDatiritsR & A Y A
were on ARV or not. The ARV treatment does not therefore appear to improve the platelet
morphological changes. This finding is not in keeping with a study, by Predodus

colleaguesn 2009, on platelets and HIV+tants that were using Canova, a herbal
immune-stimulator?® In that study the HIV+ patients on Canova showed improved platelet
morphological changes. There are differences though between the two studies. This study

only included patients with a DVT, sathatients were known to be in a hypercoagulable
aldlrGSz ta2 mo I L+tb LI GASYGa oSNBE 2y | w+xQax
(Emtricitabine, Tenofovir and Efavirenz). Canova is also an imstimelator whereas the

l wx Q& R2 y20 & ésdyNedatbut iatBer iihibi&s the NV \drys.

I w £h@weshown to have platelet related effects such as a decreased prevalence of HIV
associated thrombocytopaenia but may have an increased bleeding fi$ks increased
bleeding risk may be explained by thkrastructural changes seen on the SEM. It is possible
that the use of different ARV combinations may result in different morphological changes
observed, however to standardize the results, only patients on the primary regimen were

recruited for this stdly.

Platelet functioning depends on tiregquality and the quantity!® The platelet count, the
guantity, was within normal limits in all 3 group&able B-20). The ultrastructural changes
of platelets in the DVT groups does not appear to translate totional differences on all
the TEG parameters using whole bldd@ble25-27). The TEG maximum amplitude (MA),
indicating the strength of the clot, and the total thrombin generation (Tai@)nfluenced
by platelets and fibrinogeAt®21° Activated plateles release activated factor V and express
phospholipids to promote thrombin generatigd? The MA and TTG represents the platelet
interaction with the fibrin network. In a whole blood clot the MA relates to the platelet
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fibrin interaction whereas the TTGlages to the overall fibrin generatioft The MA for the
HI\: and HIV+ groups using whole blood were not significantly different from the control
group (pvalues of 0.2578 and 0.4302 respectively), which is similar to the SEM results
where the plateletsnteracting with the fibrin strands appear to be similar in the different
groups, although the control group fibrin strands does appear more orderly around the
platelet (Figure25). A study by Ronsholt et al. also did not show a difference in the fibrin

clot strength in HIV+ patients compared to contr6ls.

The activated platelets did not result in an overproduction of thromBimis was

represented bythe TTG in the both the H¥nd HIV+ groupsvhichwere not significantly
different from the control goup (pvalues of 0.9217 and 0.4412 respectivelygwever, the
rate (MRTGG) to achieve maximum thrombin generation was significantly increlsed

the time to achieve that maximum rate of thrombin generati@MRTGG)as significantly
decreased in botlthe DVT (HIVand HIV+) groups indicating a hypercoagulable state in
which the activated platelets do contributtterestingly thoughred blood cellsan

contribute directly to thrombin generation as they present a larger source of procoagulant
cell memlyanes than the activated plateles! Therefore it is possible that the increased
MRTGG and TMRTGG may be as a result of the influence ®dtbéood cellsespecially

the abnormalred blood cellsin combination with the activated platelets.

The SENE therefore able to detect platelet changes whereas the haematological markers of
platelet activation, mean platelet volume (MPV) and the viscoelastic test (TEG) did not show
significant differences. This statement is also in keeping with the findimgfdased P

selectin, a marker of platelet activation, has been reported to be elevated in HIV positive
patients2%2223 A study by MajlufCruz andtolleagueseported no recurrencef thrombotic
episodes, after previous recurrent episodes while on angedants, in patients with

Acquired Immunodeficiency Syndrome (AIDS) that were on antiplatelet medication.

However, this observation was based on 6 patiéits.
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Conclusion

Patients with a deep venous thrombosis (DVT) have a hypercoagulable profile on the
viscoelastic testing (TEG). There does not appear to be a significant difference between

those with HIV infection and those without.

The light microscopy demonstrated abnormal red blood cell chamgés DVT groupsn
keeping with an inflammatory stat&’hese changesere more prominent in the HIV
positive group. Therevere more shape variatiosin the HIV infected patients as
demonstrated on the axial ratios. Abnormal red blood cell distribution, sucbwdsaux

formation, is also prominent in the Hpositive group.

The ultrastructure allowed more idepth investigation at a high magnification. Both HIV
negative and HIV positive groups demonstrated red blood cell shape and size variation,
membrane abnormalities and microparticle/microvesicle formati®hese changes appear

to be part of a spectrum of eventual eryptosighichis a ceordinated suicidal death of the

red blood cellssimilar to apoptosis. The abnormal expression of phosphatidylserine, a
membrane lipid, on the external membrane layer efiiblood cells is the common finding
related to this process. Both groups also demonstrated compact fibrin strand binding with
the red blood cells. All these changes were more prominent in the HIV positive patients. The
abnormal red blood cell findings aie keeping with changes documented in inflammatory
conditions. These changes can also promote the hypercoagulable state and/or be caused by

the hypercoagulable state.

The interaction between platelets and the fibrin strands between the 3 groups werkasimi
on the SEM which was in keeping with the results of the maximum amplitude on the TEG.
Both HIV negative and positiigV Tgroups using whole bloogwere not significantly

different from the control group. However, the ultrastructure of activated pletein the

HIV infected patients demonstrated significant changes. HIV appears to cause features of
apoptosis in the platelets. Releaseprbcoagulaniplatelet phospholipidgontributesto the
hypercoagulable state. These changes may be due to alteraldnfiected megakaryocyte

morphology or due to direct infection and damage by the HIV virus.
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The SEM is able to detect changes when other tests such as haematological markers and
viscoelastic test (TEG) are unable to. Assessment of HIV related hypeatlgguand
other procoagulant conditions, should include ultrastructural analysis of the red blood cells,

platelets and their interaction with the fibrin network.
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CHAPTER 6: VISCOELASTIC AND ULTRASTRUCTURAL PROPERTIES OF PLATELET POOR
PLASMA

Introduction

HIV infection is associated with various abnormalities predisposing to a hypercoagulable
state such as raised procoagulant factors (antiphospholipid antibodies, lupus anticaagula
tissue factor, circulating raroparticles, etc.) andecreased anticoagulant factors (protein C,
protein S, antthrombin, etc.)??* The thrombus that forms is therefore more fibfrased,
which eventually traps the red blood cells in the fibrin network. This is typical of a venous
thrombosis, a red clot, eopared to an arterial thrombosis, a white clot, which is more

platelet-based??®

There is approximately 0.10% risk of DVT per year in the general popf#tidtThe
incidence of DVT in patients with HIV infection increases to two to ten times tliag of

healthy population of comparable agé 229237

The process of venous coagulation, whether using thebasled model or the

cascade/waterfall model with the extrinsic and intrinsic pathways, thrombin is formed

which allows for the conversion of sdile fibrinogen into insoluble fibrin strands.

Fibrinogen is a soluble plasma protein that is 2 to 3 nm in diameter and 45nm in length.
Thereare 3 pairs of polypeptide chains which results in the protein with 2 distal and 1

central globular regions. Thelypepi A RS OKF Ay & | NEB{R&TNR2S R | h 5 | |
3f 20dz F NI NBIAA2ya I NBE O2yySOGSR G2 GKS OSyidNI
helices each. The coiled coils are 17nm in lergftithe whole structure is supported by 29

disulphide bonds.iBrinopeptides, A and B, from the amineendfNS NXY Ayl f 0 2F GKS
Y NBaLsSouAgStes INBE Of SFOSR o6& GKNRYOAY D !
attach to one another to eventually form fibrfibres. 238 23°

Factor XlII is bound to fibrigen in the circulation. Activated thrombin not only activates

fibrinogen but also Factor XH¥: 238240Fgctor XllII is a heterotetramer consisting of 2

catalytic subunits (FX) and 2 norcatalytic subunits (FXJH). Thrombin catalyses the

release d amine (N) terminal peptides from the 2 catalytic subunits. Calcium is required for

the dissociation of the nowatalytic subunits from the hydrophobic catalytic subunits. The
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changes in the 4 subunits activates Factor2d1f*1Activated factor XIKtabilises the clot
by covalentcrosé A Y1 A YD KF A § BR ¥-chns3TA Fadidk X/ also binds
FYGATAONRY 2 & ( Aabtiplaghi®, ih&miyricivatablizibkinolysi inHibitor
6 ¢ ! CL U-macrgg®bulinandfibrin and therdy decreasing the lysis of the fibfibres

by plasmin33v 240, 241

Factor Xlll then promotes the fibrfibres to crosslink forming a stable fibffibre
network 3% 36 Plasmin which is an activated plasma protelgses the fibrirfibres into
solubledegradation productsesulting in esolution of the clot as well as ensuring the clot

does not extend beyond the initiating sit&,.

Increase in fibrinogen concentration and delayed breakdown of the fibrin clot may result in
a hypercoagulable state. Fibdgen is an acutphase protein which increases during
inflammation. Fibrinogen synthesis is induced by the-ipf@mmatory cytokine interleukin

6.27

Assessment of the clot structure allows for the interpretation of the overall haematological
state in thepatient.3 The fibrin clot consists of fibriiibres of different diameter. Thick

fibrin fibres forms the majority of the clot and thin minbbres are arranged among the
majorfibres*° Changes in fibrin thickness has been demonstrated in differentitiond>%

51,63 160, 242 inflammatory disease states the mirfisres can increase in volume and form

a net covering the thick majdibres*°

The fibrin network distribution or configuration has also been shown to be present in a
hypercoagulable sta.?4>24’ The configuration has more of an effect on the fibrinolysis rate
than the thickness of the fibrifibres 248 A tighter configuration, compact fibrin clot, is more

resistant to fibrinolysis than a loose configuratita.24°

In order to assesse fibrinfibres without the influence of platelets and red blood cells,
whole blood is centrifuged to isolate plasma. The platelet poor plasma therefore does not
contain any cells but only the coagulation factors and thereby allowing to assess a fibrin
based thrombus. The viscoelastic properties of the platelet poor plasma should correlate
with the morphological structure of the fibrifibres and the configuration of the fibriiibre

network.
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The total thrombus generation (TTG) on the TEG relates taliha hetwork configuration,
the more open spaces between the branching elongated fibrin fibres should correspond
with a decrease TTG. The less open spaces between the branching elongated fibrin fibres

should correspond with an increased T&&.

The maximm amplitude (MA) on the TEG, which represents the clot strength, is
determined by platelets and the fibriiibres together. However by using the platelet poor
plasma, only the strength of the fibriibres are assessed. The morphological assessment of
the individual fibrinfibre thickness, or diameter, correlates with the MA. An increafsiee:

diameter should correlate with a raised MA, and vice vétéa.

Hypercoagulability may not cause a change in all the TEG parameters. The degree and the
cause of the fipercoagulable statarerelated to the number of parameters and which
parameter specifically is abnorn®t Changes not detected on the TEG may however
present as significant changes on the ultrastructural examination of the fibrin strands and

the fibrin network. The following objective therefore directs this chapter.

Objectives

7. Compare platelet poor plasma with thrombin using SEM to the viscoelastic results.
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Materials and methods

Objective 7

Objective 7 is to compare platelet poor plasmahithrombin using SEM to the viscoelastic

results. Platelet poor plasma (citrate tube) for SEM was prepared as follows:

1 After the bloodsamplewascollected itwasthen centrifuged to obtain platelet poor
plasma (PPP).

1 10 pl of platelet poor plasmaasplaced directly on a glass cover slip.
1 Platelet poor plasmaasmixed immediately with 5 pl thrombin.

1 The platelet poor plasma with thrombin smears on the cover sligi® then

incubated for 3 minutes.

1 The cover slips were then immersion in 0.075 M sodiumsphate buffer (pH 7.4)

and finally placed on a shaker for 20 minutes.

1 Fixation of smears were done by using 2.5% gluteraldehyde in phosphéered
saline (PBS) solution with a pH of 7.4 for 30 minutes, followed by the wash step
where the samples wereashed 3 times in phosphate buffer for 3 minutes before

the final fixation step of 15 minutes in 1% osmium tetraoxide (OsO4).

1 The samples were again washed 3 times with PBS for 3 minutes and the dehydration
of the samples were done with 30%, 50%, 70%, 99&aaimes with 100% ethanol

(different concentrations of ethanol are used to avoid osmotic shock of samples).

1 After the dehydration step the material were immersed with hexamethyldisilazane

(HMDS) for 30 minutes

1 The HMDS was taken off and a drop of HM2Sbe added The samplesvere then
be left to dry.

9 After the samplesveredried they were mounted on metal plates and coated with

carbon to provide conduction under the microscope.
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T

A Zeiss ULTRA plus FEEM with In Lens capabilities was used to stidysurface
morphology of the fibrin strand ultrastructure and diameter; and micrographs were
taken at 1kV. (The scanning electron microscope Wedused for this study is
located in the Microscopy and Microanalysis laboratory of the University of Pagtori

Pretoria, South Africa.)

To quantify the density of the fibrin network, ImageJ was used. The mean and
standard deviation of the intensity of the pixels in the images of thewtoe

calculated using the histogram function. The coefficient of variatimuid then be
calculated (i.e. standard deviation /mean) which would represent the intensity of the
clot structure.

To measure the fibrifibre diameter, ImageJ was used. The filfilone diameters of

50 differentfibres were measured per subject.

To assss the viscoelastic properties of platelet poor plasma:

w

w

Plateletpoor plasma was inserted into the cuvette
The cuvette containing the blood is moved with a stationary pin
Activator (calcium chloride) was added to the blood sample

The resistance of theipin the blood sample was recorded on the connected

computer
The data was presented as a curve with its numerical parameters.

Refer to Table 2: Parameters of Whole blood and Platelet poor plasma in viscoelastic

tests for the data analysed from the viscastic parameters.

123



Results

For the viscoelastic results for the platelet poor plasma, refer to Chapianlbs28-33; and

Graph 3

The fibrinfibre diameters using platelet poor plasma for the Controls, HIV nhegBiEe

group and the HIV positiv@VTgroup are shownn Table36. Thefibre diameters were

measured in nanometers. The table shows the median, standard deviation, minimum and

maximum values for each group.

The comparison between groups are showiT able37. P-values were calculated using the
Mann-Whitney test with a significance level of 0.05. The fibrin diameters in the HIV negative
and HIV positive groups were both statistically significant compared to the control group,
with p-values <0.0001 for both groups. There was no significant diffex between the HIV
negative and HIV positiM@VTgroup though.

Table &: Fibrinfibre diameter

Standard

Group N Median Minimum Maximum deviation
Controls 850 118.3 32.26 251 36.53
HI\: 1550 136.9 48.09 328.3 43.1
HIV+ 750 1354 48.09 365.1 43.63

nm: nanometers

Table J: Comparison of the fibrirfibre diameters

Comparison Groups P-value Significant difference
Controls vs. HV < 0.0001 Yes
Controls vs. HIV+ < 0.0001 Yes

HI\L vs HIV+ 0.5915 No
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The coefficient of variation using platelet pooapma for the Controls, HIV negati& T
group and the HIV positiMveVTgroup are showin Table38. The table shows the median,

standard deviation, minimum and maximum values for each group.

The comparison between groups are showiT able39. P-values wee calculated using the
Mann-Whitney test with a significance level of 0.05. There was no significant difference

between any of the groups.

Table B: Coefficient of variation

Standard
Group N Median Minimum Maximum deviation
Controls 16 0.4833 0.4502 0.9173 0.1309
HI\- 31 0.5372 0.2837 0.9085 0.164
HIV+ 15 0.6469 0.3563 1.166 0.29

Table ®: Comparison of the coefficient of variation

Groups P-value Significant difference
Controls vs. HV 0.4656 No
Controls vs. HIV+ 0.1727 No
HI\A vs HIV+ 0.1399 No
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Scanning Electron Microscopy: Controls

Figure 26: SEM ControlBibrinfibre network. A-C) Distribution of fibrinfibre network. The

fibrin fibres are smooth. All figure scale bars: 1um.

A) B)
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Scanning Electron Microscopy: HIV negat®D® Tgroup

Figure 27: SEM HIV negatipatient with DVF Fibrinfibre diameter. Label A

demornstrating the diameter measurement of a fibfiibre. Figure scale bars: 0.1um.

Figure 28: SEM HIV negatipatient with DVTF Dense matted depositsThe openrarrow-

head showing dense matted deposits. Figure scale bars: 0.1um.

127



Figure 29: SEM HIV negatipatient with DVF Abnormal fibrin network A) 34000x

magnification, B) 20000x magnificationDense matted deposits gives the appearance of an
abnormally thick and rigid cloT.he arrows showing tbk fibrinfibres. The arrowheads

showing thin fibrirfibres. The operarrow-head showing dense matted deposits. Figure A
a0tS O0IFNY M>YT CAIdNBE . a0l ftS o0FNNY nodOMKYOD

A)

B)
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Figure 30: SEM HIV negatipatients with DVT- Compact fibrin network A-D) Dense fibrin
network. The dense compact distribution of fibrin network indicating a hypercoagulable
state. The fibrin network appears more compact compared to the control group. All figure

scale bars: 1unexcept figure E where the scale bar is 0.1um.

A) B)

129



Scanning Electron Microscopy: HIV positiD®& Tgroup

Figure 31: SEM HIV positiyatient with DVTF Abnormal fibrin network.A) 34000x

magnification, B) 10000x magnificatin. Dense matted deposits gives the appearance of an
abnormally thick and rigid clot. The arrows showing thick fibbres. The arrowheads

showing thin fibrirfibres. The operarrow-heads showing dense matted depts. Figure A
a0tS O0IFNY M>YT CAIdNBE . a0l ftS O0FNNY ndOMKYOD

A)

B)
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Figure 32: SEM HIV positiyatient with DV Dense matted deposits at 10000x

magnification.Openarrow-heads showing dense matteeposits.Scale bar: 0.1um.
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